Herbal Medicines Journal 2022; 7(1):11-19
DOI: 10.22087/hmj.v7il1.846 ISSN: 2538-2144

Original Article

Effects of Salicylic Acid and Chitosan Foliar Application on Extract
Components and the Antibacterial Activity of Melissa officinalis L.

Negin Safari Kamal Abadi', Naser Mohebalipour?®, Mehdi Oraei', Hassan Nourafkan®, Assad Assadi*

! Department of Horticulture, Faculty of Agriculture, Miyaneh Branch, Islamic Azad
University, Miyaneh, Iran
2 Department of Agronomy, Faculty of Agriculture, Miyaneh Branch, Islamic Azad
University, Miyaneh, Iran
3 Department of Horticulture, Medicinal Plants and Organic Products Research Center,
Miyaneh Branch, Islamic Azad University, Miyaneh, Iran
“Department of Veterinary Medicine, Faculty of veterinary, Medicinal Plants and Organic Products
Research Center, Miyaneh Branch, Islamic Azad University, Miyaneh, Iran

Received: 31.10.2020; Accepted: 05.12.2021

Abstract

Background and Aim: Melissa officinalis L. is a medicinal herb with antibacterial properties. This research was
carried out to investigate the effects of the foliar application of salicylic acid (SA) and chitosan (Ch.) on ethanolic
extracts components and antibacterial activity of M. officinalisL.in the flowering stage.

Materials and Methods: The antibacterial activities of the ethanol extracts were investigated using the agar
dilution method, minimal inhibitory concentration (MIC), and minimal bactericidal concentration against five
bacteria, i.e., S. aurous, B. subtilis, E. coli, S. enterica and P. mirabilis.

Results: The major components were citronellal, Z-Citral, E-Citral, caryophyllene oxide, caryophyllene, linalool,
carvacrol, a-Pinene and geraniol. The result showed that distinct concentration of Ch. and SA had remarkable
effects on the chemical constituents of M. officinalis L. extract. All the examined bacteria were sensitive to the
extracts of M. officinalis L. and antimicrobial activities of extracts against the examined bacteria depending on
the concentration of the foliar application. The highest and lowest diameters of inhibition zones of the plant
extracts were on S. aurous and P. mirabilis respectively. The MIC values of the extracts ranged from 78.25 ppm
to 1250 ppm, whereas the MBC values ranged from 156.5 ppm to 1250 ppm.

Conclusion: S. aurous and E. coli were the most sensitive bacteria in Gram-positive bacteria and Gram-negative
bacteria respectively. It was also observed that Ch. treatments were more effective on Gram-negative bacteria,
while SA treatments were more influential on Gram-positive bacteria.
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Introduction

Toxicity and carcinogenicity of synthetic additives are
two characteristics of these additives that have
encouraged scientists and researchers in the food
industry to look for alternatives, especially naturally-
occurring antimicrobial agents (1). Medicinal herbs
utilized in traditional medicine in the treatment of
infectious illnesses seem to be a plentiful source of
new bioactive secondary metabolites. Hence, several
medicinal plants and plant extracts have been
investigated with regard to their antibacterial activity
in recent years (3,4). Essential oils and extracts are
indeed natural products of by aromatic herbs. Their
major constituents are terpenes and terpenoids (4).

It has been indicated that M. officinalis L. extracts
have remarkable antimicrobial activities against viral,
bacterial and fungal infections (5, 6). Lemon balm
extract that has been externally used as a cream
reduces the healing time of herpes mouth sores
(recurring herpes labialis). Moreover, this extract
hinders their spread and alleviates the symptoms of
itching (7). Furthermore, the aqueous extract of M.
officinalis L. has significant anti-HIV-1 activity (8).
M. officinalis L. was also of great interest because of
its exhibition of antioxidant (9), anti-inflammatory
(10), sedative (11), hypolipidemic (12), and antiulcer
genic properties (13). Application of herbal extracts
and phytochemicals that have antimicrobial activities
can be highly significant in therapeutic treatments. In
the last few years, many studies have conducted on the
significance of bioactive herbal extracts and pure
isolated compounds in improving the in vitro efficacy
of widely used antibiotics against different kinds of
microorganisms (14-16).

