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INTRODUCTION
Essential oils (EOs) have long been recognized to 

have anti-inflammatory, immuno-modulatory, bronchodilatory, 
and antiviral activities, and they are now thought to have 
efficacy against the SARC-CoV-2 virus [1,2]. Eucalyptus is 
one of the sources of EOs used for many usages and remedies, 
including antiviral. Eucalyptus oil is an antibacterial agent 
and has long been used to treat colds, influenza, respiratory 
infections, rhinitis, and sinusitis. This reveals that 47 
compounds were discovered in the EOs, with eucalyptol 
(1.8 cineol) being the major constituent [3]. Among many 
kinds of Eucalyptus oil, Eucalyptus citriodora oil proved the 

most efficacious antioxidant and antibacterial activity [4]. The 
major component of E. citriodora grown in Thailand leaf EO 
was citronellal (64.1%), followed by citronellol (10.06%); the 
content of 1.8 cineol or eucalyptol is only 1.64%. Meanwhile, 
other Eucalyptus, such as Eucalyptus urophyla and Eucalyptus 
deglupta, have a high eucalyptol content of 40.78% and 15.72%, 
respectively [5]. The yield of EO from E. citriodora leaves 
grown in Indonesia is higher than that of other Eucalyptus 
species, at 2.88%. Citronellal accounts for 68.35% of the EO, 
followed by isopulegol (10.14%) and citronellol (3.99%), with 
1.8 cineol accounting for only 0.43% [6].

Eucalyptus is gaining popularity as one of the 
COVID-19 adjuvant therapeutics recently developed based on 
in vitro, and a clinical study showed effectiveness in inhibiting 
virus replication [7]. Other promising products to help with 
throat illness derived from Eucalyptus are lozenges candy [8], 
or mouthwash. Eucalyptus mouthwash is a good alternative for 
helping relieve throat illness or sanitizing the mouth and throat 
for its antimicrobial activity.
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ABSTRACT
Eucalyptus oil, the main active ingredient in eucalyptol, is usually used in health products, but studies using 
eucalyptus oil in the form of nanoemulsions combined with peppermint oil have not been widely conducted. 
This study examined the influence of emulsifier ratios on nanoemulsion formulations of mouthwashes containing 
eucalyptus and peppermint oil. The ratios of emulsifiers (Tween 80 and PEG 400) used are 5:0, 4:1, 3:2; 2:3, 1:4, and 
0:5. The parameters observed were particle size, turbidity, pH, refractive index (RI), stability, and inhibition against 
Staphylococcus aureus bacteria. The results showed that the best ratio of Tween and PEG provided a higher clarity 
value with a smaller particle size. Stability measurements revealed no separation of the resulting emulsion, and the 
physical properties changed only slightly when exposed to low and high temperatures. The pH of the emulsion for 
all formulas ranged from 5.61 to 5.91. The findings of the inhibitory test against S. aureus revealed that eucalyptus 
oil treatment generally showed no inhibition except for F5 (1:4) and F6 (0:5) treatment. The best treatment based on 
physicochemical characteristics is the ratio of Tween:PEG = 3:2.

Received on: 29/05/2024
Accepted on: 10/09/2024

http://crossmark.crossref.org/dialog/?doi=10.7324/JAPS.2024.192592&domain=pdf
http://orcid.org/0000-0001-9516-2245
http://orcid.org/0000-0003-3039-2394
http://orcid.org/0000-0002-8647-9029
http://orcid.org/0000-0001-8297-8878


084 Winarti et al. / Journal of Applied Pharmaceutical Science 14 (12); 2024: 083-089

phase inversion. A nanoemulsion is formed when the dispersed 
phase (a mixture of oil and emulsifier) diffuses spontaneously 
into the dispersing phase (water). The volumes of eucalyptus 
and peppermint oil were equal, each 0.5 ml, so the total volume 
of EO was 1.0 ml. Variations were made on the volume of 
surfactant and cosurfactant, where the total volume of surfactant 
and cosurfactant was 5.0 ml. The ratio variations between 
surfactants (Tween 80) and cosurfactant (PEG 400) were 5:0, 
4:1, 3:2, 2:3, 1:4, and 0:5, respectively, as shown in Table 1.

