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Abstract 

Purpose: It has been reported that the diversity and abundance of microbes in the vagina decrease due to 
the use of antimicrobial agents, and the high recurrence rate of female vaginitis due to this suggests that a 
new treatment is needed. 

Methods: In the experiment, we detected that 10% potassium sorbate solution, 1% eucalyptus oil solution, 
1% tea tree oil solution, 400 µL/10 mL grapefruit seed extract solution, 100% lactic acid, 10% acetic acid 
solution, and 10% lactic acid solution were prepared and used. 

After adjusting the pH to 4, 5, and 6 with lactic acid and acetic acid in the mixed culture medium, each 
bacterium was inoculated into the medium and incubated for 72 h at 35°C. Incubate and 0 h each. 24 h. 48 h. 
The number of bacteria was measured after 72 h. 

Results: In the mixed culture test between lactic acid bacteria and pathogenic microorganisms, lactic acid 
bacteria showed good results at pH 5–5.5. Potassium sorbate, which has varying antibacterial activity based 
on the pH, killed pathogenic bacteria and allowed lactic acid bacteria to survive at pH 5.5. 

Conclusion: The formulation ratio obtained through this study could be used for the development of a 
feminine cleanser that can be used as a substitute for antibacterial agents. Further, the findings of this study 
may be able to solve the problem of antimicrobial resistance in the future. 
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1. Introduction 
Essential oils are effective in improving insomnia, depression, eczema, acne, headache, menstrual pain, 

antibacterial activity, and drowsiness [1-8]. Essential oils are also known to be effective against vaginitis [9]. 
There are many types of lactic acid bacteria in the healthy vagina, and these bacteria play an important role in 
maintaining a healthy vaginal environment [10, 11]. The microflora in a healthy vagina is mainly composed 
of gram-positive bacillus of the genus Lactobacillus [12–14]. It has been reported that the diversity and 
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abundance of microbes in the vagina decrease due to the use of antibacterial agents, and the high recurrence 
rate of vaginitis because of this suggests that a new treatment is needed [15]. A significant amount of research 
has been conducted in this regard. 

In this study, among the essential oils that have antibacterial effects against pathogenic bacteria, 
Eucalyptus globulus oil (eucalyptus oil) and Melaleuca alternifolia oil (tea tree oil), which are effective against 
Candida albicans, the causative agent of vulvar candidiasis and have been studied previously, grapefruit seed 
extract, which has antibacterial effects on bacteria and viruses, and potassium sorbate, which is mixed with 
Allium hirtifolium Boiss, which has an inhibitory effect on potent fungi, were used as raw materials[16-18]. 
These essential oils can be used as a substitute for antibacterial agents once the optimal blending ratio that 
allows beneficial lactic acid bacteria to survive and inhibits pathogenic bacteria in the vagina is determined, 
and this is what this study aimed to do. Ultimately, we intend to develop a broad-spectrum antibacterial 
phytochemical-based vaginal cleanser. 
 

2. Experiments 

2.1 Materials 
2.1.1 Test Strains. The antibacterial activities of eucalyptus oil, tea tree oil, grapefruit seed extract, and 

potassium sorbate were tested against Candida albicans, the causative agent of vulvar candidiasis, and lactic 
acid bacteria, which maintain vaginal health (Table 1). 

 

Table 1. Strains and media used in this study 

Strain Medium 

Lactobacillus plantarum 
(KCTC 3104) 
Streptococcus thermophilus 
(KCTC 37119) 
Lactobacillus rhamnosus 
(KCTC 3237) 
Lactobacillus acidophilus 
(KCTC 3140) 
Candida albicans 
(KCTC 7752) 
Escherichia coli 0157:H7 
(ATCC 43895) 

MRS agar 
 
MRS agar 
 
MRS agar 
 
MRS agar 
 
PDA 
 
TSA 

 
2.1.2 Preparation of the Test Solution. In this experiment, 10% potassium sorbate (Sigma-Aldrich St. 

Louis, MO, USA) solution, 1% eucalyptus oil (Biochemica) solution, 1% tea tree oil (AEOC) solution, 400 
µL/10 mL grapefruit seed extract (Chemeibuero) solution, 100% lactic acid, 10% acetic acid (Sigma-Aldrich, 
St. Louis, MO, USA) solution, and 10% lactic acid (Sigma-Aldrich, St. Louis, MO, USA) solution were 
prepared and used. 

