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ABSTRACT

Introduction:­Tooth remineralization agent can be found in pasteurized milk and soy milk. Ca2+ and PO4
3- 

ions concentration in both products inhibited hydroxyapatite dissolution and enhanced remineralization. 
This study was aimed to investigate the effect of pasteurized milk and pure soy milk on tooth enamel 
remineralization. Methods:­This study was an experimental laboratory with pre-test post-test control 
group design. Twenty-seven maxillary premolars were divided into 3 groups; 37% phosphoric acid used 
to demineralized the samples followed by initial enamel hardness measurement. All samples were 
immersed in aquadest, pasteurized milk, and pure soy milk for 14 days, 102 minutes per day. Final 
enamel hardness was measured with the Vickers hardness test. Results:­Increasing enamel hardness was 
found in all groups. Two-way ANOVA test was used to compare the increase of enamel hardness in all 
group, which showed the p-value = 0.002. Post-hoc LSD test was then used to compare the increase of 
the enamel hardness in pasteurized milk and pure soy milk groups, which resulted in the p-value = 0.147. 
Conclusion:­There was an effect of pasteurized milk and pure soy milk group on enamel remineralization. 
However, there was no difference in the increase of enamel hardness value between pasteurized milk 
and pure soy milk groups.

Keywords:­Pasteurized milk, pure soy milk, tooth enamel, remineralization.

INTRODUCTION

There is an interdependent relationship between 
nutrition and health of oral tissues. Eating a well-
balanced diet is imperative to maintaining good 
oral health.1 Dietary habit plays a vital role in 
preventing oral diseases, including dental caries, 
dental erosion, developmental diseases, oral 
mucose disease, and periodontal disease. Food 

that contained high calcium and phosphate could 
enhance tooth remineralization.2-3 The tooth is 
composed of enamel, pulp-dentine complex, and 
cementum. Enamel is the hardest substance in 
the human body and serves as the wear-resistant 
outer layer of the dental crown. Enamel consists 
of about 65% water, 20% organic material and 
15% hydroxyapatite. Hydroxyapatite comprises 
calcium and phosphate predominantly.4-5
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Teeth are exposed to food, drink, and oral 
microbiota; therefore, they have developed a 
high resistance to localized demineralization. 
Demineralization is the process of minerals ions 
removals from HA crystals of hard tissues, for 
example, enamel, dentin, cementum, and bone. 
Restoring these mineral ions to the HA crystals 
is called remineralization. Both processes occur 
on the tooth surface. Demineralization and 
remineralization are a dynamic physicochemical 
process that impact hardness and enamel 
strength.6-10 Remineralization is the redeposition 
process of enamel’s mineral, which occurs in 
the normal salivary pH. There are some ideal 
requirements of remineralization material; 
having low viscosity to diffuses into the 
subsurface or delivers calcium and phosphate 
into the subsurface. Stabilized bioavailability 
of calcium, phosphate, and fluoride ions do not 
create an excess of calcium; thus also do not 
favour the calculus formation. It also works at 
an acidic pH, in xerostomic patients, and boosts 
the remineralization properties of saliva.7-10 

Milk provides large amounts of calcium and 
phosphates and helps tooth remineralization.7 
Pasteurized milk is a product that processed with 
heat exposure in the temperature of 62.8°C or 
71.7°C, and the most kind of milk consumed by 
society.3,11 The low viscosity of milk facilitates 
calcium ion and phosphate diffusion in enamel 
that leads to remineralization process.12 Fresh 
milk, pasteurized milk, and skimmed milk were 
effective in reducing enamel dissolution. Gunn 
and Woodward3 reported a higher effectivity of 
pasteurized milk in enamel dissolution prevention 
than breast milk in vitro. Rahardjo et al13 showed a 
higher protective effect against demineralization 
in the topical application of milk than a 
combined form of milk-tea and 0.2% milk-NaF.13 

Calcium, phosphate, and casein in milk 
inhibited demineralization and enhanced tooth 
remineralization. Casein derivates, such as 
casein phosphopeptide (CPP) is an alternative 
remineralizing agent due to its ability to stabilize 
the calcium and phosphate in the amorphous non-
crystalline state, also known as amorphous calcium 
phosphate (ACP). CPP-ACP facilitates adhesion of 
calcium and phosphate into enamel microporosity, 
thus enhanced remineralization.9,14 Nowadays, 
increasing awareness of cows milk protein allergy 

and intolerance, and higher preference for vegan 
dietary habits have influenced people to choose 
cows milk substitutes. The alternative product 
that contained similar nutrition to cows milk is soy 
milk, coconut milk, and almond milk.15,16 Soybean 
has chosen as the main material of milk due to its 
high nutrition compared than other nut product.17 
The use of soy milk was first reported about 2000 
years ago in China. Soy milk was the first plant-
based milk which served the purpose of providing 
nutrients to a population where the cow’s milk 
supply was inadequate.18,19 Soy beverage contains 
much lower carbohydrates and fats compared to 
cow milk. Calcium and phosphor were the main 
mineral contained in soy milk and has an essential 
role in tooth and bone remineralization process.12,13 

