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Abstract

Globally, more than 2 billion people suffer from iron (Fe), zinc (Zn), calcium (Ca),
and other micronutrient deficiencies. In Sub-Saharan Africa, these micronutrient defi-
ciencies are responsible for 1.5-12% of the total Disability Adjusted Life Years (DALYs).
Ironically, these deficiencies often lead to invisible health conditions thus not often
recognized in most low- and middle-income countries in terms of nutrition interven-
tions to curb this anomaly. Therefore, there are alarming levels of iron deficiency in
some Sub-Saharan countries like Ghana, which affects more than half of the female
population. In the Northern part of Ghana, where the level of micronutrient malnutri-
tion is high, some common staples including maize, millet, rice, and beans contain
very low amounts of micronutrient. Biofortification is a novel nutrition-specific inter-
vention that has proven to be an effective way to supply these micronutrients through
the staples available whiles reducing the cases of micronutrient deficiency. This review
aims to assess the potential role of biofortification in the prevention of micronutrient
malnutrition in Northern Ghana. A thorough search of available data on the topic was
conducted using Google Scholar, PUBMED, and ScienceDirect. Articles were accepted
for review after thorough screening. Biofortification was found to have an effective
potential in preventing micronutrient malnutrition in Northern Ghana. In conclusion,
the incorporation of the three main types of biofortification in the Northern region of
Ghana can enhance the production of food crops with adequate nutritional content
that can improve the health status of the people in the region.

Keywords: micronutrient malnutrition, biofortification, Northern Ghana,
nutrient-sensitive, nutrient-specific
1. Introduction

Malnutrition remains a big challenge in most developing countries most especially,
in Sub-Saharan Africa (SSA) with children most affected. Fifty percent of all childhood
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deaths worldwide occur because of this challenge [1]. Globally, more than 2 billion
people, representing one-third of the world population, are deficient in one or more
mineral elements [2, 3]. The problem is very serious in low and middle-income coun-
tries, especially in Africa where the approximated risk for micronutrient deficiency is
high for Ca (54% of the continental population), Zn (40%), Se (28%), I (19%) and Fe
(5%) [4]. Lack of micronutrients in one’s diet can lead to dire but often-invisible health
problems, especially among women and young children [5]: this is often referred to as
micronutrient malnutrition or ‘hidden hunger. Hidden hunger hinders children and
adolescents’ mental and physical development and can lead to lower intelligent quotient
(IQ), stunting, and blindness; women and children are the most affected [6]. In coun-
tries like DR Congo, Ghana, Mali, Senegal, and Togo, there are alarming numbers of iron
deficiency anemia (IDA), which affects more than half of the female population [5].

In the past few years, Ghana has made significant progress in fighting malnutri-
tion. Among few other Sub-Saharan African countries, they achieved their millen-
nium development goals (MDGs) targets on stunting, wasting, and underweight
in 2015 [7]. Nevertheless, they are yet to achieve their main target of bridging the
nutritional and socioeconomic gaps between the Northern and Southern parts of
Ghana, where the rate of malnutrition continues to be a challenge [8].

In Ghana's Northern, Upper East, and Upper West regions, malnutrition remains
a major challenge. Based on statistics, children between the ages of 0-59 months in
the three regions, found 18.4% of them being underweight, 11% having wasting, and
36.1% being stunted, as of 2012 [8, 9]. Meanwhile, nationally, based on statistics, 11%
are underweight, 19% stunting, 5% wasting respectively [10]. Furthermore, the 2016
UN Global Nutrition report indicated that over $2.6 billion is lost annually in Ghana
due to poor nutrition in children.

Vitamin A deficiency affects about 20% of children in Ghana with a higher preva-
lence in Ghana’s Northern belt (31%) and lowers among children living in wealthier
households (9%) [10].

