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ARTICLE INFO ABSTRACT

Keywords: Background: Medicinal plants have been used as traditional treatments for various human diseases for many years
Synergism and they are still widely practiced throughout the world. Due to the long history of the practice, medicinal plants
Antibacterial

have become an integral part of the Ethiopian culture. This study aimed to evaluate the antibacterial activities of
Vernonia auriculifera Hiern and Buddleja polystachya Fresen leaf extracts and their synergistic effect against some
selected human pathogenic bacteria.

Methods: Ethanol, methanol, and n-hexane crude extracts of Vernonia auriculifera, Buddleja polystachya, and a
mixture of the two-plant respective of each solvent were evaluated against tested pathogenic bacteria using the
agar well diffusion method; the inhibition zones were recorded in millimeters. Gentamycin was used as a positive
control, while dimethyl sulfoxide served as a negative control. The minimum inhibitory concentration of the
plant extracts against test bacteria was evaluated using two-fold broth dilution methods and then Minimum
bactericidal concentration was determined by sub-culturing the test dilutions from minimum inhibitory con-
centration tubes onto fresh Muller Hinton Agar plates incubated at 37 °C for 24 h.

Results: Maximum antibacterial inhibition zone was observed on methanol extracts of synergism against
S. Typhimurium (ATCC 1333) (31.00 + 1.73 mm) while, a minimum inhibition zone was observed on methanol
extract of Buddleja polystachya, against E. coli (ATCC 35218) (5.67 + 0.57). Minimum inhibitory concentration
and minimum bactericidal concentration values of the crude extracts of Vernonia auriculifera, Buddleja poly-
stachya, and their mixture lies between (3.125%-12.5%) and (6.25%-25%) respectively. The data were analyzed
using the SPSS software package version 20 for windows.

Conclusion: The present study revealed that ethanol and methanol extracts of Vernonia auriculifera and Buddleja
polystachya possess significant inhibitory effects against tested pathogens and the antibacterial activity of both
plants leaf extracts was greater than the activity of currently used antibiotics (Gentamycin) against some selected

Buddleja polystachya Fresen
Medicinal plant
Vernonia auriculifera Hiern

organisms.

1. Introduction researchers have recently paid attention to safer phytomedicines and
biologically active compounds isolated from plant species used in herbal
Medicinal plants have been used in almost all cultures as a source of medicines with acceptable therapeutic keys for the development of new
medicine for a long period and they are still widely practiced throughout drugs [2]. The World Health Organization (WHO) estimates up to 80%
the world [1]. It has been used as a traditional treatment for various of the world population relies on traditional medicines and the main part

human diseases for many years in different parts of the world. Because of traditional therapies involves the use of plant extracts [3].
medicinal plants have indefinite therapeutic value worldwide, Infectious diseases are major causes of death in the world, with
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unlimited impact in developing countries. The majority of emerging
infectious diseases are caused by bacteria which can be associated with
the evolution of drug-resistant strains and the devastating of the natural
host defenses [4]. Antibiotics are the most important therapeutic stra-
tegies. But, only one-third of the known infectious diseases have been
cured of these synthetic products.

Many plant species are reported to have pharmacological properties
as they are known to possess various secondary metabolites like glyco-
sides, saponins, flavonoids, steroids, tannins, alkaloids, terpenes which
is, therefore, should be utilized to fight the disease-causing pathogens
[5-7]. Increasing resistance bacteria against the current antibiotics
resulted in numerous studies emphasizing antimicrobial agents derived
from plants. Traditional medicine has become a form of complementary
medicine and holds great promise as a source of effective therapy for
multidrug resistance (MDR) strains of bacteria [8]. Hence, the devel-
opment of drug resistance as well as the appearance of adverse side ef-
fects of certain antibiotics has led to the search for new antibacterial
agents, particularly from medicinal plants.

The genus Vernonia (Compositae) contains more than 1000 species
distributed throughout the world, mainly in Africa and South America
(Fig. 1). V. auriculifera is a shrub, small tree, or woody herb that grows
1-7.5 m high and is easily detectable by its deep purple flowers [9]. In
Ethiopia, the leaf of the plant is used for healing wounds by rubbing (as
an ointment) around the wounded areas after soaking the fresh leaf with
water or tying the wounded areas with fresh leaf after heating over the
flame [10]. Seven triterpenoids were discovered through the phyto-
chemical study of V. auriculifera. One triterpene of the ursane-type
(-amyrin), one of the lupane-type (-lupenyl acetate), and two of the
oleanane-type (-amyrin acetate and -amyrin) were discovered in leaf
extracts. Oleanolic acid, the parent oleanane type triterpene, was
extracted from the roots and friedlin/friedelanone and friedelin acetate
from the friedelane class were present in the stem-bark, according to
phytochemical analysis [11].

