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Abstract

Introduction: Evidence shows that people from
different regions have different teeth characteristics
based on their daily water consumption. This exploratory
study aimed to measure the mineralization potential of
mineral water and fresh milk on the demineralized
enamel surface. Methods: The enamel surface was
softened for 10 min in 100 ml of 1% citric acid under 150
rpm agitation in all specimens. Afterward, the specimens
were mineralized with 100 ml of mineral water and milk
under 150 rpm agitation. The mineral content of the
enamel surface before and after the treatment in
nanoscale was measured using an energy-dispersive Xray spectrometer (EDXS). Before and after treatment, the
results of EDXS were analyzed using a one-way
ANOVA test. Results: The results showed that initial
treatment with citric acid significantly increased the
surface roughness of the enamel surface. Moreover, in
treatment with fresh milk, the potassium and sodium
content of the enamel surface increased. It was also
reported that mineral water treatment increased the
sodium content of the enamel surface. Conclusion: The
findings suggested that milk and mineral water might
slightly recover the damage induced by citric acid on the
enamel surface.
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Introduction
Dental erosion by acidic beverages happens by chronic
exposure to erosive acids at low pH and is defined by
leaving a small demineralized zone behind (1–3).
Conventionally, the demineralization process is
characterized by changes in the mineral content of the
tooth enamel after acid softening. Remineralization is
also defined as calcium and phosphate uptake through the
surface enamel (4,5). Therefore, mineralization is the
chemical process of enamel formation through the
combination of calcium, phosphate, and hydroxyl ions.
Evidence confirmed that cavities develop when the rate
of demineralization exceeds the rate of remineralization,
typically in a process that requires a long time (6).
The demineralization of enamel occurs for several
reasons; however, it most importantly happens due to
fermentable carbohydrates and the acid by-product of
oral microbes. The results of studies suggest that
treatment with minerals may protect sound enamel from
acid surface softening and enhance the remineralization
of erosive lesions (7). The detection of enamel loss is
based on the surface hardness measurement by
calculating the depth, baseline, and post-treatment
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roughness (8). The surface hardness values reflect
average hardness for the given mineral content of the
enamel; nevertheless, they do not clarify the crystalline
structure of redeposited minerals (9). The surface
roughness and mineralization of tooth enamel can be
measured with various techniques. Micro EDX
fluorescence is a powerful technique for mapping the
surface roughness and mineral content of enamel and
other dental materials after chemical erosion (10–12).
Water is one of the most common drinking liquids in
human life, and each type of mineral water has a
corresponding effect on teeth. Moreover, tooth enamel
contains a high mineral concentration in the human body,
and the primary mineral compound in enamel
is hydroxyapatite, a crystalline calcium phosphate (13–
15). Calcium phosphate is highly soluble in saliva and
serves as a source of calcium and phosphate required for
decalcified teeth (16). Therefore, this study mainly aimed
to determine the effect of mineral water and milk on tooth
enamel. Furthermore, the findings of this study may help
people understand the impact of milk and water rinsing
on surface rehardening of acid softened enamel, which
happens daily by consuming acidic drinks.

Materials and Methods
Tooth preparation
A total of 30 extracted human teeth were collected. It is
noteworthy that teeth with pathological or gingival
problems were excluded from the study. The teeth were
prepared according to the technique provided by
Pahlavan et al. (17) and Azer et al. (18). For this purpose,
the extracted incisor teeth were collected and stored in
refrigeration until testing. Teeth structures were
investigated with a 4x magnifier and transillumination

(AdDent, USA) to ensure they were free of cracks,
restorations, or caries. The labial surface of the teeth was
sectioned to form specimens with the same size of square
enamel block (7 mm×7 mm×2 mm) using a diamond disc
(NTI, UK) and cooled with profuse water. The enamel
surface was flatted using abrasive paper. The specimens
were stored in artificial saliva for 48 h at 37C before
testing to keep 100% relative humidity. The initial
mineral contents of the enamel surface (Ca, Mg, K, and
Na) were measured at the baseline using an energydispersive X-ray spectrometer (EDXS; Skyray
Instrument, USA).
Treatment
According to the technique developed by EstevesOliveira et al. (5), the enamel surface of specimens was
softened for 3 min in 100 ml of 1% citric acid (pH=4)
under 150 rpm agitation. The samples were rinsed with
distilled water for 30 seconds and hydrated in artificial
saliva (Thermo Fisher, Malaysia) before being subjected
to the remineralization regime. Subsequently, specimens
were treated with 100 ml of mineral water (300 ppm),
distilled water, and milk under 150 rpm agitation for 24
h. The distilled water was used as a control. Specimens
were rinsed with distilled water for 30 sec and hydrated
in artificial saliva to maintain 100% relative humidity.
Finally, the mineral contents of the enamel surface (Ca,
Mg, K, and Na) were measured at the end of the
hardening regime using an EDX spectrometer (Skyray
Instrument, USA). The enamel surface roughness in
treated citric acid was evaluated by an enamel surface
scanning electron micrograph (400x, 500x, and 1,000x).
Table I presents the mineral composition of mineral
water (Evian™) and Fresh milk (Nestle™). The EDX
measurement extended for six hours for all samples.

