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Abstract

Objective: The objective of this study is to investigate the effect of fractionation of the crude methanol extract of Garcinia kola
(Heckel) seeds on phytochemical constituents and in vitro antimicrobial activity.

Method: Fractionation was carried out using the solvent portioning method with solvents of different polarities. Phytochemical
analysis was done by use of specific analytical test for each constituent. The minimum inhibitory concentration was determined by the
broth microdilution assay while the minimum bactericidal concentration was carried out using the agar well diffusion method.
Results: The different fractions exhibited differences in their composition of the phytochemical constituents. This observation was
however not dependent on the sequence of the polarity of the solvents. The acetone fraction presented similar phytochemicals
compared with those of the crude methanol extract. The n-hexane fraction presented the least phytochemicals.

The crude methanol fraction exhibited antibacterial activity against all the isolates at the concentration of 200 mg/ml, suggesting that
fractionation may not be of any added advantage on the antibacterial activity. The antibacterial activity exhibited by the fractions
against all the isolates were significant lower compared to that due to the standard antibiotic, gentamicin, 4 mg/ml (P < 0.05).
Similarly, it was shown that the antibacterial activity of each of the fraction was dose-dependent, with larger zones of inhibition
corresponding to higher concentrations (P < 0.05). The acetone fraction exhibited highest antibacterial activity on S aureus with a
zone of inhibition of inhibition of 20.5 + 7.1 mm at the concentration of 200 mg/ml. This was significantly lower compared to 31.5 +
6.2 mm due to gentamicin, 4 mg/ml (P < 0.05). The lowest antibacterial activity was exhibited at 200 mg/ml was seen with the
methanol fraction on E coli with a zone of inhibition of 4.3 + 1.2 mm and it was the only fraction with effect against this isolate. The
n-hexane fraction did not exhibit any visible antimicrobial activity on all the isolates.

Conclusion: Fractionation of the crude methanol extract revealed the antibacterial activity of the fractions with the acetone fraction
more effective on S aureus than the crude extract. The finding generally confirms and validate the traditional claims and other
scientific findings that Garcinia kola possesses principles that are antibacterial. This could therefore justify its traditional use in some
infectious diseases and the need for further investigations.
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I. INTRODUCTION

Medicinal plants have served as sources of raw materials for the extraction of active molecules utilized in the synthesis of useful
drugs. Natural products and their semi-synthetic derivatives presently represent about 50 % of drugs used in clinical practice and
about 11 % of the 252 drugs considered essential by the World Health Organization (WHO) are exclusively of plant origins with a
significant portion of synthetic drugs being manufactured from natural precursors [1]. Yet, this is just the tip of the iceberg when
considered in larger perspective. According to reports, of the estimated 250 — 500 thousand living plant species, only 6 — 15 % has
been explored in terms of pharmacological and phytochemical investigations [2]. This therefore presents a vast source of bioactive
molecules compared to the existing ones already discovered. For tropical and sub-tropical Africa, its biodiversity makes it an
important source of plants of medicinal that could be effective in combating diseases, most especially those of infectious origins. This
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may help curb the trend of widespread bacteria resistance to antibiotics [3]. Therefore, natural products have become valuable targets
for biological screening based on their Ethno-medical uses. This is more so because many infectious diseases are known to have been
treated with herbal remedies throughout the history of mankind [4]

Garcinia kola, commonly called bitter kola, is an example of such medicinal plants that have recently attracted attention in terms of
its medicinal uses. It is traditionally claimed to have many beneficial effects and is highly valued in African ethno-medicine for both
social and medicinal uses. Bitter kola is believed to be an important source for new chemical substances with potential therapeutic
properties [5].

Although the plant parts such as the leave, stem, root and bark of Garcinia kola have been commonly used in folk medicine,
remarkable priority is being given to the seeds of the plant. The seeds are consumed almost in an addictive manner for social and
medicinal purposes and even in West African sub-region. It is commonly presented during social functions as part of traditional
African hospitality and as a symbol of respect where it is presented to the elders. Due to its attributes that is traditionally related to
good health, Garcinia kola seeds are consumed by both the old and young and by both men and women alike..