B. polystachya which is known as (“Anfar”) in Amharic, belongs to
the family Buddlejaceae. This plant is endemic to Ethiopia, Eritrea, So-
malia, Yemen, and Saudi Arabia (Fig. 2). Using various chromatographic
techniques, sixteen chemical components, including phenolic fatty acid
ester, isobenzofuranone derivative, flavonoids, and triterpenic acids,
were recovered from the aerial portions of B. polystachya [12]. Through
various chromatography processes, sixteen bioactive compounds from
the crude extract and solvent fractions of B. polystachya were extracted.
These compounds were then identified using various 1D, 2D NMR, and
mass spectrometry techniques. Additionally, the separated components
consist of 6-0-a-L-(4”-O-trans-cinnamoyl) rhamnopyranosylcatalpol,
cirsimaritin, ursolic acid, luteolin, 1'(4-hydroxyphenyl) ethanol ester of
docosanoic, isobenzofuranone derivative (4-hydrox-
y-7-methylisobenzofuranone), sakuranetin, luteolin 7-(6"-caffeoy-
1)-O-p-D-glucopyranoside, kumatakenin, oleanolic acid, herbacetin 3,7,
8-trimethyl ether, uvaol, 5- hydroxy-3,7,4'-trimethoxyflavone, verbas-
coside, linarin, luteolin 7-O-B-D-glucoside, and phenolic fatty acid ester
[13]. B. polystachya used in traditional medicine as an antimicrobial,

Fig. 1. Morphological view of vernonia auriculifera.
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Fig. 2. Morphological view of buddleja polystachya.

analgesic, antipyretic, hepatoprotective, hypotensive,
anti-inflammatory, hypoglycemic, molluscicidal, neuroprotective, and
amoebicidal remedies. B. polystachya is also used for the treatment of
many skin disorders [14-16].

Ethno-botanical studies revealed that V. auriculifera and
B. polystachya are being used in the treatment of pathogenic organisms
in the traditional health care system in Ethiopia [17,18]. However, very
little work has been done to evaluate their efficacy scientifically and
there was no study done on the synergistic antibacterial effect of
V. auriculifera and B. polystachya leaves extracts.

In Ethiopia vast knowledge on the traditional uses of medicinal
plants is not fully documented and most of the information is conveyed
from one generation to the other through verbally. Therefore, findings of
the present study will provide scientific information to those interested
to extract each plant for medicinal purposes. In addition it will also
serves as a base line for the development of antibacterial drugs from
these plants with further detailed study of the efficacy in preclinical
trials and it will provide a clue for the isolation and identification of
active ingredients responsible for the antibacterial activity. Therefore,
this study aimed to evaluate the in vitro antibacterial activity of crude
leaf extracts of V. auriculifera and B. polystachya and their synergetic
effect against selected human pathogenic bacteria which can, in turn,
provide a clue for the isolation and identification of active ingredients
responsible for the antibacterial activity.

2. Materials and methods
2.1. The study area
The plant leaves were collected from the area where they grow in

Gondar. It is located in North West Ethiopia about 730 km away from the
capital, Addis Ababa (Fig. 3).

2.2. Study design

The study design was Completely Randomized Design (CRD) exper-
imental based; using appropriate methods such as determination of
antibacterial activities, minimum inhibitory concentration (MIC), and
minimum bactericidal concentration (MBC).

2.3. Sampling technique

The purposive sampling technique was used to collect leaves of
V. auriculifera and B. polystachya in different areas around Gondar.

2.4. Plant collection and authentication of plant material

Fresh leaves of V. auriculifera and B. polystachya were collected from
the area where they grow in Gondar, in February 2020. The plant ma-
terials were identified by Mr Abiyu Enyew, a botanist in university of
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Fig. 3. Map of the study area [19].

Gondar, Department of Biology, College of Natural and Computational
Sciences.

2.5. Preparation of plant crude extraction

The collected plant leaves were washed thoroughly in running tap
water to remove debris and dust particles and then they were rinsed in
distilled water. The leave samples were dried in the laboratory in open-
air at room temperature and it was protected from sunlight. Once
completely dry, these were grounded to a fine powder using an elec-
tronic blender, and the powder was stored in a sterile bottle at room
temperature in a dark place. Ethanol, methanol, and n-hexane solvents
were used for extraction. The dried and powdered leaves of each plant
(100 g) were macerated separately with 600 ml of ethanol, methanol
and n-hexane. This maceration process was done in a 1000 ml Erlen-
meyer flask on an orbital shaker (120 rpm) at room temperature for 72
h. The extracts were filtered through a sterile Whatman No.1 filter paper
and then it was concentrated in a vacuum at 40 °C using a rotary
evaporator [20-22]. Each extract was transferred to glass vials and kept
at 4 °C until further use.

2.6. Phytochemical screening of crude solvent extracts

The crude extract of the plant was used for screening phytochemicals
for the presence or absence of primary and secondary metabolites such
as alkaloids, flavonoids, saponins, terpenoid, glycosides, steroids, tan-
nins, and phenols, respectively, using the standard procedure [23].

2.7. Test microorganisms

The standard American type cell culture (ATCC) Staphylococcus
aureus (ATCC 43300), Escherichia coli (ATCC 35218), Pseudomonas aer-
uginosa (ATCC 27853) Salmonella typhimurium (ATCC 1333), and clinical
isolate bacterial strains Staphylococcus aureus and Escherichia coli were
used in this study. Those Bacterial strains were obtained and collected
from the University of Gondar teaching hospital.

