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Abstract

Adansonia digitata L. (Malvaceae) is a majestic tree revered in Africa for its medicinal and nutritional value. The plant parts are used to treat
various ailments such as diarrhoea, malaria and microbial infections. It is reported that it is an excellent anti-oxidant due to the vitamin C content
which is seven to ten times higher than the vitamin C content of oranges. Baobab has numerous biological properties including antimicrobial, anti-
viral, anti-oxidant and anti-inflammatory activities amongst others. Phytochemical investigation revealed the presence of flavonoids, phytosterols,
amino acids, fatty acids, vitamins and minerals. The seeds are a source of significant quantities of lysine, thiamine, calcium and iron. Baobab is an
important commodity which is integral to the livelihood of rural communities. In addition, the global demand for baobab raw material (e.g. seed
oil, fruit pulp) by the food and beverage, nutraceutical and cosmetic industries has increased dramatically in recent years thereby increasing the
commercial value and importance of this coveted African tree. In the past few years, there has been an increased demand for non-timber forest
products (NTFPs), specifically baobab seed oil for inclusion in cosmetic formulations due to its high fatty acid composition. This review summa-
rises the botanical aspects, ethnobotany, phytochemistry, biological properties and most importantly the nutritional value and commercial impor-
tance of baobab products.
© 2011 SAAB. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Baobab (Adansonia digitata L.) is a large iconic tree
(Fig. 1B) indigenous to Africa where it is found in many coun-
tries. It is an emblematic, culturally important and physically
majestic sub-tropical tree. The baobab has been referred to as
“arbre a palabre”, meaning the place in the village where the el-
ders meet to resolve problems. In the past decade, it has
attracted the interest of several pharmaceutical companies and
researchers due to its various traditional uses (medicinal, nutri-
tional and cosmetic). Recently, the European Commission
authorised the import of baobab fruit pulp as a novel food
(Buchmann et al., 2010) and it was approved in 2009 by the
Food and Drug Administration as a food ingredient in the Unit-
ed States of America (Addy, 2009). Due to the high demand
for commercial baobab products in EU and United States,
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this tree with its edible fruits needs to be conserved and trea-
sured (Sanchez et al., 2010).

Baobab products (e.g. fruits, seeds, leaves, bark) contribute
to the livelihood of many populations in Africa as it is a source
of food, fibre and medicine (Wickens, 1982; Codjia et al.,
2001; Sidibe and Williams, 2002; Chadare et al., 2009; De
Caluwé et al., 2009). More than three hundred traditional uses
have collectively been documented in Benin, Mali, Zimbabwe,
Cameroon, the Central African Republic, Kenya, Malawi,
South Africa and Senegal (Buchmann et al., 2010). Various
plant parts (e.g. leaves, bark, fruit pulp), have traditionally
been used for immuno-stimulant, anti-inflammatory, analgesic,
insect repellent and pesticidal properties, in the treatment of dia-
rrhoea and dysentery in many African countries, and have been
evaluated as a substitute for imported western drugs (El-Rawy
et al., 1997; Ramadan et al., 1994). Some of the traditional
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Fig. 1. (A) A woman gatherer displaying Adansonia digitata fruits; (B) The Adansonia digitata tree; (C) Adansonia digitata fruit and seeds.
Photographs courtesy of PhytoTrade Africa.
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medicinal uses of baobab are presented in Table 1. Baobab prod-
ucts (e.g. seed oil, fruit pulp) are increasingly being commercia-
lised and exported around the world leading to increased
pressure on this resource (Sidibe and Williams, 2002). In this re-
view, available data on the nutritional value, phytochemistry, bio-
logical activities of different plant parts (e.g. fruit pulp, seed oil),
plant biology, ethnobotany as well as commercial aspects of bao-
bab are presented.

2. Botanical aspects

2.1. Origin of the name of the plant

The origin of the vernacular name “baobab” is uncertain.
However, most scientists believe it is derived from the Arabic
name buhibab meaning fruit with many seeds (Diop et al.,
2005). The genus name Adansonia is used in honour of Michel
Adanson (1727–1806) who brought seeds to Paris in 1754 and
who was the first person to provide a comprehensive descrip-
tion accompanied by a drawing of the plant (Esterhuyse et al.,
2001) after a trip to West Africa (Senegal). The species name
digitata (hand-like) was selected in reference to the shape of
the leaves. Several names are used to describe the baobab
depending on its geographical location and include “magic
tree”, “chemist tree”, “symbol of the earth”, “upside-down
tree” and “monkey bread of Africa” amongst numerous others
(Wickens, 1982; Diop et al., 2005; Vermaak et al., 2011).

2.2. Botanical description, habitat and distribution in Africa

The baobab is found in many African countries. Eight bao-
bab species have been identified globally and six species
found on the island of Madagascar are endemic to that region
(Wickens and Lowe, 2008). It is postulated that the centre of
evolutionary origin of the genus Adansonia is Madagascar
(Drake, 2006). The African species A. digitata is indigenous
to, and widely distributed throughout the savannas and savanna
woodlands of sub-Saharan Africa (Wickens and Lowe, 2008).
The only species which is not endemic to the African continent
is A. gibbosa (A.Cunn.) Guymer ex D.A.Baum native to Australia
(Drake, 2006; Wickens and Lowe, 2008). In southern Africa, A.
digitata is commonly found in Malawi, Zimbabwe, Mozambique
and South Africa especially in the warm parts of the Limpopo
Province, while inWest Africa, it is found inMali, Benin, Senegal,
the Ivory Coast, Cameroon and Burkina Faso. In East Africa, the
plant is found in countries such as Kenya, Uganda and Tanzania
(Watt and Breyer-Brandwijk, 1962; Adesanya et al., 1988;
UNCTAD, 2005; Lamien-Meda et al., 2008).

The baobab is a massive deciduous tree easily distinguish-
able by its huge trunk. It is regarded as the largest succulent



Table 1
Selected traditional medicinal uses of the A. digitata tree in Africa.

