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Abstract 
Background and objectives: The primary etiology for gingivitis is dental plaque resulting in gum 

inflammation. Beside mechanical procedures, chemical agents in mouthwash can help in removal of 

plaques. Oil of Trachyspermum ammi rich in thymol may provide beneficial effect in control of 

gingivitis; therefore, the present study aimed to compare the effect of mouthwash containing the oil 

with chlorhexidine to control dental plaque and inflammation of gingivae. Methods: Essential oil of 

the plant was analyzed using GC-MS and amount of thymol was assayed by GC method. Herbal 

mouthwash was prepared and applied in an open-label non-randomized study, adult female and male 

suffering of gingivitis (N=30) entered in two groups after oral prophylaxis. Examining for plaque 

index (PI), bleeding index (BI), and modified gingival index (MGI) were conducted after two weeks 

administration of the herbal mouthwash. Results: The herbal mouthwash was stable for two months 

with no physical change and microbial contamination (<10 CFU/mL). All patients completed the 

study and parameters were evaluated after two weeks. Scores of PI were reduced for 6.67 and 53.33% 

in the test and control groups, respectively (p<0.05). The mouthwash containing the oil reduced BI 

and MGI for 33.33 and 40.00% in the subjects, while in the group of chlorhexidine, 66.67 and 73.33% 

of patients benefited the drug to control BI and MGI, respectively (p>0.05). Conclusion: The effect of 

T. ammi oil in control of inflammation was comparable with chlorhexidine, while chlorhexidine 

reduced risks of PI, BI, and MGI higher than those receiving the herbal mouthwash. 
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Introduction 
Gingivitis is one of the most prevalent 
periodontal diseases that cause inflammation of 
gums. Bacterial biofilm surrounding the teeth 
leads to the most common form of gingivitis 
termed as plaque-induced gingivitis [1]. Poor 

oral hygiene can cause a cascade of events 
resulting in early loss of teeth. Swollen gum, 
bleeding gum, and halitosis are classic signs of 
gingivitis [2]. Mechanical methods including 
use of toothbrush and dental floss are 
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considered cornerstone of periodontal therapy; 
however, the difficulty of achieving an ideal 
mechanical removal of dental plaque beside 
ubiquitous prevalence of gingivitis would 
suggest that control of periodontal biofilms 
through mechanical means is insufficient [3]. 
To control this challenging problem of oral 
cavity, some chemical agents have been 
employed such as chlorhexidine which is 
considered a gold standard in control of 
plaques. The di-cationic molecule, 
chlorhexidine has a broad spectrum of 
antimicrobial activity, which causes lysis and 
rupture of cell wall through binding with 
negatively charged molecules of the surface of 
microorganisms [4]. Trachyspermum ammi (L.) 
Sprague ex Turrill belongs to Apiaceae family 
and grows in the center, south and southeast of 
Iran. The most used part of the plant is its fruit, 
which is small and brown with pungent odor 
[5,6]. The plant is traditionally suggested to be 
effective against gastrointestinal problems, 
kidney and bladder stones [7]. Essential oil of 
T. ammi contains thymol as the major 
component that has been reported to possess 
antifungal, antibacterial, insecticidal, 
bronchodilator, and analgesic effects. Thymol 
with phenolic structure could change 
permeability of cell membrane to facilitate 
penetration of antibiotics [5]; therefore, 
preparations containing thymol have been 
applied for various infections. In the 
monograph of thyme, it is indicated that 
mouthwashes containing thymol have 
antibacterial activity and can reduce oral 
bacteria [8]. Oil of the plant which is rich in 
thymol along with other constituents may 
provide beneficial activity in control of oral 
bacteria in prevention of gingivitis. The present 
preliminary clinical trial compared an herbal 
mouthwash containing 0.25% T. ammi oil with 
chlorhexidine 0.2% for their effectiveness in 
controlling plaque index (PI), bleeding index 
(BI), and modified gingival index (MGI). 
 
Materials and Methods 
Ethical considerations  
All participants received complete information 
about the aim of the study, its duration, and the 
possible side effects of the rinsing solutions. 
Informed consent was provided by patients, 
ethical clearance obtained by the ethical 
committee of Tehran University of Medical 
Sciences (Approval code: 8823120003) and 

ethical principles of Helsinki involving human 
subjects followed. The protocol of study was 
registered at www.irct.ir (Registration ID: 
IRCT2015062022833N1). 
 