Table I: Mineral composition of the treatments
Mineral water

Fresh milk

Calcium

80 mg.L-1

5.0 mg.L-1

Magnesium

26 mg.L-1

0.1 mg.L-1

Potassium

1 mg.L-1

1.3 mg.L-1

Sodium

6.5 mg.L-1

1.7 mg.L-1

Statistical Analysis
The results of EDXS before and after the treatment and
those of surface roughness through scanning electron
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micrograph were statistically evaluated using a one-way
ANOVA test. P-values of < 0.05 were considered
statistically significant. The graphs were prepared using
MS Excel 2010.

Results
The result showed that after treatment with citric acid, the
surface roughness of enamel significantly increased (F
(2, 6) =2.57, P<0.05). In contrast, in treatment with fresh

milk, the surface roughness of milk decreased
significantly, indicating milk's protective properties on
dental enamel (figures 1, 2, and 7). Moreover, based on
the results, fresh milk decreased the surface roughness of
the enamel surface, suggesting the healing properties of
milk on citric acid-treated enamel (F (2, 6) =1.98,
P>0.05). It was also found that mineral water increased
the surface roughness due to mineral aggregation on the
enamel surface.

Figure 1: Surface roughness of enamel surface treated with citric acid

Figure 2: Quantity of induced surface roughness of enamel treated with different materials
The result of EDXS showed that after treatment with
citric acid, the calcium content of enamel slightly
Vafadoost et al.

changed (Figure 3). However, statistical analysis
confirmed no significant difference in calcium content of
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enamel surface treated with different drinking materials
(F (2, 6) =1.88, P>0.05). It was also reported that the
calcium content of enamel was slightly washed by

mineral water and milk due to morphological changes
(Figure 3).

Figure 3: Calcium content of enamel surface initially and after treatment with different materials
Based on the result of EDXS, the treatment of the enamel
surface with fresh milk slightly increased the magnesium
content of the enamel surface. It hardened the softened
enamel after citric acid treatment. On the other hand, the
results showed that in the control group, the magnesium

content of the enamel decreased after treatment with
citric acid (Figure 4). Nonetheless, statistical analysis
showed that the difference in magnesium concentration
of enamel surface treated with different materials was not
significant (F (2, 6) =2.44, P>0.05).

Figure 4: Magnesium content of enamel surface initially and after treatment with different materials
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Figure 5: Potassium content of enamel surface before and after treatment with different materials
The results of statistical analysis revealed that the
potassium content of enamel surface treated with
different materials was significantly different (F (2, 6)
=10.59, P<0.01). Moreover, EDXS confirmed that the
enamel surface treatment with fresh milk increased the
potassium content of the enamel surface and healed the
damage of citric acid. In addition, mineral water partially
recovered the damages of citric acid. On the other hand,
the results demonstrated that citric acid reduced the
potassium content of the enamel surface (Figure 5).
According to the statistical analysis, the sodium content

of the enamel surface treated with different materials was
significantly different (F (2, 6) =35.71, P<0.01).
Therefore, the results of EDXS confirmed that the
treatment of the enamel surface with fresh milk and
mineral water recovered the damage of citric acid to a
higher level than the initial concentration. Furthermore,
the results showed that the citric acid slightly decreased
the sodium content of the enamel surface (Figure 6).