 
 
. 
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2.2 Methods 
2.2.1 Mixed Culture of Lactic Acid Bacteria and Pathogenic Microorganisms. The mixed culture of 

lactic acid bacteria and pathogenic microorganisms was prepared as per the method described by Denkova et 
al. [19] and Cunha et al. [20]. To culture the pathogenic microorganisms with lactic acid bacteria, a mixed 
culture of E. coli and lactic acid bacteria was set up using MRS broth (Difco, MI, USA), which is a medium 
for lactic acid bacteria, and tryptic soy broth (Difco, MI, USA), which is a culture medium for E. coli. After 
the same amount of mixing, 10 µL of lactic acid bacteria was inoculated with 107 CFU/mL 10 µL each, and 
10 µL of 10⁷ CFU/mL in E. coli, and the mixed culture of C. albicans and lactic acid bacteria was MRS broth 
(Difco, MI, USA) and C. albicans medium potato dextrose broth (Difco, MI, USA) were inoculated with 10 
µL of 10⁷ CFU/mL and 10 µL of 10⁷CFU/mL for C. albicans. After adding the prepared essential oil, 
microaerobic (10% CO2) culture was performed at 35°C for 72 h (C. albicans was cultured aerobically), and 
E. coli was cultured in tryptic soy agar (Difco, MI, USA). C. albicans growth was measured in potato dextrose 
agar (Difco, MI, USA), and lactic acid bacteria growth was measured on MRS agar (Difco, MI, USA). 

 
2.2.2 Comparison of Bacterial Growth in Mixed Culture at Appropriate pH with in the Presence of 

Lactic Acid and Acetic Acid.  
The pH was adjusted to 4, 5, and 6 with lactic acid and acetic acid in the mixed culture medium. Each 

bacteria was inoculated into a medium and cultured at 35°C, and the number of bacteria was measured at 0, 
24, 48, and 72 hours. 

 
2.2.3 Comparison of Growth of L. plantarum, C. albicans, and E. coli Cultured in the Presence of 

Potassium Sorbate.  
We added 2 ml/200 ml and 1 ml/200 ml of potassium sorbate 10% solution to the mixed culture medium 

and adjusted the pH with lactic acid. Then, we inoculated 10⁶ CFU/mL of each bacteria into a medium and 
cultured at 35°C, and the number of bacteria was measured at 0, 24, 48, and 72 hours. 

 
2.2.4 Comparison of the Growth of L. plantarum, C. albicans, and E. coli in a Mixed Solution of 

Grapefruit Seed Extract, Eucalyptus Oil, and Tea Tree Oil. Grapefruit seed extract, eucalyptus oil, and tea 
tree oil were added to the mixed culture medium at a certain ratio (Table 3), and 10⁶CFU/mL of each bacteria 

was inoculated into a medium and cultured at 35°C. The number of bacteria was measured at 0, 24, 48, and 72 
hours. 

 
Table 3. The blending ratio of grapefruit seed extract, eucalyptus oil, and tea tree oil that 

satisfies the conditions for inhibiting pathogenic microorganisms and promoting the 

growth of lactic acid bacteria, which is a required for vaginal cleansers (pH 5.5) 

Grapefruit seed extract (400 µL/10 
mL) 

Eucalyptus oil Tea tree oil 

20 µL/200 mL 15 µL 15 µL 
12.5 µL 12.5 µL 

30 µL/200 mL 15 µL 15 µL 
12.5 µL 12.5 µL 

40 µL/200 mL 15 µL 15 µL 
12.5 µL 12.5 µL 
25 µL 25 µL 

50 µL/200 mL 15 µL 15 µL 
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12.5 µL 12.5 µL 
25 µL 25 µL 

60 µL/200 mL 25 µL 25 µL 
15 µL 15 µL 

12.5 µL 12.5 µL 
10 µL 10 µL 

 

2.2.5 Comparison of the Growth of L. plantarum, C. albicans, and E. coli in a Mixed Solution of 
Potassium Sorbate, Grapefruit Seed Extract, Eucalyptus Oil, and Tea Tree Oil. Potassium sorbate, 
grapefruit seed extract, eucalyptus oil, and tea tree oil were added to the mixed culture medium in a certain 
ratio (Table 4), and 10⁶ CFU/mL of each bacteria was inoculated into a medium and cultured at 35°C. The 
number of bacteria was measured at 0, 24, 48, and 72 hours. 
 

