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Abstract: Garcinia kola Heckel (Clusiaceae), known as bitter kola, is a multipurpose tree indigenous
to West and Central Africa. This highly preferred species is called “wonder plant” because all of
its parts can be used as medicine. Its seeds, the most valued product of the tree, are commonly
eaten to prevent/cure gastric disorders and for their typical astringent taste. There is a vast
evidence that bioactive components of the seeds can serve as alternative medicine to treat/prevent
severe illnesses such as malaria, hepatitis and immune-destructive diseases. Despite the species’
pharmaceutical potential and its high preference by West and Central African communities, G. kola
is still at the beginning of its domestication process. Even though, there are numerous scientific
articles published on species’ biological activities, it is a difficult task to find basic information on
its diversity, distribution, genetics, silvicultural management or botany. Therefore, in this very first
review published on G. kola, we summarize all relevant information known about the species, target
some of the challenges connected with its cultivation and propose a leading direction for future
research and domestication process.

Keywords: Cameroon; diversity; indigenous fruit tree species; kolaviron; medicinal plants;
underutilized crops

1. Introduction

From the outset of humankind, forests and especially trees have provided people with food
and medicines. In 2011, the value of non-timber forest products (NTFPs) worldwide reached 88
billion USD [1]. However, traditional knowledge of these valuable tree species has been disappearing
due to the pressures of modern lifestyle and effects of rampant deforestation [2]. Trees naturally
produce large number of diverse bioactive compounds [3,4]. These plant-derived substances with
minimal or no industrial processing started to get significant attention in global health debates. Modern
medicine cannot be considered as a realistic treatment option for a substantial proportion of the world’s
population, e.g., in Africa, 80 percent of population use some form of traditional herbal medicine [5].
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Garcinia, a genus belonging to the diverse pantropical family Clusiaceae, consists of important
fruit and medical tree species. Most of them remain in wild and semi-domesticated forms of regional
importance but have been re-discovered as so-called neglected or underutilized crops [6,7]. Garcinia kola
Heckel (Clusiaceae), commonly known as bitter kola, plays an important role in African ethnomedicine
and traditional ceremonies. The trees are naturally found in humid tropical forests of West and Central
Africa, where the local population usually harvest the fruits. However, in some regions, farmers plant
and manage the trees in their homegardens or agroforests outside natural forests. Its seeds are amongst
the most-traded NTFPs in West and Central Africa [4-6]. The species is sometimes referred to as a
“wonder plant” because each of its parts can be used as medicine [8,9]. The most valued product are
the seeds, commonly chewed by both rural and urban populations to avoid and treat gastric problems
or simply for their typical astringent taste. The kernel contains a wide range of useful phytochemicals,
e.g., high contents of tannins and flavonoids. Among these compounds, the biflavonoid kolaviron
complex is the most discussed. This complex reputedly holds neuroprotective, anti-inflammatory,
antimicrobial, and many other assets favorable to human health [6-8]. In addition, kolaviron possess
anti-malarial and wound healing properties [10,11]. Therapeutic potential of kolaviron was shown in
treatment of benign prostatic hyperplasia [12], neurodegenerative diseases such multiple sclerosis [13]
and acquired immunodeficiency syndrome (AIDS) [14], whereas the seed extract was able to stop
growth of Ebola virus in laboratory trials [15].

G. kola is listed as one of the priority species for conservation in the Sub-Saharan Forest Genetic
Resources Programme (SAFORGEN) [16] and was selected as one of six preferred tree species by the
World Agroforestry Centre (ICRAF) for domestication in West and Central Africa [17,18]. Mainly due
to habitat loss, slow-growing seedlings, continuous felling, and overexploitation of the tree in West
Africa, the species is still classified as “vulnerable” in IUCN’s Red List of Threatened Species [19].

Despite the importance, potential and popularity of G. kola in West and Central Africa, a great
deal of information and basic knowledge is still missing about the species. The objective of this review
was to collate all currently available information about this tree species from scientific literature. We
tried to detect potential pitfalls and indicate where more investigation would be necessary. The study
may also serve as a potential stepping stone for further research aimed at G. kola domestication.

2. Taxonomy

The Clusiaceae family consists mainly of woody perennials, trees, shrubs, and lianas divided into
18 genera. Among them Calophyllum, Clusia, or Garcinia are pantropically the most popular [20]. A
typical morphological feature connecting all the family representatives is exudation of white-yellow
colored latex from various plant parts [20,21].

