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A systematic review of literature on value-addition and food fortiﬁcation of cereals using neglected legume and oil
seed crops among smallholder farming communities was done. There is scanty and very limited empirical evidence on the use of legumes in food fortiﬁcation of cereals at the household level. This is largely because of a
neglect of local micronutrient provision initiatives at the household level, with much attention being done at
policy and industrial scale food fortiﬁcation levels. Besides, the current policies do not provide for the fortiﬁcation
of most food crops commonly grown in smallholder farming communities and there are very few initiatives that
are in place to promote localised fortiﬁcation options among rural communities. The paper consolidated existing
knowledge on food fortiﬁcation in general, value addition of small grains and neglected legume and oil seed
crops. It explored fortiﬁcation potential of sesame, cow pea and groundnuts and mapped existing gaps and
missing links hampering the enhancement of food security and nutrition. This study recommends the promotion
of groundnuts and sesame production, their value addition, and their use in the fortiﬁcation of cereal food
products to complement protein, Vitamins, Fe, K, Na, Mg, Zn, and Ca provision. This will signiﬁcantly contribute
to the alleviation of malnutrition among rural communities particularly in developing countries where agriculture
is the mainstay of economies.

1. Introduction
Micronutrient deﬁciencies afﬂict more than two billion individuals,
or one in three people globally [1]. FAO also estimates that one in nine
people worldwide, resulting in a total of 795 million, are
under-nourished and of these 780 million (about 98%) are in developing
countries [2]. As such, food and nutrition security has become one of the
most important contemporary debates topping the international political
agenda for most governments around the world [2]. The World Bank [3]
also estimates that 78% of the world's population is extremely poor and
survive on incomes of less than the equivalent of USD 1.25 per person per
day and about 70% of these people live in rural areas where they primarily survive on rain-fed agriculture for food production. As a result, an

estimated 25 to 36 million pre-school children are affected by subclinical
and clinical vitamin A deﬁciency [6]. In the Eastern and Southern Africa
region alone, about 10 million children show clinical signs of micronutrient malnutrition. This situation has been exacerbated by the
outbreak of COVID-19 pandemic leaving more children and adults
vulnerable to under nutrition and hunger. Despite being reduced from
33% in 1990–92 to 23% in 2014–2016, the percentage of undernourishment remains the highest among developing regions [4]. This indication calls for use of locally available as well as low cost food
fortiﬁcation initiatives that utilises neglected and underutilized legume
and oil seed crops to complement on iron, vitamins, zinc, folic acid, and
other essential micro nutrients. The food utilization aspect is a key pillar
of food security as deﬁned by the 1996 World Food Summit report which
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states that food security “exists when all people, at all times, have
physical and economic access to sufﬁcient, safe and nutritious food to
meet their dietary needs and food preferences for an active and healthy
life” [5].
In most smallholder farming communities within semi-arid regions,
micronutrient malnutrition is exacerbated by mono-cropping of staple
native cereals (sorghum, pearl millet and ﬁnger millet) which are
drought tolerant. In these marginal areas, a larger percentage of the
population is malnourished because of poor health diets that are deﬁcient
of essential nutrients such as vitamins, folic acid, iron, and zinc. Food
produced and consumed in these regions does not provide balanced diets
to address the nutritional needs of the population particularly for
vulnerable groups such as women, children, and the youth. Agriculture is
the primary source of income, food and nutrition security for more than
70% of the sub-Saharan African population [7]. It is against this background that low cost food fortiﬁcation has been regarded as one of the
strategies that can be used to address the problem of micronutrient
malnutrition among rural communities. FAO [8] deﬁnes food fortiﬁcation as the addition of one or more essential nutrients to food, whether or
not it is normally contained in the food, to prevent or correct a demonstrated deﬁciency of one or more nutrients in the population or speciﬁc
population groups. Currently, the most commonly implemented food
based strategies to combat micronutrient deﬁciencies are conventional
industrial food fortiﬁcation, bio fortiﬁcation, and dietary diversiﬁcation.
Food-based strategies such as bio fortiﬁcation, dietary diversiﬁcation,
and food-to-food fortiﬁcation that encourage the utilization of local resources are increasingly being recognized as sustainable particularly
among rural communities since they promote self-reliance and create
market opportunities for locally produced foods [43]. Darton-Hill &
Nalubola [9] argued that whilst there has been an enormous increase in
fortiﬁcation programs over the last couple of decades in developing
countries, most of these programs have not been successful in reducing
deﬁciencies of Fe, Zn, and Folic acid at a low cost particularly in smallholder farming communities. This is because, in most of these smallholder farming areas, there have been pronounced marginalization or
neglect of locally available oil seed crops such as sesame (Sesamum
indicum) and legumes which are rich in essential micronutrients (see
Table 4).
Marginalized or neglected or under-utilized crops have been deﬁned
as crops that have not been previously classiﬁed as major crops, in
particular crops that have previously been under-researched, and
currently occupy low levels of utilization and are predominantly conﬁned
to smallholder and communal farming areas [40]. Of particular interest
in this review, are small grains (sorghum and pearl millet) as well as oil
seeds (sesame seed) and legumes that include cow pea and groundnuts.
Historically, these crops have played an important role in ensuring
community and household food and nutrition security through providing
alternative healthy diets in instances where staple food crops fail or
during period in-between subsequent harvests [41]. The renewed promotion of these crops, to reinstate them as alternative complementary
food sources in agriculture will depend, to a large extent, on availability
of information describing their agronomy, post-harvest management,
and more importantly food processing options at the household level to
combat undernutrition among vulnerable rural communities [42]. The
primary reasons for focussing on these crops are that: they are easy to
grow since seed can be locally sourced and they have limited inorganic
fertilizer and other input requirements. The crops are popularly grown as
intercrops and in the case of legumes, they are usually allocated infertile
small plots under the management and control of women and the youths
hence they do not require large pieces of arable land with high fertility.
With the changing climatic conditions and weather variability, these
small grains and legumes tolerate extreme weather events such as
droughts hence they can be grown in marginal areas such as semi-arid
regions.
Sesame seed, cow pea and groundnuts have potential as vehicles for
fortifying cereal-based food products although much emphasis regarding

