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Abstract: In Kenya, there is an urgent need to strengthen domestic rice production to improve food
security. To achieve this, it is necessary to develop a value chain of competitive rice varieties that
creates new value over and above that of conventional varieties. In this study, we focused on locally
grown japonica rice produced in the Mwea area, which has recently begun to be distributed in
Nairobi. Through interviews with Japanese restaurants, Japanese food stores, and consumers as
well as interviews with stakeholders in the value chain the market price, consumer acceptability,
and profitability of locally grown japonica rice were determined. We evaluated the value chain of
locally grown japonica rice based on the interaction between the potential demand and a value chain
analysis and examined improvement measures to establish the value chain. The results showed that
76% of consumers who eat staple foods other than rice rated locally grown japonica rice as “very
good” or “good”, indicating that it may be acceptable to those who do not usually eat rice. The net
profits for locally grown japonica rice were higher than those of conventional rice at the production,
processing, and distribution stages, which is an advantage for producers and demonstrates that the
elimination of middlemen is effective and highly profitable for each stakeholder. In contrast, the
consumer price of locally grown japonica rice was higher than that of conventional rice, indicating
that some challenges remain to be overcome. Our estimation approach will allow further study of
target values such as selling price in other desired value chains. Together, our findings suggest the
potential of the locally grown japonica rice value chain to contribute to the strengthening of domestic
rice production.

Keywords: food value chain; value chain analysis; domestic rice; Mwea region; food security

1. Introduction

Food security is one of the biggest challenges facing Africa, where population growth
and economic development have increased in recent years. In the East Africa region, which
experiences recurrent droughts, floods, pest infestations, diseases, and food insecurity,
ensuring food security is a major challenge, even in Kenya, the leading economy in the
region. After maize and wheat, rice is Kenya’s most important grain. It has become an
important staple food in urban areas, and in 2008, the year-on-year rate of increase in
annual rice consumption was 12%, against 4% for wheat and 1% for maize, the nationwide
staple food [1-3]. While crop acreage, unit yield, and total volume of rice production
have trended sideways since 2012, the volume of rice imports increased by nearly 40%
between 2012 and 2020, which was in line with increased consumption. The quantity
of rice grown locally in 2020 was 80,000 tons against a consumption of 650,000 tons [4].
Rice consumption in Kenya is therefore over-reliant on the international market, which
has significant implications for national food security [2]. Following the 2017 presidential
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re-election, the Kenyan government made food security one of its four most important
policies (Big 4) [5].

The 2008 food price crisis reaffirmed the importance of domestic food value chains
in strengthening food security in developing countries [6]. In West Africa, attention has
turned towards rice value chains because rice is the most important source of calories in the
region [7,8]. In Kenya, the target country of this study, it is expected that the enhancement
of domestic rice production will bridge the gap between production and consumption and
will improve the country’s food security [9]. According to Atera et al. [2], a rice value chain
that benefits all stakeholders must strengthen Kenyan domestic rice production and must
improve food security, and the awareness of high-quality competitive varieties must be
promoted to strengthen domestic rice production.

In recent years, locally grown japonica rice has become available in Nairobi, the
capital city of Kenya. The conventional variety, BW 390, is high-yielding but has a low
market price, whereas Basmati 370 is low-yielding with a high market price, and the new
variety NERICA is not suitable for cultivation in irrigated areas and has a low market price.
Currently, japonica rice is eaten by the Asian community in Nairobi; it has a higher market
price than basmati rice despite its non-aromatic quality and low yield and therefore is an
attractive variety for producers seeking to increase their production volume [10]. Thus,
locally grown japonica rice is highly profitable and competitive, making it a promising
crop for small-scale farmers.

A cultivation experiment that compared the production costs of locally grown japonica
rice and the conventional rice variety Basmati 370 found that the high-yield, locally grown
japonica rice yielded a higher net profit than conventional rice [11]. However, because
locally grown japonica rice has been available on the market for only a short time, the
market price, marketing benefits, competitiveness, and expansion potential of locally
grown japonica rice remain to be clarified.

The main factors influencing the domestic rice value chain in Kenya are high produc-
tion costs due to inefficient manual farming practices and high material costs. Challenges
such as the lack of agricultural machinery and predation by birds have also increased
production costs [2,9]. Ndirangu et al. [3] examined the processing stage of the conven-
tional rice value chain in Kenya and analyzed the utilization rate, production capacity, and
technology of rice mills; they concluded that the current production capacity of rice mills is
sufficient to cope with increasing rice production and noted the importance of improving
the utilization rate of rice mills and post-harvesting processes. Nkuba et al. [12] reported
that in the neighboring country of Tanzania, inadequate information regarding the rice
distribution price, production costs, benefits of marketing, competitiveness, and expan-
sion potential complicated improvements to the rice value chain. Demont [13] described
local basmati rice as the dominant rice preferred by Kenyan consumers. Sekiya et al. [14]
reported the rejection of most of new rice varieties by Tanzanian farmers due to consumer
preference and poor quality.

The Kenyan rice value chain faces two major issues: high production costs and market-
ing difficulties. Consumer acceptability is important to the successful introduction of new
varieties. The production cost has already been discussed and clarified by Watanabe [11].
This study clarified the potential demand for locally grown japonica rice, examined the
potential profitability through an analysis of the profit and added value along the value
chain, and determined the gap between the potential demand for locally grown japonica
rice and the current value chain.

