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Introduction: The use of natural products such as essential oils has been
suggested due to their promising pharmacological effects and economic
viability. This study aimed to determine hydrogenic potential (pH), titratable
acidity (TA), and ion concentrations of five solutions containing essential oils
(EO), when used as a EO-containing solutions, and evaluate ion concentrations,
enamel surface loss, and morphology alterations in enamel.

Materials and methods: The pH, TA, calcium (Ca), potassium (K), and sodium (Na)
concentrations of five EO-containing solutions were measured. Bovine enamel
specimens were submitted to two daily 30-s immersions in artificial saliva, citric
acid, distilled water, BaCloTea (Basil, Clove e Tea Tree), GeLaTeaPep (Geranium,
Lavender, Tea Tree and Peppermint), Eucalem (Eucalyptus and Lemon),
Cinnamon, or Spearmint solutions for 14 days. Ca, K, Na, and phosphorus (P)
were quantified through ions chromatography, enamel surface loss was
determined by profilometry, and surface morphology was qualitatively
analyzed through scanning electron microscopy. Data were submitted to
one-way ANOVA and Tukey (p < 0.05).

Results: The five EO-containing solutions presented significantly lower pH values
than distilled water (p < 0.05). The GelLaTeaPep group presented a significantly
higher TA value than BaCloTea (p < 0.05), which in turn showed a significantly
higher TA value than the other solutions (p < 0.05). The distilled water presented
significantly higher Ca, K, and Na concentrations than all EO-containing solutions
(p < 0.05). The enamel exposed to EO-containing solutions showed lower Ca and
P concentrations than artificial saliva (control) as well as significantly higher
surface loss; however, the surface morphology was similar to the artificial saliva.
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Conclusion: EO-containing solutions have low pH, TA, and low concentrations of
Ca, Na, and K. Moreover, enamel exposed to these solutions showed low Ca and P
concentrations and slight surface loss without morphology alteration.

oils, volatile, dental enamel, calcium, chromatography, scanning electron microscopy

1 Introduction

Aromatic plants have been used in cosmetics and folk medicine
for many years; however, plant extracts and essential oils (EO)
became attractive for the industry in the last decade since consumers
seek sustainable therapeutics agents with possible reduced adverse
effects (Winska et al., 2019; Ramsey et al., 2020).

The EOs are composed of volatile metabolites secondary
extracted from different parts of plants (flowers, buds, seeds,
leaves, twigs, bark, herbs, wood, fruits, and roots) and present
anticancer, antimicrobial, antiviral, antioxidant, and antibiotic
properties (Aziz et al., 2018; Basavegowda et al, 2020; Ramsey
et al, 2020). In dentistry, some EO-containing solutions have
shown anxiolytic, antimicrobial, antiplaque, antigingivitis, and
anticaries effects against oral pathogens (Zero et al., 2004; Dagli
et al., 2015; Yadav et al., 2016; Quintas et al., 2017; Ghaderi and
Solhjou, 2020).

Current lifestyle and diet habits may lead to tooth wear in
young populations (Lussi et al., 2004; Donovan et al., 2021) and the
effects of daily-use oral hygiene products on dental tissues need to
be addressed. EO-containing mouthrinses do not require
professional prescription or application, and are freely sold in
supermarkets, drugstores, convenience stores, and on the internet;
therefore, these over-the-counter products represent one of the
most rapidly growing sectors of the oral care industry (Jardim
et al., 2009; Weijden et al., 2015; Favaro et al., 2020). It is expected
that products based on natural compounds such EOs may present
limited detrimental effects. Some clinical trials have shown a
significant reduction in plaque and gingivitis promoted by daily
use of an EO-containing mouthrinse in combination with regular
brushing and flossing (Sharma et al.,, 2004; Araujo et al., 2015;
Alshehri, 2018). For a better understanding of the present study, it
is worth highlighting that the use of the term essential oil-
containing solutions mentioned throughout the text refers to
mouthwashes.

This study aimed to determine the pH, TA, and mineral
concentrations of EO-containing solutions, as well as their effect
on enamel surface loss, morphology, and mineral concentrations.