Preparation of emulsion was carried out by mixing the 
oil phase (in this formulation, eucalyptus oil and peppermint oil) 
with surfactant (Tween 80) and cosurfactant (PEG 400). The oil 
phase was homogenized in a glass beaker using a continuous 
stirrer at 700 RPM for 5 minutes. The water phase, consisting 
of distilled water, Na-saccharine, and Na benzoate, was 
homogenized in a separate beaker glass using a continuous stirrer 
for 1 minute at 700 RPM. Then, add 94 ml water phase to the oil 
phase and agitate at 800 RPM simultaneously until all of the water 
phase volume is inserted into the oil phase. The mixed solution/
emulsion was stirred at 800 RPM and added with green food 
coloring 0.02 ml while stirring.The mouthwash formulas were 
tested physically after production, which included clarity using 
a spectrophotometer, pH using a pH meter, color determination 
using a Chromameter (Minolta), determination of density using a 
pycnometer, particle size using distribution particle size analyzer 
(PSA). Moreover, the microbiological analysis was carried out by 
determining the inhibition activity using S. aureus. The stability 
test was done after the mouthwash products were stored for about 
one week at ambient temperature. The stability test used the 
thermic shock method. After that, the products were tested again 
for their particle size distribution characteristics, poly-dispersity 
index (PdI), specific gravity (SG), RI, and color.Organoleptic 
tests involving 30 respondents, including aroma, clarity, taste, 
relief feel, and overall liking were carried out on four product 
formulations that had high clarity compared to commercial 
mouthwash with herbal labels. The organoleptic tests used an 
assessment sheet with a score range of 1–5 (very dislike, dislike, 
fair, like, very like). 

Emulsion transmittance
The clarity/transmittance of the mouthwash emulsion 

formed was observed using a spectrophotometer with the % 

Eucalyptus and peppermint (Mentha piperita L) oil 
have been noted to prevent the growth of certain microorganisms. 
Eucalyptus oil inhibits the augmentation of Escherichia 
coli, Staphylococcus aureus, and Streptococcus mutans [9]. 
Meanwhile, peppermint oil inhibits the growth of the S. mutans 
bacterium [10]. Based on the antibacterial activity test, the clear 
zones produced in E. coli and S. aureus bacteria were 13.1 and 
17.4 mm, and the inhibition was 25.92 ± 2.66 mm [11].

Eucalyptol was considered not to be an ocular corrosive 
or severe irritant. Eucalyptol is also renowned for its mucolytic 
and bronchodilatory effects. In a long-term oral trial with mice, 
eucalyptol was investigated as a toothpaste ingredient. Most 
studies using Eucalyptus oil in mouthwash formulas do not 
mention the Eucalyptus variety used. The most widely used 
eucalyptus oil on the market is the E. globulus. E. citriodora 
oil was used in this study since it has good antioxidant and 
antibacterial activity. Eucalyptus oil mouthwash could be an 
excellent and affordable oral hygiene product [12]. 

Many mouthwashes use alcohol as one of the 
ingredients. High alcohol concentration in mouthwash can 
induce mucosal ulceration, gingivitis, discomfort, and possibly 
an increased chance of developing oral cancer [13]; it reduces 
salivation and causes lousy breath problems [14]. Alcohol also 
causes the dissolution of polymers used for dental restorations 
[15]. An alcohol-free mouth rinse including EOs—listerine zero 
(LZ) and an alcohol-based EOs mouth rinse (EO+) demonstrated 
the same inhibitory activity on plaque regrowth [16]. 

The mouthwash formula was prepared in the form 
of nanoemulsion. Nanoemulsion preparation provides distinct 
advantages, such as improved oil mixture clarity, stability, and 
efficacy. Besides, nanoemulsions with small particles have 
more ability and are more constant than nonemulsions [16]. 
Mouthwash’s clearness and stability are likely more pleasant 
than turbid emulsion. Nanoemulsion may further enhance the 
antibacterial capabilities of these oils [17]. The nanoemulsion 
formula usually demands a surfactant and co-surfactant, such 
as Tween-80 and PEG 400. The ratio between these emulsifiers 
needs to be set to get proper properties. The ratio of surfactant 
and co-surfactant in preparation of mouthwash nanoemulsion 
derived from EO and heat shock treatment on the resulting 
product has not undergone in-depth research. The study aimed 
to determine the effect of emulsifier ratio and shock treatment 
effect in nanoemulsion formulation of mouthwashes based on 
eucalyptus and peppermint oil. 

MATERIALS AND METHODS
The material used was eucalyptus oil of E. citriodora 

from the Laboratory of Indonesian Research Institute of Spice 
and Medicinal Crops (Balittro), Bogor. The supported chemicals 
were emulsifier Tween-80 and PEG-400, peppermint, glycerin, 
Na saccharin, Na benzoate, natural coloring, aquadest, and 
other chemicals for analysis. 

