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Abstract

Micronutrient deficiencies are still common in developing countries. Biofortification of staple crops is one of the
food based strategies that has been introduced to alleviate this. The purpose of this review is to document
randomized feeding trials on efficacy of biofortified crops in alleviation of micronutrient deficiencies of Vitamin A, Zinc
and Iron among humans. NCBI abstracts, BioMed Central, Wiley Online Libraries and two other databases were
searched to identify effective studies. The search identified 45 studies and 17 met the inclusion criteria. Thirteen of
the seventeen studies showed that biofortification of commonly consumes staples improved the micronutrient status
of the study subjects. Two studies showed that biofortified foods had a significant bioavailability as compared to
conventional food crops. Evidence of biofortified crops combating micronutrient deficiencies is positive. Policies
should be made to support cross-sectorial implementation of biofortification in areas such as research, agriculture
and biotechnology, and so that the intervention can be scaled up to cover most of the micronutrient deficient
population.
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Introduction
The prevalence of micronutrient deficiencies (MND) or “hidden

hunger” is still high in developing countries particularly Sub-Saharan
Africa and South East Asia [1]. These deficiencies are caused by lack of
vital vitamins and minerals. The three critical micronutrients that have
been recognized to be lacking in the diets of this populations in
developing counties are Vitamin A, Zinc and Iron [2]. WHO [3]
documents that iron deficiency anaemia (IDA) is the most prevalent
micronutrient condition globally, where 50% of anaemia cases are
caused by iron deficiency. It is estimated that 65.5% of pre-school
children suffer from anaemia and 45.7% and 48.2% of women of
reproductive age suffer from IDA respectively, which is the highest
prevalence in the world [3]. Vitamin A deficiency (VAD) affects 190
million children under the age of 5 [4].

The implications of the deficiencies of these nutrients are far
reaching particularly on children and women of reproductive age
because of their increased nutrient requirements for growth and
pregnancy and lactation respectively [5]. Anaemic pregnant women
have higher risk of pre-term delivery, and therefore one of the major
contributors of maternal deaths in the developing world [6]. IDA in
children causes growth retardation, slowed learning and behavioural
development resulting in reduced psychomotor and cognitive abilities
[7]. VAD can lead to slowed growth, weakened immunity and
xeropthalmia leading to blindness in children [8]. Zinc deficiency is a
major cause of stunting among children and these children run a risk
of compromised cognitive development [9].

The use of food-based strategies to reduce the prevalence of hidden
hunger has been recognized [2]. Diet diversification is the ideal

solution to hidden hunger; however, poverty and rising food prices
make it harder to achieve this [2]. The main method that has been used
to reduce the prevalence of MND is provision of supplements such as
iron tablets and vitamin A pills and fortified foods. Even though these
methods have achieved great success, they are quite expensive and
require proper market infrastructure and effective health channels of
delivery, which are rarely found in many regions of the world and rural
areas where most poor people live. Biofortification is a novel and an
additional strategy introduced to help people meet their daily
micronutrients requirements [10].

Biofortification is a process of improving the nutritional content of
staple crops by breeding varieties that have a high content of the three
limiting micronutrients (Vitamin A, Iron, Zinc) or their precursors
than conventional ones [11]. This strategy provides a comparatively
cost-effective, long term and sustainable way of delivering more
nutrients. The approach not only seeks to reduce the prevalence of
micronutrient deficiencies but also provides a means of improving the
nutritional status of people. As compared to supplementation and
fortification, biofortification provides a feasible means of reaching
malnourished population who are mostly found in the rural areas and
who have a limited access to commercially marketed fortified foods
and supplements which mainly targets urban populations that
consume processed foods [10,12].

In order to make biofortification a success, one of the issues that
should be addressed is whether the extra nutrients bred into the food
staples will have be bioavailable and be absorbed at levels sufficient to
have an impact on the micronutrient status of human beings. This
review therefore sought to document evidence on the efficacy of
biofortified food crops to alleviate Iron, Vitamin A and zinc deficiency.
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Methods

Search strategy and selection criteria
English-language literature was systematically searched to identify

human studies examining the effect of biofortified crops on the
nutrient status of human under experimental conditions. The search
was conducted by the using the following bibliographic databases from
the year 2000 to the year 2016: NCBI abstracts, BioMed Central, Wiley
Online Libraries, Medline, Google Scholar and Harvest Plus repository.
Following a trail of cited papers, snowball technique was used where
one selected study led to relevant heading or topic. The search was
further supplemented by used of published papers where the study
design met the inclusion criteria. Only accessible studies were included
in this review [13].