2 Materials and methods

In the present in vitro study, available essential oil
mouthwashes commercially (d6TERRA Cosméticos do Brasil
Ltda.), BaCloTea (Basil, GeLaTeaPep
(Geranium, Lavender, Tea Tree and Peppermint), EucalLem

Clove e Tea Tree),

(Eucalyptus and Lemon), Cinnamon, and Spearmint solutions
were tested according to the chemical characterization of the
mouthwashes in relation to pH, TA; and concentrations of Ca,
K and Na by induced plasma optical emission spectrometry (ICP
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OES). In addition, tests of these rinses were carried out on the
surface of bovine tooth enamel by: quantifying C, K, Na and P
through ion chromatography; analysis of morphology by scanning
electron microscopy (SEM); and loss of enamel surface dental by
profilometry. Artificial saliva was used as a positive control group,
acid citrus 0.3% as a negative control group. Distilled water and
other mouthwashes mouthpieces of OEs were the experimental
groups. The sample size was determined according to a previously
carried out pilot study. As it is an in vitro study, this research did
not follow a guideline.

2.1 Preparation of EO-containing solutions
(mouthwashes)

Five essential oil mouthwashes (EOs) were handled individually
or associated according to the manufacturer’s recommendations.
The description of the groups, plants and main components of each
EO, according to information from gas chromatography and mass
spectrometry (GC/MS) made available by the company, are
described in Table 1. The EO mouthwashes were prepared with
the same distilled water of the control group.

2.2 Chemical characterization of EO-
containing solutions

Five EO-containing solutions were manipulated according to
the manufacturer’s recommendations; in addition, artificial saliva
and 0.3% citric acid were respectively used as positive and negative
controls (Table 1).

A total of 10 mL of each solution was added to a glass beaker and
the pH value at 25°C was measured by a benchtop electrode
previously calibrated with standard solutions (pH 4.01, 7.00, and
10.00). The electrode was washed with distilled water between each
one of the three measurements.

Aliquots of 0.1 M sodium hydroxide were added to 10 mL of
each solution (eight samples per group), and the total base volume
(UL) of base needed to raise the initial pH to 7 was recorded. The TA
was not determined for solutions with initial pH above 7 or neutral.

A total of 0.5 mL of each EO-containing solution was mixed
with 0.5 mL of 10% (v/v) nitric acid (six samples per group), sieved
with filter paper, diluted in 1:10 deionized water, and placed into
polyethylene bottles (Medeiros et al., 2020). Ca**, K*, and Na* ions
were quantified by using inductively coupled plasma optical
emission spectrometry (ICP-OES) under axial configuration,
equipped with an automatic sampling system (Vista-MPX CCD
Simultaneous; Varian, Australia),

Mulgrave, and operating

conditions determined by specific software (ICP Expert

Vista; Varian).
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TABLE 1 Description of the groups.

Scientific name/main components®

10.3389/fchem.2024.1341769

Composition®

Artificial saliva

Citric acid
Distilled water

BaCloTea (Basil, Clove e Tea Tree)

2-hydroxypropane-1,2,3-tricarboxylic acid

- Ocimum basilicum/linalool, 1,8-cineol, eugenol, trans-a-bergamotene -
Eugenia caryophyllata/eugenol, Eugenyl acetate, B-caryophyllene -
Melaleuca alternifolia/terpinen-4-ol, y-terpineno, a-terpineno

0.35% citric acid; 0.007%
sodium chloride; 0.005%
magnesium chloride; 0.1%
potassium; 0.01% xylitol;
0.02% calcium carbonate;
1000 mL water

Artificial saliva

0.3% citric acid

Distilled water Distilled water

50 pL basil 50 pL cloven
50 uL tea tree 60 mL distilled
water

GeLaTeaPep (Geranium, Lavender, Tea Tree and Peppermint)

EucaLem (Eucalyptus and Lemon)
Cinnamon (Cinnamon)
Spearmint (Spearmint)

*Gas chromatography-mass spectrometry data reported by the manufacturer.
"The manufacturer declares that 1 drop corresponds to 50 pL.

2.3 Effect of EO-containing solutions on
enamel: ion concentrations, enamel surface
loss, and morphology

Bovine incisors (Bos taurus indicus) were disinfected into 0.1%
thymol solution for 1 week, scraped with periodontal curettes,
brushed with pumice paste, and ultrasonically cleaned with
distilled water for 10 min. The teeth with enamel cracks or
defects
stereomicroscope with x80 magnification, while sound teeth
were stored for up to 30 days in distilled water at 4°C (ISO/TR
11405:1994 standards).