The use of M. officinalis L. (Lemon balm) in
traditional medicine in the treatment of insomnia,
anxiety, gastric disorders, psychiatric disorders,
migraines, hypertension and bronchial constrictions
has been reported (17). Its antihyperlipidemic, anti-
inflammatory and antioxidant characteristic have been
recently indicated (18, 19). Moreover, it has been
shown that the M. officinalis L. leaf extract has
antiviral properties because of the content of phenolic
acids, whereas its essential oil has antibacterial,
antifungal, and antihistaminic activities (20, 21).

The factors that may affect the secondary metabolites
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of this plant are the type of species, geographical
location, plant growth site (soil type, weather, altitude
and water content), harvest time, the genetic structure
of the plant, growth process, fertilization etc. (22,23).
The foliar application of nutrient elements method as a
supplement to the soil method is an effective way of
using low and high-consumption elements, amino
acids, humic and fulvic acids, plant growth hormones,
seaweed extracts and carbohydrates. Salicylic acid and
chitosan are environmentally friendly immune
stimulants that improve the morpho-physiological
properties of plants through foliar application (24-27).
Salicylic acid, or ortho-hydroxybenzoic acid, is a type
of phenolic compound. The compounds of this group
can act as plant growth regulators (28). Salicylic acid as
an elicitor can produce secondary metabolites in the
plant (29). As a bio-polymer, chitosan is one of the most
important derivatives of chitin. In contrast to synthetic
polymer compounds, chitosan is non-toxic and
completely compatible with living tissues, and it is
decomposable in the environment (30).

However, limited knowledge exists regarding the
impacts of salicylic acid and chitosan’s foliar
application on antibacterial activity. Hence, the aim of
this study was to examine the effects of salicylic acid
and chitosan on the antimicrobial activity of M.
officinalis. The present research was conducted to
investigate the effects of foliar application of SA and
Ch. on the ethanolic extracts components and
antibacterial activity of M. officinalisL.in the flowering
stage.

Materials and Methods

Experimental Sites

The experiment was conducted at the research farm of
Agricultural and Natural Resources Research and
Education Center, Kerman, lran, in 2017.The soil
sample was air-dried and tested for pH, electrical
conductivity (EC), organic matter (through sulfuric
acid method), soil texture (hydrometer method),
nitrogen (Kjeldahl method), phosphorus (Olsen
procedure) and potassium after extraction with
ammonium acetate. The soil and water characteristics
of the experimental sites have been shown in Tablel.
This study was extracted from a PhD thesis at Miyaneh
Branch, Islamic Azad University, Miyaneh, East
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Azarbaijan, Iran. The research code is
21850247951001.

Experimental Design

A factorial experiment was carried out on randomized
complete block design with salicylic acid (Merck.co)
in four concentrations (50, 100, 150 and 200 mg/l)
(31). Chitosan (Merck.co) had four concentrations
(50, 100, 150 and 200 mg/l) (32) and three replicates.
The seeds of M. officinalis L. (Lemona F1 type) were
harvested from Pakan Seed Company, Isfahan, Iran.
The seeds of M. officinalis L. were cultivated in
seedling trays, each including 100 cells with 50mm
depth, 40mm diameter, and30 cm?® volume that was
filled with a mixture of cocopeat and sand, on March
15. The seedlings were transferred from the seedling
trays to the pots before the four-leaf stage in early
May. The first foliar application was performed in the
four-leaf stage, and other steps were seven days after
the previous step. Some plants were sprayed with
distilled water, and the plants that were not suitable for
foliar application were considered as control
treatment. One week after the last foliar application
the plants were harvested for extracting and
photochemical evaluation. In the present research, no
inorganic fertilizer and systemic pesticide were
utilized throughout the experiment, and weed control
was carried out manually.

