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Abstract

In Benue, Nigeria, malnutrition continues to be a significant public
health concern, affecting mostly infants and young children in the
form of impeded growth and development. This study aimed to develop
and assess the nutritional quality of malted fermented sorghum-based
complementary foods. Soya beans, orange-fleshed sweet potatoes and
moringa oleifera leaf powder were sourced locally for the formulations.
Individual flours were evaluated for their proximate composition,
minerals, vitamins and anti-nutrient content. With the aid of material
balancing, four different complementary food samples were formulated
to produce 16 g of protein per 100 g sample and they were compared with
selected traditional complementary food. The results revealed that treated
food samples had improved protein, fibre and mineral content compared
to the traditional complementary food. The fat and energy content
were highest in the non-malted fermented sorghum-based formulation
(4.32 g/100 g and 367.60 kcal/100 g sample, respectively) and the
lowest in the traditional complementary food (2.06 g/100 g sample and
358.25 kcal/100 g sample, respectively). Sensory evaluation revealed that,
generally, the treated formulations were more acceptable to the panelists.
This study demonstrates the potential of malted fermented sorghum-
based complementary foods to improve food and nutrition security. From
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the findings, it can be concluded that it is possible to develop scalable and
sustainable interventions to treat malnutrition in Benue and Nigeria.

Keywords: sorghum, malting, fermentation, complementary foods, food
security, nutrition security, Benue, Nigeria

1. Introduction

Malnutrition is an imbalance in an individual” intake of nutrients
and other dietary elements required for healthy living. It is either
the lack of or the excess of food appropriate to an individual’s age
or physiological state. It has been documented by Zohra et al (2015)
that the prevalence of malnutrition has remained consistently high,
particularly in low- and middle-income countries (LMICs). This can
be attributed to food insecurity in the community and the nation at
large. Malnutrition is currently a global challenge of public health
importance, although its occurrence is commonly seen in Asia, Africa
and South America. As at 2012, according to the Food and Agriculture
Organization (FAO), 12.5% of the world’s population is malnourished,
whereas in 2015 the World Health Organization (WHO) estimated it
to be 17.6%. Malnutrition is attributed mainly to developing countries
in sub-Saharan Africa, including Nigeria (Who, 2015; Obionu, 2018).

In Nigeria in 2021-22, 37% of children under the age of five were
reported to have stunted growth, 21% severely stunted growth, 18%
were wasted and 29% were underweight. In Benue, according to the
United Nations Children’s Fund (UNICEF), 283 727 (21%) children
have stunted growth, while 13.6% are reported to be underweight and
54% of child mortality is attributed to malnutrition (UNICEF 2022).
Malnutrition therefore remains a public health concern as it affects all
ages, but particularly children under five years of age, with impeded
growth and development. The prevalence of this condition is said to
be accounted for more in children due to their continuous process
of growth and development, which necessitates greater nutritional
requirements than adults. Other age groups at risk of malnutrition
include the elderly, pregnant women, persons experiencing long-
term chronic illness such as cancer and those with acquired immune
deficiency syndrome (AIDS). The nutrition of young children is highly
dependent on mothers because infants are provided with breast milk
and older infants are subsequently given complementary and weaning
foods to maintain their nutrition.

Local circumstances usually determine the length of time, quantity
and quality of food administered by mothers to their children. When
a child is not having enough to eat or is not consuming enough
of the right nutrients in the correct quantities, they are bound to
experience malnutrition. Several factors are known to be associated
with malnutrition: key among them are food-security problems
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related to socio-economic challenges, which are in turn linked to
the demand and supply of the required nutrients. Other factors that
contribute to malnutrition can generally be categorised as those
directly related to the food value chain, such as food production,
distribution, preservation and processing. Moreover, other factors such
as ignorance, a lack of education, poverty, infection, communal crises
and legislation are equally implicated. Inappropriate feeding practices
also have a negative impact on children, which increases the chances
of ill health with long-term consequences that include poor physical
and mental growth and development and compromised productivity.
Studies (Onoja et al, 2014; Sadji, 2016; Chadera, 2018) have shown that
traditionally prepared complementary foods are bulky or too watery
and more often than not are deficient in minerals and vitamins;
and their consumption can predispose children to micro-nutrient
deficiencies that arise from hidden hunger and its consequences. In
addition, according to Onoja et al (2014), it has been documented
that the traditional complementary food is more often porridge made
from sorghum, maize and millet, which are deficient in the energy
and nutrients needed to meet a child’s nutritional needs. This brings
to the fore the need to formulate complementary food products that
would be nutritionally dense derived from locally sourced materials
that redress the malnutrition situation in Benue.

The wuse of readily available raw materials for producing
complementary foods has economic benefits to caregivers and also
ensures the sustained availability of weaning food throughout the year.
This can save caregivers the stress and inconvenience of caring for a
malnourished child and can also minimise the cost of purchasing very
expensive commercial complementary foods. Patients recovering from
chronic illness would also benefit from the product, which is envisaged
to have high nutritional value and should be easily digestible, having
gone through the treatment process.

Responding to childhood malnutrition requires a multi-sectoral
approach in order to achieve comprehensive and sustainable results.
The scope of this study therefore focused on food processing and the
formulation of malted and fermented sorghum-based complementary
food enriched with orange-fleshed sweet potatoes (OFSP), soya beans
and moringa for the purpose of providing complementary feeding
and weaning. This is expected to promote food and nutrition security,
enhance the quality of complementary foodstuffs and improve the
production and supply of adequate, balanced, easily accessible and
cost-effective food for complementary and weaning purposes.

The aim of the study was to develop, assess and compare the
nutritional and sensory effects of traditional and malted or fermented
sorghum-based complementary food formulations that are enriched
with OFSPs, soya beans and moringa in Benue state.
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2. Literature review

Studies conducted globally have overwhelmingly revealed the benefits
of locally formulating complementary food (Onoja et al, 2014).
This ranges from the easy accessibility of resource materials and
the affordability and general acceptability of the products of such
resources. Local circumstances are known to influence the duration
or the timing, the quality and the quantity of food administered by
caregivers to children. It has been documented that the consumption
of a sufficient quality and quantity of complementary food ensures
a child’s correct mental and physical development. In addition, it
improves the immune status of the child and also promotes their
recovery from ill health.

