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ABSTRACT

Conducting research on the medicinal properties of plants in the Biskra region,
southern Algeria, is indeed a valuable and commendable endeavor. The rich
biodiversity of Algerian vegetation provides an excellent opportunity to explore and
understand the potential medicinal properties of various plants. Studying the
antimicrobial activity of plant extracts is a common approach in microbiology and
biochemistry. This method allows researchers to assess the ability of plant compounds
to inhibit bacterial growth. For this purpose, we performed, using standard methods,
the antimicrobial activity of extracts of six spontaneous plant species: Astragalus
depressus L., Atractylis humilus L., Atractylis flava Desf., Euphorbia guyoniana
Boiss. & Reut., Euphorbia bupleuroides Desf. and Aloe vera (L.) Burm. F. against
nine selected bacterial strains.The obtained results revealed that the different extracts
of the studied plants gave different levels of antibacterial activity against all the
microorganisms tested and that the n-butanol extract of Euphorbia bupleuroides at 2
mg showed the highest antibacterial activity with 27.66 mm in zone of inhibition
against E. coli spp., followed by n-butanol extract of Astragalus depressus 5 mg with
21.00 mm inhibition zone against S.aureus ATCC25923 while the others showed
moderate to low activities except for the two extracts A.humilus BuOH 5 mg and
Aloe vera PE 2.5 mg that did not show any effectiveness. From these results we
conclude that S. aureus ATCC25923 and S. aureus ATCC29213 are the most sensitive
strains while E. coli ATCC25922 is the most resistant strain. However, all studied
plant extracts are considered bacteriostatic compared to the MBC / MIC ratio values,
which are > 4. It appears from these results that plant extracts from certain studied
plants have potential applications as natural alternatives for preservation or as
antimicrobial substances. This is likely due to the presence of active substances in
these extracts, which are notable for their specific chemical compositions.
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1. INTRODUCTION

Diseases can infect humans, plants and animals, and in most cases bacteria are the main
cause. Food poisoning, for example, is usually caused by foodborne bacteria such as
Staphylococcus aureus, Bacillus cereus, Listeria monocytogenes, Escherichia coli, and
Salmonella spp. (Zabrodskii, 2020 and Thongphichai et al., 2023), or some other causes like
fungi, parasites, or toxic substance (Abu-Zaida et al., 2022).
Food spoilage is mainly due to several factors, the most important of which is exposure of
foods to heat or humidity for a long period of time, in addition to inadequate preservation and
failure to maintain the cold chain during the production, storage, and transportation. Foods
that are not well preserved are quickly subject to spoilage, and the reason is always their
exposure to bacteria or some other microscopic organisms such as fungi, parasites, and molds,
these factors can multiply and break down the food's organic matter (Mantegazza ef al., 2023).

The ideal way to preserve and protect these foods is to either store them in refrigerators,
which helping to prevent it from being exposed to various microorganisms or to use some
chemical preservatives to inhibit the growth of these pathogens. Perhaps both of these
methods indeed have their own set of advantages and disadvantages, because adding
chemicals to food has both positive and negative effects on the human body. For example, the
refrigeration process can only extend the shelf life of foods for a certain period, and some
foods still have a limited shelf life even when refrigerated. Some chemical preservatives may
have negative health effects when consumed in large quantities, such as allergic reactions, or
may change the taste, texture, or nutritional value of foods (Piskin and Chanda, 2021; Cheng
et al., 2023 and Orlova et al., 2023).

From the early days of humanity to the present day, medicinal herbs have played an active
role in human health care. Some plant powders were used for treatment or as preservatives
(El-Demery et al., 2016), or were used as creams (Mahboubi ef al., 2017), or in the form of
infusions (Chaity et al., 2020), without knowing the active ingredients they contain. Indeed,
there has been a resurgence of interest in herbal treatments, fueled in part by modern scientific
studies that employ analytical methods and laboratory experiments. As technology and
research methods advance, the medical world is gaining a deeper understanding of the
advantages and significance of experimental recipes derived from natural sources (Kebede ef
al, 2021 and Lahsissene et al, 2009). Medicinal plants are considered one of the most
important sources of pharmaceutical research and drug development involves not only
searching for active substances found in plants and using them directly as therapeutic
agents, but also as raw materials for drug synthesis or as models for pharmacologically active

compounds (Najmi ef al., 2022).
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On this basis, there is a lot of research conducted in various pharmacological fields,
especially antimicrobial activities; this is what prompted us to study the antibacterial
activity of extracts of some plants that grow spontaneously in the Biskra region, which are
less exploited or not applied by the population in traditional medicine, it's about two
species of the family Euphorbiaceae: E. guyoniana, E. bupleuroides, two species of the
family Asteraceae: A.humilus, A.flava, one species of the family Fabaceae: As. depressus,
and one species of the family Asphodelaceae: Aloe vera.