Figure 6: Sodium content of enamel surface before and after treatment with different materials
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Figure 7: Electron micrograph of surface roughness of enamel treated with different materials (500x)

Discussion
In the current study, the effects of mineral water and fresh
milk on the nano-hardness of tooth enamel surface were
measured. Mineral water and dairy products contain
inorganic Na+, K+, Mg2+, and Ca2+, similar to the mineral
content of enamel, including Al-, Fe2+, Mg2+, Ca2+, Na+,
and K+ (19). It is noteworthy that tooth enamel is almost
entirely composed of calcium phosphate with specific
mineral content (20). Additionally, citric acid leads to
enamel surface roughness through anatomical and
morphological change (21–23). Therefore, the results of
the present study suggested that fresh milk might heal the
enamel surface after treating citric acid.
The potassium and sodium content of the enamel surface
increased in treatment with milk to a higher level than the
initial concentration. Furthermore, mineral water
increased the sodium content of the enamel surface and
slightly covered the damage induced by citric acid on the
enamel surface. Evidence revealed that the enamel
mineral loss of uptake is correlated with the change of its
nano-hardness (5). Assessment techniques, such as
microhardness and profilometry, were used to evaluate
the loss of dental hard tissue by erosive challenges (12).
The nature of remineralization of eroded enamel depends
on initial demineralization conditions and the ratio of
calcium to phosphate content of saliva (6, 24).
Remineralization on the enamel surface happens by the
uptake of calcium and phosphate. However, the evidence
revealed that distilled water has no minerals content and
if distilled water contacts the tooth, it sucks out the
minerals from the enamel and accelerates enamel
destruction (25–27).
Highly supersaturated calcifying solutions can be used to
enhance mineral appositions (28). It is noteworthy that
remineralization of the enamel depends on the pH and the
16 JDMT, Volume 11, Number 1, December 2022

amount of calcium and phosphate available in the water
(16). Evidence shows that demineralization begins at the
nanoscale level at the crystal surface inside the enamel
and can continue unless be halted (6). Moreover, EDXS
is a pioneering technique to evaluate the content of
specific substances, such as the enamel surface (12). The
results of a study on eroded dentin using transverse
microradiography showed that phosphate-rich solution
could provide better remineralization than the calciumrich one. The surface nano-hardness and EDXS results
on eroded enamel were reported in this study and
expanded the previous research conducted on eroded
enamel (24). The findings suggested that milk and
mineral water might slightly recover the damage induced
by citric acid on the enamel surface at the nanoscale level.

Conclusion
Tooth remineralization with the consumption of mineral
water or fresh milk is an area of potential interest for oral
health. The results demonstrated that the citric acid led to
the anatomical change of the enamel surface, and the
mineral water led to increased sodium content compared
to the initial concentration on the enamel surface.
Furthermore, mineral water slightly covered the damage
induced on the enamel surface. Additionally, an increase
was observed in the potassium and sodium content of the
enamel surface treated with fresh milk.

Conflict of interest
Authors declare no conflict of interest.

Acknowledgments
The authors acknowledge Dr. Khoshzaban for reading
and commenting on this article.
Mineralization potential of milk and mineral water

References
1.
Magalhães AC, Wiegand A, Rios D, Buzalaf
MAR, Lussi A. Fluoride in dental erosion. Monogr Oral
Sci. 2011;22:158-170.
2.
Parkinson CR, Shahzad A, Rees GD. Initial
stages of enamel erosion: An in situ atomic force
microscopy study. J Struct Biol. 2010;171(3):298–302.
3.
Moeiny P, Sayahpour S, Raofie F, Aminikhah
A, Kharazifard MJ. Assessment of the Effect of Fruit
(Apple) and Plain Yoghurt Consumption on Plaque pH.
J Dent Mater Tech. 2017;6(3):117–124.
4.
Corpron RE, Clark JW, Arnold J, More FG,
Merrill D, Kowalski CJ. Intra-oral effects on acidsoftened enamel of NaF lozenges administered in divided
daily doses. J Dent Res. 1987;66(5):1020–1024.
5.
Esteves-Oliveira M, Pasaporti C, Heussen N,
Eduardo CP, Lampert F, Apel C. Rehardening of acidsoftened enamel and prevention of enamel softening
through CO2 laser irradiation. J Dent. 2011;39(6):414–
421.
6.
Featherstone JDB. Dental caries: a dynamic
disease process. Aust Dent J. 2008;53(3):286–291.
7.
Fowler C, Willson R, Rees GD. In vitro
microhardness studies on a new anti-erosion
desensitizing toothpaste. J Clin Dent. 2006;17(4):100–
105.
8.
Wiegand A, Wegehaupt F, Werner C, Attin T.
Susceptibility of acid-softened enamel to mechanical
wear - Ultrasonication versus toothbrushing abrasion.
Caries Res. 2006;41(1):56–60.
9.
Clark JW, Quiros A, Corpron RE, More FG,
Kowalski CJ. In vivo effects of a SnF2 gel on acidsoftened enamel. J Dent Res. 1986;65(5):698–702.
10.
Caneppele TMF, Jeronymo RDI, Di Nicoló R,
de Araújo MAM, Soares LES. In vitro assessment of
dentin erosion after immersion in acidic beverages:
Surface profile analysis and energy-dispersive X-ray
fluorescence spectrometry study. Braz Dent J.
2012;23(4):373–378.
11.
Soares LES, Lima LR, Vieira LDS, Do Espírito
Santo AM, Martin AA. Erosion effects on chemical
composition and morphology of dental materials and root
dentin. Microsc Res Tech. 2012;75(6):703–710.
12.
Di R, Jeronymo I, Nicoló R Di, Eduardo L,
Soares S. In Vitro Assessment of Dentin Erosion after
Immersion in Acidic Beverages : Surface Profile
Vafadoost et al.