food fortiﬁcation has been channeled towards high-value industrial
fortiﬁcation of products such as sugar, margarine, wheat ﬂour, rice, oils,
salt and mealie-meal [10]. There is also a pronounced paucity of literature and empirical evidence regarding the value addition of sorghum,
pearl millet, and neglected legumes such as sesame among smallholder
farmers. Most of the small grains have been primarily consumed as
standalone starchy diets with limited essential micronutrient content
resulting in undernutrition especially among vulnerable groups such as
women, children, and those with chronic illnesses in rural communities.
To date several regional policy frameworks by the African Union such
as the broad Agenda 2063, have developed a shared vision on alleviating
malnutrition through a shared strategic framework for inclusive growth
and sustainable development. The Comprehensive Africa Agriculture
Development Programme (CAADP), a Maputo declaration on agriculture
and food security in Africa makes it mandatory for African Union
member states to allocate at least 10% of national budgetary resources to
agriculture and rural development policy implementation to support
initiatives such as the food fortiﬁcation and value addition. Similarly, in
2014, the SADC also developed a Regional Agricultural Policy (RAP) and
the SADC Regional CAADP Compact to address the challenges of low
productivity, undernourishment, and climate change with the overall
objective to promote sustainable agricultural growth and socio-economic
development. All these policy initiatives contribute to the attainment of
global sustainable development goals (SDGs) of ending poverty in all its
forms everywhere (SDG 1) and to end hunger, achieve food security and
improved nutrition, and promote sustainable agriculture (SDG 2).
However, these policies have focussed more on the macro-level (policy)
with very limited options and focus on the micro-level (household). Also,
most of the products earmarked for fortiﬁcation (wheat ﬂour, margarine,
rice, and oils) are not easily accessible at a low cost for consumption by
the majority of the rural populace.
This paper, therefore, makes a review of existing empirical evidence
regarding efforts made in using low cost neglected legume and oil seed
crops like sesame, cow pea and ground nuts as food fortiﬁcation vehicles
to provide micronutrients to cereal-based diets. It also seeks to explore
options for processing of native cereals (sorghum and pearl millet),
neglected oil seed (sesame) and legumes (cow pea and groundnuts) to
provide more nutritious foods at a household level among smallholder
farming communities. The objective is to generate knowledge gaps that
can be pursued for further research to address the micronutrient
malnutrition among smallholder farming communities in sub-Saharan
Africa. Another objective is to explore the implementation of food
fortiﬁcation strategies that make use of neglected oil seeds and legume
crops for value-added markets in smallholder farming communities of
sub-Saharan Africa. The main questions under study include: To what
extent have neglected legume and oil seed crops been used in fortiﬁcation of cereals and what available value addition options are existing for
native cereals and marginalized legume and oil seed crops? What nutrition potential do small grains (pearl millet and sorghum) and oil seeds
such as sesame have in complementing essential macro and micronutrients in food products? To address these questions, the study used a
systematic review of recent literature focussing on value addition and
food fortiﬁcation that has been done targeting cereal grain crops such as
maize, sorghum, pearl millet, and other related food crops. Published
journals, books, and conference proceedings were used to provide information covered in this review paper.
2. Methods and procedures
This study used a systematic review which involved the review of
almost all published scientiﬁc articles, books, grey literature and conference proceedings that focus on value addition and food fortiﬁcation of
cereals, legumes and oil seed crops. It summarised empirical evidence
based on the following criteria viz: (i) studies that have focused on food
fortiﬁcation in general (ii) literature that have investigated various value
addition or processing of small grains and legumes into various food
2
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calorie intake of human beings, particularly in developing countries such
as Zimbabwe. Of all the cereals, maize is the dominant and widely grown.
The most common consumption option for sorghum and millet in
Zimbabwe is ‘sadza’ which is made from the ﬂour of these cereals.
However, poor post-harvest processing methods have contributed to
contamination of the ﬂour especially with soil which makes the mealie
meal ﬂour from these cereals less preferred than that of maize.
Consumption patterns of cereals for most smallholder farmers are
characterised by starchy diets that do not provide all the required
essential nutrients for a healthy diet. This is largely because of the limited
food processing skills and technology among rural households. There is
need for fortiﬁcation of starchy cereal grain foods using cheap and locally
available food crops such as sesame and groundnuts to enhance the
availability of essential micronutrients such as iron, zinc, potassium, and
magnesium. There is generally a lack of dietary diversiﬁcation that
include consumption of essential micronutrients, protein and nutritious
vegetables among smallholder farmers partially due to limited value
addition options for both cereal and legume crops. In Zimbabwe, the
utilization of cereal crops ranges from direct food products to a few
improved food products that are mainly consumed at the household
level. Sorghum grain can be used as a substitute for maize and wheat
meals.
According to a study by Orr et al. [15], sorghum and millet consumption have remained constant over the years as a proportion of total
grain consumption as food. Sorghum accounts for about 7% of the region's grain calories. In sub-Saharan Africa, pearl millet consumption
accounts for about 3.0% of the region's calories. However, demand for
millets for direct consumption has been declining due to changes in food
habits and inconvenience attached to food preparation as compared to
ﬁne cereals [16]. Furthermore, lack of processing technologies and also
the disincentives due to non-existent and inconsistent government policies towards small grains have largely contributed to the limited production and utilization of small grains. The consumption of small grains
food items has also been traditionally restricted mainly to growing areas
where they are treated as major staple foods for most smallholder
farmers. In Zimbabwe, the main sorghum variety grown is Kaﬁr (Sorghum
bicolor kaffrorum) and is mainly used as a grain crop. Sorghum grain is
eaten after boiling the ﬂour to produce foods such as sadza, porridge in

products and their use and (iii) studies that identiﬁed various food
fortiﬁcation vehicles and the associated micronutrients complemented.
The summary of the method used is depicted in a schematic presentation
in Fig. 1. This approach was used because a lot has been published on
food fortiﬁcation but there is uncertainty regarding the use of locally
available legumes and oil seed crops as food fortiﬁcation vehicles and
also there is a need to ultimately establish a research agenda for future
studies with regards to this subject area.
For the main systematic review sections of the paper, we searched
English databases that include Scopus, Web of Science, PubMed and
Google Scholar. Since this study is interdisciplinary, involving agriculture production, food security, food processing and nutrition, the literature on these topics were drawn using the following key word searches:
“Food fortiﬁcation” AND “Value addition” AND “nutrition”
“Cereals” AND “legume crops” AND “Oil seed crops”
“Small grains” AND “Neglected crops” AND “Smallholder farming”
“Sesame” AND “Sorghum” AND “Millet” AND “Groundnuts”
The chronological procedure that was used to conduct the systematic
review is depicted in Fig. 1.
3. Results and discussion
3.1. Signiﬁcance of small grains in food security and nutrition in subSaharan Africa (SSA)
According to Rohrbach [11], sorghum and pearl millet are Southern
African Development Community's (SADC) second and third most
important cereal grains in terms of production and area grown respectively. Worldwide, cereals are primarily consumed in large quantities and
at greater frequency by a vast majority of the population [12]. Sorghum
and pearl millet are mainly grown to improve food security and nutrition
of households and more than 90% of the SSA region's production is
consumed as food in areas where they are produced. Cereals comprise the
major segment of agricultural production of most countries and form the
cheapest source food energy and constitute a high percentage of the

Fig. 1. Flow chart of the systematic review and qualitative synthesis.
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by milling which produces ﬂour that is used to make porridge. However,
the shelf life of that ﬂour is very short due to the presence of high oil
content. This limitation can be reduced by moist heating and drying the
grains followed by decortication. Blanching has also been reported to
increase the shelf of millet ﬂour without changing the nutrient content of
the ﬂour [13]. Despite all the available value addition options, Dera [14],
argues that very little knowledge exists among smallholder farmers on
value addition mainly due to lack of knowledge on value addition
coupled with non-availability of equipment necessary to replace the
labor-intensive work that is required in the processing of the seeds.
The value addition of pearl millet is very important to increase its
production and utilization [13]. Similar to sorghum, pearl millet is grown
for its fodder or grain purposes. However, in most developing countries,
pearl millet is mainly grown as a staple food crop. The ﬂour from milling
pearl millet is used to make various bakery products such as bread, biscuits, and cakes. However, the ﬂour of pearl millet is not good for bakery
due to the absence of gluten and it makes dough of poor consistency.
Mixing with wheat ﬂour helps improve the quality of the dough. Grain
processing that involves de-hulling and milling results in a by-product
called bran that can be used to make edible oil and de-oiled bran can
be a source of dietary ﬁber. Dietary ﬁber can be used to make ﬂakes for
obese people. The third process of pearl millet is malting and is done by
allowing limited germination of the grain under moist controlled environments. Malted pearl millet is normally used in the brewery industry to
make beer.
A knowledge gap exists in the context of assessing how post-harvest
techniques and storage methods among smallholder farming communities inﬂuence the nutritional quality of food products from sorghum
and pearl millet. Another research gap lies in the failure to produce more
diversiﬁed food products from cereals due to limited value addition options available particularly at community and household levels in semiarid regions. In Zimbabwe, ﬂour from sorghum and millet is predominantly utilized as food (sadza). Research by Goworindo [17]; Dera [14]
indicate that there is great potential in utilizing various value addition
options for most agricultural products including the neglected cereal
grains among smallholder farmers so that the SDG goal of eradicating
hunger and enhance food and nutrition security can be achieved. Dera
[14] even argues that there are relatively few products on the market
from small grains (sorghum and pearl millet) other than ﬂour, which is an
opportunity this study would like to focus on and try to develop new
products that will increase consumption of these cereals.

