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Garcinia kola is a tropical plant which grows in moist forest. It seeds are edible and are consumed for 
their multiple property. This study aimed at making phytochemical screening and evaluating some 
biological activities of G. kola organs (bark, leaves and seeds) extracts. The selected organs powdered 
were used for phytochemical screening and extractions. The antibacterial activity was tested on 10 
references strains and 28 meat isolated Staphylococcus strains by agar perforation method. The 
antifungal activity of three fungal strains was determined on the potato-dextrose agar medium mixed 
with the tested extract. The antioxidant activity was determined by both DPPH and ABTS methods. The 
results reveal that 40% of studied secondary metabolites were present in the seeds against 28.57% in 
the leaves as the bark. The reference and meat isolated strains inhibitory diameter ranged from 28 ± 2.3 
mm (S. haemolyticcus) to 7.5 ± 0.70 mm (E. coli). All extracts had a minimum inhibitory concentration 
(MIC) lower than 20 mg/ml, while the minimum bactericidal concentration (MBC) was ≥ 20 mg/ml for 
some tested extracts. The lowest MIC and MBC was 0.039 mg/ml with C. albicans. The fungal strains 

susceptibility varied (p  0.001) depending on extracts. The seeds ethyl acetate extract displays the 
better antioxidant activity with DPPH (25.03 ± 3.64 μg/μl) and ABTS (22.99 ± 1.34 µmol EqAA/g) methods. 
The LD50 of the extracts was greater than 0.1 mg/ml and not exhibiting toxicity. The leaves extract had 
the best bactericidal effects while the seeds extract presented better antifungal and antioxidant activity.  
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INTRODUCTION 
 
The Benin forest agro-ecosystems shelter over 162 forest 
plant species, with social, religious and/or cultural 

meaning, used for many purposes such as domestic food 
and commercial (Codjia et al.,  2009). Apart from feeding  



 
 
 
 
and commercial uses, many of these species are 
currently used in traditional medicine all over the country. 
Among the plants uses in traditional medicines, we can 
cite Garcinia kola (Clusisaceae), a large tree with 
fattening base (Akoegninou et al., 2006). This species is 
present in tropical Africa, from Sierra Leone to the DR 
Congo (Adesuyi et al., 2012). 

Nowadays, infectious diseases are responsible for a 
high morbidity and mortality rate and are consider as a 
public health problem because of their frequency and 
their severity (Bourgeois, 1999). For the treatment of 
these diseases, people often use synthetic drugs such as 
beta-1actamines. But, bacteria developed a resistance 
mechanism to fight against most of the synthetic family of 
antibiotics. There are four main mechanisms used by 
bacteria to resist beta-1actamines molecules: i) 
enzymatic inactivation, ii) the modification of the cellular 
target of the antibacterial agent, iii) the cellular efflux and, 
iv) the decrease or absence of penetration of the 
antibiotic in the bacteria. The combination of these 
mechanisms in a bacterium makes its multi-resistant to 
many antibiotics (Gangoue-Piéboji et al., 2004). Similarly, 
several cases of fungi resistant to conventional antifungal 
agents have been reported. Moreover, the production of 
free radicals in living organisms is a vital phenomenon for 
the cell regulated through various biochemical or 
enzymatic detoxification process (Salem, 2009). The free 
radicals are reported to be involved in many serious 
illnesses and constitute even aggressive form factors to 
DNA (Boumaza, 2009).  

To face all these health problems, the formalization of 
endogenous knowledge would be a reliable asset in the 
control of not only resistant microbial strains but also 
diseases caused by free radicals. It is known that several 
medicinal plant synthesize a wide variety of phytoche-
micals which include alkaloids, tannins, flavonoids, 
steroids, saponins, and phenols, which have antimicrobial 
proprieties. Moreover, potential sources of antioxidant 
compounds have been searched in several types of plant 
materials such as vegetables fruits, leaves, barks, roots 
and crude plant drugs. Antioxidants are vital substances 
which protect the body from damage caused by free 
radical inducing oxidative stress (Ozsoy et al., 2008). 
Therefore, many plants were used as a source of 
traditional medicine to treat various diseases and 
conditions (Razali et al., 2008). G. kola belongs to the 
plant used in traditional pharmacopeia in Benin. This 
plant various parts extracts are reported to be used in the 
treatment of cough, sore heart, liver problems 
(Kanmegne and Ndoumou Omokolo, 2007), diarrhea 
(Braide, 1991) inflammatory diseases (Iwu and Igboko, 
1982). G. kola, one of the preferred seed in West Africa is 
deemed to have an antidote power (Kabangu et al., 1987), 
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anti-hepatotoxic properties (Akintowa and Essien, 1990), 
antinephrotoxic, antimicrobial (Adefule-Ositelu et al., 
2004), hypoglycemic (Odeigah et al., 1999) and 
aphrodisiac effects (Ajibola and Satake, 1992). Other 
scientific studies of G. kola by other authors (Farshori et 
al., 2013; Okunji et al., 2002; Pietta, 2000) showed the 
importance of the plant. In Benin, there is few scientific 
work on this plant species. So, the aims of this study 
were to investigate the phytochemical on one hand and 
on the other hand evaluate some biological activities of 
G. kola collected in Benin. 
 