Plant material 

The fruit of the plant was purchased from herbal 
shop in 2015 in Tehran, Iran. The sample of the 
fruit was identified and deposited at the 
Herbarium of Faculty of Pharmacy, Tehran 
University of Medical Sciences with voucher 
number of PMP: 775. Essential oil of the fruit 
(450 g) was extracted by hydro-distillation 
method using Clevenger type apparatus (4 h). 
Anhydrous sodium sulfate (Merck, Germany) 
was used to dry the obtained oil. The essential oil 
was stored in dark sealed container at 4 ºC.   
 
Gas chromatography-mass spectrometry (GC-

MS) analysis  

The composition of oil was determined by GC-
MS on Agilent 6890 with MS instrument 
(Agilent, U.S.) equipped with a BPX5 fused 
silica column (30 m × 0.25 mm i.d., film 
thickness 0.25 µm). Oven temperature was held 
at 50 °C for 5 min and raised to 300 °C at the rate 
of 3 °C/min for 75 min. Helium at flow rate of 
0.8 mL/min was used as carrier gas with split 
ratio of 1/30. The detector was quadruple mass 
spectrometer with ionizing voltage 70 eV and an 
ionization current of 150 µA. Retention time of 
n-alkanes (C8-C25) was used to calculate retention 
indices of the components. By comparison of 
retention indices with those reported in the 
literature along with their mass spectra with the 
Wiley, and NIST libraries with Adams book [9], 
the components were identified. 
 

Gas chromatography (GC) 

The stability of the preparation and amount of 

major component of the oil was assayed using 

GC method. Thymol as the main identified 

component was selected to be quantifed in the T. 

ammi oil according to the standard calibration 

curve of thymol (12.5-100 µg/mL). The assay 

was performed using Dani Master (Dani, Italy) 

equipped with fused OV1 (SE54CB, 25 m×0.25 

mm i.d., 0.25 µm film thickness) column and 

flame ionization detector (FID). Carrier gas was 

nitrogen with flow rate of 1 mL/min and split 

ratio of 1/20. Temperature was increased from 

75 °C to 250 °C with rate of 15 °C/min for 42 

min. Injector and detector temperature was 250 

and 260 °C. Farnesol, a sesquiterpene, was used 
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as an internal standard to minimize variations. 

Calibration line was plotted by thymol/farnesol 

(internal standard) peak areas vs concentration of 

thymol as follows [10]: 

   

Y=0.0341X+0.387, R2=0.99    

 

Preparation and stability of mouthwash of T. 

ammi oil 

Herbal mouthwash was prepared using glycerin 

(15 mL), ethanol (2 mL), propylene glycol (2 

mL), essential oil (0.25) mL and deionized water 

up to 100 mL [11]. To evaluate stability in use of 

the herbal preparation, its chemical stability was 

assayed according to the thymol amount in the 

mouthwash using GC at room temperature for 

two months. Physical properties like appearance, 

color, smell, and clarity of the herbal mouthwash 

were evaluated and total viable counts of 
herbal mouthwash were expressed as numbers 
of colony forming units per mL (CFU/mL) to 
test stability of the formulation [12].    
  

Patients 

Thirty patients with plaque-induced gingivitis 
were enrolled in the present open-label non-
randomized study (15 in each group) in clinic 
of Faculty of Dentistry, Tehran University of 
Medical Sciences (2018). Lack of sufficient 
clinical supply caused protocol deviation in the 
present study, as it was designed randomized in 
the protocol while it was performed as a non-
randomized clinical trial. Both, scaling and 
root planning were performed similarly for all 
the patients who participated in the study by a 
single periodontist. Treatment group was given 
mouthwash containing only oil of T. ammi and 
control group was treated with mouthwash of 
chlorhexidine gluconate 0.2% (Najo, Iran). 
Both groups were advised to use the 
mouthwashes twice daily 10 mL each time for 
one min and 14 days and mechanical control of 
biofilm through tooth brushing was allowed 
during the study [13,14]. Plaque index was 
evaluated at four sites buccal, lingual, mesial 
and distal wall of six teeth (12, 16, 24, 32, 36, 
and 44 according to the two digit system 
adopted by the FDI in 1970) in every patient 
after 14 days of treatment [15,16]. The 
probable side effects following the application 
of mouthwashes were also recorded during the 
study.  

