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ABSTRACT
The rising cases of drug resistant microbial strains, due to adaptation and continuous use of
orthodox medicines, as well as the myriads of attendant associated challenges had necessitated
attention to ethno-botanicals options. Consequently, the study on secondary metabolite assay and
antibacterial effects of seed extracts of Aframomum melegueta K. Schum, Garcinia kola Heckel
and their combined extracts on Salmonella typhi and Klebsiella pneumoniae was conducted,
using standard methods. The bioactive compounds assayed revealed the presence of flavonoids,
alkaloids, tannins, saponins, phenols by both the methanolic and aqueous extractants from all the
samples. Glycosides and terpenoids were present only in methanolic and aqueous extractants
respectively, while anthraquinones and courmarins were present only in the hot aqueous
extractant. The average inhibitory zones were higher with methanolic extract (ranging from 11.013.0mm) than those of the aqueous(2.9-4.0mm). The positive control drug (ciproflaxocin) had
28.2 and 29.2mm for S. typhi and K pneumonia. The minimum inhibitory concentration (MIC)
ranged from 12.5 – 200mg/ml and 50 – 400mg/ml for K. pnemoniae and S. typhi respectively.
All the aqueous extracts had turbidity at the highest test concentration of 400mg/ml. However,
the minimum bactericidal concentration (MBC) ranged from 100 – 200mg/ml and 50mg/ml for
S. typhi. and K. pnemoniae. The antimicrobial power (AP) otherwise described as MBC/MIC
ratio showed all extracts of test plants indicated bactericidal effects except methanolic G. kola
(GMetOH) and combined A. melegueta and G. kola(A+GMetOH) extracts gave bacteriostatic
effects against K. pneumoniae and S. typhi respectively. The fractional inhibitory concentration
index(FICI or ∑FIC) showed that both combined extracts(A+GMetOH and A+GH2O) gave an
indifferent effects on S. typhi, only A+GMetOH indicated antagonistic effects against K.
pnemoniae. This findings revealed some potential preliminary therapeutic properties of the test
plants, requiring further investigations for optimal quality integrity, development and control.
Keywords: Secondary metabolite, Methanolic, Aqueous, Antibacterial, Bacteriostatic
Introduction

compared with any herbal alternative
medication, depend on the drug in question
(Nisar et al., 2017). Others include restricted
mode of administration as well as inability to
exhibit wider targets, unlike the traditional
Herbal options (Sam, 2019). Consequent upon
these, the need for natural alternatives with
relatively little or no side effects, cheaper,

The continuous use of orthodox medicines for
the cure of clinical ailments has met with a
number of attendants setbacks ranging from
development of drug resistance by strains by
microbial agents (Mayrink-Assis et al., 2017),
high production and procurement costs,
higher records of incidences of side effects, as
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readily available ethno-botanical
became imperative.

options

treating coughs, throat infections, bronchitis,
hepatitis (inflammation of the liver), liver
disorders (Farombi et al., 2005). The caffeine
in the nuts also acts as a bronchodilator,
expanding the bronchial air passages, hence
Kola nuts are often used to treat whooping
cough and asthma. Ezeanya and Daniel
(2013), reported antimicrobial effects of dried
leaf and seed extracts of G. kola against some
clinical microbial isolates.

Plants constitute an important source of
active ingredients which differ widely in
terms of structure and therapeutic properties.
There has been a renewed efforts in research
bordering on developing therapeutics,
including
antimicrobials,
from
plant
bioresources (Eneh et al., 2017). The
medicinal values of the ethnobotanicals lie in
the quantitative and qualitative properties of
the bioactive constituents,(also known as
secondary metabolites) such as alkaloids,
saponnins, flavonoids, tannins and phenolic
compounds (Doherty, 2010; Nas et al., 2017).
These phytochemicals present in parts of the
plant such as seed, leaves bark and root are
toxic to microbial cells. Most modern
medicines depend on herbal extracts from
plants as fundamental source of therapeutic
ingredients, which are pools of potential
antimicrobial compounds for pharmaceutical
need (Nas et al., 2017).

S. typhi is a bacterium reported to be
responsible for the death of over 600,000
people annually all over the world (Falkow et
al., 2004). It is transmitted through food and
water, causing high fever, headache, nausea,
loss of appetite, diarrhea, enlargement of the
spleen and strong resistance to the innate
immune response system (Falkow et al.,
2004). Increase in multi-drug resistance,
adaptation and survival in the S. typhi
population are consequences of continuous
exposures to chemically based medicines
(Philippa et al., 1998). Klebsiella pneumoniae
is a Gram negative ubiquitous bacterium,
recognized over 100 years ago as a cause of
community acquired pneumonia and is the
opportunistic pathogen that can cause
pneumonia, urinary tract infections, and
bacteremia (Wu et al., 2012).

Aframomum melegueta is a member of the
ginger family - Zingiberaceae also known as
Alligator pepper. It is a herbaceous perennial
plant having a pungent peppery flavour. A.
melegueta possess potent anti-inflammatory
activity with favorable gastric tolerability
profile and valued for its warming and
digestive properties and antimicrobial
activities (Doherty et al., 2010). A. melegueta
seed cures dysentery; serve as a sedative
against toothache, anti-rheumatism, migraine
and fever (Dokosi, 1998).

