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Abstract: the objective assigned to the present study isthe evaluation of the
antibacterialactivity of the methanolic extracts of the aerial parts of Inulaviscosa L. The
antibacterial activity of the extracts is carried out by the diffusion method on agar medium visà-vis twenty three bacterial strains, chosen according to the traditional use of this species in
Algeria: Bacillus cereus, Escherichia coli (ATCC22), Escherichia coli (BLSE), Escherichia
coli (ciproR), Escherichia coli (mcr1), Klebsiellapneumoniae (C+), Klebsiellapneumoniae (C-),
KlebsiellapneumoniaeNassey Marseille, Serratiasp, Salmonella sp, Pseudomonasaeruginosa
(ATCC53), Pseudomonas sp, Pseudomonas aeruginosa (VIM21), Pseudomonas aeruginosa
(VIM22),

Acinetobacter

(NDM1),

Acinetobacter

(OXA23),

Staphylococcus

aureus,

Staphylococcus aureus (23), Staphylococcus aureus (13), Enterobacter cloacae (FOSR1),
Enterobacter cloacae (FOSR2), Enterococcus faecalis(Vanc R), Enterococcus faecalis
(ATCC12). Pseudomonas aeruginosa (ATCC53) was the most sensitive species followed by
Pseudomonas sp. significant sensitivity was observed for the Klebsiellapneumoniae isolated in
Marseille. However, Staphylococcus aureus was the most resistant to the extracts tested.
Keywords: Inula viscosaL., Guelma, aerial part, methanolic extract, antibacterial effect.
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1. Introduction

Currently, several questions have arisen regarding the safety and efficacy of chemicals used
in medicine. Indeed, over the last 20 years, it has been proven that the effectiveness of
antibiotics has decreased significantly. Bacteria have become increasingly resistant to them due
to the widespread use of these molecules and their large-scale and sometimes inappropriate
prescription (Kheyar et al. 2014).
The therapeutic limits of classical antibiotics have pushed scientiststodirect research towards
new avenues and especially the use of active plant ingredients (phenolic compounds,
alkaloids, essential oils...) as antibacterial agents.
The Algerian flora is characterized by its floral diversity: Mediterranean, Saharan and a
Paleo Tropical flora, estimated at more than 3000 species belonging to several botanical
families, of which 15% are endemic (Gaussen et al. 1982). This has given the traditional
pharmacopoeia an inestimable richness. Among these, Inulaviscosa L., subject of this article,
this species is widely used in traditional medicine, such as treatment of skin irritations,
diabetes, diuretic, antiseptic, anti-inflammatory and antipyretic.Commonly called in Eastern
Algeria "Magramen", in order to confirm or deny these therapeutic virtues, we evaluated in
vitro its inhibitory power against twenty-three pathogenic and multi-resistant strains.
2. Materials and methods

2.1.

Plant Material

The species InulaviscosaL. was harvested in the region of Guelma (Eastern Algeria) in
December 2019.
The identification of the plant was done with the key of determination of the flora of Quezeland
Santa (1963). Specimens were kept at the Laboratory of Cryptogamy and Medical Botany,
Department of Pharmacy, Faculty of Medicine Annaba-Algeria.

2.2.

Preparation of Methanolic Extracts

Dry aerial parts (stem and leaf) of InulaviscosaL. have been ground and stored in glass bottles,
hermetically sealed at low temperatures. 3 g of the vegetable powder was macerated in 60 ml of
methanol with stirring for 24 hours at a temperature of 25 ± 2° C. The extract obtained was
filtered and evaporated to dryness under reduced pressure at 50°C using a rotavapor.
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The dry residue is solubilized in 3 ml of methanol and stored at -18 ° C until it is used(Falleh et
al. 2008).

The yield of the methanolic extracts was calculated by the following formula: R (%) = (M/M 0)
×100. With: R (%): yield expressed in%; M: mass in grams of the resulting dry extract; M 0:
mass in grams of the plant material to be treated.

2.3.