 
MATERIALS AND METHODS 
 
Collection of plant material 

 
The bark, seed and leaves were collected in the village of Anagbo 
(commune of Adjarra: 6°29’35”N, 2°40’28”E) department of Oueme, 
southern Benin. The plants materials were air dried at 25 to 30°C 

for two weeks, ground and sieved into a bark powder. The smooth 
powder was stored in airtight glassware and kept in darkness at -
20°C until use. 
 
 
Phytochemical profiling 

 
The phytochemical profiling of bark, seed and leaves powders of G. 
kola to determine the major constituents (nitrogenous, polyphenolic, 
terpenic compound and glycosides) was done according to the 
method describe by Houghton and Raman (1998).  
 
 
Preparation of aqueous  

 
The aqueous extract was obtained according to the method 
describe by Dah-Nouvlessounon et al. (2015). Briefly, the powder 

(50 g) of G. kola appropriate organ (bark, leaf or seed) obtained 
above was macerated into 500 ml of distilled water under magnetic 
agitator for 72 h at room temperature. The homogenate was then 
filtered two times on absorbent cotton and once on Whatman N°1 
paper (125 mm ø, Cat No 1001 125). For the aqueous extract, the 
filtrate was dried in the oven at 40°C; the obtained powder is 
considered as the total extract ready to use for the biological 
activities. All extracts were stored in labeled sterile bottles and kept 

at -20°C until further use. 
 
 
Preparation of ethanol and ethyl acetate extracts 

 
These extracts were made using an adapted methods described by 
Sanogo et al. (2006) and N’Guessan et al. (2007). We macerated 
50 g of G. kola powders (bark, leaf or seed) in 500 ml of 96% 
ethanol for 72 h. The obtained extract was filtered thrice using 

Whatman N°1 filter paper (125 mm ø, Cat No 1001 125). Half of the 
filtrate was directly dried at 40°C to obtain the ethanolic extract of 
G. kola. To the second half of the filtrate, 200 ml of H2O and 100 ml 
of ethyl acetate were added. The solution was gently mixed and left 
settled until we obtain two phases (about 45 min). The lower phase 
was collected and dried as described above to obtain the ethyl
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acetate extract. The alcoholic and ethyl acetatic extracts were 
stored in labeled sterile bottles and kept at -20°C until further use. 
 
 

Microorganism’s cultures 
 

The tested microorganisms include ten references, twenty height 
Staphylococcus meat isolated strains and three fungal strains 
(Penicillium citrinum, Aspergillus tamarii and Fusarium 

verticilloides). The three fugal strains were part of the 
microorganisms isolated in a Beninese traditional cheese wagashi 
by Sessou et al. (2012). The reference strains were Escherichia coli 
ATCC 25922, Staphylococcus aureus ATCC 29213, 
Staphylococcus epidermidis T22695, Pseudomonas aeruginosa 
ATCC 27853, Proteus mirabilus A24974, Micrococcus luteus ATCC 
10240, Proteus vulgaris A25015, Streptococcus oralis, 
Enterococcus foecalis ATCC 29212 and Candida albicans MHMR. 
The Staphylococcus strains used in this study were those isolated 
from three different meat products in Ivory Coast by Attien et al. 
(2013) and stored in the Laboratory of Biology and Molecular 
Typing in Microbiology (University of Abomey-Calavi, Benin).  
 
 

Antimicrobial activity 
 

Sensitivity test 
 

The agar perforation method inspired of those described by Bauer 
et al. (1966) was used to screen the antimicrobial activity. For this 
method, four to five perforations were performed under aseptic 
conditions, on Mueller Hinton agar Petri dish previously flooded by 
the appropriate bacterial culture (adjusted to 0.5 McFarland 

standard). Twenty five microliter of extract solution (20 mg/ml) were 
aseptically lodged in the hole. These dishes were kept for 15-30 
min at room temperature before incubation at 37°C for 24 and 48 h.  

After the incubation period, the dishes were examined for 
inhibitory zones. Each sample was used in triplicate for the 
determination of antibacterial and antifungal activity.  
 
 

Determination of minimum inhibitory concentrations (MIC) 
 

The minimum inhibitory concentrations (MIC) of the plant crude 
extract was performed by macrodilution method (Saha and 
Rahman, 2008). First, the extracts were diluted in sterilized distilled 
water to the highest concentration of 20 000 μg/ml and then nine 
dilution were performed to obtain successively the concentrations of 
10 000, 5 000, 2 500, 1 250, 625, 312.5, 156.25, 78.12 and 39.06 
μg/ml in screw tube. To 1 ml of the above concentrations was 
added 1 ml of the bacteria inoculum (10

6
 UFC/ml) to obtain 2 ml as 

a final volume. Culture medium without samples and others without 
micro-organisms were used in the tests as controls. Tubes were 
incubated at 37°C for 18-24 h and growth was indicated by turbidity. 
The MIC is the lowest concentration of the compound at which the 
microorganism tested does not demonstrate visible growth. 

 
 
Determination of Minimum bactericidal concentration (MBC) 
 

The minimum bactericidal concentration (MBC) of the tested 
microorganisms was determined by sub culturing the test dilutions 
onto a fresh solid medium and incubated further for 18-24 h. The 
highest dilution that yielded no bacterial growth on solid medium 
was taken as MBC (Farshori et al., 2013).  

