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Abstract

Purpose: It was aimed to investigate demineralization effects of breast milk, formula milk and cow's milk on
deciduous teeth with SEM-EDX analysis.

Materials and methods: Demineralization effects of breast milk (Group 1), 3 different formula milks: Aptamil
Pronutra-3 (Group 2), Hipp Organic-3 (Group 3), SmA Optipro-2 (Group 4) and cow's milk (Group 5) on newly
extracted caries-free primary incisors were investigated on 5 teeth in each group. Each tooth was split in the
sagittal direction from the midline and embedded in 2 separate acrylic blocks with their labial surfaces exposed.
Half of the teeth was exposed to the milk material for 15 minutes, 4 times a day for 5 days, while the other
half was kept in artificial saliva only. After the exposures, Scanning Electron Microscopy (SEM) images of the
labial surfaces were taken and Energy Dispersive X-ray Spectroscopy (EDX) analyzes were performed. For the
statistical analysis Independent-Samples T test, Man Whitney U and Kruskal-Wallis test were used.

Results: The most increased enamel porosity was seen in Group 2. A significant decrease was observed in
the amount of Ca on tooth surfaces exposed to breast milk and formula milks, and a significant increase in the
amount of both Ca and P after exposure to cow's milk (p=0.009). The decrease observed in the amount of Ca
after exposure to breast milk was significantly higher than that of formula milks (p=0.001).

Conclusion: Formula milk and breast milk are not innocent in terms of causing demineralization, therefore
awareness of parents and dentists on this issue should be increased.
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Oz

Amag: Bu arastirmada anne siitl, formdl sit ve inek sitiinln sit disleri Gzerindeki demineralizasyon etkilerinin
SEM-EDX analizi ile arastiriimasi amaglanmistir.

Gereg ve yontem: Anne st (Grup 1), 3 farkli formdl sit: Aptamil Pronutra-3 (Grup 2), Hipp Organik-3 (Grup
3), SmA Optipro-2 (Grup 4) ve inek sutinin (Grup 5) demineralizasyon etkileri her bir grupta 5 yeni ¢ekilmis
curtksuz sut kesici disi Uzerinde incelenmigtir. Her dis orta hattan sagittal yonde ikiye bdlinerek labial ylzeyleri
acikta kalacak sekilde 2 ayri akrilik bloga gémulmustur. Agikta kalan dis ylzeyinin yarisi 5 giin boyunca giinde
4 kez 15 dakika sureyle incelenecek st materyaline maruz birakilirken, diger yarisi ise sadece yapay tukuruk
icerisinde tutulmustur. Deney materyallerine maruziyet sonrasi dis ylzeylerinin Taramali Elektron Mikroskobu
(SEM) gortntuleri alinmis ve Enerji Dagihmli X-isini Spektroskopisi (EDX) analizleri yapilmistir. Verilerin
istatistiksel analizinde Independent-Samples T testi, Man Whitney U ve Kruskal-Wallis testi kullaniimigtir.
Bulgular: En fazla artan mine pirizIiliga Grup 2'de gortlmustir. Anne siti ve formil sitlere maruz kalan dis
ylzeylerinde Ca miktarinda anlaml azalma, inek sltiine maruz kalan dis yuzeylerinde ise hem Ca hem de P
miktarinda anlamli artis gézlenmistir (p=0,009). Anne siitiine maruz kaldiktan sonra Ca miktarinda goézlenen
azalma, formil sutlere gore anlamli olarak daha yiksek bulunmustur (p=0,001).

Sonug: Bu arastirmanin sonuglarina gére bebeklik déneminde yaygin kullanilan formdl siitler ve anne sttu sit
dislerinde demineralizasyona neden olmasi ac¢isindan suphe uyandirmaktadir, bu nedenle ebeveynlerin ve dig
hekimlerinin bu konuda farkindaligi arttiriimahdir.