Globally, malnutrition remains a major public health challenge,
especially in the low- and middle-income countries (LMICs) of the
world and it leads to cases of morbidity and mortality (Ofori, 2022).
It is a situation in which nutrients in the human body are present in
unbalanced quantities, which leads to adverse health conditions. In
developing countries, malnutrition in infants and children during the
weaning age is equally a public-health challenge and one of the main
drivers of morbidity and mortality among children under the age of
five (Ezeokeke et al, 2016). Studies have revealed the contribution of
malnutrition to high mortality among children under five years of age
in developing countries in sub-Saharan Africa. According to UNICEF,
100 children under five years of age are likely to die every hour, and
this translates into a daily loss of 2 400 children to malnutrition. In
2023, the proportion of malnourished children worldwide increased
from 9.3% to 15.9% (UNICEF, 2023). The prevalent situation has
been documented to be associated with the inadequate consumption
of protein and/or energy or inappropriate complementary feeding
practices (Adepoju et al, 2014; Onoja et al, 2014; Ezeokeke et al,
2016). This has the potential to predispose the at-risk child to high
levels of morbidity, impaired intellectual and work performance, and
compromised reproductive capacity (Onoja et al, 2014).

Other studies have alsorevealed that the nutrition of young children
is highly dependent on the mother as the child is supplied with breast
milk and subsequently older infants are given complementary and
weaning food to maintain their nutrition. Malnutrition among infants
and young children is currently on the increase as a result of the
current hard economic times in addition to a number of other factors,
such as climate change, insecurity, poverty, the farmer-herders’ crisis
and natural disasters such as floods. These factors are known to affect
food security severely by creating barriers to the access, affordability,
availability and consumption of nutritious foods by infants and young
children (Hafiz A, 2016; Tigist et al, 2022; UNICEF, 2023).
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Complementary foods are those other than breast milk given to
infants for the purpose of providing them with nutrients that aid their
growth and development. According to the WHO, the administration
of complementary feeding should commence when breast milk alone
is no longer sufficient to meet the nutritional needs of infants; for
this reason, complementary foods should be given along with breast
milk. Adepoju et al (2014) have documented the fact that malnutrition
is known to commence during the period of complementary feeding
of infants, resulting in morbidity and mortality among children less
than five years of age. The WHO has therefore recommended that
complementary feeding must be timely and safe. In addition, toimprove
on its practices, products for complementary feeding must be made
locally available, be affordable and easy to prepare and be acceptable
to caregivers — in addition to being rich in energy and nutrients
(Adepoju, 2014; FMOH, 2023). The intention of the present research
was to harness these recommendations for an optimal outcome.

Complementary foods given during this period of 6-23 months of
age, particularly in our environment in Benue, are commonly made
from cereals (rice, maize, millet), tubers (sweet potato cocoyam) and
legumes (soya beans and groundnuts). They are also reported to be
poorly blended and therefore of low nutritional value, with high
anti-nutritive factors inhibiting the bio-availability of micronutrients
(Achibong et al, 2022). In contrast, commercially produced
complementary foods are highly nutritious and readily available but
expensive, putting them beyond the reach of most rural poor families
(Muhimbula et al, 2011; Adepoju et al, 2014; Amal et al, 2014; Pobee
et al, 2017).

This research study adopted a methodology that would cover the
availability, cost and nutrient quality of the formulated complementary
food, in this way bridging the gap.

A complementary food formulated in a Ghanaian study revealed
that it was rich in energy and protein; however, it proved to be
inadequate in meeting the micro-nutrient demand for vitamin A, iron
or zinc (Amagloh et al, 2012). This is similar to the findings of a study
carried out in Ethiopia which showed that the complementary food
fed to children did not contain sufficient carbohydrate, protein, fat,
energy and calcium as recommended, even though the quantity of
zinc and iron was adequate (Forsido et al, 2019). Complementary food
formulated from fermented sorghum and maize enriched with Cirina
forda was documented to have increased levels of macro- and micro-
nutrients (Adepoju et al, 2013).

Fermentation is an age-long process known to improve the
qualities of foodstuffs such as their appearance, flavour and aroma.
It enhances the bio-availability of vitamins, essential amino acids
and other micronutrients. In addition, the shelf life is also enhanced
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due to a reduction in the pH of the food (Adeoye, 2024). Malting, in
contrast, has been documented to reduce food viscosity, making the
child consume more food supplemented in this way. The high level of
amylase is known to break down large polysaccharides into glucose
and maltose, which improves food digestibility (Forsido, 2020).
Therefore, the adoption of a combination of these technologies for
cereal processing has the potential to lead to multiple benefits and
overcome the challenge of nutrition security.

Studies conducted in Nigeria have revealed that most comple-
mentary formulations are made from cereals such as millet,
sorghum, maize and rice or tubers such as sweet potato in different
proportions (Onoja et al, 2014; Shiriki et al, 2017) The composition of
such formulations is a function of access to the available cereal, the
knowledge of mothers about food combination and mothers’ financial
capability. Poor preparation methods such as the over-dilution of
products have also been linked to predisposing infants to malnutrition
(Ezeokeke, 2016). In Ghana, the Bonsi formulation used OFSP, maize,
soya beans, peanuts and fish. An Asma preparation used sweet potato,
millet and quinoa. Similarly, Pobell also used OFSP, soya beans, rice
and groundnuts for their formulation of complementary foodstuffs.
Approval of the use of OFSP, which is a bio-fortified tuber, in the
formulation of complementary foodstuffs has been documented by the
following studies (Pobee et al, 2017; Ashun et al, 2019). In Nigeria, the
Shiriki formulation was produced using maize, soya beans and peanuts
fortified with Moringa oleifera leaf powder (MOLP) (Shiriki et al, 2017).
This is similar to the formulation by Boateng et al (2018) in which the
complementary feed was fortified with MOLP. This is because moringa
has been known to be nutrient-dense and could therefore be explored
as a fortificant in the prevention or treatment of micro-nutrient
deficiencies. This is in line with the efficient food approach which
recommends the use of indigenous available foods that complement
each other, in this way producing formulations that meet an infant’s
nutrient requirements aimed at reducing malnutrition and micro-
nutrient deficiency in the target population (Chadare et al, 2018).