 
 
Evaluation of the cytotoxicity activity of G. kola extracts 
 

The cytotoxic effect of the extracts was evaluated according to an 
adaptation  of  the  method described by Kawsar et al.  (2008).  The 

 
 
 
 
tests were carried out twice on 72 h larvae of Artemia salina 
(ARTEMIO JBL GmbH D-67141 Neuhofem). Briley, a test was 
constituted of 16 A. salina larvae in a 2 ml solution containing 1 ml 
of the extract tested concentration and 1 ml of sea water. The 
number of surviving larvae is counted after incubation (24 h) and 
the LD50 was calculated using the regression line obtained from the 
surviving larvae according the extracts concentration 
representation.  
 
 

Antifungal activity  
 

The in vitro antifungal activity of the extracts was evaluated 
according to the method previously described by Dohou et al. 
(2004). The assay was performed on the Potato-Dextrose Agar 
medium. Briefly, the extracts use for the antifungal activity was 
dissolved with sterilize distillated water or if necessary with a water-
ethanol mixture (60:40). One (1) ml of the dissolved extract (20 
mg/ml) was thoroughly mixed with 10 ml of the sterilized potato-
dextrose agar medium before it was transferred to sterile Petri 
dishes for solidification. After the medium solidification, a sterile 6 
mm disc pretreated with fungal strain was placed in each Petri 
plate. Plates were incubated at 25 ± 1°C for five days. Each 

treatment was replicated twice. Fungal radial growth was measured 
by averaging the two diameters taken from each colony. 
Percentage growth inhibition of the fungal colonies was calculated 
using the formula:  
 

          (1)    

 
 

Antioxidant activity determinations  
 

The antioxidant activity was measured using both 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and [2,2’-azinobis-(3-ethylbenzothiazoline-6-
sulfonic acid)] (ABTS) methods.  

The ABTS assay was conducted according to the method 
described by Re et al. (1999). The working solution of ABTS

+
 (10 

mg of ABTS, 2.6 ml of deionized water and 1.72 mg of potassium 

persulphate) was left to stand at room temperature for 12 h in the 
dark before use. This solution was diluted with ethanol until 
obtaining an absorbance of 0.70 ± 0.02 at 734 nm. Twenty µl of 
each extract sample (1 mg/ml) was diluted with a fresh prepared 
ABTS solution to a total volume of 1 ml. All the assays were 
performed in triplicates, the absorbance was read after 15 min in 
dark at 734 nm and the reference molecule was ascorbic acid. The 
concentration of compounds with a capability to reduce ABTS

+
 

radical cation is expressed as µmol equivalent Ascorbic Acid (µmol 

EqAA) per gram of dry extract using the following formula used by 
Guenne et al. (2011). 

The DPPH method was conducted using an adapted method of 
Scherer and Godoy (2009). Practically, equal volumes (100 µl) of 
DPPH (50 μM) and plant extracts (200 μg/ml) were mixed in a 96 
well microplate and allowed to stand in darkness for 20-30 min at 
room temperature. Then, the absorbance was read at 517 nm and 
the blank was a mixture of methanol and DPPH (v:v). The inhibitory 

percentage of DPPH radical indicating the antioxidant activity of 
extracts and BHA, gallic acid was obtain using the formula establish 
by Schmeda-Hirschmann et al. (2003).  

The concentration providing 50% inhibition (IC50) was determined 
graphically using a calibration curve in the linear range by plotting 
the extract concentration and the corresponding scavenging effect. 
Antioxidant Activity Index (AAI) was calculated according to the 
formula used by Scherer and Godoy (2009).  
 
 

Statistical analysis 
 

All experiment was done in triplicate and data thus obtained
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Table 1. Phytochemical constituents of G. kola powdered organs samples. 
 

Group of compounds Class 
Organ 

Bark Leaves Seeds 

Nitrogenous compound Alkaloids ⁻ ⁻ ⁺ 

Poly-phenolics compound  

Tanins  ⁺ ⁺ ⁺ 

Tanins catéchiques  ⁻ ⁺ ⁻ 

Tanins galliques ⁺ ⁺ ⁺ 

Flavonoids ⁻ ⁻ ⁺flavone 

Anthocyans ⁻ ⁻ ⁻ 

Leuco-anthocyanes ⁻ ⁻ ⁻ 

Coumarin ⁺ ⁻ ⁺ 

Quinonics derivate ⁻ ⁻ ⁻ 

     

Terpeniques compound 

Triterpenoids ⁻ ⁺ ⁺ 

Steroids ⁺ ⁻ ⁻ 

Cardenolids ⁻ ⁻ ⁻ 

     

Heterosides 

Cyanogenics derivate ⁻ ⁻ ⁻ 

Saponosids (IM) ⁺ (500) ⁺ (111) ⁺ (200) 

Reducing compounds ⁻ ⁺ ⁺ 

Free anthracénics ⁻ ⁻ ⁻ 

O-heterosides ⁻ ⁻ ⁻ 

O- heterosides at GR ⁻ ⁻ ⁻ 

C-heterosides ⁻ ⁻ ⁻ 

Mucilags ⁺ ⁻ ⁺ 
 

 (+), Presence of secondary metabolite; (-), Absence of secondary metabolite; (IM), Index 

mouss. 
 