Furthermore, according to the 2017 Ghana Micronutrient Survey, anemia was
markedly high in the Northern belt (53.2%) compared to the middle (28.2%) and
southern (32.3%) belts. A similar disparity was seen with iron deficiency and IDA as
the prevalence in the Northern belt was significantly higher than in the other belts of
Ghana [10]. According to [10], IDA was approximately 30% in the northern belt and
below 8% in the middle and southern belts. Another data from [10] recorded that,
35% of anemic children had a severe iron deficiency, which is quite above the 28%
estimate in a meta-analysis for Sub-Saharan African countries. This implies that Iron
deficiency continually increases the rate of anemia among children in Ghana.

In a cross-sectional study that was conducted by [11, 12], 500 healthy blood
donors were carefully chosen from three topographically varied regions in Ghana.
They ranged in age from 17 to 55 years. They were 27.97 and 8.87 years old on average.
The overall vitamin D deficiency rate was 43.6%. However, 41.2% , 45.3%, and 45.7%
were discovered to be vitamin D deficient in the Northern, Middle, and Southern
Sectors, respectively.

For the past years, several traditional interventions of reducing micronutrient
malnutrition in Ghana, and most especially, in the Northern part of Ghana have been
performed. They are iron-folic acid supplementation, vitamin A supplementation,
fortification of flour and oil, complementary feeding, and exclusive breastfeeding [1].
The majority of these methods have principally reduced the morbidity and mortal-
ity of micronutrient malnutrition worldwide [13]. Nonetheless, these intervention
strategies require more infrastructure, purchasing power, or access to markets and
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healthcare systems for their triumph [13]. It is often not available to people living in
remote rural areas because of inconsistency in funding. Beyond doubt, money spent
on these interventions is money well spent, both intervention strategies depend on
uninterrupted funding. However, in some instances, funding can change, making it
difficult to control micronutrient malnutrition. In the Northern part of Ghana, most
diets are often low in diversity and dominated by staple crops such as maize, rice,
cassava, sorghum, millet, and sweet potato. Such diets have an insufficient amount of
micronutrients (minerals and vitamins) and hence leading to the increase in micro-
nutrient deficiencies when consumed [14].

Micronutrient malnutrition, also known as ‘hidden hunger, can be assuaged by
direct (nutrition-specific) and indirect (nutrition-sensitive) intermediacies [15].
Nutrition-specific interventions center on consumption behavior and include dietary
diversification, micronutrient supplementation, modification of food choices,
and fortification. These interventions are effective, but not too sustainable in most
rural communities in Ghana because of low funding. In Northern Ghana, such
interventions have not reached a higher percentage of most malnourished people in
rural communities. Indirect interventions address the underlying determinants of
malnutrition, which include biofortification. Biofortification is a novel intervention
in preventing micronutrient malnutrition. It involves the process of escalating the
content and/or bioavailability of important nutrients in crops during plant matura-
tion through genetic and agronomic pathways [16]. Genetic biofortification entails
either genetic engineering or classical breeding whereas agronomic biofortification
involves the proper application of micronutrient-rich fertilizer to the soil or unto the
leaves through foliar means [17]. Biofortification targets starchy staple crops with low
micronutrient content, such as rice, wheat, maize, sorghum, millet, sweet potato, and
legumes. The reason for this is that they dominate diets around the world—particu-
larly among the rural poor in developing and underdeveloped countries—and provide
an affordable way to reach malnourished populations [17].

Biofortification has the potential of improving the nutritional content of the
staple foods (maize, millet, rice, legumes) poor people in Northern Ghana consume,
providing a comparatively inexpensive, cost-effective, sustainable, extended means
of giving more micronutrients to the rural poor, especially in northern Ghana. This
approach not only will lower the number of severely malnourished people who
require treatment by complementary interventions, but also will help them maintain
improved nutritional levels [16]. Biofortified crops are vital since they may serve
as a nutritional buffer during economic shocks because the poor normally reduce
their intake of higher-value food commodities when economic challenges occur
[18]. Hence, the poor in Northern Ghana, who suffer from economic drought, are

Micronutrient Rate of deficiency (%)
Ca 54
Zn 40
Se 28
I 19
Fe 5
Table 1.

