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Amac: Protein agisindan zengin icecekler disleri dis erozyonuna kars1 koruma potansiyeline sahiptir.
Ancak, protein acisindan zengin iceceklerin disler lzerindeki etkileri ile ilgili arastirmalar sinirlidir.
Bu nedenle, bu calisma giinimuzde siklikla tiiketilen bitkisel ve hayvansal kaynakli protein acisindan
zengin iceceklerin in vitro kosullarda mine mikro sertligi ve yiizey piiriizliiligli Uzerindeki etkisini
arastirmay1 amaclamistir.

Gerec ve Yontemler: Cekilen daimi arka disler (15 premolar ve 15 molar) bukkal yiizeyleri acikta
kalacak sekilde akrilik bloklara gomiildi. Disler her grupta 6 dis olacak sekilde; G1-kakao aromali
protein agisindan zengin sut; G2-cikolata aromali peynir alt1 suyu proteini tozu; G3-bezelye proteini
tozu; G4-piring proteini tozu; ve G5-yapay tikirik (kontrol) gruplarina ayrildi. Her icecege ait pH
degerleri kaydedildi. Ayrilan disler bu iceceklerde her giin 5 dakika olmak Uzere 30 giin boyunca
inkiibe edildi. Baslangig, 4.haftanin sonu ve 3. ayin sonunda dislerin mikro sertlik ve yiizey purizliilugi
olcumleri yapildi.

Cofresponding Author Bulgular: Calismada kullanilan hem bitkisel hem de hayvansal tim protein iceceklerinin mine mikro
Tugba Tunal1 Akbay (=) sertligini artirdigi tespit edilmistir. Bezelye proteini tozuyla yapilan icecek mine mikro sertliginde en
ttunali@marmara.edu.tr yiiksek artisa neden olmustur. Ote yandan, piring proteini tozu iceceginin dis ylizey purizlilugini

diger iceceklere gore onemli 6lclide azalttig belirlenmistir.

Sonuc: Bu calismada kullanilan tiim protein iceceklerinin mine mikro sertligini farkli oranlarda artirdigi
bulunmustur. Proteince zengin bu iceceklerin disler tizerindeki etkileri icecegin kimyasal bilesimine ve
dislerle temas siiresine gore farklilik gosterdigi tespit edilmistir.

Anahtar Kelimeler: Mine mikrosertligi, Protein icecekleri, Yiizey Prozitesi, Dis

ABSTRACT

Objectives: Protein-rich beverages have the potential to protect the teeth against dental erosion.
. . However, there is a lack of research on the effects of protein-rich beverages on the teeth. Therefore,
Article History this study aimed to investigate the effect of plant and animal-based protein-rich beverages, that are
Submitted 30.09.2024 frequently consumed today, on enamel microhardness and surface roughness under in vitro conditions..
Revised 13.11.2024 Materials and Methods: The extracted permanent posterior teeth (15 premolars and 15 molars) were
embedded in acrylic blocks, leaving the buccal surfaces of the teeth exposed. The extracted teeth
Accepted  17.12.2024 were then divided randomly into five groups (n=6 per group): G1-cocoa-flavored protein-rich milk;
Published 31.12.2024 G2-chocolate-flavored whey protein powder; G3-pea protein powder; G4-rice protein powder; and G5-
artificial saliva (control). The pH of each beverage was assessed. The teeth were incubated in these
beverages every day for 5 minutes for 30 days. Microhardness and surface roughness were measured
at the baseline, at the 4th week and the third months.
Results: It was found that all the protein beverages used in the study, both plant and animal-based,
increased enamel microhardness. The beverage made with pea protein powder showed the highest
increase in enamel microhardness. On the other hand, the rice protein powder beverage has been
found to decrease tooth surface roughness significantly higher than the other beverages.
Conclusions: It was found that all protein beverages used in this study increased enamel microhardness
at different rates as the effects of these beverages on teeth depend on the chemical composition,
contact time with teeth and pH.
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INTRODUCTION

The use of protein supplements in daily nutrition has
increased due to the rise in healthy eating habits,
especially among people who exercise regularly.
Additionally, there has been a growing demand for plant-
based protein supplements among vegetarian consumers
(Karlund et al., 2019). There is limited research available
on the effects of animal or plant-based protein powders
and protein riched milk on the tooth structure. However,
there are some studies that reported that the increase in
fast and on-the-go eating as a result of modern life has led
to an increase in the frequency of dental erosion (Sato et
al., 2021; Rusyan et al., 2022; Mobley et al., 2009). This
has become a common problem for developed societies
(Addy & Shellis 2006). Dental erosion is the loss of dental
hard tissue with a multifactorial etiology due to prolonged
contact and repetition of low pH, unsaturated solutions to
the dental tissues (Erdogan & Bolaca 2023). It can occur
due to extrinsic and intrinsic factors. Extrinsic factors
result from consuming acidic foods, drinks, and drugs, as
well as from occupational exposures. These factors can
increase the risk of dental erosion, especially when they
are consumed regularly or in large quantities (Moynihan
& Petersen 2004). Intrinsic factors, on the other hand,
come from stomach acid and can be caused by eating
disorders, reflux disease, or alcohol abuse (Kanzow et al.,
2016). While acidic foods and drinks with low pH play a
significant role, other factors such as calcium, phosphate,
and fluorine levels, saliva composition, buffer capacity,
diet and consumption habits, lifestyle, and oral hygiene
practices also contribute to the erosive process. These
factors, combined with abrasion from incorrect oral
hygiene practices, can lead to dental erosion (Inchingolo
et al., 2023).