Therapeutic uses Plant part used Country Preparation Reference

Fever, diarrhoea Seeds South Africa Mixed with water Watt and Breyer-Brandwijk (1962)
Dysentery, fever Seeds, fruits Cameroon, Central

African Republic
Decoction Watt and Breyer-Brandwijk (1962)

Malaria, fever Leaves Sierra Leone – Watt and Breyer-Brandwijk (1962)
Coughs Powdered seeds South Africa – Watt and Breyer-Brandwijk (1962)
Diarrhoea, fever, inflammation,
kidney and bladder diseases,
blood clearing, asthma

Leaves South Africa Infusion Van Wyk and Gericke (2000)

Fever, dysentery Leaves, roots Sudan – Gebauer et al. (2002)
Anaemia Bark Nigeria Aqueous extract Adesanya et al. (1988)
Malaria Bark, leaves Nigeria Powdered bark

mixed with porridge
Ajaiyeoba et al. (2004)

Diarrhoea, fever, inflammation,
kidney and bladder diseases,
blood clearing, asthma

Leaves Tanzania Decoction, infusion Brendler et al. (2003)

Dysentery, fever, haemoptysis, diarrhoea Fruits, seeds Tanzania Decoction FAO (1993)
Refreshing, tonic, diuretic,
cystitis, dysentery,
hepatic disorders,
hypogalactia

Flesh with peel Burkina Faso Decoction Kerharo and Adam (1974);
Nacoulma (1999)

Toothache, gingivitis Leaves Burkina Faso – Tapsoba and Deschamps (2006)
Diarrhoea, worms Leaves, seeds, fruit pulp Côte d'Ivoire – Aké Assi (1992)
Wound healing Stem bark Mali Decoction Inngjerdingen et al. (2004)
Diaphoretic, fever remedy Leaves Kenya Decoction Abbiw (1990)
Diaphoretic, kidney and bladder diseases,
asthma, insect bites

Leaves – – Wickens (1982)

Microbial diseases Fruits Nigeria and
Senegal

– Hostettmann et al. (2000)
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plant in the world with a diameter of 10–12 m and a height of
23 m or more (Wickens, 1982; Chadare et al., 2009). Some
baobab trees bear leaves only for three months per year. During
the leafless period physiological processes such as photosyn-
thesis take place in the trunk and branches, utilising water
stored in the trunk (Gebauer et al., 2002). The large egg-shaped
fruit capsule is covered with velvety hairs, can reach 12 cm and
contains many seeds (Fig. 1C) (Wickens, 1982). It is estimated
that it takes between eight and twenty-three years before the
baobab produces seeds and the mature plant (over 60 years)
can produce more than 160–250 fruits per year (UNCTAD,
2005). The baobab produces large pendulous white flowers
from October to December (Watson, 2007). Assogbadjo et al.
(2005) showed correlation between soil minerals and/or soil
type and fruit production. For instance, the higher the pH–
KCl, the percentage of total nitrogen, organic carbon and or-
ganic matter, the higher the number of seeds produced by an in-
dividual baobab. It was also noted that the higher the clay and
crude silt content of the soil, the better the fruit production.

Baobab is restricted to hot, semi-arid regions, dry woodland
and stony places with low rainfall (less than 1500 mm annually)
(Gebauer et al., 2002) and grows on a wide range of well-drained
soils, from clays to sands, but not on deep unconsolidated sands,
where it is unable to obtain sufficient moisture or anchorage
(Wickens and Lowe, 2008). In Africa, the plant grows at a lati-
tude of 16° N and 26° S in areas not receiving more than one
day of frost per year. The tree grows very slowly probably due
to low amount of rainfall received (Venter and Venter, 1996).
2.3. Pollination, dispersion and cultivation

The white flowers are pollinated by fruit bats that feed on the
nectar at night (Fujita, 1991; Watson, 2007). A. digitata is
widely spread over the African savanna through natural repro-
duction (seeds). Many animals will eat the fruit contents once
the outer shell has withered and broken, and may at the same
occasion assist in seed dispersal (Wickens and Lowe, 2008).
Dormancy is broken when the seeds pass through the digestive
tract of animals consuming the fruit. Esenowo (1991) found
that the most effective method to break the dormancy was scar-
ification, and cultivation requires that the seeds be treated be-
fore sowing. The seeds generally take three to five weeks to
germinate (Diop et al., 2005), while plants grown from seed
start flowering after eight to twenty-three years. The flowering
period of baobab which is very long can be reduced to less than
five years by grafting (Sidibe and Williams, 2002). Young trees
grafted from elite trees with desirable characteristics develop
faster than trees grown from seed. Therefore, good possibilities
for future vegetative cultivation and commercialisation of bao-
bab products can be expected. The probability of seed germina-
tion of baobab is very low (10%) and studies have shown that
the probability of germination will increase up to 85% if the
seeds are soaked before sowing (Diop et al., 2005). In Burkina
Faso, people have started planting baobab trees (Ouedraogo,
2004).

In the past few years, consumer products derived from the
seed oil and fruit pulp have been exported to European and
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USA markets and the demand for these products are increasing
(UNCTAD, 2005). An increased demand can lead to overex-
ploitation of the plant therefore it is important to determine
the factors that could lead to the successful cultivation of this
commercially important tree. Ecological niche modelling stud-
ies were undertaken to determine factors that are crucial to the
cultivation of baobab and results indicated that annual precipi-
tation and seasonal temperature fluctuations were two key fac-
tors (Sanchez et al., 2010). The results of the ecological
modelling also predict that baobab could be widely cultivated in
most countries in southern Africa and in the Sudano-Sahelian
zone of West Africa from Senegal to Sudan (Sanchez et al.,
2010). Furthermore, the modelling prediction showed that Angola
and Somalia are highly suited for cultivating baobab in Africa,
while India was determined to be the most suitable country for
baobab cultivation outside Africa (Sanchez et al., 2010). Howev-
er, many other factors such as pollinator agents, radiant ener-
gy, soil aeration and structure, soil reaction, biotic factors
(allelopathy, heavier fertilisation), mineral nutrient supply
and pollination agents should be incorporated in the model
in order to determine more accurately the potential area of
baobab cultivation.