Mouthwash preparation
Preparation of the mouthwash uses a formula 

according to Yosephine et al. [18] with minor modifications. 
The total volume base was 100 ml. The nano-emulsification 
process used low energy utilizing spontaneous diffusion and 

Table 1. Formulation of 100 ml eucalyptus and peppermint oil-based 
mouthwash.

Composition F1 F2 F3 F4 F5 F6

In ml

E. citriodora oil 0.5 0.5 0.5 0.5 0.5 0.5

Peppermint oil 0.5 0.5 0.5 0.5 0.5 0.5

Tween 80 5.0 4.0 3.0 2.0 1.0 0

PEG 400 0 1.0 2.0 3.0 4.0 5.0

Na saccharin 0.5 0.5 0.5 0.5 0.5 0.5

Na benzoate 0.1 0.1 0.1 0.1 0.1 0.1

Distilled water 93.4 93.4 93.4 93.4 93.4 93.4

Food coloring 0.02 0.02 0.02 0.02 0.02 0.02
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transmittance (%T) parameter at a wavelength of 650 nm—the 
clarity measurement used distilled water as a comparison.

Stability test
A stability test using the thermic shock method was 

carried out by storing the mouthwash at a high temperature of 
60°C and a low temperature of 4°C alternately, for one day each 
(for seven days), then allowed to stand at room temperature. 
After seven days, all samples were stored at ambient temperature 
until being analyzed [18]. 

Statistical analysis
The data were statistically analyzed using the software 

IBM SPSS version 23. Data measurements were subjected 
to analysis of variance (ANOVA) to assess the emulsifier’s 
varietal ratio during the stability test. The Duncan’s multiple 
range test was performed to differentiate means of data with 
significant differences (p < 0.05) were observed. Meanwhile, 
the organoleptic test data were evaluated using Kruskal Wallis, 
followed by the Mann-Whitney test at a 5% level to determine 
if there was a significant difference.

RESULTS AND DISCUSSION

Physical characteristics
The preparation of mouthwash based on using nano-

emulsification is a low-energy process using spontaneous 
diffusion and phase inversion. In this process, a nanoemulsion 
was formed by diffusion of the dispersed phase (a mixture of 
oils and emulsifiers) into the dispersing phase (water), which 
occurred spontaneously. This diffusion process produced 
nano-scale oil droplets in the water phase (oil in water or 
o/w). In the inversion phase mechanism, the formation of 
nanoemulsions occurs in two stages: water formation in oil 
(w/o) emulsion, which then reverses the phase to o/w. The 
mouthwash in this study was green in color, homogeneous, 
generally transparent, had a pleasant flavor, smelled of a 
distinctive fresh aroma of lemon eucalyptus oil, had a pH of 
around 5.6–5.9, and was low in density, as shown in Figure 
1. The appearance of the mouthwash showed clear solutions 
except F5 with the ratio of Tween and PEG 1.0:4.0. The clear 

solution indicates a suitable emulsion with a small droplet 
size. Nanoemulsions with a small size particle/droplet (nm) 
may produce clear or transparent preparations or are slightly 
cloudy. Their small-sized particle make them ideal for food 
and drug industries due to it has large surface area will help 
in the effective transportation of active substances through a 
semipermeable membrane [19]. 

Based on the research results, the best ratio that 
produces the highest clarity is the formula F3 percentage of 
oil: Tween and PEG = 1:3:2 (17.5%:52.5%:35%) (Table 2). 
The Tween and PEG 3:2 ratio gave the highest clarity value 
of 70.35%. The particle size of the mouthwash formula F3 
was 13.45 nm with a shallow polydispersity index (PdI) of 
0.08 (Table 3), indicating that the emulsion droplet size was 
uniform. The PdI is a significant factor because it is related 
to the size uniformity of the nanoemulsion; a small PdI value 
indicates better size uniformity. A PdI below 0.3 indicates good 
mono dispersity or size uniformity [20]. The particle size of 
mouthwash ranges from 13.3 to 108.71 nm. This range agrees 
with Serrano et al. [21] that the oil combination of nanoemulsion 
mouthwash formula should have a particle size of 20–200 nm. 
Table 3 shows that the higher the surfactant ratio of Tween 80, 
the smaller the particle size, and vice versa. Although surfactant 
T-80 is an excellent emulsifier for tiny emulsion droplets, a high 

Figure 1. The appearance of mouthwash with different ratios of emulsifier 
(sequentially from left to right, i.e., F1 to F6).

