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The extracts from the root, bark and seed of Garcinia kola are currently used in traditional medicine in 
Nigeria. The aim of this study was to evaluate the inhibitory activity of crude extracts of G. kola on 
Fusobacterium nucleatum isolated from the oral cavity. Methanol and aqueous extracts were prepared 
from the seed and the minimal inhibitory concentration was evaluated by the agar dilution method, 
using a Wilkins-Chalgren agar supplemented with horse blood (5%), hemin (5 µg/ml) and menadione (1 
µg/ml). Antimicrobial activity of plant extracts on microbial biofilms was determined in microtiter plates. 
The seed of G. kola demonstrated significant inhibitory action on F. nucleatum isolates at a 
concentration of 1.25 and 12.5 mg/ml for amoxicillin resistant strain. It was able to inhibit the microbial 
biofilm formed by the association of F. nucleatum with Porphyromonas gingivalis ATCC 33277, 
Aggregatibacter actinomycetemcomitans ATCC 33384 and Prevotella intermedia ATCC 2564 at a 
concentration of 25 mg/ml. The in-vitro inhibitory effect of G. kola on F. nucleatum population suggests 
a potential role for its use in oral hygiene. 
 
Key words: Fusobacterium nucleatum, Garcinia kola, oral disease, natural medicine, anaerobic bacteria, 
biofilm. 

 
 
INTRODUCTION 
 
Fusobacterium nucleatum is important in the formation 
and maturation of plaque because it provides anchoring 
sites for bacterial species responsible for the formation of 
biofilm and the maintenance of existing species on 
previously developed plaque (Iwaki et al., 2006; 
Kolenbrander et al., 2006; Jervoe-Storm et al., 2007). 
Fusobacterium species have been isolated from patients 
with Noma (cancrum oris) (Paster et al., 2002; Erickson 
et al., 2002) oro-facial infections  (Egwari  et   al.,   2001),  
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dentoalveola abscesses (Akinwande et al., 1996), 
malnourished children (Falkler et al., 2000) and in women 
who had experienced preterm labour with low birth weight 
(Urban et al., 2006; Han et al., 2009). This organism 
often recovered in high numbers from periodontal poc-
kets interacts with other periodontal pathogens such as 
Aggregatibacter (formerly Actinobacillus) 
actinomycetemcometans, Porphyromonas gingivalis 
Prevotella species and Treponema denticola to establish 
a complex ecological relationship that contributes to the 
initiation and progression of oro-facial infections 
(Kolenbrander et al., 2006; Jervoe-Storm et al., 2007). Any 
agent capable of inhibiting F. nucleatum is therefore likely to 
reduce the rate of plaque formation. Establishing  an efficient 
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and universal therapeutic approach to control the 
formation of dental biofilms is still to be developed. 

Treatment of anaerobic infections is usually empirical 
but the universality of susceptibility of anaerobes to the 
usual drugs cannot always be assumed as reports of re-
sistant strains have been growing in the literature from all 
over the world; New Zealand (Roberts et al., 2006), 
Finland (Nyfors et al., 2003) and Norway (Al-Haroni and 
Skaug, 2007; Kommedal et al., 2007). There is therefore 
a need for continuous search for an urgent alternative to 
synthetic drugs. In Africa, Asia, North and South America, 
medicinal plants were used for the treatment of infections 
before the introduction of antibiotics and other modern 
drugs (Haslam, 1989; Lee et al., 2004; Lima et al., 2006).  
Traditional chewing sticks are commonly used especially 
by rural dwellers in maintaining oral hygiene (Ndukwe et 
al., 2005) with about 80 - 90% of Nigerians using chewing 
sticks from a variety of plants (Soto and Wilson, 1995). 
The reasons can be attributed to culture, affordability, 
accessibility and the popular though misguided belief that 
natural medicines have no ill effects (Lima et al., 2006). A 
lot of work is therefore ongoing to validate the efficacy of 
these herbs and standardize the dosages (Ndukwe et al., 
2005; Odugbemi, 2006; Ogbulie et al., 2007). 

