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Hidden hunger, a condition that arises from eating a low legume-cereal mix, 
hinders the attainment of food security. It affects 25% of the world’s population 
and 20% of the African population. To address this problem, various crop 
improvement programs aimed at increasing the introduction of biofortified 
beans in households’ diets have been initiated. However, Kenya still has a deficit 
in protein intake despite the availability of biofortified beans. In western Kenya, 
specifically Busia and Migori counties, where there is high consumption of 
staple cereals, rice beans (Vigna umbellata) have been piloted on farmers’ fields, 
but the extent of uptake at the consumption level remains undocumented. 
Therefore, this study analyzed consumer preferences for improved rice beans 
through a discrete choice experiment (DCE) approach. The results showed that 
consumers were willing to pay 166.59 Kenya Shillings (Ksh) for high protein 
content, Ksh 225.69 for red color, Ksh 113.46 for short cooking time, Ksh 202.30 
for good legume-cereal mix and Ksh 139.29 for sweet taste. These findings 
have important implications for policy interventions on crop breeding, food 
processing, healthy food and nutrition guidelines.
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1 Introduction

Global food and nutrition insecurity remains a critical challenge to sustainable 
development as the number of people with limited access to food is expected to rise by 8% 
from 3.1 billion in 2021 to nearly 3.35 billion by 2030 (Food and Agriculture Organization 
(FAO), 2021). In particular, about 2 billion people in the world, and 21% of the African 
population are affected by hidden hunger, due to the overconsumption of staple cereals and a 
diet with limited micronutrients from legumes (FAO, IFAD, UNICEF, WFP, WHO, 2020; 
Lowe, 2021). Hence, several crop improvement strategies, including biofortification, have been 
initiated to enhance the composition of foods by mixing and/or introducing nutritious crop 
attributes, to positively nudge consumer preferences and demand for such attributes (Kassie 
et al., 2017; Murekezi et al., 2017; Muange and Oparinde, 2018; Ridier et al., 2021). Specifically, 
legume crop improvements have been attempted in Madagascar (Bosch et al., 2017), Ghana 
(Martey et  al., 2022), Rwanda (Oparinde et  al., 2016) and Uganda (Aseete et  al., 2018). 
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However, most of the consumers still prefer old legume varieties, and 
therefore, low demand for new legume varieties persists in developing 
countries (Khanal et al., 2017; Talsma et al., 2017).

It is paradoxical that in Kenya, where there are about 3.6 million 
legume farmers, the global hunger index (GHI) of 23.5 is higher than 
the world average of 19 according to von Grebmer et al. (2022) and 
about 4.4 million people are food insecure (Shibia et al., 2023).

Moreover, the per capita consumption of protein has declined to 
a low level; 61 g/day compared to the recommended intake of 69 g/day, 
which leads to protein energy malnutrition (PEM) (FAO, IFAD, 
UNICEF, WFP, WHO, 2020). In recent decades, plant breeding 
institutions, including the Kenya Agricultural and Livestock Research 
Organization (KALRO), attempted to change the preference and 
demand for beans through crop improvement (Talsma et al., 2017). 
However, studies show that only 40% of the households in western 
Kenya bought improved biofortified bean varieties, yet they are 
considered to have more micronutrients than the older varieties 
(Mabeya et al., 2020). Therefore, KALRO piloted research in western 
Kenya with rice beans.1 Similar initiatives had previously been done 
in Asia; for example the Food Security through Rice Beans Research 
in India and Nepal (FOSRIN) (Andersen, 2007; Khanal et al., 2007).

The recent focus on rice beans is due to their rich nutritional value, 
which is equivalent to or exceeds other legumes; they contain between 
22.24 and 26% proteins, versus 18–24% in common beans and 38% 
proteins in soybeans (Kaur et al., 2013; Anino et al., 2019). Also, rice 
beans have a lower glycemic index, which is a measure of how fast food 
raises blood glucose, compared to soybeans, green grams, common 
beans, and cowpeas (Bhagyawant et al., 2019). Moreover, rice beans 
have only 0.85–2.39% of sugars like raffinose, which reduces flatulence. 
It has a digestibility level of 64.12–88.50%, which is higher than in 
green grams and cowpeas, while common beans are 76.10–83.50% 
digestible (Kaur et al., 2013; Pattanayak et al., 2019; Katoch et al., 2023). 
Only soybeans have superior digestibility (76–96%) than rice beans. 
Finally, rice beans contain higher levels of ascorbic acid or Vitamin C 
(23.46%) and niacin or Vitamin B3 (3.87%), which help the cell 
functions and lower cholesterol, respectively compared to pigeon peas, 
cowpeas, and winged peas (Katoch et al., 2023). Cognizant of the role 
of rice beans in curbing hidden hunger (see Bepary et al., 2016), the 
current study that is based on data from the KALRO pilot intervention 
addresses the gaps in the FOSRIN intervention. The study considered 
macronutrient levels, specifically protein amounts, instead of 
micronutrients in recent legume improvement programs and legume-
cereal mixes instead of treating rice beans as an isolated food.

