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Kola nut is chewed in many West African cultures and is used ceremonially. The aim of this study is to investigate some biological
ellects of Cola nitida’s bark aller phylochemical screening. ‘Lhe bark was collecled, dried, and then powdered [or the phylochemical
screening and extractions. Fthanol and ethyl acetate extracts of C. nitida were used in this study. The antibacterial activity was
tested on ten reference strains and 28 meat isolated Staphylococcus strains by disc diffusion method. The antifungal activity of three
(ungal strains was delermined on the Polalo-Dexlrose Agar medium mixed with the appropriale extracl. 'lhe anlioxidanl aclivity
was determined by DPPIT and ABTS methods. Our data revealed the presence of various potent phytochemicals, For the reference
and mecat isolated strains, the inhibitory diameter zone was from 17.5 £0.7 mm (C. albicans) to 9.5 £0.7 mm (P, vulgaris). The MIC
ranged from 0.312 mg/mL to 5.000 mg/mL and the MBC from 0.625 mg/mL to >20 mg/mL. 'Lhe highest antifungal activity was
observed with I verticillioides and the lowest one with P. citrinum. The two extracts have an excellent reducing free radical activity.
‘lhe Killing effect of A. salina larvae was perceplible al 1.04 mg/mL. 'lhe purilied extracts of Cola nitida’s bark can be used Lo hold
meat products and also like phytomedicine.

1. Introduction countries and laws that consider traditional medicine as an
illegal act, the valorization of the traditional medicine has
lhe African continent has a huge biodiversity with a high  become an early criterion of identity as well as rights of health

number of plants used for medicinal [1], food and in radi-  and education [3]. Tn the same way, it was reported that about
tional ceremonies. In recent years, there has been a gradual 80% of Africans use medicinal plants to treat various diseases

revival ofinlerest in the use of medicinal plants in developing [4]. Among the medicinal plants, cola nut (Cola niiida) highly
nations [2]. Despite the existence of hospitals in developing ~ spreads in Africa and particularly in Benin.



Indeed, C. nilida is a plant native to tropical West
Africa and belongs to Sterculiaceae family [5]. This plant is
nowadays cultivated from Senegal to Nigeria, in the West
Indies and South America [6]. In West African’s forest areas,
cola is perhaps second in importance to the palm tree as an
indigenous cash crop [7]. Cola nut has been an important
article of international trade in many parts of Africa [8].
The nuts of C. nitida contain about two percent of caffeine
and are chewed by many people as a stimulant. Tt is a very
special and important item used in social and ceremonial
activities by Africans. The nuts of cola also have industrial
usage for the production of drugs, soft drinks, wines, candies,
and beverages [9] such as Coca-Cola and Pepsi-Cola [10].
It has many pharmacological properties and contains some
active principles: it prevents sleep, thirst, and hunger and acts
as an antidepressant [7]. The cola nuts are source of antiox-
idants and contain a wide array of complex secondary plant
metabolites such as theobromine, d-catechin, L-epicatechin,
and kolatin [11]. The use of the plant in the treatment of
certain diseases has been reported by several authors [12, 13].

Nowadays there exist more than 250 types of infections
caused by bacteria and fungi [14, 15]. Among these microor-
ganisms, we find the Pseudomonas, Escherichia coli [16], and
bacteria of the genus Staphylococcus that are known to be
one of the main elements of human physiological tlora [17]
and are responsible of many diseases [18-20]. In the rank
of fungi, the moulds producing toxins are mainly of genus
Aspergillus, Penicillium, and Fusarium [21]. With the advent
of modern medicine and for the treatment of infections,
abusive and often uncontrolled use of antibiotics brings up
a phenomenon of resistance in most of the bacteria and
fungi. Beyond infectious diseases, oxidative stress is a very
serious phenomenon that can trigger molecular and cellular
events in the body. The consequences are multiple, such as
cancer [22], cerebral and cardiovascular diseases, diabetes,
and hypertension [23].

To face these health problems (resistance of microorgan-
isms and natural phenomenon of production in the body of
the free radicals), the track of medicinal plants deserves to be
explored. In this direction in Benin, several ethnobotanical
studies [24-26] have focused for several years on identifying
medicinal species. Others have demonstrated the eflicacy of
medicinal plants in the fight against certain fungal strains
[27], and pathogenic Gram-positive and Gram-negative bac-
teria involve several pathologies [28]. Furthermore, in Benin,
very little study has been conducted on C. nitida, and the
references which relate to its phytochemical composition and
its biological properties are quasi-nonexistent. In the same
way the work realized on the species in other countries
concerns seed; those concerning species bark are rare and
the results are disparate. The aim of this study was to
make the phytochemical screening of C. nitida bark and to
investigate in vitro some biological (antimicrobial, antifungal,
and cyloloxic) aclivilies o[ ils exlracls.

2. Material and Methods

2.1. Collection of Plant Material. "The bark of C. nitida was
collecled in the village of Aglogb¢ (commune of Adjarra:
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6°24'0"N, 2°12'0"F), Department of Oueme, southern Benin,
The plants materials were air-dried at 25°C-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.

2.2. Phytochemical Profiling. "Lhe phytochemical profiling of
the bark of C. nitida lo delermine Lhe major consliluents
(nitrogenous, polyphenolic, and terpenic compound and
glycosides) was done according o Houghlon and Raman
[29].

2.3. Preparation of Ethanol and Lthyl Acetate Extracts. ‘Lhese
extracts were made using an adapted method of the one
described by Sanogo et al. [30] and N’Guessan et al. [31]. 'Lhis
method consisted of macerating 50 g of C. nitida powders in
500 mL of 96% ethanol for 72 hours. ‘Lhe obtained extract was
filtered thrice using Whatman filter paper. Half of the filtrate
was directly dried at 40°C to obtain the ethanolic extract of C.
nilida. To the second half of the filtrate, 200 mT. of H,O and
100 mL of ethyl acetate were added. 'Lhe solution was gently
mixed and left settled until we obtain two phases (about
45 min). 'lhe lower phase was collected and dried as described
previously to obtain the ethyl acetate extract. The alcoholic
and ethyl acetate extracts were stored in labeled sterile bottles
and kept at —20°C until further use.

2.4. Microorganism’s Cultures. The tested microorganisms
include len reflerences, lwenly height Staphylococcus meal
isolated strains, and three fungal strains (Penicillium cit-
rinum, Aspergillus tamarii, and Fusarium verticillioides). The
three fugal strains were part of the microorganisms isolated
in the Beninese (raditional cheese wagashi by Sessou el al.
[27]. The reference strains were Escherichia coli ATCC 25922,
Staphylococcus aureus ATCC 29213, Staphylococcus epider-
midis 122695, Pseudomonas aeruginosa A'1'CC 27853, Proteus
mirabilis A24974, Micrococcus luteus ATCC 10240, Protets
vulgaris A25013, Streptococcus oralis, Enterococcus faecalis
ATCC 29212, and Candida albicans MHMR. The Staphylococ-
cus strains used in this study were those isolated from three
ditferent meat products in Ivory Coast by Attien et al. [32] and
stored in the Laboratory of Biology and Molecular Typing in
Microbiology (University of Abomey-Calavi, Benin).

