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Abstract

Amaranth production and consumption have the potential to enhance the food and nutrition
security in Kenya, where the overall food deficit is between 20 percent and 30 percent amidst
rainfall and temperature variability. The crop is hardy and grows well under various agro
ecological conditions. Its seeds and leaves are edible and nutrient-dense, providing vitamins
A, C, iron, zinc, and magnesium among others. Amaranth is however, underexploited in
Kenya. In order to tap the benefits derived from amaranth, several production and
consumption-related challenges, including exclusive dependence on a few foods such as
maize, wheat, and rice and their sifted derivatives that lack important micronutrients as well
as consumers’ negative perception of traditional crops need to be addressed. Traditional crops,
amaranth included, are generally termed ‘poor man’s food’. Through a systematic literature
review and observation method, this paper explores the various constraints (e.g., poor
distribution of certified seeds) and opportunities (e.g., emerging niche market) of amaranth
production as well as strategies of promoting consumption (e.g., sensitization) of the crop in
Kenya. This paper demonstrates that amaranth has the potential to partly offer a solution to
challenges of climate variability as well as food and nutrition insecurity in Kenya. Amaranth
may be included in Kenya’s diets directly, whether in fresh or processed form; as vegetable
or grain; as an accompaniment or main dish; as a medicinal herb or fortificant; and indirectly
as livestock feed. Promoting the manifold uses of amaranth through channels such as
conferences, schools, and media will contribute to better livelihoods among Kenyans.
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Introduction

Globally, the human population is projected to rise from the current 8 billion to around 8.5
billion, 9.7 billion and 10.4 billion in 2030, 2050 and 2100, respectively (United Nations
Department of Economic and Social Affairs [UNDESA], Population Division, 2022). Sub-
Saharan Africa (SSA) is expected to contribute more than half of the global population
increase anticipated by 2050 (UNDESA, Population Division, 2022). The population increase
means more food demand. For instance, global cereal and meat demand is projected to
increase by 1.03 percent and 1.42 percent per year, respectively, and at 2.43 percent and 3.65
percent in SSA between 2000 and 2050 (Ringler et al., 2010). During the same period (2000
to 2050), international prices of rice, wheat, and maize are projected to increase by 48 percent,
36 percent, and 34 percent, respectively (Ringler et al., 2010).

Agriculture will continue as the leading supplier of the increasing food demand. As
such, global crop production should double by 2050 to satisfy the demand for food (Ray et
al., 2013). Increasing crop production is, nevertheless, being undertaken in an environment
constrained by variability in rainfall and temperature associated with climate change, posing
major challenges to the venture particularly in countries such as Kenya that mainly rely on
rain-fed agriculture (Pathak et al., 2018). Variability in temperature and change of onset,
intensity, duration and frequency of rain positively or negatively influence the optimal crop
production (Patrick et al., 2020). For instance, projections point to low yields of wheat, sweet
potato and maize while that of millet and sorghum will be high in SSA (Porter et al., 2014).
Generally, there have been low yields of staple crops (maize, wheat, rice, and potatoes) in
Kenya (Patrick et al., 2020).

Reduced staple crop yields partly contribute to food and nutrition insecurity in Kenya.
Ten million, four million, and 1.5 million people in the country are food insecure, chronically
food insecure, and continuously require food aid, respectively while 29 percent of children
five years and below are stunted (Njora & Yilmaz, 2021). Kenya’s overall food deficit which
is between 20 percent and 30 percent increases annually (Republic of Kenya, 2019). Besides,
overreliance on maize, wheat, rice, and potatoes increases micronutrient deficiencies and
related diseases because they lack vitamin A and zinc (Aworh, 2018; Zhao et al., 2022).
Moreover, reliance on a narrow spectrum of foods poses the risk of losing agricultural

biodiversity, which is helpful in countering malnutrition (Hunter et al., 2019).
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Low cereal production in SSA and Kenya in particular implies more food imports at
higher prices to make up for the deficits. World trade in cereals is projected to increase in
almost threefold from 253 million metric tonnes in 2000 to 646 million metric tonnes by 2050
(Ringler et al., 2010). SSA is expected to have a net cereal imports increase by a factor of 5
within 50 years (2000 to 2050) (Ringler et al., 2010). In Kenya, average cereal imports in
Kcal/day per capita are projected to rise to 1103 in 2050 from 403 between 2001 and 2010
(Chouchane et al., 2018). Higher food prices will depress food demand on final buyers in the
longer term, with a decline of 1.5 percent expected in SSA by 2050 (Ringler et al., 2010). The
decline in food demand will increase malnutrition rates in an already food-insecure region
(FAO & ECA, 2018).

Malnutrition in SSA is further compounded by low intake of vegetables and fruits
(Briickner & Caglar, 2016; Muyonga et al., 2020). Worldwide, 3.9 million deaths in 2017
were attributed to low consumption of fruits and vegetables (WHO, 2019). World Health
Organization and FAO recommend that at least 400 grams or five servings of 80 grams of
fruits and vegetables be eaten daily to benefit from their vitamins, minerals, essential
micronutrients, fibre, and proteins (Aworh, 2018). However, the consumption of fruits and
vegetables in SSA is a third of the WHO/FAO recommendation (FAO, 2020). In Kenya, the
mean daily consumption of fruits and vegetables among young adults (aged 19-30 years) is
3.6 servings (Nyanchoka et al., 2022). Of the vegetables eaten in Kenya, exotic types (e.g.,
cabbages) are famous compared to amaranth even though their nutrient composition is lower
(Table 1) (Muthoni & Nyamongo, 2010; Muyonga et al., 2020). Inadequate consumption of

fruits and vegetables exposes Kenyans to non-communicable diseases (Wekesah et al., 2018).
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Table 1: Mean Nutrient Composition (per 100g) of Amaranth Vegetables
Compared to Cabbages and Spinach

