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Abstract
Background and purpose: Candida infections have increased significantly in the antimicrobial resistance era, and synthetic anti-

fungal drugs have limitations. The present work aimed to review the antifungal properties of Zataria multiflora (Z. multiflora) as an
herbal remedy.

Method: PubMed, Scopus, ScienceDirect, Web of Science, SID, Civilica, and Magiran databases were searched for the antifungal

activity on in vitro, in vivo, dental biofilm, and clinical studies of Z. multiflora on Candida species.

Results: Overall, 33 articles evaluated the effect of Z. multiflora on Candida species and classified them into four groups, as fol-

lows in vitro (23), dental biofilm (6), in vivo (2), and clinical studies (3). All studies considered Z. multiflora effective in reducing or

even inhibiting the growth of Candida species. NoMFC significant differences were seen in the effect of Z. multiflora on susceptible
Candida compared to the resistant groups of Candida in the studies. It was also influential in inhibiting C. parapsilosis, C. glabrata,
C. krusei, C. kefyer, and C. zeylanoides.
Conclusion: Considering the side effects and resistance of current antifungal drugs as well as the benefits of using herbal med-

icines, such as lower cost, less likely to develop drug resistance, the absence of side effects, and toxicity compared with chemical

ones, it is possible as a powerful alternative to replace or combine with the current antifungal for Candida infection therapy along

with other therapies.
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Introduction
Candida consists of round, oval yeasts 3 to 30 micrometers in
diameter and contains 150 different species. Of these, only a
small number are isolated from the human body, which is col-
onized as an indigenous microbial flora on the mucosal surfaces
of the human body.1 Candida species are responsible for
approximately 96% of opportunistic fungi; Candida albicans
is the most common species that causes superficial, mucosal,
and systemic infections in humans.2 The prevalence of infec-
tions caused by Candida species has increased significantly in
the last two decades due to the further spread of immunocom-
promised diseases, improper use of immunosuppressive
drugs, endocrine disorders, malnutrition, and the widespread
use of broad-spectrum antibiotics and medical devices, as
well as aging.3,4 Additionally, we are facing an emerging
multidrug-resistant C. auris, which is causing outbreaks all

over the globe.5 Despite antifungal drugs therapy, morbidity
and mortality rates of invasive candidiasis remain high.6
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There are currently three classes of antifungal drugs avail-
able to treat candidiasis: azoles, echinocandins, and polyene,
which have limitations such as low susceptibility of some
species or strains of Candida, resistant species, high cost, tox-
icity, drug interactions, or lack of oral drug formulation.7,8

Treatment has become challenging with the emergence of
Candida species resistant to common antifungal drugs.9

Herbal derivatives have attracted much attention in the last
decade since researchers believe herbal medicines have much
fewer side effects and toxicity than chemical drugs and do
not cause drug resistance.10,11 Therefore, medicinal plants
with antimicrobial properties help reduce synthetic substances,
side effects, and toxic effects and are more economical.12

According to the literature, more than 258 plant species from
94 families have been studied for the survey anti-Candida
Activity.13,14 Shirazi Thyme belongs to the mint family
(Lamiaceae or Labiatae) and is also known as Zataria multi-
flora (Z. multiflora). Z. multiflora grows wild in the central
and southern regions of Iran, Afghanistan, and Pakistan.15

The branches of this plant, collected for medicinal purposes
in the early flowering period, contain essential oils, tannins,
saponins, and plant disinfectants and are rich in peppermint
tannins polymethoxy flavonoids, triterpenes, and polysaccha-
rides. Two critical compounds in Z. multiflora essential oil
are thymol and carvacrol, both of which are terpenoids. Most
of this plant’s antimicrobial properties have been attributed to
these two substances.16,17

Given the above and the fact that so far, no secondary study
has been conducted to put together the results of studies to eval-
uate the antifungal properties of the essential oils extracted from
Z. multiflora on Candida species; In the present systematic
study, we aim to classify the results of evidence-based
methods of all published documents in a single systematic
review.

Methods
Study Design
This Systematic review was performed according to the preferred
reporting items for systematic reviews (PRISMA) guidelines.18

Search Strategy
In this Systematic review, international electronic databases such
as Scopus, PubMed, ScienceDirect, and Web of Science and
national databases such as SID, Civilica, and Magiran were
searched, restricted to articles in English and Persian, to find the
relevant studies. Searches included articles published before 1
August 2021, using different keywords including “Zataria multi-
flora,” “Thyme,” “Shirazi thyme,” “Avishan Shirazi,”
“Avishan-e-Shirazi,” “Candida,” and “candidiasis.” The main
MeSH terms were searched alone and combined with the other
keywords. Two of the authors conducted the search indepen-
dently. The third-party evaluated the searched items and hand-
searched references of the papers to ensure that no study was
missed.

Inclusion and Exclusion Criteria
Inclusion criteria included studies that reported an association between
Z.multiflora and Candida species, Articles in English and Persian were
investigated.

The exclusion criteria included review studies, conference papers,
book chapters, and articles and abstracts that did not contain the full
text. In addition, articles that were impossible to quality evaluate
were excluded from the study.

Selection of Studies
After completing the search in the second stage, duplicate articles
were removed using Endnote software version 20. Then the titles
and abstracts of articles were reviewed, and irrelevant items were
removed. Finally, the full text of the related articles was reviewed,
and unrelated items were removed. Two researchers independently
performed the selection of articles. Disagreements were also
investigated and resolved by a third party.

Data Extraction
The Excel software was used in order to extract the data based on
the name of the first author, year of study, plant region, Z. multi-
flora chemical components, Z. multiflora formulation, Antifungal
susceptibility testing method, Candida species, and Minimum
inhibitory concentration (MIC) index (MIC50, MIC90),
Minimum fungicidal concentration (MFC), from each of the
initial studies.

The studies were reviewed based on the type of study and classified
into four groups: in vitro assay, dental biofilm studies, in vitro studies,
and clinical studies. All studies carried out to evaluate the antifungal
susceptibility of Z. multiflora were included in the study.

Results
Study Characteristics and Search Results
In the initial systematic literature search in the databases, 2366
articles were found, and after eliminating the duplicates, the
amount was reduced to 2248 articles. After reviewing the title
and abstract, 2196 articles were excluded due to irrelevance.
Finally, after reviewing the full text, 33 articles were selected
as relevant articles. The process of article screening and selec-
tion is presented in Figure 1.

Finally, 33 articles were selected in this review and classified
into four groups that performed antifungal activity of Z. multi-
flora on Candida species in different conditions, as follows:

1- In vitro studies (23 papers); 2- Dental biofilm studies (6 papers);
3- In vivo studies (2 papers); 4- Clinical studies (3 papers). One
analysis has been classified in both in vitro studies and dental
biofilm studies.19

A graphic summary of this study is shown in Figure 2.
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Antifungal Activity of Z. multiflora on Candida species
in in Vitro Conditions
Among the 23 relevant articles19–41 that surveyed the antifungal
effects of Z. multiflora on Candida species, 23 articles reported
that Z. multiflora has adverse effects on Candida species. This is
demonstrated in Table 1. All studies have generally shown that
Z. multiflora could reduce or even inhibit the growth of
Candida species.

Resistant and susceptible species of C. albicans were used in
two studies.22,39 Consequently, these results indicated that no
significant difference was seen in the effect of Z. multiflora
on these two groups of Candida. For example, in the studies
of Katiraiee et al,22,39 which used two strains (susceptible and
resistant) of C. albicans, no significant difference was observed
in the MICs of these two strains to Z. multiflora.

The Z. multiflora extracts used in these studies have different
formulations. These extracts include aqueous, ethanolic, meth-
anolic, acetonic, ethyl-acetate, and hydroalcoholic extracts.

Among these, in three studies,20,25,28 antifungal activities were
not observed in Z. multiflora aqueous extract. However, in contrast
to the three studies mentioned above, a study conducted by Rahimi

et al19 examined aqueous and ethanolic extracts and reported that
they effectively inhibited the growth of C. albicans. In a study by
Shokri et al,29 C. zeylanoides, and a study by Esfandiary et al,36

Clinical isolates of C. parapsilosis, C. glabrata, C. krusei, and
C. kefyr species were examined. In both of these studies, Z. mul-
tiflora effectively inhibited the growth of these non-albicans
Candida species.

In Moghim, Mahmoudabadi, Naini, Rahimi, and Rezaie
Keikhaie studies,19,20,25,33,40 the ethanolic extract of Z. multi-
flora and Mahmoudabadi, Arbabi- Kalati, Abedini, Nouri,
and Rezaie Keikhaie studies,20,30,37,40,42 the methanolic
extract of Z. multiflora were examined. According to the MIC
index, these extracts were effective in all cases, but the etha-
nolic extract was more effective than the methanolic extract.
Also, the highest amount of MIC for the ethanolic extract was
reported in Mahmoudabadi’s study.20

Eleven studies used Z. multiflora essential oil to investigate
its antifungal effects,24,26,28,29,31,34–36,38,39,41 which all studies
reported that Z. multiflora was effective in reducing the
growth of Candida species.

In 9 studies, chemical compositions of Z. multiflora were
analyzed using Gas Chromatography-Mass Spectrometry

Figure 1. PRISMA flow diagram of the detailed process of selection of studies for inclusion in the systematic review.
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(GC-MS), which among these, thymol, carvacrol, γ-Terpinene,
and linalool had a more critical role in the antifungal properties
of Z. multiflora.24,26,28,31,34,35,38,39,41

Antifungal activity of Z. multiflora on dental biofilm of
Candida species derived from dental plaque and
intraoral appliances
6 studies19,43–47 investigated the antifungal effects of Z. multi-
flora on dental biofilm containing C. albicans derived from
the acrylic plates, root canals, and mobile orthodontic appli-
ances, all of which were effective in reducing the growth of
C. albicans species (Table 2). In a study by Jafari,43 which
used nystatin as a control group to compare its antifungal
effects with Z. multiflora, the results showed that concentrations
of 50 and 25 mg/mL of Z. multiflora essence effectively
(removed 100%) removed Candida cells from acrylic plates
similar to the control group. A study by Aghili et al,44 used
chlorhexidine mouthwash as a control group to evaluate the
antimicrobial effects on the contaminated orthodontic elasto-
meric ligatures. The findings indicated that both Z. multiflora
and chlorhexidine effectively eliminated C. albicans cells
from the orthodontic elastomeric ligatures. Another study that
aimed to compare the antifungal activity of Z. multiflora with
sodium hypochlorite (NaOCl) as a root canal irrigant against
C. albicans concluded that a 1 mg/ml concentration of Z. mul-
tiflora and NaOCl showed the highest antifungal efficacy in
removing the biofilm of C. albicans from the surface of root
canals.45 Aghajani et al46 compared the antifungal effect of Z.
multiflora on the surface of acrylic resin dentures with the

control groups (sodium hypochlorite, Deconex®) in two time
periods (10 and 60 min). They concluded that the control
groups disinfectant with higher potency in 10-min intervals
compared to Z. multiflora. Still, after a 60-min period, Z. multi-
flora displayed similar effects as those of the chemical
disinfectants.