Many attempts have been made at assessing
the combined effects of different plant species
with respective conventional antibiotics
against specific clinical isolates (Stefanovic et
al., 2011; Javed et al., 2012; Tariq et al.,
2014). These attempts were to avoid
antibacterial resistance and romote the
discovery of novel drugs (Al-Saiym et al.,
2015). Although different parts of or plant
species are being combined for optimal
therapeutic efficacy. This is with the view of
harnessing their active components to obtain
synergistic or additive effects, and
phytomedicinal efficiency (Van Vuuren and

Garcina kola from the family guttiferae is
highly valued in Nigeria for its edible nuts. It
exhibits
very potent pharmacological
activities such as antioxidant, antibacterial,
antifungal, antiviral and anti-inflammatory
properties (Adegboye et al., 2008). The seeds
of G. Kola have pharmacological uses in
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Viljoen, 2011). However, only few reported
cases exist. This work therefore assesses the
phytochemical assay and antibacterial effects
of combined seed extracts of Garcinia kola
and Aframomum melegueta on salmonella
typhi and klebsiella pneumoniae.

extracts were collected in an air-tight bottles
and kept in desiccators until use. (Ardzard et
al.,2009).
Soxhlet extraction (methanolic)
Thirty grams (30g) of the samples were
separately extracted continuously for 3 hours
with 70% methanol at 70oC, using the soxhlet
apparatus. The excess solvent was recovered
using the same procedure. The extracts were
concentrated in an evaporating dish using
water-bath. The extracts were weighed and
used for phytochemical screening and
antimicrobial analysis (Sukhdev et al., 2008).

Materials and Methods
Collection
Materials

and

Preparation

of

Plant

The seeds of Garcinia kola and Aframomum
melegueta were procured from Yan goro
market, Jos - Plateau state, Nigeria. They
were taken for identification at the College
Herbarium of Federal College of Forestry,
Jos, Nigeria. They were carefully washed
with distilled water and air-dried under shade
for two weeks to maintain compositional
integrity (Ezeanya and Daniel, 2013). The
seeds were pulverized, using Thomas Wiley
Laboratory mill model 4, and stored in the
desiccator until use.

Sterilization and Disinfection
All the glass wares and test tubes used were
sterilized by autoclaving at 121oC for 15
minutes. Wire loop and cork-borer were
sterilized by flaming in Bunsen burner until
they become red hot, and cooled before use.
The work bench surfaces were disinfected
using dettol, this was done by sprinkling the
disinfectant on the surface and wiped with
cotton wool. Hands were washed with soap
and dettol, repeatedly rinsed with clean water
before and after work (Ardzard et al., 2009).

Source of Clinical Isolates
The test organisms, Salmonella typhi and
Klebsiella pneumonia (already characterized)
were sourced from Ahmadu Bello University
Teaching hospital, Shika-Zaria, Kaduna state,
Nigeria. They were kept at Microbiology
laboratory, of Nigerian Institute of Leather
and Science Technology, (NILEST), Samaru,
Zaria.

Standardization of Test Organisms
McFarland Nephelometer methods (Albert et
al, 1991), were used to standardized all test
inoculums. The protocol for preparing this
solution gives rise to turbid solutions at room
temperature and were kept on the work bench
for use. This involved pipetting 0.5ml of
already prepared nutrient broth into a sterile
test tube aseptically inoculated with pure
cultures of the particular test organism until
the bacterial suspension match the turbidity of
the standard solution. And this bacterial
suspension corresponds to 1.5 x 105 / bacterial
suspension per milliliter.

Methods of extraction Aqueous Extraction
(Hot water)
Standard methods of Okigbo and Omodamiro
(2006) was modified and adopted. 30g of the
pulverized seeds of both test plant materials
were separately soaked in 300ml hot water
boiled for 30 minutes and kept for 24 hours,
thereafter filtered using sieve and then cotton
wool to obtain fine filtrates. The filtrates were
concentrated by evaporation process using hot
air oven for 24 hours and the resultant

Preparation of Culture Media
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The culture medium, nutrient agar, was
prepared
according
to
manufactures
instruction (Oxoid CM003, 28g in 1.0 litre of
distilled water). 28g of nutrient agar was
weighed into a conical flask, 1000ml of
distilled water was added and capped. The
medium was shaken to dissolution and
sterilized at 121°C for 15 minutes, as
described by Ardzard et al. (2009).

lowest concentration that prevented visible
growth (Cheesbrough, 2000).
Determination of Minimum Bactericidal
Concentration (MBC)
The MBC effects of aqueous and methanol
seed extracts of Garcinia kola, Aframomum
melegueta and the combined mixture was
determined by sub-culturing all the tubes in
each set in without visible turbidity observed
during the tests for MIC. A loop full of the
contents of the tubes showing no microbial
growth were sub-cultured by streaking over
the surface of already set nutrient agar plates
without extracts. The plates were incubated at
37°C for 24hours. The MBC was recorded as
the lowest concentration which no growth
was observed after sub-culturing. All plates
showing no growth on the nutrient agar
indicated bactericidal effect of the extracts
concentration (Cheesbrough, 2000).