Nutrient Composition Amaranth Cabbage  Spinach
Potassium (mg) 411 - 470
Iron (mg) 8.9 0.7 3.1
Protein (g) 4.6 1.7 3.2
Calories 42 26 -
Carbohydrates () 8.2 6.0 4.3
Fiber (g) 1.8 1.0 0.6
Ascorbic acid (Vitamin C) (mg) 64 54 51
Calcium (mg) 410 47 93
Phosphorus (mg) 103 40 -
Carotenoids (Vitamin A) (1U) 6,100 100 8,100
Thiamine (Vitamin B1) (mg) 0.05 0.04 -
Riboflavin (Vitamin B2) (mQ) 0.42 0.1 -

Source: Extracted from Muthoni and Nyamongo (2010); Rastogi and Shukla (2013).
Note. — represents missing data

Climate variability, food and nutrition insecurity are a concern in Kenya. As such, the
government of Kenya is actively involved in addressing these concerns through increasing
large-scale production of maize, potatoes and rice in 700,000 new acres via irrigation
(Republic of Kenya, 2019; Republic of Kenya, 2020). Besides irrigation, several adaptation
measures that can reduce adverse effects of climate variability including crop diversification,
intercropping, planting drought-resistant or tolerant varieties, water harvesting techniques,
and food biofortification among others have been documented (Ochieng et al., 2016; Patrick
et al., 2020).

This review focuses on one of the climate variability adaptation measures, amaranth
production and consumption, yet an underexploited indigenous crop (Chepkoech et al., 2019,
2020; Krause et al., 2019). Amaranth exists in more than 70 species and 400 varieties and
grow wildly worldwide, with only a few cultivated in various countries (Aderibigbe et al.,
2022). The crop is a C4 plant, making it efficient in using CO2 under a wide range of
temperatures (from 25 to 40°C), higher light intensity, and moisture stress environments
(Mlakar et al., 2010). Therefore, while amaranth thrives at 25°C, it tolerates low (15°C) and
high (40°C) temperatures (Ebert, et al., 2011). Although actual data on global production and
consumption of amaranth is not available, the contribution of neglected, underexploited and
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underutilized domesticated and undomesticated crops to global food production is
approximated to be between 115-120 billion US$ per annum (Singh et al., 2019). Amaranth
is a resilient multifunctional plant providing cereals and leafy vegetables with high essential
nutritional value (Riggins et al., 2021).

The study contributes to the achievement of Sustainable Development Goal (SDG)
number two: End hunger, achieve food security and improved nutrition and promote
sustainable agriculture amidst the challenges of low cereal production, high food prices and
low intake of vegetables. This review documents the common amaranth varieties in several
parts of Kenya, their inherent features, and their uses. It also explores the emerging
opportunities and constraints of amaranth production and strategies for promoting sustainable
production and consumption of the crop in the country. It then highlights some
recommendations in an attempt to make a case for intensified promotion of the inclusion of

amaranth in Kenya’s diets.

Method and Materials

This study involved a review of published literature on climate variability and amaranth
production. The observation method (photographs were taken by author) was also used to
enhance information on amaranth farming. The Google Scholar search engine was mainly
used to access online literature. The search was limited to a time span ranging from 2010 to
2023 to give the researcher a historical perspective of amaranth production, consumption,
constraints, and opportunities in Kenya. Using selected keywords, including ‘amaranth
production’, ‘amaranth consumption’, and ‘climate variability and agriculture’, to confine the
internet search to the topic at hand, literature that was open access was reviewed. Data
collected through observation was incorporated in this paper to provide current information
on what is happening in some parts of the country where amaranth is cultivated. A detailed
review of rainfall and temperature variability effects on crops as well as amaranth production
and consumption with more focus on Kenya is described systematically in the following

sections.
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Results and Discussions

Production of Amaranth in Kenya

In Kenya, amaranth grows well under a wide range of agroecological conditions (Alemayehu
etal., 2014). The crop grows in poor soils but is best in fertile ones (Ebert, et al., 2011; Kariithi
et al., 2018). As such, amaranth is grown in various regions in Kenya, including Kisumu,
Vihiga, Nyamira, Bomet, Bungoma, Kakamega, Kisii, Kiambu, Nakuru, Kajiado and Kilifi
(Kinyuru et al., 2012; Krause et al., 2019; Ochieng et al., 2019; Nyonje et al., 2022). Although
amaranth can thrive on large farms (Patrick et al., 2020), its cultivation in Kenya is mainly by

small-scale farmers on small parcels such as kitchen gardens (Plate 1). Besides being

Kales

Amaranth

Fig. 1: Amaranth Growing as a Weed in a Kitchen Garden
Source: Author, April 2023
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Although the total number of amaranth species world over is still unknown (Aderibigbe
etal., 2022), a few species (Figure 2) are common in Kenya (Muriuki et al., 2014). The species
include A. dubius, A. blitum, A. spinosus (spiked) and A. hybridus (red amaranth) mainly
grown as vegetables; A. Cruentus as grain; and A. hypochondriacus as grain and vegetable
(Muriuki et al., 2014; Muthoni & Nyamongo, 2010). The varieties go by the following names
in Kenya; Mchicha (Swahili), Terere (Kikuyu), Ododo/Soisoi (Luo), Tsimboga/Livogoi
(Luhya), Emboga/Emboga Nyerere/Dodo (Kisii), Chelwanda/Mborochik (Kalenjin), and
Logatsi (Mijikenda) among others (Nyonje et al., 2022). Muthoni and Nyamongo (2010) note
that A. hybridus and A. graecizans are widespread in the country; A. dubius is dominant in the
coastal region; A. sparganiocephalus in regions occupied by nomadic pastoralists (Maasai,

Turkana, Samburu, Pokot); A. lividus in Kisii, Nyanza and western while A. spinosus mainly

thrive at the Coast and Western Kenya.