Medicinal plants such as Vernonia amygdalina (Ewuro 
in Yoruba), Terminalia glaucesens (Ida-odan) Nauclea 
latifolia, Serindeia warneckei, and Garcina kola (orogbo) 
are capable of inhibiting the activities of some anaerobic 
pathogens (Ugorji et al., 2000). In addition, extracts of the 
Garcinia genus, particularly Garcinia mangostana and 
Garcinia kola, exhibit diverse antimicrobial activities and 
are used in the treatment of cough and sore throat 
(Madubunyi, 1995; Okunji et al., 1995; Adefule-Ositelu et 
al., 2004). Its root and seed possesses anti-inflammatory 
activities (Braide, 1990), are hepatoprotective (Iwu et al., 
1990), and exhibit anti-oxidative (Olatunde et al., 2004) 
and antiviral properties (Hong-xi and Song, 2001). 

Garcinia kola belongs to a family of tropical plants 
known as Guttiferae (Plowden, 1972). The seed is gene-
rally known as Bitter kola and in Nigeria it is commonly 
called “Namiji goro” in Hausa, “Agbilu” in Igbo (Esemonu 
et al., 2005) and “orogbo” in Yoruba (Ndukwe et al., 
2005). The edible seed is valued in Nigerian houses as a 
substitute for the true kola nuts (Cola nitidais). Generally, 
the mechanical cleansing effect and antimicrobial sub-
stances in the seed are seen as major beneficial effects 
of chewing this nut (Han et al., 2005). 

Phytochemical analysis  of extracts from both root, 
stem and seed of  Garcinia kola and other members of 
the genus show that they contain reasonable amounts of 
phenolic compounds including biflavonoids (GB-1,GB-2), 
xanthones and benzophenones (Onunkwo et al., 2004; 
Okunji et al., 2007; Okoko, 2009). 

Their antibacterial activities are due to flavonoids espe-
cially biflavonoid type GB1 (Hong-xi and Song, 2001) and 
this has been demonstrated using methicillin-resistant 
Staphylococcus aureus (MRSA), vancomycin- resistant 
enterococci (VRE)  (Han  et  al.,  2005),  Lactobacillus   spp. 

 
 
 
 
(Owoseni and Ogunnusi, 2006) and Streptococcus 
pyogenese (Ogbulie et al., 2007). Similar study by Afolabi 
et al. (2008) has shown its antibacterial effects on 
Streptococcus mutans another important organism 
involved in plaque formation. However, few reports 
(Rotimi et al., 1988, Ugorji et al., 2000., Ndukwe et al., 
2005) are available on the antibacterial activities of G. 
kola on oral anaerobic species. 

This study was therefore aimed to assess the 
antimicrobial properties of crude extract of Garcinia kola 
on F. nucleatum isolates from the oral cavity. 
 
 
MATERIALS AND METHODS 
 
The bacteria used in this study were Porphyromonas gingivalis 
ATCC 33277, Prevotella intermedia ATCC 2564, Aggregatibacter 
actinomycetemcomitans ATCC 33384 available at the Anaerobic 
Laboratories, University of Sao Paulo, Brazil  and 5 clinical isolates 
of F. nucleatum each obtained by culture from periodontal pockets 
of different patients with chronic periodontitis. Sub-gingival biofilms 
were collected aseptically by inserting two sterile paper points (No. 
30, UnoDent, England), into the periodontal pockets to a depth of � 
5 mm for 60 s and placed into a dental transport medium (Anaerobe 
systems, USA). Isolates were grown anaerobically in 90% N2 and 
10% CO2 on Fastidious Anaerobe agar FAA (Lab M, Bury, United 
Kingdom) supplemented with hemin (5µg/ml) menadione (1 µg/ml) 
and incubated at 37°C for 72 h. Isolates were identified using 
standard microbiological techniques for anaerobes as 
recommended by Summanen et al. (1993). Briefly, growths on 
plates were examined macroscopically and each white or gray 
speckled colony that was dry, irregular, crumb-like circular with an 
entire edge measuring 0.5 - 2 mm in diameter was Gram-stained 
and sub cultured onto FAA, as well as Brucella blood agar 
containing vancomycin (5 µg/ml), colistin (30 µg/ml) and Kanamycin 
(10 µg/ml). Isolates that were gram-negative, spindle shaped with 
pointed ends were presumed to be F.  nucleatum. Biochemical 
identification was carried out using API 20A (bioMérieux SA, Mercy-
l’Etoile, France) and Indole/nitrate reagent (Anaerobe systems). All 
isolates that fluoresced yellow-green under ultra violet light at a 
wavelength of 366 nm, caused greening of blood agar on exposure 
to air, were indole positive (both on API 20A and Indole/nitrate 
reagent (Anaerobe systems), nitrate, lipase and esculine negative,  
ferment galactose and fructose inhibited by 20% bile, colistin (10µg) 
and Kanamycin (30 µg) but grew in the presence of vancomycin (50 
µg) were stored as F. nucleatum  in 10% skimmed milk at - 80°C in 
ultra low freezer (Nuaire, USA) and used for the study. Identities of 
the species were confirmed by DNA amplification using F. 
nucleatum species specific primer as described by Avila-Campos et 
al. (1999). 
 