The search terms used were: “Randomized controlled trials”,
“biofortification”, “beta carotene”, “high iron beans”, “vitamin A
improved cassava”, “efficacy trials”, “bioavailability”, “OSFP” “Plant
breeding” “zinc”.

Results
The search yielded 45 articles, after exclusion based on the above-

named criteria, 17 articles were eligible to be included in the review.
The studies are presented in Tables 1-3.

Study characteristics
The ages of the study subjects differed among studies ranging

between 22 months to 45 years old. The study subjects included young
children (22-35 months); school going children [14-16], and adults,
both male and females. The intervention periods, form in which the
food was fed, and the feeding intervals for each of the studies differed.
The sample sizes also differed. However, some articles, mostly the ones
that were only accessible in abstracts-only did not give the details on
the age, gender, sample size and the duration of the feeding trial. The
micronutrient status of the subjects at the baseline differed. Some were
deficient [14,17,18] while others were healthy [19].

Authors, Country Population description Methodology/ Intervention Main results and Conclusion

Haas et al. [13]

Philippines

Filipina religious sisters 69 high iron
(HI) 69 control (C), Non-anemic
(Hb> 12 g/dl at baseline)

Feeding trial for 9 months on high
iron-biofortified beans

Increase in serum ferritin,

Increase in total body iron

Cercamon di et al. [14]
Western Maharashtra,
India

Secondary school children-males
and females; HI 99 C 98; Low ferritin
(20 µg/l at baseline)

Feeding on pearl millet flat bread
twice a day (midday and evening)
for 4 months

A significant improvement in serum ferritin, total body iron in
iron deficient adolescent boys and girls.

The prevalence of IDA was reduced significantly in the HI
group; children who were iron deficient at baseline
significantly improved their iron status by 64%.

The trial resulted in reduction in IDA by the 6th month

Hallberg and Hulthen, [15]

Mexico

Mexican primary school children-
males and females HI 269 C 166

Low morbidity, low inflammatory
schools

Feeding trial on biofortified black
beans for 105 days

Acute phase protein and serum ferritin did not improve
significantly because of high levels of infections in this
population

Petri et al. [16]

Rwanda

Iron depleted university women HI
166 C 118

Low ferritin (<15 µg/l at baseline)

Biofortified black beans; feeding trial
for 4.5 months

Significant increase in haemoglobin and total body iron after
consumption of biofortified beans for 4.5 months

Haas et al. [17] Mexico Religious sisters 18-45 years; HI 92
C 100

High iron biofortified rice, 9 months
feeding trial

Modest increase in serum ferritin, total body iron

No significant increase in haemoglobin

Greater response in non-anemic subjects for ferritin and
body iron

Finkelstein et al. [18]
Serole Pathar, India

Male and female adolescents HI 122
C 124

Low ferritin (15 µg/l) haemoglobin
(12 g/dl) at baseline

Iron biofortified pearl millet snack as
Bhakri at midday and evening

The experimental group significantly improved their iron
status at the 4th month

Those children who were iron deficient at start and ate iron
rich pearl millet (Fe-PM) were 1.64 times likely to have
resolved IDA

The effects of Fe-PM on IDA were greater among children
who were deficient at the baseline

Haas [17] Mexican school
children

Male and female children, Biofortified against conventional
black beans for 110 days

Children in High iron beans group had a greater reduction in
transferrin receptor from baseline to end compared to the
control group

Kodkany et al. [20]
Karnataka, India

40 Children aged 22-35 months Three test meals providing 84 ± 17 g
dry pearl millet flour were fed for 2 d
for iron between 0900 and 1600 h.