2.5. Antimicrobial Activity

2.5.1. Sensitivity lest. 'Lhe disc diffusion method [33] was
used lo screen the antimicrobial aclivily. Briefly, two (o
three sterile paper discs (6 mm as diameter) were lodged,
under aseptic conditions, on Mueller Hinton agar Petri dish
previously flooded with the appropriate bacterial culture
(adjusted to 0.5 McFarland standard). The discs were asep-
tically impregnated with 25 uL of C. nitida extract solution
(20 mg/mT.). These dishes were kept for 15-30 min at room
temperature before incubation at 37°C for 24 and 48 hours.
Aller the incubalion period, the dishes were examined
for inhibitory zones [34]. Each sample was used in triplicate
for the determination of antibaclerial and antifungal activily.
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Blank disc impregnated with solvent was used as negative
control.

2.5.2. Determination of Minimum Inhibitory Concentrations
(MIC). The minimum inhibitory concentrations (MIC) of
crude extract of plants were performed by macrodilution
method [35]. First, the extracts were diluted in sterilized
distilled water to the highest concentration of 20 000 yg/mL
and then nine dilutions were performed to obtain the
concentrations of 10000 pg/mL, 5000 pug/mL, 2500 yg/mL,
1250 ug/mL, 625 ug/mL, 3125 ug/mL, 156.25 ug/mlL,
7812 ug/mL, and 39.06 yg/mL in screw tube. To 1mL of
the above concenlrations was added 1mL of the bacleria
inoculum (10° UFC/ml) to obtain 2mL as a final volume.
Culture medium  withoul samples and others without
microorganisms were used in the tests as control. Lubes
were incubated al 37°C for 18-24 hours and growth was
indicated by turbidity. 'The MIC is the lowest concentration
of the compound al which the microorganism Lested does
not demonstrate visible growth (turbidity).

2.5.3. Minimum Bactericidal Concentration (MBC). 'lhe
minimum baclericidal concenlralion (MBC) of the tested
microorganisms was determined by subculturing the test
dilulions onlo a [resh solid medium and [urther incubation
for 18-21h. The highest dilution that yielded no bacterial
growlh on solid medium was laken as MBC [36].

2.6. Evaluation of the Cytotoxicity Activity of Cola nitida’s Bark
Extracts. 'The cytotoxic effect of the extracts was evaluated
according to an adaptation of the method described by
Kawsar et al, [37]. The tests are carried out twice on 72h
larvae of Artemia salina. Briefly, a test was constituted of 16 A.
salina larvae in a2 mL solution containing 1 mIL, of the extract
tested concentration and I mL of sea water. The number of
surviving larvae is counted after incubation (24 h) and the
DL, was calculated using the regression line obtained from
the surviving larvae in function of the extracts concentration
representation.

2.7 Antifungal Activity. 'lhe in vitro antifungal activity of the
extracts was evalualed according lo the method previously
described by Kumar et al. | 38| and Dohou et al. [39]. 'The assay
was performed on Lhe Polato-Dexlrose Agar medium. Briefly,
the extracts (20 mg/mL) used for the antifungal activity were
dissolved with sterilized distillated water or if necessary with
a water-ethanol mixture (60:40). One mL of the dissolved
extract (20mg/mL) was thoroughly mixed with 10mL 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 treated with fungal
strain was placed in each Petri plate. Lach treatment was
replicated twice. Plates were incubated at 25 + 1°C for 5
days. Fungal radial growth was measured by averaging the
two diamelers laken (rom cach colony. Percentage growth

inhibition of the fungal colonies was calculated using the
formula

[nhibition Percentage (%)

_ Control’s growth — Treatment’s growth % 100 ()

Control’s growth

2.8. Antioxidant Activity Determinations. ‘Lhe antioxidant
activity was measured using both DPPH (2,2-diphenyl-1-
picrylhydrazyl) and ABI'S [2,2'-azinobis(3-ethylbenzothia-
zoline-6-sulfonic acid)] methods.

'Lhe AB'L'S assay was conducted according to the method
described by Re et al. [40]. The working solution of ABTS*
(10 mg of ABLS, 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. 'Lhis solution was diluted with
ethanol until obtainingan absorbance 0 0.70+0.02 at 734 nm.
‘Twenty pL of each extract sample (1 mg/mL) was diluted with
a fresh prepared ABTS solution to a total volume of Tml..
All the assays were performed in triplicate, the absorbance
was read after 15min in dark at 734 nm, and the reference
molecule was ascorbic acid. 'Lhe concentration of compounds
with a capability to reduce ABTS™ radical cation is expressed
as ymol equivalent ascorbic acid (gmol LqAA) per gram of
dry extract using the following formula used by Guenne et al.
[41].

The DPPH mecthod was conducled by adaplation as
described by Scherer and Godoy [42]. Equal volumes (100 pL)
of DPPH (50 ;tM) and plant extracts (200 yg:mL™) were
mixed in a 96-well microplate and allowed to stand in
darkness for 20-30min al room lemperature. Then, Lhe
absorbance was read at 517 nm and the blank was a mixture
of methanol and DPPH (v:v). The inhibilory percentage of
DPPII radical indicating the antioxidant activity of extracts
and quercelol, gallic acid was oblained using Lhe formula
established by Schmeda-Ilirschmann et al. [43].

The concentration providing 50% inhibition (IC,,) 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 [42].

2.9. Statistical Analysis. All experiment was done in Lriplicate
and data thus obtained were reported as a mean + standard
deviation (SD). The data were analyzed using GraphPad
Prism 5 software. Differences of P < 0.05 were considered
significant.

3. Results

3.1. Phytochemical Screening. The result of phytochemical
screening of C. nitida’s bark powder revealed the presence of
various potent phytochemicals such as tannins, saponins, and
flavonoids (Table 1).

3.2. Antibacterial Activity. 'The results of antibacterial activ-
ity using cthanol and ecthyl acclate extract of C. nitida



TasLE 1: Phytochemical composition of Cola nitida’s bark powder.

Chemical compound Cola nitida’s bark

Alkaloids -
‘lannins +
Saponosides (MT) + (167)
Anthocyanins +
Flavonoids +
Sleroids -

Triterpenes -
Coumarin -
Reducing compound -
Glycosides +
Cyanogenic derivate -

I = presence; — = absence; MT: Moss Index.
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Figure I: Antimicrobial ettect of C. nitida extracts on Staphylococcus
strains isolated from meat.