Table 4. The blending ratio of potassium sorbate, grapefruit seed extract, eucalyptus oil, 

and tea tree oil that inhibits pathogenic microorganisms and allows lactic acid bacteria to 

grow (pH 5.5) 

Potassium sorbate (10%) Grapefruit seed extract 
(400 µL/10 mL)  

Eucalyptus oil Tea tree oil 

0.2 mL/200 mL 20 µL 10 µL 10 µL 

12.5 µL 12.5 µL 

0.25 mL/200 mL 20 µL 10 µL 10 µL 

12.5 µL 12.5 µL 

0.4 mL/200 mL 20 µL 10 µL 10 µL 

12.5 µL 12.5 µL 

1 mL/200 mL 20 µL 10 µL 10 µL 

12.5 µL 12.5 µL 

 
2.2.6 Comparison of Str. thermophilus, L. plantarum, C. albicans, E. coli Growth with Potassium 

Sorbate, Grapefruit Seed Extract, Eucalyptus Oil, and Tea Tree Oil Mixture at pH 5.0, 5.5, and 6.0.  
In the mixed culture medium, 0.2 ml/200 ml of 10% solution of potassium sorbate, 20 µl of grapefruit seed 

extract (400 µl/10 ml), 10 µl of eucalyptus oil, and 10 µl of tea tree oil were added, and the pH was adjusted 
with lactic acid. After inoculation of about 10⁶ of each bacteria, the samples were cultured at 35°C, and the 
number of bacteria were measured on day 0, 1, 3, and 6. 
 

3 Results 

3.1 Comparison of Bacterial Growth in Mixed Culture with Appropriate pH in the Presence of Lactic 
Acid and Acetic Acid 

The effects of lactic acid and acetic acid on bacterial growth are shown in Figs 1 and 2. In Fig. 1, it can be 
seen that Str. thermophilus was killed, and there was little change in the number of other lactic acid bacteria. 
However, at pH 5 and 6, the growth was not affected by acetic acid, and the growth of lactic acid bacteria at 
pH 4 was not greater than that at pH 5 and pH 6. In Fig. 2, it can be seen that acetic acid had a greater inhibitory 
effect on C. albicans than lactic acid at pH 4, and that C. albicans died in the culture medium mixed with L. 
plantarum at pH 5. No inhibitory effect was observed at pH 6 when mixed with Str. thermophilus. Lactic acid 
was found to have no significant effect on C. albicans growth at pH 4, 5, and 6. 
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Figure 1. Growth of lactic acid bacteria in mixed culture of C. albicans and lactic acid 

bacteria at the appropriate pH and in the presence of lactic acid and acetic acid 

 
 

 
Figure 2. Growth of Candida albicans in mixed culture of C. albicans and lactic acid bacteria 

at the appropriate pH in the presence of lactic acid and acetic acid 
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3.2 Comparison of the Growth of L. plantarum, C. albicans, and E. coli in the Presence of Potassium 
Sorbate 

 Table 2 shows the effect of potassium sorbate on the growth of L. plantarum, C. albicans, and E. coli. At 
pH 6.7, potassium sorbate had no inhibitory effect on C. albicans, E. coli, or L. plantarum. At pH 5, the growth 
of C. albicans, E. coli, and L. plantarum was inhibited, and at pH 5.5, C. albicans and E. coli were inhibited 
but L. plantarum was not. 