The quantities of iron were
measured using stable isotope

Increase in the amount of iron absorbed in the diet of these
children

Quantities of iron absorbed from iron biofortified pearl millet
fed to children aged 2 years as the major food staple is
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extrinsic labeling techniques and
analyses of duplicate diets

more than adequate to meet the physiological requirements
of these nutrients

Ceremondi et al. [21]
Bengal

20 Binese Women (17-35 years)
marginal iron stores (Plasma ferritin
25 µg/l)

Consumption of biofortified millet

Iron absorption was measured as
erythrocyte incorporation of stable
ion isotope

Consumption of iron biofortified millet would double the
amount of iron absorbed.

Iron biofortified millet should be highly effective in combating
ID in millet consuming populations

Donangelo et al. [22]
United States of America

23 women of different races

At entry into the study, all women
had haemoglobin
concentrations>110 g/L and plasma
ferritin concentrations<25

µg/L

The subjects were randomly divided
into two groups; Group 1 (n=12)
received a meal of typical common
beans (CB), Group 2 received a test
meal of high iron/Zinc beans
(HFEZnB)

Iron status was determined using
extrinsic labeling

Total iron absorbed from the test meal was very low for both
bean varieties (0.03-0.04 mg).

Table 1: Results from Iron biofortification studies.

Methods of nutrient analyses
In the studies on iron biofortified crops the biochemical tests that

were done to test improvement in the iron status were: Inflammation
(measured by C-reactive protein and α-1-acid glycoprotein
concentrations) [14,15], total body iron [13-18,21,22], haemoglobin

concentration [16], serum ferritin concentration [13-17], acute phase
proteins [18] and serum transferrin receptor concentration [19]. The
baseline cut-offs for each of the parameter differed among the studies
(Table 2).

Authors, Country Population description Methodology/ intervention Main results and conclusion

Van Jaarsveld et al. [23] South
Africa

Children 5-10 years

Treatment group n=50;
Control n=90

Experimental group; Mashed OSP
(1032 retinol equivalent/day as β-
carotene)

Control group; Equal amount of white
fleshed Sweet Potato devoid of
βcarotene for 53 days

Greater improvement in VA livers stores in the treatment
group than the control group

Significant increase in the normal VA status in experimental
children.

Consumption of OSP improves the VA status and plays a
significant role in developing countries as a viable food-
based strategy for combating VA deficiency in children

La Frano et al. [24] America 10 healthy well-nourished
adult American women

Subjects consumed three different
types of porridges separated by 2
weeks of wash out. Each of the
treatment meals contained 100 g of
cassava

Treatment 1: Biofortified cassava (2 mg
β-carotene) porridge with added oil (15
ml peanut butter or rapeseed oil (20 g
total fat)

Treatment 2: Biofortified cassava
porridge without added oil (6 g total fat)

Treatment 3: Unfortified cassava
porridge with 0.3 g retinyl palmitate
reference dose and added oil (20 g
total fat)

The AUC for retinylpalmitate increased after the biofortified
cassava meals were fed

Biofortified cassava increased the β-carotene and retinyl
plamitate.

It was concluded that biofortified cassava is a viable
intervention for preventing VAD

Gannon et al. [25] Zambia 140 rural Zambian children Treatments; White maize with placebo
oil (VA-), orange maize with placebo
(Orange), White maize with Vitamin A
in oil (400 µg RE) and 214 µ daily (VA+)

Assessment of VA was done using
paired [13] C-retinol isotope dilution test
that was used to measure TBRs before
and after 90 days of intervention

In total, 133 children completed the trial and were analyzed
for TBRs (n=44 or 45/group).

Change in TBR residuals were not normally distributed (P ,
0.0001); median changes (95% CI) were as follows: VA2, 13
(219, 44) mmol; orange, 84 (21, 146) mmol; and VA+, 98 (24,
171) mmol.

Nonparametric analysis showed no statistical difference
between VA+ and orange; both were higher than VA2.
Median calculated liver reserves at baseline were 1.04
mmol/g liver, with 59%.1 mmol/g, the subtoxicity cut off; none
were 0.1 mmol/g, the deficiency cut off.

