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  Abstract:  Purpose: Vitamin A defi ciency is among major health problems worldwide that leads to 
blindness, retarded growth and death, particularly in developing countries. In these countries, vitamin 
A defi ciency largely affects pre-school children, pregnant and lactating mothers, and the rural poor. 
For instance, the predicted prevalence of vitamin A defi ciency for 36 sub-Saharan African countries is 
19.1 %. Methods: Different strategies, including vitamin A supplementation, food fortifi cation and dietary 
diversifi cation, have been used to combat this problem. However, these strategies are not sustainable 
due to their high costs. Results: Orange-fl eshed sweet potato ( Ipomoea batatas  L. Lam) is a low priced 
crop, which is part of staple foods in most of sub-Saharan Africa that can be a year-round source of vit-
amin A. Most of the orange-fl eshed sweet potato varieties contain 3000 – 16000 μg 100 g -1  of β-carotene 
and this contributes to 250 to 1300 μg 100 g -1  Retinol Activity Equivalents (RAE). Therefore, by using 
orange-fl eshed sweet potato, it is possible to improve vitamin A status, increase the bio-availability of 
different micro-nutrients such as Fe, Zn, Ca and Mg, reduce vitamin A defi ciency and hence reduce 
child mortality rates by 23 to 30 %. Conclusion: The article highlights the signifi cance of vitamin A for 
human nutrition, the effect of vitamin A defi ciency, the different prevention methods and the potential 
of orange- fl eshed sweet potato as a food crop to prevent vitamin A defi ciency. 

  Key words:  β-carotene, intervention strategies,  Ipomoea batatas , orange-fl eshed sweet potato, vitamin 
A defi ciency 

 Introduction 

 Vitamin A defi ciency (VAD) is a major health prob-
lem globally. An estimated 140 to 190 million children 
aged under 5 years are reportedly known to have low 
serum retinol concentrations (< 0.7 μmol l –1 ). Of these, 
nearly 100 million live in south Asia and sub-Saharan 
Africa (SSA) [1 – 3]. According to a World Health 

Organization (WHO) report, most countries in SSA 
are categorized as having a public health problem 
concerning clinical and sub-clinical VAD [3]. VAD 
leads to blindness, retarded growth and death in many 
of the developing countries. It is estimated that some 3 
million children in SSA under the age of 5 suffer from 
partial or total blindness as a result of VAD. It espe-
cially affects pre-school children, and pregnant and 
lactating mothers of the rural poor [3]. For instance, 
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the predicted prevalence of vitamin A defi ciency for 
36 sub-Saharan African countries is 19.1 %. [4]. Diets 
with too little bioavailable vitamin A that is needed to 
meet human physiological needs may result in VAD 
[2]. The recommended daily intakes of vitamin A 
range from 1000 to 3000 IU for children under 5 years 
of age and from 3000 to 10,000 IU for adults [5]. 

 Different strategies have been used to control 
VAD. The strategies include vitamin A supplementa-
tion of large doses in the form of capsules, fortifi cation 
of commonly consumed food items such as oil, sugar, 
breakfast cereals and grain fl our, and dietary diver-
sifi cation which includes eating food items naturally 
rich in pro-vitamin A such as yellow/orange root crops, 
leafy vegetables and yellow/orange fruits. 

 Sweet potato ( Ipomoea batatas  L. Lam), especially 
the orange-fl eshed ones, can be used for human di-
etary diversifi cation as it is rich in β-carotene (pro-vi-
tamin A) [2]. Orange-fl eshed sweet potato (OFSP) is a 
good, low-priced and sustainable source of vitamin A. 
Orange fl esh is among the different sweet potato stor-
age root fl esh colors which include white, cream, yel-
low, or red-purple [6]. The orange fl esh, with various 
degrees of color intensity, refl ects a high β-carotene 
content. Most of the orange-fl eshed sweet potato va-
rieties contain 3000 – 16000 μg 100 g -1  of β-carotene 
and this contributes to 250 to 1300 μg 100 g -1  retinol 
activity equivalents  ( RAE) [7]. Other major dietary 
pro-vitamin A carotenoids are alpha-carotene and 
beta-cryptoxanthin [8]. A carotenoid must contain 
a β-ionone structure, a ring structure containing a 
single double bond and the methyl group, to act as 
pro-vitamin A [9]. 

 In addition to the orange fl esh color, some sweet 
potato varieties have red or purple fl esh color which 
refl ects high anthocyanin content [10 – 12]. Sweet po-
tato is also a good source of vitamins such as vitamin 
C, and B2, and minerals such as Fe, Zn, Ca and Mg 
[13, 14]. This review article highlights the signifi cance 
of vitamin A in human nutrition, the effect of VAD, 
the different prevention methods and the potential of 

OFSP to prevent vitamin A defi ciency. The informa-
tion outlined in this review may help nutrition spe-
cialists, organizations working in the area of health 
improvement and sweet potato breeders targeting the 
improvement of pro-vitamin A in the crop. 