 
Table 2. Growth of Candida albicans, Escherichia coli, and Lactobacillus plantarum 

according to changes in pH and potassium sorbate concentration 

Strain pH 
Potassium sorbate 

10% 
24 h 48 h 72 h 

C. albicans 

6.7 1 mL/200 mL + + + 

5.5 1 mL/200 mL - - - 

5.0 1 mL/200 mL - - - 

E. coli 

6.7 1 mL/200 mL + + + 

5.5 1 mL/200 mL - - - 

5.0 1 mL/200 mL - - - 

L. plantarum 

6.7 1 mL/200 mL + + + 

5.5 1 mL/200 mL - + + 

5.0 1 mL/200 mL - - - 

 
3.3 Comparison of the Growth of L. plantarum, C. albicans, and E. coli in a Mixed Solution of 

Grapefruit Seed Extract, Eucalyptus Oil, and Tea Tree Oil 
Table 3 shows the mixing ratio of grape fruit seed extract, eucalyptus oil, and tea tree oil that inhibits 

pathogenic microorganisms but allows the survival of lactic acid bacteria. Of the 14 formulations, two solutions 
(grapefruit seed extract (20 µL), eucalyptus oil (12.5 µL), and tea tree oil (12.5 µL) and grapefruit seed extract 
(60 µL), eucalyptus oil (10 µL), and tea tree oil (10 µL)) turned out to be the most suitable. 

 
Table 3. The blending ratio of grapefruit seed extract, eucalyptus oil, and tea tree oil that 

satisfies the conditions for inhibiting pathogenic microorganisms and promoting the 

growth of lactic acid bacteria, which is a required for vaginal cleansers (pH 5.5) 

Grapefruit seed extract (400 

µL/10 mL) 

Eucalyptus oil Tea tree oil 

20 µL/200 mL 15 µL 15 µL 

12.5 µL 12.5 µL 

30 µL/200 mL 15 µL 15 µL 

12.5 µL 12.5 µL 

40 µL/200 mL 15 µL 15 µL 

12.5 µL 12.5 µL 

25 µL 25 µL 
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50 µL/200 mL 15 µL 15 µL 

12.5 µL 12.5 µL 

25 µL 25 µL 

60 µL/200 mL 25 µL 25 µL 

15 µL 15 µL 

12.5 µL 12.5 µL 

10 µL 10 µL 

 
3.4 Comparison of the Growth of L. plantarum, C. albicans, and E. coli in a Mixed Solution of 

Potassium Sorbate, Grapefruit Seed Extract, Eucalyptus Oil, and Tea Tree Oil 
Table 4 shows the mixing ratio of potassium sorbate, grapefruit seed extract, eucalyptus oil, and tea tree oil 

that inhibits pathogenic microorganisms and does not inhibit lactic acid bacteria growth. Among the eight 
blending ratios, a mixture of 0.2 mL of potassium sorbate, 20 µL of grapefruit seed extract, 10 µL eucalyptus 
oil, and 10 µL tea tree oil and lactic acid at a pH of 5.5 was found to be the most suitable as a vaginal cleanser. 

 
Table 4. The blending ratio of potassium sorbate, grapefruit seed extract, eucalyptus oil, 

and tea tree oil that inhibits pathogenic microorganisms and allows lactic acid bacteria to 

grow (pH 5.5) 

Potassium sorbate (10%) Grapefruit seed extract 
(400 µL/10 mL)  

Eucalyptus oil Tea tree oil 

0.2 mL/200 mL 20 µL 10 µL 10 µL 

12.5 µL 12.5 µL 

0.25 mL/200 mL 20 µL 10 µL 10 µL 

12.5 µL 12.5 µL 

0.4 mL/200 mL 20 µL 10 µL 10 µL 

12.5 µL 12.5 µL 

1 mL/200 mL 20 µL 10 µL 10 µL 

12.5 µL 12.5 µL 

 
3.5 Comparison of Str. thermophilus, L. plantarum, C. albicans, and E. coli Growth with a Potassium 

Sorbate, Grapefruit Seed Extract, Eucalyptus Oil, and Tea Tree Oil Mixture at pH 5.0, 5.5, and 6.0  
The results of the growth of Str. thermophilus, L. plantarum, C. albicans, and E. coli in a mixture of 