(20mg/mL) showed a various ellecl on relerence and meal
isolated strains. Indeed, among the reference strains, we
observed that there was an antimicrobial aclivily on all the
strains except E. coli ('Table 2). 'Lhen, 90% (9/10) of the tested
relerence slrains were sensilive o C. nitida’s ethanol and ethyl
acetate extracts.

Concerning the meat isolated strains, our data displays
that 78.57% (22/28) of the tested strains were sensitive to ethyl
acetate extracts against 67.85% (19/28) for the ethanol extract
(Figure 1).

3.2.1. Susceptibility. The inhibilory diameler zones of Lhe
sensitive strains vary according to species and the kind of
extracl. Thus, for the reference slrains, Figure 2 indicated
that there was not a significant variation of the diameter
of inhibilory zones according lo the time (P > 0.05) with
both ethanol extract (Figure 2(a)) and ethyl acetate extract
(Figure 2(b)). There was nol also any significant diflerence
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comparing the inhibition diameters of the meat isolated
Staphylococcus strains (Figures 2(c) and 2(d)).

Figure 3 shows that, in most of the cases, the susceptibility
of the tested reference strains varied depending on the kind
of solvent used for the extraction but their effect was not
statistically different (P > 0.05). Globally, in both reference
strains (Figure 3(a)) and meat isolated ones (Figure 3(b)),
the ethyl acetate extracts were more efficient. Thus, in the
reference strains we observed the highest diameter on C,
albicans (17.5 + 0.7 mm) and the lowest on . vulgaris (9.5 £
0.7 mm). But, only with S. oralis, the same diameters were
obtained with both ethanol and ethyl acetate extracts (15.5 £
0.7 mm). With the meat isolated Staphylococcus strains, the
highest diameter was observed on S. lentus using both ethyl
acetate extract (18.19£1.04 mm) and ethanol extract (16.33 +
1.15mm).

3.2.2. Determination of Minimum Inhibitory Concentrations
(MIC). Table 3 shows the minimum inhibitory concentra-
tions (MIC) of C. nitida’s bark extracts on ten reference
strains and on (wenly height strains of nine Staphylococcus
species isolated from meat products.

Considering the reference strains, the mean concentra-
tion values widely vary, depending on the tested strains, and
ranged from 0.312 mg/mL to 5.000 mg/mL. For cthyl acclale
extract, the lowest MIC was 0.312mg/mL with Candida
albicans. Five slrains (Staphylococcus aureus, Pseudomonas
aeruginosa, Proteus mirabilis, Proteus vulgaris, and Lnte-
rococcus faecalis) display MIC of 1.25mg/mL whercas the
highest concentration (2.5 mg/mL) value was recorded with
Micrococcus luleus. Considering the ethanol extract, the
largest MIC was observed on Micrococcus luteus (5 mg/mL),
while the most sensitive strains displaying the lowest MIC
(0.312mg/mL) were Staphylococcus aureus, Streptococcus
oralis, and Enterococcus faecalis. Three other strains (Proteus
mirabilis, Staphylococcus epidermidis, and Proteus vulgaris)
had 1.25 mg/mT. as MTC value.

For the meat isolated strains, it globally appears that
the mean values ranged from 0.078 mg/ml. to 1.250 mg/mI..
For ethyl acetate extract, the lowest MIC was 0.078 mg/mL
with three species of Staphylococcus (S. equorum, S. sapro-
phyticus, and S. lentus) and the largest MIC (0.625 mg/mlL)
was observed with S, haemolyticus. Considering the ethanol
extract, the largest MIC (1.25mg/mL) was observed on S.
aureus and S. xylosus while the most sensitive strain display-
ing the lowest MIC (0.078 mg/mL) was S. haemolyticus. 'Lhe
other values for the MIC were 0.156 mg/mL. (S. equorum and
S. lentus), 0.312 mg/mL (S. simulans and S. saprophyticus), and
0.625 mg/m1., (8. sciuri and S. cohnii).

3.2.3. Determination of the Minimum Bactericidal Concentra-
tion (MBC). "Table 4 presents the MBC of Cola nitida’s bark
exlracl on Llen reference strains and on twenly height meal
isolated Staphylococcus strains.

For the reference slrains, results show that the MBCs
varied (from 1.25 mg/mL to >20 mg/mL) according to the
baclerial strains and the kind of cxtract. With the cthanol
extract, the lowest MBC was 2.5 mg/mL (S. aureus, P aerugi-
nosa, S. epidermidis, E. faecalis, and C. albicans) whercas Lhe
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FIGURE 2: Medium inhibilory diameler zone ol C. nitida extracls on relerence and meal isolaled Staphylococcus slrains after 24 h and 48 h of
incubation. Reference strains are the following: S. aur.: Staphylococcus aureus, M. lut.: Micrococcus luteus, S. epi.: Staphylococcus epidermidis,
S. ora.: Streptococcus oralis, Ps. aer.: Pseudomonas aeruginosa, E. foe.: Enterococcus faecalis, P. vul.: Proteus vulgaris, E. coli: Escherichia coli,
C. alb.: Candida albicans, P. mir.: Proleus mirabilis; meal isolaled strains are the (ollowing; S. sci.: S. sciuri, S. aur.: S. aureus, S. sim.: S. simulans,
S. xylL: S. xplosus, S. coh.: S. cohnii, S. equ.: S. equorum, S. sap.: S. saprophyticus, S. hae.: S. haemolyticus, and S. len.: S, lentus.

highest was >20 mg/mL (M. [uleus). With the ethyl acetate
extract, the highest MBC was >20 mg/mL (M. luteus) and the
lowest (1.25 mg/m1.) was recorded on §. aureus and E. faecalis.

Considering the meat isolated strains, our data dis-
plays that the MBC of the tested extracts varied from
0.625mg/mL to 5mg/mL depending on the tested Staphy-
lococcus species. Using ethanol extract, the lowest MBC
(0.625 mg/mL) was observed on S. equorum while the highest
MBC (5 mg/mL.) was obtained with this extract on S, cohnii
and S. xylosus. With the ethyl acetate extract, the largest
MBC (5 mg/ml.) was obtained on S. xylosus while the lowest
MBC (0.625 mg/mL) was obtained on S. sciuri, S. equorum, S.
saprophyticus, and S. lenlus.