Oshagh et al47 compared the efficacy of 25 mg/ml Z. mul-
tiflora and 0.12% chlorhexidine in eliminating dental
biofilm containing Candida from the acrylic baseplates of
removable orthodontic appliances. They concluded that a
25 mg/ml concentration of Z. multiflora did not show desir-
able disinfectant properties compared to chlorhexidine. In
another study that evaluated the effects of ethanolic and
aqueous extracts of Z. multiflora on biofilm inhibitions of
C. albicans, the results showed that both the two extracts
significantly inhibit the fungal biofilm formation.
Interestingly, the ethanolic extract has more ability (97%)
to eliminate Candida biofilms compared to the aqueous
extract (87%).19

Antifungal activity of Z. multiflora on Candida infection
in in vivo studies
Two studies examined the antifungal activity of Z. multiflora in
animal models (Table 3). Fluconazole and itraconazole were
used in the Khosravi48 and Bayat21 study as the control
group, respectively. The results of both studies showed that Z.
multiflora could be used as an alternative to antifungal drugs
to inhibit the growth of C. albicans in mice models.

Figure 2. Graphic summary of the study on antifungal activity of Z. multiflora on Candida species.
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.4
9
),
L
in
al
o
o
l
(5
.6
3
),

γ-
Te
rp
in
e
n
e
(3
.9
6
),

C
ar
va
cr
o
l
(2
.7
0
)

E
ss
e
n
ti
al
o
il

B
D

C
.a
lb
ica

ns
A
T
C
C

1
0
2
3
9
(1
)

-
2
µ
g/
m
l

-
-

-

C
.t
ro
pi
ca
lis

A
T
C
C

1
3
8
0
1
(1
)

-
0
.5

µ
g/
m
l

-
-

-

N
ae
in
i
e
t
al
,
2
0
1
1
2
5

-
-

A
q
u
e
o
u
s

D
D

C
.a
lb
ica

ns

A
T
C
C
1
0
2
3
1
(1
)

0
-

-
-

-
T
h
e
e
ss
e
n
ti
al
o
ils

o
f
Z
.M

sh
o
w
e
d
h
ig
h
st
ro
n
g

ac
ti
vi
ty

ag
ai
n
st
C
.

al
bi
ca
ns
.,
B
u
t
aq
u
e
o
u
s

e
ss
e
n
ti
al
o
ils

o
f
Z
.M

d
o
se
n
t
sh
o
w
e
d
an
y

an
ti
fu
n
ga
l
ac
ti
vi
ty

ag
ai
n
st
C
.a
lb
ica

ns
..

F
re
sh

ae
ri
al
p
ar
ts

E
th
an
o
lic

D
D

C
.a
lb
ica

ns

A
T
C
C
1
0
2
3
1
(1
)

3
0

-
-

-
-

A
ce
to
n
ic

D
D

C
.a
lb
ica

ns

A
T
C
C
1
0
2
3
1
(1
)

3
5

-
-

-
-

E
ss
e
n
ce

D
D

C
.a
lb
ica

ns

A
T
C
C
1
0
2
3
1
(1
)

5
5

-
-

-
-

(c
on
tin
ue
d)
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T
ab

le
1.

(c
o
n
ti
n
u
e
d
)

F
ir
st
au
th
o
r.
R
e
fs

P
la
n
t
re
gi
o
n

Z
.
M

ch
e
m
ic
al
co
m
p
o
n
e
n
ts

(%
)

Z
.M

F
o
rm

u
la
ti
o
n

A
F
ST

m
e
th
o
d

U
se
d
Ca

nd
id
a
sp
e
ci
e
s

(n
o
.)

D
is
k
d
if
fu
si
o
n
re
su
lt

B
ro
th

m
ic
ro
d
ilu
ti
o
n
re
su
lt

M
F
C

M
IC

5
0

M
IC

9
0

F
in
d
in
g

P
ar
t
o
f
p
la
n
t
w
h
ic
h

w
e
re

u
se
d

Z
.M

μl
/D

is
k
(m

m
)

Z
.M

M
IC

±
SD

Z
o
m
o
ro
d
ia
n
e
t
al
,

2
0
1
1
2
6

L
am

e
rd
,
F
ar
s

p
ro
vi
n
ce
,
Ir
an

T
h
ym

o
l
(3
8
.8
8
),
C
ar
va
cr
o
l

(2
7
.1
6
),
L
im
o
n
e
n
e

(1
5
.7
6
),
p
-C

ym
e
n
e

(1
4
.8
9
)

E
ss
e
n
ti
al
o
il

B
D

C
.a
lb
ica

ns
A
T
C
C

1
0
2
6
1
(2
6
)

-
-

0
.0
5
2
µ
L
/m

L
0
.0
1
2
µ
L
/m

l
0
.0
2
3
µ
L
/m

L
H
ig
h
co
n
ce
n
tr
at
io
n
o
f

ca
rv
ac
ro
l
sh
o
w
e
d

b
e
tt
e
r
an
ti
m
ic
ro
b
ia
l

ac
ti
vi
ti
e
s.

A
e
ri
al
p
ar
ts

C
.t
ro
pi
ca
lis
A
T
C
C
7
5
0

(3
)

-
-

0
.0
7
6
µ
L
/m

L
0
.0
2
3

0
.0
4
7
µ
L
/m

L

C
.d
ub
lin
ie
ns
is
(4
)

-
-

0
.0
3
5
µ
L
/m

L
0
.0
1

0
.0
1
5
µ
L
/m

L

C
.g
la
br
at
a
A
T
C
C

9
0
0
3
0
(5
)

-
-

0
.0
3
5
µ
L
/m

L
0
.0
0
7
5
µ
L
/m

L
0
.0
0
9
8
µ
L
/m

L

C
.p
ar
ap
sil
os
is
A
T
C
C

4
3
4
4
(5
)

-
-

0
.0
2
2
µ
L
/M

l
0
.0
0
9
8
µ
L
/m

L
0
.0
1
5

C
.k
ru
se
iA

T
C
C
6
2
5
8

(1
)

-
-

0
.0
6
µ
L
/m

L
0
.0
1
5
µ
L
/m

L
0
.0
6
µ
L
/m

L

D
ar
ab
,
F
ar
s

p
ro
vi
n
ce
,
Ir
an

C
ar
va
cr
o
l
(8
2
.7
),

C
ar
yo
p
h
yl
le
n
e
o
x
id
e

(5
.3
6
),
p
-C

ym
e
n
e
(4
.7
),

γ-
Te
rp
in
e
n
e
(2
.1
9
),

T
h
ym

o
l
(0
.1
)

E
ss
e
n
ti
al
o
il

B
D

C
.a
lb
ica

ns
A
T
C
C

1
0
2
6
1
(2
6
)

-
-

0
.1
1
8
µ
L
/m

L
0
.0
2
1
µ
L
/m

L
0
.0
4
9
µ
L
/m

L

C
.t
ro
pi
ca
lis
A
T
C
C
7
5
0

(3
)

-
-

0
.1
5
3
µ
L
/m

L
0
.0
3
7
µ
L
/m

L
0
.0
7
5
µ
L
/m

L

C
.d
ub
lin
ie
ns
is
(4
)

-
-

0
.0
6
µ
L
/m

L
0
.0
1
2
µ
L
/m

L
0
.0
3
µ
L
/m

L

C
.g
la
br
at
a
A
T
C
C

9
0
0
3
0
(5
)

-
-

0
.1
2
µ
L
/m

L
0
.0
0
7
µ
L
/m

L
0
.0
1
5
µ
L
/m

L

C
.p
ar
ap
sil
os
is
A
T
C
C

4
3
4
4
(5
)

-
-

0
.0
8
µ
L
/m

L
0
.0
1
1
µ
L
/m

L
0
.0
1
7
µ
L
/m

L

C
.k
ru
se
iA

T
C
C
6
2
5
8

(1
)

-
-

0
.0
6
µ
L
/m

L
0
.0
3
µ
L
/m

L
0
.0
6
µ
L
/m

L

Z
ar
gh
an

re
gi
o
n
s,

F
ar
s
p
ro
vi
n
ce
,

Ir
an

L
in
al
o
o
l
(8
7
.3
5
),

al
p
h
a-
P
in
e
n
e
(5
.1
0
),

T
h
ym

o
l
(0
.0
)

E
ss
e
n
ti
al
o
il

B
D

C
.a
lb
ica

ns
A
T
C
C

1
0
2
6
1
(2
6
)

-
-

0
.7
6
5
µ
L
/m

L
0
.1
0
6
µ
L
/m

L
0
.2
9
µ
L
/m

L

C
.t
ro
pi
ca
lis
A
T
C
C
7
5
0

(3
)

-
-

1
µ
L
/m

L
0
.1
5
5
µ
L
/m

L
0
.3
9
1
µ
L
/m

L

C
.d
ub
lin
ie
ns
is
(4
)

-
-

0
.8
4
µ
L
/m

L
0
.2
5
µ
L
/m

L
0
.2

µ
L
/m

L

C
.g
la
br
at
a
A
T
C
C

9
0
0
3
0
(5
)

-
-

0
.2
8
7
µ
L
/m

L
0
.0
3
4
µ
L
/m

L
0
.0
6
8
µ
L
/m

L

C
.p
ar
ap
sil
os
is
A
T
C
C

4
3
4
4
(5
)

-
-

0
.5
7
µ
L
/m

L
0
.0
4
5
µ
L
/m

L
0
.0
9
1
µ
L
/m

L

C
.k
ru
se
iA

T
C
C
6
2
5
8

(1
)

-
-

1
µ
L
/m

L
0
.1
2
µ
L
/m

L
0
.5

µ
L
/m

L

A
rb
ab
i
k
la
ti
e
t
al
,
2
0
1
2
2
7

-
-

M
e
th
an
o
lic

D
D

C
.a
lb
ica

ns
T
im
m
2
6
4
0

(1
)

1
3
±

0
.8
2

-
-

-
-

Z
.M

e
x
h
ib
it
e
d
an
ti
fu
n
ga
l

ac
ti
vi
ty

o
n
C
.a
lb
in
ca
ns
.