Zimbabwe, ugali, Uji in East and Western Africa. In Ethiopia, injera is the
most common food from fermented sorghum dough.
3.2. Value addition and use of small grains among smallholder farmers
Small grains are still chronically underutilized, to the detriment of the
wellbeing of the people in developing countries. The major reason for
their underutilization is that they are under-researched [18]. Cereal
grains are extremely versatile foodstuffs and can be processed into a wide
range of traditional food and beverage products. According to Taylor &
Emmambux [20], there are three main categories of products that can be
produced from cereal grains and these are i) whole-grain food products
which include; rice type, popped and puffed grains, for example, popped
grain, samp ii) food from meal and ﬂour such as fermented ﬂatbreads,
unfermented ﬂatbreads, couscous dumplings, and doughs, stiff porridges,
thin porridges and gruels as well as iii) beverages; non-alcoholic beverages (mahewu in Zimbabwe and Oshikundu in Namibia), alcoholic (opaque beers), and spirits. The most common products are porridges both
thick and thin especially in Zimbabwe. Large scale commercial production of cereal grains is still rather limited with the production of opaque
beer from sorghum being an exception. Maize is steadily replacing these
cereal grains in this industry mainly because of the ready availability of
commercial maize grain on the market [20]. Studies by Taylor &
Emmambux [20] and Rohrbach &Mutiro [18] have proved that new
products are being developed from these traditional cereals. These foods
have been developed in recent years targeting the rapidly growing
middle-class urban population.
3.2.1. Sorghum
Value addition of sorghum grain can be done by processing it into
opaque beer and this is common among rural communities in Zimbabwe
and South Africa. Sorghum can be processed into ﬂour and may substitute wheat. Sorghum ﬂour is used in the bakery industry and households
to produce different products that include cakes, bread, biscuits ﬂakes,
and other products. The value addition of sorghum also involves popping
by exposing the grains to high temperature for a short time. Different
methods of popping have been used and include hot air popping, gun
pufﬁng, popping in hot oil, and microwave popping. Furthermore,
popping sorghum is known to improve shelf life and nutritional quality of
the grain. Popped sorghum can further be used to make snack foods [13].
Rohrbach & Mutiro [18] argue that while 90% of sorghum and millet are
consumed directly as food by humans, the stock feed industry also plays a
signiﬁcant role in the utilization of a signiﬁcant proportion of these.
There are several instant sorghum-based porridge products. The sorghum
ﬂour is pre-cooked to make porridge which can is only necessary to stir
the ﬂour into boiling water. In east Africa there are many protein and
micronutrient-enriched ﬁnger millet and sorghum-based ﬂours on the
market. What characterizes these products is that they are based on
traditional foods, normally porridges, and often they are acidiﬁed with
fruit acid to mimic the natural lactic acid fermentation ﬂavor. Such
products are available in most urban markets which are far from the
reach of the rural poor and are rarely found in most smallholder farmers
set up despite them being the ones that dominate the production of these
cereals. Research indicates that South Africa has the largest stockfeed
industry consuming about 4 million tonnes of grain per year with most of
it being maize, however, sorghum and millet account for less than 4% of
the grain allocated to stock feed production.

3.3. Mineral composition of small grains commonly consumed among
smallholder farming communities
Cereals constitute important nutrients however, the reﬁning process
degrades their quality and bioavailability. These grains constitute the
majority of daily food sustenance especially among vulnerable people in
rural communities. This makes small grains strategic crops for use as
during food fortiﬁcation initiatives since they do not result in complete
change of household diets. According to Omoniyi & Abdulrahman [19],
the proximate composition of most cereal crops is similar but the individual crops have peculiar compositions that make them different from
each other. Some contain large proportions of protein for example millet
and others practically none. A characteristic of all cereals, however, is
that they contain a large amount of carbohydrates and a small amount of
water [19]. Omoniyi and Abdulrahman [19], report that available carbohydrates are found to be 75.86% and to 72.99% in sorghum and millet
respectively. The highest protein content was found in wheat (12.39%),
while maize contained only 8.58%. The ash content was 0.56% and
1.67% for rice and millet respectively. Fat and ﬁber were found to range
between 2.50 to 3.94% and 1.09–3.19% respectively. An appreciable
amount of sodium was found to be the same in wheat and millet (383.33
mg/100 g) and potassium was in the range of 183.33–416.67 mg/100 g.
Zinc content ranged from 9.27 to 11.73 mg/100 g and Iron content was
between 48.73 and 67.22 mg/100 g (see Table 2). The results were

3.2.2. Pearl millet
Pearl millet is mainly grown as a staple cereal crop mostly in semiarid regions, however, its utilization has remained very low possibly
due to several anti-nutritional factors the, for example, phytates and
polyphenols that are found in the grain. Processing of pearl millet adds
value and increases its utilization. The ﬁrst process is de-hulling or
decortication by removing outer layers of grain to reduce ﬁber, ash, and
oil, increasing nutritional quality. The process of de-hulling is followed
4
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The high demand for cereals has pushed the production of legumes to
marginal areas that are characterised by low rainfall and poor soils, a
characteristic of most parts of Zimbabwe's smallholder and communal
farming areas. Another school of thought for the lag in legume production is the ﬂuctuations in the price of the legumes which usually emanate
from high variability in yield and the competition they suffer from cereals [22]. Production of tropical legumes, particularly in Africa, is
characterised and constrained by smallholder farmers whose average
household head age is 48 years; average schooling is less than 4 years;
average area of land under grain legumes is less than 0.2 ha, and arable
landholdings are largely fragmented due to the insecure land tenure
systems [22]. Hence tropical legumes are largely produced by vulnerable
and marginalized groups with limited skills and technology to produce
and process them into nutritious food products.

compared with certiﬁed standard reference material (SRM) and revealed
that consumption of the cereals at a suitable limit of quantiﬁcation may
satisfy the recommended daily dietary allowances of minerals and a good
source of energy. However, the results also indicate that there is limited
availability of essential micronutrients in these cereals hence there is a
need for fortiﬁcation of cereal based foods using other crops such as
sesame and groundnuts. Table 1 and Table 2 indicate a summary of the
proximate analysis done to some cereal samples.
All the samples analyzed showed that they were rich sources of
micronutrients (Table 3) since the results were generally within the
WHO/FAO recommended levels.

3.4. Productivity of legume crops among smallholder farmers
Legumes, often referred to as the “poor man's meat”, play an important role in the diet of millions of people in the developing countries.
Legumes are important sources of protein, calcium, and phosphorus
hence they form part of the diet of many vulnerable groups of people
[21]. In most developing countries legumes are grown primarily as secondary crops intercropped and sometimes used as rotational crops with
cereals because of their role in biological nitrogen ﬁxation. However,
Nedumaran et al. [21] argues that the yield and production of these
legume crops over the past decades has been stagnant in most developing
countries. Further to this, some of the legume crops such as sesame and
cowpea have been forgotten and neglected yet they are potentially cheap
and readily available vehicles of food fortiﬁcation in smallholder farming
communities. This is well buttressed by Abate et al. [22] who also argue
that agricultural research and development has focused mainly on yield
improvement and productivity of cereal grains only and lowering crop
losses to achieve food security. The diverse role played by legumes in
ensuring food and nutrition security as well as their role in most farming
systems means that improved research targeting legume crops would
have signiﬁcant impact on nutrition security as well as sustainable
cropping systems.
Legumes lag behind cereals in terms of production area expansion as
well as productivity. According to Abate et al. [22], the area allocated for
planting legume crops stands at 27 million hectares in Sub Saharan Africa
(SSA) and the estimated annual production stands at approximately 19
million metric tonnes (MT). The average yield of these legumes is less
that 1 MT per ha which is far below the expected global yield. The major
reason for this yield gap is that legumes are considered secondary crops
to cereals in terms of consumer preferences and research activities have
thus focussed more on cereals. This review intends to provide the potential of legumes and oil seed crops use in food fortiﬁcation and ultimately promote the production of these crops among rural communities.

3.4.1. Cowpea
Cowpeas (Virginia unguiculata L.) production in Sub Saharan Africa
accounts for 84% of the total area under production [23]. The average
yield in most SSA countries is 450 kg per ha, the lowest for all tropical
grain legumes. In Zimbabwe, cowpeas are grown in most parts of the
country from an agroecological region I to V, but mostly within the
smallholder farming community dominated by natural farming regions
IV and V. These regions are mostly marginalized areas where both
rainfall and soil fertility are poor. Cowpeas constitute a major part of the
diet among most smallholder farmers. However, yields for the cowpea
are signiﬁcantly low with an average of 0.45 t/ha [23].
3.4.2. Groundnuts
Groundnut (Arachis hypogea L.) is one of the widely grown major
legume crops. An estimated 86.6 million people grow groundnuts in the
SSA region with an average yield of 1000 kg per ha [24]. In Zimbabwe,
yields vary from about 400 kg to several tonnes per hectare depending on
the production system and production area [25]. Production ranges from
highly commercial to more traditional smallholder production. However,
the crop is an important part of the diets of most smallholder farmers who
reside in natural regions IV and V by providing an important source of
protein and other various products. Production of the crop is therefore
dominant in these areas.
3.4.3. Sesame
Amongst the oil seed crops, sesame (Sesamum indicum L.) is the most
preferred food crop because of its multipurpose function. In Africa, the
production of sesame stands at 40% of the world's production with
countries like Nigeria, Ethiopia, and Sudan being ranked highest for
producing the crop [26]. Sesame is mainly produced by smallholder
farmers primarily relying on relatively poor soils with limited inputs
hence resulting in low yields of about 300 kg/ha [26]. In Zimbabwe,
sesame is one of the most neglected crops and as such it is grown in
natural regions IV and V, mostly at the household level for consumption
and also as a cash crop [27]. Sesame yields usually take an average of
300–500 kg/ha depending on the management of the crop. However, due
to the limited production as well as research attention, there is scanty
sesame agronomic information in most developing countries, Zimbabwe
included. Reports from the Zimbabwe Crop and livestock Assessment of
2017 indicate that sesame is not even classiﬁed as one of the oilseed
crops, which points directly to the argument that the crop is neglected,
hence it is only grown and utilized in smallholder and communal farming
systems. Very limited production records exist for the crop in recent years
although a few programs like the Livelihoods and Food Security Program
funded by the USAID have started commercialization of sesame among
smallholder farmers in Gokwe, Mount Darwin, and Guruve districts of
Zimbabwe. These efforts need to be augmented by improving and
upgrading the sesame value chain through improved processing methods
that unlock the nutritive value of the crop hence the need for this review
paper.