A value chain is a concept that analyzes and compares how all of the activities of
a company contribute to the final value of a product [15]. The value chain refers to the
extent of the new and added value in a single chain as a result of the main activity being
linked to supporting activities, such as technological development and human resources, to
enhance main activities, i.e., the procurement of raw materials for manufacturing products
(purchasing logistics), the manufacturing and processing of products, the shipping and
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delivery of products (shipping logistic), the marketing and sale of products to consumers
(distribution and sales), and the after-sale service for consumption (service) [15,16].

Based on Porter’s value chain concept, Kaplinsky [17] defined the value chain as “the
full range of activities required to bring a product or service from conception, through
the intermediary phases of production, delivery to the final consumers, and final disposal
after use”. Anandajayasekeram et al. [18] reported that the value chain in the agricultural
sector includes all companies and activities engaged in the supply of inputs, production,
transportation, processing, and marketing of a particular final agricultural product or
closely related agricultural products. Miah [19] reported that the rice value chain concen-
trates on the linkages among relevant stakeholders from material inputs to processing,
distribution, and final consumers in the sequence of production, processing, distribution,
and consumption. It is very important to analyze the value chain to identify the related
activities of various stakeholders because the value chain focuses on the breakdown of the
costs and benefits of the value chain, the major constraints at each stage of the chain, and
their relationships.

A value chain analysis is a method of decomposing corporate activities into the
individual stakeholder activities at various points in the value chain and clarifying how
these activities contribute to the final value by quantitatively understanding the added
value and cost of each activity [20]. The main components of a value chain analysis
are the mapping and characterizing of stakeholders in the value chain, the evaluation
of the relationships and coordination mechanisms that exist among the stakeholders,
the calculation of the distribution of stakeholder benefits, and the analysis of further
improvements with different stakeholders [21]. A value chain analysis can assess the
structural aspects of the value chain, such as the structure of benefits and costs, the flow of
products, and their end points [18,19]. The profitability of the value chain was evaluated
by comparing the value chain of locally grown japonica rice with that of conventional rice.

The objective of the study was to identify the market price, marketing benefits, com-
petitiveness, and expansion potential of locally grown japonica rice. We clarified business
consumer demand, the acceptability of locally grown varieties to general consumers, and
the profitability of the value chain of locally grown japonica rice. Then, we discussed
the desirable establishment of a locally grown japonica rice value chain and the poten-
tial for locally grown japonica rice production to contribute to strengthening domestic
rice production.

2. Materials and Methods
2.1. Study Area

Nairobi, the capital city of Kenya, with a population of 4.39 million and an area of
704 km? [22], is the central city of East Africa. It is the location of the headquarters of
the United Nations Environment Programme (UNEP) and the United Nations Human
Settlements Programme (UN-HABITAT), and the United Nations Secretariat also has one
of its main offices in the city. Due to the presence of many UN centers, the city has become
an international city where many international organizations meet and where international
conferences are held.

The Mwea region is located 100 km north of Nairobi and is a flat area extending to the
south of Mount Kenya, the nation’s highest mountain (5199 m). With an altitude of around
1159 m, the average annual temperature in the Mwea region is ~22 °C, and the average
annual rainfall is ~930 mm [23]. The local climate is tropical with two rainy seasons: a long
rainy season from March to May and a short one from October to November [24]. Most
of the fields in the Mwea region are covered by Vertisols [25]. The soil is a black heavy
clay popularly known as “black cotton soil” [26]. Figure 1 shows the location of the capital,
Nairobi, and the Mwea region.
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Figure 1. Map of Nairobi and the Mwea region. Source: UN Geospatial (2011).

The Mwea Irrigation Scheme is the largest irrigation zone in Kenya in terms of area.
However, the aging irrigation facilities and outward expansion of paddy fields through the
voluntary cultivation of farmers have resulted in serious shortages of irrigation water. A
new Yen loan project was established in 2017 to improve facilities and to promote irrigation,
with the intention of increasing the total crop acreage from 7860 to 16,920 ha [27]. The main
growing season for rice in the Mwea region is July to December, but the absolute shortage of
irrigation water has resulted in three cropping periods: from July to December, September
to February, and November to April. A total of 86% of all domestically grown rice is
produced in the Mwea Irrigation Scheme, including 95% of all domestically grown basmati
rice [8]. Basmati 370 is the most popular variety in the Mwea region [28], and 87.7% of the
harvested Basmati 370 is made available for sale [29]. Henceforth, the term “conventional
rice” refers to Basmati 370. In addition to rice, some farmers produce tomatoes, mung
beans, and kale as a double crop.

2.2. Understanding the Market Size and Price of Japonica Rice

The business consumers of japonica rice are Japanese restaurants (including take-out
food) and Japanese food stores. We interviewed store owners in Nairobi in December 2016
to obtain information on the market size and price of japonica rice. A total of 12 Japanese
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restaurants and Japanese food stores were included in the survey. The information collected
included the source, quantity, and price of japonica rice as well as the desired quantity, and
price, and conditions required for purchasing locally grown japonica rice. The questionnaire
is presented in Supplementary Figures, as Figure S1.

2.3. Consumer Acceptability of Locally Grown Japonica Rice

In November 2016, we conducted a face-to-face questionnaire and tasting survey of
171 randomly selected customers at a shopping mall in Nairobi to examine the consumer
acceptability of locally grown japonica rice. For tasting, we cooked locally grown japonica
rice in a rice cooker and served it as white rice. The target shopping mall was one of
the ten shopping malls (10,000-60,000 m? in size) in the city that attracts large numbers
of customers. The shopping mall was located in an area where many middle class and
affluent Kenyans and foreigners reside, enabling us to reach a typical target population
living in the cosmopolitan city of Nairobi. The questionnaire determined sex, age, ethnicity,
staple food items, rice eating frequency, type of rice, rice production area, source of the
rice purchased, important points to consider when purchasing rice, experience of eating
Japanese food, frequency of eating Japanese food, favorite aspects of Japanese food, and
favorite Japanese food. An evaluation was requested after the participants tasted locally
grown japonica rice. The interviewees were also asked to state a desired purchase price of
the japonica rice and to provide any other necessary information regarding japonica rice.
The questionnaire is presented as Figure S2.

