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ABSTRACT

Vitamin A deficiency (VAD) is the world’s commonest cause of childhood blindness. More than half of these cases
occur in developing countries. Animal sourced foods though good sources of vitamin A are too expensive for poor rural
people. Crops biofortified with provitamin A offer a convenient and accessible source of vitamin A. The other micro-
nutrient programs of fortification and supplementation require more expensive inputs. Biofortification programs have
developed crops that are rich in provitamin A. These crops include: maize, golden rice, cassava and orange fleshed
sweetpotato (OFSP). With exception of golden rice, the rest of the biofortified crops have received considerable accep-
tance among the communities. Both animal and human studies have shown that provitamin A from biofortified crops is
highly bioavailable and have capacity to improve vitamin A status. After several years of research and promotion, it is
time to fully commercialize provitamin A crops by encouraging farmers to start their large scale production and con-

sumption.
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1. Introduction

Vitamin A deficiency (VAD) is the world’s commonest
cause of childhood blindness. It is estimated that 228
million children are affected sub-clinically and 500,000
children become partially or totally blind every year as a
result of VAD [1]. More than half of the cases occur in
developing countries and this is attributed to the con-
sumption of vitamin A deficient diets [2]. Animal sourced
foods though good sources of vitamin A are too expen-
sive for poor communities to afford [3]. This leaves
foods of plant origin as an important source of provita-
min A in developing countries.

To combat the prevalence of VAD, scientists have de-
vised various strategies including fortification, supple-
mentation and biofortification [1,4]. Biofortification is
the development of micronutrient-dense staple crops us-
ing the best traditional breeding practices and modern
biotechnology [5]. Biofortification has in particular been
encouraged because it has proved to be highly effective
in enhancing the provitamin A potential of crops [6,7]. It
is considered a new public health approach to control
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vitamin A, iron, and zinc deficiencies in poor countries.
This can be done either through conventional selective
breeding, or through genetic engineering. Biofortification
differs from ordinary fortification because it focuses on
making plant foods more nutritious as the plants are
growing, rather than having nutrients added to the foods
when they are being processed.

Various staple crops grown in developing have been
targeted for biofortification [7]. These include sweetpo-
tatoes, cassava, beans and rice. In all cases traditional
methods of breeding have been used except for rice
where golden rice was produced using genetic engineer-
ing [8]. Despite the benefits of biofortification, there
have been challenges in acceptability of biofortified crops
and the bioavailability and bioefficacy of the provitamin
A has been a question of intense research. This paper
intends to evaluate the extent of acceptability, bioavail-
ability and bioefficacy of provitamin A and whether it is
time to move on.

2. Acceptability of Provitamin A Crops

During biofortification, there are changes that are intro-
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duced into the staple crops. Apart from enhanced nutrient
content, there are usually changes in the colour and taste
of the food crops. These changes play a part in whether
the biofortified crops are accepted by the intended con-
sumers or not. The acceptability of biofortified crops is
affected by several factors discussed below.

2.1. The Method of Breeding

The method of breeding has been one of the issues ad-
vanced for communities to reject certain provitamin A
crops. Biofortification can be achieved through conven-
tional selective breeding or through genetic engineering
However, genetic engineering as a technique for biofor-
tifcation has been maligned and as such some people
think that eating crops that are a result of genetic engi-
neering “is like eating a gene”. This may explain why
golden rice that was developed through genetic engi-
neering has not been fully accepted as a provitamin A
crop.

Generally genetic engineered crops have tended to be
a “political hot button” and the debate goes on and on.
On the other hand, crops that are a result of conventional
breeding have found favor within communities on this
account. Crops such as orange fleshed sweetpotatoes and
biofortified cassava are highly appreciated. This may be
partly explained by the involvement of farmers in the
breeding process by the local research institutes. In
Uganda, there was a heavy involvement of farmers and
other stakeholders in the breeding process of orange
fleshed sweetpotatoes and consequently, the crop was
readily accepted [9]. Likewise, in Nigeria the adoption of
biofortified cassava is finding soft ground because the
technology used was conventional breeding and stake-
holders, especially the farmers were involved in its de-
velopment.