Fig.2: Three Types of Amaranths Common in Kenya

Note: From right to left A. dubius, A. blitum and A. hybridus.
Source: Author, April 2023

Inherent Features of Amaranth
Generally, amaranth has intrinsic features including resistance to drought, tolerance to heavy

rainfall and pests and diseases (Chepkoech et al., 2019, 2020). Amaranth can produce a crop
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of edible leaves within two weeks and can mature within 60 days of planting (Aderibigbe et
al., 2022). The crop is mainly grown by smallholder farmers for family food and income needs
(Kinyuru et al., 2012; Krause et al., 2019). It is cultivated solely or intercropped (Malaba et
al., 2018). However, the inherent features vary across the various varieties of amaranth
(Muriuki et al., 2014). For instance, compared to other varieties, A. Cruentus and A. blitum
better adapt to poor soil conditions and low soil moisture levels while A. dubius is less
susceptible to wet/stem rot (Ebert, et al., 2011; Rastogi & Shukla, 2013). The inherent features
of amaranth and the rising market demand are attracting more farmers to venture into its
production (Krause et al., 2019).

Amaranth is a nutrient-dense crop providing vitamin A, C, iron, calcium, zinc and
magnesium, protein, dietary fibre, lipids, unsaturated fatty acids and bioactive compounds
such as phytosterols, squalene, fagopyritols, saponins and polyphenols necessary for health
body development (Uusiku et al., 2010; Chivenge et al., 2015; Mbhenyane, 2017; Kambabazi
et al., 2021). It is, however, important to note that the composition of nutrients varies in
different species (Muriuki et al., 2014). For instance, A. dubius is a superior source of calcium
and iron, while A. cruentus has high protein and phytochemicals (Muriuki et al., 2014). A.
dubius has higher zinc content than A. cruentus and A. hypochondriacus — making it essential
breeding material for amaranth breeders, best preferred by farmers (Fekadu et al., 2020).

The protein found in amaranth is high in the amino acid lysine, which is the key
component found in insufficient amounts in maize, wheat, and rice (Alemayehu et al., 2014).
This implies that amaranth would act as a suitable complement in the diets of Kenyans.
However, it should be noted that the nutrient levels in amaranth are influenced by the

ecological environment (Croft et al., 2017; Fekadu et al., 2020).

Consumption of Amaranth in Kenya

Both amaranth leaves and grains are eaten in Kenya (Nampeeraet al., 2019). There is a notable
increase in the consumption of amaranth in Kenya currently than was the case two decades
ago (Fekadu et al., 2020; Krause et al., 2019; Macharia-Mutie et al., 2011; Uusiku et al.,
2010). Amaranth is commonly eaten by most rural communities due to its being inexpensive
and easy availability rather than the nutritional value (Gido et al., 2017). In addition, positive

beliefs concerning the crop such as amaranth boosting blood in the body and milk production
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for nursing mothers, enhancing eyesight, eliminating marasmus in children, being an
appetizer, detoxifying, and relieving constipation and menstrual pain, do promote its
consumption (Nyonje et al., 2022).

Amaranth is mainly cooked before eating through boiling, frying or both (Nyonje et
al., 2022). The vegetables are prepared either on their own or in combination with other foods
such as kale, beans, and meat. Mbhenyane (2017) observes that amaranth is mixed with other
vegetables to act as a tenderizer, reduce bitterness, improve flavour, save time for cooking,
and increase the food quantity. Amaranth is mainly eaten as an accompaniment for other foods
such as rice, but in rare circumstances, it is taken as a main dish (Macharia-Mutie et al., 2011).
Including amaranth in diets caters for diversification, essential in achieving nutrient demands
in body development. While cooking amaranth vegetables enhances their palatability and
digestibility, it destroys microorganisms, minimizes their antinutrient content, it may denature
the nutrients (Aderibigbe et al., 2022; Lee et al., 2018). This calls for further research on the
best cooking methods.

Despite the improved consumption, some impediments remain to amaranth’s full
acceptability in Kenya (Okoth et al., 2017) (Figure 3). Several factors work in synergy to
inhibit the consumption and, by extension, the cultivation of amaranth. The factors include
the consumption of exotic vegetables such as kales, sensory attributes of amaranth, its
seasonal availability, consumer’s awareness of its nutritional and medicinal benefits, etc.
(Gido et al., 2017; Nyonje et al., 2022).

Pests and diseases, poor distribution of quality seed in various parts of the country,
uprooting as a harvest technique, and low yields during dry seasons reduce the quality and
quantity of the amaranth (Ochieng et al., 2019; Nampeera et al., 2019). During rainy seasons
when vegetables are abundant, there are meagre sales coupled with very low prices (Nyonje
et al., 2022). Because amaranth vegetables are highly perishable and farmers do not preserve

them, they incur postharvest losses.

Emerging Opportunities
With Kenya becoming more vulnerable to climate variability, an increasing population size
and transformation of agricultural land to built-up areas, crops that can withstand harsh

climatic conditions, produce relatively high yields and thrive in small parcels of land such as
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amaranth (Figure 2) may be the feasible complements or alternatives (Bharucha & Pretty,
2010; Kariithi et al., 2018; Patrick et al., 2020; Onyango et al., 2013). Grain amaranth, being
high yielding, fast growing, resistant to drought, and nutrient-dense has the potential to
complement staple food crops in Kenya (Alemayehu et al., 2014). Furthermore, amaranth

thrives with minimal effort even as weeds and can be intercropped with such crops as kales

(Fig. 3) thus optimizing on land use as well as ensuring diet diversification (Malaba et al.,
2018).

Fig. 3: Amaranth Growing as Weeds among Kales in a Kitchen Garden

Note. ‘Amaranth weeds’ are harvested as vegetables before weeding while a few are allowed
to continue growing among the kales.

