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ABSTRACT

In Ethiopia, the utilization of medicinal plants for the treatment of different illnesses has been common, although their
effectiveness and doses are not unknown. Aralia elata, Coffee arabica, Croton macrostachyus, and Ficus
sycomorus are some of the common cultural medicinal plants in the Benishangul-Gumnz, region of Ethiopia. Leaves
of these plants were extracted using solvents such as methanol, chloroform, and petroleum ether. The inbhibition effect of
the crud exctracts was tested against pathogenic bacterial strains such as Staphylococcus aureus ATCC 25926,
Escherichia coli ATCC 25922, Shigella boydii ATCC 72022, Salmonella typhi ATCC 10535 and
Pseudomonas aeruginosa ATCC 248 wusing disc diffusion method. The Minimum Inbibitory Concentration
(MIC) of the crud extracts was determined by the microplate dilution method. The highest biological yield was 2.32%
Sfrom the chloroform extract of Ficus sycomorus. The maximum inhibition one for petroleum ether extracts was 15
mm against E. coli from Ficus sycomorus at a concentration of 100 mg/ml.. 18 mm in diameter of Staphylococcus
aurous growth was inbibited at 100 mg/ ml of chloroform extract of Croton macrostachyus. Methanol extract from the
plants inbibited the growth of the five pathogens with an inhibition range of 12 mm to 21 mm in diameter. The lowest
inhibitory concentration was 12.5 mg/ml. by the methanol and chloroform exctract of the plant’s leaves against the
pathogens. In general, the methanolic-based crude extract of the plants was the most effective and efficient in ranges of
inbibition.

Keywords: Crude extract, Antibacterial, Medicinal plants, Cultural medicine, Disc diffusion.
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1. INTRODUCTION

The ever-evolving drug-resistant microbes urged researchers to look for potential antibiotics that are
capable of killing or inhibiting the pathogens. Therefore, searches for effective medicinal plants that
are known to have the potential to inhibit or kill pathogens are becoming the major work of

therapeutic industries.

Ethiopia is located in the horn of Africa within a wide range of latitude (3 and 159 and longitude (33
and 48 ). The country is also characterized by a wide range of ecological, edaphic, and climatic
condition that contributes to diverse floral composition. Besides, Ethiopia is known for its ancient

civilization and is home to diverse ethnomedicinal utilization.

The extensive utilization of Aralia elata in the treatment of various ailments, including hepatitis,
rheumatoid arthritis, bruising, lumps, and carbuncles, has been documented in nations such as
China, Japan, and South Korea (Xu et al., 2021). Research indicates that extracts from different parts
of Coffea arabica exhibit antibacterial properties (Duangjai et al., 2016). Notably, hexane and ethyl
acetate extracts derived from coffee leaves have demonstrated efficacy against bacterial pathogens,
including Edwardsiella tarda, Streptococcus agalactiae (Mewaba et al., 2019), and Vibrio cholerae
(Rawangkan et al., 2022). Furthermore, methanol, ethyl acetate, and butanol extracts from the stem
bark of Croton macrostachyus have shown significant antibacterial effects against human pathogens
such as Escherichia coli, Salmonella typhi, Klebsiella pneumoniae, Enterobacter aerogenes, and Listeria
monocytogenes (Obey et al., 2016). In a similar vein, crude leaf extracts of Ficus sycomorus L., using
ethanol, methanol, and acetone, have proven effective against resistant strains of Szaphylococcus anreus,

Acinetobacter baumannii, Salmonella typhi, and Escherichia coli (Saleh et al., 2015).

In Ethiopia, particularly in the Benishangul-Gumuz region, different parts of plants have been used
for the treatment of different diseases. However, the effectiveness of the plant’s extract in inhibiting
some of the pathogens is scientifically not proven. Therefore, this experiment is aimed at
investigating the antibacterial effect of cultural medicinal plants extracted from leaves of Aralia elata,

Coffee arabica, Croton macrostachyus, and Ficus sycomorus.
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2. MATERIALS AND METHODS
2.1. Description of the Sampling Area

Leave samples of the medicinal plants were collected from Mao-Komo district, Benishangul-Gumuz
Region of Ethiopia. Mao-Komo district is found within the coordinates of 9’00N- 9’4°00N latitude
and 34" 007-4400"E longitude (Fig. 1). The altitude and temperature of the area are in the range of
15-23 m a.s.l. and 17-27 °C, respectively. The district has an unimodal type of rainfall that ranges
from 900 to 1400 mm; the highest rain was during the summer (June, July, and August). Mao-Komo
district is bordered by two countries: South Sudan in the west and Sudan Republic in the north.