2.8. Inocula preparation

The tested bacteria were cultured separately on nutrient agar at
37 °C for 24 h. This was done by streaking the inoculating loop

containing the bacteria at the top end of the agar plate moving in a
zigzag horizontal pattern until 1/3 of the plate was covered. Then, two
to three well-isolated overnight cultured colonies of the same morpho-
logical type were selected from an agar plate culture. The top of each
colony was touched with a sterile bent wire loop and the growth was
transferred into a screw-capped tube containing 5 ml of normal saline
solution. The turbidity of the bacteria was adjusted with sterile saline to
obtain turbidity optically comparable to that of the 0.5 McFarland
turbidity standard 1.5 x 108 colony-forming units (CFU)/ml [24].

2.9. Antibacterial activity assay

Agar well diffusion method was employed to assess the antibacterial
activity of V. auriculifera and B. polystachya and a mixture of both plant
extract of ethanol, methanol, and n-hexane crude extract against the
standard and clinically isolated human pathogenic bacteria. The anti-
bacterial activity assay was determined according to the method
described previously [25]. Sterilized Mueller Hinton Agar (MHA) me-
dium was poured into each Petri dish and set aside to solidify under the
laminar hood. After solidifying the media; the sterilized L-rode was used
to spread the inoculums throughout the medium uniformly. In each Petri
dish wells of 4 mm in diameter were punctured in the culture media
using sterile cork borers to make four to seven uniform wells. Then wells
were filled with 100 pl (use micropipette) of each extract, adjusted to the
same concentration (50 mg/ml), totaled to a respective well, and
allowed diffusing for 45 min. In the center, gentamycin was used as a
positive control, while 50% DMSO was used as a negative control. The
antibacterial activities were determined after 24 h at 37 °C incubation in
the incubator. The diameter of the zone of inhibition produced by the
extract was measured by a ruler and compared with the standard.

To identify synergism between the two plant extracts equal volume
V. auriculifera and B. polystachya extracts were mixed and 100 pl of the
mixture were totaled to a respective well in a medium. Then after 24 h of
incubation at 37 °C diameters of clearing zones were measured. Each
sample was used in triplicate for the determination of antibacterial ac-
tivity. The work was carried out in a laminar flow hood.

2.10. Determination of the minimum inhibitory concentration (MIC)

The MIC is defined as the lowest concentration able to inhibit any
visible bacterial growth on the culture plates. MIC of crude extracts of
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V. auriculifera and B. polystachya and their combination were performed
by using two-fold broth dilution methods as the method described pre-
viously [26]. The extract solution (50 mg/ml) was serially diluted with
Mueller Hinton broth as 1:1 1:2, 1:4, 1:8, 1:16, 1:32, 1:64 and 1:128 to
bring 50 mg/ml, 25 mg/ml, 12.5 mg/ml, 6.25 mg/ml, 3.125 mg/ml,
1.56 mg/ml, 0.78 mg/ml, and 0.395 mg/ml concentrations, respectively
and 100 pl of a standard suspension of the test organism was added to
each concentration of the extract. Two test tubes containing Mueller
Hinton broth without antimicrobial agent were added to each test. One
of these tubes was inoculated with the test organism and served as a
positive control; the other was left uninoculated and served as a control
for media sterility. Then broth plates were incubated at 37 °C for 24 h.
The lowest concentration, at which there was no turbidity, was recorded
the MIC value of the extract.

2.11. Determination of minimum bactericidal concentration (MBC)

For MBC dilutions with no visually visible growth were taken and
sub-cultured on Mueller Hinton agar media using a sterile wire loop and
making a strike on the media to see bacteria growth after incubating at
37-C for 24 h. The lowest concentration of the extract with no visible
growth after incubation was taken as the minimum bactericidal con-
centration (MBCs) of the antimicrobial agents [27].

2.12. Statistical analysis

The data were analyzed using the SPSS software package version 20
for windows. Means and standard deviations of the triplicate data
analysis were calculated via one-way analysis of variance (ANOVA) to
determine the significances between the means followed by the LSD the
Post Hok test (P < 0.5). Microsoft Excel 2016 was employed for the
analysis of MIC and MBC.

3. Result
3.1. Yields of solvent extractions

The percentage yield of crude extract in the respective solvent is
shown in (Table 1). In both plant extracts the highest yield was obtained
from ethanol extract of B. polystachiya (45.37%) and V. auriculifera
(40.58%), respectively followed by methanol extract of B. polystachiya
(30.96%) and V. auriculifera (16.52%), while the lowest yield was
recorded in n-hexane extract in both plants V.auriculifera (3.52%) and
B. polystachiya (2.56%).

3.2. Phytochemical screening

Phytochemical screening was carried out on ethanol and methanol
solvent extract of V. auriculifera and B. polystachiya to test the presence
of the most relevant bioactive compounds. The n-hexane solvent extracts
of both plants were not included due to low inhibitory activity against
the test organism. Ethanol extract of V. auriculifera was found almost
positive except for flavonoids of ammonia test, phenols of ferric chloride
test, and steroids of Salkowski tests. However, ethanol extract of
B. polystachiya had positive for all tests. Similarly, methanol extracts of

Table 1
The percentage yield of crude leaves extracts of V. auriculifera and
B. polystachiya.