3.2.4. Evaluation of Bactericidal and Bacteriostatic Effects of
Cola nitida Bark Extracts. 'lhe ratio MBC/MIC was calcu-
lated to cvaluate the kind of effect exerted by the Cola nitida
bark extracts on the tested strains. Our data displays that the
exlracls have both baclericidal and bacleriostalic eflects on

reference and meat isolated strains, Thus, with the reference
strains, the ethyl acetate extract has bactericidal effect on
S. aureus, P. aeruginosa, S. epidermidis, and E. faecalis. The
ethanol extract had a bactericidal effect on only S. epidermidis
(Table 5). With the meat isolated Staphylococcus sirains, we
observed a bactericidal effect on S. sciuri (with ethyl acetate
extract) and S. aureus (with ethanol extract), while all the
other strains show the bacteriostatic effect in presence of the
tested extracts (Table 5).

3.3. Antifungal Activity of Cola nitida Bark Extracts. Tigure 4
indicated that the antifungal activity using ethanol and ethyl
acelale exlracls of C. nitida (1.8 mg/mL) was slalistically
variable in regard of the used fungal strains (P = 0.0016).
The inhibilory rale varies [rom 20 (o 46.7%. Moreover, Lhe
antifungal effect varies according to the kind of extract
(P = 0,007). Indeed, the interaction between the strains
and the ethyl acetate extract displays a difference of action
considering E verticillioides and A. tamari (P < 0.01)
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and then F verticillioides and P citrinum (P < 0.001).
With the ethanol extract, there was no statistical difference
independently of the strains (P > 0.05).

3.4. Antioxidant Activity of Cola nitida Bark Extracts. 'Lable 6
shows the radical scavenging aclivity by DPPH. Our data

reveal that the 1Cs, of the ethanol extract (9.00+1.73 pg-uL 1)
was about two times higher than the one observed with
the ethyl acetate extract (4.53 + 0.98 ug-uL™"). Moreover,
it appears that the T1C;; values of the reference molecules
(quercetin and gallic acid) are lower than the tested extracts.
The ethyl acetate extract of C. nitida had an AAT value



TasLe 3: Minimum inhibitory concentrations of C. nitida’s bark
exlracl on relerence strains and meal isolaled Staphylococcus slrains.
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Tasre 4: Minimum bactericidal concentrations of C. nitida’s bark
exlracl on relerence strains and meal isolaled Staphylococcus slrains.

Minimum inhibitory
concenlralions (mg/ml)

Minimum bactericidal
concenlrations (img/ml)

Strains Strains
Fthanol Ethyl acetate Tithanol Tithyl acetate
extract extract extract extract
Reference strains Reference strains
Staphylococcus auretss 0.312 1.25 Staphylococcus aureus 25 1.25
Pseudomonas aeruginosa 0.625 125 Pseudomonas aeruginosa 2.5 2.5
Proteus mirabilis 125 125 Proteus mirabilis 10 05
Micrococcus luteus 05 25 Micrococcus luteus >20 520
Staphylococcus epidermidis 125 0.625 Staphylococcus epidermidis 2.5 2.5
. Proteus vulgaris 10 05
Proteus vulgaris 1.25 125 .
. Streptococcus oralis 05 2.5
Streptococcuis oralis 0.312 0.625 . - .
) Enierococctis faecalis 2.5 1.25
I?ntemfoc‘cusf a‘ecalzs 0.312 1.25 Escherichia coli — —
Escherichia coli - - Candida albicans 2.5 2.5
Candida albicans 0.625 0.312 Meat isolated Staphylococcus strains
Meat isolated Staphylococcus strains S, sciuri 05 0.625
S. sciuri 0.625 0.312 S. aureus 2.5 2.5
S. aureus 125 0.312 S. simulans 2.5 2.5
S. simulans 0.312 0.152 S. cohnii 05 2.5
S. cohnit 0.625 0.312 S. xylosus 05 05
S. xylosus 125 0.312 S. equorum 0.625 0.625
S. equorum 0.156 0.078 S. saprophyiicus 2.5 0.625
S. saprophyticus 0.312 0.078 S. haemolyticus 25 2.5
S. haemolyticus 0.078 0.625 S. lentus 2.5 0.625
S. lentus 0.156 0.078
100 L i duiaialal LILECLS TR
90 o N
80 N\
(11.02 £ 1.49 pg: yL_l) higher than the one observed with the 70 AN °.
cthanol extract (5.71 + 1.23 ug-ul ™). £ 60 .
Table 6 shows also the antioxidant activity of Cola nitida E L ~u T DL
bark extracts as the ability to reduce ABTS™ cation. This 2 :}3 T
activity was determined from a linear regression curve (y = ’20
—0.001x + 0.5721, R* = 0.9715). Data in Table 6 indicate 10 ¢
that the extracts of Cola nitida have more significant activity 0

than the one obtained with ascorbic acid used as reference
(35.02 £ 0.73 umolEqAA-g™"). Tn addition our data indicate
that the ethanol extract reduces more the AB'1'S™" cation than
the DPPH one. Nevertheless, independently of the methods,
the two Cola nitida extracts follow the same efficacy order.

3.5. Cytotoxicity Assay of Cola nitida’s Bark Extracts. The
bioassay to determine the lethality effect of Cola nitida’s
bark extracts on Artemia salina was used to evaluate the
cytotoxicity of our extracts. Thus, Figure 5 indicates the
evolution of mortality according to the tested concentrations
of our extracts. Indeed, for the ethanol extracts, the mortality
of the A, salina larvae was observed from the concentration
of 0.52mg-mL™" whereas the killing effect started to be
perceptible al 1.04 mg-mL™".

003 006 0.13 026 052 1.01 208 416

Extract concentration (mg~m1_1 )

ELOH Ec: ethanol exlracls
LAC Lc: cthyl acctatc extract

-a- EIOHEc
e LAC Lic

Ficure 5: Variation of A, salina larval mortality according to C.
nitida extracts concentration.

4, Discussion

The qualitalive screening of Cola nitida’s bark exlracls
revealed the presence of various phytochemical components
such as lannins, (lavonoids, and saponins (Table 1). The pres-
ence of tannins in our tested extracts suggests the probable
biological activilics. Indeed, lannins are reported nol only
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TaBLE 5: Bactericidal and bacteriostatic effects of Cola nitida
exlracls on relerence slrains and meal isolaled strains.

CMB/CMT
Strains Lthanol Lthyl acetate
exlracl exlracl
Reference strains
Staphylococcus auretss 8.01 1
Pseudomonas aeruginosa 1 2%
Proteus mirabilis 8 4
Micrococcus luteus >4 >8
Staphylococcus epidermidis 2" 2"
Proleus vulgaris 8 4
Streptococcus oralis 16.02 1
Enterococcus faecalis 8.01 1
Escherichia coli — —
Candida albicans 4 8.01
Meal isolated Staphylococcus slrains
S. sciuri 8 2°
S. aureus 2" 8.01
S. simulans 3.01 16.44
S. cohnii 4 16.02
S. xylostis 8 8.01
S. equorum 41.01 8.01
S. saprophyticus 8.01 8.01
S. haemolyticus 32.05 4
S. lentus 16.02 8.01

With = = baclericidal e(Tecls; withoul * = baclerioslalic effecls.