Bamboo is an abundant plant in the district, along with some other indigenous plant species.
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Fig. 1. Map of the sampling area in Ethiopia, Mao-Komo, Benishagul Gumuz region
(Source Ethio- GIS)

The major ethnic groups living in the district are Mao and Komo, although Oromo, Barta, and
Fedhashi are also living in the area. The livelithood of the indigenous community is mixed small-scale
farming, and they are mostly vegetatian.
2.2. Plant Specimen Collection and Identification
Ethnobotanical data were collected from elders and herbalists of the district using semi-structured
interviews. Thus, information regarding the local names of medicinal plants, specific locations, parts

of plants commonly used as medicine, preparation, and method of utilization was organized based
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on the consent of confidentiality. Five major plant species known for their medicinal value were
identified, and leaf samples of the plants were taken to Wollega University Herbarium for
identification as shown in Fig. 2. The plants were identified as Coffee arabica (fig. 2a), Aralia elata (fig.
2b), Croton macrostachyns (fig. 2c), and Ficus sycomorns (fig. 2d). According to herbalists, leaf extracts of
these plants are commonly used for wound healing and relief of stomachaches among the

indigenous people.

(a) Coffee Arabica (b) Aralia elata

(c) Croton macrostachyus (d) Ficus sycomorus

Fig. 2(a-d). Pictures of medicinal plants used for the study
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2.2.1. Leaf Sample Collection And Preparation

Sufficient plant leaves from their actively growing part were collected in a paper bag and washed
with sterile water to get rid of soil particles. The samples were dried in open air under shade for two
weeks (Ebadi et al., 2015). The dried leaves were meshed with a hand and ground to 400 um in an

electric miller. It was sieved to screen out the appropriate size (Azwanida, 2015).

2.2.2. Plant Crude Extraction

The maceration technique was used for the extraction of plants’ leaves using methanol, chloroform,
and petroleum ether as solvents at room temperature. 2 g of each sample was dissolved separately in

100 ml of the solvents in flasks, and the solution was shaken on a rotary shaker for 48 hr.

2.2.3. Filtration and Concentration

The extract was filtered using filter paper (Whatman 1), and the filtrate was concentrated using a
rotary evaporator. Afterward, the product was air-dried and the yields were recorded. The yield was
obtained by dividing the weight of the dry extract by the weight of the sample used for extraction

(Alshammaa, 2016). The extracts have been kept in a cooling room (4 °C).

2.2.4. Source of Test Organisms

The test organisms utilized in this study included Staphylococcns anrens ATCC 25926, Escherichia coli
ATCC 25922, Shigella boydii ATCC 12022, Salmonella typhi ATCC 10535, and Pseundomonas aernginosa
ATCC 248. These bacterial strains were originally sourced from the Ethiopian Public Health
Institute (EPHI) and were preserved through freeze preservation in the microbiology laboratory at
Wollega University. To activate the cultures, they were incubated in Mueller-Hinton broth media at
37 °C for 48 hours in a rotary incubator shaker. The purity and viability of the cultures were

confirmed by subculturing on selective and differential agar media.

2.2.5. Antimicrobial Test of the Crude Extracts

The experiments were carried out on Mueller-Hinton agar media utilizing the disc diffusion

technique. 1 ml of actively growing bacterial strains, estimated to have around 10" CFU ml" (0.5
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McFarland Standard), was evenly spread across the agar plates using cotton swabs. The inoculated
plates were allowed to sit at room temperature for 6 minutes to ensure the surface moisture dried
before the extract was applied. Concurrently, sterile filter paper disks (Whatman No. 1, 6 mm in
diameter) were immersed in a 100 mg/mL solution of the plant crude extract prepared with 10%
DMSO. Once the extracts were absorbed, the filter paper disks were placed onto the culture plates.
Control disks of Amoxicillin (30 pg), Erythromycin (15 pg), and Ciprofloxacin (20 ng), along with a
disk soaked in 10% DMSO, were also included. After an incubation petiod of 18 hours at 37°C, the
diameters of the growth-free zones, also known as zones of inhibition, were measured in mm using

a Vernier caliper (De Zoysa et al., 2019).