A total of 158 enamel specimens (4 x 4 X 2 mm) were obtained
from the buccal surface of the teeth by using a water-cooled low-
speed diamond saw (Isomet; Buehler, Lake Bluff, IL, United States of
America) and ultrasonically cleaned with distilled water for 2 min

were  excluded after observation under a

(Machado et al., 2019). Seventy-two specimens were ground flat and
wet-polished at 300 rpm for 1 min with aluminum oxide papers
(400-, 600-, 1200-, and 4000-grit) and 1-pm-grit diamond paste)
and ultrasonically cleaned with distilled water for 3 min in between
of 72 with
curvature <0.3 um were covered with an adhesive unplasticized

every polishing step. Two areas specimens
polyvinyl chloride (UPVC) tape and an approximately 4 x 1 mm
window was left exposed for further analysis of enamel surface loss.

Eight groups (BaCloTea, GeLaTeaPep, EucaLem, Cinnamon,
Spearmint, Artificial saliva, Citric acid and Distilled water) were
randomly assigned in accordance to different solutions in which the
specimens were twice a day immersed under agitation for 30 s in
solutions and then washed with distilled water. The specimens were
stored in the artificial saliva in between exposure cycles, except for

the distilled water group. The exposure cycles were repeated for
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- Pelargonium graveolens/citronellol, citronellol format, geraniol,
isomenthone - Lavandula angustifolia/linalyl acetate, linalool, lavandulyl
acetate - Melaleuca alternifolia/terpinen-4-ol, y-terpinene, a-terpinene -

Mentha piperita/menthol, menthone, menthyl acetate

- Eucalyptus radiata/1,8-cineole, a-terpineol, limonene - Citrus limon/
limonene, B-pinene, y-terpinene

Cinnamomum verum/trans-cinnamaldehyde, trans-cinnamyl acetate, p-

Mentha spicata/carvone, limonene, 1,8-cineole

50 uL geranium 50 pL
lavender 50 pL tea tree
50 uL. peppermint 60 mL
distilled water

50 uL eucalyptus 50 pL lemon
60 mL distilled water

50 uL cinnamon bark 60 mL

caryophyllene distilled water

50 uL spearmint 60 mL
distilled water

14 days to simulate the complete consumption of a mouthrinse
bottle (Zero et al., 2004; Vieira-Junior et al., 2019).

The chemical quantification of the specimens was carried out
after removing the dentin layer from 72 specimens that were divided
into 9 experimental groups, in which 3 crushed specimens formed
1 sample (n = 3), using a tapered round-edge diamond bur mounted
in a water-cooled high-speed air turbine, the enamel was ground,
autoclaved, and placed in polytetrafluoroethylene vials previously
decontaminated in nitric (1%, v/v) acid and washed with deionized
water. Approximately 0.1 g of ground enamel, 3 mL of nitric acid,
I mL of hydrochloric acid, and 1 mL of hydrogen peroxide were
mixed and subjected to acidic digestion by microwave radiation
(MARSXpress; CEM, Matthews, NC, United States). The samples
were transferred to polypropylene bottles with a final volume of
50 mL and diluted (303x approximately) to quantify Ca, K, Na, and
P through ions chromatography (ICS-2000 Dual;
Sunnyvale, CA, United States) (Petta et al., 2017).

The enamel surface loss was determined through profilometric

Dionex,

measurements after 14-day exposure to the solutions (1 = 9). In each
specimen, the UPVC tapes were removed and these two areas were
used as references. A 2-mm long (X) and 1-mm wide (Y) scanned
that included both exposed and reference areas were performed by
using an optical profilometer (Proscan 2000; Scantron, Taunton,
United Kingdom) (Figure 1). The profilometer scanned two
hundred 0.01-mm steps and ten 0.1-mm steps in the X- and
Y-axis, respectively. The depth of the exposed area was
determined by subtracting the average height of the two
reference areas (3-point height tool)
Software 2.0.17) (Lopes et al., 2020).
Two random specimens per group (except for distilled water)

(Proscan  Application

were ultrasonically cleaned, dried, mounted on aluminum stubs,
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1 CHEMICAL CHARACTERIZATION OF EO-CONTAINING SOLUTIONS
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FIGURE 1
Schematic figure illustrating the study set-up.

sputter-coated with gold-palladium (JFC 1100E Ion Sputter, Jeol),
and the enamel surface morphology was qualitatively analyzed
under a scanning electron microscope (SEM; VEGA3 Tescan,
Brno, Czech Republic) at x6,000 and x10,000 magnifications.

