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Background: Although traditional healers in Ethiopia have a long history of using medic
inal plants to treat diseases in animals and humans, studies on the antibacterial activities and 
potential bioactive ingredients of most medicinal plants have been insufficient. Therefore, 
this study aimed to evaluate the in-vitro antibacterial activities and to screen phytochemical 
constituents of selected medicinal plants against reference bacterial strains.
Methods: The fresh and healthy roots of Echinops amplexicaulis, fruits of Ruta chalepensis, and 
leaves of Salix subserrata were collected from West Shewa Zone, Ethiopia. Agar well diffusion 
and agar dilution methods were used to evaluate antibacterial activities and minimum inhibitory 
concentrations (MIC). All the crude plant extracts were tested against Staphylococcus aureus, 
Streptococcus pneumoniae, Escherichia coli and Pseudomonas aeruginosa at concentrations of 
100, 50, and 25 mg/mL in each triplet (3x). MIC of crude extracts ranging from 1.5625 to 
12.50 mg/mL was applied to all bacterial strains. The positive control was ciprofloxacin disk (5 
μg) and the negative control was 5% dimethyl sulfoxide. The presence of secondary metabolites of 
each crude extract was screened. The group means comparisons were done using one-way 
ANOVA and results were presented as mean ± standard deviation.
Results: Although all selected plant extracts had shown antibacterial activities, methanol 
extracts had a greater zone of inhibition against all reference bacterial strains when compared 
to petroleum ether extracts. The growth of P. aeruginosa was inhibited at a minimum 
concentration of both methanol and petroleum extracts (1.5625 mg/mL) when compared to 
the remaining bacterial strains. Phytochemical screening showed that saponins and alkaloids 
were found in all crude plant extracts, while phytosterol was meager.
Conclusion: This study revealed that all tested plants had significant secondary metabolites 
and antibacterial activities against reference bacterial strains.
Keywords: antibacterial activity, crude plant extract, ethnomedicine, methanol, petroleum 
ether

Introduction
Ethnomedicine is a holistic study of indigenous knowledge of traditional medicine, 
socio-cultural experience, and the environment as it relates to health care and 
animal husbandry.1 Ethnomedicinal practice has been developed through trial and 
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error, which later on is supported by actual 
experimentation.2 Also, ethnoveterinary medicine is often 
undertaken as part of a community-based approach that 
serves to improve animal health and provide basic veter
inary services, most commonly in rural areas.3 Since 
plants are rich in phytochemicals (secondary metabolites), 
they are naturally occurring substances and provide health 
benefits. Alkaloids, flavonoids, tannins, phenols, saponin, 
steroids, glycosides, and terpenes are some of the plant’s 
major secondary metabolites4 that have antioxidant, anti- 
inflammatory, anti-cancer, and anti-microbial properties.5 

According to the WHO reports, at least 80% of people in 
developing countries depend largely on indigenous prac
tices for the control and treatment of various diseases 
affecting both humans and animals.6 In most developing 
countries where there is a shortage of animal health facil
ities and veterinarians, ethnoveterinary medicine provides 
alternative treatments for animal diseases that are locally 
available and usually cheaper than the standard treatments 
because livestock holders can prepare and use homemade 
remedies with least cost.7,8

Echinops amplexicaulis (“Kosorruu Harree” in Afan 
Oromo) belongs to the family Asteraceae and its species 
are found in Eastern and Southern Europe, Tropical North 
and East Africa, and Asia.9 Traditional medicine practi
tioners in Uganda used the entire root of this plant to treat 
HIV/AIDS and related conditions.10 This plant is also used 
to treat ulcerative lymphangitis and hepatitis.9 The fre
quently described application is to treat symptoms like 
inflammation, pain, and fever, and ailments related to the 
respiratory tract, including cough and sore throat.11 

Members of the genus have been used as an 
aphrodisiac,12 facilitation of expulsion of retained placenta 
and delivery,13,14 as an abortifacient,15 treatment of uterus 
tumor,16 and leucorrhoea.17 E. bannaticus Rochel ex 
Schrad, E. cornigerus D.C., and E. polyceras Boiss are 
the species of Echinops that have been used in the man
agement of kidney stones.18–20

Ruta chalepensis belongs to the Rutaceae family, 
which is distributed in temperate and tropical countries.21 

