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The anti-Listerial activities of the dichloromethane extract of Garcinia kola
seeds were assessed against a panel of 42 Listeria bacteria. The extract was active against
19 of the isolates with the minimum inhibitory concentrations (MICs) ranging between
0.079 mg/ml and 0.313 mg/ml whilst the minimum bactericidal concentrations (MBCs)
ranged between 0.625 mg/ml and 10 mg/ml. The extract’s rate of kill against four
representative Listeria isolates showed a concentration and time dependent profile,
being more lethal to the bacteria at the highest concentration (4x MIC value) at the
maximum exposure time of 2 h. The extract was bacteriostatic against Listeria grayi
(LAL 15) giving a less than 3Log,, decrease in the viable cell counts after 2 h exposure time
at all four MICs. However the extract was bactericidal against Listeria ivanovii (LEL 18)
and Listeria monocytogenes (LAL 8) after 105 min and 120 min respectively at 4x MIC
value. The extract was also bactericidal against Listeria ivanovii (LEL 30) achieving
complete elimination of all the viable cells at 3x MIC and 4x MIC values after 90 min and
45 min exposure times respectively. These results therefore show the possible presence of
therapeutic compounds in Garcinia kola seeds that have potential in listeriosis treatment.
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Antibiotics are naturally-occurring, semi-
synthetic and/or chemically synthesised
antimicrobial compounds used mainly in the
treatment and prevention of diseases in both
humans and animals and also as growth promoters
in animal intensive industries '. The therapeutic
use of an antibiotic, in either human or animal
population, creates a selective pressure that
favours survival of bacterial strains resistant to
the antibiotic. The result is that many bacteria
strains to which the antibiotic is used against
become resistant to it, rendering the antibiotic
ineffective as treatment of choice against that
respective bacterial strain *°3. Some of the
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mechanisms of resistance include: alteration of
permeability barriers across bacterial outer
membranes, prevention of antibiotic uptake through
inhibiting its corresponding transport carrier,
modification of the antibiotic’ s target binding sites
to prevent recognition of the antibiotic, and the
ability by the bacteria to chemically and/or
enzymatically degrade the antibiotic .

Unused and or unmetabolised antibiotic
substances such as those from hospital effluents
are sometimes disposed off into the sewage system
4. The biological treatment process in a
conventional wastewater treatment plant may
result in a selective increase of the antibiotic
resistant bacteria population and the increased
occurrence of multi antibiotic resistant bacteria °.
Wastewater treatment plants may facilitate the
spread of antibiotics, antibiotic resistance genes
and antibiotic resistance bacteria in the aquatic
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environment as they link different aquatic
environments including municipal sewage and
surface waters °. The occurrence and spread of
antibiotic resistant bacteria species is a major threat
to public health as it is limiting treatment options
thereby causing an increase in morbidity and
mortality >. Most medicinal plants and their purified
constituents have been proven to possess
beneficial therapeutic potentials 7, such that they
can be a useful and effective alternative in
mitigating the spread of antibiotic resistance.

Garcinia kola is one such traditional
medicinal plant that is evergreen and can be found
in the equatorial forest of Sub-Saharan Africa where
it grows wild and can also be domesticated due to
its numerous medicinal values 8. The plant is also
known as “bitter kola” because of its bitter taste or
“male kola” because of its claimed aphrodisiac
activity °. Garcinia kola seeds form a major part
of the herbal preparation used for the treatment of
various respiratory tract diseases including asthma
19, Studies by Olaleye and Farombi !! showed that
treatments with kolaviron extracted from the
powdered seeds of Garcinia kola significantly
inhibited gastric lesions produced by indomethacin
and acidified ethanol in rats.

There are some studies that have proven
the antibacterial activities of Garcinia kola seeds
extracts in-vitro '=1%1415 however information on
the anti-Listerial activities of the seeds is very
rare. Listeria species are Gram positive,
facultatively anaerobic, psychrotrophic and
catalase positive rod shaped bacterium '¢. The
genus Listeriais composed of six species namely
Listeriagrayi, Listeriainnocua, Listeriaivanovii,
Listeriawelshimeri, Listeria seeligeri and Listeria
monocytogenes, however only L. monocytogenes
and L. ivanovii are considered pathogenic ' 17,
Human listeriosis is a food borne disease normally
caused by L. monocytogenes '8, which because of
its ubiquitous nature, commonly contaminates raw
produce and, through cross-contamination infects
other food items such that humans are routinely
exposed to the organism ', but the defined high
risk groups to listeriosis are the pregnant, neonates,
aged and immunocompromised persons %.