Garcinia is a large genus consisting of more than 250 species of dioecious woody plants that
are a common understory component of lowland tropical forests [6,22]. The genus was named after
Laurent Garcin (1683-1757), a Swiss botanist within the Dutch Indies Company who published the
first description of mangosteen (G. mangostana), the most popular fruit species from the Garcinia
genus [7]. The genus can be divided into an Asian and African group, whereas some of the species
were also introduced into South America. In the region of West and Central Africa, about 21 species of
Garcinia can be found [23,24]. Among them, G. kola (bitter kola) seems to be one of the most studied
species [25,26]. Additionally, there are at least two other species that are scientifically well described:
G. livingstonei and G. lucida. The formerly mentioned is popular in drier parts of West to South Africa
for its juicy fruit pulp and its roots that are used in traditional medicine [27,28]. G. lucida is recognized
as a medicinal species of lowland forests in West and Central Africa [29,30]. Other species of the genus
Garcinia include trees of local or minor importance that are mostly used as chewing sticks, e.g., G. afzelii,
G. brevipediellata, G. epunctata, G. gnetoides, G. ovalifolia, G. smeathermannii, and G. staudtii [31-34].
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3. Distribution and Ecology

Garcinia kola occurs naturally from Congo to Sierra Leone (Figure 1) [19,24,35]. Usually, Cameroon
and Nigeria are considered as the major presence hotspots for this species. In Cameroon, Vivien and
Faure [36] identified three natural stands of the species; two of them in the East region (Nki National
Park, Bertoua site), and the last one situated in the Southwest region (Korup National Park).
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Figure 1. Distribution of Garcinia kola among African countries. Dark green are areas with a higher
abundance, light green marks a lower abundance. Source: authors” drawing.

Although the species is reported to prevail in coastal areas and lowland plains up to 300 m a.s.1,
the trees are successfully cultivated even in hilly areas about 750 m a.s.1. [24,31,37]. Typically, G. kola
occurs in zones classified according to Koppen—Geiger as “tropical rainforest climate, tropical monsoon
climate or tropical savannah climate” [38]. Daily temperatures usually vary between 21 °C to 31 °C,
whereas the mean rainfall ranges from 1000 to 3000 mm per year in those areas. This is complemented
by a relatively high air humidity of about 75% [39,40]. The species can withstand various types of soils
with a slight preference for sandy loams, whereas its fine roots were found to harbor an arbuscular
type of mycorrhiza [41].

4. Botanical Description

Garcinia kola is a medium-large tree naturally growing up to 30 m in height with a maximum of 100
cm in trunk diameter [21]. According to Anegbeh et al. [42], cultivated trees can reach 12 m in 12 years
and usually grow below 20 m of height (Table 1). G. kola has a compact dense crown with erect, slightly
drooping branches. The trunk is straight and cylindrical with smooth bark, which is dark-brown
outside and pinkish inside. When wounded, the bark exudates sticky yellow water-proof latex, typical
for the Clusiaceae family. Leaves are simple, opposite, obovate-elliptic with short acuminate apex.
They are usually glabrous, dark green and can measure up to 20 x 6 cm (Figure 2). The inflorescence
is a small terminal umbel with greenish/white flowers [32,43]. The tree is predominantly dioecious,
but some flowers were reported to be bisexual. Flowering usually occurs once per year [21].

Fruits are berries of globular, sometimes slightly flattened shape with a diameter of approximately
6.5 cm and weight of about 130 g (Table 1). The exocarp is velvety, reddish-yellow and the pulp is
yellow/orange releasing a slightly apricot odor. Even though the pulp is edible, its sour, resinous taste
prevents it from being commonly consumed. In one season, a single full-grown tree can yield 200-1000



Forests 2019, 10, 124 4 0f 18

fruit [44]. One fruit contains about 24 seeds, which have a hypogeal type of germination [42,43]. The
pericarp of the seed is light brown-colored when fresh but darkens with drying or age. The kernel is
white with brownish-red branched lines producing red resinous globules [35]. Seed length and width
are on average 3.0 x 1.5 cm, mean weight varies around 5.4 g. In West and Central Africa, the fruits
are ready to be harvested from April to October [39,45], but the exact period varies within regions and
climate zones. When fully ripe, the color of the fruit changes from green to reddish-yellow.

There is no official botanical descriptor yet developed for the species; however, a study by
Dah-Nouvlesson et al. [46] from Benin resulted in a detection of five G. kola morphotypes. One of the
options for morphological diversity evaluation is to use a descriptor developed for G. mangostana [47].

Table 1. Comparison of selected morphological features of G. kola from three different countries; values
are provided as Mean =+ SD.