Assogbadjo et al. (2008) investigated the perception and
preferences of baobab products in Benin, Burkina Faso,
Ghana, and Senegal and the survey included women and men
of different ages. According to this study, the easier the bark
harvesting, the tastier the pulp and leaves; the slimier the
pulp, the less tasty it is; the more closely longitudinally marked
the fruit capsules, the tastier the pulp. This study shows that
farmers are able to use preferred combinations of traits as a
guide in collecting germplasm from trees. The indigenous
knowledge can therefore be used to select an appropriate tree
candidate for propagation, and planning for a domestication
programme.

3. Traditional and modern uses

Throughout Africa the baobab is regarded with awe by most
indigenous people; some even consider it bewitched (Wickens
and Lowe, 2008). Almost all parts of the tree are used in tradi-
tional medicine in Africa although this varies from one country
to another. The traditional medicinal uses of baobab in Africa
are summarised in Table 1. The various parts of the plant
(leaves, bark, seeds) are used as a panacea, that is, to treat al-
most any disease but specific documented uses include the
treatment of malaria, tuberculosis, fever, microbial infections,
diarrhoea, anaemia, dysentery, toothache, etc. (Watt and Breyer-
Brandwijk, 1962; Adesanya et al., 1988; Abbiw, 1990; Van
Wyk and Gericke, 2000; Brendler et al., 2003; Tapsoba and
Deschamps, 2006; Wickens and Lowe, 2008; De Caluwé et al.,
2009; Nguta et al., 2010). The leaves and fruit pulp are used as
febrifuge as well as an immunostimulant (El-Rawy et al., 1997;
De Caluwé et al., 2009). In Nigeria, the leaves of baobab are
used to overcome fever (Wickens, 1982). In India, it is reported
that baobab pulp is used externally with buttermilk for the
relief of diarrhoea and dysentery, while the young leaves are
crushed and used to treat painful swellings (Sidibe and Williams,
2002). Furthermore, it is reported that the leaves of baobab are
used to treat various conditions including internal pains, disease
of the urinary tract, otitis, as a tonic and for insect bites andGuinea
worms (Sidibe and Williams, 2002). Watt and Breyer-Brandwijk
(1962) reported that the leaves of baobab are used against exces-
sive sweating and as astringent. The dried leaves are used in many
West African countries as an insect repellent (Denloye et al.,
2006). In Ghana, the bark is used as substitute for quinine to re-
lieve fever (Shukla et al., 2001). The oil extracted from the
seeds is used against diarrhoea and hiccough (De Caluwé et al.,
2009). In Africa, people infected with malaria parasites consume
a mash containing dried baobab bark as a febrifuge in order to
treat the fever associated with this illness (Wickens and Lowe,
2008). In Mali, it is reported that swollen joints are treated by rub-
bing a paste madewith baobab fruit into the affected area (Wickens
and Lowe, 2008).

The baobab is extremely important to humans and ani-
mals in the dry areas of Africa because it offers shelter, a
source of nutrition, clothing as well as raw material for
many useful items. In Benin, the bark has been used for mak-
ing ropes (De Caluwé et al., 2009). In some villages in West
Africa, people store water in the tree trunk and it is estimated
more than 120,000 L of water can be stored (Royal Botanic
Gardens, Kew, 1999). Baobab is used for several purposes
and these include: fruit for food; oil from the seeds; rope,
cordage and cloth from the bark fibre; tannin for curing leather
from the tree bark; glue from the pollen grain of the flowers; pulp
for making paper from the harvested tree (although of low quali-
ty), seasoning and as an appetiser (Wickens, 1982; Sidibe and
Williams, 2002; Nhukarume et al., 2008). The fresh leaves are
cooked as vegetables (Van Wyk et al., 1997). In Madagascar,
baobab seeds (including A. digitata) have been used for the pro-
duction of vegetable oil (Bianchini et al., 1982).

In some countries in West Africa, the leaves, fruit pulp and
seeds are the main ingredient in sauces, porridges and bever-
ages (Chadare et al., 2009; De Caluwé et al., 2009; Yusha'u
et al., 2010). Recently, baobab has been referred to as a “super-
fruit” based on its nutritional profile (e.g. vitamin, fatty acid,
mineral) (Gruenwald, 2009). The nutritional value of baobab is
only briefly discussed since a comprehensive report on the nutritive
aspects is already available (Chadare et al., 2009; De Caluwé et al.,
2009). The major interest in baobab products is as a result of its
ascorbic acid and dietary fibre content. The level of vitamin C
contained in fruit pulp is high and can range from 2.8 to 3 g/kg
(Vertuani et al., 2002). It was noted that baobab fruit pulp has a
very high vitamin C content (280–300 mg/100 g), which is
seven to ten times more than oranges (51 mg/100 g) (Manfredini
et al., 2002; Täufel et al., 1993). One study demonstrated that the
consumption of 40 g of baobab pulp provides 100% of the
recommended daily intake of vitamin C in pregnant women
(19–30 years) (Chadare et al., 2009). The ascorbic acid content
was evaluated in the fruit of A. digitata (Diop et al., 1988) and it
was found to contain 337 mg/100 g of ascorbic acid (Eromosele
et al., 1991; Gebauer et al., 2002). Sidibe and Williams (2002)
recommended that baobab leaves should be stored as whole
leaves rather than ground leaf powder in order to preserve the
high vitamin content.
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The calcium content found in the fruit pulp varies according
to authors and the origin of the samples tested. Brady (2011)
reported a calcium content of 344.2 mg/100 g sample which
differs from the value of 295.0 mg/100 g reported by Osman
(2004). Other authors have found different levels of calcium
in the fruit (211 to 2160 mg/100 g) (Sena et al., 1998; Lockett
et al., 2002). Similarly, the level of potassium in the fruit pulp
was found to be 1578.5 mg/100 g sample (Brady, 2011) and
1240.0 mg/100 g (Osman, 2004). The leaves are particularly
rich in calcium (307 to 2640 mg/100 g dw), they are known
to contain good quality proteins and it is estimated that it con-
tains three to five times more calcium than milk. The seeds
have a relatively high lipid content of 11.6 to 33.3 g/100 g dw
(Brady, 2011).