2.4 Statistical analysis
The Shapiro-Wilk and Levene tests were used to respectively

assess the normal distribution and homoscedasticity of pH, TA, ions
concentration, and enamel surface loss data. Groups were compared
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using one-way analysis of variance (ANOVA) and post hoc Tukey
multiple comparisons at a significance level of p < 0.05 (SPSS 17.0,
IBM Corp., Chicago, IL, United States). The chromatography data
were descriptively analyzed through means and standard deviations.

3 Results

3.1 Essential oil-containing solutions have
low pH and titratable acidity

The five EO-containing solutions presented significantly lower
pH than distilled water (p < 0.05) and below the critical value (5.5)
for enamel dissolution. BaCloTea (Basil, Clove e Tea Tree),
GeLaTeaPep (Geranium, Lavender, Tea Tree and Peppermint),
Eucalem (Eucalyptus and Lemon), and Cinnamon groups
showed the lowest pH values. The pH and TA mean values for
each group are shown in Table 2. The GeLaTeaPep group presented
a significantly higher TA value than BaCloTea (p < 0.05), which in
turn showed a significantly higher TA value in comparison to the
other EO-containing solutions (p < 0.05). The distilled water
presented significantly higher Ca, K, and Na concentrations than
all EO-containing solutions (p < 0.05) (Figure 2).

3.2 EO-containing solutions release small
concentrations of Ca and P

The Ca, K, Na, and P concentrations in enamel after 14-day
exposure to EO-containing solutions are described in Table 3.
Artificial saliva (positive control) and citric acid (negative
control) presented the highest and the lowest Ca, K, Na, and P
concentrations, respectively. GeLaTeaPep and Eucalem were the
EO-containing solutions with the lowest Ca, Na, and P
concentrations. All EO-containing solutions showed lower Ca
and P than Except for
GeLaTeaPep and EucaLlem groups, the other EO-containing

concentrations artificial ~ saliva.

solutions showed higher Ca and P concentrations than citric acid.

3.3 EO-containing solutions induce enamel
surface loss without morphology alteration

All EO-containing solutions induced significantly higher
enamel surface loss than artificial saliva and were not different
from distilled water (except for the BaCloTea group) (Table 4).
BaCloTea and Cinnamon groups showed the highest enamel
surface loss and were not different from citric acid. EucalLem,
GeLaTeaPep, and Spearmint groups present the lowest enamel
surface loss.

The morphology of the enamel surface only exposed to artificial
saliva was found predominantly smooth, regular, and uniform.
Although slight marks of specimen preparation can be observed,
the surface still presented aprismatic enamel without prisms
exposure (Figures 3A, B). Conversely, the exposure to 0.3% citric
acid resulted in the exposure of enamel prisms, interprismatic
regions, and grooves that indicate accentuated demineralization
(Figures 3C, D). The enamel surface of the specimens exposed to
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TABLE 2 pH and AT mean values (+ standard deviations) for EO-containing solutions and distilled water.

Group Baseline pH* TA (pL)**
BaCloTea 3.3 (+£0.45)* 11.0 (+0.00)"
Cinnamon 3.4 (+0.43)* 8.8 (+0.35) A€
GeLaTeaPep 3.4 (+0.56)* 21.3 (£2.61)"F
Eucalem 3.7 (£0.20) * 8.0 (+1.48)*
Spearmint 4.3 (+0.57)° 6.7 (£1.28) A8
Distilled water 7.7 (+0.46)° -

*Groups with the same superscripted lowercase letter are not significantly different (one-way ANOVA, and Tukey, p < 0.05).
**Groups with the same superscripted capital letter are not significantly different (one-way ANOVA, and Tukey, p < 0.05).

i | Spearmint 7'
Spearmint Spearmint l P
i )
S Cinnamon 2 Cinnamon ] Cinnamon
< ° i s »H
(G}
© Eucalem Eucalem l Eucalem
GelaTeaPe GelaTeaPe GelaTeaPe )
BaCloTea | BaCloTea BaCloTea "
Distilled water -« Distilled water _—_< % Distilled water —H *
0 0,751,52,25 3 37545 0 4 8 12 16 20 2 0 15 3 45 6 75 9
Ca (mg/l) K (mg/l) Na (mg/1)
FIGURE 2

Ca, K, and Na concentrations (mg/L) in EO-containing solutions and distilled water. Groups followed by an asterisk (*) are significantly different from
the other groups (ANOVA and Tukey, p < 0.05).

TABLE 3 Ca, K, Na, and P mean concentrations (+ standard deviations) in enamel after 14-day exposure to EO-containing solutions, citric acid, distiller
water, and artificial saliva.

