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Abstract: This research is aimed at investigating the inhibitory essential oils activity of thyme, clove, cinnamon, ginger and
garlic plants against some positive and negative gram pathogenic bacteria (Escherichia coli, proteus spp., Staphylococcus
epidermidis, Staphylococcus aureus) by using the disk diffusion method And compares this activity with the activity of
standard antibiotics, then study the synergistic and antagonistic effect between these essential oils with the antibiotics used
against these bacteria. The results represented the effectiveness of all essential oils on the studied bacteria to varying
degrees, except the clove oil, which doesn't show any inhibitory effect on E.coli and S.epidermidis. In contrast, cinnamon
oil had the most inhibiting impact on all the bacteria studied. While garlic and ginger oil showed the lowest Inhibitory, thyme
oil showed a strong inhibitory effect on E.coli and a moderate effect on other studied bacteria. Also, the results showed the
synergistic effect between most essential plant oils and most antibiotics against most bacterial strains. The antagonistic
effect was between essential oils with a few studied antibiotics toward some bacterial strains.
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|
Introduction

The essential oil has been used medically throughout
history to treat various disease infections over a long period,
such as skin treatment, burns, cancers and other diseases.
The widespread interest in the use of essential oils has
emerged in the modern with the emergence of the depart-
ment of aromatherapy as an alternative medicine based on
other compounds and oil that has shown good treatment
effects, The emergence of bacterial resistance to conven-
tional antibiotics and drugs have led other researchers to
search for alternative therapeutic biocidal Sources against
different pathogenic bacteria’.

The antimicrobial activity of essential oils (Eos) has
been known through research and tested in vitro towards
a wide range of pathogens; these oils are secondary me-
tabolites enriched in chemical compounds?3. It has been
used recently in food preservation and treatment for types
of cancers*’. The main components of (essential oils) are
phenolics, alcoholics, hydrocarbons, aldehydes and keto-
nes which are answerable for medicinal plant biological ac-
tivities. The cell membrane of bacterial cells is the main tar-
get of the mechanism oils®°. Medicinal plants and their oils
were used in folk medicine. Naturally, essential oils play a
significant role in producing plants against pathogens. The
essential oils contain secondary metabolic substances that
can inhibit and kill many bacteria, yeasts and molds. The
bacterial cell membrane is the main target for making these
oils and other targets in bacteria'. The inhibitory efficacy
of essential oils against pathogenic pathogens has been
investigated because of the emergence of multiple resistan-
ces to these pathogens to conventional antibiotics, which is
a significant problem in treating many bacterial diseases’.

People in various parts of the world have historically

used ginger, thyme, clove, cinnamon and garlic for various
purposes, so the purpose of this research is to examine in
vitro behavior of the oils toward two Gram-negative bacterial
strains and two Gram-positive bacterial strains and study a
mixing of such essential oils and standard antibiotics in vitro
action.

|
Materials and methods

Essential Oils

Five essential oils were collected from local markets
equipped by the Itimad Company, Iraq (Table 1). Such oils
have been selected based on survey literature and used for
medical purposes.

Local name Name Botanical

Thyme Thumus vulgaris

Clove Syzygium aromaticum
Cinnamon Cinnamomum Cassia
Ginger oil Zingiberofficinableg
Garlic oil Allium sativum

Table 1. Essential oils used in this study.
Bacteria isolates

Two types of Gram-negative bacteria (Escherichia coli,
Proteus spp.), and two types of Gram-positive bacteria (Sta-
phylococcus epidermidis, Staphylococcus aureus). These
isolates were obtained as pure identifiable isolates from the
biology department/college of science/ Mosul University.
The bacteria cultures were stored at 4 ° C in their appro-
priate agar slants and used as stock cultures throughout the
study. Mueller Hinton agar (MHA).
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Antibiotics

Five disks of antibiotics were used-manufactured by
Bioanalyses (Turkey). Amoxicillin Clavulanic acid( AMC
30ug), Ceftriaxone (CTX 30ug), Trimethoprim- Sulphame-
thoxazole (SXT 25ug), Gentamicin (CN 10ug) and Cipro-
floxacin( CIP 10ug).

The Antibiotics sensitivity test

Antibiotics sensitivity test against studied bacterial iso-
lates was conducted according to the modified method of
Kirby-Bauer'.