Plant name Parts used Solvents Weight of crude in(g) Yield (%)

V. auriculifera Leaf Ethanol 40.58 40.58
Methanol 16.52 16.52
n-hexane 3.52 3.52

B. polystachiya Leaf Ethanol 45.37 45.37
Methanol 30.96 30.96
n-hexane 2.56 2.56
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V. auriculifera were found positive for all tests except Salkowski tests of
steroids, alkaloids, and glycosides. And methanol extract of
B. polystachiya was found all positives except flavonoids of ammonia test
(Table 2).

3.3. Antibacterial activity test

3.3.1. Evaluation of V. auriculifera leaf crude extracts against test bacteria
The inhibition zone of V. auriculifera leaf extracts of ethanol, meth-
anol, and n-hexane solvents was evaluated against the standard. The
mean inhibition zone (22.00 + 2.00 mm) of ethanol extract of
V. auriculifera against S.aureus (clinical isolate) was statistically signifi-
cant (p = 0.02) greater than the methanol extract against this test bac-
terium. There was no statistically significant difference between the
mean inhibition zone of ethanol and methanol extracts of V. auriculifera
against S. aureus (ATCC43300). Moreover, the mean inhibition zone
(9.33 + 2.30 mm) of ethanol extract and mean inhibition zone (12.67 +
2.88 mm) of methanol extract of V. auriculifera against E.coli (ATCC
35218) and the mean inhibition zone (9.00 £+ 2.00 mm) of ethanol and
mean inhibition zone (9.00 + 2.00 mm) of methanol extract of
V. auriculifera against P.aeruginosa (ATCC 27853) were not statistically
significant. Whereas, the mean inhibition zone (7.67 + 1.52 mm) of
ethanol extract of V. auriculifera against S. typhimurium (ATCC1333) was
statistically significant (p = 0.00) less than the methanol extracts of
against this test bacterium. However, n-hexane extracts of V. auriculifera
against all tested bacteria did not have an inhibitory effect (Table 3).
The mean inhibition zone of commercial antibiotic disc Gentamycin
(16.33 £ 2.51 mm) was statistically significant (p = 0.00) less than the
mean inhibition zone (22.00 #+ 2.00 mm) ethanol extract of
V. auriculifera against S. aureus (clinical isolate). Furthermore, the mean
inhibition zone (20.67 + 1.15) of the antibiotic disc Gentamycin was
statistically significant (p = 0.00) less than the mean inhibition zone
(28.67 £+ 2.30 mm) of methanol extract of V. auriculifera against
S. Typhimurium (ATCC 1333). However, the mean inhibition zone (20.67
+ 3.51 mm) of the Gentamycin disc was not a statistically significant

Table 2
Phytochemical constituents of crude leaves extracts of V. auriculifera and
B. polystachiya.

Phytochemical Reagent Result of qualitative phytochemical screening
tests of the two plant extracts
V. auriculifera B. polystachiya
Ethanol ~ Methanol  Ethanol = Methanol
Alkaloid Mayer’s + - + +
reagent
Hager’s + - + +
reagent
Flavonoids Alkaline + + + +
reagent
Lead acetate + + + +
Ammonia - + + -
Phenols Alkaline —+ + + +
reagent
Lead acetate + + + +
Ferric - + + +
chloride
Tannin test Iron salt + + + +
Lead acetate + + + +
Ferric + + + +
chloride
Saponin test Foam test + + + +
Sodium + + + +
nitrate
Steroids Salkowski test ~ — - + +
Glycosides Liebermann’s + + + +
Salkowski test + - + +
Terpenoids Chloroform + + + + +

H,SO4

Note: + = presence of phytochemical and - = absence of phytochemical.



F. Haile et al.

Table 3
Comparison of mean inhibition zone of ethanol, methanol, and n-hexane solvent
extracts of V. auriculifera against test bacteria.

Test organism solvents Mean IZ(mm) Positive and negative
+SD controls
Gentamycin DEMO
S.aures(ATTC Ethanol (23.00 £ (20.67 + 0.00 +
43300) 3.00)* 3.51)* 0.00
Methanol (20.67 + (20.67 + 0.00 £
3.05)* 3.51)* 0.00
n-hexane (00.00 £ (20.67 + 0.00 +
0.00)° 3.51)° 0.00
S.aures(clinical Ethanol (22.00 + (16.33 + 0.00 +
isolate) 2.00)" 2.51)° 0.00
Methanol (17.33 + (16.33 + 0.00 £
2.30)" 2.51)° 0.00
n-hexane (00.00 + (16.33 + 0.00 +
0.00)° 2.51)° 0.00
E.coli(ATTC 35218) Ethanol (09.33 + (20.00 + 0.00 £
2.30)* 2.00)* 0.00
Methanol (12.67 £ (20.00 + 0.00 +
2.88)* 2.00)* 0.00
n-hexane (00.00 + (20.00 + 0.00 +
0.00)° 2.00) 0.00
E.coli(clinical Ethanol (0.00 + 0.00) (16.33 + 0.00 +
isolate) 2.08)° 0.00
Methanol (0.00 + 0.00) (16.33 + 0.00 +
2.08)° 0.00
n-hexane (0.00 + 0.00) (16.33 + 0.00 +
2.08)° 0.00
P.auroginosa(ATTC Ethanol (9.00 + (20.67 + 0.00 +
27853) 2.00)¢ 1.15)* 0.00
Methanol (9.00 + (20.67 + 0.00 +
2.00)¢ 1.15)* 0.00
n-hexane (0.00 + (20.67 + 0.00 +
0.00)° 1.15)° 0.00
S.typhimurium(ATTC Ethanol (7.67 £ 1.52)f (20.67 + 0.00 +
1333) 1.15)* 0.00
Methanol (28.67 + (20.67 + 0.00 +
2.30)% 1.15)* 0.00
n-hexane (0.00 + (20.67 + 0.00 +
0.00)° 1.15)° 0.00