potassium sorbate (0.2 ml), grapefruit seed extract (20 µl), eucalyptus oil (10 µl), and tea tree oil (10 µl) are 
shown in Fig. 3. At pH 5, C. albicans and E. coli died; the abundance of L. plantarum increased on the 3rd day 
and decreased on the 6th day; and the abundance of Str. thermophilus decreased by 102 on the 3rd day and by 
102 on the 6th day. C. albicans and E. coli died even at pH 5.5, while L. plantarum did not decrease in 
abundance compared to its abundance at pH 5. However, Str. thermophilus showed a similar pattern to that 
seen for this bacterium at pH 5, while at pH 6, it showed a similar pattern to that seen at pH 5. 
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Figure 3. Comparison of microbial growth in the presence of a potassium sorbate (10%; 0.2 

mL/200 mL), grapefruit seed extract (400 µL/10 mL; 20 µL), eucalyptus oil (10 µL), and tea 

tree oil (10 µL) mixture at different pH values 

 

4. Discussion 

Lactic acid bacteria, which have a therapeutic effect on bacterial vaginosis [21] and vulvar candidiasis, play 
an important role in maintaining vaginal hygiene. These bacteria can be used as a substitute alternative for 
fluconazole and azol families in vaginal washes [22]. 

In our study, lactic acid bacteria present in the vagina can grow and suppress the bacteria that cause vaginitis. 
We experimented with an essential oil of grapefruit seed extract, which is a safe and environmentally friendly 
substance, and potassium sorbate, which is used as an antibacterial agent in foods and pharmaceuticals. It was 
judged that lactic acid, which has almost no effect on the growth of C. albicans, is more suitable than acetic 
acid, which kills C. albicans and Str. thermophilus, as the raw material for pH titration during product 
production. It was shown that the number of bacteria at pH 4 was lower than that at pH 5 and 6, and the results 
showed that the growth of C. albicans, Str. thermophilus, and L. plantarum was also affected by acetic acid, 
but the effect was weak. It seems that there was some influence from pH. 

Of the C. albicans and L. plantarum mixed culture and C. albicans and Str. thermophilus mixed culture, 
the culture containing L. plantarum had fewer C. albicans bacteria than the culture containing Str. 
thermophilus. This result was the same as that reported by Kim et al. (23) and Yuk et al. (24,25) (Figs 1, 2). L. 
plantarum is the third most used bacteria in the food and pharmaceutical industry and has a large antibacterial 
effect that depends on pH. In the case of alkali solutions, the antibacterial effect is reduced, and there are side 
effects when used at high concentration (26). Potassium sorbate solution has a high pH. The most appropriate 
conditions are acidic, where C. albicans and E. coli are suppressed at low concentrations, but L. plantarum 
growth is not affected at pH 5.5 and concentration 1 ml/200 ml (Table 2). A mixed solution of eucalyptus oil, 
tea tree oil, and grapefruit seed extract is environmentally friendly and has antibacterial effects. The mixing 
ratio of the seed extract, eucalyptus oil, and tea tree oil mixed solutions at pH 5.5 is grapefruit seed extract (20 
µl), eucalyptus oil (12.5 µl), and tea tree oil (12.5 µl), and grapefruit seed extract (60 µl), eucalyptus oil (10 
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µl), and tea tree oil (10 µl) (Table 3). As a result of analyzing the results of the mixed solution of potassium 
sorbate, grapefruit seed extract, eucalyptus oil, and tea tree oil, we found that a mixed solution of potassium 
sorbate (0.2 ml), grapefruit seed extract (20 µl), eucalyptus oil (10 µl), and tea tree oil (10 µl) was acceptable. 
Therefore, it is considered that the ratio of lactic acid adjusted to pH 5.5 is the most suitable as a vaginal cleaner 
(Table 4). When potassium sorbate (0.2 mL) and grapefruit seed extract (20 µL) at pH 5, 5.5, and 6 were 
present in a solution of 10 µL eucalyptus oil and 10 µL tea tree oil, the abundance of C. albicans, E. coli, and 
L. plantarum were estimated. At pH 5.5, C. albicans and E. coli were killed, and Str. thermophilus was found 
to be more abundant than it was at pH 5, so the mixture at pH 5.5 of 0.2 mL potassium sorbate, 20 µL grapefruit 
seed extract, 10 µL eucalyptus oil, and 10 µL tea tree oil was found to be the most suitable for use in a vaginal 
cleanser. This reconfirmed our earlier results. 