Several studies have revealed that baobab is rich in fibre (ap-
proximately 44%) which can balance the intestinal flora. How-
ever, the fibre content varied considerably between studies
which could be due to several factors such as the origin of the
plant material and the extraction procedure used. Additional in-
formation on the nutritional value of baobab products can be
obtained in other works (e.g. Nordeide et al., 1996; Barminas
et al., 1998; Soloviev et al., 2004; De Caluwé et al., 2009).

Several studies have demonstrated a significant correlation be-
tween the intake of fruits and vegetables and the occurrence of in-
flammation and diseases such as cardiovascular disease and
cancer (Aruoma, 1998; Willet, 2001). Natural anti-oxidants, in-
cluding polyphenolic compounds from plants, vitamins E and C,
and carotenoids, are believed to be effective nutrients in the pre-
vention of these oxidative stress-related diseases (Besco et al.,
2007).

The oil obtained from seeds is used to treat skin ailments, thus it
may have some cosmetic applications (Sidibe and Williams,
2002). Fixed oils are important ingredients in cosmetic products
and amongst these is baobab seed oil. It is suitable for use on the
skin as it is non-irritating and non-allergenic (Wren and Stucki,
2003). Other properties of pharmaceutical/cosmetic importance in-
clude that it is excellent for restoring and remoisturising the skin
due to its high penetrability and nourishing properties. It can also
be used to treat eczema and psoriasis (PhytoTrade Africa).

Baobab oil or fruit pulp contains several vitamins (Nkafamiya
et al., 2007) that are essential for skin care. These include vitamins
A and F (rejuvenation and cell renewal); vitamin E (anti-oxidant
and anti-ageing effects) (Nyam et al., 2009) and vitamin D3
which increases calcium absorption and decreases blood pressure
in the elderly (Wasserman, 2004). The oil is said to alleviate
pain from burns and regenerates the epithelial tissues in a short
time, thereby improving skin tone and elasticity (Murunga
Products).

The oil can be used as a protecting, nourishing, moisturising,
soothing and regenerating agent. Studies have also shown that
the oil contains anti-oxidants (Nkafamiya et al., 2007), can pro-
tect the skin against premature ageing and prevents the appear-
ance of wrinkles (Africajou). Alone or combined with other
ingredients, it is also used to aid in skin healing (small cuts,
chapping) or as a mask for hair care (dry, brittle hair, split
ends) (Africajou). Linoleic acid (found in baobab seed oil) is
the most frequently used fatty acid in cosmetic products as it
moisturises the skin, aids in the healing process of dermatoses
and sunburns and is used for the treatment of Acne vulgaris
(Lautenschläger, 2003).
4. Phytochemistry

Several classes of compounds have been identified from vari-
ous parts of baobab (fruit pulp, seed oil, leaves, roots) including
terpenoids, flavonoids, sterols, vitamins, amino acids, carbohy-
drates and lipids (Chauhan et al., 1984; Chauhan et al., 1987;
Shukla et al., 2001).

The chemical structures of selected compounds are shown
in Fig. 2. Ten aromatic compounds including isopropyl myr-
istate and nonanal were identified in the fruit pulp using
GC–MS (Cisse et al., 2009). Several compounds have been
isolated from the pericarp using column chromatography
and include: (–)-epicatechin, epicatechin-(4β→8)-epicatechin
(B2), epicatechin-(4β→6)-epicatechin (B5), epicatechin-
(2β→O→7, 4β→8)-epicatechin (A2), and epicatechin-(4β→8)-
epicatechin-(4β→8)-epicatechin (C1) (Shahat, 2006). Epicatechin
is a flavonol (flavonoid) found in many plants such as grapes,
cocoa and tea. This class of compound may prevent coffee berry
disease by inhibition of appressorial melanisation. Epicatechin is
known to exhibit strong anti-oxidant activity (Lee et al., 2003)
and can also promote survival in diabetic mice (Si et al.,
2011). Other compounds such as 3,7-dihydroxy-flavan-4-one-5-
O-β-D-galactopyranosyl (1→4)-β-D-glucapyroside and a flavo-
none 3,3′,4′-trihydroxy flavan-4-one-7-O-α-L-rhamnopyranoside
and quercetin-7-O-β-D-xylopyranoside were isolated from the
roots of A. digitata (Chauhan et al., 1984; Chauhan et al., 1987;
Shukla et al., 2001).

Compounds such as campesterol, cholesterol, isofucosterol,
β-sitosterol, stigmasterol and tocopherol (α, β, γ, and δ) have
been detected in the seed oil. Bianchini et al. (1982) investigat-
ed the lipid composition of the seed oil using GC–MS. The
major hydrocarbons in the seed oil were n-alkanes (57.3%)
and squalene (39.5%). Fatty acids present in the seed oil in-
clude linoleic and oleic acids in high concentration as well as
lesser amounts of palmitic, linolenic, stearic and arachidic
acids (Yazzie et al., 1994; Glew et al., 1997; Codjia et al.,
2001; Sidibe and Williams, 2002; Osman, 2004; Nkafamiya
et al., 2007).