Some reported physiological and pharmacological activities of Garcinia kola as part of the scientific investigation of the traditional
claims include hepato-protective activities, aphrodisiac and fertility [6, 7]. The seed extract has been reported to possess anti-
hepatotoxic and anti-diarrheal activities [8, 9]. Also, it has been investigated and found to possess anti-inflammatory, anti-oxidant and
anti-allergy activity. G. Kola has also been demonstrated to show purgative activity due to its possession of a company called
hydroxycitric acid. This has led to claims that Garcinia kola can be used as an anorectic agent to reduce weight in obesity. The nut
has been used in the treatment of bronchitis and throat infections [10, 11]. G. kola has also been reported to have anti-hypertensive
effects and cardiovascular protective effect against cholesterol [12]. Garcinia kola showed has been reported to possess cytoprotective
and hypoglycaemic activities in streptozocin and alloxan-induced diabetes in rats [14. 15].

The aim of the present study is to investigate effect of fractionation of the crude methanol seed extract of Garcinia kola on
phytochemical composition and in vitro antibacterial activities against some bacterial isolates. The findings may perhaps confirm or
refute the earlier reported antibacterial activity of the crude extract.

Il. MATERIALS AND METHOD

Preparation of Extract

Garcinia kola seeds were purchased from a reputable dealer in Terminus market in Jos metropolis. The seeds were re-authenticated
by a taxonomist at the Federal College of Forestry, Jos, Plateau state and a herbarium voucher specimen (number FHJ 429-17) was
prepared.

The seeds were washed, de-husked and carefully cut in small pieces with a sharp knife to enhance drying. They were then dried under
shade in the laboratory. Thereafter, they were grounded to powder and extracted according to the method described by Adegboye et al
[16].

250 g of the powdered seed was extracted continuously with methanol (80 %) in a soxhlet extractor for 25 hours at 65 °C. The extract
was evaporated to dryness in a vacuum evaporator at 50 °C until a constant yield of 52.65 g (representing 21.06 %) following repeated
weighing was obtained. The extract was reconstituted in normal saline for the purpose of the experiment.

Fractionation of the crude extract

The solvent partitioning method using partition coefficient of organic solvents with different polarities described by Otsuka [17] was
used with slight modifications.

25 g of the methanol crude extract was reconstituted with 80 % methanol and 500 ml of n-hexane was added followed by continuous
stirring for 1 hour. The mixture was allowed to stand for 24 hours after which it was decanted and filtered. The filtrate was dried in an
open air and thereafter, stored as the n-hexane fraction.

The residue was mixed with 500 ml of chloroform and stirred continuously for 1 hour. The resulting mixture was allowed to stand for
24 hours, and thereafter it was decanted and filtered. The filtrate was dried in an open air to obtain the chloroform fraction.

The same procedure was successively used to obtain the ethyl acetate and acetone fractions. The percentage yield of each dried
product of the fractionation and the crude residue was calculated. They were stored in a refrigerator maintained at a temperature of
between 3 and 5 °C until the commencement of the experiment.

Phytochemical Analyses of the fractions

Test for Alkaloids

The method described by Trease and Evans [18] was used. 0.5 g of the fraction was weighed and mixed with 3 ml of 1 % aqueous
hydrochloric acid (HCL) on a stream bath and stirred very well and the solution thereafter filtered with Whatman’s filter paper to get
a clean filtrate. Few drops of Wagner’s reagent, Dragendoff’s reagent and picric acid solution were separately treated with 1 ml each
of the filtrate. They were then repeatedly observed for precipitation and confirmation of the presence of any alkaloid.

WWW.SCirj.org
© 2019, Scientific Research Journal
http://dx.doi.org/10.31364/SCIRJ/v7.i5.2019.P0519649



http://www.scirj.org/
http://dx.doi.org/10.31364/SCIRJ/v7.i5.2019.P0519649

Scientific Research Journal (SCIRJ), Volume VII, Issue V, May 2019 16
ISSN 2201-2796

Test for Saponins

The test was done using the method described by Trease and Evans [18]. 0.5 g of the fraction was weighed and dissolved in 5 ml of
distilled water in a test tube. It was then shaken very well and then warmed for 5 minutes while observing for the formation of froths
as evidence for the presence of saponins.