While the literature is replete with studies on various aspects of 
legume attribute preferences, there are some critical knowledge gaps in 
design and analytical approaches. For example, Aseete et  al. (2018) 
analyzed the preference and demand for cooking periods in industrial 
precooked beans, while Bepary and Wadikar (2018) analyzed cooking 
periods for soaked and pressure-cooked rice beans. However, these 
studies demonstrate insufficient evidence on the comparison of 
consumer preference and demand for traditional cooking periods. 
Similarly, Oparinde et al. (2016) analyzed consumer preferences for red 
iron-fortified beans and white iron-fortified beans through the Becker-
DeGroot Marschak (BDM) approach. However, their findings were 

1 In Kenya, rice beans are called western dengu due to their popularity in 

the region.

inconclusive due to respondents’ limited knowledge of the specific 
nutrients and defaulting in bid payment among consumers. Although a 
recent study by Petrontino et al. (2023) attempted to address the above 
shortcomings by analyzing nutritional attributes using a binary approach; 
presence or absence of micro-fortification, it ignored macronutrient 
levels including protein composition despite the high global PEM.

Furthermore, Carneiro et al. (2022) found that consumers had a 
higher preference and demand for dark than light green beans. While 
Oparinde et al. (2016) showed higher preference and demand for red 
color, no studies have empirically compared preference and demand 
for red and dark green beans. Moreover, Akaichi et al. (2021) used 
sugar levels to analyze consumer preference and demand for porridge, 
while Yue et al. (2017) used a Brix indicator in a binary form for low 
(<11o) and high (>11o). However, none of the above studies analyzed 
the tastes from traditional cooking methods including bitter, sour and 
sweet tastes. And, while recent studies have treated legumes as 
ingredients in preparation of other foods such as snacks (Petrontino 
et al., 2023), porridge (Wanyama et al., 2019) and composite flours 
(Chege et  al., 2019), they ignored the fact that whole legumes, 
specifically rice beans, are often eaten alone or as legume-cereal mixes. 
Previous studies analyzed preferences for processed and unprocessed 
legume-cereal mixes. Specifically, they evaluated preferences for 
legumes in processed flours. Although most households consumed 
whole cereals, root crops, or tubers, most studies lumped them as 
unprocessed legume accompaniments. Therefore, the novelty of our 
study was the modification of this classification into whole grain mixes 
and other mixes (roots and tubers) accompaniments. Subsequently, 
we used these classes as two levels for the attribute of legume-cereal 
mixes into a DCE, unlike previous studies.

Therefore, it is important to understand how rice bean is eaten in 
various food mixes and the essential attributes that consumers care 
about for each case. This pursuit is in line with the observations by 
Martey et al. (2022) that potential losses from investing resources in 
low-priority attributes should be avoided by plant breeders and other 
actors. Similarly, the identification of the correct attributes would 
improve the diversification of household diets and curb hidden 
hunger (Lowe, 2021). Therefore, our study was guided by the following 
research questions: (1) Which attributes have an effect on the choice 
of rice beans? (2) What are the levels of consumers’ willingness to pay 
(WTP) for rice bean attributes? (3) What is the compensating surplus 
(CS) for rice beans under different policy scenarios? The current study 
uses the DCE approach to elicit consumer preferences for rice bean 
attributes in western Kenya. The insights from this study are necessary 
to inform policy design on which attributes to emphasize in the 
breeding of rice beans and how to package and market them based on 
consumers’ valuation of different components.

The rest of the paper is organized as follows. In section 2, the 
methodology applied in the study is described. Section 3 presents the 
results, while section 4 discusses the key findings. Finally, the 
conclusion and recommendations are provided in section 5.

2 Materials and methods

2.1 Choice experiment design

Considering that rice bean is a relatively new commodity whose 
production and consumption are still in the pilot stage; this study used 
the DCE approach to measure consumer willingness to pay (WTP) for 
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its attributes. The DCE method has recently been applied to estimate 
preferences for various products (Lancsar et al., 2017; Yue et al., 2017; 
Fu et  al., 2022). In Kenya, the method has been recently used by 
Otieno and Ogutu (2020) to evaluate consumer WTP for chicken 
welfare attributes, while Okello et al. (2023) estimated consumer WTP 
for commercial insect-based chicken feed using the method. Owuor 
et al. (2023) applied the approach to analyze consumers’ preference for 
orange-fleshed sweet potato puree chapati in Kenya’s rural and urban 
areas. The only empirical application of DCE in an analysis of legume 
attributes is that of Marette (2021) who investigated the effect of 
production label information on consumer WTP for lentils in France. 
The current study thus contributes to the empirical literature on the 
use of DCE method in analysis of preferences for rice bean legume 
attributes in a developing country context.

Like previous DCE studies, attributes were identified through a 
review of the literature, two focus group discussions (FGDs), a 
baseline survey and key informant interviews (KIIs). The two FGDs 
were conducted in Busia County and Migori County with a minimum 
number of 7 participants required for FGDs. Moreover, the criteria for 
choosing FGD participants included gender, location and age. This 
was because key decision makers in households on the consumption 
of rice beans were mainly male, while female persons mainly 
purchased and cooked the rice beans in households in western Kenya. 
The elderly individuals were included due to their historical recall of 
the crops in western Kenya and trends in legume consumption. 
Hence, the FGD in Migori County had 11 participants, who included 
6 males and 5 females, while that in Busia County included 9 
participants; 4 males and 5 females. Moreover, for triangulation of the 
insights from FGDs and KIIs, we included seed experts, extension 
officers, nutritional experts, farmers, cereal traders and farm input 
suppliers from western Kenya.

We collected data from FGDs using pen and paper in the two 
venues. First, we used a checklist to guide discussions in the FGDs on 
the common legume attributes in western Kenya. Second, we asked 
the participants to list and rank the most common legume attributes 
on the cards that we  provided. Subsequently, the respondents 
proceeded and placed their cards on a whiteboard. Third, we collected 
data on the legume consumption trends in Migori County and Busia 
County over the last 40 years. Finally, we triangulated the information 
collected by consulting the experts to confirm the validity of the 
attributes and the suitable levels for each attribute.