Determination of Antibacterial Activity
The antibacterial effects of aqueous and
methanol seed extracts of Garcinia kola,
Aframomum melegueta and combined mixture
of these extracts were determined using agar
well diffusion method according to Perez et
al, (1990) and Ahmed and Beg (2001).
Nutrient agar plates were swab with the broth
culture of the respective bacteria isolates
using sterile wire loop, allowed to diffuse at
room temperature for 2 hours and incubated at
37°C for 24 hours. Diameters of the inhibition
zones were measured. The antibacterial
activities were expressed as the mean
diameter zone of inhibition (in millimeter),
measured with a transparent ruler.

Antimicrobial Indices
The effect of an antibiotic substance on a
microorganism is measured by a number of
indices relative to its minimum inhibitory
Concentration
(MIC)
and
minimum
Bactericidal Concentration (MBC). The ratio
of MBC/MIC describes the antibiotic power
(AP) (Yehouenou, 2012). According to
Noumedem et al. (2013), If the ratio
MBC/MIC is ≤4, the effect considered
bactericidal, but the ratio is > 4, the effect is
described as bacteriostatic.

Determination of Minimum Inhibitory
Concentration (MIC)
The MIC effects of aqueous and methanol
seed extracts of Garcinia kola, Aframomum
melegueta and the combined mixture, were
determined as the lowest concentration of the
various extracts that inhibit the growth of the
isolates. The bacteriological peptone was
poured into test tubes in appropriate volumes.
The tubes were thoroughly mixed and
incubated at 37°C for 24 hours, thereafter
examined for visible turbidity. Positive tests
were tubes with visible turbidity, indicating
microbial growth while negative tests were
undisturbed (no turbidity), without microbial
growth.
The
minimum
inhibitory
concentration (MIC) was reported as the

The fractional inhibitory concentration
indices (FIC) The FIC index expresses the
interaction of two or more agents in which the
concentration of each test agent in
combination is expressed as a fraction of the
concentration that would produce the same
effect when used independently (Berenbaum,
1978). It was calculated as the MIC of the
combination divided by the MIC of each
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individual component extract, while the FIC
index (FICI) was evaluated as the sum of each
component FIC in a combination. FICI is
synergistic, if value is ≤ 0.5, additive (0.5–
1.0), indifferent (1–4.0) or antagonistic (≥4.0)
(Schelz et al., 2006; Iten, 2009).

inhibition zones (AIZ) for methanolic and
aqueous extracts of Aframomum melegueta,
Garcinia kola and the combined extract
respectively.
Conversely,
Klebsiella
pneumonia gave (13.0, 12.0 and 12.5mm) and
(3.0, 3.3, 2.9 and 29.2mm mm) as average
inhibition zones (AIZ) for methanolic and
aqueous extracts of Aframomum melegueta,
Garcinia kola and the combined extract. The
control antibiotics (Ciprofloxacin) recorded
28.2 and 29.2 as AIZ for S .typhi and K.
pneumonia respectively (Figure 1). The
effects of the test drug and the seed extracts
were significantly different (p<0.05) on the
sensitivity of the test microbes (Figure 1).

The FIC Index for each combination of
antimicrobial agents was calculated using the
following formula(Eq. 1):
FIC Index =
MIC extract 1 in combination
MIC extract 1 alone
MIC extract 2 in combination
MIC extract 2 alone

+
……..(Eq. 1)

Results

Methanolic extracts of A. melegueta
(AMetOH), Garcinia kola (GMetOH) and the
combined extracts (A+GMetOH) recorded
200mg/ml, 50mg/ml and 50mg/ml as
minimum inhibitory concentration (MIC),
against Salmonella typhi. While the aqueous
extracts of A. melegueta (AH2O), G. kola and
(GH2O) and the combined extracts (A+GH2O)
had 400mg/ml each for S. typhi. Conversely,
for Klebsiella pneumoniae, AMetOH,
GMetOH and A+GMetOH gave 100mg/ml,
12.5mg/ml and 50mg/ml as MIC values,
while AH2O, GH2O and A+GH2O had
200mg/ml each, for the test organisms (Table
2). These observations clearly showed that the
sensitivity of the test organisms to plant
extract depended on the organism as well as
type of solvent (Table 2).

The Phytochemical Constituents of Seed
extracts of test plants
The Phytochemical screening of seed extracts
of Aframomum melegueta, Garcinia kola and
the combined extracts showed the presence of
alkaloids from both extractants, with higher
contents of flavonoids and phenols in the hot
aqueous than the methanolic. Anthraquinones
and coumarins tested positive only in hot
aqueous solvent while steroids were present
only with the methanolic. Terpennoids tested
highly positive with methanolic extracts of A.
melegueta, absent only with the hot aqueous
combined extracts of the test plants. The
glycosides were present in all, but the hot
aqueous extract of A. melegueta. Tannins
were present in all but higher only in G. kola
and combined extracts. Saponins were highly
present in all (Table 1). Generally, the hot
aqueous solvent showed a better extractant
than the methanol.