The decoction of R. chalepensis is used as a medicinal 
remedy against the evil eye and for “spiritual cleansings”, 
whereas the infusions of its fresh leaves are widely used as 
a treatment for gastric disorders, headache, and rheuma
tism. It is also reported for its diuretic, anti-inflammatory, 
and anti-spasmodic properties.21 This plant has also been 
used as a mosquito repellent, an antidote to snake and 

scorpion venom poisoning, and as a poultice for bites 
and stings.22

Salix subserrata (Alaltuu in Afan Oromo) is 
a deciduous bush or small tree 2–10 m tall that grows 
along streams throughout Africa. The leaf furnishes 
a laxative for human and veterinary medicine. Roots are 
used in medicines that help cure stomach pains, fever, and 
headaches. Crushed leaves of S. subserrata are also 
reported to be used in treating patients with rabies after 
mixing with milk.23

Escherichia coli is a Gram-negative bacillus found in 
the large intestine and excreted naturally through the feces 
and urinary tracts. It is one of the most frequent causes of 
many common bacterial diseases including cholecystitis, 
bacteremia, cholangitis, urinary tract infections and trave
lers’ diarrhea, and other clinical infections, such as neona
tal meningitis and pneumonia.24

Pseudomonas aeruginosa is also a gram-negative, rod- 
shaped, and mono flagellated microorganism. It has 
a pearlescent manifestation and a grape or tortilla. This 
organism grows well at 25–37°C and its ability to grow at 
42°C distinguishes it from other Pseudomonas species.25

Staphylococcus aureus is a gram-positive coccus that 
colonizes the nasal mucosa and skin of healthy indivi
duals. The organism can cause a wide range of diseases 
ranging from skin or soft tissue infections to systemic and 
fatal diseases.26 S. aureus possesses a specific virulence 
factor called coagulase, which plays a significant role in 
biofilm formation during S. aureus infection. Coagulase 
binds to host prothrombin and forms active staphylothrom
bin complexes that convert soluble monomeric fibrinogen 
into self-polymerizing insoluble fibrin and activates 
a coagulation cascade.26

Streptococcus pneumoniae is a gram-positive faculta
tive anaerobe, currently one of the most considerable 
pathogens worldwide. It is a major cause of bacterial 
pneumonia, meningitis, and sepsis.27 It is also the principal 
cause of potentially life-threatening community-acquired 
disease and is associated with a predictable global mortal
ity rate which is of the same order of magnitude as that of 
tuberculosis, and subsequent investigation has identified 
a unique mechanism of penicillin resistance in this 
bacterium.28

Antimicrobial resistance is spreading at an alarming 
rate, making treating bacterial infections in animals and 
humans more difficult. Even modern medicines have failed 
to treat those resistant bacteria since they are developing 
resistant behavior.29 Therefore, it is logical to search for 
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alternative methods to manage infectious diseases. 
Ethnomedicinal practices are believed to be one of the 
potential bases for the development of safe and effective 
treatments. Ethiopia has a long history of a traditional 
health care system, but studies on traditional medicinal 
plants (TMP) have been limited in comparison to the 
country’s multiethnic, cultural, and flora diversity.30 Also, 
the use of medicinal plants to treat infections is an old 
practice in large parts of Ethiopia to solve health problems 
for livestock and humans.31–36 However, most of these 
experiences are not documented and supported by scien
tific experiments. Among medicinal plants, leaves of 
S. subserrata, fruits of R. chalepensis, and roots of 
E. amplexicaulis were frequently used for the treatments 
of disease-causing bacterial strains like S. aureus, E. coli, 
S. pneumoniae, and P. aeruginosa. Therefore, the objective 
of the current study was to evaluate the in-vitro antibacter
ial activities and to screen major phytochemical constitu
ents of selected medicinal plants against reference 
bacterial strains.