 The roles of vitamin A in human 
nutrition 
 Vitamin A is an essential compound for human health. 
Children require vitamin A for normal mental and 
physical development. It is an essential micronutrient 
for pregnant and lactating mothers as well as for adults 
for healthy eyesight [15]. Generally, it plays a role 
in metabolic functions, eyesight, regular growth and 
development, and the immune system [16]. According 
to the United States Institute of Medicine, vitamin A 
is a family of compounds including retinol, retinoic 
acid, and retinyl esters. Retinyl esters are the storage 
forms of vitamin A, usually as retinyl palmitate [17]. 
Retinyl palmitate is the most common storage form 
of vitamin A, although there are other common forms 
such as retinyl stearate, retinyl linoleate, and retinyl 
myristate [6]. 

 Vitamin A plays an important role in the early em-
bryonic development of all mammals, and in proper 
functioning of the immune system, rod cells in the retina 
of the eye and mucous membranes throughout the body 
[18]. It also helps with the maintenance of cell function 
for growth, epithelial integrity, red blood cell produc-
tion, immunity and reproduction [18]. As mammals 
cannot synthesize vitamin A, they obtain it from food. 
Therefore, consumption of a diversifi ed diet with ad-
equate amount of vitamin A is vital. The major sources 
of vitamin A are 1) animal products such as milk, butter, 
cheese, eggs, chicken, kidney, liver, liver pate and fi sh 
oils and 2) plant products such as dark green and yellow 
vegetables (kale, yellow pepper), yellow fruits such as 
broccoli, spinach, turnip greens, carrots, squash, sweet 

Table I: Summary of some of the roles of vitamin A for human body.

For a healthy:      

vision 
skin 
tooth growth
hair
tissues
new cell growth
mucous membranes
gene transcription
immune function 

embryonic development and reproduction 
bone metabolism
haematopoiesis
antioxidant activity
reduction of the risk of degenerative diseases such as 
cancer,  cardiovascular diseases, cataract, and macular 
degeneration 

Source: Adapted from [21, 41]
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potatoes, pumpkin, cantaloupe, apricots, ripe mangos, 
and papaya in the form of β-carotene [15, 18, 19]. 

 Vitamin A plays a role in a variety of functions 
throughout the body, such as: vision, gene transcrip-
tion, immune function, embryonic development and 
reproduction, bone metabolism, hematopoiesis, skin 
and cellular health and antioxidant activity [20]. It has 
also a positive synergistic effect with iron and zinc bio-
availability and hence, through the improvement of 
vitamin A status in children, it is possible to increase 
the bio-availability of different micro-nutrients and 
reduce child mortality rates by 23 to 30 % [3,20 – 23]. 
A summary of the roles of vitamin A and its sources 
is presented in Table I and Table II, respectively. 

 The vitamin A status of individuals can be clini-
cally assessed using two indicators. The fi rst is from 
the quality of eyesight, where different levels of night 
blindness (xerophthalmia) are used to estimate the 
status of vitamin A and the stage of VAD. Xeroph-
thalmia is represented by a range of visual appearances 
of VAD that ranges from milder stages of night blind-
ness to potentially blinding stages of corneal xerosis, 
ulceration and necrosis [3]. The second indicator is 
biochemically-determined concentrations of reti-
nol in plasma or serum. Serum retinol levels below 
0.70 μmol l -1  represent VAD. If this concentration 
is below 0.35 μmol l -1  it represents severe VAD [3]. 

For countries that do not have serological data, the 
frequency of abnormal conjunctival impression cytol-
ogy or the distribution of vitamin A concentration in 
breast milk are roughly used as comparators of serum 
retinol to estimate the status of vitamin A [21]. 

 Vitamin A defi ciency and its health 
consequences 
 Vitamin A defi ciency (VAD) is a global problem of 
major concern. It causes childhood blindness and mor-
tality, which would otherwise be preventable [1 – 3, 18, 
24 – 32]. Around 250 million pre-school children in the 
world have VAD, and about 250,000 to 500,000 go 
blind every year. Of those children who go blind, half 
die within one year of losing their eyesight [33]. VAD 
is a major contributor to morbidity and mortality due 
to infections, especially from diarrhea and measles. 
Since vitamin A is essential to maintaining the nor-
mal differentiation of specialized epithelial tissues 
throughout the body, its defi ciency causes the failure 
of this function and the tissue becomes keratinized in 
many epithelia [34]. Moreover, it has an infl uence on 
gene expression, immune function, embryonic devel-
opment and reproduction, and bone metabolism [17]. 

Table II: Summary of various sources of vitamin A.

