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Abstract: The outbreak of diseases caused by Candida species is growing. These opportunistic 

pathogens can produce biofilm on non-biological surfaces, such as removable orthodontic appliances. 

Over the past two decades, there has been a significant increase in resistance to several types of 

antifungal drugs. Recently, there is a growing interest in using herbal plants and their extracts as an 

alternative to antifungal drugs. A common plant is basil, which belongs to Lamiaceae family. This study 

aimed to determine the effect of basil extracts on the adhesion of C. albicans and C. dubliniensis to 

acrylic surfaces of removable orthodontic appliances. Basil dried leaves were macerated in ethanol to 

extract its constituent, and then the extract was dissolved in water and fractioned by other solvents, 

including n-hexane and ethyl acetate, successively. The minimum inhibitory concentrations (MIC) of 

the extracts against standard species of Candida were determined by the broth microdilution method 

based on clinical and laboratory standard institute (CLSI) protocol. Afterward, adherence and biofilm 

formation tests were done on acrylic specimens in the vicinity of proper concentration of fractions with 

the help of the Crystal Violet and spectrophotometry method. MIC for ethyl acetate fraction, n-hexane 

fraction, ethanol crude extract, and the aqueous fraction was 1024, 2048, ≥2048, >2048 µg/ml, 

respectively. Inhibition of adherence and biofilm formation for Candida albicans and Candida 

dubliniensis in the vicinity of ethyl acetate fraction was 73% and 78%, respectively. In the vicinity of 

n-hexane fraction was 65% and 78%, respectively. Two fractions could inhibit the growth, adherence, 

and biofilm formation of two Candida species. 

 

Keywords: Basil extract; Candida albicans; Candida dubliniensis; Adherence; Biofilm; Removable 

orthodontic appliances. 
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1. Introduction  

Removable orthodontic appliances and full dentures provide an excellent environment 

for adhesion and colonization of pathogenic and non-pathogenic organisms that can cause 
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infectious ulcers in the oral mucosa [1]. Yeasts are not inherently pathogenic, which means that 

very few of them can cause diseases in a healthy person, and immunodeficiency is a necessity 

for their pathogenicity [2, 3]. Various types of Candida are known as opportunistic pathogens, 

which are located in the oral cavity [4]. Common types that lead to diseases are Candida 

albicans, and Candida dubliniensis, which could replicate in cases of diminished host defense 

and become pathogenic despite their limited virulence [5, 6]. Candida’s adhesion to the host’s 

mucous membranes, acrylic surfaces of removable orthodontic appliances, and denture 

prostheses lead to the production of proteolysis enzymes that damages mucosal cells; resulting 

in denture stomatitis [7-10]. Continuous use of removable appliances, especially during the 

night, such as most functional and removable orthodontic appliances, predispose patients to 

denture stomatitis [11, 12]. Over the past two decades, there has been a significant increase in 

resistance to several types of antifungal drugs [13-15]. Azole-resistant types of Candida are 

amongst the pathogens that are mainly responsible for nosocomial and food-related infections 

[15]. Also, biofilm formation by Candida species has raised concerns since biofilms increase 

the cell’s resistance to antifungal drugs by protecting them against the host’s immune system 

[16]. One way to avoid resistance to antifungal drugs is to use herbal extracts [17]. 

Several reports are available on the use of plants as a treatment for oral diseases [18-

20]. Many herbal-extracts are used in traditional medicine and documented in the 

pharmacological books as a means to deal with oral infections [21, 22]. It has been shown that 

some herbal extracts can effectively inhibit the production of Candida biofilms [23-26]. 

Basil (Odium basilicum L.) is an Ocimum genus [27]. The Ocimum genus contains 50-

150 species of plants that are distributed globally and found in the tropical regions of Asia, 

Africa, Central America, and South America [28, 29]. Basil is a medicinal plant widely used 

in traditional medicine to treat headaches, cough, kidney diseases, and also as an anticonvulsant 

agent. It is also used as a food flavor in sauces, meats, pizzas, and salads. Also, this vegetable 

oil is used in the cosmetics, decorative, and perfume industries [27, 30, 31]. In Oxenham et al. 

study, it was reported that two chemotypes of basil, methyl chavicol and linalool oil, had 

antifungal effects against “Botrytis Fabae” at 1000 and 300 ppm (Parts Per Million), 

respectively [32]. In the study by Pozzatti et al. in 2008, it was shown that the essential oil of 

Ocimum basilicum L. did not have an antifungal effect at the concentrations which they used 

in their study [33]. Ferreirra et al. reported that  O. basilicum L, the extract, had in vitro anti-

biofilm activity of Streptococcus mutans on acrylic surfaces of removable orthodontic 

appliances at concentrations of 1:1 (pure) till 1:128 [34]. 

This study aimed to determine the effect of basil extracts on the adhesion of C. albicans 

and C. dubliniensis to acrylic surfaces of removable orthodontic appliances. The necessity of 

conducting this research is due to the presence of porosity on the surface of acrylic appliances 

caused by food and microorganisms; thus, a solution with anti-adhesion properties against 

microorganisms can control the oral hygiene of the users of these appliances. This solution can 

be a proper alternative to chemicals, such as Chlorhexidine, with side effects such as changes 

in the color of both teeth enamel and appliances. 

2. Materials and Methods 

 2.1. Plant materials and extraction procedure. 

 The basil plant, called O. basilicum L., was collected from Kazerun in southern Fars 

province in May 2018 and was identified and approved by Mr. Mehdi Zare, the botanist of the 
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Medicinal and Natural Products Chemistry Research Center (MNCRC). After drying the leaves 

(300g) in the shade and grinding with an electric grinder, the resulting plant powder was 

extracted by soaking in 3 liters of 96% ethanol for 48 hours. The crude ethanol extract was 

filtered using filter paper and evaporate ethanol solvent, using a rotary evaporator under 

reduced pressure at 40 ºC. The crude ethanol extract was dissolved in 200 ml of distilled water 

and 200 ml of methanol.200 ml 0f n-hexane were added in 3 steps to the solution to extract the 

n-hexane fraction. After evaporating the methanol of the aqueous fraction, 200 ml of ethyl 

acetate were added to the solution to produce ethyl acetate fraction. The n-hexane and ethyl 

acetate fractions were placed in a rotary evaporator to remove their solvents. The remaining 

polar solution was named as an aqueous fraction. 