'IABLE 6: Paramelers of [ree radical scavenging aclivily by DPPH
radical and ABTS methods.

DPPH ABTS
]C5<'_1 AAT ‘C .
(ugl™) (umolEqAA-g™)

Ethanol extract  9.00+173  5.71+1.23 49.72 +0.35
Ethyl acetate 453+098 1102+ 149 5339+ 0.0
¢xtract

Quercetin 451+035  1L11+0.85 —

Gallic acid 0.73+0.12 62.74+5.54 —
Ascorbic acid — — 35.02 +0.73

to promote tissue regeneration in case of superficial burn
injury bul also lo have antibaclerial, anliviral, anlifungal,
and antioxidant effects [44|. 'The presence of tlavonoids in
the extracts indicales their polentialily lo reduce in vitro
cholesterol agents and to induce an antifungal activity |44,
45]. Flavonoids arc known Lo inhibil a-amylasc aclivily which
regulates the amount of glucose in the blood; therefore the
exlracts of C. mitida can be used as an anlidiabetic. The
presence of tlavonoids and saponins has earlier been reported
in 2009 by N'Guessan cl al. [46] in Cole d’Ivoire during their
work on the same plants. Nevertheless, we observed in our
study the absence of triterpenc and steroid and the presence

of tannins whereas triterpene and steroid were observed
without tannins in the same organ of the plant [46] and the
other parts of the same plant [13, 47]. These observations
may be probably due, in the case of the same organ, to
the collection conditions such as origin of the plants, the
conditions, and the periods of harvesting organs. We should
notice that the environment may influence the synthesis and
expression of phytochemical components in the plant [48-
52]. Some plant physiologists went further saying that plants
components can be produced only at a certain time and/or
in a determined condition. For the same plant species, there
is an unequal distribution of secondary metabolites through
the organs.

Among the ten reference strains, at the unique concen-
tration of 20 mg/mlL, the ethanol and ethyl acetate extracts
have inhibited the growth of yeast and Gram + and Gram —
bacteria (Table 2). An antimicrobial effect was not observed
on E. coli at the used concentration. This observation on the
susceptibility of E. coli is different from those observed in
2011 by Indabawa and Arzai [53] during their study on the
antibacterial activity on the seed of C. nitida. Tndeed, those
authors found that C. nitida’s seed aqueous extract inhibits
the growth of E. coli at the concentration of 500 pg/ml.. That
ditference can be explained by the fact that we do not use the
same organs.

Concerning the meat isolated Staphylococcus strains, our
results indicate that the solvent plays a role in the extraction
of active principles (Tigure 1). The ethanol extracts are less
effective than ethyl acetate extracts (P = 0.028) on meat
isolated Staphylococcus strains. These results are similar to
those of Bolou et al. [54] obtained during their study on
Terminalia glaucescens when they demonstrated that the
ethyl acetate extract was more effective than the ethanol
extract at the same dose on certain microorganisms. The
possible explanation to the difference of activity between
the two extracts may be the ability of solvent to solubilize
and extract some phytomolecules. Thus, according to Cowan
[55], during the liquid-liquid extraction, phytomolecules are
distributed between the solvents according to their polarity
and solubility. It can be thus concluded that the active
antimicrobial compounds contained in the bark of C. nitida
are more soluble in the ethyl acetate solvent than ethanol one.
The active antistaphylococcal principles contained in the bark
of C. nitida are more concentrate by ethyl acetate.

Analyzing Figure 2, it appears that the inhibition zone
diameters were not significantly ditferent independently of
the extract solvent regardless of duration (24h and 48h)
on both reterence (Figures 2(a) and 2(b)) and food isolated
strains (Figures 2(c) and 2(d)). Our results are different from
those of Arekemase el al. [56] in Lheir study when they
observed a significant difference of inhibition diameters in
the time. We can nolice that Arekemase el al. [56] used 10
times higher concentration to the one we used; that may thus
be one of the reasons. Indeed, with the highest concentralion,
it is possible to have an increase of the inhibition diameter
because the aclive antimicrobial substance is in excess.

"The minimum inhibitory concentration (MIC) was vari-
able depending on Lhe strains and extracts (Table 3). Our
found concentrations were higher than those reported by
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Dahake et al. [57] when they proved that S. aureus and
Bacillus subtilis were more sensitive to the ethanol leaf extract
of Anacardium occidentale with MIC = 15.62 ug/mL. The
difference may probably be due to the divergent extraction
methods and the different origins of strains used. Tndeed,
depending on the extraction methods, the antimicrobial
agents extracted may have different concentrations. Also, this
indicates that C. nitida’s bark extracts were less active at
lowest concentration compared with those of A. occidentale.

The minimum bactericidal concentrations (MBCs) were
variable according not only to the strains but also to the
type of extracts (Table 4). Our results were not the same
as those obtained by Sika et al. [28] reporting a range of
0.078 to 0.625 mg/mL (for reference strains) and from 0.078
to 1.25 mg/ml, (for meat isolated Staphylococcus strains) as
MBCs during an in vitro test on A. occidentale extracts. As
the used strains are from the same origin, the difference may
be due to the phytochemical composition of the extracts.

The ratio between the MIC and MBC shows that,
according to the strains, extracts have both bactericidal
and bacteriostatic effects on reference and food isolated
strains (Table 5). The two kinds of activities were already
reported in previous studies on some plants such as Erythrina
senegalensis [58] and A. occidentale [28].

The antifungal activity of Cola nitida’s bark extracts
(Figure 3) was statistically variable in regard of the used
fungal strains (P = 0.0016). Independently of the extracts,
A. tamarii was the most resistant strain. Indeed, the limits
established by Reyes et al. [39] allow concluding that our
extracts have antifungal activity against the three tested
strains. In comparison with studies performed using C.
nitida’s seeds on one hand on Aspergillus niger and Aspergillus
fumigatus in Nigeria [60] and on the other hand in Cote
d’Ivoire against Fusaritm oxysporum [61] we can conclude
that the bark of C. nitida has an interesting antifungal activity.
Indeed, in their study in Nigeria (80 mg/mL) and Cote
d’Ivoire (3.04 mg/mL), these authors reported extremely high
concentration in comparison to the 1.8 mg/mL we used in our
study.