2.2. Visibility of the Nutrients

The biofortification process changes the colour of the
provitamin A crops. Biofortified crops where nutrients
are visible as it is the case in provitamin A crops, the
colour of the crops becomes a significant consideration.
For example, in most countries of Sub-Sahara countries,
communities were used to white fleshed sweetpotatoes.
The introduction of provitamin A rich orange fleshed
sweetpotatoes was initially resisted on the account of the
strange orange colour. However, the orange colour was
very attractive to children who were the primary target
[10]. The colour challenge was compounded by the low
dry matter that was associated with orange fleshed sweet-
potatoes. Most people in developing countries prefer
sweetpotatoes with high dry matter content [11]. In
Uganda and elsewhere in Africa, breeders have come up
with orange fleshed sweetpotatoes with high dry matter
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while keeping the targeted amount of provitamin A caro-
tenoids. The colour challenge has also been faced in
marketing yellow maize. Biofortification of maize with
provitamin A carotenoids changes the grain colour from
white to yellow-orange, as well as the aroma and flavor
of the maize [12]. Organoleptic studies of yellow maize
conducted in eastern and southern Africa have shown
that there is a cultural preference for white maize to yel-
low maize, which seems to be due to the unacceptable
sensory properties of the yellow maize [13-15]. Fortu-
nately, recent studies have indicated that yellow, provi-
tamin A-biofortified maize has the potential to succeed
as a new strategy of dealing with the serious problem of
vitamin A deficiency, especially among children of pre-
school age [12]. However, in older groups, intensive nu-
trition education programmes on the nutritional benefits
of the maize as well as targeting the market price at
which yellow maize is sold will be necessary if yellow
maize is to be accepted in these age groups.

2.3. Nutrition Education

Nutrition education has also been cited as an important
factor that affects acceptability of biofortified crops [6].
Nutrition education is an important tool in conveying the
nutritional and health benefits of biofortified crops. In
Uganda, acceptability of orange fleshed sweetpotatoes
was achieved partly as a result of adoption that was
driven through demand creation by delivering nutrition
messages that explained how these orange-fleshed sweet-
potato varieties were a good source of vitamin A. Once
the mothers had been educated on the importance of vi-
tamin A, they easily adopted the biofortified crop [9]. It
is important for communities to be educated and con-
vinced that the change in colour of the crop consumed
may result in improved nutrition and health [6]. It is also
strategic to identify the appropriate target for these bio-
fortified crops. Usually the women and children are good
targets since these products can also be marketed as im-
proved weaning foods.

2.4. Economic Potential

The success of biofortified provitamin A crops will also
depend on their economic potential. Farmers will adopt
the new varieties as long as there is an assurance that
economically they will benefit. In developing countries,
the staple crops apart from being sources of food, they
also sources of income. A crop that has limited yield
does not get allocated substantial acreage in the farm.
Besides, if the crop has nutritional potential and limited
economic potential, men are likely to abandon such a
crop to women. In many developing countries, men do
not involve themselves with crops that are not likely to
earn them money and yet it is usually men who decide
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how much land is allocated to which crop. Therefore,
increased production of provitamin A crops will occur
when communities have accepted to grow biofortified
crops to ensure constant supply in the market. The culti-
vation of provitamin A crops must make economic sense
to local farmers and be regarded as a commercial crop.
Nutritional improvement at the cost of higher yields will
potentially drag the adoption of provitamin A crops.
Fortunately, some of the orange fleshed sweetpotato va-
rieties such as NASPOT 10 (Kabode) distributed in Ugan-
da, have higher yields than the white fleshed varieties in
addition to early maturity [16]. Clearly, apart from pro-
vitamin A carotenoids content, the biofortified crops have
other traits that are likely to make them a farmer’s num-
ber one choice.

With the success of the research into creating biofort-
fied crops, the concern has also been on the cost of bio-
fortified staple crops. Like any other nutrition intervene-
tion, biofortification involved various costs. The main
costs in the biofortification of provitamin A crops relate
to the research needed to produce p-carotene rich varie-
ties as well as program implementation [5]. A study
showed that the costs associated with the distribution of
500 million vitamin A capsules ranged from US$ 0.5 in
Ghana to US$ 2.27 in South Africa [17]. The cost of
producing provitamin A crops has to be considered in
regard to their potential to reduce VAD and the cost of
alternative interventions in form of vitamin A capsule
distribution. Studies from developing countries suggest
that provitamin A crops can reduce the problem of VAD
in a substantial way. A useful tool which appears appro-
priate to quantify the health costs of micronutrient mal-
nutrition in developing countries is the disability-ad-
justed life years (DALYSs) approach [18]. This implies
that DALYS are a measure of the total number of days
that are spent in ill-health each year, accounting for both
severity of the condition and its duration [19]. Generally
for all biofortified crops, the benefits in DALYS saved
each year could be achieved at a cost that is lower than
that of fortification and supplementation [20].