Table indicating the rate of deficiency of essential micronutrients like Ca, Zn, Se, I, and Fe in Africa [4].
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Northern belt Southern belt Middle belt
Rate of anaemia (%) 53.2 28.2 32.3
IDA (%) 30 <8 <8

Table 2.
Table indicating the vate of anemia and IDA in the Northern, Middle, and Southern belts of Ghana [10].

Stunting (%) Overweight (%) Wasting (%)
Upper east 36.1 18.4 11
Upper west 36.1 184 1
Northern 36.1 184 11

Table 3.
Table representing the vate of malnutrition among 0—59 months old children in the three Northern Regions of
Ghana using stunting, overweight, and wasting as indicators [8, 9].

protected against severe micronutrient malnutrition. Biofortification moreover, gives
a practical means of extending to malnourished rural populations in Northern Ghana,
who may have limited access to commercially merchandised fortified foods and
supplements. Most rural populations in Northern Ghana cannot afford to consume
fortified foods and supplements, hence the need for the cultivation of biofortified
crops. Compared to other micronutrient malnutrition interventions like food fortifi-
cation, iron supplementation, among others, biofortification is highly cost-effective
and very sustainable [19]. Nutritional targets for biofortification include elevated
mineral content, improved vitamin content, increased essential amino acid levels,
improved fatty acid composition, and increased antioxidant levels in crops [20].

Therefore, the primary goal of this systematic review is to discuss the three basic
forms of biofortification, their significance, and how each type is capable of contrib-
uting to the prevention of micronutrient deficiency in the northern part of Ghana.
This study will also suggest possible measures that need to be put in place to ensure
the effective application of biofortification towards preventing micronutrient malnu-
trition in northern Ghana (Tables 1-3).

2. Types of biofortification
2.1 Biofortification through transgenic means

This strategy typically relies on simple access to a large genetic pool for the move-
ment and expression of desired genes across two plant types that are not related to
each other in terms of evolutionary or taxonomic standing [21]. When some micro-
nutrients are lacking in crops, transgenic approaches is an effective way of fortifying
the crop with those nutrients [22]. Transgenic approaches include genes that increase
micronutrient concentration and bioavailability while decreasing anti-nutrient
concentration, which reduces plant nutrient bioavailability.

Developing biofortified crops through the transgenic method requires a signifi-
cant amount of time, effort, and investment during the research and development
stage, but it is a cost-effective and sustainable approach in the long run, unlike
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nutrition-based organizational and agronomic biofortification programs [22-24].
Transgenic developed crops with enhanced micronutrient contents are capable of
reducing micronutrient malnutrition among their consumers, most specifically, poor
people in developing countries. In Northern Ghana, this method of biofortification
has the potential to reduce micronutrient malnutrition.

Ever since the introduction of genetically modified (GM) crops in Ghana in 2013,
there have been several debates regarding the health implications of these crops.
Some advocacy groups in Ghana kicked against its introduction and they argue that
GM food is not conducive to good health. Proponents also argue that GM crops,
engineered to resist common pests, increase yield, and hence lead to rising incomes
for farmers and the country in general.

In Northern Ghana, there is little knowledge about the advantages of GM seeds.
Because of the counter debates on GM crops, most rural farmers have the perception
that it is unhealthy for consumption. Some groups, such as The National Seed Trade
Association of Ghana (NASTAG), are outspoken supporters of the use of GM seeds in
Ghana. They hope it will boost agricultural development and help offset the conse-
quences of climate change [25]. According to them, the incorporation of GM seeds in
West Africa will help reduce the number of pesticides and time it takes for farmers to
spray, which is proven scientifically to be true [26].

There is a need for more education and advocacy in Northern Ghana on the benefits
of GM crops. Farmers should be given education about GM crops and their advantages.
A couple of advances has been made in transgenic biofortification. The development
of transgenic rice, maize, wheat, potatoes, beans among others have helped reduce the
rate of micronutrient malnutrition in many underdeveloped communities. In northern
Ghana, since most of their staple crops are maize, millet, beans, and potatoes, the use
of transgenic maize, beans, millet, and potatoes rich in iron, vitamin a, zinc and other
essential micronutrients will help in the fight against micronutrient malnutrition.