Table 1
Traditional foods made from Sorghum.
Type of food

Common names

Countries

Unfermented
bread
Fermented bread
Thick porridge

Roti, rotii

India

Kisra, dose, dosai, galletes, injera
Ugali, tuwo, saino, dalaki, aceda, atap,
bogobe, ting, tutu kalo, karo, kwon,
nshimba, nuchu, to, tuo, zaaﬁ, asidah,
mato, sadza, sangati
Uji, ambali, edi, eko, kamo, nasha, bwa
kal, obushera, Ogi, oko, akamu, kafa,
koko, akasa
Burukutu, dolo, pito, talla

Africa, India
Africa, India

Thin porridge

Sweet/sour
opaque beers
Sour opaque beers
Non-alcoholic
beverages

Marisa, busaa, merissa, urwaga, mwenge,
munkoyo, utshwala, utywala, ikigage
Mehewu, amaheu, marewa, magou, feting,
abrey, huswa

Africa, India
Nigeria, Ghana
West Africa
Sudan, southern
Africa
Africa
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Table 2
Proximate composition (%) of samples of some cereals available in Zimbabwe.
Cereals

Moisture

Protein

Fibre

Ash

Fat

Carbohydrate

Sorghum
Millet
Maize
Rice
a
RV

8.04
8.56
9.19
8.31
<5.00

10.13
11.03
8.58
10.49
7–15.00

1.86
3.19
2.83
1.09
1.00–7.00

1.41
1.67
1.16
0.56
<5.00

2.70
2.56
2.85
3.94
<3.00

75.86
72.99
75.39
75.61
64.00

Values reported were an average of duplicate analysis.
a
RV (*Recommended values).
Source: Abdulrahman and Omonyi [19].

can be milled into ﬂour or meal which has potential for branding and
unbranded packets [13]. Cowpea ﬂour is more reﬁned than the meal. The
meal can be used to produce cowpea fritters which can be served as a
snack or breakfast. Other products such as cakes, rock buns, doughnuts,
biscuits, fried cowpea paste, and thick cowpea porridge can all be produced from cowpea seed [22]. Other innovative technologies besides
milling such as decorticating, fermentation, and extrusion have been
tried in Ghana to produce weaning mixes, blending, and new fortiﬁcation
formulas. The foliage can also be used to feed livestock. In most smallholder farming systems, stover from harvested cowpea ﬁelds is stocked
for feeding animals especially during the dry season when the quality of
graze deteriorates drastically.

Table 3
Mineral composition (mg/100 g) of samples of some cereals available in
Zimbabwe markets.
Cereals

Na

K

Ca

Mg

Fe

Zn

Sorghum
Millet
Maize
Rice
RV

350
383.3
333.3
126.67
296.00

400.00
366.67
300.00
183.3
516.00

30.82
9.00
12.95
3.35
60.00

97.55
98.18
77.62
23.67
76.00

48.73
52.87
58.35
59.33
16.00

10.05
10.95
9.45
9.27
3.20

Values reported were an average of duplicate analysis.
*RV (*Recommended values).
Source: Abdulrahman and Omonyi [19].

3.6.2. Groundnuts
According to Singh & Diwakar [29] groundnuts are consumed as
freshly harvested seed or dry kernels. Freshly harvested pods can be
boiled or roasted with or without salt and served as a snack. Post-harvest
processing techniques such as shelling produce nutritive groundnut
haulm which is used to feed livestock while the hulls can be added to
manure. Shelled groundnuts can be roasted or boiled with or without salt
and served as a snack [13,28]. The most popular product from groundnuts is peanut butter especially in most Western and Southern African
countries. The butter is used as a spread on bread and in the food industry
to make candy, cookies, and sandwiches [28]. Another prominent
product derived from groundnuts is oil which is produced through the oil
extraction process. Oil is used in cooking and can be processed into
margarine and soap. Groundnut oil can also produce candles, cosmetics,
and leather dressing oil although on a small scale. Oil extraction results of
groundnut results in the production of groundnut cake which is used in
the bakery industry to make biscuits, bread, and cookies. Singh &
Diwakar [29] reiterate the fact that fermenting the cake improves the
digestibility of products and this can aid the production of nutritious and
tasty products. Groundnuts can also be used to produce milk. Groundnut
milk is produced when the nuts are soaked into 1% sodium bicarbonate
for 16–18 h. When the milk is fermented it can be used to make yogurt
and can substitute up to 20% in ice cream production [29].

3.5. Utilization of legumes crops among smallholder farmers
In most rural communities, the processing and utilization of grain
legumes have a long history that is intimately linked to women and their
traditional livelihood tasks [28]. There is a great advantage in promoting
grain legume and oil seed crops for improved household nutrition in
semi- and arid tropics where women have greater inﬂuence over
household food choices, child nutrition, and ultimately health. Grain
legumes such as groundnuts and cowpeas as well as oil seed like sesame,
are essential food sources as well as income in tropical and sub-tropical
regions. Legumes therefore, play a vital role as sources of protein, calcium, iron, phosphorus, and minerals. Nedumaran et al. [22] ascertain
the point that legumes are multipurpose crops and are consumed either
directly as food or in various processed forms or as feed-in many farming
systems. Chibarabada et al. [28] also asserts the fact that grain legumes
contribute signiﬁcantly to diets of rural households if consumed as
complements of starchy diets. One of the major concerns of the rural
population diets is protein-energy malnutrition of which grain legumes
play a pivotal role in complementing the dominantly starchy diets.
3.6. Uses of selected legume and oil seed crops for food consumption
3.6.1. Cowpea
Cowpea is an important legume in Sub-Saharan Africa compared to
other regions, where consumption has grown at a rate of 3.2% per annum
between 1980 and 2009. The average level of consumption is 4.5 kg/
person/year in Sub-Saharan Africa Nedumaran et al. [22]. In Africa, the
crop is grown for its edible seed and foliage. Fresh green pods are eaten as
snap beans while the tender leaves are served as a vegetable. Dry mature
seeds can be boiled and canned to preserve them. However, dried grain

3.6.3. Sesame
Sesame is one of the oldest, traditional oilseed crop grown for its
valued high-quality seed oil. The crop is grown for its ﬂavorsome, edible
seed and high-quality oil. Sesame seed contains high oil content (46%–
50%) with 83%–90% unsaturated fatty acids, 20% proteins, and various
minor nutrients such as vitamins and minerals, a large number of

Table 4
Proximate composition of the commonly consumed legumes (g per 100 g).
Components

Chickpea

Pea

Lentil

Broad bean

Bean

Soya bean

Peanut

Sesame

Proteins
Carbohydrates
Fibre
Lipids
Ashes

23.6
62.3
3.8
6.4
3.7

21.9
52.5
10.4
2.3
3.0

20.6
56.4
6.83
2.15
2.8

26.6
35.4
31.3
1.8
4.1

21.3
47.8
18.4
1.6
4.0

36.9
6.1
20.9
18.1
4.7

24.8
19.0
3.1
49.7
2.0

33.54
4.71
5.65
40.37
4.03

(Source: Sanchez-Chino et al. [35]).
6

M.F. Desire et al.

Journal of Agriculture and Food Research 3 (2021) 100117

used in the manufacture of many health care products [31]. After oil
extraction, the remaining meal contains a high amount of proteins and
calcium which is an ingredient in the animal feed industry [30].

characteristic lignans such as sesamin, sesamol, sesamolin and tocopherols [30]. North and Central Africa are the predominant producers of the
sesame with countries like Sudan and Ethiopia topping among many in
the production of the crop. However, in Sub Saharan Africa, Zimbabwe,
in particular, sesame is one of the neglected crops grown mainly at
household level in natural regions IV and V but is receiving renewed
attention because of its multi-purpose function. Sesame derives its high
value from its many uses both in domestic and export markets. The crop
is used as an additive in the confectionery industry on bread and buns.
However, the prime product from sesame is sesame oil. Rich in vitamin E,
the oil has medicinal and pharmaceutical value and is being used in the
manufacture of many health care products [31]. The seed also has
anti-oxidants lignans such as sesamolin and sesamin and used as active
ingredients in antiseptics, bactericides, viricides, and disinfectants. After
oil extraction, the remaining meal contains high amount of proteins and
calcium which is an ingredient in the animal feed industry [30].
Available information shows that the most common product from
sesame among smallholder farmers in Zimbabwe is sesame butter or
Tahini as it famously called in the northern countries. The butter is prepared by roasting the seed and pounding the seed in a pistil and mortar
and other products such as roasted seed are served as a snack with some
salt. Very little to none is done in terms of oil extraction especially among
smallholder farmers. Some of the major reasons include lack of knowledge on value addition for the crop and coupled with non-availability of
machinery necessary for oil extraction [14]. Much of the sesame produced by smallholder farmers is sold to middlemen and companies
despite the huge potential the crop has in terms of improving household
food and nutrition security at the local level.