In previous research conducted by 
Widyaningtyas12 discovered a decreasing of enamel 
micropores depth in the teeth im-mersed with 
pure soy milk compared to artificial saliva as media 
for 8 hours in 14 days. High concentrated calcium 
and phos-phate, and low viscosity of soy milk 
accelerate precipitation of mineral calcium and 
phosphate thus lead to the enamel mi-croporosity 
closure happened and increased remineralization 
potential. This study showed that pure soy milk 
had a similarity to the remineralizing solution.12 
Based on the explanation above, the present study 
was aimed to investigate the effect of pasteurized 
milk and pure soy milk in remineralizing enamel.

METHODS

This study was an experimental laboratory 
with pre-test post-test control group design. 
Inclusion criteria were as follows: post extraction 
premolars with normal size, shape, and intact 
crown. Exclusion criteria were decayed or 
fractured tooth, attrition, abrasion, erode tooth, 
dental filling, tooth with endodontic treatment, 
discoloured and cracked tooth. Samples were as 
many as 27 post-extraction premolars that met 
the inclusion and exclusion criteria.  

Samples were cleaned and disinfected with 
alcohol, then rinsed by aquadest. The tooth was 
thoroughly cut at the cemento-enamel junction 
that subsequently separates the crown and the 
root part — tooth crown embedded in an acrylic 
mould with the mesial side facing upward. Samples 
were then divided into 3 groups, 9 samples each 
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and numbered. The etchings were applied for 60 
s, rinsed by aquadest and dried. Initial enamel 
hardness measurement was performed using 
Vickers Hardness Tester. 

All samples were immersed in artificial 
saliva for 24 h, afterwards, immersed in aquadest, 
pasteurized milk, and pure soy milk that had 
been mixed with artificial saliva, each group in 
the temperature of 37°C. Immersion duration 
depends on the average time of consuming a soft 
drink, which is 20 s — one-year consumption of 
approximately 25 hours. Remineralization time 
was 14 days and held for 102 minutes per day in 14 
days. The samples enamel hardness was measured 
by the Vickers hardness test and collected as final 

data, and statistically analysed with a paired 
t-test to analyse the mean differences among all 
groups, followed with two-way ANOVA test.
 
RESULTS­

Kolmogorov-Smirnov normality test was conducted 
before the statistical analysis, which resulted 
in p > 0.05, indicated that data were normally 
distributed. Paired t-test was used to compare 
the enamel hardness value before and after 
immersion. There was significant differences 
in the enamel hardness value before and after 
immersion in pasteurized milk group and soy milk 
group (p < 0.05), as presented in Table 1.

Aquadest Pasteurized­milk Pure­soy­milk

Pre-test Post-test Pre-test Post-test Pre-test Post-test

N 9 9 9

Mean 324.2 332.8 308.6 388.5 315.5 368.3

±SD 33.63 24.73 30.60 27.18 24.21 20.03

p-value 0.355 0.001 0.002

Figure­1.­Mean­of­enamel­hardness­in­post­and­pre-test

Table­2. Two­Way­Anova­Results­Of­Increased­Value­Of­Enamel­Hardness­Comparison­In­All­Groups

N Mean­of­increased­enamel­hardness­value­±­SD P-value

Aquadest 9 8.62 ± 8.9

0.002Pasteurized Milk 9 79.96 ± 3.42

Pure Soy Milk 9 52.87 ± 8.42

Two-way ANOVA test was used to compare 
the increasing value of enamel hardness from 
three groups. Data presented in Table 2 showed 
that there were significant differences in the 
increased enamel hardness value of all groups, 
with p = 0.002.

Table1.­Enamel­hardness­before­and­after­immersion­In­aquadest,­pasteurized­milk,­and­pure­soy­milk 

Post-hoc LSD was used to compare the 
increasing value of enamel hardness between 
pasteurized milk group and aquadest group, 
pure soy milk group and aquadest group, and 
pasteurized milk group and pure soy milk group. 
The test results showed the increasing value.
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Table 3 presents that there were significant 
differences between increased enamel hardness 
value in pasteurized milk and aquadest group, 
with p = 0.001. Pure soy milk and aquadest group 
showed a similar result with p = 0.022. Pasteurized 
milk and soy milk showed no significant differences 
in increased enamel hardness value, with p = 
0.147.