The DCE design included two sets of attributes; compulsory and 
optional/voluntary attributes. Compulsory or mandatory attributes 
are those attributes that must be observed for effective breeding. This 
includes the allowed nutrient levels, health regulations and policy on 
food processing, food handling, and specifically permitted proportion 
of legume and cereals in legume cereal mixes, sugar levels, and food 
colors to avoid contamination of food. On the other hand, the 
voluntary attributes that were included in the study are protein levels, 
cooking time, taste, legume-cereal mixes, color and price (Table 1).

Protein percentage is used since legumes have proteins, 
carbohydrates, vitamins and other minerals in different proportions. 
These percentages were based on the maximum and minimum level 
of proteins in legumes (see Kaur et  al., 2013). Cooking time was 
included as an attribute to account for the time needed to get edible 
rice beans from different cooking methods. In line with previous 
studies (Aseete et al., 2018; Bepary and Wadikar, 2018; Akaichi et al., 
2021), the range of cooking time was obtained from the FGDs for 

soaked, precooked and unsoaked beans. Taste, which varies with the 
type of food, is a sensory attribute that measures degree of likeability 
of the food. Typically, some legumes are mixed with bitter herbs, 
pepper or fermented before they are consumed. A bitter taste is usually 
unpleasant and disagreeable, while sour is sharp taste with high 
acidity. But, some legumes like garden peas and snow peas have a 
sweet taste and others are seasoned for sweetness. Although Yue et al. 
(2017) used the Brix indicator to classify the sweetness, the present 
study was not confined to sweet taste, hence the Brix indicator was not 
applicable. Furthermore, legume mix levels were binary since the 
absence of a legume-cereal mix causes hidden hunger due to 
inadequate micronutrients, while the consumption of legume cereal 
mixes improves dietary diversity and lowers the hidden hunger. 
Therefore, the legume-cereal mix attribute was represented by two 
levels denoting the presence or absence of legume cereal mix. 
Likewise, color was included as an attribute that attracts consumers 
depending on their preference. Finally, the average market price for 1 
Kilogram (Kg) of rice bean at the time of the survey was increased 
gradually by 25% to represent potential costs of improvements in 
providing a better variety with enhanced attributes.

Following Louviere et  al. (2000) an orthogonal method was 
applied to generate a CE design, which was used for a pilot survey on 
36 consumers to get prior coefficients for subsequent design 
procedures. Subsequently, a D-efficient design recommended by 
Scarpa and Rose (2008) was generated in Ngene software. The eventual 
design had 36 paired choice sets that were placed into six blocks. The 
design had a D-efficiency measure of 89%, a B-estimate of 95%, and 
an A-efficiency level of 88%; the design met the minimum threshold 
of 70% in all its efficiency measures (Larson et al., 2015). An example 
of a CE choice set presented to respondents is shown in Table 2. In line 
with previous CE studies (see for example, Otieno and Ogutu, 2020; 
Owuor et al., 2023) the opt-out option in which no attribute level was 
present, was included to allow respondents flexibility of not choosing 
either rice bean type A or type B if their preferred attribute 
combinations were missing.

2.2 Study area, sampling and data 
collection

The study was conducted in Migori County (Figure 1) and 
Busia County (Figure 2) in western Kenya, which border Uganda 
and Tanzania, respectively. The two counties were purposively 
selected due to the high cross-border legume trade and 

TABLE 1 Legume attributes and levels used in the CE design.

Legume attribute Description of attribute levels

Protein percentage

Nutlow (≤19%), Nutrmod (20–29%), 

Nuthigh (30–38%)

Cooking time (minutes)

≤30 (Cook 30 min), 31–60 (Cook 3160), ≥60 

(Cook 1 h)

Taste Bitter, sour, sweet

Legume-cereal mix 1 = Yes (Combyes), 0 = Otherwise (Combno)

Color Brown, red, dark green

Price of 1 kg of rice bean (Ksh)* 122,153,184

*1 USD was equivalent to Kshs 110 at the time of the survey in November 2021.
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consumption of staple cereals therein. Subsequently, Nambale and 
Teso North sub-counties were randomly selected from Busia 
County, while Suna East and Uriri sub-counties were selected in 
Migori County. Then Bukhayo North and Bukhayo South 
locations were randomly selected from Nambale sub-county. 
Likewise, Chakol North and Amukura West were randomly 
selected from Teso North sub-county. Finally, West Kanyamkago 
and North Kanyamkago locations were randomly selected from 
Suna East, while God Jope and Kakrao locations were randomly 
selected from Uriri (Figure 1).

The sample size was determined using Equation 1, which is 
considered the rule of thumb for determining sample sizes in CE 
studies (Johnson and Orme, 2003).

 500∗K CT/  (1)

Where K = 3 is the maximum level of attributes, C = 3 is the 
number of alternatives in a choice set, and T is the number of choice 
situations = 6. Therefore, this gave a sample size of 83 respondents, 
which was above the minimum size of 50 that is recommended in 

FIGURE 1

Map of Migori County.

TABLE 2 Example of a choice set.