Materials and Methods
Description of Plant Collection Areas
Plants were collected from the Ejere, Toke Kutaye, and 
Dendi districts of West Shewa, Oromia Regional State, 
Ethiopia from December 2019 to January 2020. Ejere 
woreda is in the central part of Ethiopia with longitude 
and latitude of 9.03° N 38.40° E and 9°2ʹN 38°24ʹ with an 
elevation of about 2360 MASL (meters above sea level). 
While Toke Kutaye district is located 162 km west of the 
capital city, Addis Ababa and the area lies within central 
Ethiopia with altitudes ranging from 1580 to 3194 MASL. 
It receives an annual rainfall of 800–100 mm and has an 
annual temperature range of 10–29 °C. Dendi is located 
79 km west of Addis Ababa, and 35 km east of Ambo. The 
area lies within the central country with altitudes ranging 
from 2000 to 3288 MASL. It receives an annual rainfall of 
750–1170 mm and has an annual temperature range of 9.3° 
C-23.8°C. The traditional knowledge and practice of eth
nomedicine areas are well known. Moreover, the area is 
rich in different natural resources. For instance, “Chilimo” 
forest is the main source of the medicinal plant for local 
practitioners.37 All the study areas’ soil types ranged from 
loam to clay, and the subsurface horizons were clayey, 
with low percentage base saturation, soil pH, and 
exchangeable cations.38

Study Design
The phytochemical screening test and in-vitro antibacterial 
evaluation were done through a randomized experimental 
design. All experimental tests were done with triplicates 
alongside the positive and negative controls.

Plant Collection and Preparation
Fresh and healthy leaves of S. subserrata, roots of 
E. amplexicaulis, and fruits of R. chalepensis were col
lected after being identified by a botanist from the depart
ment of plant science at Ambo University. The collected 
plant parts were authenticated (herbarium) in the Plant 
Science Laboratory of Ambo University Guder Mamo 
Mezemir Campus, cleaned using sterilized distilled water, 
cut into smaller sizes of about 1–2 cm long, and dried 
under shade at room temperature for 15 (fifteen) days. 
Then, it was ground by using a conventional wooden- 
made pestle and mortar, pounded using an electric grinder 
into a fine powder, and finally kept in a refrigerator (4 °C) 
until used.36,39

Plant Extraction
Although a standardized extraction protocol has not been 
developed for herbal extracts, 20–95% of the solvents 
(polar or/and non-polar) substances are frequently used 
by the herbal medicine industry to prepare plant crude 
extracts.40 All three medicinal plants: E. amplexicaulis, 
R. chalepensis, and S. subserrata were extracted with 
methanol (99.8%) and petroleum ether (99.5%) based on 
the information from the traditional claim and previous 
studies. Two hundred grams of air-dried powdered plant 
materials were placed in a flat-bottom flask filled with 
1000 mL of extracting solvents and macerated for 24 hrs 
over a rotary shaker at 121 rpm. The suspension was 
filtered with Whatman №. 1 paper. The resulting filtrate 
was then concentrated under reduced pressure in a rotary 
evaporator. The gummy residue was further dried, fol
lowed by a water bath and oven at 45 °C and 42 °C, 
respectively, until the solvent was removed. After the 
solvent was evaporated, the remaining crude extracts 
were diluted with 10 mL of sterile distilled water and 
kept in an airtight bottle in the refrigerator until the experi
ment was carried out.36

Preliminary Phytochemical Test
According to the concept of Pandey and Tripathi,41 each 
crude extract was tested for the presence of secondary 
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metabolites that might be playing a significant role in the 
antibacterial activities of medicinal plants. Accordingly, 
each plant was tested for the presence of alkaloids, sapo
nins, phenols, tannins, flavonoids, and phytosterols.

Test for alkaloids: 0.25 gm of the crude extract was 
added to five drops of HCl and then it was filtered and 
finally the filtrate was mixed with Wagner’s reagents to 
form a Brown or precipitate which indicates the presence 
of an alkaloid.

Test for saponin: 0.25 gm of crude plant extract was 
mixed with 20 mL distilled water and shaken in a graduate 
cylinder for 15 minutes to form a foam with a 1 cm layer 
indicating the presence of saponin.

Test for phenol: 0.25 gm of the crude extract was 
added to 4 drops of FeCl3 for the formation of a blue- 
black color which indicates the presence of phenols and 
this test is considered as a ferric chloride test.

Test for tannin: 0.25 gm of the crude extract was added 
to 1% gelatin solution containing NaCl for the formation 
of a precipitate, which in turn indicates the presence of 
tannin in the crude extract.

Test for flavonoid: Using an alkaline reagent test, a few 
drops of NaOH solution were added to the crude extract 
for the formation of an intense yellow color that becomes 
colorless and the addition of 10 drops of 1% hydrochloric 
acid showed the presence of flavonoids.