DISCUSSION

The results of this study indicated that there was a 
significant difference in the hardness value before 
and after being treated, based on paired t-test. 
This result showed that there was a significant 
increase of the tooth enamel hardness value after 
immersed in pasteurized milk and pure soy milk, 
with value p = 0.001 and p = 0.002. Increased value 
of enamel hardness in pasteurized milk group is 
caused by remineralization agents contained in 
milk, such as casein phosphopeptide, calcium, 
and phosphate.

Precipitation of calcium and phosphate ions 
will lead to the rebuilding of hydroxyapatite.14 
The process of remineralization by soy milk 
depends on the diffusion of calcium and 
phosphate ions by utilising the low viscosity of the 
solution. Continuous diffusion caused calcium and 
phosphate ions to fill the enamel microporosity.12 
Based on the two-way ANOVA test results, the 
increasing value of tooth enamel hardness was 
obtained the p = 0.002. The results showed that 
there was a significant difference in the increasing 
hardness of tooth enamel in all three groups. 
This result suggested that pasteurized milk, pure 
soy milk, and aquadest affect the tooth enamel 
remineralization. 

The post-hoc LSD test was performed to 
determine the difference of the increasing value 

of tooth enamel hardness between the group of 
pasteurized milk with aquadest and obtained 
the p-value = 0.001. The results of this study 
indicated that there was a significant difference 
in the value of enamel hardness of pasteurized 
milk group when compared to aquadest control 
group. This study was similar to previous research 
conducted by Mettu et al20 which showed that 
casein phosphopeptide–amorphous calcium 
phosphate (CPP-ACP) in cow milk is increasing 
the enamel hardness more significantly when 
compared with aquadest and artificial saliva.20  
The results showed that there was a significant 
difference from the increase of tooth enamel 
hardness value of pure soy milk group compared 
to aquadest control group with p-value = 0.022. 
This study was consistent with previous research 
conducted by Vongsavan et al21 stated that there 
is a difference from the increase in the value 
of enamel hardness immersed in the soy milk 
group with the control group.21 Remineralization 
triggered by the content of calcium and phosphate 
on soy milk. Based on the previous study, a glass of 
soy milk (245 g) provides 9.8 mg calcium and 120 
mg phosphate. The immersion in soy milk would 
decrease demineralized enamel microporosity. 
It caused by calcium and phosphate ions diffuse 
into enamel pores and increasing hydroxyapatite 
saturation.12,22 

The results showed that the comparison of 
increased hardness value between the pasteurized 
milk group and pure soy milk had the p-value of 
0.147, thus not significant. Although the content 
of calcium and phosphate ions in pasteurized 
milk was higher when compared to soy milk, the 
increase in enamel hardness in the cow milk group 
did not differ significantly from the soybean milk 
group. This result is due to the diffusion of calcium 
and phosphate ions for enamel remineralization 

N Mean­of­increased­enamel­hardness­value­±­SD P-value
Pasteurized Milk

Aquadest

Pure Soy Milk

Aquadest

Pasteurized Milk

Pure Soy Milk

9

9

9

9

9

9

79.96 ± 3.42

8.62 ± 8.9

52.87 ± 8.42

8.62 ± 8.9

79.96 ± 3.42

52.87 ± 8.42

0.001

0.022

0.147

Table­3.­Post-hoc­LSD­results
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in pasteurized milk is limited as most calcium, 
phosphate, and casein ions bind to the casein 
micelles or batches of casein in pasteurized milk. 
The binding of most calcium and phosphate ions 
in the casein micelles results in reduced quantity 
and bioavailability of calcium and phosphate 
ions for diffusion thus limiting the potential for 
remineralization of pasteurized milk. Soy milk 
contains no casein protein so that the diffusion 
of calcium and phosphate ions in enamel is not 
affected by milk protein bonds.21 

The process of remineralization by 
pasteurized milk also depends on the natural 
casein phosphopeptides (CPP) content that 
forms the reservoir for the entry of calcium and 
phosphate ions into the enamel microporosity. 
Although pasteurized milk has natural CPP as a 
remineralization agent, casein phosphopeptide–
amorphous calcium phosphate (CPP-ACP) is the 
composition that increases the effectivity in 
enhancing remineralization. 

A previous study conducted by Walker et al22 
showed that there was a significant difference in 
remineralization rates from the sample groups who 
drank cow milk with an additional artificial CPP-
ACP compared to the sample group who drank pure 
cow milk. This condition was caused by artificial 
CPP-ACP addition as much as 2.0 to 5.0 grams in 
cow milk which increased the number of minerals 
by 70-148%. An increase in the number of minerals 
will lead to an increase in remineralization. The 
study showed that the effect of CPP levels on 
pasteurized milk on remineralization was not as 
significant as the effect of arti-ficial CPP-ACP.9,20

CONCLUSION

There is an effect of pasteurized milk and soy 
milk in remineralizing tooth enamel based on the 
increase of enamel hardness value. However, there 
is no significant difference between pasteurized 
milk and soy milk in raising the enamel hardness. 
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