3. Bioavailability of Provitamin A from
Biofortified Crops

Various biofortified crops with targeted levels of micro-
nutrients have been produced. Another key question has
been; to what extent are the provitamin A in biofortfied
crops bioavailable? Here we examine the progress achi-
eved in the bioavailability of provitamin A carotenoids in
various provitamin A crops.

3.1. Orange Fleshed Sweetpotatoes

One of the most successful provitamin A crops is orange
fleshed sweetpotato. Breeders have been successful in
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availing varieties that have adequate amounts of S-caro-
tene (>100 pg/100 g) [16]. Sweetpotato was targeted for
biofortification because it is a staple crop in many de-
veloping countries [21]. Efforts to biofortify sweetpotato
have focused on increasing beta carotene content and
improving organoleptic qualities of varieties which are
commonly consumed in many areas where vitamin A
deficiency is a major concern. It is estimated that the
replacement of white-fleshed sweet with orange-fleshed
varieties could benefit about 50 million children under 6
years of age who are currently at risk of vitamin A defi-
ciency related diseases [22].

Recent investigations have focused on the bioavail-
ability of f-carotene from OFSP, defined as the fraction
of ingested carotenoid available for use in physiologic
functions and storage [23]. Due in part to a favorable
food matrix, OFSP improved vitamin A status in several
human feeding interventions [10,24]. Using stable iso-
tope methodology [25], sweetpotato S-carotene biocon-
version was 13.4 pg f-carotene to 1 pg retinol in Bang-
ladeshi men fed a daily snack of 80 g sweetpotato. Liver
reserves of South African schoolchildren improved with
a daily portion of OFSP fed during school days [10]. Af-
ter introduction of OFSP into Mozambique, serum retinol
concentrations improved in young children [24].

Food and nutrition scientists have also been involved
in researching on several parameters that define bioavail-
ability of provitamin A carotenoids. One of the factors
that influence the contribution to nutritional status by a
provitamin A crop is retention of the S-carotene follow-
ing processing and cooking. HarvestPlus has commis-
sioned several studies to study f-carotene retention val-
ues in orange fleshed sweetpotatoes [26]. True retention
of f-carotene medium sized orange fleshed sweetpotato,
Resisto variety was 88% - 92% for medium sized roots
of similar size and 70% - 80% when roots of different
sizes were boiled together. Thus it has been concluded
that orange fleshed sweetpotato varieties with S-carotene
content above 100 pg/g have retention values that can in-
fluence the nutritional status of deficient individuals [27].
Recent studies in Mongolian gerbils also demonstrated
that f-carotene from OFSP had higher bioconversion
factors than p-carotene supplements [28]. The various
studies have confirmed that OFSP has potential to com-
bat the raging problem of VAD in developing countries.

3.2. Golden Rice

Golden rice is a variety of Oryza sativa rice produced
through genetic engineering to biosynthesize beta-caro-
tene, a precursor of vitamin A, in the edible parts of rice.
Golden Rice has been genetically engineered to contain a
high content of f-carotene which is a provitamin A caro-
tenoid. It was first developed by scientists at the Swiss
Federal Institute of Technology and the University of
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Freiburg. The scientists were able to engineer an entire
biosynthetic pathway, making it a major breakthrough in
the biotechnology world [29]. This work triggered fur-
ther research that has resulted into golden rice with more
f-carotene than the original golden rice [30]. Further
nutrition research has proved that golden rice has poten-
tial to provide the daily required amount of vitamin A. In
a study in Hunan province of China among children 6 - 8
years, it was shown that the f-carotene in golden rice is
as effective as pure f-carotene in oil and better than that
in spinach at providing vitamin A to the children [31].
The researchers were able to show that a bowl of ap-
proximately 100 to 150 g cooked golden rice (50 g dry
weight) can provide about 60% of the Chinese Recom-
mended Nutrient Intake of vitamin A for 6 - § year-old
children. Earlier on, a study to determine the vitamin A
equivalency of Golden Rice f-carotene, established that
f-carotene derived from Golden Rice is effectively con-
verted to vitamin A in humans [32]. Despite availability
of the evidence that golden rice is a potent strategy to
fight vitamin A deficiency, it has met resistance from
agencies that are against the use of genetically modified
organisms’ technologies. Generally, there is a pattern of
genetically modified organisms (GMOs) encountering
significantly more political resistance than convention-
ally bred crops [33]. However, there are indications that
with continued nutrition education of the people con-
cerning the immense health and nutrition benefits of
golden rice, this situation will soon change.