Antibacterial activity of Essential oils Test

The method of diffusion of discs was used in this re-
search. An overnight culture has been calibrated to 0.5 Mc-
Farland requirements 108 CFU/ml for each microbial strain.
Five hundred pL suspensions were spread out Mueller-Hin-
ton agar (MHA) plates. With aseptic conditions, 10 pL of es-
sential oil was impregnated with empty sterilized filter paper
disks (6 mm diameter) of five types and placed on the sur-
face of the agar. For 18-24h, the inoculated plaques were
incubated at 37 ° C. Antimicrobial activity was measured
against the test species by calculating the inhibition zone
(mm). Every assay has been repeated 2 times'®.

|
Results and discussion

The Antibiotics sensitivity test

The results of the sensitivity of the (E.coli, Proteus spp.,
S.aureus, and S.epidermidis) to a group of antibiotics were
shown in Table 2 and Figure 1 (A-D), where contrasts be-
tween these isolates can be noticed in the manner of their
resistance to antibiotics.

The antiprogram of different isolates showed that all
tested isolates were sensitive toward the selected standard

antibiotics; the antibiotic sensitivity test was performed to
compare the antibacterial activities of tested essential oils
with the inhibitory action of antibiotics.

Antibacterial activity of Essential oils

Antibacterial activities of five "essential oils" toward four
bacterial species are shown in Table 3.

These results showed that the oil of cinnamon exhibits
superior antibacterial activity toward all bacteria, with inhi-
bition zones (12 to 25 mm). This demonstrated the highest
antibacterial activities in E.coli (25 mm), and the lowest in-
hibition effect observed in both S.epidermidis (12 mm), as
shown in Figure 2 (A-D). Depending on the susceptibility of
the bacteria studied, clove oil produced an inhibition zone
toward E.coli and S.aureus only (12mm, 7mm), respecti-
vely, as shown in Figure 2 (A-D). In contrast, the location of
inhibition produced by garlic and ginger essential oils varies
from (8mm to 12mm). For garlic oil, the lowest inhibitory
zone was observed against S.epidermidis (8mm), but the
lowest inhibitory area was E.coli and S.aureus (12 mm), as
shown in figures( B 1-4); for ginger oil, the lowest inhibitory
zone was observed against S.aureus (8mm), but the top
inhibitory zone was showed toward E.coli, and S.epidermi-
dis (12mm) as shown in Figure 2 (A-D) and the inhibition
zone of essential oil Thyme produced differs from (8mm to
20mm). The minimal inhibition zone was observed against
Proteus spp. and S.aureus (8mm). In comparison, the op-
timum inhibition zone was for E.coli (20 mm) as shown in
Figure 2 (A-D).

In vitro experiments in this study have shown that the
essential oils of Ginger, Clove, Thyme, Cinnamon and Gar-
lic show antibacterial activity toward the studied bacteria,
but their activities varied. Many studies on the antimicro-
bial activity of plant compounds toward various types of
microbes have been released, including food pathogthe-
se' Clove and Thyme oils demonstrated solid antibacterial
activity with inhibition zones at (8-20mm) and (7-12mm).

Figure 1. Results of antibiotic sensitivity test. (A): E.coli; (B): proteus spp. (C) S.epidermidis; (D) S.aureus).

Bacteria CN (10) pg | SXT (25) CTX(30)
ng
E. coli 15 - 23
Proteus spp. 20 - 20
S.epidermidis 15 15 20
S.aureus 15 18 15
(-): NO Inhibitory effect
Bacteria Clove Thyme Cinnamon
E. coli - 20 25
Proteus spp. 12 8 14
S.epidermidis - 12 12
S.aureus 7 8 15

(- ): NO Inhibitory effect

CIP(10) pg | AMC(30)
ne Table 2. Result of the stan-
23 10 dard antibiotics sensitivity
25 10 test against the bacterial iso-
23 20 lates, inhibition zones in mm.
25 20
Garlic Ginger
12 12 Table 3. Antibacterial activi-
10 10 ties of "essential oils" (10ul /
8 8 disc) toward bacterial strains.
12 12
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Figure 2. Antibacterial activity of five tested Essential oils. (Th-Thyme, CI-Clove, Ci-Cinnamon, Gi-Ginger, Ga-Garlic). (A):

E.coli; (B): proteus spp. (C) S.epidermidis; (D): S.aureus.
Accordingly, such results consent with'® Clove oil is active
against foodborne "Gram-positive" bacteria (Bacillus ce-
reus, Staphylococcus aureus, Enterococcus faecalis and
Listeria monocytogenes). And "Gram-negative" bacteria
(Paeruginosa, E.coli, Yersinia enterocolitica, Salmonella
choleraesuis). And Clove oil had the highest activity with a
measured inhibition zone (23.7 mm) towards V.cholerae'®"
the essential thyme oil was reported to have better activity
against E.coli. Toward results were in agreement with the
results of (18), which indicated that essential oil of thyme
exhibited higher activity against S.aureus (20.1 mm), B.sub-
tilis, and S.aureus (Gram-positive bacteria) and were much
more sensitive than Gram-negative bacteria to the essential
oils. The combined effect of the compounds results in the
antimicrobial activities of essential oils.