E. guyoniana has been the subject of many intensive studies, in terms of chemical
composition; several secondary metabolites have been isolated from this species (Ahmed
et al, 2006; Haba et al., 2013; Haba et al, 2007; Kuasz et al., 2016 and Mohamed-Elamir
et al., 2010). On the pharmacological side, numerous studies have been carried out on the
different extracts (Boumaza ef al., 2018; Boudiar ef al, 2010; Nasrine et al., 2013 and
Palici et al., 2015). For example, the ethanolic extract of the areal parts of this plant was
used against tomato leaf miners in southeastern Algeria and gave positive results, where
revealed that it could constitute a good means of managing Tufa absoluta Meyrick that
might be introducedin sustainable organic agriculture (Lakhdari ef a/., 2020). Same thing,
lots of studies were conducted on the species E. bupleuroides, where many natural
compounds were isolated in the form of terpenoids (Aichour ef al, 2014), another study
showed that E. bupleuroides latexhas an insecticidal effect on Blattella germanica (Azoui
etal., 2016).

The chemical aspect of the A. flava plant was studied by Chabani ef al., 2013 and
2016 where Terpene and flavonic compounds have been isolated,whereas the n-butanol
extract of this plant has shown anticancer and antidiabetic effects (Akram et al., 2019 and
Melakhessou et al, 2021).The ethyl acetate and n-butanol extracts of A. humilis were
subjected to antimicrobial study, and the results showed a low antibacterial effect against
E. coli, P. aecruginosa, and S. aureus (Mouffouk ef al, 2023).Whereas, phytochemical
research on this plant led to the isolation of many different secondary metabolites from the
same extracts (Sifouane ef al., 2020).Some research has been performed on As. depressus
species regarding its chemical composition has shown the presence of an isoflavane,
saponins (Maamria ef al., 2015), and an acylated derivative of kaempferol (Shkondrov and
Krasteva, 2021). Intensive phytochemical and pharmacological studies have been
undertaken on the Aloe vera. species and have revealed the presence of different
Phytoconstituents (Chang-Liang et al, 2011 and Batool et al, 2023), and biological
activities (Guerrero-Turriza ef al., 2023; Znad and Zghair, 2022).
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2. Materials and Methods

Plant material

The roots of the studied plants As. depressus, A. flava, A. humilis, E. guyoniana and E.
bupleuroides were collected at the flowering stage in May 2019 from the Ain ben noui area
in Biskra (34°4825.1" North, 5°39'50.9" Est. Latitude: 34.806970, Longitude: 5.664150),
which characterized by dry and hot desert climate, and an estimated altitude of 146 m. While
the leaves of Aloe vera plant were collected from two different areas in Biskra- ElBranis
(35°00'17.1" North, 5°50'53.3" Est. Latitude: 35.004736, Longitude: 5.848148, Altitude: 250
m, climate is dry and hot desert) and El kantra (35°14'24.7" North, 5°45'11.3" Est. Latitude:
35.240205, Longitude: 5.753139, Altitude: 680 m, Climate: dry and hot). All of these plants
have been identified and studied, especially in terms of their chemical composition (Maamria
et al., 2015; Haba et al., 2013; Aichour ef al, 2014; Chabani et al, 2013; Sifouane et al,
2020 and Chang-Liang ef al., 2011).

Preparation of extracts

Plant extraction

Organic extracts were prepared according to Zeroual ef al. (2020) method with small
modifications. A mass of Air-dried roots of each selected plants except Aloe vera, were
macerated at room temperature with EtOH-H>O (80:20, v/v) for 24 h, three times. After
filtration, the filtrate was concentrated then re-dissolve it in distilled water heated with
magnetic stirring in order to extract them, using solvents of increasing polarities (Petroleum
ether or hexane, chloroform or dichloromethane, ethyl acetate and finally the n-Butanol) to

obtain various extracts (Table 1).