-

M
ah
am

m
ad
iP
u
rf
ar
d
e
t
al
,

2
0
1
2
2
8

A
rs
e
n
ja
n
,
F
ar
s

P
ro
vi
n
ce
,
Ir
an

C
ar
va
cr
o
l
(2
9
.4
9
),
T
h
ym

o
l

(2
5
.7
0
),
p
-C

ym
e
n
e

(1
1
.2
5
),
L
in
al
o
o
l
(9
.3
6
),

γ-
Te
rp
in
e
n
e
(8
.0
5
)

A
q
u
e
o
u
s

B
D

an
d
D
D

C
.a
lb
ica

ns
A
T
C
C

1
0
2
3
1
(1
)

2
4
µ
g/
m
l(
0
m
m
),
5
0

µ
g/
m
l
(0
),
1
0
0
(0
)

0
-

-
-

A
t
co
n
ce
n
tr
at
io
n
>
5
µ
g/
m
l,

Z
.M

e
ss
e
n
ti
al
o
il

si
gn
ifi
ca
n
tl
y
re
d
u
ce
d

th
e
gr
o
w
th

o
f
C
.

al
bi
ca
ns

b
y
1
0
0
%
.

H
o
w
e
ve
r,
th
e
aq
u
e
o
u
s

e
x
tr
ac
t
d
id

n
o
t
sh
o
w

an
y
ac
ti
vi
ty

ag
ai
n
st
C
.

al
bi
ca
ns
.

A
e
ri
al
p
ar
ts

C
ar
va
cr
o
l
(2
9
.4
9
),
T
h
ym

o
l

(2
5
.7
0
),
p
-C

ym
e
n
e

(1
1
.2
5
),
L
in
al
o
o
l
(9
.3
6
),

γ-
Te
rp
in
e
n
e
(8
.0
5
)

E
ss
e
n
ti
al
o
il

B
D

an
d
D
D

C
.a
lb
ica

ns
A
T
C
C

1
0
2
3
1
(1
)

2
5
µ
g/
m
l(
1
4
.2

±
0
.8
4

m
m
),
5
0
µ
g/
m
l

(2
3
.8

±
0
.5
),
1
0
0

(3
0
±

1
)

2
.8

±
0
.8

µ
g/
m
l

-
-

-

Sh
o
k
ri
e
t
al
,
2
0
1
4
2
9

-
-

E
ss
e
n
ti
al
o
il

D
D

C
.z
ey
la
no
id
es

(1
4
)

5
8
.6

±
2
.6

m
m

-
-

-
-

A
ll
C
.z
ey
la
no
id
es

w
e
re

su
sc
e
p
ti
b
le
to

Z
.M

e
ss
e
n
ti
al
o
il.

-

R
ah
im
i
e
t
al
,
2
0
1
4
1
9

-
-

A
q
u
e
o
u
s

B
D

C
.a
lb
ica

ns
A
T
C
C

1
0
2
3
1
(1
)

-
1
.5

µ
g/
m
l

-
-

-
T
h
e
re
su
lt
s
sh
o
w
e
d
th
at
th
e

aq
u
e
o
u
s
an
d
e
th
an
o
lic

e
x
tr
ac
ts

o
f
Z
.M

w
e
re

ve
ry

st
ro
n
g
an
d

si
gn
ifi
ca
n
t
e
ff
e
ct

in

p
re
ve
n
ti
n
g
th
e
gr
o
w
th

o
f
C
.a
lb
ica

ns
.

-

E
th
an
o
lic

B
D

C
.a
lb
ica

ns
A
T
C
C

1
0
2
3
1
(1
)

-
0
.8
5
µ
g/
m
l

-
-

-

A
b
e
d
in
i
e
t
al
,
2
0
1
4
3
0

-
-

M
e
th
an
o
lic

B
D

C
.a
lb
ica

ns
A
T
C
C

1
0
2
8
6
(1
)

-
3
1
2
µ
L
/M

l
≥
1
2
5
0
µ
L
/m

L
-

-
T
h
e
b
e
st
an
ti
fu
n
ga
la
ct
iv
it
ie
s

ag
ai
n
st
C
.a
lb
ica

ns
w
e
re

o
b
ta
in
e
d
b
y
Z
.M

(M
IC

<

0
3
µ
g/
m
l)
.

-

(c
on
tin
ue
d)
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T
ab

le
1.

(c
o
n
ti
n
u
e
d
)

F
ir
st
au
th
o
r.
R
e
fs

P
la
n
t
re
gi
o
n

Z
.
M

ch
e
m
ic
al
co
m
p
o
n
e
n
ts

(%
)

Z
.M

F
o
rm

u
la
ti
o
n

A
F
ST

m
e
th
o
d

U
se
d
Ca

nd
id
a
sp
e
ci
e
s

(n
o
.)

D
is
k
d
if
fu
si
o
n
re
su
lt

B
ro
th

m
ic
ro
d
ilu
ti
o
n
re
su
lt

M
F
C

M
IC

5
0

M
IC

9
0

F
in
d
in
g

P
ar
t
o
f
p
la
n
t
w
h
ic
h

w
e
re

u
se
d

Z
.M

μl
/D

is
k
(m

m
)

Z
.M

M
IC

±
SD

G
av
an
ji
e
t
al
,
2
0
1
5
3
1

-
T
h
ym

o
l
(3
3
.0
5
),
C
ar
va
cr
o
l

(2
5
.8
8
),
p
-C

ym
e
n
e

(1
1
.3
4
),

γ-
Te
rp
in
e
n
e
(4
.7
3
)

E
ss
e
n
ti
al
o
il

D
D
,
B
D

C
.a
lb
ica

ns
A
T
C
C

1
0
2
3
1
(1
)

0
.6
3
/1
.2
5
/2
.5

g/
m
L

(0
.0
),
5
g/
m
L
(0
.1
7

±
0
.1
7
),
1
0
g/

m
L
(1
.2
3
±

0
.2
0
),

2
0
g/
m
L
(1
.2
3
±

0
.2
0
),
4
0
g/

m
L
(1
.2
3
±

0
.2
0
),
6
0
g/

m
L
(1
.2
3
±

0
.2
0
),
8
0
g/

m
L
(1
.2
3
±

0
.2
0
),

1
0
0
g/
m
L
(1
.2
3
±

0
.2
0
),
2
0
0
g/

m
L
(1
.2
3
±

0
.2
0
),

3
0
0
g/
m
L
(1
.2
3
±

0
.2
0
),
4
0
0
g/

m
L
(1
.2
3
±

0
.2
0
),

5
0
0
g/
m
L
(1
.2
3
±

0
.2
0
)

3
4
µ
g/
m
L

6
4
µ
g/
m
L
-

-
-

Z
.M

e
ss
e
n
ti
al
o
il
h
ad

th
e

b
e
st
p
e
rf
o
rm

an
ce

Z
.M

h
ad

th
e
b
e
st
M
IC

an
d

M
F
C
.

F
re
sh

ae
ri
al
p
ar
ts

Y
ag
h
o
o
ti

K
h
o
ra
sa
n
i
e
t
al
,

2
0
1
5
3
2

-
-

H
yd
ro
al
co
h
o
lic

D
D

C
.a
lb
ica

ns
A
T
C
C

1
0
2
3
1
(1
)

5
0
m
g/
l
(3
4
.3
1
±

0
.5
7
),
1
0
0
m
g/
l

(3
8
.5
5
±

0
.7
2
)

-
-

-
-

1
0
0
m
g/
m
l
co
n
ce
n
tr
at
io
n
o
f

Z
.M

w
as

m
o
st
e
ff
e
ct
iv
e

ag
ai
n
st
C
.a
lb
ica

ns
.

M
o
gh
im

e
t
al
,
2
0
1
5
3
3

-
-

E
th
an
o
lic

B
D

C
.a
lb
ica

ns
A
T
C
C

1
0
2
3
1
(1
)

-
0
.1
3
µ
g/
m
l

1
.0
3
µ
g/
m
l,

0
.3
8
µ
g/
m
l,

0
.7
4
µ
g/
m
l

Z
.M

h
as

th
e
h
ig
h
e
st

an
ti
fu
n
ga
l
ac
ti
vi
ty

ag
ai
n
st
C
.a
lb
ica

ns
.

-

Z
o
m
o
ro
d
ia
n
e
t
al
,

2
0
1
5
3
4

D
ar
ab
,
F
ar
s,
Ir
an

T
h
ym

o
l
(3
7
.8
8
),
C
ar
va
cr
o
l

(2
7
.1
6
)

E
ss
e
n
ti
al
o
il

B
D

C
.a
lb
ica

ns
A
T
C
C

1
0
2
6
1
(1
)

-
0
.0
6
2
μg
/m

l
0
.1
2
5

-
-

Z
.M

sh
o
w
e
d
th
e
h
ig
h
e
st

an
ti
m
ic
ro
b
ia
l
ac
ti
vi
ti
e
s

ag
ai
n
st
Ca

nd
id
a
sp
e
ci
e
s.