2.1.1 Transgenic maize

Maize is one of the most important staple crops grown in Northern Ghana. Just
like other staple crops, maize contains very little amount of vitamin. However,
provitamin A (carotenoid) is present in its endosperm due to the production of
bacterial crtB [27] and several carotenogenic genes [28, 29]. Vitamin E and its syn-
thetic analogs are powerful antioxidants with good effects on human health, and
several research organizations are focusing biofortification of these constituents in
maize. The iron content of maize has been increased by expressing soybean ferritin
and Aspergillus phytase [29], soybean ferritin [30], Aspergillus Niger phyA2 [31],
as well as inhibiting the expression of the ATP-binding cassette transporter and the
multidrug resistance-associated protein [32]. A notable example is the BVLA4 30101
cultivar, which was released by Origin Agritech China and is biofortified transgeni-
cally for phytate decomposition. Maize's amino acid balance has been improved by the
presence of milk protein-lactalbumin [33].

2.1.2 Transgenic common beans

One of the most important grain legumes used for human consumption is the com-
mon bean. In northern Ghana, it is one of the common crops grown by farmers. Most
people consume it in its whole form. The expression of methionine-rich storage albumin
from Brazil nut has helped to increase the methionine content of common bean [34].
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2.1.3 Transgenic sweet potato

The nutritional properties of sweet potato have further been enhanced transgeni-
cally by increasing the contents of carotene, lutein, and total carotenoids by overex-
pressing the orange IbOr-Ins gene in white-fleshed sweet potato [35].

2.2 Biofortification through agronomic means

This method involves the physical application of nutrients to temporarily
improve the nutritional and health status of crops and consuming such crops
improves the human nutritional status [36]. This method is very common among
farmers in Ghana. For instance, in the Northern part of Ghana, most peasant farm-
ers buy fertilizers that contain macronutrients like nitrogen (N), phosphorus (P),
and potassium (K) and apply them to staple crops like maize, to improve the crop
yield and its nutritional composition. Macrominerals like nitrogen, phosphorus,
and potassium (NPK) contribute a lot to the attainment of higher crop yields [37].
Through the application of NPK-containing fertilizers, agricultural productiv-
ity increased in many countries around the world in the late 1960s, resulting in
Green Revolution, and saving them from starvation [38]. These fertilizers are vital
in improving crop yield and are capable of saving the human population from
starvation.

Agronomic biofortification is simple and inexpensive but needs special attention
in terms of source of nutrients, application method, and effects on the environment
[21]. It must therefore be applied frequently in every season to ensure maximum yield
of the crops.

Some soil that promotes the development of microorganisms is utilized to raise
the nutritional quality of plants by improving nutrient mobility from soil to edible
sections. Some soil microbes, including Bacillus, Pseudomonas, Rhizobium, and
Azotobacter species, are utilized to boost the phytoavailability of mineral elements
[39, 40]. Some examples of crops that have been targeted through agronomical
biofortification to improve the human nutritional status include the following:

2.2.1 Rice

Rice staples usually contain a low amount of micronutrients like iron and zinc.
One way that can help incorporate such micronutrients into rice staples is through
rice agronomic biofortification. Biofortification of rice plants by foliar spray of iron
was an effective way to promote iron concentration in rice grains [41-43]. Similarly,
the fortification of germinating rice plantlets with ferrous sulfate increases the iron
concentration in germinated brown rice up to 15.6 times more than the original [42].
The foliar application of zinc is a successful agronomic approach that increases the
concentration and bioavailability of zinc in rice grains [43-49]. The effective use of
these agronomic rice biofortification techniques in northern Ghana has the potential
to reduce micronutrient deficiency, particularly in rural areas.