Anahtar kelimeler: Anne sutl, formdil sit, inek sutl, demineralizasyon, SEM-EDX analizi.
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Introduction

The main cause of early childhood caries
(ECC), which may cause severe pain and
loss of function, therefore may affect nutrition
and general health status of the infants [1, 2]
is repetitive and prolonged breast-feeding or
bottle-feeding with formula milk, especially
during sleep at night [3, 4].

Breast milk which is the most valuable
nutrient in infant nutrition, contains protein, fat,
lactose and iron, and besides being an important
source of energy for brain development, it
increases calcium absorption and is beneficial
for microorganisms in the body [5]. However,
Birkhed et al. [6] reported that lactose can
cause dental caries by increasing the adhesion
of caries-causing microorganisms to tooth
surfaces and causing demineralization. Bowen
and Lawrence [7] emphasized that tooth decays
are more common in children who take breast
milk compared to children who take formula
milk, and that oral hygiene practices should be
done more carefully in these children. On the
other hand, Erickson and Mazhari [2] stated that
it is not possible for breast milk to have an effect
on early childhood caries.

Formula milks, another nutritional source
in infant nutrition, are complex compounds
containing fermentable carbohydrates such
as sucrose, lactose and glucose, which play
a leading role in the etiology of dental caries
[8]. Despite the proteins, fats, vitamins and
minerals such as calcium and phosphate in
their content, their cariogenic effects have been
detected and reported in many studies [9-12].
Generally, it is stated that a wide variety of
carbohydrates in the structure of formula milk
are effective in the formation of dental caries,
but on the other hand, peptides, caseins, ions
and vitamins in the structure of formula milk can
prevent the cariogenic activity of sucrose [8,
10]. Formula milks are generally produced in a
similar structure to breast milk. There are similar
amounts of lactose in breast milk (6.7 to 7.8 g/
dL) and formula milk (8-8,3 g/dL), but there is
more protein content in formula milk (2-2,5 g/dL)
than in breast milk (0.9-1.2g/dL) [8, 13].

Another commonly consumed nutrient in
early childhood nutrition is cow’s milk. It is
stated that cow’s milk protects from dental
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caries due to its high calcium and phosphorus
content and buffering activity of milk proteins
[14, 15]. It shows anticariogenic effect thanks
to the proteins in the form of casein particles
in the cow’s milk structure. These particles are
calcium phosphate complexes in highly stable
form [16]. In addition, it has been stated that the
antibacterial enzymes, vitamin D and fluoride
in cow’s milk also play a role in the caries
preventive effect [17, 18]. However, despite
these advantages, cow’s milk consumption is
not recommended in the first year of life [19].

Demineralisation is the process of removing
minerals such as calcium and phosphate from
the hydroxyapatite crystals of the tooth enamel
and is the initial stage for the formation of dental
caries. Studies about the demineralisation
effect of breast milk, formula milk and cow’s milk
are few and the results are controversial [20].
In this study, it was aimed to investigate and
compare the possible demineralization effects
of indispensable infant nutrients such as breast
milk, formula milk and cow’s milk on deciduous
tooth surfaces with SEM-EDX analysis.

Materials and methods

Permission was obtained from Pamukkale
University Non-Interventional Clinical Research
Ethics Committee for the study.

Preparation of the tooth specimens

In order to be used in in-vitro experiments,
a total of 25 newly extracted, caries-free
healthy human primary teeth for 5 groups that
were planned to be included in the study, with
5 teeth in each were collected. The collected
teeth were kept in 0.1% thymol solution at room
temperature until the time of the experiment.
Before the experiments, the crowns of the teeth
were separated from enamel-cement junction
with the help of a diamond separe under water
cooling. Then, the crown part of the teeth was
divided into two from the midline in the sagittal
direction, and each half of the teeth was
embedded in 2 separate acrylic blocks with their
labial surfaces up. Finally, these labial surfaces,
which will be exposed to the test material,
were polished using green and red color Shofu
Super-Snap polishing discs (Shofu Inc., Kyoto,
Japan) respectively.
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Milk materials used in the experiments