3.3. Biofortified Maize

Maize is an important food crop in many developing
countries especially those in Sub-Sahara Africa. In many
Eastern and Southern African countries, per capita con-
sumption of maize averages >100 kg per year [34]. Con-
sidering, the vast population depending on maize as a
staple crop, there have been efforts to increase its nutria-
tional quality. Maize has been targeted for biofortifica-
tion for decades as scientists tried to improve the protein
quality [35]. Earlier attempts at biofortification resulted
in high quality maize that has been important in meeting

the protein demand in communities where it is consumed.

Current efforts in biofortification of maize are aimed at
increasing the provitamin A content of maize as a food
based strategy to fight vitamin A deficiency that is ubig-
uitous in maize consuming areas [36]. The efforts to
biofortify maize with provitamin A carotenoids have
largely been successful. In a recent study in Zimbabwe, 8
healthy men were fed 300 g cooked biofortified yellow
maize containing 1.2 mg fS-carotene that was consumed
with 20.5 g fat [37]. The researchers in this study con-
cluded that the experimental diet showed the same vita-
min A activity as 0.38 mg retinol and provided 30% -
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40% of the adult vitamin A Recommended Dietary Al-
lowance. In another study, six healthy women were fed
f-carotene biofortified maize porridge and it was ob-
served that f-carotene in biofortified maize has good
bioavailability as a plant source of vitamin A [38]. Ear-
lier studies in animal models had shown that f-carotene
from biofortified maize is highly bioavailable [39,40].
Therefore, it can be concluded that there is overwhelm-
ing evidence suggesting that f-carotene in biofortified
maize is highly bioavailable.

3.4. Biofortfied Cassava

Cassava (Manihot esculenta) is an important staple crop
in Sub-Sahara Africa. The crop serves as a primary ca-
loric source for many African communities in countries
such as Nigeria, Ghana and Uganda. However, frequent
consumers of cassava in rural areas are at risk of vitamin
A deficiency and other nutritional deficiencies. Because
of the aforementioned, cassava is one of the crops that
have been selected for biofortification with fS-carotene
[5,6]. The breeding target for beta-carotene in cassava of
15 pg per gram of fresh root which corresponds about to
45 pg beta-carotene per gram of dry root has been
achieved. However, like other biofortified crops, the
concern has been the bioavailability of p-carotene in
biofortified cassava. f-carotene retention and bioaccessi-
bility in various biofortified cassava varieties have been
determined using African traditional cassava processing
techniques [41]. This study showed that f-carotene reten-
tion in biofortified cassava is sufficient to supply ade-
quate vitamin A requirements. Recent studies further
indicate that biofortified cassava can be a good source of
f-Carotene and vitamin A [42-44]. The studies on bio-
fortified cassava are not as advanced as in orange fleshed
sweetpotatoes and maize but the available information so
far points to sufficient amounts of f-carotene retention as
well as bioavailability.

4. Conclusion

Provitamin A crops have so far proved to be an effective
tool in turning the tide against the scourge of vitamin A
deficiency. For several years now, a lot of resources have
gone into research aimed at biofortifying the identified
crops for provitamin A potential. The targeted levels of
provitamin A carotenoids have been achieved. In all the
crops, studies have showed that bioavailability/bio-con-
version of the provitamin A is high enough to influence
the nutritional status of individuals with vitamin A defi-
ciency. Acceptability of the biofortified crops varies from
crop to crop but it appears the orange fleshed sweetpo-
tato is ahead of the other provitamin A crops. This may
be explained by the level of investments that have been
used on sweetpotato biofortification and the breeding
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method used. The breeding process tended to involve
local farmers and this seems to have influenced the ac-
ceptability of orange fleshed sweetpotato. Vitamin A
cassava and biofortified maize have also been well re-
ceived in targeted countries. Therefore, scientists have
done their part by availing provitamin A crops with lev-
els of S-carotene that are sufficient to supply adequate
daily vitamin A requirements for different age groups.
The remaining task is for scientists to team up with other
stakeholders such as policy makers and politicians to
streamline and mainstream the production and consump-
tion of provitamin A crops to eradicate vitamin A defi-
ciency.
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