2.4. Understanding the Profitability of the Value Chain of Locally Grown Japonica Rice

To understand the profitability of the value chain of locally grown japonica rice, we
conducted interviews with stakeholders in the value chain. As a comparison, we also
surveyed the conventional rice value chain in the Mwea region.

Because locally grown japonica rice was produced at the Mwea Irrigation Agricultural
Development Center (MIAD) in the Mwea region and was sold at Japanese food store A in
Nairobi, which is a major stakeholder, we interviewed MIAD and the owners of Japanese
food store A to identify the purchase and selling prices in June and July 2017.

For the conventional rice value chain in the Mwea region, interviews were conducted
with stakeholders, including private rice mills, the Mwea Rice Mills (MRM), and the
Mwea Rice Growers Multi-Purpose Co-operative Society (MRGM). The MRM is a state
-owned corporation under the jurisdiction of the National Irrigation Board (NIB). The
MRGM is the largest rice growers’ cooperative in the Mwea region and provides services
related to rice production, processing, and marketing to its members. In recent years, the
number of private rice mills has increased in the Mwea region, and in addition to the MRM
and MRGM, there were six other rice mills with a relatively large processing capacity of
1.5 tons per hour or more. We interviewed two of the private rice mills, the MRM and
MRGM, in April and June-July 2017, to determine their methods of milling, drying, storage,
transportation, sales, purchase prices, and selling prices.

We conducted a questionnaire survey of six farmers on 19-20 October 2016. Questions
were asked to determine the cultivar, selling price, and selling method. In addition, we
also recorded the sale prices at retail stores in Mwea and Nairobi.

The production costs of locally grown japonica rice and conventional rice were taken
from Watanabe et al. [11].

The analysis method used in this study was a value chain analysis. We used value
chain analysis to identify the relevant stakeholders along the value chain and hierarchically
divided the value chain into production, processing, distribution, and consumption stages
based on the roles of each stakeholder and the relationships among them. Then, we
systematically illustrated each of these flows separately for unprocessed rice and milled rice.
We also calculated the benefits, costs, and the added value generated by each stakeholder
at each stage of the value chain and evaluated the value chain of locally grown japonica rice
compared to that of conventional rice, including the distribution and structure of benefits
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and costs. Based on Miah [19], Pavithra et al. [30], and Linn et al. [31], we calculated the net
profit and value-added for each stakeholder in the main value chain using the equations
discussed below. The Kenyan shilling (KSh) is the local currency, where KSh 1 is roughly
equivalent to USD 0.00966.

Net profit = Gross profit — Cost
Gross profit = Sales — Cost of goods sold 1)
Value-added ratio (%) = Gross profit/Purchase price x 100

where cost of goods sold adopts the purchase price according to the wholesale and retail
markets, and Sales is the selling price.

3. Results and Discussion
3.1. Market Size and Price of Japonica Rice

Valid responses were obtained from 10 of the 12 stores. Table 1 shows the sourcing
country and procurement volume. The sourcing countries were China, Korea, Uganda,
Italy, and Kenya. The japonica rice procured in Kenya is locally grown and is produced at
MIAD. Japanese restaurants and food store ] was also engaged in wholesale business and
handled imports from Korea in containers. Excluding this store, the monthly procurement
volume per store was 331 kg. Because the monthly procurement of locally grown japonica
rice was only 200 kg at two stores, more than 90% of the rice was imported.

Table 1. Procurement source and amount of unprocessed japonica rice by Japanese restaurants.

Procurement
Respondent Source Country Volume Remarks
(kg/month)
1 Japanese restaurant B Uganda 300
2 Japanese restaurant C China or Korea 300
Uganda 150-200
3 Japanese restaurant D Italy 200
4 Japanese restaurant E Korea or Uganda 300
5 Japanese restaurant F Korea 500
Uganda 200
6 Japanese restaurant G Kenya 100
7 Japanese restaurant H Uganda 500
8 Japanese restaurant I China 300
Japanese restaurant and Korea 3333 40 tons/year
? food store J Uganda 800 20 kg/week
10 Japanese restaurant K Kenya 100

Figure 2 shows the price of japonica rice purchased by each store from each souring coun-
try. The prices were 150-200 KSh/kg (1.4-1.9 USD/kg), 200-300 KSh/kg (1.9-2.9 USD/kg),
and 250-300 KSh/kg (2.4-2.9 USD/kg) for Uganda, Korea, and China, respectively, and the
procurement prices varied from store to store and even within the same store. Imported rice
from the neighboring country of Uganda was occasionally cheaper than locally grown japon-
ica rice. One respondent answered that the procurement price was 150 KSh/kg (1.4 USD/kg),
whereas others answered that it was 200 KSh/kg (1.9 USD/kg). Ugandan rice was the
cheapest at 150 KSh/kg (1.4 USD/kg), followed by locally grown japonica rice.

3.2. Consumer Acceptabiltiy of Locally Grown Japonica Rice

There were 122 valid responses (males: 33 (27%) and females: 89 (73%)). Among the
respondents, 45% were in their 20s, 33% were in their 30s, and 12% were in their 40s. In
terms of ethnicity, 49% were Kenyan, 10% were from other African countries, 16% were
European, and 12% were both Asian and Indian.
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Figure 2. Purchase price of japonica rice paid by Japanese restaurants.