2. Materials and methodology

Soya beans, OFSP and MOLP were sourced locally for the formulations.
The different raw materials were individually processed into flours, as
shown in the various flowcharts below. Individual flours were coded
and analysed in the chemistry laboratory of the Benue State University
using standard methods and procedures by the laboratory technologist.
The samples were evaluated for proximate composition, minerals,
vitamins and antinutrient content. Using the AOAC method as
described by Okoronkwo et al (2023), the moisture content, crude fibre,
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ash, protein and fat were determined whereas the carbohydrate content
was determined by difference. The mineral and vitamins content were
determined using an atomic absorption spectrophotometer as described
by Utoo et al (2022). Tannins and phytate values were assessed using
Vanilla-HCL and Wheeler and Ferrel methods respectively. With the
aid of material balancing, four different complementary food samples
were formulated to produce 16 g of protein per 100 g sample and these
were compared with selected traditional complementary foods.

Fresh potatoes

v

Washing

v

Peeling (Stainless-steel potato-peeler)

v

Chemical treatment (1 000 ppm potassium metabisulfite for 20 min)

v

Blanching (30 min in boiling water)

v

Slicing (1-1.5 mm slice thickness)

.

Loading on trays

v

Drying in cabinet dryer (at 60 °C for 4-5 h)

v

Grinding (Laboratory grinder)

v

Potato flour

v

Packing

Figure 1: Flowchart for processing of fresh potato flour

https://doi.org/10.47348/1JAR/2025/a8



Production of malted fermented sorghum-based complementary foods to enhance food and
nutrition security in Benue, Nigeria

167

SOYA BEANS

v

CLEANING

v

SOAKING (Overnight)

v

DECANTING (Water)

v

BOILING (30 min)

v

REMOVAL OF SEED COATS

v

WASHING

v

DRAINING

v

DRYING (oven) at 60-65 °C

v

MILLING

v

PACKAGING (Stored in ziplock bag for later use)

Figure 2: Flowchart for processing soya beans

Moringa leaf

Washed clean and blanched

\ 4
Dried moringa leaf

l Pulverisation

Moringa oleifera leaf powder

Powdered MOLP packed into ziplock bag to store for later use

Figure 3: Flowchart for the processing of Moringa oleifera leaf powder (MOLP)
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Figure 4: Flowchart for sorghum processing and incorporation with OFSP, MOLP
and soya beans

4. Results

This section reveals the findings of the proximate mineral, vitamin
and anti-nutrient analysis of the prepared individual flours (sorghum,
soya bean, OFSP and MOLP). It equally gives the proximate values of
the formulated sorghum-based complementary food in addition to the
sensory acceptability values of the prepared gruels as assigned by the
panellists made up of health workers and mothers or caregivers.

The proximate analysis of the samples reveals that the individual
flours had a different protein content that ranged from 1.68 g/100 g
sample to 32.02 mg/100 g sample, with the highest level being recorded
in the soya bean whereas the lowest was recorded in the OFSP. Among
the treated sorghum samples, the malted fermented sorghum had
the highest level of protein, at 7.02 mg/100 g sample. Similarly, the
fat content of the samples also varies: the lowest value was observed
in the OFSP (0.39 mg/100 g) and the highest value in the soya bean
(7.39 mg/100 g). Among the treated samples, the non-malted fermented
sorghum had the highest fat value (2.28 mg/100 g), whereas the malted
fermented had the lowest value (0.50 mg/100 g). The highest value for
ash and fibre was observed in MOLP (7.55 mg/100 g) and (2.57 mg
/100 g), whereas their lowest value was recorded in malted fermented
sorghum (0.67 mg/100 g) and OFSP (0.02 mg/100 g), respectively. In
contrast, OFSP had the highest level of carbohydrates (82.02 mg/100 g),
whereas soya bean had the lowest value of 48.74 mg/100 g, as shown
in Table 1.
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Table 1: Mean distribution of proximate analysis

Parameter Sample

ECH NMNF NMF MNF MF Sk MOLP  OFSP
Protein 8.53 5.54 335 6.15 7.02 3202 1013 1.68
Fat 2.09 114 2.28 1.42 0.50 7.39 0.84 0.39
Ash 1.08 1.84 1.89 1.53 0.67 2.23 7.55 2.96
Fibre 0.05 1.00 0.30 0.09 0.04 119 2.57 0.02
Moisture 11.92 .77 .58 13.02 1133 8.43 13.09 1293
Carbohydrate 76.33 78.71 80.60 7780 8044 4874 6582  82.02

Key: ECH - External control sample; NMNF - Non-malted non-fermented sorghum; NMF - Non-
malted fermented; MNF — Malted non-fermented; MF — Malted fermented; SF — Soya bean flour;
MOLP - Moringa oleifera leaf powder; OFSP — Orange-fleshed sweet potato

Using material balancing, the individual flours were used to produce
four sorghum-based complementary flour blends that would yield a
16 g protein/100 g sample made up of sorghum flour, soya-bean flour,
OFSP flour and MOLP.

The proximate analysis of the formulated sorghum-based comple-
mentary food samples revealed the highest level of fat content in the
non-malted fermented sorghum-based sample (4.32 mg/100 g), whereas
the external control sample which is the traditional complementary
food had the lowest value of fat (2.09 mg/100 g). The non-malted
non-fermented sorghum-based sample had the highest fibre content
(1.11 mg/100 g) and the lowest value in the external control sample
(0.05 mg/100 g). The external control sample, however, had the
highest carbohydrate content (76.33 mg/100 g) with lowest energy level
(358.25 kcal/100 g), whereas the non-malted fermented sorghum-based
sample had highest energy level 367.60 kcal/100 g), as shown in Table 2.