*Values were means of triplicate determinations. Values of the same column followed
by different letters are significantly different at (p<0.05). Where “IZ: Inhibition zone,
SD: Standard deviation”.

difference between the mean inhibition zone (23.00 £+ 3.00 mm) of
ethanol (20.67 + 3.05 mm) and methanol extracts of V. auriculifera
against S. aureus (ATCC43300).

The antibacterial effects of V. auriculifera crude extracts showed
effective bacterial growth inhibition against almost all tested bacterial
organisms except on E. coli (clinical isolate) which did not show any
inhibitory activity. The plant extracts showed as low 7.67 + 1.52 mm to
as high 28.67 + 2.30 mm diameter inhibition zones. Concerning ethanol
extracts, the highest inhibition zone (23 + 3.00 mm) was recorded
against S. aureus (ATCC 43300). While the least inhibition zone was seen
against S. typhimurium (ATCC1333) (7.67 + 1.52 mm). Similarly, the
highest inhibition zone for methanol extract was seen against
S. typhimurium (ATCC1333) (28.67 + 2.30 mm) while the minimum was
against P.aeruginosa (ATCC 27853) 9.00 + 2.00 mm.

3.3.2. Evaluation of B. Polystachiya leaf crude extracts against test bacteria

There was no statistically significant difference (p > 0.05) between
the mean inhibition zone of ethanol, methanol, and n-hexane extracts of
B. polystachiya against S. aureus (ATCC43300). Similarly, the mean in-
hibition zone (16.67 + 3.05 mm) of ethanol extract and mean inhibition
zone (14.67 + 1.52 mm) of methanol extract of B. polystachiya against
S. aureus (clinical isolate) were not statistically significant (P > 0.05) but
n-hexane extract of B. polystachiya did not have any inhibitory effect
against this test bacterium. Whereas, the mean inhibition zone (29.00 +
2.64 mm) of methanol extract of B. polystachiya against S. typhimurium
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(ATCC1333) was statistically significant (P = 0.02) greater than the
mean inhibition zone (18.67 4 2.51) of ethanol extracts and the mean
inhibition zone (10.00 + 2.00) of n-hexane extracts against this test
bacterium. B. polystachiya extracts of ethanol, methanol, and n-hexane
did not show any inhibitory effect against E.coli (clinical isolate), P.
aeruginosa (ATCC27853), and E.coli (ATCC35218) except methanol
extract (5.67 + 0.57 mm) against E.coli (ATCC35218). The plant ex-
tracts showed as low (5.67 + 0.57 mm) to as high (29.00 + 2.64 mm)
diameter inhibition zones. Regarding ethanol extracts, the highest in-
hibition zone (20.33 + 1.52 mm) was recorded against S. aureus (ATCC
43300). While the least inhibition zone was seen against S. aureus
(clinical isolate) (16.67 + 3.05 mm). Similarly, the highest inhibition
zone for methanol extract was seen against S. typhimurium (ATCC1333)
(29.00 + 2.64 mm) while, the minimum was against E. coli (ATCC
35218) (5.67 + 0.57 mm). And the highest inhibition zone (18.00 +
2.64 mm) of n-hexane extract was recorded against S. aureus (ATCC
43300). While the least inhibition zone was seen against S. typhimurium
(ATCC1333) (10.00 + 2.00 mm) (Table 4).

The mean inhibition zone (22.33 + 0.57 mm) of Gentamycin disc
was statistically significant (p = 0.00) less than the mean inhibition zone
(29.00 + 2.64 mm) of methanol extracts of B. polystachiya against
S. typhimurium (ATCC1333).

3.3.3. Evaluation of synergetic antibacterial activity
There was no statistically significant difference (p > 0.05) between

Table 4
Comparison of mean inhibition zone of ethanol, methanol, and n-hexane solvent
extracts of B. polystachiya against test bacteria.