Figure 3 lists the staple foods eaten by the respondents (multiple responses). Of the
122 respondents, 71% (87) cited rice as a staple food (hereafter, rice group), indicating that
it is widely consumed by Kenyans, non-Kenyan Africans, Europeans, Asians, Indians,
and Arabs. The number of respondents who answered “rice” greatly exceeded those who
answered “Ugali” (corn flour kneaded with hot water) [32], which is a traditional staple
food, as well as Chapati and Githeri, which are eaten in East Africa. This suggests that
the custom of eating rice is widespread among the middle and affluent classes in Nairobi.
Among the 87 respondents in the rice group, 32 were Kenyans, about 1.4 times as many as
the 23 who ate Ugali as a staple food. This indicates that middle-class and affluent Kenyans
are shifting from traditional staple foods to rice.

Ugali and Githeri are African dishes,

Others chapati is mainly found in South, Central
and Southeast Asia, and East Africa. Others
include ilio and fufu (African dishes), pasta,

Githeri I bread, and noodles.

Chapati

Ugali I

0 20 40 60 80 100

B Kenyan ™ Non-Kenyan

Figure 3. Staple foods consumed by questionnaire respondents (n = 144). Multiple responses
were allowed.

Figure 4 summarizes the results of the tasting evaluation of locally grown japonica rice
by consumers from different staple food groups. Overall, 57% of those whose staple food
was rice had ratings of “very good” or “good”, whereas the value for those whose staple
food was something other than rice (hereafter, the non-rice group) was 76%, and 10% of the
respondents in the rice group and 11% in the non-rice group rated it as “dislike”. Overall,
about 90% of all respondents rated the food as acceptable. This shows that even those who
do not normally eat rice may eat locally grown japonica rice, which indicates that this rice
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could become a good staple food for those who do not normally eat rice. Figure 5 shows
the positive aspects of locally grown japonica rice that were identified through tasting.
Regardless of group, 71% of respondents answered “texture”, 26% answered “taste”, and
3% answered “aroma”. Notably, “texture” received a high rating because this rice has a
slightly sticky texture.

1%
- 10%

23%
32%

34%
43%

= Very good Good Acceptable = Dislike

Figure 4. Evaluation of the taste of locally grown japonica rice accounting for staple food type. The
inner and outer circles indicate that the staple food is rice (1 = 87) or non-rice (n = 35), respectively.

%

(o)

m Texture m Taste Aroma

Figure 5. Positive aspect of the tasting locally grown japonica rice. The inner and outer circles
indicate that the staple food is rice (1 = 87) or non-rice (n = 35), respectively.

Figure 6 summarizes the tasting evaluation of this rice according to the differences
in the experience of eating Japanese food. The “very good” rating was selected by 45% of
those who had eaten Japanese food, while only 13% of those who had not eaten Japanese
food rated it as “very good”, a difference of 32%. The former group was more likely to
have a high opinion of this rice. In terms of the favorable evaluations of “very good” and
“good”, 75% of those in the first group and only 51% of those in the latter group had a
favorable evaluation. Even among those in the second group, about half of them gave a
favorable evaluation of this rice.

Sekiya et al. [14] reported that farmers reject most new varieties because they are not
yet widely accepted by consumers; however, we found that locally grown japonica rice in
Nairobi was acceptable by consumers to some extent.

Atera et al. [2] noted that to strengthen domestic rice production, it is necessary to
brand and recommend competitive and high-quality rice varieties. Our results indicate that
locally grown japonica rice may be widely accepted by consumers. Because the market price
of this rice is higher than that of conventional rice and because its procurement price is lower
than that of imported japonica rice, it can be considered to be a new competitive variety.
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15% 13%
2%
23%

45%

33% 30% 38%

Very good Good Acceptable Dislike

Figure 6. Evaluation of the taste of locally grown japonica rice according to experience of eating
Japanese food. The inner and outer circles indicate experience (1 = 44) and lack of experience (1 = 78)
with Japanese food, respectively.

3.3. Profitability of the Rice Value Chain

The results of a value chain analysis are shown in Figure 7. The main stakeholders in
the locally grown japonica rice value chain were identified as MIAD, Japanese food store A
in Nairobi, and consumers. The rice was cultivated by MIAD, and the harvested rice, after
threshing, sorting, and bagging, was transported to a warehouse located at MIAD. After
drying the rice in the sun near the warehouse, it was bagged, stored in the warehouse,
and sold to Japanese food store A in Nairobi. The rice was sometimes purchased directly
from MIAD by Japanese restaurants in Nairobi and by Japanese residents in Kenya who
purchase either milled or unprocessed rice. At MIAD, rice was refined to order for Japanese
food store A and was then delivered to them in Nairobi. The store ordered 400 kg milled
rice a month, placing its order every few months. Because it was a bulk order, transport
costs were included in the cost of the purchase. Japanese food store A decanted the rice into
1 kg bags for sale in its store in Nairobi. Most customers were ordinary Kenyan citizens,
with some brokers also making purchases to sell to hotels.