Minimum bactericidal concentrations (MBC)
against Salmonella typhi were 200mg/ml,
100mg/ml and 200mg/ml for AMetOH,
GMetOH and A+GMetOH respectively, while
AH2O, GH2O and A+GH2O gave >400mg/ml
each. On the other hand, K. pneumoniae
recorded 50mg/ml each for AMetOH,
GMetOH and A+GMetOH, while AH2O,
GH2O and A+GH2O had >400mg/ml each as
MBC values. These observations clearly

Sensitivity Tests
The sensitivity of the test microbial isolates to
the plant extracts varied with microbes as well
as the nature of the extractants. The
Salmonella typhi recorded (11.0, 12.0 and
11.5mm) and (3.0, 4.0, 3.6mm) as average
73

Journal of Forestry Research and Management. Vol. 18(1).69-84; 2021, ISSN 0189-8418
www.jfrm.org.ng

showed that the sensitivity of the test
organisms to plant extract depended on the
organism as well as type of extractant used
(Table 3). The importance of the nature and
solvent types as determinants of microbial
sensitivity to the test plant extracts was
indicative.

bacteriostatic effects against the microbe.
Conversely, MBC/MIC ratio of 0.5, >2.0,
>2.0, >1.0 and >2.0 for AMetOH, AH2O,
GH2O, A+GMetOH, A+GH2O respectively,
were considered bacteriocidal against K.
pnemoniae, while GMetOH with a value of
4.0 had a bacteriostatic effects on K.
pnemoniae.
The
fractional
inhibitory
concentration indices (FICI) evaluated
revealed that the methanolic combined
extracts
(A+GMetOH)
and
aqueous
(A+GH2O) gave 1.25 and 2.0 respectively for
S. typhi. However, K. pnemoniae recorded 2.0
and 4.5 for (A+GMetOH) and aqueous
(A+GH2O) (Table 4).

Antimicrobial Parameters and Indices
The antibiotic power, AP (MBC/MIC ratio),
evaluated showed that AMetOH, AH2O,
GMetOH, GH2O, and A+GH2O with 0.5,
>1.0, 2.0, >1.0 and >1.0 respectively were
bacteriocidal against S. typhi. While
A+GMetOH which recorded 4.0 showed
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Table 1: Secondary Metabolite compositions Obtained from the Test Plants Based on the Extractants
Extract
S/N
1
2
3
4
5
6
7
8
9
10

Phytochemicals
Alkaloids
Flavonoids
Tannins
Saponins
Glycosides
Terpenoids
Anthraquinones
Phenols
Steroids
Coumarins

Aframomum melegueta(X)
Extractant
Methanol
Hot Aqueous
+
+
++
++
+
+
++
++
̶
++
+
++
̶
+
+
++
+
̶
̶
++

Garcinia kola (Y)
Extractant
Methanol
Hot Aqueous
+
+
+
++
++
++
++
++
+
++
+
̶
̶
+
+
++
+
̶
̶
++

̶ = absence of phytochemical, + = presence of phytochemical,
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Combined Extract (X+Y)
Extractant
Methanol
Hot Aqueous
+
+
+
++
++
++
++
++
+
++
+
+
̶
+
+
++
+
̶
̶̶
++

++ = strong presence of phytochemical.
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X S typhi Met.

X S typhi Haq.

X K pneumonia Met.

X K pneumonia Haq.

Y S typhi Met.

Y S typhi Haq.

Y K pneumonia Met.

Y K pneumonia Haq.

X+Y S typhi Met.

X+Y S typhi Haq.

X+Y K pneumonia Met.

X+Y K pneumonia Haq.

Control (Ciprofloxacin) S typhi

Control (Ciprofloxacin) K pneumonia

15

10

5

0
Met.

Haq.

Met.

S typhi

Haq.

K pneumonia
X

Met.

Haq.

Met.

S typhi

Haq.

Met.

K pneumonia
Y

Haq.

Met.

S typhi

Haq.

K pneumonia
X+Y

S typhi

K
pneumonia

Control
(Ciprofloxacin)

Test Bacteria and Extractants

Figure1: Effects of Aframomum melegueta seed extracts, Garcinia kola seed powder. Combined seed powder on Average
Inhibition Zones of S. typhi and K. pneumoniae; Where: X = Aframomum melegueta seed powder; Y = Garcinia kola
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seed powder; X+Y = Combined seed powder; Met = Methanol; Haq. = Hot aqueous
Table 2: Effects of Aframomum melegueta seed extracts, Garcinia kola seed powder. Combined seed powder on Minimum
Inhibitory concentration S. typhi and K. pneumoniae

S. typhi

K. pnemoniae

Extract
AMetOH
AH2O
GMetOH
GH2O
A+GMetOH
A+GH2O
AMetOH
AH2O
GMetOH
GH2O
A+GMetOH
A+GH2O
̶

̶

̶

̶

̶

̶

̶

̶

̶

̶

̶

̶

400

Concentration of Extract(mg/ml)
200
100
50
25
12.5
̶
+
+
+
+
+
+
+
+
+
̶
̶
̶
+
+
+
+
+
+
+
̶
̶
̶
+
+
+
+
+
+
+
̶
̶
+
+
+
̶
+
+
+
+
̶
̶
̶
̶
̶
̶
+
+
+
+
̶
̶
̶
+
+
̶
+
+
+
+

6.25
+
+
+
+
+
+
+
+
+
+
+
+

3.125
+
+
+
+
+
+
+
+
+
+
+
+

MIC
200
400
50
400
50
400
100
200
12.5
200
50
200

∑FIC

1.25
2.00

4.50
2.00

MIC = Minimum Inhibitory Concentration; - = No visible growth; + = visible growth; AMetOH= Methanolic seed extract of
Aframomum melegueta; AH2O = Aqueous seed extract of Aframomum melegueta;GMetOH = Methanolic seed extract of Garcin ia
kola; GH2O = Aqueous seed extract of Garcinia kola; A+GMetOH = Methanolic extract of combined seeds of Aframomum melegueta
and Garcinia kola; A+GH2O = Aqueous extract of combined seeds of Aframomum melegueta and Garcinia kola.
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Table 3: Effects of Aframomum melegueta seed extracts, Garcinia kola seed powder. Combined seed powder on Minimum
Bactericidal Concentration S. typhi and K. pneumoniae
Microbe
S. typhi