Source: Author, April 2023.

Four (i.e., A. dubius, A. hybridus, A. blitum and A. cruentus) of the amaranth varieties
found in Kenya have been improved (Ochieng et al., 2019). The improved varieties have
large leaves, enhanced palatability, and are more drought-tolerant (Ochieng et al., 2019).
Improved amaranth seeds are mainly supplied by Kenya Seed Company (KSC) Ltd, Jomo
Kenyatta University of Agriculture and Technology (JKUAT), Kenya Agricultural and
Livestock Research Organization (KALRO) and East Africa Seed Company (Ochieng et al.,
2019). Availability of improved amaranth seeds presents an opportunity for farmers to grow
high-yielding and drought-resistant varieties.
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There is an emerging market niche of consumers who prioritize the nutritional value
and safety of their foods in Kenya and beyond (Aderibigbe et al., 2022; Rojas-Rivas et al.,
2019; Singh et al., 2019). In Kenya, the niche market comprises high-performance athletes,
malnourished children, HIV/AIDS and diabetic patients, people suffering from coeliac
disease and those allergic to gluten (Alemayehu et al., 2014; Kinyuru et al., 2012; Muyonga
etal., 2014; Nyonje et al., 2022). Besides, there is a rise in demand by urban residents (Krause
etal., 2019; Ngenoh et al., 2018). Internationally, developed nations such as Germany import
amaranth grains for use in food industries (Aderibigbe et al., 2022). These markets present an
opportunity for farmers to exploit.

Amaranth is a feasible fortificant due to its inherent features. Fortification of staple
foods has the potential to alleviate micronutrient deficiency and malnutrition problems in
Kenya (De Groote et al., 2020; Olson et al., 2021). Amaranth flour has been suggested as a
fortificant for foods such as maize (Okoth et al., 2017; Singh & Punia, 2021). Amaranth as a
fortificant may be appropriate for financially struggling farmers in Kenya who may find it
expensive to buy fortified planting materials or mineral fertilizers (Chadare et al., 2019; Olson
et al., 2021). Moreover, poor farmers may neither afford industrial fortified foods for their
consumption nor point-of-use fortification which targets specific groups, usually a small
percentage, leaving out many in the society (Chadare et al., 2019; Olson et al., 2021). The use
of amaranth to fortify foods could enhance the food and nutrient security of lots of people,
enhance the utilization of traditional diets as well as promote Kenyan-based food systems and
biodiversity.

The manifold uses of amaranth need to be exploited (Figure 4). In an attempt to shed
more light on the multiple uses of amaranth, this review was guided by multifunctionality
theory. The theory determines the role of agriculture and its structural elements in the modern
economy (O’Farrell, 2005). It purports that an economic activity may have multiple outputs
including intended and unintended ones (O’Farrell, 2005; Zhichkin et al., 2022). The theory
has been widely applied in the study of agriculture and rural development of developed
nations such as Russia in advocating for government support of agriculture (Robinson, 2018;
Zhichkin et al., 2022).

Although multifunctionality theory may not be wholly replicated in developing

countries such as Kenya, it provides a basis for the ideas presented in Figure 4 on amaranth
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farming. Apart from being human food, it is also emerging that amaranth has medicinal value,
is an important fodder for livestock, their stalks are used for firewood, it is part of greening
the environment, and preserves biodiversity and cultures of Kenyan communities (Muriuki et
al., 2014; Nyonje et al., 2022). However, more research is required in order to scientifically

establish the medicinal value of amaranth.

Food Security
* Fresh amaranth
vegetables
* « Dried amaranth “

Amaranth vegetables
Amaranth Production | | £2umation « Amaranth flour Strategies of promoting
| | Constraints + Fortificant amaranth production,
* Cultivated —
. Wild <+ Awful taste and acceptability and

colour consumption Effects
T + Negative beliefs |, ,| Other uses LRl D« Sensitization e Healthy people
Amaranth production | | * Dirty water * Medicinal + Campaigns * Healthy
constraints + Excessive * Livestock feed + Education livestock
+ Pests and diseases pesticides * Source of income + Capacity building * Green
* Negative beliefs * Overdependence | | | * Firewood + Government support environment
» Uncertified seeds on exotic |+ Enhancing o
+  Inadequate rainfall vegetables biodiversity
+ Market and price * Poor quality
fluctuations ' Inadequz;]ue Climatic aspects
amarant + Climate variability
adaptation

Fig. 4: A Conceptual Model Depicting the Manifold Uses, Production and Consumption
Constraints, Strategies of Promoting Production, Acceptability and Consumption, and
Effects of Amaranth

Note. A conceptual model developed by author from reviewed literature

Strategies for Promoting Acceptability of Amaranth

Acceptability of amaranth may be shaped by sensitization, education and capacity building.
Activities (e.g., circulation of brochures, integrating awareness programmes on local or ethnic
radio and television stations, well-coordinated market supply chains) geared towards raising
awareness about the nutrient value of amaranth where producers, traders and consumers
participate may be beneficial (Gido et al., 2017). Research indicate that such activities have
in the past born fruits where ten years after such activities, almost half (45.2%) of participating
households in Kenya had increased consumption of traditional leafy vegetables (Gotor &
Irungu, 2010).
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Schools are avenues of creating awareness or application of interventions related to
enhancing health diets (Hardcastle & Blake, 2016). School eating programmes do incorporate
locally available foods in their diets (Bioversity International, 2019). Given the new
Competent Based Curriculum (CBC), school-based interventions promoting the diverse
importance of amaranth may be undertaken.