 
Antimicrobial susceptibility testing 
 
The antimicrobial susceptibility of the five clinical strains of F. 
nucleatum on amoxicillin (Glaxo SmithKline, Philadelphia, PA, USA) 
was performed as recommended by Clinical Laboratory Standard 
Institute (CLSI) (2007). 

Antimicrobial agent was reconstituted according to the 
manufacturers’ instructions and serial two-fold dilutions (ranging 
from 0.06 - 64 µg/ml) were prepared on the day of the test and 
added to Brucella blood agar supplemented with hemin (5 µg/ml), 
vitamin K (1 µg/ml) and 5% horse blood. Plates were inoculated 
with 105 cfu/ml of F. nucleatum using a Steers’ replicator (Cefar Ltd, 
São  Paulo,  SP,  Brazil).  Control  plates  without  amoxicillin   were 



 
 
 
 
inoculated before and after each set of drug-containing plates. 
Plates were then incubated at 37°C for 48 h in an anaerobic 
atmosphere. Reference strains F. nucleatum ATCC 25586 and F. 
nucleatum ATCC 10953 were included as controls. The MIC was 
defined as the lowest concentration of the antibiotic that yielded no 
bacterial growth. 
 
 
Beta-lactamase production 
 
Amoxicillin-resistant strains were evaluated to verify �-lactamase 
production using the nitrocefin method (Oxoid Ltd, Sao Paulo, SP, 
Brazil). A pure colony from a blood agar plate was dissolved in a 
drop of nitrocefin. After Incubation at room temperature for 30 min, 
�-lactamase activity was observed by the production of a 
characteristic red color. A �-lactamase producing strain Bacteroides 
fragilis ATCC 43858 was used as control. 
 
 
Preparation of plant extract 
 
Garcinia kola seeds purchased from a local market were identified 
and authenticated at the Department of Pharmacognocy, College of 
Medicine, University of Lagos, Idi Araba. Extracts were obtained 
using the methods of Iwaki et al. (2006).  The Garcinia kola seeds 
were sliced and dried over a period of 5-7 days at 37°C in an oven 
(GallenKamp) and ground into a powder. Methanol extracts were 
prepared by adding 25 g of seed powder to 125 ml of 80% 
methanol. The mixture was loaded into a Soxhlet extractor and 
extracted at 60°C for 24 h. Aqueous extracts were prepared by 
mixing 25g of the plant powder in 125 ml of de-ionized water. The 
mixture was boiled at 100°C for 5 min at 55°C for 1 h and finally 
kept at room temperature for 3 days to extract the water soluble 
active principles. The extracts were filter-sterilized using 0.22 µm 
(pore size) cellulose membrane (Millipore). Both alcoholic and 
aqueous extracts were freeze-dried using Edwards high vacuum 
freeze-drier (Oakville, Ontario, Canada). Products were prepared 
immediately by dissolving 5 g in 100 ml of 50 mm sodium 
phosphate buffer (pH 7.0) to give a concentration of 50 mg/ml 
before use and to avoid oxidation. All extracts were stored at -40°C. 
 