 2.2. Acrylic resin specimens. 

 150 Acrylic resin specimens were prepared using cold cure acrylic resin (Acropars). To 

produce a smooth surface, each coin was polished using a laboratory milled. Finally, acrylic 

specimens were washed with distilled water and alcohol and then autoclaved at 121°C  with 15 

pounds. 

 2.3. Preparation of yeast suspension for microdilution. 

 A few colonies of fresh yeast were added to 100 ml of distilled water. By adjusting the 

spectrophotometer at 530 nm and 0.15 Optical Density (OD); the suspensions with 1-5×106 

cells were obtained. The resulting suspension was diluted 1/1000 by RPMI-1640 medium 

(Sigma). 

 2.4. Micro dilution assay. 

To determine the Minimum Inhibitory Concentration (MIC) of herbal extracts which 

inhibited 90% of fungal growth (MIC 90), the broth microdilution method was used [35-38]. 

To perform this test, the 96-well microplate was used. 200 μl and 100 μl of liquid medium 

(RPMI-1640) were added to the column 1 and 2 to 12, respectively. We considered the first 

row for ethyl acetate fraction and the second to fourth row for n-hexane fraction, ethanol crude 

extract, and aqueous fraction. The amount of (12.5 μl) four extracts were added to column 2. 

The volume of column 2 reached to 200 μl using a liquid medium. The serial dilution method 

was done using an 8-channel sampler up to column 11. Then 100 μl of yeast suspension equal 

to 1-5×106 cells was added to columns 2 to12. The first column containing only 200 μl of 

culture medium was used as blank for controlling the sterility of the condition, and column 12 

containing a fungal suspension, and no extracts were used as a positive control (growth 

control). The plates were incubated for 48 hours at 35°C to determine MIC. This test was done 

in duplicate.  

 2.5. Biofilm adhesion. 

 To determine the inhibitory effect of basil extracts on adhesion and production of 

biofilm of C. albicans and C. dubliniensis on acrylic specimens, 5 plates with 24 wells were 

used (Figure 1). Plates 1 to 5 were used for 1024 µg/ml and the four concentrations below the 

MIC of n-hexane and ethyl acetate extracts. The sterilized acrylic specimens were placed in all 

microplates. A column of these plates was used as the negative control, which included a 

culture medium without yeast suspensions and extracts to determine the probability of 
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contamination, and another column was considered as the positive control, which included the 

culture media and suspensions of yeast without extracts as the control group. Finally, the plates 

were incubated at 35°C for 48 hours for biofilm formation on acrylic specimens. 

 
Figure 1. Five plates with 24 wells for determining adhesion and biofilm formation assay. (Three lower plates 

from right to left are 1024, 512 and 256 µg/ml of n-hexane and ethyl acetate fractions, and two upper plates from 

right to left are 128 and 64 µg/ml of n-hexane and ethyl acetate fractions which ethyl acetate fraction is in first 2 

rows of each plate and n-hexane fraction is in second 2 rows of each plate.) 

 After incubation, the wells were washed twice using sterile PBS buffer to remove the 

non-stick cells from the acrylic surface. 500 µl of 0.1% crystal violet was added to wells and 

kept the plates at room temperature for 15 minutes. The next step was to drain the well and 

then again wash with PBS for 3 times. The acrylic specimens were transferred to another plate, 

and 500µl of 30% Acetic acid was added to dissolve the colored cells. Finally, we measured 

the optical density (OD) of the microplates with the Elisa microplate reader at 550 nm. 

2.6. Gas chromatography (GC) analysis. 

For gas chromatography analysis, a set of Agilent 6890N chromatograph (Agilent 

Technologies, USA) used with an HP-5 capillary column (30 m × 0.25 mm: 0.25 μm film 

thickness), the oven temperature condition was 60°C- 250°C at 5°C/min, and the final 

temperature continued for 10 minutes. Helium used as carrier gas using a flow rate of 1.0 

mL/min. The temperature for the injector and detector (FID) was set at 240 and 250 °C, 

respectively.  

2.7. Gas chromatography-mass spectroscopy (GC-MS) analysis. 

The GC-MS was done with an Agilent 7890N chromatograph, coupled to an Agilent 

5975C mass spectrometer (Agilent Technologies, USA) with the following specifications: 

operate at 70 eV ionization energy, 0.5 s/scan, and the mass range: 35-400. The capillary 

column was HP-5MS (phenyl- (5%) methyl-(95%) siloxane, 30 m × 0.25 mm, film thickness 

0.25 μm), and the carrier gas was helium at a flow rate of 1.0 ml/min. The oven temperature 

was increased from 60°C to 250°C with 5°C /min rate. A 1 ml volume of the sample was 

injected in a split ratio of 1:10. Scan time was 45 min. By the n-alkanes standards and via the 

Van den Dool method [39], relative retention indices [5] were calculated for all of the 

constituents. Identification of the compounds performed by comparison of their RRI indices 

and mass spectra with those reported in Wiley, NIST, and Adams library and authentic 

literature [40, 41]. 

2.8. High-performance liquid chromatography (HPLC) analysis. 

 The analysis of ethyl acetate fraction was carried out on an analytical HPLC system 

using an RP C18 column (Eurospher-100, 250×4.6mm, Knauer, Berlin, Germany) at a flow 

rate of 1 ml/min, injection volume of 20µl, K-1000 pump, and K-2500 UV Detector at 210 nm. 
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3. Results and discussion 

 3.1. Minimum inhibition concentration (MIC). 

 Growth inhibition concentrations for the two species of C. albicans (ATCC 10261) and 

C. Dublin insist (CBS 8501) are presented in Table 1.  

Table 1. MIC 90% of Candida albicans and C. dubliniensis in the vicinity of 4 extracts of O. basilicum L. 