Breast milk samples (Group 1) taken from
a volunteer mother who was breastfeeding a
9-12 month-old baby were stored in separate
storage bags in a deep freezer at -16°C until the
experiment day, and before the each experiment,
only the package to be used was thawed and
brought to 37°C. Three different formula milks
with similar contents of sugar (8-8.3 g/100 mL),
calcium (75-76.2 mg/100 mL) and phosphorus
(43-52 mg/100 mL) which are commonly found
in the market and suitable for 9-12 months
old babies: Aptamil Pronutra 3 (Group 2),
Hipp Organic 3 (Group 3) and SMA Optipro 2
(Group 4) were freshly prepared in accordance
with the manufacturer’s instructions before the
experiments and used at 37°C. Finally, a brand
of Ultra High Temperature (UHT) cow’s milk
(Pmnar Whole Milk) (Group 5), which is easily
accessible in the market, was used at 37°C by
opening a new package in each experiment.

Endogenous pH measurement of milk
materials

Before the experiments, endogenous pH of
5 different test materials was measured with
a digital pH meter (WTW InoLab pH 7110,
Germany) at room temperature by placing the
measuring tip of the device directly into the
material. The pH meter accurate to 0.1 was
first calibrated according to manufacturer’s
instructions using buffer standarts of pH 7 and
pH 4. As much of 10 mL of each milk material was
placed in a beaker, the pH meter was immersed
into the milk and the value was recorded.

Preparation of artificial saliva

The artificial human saliva to be used in
the research was prepared by a scientist
from Department of Biochemistry of the
Faculty of Science according to the recipe
and method specified in the literature [21]
excluding only sorbitol [22]. It contained Methyl-
p-hydroxybenzoate  2.00g, carboxymethyl
cellulose 10.0 g, KCI 0.625 g, MgCl,.6H,0
0.059 g, CaCl,.2H,0 0.166 g, K,HPO, 0.804
g, KH,PO, 0.326 g in 1000 mL of deionized
water. The protein and mucin content of the

natural saliva was simulated by the first two
components, which increased the viscosity of
the saliva, while the other ingredients provided
the inorganic components at levels comparable
with that of natural saliva. The pH of the artificial
saliva was adjusted to 6.75 using KOH.

Immersion procedures

° During the experiment, the prepared
acrylic blocks were kept into artificial saliva in
a 5 mL beaker for each group in an oven (Nuve
Oven KD400, istanbul, Tirkiye) at 37°C.

e  Half of the divided tooth samples were
exposed to the test material (experiment)
and the other half was kept in artificial saliva
throughout the experiment (control).

° Half teeth in the experimental groups
were removed from the artificial saliva 4 times
a day and kept in the tested milk material in the
oven at 37°C for 15 minutes.

° At the end of the immersion period,
the teeth were washed with distilled water and
placed in artificial saliva again and kept in the
oven until the next experiment.

o The experiments were repeated for
5 days and for each material, a total of 20
applications of 15 minutes were made on the
tooth surface.

SEM-EDX analyzes

After the last experiments, the teeth were
removed from the artificial saliva and posterior
dehydration was performed in an ascending
ethanol series (25, 50, 75, 95 and 100%).
Following the specimens were mounted on
stubs, sputter-coated with a rate of 80% gold
and 20% palladium and got ready for scanning
electron microscopy imaging.