Ondo State, Southwest Region, Ouémé, Plateau, Ouémé, Atlantique,
Department, Country

Nigeria 2 Cameroon ? Benin ¢ Plateau, Benin 4

DBH (cm) 43.6 £ 15.2 33.8+0.1 41.8+25 4379+ 1.8

Tree height (m) 165+29 13.7 £ 49 129 £ 0.6 14.83 £ 0.3
Trunk height (m) ND 37+24 34+03 3.08 £ 0.2
Crown diameter (m) 89+24 104 +2.8 8§+04 9.12+0.3

Leaf blade length (cm) 79+19 129+ 3.3 10.8 £ 0.3 119 £2.01
Leaf blade width (cm) 3.8+08 51+16 49+02 50+07
Fruit weight (g) 1275+ 474 144 +43.9 142.7 £ 10 93.7 £2.6

Fruit diameter (cm) ND 6.9+ 0.7 ND ND

Fruit length (cm) 6.5+09 65+1 65+1.6 53+£0.6
Fruit width (cm) 6.2 £08 ND 6.8+1.6 57+£05
Seed weight (g) 54+21 59 +1.8 78 £04 6.3+02
Seed length (cm) 32405 294+ 05 34409 29408
Seed width (cm) 1.7+£03 1.3£0.2 2+04 1.7+0.3

SD—Standard deviation, DBH—diameter at breast height (130 cm), ND—not defined; Source: *—[2], b__[37],
<—[46], —[48].

Figure 2. Morphological features of Garcinia kola. (a) bark with a fresh cut; (b) seedlings; (c) leaf
collection from one tree; (d) seeds obtained in Yaoundé market; (e) branches with ripening fruits; (f)
trunk with typical irregular branching pattern. Source: author’s archive.
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5. Use

Garcinia kola is a typical multipurpose agroforestry species regarded as one of the most important
medicinal plants in Cameroon [18,32,49], Nigeria [2,12,50,51], Benin [43,46], Gabon [52], and Sierra
Leone [53]. Its common name “bitter kola” reflects the typical taste of G. kola seeds, which are truly
bitter/astringent. The less common expression “male kola” arose from its aphrodisiacal effect on
men [54] whereas “false kola” suggests that some people consume the species’ seeds instead of cola
nuts coming from Cola spp. [36,55]. G. kola offers a broad variety of products—fruits, seeds, bark, twigs,
leaves, or wood can be utilized, but generally, the kernels are regarded as the most important product,
whereas fruit pulp is usually discarded.

Both the seeds and bark are used in folklore remedies for treatment of gastric and liver disorders.
The seeds are chewed to suppress headaches, laryngitis, bronchitis, malaria, and gonorrhea [56,57].
The seed extract is used as a cure for various types of inflammation or liver cirrhosis [35], while
dried ground kernels can be mixed with honey to prepare a traditional paste against cough [44].
Pharmaceutical companies from Nigeria and Cameroon have recently started to focus on small-scale
production of bitter kola syrups, eye drops, or herbal pastes. The kernels also play an important role
in traditional ceremonies, e.g., celebration of a childbirth, marriage, or chieftaincy [42,58]. Offering
the seeds is considered as an act of hospitality and used to welcome visitors. Finally, bitter kola nuts
can be appreciated as a snack to be paired with beer or palm wine [45,59]. In the brewing industry,
the seeds can successfully substitute hops [60]. Bark of G. kola is traditionally used in a more or less
similar way to the seeds, mainly to cure abdominal pains and malaria [57]. Apart from its medicinal
value, the bark serves in palm wine production. It is believed that the bark enhances flavor as well as
alcohol content of the traditional beverage [35,61]. In countries such as Ghana, branches and roots of
G. kola are sold in bundles as an essential source of chewing sticks used for dental hygiene [31]. Leaves
of the species are occasionally prepared as an infusion to cure fever, and a good quality hard timber
serves for tool handles or carving [62].

Due to the species” dense crown, G. kola is also promoted and utilized as a shade tree in cocoa
agroforestry systems or homegardens. Potentially, it might also be used as a windbreaker [42,54].

6. Biochemical Characterization

6.1. Nutritional Values

Even though G. kola is considered as a medicinal plant and most of the current research targets
characterization of its bioactivity, the seeds are usually eaten raw, in their crude form. Therefore, it is
also important to focus on their nutritional value.