The "antimicrobial activity" of essential oil of thyme and
thymol was assessed in other tests, like (19), where the
substantial activity of thyme toward E.coli and Salmonella
spp. has been documented. An essential thyme oil antimi-
crobial effect was also recorded toward E.coli and other foo-
dborne bacteria®.

The cinnamon essential oil has shown the best antibac-
terial activity toward whole bacterial species studied; these
results are by (21), in which cinnamon oil exhibited potent

activity against bacterial strains selected. And the other
side, multiple studies showed that cinnamon and clove oils
have precise and reliable effects on different pathogens and
bacteria?.

Several studies have shown that oils' activity can be
attributed to their hydrophobicity as a feature of "essential
oils" and their components, which allow them to separate
bacterial cell membrane lipids, challenge the cell well struc-
tures and make them more permeable?®. And the exit of cri-
tical ions and molecules will lead to death?.

Aromatogram test for combinations of essential oils
with antibiotics

Applying Cinnamon oil with all standard antibiotics
tested, the antimicrobial activity of all antibiotics increased
against the four bacterial strains tested, as shown in Table
4 and Figures 3 (A-D).

The application of thyme with all standard antibiotics
tested led to enhance the antibacterial activities of these
antibiotics, except the combination with (AMC and SXT) re-
sulted in a decrease in the inhibition zone exerted by the an-
tibiotics when used alone against S.epidermidis as shown in
Table 5 and Figures 4 (A-D). Toroglu said combining basic
Thyme oil and standard in vitro antibiotics resulted in an

Figure 3. (A): Inhibitory activity of Combination between cinnamon oil with tested antibiotics against E.coli. (B): Inhibitory
activity of Combination between cinnamon oil with tested antibiotics against proteus spp. (C): Inhibitory activity of Combi-
nation between cinnamon oil with tested antibiotics against S.epidermidis. (D): Inhibitory activity of Combination between

cinnamon oil with tested antibiotics against S.aureus.

Standard antibiotic discs with

Standard antibiotic discs

Bacteria Essential
oil

C | sX  (CT
N | T X
E. coli 25 5 - | 23
Proteus spp. 14 20 - 20
S.epidermidis 12 15 15 | 20
S.aureus 15 15 18 | 15

(-): NO Inhibitory effect

essential oil

CI  AM| CN  SXT  CT | CIP ¥ AM
P C X C
23 10 25 20 25 25 25
25 10 25 25 25 25 25
23 20 25 22 25 30 20
25 20 18 20 30 30 20

Table 4. The antibacterial activities (inhibition zones) of Cinnamon essential oil and its synergistic with antibiotic effects.
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Figure 4. (A) Inhibitory activity of Combination between Thyme oil with tested antibiotics against E.coli. (B) Inhibitory ac-
tivity of Combination between Thyme oil with tested antibiotics against proteus spp. (C): Inhibitory activity of Combination
between Thyme oil with tested antibiotics against S.epidermidis. (D): Inhibitory activity of Combination between Thyme oil

with tested antibiotics against S.aureus.

Standard antibiotic discs with

Standard antibiotic discs

Bacteria Essential
oil

C | sSX | CT
N | T X
E. coli 20 15| - 23
Proteus spp. 8 20 - | 20
S.epidermidis 12 15| 15 20
S.aureus 8 15| 18 | 15

(-): NO Inhibitory effect

essential oil

ClI |AM | CN | SXT  CT | CIP | AM
p C X C
23 10 20 17 23 30 15
25 10 22 20 22 30 15
23 20 15 9 25 30 12
25 20 25 25 25 25 25

Table 5. The antimicrobial activities (inhibition zones) of Thyme essential oil and its synergistic with antibiotic effects. Mm

antagonistic effect on bacteria®®.

Applying Ginger oil with all tested standard antibiotics
led to the antagonistic effect of these antibiotics against all
bacteria tested except the combination of (SXT) against E.
coli, Proteus spp. , and (CTX) against S.epidermidis , S.au-
reus . And (AMC) against Proteus spp., and (CN) against
S.aureus, which led to a synergistic effect as shown in Table
6 Figure 5 (A-D).