The mixed solution of two kinds of essential oils, grapefruit seed extract, and potassium sorbate (with 
adjusted pH with lactic acid) prepared at the specified mixing ratio allowed the growth of lactic acid bacteria. 
This mixture showed a very high inhibitory effect against pathogenic microorganisms. In order to develop an 
effective vaginal detergent, in vitro studies, such as additional safety tests and expansion of target pathogenic 
microorganisms, are necessary. In addition, in order to confirm whether the aforementioned solution can be 
used as a cleansing agent for human skin (face and body) in addition to its application as a vaginal cleanser, 
the inhibitory effect and stability tests on the skin flora should also be studied. For this, various antimicrobial 
tests of essential oils and recommendations for the use of an appropriate essential oil-containing vaginal 
cleansers are must be conducted. Such research will greatly enhance the development of essential oil-
containing products in the future. 

 

5. Conclusion 
In the mixed culture test between lactic acid bacteria and pathogenic microorganisms, lactic acid showed 

good results at pH 5–5.5. Potassium sorbate, which showed a difference in antibacterial activity according to 
pH, kills pathogenic bacteria but not lactic acid bacteria at pH 5.5. The mixing ratio of the mixed solution of 
grapefruit seed extract, eucalyptus oil, and tea tree oil was determined at pH 5.5 as follows: potassium sorbate 
(0.2 ml), grapefruit seed extract (20 µl), eucalyptus oil (10 µl), and tea tree oil (10 µl). In the extract, eucalyptus 
oil, and tea tree oil mixed solution test and the test for measuring the number of viable cells, the optimum 
mixing ratio for the survival of lactic acid bacteria while killing pathogenic bacteria such as C. albicans was 
at pH 5.5 with potassium sorbate (0.2 ml), grapefruit seed extract (20 µl), eucalyptus oil (10 µl), and tea tree 
oil (10 µl). As a result of this, the formulation obtained in this experiment is considered to be high effective 
for the development of a vaginal cleaner that can be used as a substitute for antibacterial agents, and it is 
thought that it will be able to solve the problem of antimicrobial resistance in the future. 
 

Acknowledgement 

Conflict of interest: The authors declare that there are no conflicts of interest 
 

References 
 

[1] Z. Nasiri Lari, M. Hajimonfarednejad, M. Riasatian, Z. Abolhassanzadeh, A. Iraji, M. Vojoud, M. Heydari, and 
M. Shams, “Efficacy of inhaled Lavandula angustifolia Mill. Essential oil on sleep quality, quality of life and 
metabolic control in patients with diabetes mellitus type II and insomnia”, Journal of Ethnopharmacology, Vol. 
251, pp. 112560, 2020. https://doi.org/10.1016/j.jep.2020.112560 

[2] T. Mohammed Sur, E. Akbaba, S.A. Hassan, and E. Bagci, “Neuropharmacological profile of Hypericum 



International Journal of Internet, Broadcasting and Communication Vol.13 No.2 82-92 (2021)                         91 

 

scabrum L. essential oil in rats”, Journal of Essential Oil Research, Vol. 32, No. 1, pp. 79-87, 2020. 
https://doi.org/10.1080/10412905.2019.1655491 

[3] T. Siriyong, S. Phungtammasan, S. Jansorn, N. Chonsongkram, S. Chanwanitsakul, S. Subhadhirasakul, and 
S.P. Voravuthikunchai. “Traditional Thai herbal medicine as an alternative treatment for refractory chronic 
eczema”, Explore, Vol. 16, pp. 242-249, 2020. https://doi.org/10.1016/j.explore.2019.10.001 