The antioxidant activity of different extracts by both
methods (DPPH and ABTS) is reported in Table 6. Our
results, with the DPPH method, corroborate those reported
in Cameroon by Momo et al. [62] on the stems of Cola nitida
extracts (ethanol and aqueous extract) and in Nigeria on the
seed of C. nitida [12]. Indeed, Momo et al. [62] found out
that the ethanol extract of C. nitida slems has a high DPPH
reduction percentage whereas the aqueous extract does not
have any reduclion aclivity of DPPH radical. This resull
suggests that the extraction solvent plays an important role
in Lhe scavenging of [ree radical. In their studies, Ayebe el al.
[12] and Momo et al. [62] reported the highest IC;, values
in comparison (o ours. The dillerence of values may be due
to the used organs: bark in our study, seed in Nigeria [12],
and slem in Cameroon [62]. To end, we can also nolice that
the reduction of free radical ability varies from a reference
molecule Lo another and (rom an exlract lo another; this
variation may be due to the concentration of antiradical
molecules and assays conditions. Therelore, considering the
Antiradical Indexes Activity [41], we can conclude that

Biochemistry Research International

the Cola nilida bark ethanol and ethyl acetate extracts have a
strong free radical scavenging activity (AAI > 2). Combining
the two methods (DPPH and ABTS), we observe that Cola
nitida’s bark extracts have an excellent reducing free radical
activity.

Referring to the values reported by Mousseux [63], the
two extracts of C. nitida’s bark we tested in our studies
(Figure 5) are not toxic at the tested doses. Our result
corroborates those found in Nigeria by Ayebe et al. [12]
during their study testing the toxicity of Cola nitida’s seeds
aqueous extract on the rat.

5. Conclusion

Through the obtained results, we can say that Cola nitida’s
bark contains many secondary metabolites dominated by
polyphenol compounds. The presence of those compounds
confers to C. nitida’s bark, through the ethanol and the
ethyl acetate extract, some importantbiological activities. The
tested extract displays more bactericidal effect on reference
strains than on meat isolated Staphylococcus strains. For
most of the investigated biological activity, the ethyl acetate
extract is more effective than the ethanol extract. The more
purified extracts of C. nitida’s bark can be useful both in food
conservation and in human medicine.

Conflict of Interests

"lhe authors declare that they have no conflict of interests.

Acknowledgments

‘Lhe authors thank ULMOA for the financial support through
the project LBTMM-PAES-UEMOA-2012. The authors also
thank International Foundation for Science (1ES) for financial
support.

References

[11 A. Sofowora, Medicinal Plants and Traditional Medicine in
Africa, Spectrum Books Limited, Sunshine House, Ibadan,
Nigeria, 2nd edilion, 1993.

[2] O. M. Iniaghe, S. O. Malomo, and J. O. Adcbayo, “Proximate
composition and phytochemical constituents of leaves of some
Acalypha species,” Pakistan Journal of Nutrition, vol. 8, no. 3, pp.
256-258, 2009.

[3] A. M. Diallo, Etude des plantes médicinales de niafunke (région
‘Tombouclou) Phytochimie el pharmacologie de Maeruacrassi-
foliaForsk (Capparidacée) [Thése de Doctorat], Université de
Bamako, TFacult¢ de Medecine, de Pharmacice et d'Odonto-
Stomatologie, 2005.

[4] WHO, Strategie de 'OMS pour la medicine traditionnelle pour
2002-2005, 2002.

[5] A.Akoegninou, W.]. van der Burg, and L. J. G. van der Maesen,
Flore Analvtique du Bénin, edited by V. Adjakidjé, J. P. Essou
B. Sinsin, H. Y¢domonhan, Wagening University Papers 06.2,
Backhus Publishers, 2006.

[6] K. Kouame and M. Scande, “Cola nitida (vent) Schott & Endl”
Seed Leaflet, Forest ¢ Landscape, no. 111, pp. 1-2, 2006.



Biochemistry Research International

[7]1 E C. Mokwunvye, Functional characterisation of kola nut powder
for beverage production [M.S. thesis], University of Agriculture,
Abeokula, Nigeria, 2009.

[8] O. Nzekwu, “Kola nut;” Nigeria Magazine, vol. 71, pp. 298-305,
1961.

[9] C.O. Jayeola, “Preliminary studies on the use o[ kolanuts (Cola
nitida) for soft drink production,” Journal of Food Technology in
Africa, vol. 6, no. 1, pp. 25-26, 2001.

[10] G. Javies, “lhe rise and [all of cocaine cola,” hilp://www
aunz.org/Pub/LewRockwell 2002may-00039.

[11] S. T. Lowor, P. C. Aculey, and M. K. Assuah, “Analysis of some
qualily indicalors in cured Cola nitida (Venl),” Agricullure and
Biology Journal of North America, vol. 1, no. 6, pp. 1206-1214,
2010.

[12] E. K. Ayebe, H. E. Yapi, A. A. Edjeme el al., “In vivo, in vilro
antioxidant activity assessment & acute toxicity of aqueous
extract of Cola nitida (Sterculiaccac),” Asian Journal of Biochem-
ical and Pharmaceutical Research, vol. 2, no. 4, pp. 144-155, 2012.

[13] S. Muhammad and A, Fatima, “Studies on phytochemical eval-
uation and antibacterial properties of two varieties of kolanut
(Cola nitida) in Nigeria,” Journal of Biosciences and Medicines,
vol. 2, no. 3, pp. 37-42, 2014.

[14] K.J. Ryanand C. G. Ray, Sherris Medical Microbiology, McGraw-
Hill, 4th edition, 2004.

[15] E Vincenot, M. Saleh, and G. Prévost, “Les facteurs de virulence
de Staphylococcus aureus;” Revue Francophone des Laboratoires,
vol. 38, no. 407, pp. 61-69, 2008.

[16] S. Chang, D. M. Sievert, J. C. Hageman et al, “Infection
with vancomycin-resistant Staphylococcus aureus containing
the vanA resistance gene,” The New England Journal of Medicine,
vol. 348, no. 14, pp. 1342-1347, 2003.

[17] L. Malikovd, 1. Sedlalek, D. Novakova, and M. Némec, “Ribo-
typing and biotyping of Staphylococcus epidermidis isolated
from hospital cnvironment,” Folia Microbiologica, vol. 52, no. 4,
pp. 375-380, 2007.

[18] K. Zhang, J. Sparling, B. T.. Chow et al., “New quadriplex PCR

assay for dctection of methicillin and mupirocin resistance

and simullaneous discriminalion of Staphylococcus aurets [rom
coagulase-negative staphylococci,” Journal of Clinical Microbiol-

ogy, vol. 42, no. 11, pp. 4947-4955, 2004.

P Morellion, Y. A. Que, and M. P. Glauser, “Staphylococctis

aureus, in Principles and Practice of Infectious Diseases, G.

L. Mandcl, J. E. Bennett, and R. Dolin, Eds., pp. 2321-2351,

Churchill Livindstone, Philadelphia, Pa, USA, 2005.