Test organism solvents Mean IZ(mm) Positive and negative
+SD controls
Gentamycin DEMO
S.aureus(ATTC Ethanol (20.33 + (20.67 + 0.00 +
43300) 1.52)* 3.51)* 0.00
Methanol (20.67 + (20.67 + 0.00 +
2.08)* 3.51)? 0.00
n-hexane (18.00 + (20.67 + 0.00 £
2.64)* 3.51)% 0.00
S.aureus(clinical Ethanol (16.67 + (16.33 + 0.00 +
isolate) 3.05)° 1.52)° 0.00
Methanol (14.67 + (16.33 + 0.00 +
1.52)° 1.52)° 0.00
n-hexane (0.00 + (16.33 + 0.00 +
0.00) 1.52)° 0.00
E.coli(ATTC 35218) Ethanol (0.00 £ (18.67 + 0.00 +
0.00)¢ 3.05)? 0.00
Methanol (5.67 + (18.67 + 0.00 £
0.57)> 3.05)° 0.00
n-hexane (0.00 £ (18.67 £ 0.00 +
0.00)¢ 3.05)* 0.00
E.coli(clinical Ethanol (0.00 £ 0.00) (15.00 + 0.00 +
isolate) 1.73)° 0.00
Methanol (0.00 + 0.00) (15.00 + 0.00 +
1.73)° 0.00
n-hexane (0.00 £ 0.00) (15.00 + 0.00 +
1.73)° 0.00
P.aeruginosa(ATTC Ethanol (0.00 + 0.00) (20.67 + 0.00 +
27853) 1.52)* 0.00
Methanol (0.00 + 0.00) (20.67 + 0.00 +
1.52)* 0.00
n-hexane (0.00 + 0.00) (20.67 + 0.00 +
1.52)* 0.00
S.typhimurium(ATTC Ethanol (18.67 + (22.33 £ 0.00 +
1333) 2.52)4 0.57)% 0.00
Methanol (29.00 + (22.33 £ 0.00 +
2.64)° 0.57)? 0.00
n-hexane (10.00 + (22.33 + 0.00 +
2.00) 0.57) 0.00

*Values were means of triplicate determinations. Values of the same column
followed by different letters are significantly different at (p < 0.05). Where “IZ:
Inhibition zone, SD: Standard deviation”.
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the mean inhibition zone of ethanol and methanol mixed plant extracts
against S. aureus (ATCC43300). However, the mean inhibition zone of n-
hexane of mixed plant extract (14.67 + 1.15) was significantly (p =
0.00) less than the mean inhibition zone of ethanol and methanol mixed
plant crude extracts against this test bacterium. The mean inhibition
zone of mixed plant crude extracts of ethanol and methanol on S. aureus
(clinical isolate) did not show any significant difference. Whereas, the
mean inhibition zone (31.00 + 1.73 mm) of mixed plant methanol crude
extracts was statistically significant (p = 0.00) greater than the mean
inhibition zone (13.33 £ 2.51 mm) of ethanol and mean inhibition zone
(8.00 + 2.64 mm) of n-hexane mixed plant crude extracts against
S. typhimurium (ATCC1333) (Table 5).

When comparing the mean inhibition zone of the commercial anti-
biotic disc Gentamycin with mixed plant crude extracts, there was no
statistically significant difference (p > 0.05) between the mean inhibi-
tion zone of ethanol and methanol mixed plant crude extracts against S.
aureus (clinical isolate) While, the mean inhibition zone (25.67 & 2.51)
of ethanol extract of the mixture against S. aureus (ATCC 43300) and
methanol extracts of the mixture against S.typhimurium (ATCC 1333)
was statically significant (p > 0.05) greater than Gentamycin disc. The
highest inhibition zone (31.00 + 1.73 mm) of methanol extracts of
mixed plant was recorded against S. typhimurium (ATCC1333) while the
lowest inhibition zone (7.67 + 0.57 mm) of ethanol extracts of the
mixed plant was recoded against E. coli (ATTC35218).

Table 5
Comparison of mean inhibition zone of ethanol, methanol, and n-hexane solvent
extracts of synergism against test bacteria.

Test organism solvents Mean IZ(mm) Positive and negative
+SD controls
Gentamycin DEMO
S.aureus(ATTC Ethanol (25.67 + (19.23 + 0.00 +
43300) 2.51)* 1.51)* 0.00
Methanol (22.67 &+ (19.23 + 0.00 =
2.08)* 1.51)* 0.00
n-hexane (14.67 + (19.23 + 0.00 +
1.15)° 1.51) 0.00
S.aureus(clinical Ethanol (19.00 £ (17.63 + 0.00 +
isolate) 7.55) 2.35)° 0.00
Methanol (17.00 + (17.63 + 0.00 +
2.64)° 2.35)° 0.00
n-hexane (0.00 + (17.63 + 0.00 +
0.00) 2.35)° 0.00
E.coli(ATTC 35218) Ethanol (7.67 + (19.84 + 0.00 +
0.57)°¢ 2.16)° 0.00
Methanol (8.67 + (19.84 + 0.00 £
3.05)* 2.16) 0.00
n-hexane (0.00 + (19.84 + 0.00 +
0.00)¢ 2.16)* 0.00
E.coli(clinical Ethanol (0.00 + 0.00) (15.67 + 0.00 +
isolate) 2.30)° 0.00
Methanol (0.00 + 0.00) (15.67 + 0.00 +
2.30)° 0.00
n-hexane (0.00 + 0.00) (15.67 + 0.00 +
2.30)° 0.00
P.auroginosa(ATTC Ethanol (0.00 + (21.18 + 0.00 +
27853) 0.00)¢ 1.64)* 0.00
Methanol (9.33 + (21.18 + 0.00 +
2.08)¢ 1.64) 0.00
n-hexane (0.00 + (21.18 + 0.00 +
0.00)¢ 1.64)* 0.00
S.typhimurium(ATTC Ethanol (13.33 + (21.67 + 0.00 £
1333) 2.51)¢ 0.57)? 0.00
Methanol (31.00 £ (21.67 + 0.00 +
1.73)f 0.57)* 0.00
n-hexane (8.00 + (21.67 + 0.00 +
2.64)8 0.57)? 0.00