2.3. Minimum Inhibitory Concentration (MIC) Determination

The antimicrobial efficacy of the crude plant extracts that exhibited inhibitory effects on pathogen
growth was evaluated for the minimum inhibitory concentration (MIC) utilizing the microplate
dilution method with slight modifications. A series of two-fold dilutions of the plant extracts were
prepared in 10% DMSO. Subsequently, 300 pl of each plant extract was combined with 100 ul of
bacterial suspensions, which were prepared from Mueller-Hinton broth, in Eppendorf tubes.
Control tubes were included, containing bacterial suspensions with various concentrations of
antibiotics (positive control) and tubes containing the plant extract without bacterial suspension
(negative control). The cultures were incubated at 35 £ 2°C for 24 hours. The assessment of
antimicrobial activity was conducted by measuring absorbance at 630 nm using a UV-VIS
spectrophotometer (Drawell, DU-8800R). The negative control served as the blank for these

measurements (Mishra et al., 2017).

2.4. Data Analysis

All experiments were conducted in triplicate. The inhibition zone data were analyzed using SPSS
version 20.0 software, and the mean performances were compared employing Tukey's b test at a

significance level of a = 0.05.

3. RESULTS AND DISCUSSION
The yield of the crude extract exhibited variation depending on the type of solvents utilized for
extraction. The highest yield recorded was 2.32% from the methanol extract of Ficus sycomorus,

followed by the petroleum ether extract of Coffee arabica at 1.93%. The lowest yield was observed
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at 1.33% for Aralia elata and Croton macrostachyus, using methanol and petroleum ether solvents,
respectively (Fig. 3). All experiments were conducted in triplicate. Inhibition zone data were
analyzed using SPSS version 20.0 software, and their mean performance was compared employing

Tukey's b at a = 0.05.
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Fig. 3. Leaf Extractable Yield (%) of Aralia elata, Ficus sycomorus, Croton macrostachyus, and Coffee
Arabica by three different solvents
Several factors can influence the yield of crude plant extracts. According to Nawaz et al. (2020), an
increase in solvent polarity correlates with a higher extractable yield in protein-rich seeds. In the
present study, the extractable yield of Aralka elata and Ficus sycomorns improved with increasing
solvent polarity, while the opposite trend was observed for Croton macrostachyus and Coffee arabica (Fig.
3). Previous research has demonstrated a 72% variation in extractable yields for different plants
using a single solvent (El Mannoubi, 2023). Furthermore, the extractable yield is also contingent on
the specific parts of the plant employed for extraction, such as leaves, seeds, or fruits. For instance,
Cha et al. (2009) reported a yield difference of up to 53% in crude extraction between the leaves and
shoots of Aralia elata when using the same solvent and extraction method, with the leaves yielding
the highest amount. The crude extraction yield reported in this study is comparatively lower than
previously documented findings; this may be attributed to factors such as the sample-to-solvent
ratio, extraction method, extraction temperature, and duration of extraction or maceration (Che

Sulaiman et al., 2017).

3.1. Antibacterial Activities of Petroleum Ether-Based Crude Extracts
100 mg/ml of the plant extract using petroleum ether as solvent didn’t inhibit the strains of Shigella

boydii and Staphylococcus anrens. The strains E. coli and Pseudomonas aeruginosa were inhibited only by
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Ficus sycomorns and Avralia elata leaf extracts (Fig. 4), with an average inhibition zone of 15 mm and 7

mm, respectively.