In order to achieve sustainability of what is learnt in school, the knowledge or skill
should be transmitted to the parents or caregivers (Hardcastle & Blake, 2016). After all, some
parents and caregivers are also the producers, buyers, and cooks of food at home. Besides,
parents’ dietary behaviour partly influences children’s food intake (Mahmood et al., 2021;
Monterrosa & Pelto, 2017; Scaglioni et al., 2018). Hardcastle and Blake (2016) and Mahmood
et al. (2021) note that people seem to be socialized into particular types of eating when they
are children and their childhood experiences may continue into adulthood. This observation
implies that matters of health diets must go beyond production to encompass socio-

psychological aspects.

Conclusion and Recommendations
The review demonstrates that amaranth has the potential to partly offer a solution to
challenges of climate variability as well as food and nutrition insecurity in Kenya. Availability
of amaranth in fresh or processed form, as vegetable or grain, as accompaniment or main dish,
as medicinal herb or fortificant, as human food or livestock feed present opportunities of
directly or indirectly having more of it on Kenyans’ plates. However, Kenyans need to be
incentivized to overcome common prejudices about amaranth and include it in their diets.
Kenyans need to transition from production and consumption of a few staple crops and exotic
vegetables to the underutilized nutrient-dense foods such as amaranth that thrive with minimal
effort within a non-predictable climate variability environment making them readily available
in most seasons of the year in many parts of the country. This will help transform Kenya into
a greener and healthier country, contributing to the attainment of the SDG number two.

The study recommends an awareness campaign to all the stakeholders in the amaranth
value chain including; farmers, traders, consumers, nutritionists, environmentalists, scientists,

and policy makers, on the nutritional and biodiversity values of the crop. Concerted effort by
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all stakeholders in the amaranth value chain to implement the transition from a few staple
foods and exotic vegetables to amaranth is encouraged.

The study also advocates for training on appropriate preparation and flavour promoting
cooking methods of amaranth that minimally denature nutrients. There is also need to train
farmers on the appropriate conservation techniques of surplus amaranth to reduce postharvest
losses and ensure its availability during low production seasons.

This paper is mainly based on secondary data. An empirical study to determine the
actual servings of amaranth consumed by Kenyans in both rural and urban areas is

recommended.

Acknowledgement
| wish to thank the anonymous reviewers for their suggestions and constructive criticisms that

helped greatly in improving the quality of this manuscript.

References

Alemayehu, F. R., Bendevis, M. A. & Jacobsen, S.-E. (2014). The potential for utilizing the
seed crop amaranth (amaranthus spp.) in East Africa as an alternative crop to support
food security and climate change mitigation. Journal of Agronomy and Crop Science,
201(2015), Pp 321-329. d0i:10.1111/jac.12108

Aworh, O. C. (2018). From lesser-known to super vegetables: The growing profile of African
traditional leafy vegetables in promoting food security and wellness. J Sci Food Agric,
2018, 98, Pp 3609-3613. doi 10.1002/jsfa.8902

Bioversity International (2019). Mainstreaming agrobiodiversity in sustainable food systems:
Scientific foundations for an agrobiodiversity index. Bioversity International, Rome,
Italy.

Bharucha, Z. & Pretty, J. (2010). The roles and values of wild foods in agricultural systems.
Phil. Trans. R. Soc. B, 365, Pp 2913-2926 doi: 10.1098/rstb.2010.01. url:
https://www.jstor.org/stable/20752987

Bruckner, M. & Caglar, G. (2016). Understanding meal cultures — improving the consumption
of African indigenous vegetables: Insights from sociology and anthropology of food.
Afr. J. Hort. Sci., (June 2016) 9, Pp 53-61.

Journal of Science and Applied Technology (JSAT, 2023) Vol.1, No.1: ISSN 22791-1926
Received: 20-06-2023 Accepted: 20-09-2023 Published: 27-12-2023



34

Chadare, F. J., Idohou, R., Nago, E., Affonfere, M., Agossadou, J., Fassinou, T. K., Kénou,
C., Honfo, S., Azokpota, P., Linnemann, A. R., & Hounhouigan, D. J., (2019).
Conventional and food-to-food fortification: An appraisal of past practices and lessons
learned. Food Sci Nutr., 7, Pp 2781-2795. doi: 10.1002/fsn3.1133

Chepkoech, W., Mungai, N. W., Stéber, S., Bett, H. K., & Lotze-Campen, H. (2019). Farmers’
perspectives: Impact of climate change on African indigenous vegetable production in
Kenya. International Journal of Climate Change Strategies and Management, 10(4),
Pp 551-579. doi 10.1108/IJCCSM-07-2017-0160

Chepkoech, W., Mungai, N. W., Stéber, S., & Lotze-Campen, H. (2020). Understanding
adaptive capacity of smallholder African indigenous vegetable farmers to climate
change in Kenya. Climate Risk Management, 27(2020), 100204.

Chivenge, P., Mabhaudhi, T., Modi, A. T., & Mafongoya, P. (2015). The potential role of
neglected and underutilised crop species as future crops under water scarce conditions
in sub-Saharan Africa. Int. J. Environ. Res. Public Health, 12, Pp 5685-711. doi:
10.3390/ijerph120605685

Chouchane, H., Krol, M. S., Hoekstra, A. Y. (2018). Expected increase in staple crop imports
in water-scarce countries in 2050. Water Research X, 1(2018), 100001.
https://www.journals.elsevier.com/water-research-x

Croft, M. M., Hallett, S. G., & Marshall, M. I. (2017). Hydroponic production of vegetable
Amaranth (Amaranthus cruentus) for improving nutritional security and economic
viability in Kenya. Renewable Agriculture and Food Systems, 32(6), Pp 552 — 561.
https://doi.org/10.1017/S1742170516000478

De Groote, H., Mugalavai, V., Ferruzzi, M., Onkware, A., Ayua, E., Duodu, K. G., Ndegwa,
M., & Hamaker, B. R. (2020). Consumer acceptance and willingness to pay for instant
cereal products with food-to-food fortification in Eldoret, Kenya. Food and Nutrition
Bulletin, 41(2), Pp 224-243. doi: 10.1177/0379572119876848

Dizyee, K., Baker, D., Herrero, M., Burrow, H., McMillan, L., Sila, D. N., & Rich, K. M
(2020). The promotion of amaranth value chains for livelihood enhancement in East
Africa: A systems modelling approach. African Journal of Agricultural and Resource
Economics, 15(2), Pp 81-94.