3.8. Proximate mineral composition of common legume and oil seed crops
Groundnuts are not only rich in proteins that are easily digestible and
consequently, a higher biological value, but are also rich in B-complex
vitamins according to Ref. [32]. It is an important item in several confectionery products, and in supplementary feeding programs such as in
weaning food formulations in combination with cereals and pulses in
many developing countries. The principal use of groundnut, however, is
in the production of oil as well production of peanut butter among others
[32] Proximate analysis of the crop has been done by several researchers
and results show that legumes are rich sources of proteins
(30.12  1.94 g/100 g), fat (42.60  1.81 g/100 g) as well as micronutrients such as calcium, potassium, iron, and zinc. Tables 4 and 5
summarises the proximate composition of groundnut as analyzed by
Ref. [33].
The reliance on non-nutritive and starchy foods for the daily survival
of many households that live below the poverty datum line justiﬁes the
need to provide vulnerable communities with information about the
nutritive value of some underutilized crops readily available in their
domain. Sesame seed is a tropical annual crop and one of the oldest
cultivated plants in the world. It is a highly prized oil crop in most
countries in the world. Proximate analysis of the crop as analyzed by
Ref. [34] is summarised in Table 4.
The results in Table 4 show that sesame seed contains fat (40.37 g/
100 g), crude protein (33.54 g/100 g), ash (4.04 g/100 g), moisture
(11.70 g/100 g), ﬁber (5.65 g/100 g), carbohydrate (4.7 g/100 g). Relatively similar results were also obtained from a study by Atasie et al. [36]
who showed that the proximate analysis of groundnut contains fat
(42.6 g/100 g), crude protein (30.12 g/100 g), ash (2.51 g/100 g),
moisture (1.57 g/100 g), ﬁber (2.70 g/100 g) and carbohydrate
(79.01 g/100 g). Generally, legumes are rich in protein and fat while they
are low in carbohydrates. These results in Table 4 reveal that sesame can
be used as a good supplement of protein in cereal diets. Table 5 also
depicts that sesame seed and groundnuts are potential food fortiﬁcation
vehicles for micronutrient provision in cereal-based diets. There are
signiﬁcantly high levels of sodium, potassium, zinc, and calcium
(Table 5) in sesame seed relative to other commonly consumed legumes
such as groundnuts and cowpea. This study therefore reveals that sesame
and groundnuts can be promoted to enhance micronutrient provision in
cereal diets in semi-arid regions in smallholder farming communities.
Therefore, there is a need for further studies to explore the fortiﬁcation
potential of sesame and groundnuts in different diet formulation to
combat undernutrition especially in rural communities where there is
high vulnerability to food insecurity and nutrition challenges.
The predominant mineral in legumes is potassium. According to
Ogungbenle & Onege [34], the levels of K, Na, Mg, and Ca in legumes
were found high in the samples analyzed. The values obtained for the
essential minerals in the samples are within range of satisfying the
nutritional needs of the consumers according to FAO/WHO nutrient
requirement guidelines. Groundnut and sesame are potential sources of
both macro and micronutrient provision and studies by Ref. [34] suggest

3.7. Selected legumes and oil seed crops and their role in food fortiﬁcation
Food crops which include cowpeas (Vigna unguiculata), groundnuts
(Arachis hypogea), and sesame (Sesamum indicum), represent an important
component of agricultural food crops consumed in developing countries,
especially in Sub-Saharan African countries. The important and diverse
role played by legume and oil seed crops in the smallholder farming
systems and diets of poor people makes them ideal crops for achieving
developmental goals of reducing poverty and hunger, improving human
health and nutrition, and enhancing ecosystem resilience. Considering
the availability of these food legumes among smallholder farmers, there
is potential in the use of these food legumes crops as food fortiﬁcation
vehicles of native cereals.
Groundnuts can be used as freshly harvested seeds or dry kernels.
Freshly harvested pods may be boiled or roasted with or without salt and
served as a snack. Post-harvest technologies in drying groundnut are very
fundamental to the value addition of the crop. These technologies include
adequate drying, cleaning, de-stoning, and grading of groundnuts. The
processing of drying groundnuts begins with shelling and can be done by
hand or machinery; this also adds value to the crop. Nutritive groundnut
haulm from shelling can be used to feed livestock while the hulls can be
used to make compost manure. Shelled groundnuts can also be boiled or
roasted with or without salt and served as a snack [13]. The most popular
value-added product from groundnuts is peanut butter. Peanut butter
plays an important role in providing the much-needed plant protein in
the diet.
Cowpea is grown for its edible seed and foliage. Fresh green pods are
eaten as snap beans while the tender leaves are served as a vegetable. Dry
mature seeds can be boiled and canned to preserve them. However, dried
grain can be milled into ﬂour or meal which has potential for branding
and unbranded packets [13]. Other innovative technologies besides
milling such as decorticating, fermentation, and extrusion have been
tried in Ghana to produce weaning mixes, blending, and new fortiﬁcation
formulas.
Sesame is used as an additive in the confectionery industry on bread
and buns. However, the prime product from sesame is sesame oil. Rich in
vitamin E, the oil has medicinal and pharmaceutical value and is being

Table 5
Proximate mineral analysis of sesame and groundnuts (mg/100 g).
Mineral

Sesame

Groundnuts

Sodium
Potassium
Calcium
Iron
Zinc

87.21
96.33
61.37
7.29
19.29

42.00
705.11
2.28
6.97
3.20

Source: Atasie et al. [36].
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populace for food fortiﬁcation especially in rural areas. This is primarily
because households in these areas do not afford micronutrient supplements and industrial fortiﬁed food products. Moreover, there is limited
technology and skills in developing local nutritious food products The
potential beneﬁts of fortifying native cereals using food legumes especially sesame, groundnuts, and cowpeas are unknown as this has not been
explored before. According to statutory instrument 120 of the Government of Zimbabwe, the cereal fortiﬁcation program in Zimbabwe is
targeting edible vegetable oil, salt, sugar, maize meal and wheat ﬂour as
the main vehicles. Very little effort has been made to promote value
addition and fortiﬁcation of cereals which are the major food products
consumed by smallholder farming households. Most smallholder communities are missing out on the potential beneﬁts of value addition and
fortiﬁcation, as currently there are no deliberate efforts by the Government to fortify and improve the consumption of native cereals which are
staples for most smallholder communities at the household level. Table 6
gives a summary of the various cereal and legume food blending studies
that were undertaken in various countries and chronicles the results and
scope of the studies (see Table 7).
Table 6 depicts the various cereal and legume food blends that were
developed with the objective of meeting protein and amino acid requirements in humans. Porridge, ﬂakes, biscuits and snacks were
developed using cereals such as maize, sorghum and wheat as well as
legumes (groundnuts, cowpea and sugar beans). Asma et al. [51] also
used sesame seed blended with sorghum to produce weaning porridge
resulting in improved protein and amino acids in the porridge. Whilst
these efforts are commendable, there is need to explore the potential of
these legume and oil seed crops for use as food-to-food fortiﬁcation vehicles to address micronutrient malnutrition. The development of these
food blends using locally available technologies and innovation methods
have primarily centred on improving protein content and alleviation of
Protein Energy Malnutrition (PEM) with very limited focus on micronutrient deﬁciency. In Kenya, food-to-food fortiﬁcation strategy is gaining traction although there is a dearth in in-depth empirical evidence on
the effectiveness of the strategy in increasing micronutrient bioavailability, status as well as growth, development, and health [43]. This is a
major research gap that require extensive exploration to contribute to the
alleviation of micronutrient deﬁciency at the household level.

that sesame seed is not detrimental to human health because of its low
levels of anti-nutrients; and also that it has potential for infant food
fortiﬁcation in food industries. Legumes are described with many
important attributes including high nutritional value, long storage times,
and relatively low cost in comparison to animal products. Legume and oil
seed crops are therefore valuable sources of affordable protein particularly for rural small-holder communities that largely depend on
cereal-based diets and face high risks of malnutrition [37]. Studies on
food fortiﬁcation must focus on different age groups with regards to their
speciﬁc dietary requirements and determine how sesame can be used to
meet their essential nutrients. Of particular interest will be the effect on
infants, pregnant women, and weaned children who are highly vulnerable to micronutrient malnutrition in rural communities.