Table 1. The different extracts of plant with their yields

Extracts
1st phase 2nd phase 3rd phase  4th phase
Plant Weight of Petrolen Hexa CH>C CHCl Ethylacetat n-Butanol
plant m ether ne l2 3 e (EtAc) (BuOH)
material (PE) (Hex) (Dic) (Chl)
E. guyoniana Dic 500 g / / 2.8% / / /
E.bupleuroides 800 g 0.44% / 1.01% / 1.29% 3.57%
BuOH
A. flava BuOH 700 g 0.22% / 0.49% / 0.28% 2.72%
A. humilis BuOH 130 g 1.09% / / / 1.39% 2%
Aloe vera BuOH 30g 0.36% / / 1% 0.53% 1%
Aloe vera gel 100 g / / / / / /
As. Depressus 800 g / 0.375 / / 1% 5%

BuOH %
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Aloe vera extraction

The leaves of the Aloe vera plant were washed; dried and powdered, 30 grams of the
vegetable powder were macerated in 20% water compared to methanol for 24 hours, two
times. After filtration, the filtrate obtained was concentrated in vacuum at room temperature,

and then the methanolic extract was put in a drying oven at a temperature of 37° for a week.

Aloe vera gel
After washing the Aloe vera leaves, a cut was made on the green surface of the leaves in
order to extract the inner gel, this last follows the same extraction procedure as the leaves,

andthe extracts obtained are stored at 4°C before carrying out the antibacterial tests.

Antibacterial tests

Microbiological strains

The microbial support used is composed of 9 bacterial strains, 6 reference strains: E.coli
ATCC25922, E.coli ATCC43894, S. aureus ATCC25923, S. aureus ATCC29213, P.
aeroginosa ATCC27853, P. aeroginosa ATCC700370 and 3 pathogenic strains originate
from patients: E.coli spp., Enterobacter spp., Leisteria spp. All these strains are provided by
Central Bacteriology Laboratory - CHU - Batna and Hakim Saadan -Biskra Hospital, these

strains are stored at 4°C in tubes containing a conservation medium.

Agar well diffusion method

The first evaluation of the antibacterial activity was carried out using the agar well
diffusion method described by (Dulger and Gonuz, 2004; Parekh and Chanda, 2007; Rota et
al., 2008).The plant extracts are taken up in dimethyl sulfoxide (DMSO), in order to obtain
stock solutions of different concentrations (Table 02).The discs are prepared with 6 mm
diameter of Wathman No. 3 paper sterilized in the autoclave (120°C for 30 min),
thenimpregnated with 5 pl, 10 pl and 20 pl of each stock solution in order to obtain a mass
of 5 mg/Disc.The discs are delicately placed on the agar medium inoculated with the
bacterial inoculum then incubated in the oven at 37°C for 24 hours. Antibacterial activity
was determined by measuring the diameter of the inhibition zone around each disc

(Doughari etal., 2007).
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Table 2.The different concentrations of extracts

Extracts Stock solution C1 (mg/Disc) C2 C3
(mg/Disc) (mg/Disc)

E. guyoniana Dic 135 mg/270 pl / 5 /
E. bupleuroides BuOH 18 mg/54 pl 2 1 /
A. flavaPE 189 mg/450 pl 2 5 /
Atractylistlava BuOH 189 mg/450 ul 2 5 /
Atractylis humilis BbtOH 594 mg/810 pl 2 5 15
Aloe vera PE 202.5 mg/450 ul 2.5 5 /
Aloe vera BuOH 189 mg/450 ul 2 5 /
Aloe vera Dic 189 mg/450 pl 2 5 /
Aloe vera gel 189 mg/450 ul 2 5 /
As. depressus BuOH 189mg/450 pl 2 5 /

Determination of the minimal inhibitory concentrations

The minimum inhibitory concentrations were determined by the micro dilution method
using 96-well microplates (Aouni ef al, 2013). Ten concentrations were prepared in the
microplates by mixing the bacterial suspension at 105 CFU/mL with each studied extract.
The obtained concentrations in the microplate were ranged between 32 and 0.063 mg/mL.
The MIC is determined after incubation at 37°C for 24 hours, as the lowest concentration of

whichno growth is observed (Absence of deposit).

Determination of the minimal bactericidal concentrations
The minimum bactericidal concentration corresponds to the lowest concentration of the

studied extract capable of eradicating more than 99.9 % of the initial microbial inoculum

(Chebaibi et al., 2016).