The presence of organic acids such as citric, tartaric, malic,
succinic and ascorbic acid in the fruit pulp was first highlighted
in the early fifties. The pulp represents 14 to 28% of the total
fruit weight and the pulp water content is low (less than 15%)
(Soloviev et al., 2004). Studies have shown that the fruit pulp
contains high amounts of carbohydrate (≈70%), crude fibre
(≈11.2%), a low amount of ash (≈5.7%) and protein (≈2.2%),
and a very low amount of fat (≈0.4%) (Lockett et al., 2002). Sev-
eral amino acids such as alanine, arginine, glycine, lysine, methi-
onine, proline, serine, valine (from fruit pulp) (Glew et al., 1997),
vitamins (B1, B2, B3, A, C) (from fruit pulp and/or leaves)
(Sidibe et al., 1996; UNCTAD, 2005) and minerals (Cu, Fe, K,
Mg, Mn, Na, P, Zn) (from fruit pulp) (Glew et al., 1997) have
also been identified.
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5. Biological activity

5.1. Analgesic and antipyretic activities

The analgesic effect of the fruit of A. digitata extracted with
hot water was tested in vivo (mice). It was noted that the extract
exhibited analgesic activity 2 h after administration. At 800 mg/
kg, the reaction time was 15.4 min in comparison to the nega-
tive control (10.2 min) (Ramadan et al., 1994). The petroleum
ether extract containing seed oil of A. digitata was investigated
for analgesic activity. The extract exhibited analgesic activity
with the tail flick response in 6.1 s which was not statistically dif-
ferent from aspirin used as positive control (Khan et al., 2006).
The antipyretic activity of A. digitata extract was evaluated on
twenty rats. Hyperthermia was induced by subcutaneous injec-
tion of a 12% yeast suspension and the temperature of each rat
was monitored. After a 4 h treatment period, at a concentration
of 800 mg/kg, the rectal temperature of the rats showed a slight
decrease (37.3 °C) in comparison to the initial temperature of
38.6 °C, suggesting that baobab extract exhibited antipyretic ac-
tivity (Ramadan et al., 1994). A clinical investigation was con-
ducted to compare the efficacy of a baobab fruit solution to the
WHO standard solution in the treatment of children (161 chil-
dren, 6 months old) with acute diarrhoea. The results demonstrat-
ed that the WHO solution was superior to the solution made from
A. digitata in terms of duration of diarrhoea, weight gain and re-
hydration. However, the difference was not statistically signifi-
cant suggesting that the baobab solution could be used as
treatment in children with acute diarrhoea (Tal-Dia et al., 1997).
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Fig. 2. Chemical structures of selected compounds isolated from A. digitata.
5.2. Antibacterial activity

Baobab plant parts have been used for centuries to treat micro-
bial infections both in humans and animals and many scientific
studies have been carried out in order to validate its traditional an-
timicrobial uses. Kubmarawa et al. (2007) found that A. digitata
extract was not active against Candida albicans (ATCC
10231), Staphylococcus aureus (ATCC 13709), Pseudomonas
aeruginosa (ATCC 27853), Escherichia coli (ATCC 9637) and
Bacillus subtilis (NCTC 8236). This was in contrast to a study
carried out by Yagoub (2008) who investigated the antibacterial
activity of a solvent extract of A. digitata against E. coli isolated
from urine and water. The results clearly indicated that the sol-
vent extract inhibited bacterial growth with the inhibition zone
ranging from 20 to 30 mm depending on the concentration at
which the sample was tested (Yagoub, 2008). In a recent study,
Masola et al. (2009) investigated the antimicrobial activity of bao-
bab plant parts (stem and root barks) against Gram-positive bacte-
ria, Gram-negative bacteria and yeast. The results indicated that the
aqueous and ethanolic root and stem bark extracts inhibited the
growth of various micro-organisms with the MIC values ranging
from 1.5 to 6 mg/ml. The antibacterial activity of the plant could
be attributed to the presence of tannins, phlobatannins, terpenoids
and saponins in the stem bark (Masola et al., 2009).
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5.3. Anti-inflammatory activity

The anti-inflammatory activity of the fruit extracted with hot
water was tested in vivo using the rat paw formalin-induced oede-
ma test. The extract tested at a dose of 400 and 800 mg/kg inhibited
formalin-induced oedema. After 24 h administration of the aque-
ous extract, the mean swelling of the foot was 1.81 and 1.75 mm
for 400 mg/kg and 800 mg/kg, respectively, in comparison to the
negative control (6.35 mm) (Ramadan et al., 1994). The DMSO
fruit pulp extract and aqueous leaf extract showed significant inhi-
bition against cytokine IL-8 (Vimalanathan and Hudson, 2009).

5.4. Anti-insecticidal activity and repellency

Smoke from pellets of A. digitata leaves was assayed for
toxicity and repellency against adult (0–7 days old) Anopheles
gambiae (African malaria mosquito),Musca domestica (housefly)
and Periplaneta americana (American cockroach) insects. The
results indicated that the smoke caused the death of A. gambiae
and M. domestica, but not P. americana. The median lethal dose
forA. gambiaewas 0.47, 0.50 and 0.20 g for the pellets containing
0, 0.01 and 0.05 g of d-allethrin, respectively, while it was 0.46,
0.52 and 0.46 g forM. domestica (Denloye et al., 2006).