Food items Serving Size RAE (μg 100 g-1) % RDA men % RDA women

Sweetpotato 1/2 C* 1400 155 200

Carrot 1 medium 1015 112 145

Kale, boiled 1/2 C 240 26.6 34.2

Mango 1/2 medium 200 22.2 28.5

Turnip Greens 1/2 C 200 22.2 28.5

Spinach, raw 1 C 185 20.5 26.4

Papaya 1/2 medium 150 16.6 21.4

Red Bell Pepper 1/2 medium 140 15.5 20

Apricot 3 135 15 19.2

Cantaloupe 1/2 C 130 14.4 18.5

Milk, Fat Free 1 C 150 16.6 21.4

Romaine 1 C 70 7.7 10

Egg, large 1 95 10.5 13.5

Milk, whole 1 C 75 8.3 10.7

Tomato, raw 1 medium 35 3.8 5

Broccoli 1/2 C 35 3.8 5

Green Bell Pepper 1/2 C 15 1.6 2.1

Orange 1 medium 15 1.6 2.1
*C = Cup. RAE = retinol activity equivalents  Source: [40]
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 VAD primarily affects children and pregnant wom-
en of poor communities in low and middle income 
countries [3, 26, 28]. The consequences of VAD are 
severe, especially in developing countries, where the 
poor cannot afford to purchase vitamin A food sources 
such as animal products, vegetables and fruits. 

 The World Health Organization’s VAD estimates 
from 1995 to 2005 indicated the prevalence of night 
blindness in 45 countries for preschool-age children 
and 66 countries for pregnant women [3]. In Africa, 
the highest prevalence of VAD is found in preschool 
children, while in south-east Asia the highest preva-
lence is in pregnant women. Regarding biochemical 
measurements of VAD, 122 countries were classifi ed 
as having a moderate to severe public health problem 
in preschool-age children and 88 countries in pregnant 
women. In this case, in south-east Asia, the highest 
incidence is seen in  both preschool-age children and 
pregnant women, followed by Africa and the eastern 
Mediterranean [3]. South-east Asia and sub-Saharan 
Africa have high levels of VAD, with 40 % of pre-
school children estimated to be defi cient [3, 21]. In 
these regions, VAD mainly affects the poor, young 
children (six months to six years of age) and pregnant 
women. 

 The clinical form of vitamin A defi ciency, xeroph-
thalmia, results when the eye is adversely affected, and 
is expressed as night blindness or as a total, irrevers-
ible blindness [34, 35]. When these clinical signs are 
observed, i. e., when the rod cells are damaged to the 
point of causing night blindness, many other bodily 
functions have already been weakened, resulting in 
increased susceptibility to enteric and respiratory dis-
eases, particularly among infants and young children 
[18]. For instance, in 1995, xerophthalmia affected an 
estimated 3.1 million children world-wide and sub-
clinical vitamin A defi ciency affected an estimated 
227.6 million [35]. 

 According to a report by the World Health Organi-
zation, night blindness caused by VAD was estimated 
to affect 5.2 million preschool-age children and 9.8 
million pregnant women. This corresponded to 0.9 and 
7.8 % of the population being at risk of VAD, respec-
tively (Table III). Similarly, low serum retinol con-
centration (< 0.70 μmoll -1 ) affected an estimated 190 
million preschool-age children and 19.1 million preg-
nant women globally. This corresponded to 33.3 % of 
this age group and 15.3 % of pregnant women being 
at risk of VAD (Table IV). 

 VAD is primarily caused by the inadequate dietary 
consumption of vitamin A sources and/or suboptimal 
use of the nutrient in the body. A number of secondary 
factors that contribute to insuffi cient dietary intake of 
vitamin A have also been reported [32]. Some of the 
factors include insuffi cient production of vitamin A-
rich foods, lack of income to purchase vitamin A rich 
foods such as meat and fi sh, unavailability of vitamin 
A-rich foods in markets, a large family size, low level 
of maternal education, low levels of awareness of the 
importance of vitamin A and illness [32]. 

 Strategies to combat vitamin A 
defi ciency 
 In order to combat the problem of VAD, three inter-
vention strategies are generally considered [3, 36]: 1) 
vitamin A supplementation of large doses in the form 
of capsules; 2) fortifi cation of commonly consumed 
food items; and 3) dietary diversifi cation, i. e., eating 
food items naturally rich in pro-vitamin A such as 
dark green and yellow vegetables (kale, tomatoes, 
yellow pepper), yellow fruits such as broccoli, spin-
ach, turnip greens, carrots, squash, sweet potatoes, 
pumpkin, cantaloupe, apricots, ripe mangos, and 

Table III: Prevalence of night blindness and number of individuals affected among preschool-age children and pregnant 
women in populations of countries at risk of VAD 1995 – 2005, globally and by WHO region.