Table 2. Physical and microbiological properties of the mouthwash.

Formula Transmittance/ 
% T

Visual 
appearance pH Inhibition 

zone (mm)

F1 65.97 Transparent, 
homogenous

5.91 0

F2 64.86 Transpa rent, 
homogenous

5.79 0

F3 70.35 Transparent, 
homogenous

5.75 0

F4 64.98 Transparent, 
homogenous

5.71 0

F5 33.89 Turbid/foggy, 
inhomogeneous

5.67 1.2

F6 52.39 Less transparent, 
inhomogeneous

5.61 1.1

Table 3. Particle size and Pdl of mouthwash formula before and after 
stability test.

Sample
Before After

Particle size 
(nm) PdI Particle size 

(nm) PdI

F1 11.30c 0.136b 13.94c 0.299c

F2 12.14c 0.112b 12.46c 0.055e

F3 13.45c 0.080c 14.11c 0.158d

F4 16.79c 0.125b 15.32c 0.249c

F5 82.72b 0.077d 122.20b 0.529a

F6 108.71a 0.484a 288.44a 0.335b

Description: The same letter in the same column behind the value showed no 
significant difference (p > 0.05).
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concentration is required to form a stable emulsion. The addition 
of co-surfactants can lead to greater penetration of the oil phase 
in the hydrophobic region of the surfactant monomer and thus 
lower the interfacial voltage [22]. PEG-400, a co-surfactant, 
influences emulsification time more than droplet size reduction 
[23]. The co-surfactant will tuck and form a space between the 
surfactants, resulting in a more swollen shape with high fluidity 
that can create nanoemulsions faster. Research by Juniatik et al. 
[24] showed that the average particle size of the mouthwash 
formula using Tween and PEG 400 was 21.4 nm with a PdI of 
0.324.

The size of the dispersed phases considerably affected 
the emulsion’s appearance. When the light passes through 
the emulsion system with tiny droplet size, the light beam is 
forwarded so that the color of the solution appears clear, and 
the resulting transmittance increases [25]. Furthermore, a high 
transmittance rating reflects the clarity of a given mixture. The 
smaller a mixture’s particle size, the higher its transmittance 
value. Besides the droplet size, the concentration of EO 
also influences turbidity. The interaction of EO components 
and additives causes turbidity to increase with increasing 
concentration. The visual appearance of the mouthwash showed 
that almost all mouthwashs are clear except formula 5 with the 
ratio of Tween and PEG = 4:1. Figure 1 shows the appearance of 
all samples. The turbid solution is also shown from the lowest 
value of % transmittance.

pH
Differences in the ratio of surfactant and co-surfactant 

have no effect on the pH of the mouthwash produced. The pH 
value ranges from 5.61 to 5.91. PEG 400 has a pH of 4–7.5 [26]. 
Meanwhile, Tween 80 has a higher pH in the range of 6–8. Since 
the pH range of surfactant and co-surfactant is not so different, 
the pH of the resulting mouthwash is in the narrow range. 
Moreover, the pH of the mouthwash may be affected by many 
factors, not only the emulsifier’s pH but also the interaction of 
the materials used in the formula. This result is different from 
the research, which showed that the higher the concentration of 
PEG 400 in the kepayang oil nanoemulsion formula, the lower 
the pH of the preparation [27]. The pH of a solution impacts the 
type of bacteria that can thrive. The mouthwash’s pH generated 
is within the oral cavity’s pH range, ensuring that it does not 
irritate the oral mucosa when swallowed. As a result, the pH of 
a mouth rinse solution should be between 5.5 and 7.9, which 
corresponds to the pH of the oral cavity [28]. According to The 
Herbal Medicines Quality Standards, the pH of herbal mouth 
rinse shall range from 5 to 7 [29].

Antibacterial test
The result of the antibacterial inhibitory test against 

S. aureus showed that the mouthwash containing eucalyptus 
oil had no inhibition except for F5 and F6 treatments, with 
the inhibition zone being 1.2 and 1.1 mm (Fig. 2). This might 
happen because the inhibitory zone was lower than 1 mm. The 
concentration of both EOs was relatively low, only 0.5% each. 
Although eucalyptus and peppermint oil possess antimicrobial 
solid agents, the mouthwash formula’s inhibition activity 
becomes too small.