 
Determination of minimum inhibitory concentration (MIC) 
 
The MICs of the extracts on the five F. nucleatum isolates were 
determined by CLSI method (2007) using Wilkins-Chalgren agar 
supplemented with horse blood (5%) hemin (5 µg/ml) and mena-
dione (1 µg/ml). The inocula were prepared by picking three to five 
colonies of the test organism and inoculating them into 5 ml of Brain 
heart infusion broth supplemented with menadione (1 µg/ml), and 
hemin (5 µg/ml). The broth cultures were incubated for 48 h at 37°C 
and used to prepare an organism suspension in pre-reduced brain 
heart infusion broth equivalent in density to a 0.5 McFarland 
standard.  

Media containing two-fold serial dilutions of the plant extract 
ranging from 0.125 - 64 mg/ml were inoculated with a Steers 
replicator which delivered a final inoculum of approximately 1.5 x 
108 cfu/spot. Sterile tubes containing brain heart infusion broth 
having similar dilutions were also inoculated for the determination of 
the minimum bactericidal concentration (MBC). Both the plates and 
tubes were incubated anaerobically at 37°C for 48 h. All experi-
ments were performed in duplicate while the MIC was defined as 
the lowest concentration of plant extract inhibiting bacterial growth. 
 
 
Determination of minimum bactericidal concentration (MBC) 
 
Aliquots of 100 µl from broths showing no growth were plated onto 
Wilkins-Chalgren agar supplemented with horse blood (5%),  hemin 
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(5 µg/ml) and menadione (1 µg/ml). The plates were incubated at 
37°C for 48 h and the minimum bactericidal concentration (MBC) 
was determined. The MBC was defined as the highest dilution from 
which no bacterial growth was recorded. In all tests, sterile 
phosphate buffer saline and broth without plant extract were used 
as controls. 
 
 
Inhibitory activity of plant extract on biofilms and 
Determination of death rate  
 
Bacterial associations of a clinical isolate of F. nucleatum with 
Porphyromonas gingivalis ATCC 33277, Actinobacillus 
actinomycetemcomitans ATCC 33384 and Prevotella intermedia 
ATCC 2564 were cultivated. All tested strains were grown 
individually in Brain heart infusion broth supplemented with hemin 
(5 µg/ml) menadione (1 µg/ml) and glucose (1%). For the 
combined growth (biofilm) a final bacterial inocula of 106 cfu of 
each strain was used.  Initially, 200 µl of a pure clinical isolate of 
F. nucleatum suspension was transferred into sterile 6-well 
polystyrene microtitre plates and incubated anaerobically at 37°C 
for 2 h. Thereafter, 200µl each of the other bacterial isolates as well 
as 2ml of supplemented BHI broth were added to each well and 
incubated at 37°C for 7 days. Another six wells containing similar 
isolates were set up and used to determine the MICs and MBCs of 
the aqueous and ethanol extracts on biofilm as described above.  

To obtain the biofilms, cells growing as a film on the surface of 
the broth (Planktonic cells) were removed daily by discarding the 
supernatant, and supplemented BHI broth was added to the 
remaining broth to replace nutrients. After 7 days of incubation, a 
thin membrane containing the bacterial biofilm was observed in the 
wells. In order to determine the death rate, dehydrated plant extract 
was mixed with 1500 µl of supplemented BHI broth (to give a final 
concentration of 100 mg/ml and added to the microplates to cover 
up all microbial growth. The biofilm was incubated anaerobically at 
37°C for 5 10, 20, 40, 60, 120, minutes and 24 h respectively. The 
medium from each well was removed and bacterial biofilm were 
harvested using a spatula.  

The cells were vigorously homogenized for 15 s in 3 ml of VMG 1 
solution (Möller, 1966) and submitted to 10 fold serial dilution in 
VMG 1. Thereafter, 0.1ml of each dilution was plated on blood agar 
and incubated anaerobically at 37°C for 3 days after which a viable 
count was done. Inhibitory activity was considered to be 90% 
reduction in the viable count when compared to the controls 
(phosphate buffer saline PBS). Tests were performed in triplicate 
and the results were expressed as the time required to reduce the 
microbial population of the biofilm by 90%. Clinical Isolate; F. 
nucleatum 015b was also evaluated. 
 