Inclusion and exclusion criteria 

Inclusion criteria were age>18 years, 24 teeth, 

systematically healthy person with plaque-

induced gingivitis who complain of gingival 

bleeding. The exclusion criteria were 

mouthwash use and antibiotics in past 3 

months, allergic reactions to any of the 

components of any mouth rinse, orthodontical 

and prosthetic appliances, systematic disorders, 

and patients with established periodontitis, 

pregnancy, lactate women, and smoking. 
 

Statistical analysis 

The parameters and outcomes were provided as 

mean (standard deviation: SD or standard error: 

SE) and differences between groups after 

treatment were analyzed using fisher exact test, 

two-tailed. Two effect sizes of risk ratio (RR) 

and risk difference (RD) were used to compare 

the treatments of the groups and confidence 

intervals 95% (CI 95%) were calculated using 

binomial exact method [17,18]. P value less 

than 0.05 was considered as significant level. 

Statistical analyses were performed using Stata 

3.1 (Texas 77845, USA). 
 

Results and Discussion 
The fruits of the plant yielded 3.5% yellow-

colored oil with density of 0.97 mg/mL. 

Analysis of the oil of T. ammi using GC-MS 

resulted in identification of thirteen 

monoterpenes of which 90.7% were aromatic 

monoterpenes, 7.5% monoterpenes 

hydrocarbon, and 0.5% oxygenated 

monoterpenes. Thymol (74.2%), p-cymene 

(16%), and γ-terpinen (7.1%) were the main 

components of the oil in our previous study 

(table 1). Since thymol is the major part of the 

oil, the compound was quantified in the 

mouthwash of T. ammi oil to evaluate the 

stability in use of the preparation for two 

months at room temperature. According to the 

results, the respective amounts of thymol were 

26.83 (0.85), 25.64 (0.54), and 24.51 (0.79) 

µg/mL in the mouthwash for 0, 1, and 2 

months, which indicated stability in use of the 

mouthwash in an acceptable in an acceptable 

range. No physical changes in appearance, 

color, and odor of the herbal mouthwash were 

found for 2 months. Yeast and mold 

contaminations were in the acceptable range in 
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the herbal preparation for the period of the 

analysis (<10 cfu/mL) according to ISIRI 

11169. Escherichia coli, Pseudomonas 

aeruginosa, and Staphylococcus aurous were 

not found in the herbal preparation. 
 
Table 1. Chemical composition of essential oil of 

Trachyspermum ammi fruit 

NO. Compound RT1 KI2 3R-KI 
Percent 

(%) 

1 α-Thujene 11.3 926 923 0.1 

2 β-Pinene 14.06 981 980 0.3 

3 β-Myrcene 14.62 992 991 0.1 

4 α-Terpinene 16.11 1021 1018 0.1 

5 p-Cymene 16.63 1031 1027 16 

6 Limonene 16.78 1033 1031 0.1 

7 β-Phellandrene 16.89 1036 1053 0.1 

8 γ-Terpinene 18.32 1063 1062 7.1 

9 Terpinen-4-ol 24.71 1190 1177 0.2 

10 α-Terpineol 25.50 1206 1189 0.1 

11 Carvone 28.04 1260 1243 0.2 

12 Thymol 30.19 1306 1290 74.2 

13 Carvacrol 30.46 1312 1298 0.5 

Monoterpenes hydrocarbons      7.9 

Oxygenated monoterpenes      0.5 

Aromatic monoterpenes        90.7 

Total  99.1 

1: Retention time; 2: Kovats index; 3: Reported-KI. 

 

Among 43 referred persons, 30 patients, 66.7% 

male (N=20) and 33.3% female (N=10), enrolled 

the study with age range of 21-40 years old, all 

completed the entire study duration of 14 days 

(figure 1). There was no significant difference in 

age of participants between two groups, while the 

number of males who administered chlorhexidine 

was higher than those who were treated with T. 