[20] F Z. Akcam, G. B. Tinaz, O. Kaya, A. Tigli, . Ture, and S.
Hosoglu, “Evaluation of methicillin resistance by cefoxitin disk
diffusion and PBP2a latex agglutination test in rnecA-positive
Staphylococcus aureus, and comparison of mecA with femA,
femB, femX posilivilies,” Microbiological Research, vol. 164, no.
4, pp. 400-403, 2009.

[21] M. Zohra, Etude Phytochimique et Activités Biologiques de
quelques Plantes médicinales de la Région Nord el Sud-Oues!
de I'Algérie [Thése de doctorat], Université Abou Bekr Belkaid,
2013.

19

[22] D. Bagchi, C. K. Sen, M. Bagchi, and M. Alalay, “Anli-
angiogenic, antioxidant, and anti-carcinogenic properties of a
novel anthocyanin-rich berry extract formula,” Biochemistry,
vol. 69, no. 1, pp. 75-80, 2004.

[23] O. Patthamakanokporn, P. Puwastien, A, Nitithamyong, and

P. P. Sirichakwal, “Changes of antioxidant activity and total
phenolic compounds during storage of selected fruits,” journal

11

of Food Composition and Analysis, vol. 21, no. 3, pp. 241-248,
2008.

[24] N. Sokpon and C. Ouinsavi, “Utilisation de Khiaya senegalensis
cn médecine traditionnelle au Bénin,” Revue de Médecine et
Pharmacopée Africaines, vol. 16, pp. 9-19, 2002.

[25] B. Biecke, “Tithnobotanishestudie van geneeskrachtigeplnten
in Manigri en Igbére, Bénin,” Bioingenieur, Universileil Genl,
inhetland En BosBeheer, 2004.

E. Adjanohoun, V. Adjakidje, M. R. A. Ahyi et al., Contribution
aux Eludes Ethnobolaniques el Floristiques en République Popu-
laire du Bénin, ACCT, Paris, Trance, 2nd edition, 1989.

[27] P. Sessou, S. Farougou, P. Azokpota et al., “In-viiro antifungal
activity of essential oil of Pimenta racemosa against fungal
isolales [rom wagashi, a Lradilional cheese produced in Benin,”
Tnternational Journal of Natural and Applied Sciences, vol. 8, no.
1, pp. 25-34, 2012.

[28] C. K. Sika, H. Sina, H. Adoukonou-Sagbadja et al., “Antimi-
crobial activity of Anacardium occidentale 1.. leaves and barks
exlracls on pathogenic bacleria,” African Journal of Microbiol-
0gy Research, vol. 8, no. 25, pp. 2458-2467, 2014.

[29] P.J. Houghlon and A. Raman, Laboratory Hand Book for the
Fractionation of Natural Extracts, Chapman and ITall, L.ondon,
UK, 1998.

[30] R. Sanogo, D. Diallo, S. Diarra, C. Ekoumou, and D.
Bougoudogo, “Activité antibactérienne et antalgique de deux
recelles (radilionnelles ulilisées dans le lrailemenl des infec-
tions urinaires et la cystite au Mali,” Mali Médical, vol. 21, pp.

18-24, 2006.

[31] J. D. N'Guessan, A. P. Bidi¢, B. N. Lenta, B. Weniger, P. André,
and T. Guédé-Guina, “In vitro assays for bioactivity-guided
isolation of anli salmonella and anlioxidanl compounds in
Thonningia sanguinea flowers,” African Journal of Biotechnology,
vol. 6, no. 14, pp. 1685-1689, 2007.

[32] P. Attien, TT. Sina, W. Moussaoui et al., “Prevalence and antibi-
otic resistance of Staphylococcus strains isolated from meat
»

products sold in Abidjan streets (Ivory Coasl),” African journal
of Microbiology Research, vol. 7, no. 26, pp. 3285-3293, 2013.

[33] A.W. Bauer, W. M. Kirby, J. C. Sherris, and M. 'lurck, “Anlibiolic
susceptibility testing by a standardized single disk method,” The
American Journal of Clinical Pathology, vol. 45, no. 4, pp. 493-
496, 1966.

[34] S. Gupta, M. Ali, and M. S. Alam, “A naphthoquinone from
Lawsonia inermis stem bark;” Phytochemisiry, vol. 33, no. 3, pp.
723-724,1993,

[35] A. Saha and M. S. Rahman, ‘“Anlimicrobial aclivily ol crude
extract from Calycopteris floribunsa, Bangladesh Journal of
Microbiology, vol. 25, no. 2, pp. 137-139, 2008.

[36] N.N. Farshori, M. M. Al-Oqail, E. S. Al-Sheddi, M. A. Siddiqui,
and A. Rauf, “Antimicrobial potentiality of Polyalthia longifolia
seed oil against mulli drug resistant (MDR) strains ol bacleria
and fungus of clinical origin,” African Journal of Microbiology
Research, vol. 19, no. 7, pp. 1977-1982, 2013.

[37] S.M. A, Kawsar, E. TTuq, and N, Nahar, “Cytotoxicity assessment
of the acrial parts of Macrotyloma uniflorum linn,” International
Jotrnal of Pharmacology, vol. 4, no. 4, pp. 297-300, 2008.

[38] S. Kumar, A. Thomas, A. Sahgal, A. Verma, T. Samuel, and
M. K. K. Pillai, “Eflect of Lhe synergisl, piperonyl buloxide,
on the development of deltamethrin resistance in yellow fever
mosquito, Aedes aegypti L. (Diptera: Culicidac),” Archives of
Inseci Biochemisiry and Physiology, vol. 50, no. 1, pp. 1-8, 2002.

(26



12

[39] N. Dohou, K. Yamni, A. Badoc, and A. Douira, “Activité
antifongique dextraits de  Thymelaca  Iythroides sur trois
champignons pathogénes du riz,’ Bulletin de la Sociélé de
pharmacie de Bordeatix, vol. 143, no. 1-4, pp. 31-38, 2004.

(40

R. Re, N. Pellegrini, A. Proteggente, A. Pannala, M. Yang, and C.
Rice-Tivans, “Antioxidant activity applying an improved ABTS
radical calion decolorizalion assay,” Free Radical Biology &
Medicine, vol. 26, no. 9-10, pp. 12311237, 1999.

[41] S. Guenne, N. Oualtlara, A. Hilou, ]. E Millogo, and O.
G. Nacoulma, “Antioxidant, enzyme inhibition activities and
polyphcenol contents of three Asteraceae specices used in Burkina
Faso Lraditionally medicine,’ International Journal of Pharmacy
and Pharmaceutical Sciences, vol. 3, no. 5, pp. 524528, 2011.