Preparation of the Ethanolic Extract

Vegetative bodies of each plant were harvested and
shadow dried at 22-27°C. After drying, 50 g of plant
powder was added to 200 ml of 75% ethanol solution
at 25°C and the extract was evaporated by a vacuum
rotary evaporator (IKA Germany Company, model
RV 8) and filtered through Whatman No.41 paper to
obtain particle free extract (40). The concentrated
extract was dried in oven (Germany Company, model
UF450) at 2 °C for 2 hr. Dimethyl Sulfoxide (DMSO)
was used to dissolve the extract powder. The sterilized
needle was used for sterilization and the filtered
extracts were kept at-18°C in sterile tubes until the
time of testing (33).

GC-MS analysis

GC-MS analysis was performed using an Agilent
6890N GC-MS fitted with an Agilent 5973 capillary
column (30 m x 0.25 mm, film thickness 0.25 pm).
The extract solvent used for the analysis of GC/MS
was n-hexane. The GC oven temperature was
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programmed from 60-220 °C at the rate of 5 °C/min.
The carrier gas was helium (99.999%) at a flow rate of
1 ml/min and ionization energy of 70 electron volts.
The identification of compounds was carried out using
the library's proposal fora gas chromatograph machine
connected to a mass spectrometer, comparing
compounds with values published in various sources,
and using the information from the NIST library (34).

Detection of the Antibacterial Activity of the
Extract

Bacterial Strains

We examined the antibacterial activity of the herbal
extracts using Gram-positive (S. aureus ATCC 1787
and B. cereus ATCC 11778) and Gram-negative
bacterial strains (E. coli ATCC 1399, S. enterica ATCC
13076 and P. mirabilis ATCC 43071). The reference
strains were purchased from Persian Type Culture
Collection in Iran.

Chemicals, Microbial Media and Inoculum
Preparation

Dimethylsulphoxide (DMSO) used in this study was
obtained from Sigma-Aldrich, USA. Ampicillin and
gentamicin were also purchased from Padtan Teb
Company, Iran. All microbial media, Mueller-Hinton
agar (MHA) and Mueller-Hinton broth (MHB),
Nutrient Broth and Nutrient agar were provided by
Merck, Germany. Investigated bacterial were prepared
from Persian Type Culture Collection in Iran.

MIC and MBC Evaluations

The tube dilution method is an accurate and sensitive
method which is to identify and evaluate the
antimicrobial properties of herbal extracts (35,36).
Minimum inhibitory concentration (MIC) is the
minimum concentration of extracts that can inhibit
bacterial growth at the rate of 90 percent, and a
minimum bacterial concentration (MBC) is the
minimum amount of extract that prevents the growth of
bacteria at 99.9% (8). MIC and MBC of the
antimicrobial activity can be determined using the tube
dilution method. To determine the MIC of the M.
officinalis L. extract, a series of 12 glass tubes were
used. Nine test tubes were used to test various extract
dilutions, a tube was used as a negative control (extract
diluted plus medium), and finally another tube was used
as a positive control (containing bacterial suspension
plus medium). Moreover, a tube containing solvents,
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Table 1: Soil physico-chemical properties and water characteristics of experimental sites.

Soil properties Values Water characteristics Values

EC (dS/m) 2.65 EC! (dS/m) 2.8

pH 7.2 pH 7
Organic matter (%) 0.45 Ca?* (mequiv/I) 11
Nitrogen (%) 0.07 Mg?* (mequiv/I) 10
Phosphorus (mg/kg) 10.9 Na* (mequiv/Il) 6.9
Potassium (mg/kg) 202 SAR! 3.2
Soil texture Loam-clay CI- (mequiv/l) 16

the microbial suspension and culture was used to
ensure the growth of bacteria in media containing the
solvent used for extraction. The initial concentration
was 5 mg/ml. By the serial dilution of 50% of tube
No.1, its concentration reached 2.5 mg/ml, and a
concentration of 0.00976 mg/ml was obtained for tube
9. Subsequently, 50 ul of bacterial suspension with
1.5x108 CFU/ml was added to all the tubes except
tube No. 10 (negative control). Extract dilution for all
the bacteria was tested. All the test tubes were
incubated for 24 hours at the temperature 37 °C. Then,
the turbidity of inoculated bacteria was examined. The
last growth inhibition tube was recorded as the
inhibitory concentration of the extract. Subsequently,
the tube in which the bacteria had not grown was used
to determine MBC by surface culture method. To this
end, 100 ml of the tubes that had shown no bacterial
growth was spread on Muller Hinton agar medium.
After incubating for 24 hours, the plates were cultured
for the presence of microbial growth control. The tube
containing the lowest extract concentration in which
no bacterial growth was observed was considered as
the MBC extract (35, 36).