[4] P. Sun, L. Zhao, N. Zhang, C. Wang, W. Wu, A. Mehmood, L. Zhang, B. Ji, and F. Zhou, “Essential oil and 
juice from bergamot and sweet orange improve acne vulgaris caused by excessive androgen secretion", 
Hindawi Mediators of Inflammation, 2020. https://doi.org/10.1155/2020/8868107 

[5] M. Ahmadifard, S. Yarahmadi, A. Ardalan, F. Ebrahimzadeh, P. Bahrami, and E. Sheikhi, “The efficacy of 
topical basil essential oil on relieving migraine headaches: a randomized triple-blind study”, Complementary 
Medicine Research, Vol. 27, pp. 310–318, 2020. https://doi.org/10.1159/000506349 

[6] N. Lorzadeh, Y. Kazemirad, and N. Kazemirad “The effect of corrective and therapeutic exercises on bleeding 
volume and severe menstrual pain in non-athletic women”, Published online: 12 Jan 2021. 

DOI: 10.1080/01443615.2020.1839870  

[7] W. Deng, K. Liu, S. Cao, J. Sun, B. Zhong, and J. Chun, “Chemical composition, antimicrobial, antioxidant, 
and antiproliferative properties of grapefruit essential oil prepared by molecular distillation”, Molecules, Vol. 
25, No. 1, pp. 217. 2020. https://doi.org/10.3390/molecules25010217 

[8] G. Dougnon, M Ito, “Sedative effects of the essential oil from the leaves of Lantana camara occurring in the 
Republic of Benin via inhalation in mice”, Journal of Natural Medicines, Vol. 74, pp. 159-169, 2020. doi: 
10.1007/s11418-019-01358-9. 

[9] M. Mehri Ardestani, A. Aliahmadi, T. Toliat, A. Dalimi, Z. Momeni, and R. Rahimi, “Evaluation of 
antimicrobial activity of Trachyspermum ammi (l.) Sprague essential oil and its active constituent, thymol, 
against vaginal pathogens”, Traditional and Integrative Medicine, Vol. 5, No. 2, pp. 49-58, 2020. 
https://doi.org/10.18502/tim.v5i2.3625 

[10] Q. Zhang, L. Zhang, P. Ross, J. Zhao, H. Zhang, and W. Chen, "Comparative genomics of Lactobacillus 
crispatus from the gut and vagina reveals genetic diversity and lifestyle adaptation, Genes”, Vol. 11, No. 4, pp. 
360, 2020. https://doi.org/10.3390/genes11040360 

[11] M. Tomás, et al., “Bacterial vaginosis: Standard treatments and alternative strategies”, International Journal of 
Pharmaceutics, Vol. 587, pp. 119659, 2020. https://doi.org/10.1016/j.ijpharm.2020.119659 

[12] M. N. Anahtar, et al. “Cervicovaginal microbiota and reproductive health: the virtue of simplicity”, Cell Host 
Microbe, Vol. 23, pp. 159-168, 2018. https://doi.org/10.1016/j.chom.2018.01.013 

[13] S. J. Kroon, et al., “Cervicovaginal microbiota, women’s health, and reproductive outcomes”, Fertility and 
Sterility, Vol. 110, pp. 327-336, 2018. https://doi.org/10.1016/j.fertnstert.2018.06.036 

[14] J. Ravel, P. Gajer, Z. Abdo, G.M. Schneider, S.S. Koenig, S.L. McCulle, S. Karlebach, R. Gorle, J. Russell, 
C.O. Tacket, and R.M. Brotman, “Vaginal microbiome of reproductive-age women”, Proceedings of the 
National Academy of Sciences, Vol. 108, No. 1, pp. 4680-4687, 2011. 
https://doi.org/10.1073/pnas.1002611107 

[15] Q. Zhang, et al., “Prebiotic maltose gel can promote the vaginal microbiota from bv-related bacteria dominant 
to Lactobacillus in Rhesus Macaque”, Frontiers in Microbiology, Vol. 11, pp. 594065, 2020. 
https://doi.org/10.3389/fmicb.2020.594065 