Serum retinol did not change in response to intervention
(P=0.16) but was reduced with elevated C-reactive protein
(P=0.0029) and a-1-acid glycoprotein (P=0.0023) at baseline.
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β-Carotene from maize was efficacious when consumed as a
staple food in this population and could avoid the potential for
hypervitaminosis A that was observed with the use of
preformed VA from supplementation and fortification

Li et al. [26] United States of
America

Six healthy women

objective was to quantify the
vitamin A equivalence of the
β-carotene in β-carotene-
biofortified maize based on
consumption of a single
serving of maize porridge

Each consumed three 250-g portions of
maize porridge as follows: 1) β-
carotene-biofortified maize porridge
containing 527 μg (0.98 μmol) total β-
carotene, 2) white maize porridge with
a β-carotene reference dose containing
595 μg (1.11 μmol) added β-carotene,
and 3) white maize porridge with a
vitamin A reference dose containing
286 μg retinol activity equivelent (1.00
μmol) added retinylpalmitate. Each
portion contained 8.0 g added
sunflower oil. The porridges were
consumed in random order separated
by ≥ 2 wk. Blood samples were
collected over 9 h. Retinylpalmitate was
analyzed in plasma triacylglycerol-rich
lipoprotein (TRL) fractions by HPLC
with coulometric array electrochemical
detection.

On average, 6.48 ± 3.51 μg (mean ± SD) of the β-carotene in
β-carotene-biofortified maize porridge and 2.34 ± 1.61 μg of
the β-carotene in the reference dose were each equivalent to
1 μg retinol.

β-Carotene in biofortified maize has good bioavailability as a
plant source of vitamin A.

Haskell et al. [27]

Bangladesh

Bangladeshi men (n=14/
group)

60 d of daily
supplementation with 750
microg retinol equivalents
(RE) of either cooked,
puréed sweet potatoes;
cooked, puréed Indian
spinach (Basella alba); or
synthetic sources of vitamin
A or beta-carotene on total-
body vitamin A stores in
Bangladeshi men.

Total-body vitamin A stores in=14/
group) were estimated by using the
deuterated-retinol-dilution technique
before and after 60 d of
supplementation with either 0 microg
RE/d (white vegetables) or 750 microg
RE/d as sweet potatoes, Indian
spinach, retinylpalmitate, or beta-
carotene (RE=1 microg retinol or 6
microg beta-carotene) in addition to a
low-vitamin A diet providing
approximately 200 microg RE/d. Mean
changes in vitamin A stores in the
vegetable and beta-carotene groups
were compared with the mean change
in the retinylpalmitate group to estimate
the relative equivalency of these
vitamin A sources.

Vitamin A equivalency factors (beta-carotene: retinol, wt:wt)
were estimated at approximately 13:1 for sweet potato,
approximately 10:1 for Indian spinach, and approximately 6:1
for synthetic beta-carotene

Daily consumption of cooked, puréed green leafy vegetables
or sweet potatoes has a positive effect on vitamin A stores in
populations at risk of vitamin A deficiency

Jamil et al. [28]

Bangladesh

Bangladeshi Women (n=30/
group) with low initial
vitamin A status

Daily consumption of orange-fleshed
sweet potatoes (OFSP), with or without
added fat, received one of the following
for 6 d/wk over 10 wk: 1) 0 μg retinol
activity equivalents (RAE)/d as boiled
white-fleshed sweet potatoes (WFSP)
and a corn oil capsule, 2) 600 μg
RAE/d as boiled OFSP and a corn oil
capsule, 3) fried OFSP and a corn oil
capsule, or 4) boiled WFSP and a
retinylpalmitate capsule in addition to
their home diets. Plasma
concentrations of retinol and β-
carotene and total body VA pool size
were assessed before and after the 60-
d intervention.

Daily consumption of OFSPdid not result in a net gain of total
body reserves of vitamin A over negative controls, but did
contribute to higher circulating serum β-carotene
concentrations

Despite an increase in plasma β-carotene concentration, the
impact of OFSP on VA status appears to be limited in
Bangladeshi women residing in a resource-poor community.