Legume attribute Rice bean type A Rice bean type B Neither A nor B (Opt-out)

Protein amount 30–38% 20–29% None

Cooking period (minutes) ≤30 31–60 None

Taste Sour Sweet None

Legume-cereal mix Yes Yes None

Color Dark green brown None

Price in Ksh 153 184 None

Which one would choose?
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https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Ayieko et al. 10.3389/fsufs.2024.1334707

Frontiers in Sustainable Food Systems 05 frontiersin.org

other studies (Noor et al., 2022). But, to get 30 individuals for each of 
the 6 blocks a sample of 180 was required. However, to ensure 
balanced numbers in each block, 23 respondents were included in 

each block which resulted in a sample size of 138. During the survey, 
households were sampled through systematic random sampling. 
Furthermore, exit interviews or interviews from central locations such 
as hotels were a challenge due to the low commercialization of rice 
beans (Bhagyawant et al., 2019). Hence, the consumers’ households 
were randomly assigned to one of the six blocks and asked to select 
one alternative from each of the six choice sets. Data was collected 
from 29th November to 14th December 2021 through in-person face-
to-face interviews that were administered by well-trained enumerators 
using local languages to ease respondents’ burden.

The data collection was done by trained enumerators using a 
pretested questionnaire, which had sections for preferences, choice 
experiment, and socioeconomic characteristics of consumers. 
We combined a pen on paper and an electronic data collection method 
to ensure accuracy of the data collection. Specifically, we did this to 
allow respondents with little exposure to electronics to make choices 
on paper. Furthermore, since we collected the data during the covid19 
outbreak, this approach acted as a safety measure by minimizing 
physical contact.

2.3 Data analysis

The analysis of discrete choice data follows Lancasterian theory 
(Lancaster, 1966), which measures utility from individual attributes 
rather than the whole good. Considering that preferences are 
heterogeneous, this study applied the random parameter logit (RPL) 
model (Hess and Rose, 2012; Davis et al., 2016; Hensher and Greene, 
2023). The RPL has been recently used to study consumer preference 

FIGURE 2

Map of Busia County.

FIGURE 3

Consumer income range by educational level of household head.
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for legume attributes by Martey et al. (2022) and WTP for orange-
fleshed sweet potato puree chapati (Owuor et al., 2023). Following 
McFadden and Train (2000) the utility derived by consumers from the 
rice bean type chosen can be expressed as shown in Equation 2.

 U Xnint int int= +β ε  (2)

Where X is a vector of rice bean attributes that are assumed to 
have a mean (μ) and a standard deviation (λ), while β is the marginal 
utility of the vector of rice beans attributes, and random parameters. 
The t is the sequence of choices from 1 to 6 by individual n. It was 
expected that an individual n picked alternative i if Uni > Unj. The 
density function is given by ( )nf |β θ , where ² n indicate the vector of 
parameters, including taste that varies with individual decision maker 
(n). On the other hand, θ  describe covariance and means of nβ . 
Therefore, the RPL model was estimated through the maximum 
log-like hood in Equation 3.

 
( ) ( )n

n
LL lnPθ = θ∑

 
(3)

Subsequently, WTP was estimated as a ratio of the coefficient of 
each rice bean attribute to the price or cost coefficient as shown in 
Equation (4). The cost or price variable is specified as a fixed parameter 
to avoid extreme negative or positive values.

 
WTP n

p
= −

β
β  

(4)

Finally, compensating surplus (CS) estimates were derived as 
shown in Equation 5 to understand how consumers in varying 
circumstances would consider different combinations of the rice 
bean attributes.

 
CS T T

p
=
−

−( )1
1 0β  

(5)

3 Results

3.1 Consumer characteristics

According to the results in Table 3, 73% of the household heads 
in the pooled sample were male and had an average age of 45 years. 
Furthermore, nearly half of them had completed primary level of 
education. Also, about two-thirds of households had a monthly 
income range of between Ksh. 30,001 and Ksh. 40,000 (Figure 3). 
Although the pooled sample had an average of 4 members per 
household, Busia County on average had more household members 
than Migori County. Moreover, 78% of respondents in Migori 
County, 80% in the pooled sample and 84% in Busia County 
belonged to social groups. In contrast, the women from households 
in Migori County attended women’s group meetings less frequently. 
Specifically, 71% of households purchased rice beans from open-air 
markets as dry beans, yet a smaller portion preferred to buy beans 

as boiled, canned, or fried beans (Table 4). Finally, households in 
Migori County were located far away from all-weather roads 
compared to those in Busia County.

3.2 Consumers’ preference and willingness 
to pay for improved rice beans attributes

The multinomial logit (MNL) had starting values with a 
loglikelihood of −695.48, Pseudo-R2 of 10% for the pooled sample, 
a loglikelihood of −404.25, Pseudo-R2 of 7% for Migori County, and 
loglikelihood of −195.64, Pseudo-R2 of 18% for Busia County. But the 
results in Table 5 show an improvement in the model fits and justified 
the choice of the RPL over the MNL, which had restrictive 
assumptions. Moreover, all the attributes in the pooled sample, except 
sour taste, had a statistically significant effect on choice of rice beans. 
The negative and significant sign of price allowed the estimation of 
trade-offs of the attributes in the choice sets. Generally, consumers had 
a higher preference for 30–38% protein than 20–29% protein levels, 
although this preference was lower for consumers in Busia County. 
Surprisingly, consumers had a higher preference for a cooking time of 
31 min to 1 h compared to 30 min or less, apart from those in Migori 
County. As expected, consumers had a lower preference for sour taste 
and those in Busia County had a negative preference for a sour taste, 
yet surprisingly those in Migori County had a positive preference for 
a sour taste. Consumers had a higher preference for legume cereal 
mixes and red color compared to cereal alternative mixes and dark 
green color, respectively.