As reported by Muhuyu [9], 99% of the farmers in the Mwea region grow basmati rice.
All six farmers interviewed also grew basmati rice, with an average yield of 6.0 tons/ha
(unprocessed basis). The purpose of cultivation was to sell it to earn money. The harvested
unprocessed rice was purchased by middlemen and was transported to private rice mills.
Farmers did not have storage facilities, road conditions were very poor with only a few
main roads being paved, and transportation was very scare. The involvement of middlemen
made it difficult for farmers to avoid an unprofitable period immediately after harvest,
when rice is valued at lower prices, and for farmers to transport their own rice to the
mills. For this reason, the middlemen visited the farmers immediately after the harvest,
purchased the unprocessed rice for cash, and transported it to private rice mills. This was a
major incentive to grow rice for cash-poor farmers. Because the farmers had limited means
of transportation, either by commercial transporters (donkey, oxen, tractors, or motorcycles)
or by themselves on motorcycles or bicycles, the amount of rice brought to private rice
mills directly by farmers was small. In the Mwea region, there were many small-scale
private rice mills along the main roads, but most did not have a drying yard. Therefore,
rice was dried in the sun in the small spaces between the mills and in the roads beside
the main road. Because of this, dirt and debris could be mixed in with the rice during the
drying process, and the moisture content of the dried rice was uneven. In addition, the
percentage of broken rice was high, and the efficiency and quality of rice milling was poor
due to use of old machinery for milling.
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Locally grown japonica rice Conventional rice
Value chain (1) Value chain (2) ‘ Value chain (3) Value chain (4) Value chain (5) ‘
Consumption | | Consumer | | Consumer |
Selling price: 250 KSh/kg Selling price: 135 KSh/kg Selling price: 175 KSh/kg Selling price: 175 KSh/kg Selling price: 170 KSh/kg
Cost: 3.8 KSh/kg Cost: 3.8 KSh/kg Cost: 3.8 KSh/kg Cost: 3.8 KSh/kg Cost: 7.9 KSh/kg
Net profit: 76.2 KSh/kg Net profit: 16.2 KSh/kg Net profit: 56.2 KSh/kg Net profit: 56.2 KSh/kg Net profit: 87.1 KSh/kg
Value-added ratio: 47.1% Value-added ratio: 17.4% Value-added ratio: 52.2% Value-added ratio: 52.2% Value-added ratio: 126.7%
Distribution | Japanese food store A in Nairobi Retail store in Mwea Retail store in Nairobi MRGM direct sales store
Selling price: 170 KSh/kg Selling price: 115 KSh/kg Selling price: 115 KSh/kg Selling price: 115 KSh/kg Selling price: (170) KSh/kg
Cost: 4.1 KSh/kg Cost: 4.1 KSh/kg Cost: 4.1 KSh/kg Cost: 4.1KSh/kg Cost:
Net profit: 75.9 KSh/kg Net profit: 45.9 KSh/kg Net profit: 45.9 KSh/kg Net profit: 48.9 KSh/kg Net profit:
Value-added ratio: 88.9% Value-added ratio: 76.9% Value-added ratio: 76.9% Value-added ratio: 85.5% Value-added ratio: (126.7%)
Processing | MIAD Private rice mill MRM MRGM
AAB AAS AAB AAB 4,\5

Selling price: 65 KSh/kg Selling price: 65 KSh/kg

Cost: 5 KSh/kg Cost: 5 KSh/kg

Net profit: 5 KSh/kg Net profit: 5 KSh/kg

Value-added ratio: 18.2% Value-added ratio: 18.2%

Middlemen
AAB AAS
Selling price: 90 KSh/kg Selling price: 55 KSh/kg Selling price: 55 KSh/kg Selling price: 62 KSh/kg Selling price: 75 KSh/kg
Cost: 28.75 KSh/kg Cost: 22.63 KSh/kg Cost: 22.63 KSh/kg Cost: 23.63 KSh/kg Cost: 22.63 KSh/kg
Net profit: 61.25 KSh/kg Net profit:  32.37 KSh/kg Net profit: 32.37 KSh/kg Net profit:  38.37 KSh/kg Net profit:  52.37 KSh/kg
Value-added ratio: Value-added ratio: Value-added ratio: Value-added ratio: Value-added ratio:
Production | | MIAD | | Farmer

Figure 7. Main distribution pathways for locally grown japonica rice and conventional rice. Note: The cost to the farmer includes 1 KSh for transformation for Mwea Rice Mills (MRM).
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Retailers in Nairobi and Mwea purchased milled rice from private rice mills and sold
it at 120-150 KSh/kg (1.2-1.4 USD/kg) in Mwea and 150-200 KSh/kg (1.4-1.9 USD/kg)
in Nairobi. When the rice was sold in bags, the price was higher than when it was sold
by volume. Products with a lower percentage of broken rice were sold at even higher
prices. The MRGM has 4000 members in the Mwea region (about 3000 active members)
and provides services related to rice production, processing, and marketing, including
the transportation of unprocessed rice and the provision of seed, fertilizers, pesticides,
for its members. The MRGM had their own storage facilities, drying yards, rice milling
and drying facilities, direct sales outlets, and agricultural machinery, such as tractors
and combine harvesters. The share of milled rice volume by the MRGM in this region
was around 30%. The member farmers did not need to transport it, because the MRGM
purchased unprocessed rice from the farmers and transported it to their own storage
facility. This rice was sundried to 14% moisture content in a large drying yard owned
by the MRGM, and then stored. The rice was dried to 11% moisture content in two
dryers before being sold, and then milled using two rice milling machines (processing
capacity of 3 and 2 tons/h, respectively) and sold as a bagged product at 170 KSh/kg
(1.6 USD/kg), mainly at the directly managed retail store in Mwea. Sometimes buyers
from the supermarkets in Nairobi would come to Mwea to purchase rice. Farmers mainly
brought unprocessed rice to the MRM using transporters because the MRM themselves did
not transport the rice. This rice was purchased by the MRM, dried in two dryers owned by
the MRM, and milled in two rice milling machines (both 2.5 tons/h). After milling, the rice
was sold to retailers in Nairobi. Some farmers only milled rice at the MRM and sold it to
retailers by themselves in Mwea. The cost of milling rice was 2.5 KSh/kg (0.02 USD/kg).
The MRM accounted for 100% of the rice milling volume in the Mwea region until 1999,
but its share has decreased to around 15% in recent years due to the increase in the number
of private rice mills. Ndurangu et al. [3] assessed the production capacity of rice mills,
focusing on the processing stage of the conventional rice value chain. Their results showed
that the production capacity of the MRM and MRGM, the representative rice mills in the
Mwea region, and the rice mills in the region with a processing capacity of more than
1.5 tons/h were almost the same as those reported by Ndirangu et al. [3].