This method consists of subculturing the microbial suspension obtained from wells
showing a complete absence of microbial growth (microplate after the MIC reading) using a
streaked swab on Miiller-Hinton (MH) agar. The inoculated petri dishes are then incubated at
37°C for 48 hours. The MBC is determined as the lowest concentration that hasn't made any

bacterial culture.

Statistical study

The statistical study was carried out using the PAST software. 1.98. (Hammer et al., 2001).
Multivariate analysis was performed to determine the structure of variability and to calculate
differences between groups. Complete data sets were used for these analyses (Figure3). We
chose the first two axes F1, F2; whose cumulative percentage is 74.26 % of the total

information (F1, F2) = 74.26 %.
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3. Results and Discussion

The antibacterial activities of the extracts (Table 3) are estimated in terms of thediameter
of the inhibition zone around the discs containing different concentrations against to the
selected strains. According to the results obtained we note that the extract of E. bupleuroides
(2 mg and 1 mg) reveal significant activity against the two strains : E.coli. spp. (27.66 mm)
and Leisteria spp. (25.33 mm), while the extract As. depressus 5 mg and A. humilus BuOH
15 mg shows average activity against the same strain S. aureus ATCC25923 (21.00 mm;

19.66 mm), whose low activity is observed in the other strains tested.

Table 3. Results of antibacterial activities (diameters of the inhibition zone, mm) of all extracts

> > > > Zc > oy
= = 4w 3 = =% S N
{m 28 2¢ gn 8% 8¢ gf gy gD
o 8 N 63 o 5 ENY 2R 8§ TS T S 8
2% =5 RS R = S5 NS 2 3 =
£ Z; g% §5 g =8 & F
o w g W £ o8 b N
E. guyoniana Dic ) ) 10.00 } 10.66  15.00 . - -
5mg ' . .
E.bupleuroides 9.00 1033 19.00 16.66 14.66 14.66 1433 2533 27.66
BuOH 2 mg
E. bupleuroides 7.00 833 1500 11.66 12.00 12.66 13.66 20.00 2233
BuOH 1 mg
A.flavaPE 5 mg - - 10.00 - 10.66  15.00 - - -
A.flava BuOH 5 mg - 10.00 - - 12.00  12.00 - - 10.00
A.humilus BuOH ) ) 3 ) B - - - -
Smg
A.humilus BuOH ) 766 19.66 ) 9.66 9.66 16.00 . R
15 mg
As.depressus BuOH ) 1000 21.00 } 13.00  15.66 - - -
Smg
As.depressus BuOH ) 1000 1433 } 13.00  15.66 - - -
2 mg
Aloe vera gel 5 mg - - 6.66 - - - - - -
Aloe veraPE 5 mg - - - - 8.00 8.00 - - -

Aloe veraPE 2.5 mg

MIC and MBC of the most active extracts

The minimum inhibitory concentration (MIC) is the lowest concentration ofantimicrobial
capable of inhibiting all visible growth compared to controls - without extract - after an
incubation time of 18 to 24 hours (Moroh et al., 2008). The determination of MIC andMBC
was carried out using the microdilution technique in a liquid medium coupled with
spreading on a solid medium (Chabert ef al, 1985). Analysis of experimental data show
thatcompared to growth control indicators; there is a decrease in the number of colonies of
germs studied in the experimental tubes (turbidity of the tubes) gradually as the

concentration of theextract increases (Keskinkaya et al., 2020).Thus, our results show on the
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one hand, that the n-butanol phases of E. bupleuroides and As. depressus inhibit the growth

of bacterial germs invitro at different doses according to the “dose-response” relationship

(Figure 1 and Figure 2).
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Figure 1. Antimicrobial effects of E. bupleuroides 1 mg and 2 mg against selected strains
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Figure 2. Antimicrobial eftects of As. depressus 2 mg and 5 mg against selected strains
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On the other hand, after reading the MIC, the transplants are carried out in streaks, on
new agar; the boxes are then incubated at 37°C for 24 hours; the MBC is where the
survival ofbacteria is not visible (Table 4), and the MBC/ MIC ratio is then determined
(Table 5) to estimate the effect bacteriostatic, the MIC and MBC results of different
bacterial strains of n-butanol extracts of E. bupleuroides 2 mg and As. depressus 2 mg
(same concentration) arecompared in Table 4. We see that the MIC of As. depressus 2 mg

extract gives a good result 4mg/ml against P. aeruginosa ATCC700370 strain where other

values are medium to low.