Scientific literature provides quite confusing data on the species dietary properties. The published
results concerning the seeds’ alimentary composition vary as follows: moisture: 7.2%-92.7%; ash:
0.33%-5.9%; crude protein: 0.58%—7.8%; crude fat: 0.19%-14.5%; crude fibre: 1.23%-20.51%; NFE:
10.85%-91.35% (Table 2). Overall, the studies agree on relatively high amounts of moisture in the
seeds, around 70%, which is a crucial aspect for kernel preservation. Carbohydrates, also described as
nitrogen-free extracts (NFE), form the largest part of seed proximate composition varying around 65%.
On the other hand, ash content, the result of complete sample burning to inorganic substituents, is very
low and in the range of only 1.5%. Mean value for crude protein is 3.5%, crude fat varies around 6.2%
while crude fibre content is about 9.4%. Compared to the proximate content of cola nut (Cola spp.),
also a popular masticatory stimulant in West and Central Africa, Arogba [63] revealed that bitter kola
kernels contain twice the amount of protein but are twice as low in fat, whereas amounts of ash and
NFE are mostly similar. More specifically, the dominant fatty acids in the seeds are represented by
oleic (38 mg/kg), linoleic (36 mg/kg), and palmitic acid (32 mg/kg). The prevalent essential amino
acids are lysine (2.4 g/kg), leucine (1.9 g/kg), and valine (1.7 g/kg), while glutamic acid (6.8 g/kg)
and arginine (5.5 g/kg) are the predominant nonessential amino acids [64]. The seeds are low in
anti-nutrients such as phytate or oxalate [65]. Regarding mineral and vitamin content of G. kola seeds,
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little information is available. However, relatively high amounts of vitamin C with 23.1 mg/100 g were
recorded [50]. Onyekwelu et al. [65] reported an even higher value of 69 mg/100 g. To compare, other
important fruit tree species indigenous to West and Central Africa showed a slightly lower values: safou
(Dacryodes edulis)—24.5 mg/100 g; bush mango (Irvingia gabonensis)—55.9 mg/100 g [66]. Potassium
and phosphorus are the most abundant minerals in the seeds, with values between 25-722 mg/kg for
Kand 3.3-720 mg/kg for P (Table 3).

Seeds of G. kola are often peeled before consumption, and hulls are discarded as waste. Results
from Eleyinmi et al. [64] proposed the feeding potential of seed coats for domestic animals due to their
high protein content of 9.92 g/100 g. This is comparable to green parts of alfalfa (Medicago sativa) with
a value ranging from 13.5 to 21.7 g/100 g depending on the plant maturity stage [67]. Livestock and
small ruminants are generally lacking high-protein fodder in developing countries and bitter kola
hulls might, according to in vitro and in vivo studies, provide a reasonable solution for this problem
on a regional level.
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Table 2. Mean nutritional composition of G. kola seeds reported by various authors.

Odebunmi et Ibekwe et al. Esiegwu & Eleyinmi Dosunmu & Onyekwelu Asaolu 20038  Arogba 2000 " Adesuvi et al Manourova

Composition al. 2009 2 (%) 2007 ® (% dry Udedibie 2009¢  etal. 20069 Johnson1995¢  etal. 2015 (% (% fresh wt. (% dry wt. 20 12}; (%) © 20177 (% dry
’ ? wt. basis) (% dry wt. basis) (g/100 g) (g/100 g) fresh wt. basis) basis) basis) ° wt. basis)
Hulls Included Not spec. Not spec. Excluded Excluded Included Not spec. Excluded Excluded Excluded
Moisture 60.48 £ 0.06 14.6 92.7 9.73 84.1+1 71.97 £ 0.00 75.5 10£0.2 7.240.08 42.3 +6.33
Ash 0.79 £ 0.005 5.0 1.07 1.14 24402 0.33 £ 0.03 59 31401 0.47 £+ 0.09 0.33 £ 0.19
;1(‘)1:;?1 2.48 +0.10 0.58 2.64 3.95 7.8+038 1.74 £ 0.00 425 7£02 1.86 = 0.15 6.48 £1.12
Crude fat 4.51 +0.56 3.0 9.47 433 8.7+03 0.95 +0.12 14.5 994+03 0.19 £ 0.32 1.48 £0.27
Crude fibre 523 +0.16 10.0 20.51 11.40 139 £0.3 3.224+0.19 NE NE 1.23 £0.15 227 047

NFE 35.64 91.3 57.54 69.45 67.2+1 21.79 4+ 0.36 10.85 70+ 14 88.3 £0.08 47.19 **

=+ standard deviation, NFE—nitrogen-free extracts, NE—not examined, NFE (%) = 100 — (CP % + CF % + Crude fat % + Ash); Source: *—[68], b'C/g—published in [69], 4—[64], *—[45],

f__[65], "—[63], i—[51],1—[37].

Table 3. Mineral composition of G. kola seeds.