 
 
reported as a mean ± standard deviation (SD). The logit model of 
stata v.12 software is used to qualitative analysis. The data were 
also analyzed using Graph Pad Prism 5 software for quantitative 
analysis. Differences of p < 0.05 were considered significant.  
 
 

RESULTS 
 
Phytochemical screening 
 
The phytochemical analysis performed on three organs of 
G. kola revealed the presence of several secondary 
metabolites (Table 1). It was noted an uneven distribution 
of these metabolites from one organ to another. Indeed, 
40% of the studied secondary metabolites were present 
in the seed against 28.57% in the leaves as in the bark. 
 
 

Antimicrobial activity of G. kola extracts 
 
Sensitivity test 
 
The ability to inhibit microbial growth of the extracts 
evaluated on reference strains revealed that the results of 
extract deferred from an extract to another depending on 

the organs. Indeed, all bark extracts had no inhibitory 
effect on the reference strains. It is the same for the 
aqueous extract of the two others organs of the plant. In 
contrary, the ethanol extract of the leaves and seeds, as 
well as ethyl acetate extract of the seeds are active. 
Thus, the ethanol extract of the leaves and ethyl acetate 
seeds extract inhibits the growth of 90% (9/10) of the 
strains while the ethanol extract of the seeds inhibits the 
totality (100%) of the strains. 
 
 
Qualitative analysis of the inhibitory capacity of G. 
kola extracts  
 
The results of the qualitative analysis of data relating to 
the evolution of the diameter in time (24h and 48h) 
according to organ, type of extract and the type of 
microorganism, showed that the inhibition zones 
diameters of the sensitive strains vary from one species 
to another. The Husman test conducted for this purpose 
showed that the logit model premium on the probit model. 
With a predictive power of 86.11% sensitivity and 
specificity of 61.11% showing its reliability, the logit 
model  shows in organs level that the probability that  the 
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diameter increases from the leaves to the seed 
decreased of 0.13. Regarding the type of extract, logit 
model marginal effects show that the probability that the 
diameter increases from the ethanol extract with ethyle 
acetate extract increases of 0.30. Considering the type of 
microorganism, from Gram + and Gram- bacteria to 
yeast, the probability that the diameter increases with the 
time decreases of 0.08. Similarly passing reference 
strains for food strain this probability decreases by 0.003. 
 
 

Quantitative analysis of the inhibitory capacity of G. 
kola extracts  
 

Concerning the reference strains, the inhibition zones 
diameters of sensitive strains do not differ (p > 0.05) in 
the time (24 and 48 h) with the ethanol extract of the 
leaves (Figure 1a) and seeds ethyl acetate extract 
(Figure 1c). On the contrary with the seeds ethanol 

extract, a change (p  0.05) of diameter is observed 
between 24 and 48 h for E. foecalis (Figure 2b). With the 
leaves, the largest diameter of inhibition (15 ± 0.00 mm) 
of the ethanol extract was obtained on E. foecalis, while 
the lowest (7.5 ± 0.70 mm) was recorded with E. coli after 
48 h of incubation (Figure 1a). With the seeds, the larger 
diameter (25 ± 0.00 mm) and the lowest (5 ± 0.00 mm) 
were recorded with the ethanol extract respectively on S. 
epidermidis and E. coli (Figure 1b). The compared action 
with the same type of extract (ethanol) leaves and seeds 

showed a difference (p  0.0001) of susceptibility 
according to the strains. During this, the ethanol extract 
of the seeds generally exhibits inhibition diameters 
greater than the same extract of the leaves (Figure 1a). 
The comparative effect of seeds’ ethanol extract and 

ethyl acetate also shows a variation (p  0.0001) of 
diameters depending on the strains and the type of 
extract. 

On food strains, it is noted with the leaves ethanol 
extract a remanence effect for the strains S. equorum, S. 

saprophyticus (p < 0.01) and S. haemolyticcus (p  
0.001) after 48 h of incubation (Figure 1d). Similarly for 
the seeds the same phenomenon was observed for S. 
simulans (p < 0.01) strain and S. lentus, S. haemolyticcus 

(p  0.0001) after 48 h of incubation with both the ethanol 
extract (Figure 1e), and ethyl acetate extract. Note that 
the ethyl acetate extract of the seeds was more active (p 

 0.0001) with time with S. lentus (Figure 1f). The 
compared effect of ethanol extract of leaves and seeds 
show that the leaves has a broad spectrum of action by 
inhibition of 100% food strains while the seeds ethanol 
extract is active on 44.44% of the strains. Nevertheless 
the greatest inhibition diameter obtained with the leaves 
ethanol extract is 22 ± 0.3 mm (S. lentus), whereas that 
obtained with the seeds’ ethanol extract was 28 ± 2.3 mm 
(S. haemolyticcus). Passing leaves to seed, the action of 
this ethanol extract is not different (p > 0.05) for S. lentus 
strains,  S.   simulans,  and  S.   sciuri.  The   comparative  

 
 
 
 
action of seeds’ ethanol and ethyl acetate extracts shows 
that the ethyl acetate extract is active on 90% of food 
strains with a greater inhibition diameter of 24 ± 1.3 mm 
obtained with S. lentus. Also we observed for both type of 
extract a difference of action (p < 0.01) using S. xylosus 

strain and (p  0.0001) S. equorum and S. saprophyticus. 
 