WHO regions
Preschool-age children Pregnant women

Prevalence (%) # affected (millions) Prevalence (%) # affected (millions)

Africa 2.0 2.55 9.8 3.02

Americas 0.6 0.36 4.4 0.50

South-East Asia 0.5 1.01 9.9 3.84

Europe 0.8 0.24 3.5 0.22

Eastern Mediterranean 1.2 0.77 7.2 1.09

West Pacifi c 0.2 0.26 4.8 1.09

Global 0.9 5.17 7.8 9.75

Source: [3]
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papaya. The third approach should be coupled with 
nutrition education to change the dietary habits of 
the target population [3]. The strategies are briefl y 
described below. 

 Vitamin A supplementation 

 Provision of high doses of vitamin A in capsules to 
the people at risk is the fi rst and fastest option, and 
is one that has been practiced for a long time. This 
option involves the periodic delivery of high-potency 
supplements, containing 200,000 IU of vitamin A, to 
children (< 5 years), half of which is given to infants 
of 6 – 11 months of age [3]. The frequency of admin-
istration is once every 4 – 6 months for children from 
6 – 24 months old and once for women within 6 – 8 weeks 
after delivery during the safe infertile period [36]. It 
is the most widely practiced approach to controlling 
VAD. This approach is supported by many govern-
ments and international agencies [6]. For example, 
Bangladesh has a universal vitamin A supplementa-
tion program that reaches approximately half of the 
target population [18]. The same report indicated that 
providing adequate vitamin A decreases the incidence, 
duration and severity of childhood diseases, such as 
measles. It also reduces the risk in children of routine 
infections that would otherwise lead to severe infections 
and death even before the signs of night blindness de-
velop. Therefore, supplementation programs are saving 
the lives and sight of thousands of children. 

 However, the distribution of high doses of vitamin 
A has its own shortcomings. For example, in Indone-
sia, the distribution of high doses of vitamin A has 
been carried out through various delivery systems for 
over 15 years. However, it has proven too costly to 
expand beyond the highest risk areas and the cover-
age has dropped from an initial high percentage of 
 >  80 % to 40 – 50 % [24]. This approach is therefore 
reported to be very expensive, and it is also diffi cult 
to reach all children that are at risk, especially in the 
remote rural areas [30]. Many rural poor families 
do not adequately and regularly access the vitamin 
A supplements due to poor infrastructure in the re-
mote areas, especially in SSA, where chronic VAD 
is widespread. Moreover, the Alpha-Tocopherol, 
Beta-Carotene Cancer Prevention trial (ATBC) in-
dicated that in smokers who also consume alcohol, 
β-carotene supplementation (20 mg of β-carotene) 
promotes pulmonary cancer and, possibly, cardio-
vascular complications [38]. 

 In many countries, the emphasis has been on sup-
plementation programs [1]. The initial hope was that 

VAD could quickly be solved via the distribution of 
vitamin A capsules. However, the supplementation 
must be repeated every six months, because their ef-
fects last for only 4 – 6 months. In many countries with 
poorly developed health and road infrastructure, it 
can be logistically diffi cult to implement this strategy. 
In developing countries, the supplementation pro-
gram has mostly been carried out through fi nancial 
support from donors and it is not a long-term solu-
tion. It is diffi cult to sustain this strategy and conse-
quently the outreach to poor rural populations can 
be limited [4, 39] and hence about 100 – 250 million 
children still remain severely affected by VAD [27]. 
Therefore, other options of combating the defi ciency, 
such as food fortifi cation and dietary diversifi cation, 
are chosen. 

 Food fortifi cation 

 Fortifi cation of commonly consumed food items with 
vitamin A is a second approach to increasing the 
dietary intake of vitamin A. This method has been 
practiced in high income countries. It was started in 
Central and South America three decades ago and 
has been their primary strategy for reducing VAD 
[3]. It has been done through the fortifi cation of sugar 
with vitamin A. The other food items that can be for-
tifi ed with vitamin A are fats, oils, margarine, cereal 
products, fl our and salt. For example, currently in 
the USA, most dairy products and some cereals are 
fortifi ed with vitamin A [6]. For instance, fortifi ed 
ready-to-eat cereals usually contain at least 25 % 
of the U.S. RDA for vitamin A [40]. However, in 
lower income countries, fewer vitamin A fortifi cation 
programs exist, for several reasons: 1) the diffi culty 
in identifying appropriate foods to fortify especially 
where markets for foods are not well developed; 2) 
the problem of infrastructure; and 3) the affordabil-
ity of the fortifi ed food items. This hinders the aim 
of reaching those consumers who are most at risk 
[1]. Therefore, food fortifi cation can be diffi cult to 
sustain [4]. Firstly, the fortifi ed food should be con-
sumed by almost everyone, including the poorest 
individuals. Secondly, there should be a balance in 
the consumption of fortifi ed foods. That means it 
must be consumed with a narrow range of intakes 
so that it prevents VAD in most people, but does 
not cause toxicity in people who eat more than the 
average amount [6]. Due to the indicated limitations 
of the food fortifi cation approach, the third approach, 
dietary diversifi cation, has been given special focus 
and attention, especially for low income countries. 
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 Dietary diversifi cation 