K. pnemoniae

Concentration of Extract(mg/ml)
Extract
400
200
100
50
25
AMetOH
̶
̶
+
+
+
AH2O
+
+
+
+
+
GMetOH
̶
̶
̶
+
+
GH2O
+
+
+
+
+
A+GMetOH ̶
̶
+
+
+
A+GH2O
+
+
+
+
+
AMetOH
̶
̶
̶
̶
̶
AH2O
+
+
+
+
+
GMetOH
̶
̶
̶
̶
̶
GH2O
+
+
+
+
+
A+GMetOH ̶
̶
̶
̶
̶
A+GH2O
+
+
+
+
+

12.5
+
+
+
+
+
+
+
+
+
+
+
+

6.25
+
+
+
+
+
+
+
+
+
+
+
+

3.125
+
+
+
+
+
+
+
+
+
+
+
+

MBC
200
>400
100
>400
200
>400
50
>400
50
>400
50
>400

MBC = Minimum Bactericidal Concentration; - = No visible growth; + = visible growth; AMetOH= Methanolic seed extract of
Aframomum melegueta; AH2O = Aqueous seed extract of Aframomum melegueta; GMetOH = Methanolic seed extract of Garcinia
kola; GH2O = Aqueous seed extract of Garcinia kola; A+GMetOH = Methanolic extract of combined seeds of Aframomum melegueta
and Garcinia kola; A+GH2O = Aqueous extract of combined seeds of Aframomum melegueta and Garcinia kola.
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Table 4: Antimicrobial Parameters and Indices
Microbe
S. typhi

K. pnemoniae

Property
MIC
MBC
MBC/MIC
∑FIC
MIC
MBC
MBC/MIC
∑FIC

AMetOH
200
200
0.5

AH2O
400
>400
>1.0

GMetOH
50
100
2.0

GH2O
400
>400
>1.0

100
50
0.5

200
>400
>2.0

12.5
50
4.0

200
>400
>2.0

A+GMetOH
50
200
4.0
1.25
50
50
1.0
4.5

A+GH2O
400
>400
>1.0
2.0
200
>400
>2.0
2.0

MIC = Minimum Inhibitory Concentration; MBC = Minimum Bactericidal Concentration; MBC/MIC = Ratio of Minimum
Bactericidal Concentration to Minimum Inhibitory Concentration; ∑FIC = Fractional Inhibitory Concentration Index; AMetOH=
Methanolic seed extract of Aframomum melegueta; AH2O = Aqueous seed extract of Aframomum melegueta; GMetOH = Methanolic
seed extract of Garcinia kola; GH2O = Aqueous seed extract of Garcinia kola; A+GMetOH = Methanolic extract of combined seeds
of Aframomum melegueta and Garcinia kola; A+GH2O = Aqueous extract of combined seeds of Aframomum melegueta and Garcinia
kola.
.
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10.0 – 20.0 mm, 5.0 – 10.0 mm and < 5.0 mm
were described as very strong, strong,
moderate and weak antibacterial potential
respectively. In this study, all the methanolic
extracts
showed
strong
antimicrobial
potentials, with average inhibiting zones
(AIZ) ranging from 11.5 – 13.0mm (Figure
1), irrespective of the plants and microbes.
Conversely, all the hot aqueous extracts with
AIZ ranging from 2.9 - 4.0 mm indicated of
A. melegueta(13.0mm), G. kola (12.0mm)
showed strong antibacterial weak antibacterial
potential respectively. These findings
corroborated the positions of Ogodo et al
(2017), that the organic base (ethanol)
exhibited higher antibacterial activity than the
aqueous. Similarly, Idris and Abubakar
(2016), reported a lower ZOI with aqueous
solvent than the methanol extract. The control
drug (ciprofloxacin) had the highest AIZ of
28.2 and 29.2mm for S. typhi and K.
pnemoniae which supported the findings of
Nas et al (2017).

Discussion
The presence of bioactive constituents to a
large extent is solvent dependent, as observed
by Doherty et al., (2010), who reported the
presence of alkaloids, tannins, saponin,
steroids,
cardiacglycoside,
flavonoid,
terpenoids and phenol in Aframomum
melegueta. Idris and Abubakar (2016),
corroborated these observations and opined
that the metabolites would determine their
effectiveness. According to Jeruto et al.
(2017), the presence of these phytochemcals
in the test plants supported their use and
efficacy as antimicrobial agents. These
bioactive
substances
effect
different
metabolic changes, which may be lethal to the
microbes. Shaimaa (2014), reported that
tannins showed the capacity for bacteria lethal
protein complex, while saponins have been
reported to alter the permeability, structure
and function of cell membranes, leading to
their destruction (Arabski et al, 2012). Maria
et al, (2013), posited that phenols exhibit
antioxidant and enzyme inhibitory tendencies,
while flavonoids have been noted for
inhibition of nucleic acid and cell wall
synthesis (Mishra et al., 2009). Alkaloids is
rated the most efficient therapeutically
significant phytocheical (Bamidele, 2019).
This is sequel to their capacity to effect
structural and genetic imbalance, bacterial
DNA cell wall damage and lysing, referred to
as intercalation (Firempong et al., 2016).