Composition Odebunmi et al. 2009 2 (mg/kg) Eleyinmi et al. 2006 ® (mg/kg) Dosunmu and Johnson 1995 € (mg/100 g)  Okwu, 2005 ¢ (mg/100 g~ )
Hulls Included Excluded Excluded Included

Na NE 86.4 1.8 0.72 £0.10
K 722.10 + 0.00 335 499 2.50 £ 0.10
Ca 67.07 £0.12 34.1 100 1.80 + 0.40
Mg 114.83 4 3.47 28.1 166 0.42 £ 0.30
Fe 6.10 £0.43 NE 42 17.75 + 0.30
Zn 2.30 £ 0.08 NE 35 2.30 £ 0.01
P 188.57 £+ 0.37 243 720 0.33 £0.10
Cu NE 384 1.3 0.78 £0.20
Co NE 102 NE 0.55 £0.20
Cr NE ND 0.2 ND

+ standard deviation, NE—not examined, ND—not detected; Source: >—[68], P—[64], *—[45], 4—[50].
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6.2. Biological Activities and Secondary Metabolites

The most abundant phytochemicals in G. kola seeds are flavonoids. Presence of saponins, tannins,
phenols, glycosides, and alkaloids has also been confirmed by various authors (Table 4). Even though
anti-nutrients such as oxalate and phytate were detected, the seeds are safe for consumption and
there are no reports on harmful overdosing so far [70]. Flavonoids, compounds of low molecular
weight, are known as natural antioxidants, having an ability to scavenge free radicals and transform
them into harmless molecules as well as to impact various aspects of immune cell activation for the
human body. The compounds play a useful role in protecting the central nervous system against
oxidative, excitotoxic stresses [14,57] and work as anti-tumor (benign, melanoma) agents [3]. One of
the most studied and discussed components in G. kola seeds is the kolaviron biflavonoid complex (KV)
(Figure 3). This complex further consists of biflavanones GB1, GB2, and kolaflavanone [70-72].

OH

OH o]
R! R?
GBl1 OH H
GB2 OH CH
Kolaflavanone OCH, OH

Figure 3. Biflavonoid complex kolaviron and its components.

Kolaviron possesses antinociceptive (sedative) and anti-inflammatory activities, both centrally
and peripherally, which justifies its folkloric use to relieve pain and inflammation [9,73]. The
anti-inflammatory effect of KV and its components was observed in carrageenan-induced paw edema
test [10,72]. Moreover, Abarikwu [74] revealed that KV can block signaling pathways implicated in
lipopolysaccharide induced inflammatory gene expression in RAW 264.7 macrophage cell line. In
another experiment, KV extended the lifespan of the common fruit fly (Drosophila melanogaster) by
preventing oxidative stress and inflammation in the species [75]. The KV extract significantly decreased
locomotion, grooming, and rearing frequencies of male Swiss mice indicating a central depressant
effect of the complex. Recent findings also show that KV could prevent neuro-destructive effects of
methamphetamine on hippocampal neurons, affording some protection to the hippocampus too [57].
Due to its abilities to combat oxidative and inflammatory damage induced by cuprizone, KV showed
therapeutic potential against degenerative changes associated with demyelination and neurotoxicity.
This finding might be later used in treatment for a multiple sclerosis [13]. Additionally, KV can be a
clinically viable agent against ischemia/reperfusion injuries [76,77].

One of the previous tests of KV hepatoprotective properties demonstrated that the compound
prevents liver injuries associated with tetrachloromethane [78,79] and x-amanitin and phalloidin [78]
intoxication. Another study demonstrated that KV treatment (100 mg/kg) of diabetic rats might
protect them against hyperglycemia-induced apoptosis, attenuate the level of lipid peroxidation, and
promote survival of hepatocytes, perhaps by scavenging free radicals [80]. Alabi et al. [81] confirmed
the hepatoprotective effect of KV against diclofenac-induced toxicity at low and moderate doses
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(100-200 mg/kg), which is comparable to commercial hepatoprotective drug (Livolin Forte) used in
the treatment of liver diseases. Authors speculated that only high doses of KV (400 mg/kg) can cause
liver damage. Farombi et al. [82] suggested the ability of KV to inhibit cyclooxygenase (COX-2) and
inducible nitric oxide synthase (iNOS) expression through down regulation of nuclear factor kappa B
(NF-«B) and activator protein-1 (AP-1) DNA binding activities could be the mechanism explaining
the hepatoprotective properties of KV. These findings indicated that KV may have a protective effect
against carcinogen and drug-induced oxidative and membrane damages as well as prevent any
accumulation of lipid peroxidation products [14].

Apart from antioxidative, anti-inflammatory and hepatoprotective activities, KV shows high
anti-malarial activities by suppressing Plasmodium berghei in infected mice [11,55]. Out of KV
components, GB1 exhibited the strongest in vitro antimalarial effectivity on P. falciparum with an
IC50 of 0.16 uM. In the in vivo test they confirmed that GB1 significantly increased the average life
span of Plasmodium-infected mice [70]. Nworu et al. [14] discovered another promising property
of KV in its immunomodulatory and immuno-restorative effects. In the future, KV complex could
be harnessed for possible clinical benefits to patients fighting immune-destructive diseases such as
acquired immunodeficiency syndrome (AIDS). Furthermore, KV showed potential in benign prostatic
hyperplasia treatment by attenuating the infected prostatic tissue in rats, acting similarly to the regular
treatment by Finasteride medication [12].