5.5. Phenolic and flavonoid content and anti-oxidant activity

Phenolic and flavonoid compounds are well known for their
good anti-oxidant activity. The total phenolic levels in fresh
ripe fruits were significantly higher in the aqueous methanol
than in the aqueous acetone extracts (4057.5 and 3518.3 mg
GAE (gallic acid equivalents)/100 g of fruit for total phenolics,
respectively). Similarly, the flavonoid level was higher in the
aqueous methanol extract of the fresh ripe fruit than in the aque-
ous acetone extract (42.7 and 31.7 mg QE (quercetin equiva-
lents)/100 g of fruit for total flavonoids, respectively). The anti-
oxidant activity of fresh ripe fruit of A. digitata was 1000 mg
AEAC/100 g (ascorbic acid equivalent anti-oxidant content)
(Lamien-Meda et al., 2008). In a separate investigation,
Nhukarume et al. (2008) showed that phenolic content of
baobab fruit pulp (≈52 mg/100 ml GAE) was not statistically
different from that of Citrus sinensis Pers. (Nhukarume et al.,
2008) suggesting the use of baobab fruit pulp as an anti-oxidant
botanical dietary supplement. Brady (2011) found that the anti-
oxidant capacity of the hydrophilic extract of fruit pulp was higher
(7.65 mg ascorbic acid equivalent/g) compared to the lipophilic
extract of fruit pulp (3.32 mg ascorbic acid equivalent/g).
Carlsen et al. (2010) summarised the anti-oxidant activity of
various fruits and vegetables. The anti-oxidant activity of the
baobab varies according to the plant part used. The anti-
oxidant content of dried leaves was 48.1 mmol/100 g which
was almost five times higher than that of fruit pulp. The anti-
oxidant content of fruit or dried leaves was higher than that
of orange (0.9 mmol/100 g); mango (1.7 mmol/100 g); apple
(3.8 mmol/100 g) and papaya (0.6 mmol/100 g). Vertuani et al.
(2002) showed that the fruit pulp exhibited strong anti-oxidant ac-
tivity corresponding to 6–7 mmol/g of Trolox®, in comparison to
the fruit pulps of orange (0.1 mmol/g), strawberry (0.90 mmol/g),
apple (0.16 mmol/g) and kiwi (0.34 mmol/g). Nhukarume et al.
(2008) investigated the ability of solvent extracts of various fruits
including baobab to inhibit the peroxidation of lipids. The results
showed a significant difference in the activity of the beverage
extracts with A. digitata having the greatest activity. The order
of activity was A. digitata N ascorbic acid N C. sinensis Pers.
(orange) N Strychnos spinosa Lam. N Parinari curatellifolia
Planch. ex Benth. N baobab nectar.

Besco et al. (2007) evaluated the anti-oxidant activity of
baobab red fibre. The lipid soluble anti-oxidant capacity, the
water-soluble anti-oxidant content and the ascorbic acid anti-
oxidant capacity were determined. The results obtained clearly
demonstrated the lipid soluble anti-oxidant capacity of baobab
red fibre was high (508.0±0.008 μmol/g, Trolox® equivalent).
Similarly, the water-soluble anti-oxidant capacity, correspond-
ing to the activity expressed as μmol/g equivalents of ascorbic
acid for each gram showed the same pattern with the ascorbic
acid equivalents of baobab red fibre particularly high
(386.0 μmol/g). The same study also showed that the integral
anti-oxidant capacity (sum of the anti-oxidant capacity of hy-
drophilic and lipophilic anti-oxidants) of baobab red fibre
(1617.3 μmol/g) was 66 times higher than that of orange pulp
(24.3 μmol/g) (Besco et al., 2007).
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5.6. Inhibitory effects of Trypanosoma by baobab products

The capacity of A. digitata to reduce the mobility of Trypa-
nosoma brucei, which causes sleeping sickness, was evaluated
using four different extracts (petroleum ether, chloroform,
water and methanol) obtained from the leaves and the bark.
The time at which mobility stops ranged between 10 and
45 min for the root bark, while with the leaves, the mobility
seized between 25 and 45 min, when various extracts were test-
ed at 2 mg/ml (Atawodi, 2005). In another study, the in vitro
trypanocidal activity of baobab was microscopically investigat-
ed against T. brucei brucei and T. congolense, which causes na-
gana in animals. The methanol root extract exerted a noticeable
effect on motility after 50 and 55 min for T. brucei brucei and
T. congolense, respectively (Atawodi et al., 2003).

5.7. Antiviral activity

Several in vitro and in vivo studies have been carried out to
determine the antiviral activity of various baobab plant parts.
Ananil et al. (2000) investigated the antiviral activity of several
plants against the herpes simplex, sindbis and polio viruses.
The baobab extract from leaves was found to have the most po-
tent effect. Vimalanathan and Hudson (2009) investigated the
antiviral activity of A. digitata leaves, fruit-pulp and seed
extracted with water, DMSO and methanol. The study was con-
ducted using the minimum inhibitory concentration method
against influenza virus, herpes simplex virus and the respiratory
syncytial virus. The influenza virus was very susceptible, while
the respiratory syncytial virus was resistant. The leaf extract
exhibited the most promising activity against the influenza
virus with the MIC value ranging from 0.12 μg/ml (DMSO)
to 2.8 μg/ml (water). The activity of the leaf extract was prom-
ising against the herpes simplex virus (MIC value: 1.0 to
11.7 μg/ml), while the pulp and the seed exhibited much
lower activity (MIC value N72.5 μg/ml). The study clearly
demonstrated variation in biological activity when different
plant parts are investigated. Furthermore, the anti-HSV activity
was considerably enhanced by light, especially long wave-
length UV although they all showed ‘dark’ antiviral activity
as well. Thus, all the extracts contained antiviral photosensiti-
sers (Hudson et al., 2000; Vimalanathan and Hudson, 2009).

5.8. Hepatoprotective activity

The hepatoprotective activity of a water extract of the fruit
pulp was evaluated in vivo against chemical-induced toxicity
with CCL4 in rats. The results clearly showed that the water ex-
tract exhibited significant hepatoprotective activity. The liver
protective ability of A. digitata extract was 76, 77, and 87%
for alanine transferase, aspartate transferase and alkaline phos-
phatase activity, respectively when the plant extract was admin-
istered at the start of CCl4 toxicity. The results suggest that
consumption of A. digitata fruit may play an important part in
resistance to liver damage in areas where baobab is consumed
(Al-Qarawi et al., 2003). Although the mechanism of action
of liver protection could not be established, this protective
activity could be due to triterpenoids, β-sitosterol, β-amyrin
palmitate, and/or α-amyrin and ursolic acid present in the
fruit (Al-Qarawi et al., 2003). The acute toxicity of baobab
fruit pulp extract was tested in vivo on rats and the results
showed that the LD50 was 8000 mg/kg following parenteral
administration suggesting low toxicity (Ramadan et al.,
1994).