Gannon and Tanumihardjo
[29]

3- to 5-year old children 70 days feeding trial

Using the stable 13C-signature of
maize, the change in natural
abundance of 13C in serum retinol was
shifted eating orange maize

This shows that the β-carotene is bioavailable from the maize
and contributing to the vitamin A pool of these children

Tanumihardjo [30] 5- to 7-year old children 90 days of feeding orange maize

13C2-retinol isotope dilution test was
used to measure the total body pool of

Improvement in the vitamin A status of the children

It was concluded that the total body pool of vitamin A before
and after the intervention in the same community produced
promising results in combating VAD in children
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vitamin A before and after the
intervention

Table 2: Results from Vitamin A biofortification studies.

Studies on Vitamin A biofortification studies the parameters used
were: Vitamin A liver stores [23], retinyl palmitate [24,26], total body
reserves of VA [25,27,28,30], serum retinol [29]. The methods of
analyses used were: 13-C paired retinol isotope dilution test [25,29,30],
and HPLC [26].

Zinc biofortification studies used total daily zinc intake [31], dual
isotope technique [30], stable isotope extrinsic labelling technique
[30], and dual isotope tracer ratio technique [32].

Biofortified staple crops
The biofortified crops that were used in the studies were; Vitamin A

(Orange) maize [25,26,29], vitamin A (yellow) cassava [24], Vitamin A
(Orange) sweet potatoes [23,27,28], high iron beans [13,15,16,19,22],
iron pearl millet [14,18,21], Zinc wheat [32], High iron rice [17], high
zinc maize [31], High zinc millet [21] and high zinc beans [22].

Authors, Country Population description Methodology/ Intervention Main results and conclusion

Chomba et al. [31]
Zambia

60 rural Zambian children
with a mean age of 29
months

Subjects were randomly assigned to
receive 1 of 3 maize types (control,
biofortified, or fortified) all of which were
readily consumed (>100 g on 1 d).

Total daily zinc intake (from maize and
low-zinc relish) was determined from
duplicate diet collections.

Multiplication by fractional absorption of
zinc, measured by a dual isotope ratio
technique, determined the total daily
zinc absorption on the day the test
meals were given.

The mean total daily zinc intake (milligrams per day) from the
biofortified maize was higher than for the control maize.

Intake of zinc from the fortified maize did not differ from the
biofortified maize. Fractional absorption of zinc from control
maize did not differ from the biofortified maize.

Total daily absorption of zinc (milligrams per day) from the
biofortified maize was higher than for the control maize but did
not differ from the fortified maize

Results indicated that feeding biofortified maize can meet zinc
requirements and provide an effective dietary alternative to
regular maize for this vulnerable population

Kodkany et al. [21]
Karnataka, India

40 children aged 2 y in
Karnataka, India (n = 21 test;
19 controls)

Three test meals providing 84 ± 17 g dry
pearl millet flour were fed on a single
day for zinc between 0900 and 1600 h.

The quantities of zinc absorbed were
measured with established stable
isotope extrinsic labeling techniques and
analyses of duplicate diets.

There was an increase in the amount of zinc absorbed in the
diet of these children, the test group having the highest amount

Quantities of zinc absorbed from iron biofortified pearl millet fed
to children aged 2 years as the major food staple is more than
adequate to meet the physiological requirements of these
nutrients

Rosado et al. [32]

Mexico

27 adult women with habitual
diet high in phytates; Non
pregnant or lactating

18-42 years

The women consumed 300 g of 95 or
80% extracted wheat of tortillas for 2
consecutive days using either
biofortified (41 mg Zn/g) or control (24
mgZn/g) wheat.

Samples were labeled with Zn isotopes
and fractional absorption of Zn
determined by dual isotope tracer ratio
technique

Zn intakr from the biofortified wheat was 5.7 mg/day (72%)
higher at 75% extraction (p<0.001) and 2.7 mg/day (68%)
higher at 80% extraction compared with the corresponding
control wheat (p=0.007)

There were potential increases in Zn absorption achieved from
biofortification of wheat with zinc.