Antimicrobial properties of G. kola are attributed to benzophenones and flavanones [42,49]. These
active components have been already successfully extracted in petroleum ether, ethanol, methanol
and water. In a study by Indabawa & Arzai [83], methanol and water extract showed activity
against Staphylococcus aureus, Klebsiella pneumoniae and Salmonella typhi. According to results of
Adegboye et al. [56], the methanolic crude extract exhibited significant inhibitory action against
eleven out of fifteen bacterial isolates (Bacillus, Clostridium, Corynebacterium, Escherichia, Klebsiella,
Micrococcus, Pseudomonas, Staphylococcus) tested at a final concentration of 20 mg/ml. The inhibition
zones exhibited by the extract against the test organisms ranged between 10 and 23 mm, similar to the
zones of streptomycin and tetracycline. Poly-iso-phenyl benzophenone, called kolanone, showed great
antimicrobial effect against both gram-positive and gram-negative bacteria. Its results were comparable
to salicylic acid (aspirin) [84]. Interestingly, crude extract of Phomopsis sp., endophytic fungi associated
with G. kola seeds, provided three cytochalasin compounds having a potential of clinically useful
alternative for the treatment of cervical cancer and severe infections caused by multidrug-resistant
Shigella flexneri (MIC 128 nug/mL) and Vibrio cholerae (MIC 512 pg/mL) [85]. Hydroethanolic and
ethanolic extracts of G. kola leaves showed an inhibitory effect against Trypanosoma brucei brucei,
a parasite causing trypanosomiasis in cattle and other domestic animals by infecting their blood
plasma [86].

The typical astringent taste of G. kola kernels is caused by tannins, secondary metabolites known
for their natural treatment of intestinal disorders such as diarrhea and dysentery. Apart from their
microbial properties, tannins have also been reported to have a remarkable potential in cancer
prevention [8,56] and together with phlobatannins they exhibit wound healing properties [71]. Finally,
both cardiac glycosides and steroidal compounds were found in G. kola extracts. This coincides with
the fact that the plant is traditionally used to combat chest pain or cardiac infection, while men are
commonly chewing the seeds as an aphrodisiac [8,54].

Even though seeds of G. kola are frequently sold side by side with cola nuts (Cola spp.), their
chemical composition is rather different. Unlike cola nuts, bitter kola seeds contain higher levels of
phenolic compounds, whereas caffeine, theobromine, and catechin were not detected [87].
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Table 4. Phytochemical composition of G. kola seeds on a dry weight basis reported by various authors.

Okwu (2005) 2 Adesuyi (2012) ® Onyekwelu et al. 2015) ¢ *degboye etal. - Popoola etal.

Constituents (2008) 4 (2016) ©
Presence Amount Presence Amount Presence Amount Presence Presence
(mg/100 g) (mg/100 g) (mg/g)
Phenols + 0.11£0.2 + 0.147 + 0.00 + 21.08 +0.21 + +
Flavonoids + 1.98 £ 0.2 + 2.041 + 0.30 + 0.79 +0.18 + +
Steroids ND ND ND + —
Glycosides ND + 3.421 £ 0.00 ND + +
Alkaloids + 0.36 0.1 + 0.647 £ 0.20 + 0.139 — +
Tannins + 0.26 +0.2 + 0.342 + 0.00 + 0.2 + +
Saponins + 1148 £ 0.1 + 2.471 + 0.00 + 7.31 + +
Phytate ND + 0.570 £ 0.05 + 247 ND ND
Oxalate ND + 0.423 + 0.00 + 1.26 ND ND

+ standard deviation, ND—not detected; Source: *—[50], P—[51], <—{[65], 4—[56], e—[88].