A total of 10 half-tooth specimens in each
group (5 experiments, 5 controls) observed
at 20 kV accelerated voltage at 500, 1000,
1500 and 3000 times magnification with an
SEM (Zeiss Supra 40 VP, Carl Zeiss SMT Inc.,
Oberkochen, Germany). SEM images of each
experimental and control tooth sample were
analyzed qualitatively. Erosion signs such
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as loss of integrity, irregular enamel surface,
roughness, crater formation, porosity, pitted
or cracked surfaces and sporadic rod ends
were investigated in the images. In addition,
the changes in the mineral level of the enamel
surfaces caused by the milk materials were
evaluated wusing energy dispersive X-ray
spectroscopy (EDX) (Zeiss Supra 40 VP, Carl
Zeiss SMT Inc., Oberkochen, Germany) on
a total of 50 tooth samples that 10 half tooth
surfaces in each group. As a result of the surface
element analysis of each tooth surface, Ca and
P values were recorded quantitatively (wt%).

Statistical analyzes

Data were analyzed with the SPSS package
program (SPSS v23.0, SPSS Inc., Chicago,
IL, USA). For the analysis of the differences
intra-groups, the data which meet the
prerequisites of parametric tests were analyzed
with Independent-Samples T test, and the
values which did not meet the prerequisites of
parametric tests with the Man Whitney U test.
For the analysis of the differences between
groups Kruskal-Wallis test was used.

Results

The endogenous pH values of the tested milk
materials are shown in Table 1. SEM images of
the groups are shown in Figure 1. Qualitative
evaluation of SEM images of experimental tooth
surfaces in each group are listed in Table 2. A
statistically significant decrease was observed
in the amount of Ca on tooth surfaces exposed
to breast milk and all the formula milks, on the
other hand a statistically significant increase
was observed in the amount of Ca of the
teeth exposed to cow’s milk. The amount of
phosphorus increased in the Group 1, 3 and 5
after exposure to the tested milk material, and
decreased in the Group 2 and 4. The mean
SEM-EDX findings of Ca and P minerals of
the teeth in each group and the differences
within each group are given in Table 3. The
decrease observed in the amount of Ca on
the tooth surfaces exposured to breast milk
was statistically significantly higher than that
of formula milks (p=0.001). The differences
observed in terms of the mean Ca decrease
between the groups are given in Table 4.

Table 1. Endogenous pH values of the milk materials at room temperature

Groups Milk materials Endogenous pH value
Group 1 Breast milk 7.22
Group 2 Formula milk (Aptamil Pronutra 3) 7.16
Group 3 Formula milk (Hipp Organic 3) 7.20
Group 4 Formula milk (SMA Optipro 2) 7.19
Group 5 Cow’s milk 7.16
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Figure 1. SEM images (1500x and 20.00 kV) of the groups

1a: Image of half tooth surface exposed to breast milk (experiment), 1b: The other half of the tooth exposed to breast milk which is kept in
only artificial saliva (control)

2a: Image of half tooth surface exposed to formula milk Aptamil Pronutra 3 (experiment), 2b: The other half of the tooth exposed to formula
milk Aptamil Pronutra 3 which is kept in only artificial saliva (control)

3a: Image of half tooth surface exposed to formula milk Hipp Organic 3 (experiment), 3b: The other half of the tooth exposed to formula milk
Hipp Organic 3 which is kept in only artificial saliva (control)

4a: Image of half tooth surface exposed to formula milk SmA Optipro 2 (experiment), 4b: The other half of the tooth exposed to formula milk
SmA Optipro 2 which is kept in only artificial saliva (control)

5a: Image of half tooth surface exposed to cow’s milk (experiment), 5b: The other half of the tooth exposed to cow’s milk which is kept in only
artificial saliva (control)

Table 2. Qualitative evaluation of SEM images of experimental tooth surfaces in each group

Group 1 Microstructure and integrity of the enamel is generally preserved. Little porosity
Breast milk is seen. No crater formation or sporadic rod ends.

Group 2 Is the group that the enamel integrity shows the most deterioration. Irregular
Formula milk and porous enamel surface. Crater formation, roughness and etched prism
(Aptamil Pronutra 3) patterns are seen.

Group 3

Increased enamel porosity. No crater formation or etched prism pattern but few

Formula milk i )
sporadic rod ends available.