Pseudomonas aeruginosa

Salmonella typhi

Fig. 4. Inhibition potential of the plant extract using Petroleum ether as a solvent against bacterial
pathogens

A strain of Salmonella tyhpi was inhibited by 100 mg/ml of leaf extracts of Coffee arabica and Aralia
elata with an inhibition zone of 10 mm and 8 mm, respectively (Table 1). The highest inhibition was
by extracts of Ficus sycomorus against the strain of E. co/i, which was comparable with inhibition by
Ciprofloxacin (20ug/ml). Similatly, the growth inhibition of Cyffee arabica extract against the stain of
Salmonella tyhpi was comparable with Erythromycin (15ug/ml), and the inhibition potential of .Aralia
elata extract against the strain of Salmonella tyhpi was not significantly smaller than Erythromycin
(15ug/ml) (Table 1).

Table 1: Antibacterial effect of plants’ leaf exctract using petroleum ether as a solvent on disk diffusion method (zone
of inhibition)

No  Plant species Concentrati Inhibition of the test strains of the pathogens (mm)
on E.coli Salmonell — Shigel ~ Staphylococcu  Psendomonas
a tybpi la § aurous aeruginosa
boydii
1 Coffee Arabica 100mg/ml - 10£0.1¢ - - -
2 Aralia elata 100mg/ml - 8+0.4¢ - - 7H1°
3 Ficus sycomorus 100mg/ml  15%0.8% - - - -
4 Croton macrostachyus  100mg/ml - - - - -
s Amoxicillin 30 ug/ml  2740.6° 18+0.7° 1440 25%0.1° 25+0.51"
8
6 Erythromycin 15 pg/ml 23+0.1° 1240.2° 3140 2740.3" 10£0.2
4
7 Ciprofloxacin 20 ng/ml 17£0.2° 1440.1° 1241 2440.1° 30£0.6"
d
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Foot Note: Inbibition ones (mm) designated by the different letters across the column are significantly different from
each other at a=0.05

There is no previous report on the antibacterial characteristics of the plants’ extract using petroleum
ether against the four pathogens. However, an expetiment showed that 10 mg/ml of leaf extracts of
Mimosa pudica using petroleum ether have inhibited Staphylococcus anrons up to 8 mm in diameter
(Akter et al.,, 2010). Therefore, the current result showed the possibility of obtaining bioactive

compounds from the plants using proportional optimization.

3.2. Antibacterial Properties of Chloroform-Based Crude Extracts

100 mg/ml of the four plants’ crude extract using chloroform did not show any inhibition against
the strain of E. coli but on Shigella boydii, Staphylococcus anrens, and Psendomonas aeruginosa (Fig. 5).
However, some crude extracts showed selective inhibition against the other bacterial strains. As
shown in Table 2, 100 mg/ml of chloroform-based leaf crude extract of Aralia elata has inhibited the
Salmonella #y/jpi strain comparable to the inhibition made by Ciprofloxacin (20pg/ml) and
significantly higher than the inhibition made by Erythromycin (15ug/ml).

Staphylococcus aurous Shigella boydii

Pseudomonas aeruginosa

Fig. 5. Inhibition potential of the plant extract using Chloroform as solvent against bacterial

pathogens

Leaf extracts from Fieus sycomorns and Croton macrostachyus by Chloroform showed comparable growth

inhibition against the strain of Staphylococcus aurens with an inhibition zone of 17 mm and 18 mm,
respectively (Table 2). Previous reports also indicated the bioactive properties of Ficus sycomorus leat

extract using the solvent against Staphylococcus aureus, Escherichia coli, and Psendomonas aernginosa at 15—
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60 pg/disc, with the highest inhibition of 19 mm on E. e/ (Mudi et al., 2015). Besides, the leaf

extract of Coffee arabica using chloroform showed growth inhibition against Pseudomonas aernginosa.