 
Minimum inhibitory (MIC) and bactericide (MBC) 
concentrations of G. kola extracts 
 
Our results show that all extracts have a minimum 
inhibitory concentration below the starting concentration 
(20 mg/ml), while for the MBC, some extracts have a 
concentration ≥ 20 mg/ml (Table 2). 

Considering the reference strains, the MICs obtained 
vary depending on the type of extract and organs. With 
seeds, a greater sensitivity of the strain C. albicans 
(0.039 mg/ml) is observed to the ethyl acetate extract and 
E. foecalis strain (0.078 mg/ml) to the ethanol extract. 
With the leaves, the smallest minimum inhibitory 
concentration (0.156 mg/ml) of the ethanol extract was 
obtained with P. aeruginosa strain. MBC are generally 
higher than the MIC, but in some cases is equal to the 
MIC, it is the case of the seeds ethyl acetate extract with 
C. albicans strain which has the greatest sensitivity (MBC 
= 0.039 mg/ml). Otherwise, to the tested dose, the leaves 
ethanol and seeds ethyl acetate extracts had no 
bactericidal effect (MBC > 20 mg/ml) on the S. 
epidermidis strain. 

Like with the reference strains, the MIC of meat 
isolated strains vary depending on the type of extract 
(Table 2). A greater sensitivity of S. equorum to the 
seeds ethyl acetate extract with an MIC of 0.078 mg/ml 
was observed. On the contrary, the smallest MIC 
obtained with the leaves ethanol extract was 0.625 mg/ml 
(S. saprophyticcus) while it was 2.5 mg/ml (S. sciuri and 
S. haemolyticcus) with the seeds ethanol extract. In 
addition, the MBC vary from 0.078 mg/ml to a 
concentration greater than 20 mg/ml. Indeed, the 
smallest MBC (0.078 mg/ml) was obtained with the seeds 
ethyl acetate extract on the S. equorum. With the ethanol 
extract, the lower MBC leaves (1.25 mg / ml) was 
obtained with the S. saprophyticcus, while seeds’ (10 
mg/ml) was recorded with S. lentus, S. . simulans and S. 
haemolyticcus. The leaves ethanol extract had no 
bactericidal effect on S. simulans and S. sciuri at 20 
mg/ml. 
 
 
Evaluation of bactericidal and bacteriostatic effects 
of G. kola extracts  
 
The ratio MBC/MIC shows the kind of effect exerted by 
the extracts on the tested strains. The results of this ratio 
show that both extracts have bactericidal and 
bacteriostatic effects on reference strains and on meat 
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Figure 1. Medium inhibitory diameter zone of G. kola extracts on reference and meat isolated Staphylococcus strains after 24 and 48 h. For reference strains  S. aur, 

Staphylococcus aureus; M. lut, Miccrococcus luteus; S. epi, Staphylococcus epidermidis; S. ora, Streptococcus oralis; P. aer, Pseudomanas aeruginosa; E.foe , Enterococcus 
foecalis; P. vul, Proteus vulgaris; E. coli, Escherichia coli; C. alb, Candida albicans; P. mir, Proteus mirabilis ; For meat isolated strains , S. sci, S. sciuri; S. aur, S. aureus; S. sim, 

S. simulans; S. xyl, S. xylosus; S. coh, S. cohnii; S. equ, S. equorum; S. sap, S. saprophyticus; S. hae, S. haemolyticus and S. len, S. lentus. *, p < 0.05 ; **, p < 0.01; ***, p < 

0.001; ****, p   0.0001. 
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Table 2. Minimum Inhibitory (MIC) and Bactericidal (MBC) Concentrations of G. kola 
extracts on reference strains and meat isolated Staphylococcus strains. 

 

Strain 
MIC (mg/ml) MBC (mg/ml) 

EtOHleaves EtOHseeds EACseeds EtOHleaves EtOHseeds EACgr 

Reference strains 

S.aur 0.312 0.312 0.152 0.625 1.25 2.5 

S.epi 0.625 0.312 0.078 20 1.25 20 

S.ora 2.5 5 2.5 5 10 10 

E.coli 5 5 2.5 5 10 10 

E.foe 0.625 0.078 - 1.25 2.5 - 

M.lut 1.25 0.156 0.078 2.5 0.156 0.156 

P.mir 0.625 0.312 0.625 20 10 2.5 

P.vul - 0.625 0.625 - 5 1.25 

P.aer 0.156 2.5 0.312 10 20 5 

C.alb 5 0.156 0.039 5 0.156 0.039 
 

Meat isolated Staphylococcus strains 

S.xyl 2.5 - 0.625 2.5 - 10 

S.len 1.25 5 2.5 2.5 10 20 

S.sim 2.5 5 5 >20 10 20 

S.sci 2.5 2.5 2.5 >20 20 5 

S.coh 1.25 - - 20 - - 

S.equ 1.25 - 0.078 10 - 0.078 

S.sap 0.625 - 0.625 1.25 - 10 

S.hae 1.25 2.5 0.625 5 10 10 

S.aur 2.5 - - 10 - - 
 

EtOH, ethanol extract; EAC, ethyl acetate extract. For reference strains , S. aur, 
Staphylococcus aureus; M. lut, Miccrococcus luteus; S. epi, Staphylococcus epidermidis; S. 
ora, Streptococcus oralis; P. aer, Pseudomanas aeruginosa; E.foe , Enterococcus foecalis; 

P. vul, Proteus vulgaris; E. coli, Escherichia coli; C. alb, Candida albicans; P. mir, Proteus 
mirabilis ; For meat isolated strains , S. sci, S. sciuri; S. aur, S. aureus; S. sim, S. 
simulans; S. xyl, S. xylosus; S. coh, S. cohnii; S. equ, S. equorum; S. sap, S. 

saprophyticus; S. hae, S. haemolyticus and S. len, S. lentus. 

