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ABSTRACT 
Background: It’s since the ancient times that essential oils have been used for the treatment of various types of infectious 

diseases and E. faecalis being a multidrug resistant microorganism is the main causative factor for the failure of the root canal 

therapy. So, this study aimed for comparative evaluation between antimicrobial efficacy of thyme and clove essential oil  against 

E. faecalis. 

Method: This is an in vitro study in which separation of the aqueous (AqEO) and non aqueous phases (MiEO) was done for both 

thyme and clove oil in a Sonicator water bath. After this evaluation of antimicrobial efficacy was done by agar diffusion method. 

Data was obtained by measuring zone of inhibition in millimeters and was analysed by the Statistical Software STATA – 13.  

Results: A significant mean difference was found between both thyme and clove MiEO.  Zone of inhibition was absent for 

thyme (AqEO), thus its mean value was scored as zero, for clove (AqEO) mean value was found to be 13.67, and thus a 

significant mean difference was found between both the groups for (AqEO). 

Conclusion: MiEO of both thyme and clove showed better antimicrobial efficacy against E. faecalis as compared to AqEO of 

thyme and clove. 
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INTRODUCTION 

Essential oils, with another name as volatile oils are the 

sources of natural products
1
. These are complicated 

mixtures of hydrocarbons and their derivatives, derived 

from oxygenation of two different isoprenoid 

pathways
2
. Basically, these are aromatic oily liquids 

obtained from different plant materials such as buds, 

seeds, herbs, twigs, wood, fruits, bark, roots, leaves and 

flowers.
1 

Volatile oils are comprised of different kind of 

biological efficacies such as antioxidant, antimicrobial, 

antibacterial, antiviral and insecticidal
3
. Successfully 

used for treatment of pain associated with chronic 

illness or associated with some medical procedures
4
, 

also for reducing postoperative nausea
5
, for possible 

symptom relief in cancer
6,7

 and even it also helps to 

treat pediculosis in children
8
. These activities are due to 

a number of terpenes and terpenoids along with their 

oxygenated and aromatic compounds
9
. 

Some of these compounds parts are hydrosoluble and 

some of them are hydrophobic. Even the terpenes are 

water-repellent in nature, but some of them can be 

diluted in water due to their different anatomical 

morphology and different mixing temperatures. But 

terpenoids have higher water solubility than terpenes
10

. 
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Antimicrobial efficacy of essential oils has shown an 

increase in interest in previous years and has been 

exhibited to be the most effective alternative on those 

strains which are resistant to multiple drugs.
11

 
 

 E. faecalis is that pathogen which can survive in 

extreme environment and it can vary from hazardous 

disease to a less severity disease in any individual.
12 

It 

is one of the top three nosocomial infectious pathogen
13

 

or strain
14

 and impervious to presently available drugs 

posing a true analeptic threat.
15

 It colonizes the root 

canal of teeth and sustain without the support of other 

bacteria.
16,17

 It’s is a highly resilient microorganism; it 

plays a major role in the reinfection of root canals even 

after the completion of endodontic procedures.
18 

So, in this study, good effect of thyme and clove 

essential oil has been presented on E. faecalis bacterial 

strain. 
 

METHOD 

Enterococcus faecalis MTCC 439 was obtained from 

Microbial Type Culture Collection and Gene Bank 

(MTCC), CSIR-Institute of Microbial Technology, 

Chandigarh, India. 

 

Armamenterium 

Thyme essential oil, Clove essential oil, Amoxicillin 

antibiotic disc (Hi-Media) as positive control, Distilled 

water as a negative control, Test microorganism: 

Enterococcus faecalis (MTCC 439), Mueller Hinton 

broth, Mueller Hinton agar, Micropipetes, Glass plates, 

laminar air flow chamber, Sonicator water bath (IGene 

Labserve Pvt. Ltd. New Delhi). Carbon dioxide 

incubator (Candle jar) and Petri dishes. 

                     

Culturing and sub culturing of test microorganism 

Strain of Enterococcus faecalis (MTCC 439) was taken 

and added to 5ml Brain Heart Infusion broth (BHI). 

Incubation is done at 37°C for 24 hrs. Density of broth 

was adjusted to 0.5 McFarland opacity standard scales. 

Procedure was carried out in laminar flow chamber to 

prevent contamination. Sub-culturing was done by 

taking microbial colonies from the nutrient broth and 

uniformly spreading it on Mueller Hinton agar plates. 

 

Preparation of working solutions: By broth micro 

dilution method
11 

As the volatile oils are hydrophobic in nature, so, the 

purpose of the study was to derive a homogenous 

aggregate of micelle comprising of essential oil and 

water that could be easily diffused in the water-based 

liquid culture medium. For this sterile water and 

essential oil (about 2 ml) was mixed in microcentrifuge 

tubes and the micelles (MiEO) were acquired by 

sonication at 40 kHz, 20 minutes and at 25°C, in a 

Sonicator water bath (IGene Labserve Pvt. Ltd. New 

Delhi). After separation of the aqueous and non 

aqueous phases (micelles) (MiEO), the recovery of 

bottom aqueous phase was done and it was further used 

as the second working solution of essential oil (AqEO). 