Test for phytosterol: The Szarkowski test was con
ducted by adding a few drops of chloroform to 0.25gm 
of crude extract and then filtered. The filtrate was then 
mixed with a few drops of concentrated H2SO4, shacked, 
and left to stand for a few minutes to obtain a golden 
yellow color, indicating the presence of phytosterols in 
the crude extract.

Source of Bacterial Strains
Reference bacterial strains, namely S. aureus (ATCC 
25923), S. pneumoniae (ATCC 49619), E. coli (ATCC 
25922), and P. aeruginosa (ATCC 27853) were utilized to 
evaluate antibacterial activities of crude plant extracts. These 
four American-type cell cultures (ATCC) were aseptically 
collected from the Ethiopian Public Health Institute (EPHI), 
Addis Ababa, and transported under the cold chain.

In-vitro Antibacterial Activity Test
The bacterial strains were cultured on blood agar plates at 
37 °C for 18–24; then, pure colonies were transferred to 
the nutrient agar plate. Four to five bacteria colonies were 
inoculated into the nutrient broth and incubated for 2–6 

hrs. Each cultured isolate was compared with 0.5 
McFarland turbidity standards. Sterile physiological saline 
solution was used to standardize the turbidity of the 
isolates.

Agar-Well Diffusion Method
After inoculation of the bacteria with sterile swabs on 
the surface of Mueller Hinton agar plates, it was left to 
dry at room temperature. Four holes were made on the 
surface of the Mueller Hinton agar plate at equal dis
tances from each other using a 6 mm diameter cork 
borer. The holes were then filled with the test sample 
(crude plant extracts) at a concentration of 100, 50, and 
25 mg/mL, and negative control (5% DMSO). An anti
biotic disk, ciprofloxacin (5 μg), was placed on the 
surface of the agar plate as a positive control.42 The 
experiment was repeated three times (3x). The plates 
were then left at room temperature for about an hour 
to favor diffusion and incubated at 37°c for 24 hrs. 
After 24 hrs. of incubation, the antibacterial activity 
was evaluated by measuring the diameter of the zone 
of inhibition including the hole.43

Minimum Inhibitory Concentration 
(MIC): Agar Dilution Method
The minimum inhibitory concentration (MIC) of all crude 
extracts was evaluated against S. aureus, P. aeruginosa, 
E. coli, and S. pneumoniae. A 5% Dimethyl sulfoxide 
(DMSO) was used to dilute crude plant extracts. Then, 
after serial dilution, the crude extract (2 mL) was mixed 
with molten Mueller Hinton agar (18 mL) and poured on 
sterilized Petri dishes. The plate was inoculated with the 
standardized (0.5 McFarland standard) bacterial inoculum 
and incubated at 37°C for 24 hrs. The result of bacterial 
inhibition was judged by comparison with growth in posi
tive and negative controls.44

Data Analysis
Data were entered into Microsoft Excel and exported to 
STATA version 14 (1985–2015 Stata Corp) for statistical 
analysis. One-way ANOVA was performed to compare 
group means. The results for zones of inhibition of antibacter
ial activities and MIC were summarized in the form of means 
± standard deviation. If secondary metabolites were present, 
slightly present, and absent, the phytochemical screening 
result was classified as “++”, “+”, and “-”, respectively.
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Results
Phytochemical Screening of Crude Plant 
Extracts
The results of phytochemical screening of both methanol 
and petroleum ether plant extracts (E. amplexicaulis, 
R. chalepensis, and S. subserrata) were summarized 
(Table 1). The methanol extracts of R. chalepensis con
sisted of all tested secondary metabolites. Saponins and 
alkaloids were the most abundant secondary metabolites 
found in all crude extracts, while phytosterol was the least 
abundant.

Antibacterial Activities of the Crude 
Extracts: Agar-Well Diffusion Method
The results of a zone of inhibition (mm, diameter) 
created by antibacterial activities of crude methanol 
and petroleum ether extracts of S. subserrata (Leaf), 
R. chalepensis (Fruit), and E. amplexicaulis plants 
were measured and summarized in Table 2. The con
centration of these crude extracts was classified into 
100, 50, and 25 mg/mL in three replicates and subjected 
to S. aureus, P. aeruginosa, E. coli, and S. pneumoniae. 
The methanol and petroleum ether plant extracts had 
shown a zone of inhibition against the selected bacterial 
strains and had a statistical significance difference 
between and within-group replicates at p <0.05. 
However, petroleum ether extract of S. subserrata 
against S. aureus and P. aeruginosa and methanol 
extracts of R. chalepensis against S. aureus were not 
statistically significant. All crude methanol plant 
extracts had better antibacterial activity when compared 
with petroleum ether extracts.