ammi oil mouthwash.   
Score of plaque index (PI) were reduced for 
53.33% (SE: 12.88; 95% CI: 25.88, 78.73) in the 
chlorhexidine group and 6.67% (SE: 6.44; 95% 
CI: 0.17, 31.94) in the test group, T. ammi oil. 
The mouthwash containing 0.25% of T. ammi oil 
reduced BI and MGI for 33.33% (12.17) and 
40.00% (12.64) in the subjects, while in the 
group of chlorhexidine, 66.67% (12.17) and 
73.33% (11.41) of the patients benefited the drug 
to control BI and MGI, respectively (table 2). 
According to the effect size of risk ratio (RR) for 
PI (RR: 0.12; 95% CI: 0.02, 0.55, p=0.01), it 
could be assumed that chlorhexidine caused 88% 
reduction in the risk of PI in subjects compared to 
those who taking herbal mouthwash. The 95% 
confidence of RR excludes null value (RR=1) 
indicating significant finding [18]. Similarly, 
according to the risk difference (RD) for PI 
outcome, chlorhexidine inhibited plaques better 
than T. ammi oil (RD: -0.46; 95% CI: -0.8, -0.13; 
p=0.01) and considered statistically significant 
since the value 0.0 is not in 95% CI of RD.  

 

Figure 1. Consort flow diagram of clinical study for comparison of T. ammi mouth wash with chlorhexidine 
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Table 2. The obtained clinical data of Trachyspermum ammi oil and chlorhexidine mouthwashes including PI, BI, and MGI 

indexes after treatments with the calculated effect sizes   

Outcomes 

T. ammi oil CHX ES 

% Outcome (SE) 

(95% CI) 
RR (95% CI) RD (95% CI) 

PI (PI<1) 
6.67 (6.44) 

(0.17, 31.94) 

53.33 (12.88) 

(25.88, 78.73) 

0.12 

(0.02, 0.55) 

-0.46 

(-0.8, -0.13) 

BI 
33.33 (12.17) 

(11.82, 61.61) 

66.67 (12.17) 

(38.38, 88.17) 

0.50 

(0.23, 1.06) 

-0.33 

(-0.69, 0.03) 

MGI 
40.00 (12.64) 

(16.33, 67.71) 

73.33 (11.41) 

(44.89, 92.21) 

0.54 

(0.28, 1.05) 

-0.33 

(-0.69, 0.02) 

CHX: chlorhexidine; ES: effect Size; SE: standard Error; PI: plaque index; BI: bleeding index; MGI: modified gingival index; 

RR: risk ratio; RD: risk difference; CI: confidence interval 

 

Considering the effect size of RR, chlorhexidine 
decreased risk of the bleeding and inflammation 
by 50 and 46% relative to those administered 
herbal mouthwash, the new intervention. Because 
the value 1.00 (no difference in risk) lies within 
the range of confidence intervals of RRs for both 
parameters of BI and MGI and 95% CI is wide, 
therefore effectiveness of these tested 
mouthwashes in control of bleeding and 
inflammation are not statistically significant 
(p=0.14).  
Among the patients treated with chlorhexidine, 
four of them developed clearly visible staining 
(26.66% (11.41), CI 95%: 7.78, 55.10), while 
none of the patients in herbal mouthwash had 
tooth staining, however stain intensity and extent 
were not evaluated in our study. The herbal 
preparation caused burning sensation during 
rinsing the mouth that was reported by 6 patients 
(40.00% (12.64), CI 95%: 16.33, 67.71). 
The present study was designed to evaluate effect 
of an herbal mouthwash, containing 0.25% T. 
ammi oil which was rich in aromatic 
monoterpenes specially thymol, in comparison 
with chlorhexidine for controlling gingivitis. In 
the previous studies, antibacterial activity of T. 
ammi oil was reported against several bacterial 
strains [6,7,19,20]. Antibacterial activity of 
thymol and thymol-rich essential oils was 
reviewed and capability of thymol to disturb 
bacterial plasma membrane was confirmed as a 
main mechanism of action of the compound 
against bacteria. The compound was also found 
to inhibit development of biofilm and inactivate 
mature biofilms [21]. Gingivitis involves plaque-
induced inflammation of gums characterized by 
redness, swelling, and bleeding of the gingivae. 
Thus removal of microbial biofilm (plaque) by 
mechanical methods beside chemical agents like 
antimicrobial mouthwashes could promote 
adequate plaque control [22]. A systematic 
review and meta-analysis provided high-quality 
evidences that chlorhexidine mouthwash can 

reduce gingivitis in adjunct to regular mechanical 
oral hygiene. 
Application of chlorhexidine may cause taste 

disturbance, irritation, mucosal erosion, burning 

sensation, tooth staining, and calculus build up 

[23]. Because of these adverse effects researchers 

investigate the therapeutic effects of herbal or 

natural mouthwashes in gingivitis and gum 

tissues [24,25]. Some studies examined anti-

plaque and anti-gingivitis activity of 

mouthwashes containing essential oils and 

suggested that these preparations are effective in 

treatment of gingival inflammation with no 

significant difference with chlorhexidine [26,27]. 