Test for Tannins
0.5 g of the fraction was dissolved in 1 ml of distilled water. It was gently shaken, filtered and mixed with 5 % ferric chloride. The
mixture was observed for a blue-green precipitate as evidence for tannins [17].

Test for Anthraquinones

0.5 g of the fraction was weighed in a test tube. 5 ml of chloroform was added and shaken for 5 minutes. The solution was then
filtered and the resulting filtrate mixed with equal volume of 10 % ammonium solution. Thereafter, the mixture was observed for a
red coloration in the ammonical layer as evidence for the presence of anthraquinones Joshi et al [19].

Test for Glycosides

100 mg of the fraction was weighed in a test tube and 2.5 ml of a diluted sulphuric acid was added and immersed for 15 minutes in a
boiling water contained in a bath. It was then allowed to cool and thereafter neutralized with 2 ml of 20 % potassium hydroxide. 5 ml
of Fehling’s solution A and B was added and boiled for 3 minutes while observing for a brick-red precipitate as evidence of the
presence of glycosides.

Test for Carbohydrates

100 mg of the fraction was dissolved in 3 ml of distilled water in an inclined test tube and then mixed with 3 drops of Molisch
reagent. Thereafter, 1 ml of a concentrated sulphuric acid was carefully added down the side of the test tube such that the acid forms a
layer beneath the aqueous solution without mixing or shaking. It was then observed for a reddish ring precipitate at the junction of the
liquid as evidence for the presence of carbohydrates [18].

Test for Steroids
100 mg of the fraction was dissolved in 2 ml of chloroform and 1 ml of concentrated sulphuric acid was added. The mixture was
allowed to stand and observed for a brown coloration as evidence of the presence of steroids [20].

Test for Flavonoids

2 g of the fraction was dissolved in 10 ml of acetone in a conical flask and then immersed for 3 minutes in warm water contained in a
bath. The mixture was then filtered immediately and 5 ml of the filtrate was mixed with lead sub-acetate solution and observed for a
yellow precipitate as evidence for the presence of flavonoids.

Test for Terpenes
100 mg of the fraction was dissolved in 2 ml of chloroform and 3 ml of a concentrated sulphuric acid. The mixture was allowed to
stand and observed for the presence a reddish-brown ring as evidence for the presence of terpenes [21].

Preparation of Media for In-Vitro Anti-Microbial Screening Test

Muller Hutton Agar

A 10. 64 g of Muller Hutton agar powder was weighed and transferred into a 500 ml conical flask and then 280mls of distilled water
was added. This mixture was then heated to boiling to facilitate the dissolution of the powder with water. A 20ml volume of the
resultant clear mixture was then transferred into bijou bottles until 28 bottles of molten agar was gotten. The process was repeated to
make a total of 56 bottles of molten agar. These bottles were places in an autoclave and heated at 120 °C to sterilize for 15 minutes.
They were then refrigerated at -5 °C

Nutrient Broth
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Using a weighing balance, 2.0 g of the nutrient broth was weighed and transferred into a 500 ml flask. 280 ml of water was added into
the beaker and the mixture swirled until complete dissolution was attained. This was then placed in bijou bottles at 10 ml per bottle
and autoclaved at 120 °C for 15 minutes. The sterile nutrient broth was stored in a refrigerator at -5 °C.

Preparation of Sub-Cultures

Following the identification of the various microorganisms, a sub-culture of Staphylococcus aureus was made using a micro pipette.
This procedure was performed in a fume cupboard. Using the micro pipette, 0.1 ml of a stock broth culture of Staphylococcus aureus
was taken and introduced into a bottle of sterile broth. This preparation was then incubated at 37 °C for 24hours and a turbid broth
after 24 hours indicated the growth of the Staphylococcus aureus strain in the nutrient broth. This procedure was also used in the
preparation of Bacillus subtilis, Escherichia coli and Salmonella typhi sub-cultures.

Reconstitution of the Fractions and Serial Dilution

A 200 mg/ml concentration was prepared by weighing 2 g of the fraction and dissolving it in 10 ml of distilled water with 2ml of
Tween 80. The resulting mixture was stirred to attain an even mixture. Serial dilutions were made successively to obtain
concentrations of 100; 50; 25 and 12.5 mg/ml of the fractions of chloroform, n-hexane, acetone and ethyl acetate and the pure
methanol extract respectively. In the same manner, a standard antibiotic (Gentamicin) of concentration 40 mg/ml was serially diluted
to get a concentration of 4 mg/ml.