(µg/ml) *International Unit. 

Nystatin Aqueous fraction Ethanol 

crude extract 

n-Hexane 

fraction 

Ethyl acetate 

fraction 

MIC 90% 

1 (5 IU*) >2048 ≥2048 2048 1024 C. albicans ATCC 10261 

1 (5 IU) >2048 ≥2048 2048 1024 C. dubliniensis CBS 8501 

 3.2. Biofilm adhesion. 

 Adhesion and biofilm production of two species of C. albicans and C. dubliniensis were 

evaluated in the presence of ethyl acetate and n-hexane fractions, which had the lowest MIC 

(1024 and 2048 MIC, respectively). The inhibitory percentage of biofilm formation (IPBF) was 

reported in Table 2, according to the formula. 

[(OD Positive Control – OD Sample) ÷ OD positive control] × 100 

Table 2. Mean of Optical Density and inhibitory percentage of biofilm formation for C. albicans and C. 

dubliniensis in the vicinity of ethyl acetate fraction and n-hexane fraction of O. basilicum L. 

MIC and 4 lower concentration included MIC/2, MIC/4, 

MIC/8, MIC/16 (µg/ml) 

Fractions 

of OB 

Species of 

Candida 

64 128 256 512 1024  

0.505 

±0.199 

0.417 

± 

0.074 

0.402 

± 

0.067 

0.338 

± 

0.058 

0.194 

± 

0.013 

Mean 

of 

OD ± 

SD 

Ethyl 

acetate 

fraction 

 

 

 

C. albicans 

30.83% 42.88% 44.94% 53.70% 73.43% IPBF 

0.454 

± 

0.052 

0.380 

± 

0.066 

0.401 

± 

0.083 

0.322 

± 

0.087 

0.250 

± 

0.035 

Mean 

of 

OD ± 

SD 

N-hexane 

fraction 

37.81% 47.95% 45.07% 55.09% 65.76% IPBF 

0.444 

± 

0.079 

0.379 

± 

0.076 

0.300 

± 

0.045 

0.268 

± 

0.067 

0.146 

± 

0.018 

Mean 

of 

OD ± 

SD 

Ethyl 

acetate 

fraction 

 

 

 

C. 

dubliniensis 34.52% 44.11% 55.76% 60.48% 78.47% IPBF 

0.590 

± 

0.055 

0.404 

± 

0.121 

0.271 

± 

0.051 

0.246 

± 

0.016 

0.144 

± 

0.027 

Mean 

of 

OD ± 

SD 

N-hexane 

fraction 

12.98% 40.42% 60.03% 63.72% 78.77% IPBF 

 

- 

 

- 

 

0.665 

 

0.692 

PC of C. 

dubliniensis 

 

0.666 

0.794 

 

PC of C. 

albicans 

OB: O. basilicum L., OD: Optical Density, SD: Standard Deviation, IPBF: Inhibition Percentage of Biofilm 

Formation, PC: Positive Control. The formula for IPBF: 

[(OD Positive Control – OD Sample) ÷ OD positive control] × 100 

 Using three-way ANOVA, it was determined that the biofilm adhesion and production 

relative to the microorganisms alone, the concentration alone, the combination of the two 

factors of concentration and microorganisms, as well as the combination of three factors of 

concentration, extracts, and microorganisms, were significantly different (P <0.05).  
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 3.3. Comparison of ethyl acetate and n-hexane fraction to each microorganism. 

 Using three-way ANOVA, the adhesion and biofilm formation of C. albicans and C. 

dubliniensis were significantly different in the vicinity of ethyl acetate fraction (P < 0.05), but 

there was no significant difference between the two variables, including microorganisms and 

concentration (P > 0.05). However, there was a significant difference in adhesion and biofilm 

production of two species of Candida for the concentration variable alone (P < 0.0001). 

 The adhesion and biofilm formation of C. albicans and C. dubliniensis were not 

significantly different in the vicinity of n-hexane fraction (P > 0.05), but there was a significant 

difference between the two variables, including microorganisms and concentration (P < 0.05). 

The adhesion and biofilm formation of the two species of Candida for the concentration factor 

alone was significantly different (P < 0.0001). It means that as the concentrations increased, 

the adhesion and biofilm formation for every two spices of Candida decreased statistically 

significant. A comparison of ethyl acetate and n-hexane fraction with each microorganism is 

shown in Figure 2. 

 
Figure 2. Comparison of ethyl acetate and n-hexane fraction to each microorganism. 

3.4. Comparison of two microorganisms of C. albicans and C. dubliniensis to each extract. 

 Using three-way ANOVA, C. albicans, adhesion and biofilm production was not 

significantly different from that of ethyl acetate fraction and n-hexane fraction alone (P > 0.05), 

and also did not differ significantly between the two variables, including extracts and 

concentrations (P > 0.05), but adhesion and biofilm formation were significantly different 

between concentrations (P < 0.0001). 

 For C. dubliniensis, adhesion and biofilm formation did not differ significantly between 

the ethyl acetate fraction and N-hexane fraction alone (P > 0.05), but there was a significant 

difference between the two variables, including extracts and concentrations (P <0.05). 

Adhesion and biofilm formation were significantly different between the concentrations (P < 

0.0001). A comparison of the two microorganisms of C. albicans and C. dubliniensis with each 

extract is shown in Figure 3. 
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Figure 3. Comparison of two microorganisms of C. albicans and C. dubliniensis with each extract. 

3.5. Identification of compounds. 

3.5.1. n-hexane fraction. 

Nineteen compounds were identified in the n-hexane fraction are presented in Table 3. 

neophytadiene (28.5%), phytol (12.0%), 3,7,11,15-tetramethyl-2-hexadecen-1-ol (isomer II) 

(9.3%) compounds have been detected in the extract, among which the diterpenoids were the 

major ones. GC-MS chromatogram of n-hexane fraction is also demonstrated in figure 4. 

Table 3. Chemical compositions of n-hexane fraction. 