Na (mg/L) P (mg/L)

Ca (mg/L)

K (mg/L)

GeLaTeaPep

23098.8 (+£3002.7)

189.8 (+20.8)

7119.4 (+815.3)

1432.0 (+157.5)

Eucalem

23623.0 (+1884.6)

184.3 (£12.8)

7407.8 (+1688.8)

1444.8 (£119.7)

Citric acid

23980.5 (+£2632.1)

171.0 (£24.9)

8193.5 (£779.3)

1497.9 (+107.7)

Cinnamon 242824 (£5917.2) 201.0 (+10.2) 8223.8 (+2002.6) 1465.1 (+307.1)
BaCloTea 25070.1 (+3937.3) 2123 (£10.7) 8108.5 (+2119.7) 1613.3 (£226.7)
Spearmint 25919.9 (+6083.8) 195.0 (£19.0) 9367.8 (+2427.1) 1558.7 (+£345.4)

Distilled water

Artificial saliva

27894.5 (+4752.0)

29322.6 (+2250.8)

180.3 (+11.0)

231.2 (£51.9)

9241.7 (+2464.2)

10778.1 (£1742.7

1771.0 (+218.3)

1818.3 (+142.4)

EO-containing solutions showed similar morphology of the positive

control group (artificial saliva) (Figures 3E-N).

4 Discussion

The EO-containing solutions investigated in this study have low
pH, TA, and Ca, K, and Na concentrations. In addition, these
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solutions released low Ca and P concentrations into the enamel

and induced different levels of surface loss without affecting
remarkable morphology alterations.

The EO-containing solutions presented pH values below 5.5,

which is widely considered critical for enamel dissolution; however,
this process also depends on the buffer capacity, TA, and Ca, P, and

05

fluoride (F) concentrations (Dawes, 2003; Saads Carvalho and Lussi,
2020; Harper et al, 2021). Several oral care products such as
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TABLE 4 Means (+ standard deviations) of enamel surface loss after 14-day
exposure to EO containing solutions, citric acid, distiller water, and artificial
saliva.

Group Enamel surface loss (um)

Artificial saliva 0.3 (+0.3)*

Distilled water 0.7 (£0.5) =

EucaLem 1.0 (+0.3)®
GeLaTeaPep 3.1 (£1.9)°
Spearmint 3.9 (+2.3)
Cinnamon 5.3 (£2.9) <
BaCloTea 7.4 (£3.5)¢
Citric acid 8.3 (£2.7)¢

*Groups with the same superscripted lowercase letter are not significantly different (one-
way ANOVA, and Tukey, p < 0.05).

F-containing mouthrinses have a low pH (Hellwig and Lussi, 2006).
The results of this study are in agreement with other investigations
on EO- and F-containing mouthrinses (Zero et al., 2004; Delgado
et al., 2018; Valdivia-Tapia et al.,, 2021) and pH values similar to
sports drinks (Sato et al, 2021). The EO-containing solutions
investigated in this study showed low pH; however, they needed
a small amount of base to be neutralized (low TA) (Saads Carvalho
and Lussi, 2020), which represents a low erosive potential for tooth
tissues (Harper et al., 2021). Delgado et al. (2018) observed some
commercially available mouthrinses (Listerine Total Care, Listerine
Ultraclean, Listerine Original, and Scope Classic) with pH below
5.5 and high TA; thus, both parameters were significantly correlated
to dentin loss and erosive potential. Similar findings were also
reported by Cavalcanti et al. (2010) regarding other branded
mouthrinses.

In this study, the EO-containing solutions presented ions that are
Ca
remineralization, while P and Na play a major role in membrane

important for the oral environment. is essential for
potential and hypersensitivity regulation (Cummins, 2009; Gonzalez-

Cabezas and Fernandez, 2018; Li et al., 2020). Moreover, Ca and P are

FIGURE 3
SEM photomicrographs (x6,000 and x10,000 magnifications) of enamel after 14-day exposure to (A, B) artificial saliva, (C, D) citric acid, (E, F)
BaCloTea, (G, H) GelLaTeaPep, (I, J) EucaLem, (K, L) Cinnamon, and (M, N) Spearmint.
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the main components of hydroxyapatite [Ca;o(PO4)s(OH),]. The
Spearmint showed the highest pH value, lowest TA, and Ca
concentration similar to the other EO-containing solutions. This
EO has 58% of carvone (C;oH,40), which is a monoterpene ketone
with promising antimicrobial, antispasmodic, anti-inflammatory,
antioxidant, antinociceptive, and anticonvulsant  activities
(Dehsheikh et al,, 2020; Pina et al., 2022); in addition, Mentha
spicata has demonstrated to retard biofilm formation and can be
considered an effective, cheap and safe alternative to improve oral
health (Rasooli et al., 2009; Wiwattanarattanabut et al., 2017).