Characteristics after the stability test
The mouthwash formula produced was very stable, as 

evidenced by the characterization results before and after the 
stability test. It occurred for all parameters namely particle size, 
SG, and index of refraction (Tables 3 and 4). 

Particle size
For particle size and PdI, there was a slight increase 

in particle size in almost all formulas. The rise in PdI was quite 
significant for F5, while for F1, F3, and F4, it nearly doubled 
but fell in F2 and F6. The increase in PdI was probably due 
to the agglomeration of emulsion droplets, but it still showed 
a reasonably small particle size below 20 nm for F1–F4. The 
results of this study were the droplet size of the mouthwash 
emulsion.

Tween-80 has the effect of lowering transmittance and 
increasing viscosity, while PEG has the opposite effect. Tween 
is a surfactant, and PEG is an anionic cosurfactant. Combining 
cosurfactants with surfactants will produce smaller and more 
stable particle sizes than single surfactants [30]. Moreover, 
using surfactants alone cannot reduce surface tension, so 
cosurfactants are added to increase the film’s flexibility [31]. 

Specific gravity
The research results’ SG is 1.008–1.012 before the 

stability test and 1.015–1.088 after experienced shock thermic 
treatment. The high and low exposure temperatures seem to 
affect the mass weight of the products. There was a significant 
difference according to the different emulsifier ratios on the 
SG of mouthwash. However, the SG was statistically similar 
after shock treatments (Table 4). Compared with the control, 
the commercial mouthwash labeled with herbal, the SG was 
the lowest at 1.002. The lower the Tween emulsifier and the 

Figure 2. The inhibition zone of control, F5, F6, and F2, F3 treatment and pure 
eucalyptus oil.

Table 4. SG and RI before and after the stability test.

Formula
SG RI

Before After Before After

F1 1.012a 1.088a 1.341b 1.335c

F2 1.008c 1.021a 1.338b 1.334c

F3 1.010ab 1.021a 1.340b 1.338b

F4 1.010ab 1.018a 1.339b 1.338b

F5 1.011a 1.028a 1.341b 1.340b

F6 1.010b 1.015a 1.338b 1.340b

Control 1.002d 1.043a 1.350a 1.345a

Description: The same letter in the same column behind the value showed no 
significant difference (p > 0.05).



 Winarti et al. / Journal of Applied Pharmaceutical Science 14 (12); 2024: 083-089 087

can be concluded that the level of preference is still below the 
commercial mouthwash, as shown in Table 6. The clarity attribute 
follows consumer acceptance, but for other attributes, it ranges 
from slight dislike or somewhat like. In the aroma attribute, the 
mouthwash formulations tested were not significantly different 
from one another, but on the contrary, when compared to 
commercial. The highest level of respondents’ preference for 
the aroma was on formulation F3, which is not significantly 
different from commercial mouthwash. EOs of Eucalyptus and 
peppermint oil have a robust aroma, even at a low percentage 
of 0.5% each. The use of emulsifiers also affects organoleptic 
acceptability. Tween-80 has a reasonably strong aroma and a 
bitter taste that causes a decrease in respondents’ acceptance 
of the taste. Taste is a biological perception, such as sensations 
produced by aroma receptors in the nose and taste receptors 
in the mouth [35]. The overall liking of the tested formulation 
offers a score range of 2.87–3.30 (dislike slightly–neither like 
nor dislike), with formulation F3 having the highest preference, 
although still below the commercial preference.

CONCLUSION
The ratio 3:2 of Tween and PEG emulsifier gave a 

higher clarity value, with smaller particle size. After thermal 

higher PEG tend to give lower SG. The SG is similar to another 
research using lime peel oil-based mouthwash with a particular 
gravity value between 0.986 and 1.006 [31]. 

While the SG tends to increase after the stability test 
treatment, the refractive index (RI) tends not to change, as shown 
in Table 4. The RI of control (commercial herbal mouthwash) 
was higher than that of the mouthwash of the research. The RI 
value ranges from 1.338 to 1.341 before the stability test and 
becomes 1.335–1.340 after thermic treatment. The RI tends 
to increase by increasing PEG and decreasing Tween. Water 
content can raise the RI value of EOs. The higher the water 
content there is, the lower the RI. This is because of the nature 
of the water, which readily refracts the incidence light [32]. 