2.2.2 Maige

The role of zinc in obtaining nutrient-enriched and high-yield grains like maize
cannot be overemphasized. To achieve this, various zinc fertilizer treatments and
foliar applications have been carried out in the maize crop [50-53]. These methods
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have proven to be an effective way of increasing the nutritional content of staple
maize crops. The use of maize crops with increased zinc content will help reduce zinc
deficiency in northern Ghana.

2.2.3 Common bean

Beans are a good vehicle for zinc biofortification and have been enriched with zinc
by the application of foliar zinc fertilizer [49, 54]. This method is an effective way of
enriching common beans with zinc, however, because of the cost; most farmers in
northern Ghana are not able to afford it.

There is therefore the need for government to leverage the above innovations to
support rural farmers in Northern Ghana and beyond. Controlled application of
agronomic biofortification in Northern Ghana will increase the nutrient density and
crop yield of common staple crops like maize, millet, beans, sorghum, and rice.

2.2.4 Sweet potato

An increase in beta-carotene in orange-fleshed sweet potato has been observed
with irrigation and chemical fertilizer treatments [55]. This is also a very effective
method of reducing micronutrient malnutrition in northern Ghana. Several studies
have been conducted in Ghana about orange-fleshed sweet potato and its effective-
ness in reducing vitamin A deficiency. Therefore, building on available evidence to
advocate the consumption of orange-fleshed sweet potato in northern Ghana will help
fight chronic vitamin A deficiency.

2.3 Biofortification through breeding

Compared to transgenic and agronomic strategies, biofortification through breed-
ing is more cost-effective and sustainable [21]. In conventional plant breeding, parent
lines with high nutrients are crossed with recipient lines with desirable agronomic
traits over several generations to produce plants with desired nutrient and agronomic
traits [21]. Several organizations are working hard to reduce micronutrient malnutri-
tion using biofortification through breeding. For example, HarvestPlus is investing
heavily to boost three key nutrients-vitamin A, iron, and zinc and is targeting the
staple crops, wheat, rice, maize, cassava, pearl millet, beans, and sweet potato in Asia
and Africa. They are carrying out several projects to produce staple food crops with
improved levels of bioavailable essential minerals and vitamins that will have a mea-
surable impact on improving the micronutrient level of target populations, primarily
resource-poor people in the developing world, just like in northern Ghana. Because
of better acceptability, several staple crops have been targeted for biofortification
through crop breeding. They include the following:

2.3.1 Rice breeding

Milled rice has a poor source of minerals and essential micronutrients. Different
old rice varieties with a high amount of iron and zinc content in grain have been
screened and the higher mineral trait has been combined with improved agro-
nomic traits by breeding methods [21]. In Asia, countries like India, Indonesia, and
Bangladesh cultivate zinc rice varieties. Among the Caribbean, Nicaragua, El Salvador
and Colombia also cultivate Rice variety. The government of Ghana must therefore
invest in rice breeding to help in the fight against micronutrient malnutrition.
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2.3.2 Millet breeding

The cheapest source of iron and zinc is pearl millet [56] and large variation has
been seen in its germplasm for these micronutrients [57]. Iron pearl millet is currently
being tested in Ghana. The development of this variety has the potential of reducing
Iron deficiency in Northern Ghana.

2.3.3 Maize breeding

Maize is a cash crop grown for animal feed, industrial purposes (source of sugar, oil,
starch, and ethanol), and use for human consumption [21]. Maize is genetically diverse,
and for that matter, it has been a basis for the breeding programs that have helped
generate highly nutritious maize crops. The majority of farmers in northern Ghana grow
maize. Proper education on maize breeding to these farmers will help in the fight against

Iron pearl Vitamin A Vitamin A Vitamin A orange sweet potato
millet cassava maize
Ghana Under testing Released Released Released

Table 4.
Table indicating a variety of Biofortified cvops veleased or under testing in Ghana, developed through breeding [58].

Figure 1.
Biofortified rice. Source: Passion in Food and Field (Wordpress.com).