Lower values of minimum inhibitory
concentrations
(MIC)
were
generally
observed for Klebsiella pneumoniae than
Salmonella typhi, especially with the
methanolic extracts. This reflects its potency
over the hot aqueous extract. Achinto and
Munirudin (2009), reported that a low MIC
value of medicinal plant extract indicated a
better antibacterial activity. This according to
Ogodo et al. (2017), is a reflection of strong
antibacterial and antimycotic effects on the
test organisms, particularly the with organic
extractant. The better minimum bactericidal
effects (MBC) exhibited by methanolic
extractant over aqueous agreed with Nas et al
(2017), who posited that organic solvents
generally have better solubility than aqueous,
hence higher concentration of bioactive
constituents and better suppressive and lethal
effects.

The antimicrobial effects of the plant extracts
singly and in combination have been
evaluated on the basis of sensitivity responses
of the test microbial isolates to plant extracts.
The sensitivity tests were based on inhibition
zones,
bactericidal
and
bacteriostatic
parameters. According to Sarjono et al.
(2019), The zones of inhibition were
categorized and benchmarked, such that a
range of inhibitory zone of 20.0 mm or more,
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The ratio of MBC/MIC otherwise known as
antibiotic power (AP) obtained, showed that
methanolic extracts of G. kola(GMetOH) and
combined extract (A+GMetOH) gave
bacteriostatic effects on K. pnemoniae and S.
typhi respectively. While all other extracts
gave bactericidal effects on the test
organisms. This corroborated the findings of
Noumedem et al. (2013), who stipulated that
a sample is bactericidal when the ratio
MBC/MIC ≤ 4 and bacteriostatic when this
ratio is >4.

Klebsiella pneumoniae than the Salmonella
typhi, reflecting their relative sensitivity. All
extracts
indicated
bactericidal,
while
GMetOH and A+GMetOH gave bacteriostatic
effects against K. pneumoniae and S. typhi
respectively. The combined extracts showed
some fractional inhibitory effects against the
test organisms.
References
Achinto, S. and Munirudin, A. (2009). The
analgesic and anti-inflammatory activities
of the extract of the extract of Albzia
lebbeck in animal model. Pakistan J Pharm
Sci., 22: 74-77.
Adegboye, M.F, Akinpelu D.A. and Okoh
A.I.
(2008).
The
bioactive
and
phytochemical properties of Garcinia
kola(Heckel) seed extracts on some
pathogens. Afr. J. of Biotec; 7(21):39343938.
Ahmed, I. and Beg, A.Z. (2001).
Antimicrobial and phytochemical studies
on 45 Indian Medicinal plants against
multi-drug resistance human pathogens. J
Ethnopharmacol. 74, 113-123.
Albert, B., Willian, J.H, Jr., Keneth, L.H.,
Henry, D.I., and Jean, H.S. (1991). Mannal
of clinical microbiology. American society
for microbiology.
Al-Saiym, R.A., Al-Kamali, H.H and AlMagboul,
A.Z.(2015).
Synergistic
Antibacterial
Interaction
between
Trachyspermum ammi, Senna alexandrina
Mill and Vachellia nilotica spp. Nilotica
Extract and Antibiotics. Pakistan Journal
of Biological Sciences 18 (3): 115-121.
Arabski, M., Węgierek-Ciuk, A., Czerwonka,
G., Lankoff, A. and Kaca, W. (2012).
Effects of Saponins against Clinical E. coli
Strains and Eukaryotic Cell Line BioMed
Res. Int. 2012, 1-6.
Ardzard S.S., Yusuf A.A., Muhammed M.,
David S., Odugba M. and Okwon A. E. J.

The fractional inhibitory concentration
indices (FICI) obtained reflect the effects of
combined plant extracts on the test microbes.
FICI is synergistic, if value is ≤ 0.5, additive
(0.5–1.0), indifferent (1–4.0) or antagonistic
(≥ 4.0) (Schelz et al., 2006; Iten, 2009).
Consequently, the effects of combined
extracts on S. typhi, was indifferent. However,
the effects of the combined extracts on K.
pnemoniae were indifferent and antagonistic
for A+GH2O and A+GMetOH respectively.
Ncube et al (2012), had reported antagonistic
interaction effect of Tulbaghia violacea leaf
samples against Bacillus subtilis, Escherichia
coli and K. pneumonia. According to
Olayinka et al (2009), combining plant
extracts against disease causing microbes
provide an alternative approach to tackle
infections caused by multi-resistant pathogens
(Van Vuuren and Viljoen, 2011). These
results also confirmed findings of (Shaza et
al., 2014; Mahajan et al., 2014).
Conclusion and Recommendations
The study revealed the seed extracts of the
test plants (Aframomum melegueta, Garcinia
kola and the combined extracts) with
bioactive substances whose presence was
dependent on the extractants (methanolic and
aqueous solvents). Better inhibition was
recorded with methanolic extract against
81

Journal of Forestry Research and Management. Vol. 18(1).69-84; 2021, ISSN 0189-8418
www.jfrm.org.ng