Most reported cases of listeriosis present
as life-threatening illness in one of three clinical
syndromes: maternofetal listeriosis or neonatal
listeriosis, blood stream infection, and
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meningoencephalitis '°. Despite efficient antibiotic
therapy, listeriosis is fatal in up to 30% of the cases
making it a major public health threat >'. A number
of authors have reported the resistance of Listeria
species to antibiotics ?%%2%25, The need to provide
alternative listeriosis treatment options becomes a
necessity and in this paper, we report on the anti-
Listerial activities of the dichloromethane extract
of Garcinia kola seeds.

MATERIALSAND METHODS

Plant Material

The ground seed powder of Garcinia
kola was obtained from the plant material collection
of the Applied and Environmental Microbiology
Research Group (AEMREG) laboratory, University
of Fort Hare, Alice, South Africa.
Preparation of extracts

The method of Basri and Fan * was used
to prepare the dichloromethane solvent extracts. A
100 grams measurement of the seed powder was
steeped in 500 ml of the solvent for 48 h with shaking
on an orbital shaker (Stuart Scientific Orbital
Shaker, UK). The resultant extract was centrifuged
at 3000 rpm for 5 min at 4°C (Beckman Model TJ-
6RS Centrifuge, Great Britain) and the supernatant
filtered through Whatman No.1 filter paper while
the residue was used in the second extraction
process involving 300 ml of the solvent. The
combined extracts were concentrated using a rotary
evaporator at 50°C (Steroglass S.R.L, Italy), after
which they were dried to a constant weight under
a stream of air in a laminar flow cabinet at room
temperature. Dimethyl sulphoxide (DMSO) at a
concentration of 5% (v/v) was used to aid the
reconstitution of the dried extract when making
different test concentrations.
Test Listeria strains

The 42 test Listeria isolates used in this
study were obtained from the culture collection of
the Applied and Environmental Microbiology
Research Group (AEMREG) laboratory at the
University of Fort Hare, Alice, South Africa. The
bacteria were previously isolated from wastewater
effluents in the Eastern Cape Province of South
Africa and belonged to three species groups which
are L. ivanovii, L. grayi and L. monocytogenes 2.
Preparation of the Inoculum

Colonies were picked from 24 h old
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cultures grown on nutrient agar and suspended in
saline solution (0.85% NaCl) to give an optical
density of approximately 0.1 at 600 nm for each
organism. The suspension was then diluted a
hundred-fold before use 7.
Antibacterial susceptibility test

The susceptibility of the Listeriabacteria
to the extract was determined using the agar well
diffusion method described by Irobi et al. ?® with
modifications. A 100 ul volume of the prepared
bacterial suspension (100 ul) was inoculated into
sterile molten Mueller-Hinton agar medium at 50°C
in a MacCarthney bottle, mixed and poured into a
sterile petri dish. A sterile 6 mm diameter cork borer
was used to bore wells into the solidified agar
medium after which approximately 100 ul of 10 mg/
ml extract solution was put in the wells. The plates
were then left to stand on the laboratory bench for
1 h to allow proper diffusion of the extract into the
medium before incubation at 37°C for 24 h, and
thereafter the zones of inhibition were observed
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and measured. Ciprofloxacin (2 pg/ml) was used as
a positive control, and sterile distilled water was
used as the negative control while 5% DMSO was
also tested to determine its effect on each organism.
Determination of minimum inhibitory
concentration (MIC) and minimum bactericidal
concentration (MBC)

The MICs of the susceptible Listeria
bacteria were determined using the broth
microdilution assay method of EUCAST % and
carried out in sterile disposable flat-bottomed 96-
well microtiter plates. Two-fold serial dilutions
using sterile distilled water were carried out from
10 mg/ml of the stock plant extract to make 9 test
concentrations ranging from 0.039 to 10 mg/ml. The
assay procedures follow after our recent report °.
Double strength Mueller-Hinton broth (100 ul) was
introduced into all the 96 wells. Column 1 was used
as the sterility wells containing 100 pl of sterile
distilled water in addition to the 100 ul of Mueller-
Hinton broth, column 2 was used as the positive

Table 1. The anti Listerial activities of ciprofloxacin and the crude dichloromethane extract of Garcinia kola seeds

Organism Zones of inhibition Organism Zones of inhibition
(mm) (mm)