Table 2: Proximate composition of formulated sorghum-based complementary food

Parameter Sample

ECH NMNF NMF MNF MF
Protein (%) 8.53 16 16 16 16
Fat (%) 2.09 3.55 432 3.57 2.99
Ash (%) 1.08 2.34 2.37 217 1.70
Fibre (%) 0.05 mm 0.78 0.62 0.58
Moisture (%) 11.92 10.57 1035 1.27 10.44
Carbohydrate (%) 76.33 66.48 66.18 66.05 68.25
Energy (kcal/100 g) 358.25 361.87 367.60 360.88 07

Key: ECH - External control sample; NMNF — Non-malted non-fermented sorghum-based;
NMF - Non-malted fermented sorghum-based; MNF — Malted non-fermented sorghum-based;
MF - Malted fermented sorghum-based
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Analysis of the individual samples also revealed variations in
their mineral composition: MOLP had the highest level of potassium
(1,967.31 mg/100 g) and sodium (62.65 mg/100 g), whereas the lowest
values are observed in the malted fermented sample at 96.41 and 6.97
respectively. The soya bean sample had the highest value for calcium
(65.27 mg/100 g), whereas the lowest value of 0.05 mg/100 g was
recorded in the external control sample as shown in Table 3.

Table 3: Mineral analysis of samples

Parameter Sample
ECH NMNF NMF MNF MF SF MOLP OFSP

Potassium (K) 110.02 120557 894.76  481.25  96.41 29274 196731 125410
Copper (Cu) 1.83 0.1495 01370  0.0711  0.0764 03211  0.1157  0.1262
Magnesium (Mg) 351294 130.4400 136.9547 114.1822 25.9775 1243958 1527961 71.6818
Calcium (Ca) 0.0570  4.2020  7.0000 4.4920 6.8670 65.2700 15.0000 21.5200
Iron (Fe) 0.2440 39380 39870 3.6810 0.8530 3.3710  6.2700  1.5420
Sodium (Na) 119214 7.0429  9.6957 10.4920 6.9663 12.3067 62.6521 13.6478

Key: ECH - External control sample; NMNF - Non-malted non-fermented sorghum; NMF - Non-
malted fermented; MNF — Malted non-fermented; MF — Malted fermented; SF — Soya bean flour;
MOLP — Moringa oleifera leaf powder; OFSP — Orange-fleshed sweet potato

The vitamin composition also varied significantly among the samples.
Vitamin A was prominently highest in the OFSP with a value of
9.42 mg/100 g and lowest value recorded in the malted fermented
sorghum sample 1.90 mg/100 g. In contrast, MOLP had the highest levels
of (6.46, 60.90, 7.24, 22.05, 220.51) mg/100 g recorded for vitamins B1,
B2, B3, B6 and vitamin C while their lowest values were observed in
the non-malted non-fermented sorghum sample (0.74 mg/100 g), soya
bean (1.98 mg/100 g) and OFSP (5.67 and 56.68 mg/100 g) respectively,
as shown in Table 4.

Table 4: Vitamin analysis of samples

Parameter Sample

(mg/1009) ECH NMNF NMF MNF MF SF MOLP OFSP
Vitamin A 448 497 6.55 3.46 1.90 5.37 6.32 9.42
Vitamin B1 1.78 0.74 1.73 1.82 2.62 3.17 6.46 0.89
Vitamin B2 12.89 10.6 20.21 3797 17.95 1.98 60.90 17.96
Vitamin B3 5.06 3.19 2.80 2.90 2.44 3.66 7.24 237
Vitamin B6 11.95 12.10 10.40 10.95 11.76 16.58 22.05 5.67
Vitamin C 119.45 12099 104.05 109.51 11755 165.81  220.51  56.68

Key: ECH — External control sample; NMNF — Non-malted non-fermented sorghum; NMF - non-
malted fermented; MNF — malted non-fermented; MF — Malted fermented; SF — Soya bean flour;
MOLP - Moringa oleifera leaf powder; OFSP — Orange-fleshed sweet potato
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Similarly, the anti-nutrient factors were analysed and observed to
differ between the samples: MOLP had the highest levels of oxalete
(0.42 mg/100 g), tannin (2.00 mg/100 g) and phytate 0.313 mg/100 g),
whereas their lowest values were seen in OFSP and non-malted
non-fermented samples (0.08 mg/100 g), non-malted fermented
(1.5 mg/100 g) and OFSP (0.029 mg/100 g) respectively, as shown
in Table S.

Table 5: Anti-nutrient analysis of samples

Parameter Sample

ECH NMNF NMF MNF MF SF MOLP OFsP
Oxalate 0.12 0.08 0.10 0.13 0.15 0.09 0.42 0.08
Tannin 1.78 1.73 1.50 1.76 1.62 1.71 2.00 1.77
Phytate 0.041  0.052  0.058 0.081 0093 0064 0313  0.029

Key: ECH - External control sample; NMNF - non-malted non-fermented sorghum; NMF — Non-
malted fermented; MNF — Malted non-fermented; MF — Malted fermented; SF — Soya bean flour;
MOLP - Moringa oleifera leaf powder; OFSP — Orange-fleshed sweet potato

The comparative sensory evaluation of the gruel made from formulated
flour blends revealed that colour-wise the malted fermented sorghum-
based sample was most appealing to both the mother or caregiver and
the healthcare workers whereas the least appealing sample for both
was the external control sample. The non-malted non-fermented
sample was the least appealing, with a mean score of 3.0, whereas most
appealing in aroma was the malted fermented sample for both mother
or caregiver and the healthcare workers, with a mean score of 4.2.
The sample with the least appealing texture was the external control
sample whereas the non-malted non-fermented and the non-malted
fermented were most appealing to the mothers or caregivers but the
malted fermented was most appealing to the healthcare workers.
Regarding faste, the non-malted fermented was the least appealing
to the mothers or caregivers whereas the malted fermented was most
appealing to them. In contrast, the non-malted non-fermented was the
least appealing to the healthcare workers, who mostly appreciated the
non-malted fermented sample. In general, the non-malted fermented
sample was mostly accepted by the mothers or caregivers, whereas the
healthcare workers mostly accepted the malted non-fermented and
malted fermented sorghum-based samples, as shown in Table 6.
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Table 6: Comparative analysis of sensory evaluation of formulated samples