[16] S. da Silva Gündel, S.N. de Godoi, R.C. Santos, J.T. da Silva, L.B. de Menezes Leite, A.C. Amaral, and A.F. 
Ourique, “In vivo antifungal activity of nanoemulsions containing eucalyptus or lemongrass essential oils in 
murine model of vulvovaginal candidiasis,” Journal of Drug Delivery Science and Technology 57:101762, 
2020. https://doi.org/10.1016/j.jddst.2020.101762 

[17] B. A. Kim, “Development of Cosmetics Preservatives using Natural Essential Oil,” The Journal of the 
Convergence on Culture Technology 5(4), pp.445-450, 2019. http://dx.doi.org/10.17703/JCCT.2019.5.4.445  

[18] M. Komura, M. Suzuki, N. Sangsriratanakul, M. Ito, S. Takahashi, M. S Alam, M. Ono, C. Daio, D. Shoham, 
K. Takehara, “Inhibitory effect of grapefruit seed extract (GSE) on avian pathogens,” Journal of Veterinary 
Medical Science 81(3)466-472, 2019. https://doi.org/10.1292/jvms.18-0754 



92   Antibacterial Effect of Eucalyptus Oil, Tea Tree Oil, Grapefruit Seed Extract, Potassium Sorbate, and Lactic Acid for the development of Feminine Cleansers        

 

[19] R. Denkova, V. Yanakieva, Z. Denkova, V. Nikolova, and V. Radeva, “In vitro inhibitory activity of 
bifidobacterium and lactobacillus strains against Candida albicans”, Bulgarian Journal of Veterinary Medicine 
16(3):186-197, 2013. http://tru.uni-sz.bg/bjvm/BJVM-Septem... 

[20] A. F. Cunha, L. B. Acurcio, B. S. Assis, D. L. Oliveira, M. O. Leite, M. M. Cerqueira, and M. R. Souza, “In 
vitro probiotic potential of Lactobacillus spp. isolated from fermented milks”, Arquivo Brasileiro de Medicina. 
Veterinaria e Zootecnia 65(6):1876-1882, 2013. DOI : 10.1590/S0102-09352013000600040 

[21] A. U. Happel, B. Kullin, H. Gamieldien, N. Wentzel, C. Z Zauchenberger, H. B. Jaspan, S. Dabee, S.L. 
Barnabas, S. Z. Jaumdally, J. Dietrich, and G. Gray, “Exploring potential of vaginal Lactobacillus isolates from 
South African women for enhancing treatment for bacterial vaginosis,” PLOS Pathogens June 4, 2020. 

DOI: 10.1371/journal.ppat.1008559  

[22] Eline F. M. Oerlemans, et al. “Impact of a lactobacilli-containing gel on vulvovaginal candidosis and the 
vaginal microbiome, Scientific Reports” 10:7976, 2020. DOI: 10.1038/s41598-020-64705-x 

[23] J. S Kim, Y. S Yuk, G. Y Kim, “Inhibition effect on pathogenic microbes and antimicrobial resistance of 
probiotics,” Korean Journal of Clinical Laboratory Science 51:294-300, 2019. 
https://doi.org/10.15324/kjcls.2019.51.3.294 

[24] Y. S Yuk, Y. K. Lee, G. Y Kim, “Antagonistic inhibitory effects of probiotics against pathogenic 
microorganisms in vitro,” Journal of the Korea Academia-Industrial cooperation Society 20(12):110-116, 
2019. https://doi.org/10.5762/KAIS.2019.20.12.110 

[25] Y. S Yuk, Y. K. Lee, and G. Y Kim, “Antagonistic Effects of Lactobacillus plantarum on Candida albicans in 
ME-180 Cervical Carcinoma Cell Culture,” Jundishapur Journal of Microbiology 13(11):e112449, 2021. doi: 
10.5812/jjm.112449. 

[26] D. Nemes, R. Kovács, F. Nagy, Z. Tóth, P. Herczegh, A. Borbás, V. Kelemen, W. P. Pfliegler, I. Rebenku, P. B. 
Hajdu, and P. Fehér, “Comparative biocompatibility and antimicrobial studies of sorbic acid derivates,” 
European Journal of Pharmaceutical Sciences 143, 2020 https://doi.org/10.1016/j.ejps.2019.105162  

 