 RT(min) n-hexane fraction RRI Area % 

1 4.5 decane 1001 5.8 

2 5.5 2- ethyl-1-hexanol 1044 3.8 

3 9.3 dodecane 1201 6.5 

4 9.6 estragol 1211 2.8 

5 10.6 geranial 1250 1.5 

6 11.4 ß-citral 1281 2.4 

7 14.5 terta decane 1401 4.7 

8 15.0 (E)-β-caryophyllene 1422 2.3 

9 15.3 trans-α.-bergamotene 1435 t 

10 15.9 α-humulene 1459 1.6 

11 16.5 γ-muurolene 1485 1.5 

12 17.9 α-(Z)-bisabolene 1544 3.4 

13 19.0 caryophyllene oxide 1591 1.2 

14 19.3 n-hexadecane 1601 2.0 

15 23.7 2,6,10-trimethyl-Pentadecane 1802 1.0 

16 24.5 neophytadiene 1841 28.5 

17 25.3 3,7,11,15-tetramethyl-2-hexadecen-1-

ol (isomer I) 

1882 5.0 

18 25.3 3,7,11,15-tetramethyl-2-hexadecen-1-

ol (isomer II) 

1882 9.3 

19 30.0 phytol 2025 12.4 

-  - - 95.7 

t=trace (0.05%), RT=Retention time 

3.5.2. Ethyl acetate fraction. 

 Thirteen compounds were identified in the ethyl acetate fraction (Table 4). The major 

compounds were caryophyllene oxide (10.7%) and thymol (5.1%) in this fraction. Based on 

the GC chromatogram data (Figure 5), ten compounds were suggested for ethyl acetate fraction 

(Table 4). 
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Figure 4. GC-MS chromatogram of n-hexane fraction. 

Table 4. Chemical compositions of ethyl acetate fraction. 

No RT(min) compounds RRI real RRI Area% 

1 6.1 decane 1001 1000 0.5 

2 6.4 1,8- Cineol 1031 1018 1.8 

3 7.1 linalool 1099 1068 1.4 

4 8.1 terpinen-4-ol 1174 1172 1.2 

5 9.2 thymol 

methyl ether 

1232 1234 1.2 

6 9.8 2-decenal 1260 1262 1.7 

7 10.8 thymol 1290 1302 5.1 

8 12.3 eugenol 1356 1364 1.0 

9 12.8 (E)-methyl 

cinnamate 

1381 1386 1.4 

10 15.7 α-(Z)-

bsabolene 

1507 1512 0.5 

11 16.1 eugenol 

acetate 

1522 1530 1.2 

12 17.2 caryophyllene 

oxide 

1582 1579 10.7 

13 18.9 α-cadinol 1652 1655 1.3 

     29.0 

RT=Retention time 

 3.6. HPLC analysis. 

 The RP18 HPLC chromatogram of the ethyl acetate fraction of the ethanol crude 

extract was eluted with H2O (solvent A) and acetonitrile (solvent B) as the mobile phase. The 

elution was gradient 10-100% acetonitrile in water with the following conditions: at first 5 min 

in 10% B then increased linearly to 60 %B in 5 min and was kept in 60% B for the next 10 min 

then increased to 100% B in 10 min and returned to 10% B solvent at the end.  

 The ethyl acetate presented major peaks at RT 12.267 and 12.767 min (Figure 6). The 

nonvolatile compounds in the ethyl acetate fraction of basil were reported as a phenolic 

compound such as rutin, caffeic acid, kaempferol, chlorogenic acid, gallic acid, and quercetin 

[39, 42].  
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Figure 5. Gas chromatogram of ethyl acetate fraction. 

 
Figure 6. HPLC chromatogram of ethyl acetate fraction. 

3.7.  Discussion. 

The ever-increasing prevalence of drug-resistant microorganisms, as well as the toxicity 

of existing antifungal compounds, has led toward more attention to the antimicrobial activity 

of natural products or other means to treat these microorganisms. The limited number of 

available drugs to treat fungal infections, which are mostly fungistatic, as well as the emergence 

and existence of resistant species to antifungal agents, requires the exploration of alternative 

treatments [26]. Plants can be potential options for obtaining a wide range of medications, 

which have traditionally been used in medical treatment as well as in pharmacy [21]. In the 

present study, the goal was to use natural compounds of O. basilicum L. against fungal agents 

such as C. albicans and C. dubliniensis on the acrylic surface of removable orthodontic 

appliances. Since these microorganisms are the natural flora of the oral environment and are 

one of the opportunistic pathogens, acquiring a natural compound that can restrict and inhibit 

yeast growth as well as controlling its pathogenic factors would be useful by replacing common 

antifungal drugs. 

In the study by Elsherbiny et al., it was shown that there are 4 main components found 

in ethyl acetate extract of O. basilicum L. including methyl cinnamate, 1,8-cineol, linalool, and 

terpinen-4-ol that is in line with our study results [39]. According to a study by Stefanovic et 

al. found that methyl cinnamate had a significant effect on bacterial and fungal pathogens and 

has the potential to become an antimicrobial agent. They reported MIC of 1000 μg/ml for 

methyl cinnamate, which confirms MIC results of ethyl acetate extracts in our study [43]. 

Another ingredient in the ethyl acetate extracts is 1-8-cineol. Its mechanism involves 
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preventing adhesion of the cell and also causing significant cellular impairment, which 

confirms the results of our tests for the production of C. albicans and C. dubliniensis biofilms 

in the presence of ethyl acetate extracts. The other substance is terpinen-4-ol, which has an 

anti-candidiasis mechanism that involves altering the properties of the cell membrane, as well 

as preventing cell respiration through its effect on mitochondria. The first mechanism can affect 

the cell membrane and its properties that can impair their adhesion ability. This can justify the 

results of biofilm adhesion in this research. The other substance contained in the ethyl acetate 

extract is the linalool, its anti-Candida mechanism involves preventing the extrusion of H + 

through its effect on proton pumps [44]. In the study by Braga et al., it was shown that eugenol 

and thymol had an effect on the surface of C. albicans membrane, and these two substances 

made this surface rough and rugged, which was initially smooth, showing the ability to change 

the properties of the Candida’s membrane that would affect the adhesion ability of this yeast. 