Journal of Science and Applied Technology (JSAT, 2023) Vol.1, No.1: ISSN 22791-1926
Received: 20-06-2023 Accepted: 20-09-2023 Published: 27-12-2023


https://www.journals.elsevier.com/water-research-x

35

Ebert, A. W., Wu, T., & Wang, S. (2011). Vegetable amaranth (Amaranthus L.). International
Cooperators’ Guide. AVRDC Publication Number: 11-754. Taiwan: AVRDC — The
World Vegetable Center.

FAO. (2020). Fruit and vegetables — your dietary essentials. The International Year of Fruits
and Vegetables, 2021, background paper. Rome. https://doi.org/10.4060/cb2395en

FAO & ECA. (2018). Regional Overview of Food Security and Nutrition. Addressing the
threat from climate variability and extremes for food security and nutrition. Food and
Agriculture Organization.

Fekadu, D. F., Nyabinda, N., Byrnes, D. R., Ndinya, C., Merchant, E. V., & Simon, J. E.
(2020). Performances of vegetable amaranth entries in yield and nutrient contents in
Tanzania and Kenya, and Variety Release. Journal of Medicinally Active Plants, 9(3),
Pp 181-194. https://scholarworks.umass.edu/jmap/vol9/iss3/9

Gido, E. O., Ayuya, O. I., Owuor, G., & Bokelmann, W. (2017). Consumption intensity of
leafy African indigenous vegetables: towards enhancing nutritional security in rural
and urban dwellers in Kenya. Agricultural and Economics, 5(1), Pp 1-16.

Gotor, E., & Irungu, C. (2010). The impact of Bioversity International’s African Leafy
Vegetables programme in Kenya. Impact Assessment and Project Appraisal, 28, Pp
41-45,

Hardcastle, S. J., & Blake, N. (2016). Influences underlying family food choices in mothers
from an economically disadvantaged community. Eating Behaviors, 20, Pp 1-8. doi:
10.1016/j.eatbeh.2015.11.001

Hunter, D., Borelli, T., Beltrame, D. M. O., Oliveira, C, N. S., Coradin, L., Wasike, V. W.,
Wasilwa, L., Mwai, J. et al. (2019). The potential of neglected and underutilized
species for improving diets and nutrition. Planta (2019), 250, Pp 709-729.

Kambabazi, M. R., Okoth, M. W., Ngala, S., Njue, L., & Vasanthakaalam, H. (2021).
Evaluation of Nutrient Content in Red Kidney Beans, Amaranth Leaves, Sweet Potato
Roots and Carrots Cultivated in Rwanda. Afr. J. Food Agric. Nutr. Dev., 21(4), Pp
17801-17814. https://doi.org/10.18697/ajfand.99.21095

Kariithi, T., Thagana, W., & Gweyi-Onyango, J. P. (2018). Influence of organic and inorganic

manures on macro-nutrients, micro-nutrients and anti-nutrients in two Amaranth spp

Journal of Science and Applied Technology (JSAT, 2023) Vol.1, No.1: ISSN 22791-1926
Received: 20-06-2023 Accepted: 20-09-2023 Published: 27-12-2023


https://doi.org/10.18697/ajfand.99.21095

36

in Kiambu Couny, Kenya. Asian Journal of Research in Crop Science, 1(1), Pp 1-17,
Article no. AJRCS.38912.

Kinyuru, J. N., Konyole, S. O., Kenji, G. M., & Onyango, C. A. (2012). Identification of
traditional foods with public health potential for complementary feeding in Western
Kenya. doi:10.5539/jfr.vin2p148;http://ir.jooust.ac.ke:8080/xmlui/handle/
123456789 /1338

Krause, H., FaBe, A., & Grote, U. (2019). Welfare and food security effects of
commercializing African indigenous vegetables in Kenya. Cogent Food &
Agriculture, 5(1), 1700031. doi: 10.1080/23311932.2019.1700031

Lee, S., Choi, Y., & Jeong, H.S. (2018) Effect of different cooking methods on the content of

vitamins and true retention in selected vegetables. Food Sci Biotechnol, 27, Pp 333-
342. https://doi.org/10.1007/s10068-017-0281-1

Macharia-Mutie, C. W., Van de Wiel, A. M., Moreno-Londono, A. M, Mwangi, A. M., &
Brouwer, 1. D. (2011). Sensory acceptability and factors predicting the consumption
of grain amaranth in Kenya. Ecology of Food and Nutrition 50(5), Pp 375-92,
doi: 10.1080/03670244.2011.604584

Malaba, K. K., Otuya, R., & Saina, E. (2018). Social factors influencing adoption of grain

amaranth/maize intercrop among small holder farmers in Kiminini, Kenya. African
Journal of Education, Science and Technology, December, 4(4).

Mahmood, L., Flores-Barrantes, P., Moreno, L.A., Manios, Y., & Gonzalez-Gil, E.M. (2021).
The influence of parental dietary behaviours and practices on children’s eating habits.
Nutrients, 13, 1138. doi.org/10.3390/ nu13041138

Mbhenyane, X. G. (2017). Indigenous foods and their contribution to nutrient requirements.
South African Journal of Clinical Nutrition, 30(4), Pp 5-7.

Mlakar, S.G., Turinek, M., Jakop, M., Bavec, M. & Bavec, F. (2010). Grain amaranth as an
alternative and perspective crop in temperate climate. Journal for Geography, 5(1),
2010, Pp 135-145.