                                           

 
FIGURE 1: Aqueous (AqEO) (bottom) and non 

aqueous (micelles) (MiEO) (top) in a sonicator water 

bath (IGene Labserve Pvt. Ltd. New Delhi). 

 

Determination of antimicrobial efficacy by agar 

diffusion method
19 

Microbial colonies of E. faecalis were picked from the 

nutrient broth. With the help of swab and lawn 

technique the E. faecalis colonies were uniformly 

distributed over agar plates. Open end of 6 mm 

diameter micropipette was used to punch the holes for 

the preparation of agar wells. Four agar wells were 

prepared at equidistant points on each agar plates. Both 

hydrophobic (MiEO) and hydrophilic (AqEO) parts of 

Thyme oil were placed separately on agar wells of two 

agar plates and were labeled as A. Hydrophobic 

(MiEO) and hydrophilic (AqEO)  parts of Clove oil 

were placed separately on agar wells of two agar plates 

and were labeled as B. Amoxicillin antibiotic disc 

(positive control) was labelled as C on both the agar 

well plates. Distilled water (negative control) was 

labelled as D on both the agar well plates. Both the agar 

well plates were kept in carbon dioxide incubator at 

37ºC for 24 hrs. After 24hrs, zones of inhibition around 

each sample were measured in millimeters. The 

procedure was repeated three times. Zones having 

wider diameters for a sample were considered to have 

greater antimicrobial activity against E. faecalis.  



25 
Journal of Advanced Medical and Dental Sciences Research |Vol. 11|Issue 7| July 2023 

 
Figure 2: Zone of inhibition of Thyme and Clove (MiEO and AqEO) with amoxicillin antibiotic disc 

(positive control) and Distilled water (negative control) 

Statistical  analysis 

The Statistical Software STATA – 13 was used for the statistical analysis. Mean and standard deviation was 

estimated for both different essential oils by Independent T-Test. The mean values were compared by descriptive 

statistics and one-way Analysis of Variance (ANOVA) then appropriately followed by Post-hoc tukey test for 

multiple comparisons between essential oils. In the present study, the level of significance was set at p = 0.05 and 

any p – value less than 0.05 is considered as significant.  

 

RESULTS  

Data was collected by measuring zone of inhibition diameters in millimeters. Mean zone of inhibition values 

between thyme MiEO and AqEO (Table 1) and clove MiEO and AqEO (table 2) showed significant difference 

between the two phases. Mean value for thyme MiEO was found to be 30.67, for clove MiEO 20.33 (Table 3), thus 

a significant mean difference was present between both the groups for MiEO (Table 4, 5). No zone of inhibition was 

found for thyme (AqEO), thus its mean value was scored as zero, for clove (AqEO) mean value was found to be 

13.67 (Table 6), thus a significant mean difference was present between both the groups for (AqEO) (Table 7,8). 

 

Table 1: Comparison of mean zone of inhibition between Thyme MiEO and Thyme AqEO using Independent 

T-Test 

Group Mean SD t-value p-value 95% Confidence Interval  

Lower Limit Upper Limit 

MiEO 30.67 0.577 92.000 <0.001 (S) 29.741 31.592 

AqEO 0 0     

 

S = Significant 

 

B 

C 

C 

D 

D 
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Table 2: Comparison of mean zone of inhibition between Clove MiEO and Clove AqEO using Independent T-

Test 

Group Mean SD t-value p-value 95% Confidence Interval  

Lower Limit Upper Limit 

MiEO 20.33 0.577 14.142 <0.001(S) 5.358 7.975 

AqEO 13.67 0.577     

 

S = Significant 

 

Table 3: Descriptive Statistics for comparison of mean values for zone of inhibition after 24 hours of Micelles 

Phase 

Group N Mean SD 95% Confidence Interval for Mean 

Lower Bound Upper Bound 

Thyme 3 30.67 0.577 29.23 32.10 

Clove 3 20.33 0.577 18.90 21.77 

Amoxicillin 3 24.33 0.577 22.90 25.77 

Distilled Water 3 0 0 0 0 

 

Table 4: One-way Analysis of Variance (ANOVA) of zone of inhibition after 24 hours of Micelles Phase 

 Sum of Squares Degree of 

freedom (df) 

Mean Square F P-value 

Between Groups 1581.667 3 527.222 2108.889 <0.001 

Within Groups 2.000 8 0.250   

Total 1583.667 11    

 

Table 5: Tukey's Post Hoc Test for multiple comparisons of zone of inhibition after 24 hrs of Micelles Phase  

Group Mean Difference 

(
* 
Significant) 

P-value 95% Confidence Interval 

Lower Bound Upper Bound 

Thyme Clove 10.333
* 

<0.001 9.03 11.64 

Amoxicillin 6.333
*
 <0.001 5.03 7.64 

Distilled Water 30.667
*
 <0.001 29.36 31.97 

Clove Amoxicillin -4.000
*
 <0.001 -5.31 -2.69 

Distilled Water 20.333
*
 <0.001 19.03 21.64 

Amoxicillin Distilled Water 24.333
*
 <0.001 23.03 25.64 

 