Donangelo et al. [23]
United States of America

23 women of ages 20-28 of
mixed races

The subjects were randomly divided into
two groups; Group 1 (n=12) received a
meal of typical common beans (CB),
Group 2 received a test meal of high
iron/Zinc beans (HFEZnB)

Feeding the high zinc bean containing almost twice the
concentration of the Common bean (CB) resulted in 40% more
total zinc absorbed by the women.

Table 3: Results from Zinc bio-fortification studies.

Effect of biofortified food crops on micronutrient status
Studies [13-15,17,18] revealed that the subjects’ ferritin and total

iron increased significantly after feeding intervention with high iron
biofortified crops. There was notable increase in the total body iron for
subjects who were deficient at the baseline. One study [15] showed that
there was no significant improvement in the hemoglobin levels due to
high levels of infection in the children. One study [16] showed
significant improvement in the hemoglobin levels, whereas study [17]
did not show any improvement in the hemoglobin levels. Studies

[20,21] showed that there was an increase in the amount of iron
absorbed from the diet of the subjects. Furthermore study [20] showed
that the amount of iron absorbed from the diet of the children aged 2
years is more than adequate to meet the physiological requirements of
these children for iron needs. Study [22] reported that the total iron
absorbed from the test meal of high iron/ high zinc beam varieties
(HFEZnB) was very low (0.03-0.04 mg).

In vitamin A biofortified crops, studies [23,30] showed a significant
improvement in the Vitamin A liver stores in the treatment groups as
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compared to the controls. Furthermore it showed a significant increase
in the normal vitamin A status. Study [24] reported an increase in the
retinyl palmitate. Study [25] reported that there was no significant
change in the serum retinol after consumption of yellow maize due to
elevated C-reactive proteins and 1-acid glycoproteins. The study
conclude that consumption of β-carotene rich maize was efficacious
when consumed as a staple crop as it could avoid the potential for
hypervitaminosis A as compared to other micronutrient intervention
strategies such as supplementation and fortification. Studies [26,29]
reported that the vitamin A from bio-fortified maize has good
bioavailability as a plant source of Vitamin A.

Studies [21,22,31,32] showed that intake of staple food biofortified
with zinc increases the amount of zinc absorbed in the diets of the
subjects, which could translate to improved zinc status in the zinc
deficient populations.

Studies were included in the review based on the following criteria:

Study design: Only randomized feeding trial studies were included.
All efficiency studies were excluded.

Data extraction
The abstract and the full text of each of the studies were reviewed. A

data extraction sheet was developed including the interpretation of the
methodologies and results. The extracted information included the
following: Characteristics of the subjects (sex, age, nationality),
methodology (study design, participants, setting, variables, methods of
measuring the micronutrient status, intervention time, intervention
fortified food staple).

Discussion
Most [13,14,16-21] of the studies on iron biofortified crops showed

significant improvement of the iron status of the study subjects based
on the parameters used to evaluate the nutritional. Studies [2,6]
showed that there was a significant improvement in the iron status of
the subjects who were deficient at the baseline. The percentage of iron
absorption from the diet generally increases with decrease in the iron
stores [6]. In as much as the concentration of the iron differed in the
staple crops that were used and that the feeding time periods were
different, there was significant improvement in the iron status level of
the subjects [33]. This shows that breeding of high iron staple crops
such as pearl millet and common beans can help alleviate the
prevalence of IDA which is commonly caused by inadequate intake of
iron rich foods, particularly in populations from developing countries.
According to Hunt [34] iron biofortification of selected crops has been
documented to be efficacious when feeding trials followed specific
guidelines to ensure a) adequate iron concentration difference exists
between high-iron and control foods used in the study, b) subjects
were iron deficient at baseline, c) sufficient consumption of the staple
food was documented, d) adequate time elapsed to see a response, and
e) appropriate biomarkers of iron status were used. Therefore, these
guidelines should be taken into consideration to ensure that validity
and consistency of the study results.