In their study, thymol had a more noticeable effect (40-50%) on the cell membrane than 

eugenol [45]. He et al., as well as Dalleau et al., reported that terpenoids such as eugenol, 

thymol, 1,8-cineol, and linalool can effectively inhibit the formation of C. albicans biofilm         

[46, 47], which confirms our test results. 

We report here the bioactive compounds such as phytol, neophytadiene, and 

caryophyllene oxide in the n-hexane fraction. Phytol is a diterpene that has antimicrobial 

properties [48, 49]. Neophytadine is also shown to be a good analgesic, antipyretic, anti-

inflammatory, antimicrobial, and antioxidant compound. Caryophyllene oxide is an 

oxygenated sesquiterpene that exhibits antimicrobial and antifungal activity against 

onychomycosis, Candida albicans, and Cryptococcus neoformans [40].  Since n-hexane and 

ethyl acetate fraction have almost the same effect as anti-biofilms, it can be suggested that 

compounds like methyl cinnamate, thymol, linalool, terpinen-4-ol, 1,8- cineol and eugenol are 

bioactive agents as well as neophytadine and phytol on the biofilm formation process and ethyl 

acetate may have nonvolatile substances that are responsible for the bioactivity that should be 

isolated and identified in the future. Zore et al., in their study, concluded that MIC for linalool 

is much stronger than eugenol, and they affect Candida’s membrane integrity to induce their 

anti-candida properties [50]. The results of Tanrıkulu et al. study [26] is in line with our results; 

hence, it can be concluded that the secondary compounds affecting C. albicans are higher in 

non-polar solvents and include more percentages. The results of the Ferrierra et al. study [34] 

and our study indicated that basil with a strong effect on the growth, adhesion, and biofilms 

formation of 3 major human oral pathogens, including Streptococcus mutans and C. albicans, 

and C. dubliniensis, can affect the health of a patient with poor oral hygiene as well as patients 

who use removable orthodontic appliances and dentures. Furthermore, as our results 

demonstrated, the n-hexane fraction contains estragole, which is reported to be a carcinogen 

[51]. 

Purifying the active compounds in both ethyl acetate and n-hexane fraction and 

evaluating their anti-biofilm activity on Candida species is one of the suggestions for future 

studies. Also, mixing two fractions to create a synergistic effect, and by testing these extracts 

on other common oral pathogens could be done in future studies. Testing the biocompatibility 

of these extracts is necessary before using them in clinics. 

4.  Conclusions 

Two extracts (ethyl acetate and n-hexane fraction) can inhibit the growth, adherence, 

and formation of C.albicons and C.dubliniensis biofilm on acrylic surfaces of removable plates. 
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Hence, these extracts can be selected as antifungal solutions or even mouthwash. Using ethyl 

acetate fraction is better than n-hexane fraction due to the lack of estragole compound in ethyl 

acetate fraction, which is carcinogenic. Also, MIC of ethyl acetate fraction for Candida species 

is lower in comparison with other extracts. 

Funding  

This research received no external funding. 

Acknowledgments 

The authors thank the vice-chancellery of Shiraz University of Medical Sciences for supporting 

the research (Grant# 97-01-37-16809). This manuscript relevant thesis of Dr. Naeim 

Roozbehani. Also, the authors thank Dr. Salehi from the Dental Research Development Center 

for statistical analysis. The authors wish to thank Mr. H. Argasi at the Research Consultation 

Center (RCC) of Shiraz University of Medical Sciences for his invaluable assistance in editing 

this manuscript.  

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Hibino, K.; Wong, R.W.; Hägg, U.; Samaranayake, L.P. The effects of orthodontic appliances on Candida 

in the human mouth. Int J Paediatr Dent 2009, 19, 301-8, https://doi.org/10.1111/j.1365-

263X.2009.00988.x.  

2. Casadevall, A.; Pirofski, L.A. Host‐Pathogen Interactions: The Attributes of Virulence. The Journal of 

Infectious Diseases 2001, 184, 337-344,  https://doi.org/10.1086/322044.  

3. Köhler, J.R.; Casadevall, A.; Perfect, J. The spectrum of fungi that infects humans. Cold Spring Harbor 

perspectives in medicine 2014, 5, a019273-a019273,  https://doi.org/10.1101/cshperspect.a019273.  

4. Singh, A.; Verma, R.; Murari, A.; Agrawal, A. Oral candidiasis: An overview. Journal of oral and 

maxillofacial pathology: JOMFP 2014, 18, S81-S85, https://doi.org/10.4103/0973-029X.141325.  

5. Lau, A.F.; Kabir, M.; Chen, S.C.; Playford, E.G.; Marriott, D.J.; Jones, M.; Lipman, J.; McBryde, E.; 

Gottlieb, T.; Cheung, W.; Seppelt, I.; Iredell, J.; Sorrell, T.C. Candida colonization as a risk marker for 

invasive candidiasis in mixed medical-surgical intensive care units: development and evaluation of a simple, 

standard protocol. J Clin Microbiol 2015, 53, 1324-30, https://doi.org/10.1128/jcm.03239-14.  

6. Eggimann, P.; Pittet, D. Candida colonization index and subsequent infection in critically ill surgical 

patients: 20 years later. Intensive Care Med 2014, 40, 1429-48,  https://doi.org/10.1007/s00134-014-3355-

z.  

7. Cotter, G.; Kavanagh, K. Adherence mechanisms of Candida albicans. Br J Biomed Sci 2000, 57, 241-9,  

8. Salerno, C.; Pascale, M.; Contaldo, M.; Esposito, V.; Busciolano, M.; Milillo, L.; Guida, A.; Petruzzi, M.; 

Serpico, R. Candida-associated denture stomatitis. Med Oral Patol Oral Cir Bucal 2011, 16, e139-43, 

https://doi.org/10.4317/medoral.16.e139.  

9. Hoshing, C.; Dixit, S.; Mootha, A.; Diwan, N. Radiology. Role of Candida albicans in denture stomatitis.  

2011, 23. 