A
e
ri
al
p
ar
ts

C
.d
ub
lin
ie
ns
is
C
B
S

8
5
0
1
(1
)

-
0
.0
6
2
μg
/m

l
0
.1
2
5

-
-

C
.g
la
br
at
a
A
T
C
C

9
0
0
3
0
(1
)

-
0
.0
6
2
μg
/m

l
0
.1
2
5

-
-

C
.t
ro
pi
ca
lis

A
T
C
C
7
5
0

(1
)

-
0
.2
5
μg
/m

l
1

-
-

C
.k
ru
se
iA

T
C
C
6
2
5
8

(1
)

-
0
.2
5
μg
/m

l
0
.5

-
-

K
av
o
o
si
e
t
al
,
2
0
1
5
3
5

F
ar
s
p
ro
vi
n
ce
,
Ir
an

C
ar
va
cr
o
l
(2
9
.5
),
T
h
ym

o
l

(2
5
.7
),
p
-C

ym
e
n
e

(1
1
.3
),
L
in
al
o
o
l
(9
.4
)

E
ss
e
n
ti
al
o
il

B
D

C
.a
lb
ica

ns
A
T
C
C

1
0
2
3
1
(1
)

-
2
.8

±
0
.3

μg
/m

l
-

-
-

C
ar
va
cr
o
lr
ic
h
Z
.M

e
x
h
ib
it
e
d
m
o
re

an
ti
fu
n
ga
l
ac
ti
vi
ty

th
an

th
ym

o
l-
ri
ch

Z
M
O
.

A
e
ri
al
p
ar
ts

L
in
al
o
o
l
(3
3
),
C
ar
va
cr
o
l

(2
6
.7
),
T
h
ym

o
l
(1
2
.5
),

p
-C

ym
e
n
e
(4
.5
)

B
D

C
.a
lb
ica

ns
A
T
C
C

1
0
2
3
1
(1
)

-
3
.3

±
0
.4

μg
/m

l
-

-
-

T
h
ym

o
l
(4
0
.2
),
γ-
Te
rp
in
e
n
e

(3
8
.7
),
p
-C

ym
e
n
e

(1
5
.8
),
C
ar
va
cr
o
l
(0
.7
3
)

B
D

C
.a
lb
ica

ns
A
T
C
C

1
0
2
3
1
(1
)

-
6
.2

±
0
.6

μg
/m

l
-

-
-

T
h
ym

o
l
(4
5
.1
),
p
-C

ym
e
n
e

(2
0
.2
),
γ-
Te
rp
in
e
n
e

(1
1
),
C
ar
va
cr
o
l
(3
.7
)

B
D

C
.a
lb
ica

ns
A
T
C
C

1
0
2
3
1
(1
)

-
5
.9

±
0
.7

μg
/m

l
-

-
-

C
ar
va
cr
o
l
(5
7
.4
),

γ-
Te
rp
in
e
n
e
(2
2
.6
),

α
-T
e
rp
in
e
n
e
(4
.5
),

T
h
ym

o
l
(1
)

B
D

C
.a
lb
ica

ns
A
T
C
C

1
0
2
3
1
(1
)

-
2
.8

±
0
.4

μg
/m

l
-

-
-

C
ar
va
cr
o
l
(5
2
.3
),

γ-
Te
rp
in
e
n
e
(1
2
.4
),

p
-C

ym
e
n
e
(4
.3
),

T
h
ym

o
l
(3
.4
)

B
D

C
.a
lb
ica

ns
A
T
C
C

1
0
2
3
1
(1
)

-
2
.5

±
0
.5

μg
/m

l
-

-
-

E
sf
an
d
ia
ry

e
t
al
,
2
0
1
5
3
6

-
-

E
ss
e
n
ti
al
o
il

B
D

C
lin
ic
al
C
.g
la
br
at
a

(2
9
)

-
7
6
7
4
7
.7
3
µ
g/
m
l

-
6
9
7
5
0
µ
g/
m
l

1
3
9
5
0
0
µ
g/
m
l

Z
.M

h
as

a
fa
vo
ra
b
le

an
ti
fu
n
ga
l
e
ff
e
ct

ag
ai
n
st

n
o
n
-a
lb
ica

ns
Ca

nd
id
a

-

C
lin
ic
al
C
.k
ef
ye
r
(1
0
)

-
6
9
7
5
0
µ
g/
m
l

-
6
9
7
5
0
µ
g/
m
l

6
9
7
5
0
µ
g/
m
l

(c
on
tin
ue
d)
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T
ab

le
1.

(c
o
n
ti
n
u
e
d
)

F
ir
st
au
th
o
r.
R
e
fs

P
la
n
t
re
gi
o
n

Z
.
M

ch
e
m
ic
al
co
m
p
o
n
e
n
ts

(%
)

Z
.M

F
o
rm

u
la
ti
o
n

A
F
ST

m
e
th
o
d

U
se
d
Ca

nd
id
a
sp
e
ci
e
s

(n
o
.)

D
is
k
d
if
fu
si
o
n
re
su
lt

B
ro
th

m
ic
ro
d
ilu
ti
o
n
re
su
lt

M
F
C

M
IC

5
0

M
IC

9
0

F
in
d
in
g

P
ar
t
o
f
p
la
n
t
w
h
ic
h

w
e
re

u
se
d

Z
.M

μl
/D

is
k
(m

m
)

Z
.M

M
IC

±
SD

sp
e
ci
e
s,
d
e
sp
it
e
h
av
in
g
a

w
id
e
ra
n
ge

o
f
M
IC
s

(3
4
8
7
5
-1
3
9
5
0
0
µ
g/
m
l)
.

C
lin
ic
al
C
.k
ru
se
i(
3
)

-
6
9
7
5
0
µ
g/
m
l

-
6
9
7
5
0
µ
g/
m
l

6
9
7
5
0
µ
g/
m
l

C
lin
ic
al
C
.p
ar
ap
sil
os
is

(2
)

-
6
9
7
5
0
µ
g/
m
l

-
6
9
7
5
0
µ
g/
m
l

6
9
7
5
0
µ
g/
m
l

N
o
u
ri
e
t
al
,
2
0
1
6
3
7

-
-

M
e
th
an
o
lic

D
D

C
.a
lb
ica

ns
A
T
C
C

1
0
2
3
1
(1
)

2
.5

µ
g/
m
l
(1
3
.2
5
±

0
.4
3
m
m
)

1
3
.2
5
±

0
.4
3

-
-

-
T
h
e
re
su
lt
sh
o
w
e
d
e
x
tr
ac
ts

o
f
Z
.M

h
av
e
an
ti
fu
n
ga
l

si
gn
ifi
ca
n
t
e
ff
e
ct
s.

-

C
lin
ic
al
C
.a
lb
ica

ns

(2
1
)

2
.5

µ
g/
m
l
(1
2
.3
4
±

0
.4
6
m
m
)

1
3
.2
5
±

0
.4
3

-
-

-

M
ah
b
o
u
b
i
e
t
al
,
2
0
1
7
3
8

Sh
ah
ro
o
d
,S
e
m
n
an

P
ro
vi
n
ce
,
Ir
an

C
ar
va
cr
o
l
(3
4
.3
0
),
T
h
ym

o
l

(2
5
.8
0
),
P
-C

ym
e
n
e

(5
.6
7
),
γ-
Te
rp
in
e
n
e

(4
.5
9
),
α
-P
in
e
n
e
(3
.1
3
),

L
in
al
o
o
l
(3
.1
2
)

E
ss
e
n
ti
al
o
il

B
D

an
d
D
D

C
.a
lb
ica

ns
A
T
C
C

7
1
0
2
3
1
(1
)

0
.7
5
µ
L
/m

L
(1
0
.1
9
±

1
.3
0
m
m
),
1
µ
L
/

m
L
(2
0
.1
2
±

1
.2
8

m
m
)

0
.1
2
±

0
.1
8
µ
L
/m

L
0
.1
7
±

0
.6
0
µ
L
/

m
L

-
-

Z
.M

sh
o
w
e
d
an
ti
fu
n
ga
l

ac
ti
vi
ty

ag
ai
n
st
C
.

al
bi
ca
ns
.

A
e
ri
al
p
ar
ts

H
aj
i
A
b
ad
,
F
ar
s

P
ro
vi
n
ce
,
Ir
an

T
h
ym

o
l
(4
1
.1
6
),
C
ar
va
cr
o
l

m
e
th
yl
e
th
e
r
(2
8
.3
2
),

L
in
al
o
o
l
(6
.5
2
),

α
-T
e
rp
in
e
o
l
(3
.6
9
),

C
ar
va
cr
o
l
(1
.5
0
),

E
ss
e
n
ti
al
o
il

B
D

an
d
D
D

C
.a
lb
ica

ns
A
T
C
C

7
1
0
2
3
1
(1
)

0
.7
5
µ
L
/m

L
(9
.2
8
±

1
.2
8
m
m
),
1
µ
L
/

m
L
(2
1
.6
4
±

1
.2
8

m
m
)

0
.1
2
±

0
.1
8
µ
L
/m

L
0
.1
7
±

0
.6
0
µ
L
/

m
L

-
-

Ja
h
ro
m
,
F
ar
s

P
ro
vi
n
ce
,
Ir
an

T
h
ym

o
l
(2
9
.4
0
),
C
ar
va
cr
o
l

(2
3
.9
0
),
P
-C

ym
e
n
e

(1
2
.1
0
),
γ-
Te
rp
in
e
n
e

(6
.5
0
),
α
-T
e
rp
in
e
n
e

(5
.1
0
),
α
-P
in
e
n
e
(4
.3
6
),

L
in
al
o
o
l
(1
.3
)

E
ss
e
n
ti
al
o
il

B
D

an
d
D
D

C
.a
lb
ica

ns
A
T
C
C

7
1
0
2
3
1
(1
)

0
.7
5
µ
L
/m

L
(1
6
.3
8
±

1
.3
0
m
m
),
1
µ
L
/

m
L
(3
8
.6
0
±

1
.2
8

m
m
)

0
.1
1
±

0
.1
8
µ
L
/m

L
0
.2
0
±

0
.6
0
µ
L
/

m
L

-
-

K
at
ir
ae
e
e
t
al
,
2
0
1
7
3
9

-
T
h
ym

o
l,
C
ar
va
cr
o
l,

γ-
Te
rp
in
e
n
e
,

p
-C

ym
e
n
e
,
L
in
al
o
o
l

E
ss
e
n
ti
al
o
il

B
D

C
lin
ic
al
Su
sc
e
p
ti
b
le
C
.

al
bi
ca
ns

(2
0
)

-
0
.1
5
6
μg
/m

l
-

0
.1
5

0
.2

Z
.M

e
ss
e
n
ti
al
o
ils

sh
o
w
e
d

h
ig
h
an
ti
fu
n
ga
l
ac
ti
vi
ty
.