 
RESULTS 
 
The clinical isolates of F. nucleatum were identified 
based on their unique spindle shape with tapered ends, 
indole reaction, susceptibility to kanamycin and colistin, 
resistance to vancomycin and confirmed by polymerase 
chain reaction (PCR) assay using species-specific 
primers. The antibacterial activity of seeds of G. kola on 
five clinical isolates of F. nucleatum obtained by culture 
from the periodontal pockets of five different patients with 
chronic periodontitis and on bacterial biofilm formed by a 
strain of F. nucleatum in association with standard ATCC 
strains of four periodontal pathogens was determined. Of 
the five clinical isolates tested one (F. nucleatum 015) 
was �-lactamase producing  and  resistant  to  amoxicillin 
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Table 1. Antimicrobial susceptibility of Amoxicillin on oral Fusobacterium nucleatum 
isolates obtained from Nigerian patients with chronic periodontitis 
  

Test strains 
production 

B-lactamase 
Range tested (µg/ml) 
Breakpoint* 8 µg/ml 

MIC obtained 
(µg/ml) 

F. nucleatum 05 - ≤ 0.06 - 32 0.06 
F. nucleatum 015 + ≤ 0.06 - 32 32.0 
F. nucleatum 035 - ≤ 0.06 - 32 0.06 
F. nucleatum 037 - ≤ 0.06 - 32 0.06 
F. nucleatum 050 - ≤ 0.06 - 32 1.25 

 

*Breakpoint used in accordance with CLSI. 
 
 
 

Table 2. Antimicrobial activity of Methanol and Aqueous plant 
extracts against clinical isolates of Fusobacterium nucleatum and 
Biofilm. 
 

MIC/MBC* (mg/ml) 
 Aqueous extract Methanol extract 
Test organisms MIC MBC MIC MBC 
Biofim a NG NG 25.00 25.00 
F. nucleatum  05b NG NG 1.25 7.50 
F. nucleatum  015b 12.50 12.50 12.50 12.50 
F. nucleatum  035b NG NG 1.25 5.00 
F. nucleatum  037b 5.0 12.50 1.25 5.00 
F. nucleatum  050b N G NG 1.25 7.50 

 

*MIC: Minimum inhibitory concentration, MBC Minimum bactericidal 
concentration.  
NG: No growth after incubation at 370C for 3 days in anaerobiosis. 
a Biofilm: Combined growth of  F. nucleatum 015b A. 
actinomycetemcomitans ATCC 33384, P. gingivalis ATCC 33277, P. 
intermedia ATCC 2564  (Standard strains). 
 b clinical isolate. 

 
 
 
(MIC = 32 µg/ml) as shown on Table 1. The methanol 
extract showed more activity than the aqueous extracts in 
both the clinical strains and on biofilm (Table 2). Three 
clinical strains of F. nucleatum and the biofilm tested 
against aqueous extract did not show any growth after 
anaerobic incubation. For F. nucleatum, the MIC of the 
methanol extract against antibiotic-sensitive strains was 
1.25 mg/ml, the MIC against antibiotic-resistant, (�-
lactamase producing) strains was 12.5 mg/ml, while the 
MBC ranged between 5.0 mg/ml to 12.5 mg/ml as shown 
in Table 2. The MIC was lower than the MBC except for 
the amoxicillin resistance strain. The antimicrobial activity 
of the methanol extracts were different against the biofilm 
produced by the association of F. nucleatum isolates, A. 
actinomycetemcomitans, P. gingivalis and P. intermedia 
because the MIC and MBC were obtained at a con-
centration of 25mg/ml. In biofilm assays, the log bacterial 
reduction was achieved within 60min after contact with 
methanol extracts (Figure 1). This result was also 
observed when clinical isolates of F. nucleatum was 
evaluated.  

DISCUSSION 
 
The activity of G kola was studied against both individual 
isolates of F. nucleatum and biofilms of F.nucleatum and 
A. actinomycetemcomitans, P. gingivalis and P. 
intermedia. Extracts obtained from the seed lead to a 
significant decrease in F. nucleatum counts when com-
pared with the control. This result relatively corresponds 
with the findings of Afolabi et al. (2003) who studied their 
effects on P. gingivalis and P. intermedia in Lagos. The 
extract also exhibited strong antibacterial activity against 
the only �-lactamase producing strain resistant to amoxy-
cillin at a higher MIC of 12.5 mg/ml. which suggests that 
the mechanism of antibiotic resistance may affect the 
uptake or interaction of G. kola and F. nucleatum. 
Garcinia kola contains phenolic compound recognized to 
have antibacterial activities. These phenolic compounds 
when present at a high concentration acts as a proto-
plasmic poison by penetrating and disrupting bacterial 
cell wall in addition to precipitating the cell proteins 
(O’Connor and Rubino, 1991). In lower concentrations, it 
inactivates the cellular enzyme system causing leakage 
of essential metabolites from the cell (Widmer and Frei, 
2003). 