 Dietary diversifi cation is the third approach to im-
proving the vitamin A status of a population. The 
purpose of this approach is to achieve and maintain an 
adequate intake of micronutrient-rich foods [1]. Vita-
min A is found in both animal and vegetables, either 
as the pre-formed vitamin (retinol), or as carotenoids 
(β-carotene) which can be converted to retinol [1, 15, 
19, 34]. The major sources of vitamin A as retinol are 
animal products such as cod liver oil, liver, milk, eggs 
and butter [19, 34]. The other sources are plants that 
provide pro-vitamin A in the form of carotenoids. 
There are different types of food carotenoids in plants. 
These are α-carotene, α-cryptoxanthin, β-carotene, 
β-cryptoxanthin, lutein, lycopene and zeaxanthin, 
which account for more than 90 % of the carotinoids 
in humans. Among these, α-carotene, α-cryptoxanthin 
and β-carotene are pro-vitamin A carotinoids, while 
most other have no vitamin A activity. β-carotene 
is the predominant form and most effi cient provita-
min A carotinoid [8, 16, 41, 42]. It is a forty-carbon 
photosynthetic pigment found in all green plants in 
various amounts. The β-carotene gives (through cen-
tral cleavage) two molecules of retinol. However, due 
to digestive ineffi ciencies, it takes six micrograms of 
β-carotene in the diet to equal one retinol equivalent. 
Surplus retinol is stored in the liver of animals, and 
liver products such as cod liver oil, and is an excel-
lent source of vitamin A [6, 18]. Through the carotenoid 
cleavage enzyme 15, 15’-β-carotene oxygenase (CMO-I), 
the recommended conversion factor of β-carotene to 
retinol is 1:6, while for all other pro-vitamin A carot-
enoids, it is 1:12 [43, 44]. However, considering the 
wide variation in the bioavailability of carotenoids 
in different foods, it is an oversimplifi cation to have 
a single conversion factor for β-carotene and a single 
factor for the other pro-vitamin A carotenoids [45]. 

 The most common vegetables that are good sources 
of vitamin A are yellow or orange vegetables such as 
sweet pepper, carrot, tomato, pumpkin and OFSP, 
and leafy greens such as kale, spinach and cabbage. It 
is also found in fruits such as mango, papaya, orange, 
cherry, jack fruit and guava [16]. In developing coun-
tries, more than 80 % of dietary vitamin A is supplied 
by carotenoids present in these plants [16]. Carrot and 
sweet potato are carotenoid-rich root crops where 
carrot contains both β-carotene and α-carotene while 
the yellow to orange-fl eshed sweet potato contains 
β-carotene as its principal carotenoid [41]. Consump-
tion and further promotion of locally available vitamin 
A-rich foods is the most effi cient strategy in develop-
ing countries. This approach is technically feasible and 

cost-effective. The advantage of this approach over 
vitamin A supplementation and the food fortifi cation 
approach is that it has a long-term sustainability since 
fruit and vegetable parts can be harvested and shared 
at a local level without the intervention of national 
programs [6]. 

 In addition, bio-fortifi cation of food crops that are 
not normally good sources of β-carotene with vitamin 
A is also being practiced. A variety of staple foods, 
such as maize, cassava and rice are being bio-fortifi ed 
with β-carotene through conventional breeding or ge-
netic engineering [6]. Golden rice is one of the best 
examples of bio-fortifi ed food crops in which vitamin 
A content is enhanced through a transgenic approach 
[18, 46]. However, transgenic crops face limited con-
sumer acceptance and strict regulatory measures. On 
the contrary, OFSP is developed by plant breeders 
through conventional plant breeding so that it adapts 
to local environments and preferences, including sen-
sory traits [47 –  48]. Moreover, current varieties of 
OFSP contain more β-carotene than Golden Rice [49]. 
While the cultivation and consumption of sweet potato 
is traditionally part of the culture of African communi-
ties, and hence can be a year round source of vitamin 
A, rice may be more feasible in Asia, where rice pro-
duction and consumption is a tradition [15]. Hence, 
OFSP is an effi cient option that is much cheaper and 
quicker to introduce and has a greater chance of con-
sumer acceptance. 