Disk Diffusion Method

In this method, the antibacterial properties of the M.
officinalis L. extract was evaluated based on agar
diffusion bioassay (37). To this end, a suspension
equivalent to 0.5 of McFarland (1.5x108 CFU/ml) was
prepared, and then 0.1 ml of the bacterial suspension
was cultured on Mdller Hinton agar medium (Muller
Hinton Agar, Merck) to be completely spread on the
medium by L-shaped glass bar. To inoculate the
extract, 30 microliters of each M. officinalis L. extract
with a concentration of 5 mg/ml were injected into
each sterile Whatman filter paper discs. Then, the
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discs were placed on a sterile mesh plate for one hour
to completely absorb the extract. The antibiotic discs of
gentamicin and ampicillin at a concentration of 4
mg/ml. was used as a positive control, and sterile
distilled water disk as well as dimethyl sulfoxide
(DMSOQO) disk were used as negative control. All the
plates were incubated for 24 hours at 37 ° C and the
antibacterial activity was performed based on
measuring the diameter of the non-growth range around
the discs in millimeters. Subsequently, it was compared
with the control groups. All the disc placements were
repeated three times (37, 38).

Well Diffusion Method

In this method, first a turbidity equivalent to 0.5
McFarland was prepared from the tested bacteria and
then cultured in Miller Hinton agar medium.
Subsequently, on the Muller Hinton, the wells with a
diameter of 5mm and intervals of 2.5mm from each
other and 2.4 mm from the edge of the plate were
created by sterile Pasteur pipette. In each of the wells,
30 micro litter of different dilutions of the studied
extracts were filled. Ampicillin and Gentamicin
antibiotics with a concentration of 4 mg/ml were used
as positive controls and DMSO (Di Methyl Sulfa
Oxide) and distilled water were used as negative
controls. All the cultures were incubated at 37 ° C for
24 h. Bacterial cultures were then measured by a caliper
for the formation or non-formation of a growth range in
millimeters and their mean was recorded (39).
Statistical Analysis

This experiment was carried out as a completely
randomized block with three replications. A combined
analysis of variance was performed using SAS (ver. 9.2,
2010). The means of treatments were compared by
One-Way ANOVA and the protected least significant
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difference (LSD) procedure at P<0.05. identified by GC-MS have been presented in Table 2.
) . GC-MS analysis identified 9 major components (for
Results and Discussion ~77-85% of the total), i.e. viz., Citronellal (), Z-Citral,

E-Citral, Caryophylleneoxide, Caryophyllene,
Linalool, carvacrol, o-Pinene and Geraniol,
respectively. The results indicated that our extracts
Table 2: Chemical compositions of extract in control and foliar spraying of M. officinalisL.plants.

Chemical composition
The chemical components of the plant extracts

Foliar application (mg/l)

Compaunds () Control W SA50 SA100 SA150 SA200 Ch50 Ch100 Ch150  Ch200
Citronellal 241d 248d 255d 259d 560c 7.62b 2.57d 262d 579c 9.23a
Z-Citral 16.57c 16.55d 16.70c 17.82b 1856b 1363e 16.68c 1855b 19.67a 15.27d
E-Citral 26.43a 2633a 264la 266la 1884b 1866b 26.36a 26.75a 16.87d 17.75c

Caryophyllene oxide 8.47bc 8.88ab 886ab 9.11ab 9.32a 813c 895ab 893ab 9.33a 9.16 a
Caryophyllene 512¢ 526bc 522bc 534bc 563b 6.84a 522bc 530bc 6.74a 551bc