*Values were means of triplicate determinations. Values of the same column
followed by different letters are significantly different at (p < 0.05). Where “IZ:
Inhibition zone, SD: Standard deviation”.
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3.4. Determination of the minimum inhibitory concentration (MIC)

3.4.1. Minimum inhibitory concentration (MIC) of V. auriculifera

The MIC value of ethanol and methanol crude extracts of
V. auriculifera against S. aureus (ATCC43300), S. aureus (clinical isolate),
and methanol crude extract of the plant against P. aeruginosa
(ATCC27853) was 6.25%. Whereas, the MIC value of ethanol and
methanol crude extracts of the plant against E. coli (ATCC35218),
ethanol crude extract of the plant against P. aeruginosa (ATCC27853),
and ethanol crude extract of the plant against S. typhimurium
(ATCC1333) was 12.5%. Moreover, the MIC value of methanol crude
extract of the plant against S. typhimurium (ATCC1333) was 3.125%
which was the lowest MIC value of the plant crude extracts against the
test organism (Fig. 4).

3.4.2. Minimum inhibitory concentration (MIC) of B. Polystachiya

The MIC value of ethanol and methanol crude extracts of the plant
against S.aureus (ATCC43300) was 6.25%. While, the MIC value of
ethanol and methanol crude extract s of the plant against S.aureus
(clinical isolate), methanol crude extracts of the plant against E.coli
(ATCC35218), and ethanol crude extracts of the plant against
S. typhimurium (ATCC1333) were 12.5% and which were the highest
MIC value of the plant extracts against the test bacteria. The least MIC
value of 3.125% was recorded by methanol crude extracts of the plant
against S. typhimurium (ATCC1333) (Fig. 5).

3.4.3. Synergetic minimum inhibitory concentration (SMIC)

The MIC value of the mixture of V. auriculifera and B. polystachiya
was indicated. The MIC value of ethanol and methanol crude extracts of
the two plant mixture against S. aureus (ATCC43300) was 6.25%.
However, ethanol and methanol crude extracts of the two plant mixture
against S. aureus (clinical isolate) and E. coli (ATCC35218) had equal
MIC values (12.5%). Moreover, methanol crude extract of the two plant
mixture against P. aeruginosa (ATCC27853) and ethanol crude extract of
the two plant mixture against S. typhimurium (ATCC1333) were also
12.5%. While the MIC value of methanol crude extract of the two-plant
mixture against S. typhimurium (ATCC1333) was 3.125% and which was
the least MIC value of the two-plant mixture against the test organism
(Figs. 5 and 6).

3.5. Determination of the minimum bactericidal concentration (MBC)

3.5.1. Minimum bactericidal concentration (MBC) of V. auriculifera

The MBC value of ethanol and methanol crude extract of
V. auriculifera against S. aureus (ATCC43300) and the methanol crude
extract of the plant against P. aeruginosa (ATCC27853) had equal MBC
values (12.5%). However, the MBC value of ethanol and methanol crude
extract of V. auriculifera against E. coli (ATCC35218), ethanol crude
extract of V. auriculifera against P. aeruginosa (ATCC27853), and
S. typhimurium (ATCC1333) had the same MBC value (25%). The lowest
MBC value (6.25%) were recorded by ethanol and methanol crude ex-
tracts of V. auriculifera against S. aureus (clinical isolate) and methanol
crude extract of V. auriculifera against S. typhimurium (ATCC1333)
(Fig. 7).

3.5.2. Minimum bactericidal concentration (MBC) of B. Polystachiya

Ethanol and methanol crude extracts of B. polystachiya against
S. aureus (ATCC43300) and ethanol crude extract of B. polystachiya
against S. aureus (clinical isolate) and S. typhimurium (ATCC1333) had
equal MBC values (12.5%). The maximum MBC value of 25% was
observed on methanol crude extract of B. polystachiya against S. aureus
(clinical isolate) and E. coli (ATCC35218). While the minimum MBC
value of 6.25% was observed on methanol crude extract of B.poly-
stachiya against S. typhimurium (ATCC1333) (Fig. 8).
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Fig. 5. MIC of B. polystachiya against the test organisms.

3.5.3. Synergetic minimum bactericidal concentration (SMBC)

The MBC value of methanol crude extract of the two plant mixture
against S. aureus (ATCC43300) and ethanol crude extract against
S. aureus (clinical isolate) was 12.5%.

Methanol crude extract of the mixture against S. aureus (clinical
isolate), E. coli (ATCC35218), and P. aeruginosa (ATCC27853), and
ethanol extract of the mixture against E. coli (ATCC) and S. typhimurium
(ATCC 1333) had equal MBC values (25%) and which were the
maximum MBC values of the extracts against the test organism. But the
minimum MBC value (6.25%) were observed on ethanol crude extract of
the two plant mixture against S. aureus (ATCC43300) and methanol
crude extract of the mixture against S. typhimurium (ATCC1333) (Fig. 9).

4. Discussion

The result of this study revealed that the ethanol and methanol ex-
tracts of V. auriculifera showed the presence of most of the bioactive
compounds. Thus, the finding agreed with the previous result that
methanol extracts of V. auriculifera steroids and alkaloids were absent

[17]. It also showed that the ethanol and methanol crude extracts of
B. polystachiya were rich sources of most bioactive compounds. This
result was in line with the study done by previously [28].