10. Heidari, M.F.; Arab, S.S.; Noroozi-Aghideh, A.; Tebyanian, H.; Latifi, A.M. Evaluation of the substitutions 

in 212, 342 and 215 amino acid positions in binding site of organophosphorus acid anhydrolase using the 

molecular docking and laboratory analysis. Bratisl Lek Listy 2019, 120, 139-143,  

https://doi.org/10.4149/bll_2019_022.  

11. Williams, D.W.; Kuriyama, T.; Silva, S.; Malic, S.; Lewis, M.A. Candida biofilms and oral candidosis: 

treatment and prevention. Periodontol 2000 2011, 55, 250-65, https://doi.org/10.1111/j.1600-

0757.2009.00338.x.  

12. Bhat, V.; Sharma, S.; Shetty, V.; Shastry, C.; Rao, V.; Shenoy, S.M.; Saha, S.; Balaji, S.J.N.U.J.o.H.S. 

Prevalence of Candida associated denture stomatitis (CADS) and speciation of Candida among complete 

denture wearers of south west coastal region of Karnataka. Journal of Health and Allied Sciences NU 2013, 

3, 59-63.  

https://doi.org/10.33263/BRIAC112.94779489
https://biointerfaceresearch.com/
https://doi.org/10.1111/j.1365-263X.2009.00988.x
https://doi.org/10.1111/j.1365-263X.2009.00988.x
https://doi.org/10.1086/322044
https://doi.org/10.1101/cshperspect.a019273
https://doi.org/10.4103/0973-029X.141325
https://doi.org/10.1128/jcm.03239-14
https://doi.org/10.1007/s00134-014-3355-z
https://doi.org/10.1007/s00134-014-3355-z
https://doi.org/10.4317/medoral.16.e139
https://doi.org/10.4149/bll_2019_022
https://doi.org/10.1111/j.1600-0757.2009.00338.x
https://doi.org/10.1111/j.1600-0757.2009.00338.x


https://doi.org/10.33263/BRIAC112.94779489  

 https://biointerfaceresearch.com/ 9488 

13. Pfaller, M.A. Antifungal drug resistance: mechanisms, epidemiology, and consequences for treatment. Am 

J Med 2012, 125, S3-13,  https://doi.org/10.1016/j.amjmed.2011.11.001.  

14. Perlin, D.S.; Shor, E.; Zhao, Y. Update on Antifungal Drug Resistance. Current clinical microbiology 

reports 2015, 2, 84-95,  https://doi.org/10.1007/s40588-015-0015-1.  

15. Pinto, P.M.; Weikert-Oliveira Rde, C.; Lyon, J.P.; Cury, V.F.; Arantes, R.R.; Koga-Ito, C.Y.; Resende, M.A. 

In vitro antifungal susceptibility of clinical isolates of Candida spp. obtained from patients with different 

predisposing factors to candidosis. Microbiol Res 2008, 163, 579-85,  

https://doi.org/10.1016/j.micres.2006.08.007.  

16. Pannanusorn, S.; Fernandez, V.; Römling, U. Prevalence of biofilm formation in clinical isolates of Candida 

species causing bloodstream infection. Mycoses 2013, 56, 264-72, https://doi.org/10.1111/myc.12014.  

17. da Silva, A.R.; de Andrade Neto, J.B.; da Silva, C.R.; Campos Rde, S.; Costa Silva, R.A.; Freitas, D.D.; do 

Nascimento, F.B.; de Andrade, L.N.; Sampaio, L.S.; Grangeiro, T.B.; Magalhães, H.I.; Cavalcanti, B.C.; de 

Moraes, M.O.; Nobre Júnior, H.V. Berberine Antifungal Activity in Fluconazole-Resistant Pathogenic 

Yeasts: Action Mechanism Evaluated by Flow Cytometry and Biofilm Growth Inhibition in Candida spp. 

Antimicrob Agents Chemother 2016, 60, 3551-7,  https://doi.org/10.1128/aac.01846-15.  

18. Wong, R.; Hägg, U.; Samaranayake, L.; Yuen, M.; Seneviratne, C.; Kao, R. Antimicrobial activity of 

Chinese medicine herbs against common bacteria in oral biofilm. A pilot study.  2010, 39, 599-605, 

https://doi.org/10.1016/j.ijom.2010.02.024.  

19. Xu, H.-H.; Xiao, T.; He, C.-D.; Jin, G.-Y.; Wang, Y.-K.; Gao, X.-H.; Chen, H.-D. Lichen planus 

pemphigoides associated with Chinese herbs. Clinical and Experimental Dermatology 2009, 34, 329-332,  

https://doi.org/10.1111/j.1365-2230.2008.02900.x.  

20. Tahmasebi, E.; Alikhani, M.; Yazdanian, A.; Yazdanian, M.; Tebyanian, H.; Seifalian, A. The current 

markers of cancer stem cell in oral cancers. Life Sci 2020, 249, https://doi.org/10.1016/j.lfs.2020.117483.   

21. Palombo, E.A. Traditional Medicinal Plant Extracts and Natural Products with Activity against Oral 

Bacteria: Potential Application in the Prevention and Treatment of Oral Diseases. Evidence-Based 

Complementary and Alternative Medicine 2011, 2011, https://doi.org/10.1093/ecam/nep067.  

22. Sardi, J.C.; Almeida, A.M.; Mendes Giannini, M.J. New antimicrobial therapies used against fungi present 

in subgingival sites--a brief review. Arch Oral Biol 2011, 56, 951-9,  

https://doi.org/10.1016/j.archoralbio.2011.03.007.  

23. Saharkhiz, M.J.; Motamedi, M.; Zomorodian, K.; Pakshir, K.; Miri, R.; Hemyari, K. Chemical Composition, 

Antifungal and Antibiofilm Activities of the Essential Oil of Mentha piperita L. International Scholarly 

Research Notices Pharmaceutics 2012, 2012, 718645-718645,  https://doi.org/10.5402/2012/718645.  