Parameter Respondents ECH NMNF NMF  MNF MF
Colour Mothers/caregivers 34 4.0 4.2 3.6 4.6
Healthcare workers 3.4 3.4 4.2 4.2 44
Aroma Mothers/caregivers 4.2 3.0 3.8 3.4 4.2
Healthcare workers 3.6 3.8 3.8 4.2 4.2
Texture Mothers/caregivers 3.8 4.6 4.6 4.0 4.0
Healthcare workers 3.6 4.2 4.0 4.2 4.4
Taste Mothers/caregivers 4.2 4.2 4.0 5.0 5.0
Healthcare workers 4.0 3.6 4.0 3.8 4.0
General acceptability Mothers/caregivers 4.4 3.4 4.8 4.5 3.8
Healthcare workers 3.8 4.0 4.0 4.2 4.2
Grand mean: (3.84) (382 (4149 @41) @429

5. Discussion of findings

The proximate mineral, vitamin and anti-nutritional qualities of the
processed individual flours were assessed, as was the selected traditional
complementary food. The moisture content of the samples varied
between 8.43% and 13.0%, although the variation is not far from the
acceptable limit of 10%. A higher moisture content could be due to the
processing method used, such as fermentation and malting. A lower
moisture content is ideally advocated to enhance the product’s shelf
life. It is also convenient for packaging and transporting the product
(Bekele, 2016).

The protein value of the individual flours revealed that the protein
content was the lowest (1.68 g) in OFSP and the highest (32.02 g) in
soya bean flour; among the sorghum flours, the malted fermented
sorghum flour had the highest protein content of 7.02 g. Similarly,
OFSP had the lowest fat content (0.39 g), whereas the soya-bean flour
had the highest fat content of 7.39 g. In contrast, the OFSP flour
had the highest carbohydrate content of 82.02%. The ash content
was recorded as highest in MOLP (7.55 g) and lowest in the malted
fermented sorghum flour. The mineral content also varies between
the individual flours: MOLP has the highest level of almost all the
mineral content, except for copper. Similarly, the highest vitamin B1,
B2, B3, B6 and vitamin C content was also recorded in the MOLP,
whereas OFSP prominently had the highest amount of vitamin A
compared to the other individual flours. The anti-nutrient factors
were observed to vary between the samples; however, MOLP had the
highest levels of oxalate (0.42 mg/100 g), tannin (2.00 mg/100 g) and
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phytate 0.313 mg/100 g). The variation in the macro- and micro-
nutrients in the individual flours reveals a balanced and nutritious
composition when combined for blend formulation. This would fill the
gap observed in previous formulations that were deficient in micro-
nutrients (Amagloh et al, 2012; Forsido et al, 2019); the outcome will
be a reduction in malnutrition and micro-nutrient deficiency (Chadera
et al, 2018).

The formulated complementary foods were similar to those of
previous studies (Pobell et al, 2017; Shiriki et al, 2017; Boaten et al, 2018)
with modifications. All four formulated blends had a protein content
of 16 g per 100 g sample, which was almost double the content of
the external control (ie, traditional complementary food), 8.52 g/100 g
meeting the WHO recommendation. The external control sample
was seen to have the highest moisture and carbohydrate content of
11.92% and 76.33%, respectively, whereas the non-malted fermented
sorghum-based complementary food was observed to record the lowest
moisture content — 10.35% — but the highest fat, ash and energy content
of 4.32%, 2.37% and 367.60 kilocalories, respectively. The lower the
moisture content as recommended, the greater the level of stability
and the enhanced shelf life of the product (Bekele et al, 2016).

The gruel from non-malted fermented sorghum-based comple-
mentary food was also generally most appealing and acceptable to
both panelists — with a score of 4.54 — whereas the least appealing gruel
was that of the traditional complementary food — with a score of 4.14.
The the end users of the formulated complementary foods are infants
and children less than five years of age, so they cannot be expected to
evaluate the sensory attributes of the gruel. Therefore, we depended
on feedback from mothers and caregivers as their general acceptability
could possibly translate into product use.

The challenge of malnutrition in Benue State, Nigeria, which is
quite prevalent, especially among infants and young children, makes
finding innovative and sustainable solutions a dire need. The insights
revealed in this study demonstrate the potential to improve the
nutritional outcomes of malted and fermented sorghum-based
complementary foods which are enriched with soya beans, OFSP
and MOLP.

5.1 Redressing hidden hunger through micronutrient
fortification

One of the most critical yet often overlooked aspects of malnutrition
is hidden hunger - that is, micronutrient deficiencies that disrupt
physiological and cognitive development. The locally sourced
complementary foods in Benue, which are composed of sorghum
or maize porridges, lack sufficient iron, zinc and vitamin A, which
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can contribute to high rates of anaemia and stunting (FMOH,
2023). As demonstrated in the present study, including MOLP in the
formulated foods significantly enhances the iron (6.27 mg/100 g) and
calcium (15.00 mg/100 g) content, showing the potential for reversing
the deficiencies prevalent in the region.

This particular result agrees with global strategies for promoting
dietary diversification and biofortification (Ofori, 2022). For instance,
OFSP, which is rich in beta-carotene (a precursor of vitamin A),
contributed 9.42 mg/100 g of vitamin A, exceeding locally sourced
alternatives. Given that vitamin A deficiency affects 33% of Nigerian
children (FMOH, 2023), integrating OFSP into complementary foods
could reduce the morbidity linked to immune dysfunction and vision
impairment. These results would contribute greatly to achieving goals 2,
3 and 4 of the Sustainable Development Goals (SDGs) that focus on
zero hunger, good health and wellness, and also quality education.