Preparation of the Petri Dishes

The petri dishes were sterilized by heating in an oven for 1 hour. The bottled agar was then melted in the autoclave. The agar was then
removed from the auto clave and the petri dishes from the oven. The table was disinfected with 99 % alcohol. Following this, a spirit
lamp was placed on the table and lit. A beaker containing 99 % alcohol and a disinfection jar was also made available [22].

Pilot Sensitivity Test
A pilot sensitivity test of the concentrations to be used was carried out in two of the isolates to establish the effectiveness.

Minimum Inhibitory Concentration Assay

This was carried out using the broth micro-dilution method as described by Ndukwe et al [23]. Fresh nutrient broth was prepared and
poured into test tubes and labelled according to the different concentrations of the fractions. 0.5 ml of a 24-hour sub culture was
introduced into each test-tube. Following this, 0.5 ml of the various concentrations were added to their appropriate test tubes. T his
was then incubated for 24 hours at 37 °C and then observed for turbidity. The absence of turbidity was recorded as “no growth” and
presence of turbidity as “bacterial growth” [24].

The Minimum Bactericidal Concentration (MBC) Test

The spirit lamp was lit, and a wired loop heated in the flame to red heat and then allowed to cool. The wired loop was then used to
streak the surface of the inhibited zones and then used to inoculate a bottle of sterile nutrient broth. The bottle was then labelled
according to the standard drug, concentrations of the fractions and organism which corresponds to where the zone of inhibition was
seen. This was repeated for all zones of inhibited growth [24]. The inoculated broth bottles where then placed in an incubator and
incubated for 24 hours, after which they were observed for turbidity (growth) or non-turbidity (absence of growth).

Statistical Analysis
Results were statistically analysed using the Student’s t-test at a significant level of P = 0.05.

I11. RESULTS

Phytochemical Analysis

The results of the phytochemical analysis of each fraction are shown on Table 1. The result revealed the presence of Alkaloids,
Tannins, Flavonoids, Carbohydrates, Terpenes, Saponins, Cardiac glycosides and steroids. The phytochemical compositions may
perhaps account for some of the physiological and pharmacological activities of the methanol extract of Garcinia kola seed.

The fractions showed an accumulation of phytochemicals which does not correspond to the polarity profile of the solvents used. N-
hexane (0.9 % polarity) and Chloroform (25.9) fractions showed more non-polar constituents such as terpenes and steroids compared
to acetone (35.5) and ethyl acetate (23.0) fractions which contain alkaloids, flavonoids, saponins and tannins. However, the more
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polar solvents, methanol (76.2) and acetone (35.5) contains all the constituents at varying degrees. Anthraquinones were absent in all
the fractions.

Pilot Sensitivity Test
The results of the pilot sensitivity test are presented on plates 1 and 2. The results showed that S typhi and B subtilis were sensitive to
the antibacterial activity of the standard antibiotic, gentamicin 4 mg/ml, methanol and ethyl acetate fraction at 200 mg/ml.

Minimum Inhibitory Concentration (MIC)
The MIC for the fractions are separately shown on table 2 (methanol), 4 (n-Hexane), 6 (chloroform), 8 (acetone) and 10 (ethyl
acetate).

S aureus was more sensitive to the inhibitory action of the methanol fraction with MIC of 50 mg/ml while S typhi, B subtilis and E
coli had relatively higher MIC of 200 mg/ml. There was no inhibitory effect demonstrated against all the isolates at the lower
concentrations of 25 and 12 mg/ml of the methanol fraction (table 2).

All the isolates were not sensitive to the inhibitory action of the n-hexane fraction at the concentrations used for this study as there
were no observed zones of inhibition (table 4).

The chloroform fraction had inhibitory effect only on S typhi and B subtilis at the highest concentration of 200 mg/ml (table 6).