Antibacterial test

The test of the sensitivity of the bacteria is carried out by the diffusion method in agar medium
(the disk method). It is a method similar to that of the antibiogram which consists in
determining the sensitivity of a bacterial strain vis-à-vis one or more substances(Falleh et al.
2008).
The antibacterial activityof the methanolic extracts of the aerial parts (stem and leaf) of
InulaviscosaL. is evaluated vis-à-vis twenty three bacterial strains, chosen according to the
traditional use of this species in Algeria:Bacillus cereus, Escherichia coli (ATCC22),
Escherichia

coli

(BLSE),

Klebsiellapneumoniae

(C+),

Escherichia

coli

(ciproR),

Klebsiellapneumoniae

(C-),

Escherichia

coli

(mcr1),

KlebsiellapneumoniaeNassey

Marseille, Serratiasp, Salmonella sp, Pseudomonasaeruginosa (ATCC53), Pseudomonas sp,
Pseudomonas aeruginosa (VIM21), Pseudomonas aeruginosa (VIM22), Acinetobacter
(NDM1), Acinetobacter (OXA23), Staphylococcus aureus, Staphylococcus aureus (23),
Staphylococcus aureus (13), Enterobacter cloacae (FOSR1), Enterobacter cloacae (FOSR2),
Enterococcus faecalis(Vanc R), Enterococcus faecalis (ATCC12). These strains were kindly
provided by the Microbiology Laboratory Manager at Annaba Medical School, Algeria.

2.4.

Preparation of the Inoculum

The inoculum of each strain is prepared by inserting colonies of the strain to be studied with a
platinum loop into a tube containing 5 ml of sterile physiological serum.
For the preparation of the different concentrations of extracts, 2, 5 mg of each freeze-dried
extract (methanolic extract of leaf and stem), are introduced into a labeled tube, in which we
added 1 ml of dimethylsulfoxide (DMSO), solvent without any antibacterial effect.
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The tubes are vortexed until complete dissolution of the extract, and the dilutions are prepared
to obtain 1/3, 1/6 and 1/12 concentrations from the stock solution.
Seeding should be done within 15 minutes after the preparation of the inoculum. In 23 sterile
Petri® dishes, 20 ml of agar are poured. After solidification of the medium, the latter is
inoculated with 1 ml of bacteria to be studied.Then, it is spread on the surface using a glass
rake.

Sterile 5 mm diameter disks prepared in Whatman® n°1 papers are impregnated using a
micropipette with x volume of each concentration and placed on the surface of the solidified
medium (Mueller Hinton) at the rate of 6 discs per box (3 leaf discs, 3 stem discs).
The dishes were incubated for half an hour at room temperature, then for 24 to 48 hours in an
oven at 37 °C.
The reading is carried out by measuring the diameter of the inhibition zone (Ø), which
translates into a translucent halo around each disc; the presence or absence of a halo would
explain the sensitivity or the resistance of the germs vis-a-vis extracts tested; according to a
symbolic notation scale from - to +++ (Ponce et al. 2003).

Table 1:Sensitivity of microbial strains according to zones of inhibition.
Sensitivity

Inhibition zone

Not sensitive or resistant (-)

Diameter <10 mm

Sensitive (+)

Diameter between 10 to 16 mm

Very sensitive (++)

Diameter between 16 to 25 mm

Extremely sensitive (+++)

Diameter> 25 mm

3. Results
3.1.

Extraction yield

The yield of the methanolic extract of the stem is the highest, with a percentage of 22.3 %, and
the yield of the methanolic extract of the leaf is 20.73 %.
3.2.

Reading Antibiograms

The results of the antibacterial activity are shown in the Table (2).
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Table 2: Inhibition Diameter (mm) of methanolic extracts of Inulaviscosa L.
Dilutions of leaf extract
X/3

X/6

X/12

Dilutions of stem
extract
X/3
X/6 X/12

Bacillus cereus

8,1

8,2

8 ,5

9,5

8

7

6

Candida albicans

15,5

15,5

14

14

13

12,5

6

7

7

8,5

7,5

7

6,5

6

Escherichia coli (BLSE)

9,5

9,5

10

10

11

11

6

Escherichia coli (ciproR)

8,5

8,5

9

7,5

8,5

8

6

Escherichia coli (mcr1)