Table 6: Descriptive Statistics for comparison of mean for zone of inhibition after 24 hrs of Aqueous Phase 

(AqEO): 

Group N Mean SD 95% Confidence Interval for Mean 

Lower Bound Upper Bound 

Thyme 3 0 0 0 0 

Clove 3 13.67 0.577 12.23 15.10 

Amoxicillin 3 24.33 0.577 22.90 25.77 

Distilled Water 3 0 0 0 0 

 

Table 7: One-way Analysis of Variance (ANOVA) of comparison of zone of inhibition after 24 hrs of Aqueous 

Phase (AqEO): 

 Sum of Squares Degree of 

freedom (df) 

Mean Square F P-value 

Between Groups 1253.667 3 417.889 2507.333 <0.001 

Within Groups 1.333 8 .167   

Total 1255 11   <0.001 
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Table 8: Tukey's Post Hoc Test for multiple comparisons of comparison of zone of inhibition after 24 hrs of 

Aqueous Phase (AqEO): 

Group Mean 

Difference (
* 

Significant) 

P-value 95% Confidence Interval 

Lower Bound Upper Bound 

Thyme Clove -13.667
*
 <0.001 -14.73 -12.60 

Amoxicillin -24.333
*
 <0.001 -25.40 -23.27 

Distilled Water 0 1.000 -1.07 1.07 

Clove Amoxicillin -10.667
*
 <0.001 -11.73 -9.60 

Distilled Water 13.667
*
 <0.001 12.60 14.73 

Amoxicillin Distilled Water 24.333
*
 <0.001 23.27 25.40 

 

DISCUSSION 

Thyme: Another name as Thymus vulgaris is a shrub. It 

has life span of more than two years (perennial). Its 

leaves are full of fragrance and are a mixture of green 

and gray color. It belongs to Family: Lamiaceae. Its 

main origin is from Europe (Southern part) and from 

Countries which are at border areas of Mediterranean, 

but, now it is easily available all over the globe 

specifically in areas which comes under temperate 

climates or moderate rainfalls.
20

 It has anti-

inflammatory, antioxidant, antibacterial, antifungal, 

analgesic, antispasmodic, antiseptic and antitumor 

properties.
21

   

Clove: Another name as Syzygium aromaticum. As the 

name says it is an aromatic plant which belongs to 

Family: Myrtaceae and basically it’s a native of 

Indonesia.
22

 It has different properties such as 

antibacterial, antifungal, analgesic, antiviral, anti-

inflammatory, antiplasmodial, anticancer, antioxidant, 

anti-ulcerogenic, anti-mutagenic and anti-genotoxic.
23

 

Eugenol is the major component of clove oil, and is 

acquired from the species named as Eugenia 

caryophyllata.
24

 Eugenol also comes under 

classification of Food and Drug Administration (FDA) 

of United States as ‘Generally Recognized As Safe 

(GRAS)’.25 

According to the study results, the thyme MiEO 

showed better antimicrobial activity against E. faecalis 

as compared to clove MiEO. This could be in 

accordance with the study conducted by Liu F et al 

(2020)
26

 in which they have shown that thyme oil with 

different concentrations can show an effective 

antibiofilm and germicidal activity against E. faecalis. 

On the other hand, clove AqEO showed some 

antimicrobial activity against E. faecalis, however there 

was no antimicrobial activity was present for thyme 

AqEO against E. faecalis. This result could be half 

contradictory according to the study conducted by 

Nagy-Bota MC (2021)
27

 in which AqEOs of both 

thyme and clove showed good antibacterial effect 

against E. faecalis. 

In this study 30 mcg Amoxicillin disc was used as 

positive control which showed good antibacterial 

activity against E. faecalis which is in accordance with 

the Garlapati R et al (2016) who conducted a study for 

the evaluation of the antibacterial ability of 30mcg 

Augmentin disc against E.faecalis and concluded that 

30mcg Augmentin showed maximum antimicrobial 

activity against E.faecalis among other samples
28

. 

  

CONCLUSION 

• Both Micelle (MiEO) phase of thyme and clove 

showed significant antimicrobial efficacy against 

E. feacalis, but thyme MiEO was found to be more 

effective against E. faecalis than clove MiEO. 

• Aqueous (AqEO) phase of clove showed a 

significant antimicrobial efficacy against E. 

feacalis, however, thyme AqEO showed no 

antimicrobial activity against E. faecalis. 

• Thus, the study concluded that MiEO of both 

thyme and clove showed better antimicrobial 

efficacy against E. faecalis as compared to AqEO 

of thyme and clove. 

However, though the essential oils are safe, effective, 

pocket friendly and free of side effects, there is 

requirement of more extensive in vitro and in vivo 

studies on larger samples to evaluate its antimicrobial 

efficacy. 
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