 
 

 

isolated Staphylococcus (Table 3). With reference 
strains, the bactericidal effect of extracts decreases as 
follows: leaves ethanol > seeds ethanol > seeds ethyl 
acetate. M. luteus and C. albicans strains were very 
sensitive to all the tested extracts. With the meat isolated 
Staphylococcus, leaves ethanol extract displays a 
bactericidal effect on three strains (S. xylosus, S. lentus 
and S. saprophyticcus). It can be noted that from these 
results, the antibacterial activity is more interesting with 
the leaves. 
 
 
Antifungal activity of G. kola extracts 
 
The antifungal activity of our extracts was evaluated at 
mycelial development stage of the three fungal strains. 
The extracts show an antagonism effect to the growth of 
the three tested fungal strains. Figure 2 shows the 
appearance of the plates on F. verticillioides after five 
days of incubation. 

Extracts  inhibition rate varies  depending on  the  strain 

and shows that the interaction between the fungal strains 

and the extracts has a highly significant difference (p  
0.0001). The percentage inhibition of the various extracts 
varies between 38.3 to 78.1% (Figure 3). Considering the 
susceptibility of the strains toward tested extracts, only 

the seeds ethanol extract has a difference in action (p  
0.001) between F. verticillioides and A. tamari; the same 
difference was observed between the strains F. 

verticillioides and P. citrinium on the one hand (p  0.01 

for leaves ethanol extract and p  0.05 for the seeds 
ethanol extract) and between A. tamarii and P. citrinium 
on the other hand. 
 
 

Antioxidant activity of G. kola extracts 
 

The antioxidant activity profiles using the DPPH radical 
and ABTS

+
 cation obtained reveal that the extracts 

possess antioxidant dose-dependent activity (Table 4). 
By DPPH method, the results show that seeds’ ethyl 

acetate extract has the lowest concentration (25.03 ±
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Table 3. Bactericidal and bactériostatic effect of G. kola extracts on reference and meat isolated Staphylococcus. 

 

Strain 
MBC/MIC 

Leaves ethanol extract Seeds ethanol extract Seeds ethyl acetate extract 

Reference strains 

Staphylococcus aureus 2.003* 4.006 16.44 

Staphylococcus épidermidis >20 4.006 >20 

Streptococcus ora 2* 2* 4 

Escherichia coli 1** 2* 4 

Enterococcus foecalis 2* 32.05 - 

Micrococcus luteus 2* 1** 2* 

Proteus mirabilis 32 32.05 4 

Proteus vulgaris - 8 2* 

Pseudomonas aeruginosa 64.10 8 16.02 

Candida albicans 1** 1** 1** 
 

Meat isolated Staphylococcus strains 

Staphylococcus xylosus 1* - 16 

Staphylococcus lentus 2* 2* 8 

Staphylococcus simulans - 2* 4 

Staphylococcus sciuri - 8 2* 

Staphylococcus cohnii 16 - - 

Staphylococcus equorum 8 - 1* 

Staphylococcus saprophyticus 2* - 16 

Staphylococcus haemolyticus 4 4 16 

Staphylococcus aureus 4 - - 
 

With *= Bactericidal effects and without * = Bacteriostatical effects. 

 
 
 

  

a. Culture plate without extract b. Culture plate with extract 

 

 
 
Figure 2. Antifungal activity of leaves ethanol extract with F. verticilloide.  

 
 
 
3.64 μg/μl) to inhibit 50% of DPPH radical, while the 
leaves ethanol extract displays the largest (lower 
scavenging activity) IC50 value (163.5 ± 14.84 μg/μl). The 
seeds ethanol extract meanwhile has an intermediate 
IC50 of 84.5 ± 13.43 μg/μl. Compared to reference 
molecules (gallic acid and the BHA), the antioxidant 
power of our extracts displays lower values. At the same 
dose, the antioxidant power of gallic acid is four times 

higher than BHA. Antioxidant power varies from one 
molecule to another.  

With the ABTS method, the strongest antioxidant 
activity (22.99 ± 1.34 µmol EqAA/g) of the extracts was 
obtained with the seeds ethyl acetate extract, while the 
lowest activity (10.79 ± 2.25 µmol EqAA/g) was recorded 
with the leaves ethanol extract. The antioxidant ascorbic 
acid (35.02 ± 0.73 µmol EqAA/g) which is a pure
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Figure 3. G. kola extracts inhibition rate of mycelia development.  

 
 
 

Table 4. Free radical scavenging activity results by DPPH radical and ABTS
+
 cation methods. 