The effects of baobab seed oil on drug metabolising en-
zymes (cyclopropenoid fatty acids) were evaluated in vivo in
rats fed either with baobab seed oil (1.27% cyclopropenoid
fatty acids) or heated baobab seed oil (0.046% cyclopropenoid
fatty acids in the diet). The rats fed baobab oil showed retarded
growth when compared to other groups of animals. Further-
more, the relative liver weights were markedly increased
whereas cytochrome P-450 content and NADPH cytochrome
C reductase and NADH cytochrome C reductase activities
were decreased (Andrianaivo-Rafehivola et al., 1995).

5.9. Use as drug permeation enhancer (excipient)

The mechanism through which A. digitata exerts its effect,
the kinetics of drug delivery and the use of A. digitata mucilage
in the formulation of matrix tablets were investigated in vitro
using aminophylline as positive control. The drug release retar-
dation efficiency of A. digitata mucilage at equal polymer con-
centrations was higher than those of plasma concentration but
less than that of hydroxypropyl methylcellulose in simulated in-
testinal fluid and simulated gastrointestinal fluid. Furthermore,
it was found that the mechanism of release of aminophylline
from A. digitata mucilage in hydroxypropyl methylcellulose
was by diffusion (Builders et al., 2007).

5.10. Other biological activities

The growth performance of guinea fowl keets that were feed
with baobab seed cake diets was investigated. The diets con-
sisted of different amounts of the baobab seed cake (0, 5, 10
and 15%). The fed intake and body weight gain of the keets
was found to be high when the amount of baobab seed cake
added to their diet was between 0 and 5% (Mwale et al.,
2008). The ethanolic extract of the bark was investigated for
antihyperglycaemic and antilipidaemic activities in alloxan-
induced diabetic female rats. Baobab bark extract was adminis-
tered orally for seven days in doses of 250 and 500 mg/kg bw
to diabetic rats, while the antidiabetic drug glipizide (500 μg/
kg bw) was administered to the control group. The bark extract
exhibited hypoglycaemic activity as they decreased plasma glu-
cose levels by 26.7% and 35.9% and increased glycogenesis by
11.3% and 32%, respectively. Furthermore, the extracts signif-
icantly decreased plasma and hepatic lipid profiles suggesting
that the solvent extract of the stem bark of A. digitata exhibited
antidiabetic and hypolipidaemic effects on type I diabetic ani-
mals (Bhargav et al., 2009). The methanol extract of A. digitata
was investigated for in vitro antimalarial properties using the
lactate dehydrogenase technique, with a multiresistant strain
of Plasmodium falciparum K1. However, the study did not
have significantly positive results (IC50 value: 429.9 μg/ml)
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(Ajaiyeoba et al., 2004). Köhler et al. (2002) investigated the anti-
plasmodial activity of aqueous extract of baobab pulp against the
chloroquine-sensitive and resistant strains of P. falciparum. Poor
activity was noted (IC50 value N50 μg/ml). The results of an in-
vestigation on the cytotoxicity of the baobab plant varied accord-
ing to the plant parts (seed, leaves, fruits) and solvents used. The
toxicity against Vero monkey kidney cells ranged from 130 μg/
ml (leaves) to≈1900 μg/ml (fruit pulp) (Vimalanathan and Hud-
son, 2009).

6. Commercialisation

Interest in non-timber forest products (NTFPs) is increasing
rapidly and the use of these products constitute a source of in-
come of many rural people in Africa. NTFPs of baobab
(seeds oil, leaves and fruits) are beneficial not only for rural
communities but also because NTFPs are natural products
that can be used in pharmaceutical and cosmetic industries.
Baobab is highly sought after in several market segments
such as; food and beverages (Germany, France and The Nether-
lands), botanical remedies (Germany, France and The Nether-
lands) and nutraceuticals as well as natural cosmetics (EU,
USA and Japan) (UNCTAD, 2005). Baobab fruit is an ideal
candidate in the functional food market as it is very high in vi-
tamin C and the powder may be used as a thickener due to its
high pectin and fibre content. The import value of the product
class of rare edible dried fruit, which includes baobab fruit
pulp, grew by 13% in 2003 (Eurostat, European Statistics,
2004).

A survey revealed that 73% of the German public would buy
food and drinks with anti-oxidant properties (UNCTAD, 2005).
Several biological properties have been proven for baobab
products (e.g. seed oil, fruit pulp, leaves) as described above
lending credence to its use as a botanical remedy with possible
medical applications.

Natural health and cosmetic products are in great demand es-
pecially in North America, Europe and Japan (UNCTAD,
2005). The turnover of botanical remedies and dietary supple-
ments almost doubled from US$12.4 billion in 1994 to US
$20.3 billion in 2003 (UNCTAD, 2005). The oils extracted
from baobab seeds have a history of use in skin and healthcare
recognised by cosmetic industries that incorporate this oil into
their products (Sidibe and Williams, 2002; UNCTAD, 2005).
Anti-oxidant substances, such as baobab fruit pulp, are in sig-
nificant demand due to anti-ageing properties (UNCTAD,
2005; IFAD, 2008).