The methanol extract showed better activity than 
aqueous extract when subsequently tested at the same 
concentrations in both the clinical strains and on biofilms. 
This has been attributed to a better solubility of the active 
agents; xanthones, benzophenones, and flavonoids 
especially biflavonoid type GB1 (Hong-xi and Song, 
2001, Han et al., 2005)   in organic solvents such as 
alcohol,  than in water (Taiwo et al., 1999; Obi and 
Onuoha, 2000; Ogueke et al., 2006: Ogbulie et al., 2007) 
This  study is similar to that of Owoseni and Ogunnus 
(2006) in Iwo and Ibadan using Lactobacillus species 
obtained from the oral cavity. It was observed that three 
clinical strains of F. nucleatum and the biofilm tested 
against the aqueous extract did not show any growth 
after anaerobic incubation unfortunately the reason for 
this was not determined. Using the results obtained from 
the plates with viable growth the MIC was lower than the 
MBC except for the amoxicillin resistance strain indicating 
that the extracts are bacteriostatic at lower concentra-
tions and bactericidal at higher concentrations. 
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Figure 1. Inhibitory activities of Garcinia kola on F. nucleatum and biofilm. 

 
 
 

Although G. kola extract showed good activity against 
this gram-negative anaerobe, it was important to detect 
the effect when the organism was associated with other 
organisms in a biofilm as it occurs in-vivo.  A general 
view concerning the formation of dental biofilm suggests 
that F. nucleatum initially colonizes the tooth and gingival 
surfaces to form the substrate onto which later coloni-
zers, such as periodontopathogens can adhere before 
migrating to deeper periodontal pockets (Sharma et al., 
2005). This synergistic relationship between Fusobacteria 
and these Gram-negative rods could interfere with their 
susceptibility to antimicrobial drugs and the expression of 
virulence genes (Kolenbrander et al., 2006). In this study, 
individual strains of gram-negative bacteria produce a 
robust biofilm with F. nucleatum. For a new drug to be 
considered for use as a therapeutic agent for oral 
infections it must be active against biofilms (Bakri and 
Douglas, 2005). In the present study, the methanol 
extract of Garcinia kola was able to inhibit the biofilm 
formed by the periodontal bacteria tested in vitro although 
at a higher MIC when compared with the clinical isolates.  
It was interesting to note that the killing rate for the 
methanol extract on F. nucleatum and biofilm was 1 h 
showing that the extract was able to kill all the cells after 
1 h of exposure.  On the other hand, the MIC virtually 
corresponded with the MBC for the amoxicillin resistant 
strain and biofilm showing that the extract was bacteri-
cidal at that concentration. The inhibition of experimental 
biofilm at such concentration suggests that more of the 
bitter kola needs to be chewed to achieve an antibacterial 
effect in the oral ecology. In addition, the concentration at 
which the crude extract inhibited the organism and biofilm 
is high especially when compared with standard antibiotic 
used in therapy (Roberts, 2006). However, lower MIC 
may be achieved if the active agent is identified, synthe-
sized and the appropriate dose determined. When this  is 

achieved it can then be incorporated into gels, toothpaste 
or used for topical applications at a non lethal dosage. 
There is a need therefore for more studies on the efficacy 
of G. kola in-vivo and on toxicity.  
 
 
Conclusion 
 
This study demonstrated that extracts obtained from 
Garcinia kola displays a good activity against clinical 
isolates of F. nucleatum and its association with 
periodontal pathogens.  The reduction of F. nucleatum 
population during the experiment can be related to the 
inhibitory activity produced by the extract thus the extract 
may be an alternative for maintaining oral hygiene.  
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