Minimum Inhibitory Concentration 
(MIC): Agar Dilution Method
The MIC test was done using a serial dilution of crude plant 
extract using 5% DMSO. For extracts showing a diameter 
greater than or equal to 6 mm of the growth inhibition zone 
at 25 mg/mL, MIC was calculated. The methanol and pet
roleum ether crude extracts were applied to all reference 
bacterial strains with concentrations ranging from 
1.5625 mg/mL to 12.5 mg/mL and the results are shown in 
Table 3. Compared to the remaining bacterial strains, 
P. aeruginosa had better antibacterial activities at a lower 
concentration. P. aeruginosa and E. coli were inhibited at 
1.5625 mg/mL concentration by both crude plant extracts.

Discussion
The current study revealed that alkaloids, tannins, sapo
nins, flavonoids, and phytosterols were the secondary 
metabolites found in the crude extract of 
E. amplexicaulis, R. chalepensis, and S. subserrata. The 
methanol extracts of E. amplexicaulis and S. subserrata 
contain most of the secondary metabolites. This is in line 
with a previous study by Najem et al,45 who reported 
saponins, alkaloids, tannins, and flavonoids found in 
methanol extracts of E. amplexicaulis, but phytosterols 
and phenols were absent. Kevin et al9 found small 
amounts of tannins and saponins in E. amplexicaulis 
crude extract but no flavonoids, in contrast to the current 
study. The difference might be due to soil content, geo
graphical area, seasons of plant collection, plant parts, and 
growth stage of the plants. According to Copp,46 second
ary metabolites of the terpenoids’ family had antibacterial 
activities, which may be related to their lipophilic nature 
and thus able to penetrate the bacterial cell wall. In 

Table 1 Results of Preliminary Phytochemical Screening of Selected Medicinal Plants

Plant Name (Part) Solvents Secondary Metabolites

Saponins Alkaloids Flavonoids Phytosterols Phenols Tannins

Echinops amplexicaulis (Root) Methanol ++ ++ + – – +

Petroleum ether + ++ – – – +

Ruta chalepensis (Fruit) Methanol ++ ++ ++ + ++ ++

Petroleum ether + + + – + +

Salix subserrata (Leaf) Methanol ++ ++ – + + –

Petroleum ether ++ ++ – – + +

Notes: ++Present; +Slightly present; −Absence.
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general, the antibacterial activities of plant extracts may be 
associated with the presence of important secondary meta
bolites, which play a significant role in the treatment and 
control of various bacterial diseases, and thus these med
icinal plants are used as alternative medicines.

A study by Emam et al47 indicated that the ethanol 
extract (80%) of the R. chalepensis leaves had alkaloids 
that are suggested to exhibit antifungal activity against the 
three phytopathogenic fungi R. solani, S. rolfsii, and 
F. solani when tested with the disk diffusion technique. 
Also, the secondary metabolites, namely alkaloids, flavo
noids, and tannin of R. chalepensis leaves crude ethanolic 
extract, had anti-acetylcholinesterase inhibition and anti
oxidant activities in the gastrointestinal tract.48,49

The current experimental study showed that all three 
medicinal plants had remarkable antibacterial activities 
against all tested bacteria. This finding supports the tradi
tional use in the treatment of bacterial infections in both 
humans and livestock. In the current study, petroleum 
ether and methanol extracts of R. chalepensis had 
a considerable antibacterial activity against the use of 
gram-positive and gram-negative bacterial species. 
Similarly, Amdouni et al50 used gas chromatography to 
identify the chemical composition of R. chalepensis 
leaves, stems, and roots grown under salt stress, and the 
extract of these plants had antibacterial activity against 
eight bacteria (Salmonella All, Salmonella K, Escherichia 
coli 45AG, Escherichia coli 45AI, Staphylococcus aureus 
9402, Staphylococcus aureus 02B145, Listeria 477 and 
Pseudomonas aeruginosa ATCC 10145).