Table 2: Antibacterial Effect of plants’ leaf extract using chloroform as a solvent on disk diffusion method (3one of

inhibition)
No Plant species Concentrati Inhibition of the test strains of the pathogens(mm)
on E.coli Salmonella  Shigella  Staphylococcus — Psendomonas
tyhpi boydi anrous aernginosa

1 Coffee Arabica 100mg/ml - - 17£1° - 10+0.6°
2 Aralia elata 100mg/ml - 14409  12403" - -

3 Ficus sycomorus 100mg/ml - - - 17%0.3° -

4 Croton macrostachyus ~ 100mg/ml - - - 18%0.1° -

5  Amoxicillin 30 pg/ml 27+0.6° 18+0.3  14+1¢  25+0.1° 2540.4°
6 Erythromycin 15 pg/ml 23+0.2° 12+0.6°  3140.1° 2740.3" 10+0.8¢
7 Ciprofloxacin 20 ug/ml 1740.3° 1440.5°  1240.6" 2440.2° 30+0.7*

Foot Note: Inhibition zones (mm) designated by the different letters across the column are significantly different from
each other at a=0.05

Although there is no report on the antimicrobial activities of the chloroform extract of Coffee arabica

leaf against Pseudomonas aeruginosa; the current result is comparable with the Chloroform extract of

Cornus macrophylla leaf against the pathogen (Akbar ez al., 2020).
3.3. Antibacterial Properties of Methanol-Based Crude Extracts

Methanol extract of Aralia elata leaf (100mg/ml) inhibited the growth of the five strains of bacterial
species. Salmonella tyhpr, Shigella boydiz, and Pseudomonas aeruginosa were inhibited by the methanol

extract of the four plant species (Fig. 0).

Salmonella typhi

Shigella boydii

Fig. 6. Inhibition potential of the plant extract using methanol as a solvent against bacterial

pathogens
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Foot Note: Coffee Arabica (Ca), Aralia elata (Ae), Croton macrostachyns (Cm), and Ficus sycomorns (Fs).

The maximum growth inhibition was 21mm from Coffee arabica and Aralia elata extract against the
strains of Pseudomonas aernginosa and Salmonella tyhpi, respectively; with the latter significantly higher
than the inhibition by the antibiotics (Table 3).

Table 3: Antibacterial Inhibition Effect of methanol extracts of the plant leaves using disk diffusion method (zone of

inhibition)
No Plant species Concentrati  Inhibition of the test strains of the pathogens(mm)
on E.coli  Salmonella ~ Shigella ~ Staphyloco  Psendomonas
tyhpi boydi ceus aeruginosa
anrous

1 Coffee arabica 100mg/ml - 14£0.2° 16%1% - 21%+0.2°

2 Aralia elata 100mg/ml  14+0.1¢ 21+0.3" 17+1° 1240.6"  19+0.4%

3 Ficus sycomorus 100mg/ml - 8+0.9  14£0.8° 17+0.1°  10+0°

4 Croton macrostachyus ~ 100mg/ml 10£0.4%  1440.7¢  18+0.1°  8+1°

5 Amoxicillin 30 ug/ml  27+0.6" 18+0.6" 14+0.6% 25+0.3" 25+0.1°

6 Erythromycin 15ug/ml  23+0.3" 13+0.2° 31+0.4" 24+04° 10+0.2¢

7 Ciprofloxacin 20 pg/ml  174£0.2°  14£0.3° 124+0.3°  24+0.5"  30£0.7°

Foot Note: Inhibition gones (mm) designated by the different letters across the column are significantly different from
each other at a=0.05

Methanol extract of Coffee Arabic (100 mg/ml) inhibited Salmonella tyhpi proportional to
Erythromycin (15 pg/ml) and Ciprofloxacin (20 pg/ml) (Table 3). Similatly, growth inhibition of
Psendomonas  aeruginosa by methanoic leaf extract of the plants was significantly higher or
proportionate to inhibition of the bacterial species by Erythromycin (15 ug/ml) (Table 3). The anti-
Salmonella tyhpi of methanoic extract of Crofon macrostachyns in the present experiment was higher than
the antibacterial potential in the bark of the plant species (Obey ef al., 2016). Although there is
variation in the antimicrobial potential of crude extracts from different plant parts, variation could
also depend on strains of the pathogen and the type of solvents used for extraction (Adeonipekun ez

al., 2014).

3.4. Minimum Inhibitory Concentration (MIC) of the Crude Leaf Extracts

The minimum inhibitory concentration of the crud extract showed variation. E. co// was sensitive to
100 mg/ml of methanoic-based Aralia elata crude extract and petroleum ether extracts of Ficus
sycomorus. Whereas Staphylococcus anrens was resistant to 100 mg/ml crude extract of Coffee arabica. The

lowest crude concentration that inhibited the growth of the pathogens was 12.5 mg/mL (Table 4).
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Relatively, methanol-based crude extracts of the plants were effective against most pathogens at
lower concentrations.