Furthermore, over half of the consumers had a positive preference 
for the individual rice bean attributes, apart from 28% who expressed 
a negative preference for 30–38% protein level; 10% who expressed a 
negative preference for cooking time of 31 min to 1 h; 45% who 
expressed negative preference for sour taste; 26% who expressed a 
negative preference for sweet taste, and 20% who expressed a negative 
preference for legume-cereal mixes (see Appendix 1). Table 6 shows 
the results of the WTP estimates on the rice bean attributes. Models 
with various covariates as interaction variables were estimated (see 
Appendices 2 and 3). However, we focus our discussion on the RPL 
models without interaction variables due to lower robustness in 
results from the RPL models with interaction variables. The pooled 
sample of consumers was willing to pay between Ksh 78 and Ksh 184 
for 20–29% protein content in the rice bean; Ksh 89 to Ksh 244 for 
30–38% protein content; Ksh 62 to Ksh 165 for a cooking time of 
30 min or less; Ksh 67 to Ksh 171 for a cooking period of 31 min to 
1 h; Ksh 64 to Ksh 210 for sweet taste; Ksh 116 to Ksh 288 for whole 
legume-cereal mixes; Ksh 148 to Ksh 304 for red color; and Ksh 75 
to Ksh 167 for dark green color. The standard errors, which were used 
to estimate the confidence intervals (CI), were estimated through the 
delta method in LIMDEP 11 version 6.0.

Rice bean improvement involves the combination of different 
attributes, which suit target consumers including children aged 
10 years or younger, expectant women, youth, elderly, flatulence 
patient, and diabetic patient (Table 7). Generally, CS corresponding to 
each target consumer was positive and statistically significant. While 
the youth had the highest CS of Ksh 619.64 and patients with 
flatulence had the lowest CS of Ksh 407.52  in the pooled sample, 
children aged 10 years or younger had the highest CS in Migori 
County and Busia County.
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4 Discussion

4.1 Consumer characteristics

The differences in the socio-economic characteristics of 
consumers in Migori County and Busia County have potential 
influence on their preferences for rice bean. For instance, male-headed 
households allocate more resources to cash crops like cereals, while 
female-headed household and youth are likely to prioritize legumes, 
which are perceived to be less financially lucrative (Bosch et al., 2017). 
Although incomes in Busia County and Migori County were within 
the national average wages, they were lower than the global average 
income (Shibia et al., 2023). Therefore, most households in western 
Kenya required credit from social groups. According to the FGDs, one 

benefit of a being a member in a social group was access to information 
from training and group members. Muange and Oparinde (2018), 
found that social networks have a positive or negative effect on 
perception of legumes based on an individual’s demand for 
technological attributes. Hence, this could explain the differences in 
awareness of rice beans between the consumers in Busia and 
Migori County.

Consumers preferred to shop from open-air markets due to 
convenience and flexibility in bargain unlike in the supermarkets. 
Moreover, consumers could purchase smaller quantities from 
open-air markets compared to supermarkets, where goods were sold 
as expensive prepacked goods. For instance, the prices in 
supermarkets were Ksh 278/kg for yellow beans, Ksh 238/kg for 
Nyayo beans (common beans), 180 Ksh/kg for cowpeas, Ksh 280/kg 

TABLE 3 Summary of socio-economic characteristics of consumers.

Variable Busia County Migori County Pooled mean

Sex of household head (1 = Male; 

0 = Female)

62.00b (49.03) 78.41a (41.38) 72.46 (44.83)

Age of household head (years) 43.58 (15.03) 46.53 (14.96) 45.46 (15.00)

Household size (number of persons) 4.92a (1.40) 4.42b (1.53) 4.06 (1.50)

Land size (acres) 4.16 (1.84) 2.79 (3.11) 3.29 (8.18)

Extension access (%) 44.00 (50.00) 35.22 (48.04) 38.00 (48.00)

Credit use (%) 26.00b (44.33) 37.50a (48.69) 33.00 (47.30)

Awareness of rice beans (%) 42.00a (7.10) 28.00b (4.83) 33.33 (4.03)

Household distance to all-weather roads 1.42b (2.21) 3.12a (8.56) 2.51 (6.98)

Household distance to the nearest market 5.78 (5.35) 3.72 (3.56) 4.47 (4.39)

Group membership

Group member (%) 84.00a (37.00) 78.41b (41.38) 80.43 (39.81)

Frequency of group meetings (Monthly)

Women groups 2.04a (1.37) 1.43b (1.03) 1.65 (1.19)

Youth groups 1.0 (0.0) 1.06 (0.40) 1.04 (0.32)

Welfare groups 1.63 (1.39) 1.83 (1.49) 1.79 (1.54)

a,bDifferent letters show significant differences at 10% or better in variables across the counties, standard errors are shown in parentheses.

TABLE 4 Description of consumers’ preference for market outlets, attributes and form of rice beans.

Purchase place % The preferred form of rice bean %

Open-air market 63.04 Dried 71.01

Hotels and food vendors 12.32 Boiled 23.90

Farm gate 22.46 Fresh 1.45

Supermarkets 2.17 Canned 3.62

Total 100 Total 100

Relative importance of attribute % Whole legume-food mixes %

Legume-cereal mixes 68.00 Maize grains 33.56

Color 62.00 Maize flour 15.65

Cooking time 52.00 Wheat products 12.53

Protein level 55.00 Rice 14.07

Taste 51.00 Cassava 9.57

Price 84.00 Sweet potatoes 13.38

No cereal mixture 1.24
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for chickpeas, Ksh 250/kg for Mwitemania beans, Ksh 370/kg for 
lentils and Ksh 170/kg for rice beans. This confirms the observation 
by Mabeya et al. (2020) that due to relatively low prices, open-air 
markets were the leading sources of beans in western Kenya. 
Although, the precooked beans were sold in other parts of Kenya, the 
practice was not popular in western Kenya due to experience, cultural 
beliefs and the prevailing covid-19 pandemic at the time of the 
survey. The survey period coincided with the covid-19 lockdown 
period, which restricted public selling of food on the roadsides or 
food vendors.