Color
The color test using a chromameter showed that 

brightness (L) has a significantly different value between the 
samples and the control, where the clarity of the control, which 
was a commercial mouthwash, was higher than that of the 
samples. Meanwhile, after the stability test, the clarity values 
for all samples and controls tend to increase where the clarity 
of formula 4 is the highest and becomes similar to the control 
value. Thermic shock treatment by cooling and heating will 
likely evaporate some of the impurities so that the color of the 
solution becomes brighter. The L value was a bit different from 
the measurement of transmittance shown in Table 2, in which 
the highest clarity was F3, followed by F1 and F4. However, 
the L values of F3 and F4 are statistically different (25.353 and 
26.853) (Table 5). 

The Hue value has the same tendency as the L value, 
where the control has a higher value and is statistically 
different. The hue value is a value that indicates the dominant 
wavelength that determines the color of the material, namely 
red, blue, green, or yellow. Meanwhile, the Chroma value has 
a different pattern where the control value is the lowest, much 
lower than the sample. The value of C also tends to decrease 
after the stability test. The chroma value indicates the intensity 
of a color. The lowest C value suggests that the color of the low-
intensity material is getting weaker or faded; on the contrary, 
the higher it is, the more striking red–yellow–green color is. 
The addition of green food coloring in mouthwash is 0.02 ml 
for 100 ml, which is the same volume for all formulas. The 
interaction between EOs and other additives and coloring 
agents only slightly affects the clarity but affects the chroma. 
The color intensity is related to the solubility and stability of 
the resulting material; the higher the intensity and brightness of 
the color, the better the solubility and stability of the material 
so that it does not quickly settle [33]. After the stability test, the 
L increases, but the a and b decrease. This phenomenon is the 
opposite with green tea ready-to-drink, in which the L and b 
values decrease during storage, but a value increases [34]total 
catechins (4-dimethylaminocinnamaldehyde. 

Organoleptic test
Organoleptic tests using 30 respondents were carried 

out on four formulation samples with high clarity, namely F1, 
F2, F3, and F4, in comparison with commercial mouthwash 
labeled “herbal.” From the results of the organoleptic test, it 

Table 5. L value, chroma, and hue of mouthwash before and  
after the stability test.

Formula
L Chroma Hue

Before After Before After Before After

F1 19.22d 24.92bc 55.28a 45.92bc 116.25b 110.79b

F2 19.86cd 24.76c 56.34a 43.91cd 116.12b 110.50b

F3 20.05c 25.35b 56.35a 48.39ab 113.55c 109.54b

F4 21.10b 26.85a 57.40a 51.12a 113.14c 107.16c

F5 19.58cd 23.83d 39.39b 40.16d 115.20bc 117.47a

F6 20.30c 24.50c 56.96a 50.31a 115.02bc 109.99b

Control 21.89a 26.70a 37.93b 31.67e 122.55a 116.23a

Description: The same letter in the same column behind the value showed no 
significant difference (p > 0.05).

Table 6. Mean of organoleptic properties for mouthwash compared 
with commercial sample mouthwash.

Sample Aroma Clarity Taste Relieve 
feel

Overall 
liking

F1 3.23 ± 
1.01a

3.70 ± 
0.70a

2.60 ± 
0.81a

2.93 ± 
1.14a

2.87 ± 
0.97c

F2 3.13 ± 
0.82a

3.67 ± 
0.61a

2.83 ± 
0.70a

2.93 ± 
0.94a

2.93 ± 
0.83ac

F3 3.43 ± 
0.77ab

3.97 ± 
0.56a

3.33 ± 
0.84b

3.10 ± 
0.92a

3.30 ± 
0.84a

F4 3.13 ± 
0.97a

3.77 ± 
0.77a

2.53 ± 
0.73a

3.03 ± 
0.85a

2.93 ± 
0.87ac

Commercial 3.80 ± 
0.96b

3.77 ± 
0.77a

3.83 ± 
0.95c

3.77 ± 
0.86b

3.77 ± 
0.94b

Description: The same letter in the same column behind the mean value 
showed no significant difference (p > 0.05).
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shock treatment, the mouthwash nanoemulsion produced stable 
and only slight physical characteristics changes. The pH of the 
emulsion was 5.61–5.91, which is still the range of mucosa pH. 
The results of the inhibitory test against S. aureus showed that 
the eucalyptus oil treatment, in general, has not demonstrated 
inhibition except for F5 and F6 treatments. The best treatment 
based on physicochemical characteristics was the ratio Tween 
80:PEG 400 = 3:2.
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