7. Tree Management and Cultivation

Garcinia kola seeds are still, at least partly, harvested from wild stands; therefore, the information
on the tree propagation, cultivation, and sylvicultural management are relatively scarce. According to
Anegbeh et al. [42] and Matig et al. [32], about 70% of bitter kola fruits in Nigeria are directly taken
from wild stands in forests. Contrary to this, the tree is said to be frequently cultivated by local farmers
and is rarely found scattered in the natural forest in Cameroon [23]. The tree is sometimes intentionally
preserved during forest clearing and thus introduced to farmers’ compounds [32]. It is often grown in
agroforestry systems together with cocoa, oil palm, and other fruit trees [44]. However, the natural
regeneration of the species is said to be poor, and seedlings are slow-growing [89]. Esiegwu et al. [69]
reported that seeds should be sown in a seed bed of about 3 x 4 m (12 m?) with a protection from direct
sunlight and strong rains. Due to dormancy, it can take up to 18 months for the seeds to successfully
germinate [24,42]. The germinated seeds are then replanted into polyethylene bags filled up to 3/4
with a mixture of black soil and sand. After 12 months, seedlings are transferred to the field, usually at
the beginning of the rainy season, with a spacing of 10 x 10 m. Usually it takes about 7-15 years for
the tree to start fruiting [2,44]. The time needed for tree maturation can be significantly reduced by
vegetative propagation, though the techniques have not yet been fully developed or practiced in the
case of G. kola. Yet, Kouakou et al. [90] discovered that the species responds well to propagation by
stem cuttings. According to their results, IBA (indol-3-butyric acid) treatment promotes shoot and root
production and accelerates the emergence of shoots and leaves. The best results were achieved by the
cultivation of softwood cuttings with an aqueous application of IBA in a non-mist poly-propagator.
Nevertheless, further research is needed to determine the best planting conditions and optimize the
process of vegetative propagation.

7.1. Seed Dormancy and Germination

The major difficulty in G. kola cultivation, as for several species in genus Garcinia, is related to seed
germination and embryo dormancy [91]. Literature provides contradictory information concerning
the seed germination. Some publications describe the seeds as easily germinating [32], but most
authors confirm that the seeds are difficult to germinate [42,60,89,91]. In that context, it is rather tricky
to prescribe a standard procedure for enhancing the germination. Seeds of G. kola are recalcitrant,
hence very sensitive to desiccation which may influence their viability. Matig et al. [43] revealed that
the species’ germination rate decreases with lowering seed moisture content. Therefore, the authors
suggested dormancy-breaking through seed coat removal and soaking in cold water. Nzegbule and
Mbakwe [60] proposed another method—pre-treatment of freshly harvested seeds with cold water
followed by incubation in a transparent polyethylene bag. Anegbeh et al. [42] suggested mechanical
seeds scarification (nicking) before sowing as the most successful, cheapest and easiest way to enhance
the germination. Kanmegne and Omokolo [91] tried to break embryo dormancy by pre-treatment of
seeds with auxins, cytokinins, and gibberelins, but none of the phytohormones significantly increased
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germination rate, nor did they reduce the dormancy period. On the other hand, the authors revealed
a regeneration potential for in vitro cultures. A treatment by NAA, BAP, and 2,4-D induced the
formation of multiple roots, shoots, and callus. Also, their results showed a significant difference in
seed germination rate among six studied collections, indicating that the trait may vary with accession
of the species.

7.2. Harvesting and Seed Storage

Ripe fruits are usually collected from beneath the tree or harvested manually using a pole to
drop down the fruits from the tree at various stages of maturation (Figure 4) [32]. Seeds are firmly
attached to the fruit pulp, which makes their removal a long-termed laborious procedure. Therefore,
farmers usually keep the harvested fruits in piles for 5-7 days so that the pericarp and pulpy mesocarp
ferment and become soft. Once softened, fruits are pressed to release the kernels, which are then
thoroughly washed and dried (Figure 5). Kernels are eaten fresh or stored for later consumption and
commercialization [62]. However, seeds easily lose moisture and shrink, which negatively influences
their germination rate and the market value. The quick water loss leads to a change in texture as well
as in sensory and nutritional attributes of the seeds [45]. One of the most popular and easiest ways to
store the seeds is to air-dry them first and to continue to store in a cool and dry place [44]. Another
possibility is to wrap the nuts in leaves and store them in a wicker basket [62]. Some farmers also store
the kernels in between layers of soil or in dust/ash piles [45]. In optimal conditions, seeds can be stored
for about a year [37]. Apart from the fruits, bark is frequently harvested for palm wine fermentation
and young branches serve for dental hygiene. Harvesting of these products is usually done in an
unsustainable way that severely damages the tree. This contributes to the increasing scarcity of the
species and its overall IUCN rating as “vulnerable” [19,23].

ﬂa'«

L L
Figure 4. Ripening stages of G. kola fruits, from immature (green) to overripe (brownish). Source:
author’s archive.
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Figure 5. Softened fruit pulp for easier seeds removal. Source: author’s archive.

8. Economic Potential

Commercialization of G. kola seeds is considered as a profitable activity providing a substantial
contribution to the livelihood of households, particularly those living in rural areas [62,92,93].
Nevertheless, primary producers very rarely sell bitter kola products directly to final consumers
and thus different steps of value chain can be recognized. These farmers or gatherers commonly sell
the seeds in bags with a weight ranging from 5 to 25 kg to retailers. Collectors sell one kg of seeds for
one dollar, while the consumer final price could be almost 15 USD per kg. Price varies and fluctuates
both within regions and different periods of year [46,62]. G. kola products are sold in small rural
markets [94] but also in larger markets from urban areas [2,53].