Table 8 shows the MIC of the acetone fraction on the isolates. S typhi and S aureus were more sensitive with MIC of 50 mg/ml of the
fraction while B subtilis and E coli were less sensitive with a higher MIC of 200 mg/ml. There was growth of all the isolates at
concentrations of 25 and 12.5 mg/ml of the acetone fraction (table 8)

On table 10 is shown the MIC of the ethyl acetate fraction. B subtilis had least MIC of 25 mg/ml while E coli had the highest with 200
mg/ml. All the isolates were not sensitive to the inhibitory effect of this fraction at the concentration of 12.5 mg/ml (table 10)

Generally, the lowest MIC values are seen with the ethyl acetate fraction at 25 mg/ml against Bacillus subtilis. The Acetone fraction
showed a minimum inhibitory concentration at 50mg/ml against Staphylococcus aureus. The Chloroform fraction showed inhibition
at a concentration of 200 mg/ml, while the n-hexane fraction didn't show any visible inhibitory activity. The crude methanol fraction
only showed inhibitory activity against S. aureus causing inhibition at a minimum concentration of 50 mg/ml.

Minimum Bactericidal Concentration (MBC)

The in vitro antibacterial activity of the fractions are shown separately on table 3, 5, 7, 10, and 11.

The methanol fraction had antibacterial activity against all the isolates at concentration of 200 mg/ml with the highest on B subtilis
with a zone of inhibition of 14.4 + 1.3 mm followed by S aureus with 13.7 + 0.3 mm (table 3). These actions were respectively lower
(P < 0.05) compared to that of gentamicin (4 mg/ml). E coli was the least sensitive with a zone of 4.3 + 1.2 mm at the concentration of
200 mg/ml. These effects appear to follow a similar pattern with those of the MIC (table 2)

The n-hexane fraction had no visible antibacterial activity against any of the isolates (table 5). This is similar to the result on the MIC
(table 4).

The chloroform fraction had antibacterial activity against S typhi (11.3 + 0.2 mm) and B subtilis (14.5 £ 1.1 mm) both at 200 mg/ml.
These activities were significantly lower (P < 0.05) compared to that of gentamicin, 4 mg/ml (table 7).

Table 9 shows the antibacterial activity of the acetone fraction on each of the isolates. The activity of this fraction was highest against
S aureus with a minimum bactericidal concentration (MBC) of 50 mg/ml. There was no observed antibacterial activity against E coli
at the doses used. The antibacterial activities at the highest dose of 200 mg/ml were significantly less compared to control (P < 0.05).

The ethyl acetate fraction demonstrated antibacterial activity against the isolates of S aureus, S typhi and B subtilis at concentrations
of 200 and 100 mg/ml (table 11). However, there was no visible antibacterial activity against E coli at all the doses used for this study.
The B subtilis isolate was more sensitive to the antibacterial effect of this fraction with an MBC of 25 mg/ml.
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Table 1. Qualitative Phytochemical constituents of the fractions of methanol crude extract of Garcinia kola seeds

hytochemical Fractions
n-Hexane Chloroform Ethyl Acetate Acetone Methanol Extract
lkaloids - - - ++ T
aponins - - ++ +++ +
annins - - ++ ++ 1t
lavonoiids - - o 4+ +
erpenes - + - + +
arbohydrates + + +4++ +4++ +
nthraquinones - - - - -
teroids +++ - - ++ +
ardiac Glycosides + ++ ++ ++ +
KEY: - = Not present,
+ = Present in small amount,
++ = Moderately present,
+++ = Highly present
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Gentamicin 4 mg/ml

Plate 1. Effect of the Chloroform fraction of the crude methanol extract
of Garcinia kola seed against Salmonella typhi
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Plate 2. Effect of the Ethyl acetate fraction of the crude methanol extract
of Garcinia kola seeds against Bacillus subtilis
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Table 2. In Vitro Minimum Inhibitory Concentration of the Crude Methanol fraction of Garcinia kola Seed extract in Some
Bacterial Isolates

Organism Treatment (mg/ml)

200 100 50 25 12.5

S. aureus - - - + +
S. typhi - + + + +
B. subtilis - + + + +
E. coli - + + + +

Key: (-) — No growth
(+)- Presence of growth

Table 3: In Vitro Antibacterial activities of the Crude Methanol Fraction of Garcinia kola Seed Extract in Some Bacterial
Isolates. Values are mean zone of inhibition (mm), (n = 3)