Table 4. Determination of the MIC and MBC

Bacterial strains
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Table 5. MBC/ MIC ratio of n-butanol extracts of E. bupleuroides and A. depressus

Bacterial strains
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£ bupleuroides BuOH 2 mg Bacteriostatic effect
MBC/MIC
As. depressus BuOH 2 mg 128 128 >8 64 / /

Bacteriostatic effect

Principal component analysis

One of the main objectives of this study is the search for the most effective extract and the
most sensitive strain, the interpretation of our results by the Principal Component Analysis

(PCA)(Pozzo et al, 2023 and Demirpolat, 2023), demonstrates that the behavior of the
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strains studied changes according to the extracts of the plants and vice versa. PCA
conducted onthese matrices allowed to construct a hierarchical classification calculated from
the coordinates of the extracts and the strains on the first two axes.Table 6 shows

abbreviation listof extracts used in Figure 3 and 4.

Table 6. Abbreviation list of extracts used in Figure 3 and 4

Extract abbreviations

Abbreviatio Extract Abbreviatio Extract Abbreviation Extract
n n
E. bupleuroides A-H- A. humilus A-D-5mg As. depressus
E-b 2mg BuOH 2 mg BuOH 5mg BuOH 5 mg BuOH 5 mg
E-b 1mg E. bupleuroides A-V- AloeveraPE2, 5 A-D-2mg As. Depressus BuOH 2
BuOH | mg EP2 5mg mg mg
A-V- Aloevera PE 5 A-F- A. flavaPE 5 A-F- A. FlavaBuOH 5 mg

EP 5mg mg EP 5mg mg BuOH 5mg

A-V-g 5Smg  Aloevera gel 5 E-g-5mg E. guyoniana A-H- A. humilus BuOH 15 mg
mg Dic BuOH_15mg
Smg

The results of principal component analysis (PCA) (Figure 3) demonstrates that the
behavior of the extracts changes depending on the strains tested; that is, the extracts behave

differently with respect to bacterial sensitivity.

5. aurens ATCCI5923
P aeroginosa ATCCITRS3
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# = . ] o 2 5 : 5
p E.coli ATOC25922
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Figure 3. Representation of Principal component analysis (PCA) of different extracts

Group (1): Includes the extracts: A. Aumilis BuOH 15 mg, A. flava BuOH 5 mg, As.
Depressus (2 mg and 5 mg) and E. guyonina.

Group (2): Includes the extracts: A. humilis 5 mg, A. flava PE (2.5 mg and 5 mg), Aloe vera
gel 5 mg and Aloe vera PE 5 mg.

Group (3): Includes the extracts: E. bupleuroides extract (1 mg and 2 mg).
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FEffectiveness of plant extracts
The dendrogram (Figure 4) confirms the results of the PCA. It differentiates in

particularthree groups according to the inhibitory effect “diameter of the inhibition zones™.

Group (1}

) g . Group (2)
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~ w Wow g :ﬁ - 4 W = Mo
LE
1

Figure 4. Hierarchical ascending classification (HAC) of PCA

Similarity between groups
The difference in composition of the groups taken two by two and confirmed by ANOSIM

using the Bray-Curtis index as a distance measure, since the P values corrected by

Bonferroni, obtained after 10.000 permutations, are significant; in all combinations (Table 7).

Table 7. Bray-Curtis index

Group (3) Group (2) Group (1)
Group (3) 0.0488 0.0511
Group (2) 0.0488 0.0071
Group (1) 0.0511 0.0071

According to the results obtained in this work, we can say that there is a significant

difference between group (1) and (2), and between group (1) and (3), while there is no

significant difference between group (2) and (3).

Group (1): Does not act on any germs.

Group (2): Acts on “Staphylococcus aureus ATCC25923,
ATCC29213, Pseudomonas acruginosa ATCC700370 and Pseudomonas aeruginosa

Staphylococcus aureus
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ATCC27853”
Group (3): Acts on “E. coli ATCC25922, E. coli ATCC43894, Enterobacter spp.,

Escherichia coli spp. and Leisteria spp.”.