24. Kawsud, P.; Puripattanavong, J.; Teanpaisan, R. Screening for Anticandidal and Antibiofilm Activity of 

Some Herbs in Thailand. Tropical Journal of Pharmaceutical Research 2014, 13, 

https://doi.org/10.4314/tjpr.v13i9.16.  

25. Jafari, A.A.; Falah Tafti, A.; Hoseiny, S.M.; Kazemi, A. Antifungal Effect of Zataria multiflora Essence on 

Experimentally Contaminated Acryl Resin Plates With Candida albicans. Iranian Red Crescent medical 

journal 2015, 17, e16552-e16552,  https://doi.org/10.5812/ircmj.16552.  

26. Tanrıkulu, G.; Ertürk, Ö.; Yavuz, C.; Can, Z.; Çakır, H. Chemical Compositions, Antioxidant and 

Antimicrobial Activities of the Essential Oil and Extracts of Lamiaceae Family (Ocimum basilicum and 

Thymbra spicata) from Turkey. International Journal of Secondary Metabolite 2017, 4, 340-348,  

https://doi.org/10.21448/ijsm.373828.  

27. Javanmardi, J.; Khalighi, A.; Kashi, A.; Bais, H.P.; Vivanco, J.M. Chemical characterization of basil 

(Ocimum basilicum L.) found in local accessions and used in traditional medicines in Iran. J Agric Food 

Chem 2002, 50, 5878-83,  https://doi.org/10.1021/jf020487q.  

28. Telci, I.; Bayram, E.; Yılmaz, G.; Avcı, B. Variability in essential oil composition of Turkish basils (Ocimum 

basilicum L.). Biochemical Systematics and Ecology 2006, 34, 489-497,  

https://doi.org/10.1016/j.bse.2006.01.009.  

29. Sajjadi, S.E. Analysis of the essential oil of two cultivated Basil (Ocimum basilicum L.) from Iran. Daru 

2012, 14.  

30. Labra, M.; Miele, M.; Ledda, B.; Grassi, F.; Mazzei, M.; Sala, F. Morphological characterization, essential 

oil composition and DNA genotyping of Ocimum basilicum L. cultivars. Plant Science 2004, 167, 725-731,  

https://doi.org/10.1016/j.plantsci.2004.04.026.  

31. Hasani, A.; Heidari, S.H. Effect of different soil moisture levels on growth, yield and accumulation of 

compatible solutes in Basil (Ocimum basilicum). Iranian Journal Of Soil And Waters Sciences 2003, 17, 

210-219. 

32. Oxenham, S.K.; Svoboda, K.P.; Walters, D.R. Antifungal Activity of the Essential Oil of Basil (Ocimum 

basilicum). Journal of Phytopathology 2005, 153, 174-180, https://doi.org/10.1111/j.1439-

0434.2005.00952.x.  

33. Pozzatti, P.; Loreto, É.S.; Lopes, P.G.M.; Athayde, M.L.; Santurio, J.M.; Alves, S.H. Comparison of the 

susceptibilities of clinical isolates of Candida albicans and Candida dubliniensis to essential oils. Mycoses 

2010, 53, 12-15,  https://doi.org/10.1111/j.1439-0507.2008.01643.x.  

https://doi.org/10.33263/BRIAC112.94779489
https://biointerfaceresearch.com/
https://doi.org/10.1016/j.amjmed.2011.11.001
https://doi.org/10.1007/s40588-015-0015-1
https://doi.org/10.1016/j.micres.2006.08.007
https://doi.org/10.1111/myc.12014
https://doi.org/10.1128/aac.01846-15
https://doi.org/10.1016/j.ijom.2010.02.024
https://doi.org/10.1111/j.1365-2230.2008.02900.x
https://doi.org/10.1016/j.lfs.2020.117483
https://doi.org/10.1093/ecam/nep067
https://doi.org/10.1016/j.archoralbio.2011.03.007
https://doi.org/10.5402/2012/718645
https://doi.org/10.4314/tjpr.v13i9.16
https://doi.org/10.5812/ircmj.16552
https://doi.org/10.21448/ijsm.373828
https://doi.org/10.1021/jf020487q
https://doi.org/10.1016/j.bse.2006.01.009
https://doi.org/10.1016/j.plantsci.2004.04.026
https://doi.org/10.1111/j.1439-0434.2005.00952.x
https://doi.org/10.1111/j.1439-0434.2005.00952.x
https://doi.org/10.1111/j.1439-0507.2008.01643.x


https://doi.org/10.33263/BRIAC112.94779489  

 https://biointerfaceresearch.com/ 9489 

34. Ferreira, F.I.; Bernardi, A.C.A.; Lunardi, N.; Boeck Neto, R.J.; Boeck, E.M. In vitro evaluation of anti-

adherence activity of the Ocimum basilicum l. (basil) extract and of the Coriandrum sativum l. (coriander) 

in acrylic surface of removable orthodontic appliances. Ferreira 2015, 3, 

https://doi.org/10.19177/jrd.v3e22015636-645.  

35. Myoken, Y.; Kyo, T.; Sugata, T.; Murayama, S.Y.; Mikami, Y. Breakthrough fungemia caused by 

fluconazole-resistant Candida albicans with decreased susceptibility to voriconazole in patients with 

hematologic malignancies. Haematologica 2006, 91, 287-8.  

36. Seifi Kafshgari, H.; Yazdanian, M.; Ranjbar, R.; Tahmasebi, E.; Mirsaeed, S.; Tebyanian, H.; Ebrahimzadeh, 

M.A.; Goli, H.R. The effect of Citrullus colocynthis extracts on Streptococcus mutans, Candida albicans, 

normal gingival fibroblast and breast cancer cells. J Biol Res 2019, 92, 

https://doi.org/10.4081/jbr.2019.8201.  

37. Mosaddad, S.A.; Tahmasebi, E.; Yazdanian, A.; Rezvani, M.B.; Seifalian, A.; Yazdanian, M.; Tebyanian, 

H. Oral microbial biofilms: an update. Eur J Clin Microbiol 2019, 38, 2005–2019,  

https://doi.org/10.1007/s10096-019-03641-9.  