In summary, the main value chain of locally grown japonica rice from production to
final consumer was as follows:

(1) MIAD — Japanese food store A in Nairobi — consumer
The main value chain of conventional rice was as follows:

(2) Farmer — middlemen — private rice mill — retail store in Mwea — consumer
(3) Farmer — middlemen — private rice mill — retail store in Nairobi — consumer
(4) Farmer — MRM — retail store in Nairobi — consumer

(5) Farmer - MRGM — MRGM direct sales store — consumer

Next, we determined the net profit (KSh/kg) and value-added ratio (%) of each
stakeholder in the above value chains (1) to (5), which were calculated using the value
chain analysis shown in Figure 7. In cases where there were multiple selling prices, such as
with or without bagging, the average value was used. Costs for middlemen, millers, and
retailers were taken from Ndirangu et al. [3]. The cost of the direct sales outlet at the MRGM
was determined as the sum of the costs of the miller and the retailer. The selling price of
unprocessed rice at MIAD for locally grown japonica rice was 90 KSh/kg (0.9 USD/kg),
and the selling price of milled rice was 170 KSh/kg (1.6 USD/kg). The milled rice sale price
included the transportation cost from MIAD to Japanese food store A in Nairobi. The selling
price of conventional rice by farmers to middlemen was 55 KSh/kg (0.5 USD/kg), while it
was 65 KSh/kg (0.6 USD/kg) for sales by middlemen to private millers and 115 KSh/kg
(1.1 USD/kg) for sales by private millers to retailers. The production cost of locally grown
japonica rice (S1 type) at MIAD was 28.75 KSh/kg (0.3 USD/kg), while the production cost
of conventional rice for farmers was 22.63 KSh/kg (0.2 USD/kg) [11]. The average unit
yield of conventional rice was 6.07 tons/ha in Kenya in 2017 [4]. In value chain (4), we
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added 1 KSh/kg (0.01 USD/kg) to the production cost of farmers because the farmers paid
1 KSh/kg (0.01 USD/kg) to transporters as a transportation cost for delivery to the MRM.

The stakeholders and the flow of rice for locally grown japonica rice were different
from those for conventional rice. The only producer was MIAD, who also milled the rice
(and transported it to the retailers), and the retailers were limited to Japanese food store A.

When comparing value chains (1) to (5), the net profit was the largest in the value
chain of locally grown japonica rice in the production, processing, and distribution stages.
In the processing stage, the value-added ratio was the highest for this chain. At the
distribution stage, the value-added ratio was the greatest when the rice was sold at a retail
store in Nairobi in the conventional rice value chain (except for [5] MRGM, which was
not included in the comparison because it conducted both the processing and distribution
stages). The net profit of this value chain was larger than that of conventional rice at all
stages, indicating that it was more profitable. In both value chains, the value-added ratio
was the highest in the processing stage; therefore, those who were responsible for the rice
milling process played a very important role in both chains. In the Mwea region, private
rice mills accounted for more than 50% of the total volume of rice handled. Therefore,
resolving the issues faced by private rice mills will contribute to the establishment of an
efficient value chain.

Mwangi [10] found that locally grown japonica rice is an attractive variety with a
higher market price than basmati rice. The consumer purchase prices of such rice and
basmati rice in Nairobi were 300 KSh/kg (2.9 USD/kg) and 175 KSh/kg (1.7 USD/kg),
respectively, and therefore, the former had a higher market price. Nkuba et al. [17] also
noted that it is difficult to make improvements in the rice value chain due to the lack of
information regarding price, marketing benefits, competitiveness, and expansion potential.
The results of our value chain analysis confirm that, in the production stage, the net profit
of locally grown japonica rice is higher than that of any conventional rice value chain. In
addition, this rice had a profitability advantage over conventional rice, which indicates the
competitiveness and expansion potential of this rice.

We analyzed the market price and consumer acceptability of locally grown japonica
rice from the perspective of its potential for market expansion as well as the profit and
added value in marketing along the value chain, with the aim of contributing to the
strengthening of domestic rice production in Kenya. The former was an analysis of the
potential demand for this rice, and the latter was an analysis of the current value chains
of this rice and conventional rice. Based on the results, the establishment of a suitable
future value chain for locally grown japonica rice was considered from the perspective
of an interaction between the potential demand for such rice and the current value chain
in terms of both advantages and disadvantages. Taking account of the disadvantages,
measures to improve the situation were also discussed.