4.2 Consumers’ preferences for improved 
rice beans attributes

The high preference for 30–38% protein by consumers in Migori 
County is explained by regular consumption of nutritious legumes 
such as soybeans and groundnuts. Oparinde et al. (2016) found high 
preference for nutritious beans even in the absence of nutritional 
information in Rwanda, while Murekezi et al. (2017) found a higher 
preference for nutritious legumes whenever consumers ate legumes 

more frequently. Similarly, consumers in Migori County had a higher 
preference for a cooking period of 30 min or less, which required less 
fuel and saved time, while consumers in Busia County and in the 
pooled sample had a higher preference for a moderate cooking time 
of 31 min to 1 h (Table 5). Although a cooking time of 31 min to 1 h 
used more fuel than 30 min or less, it was required to reduce flatulence, 
associated with stomach discomfort, from undercooked beans. But 
soaking of rice beans was not routinely done in Busia County, since 
according to FGDs it was a laborious and time-consuming process, 
yet soaked rice beans cooked faster and reduced flatulence, whenever 
the soaking water was replaced before cooking (Bepary and Wadikar, 
2018). This behavior was unique since consumers tend to seek 
convenience and rarely make tradeoffs with less efficient techniques 
(Aseete et al., 2018; Akaichi et al., 2021).

The high preference for sour taste by consumers in Migori 
County was explained by the fact that, although substitutes for sweet 
legumes like black night shades (Solanum nigrum) were sour, they 
were readily available, and hence consumers made a trade-off 
between taste and availability. Moreover, according to FGDs, sweet 
legumes had a short shelf life, which was a form of risk in households 
without preservation facilities. According to Carneiro et al. (2021) 

TABLE 5 RPL estimates for consumer preferences for rice bean attributes.

Variable Coefficient (standard error)

Busia County Migori County Pooled sample

Nutrmod 0.56 (0.34) * 1.47 (0.49) *** 1.20 (0.23) ***

Nuthigh 2.47 (0.37) *** 6.15 (1.09) *** 1.53 (0.35) ***

cook30mi 1.28 (0.38) *** 3.35 (0.61) *** 1.04 (0.24) ***

cook3160 2.64 (0.52) *** 2.86 (0.69) *** 1.09 (0.29) ***

Sour −3.05 (0.52) *** 3.53 (0.78) *** 0.34 (0.21)

Sweet 0.26 (0.40) 3.19 (0.76) *** 1.26 (0.36) ***

Combyes 0.84 (0.32) *** 4.24 (0.73) *** 1.86 (0.34) ***

Red 1.64 (0.35) *** 8.05 (1.12) *** 2.07 (0.28) ****

Dark green 1.27 (0.42) *** 3.36 (0.56) *** 1.11 (0.24) ***

Price −0.01 (0.003) ** −0.05 (0.01) *** −0.01 (0.002) ***

Standard deviations

NsNutrmod 0.08 (0.27) 3.31 (0.72) *** 0.08 (0.22)

NsNuthigh 0.05 (0.34) 7.56 (1.37) *** 2.03 (0.45) ***

Nscook30mi 0.16 (0.54) 1.32 (0.39) *** 0.13 (0.46)

Nscook3160 0.08 (0.42) 2.66 (0.84) *** 0.87 (0.38) ***

Nssour 0.01 (0.32) 2.70 (0.53) *** 1.05 (0.23) ***

Nssweet 0.27 (0.65) 0.95 (0.58) 1.96 (0.47) ***

Nscombyes 0.60 (0.60) 5.94 (0.99) *** 2.18 (0.43) ***

Nsred 0.18 (0.55) 2.57 (0.52) *** 0.22 (0.41)

Nsdarkgreen 1.70 (0.55) *** 0.73 (0.51) 0.16 (0.22)

Loglikelihood −192.18 −343.97 −664.96

McFadden pseudo-R2 0.42 0.41 0.30

Chi-square (χ2) 274.80*** 343.97*** 489.38***

Number of observations 300 528 828

Sample size (n) 50 88 138

****, **, *Statistical significance at 1, 5, 10%, standard errors are shown in parentheses.
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sour taste in legumes is due to isoflavones, which are beneficial 
nutrient to diabetics. However, this preference for sour taste was 
limited by the location of households, since the preference for sweet 
taste was higher in the pooled sample. While these results conformed 
to those of Parker et al. (2018) on a high preference for sweet taste, 
they contradicted Akaichi et al. (2021) on a low preference for sweet 
taste in legume foods.

Likewise, consumers in Migori County, which had a variety of 
cereals, had a higher preference for legume-cereals mixes than for 
legume-cereal substitute mixes. This was because of low access to 
cereal substitutes, such as Irish potatoes, which were mainly 
sourced from outside Migori County. Wanyama et al. (2019) found 
that a low-income level confined consumer preference to readily 
available legume-food mixes, which confirms the high preference 
for legume-cereal mixes in Migori County. Similarly, consumers 
generally had a higher preference for red than dark green beans, 
which had a lower culinary appeal; it was established in the FGDs 
that red beans produced an attractive curry and were more 
appetizing compared to dark green beans. However, these results 
contrast those of Carneiro et  al. (2022), who found a higher 
preference for dark than light-colored beans, although Ojwang et al. 