38. Khomarlou, N.; Aberoomand-Azar, P.; Lashgari, A.P.; Tebyanian, H.; Hakakian, A.; Ranjbar, R.; 

Ayatollahi, S.A. Essential oil composition and in vitro antibacterial activity of Chenopodium album subsp. 

striatum. Acta Biologica Hungarica 2018, 69, 144-155,  https://doi.org/10.1556/018.69.2018.2.4.  

39. Elsherbiny, E.A.; Safwat, N.A.; Elaasser, M.M. Fungitoxicity of organic extracts of Ocimum basilicum on 

growth and morphogenesis of Bipolaris species (teleomorph Cochliobolus). Journal of Applied 

Microbiology 2017, 123, 841-852,  https://doi.org/10.1111/jam.13543.  

40. Swamy, M.K.; Arumugam, G.; Kaur, R.; Ghasemzadeh, A.; Yusoff, M.M.; Sinniah, U.R. GC-MS Based 

Metabolite Profiling, Antioxidant and Antimicrobial Properties of Different Solvent Extracts of Malaysian 

Plectranthus amboinicus Leaves. Evidence-Based Complementary and Alternative Medicine 2017, 2017, 

https://doi.org/10.1155/2017/1517683.  

41. Atarod, M.; Safari, J.; Tebyanian, H. Ultrasound irradiation and green synthesized CuO-NiO-ZnO mixed 

metal oxide: An efficient sono/nano-catalytic system toward a regioselective synthesis of 1-aryl-5-amino-

1H-tetrazoles. Synth. Commun 2020, 1993-2006,  https://doi.org/10.1080/00397911.2020.1761396.  

42. Güez, C.M.; Souza, R.O.d.; Fischer, P.; Leão, M.F.d.M.; Duarte, J.A.; Boligon, A.A.; Athayde, M.L.; 

Zuravski, L.; Oliveira, L.F.S.D.; Machado, M.M. Evaluation of basil extract ( Ocimum basilicum L.) on 

oxidative, anti-genotoxic and anti-inflammatory effects in human leukocytes cell cultures exposed to 

challenging agents. Brazilian Journal of Pharmaceutical Sciences 2017, 53, https://doi.org/10.1590/s2175-

97902017000115098.  

43. Stefanovic, O.; Radojevic, I.; Čomić, L. Synthetic cinnamates as potential antimicrobial agents. Hemijska 

industrija 2014, 68,  https://doi.org/10.2298/HEMIND130928014S.  

44. Palande, V.; Priya, J.; Kunchiraman, B. Plants with anti-Candida activity and their mechanism of action: a 

review. Journal of Environmental Research And Development 2015, 9, 1189-1196.  

45. Braga, P.C.; Culici, M.; Alfieri, M.; Dal Sasso, M. Thymol inhibits Candida albicans biofilm formation and 

mature biofilm. International Journal of Antimicrobial Agents 2008, 31, 472-477,  

https://doi.org/10.1016/j.ijantimicag.2007.12.013.  

46. He, M.; Du, M.; Fan, M.; Bian, Z. In vitro activity of eugenol against Candida albicans biofilms. 

Mycopathologia 2007, 163, 137-43,  https://doi.org/10.1007/s11046-007-0097-2.  

47. Dalleau, S.; Cateau, E.; Bergès, T.; Berjeaud, J.-M.; Imbert, C. In vitro activity of terpenes against Candida 

biofilms. International Journal of Antimicrobial Agents 2008, 31, 572-576,  

https://doi.org/10.1016/j.ijantimicag.2008.01.028.  

48. Swamy, M.K.; Sinniah, U.R. A Comprehensive Review on the Phytochemical Constituents and 

Pharmacological Activities of Pogostemon cablin Benth.: An Aromatic Medicinal Plant of Industrial 

Importance. Molecules 2015, 20, 8521-47, https://doi.org/10.3390/molecules20058521.  

49. Sakthivel, R.; Malar, D.S.; Devi, K.P. Phytol shows anti-angiogenic activity and induces apoptosis in A549 

cells by depolarizing the mitochondrial membrane potential. Biomedicine & Pharmacotherapy 2018, 105, 

742-752, https://doi.org/10.1016/j.biopha.2018.06.035.  

50. Zore, G.B.; Thakre, A.D.; Jadhav, S.; Karuppayil, S.M. Terpenoids inhibit Candida albicans growth by 

affecting membrane integrity and arrest of cell cycle. Phytomedicine 2011, 18, 1181-90,  

https://doi.org/10.1016/j.phymed.2011.03.008.  

51. Martins, C.; Cação, R.; Cole, K.J.; Phillips, D.H.; Laires, A.; Rueff, J.; Rodrigues, A.S. Estragole: A weak 

direct-acting food-borne genotoxin and potential carcinogen. Mutation Research/Genetic Toxicology and 

Environmental Mutagenesis 2012, 747, 86-92,  

https://doi.org/https://doi.org/10.1016/j.mrgentox.2012.04.009.  

https://doi.org/10.33263/BRIAC112.94779489
https://biointerfaceresearch.com/
https://doi.org/10.19177/jrd.v3e22015636-645
https://doi.org/10.4081/jbr.2019.8201
https://doi.org/10.1007/s10096-019-03641-9
https://doi.org/10.1556/018.69.2018.2.4
https://doi.org/10.1111/jam.13543
https://doi.org/10.1155/2017/1517683
https://doi.org/10.1080/00397911.2020.1761396
https://doi.org/10.1590/s2175-97902017000115098
https://doi.org/10.1590/s2175-97902017000115098
https://doi.org/10.2298/HEMIND130928014S
https://doi.org/10.1016/j.ijantimicag.2007.12.013
https://doi.org/10.1007/s11046-007-0097-2
https://doi.org/10.1016/j.ijantimicag.2008.01.028
https://doi.org/10.3390/molecules20058521
https://doi.org/10.1016/j.biopha.2018.06.035
https://doi.org/10.1016/j.phymed.2011.03.008
https://doi.org/https:/doi.org/10.1016/j.mrgentox.2012.04.009