Monterrosa, E. C., & Pelto, G. H. (2017). The mother-child food relationship in the study of
infant and young child feeding practices. Sight and Life, 31(1), Pp 46-51.

Muriuki, E. N., Sila, D. N., & Onyango, A. (2014). Nutritional diversity of leafy amaranth
species grown in Kenya. Journal of Applied Biosciences, 79, Pp 6818-6825.

Journal of Science and Applied Technology (JSAT, 2023) Vol.1, No.1: ISSN 22791-1926
Received: 20-06-2023 Accepted: 20-09-2023 Published: 27-12-2023


doi:10.5539/jfr.v1n2p148
http://ir.jooust.ac.ke:8080/xmlui/handle/%20123456789%20/1338
http://ir.jooust.ac.ke:8080/xmlui/handle/%20123456789%20/1338
https://www.researchgate.net/journal/Ecology-of-Food-and-Nutrition-1543-5237
http://dx.doi.org/10.1080/03670244.2011.604584

37

Muthoni, J., & Nyamongo, D. O. (2010) Traditional food crops and their role in food and
nutritional security in Kenya. Journal of Agricultural & Food Information, 11:1, 36-
50, doi: 10.1080/10496500903466745

Muyonga, J. H., Nansereko, S., Steenkamp, 1., Manley, M., & Okoth, J. K. (2020). Traditional
African foods and their potential to contribute to health and nutrition: traditional
African foods. African Studies: Breakthroughs in Research and Practice.
doi: 10.4018/978-1-7998-3019-1.ch015

Nampeera, E. L., Nonnecke, G. R., Blodgett, S. L., Tusiime, S. M., Masinde, D. M., Wesonga,
J. M., Murungi, L. K., Baidu-Forson, J. J., & Abukutsa-Onyango, M. O., (2019).
Farmers’ knowledge and practices in the management of insect pests of leafy amaranth
in Kenya. Journal of Integrated Pest Management, 10(1), 31, Pp 1-12. doi:
10.1093/jipm/pmz029

Ngenoh, E., Kebede, S.W., Bett, H.K. & Bokelmann, W. (2018) Coping with shocks and
determinants among indigenous vegetable smallholder farmers in Kenya. Agricultural
Sciences, 9, Pp 804-823. https://doi.org/10.4236/as.2018.97057

Njora, B. & Yilmaz, H. (2021). Analysis of the impact of agricultural policies on food security

in Kenya. Eurasian Journal of Agricultural Research, 5(2), Pp 66-83

Nyanchoka, M. A., van Stuijvenberg, M. E., Tambe, A. B., Zuma, M. K., & Mbhenyane, X.
G. (2022). Fruit and vegetable consumption patterns and risk of chronic diseases of
lifestyle among university students in Kenya. Int. J. Environ. Res. Public Health, 19,
6965. https://doi.org/10.3390/ijerph19126965

Nyonje, W. A., Yang, R., Kejo, D., Makokha, A. O., Owino, W. O., & Abukutsa-Onyango,
M. O. (2022). Exploring the status of preference, utilization practices, and challenges
to consumption of amaranth in Kenya and Tanzania. Journal of Nutrition and
Metabolism, 2022, Article ID 2240724, Pp 11. https://doi.org/10.1155/2022/2240724

Ochieng, J., Kirimi, L., & Mathenge, M. (2016). Effects of climate variability and change
on agricultural production: The case of small scale farmers in Kenya. NJAS -
Wageningen Journal of Life Sciences, 77, Pp 71-78.

Ochieng, J., Schreinemachers, P., Ogada, M., Dinssa, F. F., Barnose, W., & Mndiga, H.

(2019). Adoption of improved amaranth varieties and good agricultural practices in

Journal of Science and Applied Technology (JSAT, 2023) Vol.1, No.1: ISSN 22791-1926
Received: 20-06-2023 Accepted: 20-09-2023 Published: 27-12-2023


https://www.igi-global.com/book/african-studies-breakthroughs-research-practice/239905
https://doi.org/10.4236/as.2018.97057

38

East Africa. Land Use Policy, 83, Pp 187-194. https://doi.org/10.1016/].landusepol.
2019.02.002
O’Farrell, N. (2005). The multifunctionality of agriculture: What does it mean and does it

justify continued support to agricultural protection? Student Economic Review, 19, Pp
87-95.

Okoth, J. K., Ochola, S. A., Gikonyo, N. K., & Makokha, A. (2017). Development of a
nutrient-dense complementary food using amaranth-sorghum grains. Food Science &
Nutrition 2017; 5(1), Pp 86-93. doi: 10.1002/fsn3.367

Olson, R., Gavin-Smith, B., Ferraboschi, C., & Kraemer, K. (2021). Food fortification: The
advantages, disadvantages and lessons from sight and life programs. Nutrients, 13,
1118. https://doi.org/ 10.3390/nu13041118

Onyango, C. M., Kunyanga, C. N., Ontita, E. G., Narla, R. D., & Kimenju, J. W. (2013).
Production, utilisation and indigenous knowledge of spider plant in Kenya. African
Crop Science Conference Proceedings, 11, Pp 925 — 930. African Crop Science
Society.

Pathak, T. B., Maskey, M. L., Dahlberg, J. A., Kearns, F., Bali, K. M., & Zaccaria, D. (2018).
Climate change trends and impacts on California agriculture: A detailed review.
Agronomy, 8(25). doi:10.3390/agronomy8030025

Patrick, E. M., Koge, J. W., Zwarts, E., Wesonga, J. M., Atela, J. O., Tonui, C., Kilelu, C.,
Goosen, H., Coninx, I., & Koomen, I. (2020). Climate-resilient horticulture for
sustainable county development in Kenya. Wageningen Centre for Development
Innovation, Wageningen University & Research. Report WCDI-20-107/3R Research
Report 010. Wageningen.