  

Extracts and reference molecules 
DPPH ABTS 

IC50 (µg/µl) IAA C (µmol EqAA/g) 

Seeds ethanol extract 84.5  ± 13.43 0.59  ± 0.09 11.66 ± 0.38 

Seeds ethyl acetate extract 25.03  ± 3.64 1.85  ± 0.10 22.99 ± 1.34 

Leaves ethanol extract 163.5  ± 14.84 0.30  ± 0.02 10.79 ± 2.25 

BHA 4.31 ± 1.10 12.07 ± 2.87 nd 

Gallic acid 0.8 ± 0.07 62.74 ± 5.54 nd 

Ascorbic acid nd nd 35.02 ± 0.73 
 

nd, Not determined. 

 
 
 
compound used in this case as a reference molecule is 
greater than that of our extracts. 

However we should note that the antioxidant activity of 
the extracts follows the same order of effectiveness using 
the two methods of study and this activity is less high 
than that observed with the reference molecules. 

 
 

Artemia salina larvae cytotoxicity test of G. kola 
extracts  
 
The behavior of the larvae introduced in various 
concentrations of the tested extracts show that the 
survival of larvae respects a dose-response relation. The 
dose that induces the death of 50% (LD50) of the larvae 
was determined from the regression line of each curve. 
Thus seeds ethyl acetate extract has the lowest LD50 of 
8.83 mg/ml with a correlation coefficient R

2
 = 0.873. This 

extract is followed by the seeds ethanol extract (LD50 = 
10.38 mg/ml, R

2
 = 0.758). The leaves ethanol extract has 

the highest concentration (LD50 = 10.60 mg/ml, R
2
 = 

0.655). 

DISCUSSION 
 
The phytochemical screening was performed on the 
powder of three organs (bark, leaves and seeds) in order 
to highlight the presence of 20 secondary metabolites 
belonging to four chemical groups. The results reveal, in 
the nitrogen compounds group, the presence of alkaloids 
in seeds. This observation is similar to those made in 
Cameroon by Lacmata et al. (2012). Concerning the 
phenolic compounds group, our study reveals the 
presence of tannins with a predominance of gallic tannins 
(found in the three organs). These results corroborate 
those of Adesuyi et al. (2012) in Nigeria from the seed of 
the same species. However, the seeds of G. kola were 
reported, in Nigeria, not to contain tannins (Ghamba et 
al., 2012). This difference could be explained by the 
maturity stage of the used fruit before their harvest. 
Indeed, during a study performed in Congo Brazzaville, 
Morabandza et al. (2013) demonstrated that the concen-
tration of certain secondary metabolites in the mesocarp 
of G. kola fruit increases with the evolution of maturity. It 
should be noted that in the three organs, the tannins were 



 
 
 
 
more present in leaves than in seeds and bark. We also 
note the absence of alkaloids and flavonoids in the 
leaves. In contrary to those found, Eleazu et al. (2012) 
showed the presence in a small proportion of alkaloids 
and flavonoids in the leaves of G. kola. This variation can 
be explained by the difference of those compounds 
detection method. Beyond tannins, we notice the 
presence of flavonoid (flovone) and coumarins 
respectively in the seeds and bark of this plant species. 
These results corroborate those of Cotterih et al. (1978) 
when they isolated G. kola seeds’; the bioflavonoids 
called GB1, GB2 and GB1a. Likewise, Okunji et al. 
(2002) reported that phytochemical compounds so far 
isolated from G. kola seeds are biflavonoids such as 
kolaflavone and 2-hydroxybi-flavonols. The cyanogenic 
derivatives absence is very important because they are 
the main causes of toxicity due to the production of 
cyanide ions and manifested by the subsequent mass 
poisoning from the ingestion of cyanogenic derivatives, 
acceleration and amplification of breathing, respiratory 
depression, dizziness, headache, disturbance of 
consciousness, coma (Bruneton, 1993). From these 
observations, and from the properties of the flavonoids 
according to Ortuno et al. (2006), the seeds of G. kola 
could therefore be more advantageously than other 
organs (bark and leaves) of the plant to be used in the 
case of inflammations, infections, superficial wound or 
burn and may allow a reduction in the cholesterol in the 
body.  

Regarding the antimicrobial capacity of the three 
organs of G. kola, the bark extracts (aqueous, ethanol, 
ethyl acetate), and the aqueous extract of the seeds and 
leaves had no action on the tested reference 
microorganisms strains. Our observations are not the 
same as those made by Indabawa and Arzai (2011) 
when they showed in their study that the seeds aqueous 
extract of G. kola had antibacterial activity against S. 
aureus at 2000 µg/ml. In the same way, Ghamba et al. 
(2012) reported that the seeds aqueous extract of G. kola 
had an antimicrobial activity against clinical isolates of S. 
aureus, P. aeruginosa and E. coli at 50 mg / ml with a 
mean inhibition diameter of 3.66 ± 0.28 mm. This 
difference can be explained by the antimicrobial active 
ingredient concentration in the aqueous extracts of our 
seeds; these antimicrobial agents in the seeds are not 
concentrated enough in the aqueous extract, and this 
may also be due to the origin of the strains. Moreover 
Burger (1990) reported that no active substance showed 
its maximum activity in laboratory experiments and the 
activity can be recorded when a great concentration is 
used. The organic extracts (ethanol and ethyl acetate) of 
G. kola leaves and seeds have inhibited many 
microorganisms at 20 mg/ml. The same report has been 
done on other plants by other authors as Sharmila and 
Gomathi (2011) in India on Crossandra infundibuliformis. 
Also Bouzid et al. (2011) in Algeria on Crataegus 
monogyna noted that organic extracts (ethanol, methanol  
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dichloromethane and others) were active while the 
aqueous extract was inactive. These observations can be 
explained by the solubilization capacity of phyto-
molecules in solvents. The activity ratio (CMB/CMI) 
according to Berche et al. (1991) showed that the ethanol 
extract of the leaves and seeds has a higher bactericidal 
activity than the seeds ethyl acetate extract. This 
difference can be due to the affinity of antimicrobial 
molecules toward ethanol and ethyl acetate. Indeed 
during the liquid/liquid extraction, phyomolecules are 
distributed in the solvents according to their polarity 
(Cowan, 1999). We can then deduce that ethanol (protic 
and polar solvent) better dissolves active ingredients 
contained in the seeds of G. kola than ethyl acetate 
(aprotic and polar solvent). 