DCM Cipro DCM Cipro
L. grayi (LAL 13) 0 20+3.055 L. ivanovii (LEL 18) 11+£0.577 20+£3.215
L.ivanovii (LEL 17) 8%0 19+1.528 L. ivanovii (LEL 29) 0 8+0.577
L. ivanovii (LEL 30) 10+1.528 30+0.577 L. ivanovii (LEL 15) 0 13+2.082
L. ivanovii (LDB 11) 9+0.577 20+1 L. ivanovii (LDB 9) 8+0.577 25+2.082
L. ivanovii (LEL9) 10£1.155 16+2.082 L. ivanovii (LDB 10) 13+1.155 25+0.577
L. ivanovii (LEL 1) 13+£2.646 17+£0.577 L. ivanovii (LEL 2) 0 28+1.528
L. ivanovii (LEL 5) 0 11+£0.577 L. ivanovii (LEL 6) 0 11£1.732
L. ivanovii (LEL 3) 0 35+3.055 L. ivanovii (LEL 4) 0 14+1
L.ivanovii (LEL 19) 0 25+4.041 L. ivanovii (LEL 10) 0 20+2.082
L. ivanovii (LAL 9) 11+£0.577 25+1.732 L. ivanovii (LAL 11) 10£0.577 17+2.646
L. grayi (LAL 12) 9+1.155 17£1.155 L. ivanovii (LAL 10) 110 15+£2.082
L. grayi (LAL 15) 11£1.732 18+2.082 L. ivanovii (LAL 14) 0 30+2.517
L.ivanovii (LDB 1) 0 15+£2.082 L. ivanovii (LDB 2) 0 14+0
L. ivanovii (LAL 6) 0 19+£1.155 L. ivanovii (LALS5) 0 20+1.528
L.ivanovii (LAL7) O 20+1.528 L. monocytogenes (LAL 8) 13+0.577 12+1
L. ivanovii (LDB 7) 16+0.577 27+0.577 L. ivanovii (LDB 12) 14+1 25+1.528
L. ivanovii (LDB 3) 11+l 15«1 L. ivanovii (LDB 8) 0 20+1.732
L. ivanovii (LEL 7) 0 9+1 L. ivanovii (LEL 8) 0 30+1.528
L.ivanovii (LEL 14) 0 35+2 L. ivanovii (LEL 16) 12+1 15+1.528
L. grayi (LAL 3) 0 13+3.055 L. ivanovii (LAL 4) 0 20+2
L.ivanovii (LAL2)  13%2.082 161 L. ivanovii (LAL 1) 0 2042

Keynotes: DCM denotes dichloromethane, Cipro denotes ciprofloxacin, number+number denotes mean zone of
inhibition+standard deviation whereby each observation is a mean+SD of 3 replicate experiments (n=3), mm denotes

millimeters
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control wells containing 100 ul of the broth, 50 ul
of ciprofloxacin and 50 pl of the test organism
whilst column 3 was used as the negative control
wells containing 100 ul of the broth, 50 pl sterile
distilled water and 50 pl of the test organism whilst
columns 4 to 12 were used as test wells containing
100 pl of the broth, 50 ul of the test extract
concentration and 50 pl of the test organism. The
plates were then incubated at 37°C for 18-24 h.
Results were read visually by adding 40 pl of 0.2
mg/ml of p-iodonitrotetrazolium violet (INT)
dissolved in sterile distilled water into each well %.
A pinkish coloration is indicative of microbial
growth because of their ability to convert INT to
red formazan *. The MIC was recorded as the
lowest concentration of the extract that prevented
the appearance of visible growth of the organism
after 24 h of incubation 7.

The method of Sudjana et al. 3! was used
to determine the MBC from the MIC broth
microdilution assays through subculturing 10 pl
volumes from each well that did not exhibit growth
after 24 h of incubation and spot inoculating it
onto Mueller-Hinton agar plates. The plates were
incubated for 48 h after which the numbers of viable
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colonies were counted. The MBC was defined as
the lowest concentration killing more than or equal
to 99.9% of the inoculum compared with initial
viable counts *'.
Rate of kill assay

The time kill assay was done according
to the method of Odenholt et al. *? as described by
Akinpelu et al. **. The selected test Listeria
isolates namely L. ivanovii (LEL 18), L. grayi (LAL
15), L. monocytogenes (LAL 8) and L. ivanovii
(LEL 30) were used for the rate of kill studies as
representatives of the Listeria species used in the
study. The turbidity of the 18 h old test Listeria
was first standardized to 10® cfu/ml. Four different
concentrations of the plant extract were made
starting from the MIC to 4xMIC value for each test
organism. A 0.5 ml volume of each organism
suspension was added to 4.5 ml of the extract’s
different concentrations, held at room temperature
and the rate of kill determined over a period of 2 h.
After 15 min intervals a 0.5 ml volume of each
suspension was withdrawn and transferred to 4.5
ml of nutrient broth recovery medium containing
3% “Tween 80 to neutralize the effects of the
antimicrobial compound carryovers on the test