Porter, J.R., Xie, L., Challinor, A.J., Cochrane, K., Howden, S.M. ,Igbal, M.M., Lobell, D.B.,
& Travasso, M.l. (2014). Food security and food production systems. In C. B. Field,
V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee,
K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S.
MacCracken, P.R. Mastrandrea, and L.L. White (Eds.). Climate Change 2014:
Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects.
Contribution of Working Group Il to the Fifth Assessment Report of the

Journal of Science and Applied Technology (JSAT, 2023) Vol.1, No.1: ISSN 22791-1926
Received: 20-06-2023 Accepted: 20-09-2023 Published: 27-12-2023


https://doi.org/10.1016/j

39

Intergovernmental Panel on Climate Change Cambridge University Press,
Cambridge, Pp. 485-533.

Ray, D. K., Mueller, N. D., West, P. C., & Foley, J. A. (2013). Yield trends are insufficient
to double crop production by 2050. PLoS ONE, 8, e66428.

Rastogi, A., & Shukla, S. (2013). Amaranth: A new millennium crop of nutraceutical values.
Critical Reviews in Food Science and Nutrition, 53, Pp.109-125.
http://dx.doi.org/10.1080/10408398.2010.517876

Republic of Kenya (2019). Big 4: 100% Food and Nutrition Security Progress Report.
Ministry of Agriculture, Livestock and Fisheries.
http://kilimodata.developlocal.org/dataset on 30/5/2022

Republic of Kenya (2020). Implementation status of the Big Four Agenda 2018-2019.

Republic of Kenya.

Riggins, C. W., Barba de la Rosa, A. P., Blair, M. W., & Espitia-Rangel E. (2021). Editorial:
Amaranthus: Naturally stress-resistant resources for improved agriculture and human
health. Front. Plant Sci. 127(26875). doi: 10.3389/fpls.2021.726875]

Ringler, C., Zhu, T., Cai, X., Koo, J., & Wang, D. (2010). Climate change impacts on food
security in Sub-Saharan Africa: Insights from comprehensive climate change
scenarios. IFPRI Discussion Paper 01042, December 2010.
https://www.researchgate.net/publication/23713791

Robinson, G. M. (2018). New Frontiers in agricultural geography: transformations, food
security, land grabs and climate change. Boletin de la Asociacion de Geografos
Espafioles, 78, Pp 1-48. doi: http://dx.doi.org/10.21138/bage.2710

Rojas-Rivas, E., Espinoza-Ortega, A., Thomé-Ortiz, H., & Moctezuma-Pérez, S. (2019).

Consumers’ perception of amaranth in Mexico; A traditional food with characteristics
of functional foods. British Food Journal. 121(6), Pp. 1190-1202. doi 10.1108/BFJ-
05-2018-0334

Scaglioni, S., De Cosmi, V., Ciappolino, V., Parazzini, F., Brambilla, P., & Agostoni, C.
(2018). Factors influencing children’s eating behaviours. Nutrients, 10, 706.
doi:10.3390/nu10060706

Journal of Science and Applied Technology (JSAT, 2023) Vol.1, No.1: ISSN 22791-1926
Received: 20-06-2023 Accepted: 20-09-2023 Published: 27-12-2023


http://kilimodata.developlocal.org/dataset%20on%2030/5/2022
http://dx.doi.org/10.21138/bage.2710

40

Singh, A., Dubey, P. K., Chaurasia, R., Dubey, R. K., Pandey, K. K., Singh, G. S., & Abhilash,
P. C. (2019). Domesticating the undomesticated for global food and nutritional
security: Four steps. Agronomy, 9, 491; 1-19 doi:10.3390/agronomy9090491

Singh, A., & Punia, D. (2021). Influence of addition of different levels of amaranth grain flour
on chapatti. J Nutr Food Sci., 11,789.

United Nations Department of Economic and Social Affairs, Population Division (2022).
World  Population  Prospects  2022:  Summary  of  Results. UN
DESA/POP/2022/TR/NO. 3.

Uusiku, N. P., Oelofse, A., Duodu, K. G., Boster, M. J., & Faber, M. (2010). Nutritional value
of leafy vegetables of sub-Saharan Africa and their potential contribution to human
health: A Review. J. Food Comp. Anal., 23(6), Pp 499-5009.

Wekesah, F. M., Nyanjau, L., Kibachio, J., Mutua, M. K., Mohamed, S. F., Grobbee, D. E.,
Klipstein-Grobusch, K., Ngaruiya, C., Haregu, T. N., Asiki, G., & Kyobutungi, C. K.
(2018). Individual and household level factors associated with presence of multiple
noncommunicable disease risk factors in Kenyan adults. BMC Public Health,
18(Suppl 3):1220. https://doi.org/10.1186/s12889-018-6055-8

WHO. (2019). Increasing fruit and vegetable consumption to reduce the risk of non-

communicable diseases. e-Library of Evidence for Nutrition Actions (eLENA).
www.who.int/elena/titles/fruit_vegetables_ncds/en/#

Zhao, T., Liu, S., Zhang, R., Zhao, Z., Yu, H., Pu, L., Wang, L., & Han, L. (2022). Global
burden of vitamin A deficiency in 204 countries and territories from 1990-20109.
Nutrients, 14(950). https://doi.org/ 10.3390/nu14050950

Zhichkin, K.A., Nosov, V.V., Zhichkina, L.N., & Gubadullin, A.A. (2022). The theory of
agriculture multifunctionality on the example of private households. Agriculture, 12,
1870. https://doi.org/10.3390/ agriculture12111870

Journal of Science and Applied Technology (JSAT, 2023) Vol.1, No.1: ISSN 22791-1926
Received: 20-06-2023 Accepted: 20-09-2023 Published: 27-12-2023


https://doi.org/10.1186/s12889-018-6055-8