Organism Treatment (mg/ml)
Gentamicin Extract
4 200 100 50 25 12.5
S. aureus 315+1.2 137+0.3* 91+11 43108 - -
S. typhi 39.1+0.7 104+06 26+0.3" - - -
B. subtilis 258 +2.1 144+13 81+22 36045 - -
E. coli 323+1.8 43+12 - - - -

Key: (-) - No inhibition

*P < 0.05 to control (gentamicin)
P = < 0.05 compared to 200 mg/ml
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Table 4: In Vitro Minimum Inhibitory Concentration of the n-Hexane fraction of Garcinia kola Seed extract in Some Bacterial

Isolates

Organism Treatment (mg/ml)

200 100 50 25 12.5
S. aureus + + + + +
S. typhi + + + + +
B. subtilis + + + + +
E. coli + + + + +

Key: (-) — No growth
(+)- Presence of growth

22

Table 5: In Vitro antibacterial activity of the n-Hexane fraction of Garcinia kola Seed extract in Some Bacterial Isolates.
Values are mean zone of inhibition (mm), (n = 3)

Organism Treatment (mg/ml)

Gentamicin Extract

4 200 100 50 25 12.5
S. aureus 315+6.2 - - - - -
S. typhi 39.1+57 - - - - -
B. subtilis 25.8+5.1 - - - - -
E. coli 32.3+28 - - - - -
Key: (-) — No zone of inhibition
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Table 6: In Vitro Minimum Inhibitory Concentration of the Chloroform fraction of Garcinia kola Seed extract in Some
Bacterial Isolates

Table 7: In Vitro Antibacterial Activity of the Chloroform fraction of Garcinia kola Seed extract in Some Bacterial Isolates.

Organism Treatment (mg/ml)

200 100 50 25 12,5
S. aureus + + + + +
S. typhi - + + + +
B. subtilis - + + + +
E. coli + + + + +

Key: (-) — No growth

(+)- Presence of growth

Values are mean zone of inhibition (mm), (n = 3)

Chloroform Treatment (mg/ml)
Gentamicin Extract

4 200 100 50 12.5
S. aureus 31.5+£6.2 - - - -
S. typhi 39.1+57 11.3+0.2* - - -
B. subtilis 258+5.1 145+1.1* - - -
E. coli 32.3+28 - - - -
Key: (-) - No inhibition
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Table 8: In Vitro Minimum Inhibitory Concentration of the Acetone fraction of Garcinia kola Seed extract in Some Bacterial
Isolates

Organism Treatment (mg/ml)

200 100 50 25 12.5

S. aureus - - - + +
S. typhi - - - + +
B. subtilis - + + + +
E. coli - + + + +

Key: (-) —No growth
(+)- Presence of growth

Table 9: In Vitro Antibacterial Activity of the Acetone fraction of Garcinia kola Seed extract in Some Bacterial Isolates. Values
are mean zone of inhibition (mm), (n = 3)

Organism Treatment (mg/ml)
Gentamicin Extract
4 200 100 50 25 125
S. aureus 315+6.2 205+ 7.1* 11.1+65 6.8+147 - -
S. typhi 39.1+57 15.8 +5.3* 6.1+1.7 - - -
B. subtilis 258+5.1 10.4 + 3.2* - - - -
E. coli 323+28 - - - - -

Key: (-) - No inhibition

*P < 0.05 to control (gentamicin)
P = < 0.05 compared to 200 mg/ml
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Table 10: In Vitro Minimum Inhibitory Concentration of the Ethyl Acetate fraction of Garcinia kola Seed extract in Some
Bacterial Isolates

Organism Treatment (mg/ml)

200 100 50 25 12.5

S. aureus - - + + +
S. typhi - - - + +
B. subtilis - - - - +
E. coli - + + + +

Key: () — No growth
(+)- Presence of growth

Table 11: In Vitro Antibacterial Activity of the Ethyl Acetate fraction of Garcinia kola Seed extract in Some Bacterial Isolates.
Values are mean zone of inhibition (mm), (n = 3)

Organism Treatment (mg/ml)
Gentamicin Extract
4 200 100 50 25 12.5
S. aureus 315+1.2 145+3.2* 12.3+0.1° - - -
S. typhi 39.1+17 175+27% 158+11 9.7+16" - -
B. subtilis 25.8+0.8 151+05% 125+3.2 118+21 105+38" -
E. coli 32321 - - - - -