3.9. Food blends and fortiﬁcation options for legumes and oil seeds among
rural communities
The feasibility and suitability of cereals, oil seed and legumes in the
development of blended meals for enhancing nutrition in human has
been extensively reviewed [53,54]. As a result, many studies have reported success in improving macronutrient deﬁciency particularly
among children. Value addition to agricultural products is the process of
increasing the economic value and consumer appeal of an agricultural
commodity [38]. Value addition involves producing a commodity for a
special market, changing the form of the commodity before it is marketed, changing how a commodity is packaged and branded for the
market, changing the way a commodity is marketed, or even adding a
new enterprise to an existing one [17]. Food fortiﬁcation is the practice
of deliberately increasing the content of an essential micronutrient, i.e.
vitamins and minerals (including trace elements) in a food, to improve
the nutritional quality of the food supply and provide a public health
beneﬁt with minimal risk to the health of consumers [40]. Fortiﬁcation of
cereal grain foods has been regarded as an effective strategy that can be
used to overcome nutrient deﬁciencies particularly among smallholder
farmers in semi-arid regions. Micronutrient deﬁciencies, especially of
vitamin A, iron, iodine, and zinc, have been widely reported to be
prevalent in both developing as well as some developed countries. Food
fortiﬁcation is dependent on existing food production and distribution
systems and requires little external support. This is crucial in addressing
the challenges of micronutrient deﬁciencies at the household level.
There is very little to no information on the use of food legumes in
value addition and fortiﬁcation of native cereals with special focus on the
smallholder production, processing, and marketing in Zimbabwe. Food
legume and oil seed crops are grown traditionally for consumption in
agro-ecological regions IV and V of Zimbabwe characterised by erratic
rains and poor soils. However, there are few to no available options on
the market of nutrient supplements that can be used by the general

3.10. Potential challenges to food fortiﬁcation and value addition of
legumes and oil seeds crops
Fortiﬁcation of cereals with neglected legume and oil seed crops also
has a number of drawbacks. Most of these crops have been under
researched and hence very little empirical evidence regarding their
agronomic and postharvest practices does not exist. This is particularly
evident with regards to sesame oil seed. There is limited productivity of

Table 6
Cereal and legume food blends formulated to improve protein and amino acid content of food in different countries.
Cereal

Legume/oil seed

Food product

Protein/amino acid changes

Country

References

Wheat
Wheat

Sesame
African yam bean
Cocoyam
Cocoyam
Pigeon pea
Sugar beans
Cow pea
Marama bean
Groundnut
Cow pea
Pigeon pea
Groundnut
Sesame seed
Soyabean
Chickpea

Flour/porridge
Cookies

Signiﬁcant protein increase (18.42–20.83%. Lysine increase (0.21–0.49%)
Signiﬁcant protein increase (10.44–14.73%)

Sudan
Nigeria

Fathelrahman et al. [44]
Igbabul et al. [45]

Cookies

Signiﬁcant increase in protein BV (73.86–95.46%)

Nigeria

Okpala & Okoli [46]

Porridge
Porridge
Porridge
Porridge
Flakes/weaning
porridge

Signiﬁcant
Signiﬁcant
Signiﬁcant
Signiﬁcant
Signiﬁcant

Botswana
Nigeria
South Africa
Canada
Sudan

Jackson et al. [47]
Madukwe et al. [48]
Kayitesi et al. [49]
Ejigui et al. [50]
Asma et al. [51]

Snack

Signiﬁcant protein increase

Egypt

Ismail et al. [52]

Sorghum
Sorghum
Maize
Sorghum
Maize
Sorghum

Maize
Sorghum

increase in protein (13.33%)
increase in protein (2.19–3.5%)
protein increase (61–96%)
protein increase
protein increase (16.6–19.3%)

Source: Adapted from Makumba et al. [55].
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Table 7
Summary of literature on food-based strategies in value addition and fortiﬁcation.
Author and year

Title

Main ﬁndings

Comments

Darnton-Hill
&Nalubola
[9].

Fortiﬁcation strategies to meet
micronutrient needs: Success & Failures

The authors emphasize the success in using food
vehicles such as sugar, salt, margarine in food
fortiﬁcation

Tontisirin et al.
[10].

Food-based strategies to meet the
challenges of micronutrient malnutrition
in the developing world

Increasing dietary diversiﬁcation and integrated
farming reduces the challenges of micronutrient intake

Chandiposha
et al. [13]

Utilization of common grain crops in
Zimbabwe

Choudhury et al.
[ 38]

Value addition to bamboo shoots: A
review

Grain crops like maize, soybeans, wheat, sorghum, and
many others contribute immensely to the food security
of Zimbabwe.
Value addition results in various products from each
grain crop and this may increase utilization and
proﬁtability.
Knowledge on utilization and value addition of grain
crops can be viewed as strong strategies in promoting its
production
There exists great opportunity especially in an organized
sector to take up plantation, harvesting, processing and
marketing of bamboo and bamboo shoots- based food
products

Authors found that fortiﬁcation has been successful but
to a limited extend especially for Fe, Zn Folic acid hence
there is a need to explore other food vehicles for
enhancing the availability of Zn and Fe.
This paper proposes integrated agriculture production
of a variety of food crops to enhance the right food
combinations that improve dietary diversity. It also
advocates for value addition (processing) and food
preparation techniques which is in line with the
fortiﬁcation strategy
The authors note the importance of small grain crops in
contributing to food security. However, value addition
is viewed as important in terms of increasing utilization
as well as production.

Liu et al. [39]

Food fortiﬁcation in India: A literature
review

Food fortiﬁcation research in India suggests it
effectively improves biological markers of nutritional
status, particularly when fortifying with multiple
micronutrients or iron.

Verma & Patel
[12]

Value-added products from Nutri-cereals:
Finger millet (Eleusine coracana)

Food is consumed in combinations. The synergy
between foods with others is vital not for taste and
delight of eating but also their high nutritional quality
and health beneﬁts.

Bhat et al. [30]

Value addition in sesame: A perspective on
bioactive components for enhancing
utility and proﬁtability. Pharmacognosy
Reviews
Sorghum and millet processed products
available in retail supermarkets.

Sesame has some beneﬁcial bioactive components
which are of health beneﬁts to consumers

Dera [14]

The main products in the retail market are direct ﬂours
from sorghum and millet.
There is very little to none knowledge about the value
addition of these cereal grain among smallholder
farmers.
Non-availability of machinery necessary to replace the
hard work that is required in the processing of the seeds
is another critical issue hindering value addition among
smallholder farmers.

The research relating to bamboo and bamboo-based
products are lacking in the international scenario. This
is similar to small grains research on value addition.
Research in value addition of small grains has not taken
international scenario despite the crops being an
important food source for many developing countries
Food legumes have a potential for multiple
micronutrient fortiﬁcation if they are used in fortifying
native cereals. The potential beneﬁts realized by
multiple micronutrient fortiﬁcation can as well be
realized by smallholder farmers.
There is a need to consider synergies between small
grains and legume foods and this can only be achieved
through value addition and fortiﬁcation. The potential
beneﬁt derived from the synergy is crucial for ﬁghting
micronutrient malnutrition.
There is great potential in the utilization of sesame as
an alternative protein and oil source for smallholder
farmers.
The range of products in the retail market is limited.
There is scope to improve a variety of products
available on the market to improve utilization.
There is a need to train smallholder farmers on value
addition and fortiﬁcation for them to beneﬁt from the
crops they grow
There is a need to address the crucial issue of hard labor
needed in the processing of these small grains for
increased production

4. Conclusion

neglected crops and also their value addition information is not well
documented. Some of the crops require sophisticated machinery for
processing for example groundnuts turn into a paste which makes it very
difﬁcult to formulate blends and it limits shelf life of the fortiﬁed food
product. These neglected legume and oil seed crops have not been
properly proﬁled in terms of nutrient content with reference to speciﬁc
location. This makes it practically difﬁcult to formulate rations that
complement each other in terms of micro nutrient content hence jeopardising efforts aimed at promoting localised value addition and food
fortiﬁcation. Legumes and oil seeds also contain compounds that inhibit
digestibility and bioavailability of protein and minerals. These inhibitors
include phytates, lectins, tannins, saponins, amylase and proteases.
Several non-heat treatment methods have been used and these include:
imbibition, germination, dehulling and fermentation whilst non-heat
treatment include cooking at atmospheric pressure and autoclaving.
Whilst these methods have been used in the processing of legumes and oil
seeds, not much of the methods have been evaluated in terms of micronutrient digestibility and bioavailability in circumstances where they are
used as food fortiﬁcants.