 Orange-fl eshed sweet potato and 
its potential to prevent vitamin A 
defi ciency 

 The advantages of OFSP as a source of vitamin A over 
other strategies include: 1) it is a staple food that can 
supply signifi cant amounts of vitamin A and carbohy-
drate simultaneously; and 2) it is an ideal source of vi-
tamin A instead of the expensive animal products and 
vegetables that are beyond the reach of most people 
in the developing world [1, 18, 19]. Therefore, the 
promotion of OFSP is a better strategy to combat 
VAD [27]. In general, OFSP is the cheapest and most 
accessible potential source of vitamin A compared to 
other food items that are currently available [1, 2, 15, 
19, 25, 50, 51]. OFSP is a major source of β-carotene 
for people in some parts of Africa and south-east Asia 
[52] and the poorest households in these continents 
normally obtain over 60 % of their energy needs from 
food staples, so this strategy is particularly suited to 
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poor rural households that cannot access fortifi ed food 
products but can grow OFSP [50]. 

 The intensity of the orange color of sweet potato 
roots roughly refl ects the amount of β-carotene pres-
ent in the sweet potato. Research has confi rmed the 
existence of a strong positive correlation between 
fl esh color and β-carotene content in sweet potato 
[1, 53 – 60]. A study of the relationship between 
β-carotene content and Hunter color values in sweet 
potato cultivars indicated a high correlation (r = 0.89) 
between the two traits [61]. Roots with orange, deep 
orange and intermediate orange as the primary fl esh 
color, and orange and intermediate orange as the sec-
ondary colors, have a signifi cant amount of β-carotene 
[57]. Similarly, roots with intermediate orange as the 
primary fl esh color, and pale orange as the second-
ary colors, have a substantial amount of β-carotene. 
This is true only if the secondary color represents a 
small proportion of the primary color. Roots with 
pale orange as the primary fl esh color, and orange 
and intermediate orange as the secondary colors that 
represent a large proportion of the primary color, 
also contain a signifi cant amount of β-carotene. Roots 
with yellow orange, pale orange, yellow, intermediate 
yellow, pale yellow and cream do not have high levels 
of β-carotene [57]. These fl esh color differences are 
attributed to varietal differences, growing, harvesting, 
and storage conditions [6]. Therefore, examining the 
intensity of root fl esh color of sweet potato is crucial 
while breeding for the improvement of the crop for 
β-carotene (pro-vitamin A). 

 Daily requirement of β-carotene 
and OFSP for the human body 
 Vitamin A values of foods are measured in terms of 
retinol equivalents (RE) as a means of making stan-
dard comparisons among foods. Age and sex deter-
mine the human dietary vitamin A requirements [61]. 
Some of the recommended daily allowance (RDAs) by 
age and sex are 1 – 3 years, 400 μg RE; 4 – 6 years, 500 μg 
RE; 7 – 10 years, 700 μg RE; non-pregnant female over 
10 years, 800 μg RE; and males over 10 years, 1000 μg 
RE. Therefore, small quantities of OFSPs, which may 
contain from 300 μg RE to over 3000 μg RE per 100 g 
fresh weight, can easily provide such RDAs and also 
serve as a rich source of other vitamins and nutrients 
[14]. For example, the addition of 100 g OFSP in daily 
diet can prevent VAD in children and signifi cantly 
reduce the death of mothers [15]. This is because 6 μg 
β-carotene is equivalent to 1 μg of retinol [14, 18] and 

the RDA of vitamin A in adults on average basis is 750 
μg retinol day -1 . A 100 g OFSP can provide more than 
6500 μg β-carotene [62 – 64], which is equivalent to more 
than 1000 μg retinol. Therefore, 100 g OFSP per day 
exceeds the RDA to prevent VAD. As a result, depend-
ing upon the color intensity of the OFSP variety used, 
and taking into account losses of β-carotene during 
cooking, which accounts for approximately 20 % loss 
through boiling [42], 1/4 to 1 cup of boiled and mashed 
sweet potato meets the RDA of vitamin A for a young 
child [48]. OFSP is also a good source of energy, which 
is equivalent to 293 – 460 kJ/100 g [14, 63]. 

 However, it is not only the amount of OFSP or 
β-carotene content consumed that is important; 
the bio-availability of the carotenoids also matters. 
Carotenoid bio-availability means the fraction of 
carotenoids becoming accessible for uptake by the 
intestinal mucosa [6]. Bio-availability of β-carotene 
in OFSP is higher than that in most dark-green leafy 
vegetables. This is because β-carotene in OFSP is 
more readily released during cooking, thereby enhanc-
ing bioavailability. A report by Tanumihardjo et al. 
(2010) also indicated that staple foods biofortifi ed 
with provitamin A carotenoids such as sweet potato, 
cassava, maize, and rice, have shown to have more 
effi cient bioconversion to retinol in the range of 3 – 6 
β-carotene for 1 μg retinol compared to that generally 
observed for vegetables which ranges between 10 – 80 
β-carotene for 1 μg retinol [65]. In mature plant tissues, 
β-carotene bioavailability is affected by chromoplast 
structure, where globular chromoplasts provide the 
best bioavailability and crystalline types provide the 
poorest bioavailability of β-carotene [66]. Hence, the 
better solubility may be related to less crystallinity 
of β-carotene in non-leafy vegetables. Further, the 
addition of 3 to 5 g fat per meal is required to ensure 
maximum carotenoid absorption [2]. The presence of 
fat in the food preparation increases bio-availability 
of β-carotene of OFSP. 