Baobab is one of the important commercial non-timber for-
est products (NTFPs). NTFPs are of major significance in inter-
national trade. In 2008, 150 important NTFPs were recognised
including essential oils, medicinal plants, bamboo, wild nuts and
seeds, various types of fibres and mushrooms amongst others.
These NTFPs have received much attention and the emphasis
has been on developing the value chain to contribute towards
income generation for rural households. For women especially,
the gathering of NTFPs (Fig. 1A) represents the sole source of
food and income for their families (IFAD, 2008; Le Breton and
Nemarundwe, 2009).
Non-profit community-based organisations (such as Phyto-
Trade Africa) play a major role in the baobab market in terms
of marketing and supply chain development of NTFPs. Baobab
fruits are harvested in rural areas, especially in Malawi and
Zimbabwe. Processing then takes place where the seed is sepa-
rated from the pulp. The pulp is graded by particle size and the
raw material is sold as such. The seeds are retained and pro-
cessed into oil which is sold to cosmetic companies (UNCTAD,
2005; IFAD, 2008). These community-based organisations and
businesses aim to deliver high quality products to global mar-
kets. In 2008, close to 20,000 primary producers sold raw or
value-added NTFPs worth US$774,353, a 42% increase from
2007 (IFAD, 2008; Le Breton and Nemarundwe, 2009). Phyto-
Trade Africa submitted a Generally Recognised As Safe
(GRAS) notification concerning baobab fruit pulp to the FDA
during 2008. According to the Federal Food, Drug and Cosmet-
ic Act (sections 201(2) and 409) any substance that is intention-
ally added to food as an additive is subject to premarket review
and approval by the FDA. On 25 July 2009, the FDA's decision
was that baobab (A. digitata) dried fruit pulp (BDFP) is GRAS,
through scientific procedures, for use as an ingredient in blended
fruit drinks and fruit cereal bars at levels of up to 10% and 15%,
respectively (FDA, U.S. Food and Drug Administration, 2009).

The properties and phytochemical composition of baobab
has led to its inclusion in various patent applications in recent
years. However, the first patent application concerning baobab
titled “Process for manufacturing plastic mass” was filed on 5
July 1904 and granted on 26 September 1905. It described the
process of producing a pulp-like mass by alkali treatment of
the fibre or inner bark of the monkey-bread tree. This mass
can then be cast and pressed into any shape before drying to
manufacture objects such as buttons, pulleys, handles for
tools, pedestals and so forth (Geipel, 1905). Since then, patents
involving baobab have mostly focused on dermatological as
well as nutritional applications. One patent on the use of bao-
bab as an additive in cosmetic, skincare and dermatological
emulsions describes the use of fruit pulp, leaves, bark, seeds,
flowers and roots or a mixture of these plant parts to produce
cosmetic and dermatological emulsions for skin protection
and skin care which have a high stability of the UV filters in-
corporated in the preparations (Engels, 2009a). Redness and
burning of the skin is alleviated and regeneration of the skin
is promoted. Baobab itself has a photoprotective effect and
used in combination with other UV filters, the stability of the
UV filters were improved (dibenzoylmethane derivatives, ben-
zophenone derivatives) (Engels, 2009a). Another patent claims
that a component or extract from the baobab plant can be used
for the treatment, care, and prophylaxis of skin problems or skin
diseases, particularly of allergic and/or inflammatory diseases in
humans and animals (Engels, 2009b). It is also claimed that bao-
bab used on the skin, hair, eyelashes or nails produces an effect
which can be softening, insulating, hydrating, soothing, emulsify-
ing, regenerative, anti-free radical, anti-inflammatory, protective,
photoprotective, anti-pollutant, anti-toxic or anti-sensitising
(Pauly, 2001).

In addition, baobab is included as an ingredient in a nutra-
ceutical combination also containing Borojoa patinoi Cuatrec.
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(borojo), Cyclanthera pedata (L.). Schrad. (caigua) and Afra-
momum melegueta K. Schum. (grains of paradise) for human
consumption to promote well-being, provide nutritional value
and to aid in preventative health management. According to
the patent, it has been established that each of the plants has a
nutritional and medicinal value and it may be useful as a dietary
supplement to be sprinkled over food as a dry powder, as a cap-
sule, a ready to drink juice or a food additive. Baobab is de-
scribed as a good source of vitamin C, micronutrients and
soluble fibres with a pre- and probiotic effect thereby serving as
an intestinal regulator in the case of gastric disorders (Shatkina
and Gurevich, 2010). The use of baobab is not restricted to
humans; another invention is intended to market baobab as an an-
imal food or animal food additive to provide a high-value food or
food supplement which is tasty and counteracts malnutrition
(Engels, 2009c). Baobab is also listed in various patent docu-
ments as a possible ingredient in various cosmetic and other for-
mulations (Engels, 2009a). Scientific studies are not available to
support most of these patent applications, especially related to
cosmetic uses.
7. Conclusions

It is evident that the iconic African tree, baobab, is an impor-
tant nutritional and medicinal resource. Studies on the nutrition-
al value are abundant but the use of various methods
highlighted significant variations in the content of some com-
pounds. However, the major trend found is that baobab fruit
pulp is rich in vitamin C and the anti-oxidant capacity of the
fruit pulp is greater than that of other common fruits known
for high anti-oxidant activity. Baobab fruit pulp has been ap-
proved by statutory bodies for use in certain nutritional prod-
ucts. Although no recent turnover figures for baobab products
could be located, it is certain that commercialisation of baobab
products (e.g. seed oil, fruit pulp) has increased especially after
the FDA and EU have recognised the fruit pulp as a food sup-
plement. The global demand for baobab has increased dramat-
ically as more sectors, such as the cosmetic industry,
developed an interest in this multipurpose plant. This in turn
contributes significantly to the income of rural communities,
positively affecting the livelihoods of many people. Seed oils
have been used for topical skin application since ancient
times and due to the toxic effects of synthetic oils, there is a
growing trend to replace them and revert to the use of natural
oils in the cosmetic and pharmaceutical industries. Baobab
seed oil is used in pharmaceutical and cosmetic industries due
to its fatty acid content known to have beneficial effects when
applied onto the skin as such. Numerous studies on the biolog-
ical activities of baobab have been conducted with promising
results. However, conclusive results on beneficence cannot al-
ways be established and for several areas of study there is a
lack of information.

Due to the increased interest in baobab products and slow
growth of the plant, research should be directed on how to de-
velop a new cultivar with a short maturation period. Variation
in chemical composition of the fruit pulp was found,
highlighting the need to set quality standards for seed oil and
fruit pulp as they are important commercial commodities.
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