Linalool 056c 0.66c 072c 0.72c 112b 167a 0.67 ¢ 0.67c 0.70c  0.92bc
Carvacrol 497c¢ 503c 500c 501c 505c 516¢ 495¢ 511c 6.21b 7.64 a
a-Pinene 0.13e 0.15de 0.15de 0.14e 032a 0.23b 0.16cde 0.17cd 0.23Db 0.19¢
Geraniol 13.75d 13.90d 13.81d 1492c 16.02b 19.22a 1372d 13.72d 1511c 1539bc
Total 78.41 79.24 7942 8226 8046  81.16 79.28 8182  80.65 81.06

C: control, W: Distilled water, SA: Salicylic Acid, Ch.: Chitosan.
The rows with different letters mean statistically different according to LSD (p< 0.05) test.
Compounds with percentages less than 0.1 are not shown in the table

Table 3: The diameters of inhibition zones (mm) of M. officinalis. L extracts against the bacterial strains.

Bacterial strain

Foliar application (mg/l)

S.aurous B.subtilis  E.coli ~ S.enterica P.mirabilis
SA50 13.67ef 12.33ef  11.67h 10.33f 8.67fg
SA100 14ef 13.67cde  14.33f 12.67e 9fg
SA150 15.67d 15¢ 15ef l4e 10.33 e
SA200 17.33¢c 15¢ 16.33d 15.67d 11.67 d
Ch50 10.67 hi 11.67f 139 13.67 e 9.33f
Ch100 11.67gh  13.33de  16de l4e 10.67 e
Ch150 13fg 1433cd 2033c  15.33d 11.67d
Ch200 15 de 1433cd 23.67b 17.67c 13.33¢c
w 12gh 13def  12.33gh  13.33¢ 8.33fg
Control 10.67 hi 11.67f 11.67h 10.67 f 8¢
DMSO 10i 9¢g 9i 9¢g 8¢
Amp 23.33b 19.67b 2467b  26.33b 16.67b
Gen 26.33a 22 a 28.67 a 27.67 a 19a

C: control, W: Distilled water, SA: Salicylic Acid, Ch.: Chitosan
The columns with different letters mean statistically different according to LSD (p< 0.05) test.
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were characterized by the presence of three
dominating constituents in monoterpenoid family type
aldehyds, and an important fraction includes Citral, Z-
Citral and geranial, respectively.

The One-Way ANOVA revealed that distinct
concentrations of the foliar application of SA and Ch.
had significant effects on the major constitutes of M.
officinalis L. extracts (P<0.01). The amount of some
chemical compounds, namely citronellal,
caryophyllene, linalool, carvacrol and geraniol
significantly increased by the foliar application with
high concentrations of SA and Ch. compared with the
control and other treatments. Some compounds in the
extracts such as Z-citral, E-Citral, caryophylleneoxide
and a-Pinenewere decreased under high foliar
application of SA, and compared with the lower
concentration might be attributed to stress conditions
in M. officinalis L. plants (Table 2).

Antibacterial Activity

The antibacterial activities of M. officinalis L. plants
extracts with regard to diameters of inhibition zones,
MIC and MBC have been presented in Tables 3 and 4,
respectively.

The One-Way ANOVA indicated that distinct
concentrations of the foliar application of SA and Ch.
had remarkable impacts on the antibacterial activity of
the extracts (P<0.01). In the present study, the
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antimicrobial capacity of the extracts from all the
treatments against bacteria was determined. In all the
treatments, the diameters of inhibition zones were
dependent to concentration of salicylic acid and
chitosan foliar application. Significant inhibitory
effects were observed against all the bacteria at
concentrations more than 100 mg/l SA and 50
mg/I*Chtreatmentscompared to the control. The
antibacterial activities of conventional antibiotics such
as Amp and Gen against all the bacteria were stronger
than Ch., and SA treatment and the antibacterial activity
of Gen was greater than Amp. The comparison the
diameters of inhibition zones indicated that Gram-
negative bacteria were more resistant to the
antimicrobial effect in M. officinalis L. plants extracts
compared to the Gram-positive bacteria. Furthermore,
the antimicrobial activity of the Ch. treatments was
more effective against Gram-negative bacteria than
Gram-positive bacteria. The results showed that
Proteus mirabilis had the highest resistance with the
inhibition zone diameter ranging from8.67 to 11.67 mm
and 9.33 to 13.33 mm against the Ch. and SA M.
officinalis L. extracts, respectively. Moreover, the most
resistant bacteria were identified as S. enterica, B.
cereus, E. coli and S. aurous (Table 3).