(2009). Combine antibacterial effect of
Moringa oleifera leaves extract and honey
on some bacteria associated with wounds
and
gastroenteritis.
Journal
of
advancement
in
medical
and
pharmaceutical sciences,3(1):16 – 23.
Bamidele, H. O. (2019). Antifungal Potency
of Aframomum melegueta (Alligator
Pepper) Seed Extracts on Postharvest Rot
Fungi of Two Citrus Species Sustainable
Food Production Submitted, 6, 1-11.
Berenbaum, M.C. (1978). A method for
testing for synergy with any number of
agents.The Journal of Infectious Diseases,
137, 122–130.
Cheesbrough, M. (2000). Antibacterial
sensitive affecting. Distinct laboratory
practice in tropical counties part 2. can
bridge university press cape town south
Africa Pp 132 – 143.
Doherty, V.F., Olaniran, O.O. and Kanife,
U.C. (2010). Antimicrobial Activities of
Aframomum melegueta (Alligator Pepper).
Int. J. Bio. 2(2): 126-131.
Dokosi, O. B.(1998). Herbs of Ghana.
African University Press, Accra Ghana.
pp251.
Eneh, F.U., Ezekwesili, C. N., Ugochukwu,
G. C. and Okolo, U. T.(2017).
Phytochemical and Antimicrobial Activity
Screening of Ether Extract of Afromomum
melegueta Seed. Journal of Advances in
Microbiology. 6(1): 1-8.
Ezeanya, C.C and Daniel, E.O.(2013).
Antibacterial Activity of Garcinia Kola
Seed and Leaf Extract on Some Selected
Clinical Isolates”. Science Journal of
Microbiology,
2013,
1-9.
doi:doi:
10.7237/sjmb/298
Falkow, S. M., Denise, M.and Muncller, A.
(2004). “perssistant bacterial infections the
interface of the pathogen and the host
immonce system”. Nature review of
microbiology. 2: 747 – 765.

Farombi, E.O., B.F. Adepoju, O.E. OlaDavies and G.O. Emerole, (2005).
Chemoprevention of aflatoxin Bi-induced
genetoxicity and hepatotoxic oxidative
damage in rats by kolaviron, a natural
bioflavonoid of Garcinai kola seeds. Eur.
J. Cancer Preventions, 14;207-214.
Firempong,
C.K.,
Andoh,
L.
A.,
Akanwariwiak, W. G., Addo-Fordjour, P.
and Adjakofi, P. (2016). Phytochemical
screening and antifungal activities of crude
ethanol extracts of red-flowered silk cotton
tree (Bombax buonopozense) and Calabash
nutmeg (Monodora myristica) on Candida
albicans. Journal of Microbiology and
Antimicrobials, 8(4), 22-27.
Idris,
A.
and
Abubakar,
U.(2016).
Phytochemical
and
antibacterial
investigations of moringa (Moringa
oleifera) leaf extract on selected bacterial
pathogens. Journal of Microbiology and
Antimicrobials, 8(5), 28-33.
Iten, F., Saller, R., Abel, G. and Reichling, J.
(2009). Additive antimicrobial effects of
the Active components of the essential oil
of Thymus vulgaris-chemotype carvacrol.
Planta Medica, 75: 1–6.
Javed, S., Shahid, A.A., Haider, M.S.,
Umeera, A., Ahmad, R. and Mushtaq,S.
(2012).
Nutritional,
phytochemical
potential and pharmacological evaluation
of
Nigella
sativa
(Kalonji)
and
Trachyspermum ammi (Ajwain). J. Med.
Plants Res., 6: 768-775.
Jeruto, P.1., Arama, P. F., Anyango, B. and
Maroa,
G.
(2017).
Phytochemical
screening and antibacterial investigations
of crude methanol extracts of Senna
didymobotrya (Fresen.) H. S. Irwin &
Barneby. Journal of Applied Biosciences.
114: 11357-11367.
Maria, B.C., Vidya, P., Manjula, S., Maji, J.
(2013). Antimicrobial properties of
coconut husk aqueous extracton cariogenic
82

Journal of Forestry Research and Management. Vol. 18(1).69-84; 2021, ISSN 0189-8418
www.jfrm.org.ng

bacteria. Arch Med Health Sci,1(2),126130.
Mahajan, D.C., Satyapal, U.S., Tatke, P.A.,
Naharwar, V.(2014). Antimicrobial and
Anthelmentic Activity of Punica granatum
Fruit Peel Extracts. International Journal
of Pharmacognosy and Phytochemical
Research, 6(3): 482-487.
Mayrink-Assisa, L., Nedeljkovi, M. and
Dessena, A. (2017). New strategies for
targeting and treatment of multi-drug
resistantStaphylococcus aureus. Drug
Resistance Updates, 31:1-14.
Mishra, N.N., Yang,S. Sawa, A., Rubio,A.,
Nast,C.C., Yeaman, M.R. and Bayer,A.S.
(2009). Analysis of Cell Membrane
Characteristics of In Vitro-Selected
Daptomycin-Resistant
Strains
of
Methicillin-Resistant
Staphylococcus
aureus.
Antimicrobial
Agents
And
Chemotherapy, 53,(6), 2312–2318.
Nas, S., Zage, A. U. and Ali, M. (2017).
Phytochemical
Screening
And
Antibacterial Activity Of Seed Extracts of
Garcinia
kola
Against
Pathogenic
Methicillin
Resistant
Staphylococcus
aureus. Bayero Journal of Pure and
Applied Sciences, 10(2):198 - 203.
Ncube, B., Finnie, J. F. and Van Staden, J.
(2012). In vitro antimicrobial synergism
within plant extract combinations from
three South African medicinal bulbs.
Journal of Ethnopharmacology, 139, 81–
89.
Nisar, B., Sultan, A and Rbab, S. L. (2017).
Comparison of Medicinally Important
Natural Products versus Synthetic Drugs-A
Short Commentary. Nat Prod Chem Res
6(2):1-2. doi:10.4172/2329-6836.1000308.
Noumedem, J., Mihasan, M., Lacmata, S.,
Stefan, M., Kuiate, J. and Kuete, V. (2013).
Antibacterial activities of the methanol
extracts of ten Cameroonian vegetables
against Gram negative multidrug-resistant