In Cameroon, the seeds represent one of the most valuable NTFP with total sold volume estimated
up to 50 tons annually, which represents 375 million CFA (660,000 USD) [95]. These values indicate
the promising market potential of the seeds as well as unequal distribution in the value chain. In big
cities such as Yaoundé or Douala, one individual seed can be sold for 50 to 100 CFA (0.09-0.17 USD)
depending on season and size of the kernel (personal observation). Seeds are predominantly sold by
female vendors [94] or by adolescent boys, street vendors, who sell the nuts mainly to taxi drivers at
junctions of bigger cities [96].

Besides the national markets, G. kola seeds represent a prospective commodity for international
trade [92]. Exports are very often realized among neighboring countries, where such supplies may
compete with kernels harvested from local agro-ecosystems. As a result, seeds sold in the Benin
markets may originate from Nigeria, Togo, or Ghana. The import of bitter kola seeds from Nigeria to
Cameroon is also commercially important [46,53,96]. Exports outside Africa, for example to Europe or
North America, have not yet been fully documented [92].

9. Domestication Status

Tree domestication is a farmer-driven and market-oriented process applied to the selection,
multiplication and management of high-value but lesser-known tree species of tropical forest [97,98].
It is one of the processes that may lead towards greater sustainability and creation of more functional
agro-ecosystems in agriculture. Its benefits include income diversification, improvement of local diets
and health, or in saving species which are under threat of extinction from the wild due to deforestation
and/or over-harvesting [99-101]. The process of tree domestication consists of many steps, e.g., species
priority setting, selection of desired traits, superior trees selection, integration of trees into farmlands,
vegetative propagation, targeted plant breeding and product commercialization [18,97,98,102,103].

According Clement et al. [102], G. kola can be categorized as incipiently domesticated. Its process
of domestication is still in its early stages, yet there are obvious efforts in species cultivation and
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selection of the best individuals. In some West/Central African regions, people seem to already
plant and manage G. kola purposefully [37,46,48], while for others fruit harvesting from the wild still
prevails [2,32]. The example of the Southwest region of Cameroon clearly shows that trees are not
only left on the field after forest clearance, but the farmers are also purposely planting G. kola in their
gardens as valuable fruit tree species [37]. In Benin, study of Dadjo et al. [48] highlighted importance
of different land management practices consideration while selecting the elite trees, land use type
(home gardens, farmland) has a large impact on variation of different morphological traits.

One of the major tools to speed up the domestication process is development of methods
of vegetative propagation, which shortens tree maturation period and provides an exact copy
of the mother’s genotype. This is very important for farmers who demand quick results for
their investment in time, money and effort [17,104]. However, these methods have not yet been
fully discovered/developed by the G. kola growers and this fact significantly slows down the
domestication process.

Apart from the development of vegetative propagation methods, the process of G. kola
domestication cannot succeed unless solid information on species morphological, genetic and
phytochemical characteristics is revealed.

10. Conclusions

Our literature review revealed that the most common and discussed topic in G. kola concerns its
biological activities and secondary metabolites. This justifies the utilization of the species in various
traditional phyto-remedies and shows its great potential for the worldwide pharmaceutical industry.
Especially the biflavonoid kolaviron complex proved to be quite promising for future research. On the
other hand, lack of data was discovered in other scientific disciplines such as genetics or silviculture
management—even basic information about the tree cultivation, its ecological requirements, and
methods of propagation has not yet been well documented.

To progress G. kola domestication, many knowledge gaps need to be filled. Molecular markers
should be developed to evaluate the genetic diversity of different species’ populations. Morphological
descriptors are still missing for the tree’s botanical characterization, and data on phytochemical
composition are not ample. The differences in primary and secondary metabolite quantification
published up to now shows too substantial variation. Also, long-term studies should be conducted to
reveal fluctuations among secondary metabolites not only in seeds, but also in the bark of the species.
With this information available, we may be able to identify and select populations possessing the
pre-selected desirable traits. But what are those traits? To answer this question, we must learn more
about the preferences of local people who use the species on a daily basis. Once these attributes are
detected, selection of the superior tree populations may start. After the selection, the next step is to
multiply the desired individuals. Therefore, field trials focusing on methods of vegetative propagation
and the propagules regeneration need to be established. Finally, the biological information should be
complemented by detailed economic studies focused on market/value chain of the seeds among the
West and Central African markets with a prediction for future intercontinental export potential.

To summarize, G. kola is starting to be recognized as a highly valued medicinal plant, not only
with importance for local populations in West and Central Africa, but also as a potential source of
pharmaceuticals in developed countries. Despite this great interest in the species, a considerable
amount of work must still be conducted in the field of science to fulfill the information gaps described
in our review.
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