In all the bacteria, higher foliar application with Ch. and
SA increased the antimicrobial susceptibility. The MIC

Table 4: Minimum inhibitory concentration and minimum bactericidal concentration of the ethanolic extract of M. officinalis.

ondifferent bacterial strains.

Foliar MIC (ppm) MBC (ppm)
application
mal) S.aurous B.subtilis E.coli S.enterica P.mirabilis S.aurous B.subtilis E.coli S.enterica P.mirabilis
SA50 156.5 313.5 650 1250 1250 313.5 650 1250 1250 1250
SA100 156.5 156.5 313.5 650 650 313.5 313.5 650 1250 1250
SA150 78.25 78.25 156.5 3135 650 156.5 156.5 156.5 650 1250
SA200 78.25 78.25 78.25 156.5 3135 156.5 156.5 156.5 3135 650
Ch50 3135 650 650 650 650 650 1250 1250 1250 1250
Ch100 156.5 313.5 3135 3135 3135 313.5 650 650 1250 1250
Ch150 78.25 156.5 78.25 156.5 3135 156.5 313.5 156.5 3135 650
Ch200 78.25 78.25 78.25 156.5 156.5 156.5 156.5 156.5 3135 3135
w 3135 650 650 1250 1250 650 1250 1250 1250 1250
Control 313.5 650 650 1250 1250 650 1250 1250 1250 1250

C: control, W: Distilled water, SA: Salicylic Acid, Ch.: Chitosan
MIC: Minimal Inhibitory Concentration, MBC: Minimal Bactericidal Concentration
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values ranged from 78.25to 1250 ppm while MBC
values ranged from 156.5 to 1250 ppm in foliar
application treatments. The extract from M. officinalis
L. foliar application with Ch. (200 mg/l) was found to
be prominently active against the bacteria at the
concentrations 78.25-313.5 ppm (MIC and MBC).
The extracts obtained from SA200, Ch100 and Ch150
treatments showed moderate antibacterial activities
against the bacteria (MIC and MBC). MIC and MBC
increased with increasing concentrations of SA and
Ch. in all the treatments. In SA200 and
Ch200treatment groups, the highest inhibitory effect
was observed in S. aurous, B. subtilis, E. coli (MIC=
78.25 ppm, MBC=156.5 ppm) and the lowest
inhibitory impact was observed in S. enterica (MIC=
156.5 ppm, MBC=313.5 ppm) and P. mirabilis.
(MIC= 313.5 and 156.5, MBC= 650 and 313.5 ppm,
respectively). Thus, S. aurous, B. subtilis and E. coli
exhibited the highest degree of antimicrobial
susceptibility and S. enterica and P. mirabilis. showed
the least degree of the same susceptibility (Table 4).
In this study, the impacts of the foliar application of
SA and Ch. were investigated on alcoholic extract
components and antibacterial activity of M. officinalis
L. in the flowering stage. The results of the present
study showed that different concentrations of the
foliar application of SA and Ch. Had remarkable
effects on the main components in the extract of M.
officinalis L. Many studies have been conducted on
the variation in the chemical composition of essential
oils and extracts from foliar application with Ch. and
SA33 (40-43).

In the present study, 9 main combinations, including
citronellal, Z-Citral, E-Citral, caryophyllene oxide,
caryophyllene, linalool, carvacrol, o-Pinene and
geraniol were identified in M. officinalis. In the study
conducted by Saeb and Gholamrezaee (44), the major
components were geraniol, caryophyllene oxide,
geranyl acetate, geranyl, caryophyllen, carvacrol and
linalool (44). Uyanik and Gurbuz (45) reported that
the major constituents were citral (25.22% and
21.20%), caryophyllene oxide (21.95% and 18.44%)
and Z-Citral (19.08% and 16.03%) in leaves and
flowers (45).