The combination of Garlic oil with all tested standard
antibiotics resulted in a synergistic effect against all tes-
ted bacteria except the case of applying this oil with (CXT)

against E.coli, Proteus spp., which led to a decrease in
the antimicrobial activity of this antibiotic compared when
used as alone, also antagonistic effect occurred with (SXT)
against the S.epidermidis as shown in Table 7 Figure 6 (A-
D).

Applying Clove oil with all tested standard antibiotics
resulted in a synergistic effect with most antibiotics against
most tested bacteria except in the case of applying this oil
with (SXT, AMC) against S.epidermidis only, as shown in
Table 8 and Figure 7 (A-D).

Figure 5. (A): Inhibitory activity of Combination between Ginger oil with tested antibiotics against E.coli. (B): Inhibitory ac-
tivity of Combination between Ginger oil with tested antibiotics against proteus spp. (C): Inhibitory activity of Combination
between Ginger oil with tested antibiotics against S.epidermidis. (D): Inhibitory activity of Combination between Ginger oil

with tested antibiotics against S.aureus.

Bacteria E.ssen.- Standard antibiotic discs
tial oil
CN | SXT | CIX CIP
E. coli 12 15 - 23 23
Proteus 10 20 - 20 25
spp.
S.epiderm 12 15 | 15 20 23
idis
S.aureus 8 15 18 15 25

(-): NO Inhibitory effect

Standard antibiotic discs with
essential oil

AMC CN SXT CTIX CIP AMC
10 14 8 18 20 7
10 16 11 11 22 10
20 13 8 20 16 9
20 16 9 18 23 9

Table 6. The antimicrobial activities (inhibition zones) of ginger essential oil and its synergistic with antibiotic effects. Mm
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Figure 6. (A) Inhibitory activity of Combination between Garlic oil with tested antibiotics against E.coli.

(B) Inhibitory ac-

tivity of Combination between Garlic oil with tested antibiotics against proteus spp. (C) Inhibitory activity of Combination
between Garlic oil with tested antibiotics against S.epidermidis. (D)Inhibitory activity of Combination between Garlic oil

with tested antibiotics against S.aureus.

Bacteria E.ssen.— Standard antibiotic Sta]ldi-ll'd an-tibioﬁc
tial oil A discs with
discs . .
essential oil
C SX | CT CIP| AM | CN | SX | CT | C  AM
N T X C T X P C
E. coli 12 15 - 23 23 10 15 8 18 25 10
Proteus spp. 10 20 - 20 25 10 22 21 15 28 18
S.epidermidis 8 15 15 20 23 | 20 26 - | 26 | 30 23
S.aureus 12 15 18 | 15 25 20 18 15 18 27 25

Table 7. The antimicrobial activities (inhibition zones) of essential garlic oil and its synergistic with antibiotic effects. Mm

Figure 7. (A): Inhibitory activity of Combination between Ginger oil with tested antibiotics against E.coli. (B): Inhibitory ac-
tivity of Combination between Ginger oil with tested antibiotics against proteus spp. (C): Inhibitory activity of Combination
between Ginger oil with tested antibiotics against S.epidermidis. (D): Inhibitory activity of Combination between Ginger oil

with tested antibiotics against S.aureus.

Bacteria Esseflﬁal Standard antibiotic Standz.lrd an.tibiotic
oil . dises with
discs . .
essential oil
C SX | CT dd|AM| CN SXT| CT |  AM
N T X P C X r C
E. coli - 15 - 23 | 23 10 20 - 25 30 15
Proteus spp. 12 20 - 20 | 25 10 22 22 23 | 30 15
S.epidermidis - 15 | 15 | 20 23 | 20 16 - 24 23 11
S.aureus 7 15 18 15 25 20 15 20 20 30 25

Table 8. The antimicrobial activities (inhibition zones) of Clove essential oil and its synergistic with antibiotic effects. Mm

|
Conclusions

The study shows that combining "essential oils" from
these medicinal plants with traditional antibiotics has con-
siderable potential for producing and eliminating new an-
timicrobial treatments for many microorganism-caused di-
seases. Based on the results obtained, the essential oils
function with the standard antibiotics studied. This collabo-
ration could result in new treatment options for infectious
diseases and increasing drug resistance. More molecu-
lar-based studies of synergistic interaction are required to

understand the synergistic mechanism, which is fundamen-
tal to ggggggggg pharmacological agents for treating bacte-
rial infections using medicinal plants. The research will also
focus on finding medicinal plants with synergistic activity in
that direction.
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