[42] R. Scherer and H. I. Godoy, “Antioxidant activity index (AAl)
by the 2,2-diphenyl-1-picrylhydrazyl method,” Food Chemistry,
vol. 112, no. 3, pp. 654-658, 2009.

[43] G.Schmeda-Hirschmann, J. A. Rodriguez, C. Theoduloz, S. L.
Astudillo, G. E. Feresin, and A. Tapia, “Free-radical scavengers
and antioxidants from Peumus boldus Mol. (‘Boldo’),” Free
Radical Research, vol. 37, no. 4, pp. 447-452, 2003.

[44] 7. Bruneton, Les Tanins, Tditions Médicales Internationales,
Paris, IFrance, 1999.

[45] A.Ortufio, A. Bdidez, P. Gomezetal., “Citrus paradisi and Citrus
sinensis flavonoids: their influence in the defence mechanism
against Penicillium digitatum,” Food Chemistry, vol. 98, no. 2,
pp. 351 358, 2006.

[46] K.N’Guessan, B. Kadja, G. N. Zirihi, D. Traoré, and T.. Aké-Assi,
“Screening phytochimique de quelques plantes médicinales
ivoiriennes ulilisées en pays Krobou (Agboville, Cole-d’lvoire),”
Sciences & Nature, vol. 6, no. 1, pp. 1-15, 2009.

[17] M. A. Sonibare, M. O. Soladoye, O. O. Esan, and O. O.
Sonibare, “Phytochemical and antimicrobial studies of four
species of Cola Schott & Endl. (Sterculiaccac),” African Journal
of Iraditional, Complementary and Alternative Medicines, vol. 6,
no. 4, pp. 518 525, 2009.

W. J. Cybulski III, W. T. Peterjohn, and J. H. Sullivan, “The
influence of elevated ultraviolet-B radiation (UV-B) on tissue
qualily and decomposilion ol loblolly pine (Pinus taeda L.)
needles,” Environmental and Txperimental Botany, vol. 44, no.
3, pp. 231-241, 2000.

[49] M. R. Braga, M. P. M. Aidar, M. A. Marabesi, and J. R. L. de
Godoy, “Effects of clevated CO, on the phytoalexin production
of two soybean cultivars differing in the resistance to stem
canker disease,” Environmental and Experimental Botany, vol.
58, no. 1-3, pp. 85-92, 2006.

[50] H. Tsukaya, R. Tsujino, M. Tkeuchi et al., “Morphological vari-
alion in leal shape in Ainsliaea apiculaia wilh special relerence
to the endemic characters of populations on Yakushima Tsland,
Japan,” Journal of Plant Research, vol. 120, no. 3, pp. 351-358,
2007.

[51] A. Folkers, K. Hiive, C. Ammann ct al., “Mcthanol cmissions
from deciduous tree species: dependence on temperature and
light intensity;” Plant Biology, vol. 10, no. 1, pp. 65 75, 2008.

[52] H. Shen, Y. Tang, H. Muraoka, and I. Washitani, “Characteris-

tics of leaf photosynthesis and simulated individual carbon bud-

gel in Primula nutans under conlrasting light and lemperalure

conditions,” Journal of Plant Research,vol. 121, no. 2, pp. 191-200,

2008.

I.I. Indabawa and A. T, Arzai, “Antibacterial activity of Garcinia

kola and Cola nitida sced extracts,” Bayero Journal of Pure and

Applied Sciences, vol. 4, no. L, pp. 52-55, 2011.

[48

o
)

Biochemistry Research International

[54] G. E. K. Bolou, B. Attioua, A. C. N'Guessan, A. Coulibaly; J. D.
N’Guessan, and A. J. Djaman, “Bvaluation in vitro de Pactivité
anlibactérienne des exlrails de Lerminalia glaucescens planch.
sur Salmonella typhi et Salmonella typhimmurium,” Bulletin de la
Société Royale des Sciences de Liége, vol. 80, pp. 772-790, 2011.

[55] M. M. Cowan, “Planl products as antimicrobial agents,” Clinical
Microbiology Reviews, vol. 12, no. 4, pp. 564-582, 1999.

[56] M. O. Arckemase, (i, P. Oyeyiola, and M. B. Aliyu, “Antibacterial
aclivily ol Anacardium occidentale on some enleroloxin produc-
ing bacteria,” Tnternationnal Journal of Biology, vol. 3, no. 4, pp.
392-399, 2011.

[57] A. P. Dahake, V. D. Joshi, and A. B. Joshi, “Antimicrobial
screening of different extract of Anacardium occidentale Linn.
leaves,” International Journal of Chemlech Research, vol. 1, no. 4,
Pp. 856-858, 2009.

[58] S. Dramane, K. W. Mamidou, and K. Kagoyire, “Lvalua-
lion des acliviles anlimicrobiennes el anli-radicaux libres de
quelques taxons bioactifs de Cote,” Furopean Journal of Scien-
tific Research, vol. 40, no. 2, pp. 307-317, 2010.

[59] C. R. Reyes, V. R. 1. Quiroz, E. M. Jiménez, A. Navarro-
Ocana, and T1. J. Cassani, “Antifungal activity of selected plant
secondary metabolites against Coriolus versicolor) Journal of
‘Iropical Forest Producis, vol. 3, no. 1, pp. 110-113, 1997.

[60] A. T. Kanoma, 1. Muhammad, T. D. Tbrahim, K. Shehu, 1T,
M. Maishanu, and A. D. Isah, “Phytochcmical screening of
various species of cola nut exlracts [or anlilungal aclivily against
phytopathogenic fungi,” The American Journal of Biology Life
Sciences, vol. 2, no. 1, pp. 18-23, 2014.

[61] D.Koné, C. Brahima, B. J. Odjochounou et al., “Fungicides and
biological products activities towards fungi causing diseases on
banana and vegetable in Cote d'Ivoire,” in Fungicides, Odile
Carisse, Fd., InTech, 2010.

[62] C. E. N. Momo, A. E Ngwa, G. I. F. Dongmo, and J. E. Oben,
“Antioxidanl properlics and a-amylase inhibilion of Terminalia
superba, Albizia sp., Cola nitida, Cola odorata and ITarun-
gana madagascarensis used in the management of diabetes in
Cameroon;” Journal of Heallh Science, vol. 55, no. 5, pp. 732-738,
2009.

[63] M. Mousscux, Test de toxicité sur larves de Artemia salina
entreiien d'un élevage de balanes, DEUSI Aquaculture, Univer-

sité Francaise de Pacifique, Centre Universitaire de Nouvelle
Calédonic, 1995.



[rriiid Pstrrial ﬂurrqj ol

Peptl es.

(

Submit your manuscripts at . e T

http:/Awvww.hindawi.com e

= '-I".' ®
Bl The Scientific
Sianal Transductlion World Journal

Indiramizinal Buisslod

Microbiology