Table 4: Minimum Inbibitory Concentration (mg/ nl) of leaf Crude Extracts from four Plants using three Solvent

Hpes
Bacteria Coffee arabica Aralia elata Ficus sycomorus Croton macrostachyus
MeO Chl Pet. MeO Chl Pet. MeO Chl Pet. MeO Chl Pet.
H o E H o E H o E H 0 B
E.coli - - - 25 - - - - 25 - - -
Salmonella 25 - 25 125 25 50 50 - - 25 - -
hphi
Shigella 125 125 - 125 25 - 25 - - 25 - -
boydii
Staphylococe - - - 25 - - 12,5 125 - 12,5 125 -
us anreus
Pseudomona 12,5 25 - 12,5 - 50 25 - - 50 - -

§ aeruginosa

Foot Note: MeOH, Methanol; Chlo, Chlorophorm; Pet.EE, Petrolium Ether

In this experiment, 12.5 mg/ml of methanolic crude extract of Aralia elata was able to inhibit the
growth of Salmonella typhi. Similatly, the growth of Shigella boydii was inhibited by 12.5 mg/mL
methanol and chloroform crude extracts of Cyffee arabica and Aralia elata. The lowest concentration
for the methanolic extract of Aralia elata, Ficus sycomorus, and Croton macrostachyus that inhibited
Staphylococcus anrens was 12.5 mg/ml (Table 4). The MIC that inhibited Psexdomonas aeruginosa was 12.5
mg/mL by methanolic crude extract of Coffee arabica and Aralia elata. Previous research on Croton
macrostachyus stem bark showed that 62.5 mg/mL and 125 mg/mL of methanol extract were effective
in inhibiting Escherichia coli and Staphylococcus anreus, respectively, whereas Staphylococcus anrons was
inhibited at 250 mg/mL of the chloroform extract of the plant (Minyamer and Belay, 2018). This
showed that the leaf crude extract contains comparatively higher bioactive compounds as compared
to the crude extract from stem bark.

4. CONCLUSION

Leaf extracts of Aralia elata, Coffee Arabica, Croton macrostachyus, and Ficus sycomorus using solvents such
as petroleum ether, chloroform, and methanol have shown antibacterial activities. However,
antibacterial activities depend on the concentration of the crude extract, the type of solvents used

for extraction, and the natutre of the bacterial pathogens. 100 mg/mlL of methanolic crude extracts
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from the leaves of the plants were effective in inhibiting the growth of Salmonella tyhpi, Shigella boydi,

and Psendomonas aernginosa. The MIC of most of the crude extracts was 12.6 mg/mlL.
Acknowledgment

The authors wish to express their gratitude to the Department of Biology, Wollega University and
the Mao-Komo Health Center in the Benishangul-Gumuz Region of Ethiopia for providing the

essential facilities required to complete this research.

REFERENCES

Adeonipekun, P. A., T. A. Adeniyi, and S. O. Aminu. 2014. “Investigating the Phytochemicals and
Antimicrobial Activities of Shoot and Root of Pycreus Smithianus (Ridl.) CB Clarke (Family
Cyperaceae).” Journal of Botany 2014:761613. https://doi.org/10.1155/2014/761613

Akbar, M., U. Ali, T. Khalil, M. S. Igbal, A. Amin, R. Naeem, A. Nazir, H. M. Waqas, Z. Aslam, and

F I Jafri. 2020. “Cornus Macrophylla, the Antibacterial Activity of Organic Leaf Extracts and
the Characterization of the More Lipophilic Components by GC/MS.” Molecules 25:2395.
https://doi.org/10.3390/molecules25102395.