Small grains which mainly constitute sorghum and millets are primarily the staple food for millions of marginalized people in Africa and
Asia. They are the dominant cereal grains grown and constitute the
largest source of calorie intake among smallholder farmers in semi-arid
regions. However, despite the various nutrients that are associated
with consumption of these grains, they contribute more to starch consumption and lack essential macro and micronutrients that are required
for a healthy body. These essential micronutrients can be harnessed from
legume and oil seed crops. Like many other cereals, millet and sorghum
are high in carbohydrate content, making them useful components of
dietary energy balance in foods. Value addition targeting these cereals
through milling and fermentation will enhance nutritional value of the
crops and eventually enhance individual nutrition. The blending of small
grains with legumes and oil seed crops such as sesame as localised low
cost food fortiﬁcation initiatives would compensate for the deﬁciency of
certain micronutrients such as vitamins, magnesium, calcium, and zinc.
Neglected oil seed crops such as sesame can be processed into an array of
nutritious food products using low cost technologies. These include
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producing butter, oil and other products that can be blended with cereals.
Successful improvement of these attributes would be instrumental in
expanding the spectrum of use of small grains, legumes and oil seeds.
Future trends should focus on small grain consumption in the developed
countries and non-small grain-producing areas that could help the production and utilization of these crops.
Legumes like cow peas and groundnuts as well as oil seed crops such
as sesame have a huge potential in addressing micronutrient malnutrition
among smallholder farming communities through value addition and
food fortiﬁcation of cereals. The existing food fortiﬁcation initiatives that
are targeted by national food fortiﬁcation strategies do not consider the
use of small grains and neglected legumes as well as oil seeds. While
maize and wheat are the preferred food fortiﬁcation vehicles, small grain
cereals must be considered in the national and local food fortiﬁcation
strategies of developing countries since maize and wheat are crops that
cannot grow well in semi-arid regions.
There is a huge socio-economic beneﬁt of promoting value addition
and fortiﬁcation of cereals using neglected food crops such as sesame,
cow pea and groundnuts among smallholder farmers as these crops thrive
well in the marginal areas that are characterised by erratic rains and poor
soil fertility. There is potential in improving household income through
marketing some of the products that are produced from value addition
and food fortiﬁcation especially when the target market is the non-small
grain-producing community. The additional income derived from such
value addition can be used to supplement the diets of the smallholder
farmers with some items that can be bought from the market.
Further studies on this subject need to establish good agronomic
practices and proper post-harvest handling and storage of these crops
since there is a lack of empirical evidence with regards to this. This will
enhance availability as well as preserving their nutrient content especially with regards to sesame and groundnuts that have high oil content.
Scholars also need to explore diverse value addition options that unlock
the nutritive value of these neglected food crops at household level.
Scientists focussing on food fortiﬁcation using cow pea, sesame and
groundnuts as micronutrient vehicles need to analyse the bioavailability
of their nutrients, anti-nutritional factors and the shelf life of the products
produced.

[8] F.A.O, Food Fortiﬁcation: Technology and Quality Control, Food and Agriculture
Organisation of the United Nations, Rome, Italy, 1996, pp. 20–23. November 1995.
[9] I. Darnton-Hill, R. Nalibola, Fortiﬁcation strategies to meet micronutrient needs:
successes and failures, Proc. Nutr. Soc. 61 (2002) 231–241 (Cambridge University
Press).
[10] K. Tontisirin, G. Nantel, G. Bhattacharjee, Food-based strategies to meet the
challenges of micronutrient malnutrition in the developing world, in: Proceedings
of the Nutrition Society, vol. 61, Cambridge University Press, 2002, pp. 243–250.
[11] D.D. Rohrbach, Sorghum and pearl millet production in Southern Africa, Int.
Sorghum Millets Newsl. 1 (1) (1999) 1–3.
[12] V. Verma, S. Patel, Value added products from nutri-cereals: ﬁnger millet (Eleusine
coracana), Emir. J. Food Agric. 25 (3) (2013) 169–176, https://doi.org/10.9755/
ejfa.v25i3.10764.
[13] Misheck Chandiposha, Ignatius Chagonda, V. Makuvaro, Utilisation of common
grain crops in Zimbabwe, Afr. J. Food Sci. 7 (9) (2013) 253–257, https://doi.org/
10.5897/AJFS2013.1011.
[14] J. Dera, Sorghum and Millet Processed Products Availability in Retail Supermarkets:
Bulawayo, 2017, pp. 18–27, 2(April).
[15] A. Orr, C. Mwema, A. Gierend, S. Nedumaran, Sorghum and Millets in Eastern and
Southern Africa Facts, Trends and Outlook, 2016, p. 76, 62(62).
[16] B.D. Rao, G.D.A. Christina, V.A. Tonapi, TECHNOLOGIES of MILLET VALUE ADDED
PRODUCTS Eat Millets - Stay Healthy, 2016.
[17] W. Goworindo, Value-Addition Creates Wealth to Nations . Why Not Promote it in
Zimbabwe ?, 2012.
[18] D.D. Rohrbach, K. Mutiro, SADC/ICRISAT sorghum and millet improvement
program. Sorghum and pearl millet production, trade, and consumption in Southern
Africa, Crop Sci. 35 (502) (1997) 7–11. ISSN: 2454-4213, International Knowledge
Press.
[19] W.F. Abudulrahman, A.O. Omonyi, Proximate Analysis and Mineral Composition of
different cereals available in gwagwalada market, F.C.T, Abuja, Nigeria, J. Adv.
Food Sci. Technol. 3 (20) (2016) 50–55.
[20] J.R.N. Taylor, M.N. Emmambux, Traditional African Cereal Grains - Overview,
Department of Food Science, 2008, https://doi.org/10.1007/978-94-007-5653-3_
19.
[21] S. Nedumaran, P. Abinaya, P. Jyosthnaa, B. Shraavya, P. Rao, C. Bantilan, Grain
Legumes Production, Consumption and Trade Trends in Developing Countries,
2015, pp. 4–7. ICRISAT Research Program, Markets, Institutions and Policies
Working Paper Series, 502(60).
[22] T. Abate, a.D. Alene, D. Bergvinson, B. Shiferaw, S. Silim, a. Orr, S. Asfaw, Tropical
grain legumes in Africa and South Asia: knowledge and opportunities, 2012, p. 112.
TL II Rese(January 2016).
[23] P. Gomez Carlos, COWPEA post-harvest operations, Book (2004) 1–70.
[24] C.S. Akibode, Trends in the production, trade, and consumption of food-legume
crops in sub-Saharan Africa, Trade Flow 2 (4) (2011) 46, https://doi.org/10.1017/
CBO9781107415324.004.
[25] ZimVAC, ZIMBABWE Vulnerability Assessment Committee (ZimVAC) 2017 Rural
Livelihoods Assessment, vols. 113–115, 2017, pp. 159–161.
[26] I.M.H.C. Author, M.S. Abimiku, Yield of sesame (Sesamum indicum L .) as
inﬂuenced by organic fertilizers in the Southern Guinea Savanna of Nigeria,
Sustain. Agric. Res. 1 (1) (2012) 66–69, https://doi.org/10.5539/sar.v1n1p66.
[27] B. Munyua, B. Orr, J. Okwadi, Open Sesame: a value chain analysis of Sesame
marketing in Northern Uganda, 2013, p. 1, 6, http://oar.icrisat.org/7095/1/SDPS6_OpenSeasame_Munyua_2013.pdf.
[28] T.P. Chibarabada, A.T. Modi, T. Mabhaudhi, Expounding the value of grain legumes
in the semi- and arid tropics, Sustainability 9 (1) (2017), https://doi.org/10.3390/
su9010060.
[29] F. Singh, B. Diwakar, Nutritive Value and Uses of Pigeonpea and Groundnut, Skill
Development Series, 1993, 14.
[30] K.V. Bhat, R. Kumari, N. Pathak, A.K. Rai, Value addition in sesame: a perspective
on bioactive components for enhancing utility and proﬁtability, Phcog. Rev. 8 (16)
(2014) 147, https://doi.org/10.4103/0973-7847.134249.
[31] K. Dossa, M. Konteye, M. Niang, Y. Doumbia, N. Cisse, Enhancing sesame
production in West Africa ’ s Sahel : a comprehensive insight into the cultivation of
this untapped crop in Senegal and Mali, Agric. Food Secur. 1–15 (2017), https://
doi.org/10.1186/s40066-017-0143-3.
[32] A.K. Musa, D.M. Kalejaiye, L.E. Ismail, A. Oyerinde, Proximate composition of
selected groundnuts varieties and their susceptibility to Trogoderma granarium
Everts attack, J. Stored Prod. Postharvest Res. 1 (2) (2010) pp13–17 (Academic
Journals).
[33] S. Kavitha, R. Paimalavalli, Effect of processing methods on proximate composition
of cereal and legume ﬂours, J. Hum. Nutr. Food Sci. 2 (4) (2015) 2333–6706, 1051
(SciMedCentral).
[34] H.N. Ogungbenle, F. Onoge, Nutrient composition and functional properties of raw,
defatted and protein concentrate of sesame (Sesamum indicum) ﬂour, Eur. J.
Biotechnol. Biosci. 2 (4) (2014) 37–43. ISSN: 2321-9122.
[35] X. Sanchez-Chino, C. Jimenez-Martinez, G. Davilla-Ortiz, I. Alvarez-Gonzalez,
E. Madrigal-Bujaidar, Nutrient and nonnutrient components of legumes and its
chemopreventive activity: a Review, Nutr. Canc. 67 (3) (2015) 401–410, https://
doi.org/10.1080/01635581.2015.1004729. Taylor & Francis.
[36] V.N. Atasie, T.F. Akinhanmi, C.C. Ojiodu, Proximate analysis and Physiochemical
properties of groundnuts (Arachis hypogaea. L), Parkistan J. Nutr. 8 (2009)
194–197, https://doi.org/10.3923/pjn.2009.194.197.
[37] M.C. Temba, P.B. Njobeh, O. Adebo, O. Oligibile, E. Kayilesi, The role of
compositing cereals with legumes to alleviate protein energy malnutrition in Africa,
Int. J. Food Sci. Technol. 15 (3) (2016), https://doi.org/10.1111/ijfs.13035.