Table 2. Minimum inhibitory concentration and minimum
bactericidal concentration values of dichloromethane
extract of Garcinia kola seeds against Listeria species

Organism Dichloromethane MBC
extract MIC (mg/ml) (mg/ml)
L. ivanovii (LEL9) 0.157 10
L. ivanovii (LEL 18) 0.079 10
L. ivanovii (LAL 10) 0.079 10
L. ivanovii (LEL 30) 0.157 0.625
L. ivanovii (LEL 16) 0.157 10
L. monocytogenes (LAL 8) 0.079 5
L. ivanovii (LDB 12) 0.157 10
L. ivanovii (LDB 10) 0.079 10
L. ivanovii (LEL 1) 0.079 10
L. ivanovii (LAL 11) 0.079 10
L. ivanovii (LDB 3) 0.079 5
L. grayi (LAL 15) 0.079 10
L. grayi (LAL 12) 0.313 10
L. ivanovii (LDB 11) 0.079 10
L. ivanovii (LAL 2) 0.313 10
L. ivanovii (LEL 17) 0.079 10
L. ivanovii (LDB 7) 0.079 5
L. ivanovii (LDB 9) 0.079 5
L. ivanovii (LAL 9) 0.079 10
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organisms **. The suspension was then serially
diluted and 0.5 ml was plated out for viable counts
and incubated at 37 °C for 48 h. The control plates
contained the test organism without the plant
extract. The emergent colonies were counted and
compared with the counts of the culture control.
Statistical Analysis

The SPSS 19.0 version for windows
program was used to determine the means and
standard deviations of the zones of inhibitions
results, with the one way analysis of variance
(ANOVA) of the same program being used to
determine the means and standard deviations of
the rate of kill results. All experiments were carried
out in triplicates.

RESULTS

Antibacterial susceptibility test

The results of the antibacterial
susceptibility test are as shown in Table 1. The
zones of inhibition ranged from 8-16 mm and 19
out of the 42 isolates were susceptible to the
extract. The highest zone of inhibition was
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observed against L. ivanovii (LDB 7), whilst the
lowest zones of inhibitions were observed against
L.ivanovii (LEL 17) and L. ivanovii (LDB 9). The
5% DMSO and the sterile distilled water negative
controls had no antibacterial activity on all the
tested Listeria isolates.
MICand MBC

The results of the MIC and MBC of the
extract are as shown in Table 2. The MICs ranged
between 0.079 mg/ml and 0.313 mg/ml, of which
the extract had MIC values of 0.079 mg/ml against
13 Listeria isolates, of 0.157 mg/ml against 4
isolates and of 0.313 mg/ml against 2 isolates. The
MBC values ranged from 0.625 mg/ml to 10 mg/ml
with the lowest MBC value of 0.625 mg/ml being
recorded against L. ivanovii (LEL 30) isolate only.
The extract had an MBC value of 5 mg/ml against
four isolates, whilst against the remaining 14
isolates it had an MBC value of 10 mg/ml.
Rate of kill

The highest number of viable cells killed
was noted at the maximum exposure time of 2 h at
all the concentrations tested with the highest
concentration (4x MIC) being most lethal for all

—o—1: MIC (0.079 mg/ml)
—=—72: MIC (0.157 mg/ml)
—i—3x MIC (0236 mg/ml)
—@— 4% MIC (0314 mg/ml)
Growih control

o 15 30

Exposure time (min)

45 B0 75

90 105 120

Fig. 1. Rate of kill for the dichloromethane extract of Garcinia kola seeds against L. ivanovii (LEL 18)
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Q
a 15 30 45 B0 75 90 105 120
Exposure time (min)

Fig. 2. Rate of kill for the dichloromethane extract of Garcinia kola seeds against L. monocytogenes (LAL 8)
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—o—1% MIC (0.157 mg/ml)
—8—2x MIC (0.313 mg/ml)
—i—3% MIC (0.471 mg/ml)
~8—4x MIC (0.628 mg/ml)
Growth control

105 120

Fig. 3. Rate of kill for the dichloromethane extract of Garcinia kola seeds against L. ivanovii (LEL 30)
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Fig. 4. Rate of kill for the dichloromethane extract of Garcinia kola seeds against L. grayi (LAL 15)

the four test isolates. The extract was bactericidal
against L. ivanovii (LEL 18) (Fig. 1) and L.
monocytogenes(LAL 8) (Fig. 2) at 105 min and 120
min at 4xMIC values only. The extract was also
bactericidal against L. ivanovii (LEL 30) (Fig. 3) at
15 min at 4x MIC value and after 60 min at 3x MIC
value and also went on to achieve a complete
elimination of all viable cells of the organism after
45 min at 4x MIC value and after 90 min at 3x MIC
value of the extract. However for L. grayi (LAL 15)
(Fig. 4) the extract was bacteriostatic at all MICs
even after 2 h exposure time achieving a maximum
of 2.347Log decrease in viable cell count after 2 h
at 4xMIC value concentration.