First, we considered the advantages. We found that the procurement price of locally
grown japonica rice was around 40% cheaper than that of imported japonica rice at stores
selling japonica rice in Nairobi (190 KSh/kg (1.8 USD/kg) for locally grown japonica
rice compared to 200-350 KSh/kg (1.9-3.4 USD/kg) for imported japonica rice excluding
some Ugandan rice). In addition, the consumer purchase price of locally grown japonica
rice in Nairobi was higher than that of conventional rice (250 KS/kg (2.4 USD/kg) for
locally grown japonica rice compared to 175 KSh/kg (1.7 USD/kg) for conventional rice).
Moreover, general consumers were more likely to accept the locally grown japonica rice
even among those who did not eat rice as a staple food. In addition, using a value chain
analysis to compare the net profit and value-added ratio of the value chain of the two
rice types, we found that the net profit of locally grown japonica rice was higher in the
production, processing, and distribution stages. These findings indicate that this rice is
more profitable than conventional rice and is likely be accepted by consumers; thus, it has
the potential to become a competitive new value-added variety for the market to expand.

Next, we considered the disadvantages. The results showed that the value chain of
locally grown japonica rice was more profitable for the producers than that of conventional
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rice. Locally grown japonica rice was the second cheapest after Ugandan rice, which cost
150 KSh/kg (1.4 USD/kg). As the demand for locally grown japonica rice increases, the
market is expected to expand and the number of relevant stakeholders in each stage will
grow. An increase in the number of stakeholders in the process from the producer to the
consumer is one factor that ultimately contributes to higher prices for consumers [14,33-35].
According to our value chain analysis, the smaller the number of related stakeholders,
the larger the net profit of each, and the greater the tendency for the value-added ratio to
increase is. In the Mwea region, the desired value chain for locally grown japonica rice
was concluded to be a flow from the producer in the production stage, to the miller in the
processing stage, to the retailer in the distribution stage, and then to the consumer, without
the need for middlemen. This phenomenon is not limited to the locally grown japonica
rice value chain but can also be applied to the conventional rice value chain. The consumer
price of locally grown japonica rice was higher than that of conventional rice (250 KSh/kg
(2.4 USD/kg) for locally grown japonica rice vs. 170-175 KSh/kg (1.6-1.7 USD/kg) for
conventional rice in Nairobi). To increase the availability of locally grown japonica rice
for general consumers, the consumer price should be made more affordable. Based on the
results of Watanabe et al. [11], the production cost can be reduced by 5 KSh/kg (2% of the
consumer price). Such a price reduction would require improvements in the production
stage as well as other stages, such as processing and distribution.

Assuming that locally grown japonica rice is handled in this desirable value chain, the
respective value-added ratios of the rice mill and retailer as a function of the change in the
selling price of the rice mill are shown in Figure 8, where the producer sells at 90 KSh/kg
(0.9 USD/kg) and the retailer sells at 250 KSh/kg (2.4 USD/kg). Although the sum of
the net profit of a value chain is constant, the sum of the value-added ratio changes. The
value-added ratio is maximized when the net profit of the rice mill is maximized. However,
this is not a desirable situation for retailers because the maximum net profit of the miller is
equivalent to the minimum net profit of the retailer. A balance between the net profits of
the retail store and the net profit of the rice mill is important. Therefore, a well-balanced
value chain is in place when the net profit of the rice mill is as large as possible and is
acceptable to the retail store. Thus, it is possible to establish a value chain without the
intervention of middlemen. Farmers sold their unprocessed rice to middlemen immediately
after harvesting because they had no storage facilities and could not transport it themselves
due to a lack of transportation. During our field survey in the Mwea area, we heard that
many famers require cash promptly because the main harvest season in December occurs
immediately before the school year starts in January. In the conventional rice value chain,
the only cases that did not involve middlemen were those where the rice was milled by
the MRM and MRGM. As shown in Figure 7, the price at which MRM purchased from
farmers was 7 KSh/kg (0.07 USD/kg) higher than that of the middlemen, and the price at
which MRGM purchased from farmers was 20 KSh/kg (0.2 USD/kg) higher than that of
the middlemen. However, it took some time for MRM to pay the farmers. In the case of the
MRGM, farmers could not obtain cash immediately after harvesting because the MRGM
only paid farmers after deducting the cost they charged the farmers for seeds, fertilizers,
and other inputs. The farmers need to obtain cash as soon as possible after harvesting;
therefore, they often sold their unprocessed rice to middlemen who purchase it for cash
immediately after harvesting. Given this background, it was apparent that the difficulty of
accessing rice mills needs to be overcome to improve the value chain of conventional rice.

In the Mwea region, private rice mills accounted for more than half of the total volume
of the conventional rice handled. It can therefore be assumed that these private rice
mills will start milling locally grown japonica rice as the demand for such rice increases.
Therefore, in the processing stage, improving the challenges experienced by private rice
mills should be the priority. The improvement of drying sites and methods and the renewal
of rice milling machines are required. Public rice mills such as the MRM and MRGM have
been installing dryers, but it is difficult for small-scale private rice mills to install them.
Accordingly, it would be effective to develop a site for sun drying (dry yard) that can be
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used jointly by small-scale private rice mills. In addition, as a measure to improve farmer
access to rice mills, it would be effective to develop roads for farmers to easily transport
unprocessed rice.
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Figure 8. Changes in the sum of the value-added ratio for rice mills and retail stores. The selling
prices of the producer and retail store are 90 and 250 KSh/kg, respectively.