Funding
This work was supported by the Regional Universities Forum for
Capacity Building in Agriculture (RUFORUM) and RUFORUM Community Action Research Programme PLUS (CARPþ) (RU/MCF/CARPþ/
2017/02).

Declaration of competing interest
The authors declare no conﬂict of interest.
References
[1] F.A.O, The State of Food and Agriculture. Social Protection and Agriculture:
Breaking the Cycle of Rural Poverty, 2015 (Rome).
[2] L. Riesgo, K. Louhichi, S. Gomez y Paloma, P. Hazell, J. Ricker-Gilbert, S. Wiggins,
A.K. Mishra, Food and Nutrition Security and Role of Smallholder Farms, 2016.
[3] World Bank, Ending Poverty and Hunger by 2030. An Agenda for the Global
System, 2015 (Washington. D.C).
[4] Oecd, Fao, Agriculture in sub-Saharan Africa: prospects and challenges for the next
decade, in: OECD-FAO Agricultural Outlook 2016-2025, 2016, pp. 1–39, https://
doi.org/10.1787/agr_outlook-2016-en, 181(November 1947).
[5] Wfp, Micronutrient fortiﬁcation: WFP experiences and ways forward, Food Nutr.
Bull. 27 (1) (2006) 67–75, https://doi.org/10.1177/156482650602700110.
[6] F. B
egin, J. Cervinskas, V. Mannar, Food fortiﬁcation with vitamin A: the potential
for contributing to the elimination of vitamin A deﬁciency in Africa, Food Nutr.
Bull. 22 (4) (2001) 408–415, https://doi.org/10.1177/156482650102200411.
[7] A.B. Abass, G. Ndunguru, P. Mamiro, B. Alenkhe, N. Mlingi, M. Bekunda, Postharvest food losses in a maize-based farming system of semi-arid savannah area of
Tanzania, J. Stored Prod. Res. 57 (2014) 49–57, https://doi.org/10.1016/
j.jspr.2013.12.004.
10

M.F. Desire et al.

Journal of Agriculture and Food Research 3 (2021) 100117
[46] L.C. Okpala, E.C. Okoli, Development of cookies made with cocoyam fermented
sorghum and germinated pigeon pea ﬂour blends using response surface
methodology, J. Food Sci. Technol. 51 (2014) 2671–2677.
[47] J.C. Jackson, L. Weatherspoon, M. Nnyepi, et al., Sorghum bean composite porridge
nutritional quality and acceptability, Nutr. Food Sci. 43 (2013) 453–461.
[48] E. Madukwe, V. Okoye, R. Ayogu, I. Obizoba, Chemical evaluation of processed
maize (Zea mays), indigenous cowpea spp. (Vigna unguiculata) and melon seed
(Citrullus vulgaris) and organoleptic attributes of their blends, Afr. J. Food Sci. 7
(2013) 339–343.
[49] E. Kayitesi, H.L. de Kock, A. Minnaar, K.G. Duodu, Nutritional quality and
antioxidant activity of marama–sorghum composite ﬂours and porridges, Food
Chem. 131 (2012) 837–842.
[50] J. Ejigui, L. Savoie, J. Marin, T. Desrosiers, Improvement of the nutritional quality
of a traditional complementary porridge made of fermented yellow maize (Zea
mays): effect of maizelegume combinations and traditional processing methods,
Food Nutr. Bull. 28 (2007) 23–34.
[51] M.A. Asma, E.B. El-Fadil, A.H. El-Tinay, Development of weaning food from
sorghum supplemented with legumes and oil seeds, Food Nutr. Bull. 27 (2006)
26–34.
[52] F.A. Ismail, F.S. Galal, Y.S. El-Atawy, A.A. Bakry, Chemical and physical
characteristics of weaning foods prepared from cereals and legumes, Egypt. J. Agric.
Res. 78 (2000) 293–307.
[53] K.D. Kulkani, D.N. Kulkani, U.M. Ingle, Properties, functional properties nutritive
value, Food Nutr. Bull. 13 (1991) 322–329.
[54] C. Radha, P.R. Kumar, V. Prakash, Preparation and characterization of a protein
hydrolysate from an oilseed ﬂour mixture, Food Chem. 106 (2007) 1166–1174.
[55] C.T. Makumba, P.B. Njobeh, O.A. Adebo, A.O. Olugbile, E. Kayitesi, The role of
compositing cereals with legumes to alleviate protein energy malnutrition in Africa,
Int. J. Food Sci. Technol. 51 (2016) 543–554, 2016.

[38] D. Choudhury, J.K. Sahu, G.D. Sharma, Value addition to bamboo shoots: a review,
J. Food Sci. Technol. 49 (4) (2012) 407–414, https://doi.org/10.1007/s13197-0110379-z.
[39] P. Liu, R. Bhatia, H. Pach
on, Emory, Food fortiﬁcation in India: a literature review,
Indian J. Community Health 26 (5) (2014) 59–74, https://doi.org/10.9734/EJNFS/
2015/20903.
[40] S. Azam-Ali, Fitting underutilised crops within research-poor environments: lessons
and approaches, S. Afr. J. Plant Soil 27 (2010) 293–298, https://doi.org/10.1080/
02571862.2010.10639997, 2010.
[41] T. Mabhaudhi, A.T. Modi, Y.G. Beletse, Growth response of selected taro [Colocasia
esculenta (L.) schott] landraces to water stress, in: ISHS Acta Horticulturae 979: II
International Symposium on Underutilized Plant. Species: Crops for the FutureBeyond Food Security, ISHS (International Society for Horticultural Science),
Leuven, Belgium, 2011, 2011.
[42] P. Chivenge, T. Mabhaudhi, A.T. Modi, P. Mafongoya, Int. J. Environ. Res. Publ.
Health 12 (6) (2015) 5685–5711, https://doi.org/10.3390/ijerph120605685, 2015
Jun Published online 2015, May 26.
[43] K. Johanita, J.R.N. Taylor, M.G. Ferruzzi, H. Debelo, What is food-to-food
fortiﬁcation? A working deﬁnition and framework for evaluation of efﬁciency and
implementation of best practices, in: Comprehensive Reviews in Food Science and
Food Safety, Wiley, 2020, https://doi.org/10.1111/1541-4337.12624.
[44] N.A. Fathelrahman, N.A. Kheri, I.A. Mohamed Ahmed, Development of weaning
food from wheat ﬂour Journal of Biological & Agricultural Health r supplemented
with defatted sesame ﬂour, Innovat. Rom. Food Biotechnol. 16 (2015) 9–20.
[45] B.D. Igbabul, B.M. Iorliam, E.N. Umana, Physicochemical and sensory properties of
cookies produced from composite ﬂours of wheat, cocoyam and African yam beans,
J. Food Res. 4 (2015) 150–158.

11