DISCUSSION

The dichloromethane extract of Garcinia
kola seeds was active against 45% of the test
bacteria including the pathogenic species L.
ivanovii and L. monocytogenes. The MIC values
ranged from 0.079 mg/ml to 0.313 mg/ml whilst the
MBC values ranged between 0.625 mg/ml and 10
mg/ml. In a similar study ** involving the
dichloromethane extract of Garcinia kola seeds

J PURE APPL MICROBIO, 7(2), JUNE 2013.

against Vibrio species which are Gram negative
bacteria we reported higher MICs and MBCs
ranging between 0.313 mg/ml —0.625 mg/ml and 5
mg/ml— 10 mg/ml respectively. Similary results from
studies by Sibanda and Okoh * also showed the
Gram positive bacteria tested in that particular
study to be more susceptible than the Gram
negative bacteria to the aqueous and acetone
extracts of Garcinia kola seeds. These findings
suggest that the active compounds in Garcinia
kola seeds have broad spectrum activity and they
are more antagonistic towards Gram positive
bacteria than Gram negative ones.

Rate of kill curves are used to determine
the kinetics of bacterial killing in- vitro and can
be used in distinguishing whether bacterial
killing is concentration and/or time dependent
%, In this particular study the rate of kill studies
showed a concentration and time dependent
characteristic for all the four test Listeria
isolates as shown in Fig.1 to Fig 4 since an
increase in the concentration of the extract from
MIC value to 4xMIC value resulted in more
bacteria cells being killed in shorter exposure
times and also for each MIC value the highest
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bacterial cells were killed at the maximum
exposure time of 2 h. For an antibacterial agent
to be termed bactericidal it should be able to kill
bacteria by achieving a 299.9% or 23log
reduction in viable bacterial density, whilst a
bacteriostatic agent does not reach the above
required killing activity points *. The extract
proved to bactericidal against three of the tested
Listeriaisolates namely L. ivanovii (LEL 18), L.
monocytogenes (LAL 8) at 4xMIC value only
and L. ivanovii (LEL 30) at 4xMIC and at 3xMIC
values only and this was within the 2 h exposure
time whilst it was bacteriostatic against L. grayi
(LAL 15) at all test concentrations even at the
maximum exposure time of 2 h used in the study.
The results suggest that the extract can be either
bactericidal or bacteriostatic against Listeria
species, which is not an unexpected result in
any antibacterial agent %, although in this
instance the extract appears to be more of a
bactericidal nature than of a bacteriostatic one
since it was bactericidal against three of the four
tested isolates.

Phytochemical analysis of the crude
methanolic extract of Garcinia kola seeds showed
the presence of flavonoids, tannins, cardiac
glycoside, steroids, saponins and reducing sugars
which are known to play vital roles in the
bioactivity of medicinal plants **. Dichloromethane
solvent as shown by some studies on plants can
also extract some of these bioactive compounds
from plant material such as saponins and tannins
7 and steroids *. Besides these phytochemicals,
dichloromethane solvent is also known to extract
essential oils from plant material ¥, of which most
plant species are known to exhibit antimicrobial
activity due to their essential oils content.
anti-Listerial activities of different plants’ essential
oils have also been reported by several
authors*-*. The mode of action of essential oils
and their components is based on their lipophilic
nature, which enables them to partition the lipids
of the bacterial cell membrane. This disrupts the
membrane’s intergrity causing a loss of
chemiosmotic control which leads to bacterial cell
death #4546 Studies by Aniche and Uwakwe *’
have shown the presence of essential oils in
Garcinia kola seeds which also may have
attributed to the observed antibacterial activities
in this study.
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CONCLUSION

The dichloromethane extract of Garcinia
kola seeds has been shown in this study to exhibit
anti-Listerial activities which could be
bacteriostatic or bactericidal in nature. Isolation
and characterization of the active compounds in
the extract remain the vital follow up steps and
these are subjects of ongoing research in our

group.
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