However, similar to our study chlorhexidine 

reduced PI more than a mouthwash with 

combination of essential oils (CoolMint Listerine: 

0.064% thymol, 0.092% eucalyptol, 0.060% 

methyl salicylate, and 0.042% menthol) [27]. A 

meta-analysis of long-term studies reveled that 

chlorhexidine mouthwash provided significantly 

more considerable efficacy regarding plaque 

control compared to essential oil containing 

mouth washes [28]. On the other hand, in an in 

vitro model, the mouthwash containing essential 

oils (CoolMint Listerine) demonstrated superior 

anti-plaque biofilm effect to amine 

fluoride/stannous fluoride, 0.07% 

cetylpyridinium chloride, and 0.05% 

cetylpyridinium chloride/0.05% chlorhexidine 

rinses, while showed comparable activity with 

chlorhexidine mouthwash [29]. Similarly, in 

comparison with 0.075% cetylpyridinium 

chloride, efficacy of an essential oil-containing 

mouth rinse was superior in control of PI and 

MGI in a short time trial [26].  

The results of the present study are consistent 

with data of a meta-analysis that reviewed 20 

studies and claimed mouth rinses containing 

essential oils provided about 60% anti-plaque 

effect of 0.12% chlorhexidine [30]. In the present 

study, chlorhexidine reduced the risk of plaque 
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88% more than the mouthwash of T. ammi oil 

maybe because of the higher concentration of the 

chlorhexidine mouthwash (0.2%) administered to 

the patients comparing to the previous studies.  

Decrease in gingival inflammation is the ultimate 

goal of anti-plaque activity of a mouthwash to 

provide protection against destructive periodontal 

disease. No significant difference with respect to 

reduction of gingival inflammation was found 

between essential oil containing mouthwashes 

and chlorhexidine in long term application in a 

systematic review [28]. The anti-inflammatory of 

thymol and other monoterpenes were assessed 

through in vitro and in vivo tests and the results 

showed that thymol inhibited inflammation by 

reduction of elastase, inhibition of COX-1, and 

inhibition of lymphocyte proliferation [31]. 

Therefore, anti-inflammation property of the T. 

ammi mouthwash can be attributed to its 

monoterpene composition mostly thymol. In our 

study, 2% chlorhexidine reduced risk of BI and 

MGI indices about 50% higher than T. ammi oil 

mouthwash which was not statistically significant 

due to the sample size limitation. It was 

speculated that burning sensation with essential 

oils may cause patients to decrease rinsing time 

resulting in diminishing of their effectiveness [32] 

and in a similar way, 40% of the patients reported 

burning sensation in herbal mouthwash 

intervention in our study. According to the 

previous studies [30,33], bitter taste and 

formation of stain was reported with 

chlorhexidine. However, staining may be biased 

with the poor regular daily oral hygiene of those 

participants reported the side effect in the present 

study, because our study lasted for 2 weeks and 

staining by chlorhexidine appears after 4 weeks 

or longer [23].  

The results of our study demonstrated that 

although chlorhexidine provided more 

considerable activity against dental plaque 

compared to the herbal mouthwash containing T. 

ammi oil, the herbal preparation showed 

comparable anti-gingivitis activity with 

chlorhexidine. Considering side effects of 

chlorhexidine which limited compliance of 

patients, our results suggested that in the 

management of periodontal diseases each product 

can have distinct role or their combination may 

provide more benefit with lower adverse effects.  

 

Acknowledgements 
This study was supported by Tehran University 

of Medical Sciences grant number of 

93.04.169.28175.   
 

Author contributions  
Anna Saffarpour administrated technical and 

logistic support; Niloofar Amini contributed in 

acquisition of data; Abbas Keshtkar contributed 

in statistical experience; Najmeh Mokhber-

Dezfuli cooperated in collection and assembly of 

data; Azadeh Manayi designed the study, 

provided final approval of the version to publish, 

and obtained funding. 

 

Declaration of interest 
The authors declare that there is no conflict of 

interest. The authors alone are responsible for the 

accuracy and integrity of the paper content. 
 

References 
[1] Darby ML, Walsh M. Dental hygiene-e-book: 

theory and practice. Ontario: Elsevier health 

sciences, 2009. 