The methanol and petroleum ether extracts of 
R. chalepensis in the current study showed a higher zone 
of inhibition (21.67 ± 0.5) at 100 mg/mL concentration, 
which is contrary to the report of Seid and Ayisha51 that 

states the leaf extract of R. chalepensis showed the least 
zone of inhibition (2.49 mm). This is because a higher 
amount of secondary metabolites is found in the fruit than 
in the leaf of the indicated plant Krayni et al;52 in this 
study, the fruit part was used but in the previous study it 
was the leaf.

The antibacterial evaluation of the three plants results 
in various sizes of inhibition zones with both solvents 
against both the Gram-positive and Gram-negative bac
teria. In particular, methanol extracts relatively showed 
a greater zone of inhibition (antibacterial activities) com
pared to the petroleum ether extracts. Seid and Ayisha51 

were also reported the same finding in Ethiopia. This is 
associated with the extracting efficiency of methanol to 
liberate most of the biologically active phytochemical 
compounds like flavonoids, tannins, and carotenoids, 
which agrees with the ideas of Bakari et al53 and Felhi 
et al.54 On the other hand, in this study, Gram-positive 
bacterial strains were relatively less sensitive to both the 
petroleum ether and methanol extracts, which is in agree
ment with the results of Fentahun et al.30

The MIC determination test revealed that a different 
minimum concentration of the crude extract was gained in 
three of the plants that could inhibit the growth of the 
reference bacteria. The least MIC value was recorded for 
methanol extract of R. chalepensis against P. aeruginosa 
and E. coli. On the contrary, the higher concentration of 
crude extracts was inhibiting the growth of G-positive 
bacteria, S. pneumoniae. The MIC value is in line with 
the antibacterial activities of this plant on the same bac
teria. This could be logically explained that 
R. chalepensis has a better antibacterial activity on 
G-negative bacteria than G-positives, at least those 
which are tested in this study. On the other hand, the 

Table 3 Minimum Inhibitory Concentrations of Crude Extracts of Selected Medicinal Plants Against Selected Bacterial Strains (mg/ml)

Medicinal Plants (Part) Solvents The MIC of the Crude Extracts (mg/mL)

P. aeruginosa S. pneumoniae S. aureus E. coli

Salix subserrata 
(Leaf)

Methanol 1.5625 6.25 6.25 6.25

Petroleum ether 3.125 6.25 6.25 6.25

Ruta chalepensis 
(Fruit)

Methanol 1.5625 6.25 3.125 1.5625

Petroleum ether 1.5625 6.25 6.25 1.5625

Echinops amplexicaulis 
(Root)

Methanol 3.125 1.5625 3.125 3.125

Petroleum ether 3.125 6.25 6.25 6.25
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MIC values of both the methanol and petroleum ether 
extracts of S. subserrata were 6.25 mg/mL against all 
the tested organisms except for P. aeruginosa in which 
the MIC value was 1.5625 mg/mL and 3.125 mg/mL for 
methanol and petroleum ether extracts, respectively. This 
also indicates that most of the potential phytochemicals 
are better extracted with methanol than petroleum ether. 
Overall, P. aeruginosa is highly susceptible to plant crude 
extracts even with a small dose.

Despite the important finding, in-vivo evaluation of 
antibacterial activities of the selected plants, toxicity stu
dies, and quantification of secondary metabolites were not 
conducted in the current study due to a lack of laboratory 
animals and facilities.

Conclusion
The current study revealed that all tested plants had 
important active phytochemical constituents and antibac
terial activities against reference bacterial strains. 
Methanol extracts of S. subserrata (leaves), 
R. chalepensis (fruits), and E. amplexicaulis (roots) had 
a greater zone of inhibition against all reference bacterial 
strains when compared to petroleum ether extracts. The 
growth of P. aeruginosa was inhibited at a minimum 
concentration of both methanol and petroleum extracts 
when compared to the remaining bacterial strains. 
Saponins and alkaloids were the abundant phytochem
icals found in methanol and petroleum ether extracts of 
S. subserrata (Leaf), R. chalepensis (Fruit), and 
E. amplexicaulis (Roots), while phytosterol was meager. 
In addition to the current finding, more research on in- 
vivo antibacterial activity evaluation, toxicity studies, 
and quantitative analysis of secondary metabolites of 
crude extracts using advanced techniques is encouraged.
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