Akter, A., F. A. Neela, M. S. I. Khan, M. S. Islam, and M. F. Alam. 2010. “Screening of Ethanol,

Petroleum Ether and Chloroform Extracts of Medicinal Plants, Lawsonia Inermis L. and
Mimosa Pudica L. for Antibacterial Activity.” Indian journal of pharmacentical sciences 72:388.
https://doi.org/10.4103/0250-474X.70492

Alshammaa, D. 2016. “Preliminary Screening and Phytochemical Profile of Mangifera Indica Leave’s
Extracts, Cultivated in Iraq” Int. ] Curr. Microbiol.  Appl.  Sa  5:163-173.
http://dx.doi.org/10.20546/ijcmas.2016.509.018

Azwanida, N. N. 2015. “A Review on the Extraction Methods Use in Medicinal Plants, Principle,
Strength and Limitation.” Med aromat plants 4:2167-2412. http://dx.doi.org/10.4172/2167-
0412.1000196

Cha, J.-Y,, H.-Y. Ahn, K.-E. Eom, B.-K. Park, B.-S. Jun, and Y.-S. Cho. 2009. “Antioxidative Activity
of Aralia elata Shoot and Leaf Extracts.”” Journal of Life Science 19:652—658.
https://doi.org/10.5352/]1.5.2009.19.5.652

Che Sulaiman, I. S., M. Basri, H. R. Fard Masoumi, W. J. Chee, S. E. Ashari, and M. Ismail. 2017.

“Effects of Temperature, Time, and Solvent Ratio on the Extraction of Phenolic Compounds

Volume 06 Issue 02 December 2024 ISSN (Online) 2708-2830 ISSN (print) 2707 — 7640


https://doi.org/10.1155/2014/761613
https://doi.org/10.3390/molecules25102395
https://doi.org/10.4103/0250-474X.70492
http://dx.doi.org/10.20546/ijcmas.2016.509.018
http://dx.doi.org/10.4172/2167-0412.1000196
http://dx.doi.org/10.4172/2167-0412.1000196
https://doi.org/10.5352/JLS.2009.19.5.652

Antibacterial Properties of Traditional Medicinal Flora From The Benishangul-Gumuz

Region, Ethiopia www.bhu.edu.et/jikds

and the Anti-Radical Activity of Clinacanthus Nutans Lindau Leaves by Response Surface
Methodology.” Chemistry Central Journal 11:1-11. https://doi.org/10.1186/s13065-017-0285-1
De Zoysa, M. H. N., H. Rathnayake, R. P. Hewawasam, and W. M. D. G. B. Wijayaratne. 2019.

“Determination of in Vitro Antimicrobial Activity of Five Sti Lankan Medicinal Plants against
Selected Human Pathogenic Bacteria.” International journal of  microbiology 2019:7431439.
https://doi.org/10.1155/2019 /7431439

Duangjai, A., N. Suphrom, J. Wungrath, A. Ontawong, N. Nuengchamnong, and A. Yosboonruang,
2016. “Comparison of Antioxidant, Antimicrobial Activities and Chemical Profiles of Three
Coffee (Coffea Arabica L.) Pulp Aqueous Extracts.”” Integrative medicine research 5:324-331.
https://doi.org/10.1016/§.imr.2016.09.001

Ebadi, M. T., M. Azizi, F Sefidkon, and N. Ahmadi. 2015. “Influence of Different Drying Methods
on Drying Period, Essential Oil Content and Composition of Lippia Citriodora Kunth.” Journal
of Applied Research on Medicinal and Aromatic Plants 2:182-187.
https://doi.org/10.1016/j.jarmap.2015.06.001

El Mannoubi, 1. 2023. “Impact of Different Solvents on Extraction Yield, Phenolic Composition, in
Vitro Antioxidant and Antibacterial Activities of Deseeded Opuntia Stricta Fruit.” Journal of

Umm Al-Qura University for Applied Sciences 9:176-184. https://doi.org/10.1007/s43994-023-

00031-y
Mewaba, S. G., E. N. Happi, B. M. N. Nangmou, M. K. Langat, H. Siddique, N. Sadgrove, A. F. W.