Through the various extracts, the studied organ of G. 
kola exhibit varied antifungal activity depending on the 
strains. The comparative effect of the ethanol extract of 
the two organs (leaves and seeds) showed that the 
seeds ethanol extract has an inhibition percentage of 
mycelial growth higher than the leaves one on the three 
tested fungal strains. The hypothesis that can explains 
this difference would be the high percentage (50%) of 
polyphenolic compounds reported, during phytochemical 
screening, in the seeds in comparison to the leaves 
(10%). The evaluation of antifungal activity of the same 
organ extracts shows that the seeds ethyl acetate extract 
has better anti-fungal activity than the ethanol extract of 
the same organ on the strains F. verticilloide and A. 
tamarii. The large number of polyphenolic compounds 
extracted with ethyl acetate (Rohman et al., 2010) as well 
as glycosides (Cowan, 1999) would be a reliable 
explanation for these observations. Similarly Zareen 
(2006) showed that the ethyl acetate fraction of 
Terminalia glaucescens rich in polyphenol was more 
active than other fractions. All these observations come 
to confirm the previous assumption. Compared to the 
antifungal specificity, the results testify a difference 
between the responses of the three fungal strains 
opposite the extracts studied independently to the 
extraction organs. Nevertheless, there is a preferential 
antifungal activity of the extracts according to the strains 
and plant organs. No conclusions could be drawn from 
this observation since the difference may be related to 
the variation of fungi growth. 

In this study, the various tested extracts from leaves 
and seeds showed varying antioxidant activities. The 
antioxidant activity of G. kola seeds has also been proven 
by Okoko (2009). Likewise Farshori et al. (2013) and 
Olatunde et al. (2004) report that G. kola contains natural 
antioxidants. Considering the Antioxidant Activity index 
according to Scherer and Godoy (2009), the results 
obtained with the extracts showed that any extract 
possesses a very strong antioxidant activity. 
Nevertheless of the two organs, the seeds exhibit a more 
interesting antioxidant activity than leaves. Compared to 
reference molecules,  BHA  and gallic acid which showed 
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potent antioxidant activity (with the respective IC50 and 
AAI of 12.07 ± 2.87 μg/μl and 62.74 ± 5.54 μg/μl); the 
activity of the extracts is less than that of the reference 
molecules. It must be remembered that the reference 
molecules are pure compounds set from the specific 
active ingredient concentration. In addition, the use of 
synthetic antioxdants like butylated hydroxy anisole 
(BHA) and butylated hydroxyl toluene (BHT) has been 
limited due to their toxicity and side effects. Therefore 
search for the novel sources of natural oxidants will be 
important for performing such research (Pourmorad et al., 
2006). Thus, through its seeds, G. kola can be used in 
the treatment of diseases caused by oxidative stress. 

Concerning the extracts cytotoxic test, by referring to 
the toxicity scale established by Mousseux (1995), 
extracts LD50 is greater than 0.1 mg/ml, value above 
which the extract is considered exhibiting no toxicity. It 
appears that all the extracts of the two organs of G. kola 
are not toxic to humans, because there is a correlation 
between cytotoxicity of shrimp larvae and cytotoxicity in 
human cells; notably lung cells on one hand and the cells 
colon on the other hand (José et al., 2002). 
 
 

Conclusion 
 

The aim of our study was to identify some chemical 
groups of secondary metabolites present in three organs 
of G. kola and evaluate some of their biological activities 
including antibacterial, antifungal, antioxidant and 
cytotoxic activity of the extracts. At the end of this study, 
it appears that the three organs contain important 
chemical constituents (flavonoids, tannins, saponins 
coumarins) and have many biological activities. The 
different extracts of leaves and seeds presented a broad 
antibacterial activity on the tested reference strains and 
some food strains. The ethanol extract of the leaves had 
the best bactericidal effects while the ethyl acetate 
extract of the seeds present better antifungal and 
antioxidant activity. Through their antioxidant property, 
these organs and particularly seeds may be useful to 
strengthen the body in oxidative stress situations and 
prevent various diseases that occur following a radical 
attack. LD50 obtained through the cytotoxic activity allow 
us to say that the extracts are not toxic. 
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