F
u
rt
h
e
rm

o
re
,
th
e
re

w
e
re

n
o
si
gn
ifi
ca
n
t

d
if
fe
re
n
ce
s
in

th
e
M
IC
s

o
f
Z
.M

ag
ai
n
st
th
e

-a
zo
le
s
su
sc
e
p
ti
b
le
an
d

-a
zo
le
s
re
si
st
an
t
C
.

al
bi
ca
ns

is
o
la
te
s.

-

C
lin
ic
al
R
e
si
st
an
ce

C
.

al
bi
ca
ns

(2
0
)

-
0
.1
6
1
μg
/m

l
-

0
.1
5

0
.1
7
5

R
e
za
ie
K
e
ik
h
ai
e
e
t
al
,

2
0
1
8
4
0

Z
ab
o
l,
Ir
an

-
E
th
an
o
lic

B
D

C
lin
ic
al
C
.a
lb
ica

ns

(1
2
)

-
5
0
m
g/
L

1
0
0
m
g/
L

5
0
m
g/
L

2
0
0
m
g/
L

T
h
e
re
su
lt
s
o
f
th
is
st
u
d
y

sh
o
w
e
d
th
at
th
e
e
x
tr
ac
t

w
it
h
d
if
fe
re
n
t
so
lv
en
ts

in
h
ib
it
e
d
th
e
gr
o
w
th

o
f

th
e
fu
n
gu
s,
h
o
w
ev
er
,

d
if
fe
re
n
t
so
lv
e
n
ts
in

d
if
fe
re
n
t

co
n
ce
n
tr
at
io
n
s

in
h
ib
it
e
d
fu
n
ga
l
gr
o
w
th

L
e
av
es

M
e
th
an
o
lic

B
D

C
lin
ic
al
C
.a
lb
ica

ns

(1
2
)

-
1
0
0
m
g/
L

2
0
0
m
g/
L

1
0
0
m
g/
L

4
0
0
m
g/
L

C
h
lo
ro
fo
rm

B
D

C
lin
ic
al
C
.a
lb
ica

ns

(1
2
)

-
5
0
m
g/
L

1
0
0
m
g/
L

5
0
m
g/
L

1
0
0
m
g/
L

E
th
yl
ac
e
ta
te

B
D

C
lin
ic
al
C
.a
lb
ica

ns

(1
2
)

-
2
5
m
g/
L

5
0
m
g/
L

2
5
m
g/
L

5
0
m
g/
L

N
ic
za
d
e
t
al
,
2
0
1
9
4
1

E
st
ah
b
an
,
F
ar
s

p
ro
vi
n
ce
,
Ir
an

T
h
ym

o
l(
4
5
.8
5
),

γ-
Te
rp
in
e
n
e
(1
6
.7
0
),

p
-C

ym
e
n
e
(9
.4
9
),

C
ar
va
cr
o
l(
5
.3
5
)

E
ss
e
n
ti
al
o
il

D
D

an
d
B
D

C
.a
lb
ica

ns

A
T
C
C
1
0
2
3
1
(1
)

2
0
(8
0
),
1
0
(7
3
),
5
(6
4
),

2
.5
(5
4
),
1
.2
5
(4
2
),

0
.6
3
(3
1
),

0
.3
2
(2
2
),
0
.1
6
(1
3
)

0
.1
6
μl
/m

l
0
.1
6
μl
/m

l
-

-
T
h
e
Z
.m

ul
tifl
or
a
e
ss
e
n
ti
al

o
ils

o
b
ta
in
e
d
fr
o
m

d
if
fe
re
n
t
ge
o
gr
ap
h
ic
al

lo
ca
ti
o
n
sh
o
w
e
d
h
ig
h

an
ti
fu
n
ga
l
ac
ti
vi
ty

ag
ai
n
st
C
.a
lb
ica

ns
.

F
re
sh

ae
ri
al
p
ar
ts

N
ey
ri
z,
F
ar
s

p
ro
vi
n
ce
,
Ir
an

T
h
ym

o
l(
5
4
.3
5
),
p
-C

ym
e
n
e

(1
0
.8
1
),

γ-
Te
rp
in
e
n
e
(8
.3
3
),

C
ar
va
cr
o
l(
7
.0
4
)

E
ss
e
n
ti
al
o
il

D
D

an
d
B
D

C
.a
lb
ica

ns

A
T
C
C
1
0
2
3
1
(1
)

2
0
(8
0
),
1
0
(7
7
),
5
(6
9
),

2
.5
(5
9
),
1
.2
5
(4
2
),

0
.6
3
(3
1
),

0
.3
2
(2
0
),
0
.1
6
(1
2
)

0
.1
6
μl
/m

l
0
.1
6
μl
/m

l
-

-

F
as
a,
F
ar
s
p
ro
vi
n
ce
,

Ir
an

T
h
ym

o
l(
3
4
.4
1
),
p
-C

ym
e
n
e

(1
7
.1
1
),

γ-
Te
rp
in
e
n
e
(1
6
.4
5
),

C
ar
va
cr
o
l(
6
.0
6
)

E
ss
e
n
ti
al
o
il

D
D

an
d
B
D

C
.a
lb
ica

ns

A
T
C
C
1
0
2
3
1
(1
)

2
0
(7
9
),
1
0
(6
9
),
5
(6
1
),

2
.5
(5
1
),
1
.2
5
(4
1
),

0
.6
3
(2
9
),

0
.3
2
(1
9
),
0
.1
6
(9
)

0
.1
6
μl
/m

l
0
.1
6
μl
/m

l
-

-

L
ar
e
st
an
,
F
ar
s

p
ro
vi
n
ce
,
Ir
an

T
h
ym

o
l(
3
8
.4
5
),
p
-C

ym
e
n
e

(1
9
.8
5
),

C
ar
va
cr
o
l(
1
5
.3
4
),

γ-
Te
rp
in
e
n
e
(7
.3
4
)

E
ss
e
n
ti
al
o
il

D
D

an
d
B
D

C
.a
lb
ica

ns

A
T
C
C
1
0
2
3
1
(1
)

2
0
(8
0
),
1
0
(7
1
),
5
(5
8
),

2
.5
(4
7
),
1
.2
5
(3
7
),

0
.6
3
(2
4
),

0
.3
2
(1
8
),
0
.1
6
(7
)

0
.1
6
μl
/m

l
0
.1
6
μl
/m

l
-

-

.Z
M
;
Z
.m

ul
tifl
or
a,
A
F
ST

;
A
n
ti
fu
n
ga
l
su
sc
e
p
ti
b
ili
ty

te
st
in
g,
B
D
;
B
ro
th

m
ic
ro
d
ilu
ti
o
n
,
D
D
;
D
is
k
d
if
fu
si
o
n
,
M
F
C
;
M
in
im
u
m

F
u
n
gi
ci
d
al
C
o
n
ce
n
tr
at
io
n
,
M
IC
;
M
in
im
u
m

in
h
ib
it
o
ry

co
n
ce
n
tr
at
io
n
.
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T
ab

le
2.

A
n
ti
fu
n
ga
l
A
ct
iv
it
y
o
f
Z
.m

ul
tifl
or
a
o
n
B
io
fi
lm

o
f
Ca

nd
id
a
sp
e
ci
e
s
D
e
ri
ve
d
fr
o
m

D
e
n
ta
l
P
la
q
u
e
an
d
In
tr
ao
ra
l
A
p
p
lia
n
ce
s.

F
ir
st

au
th
o
r

Z
.
M

Fo
rm

u
la
ti
o
n

A
p
p
lic
at
io
n
ty
p
e
(n
o
.)

F
u
n
ga
l

sp
e
ci
e
s
(n
o
.)

C
o
n
tr
o
l
A
ge
n
t

Z
at
ar
ia
m
ul
tifl
or
a

F
in
d
in
g

P
ar
t
o
f

p
la
n
t
w
h
ic
h

w
e
re

u
se
d

D
ru
g
co
n
tr
o
l

R
e
m
o
vi
n
g

A
b
ili
ty

%
C
o
n
ce
n
tr
at
io
n

R
e
m
o
vi
n
g

A
b
ili
ty

%

O
sh
ag
h
e
t
al
,

2
0
1
4

4
7

E
ss
e
n
ti
al
o
il

R
re
m
o
va
b
le
o
rt
h
o
d
o
n
ti
c

ap
p
lia
n
ce

(2
0
)

N
D
*

0
.1
2
% C
h
lo
rh
e
x
id
in
e

-
2
5
m
g/
m
l

-
Z
.M
**

w
it
h
th
e
co
n
ce
n
tr
at
io
n
an
d
ti
m
e
u
se
d
in

th
is

st
u
d
y
ca
n
n
o
t
b
e
a
go
o
d
al
te
rn
at
iv
e
fo
r

ch
lo
rh
e
x
id
in
e
.

-

R
ah
im
i
e
t
al
,

2
0
1
4

1
9

A
q
u
e
o
u
s

-
C
.a
lb
ica

ns
A
T
C
C

1
0
2
3
1

(2
0
)

-
-

0
.0
8
0
,
0
.1
0
,
0
.2
1
,
0
.4
2
,

0
.8
5
,
1
.5
0
,
3
.5
0
,
6
.2
5
,

1
2
.5
0
,
an
d
2
5
m
g/
m
l

8
7
%

T
h
e
e
th
an
o
lic

e
x
tr
ac
t
o
f
Z
.M

w
as

ab
le
to

d
e
cr
e
as
e

9
7
%
o
f
gr
o
w
th
,
w
h
ile

th
e
aq
u
e
o
u
s
e
x
tr
ac
ts

w
as

o
n
ly
8
7
%
.

-

E
th
an
o
lic

-
C
.a
lb
ica

ns
A
T
C
C

1
0
2
3
1

(2
0
)

-
-

0
.0
8
0
,
0
.1
0
,
0
.2
1
,
0
.4
2
,

0
.8
5
,

1
.5
0
,
3
.5
0
,
6
.2
5
,
1
2
.5
0
,

an
d
2
5
m
g/
m
l

9
7
%

A
gh
ili
e
t
al
,
2
0
1
5

4
4

0
.5

m
g/
m
l
Z
.M

m
o
u
th
w
as
h
e
s

R
e
si
n
ac
ry
l
p
la
te
s
(I
ra
n
ia
n

lig
at
u
re

ri
n
gs
)
(3
1
)

C
.a
lb
ica

ns
A
T
C
C

1
0
2
3
1

(1
)

0
.2
% C
h
lo
rh
e
x
id
in
e

m
o
u
th
w
as
h

1
0
0

0
.5

m
g/
m
l

1
0
0

Z
.M

an
d
ch
lo
rh
e
x
id
in
e
m
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The results demonstrated that the fraction of Z. multiflora
could be considered a powerful alternative to C. albicans
therapy and other therapies.