bacteria. BMC Complement Altern Med,
13:26.
Ogodo, A.C., Nwaneri, C.B., Agwaranze,
D.I., Inetianbor, J.E. and Okoronkwo, C.U.
(2017). Antimycotic and Antibacterial
Activity of Aframomum melegueta Seed
Extracts Against Bacteria and Fungi
Species from Food Sources. Central
African Journal of Public Health.3(4), 4450.
Okigbo, R.N. and Omodamiro, O.D. (2006).
Antimicrobial Effects of Leaf Extracts of
Piegon Pea (Cajanus cajan (L.) Millsp.) on
Some Human Pathogens. J. Herbs, Spices
Medicinal Plants, 12(1/2): 117-127.
Olayinka, A. A., Anthony, J.A. and Anthony,
O.I.(2009). Synergistic interaction of
Helichrysum pedunculatum leaf extracts
with antibiotics against wound infection
associated bacteria. Biological research,42:
327-338.
Perez, C., Paul, M. and Bazerque, p. (1990).
Antibiotic assay by agar well diffusion
methods Acta. Biological and medicinal
experiment, 15: 113 - 115.
Philippa, M.A., Shanahen, J., Many, V.,
Thomson, C. J. and Sabastain G.B. (1998).
“Molecular Analysis and identification of
antibiotic resistance Genes in clinical
isolates of salmonella typlin from India’’
American society for microbiology 36:
1595 – 1600.
Sam, S. (2019). Importance and effectiveness
of herbal medicines.
Journal of
Pharmacognosy and Phytochemistry, 8(2):
354-357.
Sarjono, P.R., Putri, L.D., Budiarti, C.E.,
Mulyani, N.S., Ngadiwiyana, Ismiyarto,
Kusrini, D. and Prasetya, N.B.A.(2019).
Antioxidant and antibacterial activities of
secondary metabolite endophytic bacteria
from papaya leaf (Carica papaya L.). 13th
Joint Conference on Chemistry (13th JCC)
83

Journal of Forestry Research and Management. Vol. 18(1).69-84; 2021, ISSN 0189-8418
www.jfrm.org.ng

IOP Conf. Series: Materials Science and
Engineering 509 (2019) 012112.
Schelz, Z., Molnar, J., Hohmann, J., (2006).
Antimicrobial and antiplasmid activities of
essential oils. Fitoterapia, 77, 279–285.
Shaimaa,O.H.(2014). Antibacterial activities
of Iraqi propolis and its active components
ex tracts on some bacterial isolates (in vitro
study). World J. Phar. Phar. Sci, 3 (2) :
858-875.
Shaza, A. l., Laham, AlFadel, F. and
Alkhatib, R.(2014). The anti-bacterial
activity of various parts of Punica
granatum on antibiotics resistance
Escherichia coli. International Journal of
Pharmacognosy
and
Phytochemical
Research, 6(1): 79-85.
Stefanovic, O. D., Stanojevic, D.D. and
Comic,
L.R.
(2011).
Synergistic
antibacterial activity of Salvia officinalis
and Cichorium intybus extracts and
antibiotics. Acta Poloniae Pharmaceutica,
69: 457-463.
Sukhdev, S. H., Suman, P. S. K., Gennaro, L.
and Dev, D. R. (2008). Extraction
technologies for medicinal and aromatic
plants, International centre for science and
high technology, pp266.

Tariq, M., Meghana, G. and K. Aruna, (2014).
Antibacterial and synergistic activity of
ethanolic ajwain (Trachyspermum ammi)
extract on ESBL and MBL producing
uropathogens. Int. J. Pharm. Pharmaceut.
Sci., 6: 278-284.
Van Vuuren, S. and Viljoen, A. (2011). Plantbased antimicrobial studies –Methods and
approaches to study the interaction
between natural products. Planta Medica,
77:1168-1182.
World
Health
Organization.
(2013).http://www.who.int/mediacentre/fac
tsheets/fs134/en/
Wu, H.S., Wang, F.D., Tseng, C.P., Wu, T.H.,
Lin, Y.T. and Fung, C.P. (2012).
Characteristics of healthcare associated and
community
acquired
Klebsiella
pneumoniae bacteremia in Taiwan. J.
Infect, 64:162-168.
Yehouenou, B. B. (2012). Composition
chimique et activites antimicrobiennes
d’extraits vegetaux du Benin contre les
microorganiques pathogenes et alterants
des denrees alimentaires. These unique de
doctorat. Universite d’Abomey-Calavi.
Benin. 221p.

84