 Factors affecting production and 
promotion of OFSP as strategic crop 
to prevent VAD 

 Although OFSP is a very valuable crop with dual 
purposes both in food security and health, its pro-
duction is constrained by many factors. Some of 
the production constraints are diseases and pests, 
prolonged drought, poor soils, land shortage, labor 
shortage, lack of improved varieties with high dry 
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matter content, lack of planting materials and lack 
of production inputs [67]. The major postharvest 
and marketing constraints are storage pests, lack 
of processing tools, low price for the products and 
the lack of organized markets [67]. Therefore, new 
sweetpotato varieties should meet farmers’ criteria 
in terms of quality, disease resistance, taste, fl avor, 
early maturity, and texture (which depends on root 
dry matter content) [68]. Dry matter content (DMC) 
is a very important trait as sweetpotato varieties with 
high DMC are preferred by both farmers and indus-
tries [27, 69]. Many of the sweetpotato consumers in 
Africa prefer sweetpotato varieties with high DMC 
[70]. DMC has an infl uence on eating quality, shelf-
life and processing quality, and therefore infl uences 
the acceptability of OFSP. This is because the OFSP 
with high β-carotene tends to have lower DMC. In 
most of the SSA, white-fl eshed varieties are pre-
dominantly grown and are preferred by farmers due 
to their high DMC [50]. However, the white-fl eshed 
sweet potato varieties have little or no β-carotene. 
Therefore, farmers-preferred OFSP with improved 
DMC should be developed in order to increase their 
adoption and large-scale production to combat VAD 
and achieve food security. 

 Breeding for high β-carotene: 
progresses and success stories 
 OFSP varieties that contain high levels of β-carotene 
and high root yield have been identifi ed through con-
ventional plant breeding, especially in developing 
countries [71]. For example, about 40 varieties of 
sweet potato high in both pro-vitamin-A and dry 
matter have been introduced into sub-Saharan Africa 

[49]. These varieties have improved yield, disease 
and pest resistance, drought tolerance and quality 
characteristics [48, 49], and are therefore receiving 
good consumer acceptance. Specifi cally, the selection 
of OFSP with high β-carotene and yield has been 
conducted in Tanzania to develop new vitamin A-
enriched sweet potato varieties [72]. Fifteen drought-
tolerant OFSP varieties were released in Mozam-
bique and contributed to reducing VAD through 
increased vitamin A intake and serum retinol concen-
trations [73, 74]. Breeding and selection of OFSP for 
high β-carotene and resistance to sweet potato virus 
disease (SPVD) was conducted in Uganda in 2002 
and 2003 and promising varieties have been selected 
for further evaluation and released to farmers [19]. 
The varieties are included in Table V. 

 There has been good potential for the general 
acceptance of OFSP varieties in Kenya and Uganda 
both for consumption and marketing. Varieties such 
as Japones tresmesino and SPK 004 have been dis-
seminated to farmers. Japones tresmesino was not 
preferred by adult consumers due to its low dry mat-
ter content (~ 22 %), but was preferred by children. 
SPK 004, which has a higher dry matter content 
(~ 28 %), was selected by adults due to its drier tex-
ture [75]. OFSP varieties such as Zapallo, SPK 004 
and Salybolo were found to be high-yielding varieties 
with good root characteristics in Kenya [15, 76]. In 
Uganda, varieties Ejumula, Kala and SPK 004 have 
been identifi ed for desirable consumer acceptance 
and for good adaptation in different agro-ecologies. 
Varieties Zapallo, Japones tresimesino and Tainung 
64 have received better acceptance in Tanzania [15, 
76]. In South Africa, varieties Resisto, W-19 and 
Excel have been selected for high dry matter, high 
β-carotene content and processing quality [15, 76]. 
On the other hand, more than twenty promising 

Table IV: Prevalence of serum retinol < 0.7μmol-1 and number of individuals affected among preschool-age children 
and pregnant women in populations of countries at risk of VAD 1995 – 2005, globally and by WHO region.

WHO regions Preschool-age children Pregnant women

Prevalence (%) # affected (millions) Prevalence (%) # affected (millions)

Africa 44.4 56.4 13.5 4.18

Americas 15.6 8.68 2.0 0.23

South-East Asia 49.9 91.5 17.3 6.69

Europe 19.7 5.81 11.6 0.72

Eastern Mediterranean 20.4 13.2 16.1 2.42 

West Pacifi c 12.9 14.3 21.5 4.90

Global 33.3 190 15.3 19.1

Source: [3]
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OFSP clones have been distributed to Madagascar, 
Mozambique, Ethiopia, Uganda, Tanzania, Zim-
babwe, Egypt, Zanzibar, Malawi, and D.R. Congo 
[15]. The list of OFSP varieties released in Africa and 
their β-carotene contents is presented in Table V. 