(2023) found high incidences of malnutrition in market segments 
with preference for white food due to lower levels of beta-carotene 
and iron.

The high WTP for 30–38% by consumers in Busia County was 
due to the perceived health benefits of eating nutritious beans, which 
were relatively affordable in Busia County. Although there was a 
higher preference for 30–38% protein content in Migori County, low 
household income reduced consumers WTP for this attribute level. 
Consumers in Busia and the pooled sample had a higher WTP for 
between 31 min to 1 hour cooking time to avoid the perceived 
inconvenience from soaking rice beans, yet soaking reduced their 
cooking time and flatulence (Bepary et  al., 2016). However, since 
additional benefits from the short cooking periods, including lower 
energy expenses, outweighed other factors including the perceived 
inconvenience of soaking beans, consumers in Migori County had a 
higher WTP for a cooking time of 30 min or less (Mutegi et al., 2023). 
Although the consumers required a premium 23–27% less price of rice 
bean for this cooking period, Aseete et al. (2018) found that consumers 
were willing to pay a premium of 30–40% for such periods in 
precooked beans. Therefore, this difference in WTP is explained by 
the fact that, unlike precooked beans in previous studies, there were 

TABLE 6 Willingness to pay estimates for rice beans.

Variable WTP 95% confidence interval

Busia county Migori county Pooled sample

Nutrmod 76.07 (34.02–186.17) 31.17*** (12.53–49.80) 130.81*** (77.99–183.63)

Nuthigh 330.37** (33.04–627.70) 130.73** (91.88–169.58) 166.59*** (88.95–244.23)

cook30mi 172.83* (12.96–358.64) 71.22*** (49.47–92.96) 113.46*** (61.63–165.29)

cook3160 355.98** (14.52–697.45) 60.64*** (40.95–80.32) 118.86*** (66.82–170.90)

Sour −411.62*** (−115.42 to −707.83) 75.16*** (51.22–99.10) 36.63 (−9.9–83.18)

Sweet 34.91 (83.81–153.64) 67.70*** (45.40–90.00) 137.29*** (63.88–210.70)

Combyes 113.64 (26.09–253.36) 90.11*** (63.94–116.28) 202.30*** (116.18–288.43)

Red 222.05** (19.35–424.75) 170.94*** (139.23–202.65) 225.69*** (147.78–303.59)

Dark Green 171.42* (6.94–349.77) 71.30*** (53.33–89.26) 121.21*** (75.71–166.71)

***, **, *Statistical significance at 1, 5, 10%, the 95% confidence intervals are shown in parentheses.

TABLE 7 Compensating surplus estimates for rice beans for different consumer segments.

Target 
consumer

NM NH ST MT SR SW LM DG RD Busia 
County

Migori 
County

Pooled

Children 

≤10 years

√ √ √ 587.34*** 

(218.97)

369.37*** 

(28.86)

529.56*** 

(85.54) ¥

Expectant 

Women

√ √ √ √ 397.46* 

(218.97)

260.20*** 

(21.45)

583.86 

(95.89)

Youth √ √ √ 321.39* 

(186.00)

359.76*** 

(31.42)

619.64 

(100.02)

Elderly √ √ √ √ 134.07 

(143.52)

229.03*** 

(20.38)

453.05 

(78.70)

Flatulence patient √ √ √ √ 191.85 

(149.56)

238.27** 

(16.35)

407.52 

(55.11)

Diabetic patient √ √ √ √ 49.07 (70.56) 267.66*** 

(23.82)

483.21 

(80.32)

***, **, *Statistical significance at 1, 5, 10%, ¥ indicates all CS estimates are significant at 1% level; the standard errors are shown in parentheses. NM = 20–29% protein levels, NH = 30–38% 
protein levels, ST ≤30 min (30 min or less), MT = 31 min to 1 h, SR-sour, SW-sweet, LM-Legume mixes, DG-Dark Green, RD-Red.
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no industrial precooked rice beans in western Kenya, which was 
perceived as a risk by consumers and hence the lower premium.

Moreover, the differences in the WTP for taste was explained by 
availability of legumes in western Kenya. For instance, consumers in 
Busia County required a high discount for sour taste, since from the 
FGDs there was a decline in the varities of legumes over the last 
40 years. Hence, consumers were not familiar with different taste of 
foods, and required a discount to try this new taste. In contrast, 
consumers in Migori County frequently mixed legumes and sour 
traditional foods, which were perceived to benefit expectant women, 
elderly, diabetic, hypertensive and reduced flatulence. But Pattanayak 
et al. (2019), noted that value addition, which includes legume-cereal 
mixes, may reduce undesirable taste attributes. The main forms of 
legume-cereal mixes include composite flour, which has a longer shelf 
life, and whole legume grains with cereals (Akaichi et  al., 2021). 
Consequently, the pooled sample was willing to pay a premium of 41% 
for legume-cereal mixes, while consumers in Migori County required 
a discount for legume-cereal mixes. However, Wanyama et al. (2019) 
found a lower premium of 0.4–0.5% for cereal and beans mixtures in 
low-income settlements in urban areas in Kenya. These differences in 
WTP and discounts are explained by income levels in the informal 
settlement areas and rural areas, where most cereals were sourced. 
Finally, the premium of 55% for red color contrasted Oparinde et al. 
(2016), who found a WTP of 13–17% for red beans and 6–14% for 
white beans. The difference in WTP for the two studies was due to the 
absence of improved rice beans, unlike for the red and white beans.