(Hipp Organic 3)

Group 4

Formzla milk Microstructure and integrity of the enamel is generally preserved. No porosity,
crater formation or sporadic rod ends.

(SMA Optipro 2) P

Group 5 Smooth enamel surface. No evidence of erosion. Is the group that experimental

Cow’s milk and control half of tooth sample gives the most similar appearance.
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Table 3. SEM-EDX findings of Ca and P minerals of the teeth

Minerals

Control Experiment

G Milk material * val
roups ik materiats wt% meantSD mean*SD pvalue
Ca 34.48+0.11 26.99+0.14 0.009
Group 1 Breast milk
P 12.91+£0.17 14.13+0.17 0.000
Ca 33.39+0.08 28.90+0.19 0.009
Group 2 Formula milk (Aptamil Pronutra 3)
P 12.99+0.23 10.71+0.20 0.009
Ca 38.74+0.15 34.52+0.15 0.009
Group 3 Formula milk (Hipp Organic 3)
P 11.9840.29 14.91+£0.15 0.009
Ca 29.68+0.19 24.95+0.33 0.009
Group 4 Formula milk (SMA Optipro 2)
P 11.2310.23 10.46+0.14 0.000
Ca 24.67+0.33 30.89+0.22 0.009
Group 5 Cow’s milk
P 9.82+0.40 12.56+0.33 0.009
SEM-EDX: Scanning Electron Microscopy- Energy Dispersive X-ray Spectroscopy
Ca: Calcium, P: Phosphorus, p<0.05 values indicate a statistically significant difference
p* value: differences of the Ca and P values between control and experimental groups in each group
Table 4. Intergroup differences in the decrease in calcium values
) . Mean decrease in calcium
Groups Milk materials Mean rank* p value
values (wt%)
Group 1 Breast milk 7.49 18.00°
Group 2 Formula milk (Aptamil Pronutra 3) 4.49 8.60¢c
0.001
Group 3 Formula milk (Hipp Organic 3) 4.22 3.40°
Group 4 Formula milk (SMA Optipro 2) 4.73 12.00¢

* Same superscript lowercase letters show statistical similarity, different lowercases show statistical difference

p=<0.05 values indicate a statistically significant difference

Discussion

Nutrition type and nutrient intake are
important factors in the etiology of early
childhood caries. The cariogenic potential of
consuming sucrose-containing liquids with a
bottle is well known, but studies comparing
breast milk, cow’s milk, and formula milk are
few and the results are controversial [5, 20, 23].
As a result of this in-vitro study investigating the
possible demineralization effects of breast milk,
commercially available formula milks and cow’s
milk on primary teeth, among all the tested milk
materials with similar pH values, the material

that caused the most deterioration quantitatively
in the microstructure of the deciduous tooth
enamel was the formula milk named Aptamil
Pronutra 3, followed by the formula milk named
Hipp Organic 3 that caused some porosity on the
enamel surface. In the SEM images, the image
in which the integrity of the enamel structure
was best preserved was observed in the tooth
sample exposed to cow’s milk. In a similar study
including the results of SEM analysis of the tooth
surfaces after exposure to formula milk, breast
milk, saliva and saline materials, similarly the
roughest surface was observed in the formula
milk group [5].
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According to SEM-EDX results of the
present study, the material causing the most
Ca loss from deciduous tooth enamel was
breast milk, followed by formula milk, but after
exposure to cow’s milk, the amount of Ca and
P in deciduous tooth enamel increased. This
result is consistent with a meta-analysis in the
literature reporting that the cariogenic potential
of breast milk is higher than that of cow’s milk
[20]. It also overlaps with the opinion that cow’s
milk is protective against dental caries and has
more mineral content than breast milk [14, 15],
however it is inconsistent with the finding that
formula milk causes more inorganic substance
loss than breast milk [5].