[2]  Wiebe CB, Putnins EE. The periodontal 

disease classification system of the American 

Academy of Periodontology-an update. J 

Can Dent Assoc. 2000; 66(11): 594-599. 

[3]  Teles RP, Teles FRF. Antimicrobial agents 

used in the control of periodontal biofilms: 

effective adjuncts to mechanical plaque 

control? Braz Oral Res. 2009; 23(1): 39-48. 

[4]  Löe H, Rindom Schiott C. The effect of 

mouthrinses and topical application of 

chlorhexidine on the development of dental 

plaque and gingivitis in man. J Periodontal 

Res. 1970; 5(2): 79-83. 

[5]  Gandomi H, Abbaszadeh S, JebelliJavan A, 

Sharifzadeh A. Chemical constituents, 

antimicrobial and antioxidative effects of 

Trachyspermum ammi essential oil. J Food 

Process Pres. 2014; 38(4): 1690-1695. 

[6]  Vazirian M, Hamidian K, Noorollah M, 

Manayi A, Samadi N. Enhancement of 

antibiotic activity and reversal of resistance 

in clinically isolated methicillin-resistant 

Staphylococcus aureus by Trachyspermum 

ammi essential oil. Res J Pharmacogn. 2019; 

6(1): 1-10. 

[7]  Omidpanah S, Vazirian M, Hosseinkhani F, 

Hadjiakhondi A, Hamedani M, Manayi A. 

Antibacterial activity of essential oil of 

Trachyspermum ammi (L.) Sprague ex Turrill 

against isolated and standard bacteria. Am J 

Essent Oil Nat. 2016; 4(42): 5-11. 



Effect of Trachyspermum ammi mouthwash in gingivitis 

 

29 

[8]  Basch E, Ulbricht C, Hammerness P, Bevins 

A, Sollars D. Thyme (Thymus vulgaris L.), 

thymol. J Herb Pharmacother. 2004; 4(1): 

49-67. 

[9]  Adams RP. Identification of essential oil 

components by gas chromatography/mass 

spectrometry. Carol Stream: Allured 

publishing corporation, 2007. 

[10] López-Blanco C, Gómez-Álvarez S, Rey-

Garrote M, Cancho-Grande B, Simal-

Gándara J. Determination of carbamates and 

organophosphorus pesticides by SDME–GC 

in natural water. Anal Bioanal Chem. 2005; 

383(4): 557-561. 

[11] Rowe RC, Sheskey PJ, Owen SC. Handbook 

of pharmaceutical excipients. London: 

Pharmaceutical press, 2006. 

[12] The European Agency for the Evaluation of 

Medicinal Products. Note for guidance on in-

use stability testing of human medicinal 

products 2001 [Accessed 2019]. Available 

from: https://www.ema.europa.eu. 

[13] Mamgain P, Kandwal A, Mamgain RK. 

Comparative evaluation of triphala and ela 

decoction with 0.2% chlorhexidine as 

mouthwash in the treatment of plaque-

induced gingivitis and halitosis: a 

randomized controlled clinical trial. J Evid 

Based Complement Altern Med. 2017; 22(3): 

468-472. 

[14] Southern EN, McCombs GB, Tolle SL, 

Marinak K. The comparative effects of 

0.12% chlorhexidine and herbal oral rinse on 

dental plaque-induced gingivitis. J Am Dent 

Hyg Assoc. 2006; 80(1): 1-9. 

[15] Silness J, Löe H. Periodontal disease in 

pregnancy II. Correlation between oral 

hygiene and periodontal condition. Acta 

Odontol Scand. 1964; 22(1): 121-135. 

[16] Lang NP. Periodontal epidemiological 

indices for children and adolescents: II. 

Evaluation of oral hygiene; III. Clinical 

applications. Pediatr Dent. 1982; 4(1): 64-73 

[17] Thalheimer W, Cook S. How to calculate 

effect sizes from published research: a 

simplified methodology. Work Learn Res. 

2002; 1(1): 1-9. 

[18] Sullivan GM, Feinn R. Using effect size-or 

why the p value is not enough. J Grad Med 

Educ. 2012; 4(3): 279-282. 

[19] Kazemi M. Chemical composition and 

antimicrobial, antioxidant activities and anti-

inflammatory potential of Achillea 

millefolium L., Anethum graveolens L., and 

Carum copticum L. essential oils. J Herb 

Med. 2015; 5(4): 217-222. 