Antifungal activity of Z. multiflora on Candida

infections in clinical studies
Three clinical studies were performed on the effects of Z. mul-
tiflora on Candida infections.49–51 The result of these clinical
studies is summarized in Table 4. Two studies with a total
sample size of 80 concluded that 0.1% Z. multiflora vaginal
cream was effective in treating vaginal candidiasis and signifi-
cantly diminished the clinical signs and symptoms of vaginal
candidiasis compared to the same control group (clotrimazole
1% cream).50,51 Overall, Khosravi et al50 and Fouladi et al51

suggested that Z. multiflora cream can be considered a good
antifungal agent in treating vaginal candidiasis.

In a study by Amanlou et al,49 the effects of Z. multiflora
were investigated to treat Candida-associated denture stomati-
tis. This study showed that Z. multiflora gel reduces the
number of fungal colonies and mucosal erythema more effec-
tively than the control group, a miconazole 2% gel.

Discussion
The present systematic review evaluated the antifungal proper-
ties of various extracts and essential oils (EO) of Z. multiflora
against different Candida species. It was shown that Z. multi-
flora inhibits the germination of Candida species, which leads
to the deformation and destruction of these cells. Also, some
studies reported that based on the MIC index, the antifungal
properties of ethanolic extract were more significant than the
methanolic extract, but due to the presence of various com-
pounds in Z. multiflora, variant harvest locations, and

preparation methods, this result cannot be generally considered.
In some studies, resistant and susceptible species of Candida
were used to examine the antifungal properties of Z. multiflora,
but no significant changes were seen in the effect of Z. multi-
flora when it was used against either resistant or susceptible
species of Candida. Generally, Z. multiflora has been an effec-
tive alternative in eliminating Candida rather than chemical
antifungal drugs. This finding suggests that the antifungal prop-
erties of Z. multiflora essential oils are independent of changes
associated with resistance to azole drugs.52 In general, in order
to eliminate Candida colonies, Z. multiflora is a more suitable
alternative than chemical drugs.43

However, Sharifzadeh et al reported that FLU-susceptible
species were more susceptible to essential oils.53 Essential oil
is a volatile, natural aromatic oil obtained from various parts
of the plant. Mainly, the biological activity of EOs, such as anti-
bacterial, antiviral, anti-inflammatory, antifungal, anti-
mutagenic, anti-carcinogenic, antioxidant, and other activities,
has been attributed to its compounds.54 The main issue associ-
ated with using EOs is their instability to light, air, moisture,
and volatility, which can easily lead to evaporation and
reduce their efficiency.55 Phenolic compounds such as carva-
crol, thymol, and eugenol are the main components of Z. mul-
tiflora essential oil, which are generally stored in young
leaves during plant growth.56 Studies have shown that
thymol, carvacrol, and γ-Terpinene are the main components
for inhibiting Candida species. Differences in EO compositions
may be due to differences in concentrations and factors such as
the plant species, solvents, raw materials used to prepare the EO
(dried / fresh Z. multiflora), the soil in which the plant grows,
the time of harvesting and extraction techniques, which all
can affect the antifungal power of the EO.57 It should also be
noted that higher altitudes of areas where the plant is collected
reduce carvacrol and increases the amount of thymol.58

Therefore, the difference in these two compounds also

Table 3. Effects of Z. multiflora on Candida Infection in in Vivo Studies.

Study Z.M Formulation

Type of

Intervention Candida species

BALB /C mice groups (no.)

Finding

Part of plant

which were

usedTotal Z.M* Control

Khosravi

et al,

200948

Essential oil Disseminated

candidiasis

(40)

C. albicans
ATCC10261

40 32 Itraconazole

(8)

These data explain the

increased rate of

yeast clearance and

reduced

dissemination to

the viscera of Z.M

treated mice.

Air-dried

aerial

parts

Bayat et al,

201821
Chloroform

fraction of an

ethanolic

extract

Visceral

candidiasis

(42)

C. albicans
ATCC10231

42 18 Fluconazole

(6)

The fraction of Z.M

can be considered

as a powerful

alternative to C.
albicans therapy
along with other

therapies.

Aerial parts

* Z.M; Z. multiflora.
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depends on ecological and geographical factors.59 This can be
considered an explanation for the difference in the number of
compounds in the EO of Z. multiflora in different studies.
Therefore, in a study by Niczad et al,41 despite the different
compositions of Z. multiflora harvested from different Fars
province cities, no difference was seen in the amount of their
antifungal effects. Kavoosi’s study showed that the higher
amounts of thymol result in a more significant antifungal
effect and a higher MIC.35 In a study by Zomorodian et al, Z.
multiflora species gathered from Darab, Fars province, had
higher carvacrol levels and had more significant antifungal
effects based on MIC than species collected from Lamerd and
Zarghan.26

In Saei-Dehkordi ‘s study,24 Z. multiflora gathered from
Najafabad, Isfahan had the highest amount of thymol compared
to Z. multiflora species in the present study. Still, its antifungal
effects on C. albicans based on MIC index were less than other
types of Z. multiflora in this study. Also, Z. multiflora species
gathered from Poldokhtar Laarestan had the lowest amounts
of thymol and carvacrol compared to other areas but had the
most antifungal effects based on the MIC index.

Suppose a lower concentration of Z. multiflora essential oil
can exert its antifungal properties. In that case, it may be due
to the resistance of microorganisms or differences in the effec-
tive composition of the Eos.31 Monoterpenes, such as thymol,
found in Z. multiflora EO, are derived from isoprene hydrocar-
bure (2-methyl-1,3-butadiene) by binding two or more isoprene
molecules. Studies have shown that thymol can affect the struc-
ture and electrostatic surface of cell membranes and lead to
asymmetric membrane tension.60 The ability to disrupt the
adhesion of C. albicans has also been attributed to terpenes.
They also inhibit the cellular respiration of Candida, which
has destructive effects on the mitochondria.61 According to
Zia et al’s study, if the concentration of C. albicans suspension

decreases, the number of colonies growing in the culture
medium will also decrease by reducing the concentration of
Z. multiflora extract in the culture medium, C. albicans colonies
will increase.62

Scanning and transmission electron microscopy have
explained the mechanism of action of Z. multiflora com-
pounds as follows: at a concentration of 50 ppm of Z. multi-
flora essential oil, the integrity and uniformity of the fungal
cell wall is destroyed in some areas. In some areas, the cell
membrane separates from the cell wall and invaginates into
the cytoplasm.56,63

Loss of density and vacuolization also occur at this con-
centration. At a concentration of 100 ppm, a greater degree
of destruction occurs along with a detachment of cell mem-
branes from the cell wall, which have collapsed and under-
gone herniation at various intervals, leading to mycelia
deformation. At 150 ppm, however, the damage is caused
by depletion of the cytoplasmic content, which causes the
mycelia to appear electron-lucent. Detachment and fragmen-
tation of the plasma membrane and the formation of lyso-
somes (small vesicles attached to the membrane) could also
be observed beneath the cell wall, and membrane fragments
spread throughout the cytoplasm. Also, swelling and defor-
mation of mycelia are other changes observed in this concen-
tration. Also, at a concentration of 200 ppm, the germination
of Candida is effectively inhibited, and no mycelia are
formed at this concentration.63

Some Candida cells have a standard shape at this concentra-
tion, but others show changes in the range from vacuolization to
cell membrane detachment and deformation; therefore, by
increasing EO concentration up to 400 ppm, further degrada-
tion, including the destruction of the plasma membrane and
the cell wall, are evident. Hyphae are entirely free to enter the
cytoplasm.

Table 4. Effects of Z. multiflora on Candida Infections in Clinical Studies.

Study

Type of

Candida disease

Patients’ groups (no.)

Outcome

Part of

plant

which

were usedTotal Control Z. M *

Amanlou

et al,

200649

Candida-associated
denture stomatitis

Candida-associated
denture stomatitis

(24)

Miconazole 2%

Gel (12)

0.1% gel

(12)

Z. M gel reduced the surface

erythema of the palate more

efficiently than miconazole gel

but did not reduce the colony

count of the denture surface as

efficiently as miconazole.

-

Khosravi

et al,

2008 50

Vaginal candidiasis Acute vaginal

candidiasis (86)

1%

Clotrimazole

cream (31)

0.1%

vaginal

cream

(30)

The rates of improvement in the

Z.M and clotrimazole groups

were found to be about 90.0%

and 74.8%, respectively.

-

Fouladi

et al,

200951

Vaginal candidiasis Vaginal Candidacies
(73)

1%

Clotrimazole

cream (38)

0.1%

vaginal

cream

(35)

Z.M cream 1% (Cure: 54.3%),

Clotrimazole vaginal cream

(Cure: 47.4%)

-

* Z.M; Z. multiflora.
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Usually, mycelia have a homogeneous and dense cytoplasm,
and their intracellular septa are completely intact. Also, hyphae
enclosed by a cell wall have a fully integrated structure, and the
plasma membrane is wholly attached to the cell wall and is
smooth and Non-wrinkled.64,65 On the other hand, the starting
point for neutralizing the invasive state of C. albicans is the
reduction of adhesion and its dimorphic transition to a filamen-
tous state, both of which are significant factors in the pathogen-
esis of candidiasis.61

Although the antifungal mechanism of thymol or carvacrol is
still unclear, their antifungal activity is likely due to the lipophi-
licity of thymol and eugenol, which can co-occur with carvacrol
in the fatty acid chain of cell membranes and impair cell mem-
brane fluidity and permeability.66 This process, especially in C.
albicans, affects the regulation and function of essential
enzymes that bind to membranes and catalyze the synthesis
of cell wall polysaccharide compounds (such as beta-glucans,
chitin, and mannan) and eventually disrupts cell growth and
envelope morphogenesis.67 According to Braga et al, During
envelope morphogenesis, thymol alone exerts more destructive
effects than eugenol, which may be related to the degree of infil-
tration of monoterpenes into the fungal cell wall and cell mem-
brane structure.67 Thymol and eugenol have different molecular
properties; These differences include molecular volume,
surface area, polarity, hydrophilic/lipophilic balance, percent-
age of hydrophilic surface area, hydrogen bond capacity, and
hydrogen bond acceptor capacity. Therefore, the difference
between these two compounds is different in terms of strength
and their mechanism of action, which can explain the synergis-
tic effect of thymol and eugenol in combination with each other.
Disorder in envelope morphogenesis is also functional, leading
to dysfunction in important pathogenic factors such as
adhesion.67

Other mechanisms theoretically cause damage to the cell
wall and membrane along with rupture due to morphological
deformation, the spread of this rupture, collapse, and damage
to fungal filaments68; Therefore, Z. multiflora essential oil
leads to irreversible destruction of the cell wall, cell membrane
and cell organs of the fungal microorganism, which affects its
growth and morphology69 and the resulting essential oil can
suppress fungal colony size and sporulation.63

The evidence obtained from this systematic review can guide
researchers in discovering novel antifungal agents from Z.
multiflora.