In this study three extraction solvents namely, ethanol, methanol,
and n-hexane were used for the extraction of both plants. Among these
solvents n-hexane, crude extracts of V. auriculifera did not show any
inhibitory activity against all the tested microorganisms except little
effect on the extract of B. polystachiya against S.aureus (ATCC43300) and
S. typhimurium (ATCC1333). This could be the plant material contains a
high level of polar compounds that are soluble in solvents with high
polarity such as ethanol and methanol and these differences in the po-
larity of the extraction solvents could cause a wide variation in the level
of bioactive compounds in the extract [29].

The result of this study indicates that ethanol and methanol leaf
crude extracts of V. auriculifera showed excellent inhibitory activity
against S. aureus (ATCC43300), S. aureus (clinical isolate), and
S. typhimurium (ATCC1333) and it was showed moderate inhibitory
activity against E. coli (ATCC 35218) and P. aeruginosa (ATCC 27853).
This result was supported by previous reports, triterpenoids isolated
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Fig. 7. MBC value of V. auriculifera against the test organisms.

from V. auriculifera possess antibacterial activity [30], and methanol leaf
extract was promising antibacterial activity against S. aureus [17].

In this study ethanol and methanol leaf crude extract of
B. polystachiya also showed excellent antibacterial activity against
S. typhimurium (ATCC1333) followed by S. aureus (ATCC43300) and
S. aureus (clinical isolate). But it had not any inhibitory activity against
E. coli (ATCC 35218), E. coli (clinical isolate), and P. aeruginosa (ATCC
27853) except methanol extract of the plant that showed very weak and
negligible antibacterial potential against E. coli (ATCC 35218). A similar
result was reported earlier, methanol extracts of B. polystachiya showed
good antibacterial activity against S. aureus (ATCC 2923). However, the
mean inhibition zone of methanol extract of B. polystachiya against
E. coli (ATCC 35218) was slightly lower than the result obtained

methanol extract of B. polystachiya against E. coli (ATCC 2592) [31].

Interestingly, the mean inhibition zone of methanol crude extract of
both plants was surprising that a higher inhibition zone was recorded
against gram-negative bacteria S. typhimurium (ATCC 1333) but the rest
of gram-negative bacteria showed a lower inhibition zone than gram-
positive bacteria by the two plant extracts. This indicates that the sus-
ceptible nature of these bacterial species could be due to the differences
in the resistance mechanisms to the bioactive compounds perceived in
each crude solvent among the test bacteria. For example, P. aeruginosa
and E. coli have the inherent ability to produce different resistance
mechanisms like efflux pumps [32].

In the study, the ethanol and methanol leaf crude extracts of a
mixture of V. auriculifera and B. polystachiya mean inhibition zone of the
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Fig. 9. MBC value of synergism of the two plants against the test organism.

synergetic antibacterial effect against S.aureus (ATCC 43300) was
significantly (p < 0.05) greater than the mean inhibition zone of the
individual plant extract alone. Likewise, the methanol leaf crude extract
of V. auriculifera and B. polystachiya mean inhibition zone against
S. typhimurium (ATCC1333) was greater than the mean inhibition zone
of the individual plant alone. However, the mean inhibition zone of
ethanol extract of V. auriculifera against S. aureus (clinical isolate) was
significantly (p < 0.05) greater than the mean inhibition zone of
B. polystachiya and the synergism. Similarly, the mean inhibition zone of
methanol extracts of V. auriculifera against E. coli (ATCC 35218) was also
significantly greater than the mean inhibition zone of B. polystachiya and
the synergism. The possible reason for the enhanced antibacterial ac-
tivity of the crude extracts may be due to the synergetic or additive effect
of the plant secondary metabolites.

The MIC and the MBC values of the crude extracts of V. auriculifera,
B. polystachiya, and a mixture of them lie between (3.125%-12.5%) and
(6.25%-25%) respectively. This result indicates that the most suscepti-
ble bacteria S. typhimurium (ATCC1333) was inhibited by the lowest
concentration of the antibacterial agent. These MIC values were the least
compared to the earlier report [31], and documented MBC values of

50% and above for many of the tested pathogenic bacterial organisms
[33]. Despite there being no previous reports available for better com-
parison, V. auriculifera and B. polystachiya extracts and a mixture of them
showed reasonably outstanding antibacterial activity to all tested
pathogenic bacteria except E. coli (clinical isolate). This variation might
be the nature of the resistance mechanism of the bacteria or the extract
bioactive compounds against the test bacteria.

As a limitation, this study didn’t isolate and identify the active
compounds involved in the antibacterial activity of the plant’s. For the
current antibacterial activity, a small number of test microorganisms
were used.

5. Conclusion

V. auriculifera and B. polystachiya contain potential antibacterial
components that may be of great use for the development of pharma-
ceutical industries as a therapy against the disease especially caused by
S. aureus and S. typhimurium. The ethanol and methanol extracts of
V. auriculifera and B. polystachiya possess significant inhibitory effect
against tested pathogens and the antibacterial activity of both plant leaf
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extracts were greater than the activity of currently used antibiotics
(Gentamycin) against some selected organisms. Therefore, this study
provides scientific support for the traditional use of the two plants in the
treatment of bacterial infections.
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