Study [21] showed that the total iron absorbed from the test meal
was very low (0.03-0.04 mg) for both bean varieties used in the feeding
trial. This could be attributed to low iron bioavailability in the test
meal, and this could be probably because of high pytate/zinc molar
ratios in both bean varieties. Reduction in the Phytate levels in the
beans might have increased the bioavailability of iron in the beans

[35]. Furthermore, the low bioavailability could be due to the fact that
the subjects were fed on a bean only diet and the absorption would be
higher if the subjects ate a complete diet [36]. This therefore
demonstrates a challenge in the efficacy trials of iron biofortified crops
as the study concluded that consumption of high-iron bean variety
may not improve the iron status when consumed alone. This shows
that other factors that can influence demonstration of efficacy include
low iron bioavailability in the staple food due to inhibitors of
absorption in the diet, other non-staple food sources of iron in the diet
[34]. Therefore, there is need to develop varieties with high iron and
low to moderate contents of phytic acid.

Study [15] did not show any significant improvement in the iron
status of the children because of high rates of infections and
inflammation. This presents a challenge in the demonstration of
efficacy of micronutrient interventions, biofortification included, and
therefore there is need to understand the role played by infection in
micronutrient status [37]. According to Ramsay [38] intestinal
parasitic infections such as heavy infection of helminthes are an
important determinant of iron status. Primarily these organisms cause
gastrointestinal bleeding resulting in the loss of blood, lowered
hemoglobin levels, and therefore resulting in anemia. Moreover, some
of these organisms cause poor absorption of micronutrients by
damaging the mucosal surface of gut. This study therefore proves that
the proposed target levels for iron content of biofortified foods may not
be adequate to have a significant effect on the iron status of the
infected persons and therefore this challenge should be addressed.
Most of the studies concluded that consumption of biofortified staple
crops improved the iron status of the subjects, and therefore
considering the global prevalence of IDA and the billions of people
who consume rice, iron-biofortified staples such as beans, pearl millet
and rice could make an impact, especially among groups who do not
consume significant amounts of animal-source foods (ASF).

Consumption of vitamin A biofortified crops significantly improved
the VA liver stores of the subjects [23] and increased β-carotene
circulating in the blood [24,28,30]. Studies [26,29] reported that
vitamin A from biofortified maize had a higher bioavailability as a
plant source of vitamin A, as evidenced by the increased VA pool of
the children. These studies concluded that biofortified staples used can
play significant role developing countries as a viable food-based
strategy for combating increasing VAD among vulnerable populations
such as young children. This is a promising strategy to combating VAD
among rural, poor communities who may not have access to VA
supplements and VA fortified foods. This will help to reduce the
prevalence of night blindness, and improve the immunity of the
children translating to reduced morbidity and mortality. Furthermore,
evidence from study [25] shows that consumption of VA biofortified
staples is one of the effective ways to reduce the potential of
hypervitaminosis A which commonly results from the use of
supplements and fortified foods. This is a proof that Vitamin A
biofortified staples are effective in the delivery of the nutrients as
chances of toxicity are avoided. This is significant to developing
countries where the prevalence of VAD is high as consumption of VA
rich fruits and vegetables is low, and their diet is lacking in diversity.

Consumption of Zinc biofortified foods resulted in the amount of
zinc absorbed in the diets of the subjects [31-33]. Study [31] showed
that zinc absorbed from fortified food did not differ significantly from
that observed from zinc biofortified crops. This shows that
biofortification can be a cheaper alternative for delivering zinc to the
most vulnerable population such as children under the age of 5 years.
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The amount of zinc absorbed from biofortified pearl millet as the
major food staple was more than adequate to meet the physiological
requirements of the study subjects (children aged 2 years). The
experimental bioconversion factors are encouraging. This shows that
selective breeding of high zinc crops may improve the zinc status of the
populations which usually consume these foods. This could be a
sustainable step in combating the high prevalence of zinc deficiency in
developing countries, which results in stunted growth in children,
lowered immunity and increased susceptibility to infections.

Conclusion
This review concludes that efficacy trials of biofortified crops have

shown a significant improvement in the micronutrient status of the
subjects. Therefore, it can be recommended that the biofortification
efforts be scaled up in developing countries; however, there is need to
document much evidence to support the effectives of this nutrition
intervention method. Policies should be put in place to support
collaboration and cross-sectorial implementation of biofortification in
areas such research, agriculture and biotechnology, and so that the
intervention can be scaled up to cover most of the micronutrient
deficient population.
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