Conclusion
Considering the side effects and resistance of current antifungal
drugs as well as the benefits of using herbal medicines, such as
lower cost, less likely to develop drug resistance, the absence
of side effects, and toxicity compared with chemical ones, it is
possible as a powerful alternative to replace or combine with
the current antifungal for Candida infection therapy along with
other therapies. Therefore, the data obtained in this systematic
review suggests Z. multiflora is a suitable anti-Candida drug
and disinfectant for controlling Candida infections.

Limitations and Suggestions
This systematic review highlighted that the reviewed studies
lack consensus and standardization of MIC, MIC50, and
MIC90 values for defining antifungal susceptibility testing and
biofilm assay for Candida species. Since different extracts or
essential oils were evaluated in the studies extracted from dif-
ferent regions, the number of differences in chemical com-
pounds in the extracted plant extracts or essential oil was
affected by this topic. Thus, it is impossible to report a single
concentration or MIC to be more effective. Furthermore, each
researcher determines his/her own measurement scale for
what could be considered as a significant inhibition zone or
MIC and what could not.

Moreover, the difference in Z. multiflora concentrations,
plant region, formulation, incubation time, incubation tempera-
tures, and duration of treatment are not equivalent in these
studies, which will significantly affect the results and outcomes
of studies and make it hard to compare.

Acknowledgments
We sincerely thank the kind contributions of all who helped us to final-
ize this research.

Authors’ contributions
AMS., N.E.G. and J.J. collected the data, M.E.S. and J.J. performed the
statistical analyses, interpreted data, and drafted and revised the man-
uscript for important intellectual content.
AMS., P.N. and N.E.G. reviewed the analyses and the final version of
the manuscript. M.E.S., J.J. and AMS. interpreted data, revised the
manuscript for important intellectual content, and approved the final
version.
All authors have read and approved the manuscript.

Availability of Data and Materials
The datasets used and/or analyzed during the current study are avail-
able from the corresponding author on reasonable request.

Consent to participate and publish
Not applicable.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Ethical approval
Not applicable

Funding
The author(s) received no financial support for the research, author-
ship, and/or publication of this article

ORCID iDs
Pegah Nasiri https://orcid.org/0000-0002-0968-2584
Javad Javidnia https://orcid.org/0000-0001-9336-2518

12 Journal of Evidence-Based Integrative Medicine

https://orcid.org/0000-0002-0968-2584
https://orcid.org/0000-0002-0968-2584
https://orcid.org/0000-0001-9336-2518
https://orcid.org/0000-0001-9336-2518


References

1. Pérez-García LA, Macías-Pérez JR, León-Buitimea Á, et al.
Candida and candidiasis. In: Mora-Montes HM, Lopes-Bezerra
LM, eds. Curr prog med mycolog. Springer International
Publishing; 2017:91-118.

2. Hirasawa M, Takada K. Multiple effects of green tea catechin on
the antifungal activity of antimycotics against Candida albicans. J
AntimicrobChemother. 2004;53(2):225-229.

3. Li L, Redding S, Dongari-Bagtzoglou A. Candida glabrata, an
emerging oral opportunistic pathogen. J Dent res.
2007;86(3):204-215.

4. Garcia-Cuesta C, Sarrion-Pérez M-G, Bagán JV. Current treat-
ment of oral candidiasis: A literature review. J Clin Exp Dent.
2014;6(5):576-582.

5. Chakrabarti A, Singh S. Multidrug-resistant Candida auris: An epide-
miological review. Expert Rev Anti-Infect Ther. 2020;18(6):551-562.

6. Pappas PG, Lionakis MS, Arendrup MC, Ostrosky-Zeichner L,
Kullberg BJ. Invasive candidiasis. Nat Rev Dis Primers.
2018;4(1):18026.

7. Bassetti M, Peghin M, Timsit J-F. The current treatment landscape:
Candidiasis. J Antimicrob Chemother. 2016;71(suppl_2):13-22.

8. Tortorano AM, Kibbler C, Peman J, Bernhardt H, Klingspor L,
Grillot R. Candidaemia in Europe: Epidemiology and resistance.
Int J Antimicrob Agents. 2006;27(5):359-366.

9. Sanguinetti M, Posteraro B, Lass-Flörl C. Antifungal drug resis-
tance among Candida species: Mechanisms and clinical impact.
Mycoses. 2015;58(S2):2-13.

10. Silva N, Fernandes Júnior A. Biological properties of medicinal
plants: A review of their antimicrobial activity. J Venomous
Animal Tox Tropical Dis. 2010;16(3):402-413.

11. Parham S, Kharazi AZ, Bakhsheshi-Rad HR, et al. Antioxidant,
antimicrobial and antiviral properties of herbal materials.
Antioxidants. 2020;9(12):1309.

12. Gürgan CA, Zaim E, Bakirsoy I, Soykan E. Short-term side effects
of 0.2% alcohol-free chlorhexidine mouthrinse used as an adjunct
to non-surgical periodontal treatment: A double-blind clinical
study. J Periodontol. 2006;77(3):370-384.

13. Duarte MCT, Figueira GM, Sartoratto A, Rehder VLG,
Delarmelina C. Anti-Candida activity of Brazilian medicinal
plants. J Ethnopharmacol. 2005;97(2):305-311.

14. Duarte MCT, Figueira G, editors. Anti-Candida activity of extracts
and essential oils from Brazilian native and exotic medicinal plants
on oral biofilms. BMC Complement Altern Med. 2014;18(14):451.

15. Sajed H, Sahebkar A, Iranshahi M. Zataria multiflora Boiss.
(Shirazi thyme)—an ancient condiment with modern pharmaceu-
tical uses. J Ethnopharmacol. 2013;145(3):686-698.

16. Mozaffarian V. Identification of medicinal and aromatic plants
of Iran: éditeur non identifié. Farhang Moaser Publishers; 2013:
35-36.

17. Shafiee A, Javidnia K, Tabatabai M. Volatile constituents and anti-
microbial activity of Zataria multiflora, population Iran. Iran J
Chem & Chemic Engineer (IJCCE). 1999;18(1):1-5.

18. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting
items for systematic reviews and meta-analyses: The PRISMA
statement. Int J Surg. 2010;8(5):336-341.

19. Rahimi G, Khodavandi A, Jannesar R, Alizadeh F, Yaghobi R,
Sadri A. Evaluation of antifungal effects of ethanolic and
aqueous extracts of Zataria multiflora herb in the pathogenic
yeast Candida albicans biofilm inhibition. J Pure & Applied
Microbiol. 2014;8(6):4559-4564.

20. Mahmoudabadi AZ, Dabbagh MA, Fouladi Z. In vitro
anti-Candida activity of Zataria multiflora Boiss. Evid-Based
Complement Alternat Med. 2007;4(3):351-353.

21. Bayat M, Kousha A, Azizi Saraji A, Seyed Reza Rohani R,
Nissiani M. Study effects of some kinds of standard essences
over two microorganisms (Candida albicans and Gardnerella vag-
inalis) related to leucorrhoea disease as in vitro. World Appl Sci J.
2008;5(4):418-421.

22. Katiraee F, Eidi S, Bahonar A, Zarrinfar H, Khosravi A.
Comparision of MICs of some Iranian herbal essences against
azole resistance and azole susceptible of Candida Albicans. J
Medic Plants. 2008;3(27):37-44.

23. Naeini A, Khosravi A, Chitsaz M, Shokri H, Kamlnejad M.
Anti-Candida albicans activity of some Iranian plants used in tra-
ditional medicine. J de Mycol Médicale. 2009;19(3):168-172.

24. Saei-Dehkordi SS, Tajik H, Moradi M, Khalighi-Sigaroodi F.
Chemical composition of essential oils in Zataria multiflora Boiss.
From different parts of Iran and their radical scavenging and antimi-
crobial activity. Food Chemic Toxicol. 2010;48(6):1562-1567.

25. Naeini A, Naseri M, Kamalinejad M, et al. Study on anti- Candida
effects of essential oil and extracts of Iranian medicinal plants, in
vitro. J Medic Plants. 2011;10(38):163-172.

26. Zomorodian K, Saharkhiz M, Rahimi M, et al. Chemical compo-
sition and antimicrobial activities of the essential oils from three
ecotypes of Zataria multiflora. Pharmacognosy mag. 2011;7(25):
53-59.

27. Arbabi klati F, Sherzaee M, Poorzamani M, Dabiri S. Inhibitory
effects of plant extracts containing Thyme, Clore and Cinnamon
compared to Nystatin on Candida Albicans. (invitro). J res Dent
sci. 2012;8(4):175-179.

28. Mahammadi Purfard A, Kavoosi G. Chemical composition,
radical scavenging, antibacterial and antifungal activities of
zataria multiflora bioss essential oil and aqueous extract. J Food
Safety. 2012;32(3):326-332.

29. Shokri H. Genotypic variation and antifungal susceptibly of Candida
zeylanoides clinical isolates. J Mycol med. 2014;24(3):179-184.

30. Abedini A, Roumy V, Mahieux S, et al. Antimicrobial activity of
selected Iranian medicinal plants against a broad spectrum of path-
ogenic and drug multiresistant micro-organisms. Lett Appl
Microbiol. 2014;59(4):412-421.