5.2 Economic and agricultural sustainability

One of the notable strengths of this study is its emphasised reliance
on ingredients that are not only available locally but are also
affordable, ensuring its scalability. Sorghum, soya beans and OFSP are
drought-resistant crops that are well suited to Benue’s agro-ecological
conditions. They can be grown even in relatively dry conditions. In
promoting these crops for use in the production of complementary
foods, the study supports local agricultural value chains and reduces
dependence on imported foods. This means that farmers can diversify
their income sources by supplying raw materials for food processing.
And given that Nigeria spends heavily on importing fortified cereals,
locally formulated foods could reduce this economic burden too
(Achibong et al, 2022).

In addition, adopting the malting and fermentation processes
requires minimal expenditure and relatively basic technological know-
how, which means that the common caregiver can key into them even
at the household level. Unlike the commercially fortified foods which
require industrial processing, these methods empower caregivers in
rural communities to improve nutrition without depending on any
external intervention (Forsido, 2019).

5.3 Behavioural and cultural considerations in adoption

Despite the fact that formulated complementary foods have
demonstrable superiority over traditional feeding practices, cultural
acceptability remains a barrier to their acceptance. The local caregivers
who are more culturally inclined to their traditional methods still
prefer bulky, watery porridges. To them, the resultant weight from
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the water content found in local food is more nutritionally dense;
the reality, however, is that these foods are nutrient-poor, therefore
predisposing their consumers to malnutrition.

The mean acceptability score of 4.28, which the sensory evaluation
scored in this study, suggests that the new formulations are palatable.
However, their long-term adoption requires a consideration of factors
such as community education and gender-inclusive training. By
means of community training programmes, health workers would
be able to demonstrate the link between nutrient density and child
growth so that the local people, who crucially comprise caregivers,
can be made aware of these matters and make better dietary choices as
a result. Gender-inclusive training is crucial, considering the fact that
women primarily prepare complementary foods; interventions should
therefore target improving on maternal knowledge (Boaten, 2018).

6. Conclusion

The results obtained in this study have shown that the fermented
and malted sorghum-based complementary foods have reduced crude
fibre, crude fat and total carbohydrate, and phytate and tannin. In
contrast, the crude protein and caloric content were more enhanced
in the treated samples compared to the traditional complementary
food. The prepared gruel from the malted or fermented sorghum-based
complementary food was generally most appealing and acceptable to
both panellists when compared to the external control, that is, the
traditional complementary food. The malted fermented product was
the least viscous, translating to more consumption by infants with
optimal nutrient gain and caloric intake.

This study has demonstrated the potential of malted fermented
sorghum-based complementary foods to improve food and nutrition
security. From the findings, scalable and sustainable interventions to
deal with malnutrition, and in so doing contributing to achieving
goals 2, 3 and 4 of the SDGs in Benue and Nigeria, can be developed.

7.  Study strengths and limitations

This study used locally sourced and available raw materials for the
complementary food formulation, which, first, can easily be adopted
by caregivers and, second, renders the possibility of scale-up easy.
The treatment method adopted in this study is quite simple and can
be adopted with ease in complementary food in communities. And
although this is a promising study, there were gaps in it that warrant
further investigation. For instance, this study could not explore
microbial studies nor could it carry out shelf-life studies. Subsequent
studies should focus on exploring these areas.
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Shelf-life stability was an issue, owing to the fact that fermented
foods are more prone to spoilage than traditional complementary
foods; research is therefore needed on preservation techniques
(Adeoye, 2018). There is also the unsubstantiated concern about the
impact these fermented foods could have on child growth. Therefore,
longitudinal studies should check whether these foods reduce
stunting and wasting rates. A cost-benefit analysis should be carried
out in which we compare the economic feasibility of household-level
production versus centralised manufacturing.

8. Recommendation or policy implementation

To translate these findings into action, measures such as incorporating
malted and/or fermented sorghum blends into Nigeria’s Infant and
Young Child Feeding (IYCF) policies (FMOH, 202) would be beneficial.
There should be collaboration with agro-processors to produce pre-
packaged blends for both urban and peri-urban markets, and these
formulations should be incorporated into school feeding schemes to
redress childhood malnutrition holistically (Danwood, 2009).

Moreover, health institutions should build the capacity of health
workers who, regularly, could be educating and demonstrating to
caregivers the formulation of complementary foods with high nutrients
and caloric content.

Higher education institutions should inculcate food formulations,
analysis and demonstration in their curricula to enhance hands-on
experience and ease of step-down to caregivers when they eventually
become doctors consulting at the clinics.

9. Suggestion for further research

Microbial, safety and shelf-life studies which aim at enhancing the
durability of final products are recommended for further studies.

References

Achibong, IE, Essien, EB, Amali, BA & Anacletus, F ‘Nutritional composition
of traditional complementary foods in Nigeria and health/developmental
outcome: A systematic review’ (2022) 16 Scientific African e01203.

Adeoye, BK, Chukwunulu, A, Makinde, YO, Ngozi, EO, Ani, IF & Azujie, NC
‘Quality assessment of complementary food produced using fermentation
and roasting method’ (2018) 6(4) American Journal of Food and Nutrition
96-102.

Adepoju, OT, Dabo, OO ‘Nutrient composition of Cirina forda (west wood)
enriched complementary food’ (2013) 63(120) Annals Nutrition &
Metabolism 139-144.

https://doi.org/10.47348/1JAR/2025/a8



Production of malted fermented sorghum-based complementary foods to enhance food and
nutrition security in Benue, Nigeria 177

Adepoju, OT, Etukumoh, AU ‘Nutrient composition and suitability of four
commonly used local complementary foods in Akwa Ibom State Nigeria’
(2014) 14(7) African Journal of Food Agriculture Nutrition and Development
9544-9560.

Amal, HM, Ayman, ELA ‘Nutritional and sensory evaluation of complementary
food formulation from rice, faba beans, sweet potato flour and pea nut oil’
(2014) 35(4) Food and Nutrition Bulletin 403-413.

Amagloh, FK, Weber, JL, Brough, L, Hardacre, A, Mutukumira, AN & Coad, ]
‘Complementary food blends and malnutrition among infants in Ghana.
A review of proposed solutions’ (2012) 7(9) Scientific Research Essays 972—
988.