7,5

10,1

13

10

12

13,1

6

<6

7,9

8,5

9

6,5

7

6

6

8

8,9

8

7,5

8,9

6

15,9

13,9

16, 3

16

15,5

15 ,9

6

Serratiasp

7,5

8

10

7

8

8,5

6

Salmonella sp

13,5

11,1

10

12

10

8

6

21,2

13,2

12,1

14,1

9,6

13,2

6

19,7

17,2

15, 3

10,2

11,2

19,2

6

Pseudomonas
aeruginosa(VIM21)
Pseudomonas
aeruginosa
(VIM22)
Acinetobacter (NDM1)

16,5

15,5

8,1

14,1

8,2

8,1

6

7

8

10,9

7

9

10

6

15

13

10

10

10,1

12

6

Acinetobacter (OXA23)

8,5

10,1

12

7,5

7

10

6

Staphylococcus aureus

<6

<6

<6

<6

<6

<6

6

Staphylococcus aureus (23)

13,1

13

10

9

9,9

<6

6

Staphylococcus aureus (13)

11,8

12,2

12,5

8

9,5

10

6

Enterobactercloacae (FOSR1)

8,7

8,5

9

7

7,1

7,3

6

Enterobactercloacae (FOSR2)

9,6

8

7,5

7

8,1

9

6

Enterococcusfaecalis(Vanc R)

9

9

11

10

9

11

6

10

6

EscherichiaAcoli (ATCC22)

Klebsiellapneumoniae (C+)
-

Klebsiellapneumoniae (C )
KlebsiellapneumoniaeNassey

T

Marseille

Pseudomonas
(ATCC53)
Pseudomonas sp

aeruginosa

Enterococcusfaecalis
13 ,1
12,9
9
10
9,9
(ATCC12)
T: control (disc soaked with DMSO: dimethyl sulfoxide)
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4. Discussion
By comparing our results with those of (Chahmi et al. 2015) who worked on the same species,
originating from three Moroccan regions, we notice that the yield of our sample is close to their
yields which are of the order of 23.90%, 20.08% and 13.35%. Indeed, the yield depends on the
method and the conditions under which the extraction was made. Otherwise, this difference
may be due to the nature of the plant material (Smith et al. 2001). It varies according to the
organ harvested, the period and the method of harvesting. It is closely related to the climatic
factors of the environment (rainfall, altitude, latitude and the nature of the soil). Storage and
conditioning also affect yield (Lee et al. 2003).
On the other hand, (Lee et al. 2003) and (Athamena et al. 2010) note that the extraction method
also affects the total polyphenol and flavonoid content. These same authors proved that ethanol
is the best solvent for the extraction of phenolic compounds, followed by methanol and finally
water.
The strain sensitivity test showed the presence of some antibacterial activity. According to
Table (2),the most sensitive germ is Pseudomonas aeruginosa (ATCC53) with a diameter of
21.2 mm for the dilution of the leaf extract X/3; followed by Pseudomonassp with the
diameters 19.7 / 17.2 / 15.3 mm for the dilutions of the leaf extract X/3, X/6 and X/12
respectively and the diameter 19.2 for the X/12 dilution of the stem extract, we also noticed an
important sensitivity for all the used dilutions of the stem and leaf for the germ:
Klebsiellapneumoniae isolated in Marseille. An absence of antibacterial activity against
Staphylococcus aureus and Escherichia coli (ATCC22) was observed.A low concentration
gives more activity than a high concentration for several strains was noticed,a saturation of the
molecular target by the active compounds could explain this effect(AboyaMoroh, 2013).
Comparing our results with the work of (Ramli 2013), he states that E. coli (ATCC22) is
resistant to the lyophilized hydroalcoholic extract (methanol-water) of InulaViscosa. He also
reports that no inhibition zones were observed, which would have allowed him to conclude that
E. coli (ATCC22) is resistant to the molecules contained in the hydroalcoholic extract of
Inulaviscosa. The work of (Laghrifi et al. 2013) shows that the methanolic and ethanolic extract
of Inulaviscosa have a strong antibacterial power against Gram-positive and Gram-negative
bacteria including E.coli and K. pneumoniae. The methanolic extract was found to be the most
active against all bacterial strains tested. In addition, they also found that the ethanolic extract
was more antibacterial than the aqueous extract.
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In addition, the same authors report that the ethanolic extract from the flowers of Inulaviscosa
was found to be more active on K.pneumoniae than the ethanolic extract from the leaves of the
same plant. Bssaibis et al. (2009) reported that Inulaviscosa leaf and flower extracts have
antibacterial activities against E.coli and two other gram-positive bacteria. The results obtained
show that the antibacterial activities are related to the organ used (flowers or leaves), the nature
of the extraction solvent and the strain tested. Indeed, extracts with methanol are the most
active, followed by those with ethanol and then those with acetone. The precise mechanisms
involved in the antimicrobial action of extracts are still far from being fully elucidated given
the richness of a plant extract in chemical components, it is obvious that the antibacterial
activity cannot be due to a single specific mechanism of action but rather to various
mechanisms. Recalling that Inulaviscosa L. contains flavonoids, saponins, tannins, tri-terpenes
and other phenolic compounds, these compounds having known antibacterial properties, their
presence could therefore explain the observed microbial properties (Scalbert 1991). Rojas et al
(1992) and (Marjorie 1999) showed that flavonoids, tri terpinoids, tannins and other phenolic
compounds or free hydroxyl groups are classified as highly active antibiotic compounds.
Furthermore, it has been shown that the mechanism of toxicity of flavonoids on
microorganisms is either by deprivation of metal ions such as iron, or by non-specific
interactions such as the establishment of hydrogen bridges with microorganism cell wall
proteins (Bruneton 1999).
Therefore flavonoids known for their antioxidant power could potentially have an effect in iron
chelation and thus prevents intracellular penetration of the Ca+2 cofactor to the bacterial cell,
which causes inhibition of their activity (Kokkini 1996; Raj et al. 2001), according to Paris and
Moyse (1965) the antibacterial effectiveness of flavonoids results from the inhibition of
bacterial enzymes due to the addition reaction with the thiol or amine group. Bezzaz (2014),
found in his work that flavonoids can cause a leakage of potassium ions at the plasma
membrane, resulting in major lesions leading to death.
Regarding the influence of the wall on the sensitivity to extracts; the gram (-) bacteria are rich
in proteins assembled in a lipopolysacharride layer (LPS), which thanks to its negative surface
charges prevent the diffusion of hydrophobic molecules, and the proteins exclude the passage
of hydrophilic molecules of high molecular weight, the membrane therefore constitutes an
effective permeability barrier, while the gram (+) bacteria are less protected, because
peptidoglycan only hinders the diffusion of molecules higher than 50000 D (Hogan and Kolter
2002), therefore according to this theory gram (-) bacteria must present a strong resistance to
AJMAP V6 N3 2020