Figure 2.
Vitamin A Biofortified maige. Source: Crop Trust.
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‘hidden hunger’ in northern Ghana. Furthermore, the Government must invest in maize
breeding in northern Ghana to help prevent micronutrient deficiency (Table 4).

Examples of biofortified crops that are commonly consumed in Northern Ghana
(Figures1and 2).

3. Methodology
3.1 Search strategy

A thorough search of available data on the topic was conducted using GOOGLE
SCHOLAR. Other articles were obtained from PUBMED and ScienceDirect. The year
limit was from 2007 to 2021. This was done to identify the latest publications on the topic.
However, two articles published in 1999 and one paper from 2003 were included because
of their level of relevance to the topic. A manual search was also conducted in the refer-
ence list of relevant literature related to the main research topic. The search terms used
include, “Biofortification” and “Malnutrition”, “Micronutrient Deficiency” and “Ghana’;
“Biofortification” and “Africa”, “Micronutrient Malnutrition” and “Northern Ghana”),

<

“Biofortification” and “Types”, “Northern Ghana” and “Malnutrition”
3.2 Inclusion and exclusion criteria

Papers were excluded if they did not fall within the year range, 2007-2021 except
for two important articles published in 1999 and one paper from 2003. Only papers
published in the English language were considered for review. Much priority was
given to articles published in developing and underdeveloped countries since such
countries record higher cases of malnutrition globally, of which Ghana is an example.
In addition, the study focused on common staple foods available in Northern Ghana,
which can easily be biofortified with essential micronutrients. Staples were excluded
if they are not commonly cultivated in Northern Ghana. All study designs qualified
for inclusion and there was no discrimination on gender.

4, Results
4.1 Search results

Hundred papers were obtained from the electronic search. A Thorough search
for duplicates was conducted to ensure papers were not represented twice. Forty-one
duplicates were removed, leaving 59 papers. Twenty-four papers were removed after
screening all titles and abstracts. After a thorough screening, 35 papers for accepted
for review. Some of the articles were thesis publications, others were review papers
and the remaining were research papers.

4.2 Data extraction
* Publication details (author, date of publication),

* Country

* Population
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* Language
® Results
4.3 Main findings

It was discovered from the reviewed articles that, the rate of micronutrient mal-
nutrition is quite high, most especially in developing and underdeveloped countries.
Major micronutrients like iron, zinc, iodine, and vitamin A are deficient in most diets
worldwide. Biofortification was found to be an innovative technology that is capable
of fighting micronutrient malnutrition in most developing and underdeveloped
countries. All the studies recorded that, there are three major types of biofortification,
which include, transgenic, breeding, and agronomic biofortification. About five stud-
ies from the review recorded that, micronutrient malnutrition was highest in Northern
Ghana (Northern, Upper East, and Upper West regions), compared to other regions
in Ghana. One study compared the three types of biofortification and discovered that
biofortification through breeding is more cost-effective and sustainable compared
to agronomic and transgenic biofortification. Other studies recorded that, several
misconceptions exist about the consumption of crops developed through the trans-
genic method. They have a bad perception of its health implications. Finally, from the
review, it was discovered that, few crop research centers exist to study all three types
and how they can help prevent micronutrient malnutrition in Northern Ghana.

5. Conclusion and recommendations

All three major types of biofortification have a great potential in contributing to the
fight against malnutrition in Northern Ghana as they are applicable in improving the
nutritional quality of millet, rice, maize, sweet potato, and common beans which are
staples common in the region. To achieve this, there is a need for more crop research
centers to be set up in this region to develop more improved varieties that can help
improve the nutritional status of the indigenous people in the region. Again, more edu-
cation on the benefits of biofortified crops should be done in the region to encourage
a shift towards the production and consumption of these nutrient-rich varieties. More
research on the health benefits of transgenic biofortified crops is needed to ensure
effective application of the method towards fighting micronutrient malnutrition in
Northern Ghana. Current data on micronutrient malnutrition in Northern Ghana is
needed to ensure the effective implementation of governmental policies.
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