Anigo, KM, Ameh, DA, Ibrahim, S & Danbauch, SS ‘Nutrient composition of
complementary food gruel formulated from malted cereals, soyabean and
ground nuts for use in North West Nigeria’ (2010) 4(3) African Journal of
Food Science 65-72.

Ashun, EK (2018) Orange-fleshed sweet potato: Its use in complementary infant
formula (thesis for Master of philosophy in Home Economics, University
of Cape Coast 2018).

Bekele, A, Baye, K, Retta, N et al ‘Moisture content and shelf stability of
complementary foods in Ethiopia’ (2016) 53(1) Journal of Food Science &
Technology 386-395, available at https://doi.org/10.1007/s13197-015-2036-4

Boateng, L, Nyarko, R, Asante, M et al ‘Acceptability of complementary food
that incorporates moringa oleifera leaf powder among infants and their
caregivers’ (2018) 39(1) Food & Nutrition Bulletin 137-148, available at
https://doi.org/10.1177/0379572117743929

Chadaere, FJ, Madode, YE, Fanou-Fogny, N et al ‘Indigenous food ingredients
for complementary food formulation to combat infant malnutrition in
Benin: A review’ (2018) 98(2) Journal of the Science of Food & Agriculture
439-455, available at https://doi.org/10.1002/jsta.8567

Danwood, MC Child poverty and children’s rights to access to food and basic
nutrition in South Africa: A contextual, jurisprudential and policy analysis.
Socioeconomic right project (Community Law Centre, University of the
Western Cape 2009), available at www.communitylawcentre.org.za

Ezeokeke, CT & Onuoha, AB ‘Nutrient composition of cereal (maize) legume
(soy bean) and fruit (banana) as a complementary food for older infants
and their sensory assessment’ (2016) 6 Journal of Food Science and Engineering
139-148, available at https://doi.org/10.17265/2159-5828/2016.03.003

Federal Ministry of Health (Nigeria) National guidelines on complementary
feeding for infants and young children (FMOH 2023).

Forsido, SF, Klyak, N, Belachew, T et al ‘Complementary feeding practices,
dietary diversification, and nutrient composition of complementary foods
for children 6-24 months in Jimma Zone, Ethiopia’ (2019) 38 Journal
of Health, Population & Nutrition 14, available at https://doi.org/10.1186/
$41043-019-0173-5

Hafiz, A Nutrition education (Keynote paper presented at 46th AGM and
Conference of Nutrition Society of Nigeria Makurdi Benue State, 2016).

https://doi.org/10.47348/1JAR/2025/a8



178 International Journal of African Reflections: Multi-, Inter- and Transdisciplinary Perspectives

Lutter, CK & Dewey, KG ‘Proposed nutrient composition for fortified
complementary foods’ (2003) 133(9 suppl) Journal of Nutrition 3011S-3020S,
available at https://doi.org/10.1093/jn/133.9.3011S

Mbame, MC, Tiencheu, B, Feumba, R et al ‘Formulation of adequate
complementary food for children 6-24 months using local staple foods
in Cameroon’ (2021) 139(12) European Journal of Nutrition & Food Safety
89-108, available at https://doi.org/10.9734/ejnfs/2021/v13i1230504

Muhimbula, HS, Issa-Zacharia, A & Kinabo, J ‘Formulation and sensory
evaluation from local cheap and readily available cereals and legumes in
Iringa, Tanzania’ (2011) 5(1) African Journal of Food Science 26-31.

Obionu, CN Public health in developing countries 2 ed (El ‘Demak Publishers 2018).

Okoronkwo, NC, Okoyeuzu, CE, Eze, CR, Mbaeyi-Nwaoha, IE ‘Quality
evaluation of complementary food produced by solid state fermentation
of fornio, soybean and orange-fleshed sweet potato blends’ (2023) 9
Fermentation 250.

Onoja, US, Akubor, PI, Gerna, DI & Chinmma, CE ‘Evaluation of complementary
food formulated from local staples and fortified with calcium, iron and
zinc’ (2014) 4 Journal of Nutrition and Food Science 6.

Pobee, RA, Akornor, PT, Bonsi, E ‘Orange-fleshed sweet potato-based
complementary food provides sufficient vitamin A for infants aged 6-12
months’ (2017) 11(7) African Journal of Food Science 215-222.

Sadji, A ‘Complementary feeding practices in West Africa’ (2016) 6(5) Journal
of Nutrition and Food Science 1-5, available at https://doi.org/10.4172/2155-
9600.1000548

Shiriki, D, Igyor, MA, Gerna, DI ‘Nutritional evaluation of complementary
food formulations from maize, soyabean and peanut fortified with
moringa oleifera leaf powder (MOLP)’ (2015) 6 Nutritional Science 494-500.

United Nations Children’s Fund (UNICEF) Nigeria nutrition profile 2022. Report
No: NGA/NUT/2022/001 (UNICEF 2022).

World Health Organization (WHO) World health statistics 2015 (WHO 2015).

Zohra, F, Rahman, M & Alam, M ‘Prevalence of malnutrition in developing
countries’ (2015) 5(2) Journal of Global Health 78-92, available at https://
doi.org/10.1186/s12992-015-0116-x

https://doi.org/10.47348/1JAR/2025/a8



Note to contributors

The International Journal of African Reflections: Multi-, Inter- and Trans-
disciplinary Perspectives (IJAR) invites submission of manuscripts in
English for consideration. Since the IJAR is a multi-, inter- and trans-
disciplinary (MIT) journal with an international readership and a high
reputation, it is normal that only work complying with the requirements
and standard will be approved for publication. The IJAR will publish
works from developing/emerging researchers, from designated groups
(women, black and young academics), research assistants, postgraduate
students (master’s and doctoral candidates) who experience problems
in getting their articles published in established journals. It will also
publish the works of established academics, both domestic and foreign.