Liquids containing lactose can cause
sudden decreases in oral pH and thus create
an environment prone to caries. However, milk
is a complex structure consisting of calcium,
phosphorus, protein, vitamins and fats as well
as lactose [24]. It has been reported that breast
milk has lower mineral content, higher lactose
level (7 versus 3%) and lower protein content
(1.2 g/100 mL versus 3.3 g/100 mL) compared
to cow’s milk, but these content differences are
not indicative of their cariogenic potential [25].
In this study, not only Ca and P levels decrease
in tooth samples exposed to breast milk, but
also more microstructural deterioration was
observed compared to those exposed with
cow’s milk. Therefore, the data suggest that the
content differences between breast milk and
cow’s milk directly affect their demineralizing
potential.

Formula milk, which is another baby bottle
feeding material, can be a cause of tooth
decay due to various carbohydrates in it [8].
It has been stated that formula milk taken
with a bottle during sleep at night, remains
stagnant in the mouth due to low saliva flow
and suckle-sleep-suckle cycle, and this causes
the enzymatic deterioration of the casein which
is the protective protein in its structure [26].
In this research, as a result of SEM analysis,
Aptamil Pronutra 3 and Hipp Organic 3 material
caused prominent roughness on the surface of
the primary teeth, and as a result of the EDX
analysis, both materials caused a significant
loss of Ca and also a significant decrease in the
amount of P on the surfaces of the deciduous
teeth exposed to Aptamil Pronutra 3. In a study
examining the decrease in plaque pH caused
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by infant formula milk, it was reported that the
formula milk named Aptamil Pronutra 2 was
one of the formula milks that caused the most
decrease in plaque pH [23]. Researchers stated
that this may be due to the lower fat content of
this material compared to others [23].

Energy Dispersive X-ray Spectroscopy
used in our research is an analytical technique
used in conjunction with SEM to perform
elemental analysis or examine the chemical
characterization of a sample [27]. The principle
of operation in this system is the emission
of energy in the form of X-ray photons when
electrons from external sources collide
with atoms of the material. Thus, the X-ray
characteristic of each element is formed. The
characterization capabilities of this system are
mainly due to the unique atomic structure of
each element, which allows for the formation
of peaks in the X-ray spectrum [28]. In this
method, the relative number of X-rays detected
by the energy spectrum is obtained and the
quantitative determination of the elements can
be made using a computer-based program [27,
28].

The milk materials examined in our
research are indispensable for infant nutrition.
For this reason, it is not possible to give up
their consumption in order to prevent dental
caries. However, it is not impossible to be
protected from the cariogenic effects of these
indispensable nutrients. Thanks to such in-vitro
studies, it is revealed that nutritional materials
such as formula milk and breast milk are not
innocent in terms of causing dental caries and
the awareness of parents and dentists on this
issue should be increased. Dental caries can
be prevented with a few simple precautions
and lifestyle changes in infants who continue
breast-feeding or bottle-feeding with formula
milk. In the current guidelines of the AAPD, it is
stated that brushing teeth with smear amount
of fluoride toothpaste prevents dental caries in
children aged 0-3 [29]. Due to the decrease in
the flow rate of saliva and thus the protective
effect of saliva from dental caries during sleep
at night, especially after 1 year of age cessation
of feeding during sleep at night is also effective
in protecting from early childhood caries [30].
Present results were showing that cow’s milk
can play a protective role against dental caries,
but wrong dietary habits such as adding refined
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sugar, honey or various sweeteners into cow’s
milk drunk in early childhood may negatively
change the cariogenic potential of cow’s milk.

As a result of this in-vitro study, formula milks

can cause deterioration in the microstructure of
the enamel of the primary teeth. Breast milk and
the examined formula milks cause a significant
decrease in Ca amounts in primary tooth
enamel, while exposure to cow’s milk causes a
significant increase in Ca and P amounts.

Conflict of interest: No conflict of interest was
declared by the authors.
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