Among the scarce evidence on the effect of EO-containing
mouthrinses, their use against cariogenic bacteria (Almeida Freires
etal, 2015; Braga et al,, 2019; Ma et al., 2020) and to reduce plaque and
gingivitis have been suggested (Haas et al., 2016; Richards, 2017; Lynch
et al,, 2018). Some vegetable oils have been demonstrated to form a
lipid-rich pellicle that minimizes enamel and dentin demineralization
(Buchalla et al., 2003; Kensche et al., 2013; Ionta et al., 2017). The
preventive potential of vegetable oils has been widely studied since they
are natural, edible, cheap, and worldwide accessible (Ionta et al., 2017).

In this study, the 14-day protocol of exposure of enamel specimens
to EO-containing solutions simulated two daily mouthrinses (morning
and afternoon) usually performed by individuals (Vieira-Junior et al.,
2019) and evaluated the sole effect of five EO-containing solutions on
enamel without other variables such as erosion, wear, or toothbrushing
(Zero et al., 2004; Delgado et al., 2018).

Most commercially available EO-containing mouthrinses
usually contain 5%-27% of alcohol, which acts as a preservative,
germicide, and solubilizer to maintain EO bioavailability (Silverman
and Wilder, 2006; Gandini et al.,, 2012; Lynch et al., 2018; Pelino et
al,, 2018). The five EO-containing solutions evaluated in this study
were prepared without the addition of alcohol by following the
manufacturer’s recommendations for at-home use. Some studies
have shown reliable antibacterial and antiplaque effects of alcohol-
free EO-containing mouthrinses (Quintas et al., 2017; Lynch
et al.,, 2018).

The highest Ca, K, Na, and P concentrations were observed in the
enamel specimens exposed to artificial saliva (positive control).
Despite the variety of artificial saliva formulations used for in vitro
research, this product usually induces greater enamel remineralization
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than water (Ionta et al., 2014). The chromatography revealed that the
EO-containing solutions released smaller amounts of Ca®* and P ions
when compared to the distilled water group.

Except for the negative control, the BaCloTea group showed the
greatest enamel surface loss, which is in agreement with its lowest
pH among the investigated EO-containing solutions. EucaLem,
GeLaTeaPep, and Spearmint showed the lowest enamel surface
loss mean values and were not significantly different from the
distilled water group. However, in the SEM photomicrographs,
the enamel surfaces of the specimens exposed to the EO-
containing solutions were found similar to the positive control
and distilled water groups. Loss of enamel surface was only
clearly observed in the negative control group. While SEM is a
method for qualitative analysis of the enamel surface microanatomy
(Zhang et al.,, 2000), profilometry is a quantitative method that can
accurately determine surface losses greater than 0.4 um (Attin and
Wegehaupt, 2014). Therefore, it can be assumed that profilometry
can detect clinically imperceptible losses on the enamel surface that
are not visualized through SEM.

Under slightly acidic pH, the Ca®" ions from the tooth surface
react with F ions to form a layer of calcium fluoride (CaF,) or CaF,-
like molecule, which is more acid-resistant (Lussi et al., 2012;
Schiffner, 2021).
investigated in this study showed chemical parameters that could
benefit from the addition of F
abovementioned enamel surface losses.

Interestingly, the EO-containing solutions
ions to remineralize the

The effects of oral hygiene products on tooth structure must be
well known, since they are widely used on a daily basis to maintain
oral health. Thus, EO-containing solutions can be a viable and non-
aggressive alternative to preserve tooth structure. Since this in vitro
study did not fully simulate the oral environment, the effect of
human saliva on acquired pellicle formation and enamel
remineralization was not addressed (Nahsan et al., 2018; Lopes
et al,, 2020). Although the specimens were stored in artificial saliva,
the effect of the EO-containing solutions on the enamel surface may
have been more pronounced. Therefore, further in situ studies and
clinical trials are encouraged to overcome these limitations.

The EO-containing solutions have low pH, TA, and low
concentrations of Ca, Na, and K. Moreover, enamel exposed to
these solutions showed low Ca and P concentrations and slight
surface loss without morphology alteration.
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