Key: (-) - No inhibition

*P < 0.05 compared to control (gentamicin)
P = < 0.05 compared to 200 mg/ml
#p = > 0.05 compared to 200 mg.ml

IV. DISCUSSIONS AND CONCLUSION

Fractionation of the crude methanol extract of Garcinia kola seeds indicates that the acetone fraction qualitatively presents similar
phytochemical constituents as the crude fraction. The chloroform and n-hexane fractions presents only 1 and 2 constituents
respectively out of the 9 analysed. The acetone fraction showed the presence of saponins and flavonoids more than the other fractions
and this may perhaps explain it’s relatively more antibacterial effect than the other fractions.

The crude methanol extract exhibited antibacterial activity against the bacterial isolates used in this investigation at 200 mg/ml.
However, these inhibitory effects were significantly less compared to those due to the reference antibiotic, gentamicin (P < 0.05). The
highest antibacterial activity was exhibited by the acetone fraction with a zone of inhibition of 20.5 £ 7.1 mm against S aureus at a
concentration of 200 mg/ml. This was however significantly lower compared to that due to gentamicin which presented a zone of
inhibition of 31.5 + 6.2 mm on the same isolate (P < 0.05). In the order of the diversity of their antibacterial activities, the methanol
fraction appeared to have exhibited more diverse activity followed by ethyl acetate, acetone and chloroform fractions. The n-hexane
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fraction did not exhibit visible antibacterial activity. The antibacterial activity was dose-dependent with the largest zones of inhibition
corresponding with the highest concentrations for the respective fractions and vice versa. The dose-dependent antibacterial activity
was prominent with the methanol, acetone and ethyl acetate fractions where the zone of inhibition for each of the fractions at lower
concentration was significantly less compared with those due to higher concentration of 200 mg/ml (P < 0.05). The most sensitive
isolate was exhibited by B subtilis at 200 mg/ml of the methanol fraction with a zone of 14.4 + 1.3 mm. while the least sensitive was E
coli with zone of inhibition of 4.3 £ 1.2 mm. However, the antibacterial activity did not follow any particular pattern when compared
with the polarity of the solvents used for the fractionation. The methanol fraction extracted with methanol (76.2 % polarity) generally
demonstrated a more diverse antibacterial action while the ethyl acetate fraction extracted with ethyl acetate (23.0 % polarity)
exhibited the next most diverse antibacterial activity, which was more than that of acetone (35.5 % polarity). This suggests that the
antibacterial activity exhibited by the fractions does not depend on polarity of the solvent. Generally, the minimum inhibitory
concentrations showed that the most effective fraction could be the ethyl acetate component which exhibited the lowest MBC of 25
mg/ml against B subtilis with a zone of inhibition of 10.5 + 3.8 mm. The antibacterial activity of the acetone fraction against S aureus
exhibited the largest zone of inhibition of 20.5 = 7.1 mm at the concentration of 200 mg/ml, suggesting it as the most effective among
the fractions on this isolate. This was however significantly lower compared with that due to gentamicin (P < 0.05).

The isolates are all typical model microorganisms that are often used for better understanding infectious disease in clinical settings.
This therefore suggests that the results could be relevant in the treatment of infectious diseases caused by these or related agents in
man.

The antibacterial activity of Garcinia kola has been reported from previous investigations by other workers [25. 16. 26, 27, 28].
However, most of such findings have not addressed conclusively the exact constituent responsible for the antibacterial activity.
Nonetheless, the antibacterial activity may perhaps be attributed to the presence of saponins [29, 20, 31], tannins [32. 33] or
flavonoids [34] either as single entities or in synergy with each other. This is because these phytochemicals were commonly present in
the ethyl acetate, acetone and methanol fractions which exhibited relatively higher antibacterial activities than chloroform which
exhibited same activity in S aureus and B subtilis only at higher concentration of 200 mg/ml while n-hexane with only presence of
carbohydrates, steroids and cardiac glycosides did not exhibit any antibacterial activity in any of the isolates.

In conclusion, the findings from this study may contribute to further understanding of the constituents that could be responsible for the
antibacterial activity exhibited by the crude methanol extract of Garcinia kola seeds.
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