Kamdem, J. C. Vardamides, E. Mas-Claret, and S. M. Isyaka. 2022. “Antibacterial Compounds
of the Cultivated Robusta Coffee: Coffea Canephora Pierre Ex A. Froehner.” Scentific African
16:¢01274. https://doi.org/10.1016/j.5ciaf.2022.e01274

Minyamer, T., and G. Belay. 2018. “In Vitro Antibacterial Effects of Chloroform, Methanol and

Water Extracts of Croton Macrostachyus Stem Bark against Escherichia Coli and Staphylococcus
Auwnrens Standard and Clinical Strains.”  The International = Journal of  Biotechnology 7:1-7.
https://doi.org/10.18488 /journal.57.2018.71.1.7.

Mishra, M. P, S. Rath, S. S. Swain, G. Ghosh, D. Das, and R. N. Padhy. 2017. “In Vitro Antibacterial
Activity of Crude Extracts of 9 Selected Medicinal Plants against UTT Causing MDR Bacteria.”
Journal of King Saund University-Science 29:84-95.

Volume 06 Issue 02 December 2024 ISSN (Online) 2708-2830 ISSN (print) 2707 — 7640


https://doi.org/10.1186/s13065-017-0285-1
https://doi.org/10.1155/2019/7431439
https://doi.org/10.1016/j.imr.2016.09.001
https://doi.org/10.1016/j.jarmap.2015.06.001
https://doi.org/10.1007/s43994-023-00031-y
https://doi.org/10.1007/s43994-023-00031-y
https://doi.org/10.1016/j.sciaf.2022.e01274
https://doi.org/10.18488/journal.57.2018.71.1.7

Yohannis et al. Journal of Indigenous Knowledge and Development Studies (JIKDS)

Mudi, S. Y., A. Muhammad, ]. Musa, and Y. Datti. 2015. “Phytochemical Screening and
Antimicrobial Activity of Leaves and Fruits Extract of Ficus Sycomorus.” ChemSearch Journal
6:62—67. https://doi.org/10.1016/}.jksus.2015.05.007

Nawaz, H., M. A. Shad, N. Rehman, H. Andaleeb, and N. Ullah. 2020. “Effect of Solvent Polarity on

Extraction Yield and Antioxidant Properties of Phytochemicals from Bean (Phaseolus Vulgaris)
Seeds.” Bragilian Journal of Pharmacentical Sciences 56:¢17129. https://doi.org/10.1590/s2175-
97902019000417129

Obey, J. K., A. von Wright, J. Orjala, J. Kauhanen, and C. Tikkanen-Kaukanen. 2016. “Antimicrobial

Activity of Croton Macrostachyus Stem Bark Extracts against Several Human Pathogenic
Bactetia.” Journal of pathogens 2016:1453428. https://doi.org/10.1155/2016/1453428
Rawangkan, A., A. Siriphap, A. Yosboonruang, A. Kiddee, G. Pook-In, S. Saokaew, O. Sutheinkul,

and A. Duangjai. 2022. “Potential Antimicrobial Properties of Coffee Beans and Coffee By-
Products against Drug-Resistant Vibrio Cholerae.”  Frontiers in  Nutrition 9:865684.
https://doi.org/10.3389 /fnut.2022.865684

Saleh, B., R. Hammoud, and A. Al-Mariri. 2015. “Antimicrobial Activity of Ficus Sycomorus
L.(Moraceae) Leaf and Stem-Bark Extracts against Multidrug Resistant Human Pathogens.”
Herba Polonica 61:39-49. https://doi.org/10.1515 /hepo-2015-0009

Xu, Y, J. Liu, Y. Zeng, S. Jin, W. Liu, Z. Li, X. Qin, and Y. Bai. 2022. “Traditional Uses,

Phytochemistry, Pharmacology, Toxicity and Quality Control of Medicinal Genus Aralia: A
Review.” Journal of Ethnopharmacology 284:114671. https://doi.org/10.1016/j.jep.2021.114671

Volume 06 Issue 02 December 2024 ISSN (Online) 2708-2830 ISSN (print) 2707 — 7640


https://doi.org/10.1016/j.jksus.2015.05.007
https://doi.org/10.1590/s2175-97902019000417129
https://doi.org/10.1590/s2175-97902019000417129
https://doi.org/10.1155/2016/1453428
https://doi.org/10.3389/fnut.2022.865684
https://doi.org/10.1515/hepo-2015-0009
https://doi.org/10.1016/j.jep.2021.114671