Interpretation of results

The interpretation of these results by PCA shows that the difference between the first
group and the second group based on the sensitivity of the bacterial strains “S. aureus
ATCC25923, S. aureus ATCC29213, P. aeruginosa ATCC700370 and P. aeruginosa
ATCC27853 ” against group (2) extracts, while these strains were resistant to group (1)
extracts. The difference is based on the activity of the extracts on the strains, not on the
typeof germs affected. The existence of a significant difference between the two groups
(1) and (3) explained by the intense effectiveness of the extracts of group (3) with respect to
the strains: “E. coli ATCC25922, E. coli ATCC43894, E. coli sp., Enterobacter spp.and
Listeria spp. ", moreover these germs were resistant to group extracts (1). The absence of a
significant difference between the two groups (2) and (3); indicates the presence of
antibacterial activity of extracts from two groups against different germs. The
hypersensitivity of the S. aureus ATCC25923 and S. aureus ATCC29213 strains can be
explained by the probability of sensitivity of Gram-positive bacteria to external
environmental changes, such as temperature, PH, and nature of extracts due to the absence of
the outer membrane (Balentine ef al., 2006). The resistance of the E. coli ATCC25922 strain
can be attributed to the ability of the antibacterial agent to diffuse in the agar (Hayouni et al,
2007).

The values obtained by Herouini ef al. (2015) on the crude extract of Euphorbia guyoniana
are somewhat lower than the results we obtained with values ranging from 6.00 to 8.50 mm,
while in another study conducted by Boumaza ef al. on the aqueous extract of the same plant,
it gave remarkable results on 12 bacterial strains with CMI values ranging between 6.00 to
61.78 mg/ml (Boumaza et al., 2018) The difference may be due to the concentrations used,
the plant parts that were used in the extraction process or in the extraction method itself, as
well as the strains used in the study. All of these factors can affect in the results (Boumaza ef

al, 2018).

In a study on honey from the plant E. bupleuroides for its antimicrobial activity by
Latifa et al, on strains of E. coli, S. aureus, P. acruginosa, and Candida albicans, the results
showed that the volatile fraction had a significant effect against E. coli and S. aureus with
values ranging from 10 to 50 % of the minimum inhibitory concentrations (MIC) (Latifa ef
al.,2020).The antibacterial activity of petroleum ether, ethyl acetate and n-butanol extracts of

Atractylis cancellata (same genus of A. humlis and A. flava) against five different strains
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showed results similar to those we obtained, us the petroleum ether extract was the
moreactive compared to the other extracts and the strain P. aeruginosa ATCC 27853 was the
most sensitive with 12 = 0.1 for each of the petroleum ether and n-butanol extracts at the

same concentration of 100 ug/mL (Sifouane ef al., 2020).

The acetone and methanol extracts of the Astragalus flavescens (Boissier) plant of the
same genus of As. depressus collected from Turkey were subjected to antimicrobial activity
against 10 different strains of bacteria, giving weak results compared to positive control

amikacin where the highest value obtained was 13 mm (Akyil ez al., 2013).

The genus Aloe vera has known numerous in-depth studies related to the antibacterial
activity on various extracts resulting from various parts of the plant or on the hydrogels. In
recent studies, two hydrogels prepared by an all-green synthesis methodwere performed on
a range of Gram-positive and Gram-negative strains of S. aureus and P. aeruginosa. The
results showed that the new hydrogels containing green Aloe vera have an important
antibacterial property (Chelu et al, 2023). In another study, an endophytic bacteria found in
Aloe vera was isolated and identified. This latter was characterized by the growth of 8
different colonies on Murashige-Skoog medium. It was found that these isolated colonies
had a great ability to inhibit the growth of E. coli and S. aureus bacteria with the inhibition
zone ranging from 7 to 20 mm (Missa et al., 2023).

4. Conclusion

This work includes an ethnobotanical and microbiological study of six plants belonging to
the families of FEuphorbiaceae, Asteraceae, Asphodelaceae and Liliaceae growing in
southern Algeria. The evaluation of the antibacterial activity was carried out using agar disk
diffusion methods allowed us to determine the diameters of the inhibition zone for the
different extracts studied and the values of the MIC and MBC of E. bupleuroides and As.
depressus extracts. The majority of the plants studied reveal interesting antimicrobial activity
against selected strains with the exception of A.Aumilus BuOH 5 mg and Aloe vera PE 2.5
mg extracts; these plant extracts can play a vital role as an antimicrobial agent due to their
phytochemical composition. It's important to note that further research and testing would be
necessary to fully understand the effectiveness, safety, and practical applications of these
plant extracts in different contexts.To our knowledge, this is the first time that these results

appear, particularly on the n-butanol extract on all of these plants.
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