4.3 Compensating surplus estimates for 
rice beans attribute combinations

Consumers in different socio-economic strata and with varying 
nutritional needs would typically be  expected to choose different 
combinations of rice bean attributes. Nchanji et  al. (2022) and 
Murekezi et al. (2017) proposed the identification of target consumers 
based on where they frequently purchase legumes including: the 
open-air market, hotels and food vendors, farm gates and 
supermarkets (Table 4). The households with children aged 10 years 
and younger and expectant women frequented the open-air markets, 
but the youth frequented hotels or food vending points. Moreover, 
elderly consumers mainly bought beans from farm gates due to their 
low mobility, while high-income earners frequented supermarkets; 
there were sections with foods for diabetic consumers and those 
affected by flatulence. Each of these target consumers has unique 
nutritional needs, which must be  considered by breeders, food 
processors and traders (see Parker et al., 2018; Broeckhoven et al., 
2021; Food and Agriculture Organization (FAO), 2021; Faralla et al., 
2023). Compensating surplus (CS) measures were computed for six 
categories of consumers to understand how they perceived different 
attribute combinations. These categories were children aged 10 years 
or younger, expectant women, youth, elderly, fluctuance patients, and 
diabetic patients.

The CS was lower for the high-income market segment since 
low-income earners mainly get protein from cheap plants, while 
middle to high-income earners get protein from expensive meat 
(Broeckhoven et al., 2021). However, the youthful consumers would 
spend more on rice beans, since they were likely to experiment with 
novel food products, but the consumers affected by flatulence were 

cautious and would spend the least on improved rice beans. Moreover, 
the youth had a the high demand for convenient fast foods and snacks 
from legume-cereal mixes in hotels and from food vendors, unlike for 
the beans bought in supermarkets by people with flatulence (Babirye 
et  al., 2023). Likewise, expectant women would spend more than 
households with children aged 10 years or younger on improved rice 
beans because they had a higher demand for protein and legume-
cereal mixes than the children, who valued the sweetness and color of 
foods (Brunk and Møller, 2019; Saint-Eve et  al., 2021; Faralla 
et al., 2023).

Moreover, the expectant women had nutritional needs that 
required legume-cereal mixes; composite porridge and legume-cereal 
foods had a blend of macro and micronutrients needed for foetus 
growth and development (Saint-Eve et al., 2021). Moreover, diabetic 
and elderly consumers demand legume mixes to manage blood sugar 
levels (Katoch et  al., 2023). Consequently, implementation of the 
scenarios in most cases will depend on policy prioritization and 
funding. Specifically, if a conducive environment that harmonizes 
policy priorities and funds exist, the improved rice beans that targeted 
the youth is an ideal choice for implementation by concerned agencies. 
Moreover, the CS estimates can be used as guiding principles in the 
context of the established institutional frameworks and capacities. It 
is important to note that, although the CS measures are higher than 
the average price of 1 kg of rice beans, they are not indicative of 
proposed price hikes, but viable changes to rice beans. Furthermore, 
these CS estimates are approximately 1.5–2.2% of the monthly income 
range, which is shows that households would be able to afford the 
improved rice beans.

5 Conclusion and recommendations

This study analyzed consumer preference for protein content, 
cooking time, taste, legume-cereal mixes, color, and price in western 
Kenya. The results indicated that consumers had a positive preference 
for all the attributes except sour taste in their choice of rice beans. 
Moreover, there was heterogeneity in consumer preferences, since 
consumers in Migori County had a higher preference for all the 
improved rice bean attributes compared to those in Busia County. As 
a whole, consumers were willing to pay the highest premium for red 
color and the lowest premium for sour taste. While consumers in 
Migori County would pay the highest premium for red color and the 
lowest premium for 20–29% protein, those from Busia County would 
pay the highest premium for 30–38% protein and the lowest premium 
for sour taste.

The CS estimates showed that youthful consumers were likely to 
spend the highest amount of money on improved rice beans, while the 
flatulence patients would spend the least on improved rice beans. 
Therefore, although consumers preferred red color and high protein 
content in rice beans, plant breeders should be careful when altering 
the taste of rice beans. Specifically, they should avoid breeding sour 
varieties, but in the event that such varities are found due to 
isoflavones, then nutritional experts should create awareness on the 
nutritional benefits of these sour foods through the appropriate 
communication channels. Likewise, breeding and release of fast-
cooking varities must be  preceded by creation of awareness by 
nutritional experts on techniques of lowering flatulence. Alternatively, 
plant breeders should breed varities with lower sugar levels, 
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particularly raffinose, for diabetic and flatulence patients. Similarly, 
food processors should be sensitive to pricing, short cooking time, 
taste, legume-cereal mixes, and red color in production of novel 
products. In particular, they should process rice beans into attractive 
tasty infant foods, fermented composite porridge flour for the elderly, 
precooked rice beans and ready-to-eat snacks for the youthful 
consumers, and sugarless instant porridge flour for diabetic and 
flatulence patients.

Future studies could provide more insights on various aspects that 
were beyond the scope of this study First, future studies could improve 
on sample sizes by comparing consumers’ preference from different 
block designs. Second, future studies can explore interviews outside 
households or at shopping exits for consumers. Third, future nutritive 
attribute levels could include iron biofortification, glycemic index for 
diabetic individuals, and vitamin levels for individuals with high 
cholesterol. Finally, future studies could improve on the analysis of 
preference and demand for rice beans along gender and income 
classes in urban and rural areas.
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