Analysis and Energy-Dispersive X-Ray Fluorescence
Spectrometry Study. Braz Dent J. 2012;23(4):373–378.
13.
Moszner N, Salz U, Zimmermann J. Chemical
aspects of self-etching enamel-dentin adhesives: a
systematic review. Dent Mater. 2014;21(10):895–910.
14.
Arnold WH, Forer S, Heesen J, Yudovich K,
Steinberg D, Gaengler P. The in vitro effect of
fluoridated milk in a bacterial biofilm - enamel model.
Biomed Pap. 2006;150(1):63–69.
15.
Jayasudha, Baswaraj, H K N, K B P. Enamel
regeneration - current progress and challenges. J Clin
Diagn Res. 2014 Sep;8(9):ZE06-09.
16.
Abou Neel EA, Aljabo A, Strange A, Ibrahim S,
Coathup M, Young AM, et al. Demineralizationremineralization dynamics in teeth and bone. Int J
Nanomedicine. 2016;11:4743–4763.
17.
Pahlavan A, Taheri A. Role of cusp coverage in
the protection of unsupported enamel in posterior
composite restorations. J Islam Dent Assoc IRAN.
2004;16(3):15–20.
18.
Azer SS, Machado C, Sanchez E, Rashid R.
Effect of home bleaching systems on enamel
nanohardness and elastic modulus. J Dent [Internet].
2009;37(3):185–190.
19.
Lakomaa EL, Rytömaa I. Mineral composition
of enamel and dentin of primary and permanent teeth in
Finland. Scand J Dent Res. 85(2):89–95.
20.
Staines M, Robinson WH, Hood JAA. Spherical
indentation of tooth enamel. J Mater Sci.
1981;16(9):2551–2556.
21.
Kukiattrakoon B, Hengtrakool C, KedjaruneLeggat U. The effect of acidic agents on surface ion
leaching and surface characteristics of dental porcelains.
J Prosthet Dent. 2010;103(3):148–162.
22.
Reddy D, Kumar R, Venkatesan S, Narayan G,
Duraivel D, Indra R. Influence of citric acid on the
surface texture of glass ionomer restorative materials. J
Conserv Dent. 2014; 17(5):436-439.
23.
Kukiattrakoon B, Hengtrakool C, KedjaruneLeggat U. Effect of acidic agents on surface roughness of
dental ceramics. Dent Res J (Isfahan). 2011;8(1):6–15.
24.
Karlinsey RL, Mackey AC, Blanken DD,
Schwandt CS. Remineralization of eroded enamel lesions
by simulated saliva in vitro. Open Dent J. 2012;6:170–
176.

JDMT, Volume 11, Number 1, March 2022 17

25.
Gedalia I, Dakuar A, Shapira L, Lewinstein I,
Goultschin J, Rahamim E. Enamel softening with CocaCola and rehardening with milk or saliva. Am J Dent.
1991;4(3):120–122.
26.
Gedalia I, Davidov I, Lewinstein I, Shapira L.
Effect of hard cheese exposure, with and without fluoride
prerinse, on the rehardening of softened human enamel.
Caries Res. 1992;26(4):290–292.

27.
ten Cate JM. Review on fluoride, with special
emphasis on calcium fluoride mechanisms in caries
prevention. Eur J Oral Sci. 1997;105(5 Pt 2):461–465.
28.
Collys K, Cleymaet R, Coomans D, Michotte Y,
Slop D. Rehardening of surface softened and surface
etched enamel in vitro and by intraoral exposure. Caries
Res. 1993;27(1):15–20.

Corresponding Author
Hamid Ahmadian-Moghadam
Department of Genetics, Iranian Institute for Reduction of High-Risk Behaviors, Tehran University of Medical
Sciences, Tehran, Iran.
Tel: 09122190284
Email: h-ahmadianm@alumnus.tums.ac.ir

18 JDMT, Volume 11, Number 1, December 2022

Mineralization potential of milk and mineral water