16

Arabian Journal of Medicinal & Aromatic Plants

Anti-bacterial activity of methanolic extracts of Inula viscosa

the extract used compared to gram (+) bacteria, our results obtained escape a little from this
theory with a strong activity towards the Pseudomonas aeruginosa (ATCC53), Pseudomonas
sp, Klebsiellapneumoiae isolated in Marseille, Acinetobacter (NDM1) and Escherichia coli
(BLSE) (gram negative bacillus), a complete absence of antibacterial activity on
Staphylococcus aureus (gram positive bacillus) and Escherichia coli (ATCC22) (gram negative
bacillus), This can be explained by the variety of bacterial strains used (acquired resistance
such as MRSA-like staphylococcus with high resistance), or because the discs applied do not
contain the same concentration of the extract (accuracy problem due to handling) or this
concentration has not reached the MIC (minimum inhibitory concentration) of the bacteria .

5. Conclusion

The search for new antimicrobial substances that are purely natural and effective is the main
concern of most researchers today. The present work to develop a medicinal plant that is very
abundant in the Algerian flora but little exploited in the scientific world despite its many
therapeutic virtues of the family Asteraceae (Inulaviscosa L.).
The evaluation of the antibacterial activity by the method of diffusion in agar medium, showed
that the two methanolic extracts have an inhibitory effect on the majority of the strains tested.
Our results contribute to the scientific validation of the massive traditional use of this species
by Algerian populations. In perspective, it would be important to deepen research on a wide
range of microbial strains and to identify the active constituents responsible for the antibacterial
activity.
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