Ch. and SA lead increase the chemical composition of
the extracts. This result has also been reported in other
studies (39-48). Ch. is influential in stimulating the
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generation of secondary metabolites such as alkaloids,
flavonoids and paranoid (49). Ch. is effective on
increasing the chlorophyll content and photosynthesis
of the plants. Moreover, it is an irritant element in the
plant by developing chloroplast (50). It has been
reported that the phenolic compounds and flavonoids in
the Pune plant treated with Ch. are increased (48).
Vasconsuelo et al. (46) indicated that the use of Ch. in
Rubiaincreases the production of anthraquinone (46). It
has also been stated that the application of Ch. in cell
suspension cultures resulting from cultivation of Citrus
grandis increases linalool and limonene in this plant
(47). SA can alter the secondary metabolites and its
pathway through its impacts on plastid and chlorophyll
level (41). Idreeset al. (51) reported that any
improvement in the content of essential oil by the foliar
use of SA might be caused by the increase in cycle
growth, nutrients uptake or alterations in leaf oil gland
population and monoterpenes biosynthesis (51). SA has
been referred to as a significant signaling element
which is effective on the establishment of the local and
systemic disease resistance response of plants
following the pathogen attack (43).

In this study, the antibacterial activities of M. officinalis
L. plants extract in terms of diameters of inhibition
zones, MIC and MBC were investigated. The results
showed that the antibacterial activities of M. officinalis
L. extracts increased at more than 100 mg/ISA and 50
mg/l Ch foliar application in all the bacteria compared
to the control. The application of 200 mg/l Ch was
competitive with Amp commercial antibiotic. The
extract of all the treatments had antimicrobial properties
against all the bacteria, namely S. aurous, B. subtilis, E.
coli, S. enterica and P. mirabilis. S. aurous was the
most susceptible bacteria to the extract. Anicicet al.
(52) found similar results in their investigation of the
antimicrobial activity of M. officinalis L. (52). In
general, Gram-negative bacteria exhibited a higher
degree of resistance than Gram-positive bacteria. This
may be attributed to lipopolysaccharides in the outer
membrane of Gram-negative bacteria, which
intrinsically  resists external factors, including
antibiotics (53). The results showed that the impacts of
chitosan on Gam-negative bacteria and salicylic acid on
gram-positive bacteria were greater. The biological
activities are often attributed to major compounds in the
extracts (54). There were several compounds in extract
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of M. officinalis L. with antibacterial activity such as
caryophyllene oxide, linalool, carvacrol and geraniol.
The cell wall is a site for action of the extract
compounds. There were several mechanisms of action
for the extracts. An extract and its components are
hydrophobic. They divide the lipids of the bacterial
cell membrane and mitochondrial, disrupting their
structure and causing them to be more permeable.
Subsequently, the leakage of ions and other cell
contents may take place (54). Moreover, chemical
components are capable of acting on cell proteins
embedded in the cytoplasmic membrane (55). It has
been indicated that enzymes such as ATPase’s are
located in the cytoplasmic membrane and are bordered
by lipid molecules (54).

Conclusion

The result showed that SA and Ch both had high
potentials in increasing the chemical composition and
antibacterial activity of the essential oil in M.
officinalis L. The result indicated that different
concentrations of Ch. and SA had significant impacts
on the chemical components of M. officinalis L.
extract. All the tested bacteria were sensitive to the
extracts of M. officinalis L. and antimicrobial
activities of the extracts against the tested bacteria
depending on the dose. The highest and lowest
diameters of inhibition zones of the plant extracts
were observed in S. aurous and P. mirabilis
respectively. Among the studied bacteria, S. aureus
and E. coli were the most sensitive bacteria. It was also
observed that Ch. treatments were more effective on
Gram-negative bacteria, while SA treatments had a
greater impact on Gram-positive bacteria.
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