31. Gavanji S, Zaker SR, Nejad ZG, Bakhtari A, Bidabadi ES, Larki
B. Comparative efficacy of herbal essences with amphotricin B
and ketoconazole on Candida albicans in the in vitro condition.
Integr med res. 2015;4(2):112-118.

32. Yaghooti Khorasani M, Bahramabadi R, Moghbeli H. In vitro
comparison of the antimicrobial efficacy of Zataria multiflora®,
Chlorhexidine and Sodium Hypochlorite against Enterococcus
faecalis and Candida albicans. Res Dent Sci. 2015;12(1):21-26.

33. Moghim H, Taghipoor S, Shahinfard N, Kheiri S, Panahi R.
Antifungal effects of Zataria multiflora and Nigella sativa extracts
against Candida albicans. J HerbMed Pharmacol. 2015;4(4):138-141.

Shafaroudi et al 13



34. Zomorodian K, Ghadiri P, Saharkhiz MJ, et al. Antimicrobial
activity of seven essential oils from Iranian aromatic plants
against common causes of oral infections. Jundishapur J
Microbiol. 2015;8(2):1-6.

35. Kavoosi G, Rabiei F. Zataria multiflora: Chemical and biological
diversity in the essential oil. J Essen Oil Res. 2015;27(5):428-436.

36. Esfandiary MA, Mahmoudi S, Zaini F, et al. In vitro antifungal
activity of Zataria multiflora essential oil, fluconazole and ciclo-
pirox olamine against nonalbicans Candida species isolated from
recurrent vulvovaginal candidiasis. J Mycol Res. 2015;2(1):3-8.

37. Nouri F, Beitollahi J, Mansourian A. Comparing antifungal effects
of Zatariamultiflora and Punicagranatum extract with Nystatin on
Candida Albicans. J Inflammat Dis. 2016;20(5):25-19.

38. Mahboubi M, Heidarytabar R, Mahdizadeh E, Hosseini H.
Antimicrobial activity and chemical composition of Thymus
species and Zataria multiflora essential oils. Agricul Natur
Resour. 2017;51(5):395-401.

39. Katiraee F, Ahmadi Afshar S, Rahimi Pirmahalleh SF, Shokri H.
In vitro antifungal activity of essential oils extracted from plants
against fluconazole-susceptible and -resistant Candida albicans.
Curr med Mycol. 2017;3(2):1-6.

40. Rezaie Keikhaie K, Bazi S, Ghorbani S, Roustakhiz J, Shahi Z.
Evaluate the Anti-Fungal Effects of Zataria multiflora Extract on
Candida albicans Isolated from Patients in Zabol. Gene, Cell
and Tissue. 2018;5(1):1-5.

41. Niczad A, Sharafzadeh S, Alizadeh A, Amiri B, Bazrafshan F.
Variability in essential oil constituent, phenolic content, antioxi-
dant and antimicrobial activities of different ecotypes of Zataria
multiflora Boiss. From Iran. J Essen Oil-Bearing Plants.
2019;22(6):1435-1449.

42. SHerzaee M, Poorzamani M. Inhibitory effects of plant extracts
containing Thyme, Clore and Cinnamon compared to Nystatin
on Candida Albicans.(invitro). Res Dent Sci. 2012;8(4):175-179.

43. Jafari AA, Tafti AF, Hoseiny SM, Kazemi A. Antifungal effect of
zataria multiflora essence on experimentally contaminated acryl
resin plates with candida albicans. Iran Red Crescent med J.
2015;17(1):1-5.

44. Aghili H, Jafari Nadoushan AA, Herandi V. Antimicrobial effect
of zataria multiflora extract in comparison with chlorhexidine
mouthwash on experimentally contaminated orthodontic elasto-
meric ligatures. J Dent (Tehran, Iran). 2015;12(1):1-10.

45. Sedigh-Shams M, Badiee P, Adl A, Sarab MD, Abbaszadegan A,
Nabavizadeh M. In vitro comparison of antimicrobial effect of
sodium hypochlorite solution and Zataria multiflora essential oil
as irrigants in root canals contaminated with Candida albicans. J
Conserv Dent: JCD. 2016;19(1):101-105.

46. Aghajani A, Abastabar M, Khalilian A, Haghani I, Jannati P,
Ebrahimisaravi M. Comparing the antifungal effect of Sodium
Hypochlorite, Deconex, Zataria multiflora, and Artemisia
aucheri on the surface of acrylic resin dentures: An experimental
study. J Maz Uni Med Sci. 2019;29(173):22-32.

47. Oshagh M, Nazari Dashlibrun Y, Ebrahimi Saravi M, Bazargani
A. Evaluation of Chlorhexidine and Zatariamultiflora essential
oil in removing streptococcus viridans and candida from the
surface of removable orthodontic appliances: A randomized clin-
ical trial. J Maz Uni Med Sci. 2014;23(110):191-199.

48. Khosravi A, Shokri H, Tootian Z, Alizadeh M, Yahyaraeyat R.
Comparative efficacies of Zataria multiflora essential oil and itra-
conazole against disseminated Candida albicans infection in
BALB/c mice. Braz J Microbiol. 2009;40(3):439-445.

49. Amanlou M, Beitollahi JM, Abdollahzadeh S, Tohidast-Ekrad
Z. Miconazole gel compared with Zataria multiflora Boiss.
Gel in the treatment of denture stomatitis. Phytother Res.
2006;20(11):966-969.

50. Khosravi AR, Eslami AR, Shokri H, Kashanian M. Zataria multi-
flora cream for the treatment of acute vaginal candidiasis. Int J
Gynecol & Obstet. 2008;101(2):201-202.

51. Fouladi Z, Afshari P, Gharibi T, Dabbagh MA. The comparison of
Zataria multiflora boiss (Avishan Shirazi) and Clotrimazol vaginal
cream in the treatment of candidiasis vaginitis. Ismj. 2009;12(3):
214-224.

52. Pozzatti P, Scheid LA, Spader TB, Atayde ML, Santurio JM,
Alves SH. In vitro activity of essential oils extracted from plants
used as spices against fluconazole-resistant and fluconazole-
susceptible Candida spp. Can J Microbiol. 2008;54(11):950-956.

53. Sharifzadeh A, Shokri H. Antifungal activity of essential oils from
Iranian plants against fluconazole-resistant and fluconazole-
susceptible Candida albicans. Avicenna J Phytomed. 2016;6(2):
215-222.

54. São Pedro A, Santo I, Silva C, Detoni C, Albuquerque E. The use
of nanotechnology as an approach for essential oil-based formula-
tions with antimicrobial activity. Microbial pathogens and strate-
gies for combating them (Méndez-Vilas, A, ed). Formatex
Research Center Pulisher. 2013;2(1):1364-1374.

55. Lertsatitthanakorn P, Taweechaisupapong S, Aromdee C,
Khunkitti W. Antibacterial activity of citronella oil solid lipid
particles in oleogel against Propionibacterium acnes and its
chemical stability. Int J Essen Oil Therapeut. 2008;2(4):
167-171.

56. Rahimi V, Hekmatimoghaddam S, Jebali A, Khalili Sadrabad E,
Akrami Mohajeri F. Chemical composition and antifungal activity
of essential oil of Zataria Multiflora. J Nut Food Secur.
2019;4(1):1-6.

57. Leal F, Taghouti M, Nunes F, Silva A, Coelho AC, Matos M.
Thymus plants: A review micropropagation, molecular and anti-
fungal activity. Active Ingredients from Aromatic and Medicinal
Plants. 2017;1(7):107-126.

58. Ebrahimi Zabet S, Azizi A, Hasani A, editors. The effect of altitude
on the essential oil content and quality of habitat in Alvandi Thyme
(Thymus elwendicus). Eighth Congress of Iranian Horticultural
Science September Bu Ali Sina University; 2013.

59. Mazooji A, Salimpur F, Danaei M, Akhoondi Darzikolaei S,
Shirmohammadi K. Comparative study of the essential oil
chemical composition of Thymus Kotschyanus Boiss. &
Hohen. Var kotschyanus from Iran. Annal Biol Res. 2012;3(3):
1443-1451.

60. Pina-Vaz C, Gonçalves Rodrigues A, Pinto E, et al. Antifungal
activity of Thymus oils and their major compounds. J Europ
Aca Dermatol Venereol. 2004;18(1):73-78.

61. Braga PC, Culici M, Alfieri M, Dal Sasso M. Thymol inhibits
Candida albicans biofilm formation and mature biofilm. Int J
Antimicrob Agents. 2008;31(5):472-477.

14 Journal of Evidence-Based Integrative Medicine



62. Zia M, Bayat M, Khalkhali H, Saffari S. Effect of Thymus vulga-
ris, Myrtus communis and nystatin on Candida albicans. J Gorgan
Uni Med Sci. 2014;15(4):59-65.

63. Shokri H, Sharifzadeh A. Zataria multiflora Boiss.: A review study on
chemical composition, anti-fungal and anti-mycotoxin activities, and
ultrastructural changes. J Herbmed Pharmacol. 2017;6(1):1-9.

64. Gandomi H, Misaghi A, Akhondzadeh Basti A, Hamedi H,
Ramezani Shirvani Z. Effect of Zataria multiflora Boiss.
Essential oil on colony morphology and ultrastructure of
Aspergillus flavus. Mycoses. 2011;54(5):429-437.

65. Khosravi AR, Minooeianhaghighi MH, Shokri H, Emami SA
SMA, Asili J. The potential inhibitory effect of cuminum
cyminum, ziziphora clinopodioides and nigella sativa essential
oils on the growth of Aspergillus fumigatus and Aspergillus.
Braz J Microbiol: [Publication of the Brazilian Society for
Microbiology]. 2011;42(1):216-224.

66. Sharifzadeh A, Jebeli Javan A, Shokri H, Abbaszadeh S,
Keykhosravy K. Evaluation of antioxidant and antifungal proper-
ties of the traditional plants against foodborne fungal pathogens. J
Mycol med. 2016;26(1):11-17.

67. Braga PC, Sasso MD, Culici M, Alfieri M. Eugenol and thymol,
alone or in combination, induce morphological alterations in
the envelope of Candida albicans. Fitoterapia. 2007;78(6):
396-400.
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