A manuscript will be considered for publication:

1. only on the assurance that it has not in whole or in part or in
substance been published or offered for publication elsewhere;
2. on the understanding that it may be submitted in confidence
to an expert referee or expert referees for evaluation;
3. on the understanding that the editors reserve the right to make
whatever changes they consider desirable:
(@) to bring the manuscript into the house style of the IJAR;
(b) to eliminate errors of typing, grammar, syntax, punc-
tuation, spelling, idiom and the like;
() to eliminate ambiguity, illogicality, tautology, circum-
locution and redundancy;
(d) to introduce or enhance accuracy and coherence;
(e) to improve the mode of expression and style of writing;
(f) to avoid possible criminal or civil liability.

The IJAR does not under any circumstances accept work that is broken
up into a series of fragmented pieces (part 1, part 2, etc). Each article
must stand on its own as a full analysis of the topic under consideration.

Although the IJAR recognises the principles referred to in
Annexure A below, the IJAR will not consider re-publishing a text
already published elsewhere. The reputation of the IJAR is predicated
upon its being the first to publish original material.

Authors are required to read their manuscripts very carefully to
avoid the need for the editors to exercise these rights extensively. In
particular, authors are asked to acquaint themselves with the house
style of the IJAR and to review either hard copies or PDFs of their work
to ensure that they are of publishable quality before submission.

179



180 International Journal of African Reflections: Multi-, Inter- and Transdisciplinary Perspectives

When edited articles are returned to authors for queries to be
answered or missing information to be supplied, this should be
responded to as quickly and as fully or accurately as possible.

Title, heading and subheading hierarchy

Title

The title should be in bold typeface and centred in the text width;
sentence case is preferred:

Cost of reskilling employees versus profitability of a
business: a reflection of selected small businesses in
Mthatha, Eastern Cape

Author details

Authors should preferably provide their name, affiliation, title, email
address and ORCID reference in an unnumbered footnote, as follows:

Dxxxxxxx GXXXXXXXXXX*

Abstract

Ensure that every main section of your article is covered by at least
one sentence in the abstract. To enhance search-engine optimisation
(SOE), include keywords in your abstract.

Keywords

A list of keywords must be provided and placed below the abstract;
it should be left aligned, with commas separating the keywords. The
keywords should be as specific as possible to your research topic.

Keywords: reskilling workforce, Fourth Industrial Revolution, 4IR, auto-
mation, profitability, small businesses

Hamad Bin Khalifa University. Email: dgiustini@hbku.edu.qa ORCID: https://
orcid.org/0000-0002-8967-193X



Note to Contributors 181
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Treaties, conventions and legislation
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Cross-referencing

Some hints:
See note 21.
Franck op cit (note 21) at 367.
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Single author, date and page number: (Aspers, 2019: 35-40)

Joint authors within a sentence followed by date: Bahri and Min (2023)

Joint authors in parentheses and date: (Bahri & Min, 2023: 71)

Series of authors and dates in parentheses: (Bahri & Min, 2013; Aspers,
2019) - follow chronological order by date of publication, references
separated by semicolons; date order for publications by the same
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2014, 2019).
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Your references must also be provided in a reference list at the end of
an article and be arranged in alphabetical order according to author
surnames (eg Asmal, Z, Carolus, BR) or the names of organisations or
institutions (eg World Economic Forum).

Do not separate your published references into different groups or
categories (eg books, journals, online sources); treat them instead as
one consolidated list.

Ensure that every source cited intext or in footnotes is included
in the reference list, and vice versa. Ensure that the details of each
reference are both complete and accurate, and are consistent with
those provided either intext or in footnotes.
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They should be in the same font and line spacing as the body text.

The second and subsequent lines of each reference should be
indented below the first line, by 7 mm.

If a reference ends in a URL, do not terminate it with a full stop.

The publisher name and the date of publication should be placed
between parentheses and follow the book title. The place of publication
should not be included. Do not insert a comma before the date: In
Digital transformation for business and society (Routledge 2023).
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Other key points

A would-be contributor is urged to comply with the following requests:

1. The body of the text should be in Times New Roman, 12 font,
one-and-a-half line spacing.

2. Avoid unnecessary use of punctuation marks in both the text

and footnotes. Thus: ‘Ibid’ not ‘Ibid.”; ‘Mr’ not ‘Mr.’; ‘Doc’ not
‘Doc.’; ‘No’ not ‘No.’; ‘Alan EF Jones’ not ‘Alan E.F. Jones’.
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3. Short quotations (up to 29 words) are to be included within the
text; long quotations (30+ words) are normally to begin on a
new line, to be indented 1,25 mm, 11 font, single spacing, not
between quotation marks.

4. In the case of quotations within the text, ‘single quotation
marks’ should be used; if there is a ‘quotation “within a
quotation”’, then double quotation marks should be used. In
the case of a long, indented quotation, quotation marks should
not be used (unless there is a quotation within the original
quotation, in which case single quotation marks should first be
used).

5. The footnotes of an article should be numbered consecutively
in Arabic numerals in superscript after any punctuation mark,
and without any surrounding bracket or full stop. Footnotes
should be 10 font, single spaced and indented 0.7 from the left
margin.

6. Every quotation and every reference is to be carefully checked
for accuracy; the editors will try to check once more, but are
not always able to do so, and accuracy is to be sought at all
times.

7. The author of an article accepted for publication is to supply
his or her university degrees, professional qualifications,
professional or academic status, and their email address.
This information should appear as the first footnote reference,
but not a numbered reference, rather, use an asterisk (*). If there
are multiple authors, use similar signs: (**), (1), (¥).

8. Words in a foreign language, including African languages,
should be in italics; especially if they are in italics in a quotation,
they must be left so and ‘[Emphasis original]’ must be added
after the quotation. If the author adds italics to a quotation,
then after the quotation ‘[Emphasis added]’ must be inserted.

All material to be considered for publication (including articles, recent
case notes, notes and comments, correspondence) should be sent
electronically to The Managing Editor(s) at:

ijar@wsu.ac.za

Subscriptions and advertisements are to be addressed to The Publishers,
Juta Law, 21 Dreyer Street, Sunclare Building, Claremont, 7708, Cape
Town, or per email to productmanagement@juta.co.za