[20] Abdel-Hameed ESS, Bazaid SA, Al Zahrani 

O, El-Halmouch Y, El-Sayed MM, El-Wakil 

E. Chemical composition of volatile 

components, antimicrobial and anticancer 

activity of n-hexane extract and essential oil 

from Trachyspermum ammi L. seeds. Orien J 

Chem. 2014; 30(4): 1653-1662. 

[21] Marchese A, Orhan IE, Daglia M, Barbieri 

R, Di Lorenzo A, Nabavi SF, Gortzi O, Izadi 

M, Nabavi SM. Antibacterial and antifungal 

activities of thymol: a brief review of the 

literature. Food Chem. 2016; 210(1): 402-

414. 

[22] Chapple IL, Van der Weijden F, Doerfer C, 

Herrera D, Shapira L, Polak D, Madianos P, 

Louropoulou A, Machtei E, Donos N. 

Primary prevention of periodontitis: 

managing gingivitis. J Clin Periodontol. 

2015; 42(S): 71-76. 

[23] James P, Worthington HV, Parnell C, 

Harding M, Lamont T, Cheung A, Whelton 

H, Riley P. Chlorhexidine mouthrinse as an 

adjunctive treatment for gingival health. 

Cochrane Database Syst Rev. 2017; Article 

ID CD008676. 

[24] Goes P, Dutra CS, Lisboa MR, Gondim 

DV, Leitão R, Brito GA, Rego RO. 

Clinical efficacy of a 1% Matricaria 

chamomila L. mouthwash and 0.12% 

chlorhexidine for gingivitis control in 

patients undergoing orthodontic treatment 

with fixed appliances. J Oral Sci. 2016; 

58(4): 569-574. 

[25] Kandwal A, Mamgain RK, Mamgain P. 

Comparative evaluation of turmeric gel 

with 2% chlorhexidine gluconate gel for 

treatment of plaque induced gingivitis: a 

randomized controlled clinical trial. Ayu. 

2015; 36(2): 145-150. 

[26] Parikh-Das AM, Sharma NC, Du Q, Charles 

CA. Superiority of essential oils versus 

0.075% CPC-containing mouth rinse: a two-

week randomized clinical trial. J Clin Dent. 

2013; 24(3): 94-99. 

[27] Charles C, Mostler K, Bartels L, Mankodi 

S. Comparative antiplaque and 

antigingivitis effectiveness of a 

chlorhexidine and an essential oil 



Saffarpour A. et al. 

 

30  Res J Pharmacogn 7(4): 23-30     

mouthrinse: 6-month clinical trial. J Clin 

Periodontol. 2004; 31(10): 878-884. 

[28] Van Leeuwen M, Slot D, Van der Weijden 

G. Essential oils compared to chlorhexidine 

with respect to plaque and parameters of 

gingival inflammation: a systematic review. 

J Periodontol. 2011; 82(2): 174-194. 

[29] Pan PC, Harper S, Ricci-Nittel D, Lux R, 

Shi W. In-vitro evidence for efficacy of 

antimicrobial mouthrinses. J Dent. 2010; 

38(1): 16-20. 

[30] Gunsolley JC. A meta-analysis of six-

month studies of antiplaque and 

antigingivitis agents. J Am Dent Assoc. 

2006; 137(12): 1649-1657. 

[31] Andrade L, de Sousa D. A review on anti-

inflammatory activity of monoterpenes. 

Molecules. 2013; 18(1): 1227-1254. 

[32] Osso D, Kanani N. Antiseptic mouth 

rinses: an update on comparative 

effectiveness, risks and recommendations. 

J Am Dent Hyg Assoc. 2013; 87(1): 10-18. 

[33] Amoian B, Omidbakhsh M, Khafri S. The 

clinical evaluation of Vi-one chlorhexidine 

mouthwash on plaque-induced gingivitis: a 

double-blind randomized clinical trial. 

Electron Physician. 2017; 9(9): 5223-5228. 

 

Abbreviations  
BI: bleeding index; CFU: colony forming 

units; CI: confidence intervals 95%; ES: 

effect size; FID: flame ionization detector; 

GC: Gas chromatography; GC-MS: gas 

chromatography-mass spectrometry; MGI: 

modified gingival index; PI: plaque index; 

RR: risk ratio; RD:  risk difference; SD: 

standard deviation; SE: standard error 

 