We used the rice amounts purchased by each stakeholder (Figure 7) to estimate the
reduction targets that would be required for each stakeholder in the locally grown japonica
rice value chain to reduce the consumer price to that of conventional rice. According to the
results of Watanabe et al. [11], a labor cost reduction of 5 KSh/kg (0.05 USD/kg) could be
obtained by addressing bird damage at the locally grown japonica rice production stage.
Because the value chain involving MRGM (5) has the largest net profit (52.37 KSh/kg
(0.5 USD/kg)) among producers in the conventional rice value chain, we set the net profit
to equal or to exceed this net profit and set the producer selling price at 77 KSh/kg
(0.7 USD/kg). The value-added ratios of the rice mill and retail store as functions of the
change in the rice mill selling price are shown for a producer selling price of 77 KSh/kg
(0.7 USD/kg) and a retail price of 175 KSh/kg (1.7 USD/kg) in Figure 9. The net profit
reduction rates of the rice mill and retail store were similar, at 42% and 40%, respectively,
and that of the producer was 13%. As producer prices continue to decline, the prices of
the rice mills and retail stores can be mitigated. Thus, when reductions are made by each
stakeholder, the consumer price will become more affordable.

The results shown in Figure 8 were calculated using the real selling price of locally
grown japonica rice in the value chain, which was 170 KSh/kg (1.6 USD/kg) at the rice
mill (MIAD). The estimated selling price at the rice mill reached 125 KSh/kg (1.2 USD/kg)
(Figure 9). The X-axis ranges of Figures 8 and 9 indicate positive net profits for both
the rice mill and retail store. The median value of the X-axis of Figure 8 is 170 KSh/kg
(1.6 USD/kg), whereas that of Figure 9 is 127 KSh/kg (1.2 USD/kg). Thus, the median
value obtained through calculation was similar to the actual selling price. When this
estimation was applied to value chain (4), which is associated with MRM, the median value
of the estimation was 119 KSh/kg (1.1 USD/kg), compared to the actual MRM selling
price of 115 KSh/kg (1.1 USD/kg). It is important to maintain a balance between the net
profits of the rice mills and retail stores. Further examination of the actual rice value chain
is necessary; however, our results may provide a guide for determining that balance. In
contrast, the value-added ratio tended to be low, around the median value of the X-axes
of Figure in 8 and 9, suggesting that higher value-added ratios are the less influential in
estimating the selling price of rice mills.



Agriculture 2021, 11, 974

150f18

(%) 200 200 (KSh/kg)
o 160 160

[ -
° 120 120 &
g 2
] a,
F 80 o
g 80 2
G

=40 40

0 0

82 8 90 100 110 120 130 140 150 160 171
Selling price at rice mills (KSh/kg)

mm Value-added ratio of retail store
m Value-added ratio of mill

e Sum of net profit of rice mills and retail stores

Figure 9. Changes in the sum of the value-added ratios of rice mills and retail stores. The selling
prices of the producer and retail stores were 77 and 175 KSh/kg, respectively.

4. Conclusions

More than 70% of the respondents answered that rice was their staple food, which
confirms that Kenyans are shifting from traditional staple foods to rice. We also found
that locally grown japonica rice is acceptable to those who eat other staple foods. As rice
becomes more popular as a staple food, the demand for locally grown japonica rice is
expected to increase among business consumers such as Japanese restaurants. As the
demand for such rice increases, the market is expected to expand, and the number of
relevant stakeholders in the production, processing, and distribution stages will grow.
However, regardless of rice type, a value chain consisting of a minimum number of
stakeholders without middlemen, such as producers in the production stage, mills in the
processing stage, retailers in the distribution stage, and finally consumers is more efficient
and more profitable for each stakeholder. It is desirable to ensure that the value chain
remains close to this form.

The procurement price of locally grown japonica rice (190 KSh/kg (1.8 USD/kg))
was the second cheapest, after Ugandan rice at (150 KSh/kg (1.4 USD/kg)) and was 40%
cheaper than that of other imported japonica rice (200-350 KSh/kg (1.9-3.4 USD/kg)).
The consumer purchase price of locally grown japonica rice in Nairobi (250 KSh/kg
(2.4 USD/kg)) was higher than that of conventional rice (175 KSh/kg (1.7 USD/kg)),
indicating its advantage for producers and disadvantage for consumers compared to
conventional varieties. Thus, lowering the consumer price of locally grown japonica rice is
a critical challenge. It will be necessary to improve each stage of the value chain, such as
reducing the production costs at the production stage. Furthermore, the establishment of a
desired value chain by eliminating middlemen may be an effective measure for lowering
the consumer price. In a desired value chain, it is possible to estimate the selling price,
regardless of the rice type, by setting conditions such as the net profit for each stakeholder;
these estimates can be used to calculate target reduction rates for net profit. Together, the
results of this study will provide a guide for examining potential improvements in the rice
value chain. To establish a value chain that does not involve middlemen, it is necessary to
overcome the difficulty that farmers face in terms of having access to rice mills.

It is clear that the miller plays a very important role in the value chain and that
overcoming the difficulties in the processing stage is essential to improve the quality and
efficiency of the value chains. To resolve the challenges of private rice mills, which account
for a large share of the volume processed in the Mwea region, there is also a need for
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support and coordination by local governments and supporting organizations to improve
infrastructure and to renew rice milling machines.

The buyers of locally grown japonica rice are Kenyans and Japanese residents as well
as middlemen. Although the current market for locally grown japonica rice is presently
small, its production will improve the range of choices for purchase and support food crop
diversity, which will bring stability to domestic food production [36].

In 2017, the Kenyan government made food security one of its most important policies.
Strengthening domestic rice production is an important issue for food security and will
secure stable food supplies for the country. The value chain of locally grown japonica
rice will need to be restructured to meet the demand, taking our findings into account.
This strategy could overcome some of the current difficulties in the rice value chain and
will provide a good starting point for improving the conventional rice value chain. The
establishment of such a value chain is expected to improve the level of domestic rice
production as a whole, which, in turn, will strengthen domestic rice production and will
contribute to food security in Kenya.
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