 In addition to the OFSPs, current research is 
undergoing to enhance the β-carotene content of 
other staple foods, such as in maize and cassava. 
It is reported that maize varieties that are bred for 

high β-carotene content are good sources of vita-
min A [77]. In Nigeria, two new maize varieties with 
high levels of β-carotene have been released [78]. 
β-carotene-rich bio-fortifi ed yellow maize can be a 
good source of vitamin A for Africans who consume 
maize as their staple food [79]. In Mongolia, bio-
fortifi ed maize reportedly maintained the vitamin A 
need of the people and was found to be as effective 
as vitamin A supplementation [80]. 

Table V: List of some of the OFSP varieties resealed and produced in Africa and their β-carotene contents.

No. Variety Flesh color β-carotene content 
(μg/100g)

Country of release 

1 Carrot C Deep orange 12390 – 14370 Tanzania

2 Ejumula Deep orange 7760 – 14370 Uganda

3 Jewel Orange 11030 Mozambique

4 Kakamega Intermediate orange 376 – 3760 Uganda, Kenya, Rwanda

5 K566632 Deep orange 700 – 800 Kenya

6 Mayai Intermediate orange 11030 Grown by farmers in 
Zanzibar Island and coastal 
Tanzania

7 CN-1424-9 Orange 11030 Mozambique

8 Resisto Deep orange 24900 Mozambique, South Africa, 
Madagascar

9 NASPOT 9 O Deep orange 11030 Uganda

10 NASPOT 10 O Deep orange 11030 Uganda

11 Tainung 64 Orange 3760 – 7230 Mozambique

12 W-151 Deep orange 10500 – 14370 Kenya

13 Zambezi Deep orange 10900 Zambia 

14 102027.02 Dark orange 11030 Kenya 

15 102022.7 Orange 3760 – 7230 Kenya

16 10300.152 Orange 4920 Kenya

17 Caromex Dark orange 11030 Mozambique

18 CN1448-49 Intermediate orange 4470 – 4920 Mozambique

19 Gaba Gaba Deep orange 11030 Mozambique

20 Kandee Orange 11030 Mozambique

21 Japones Tresmesino 
Select 

Light orange 3760 – 7230 Mozambique

22 Lo-323 Intermediate orange 5490 Mozambique

23 Persistente Dark orange 11030 Mozambique

24 Cordner Deep orange 3760 – 7230 Mozambique

25 199062.1 Intermediate orange 3760 – 7230 Mozambique

26 CRI-Apomuden Orange with slight 
yellow stripes

2000 – 4000 Ghana 

27 Impilo Pale orange 5091 South Africa

28 Khano Deep orange 14036 South Africa

29 W-119 Orange 10464 South Africa

Source: Adapted from [7]
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 β-carotene enriched elite cassava varieties are be-
ing developed through conventional plant breeding 
and selection procedures by International Institute 
of Tropical Agriculture (IITA), International Cen-
ter for Tropical Agriculture (CIAT) and National 
Root Crops Research Institute (NRCRI). The ob-
jective is to develop cassava gene pool with high 
β-carotene and to develop varieties that will be re-
leased to farmers [81, 82]. Bio-fortifi ed cassava is also 
a viable intervention food crop to prevent vitamin 
A defi ciency [83]. In general, β-carotene obtained 
from plant sources is a better choice since animal 
sources are expensive and also high in saturated fat 
and cholesterol. Therefore, OFSP is a potential crop 
to provide the RDA of vitamin A for the poor people 
in Africa and to prevent VAD. 

 Conclusion 

 Vitamin A defi ciency (VAD) is among the main health 
problems that are of major concern and can cause 
preventable childhood blindness and mortality. Three 
intervention strategies are generally considered: en-
capsulated vitamin A supplementation, fortifi cation of 
commonly consumed food items and dietary diversifi -
cation. Among the food crops that are used for dietary 
diversifi cation, OFSP is a cheap and practical option 
that can be used as a source of both vitamin A and 
energy. It is an easily accessible source of vitamin A 
for poor people in developing countries. Most varieties 
of OFSP released so far in Africa can provide more 
than 100 % of the RDA of vitamin A. The consump-
tion of these varieties is highest immediately after 
harvest and then gradually decreases. However, most 
African farmers harvest sweet potatoes normally in a 
piecemeal manner, so the harvesting and consumption 
can be extended for longer periods of time. Promotion 
of OFSP based on farmers’ preference is therefore 
crucial to combat the problem of VAD in a cost ef-
fective and sustainable way. 
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