Various methods have been attempted to prevent dental
erosion due to its irreversible nature.

One such method is the addition of calcium and phosphate
salts to acidic beverages. However, this approach can
result in an undesirable taste due to the high calcium
content. An alternative method that has shown positive
results is the addition of protein supplements, such as
ovalbumin and casein, to acidic beverages (Ferreira et al.,
2015). Fluoride is a frequently used substance to enhance
the remineralization of enamel. However, because of the
risk of toxicity associated with high concentrations of
fluoride, alternative ingredients are being considered.

Studies have shown that milk and dairy products, such as
cheese and yoghurt, exhibit cariostatic effects on human
and animal models because of their phosphoprotein,
casein, and calcium content. Whey extract is a dairy
product that contains a high concentration of casein
phosphopeptide-amorphous calcium phosphate (CPP-
ACP). CPP-ACP is defined as a milk product that aids
remineralization and prevents dental caries (Nobahar
et al., 2020). While studies have shown that milk has
a protective effect against dental erosion, it is often
consumed with flavored beverages rather than pure milk.
It is assumed that these added ingredients may interfere

with the protective effect of milk against dental erosion
(Lachowski et al., 2014).

Currently, consumers who prioritize their health are
changing their food preferences to attain

specific physiological advantages, minimize the risk of
certain diseases, and align with foods

that fulfill their body’s essential nutritional needs (Kadam
et al., 2018). As the demand for protein-enriched food
products increases, interest in plant-based alternatives
is also growing. The substitution of milk protein with
plant protein will mainly occur in prepared foods, such
as nutritional drinks (Arranz et al., 2023). There has been
a growing demand for plant-based protein supplements
among vegetarian consumers. There is limited research
available on the effects of animal or plant-based protein
powders and protein milk on tooth structure. Therefore,
this study aimed to investigate the effects of protein-based
beverages, which are commonly consumed currently, on
enamel structure in vitro.

MATERIALS AND METHODS

Study Design

This study was approved by the ethics committee
Marmara University, Institute of Health Sciences Non-
Interventional Clinical Research Ethics Committee
(Approval Date:19.12.2023, Approval Number: 114).

The teeth used in this study were collected within a
2-month period. The extracted permanent posterior teeth
(15 premolars and 15 molars) were embedded in acrylic
blocks, leaving the buccal surfaces of the teeth exposed.
The extracted teeth were then divided randomly into
five groups (n=6 per group): G1-cocoa-flavored protein-
rich milk; G2-chocolate-flavored whey protein powder;
G3-pea protein powder; G4-rice protein powder; and G5-
artificial saliva (control). The formula of the artificial
saliva formula was adjusted to contain 0.62g KCl, 0.17g
CaCl,, 1.1gK,HPO*, 0.3g KH,PO,, 0.87g NaCl, and a pH of
7 in 1000ml. The teeth were incubated in these beverages
every day for 5 minutes for 30 days. Microhardness and
surface roughness were measured at the baseline, at the
4" week and the third month. The pH of each beverage
was also assessed.

Specimen Preparation

The collected permanent premolar and molar teeth
were cleaned using pumicewater slurry with a polishing
brush at a low-speed handpiece to remove debris or
calculus before the study. The crown was separated from
the root with the help of a diamond disc. To assess the
microhardness of the samples, the teeth were embedded
in an auto-polymerizing acrylic resin, leaving a portion
of the buccal enamel visible. The sample number was
inscribed at the base of each sample. Sample surfaces
were polished using 400,600, 1200-grit abrasive paper.
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The samples were randomly divided into 5 groups with
3 premolars and 3 molars in each group.The prepared
samples were kept in distilled water at room temperature
until the experiment was performed.

The Beverages

In this study, the effects of beverages containing animal
and plant-based proteins on tooth enamel hardness and
roughness were investigated. The source of animal-based
proteins were the protein enriched milk (SEK, Turkiye)
and whey protein (Fellas, Turkiye). The source of plant-
based proteins were rice protein powder (Saf, Turkiye)
and pea protein powder (Saf, Turkiye).

The beverages to be tested were prepared at a protein
concentration of 8.8%. The beverages were re-prepared
every week and kept in the refrigerator during this
period. The pH values of the beverages used in the
experiment were measured with a pH meter (Mettler
Toledo,Switzerland)

Experimental Procedure

Tooth samples were kept in the prepared beverages for
5 minutes daily, then washed with distilled water and
dried. Tooth samples were stored in artificial saliva at
37°C until the next immersion period. The control group
was kept in artificial saliva throughout the experiment
and the artificial saliva solution was renewed daily for all
samples. This experiment was continued for 1 month with
measurements of microhardness and surfaceroughness.
After 1 month, to obtain an additional 3 months of data,
the tooth samples were kept in the prepared beverages
for 7.5 hours and the microhardness and surface roughness
measurements were repeated. Based on the estimate
that these beverages were consumed for 5minutes per
day, it was assumed that 7.5 hours of immersion would
simulate 3 months of use of these beverages (Shiozawa
et al., 2015).

Surface Microhardness Test

Microhardness measurements were made with the Vickers
microhardness machine (Falcon 400, Innovatest) at Istanbul
Kent University. After drying the samples, microhardness
was measured at the center of the polished area in each
sample using a Vickers hardness tester (Alrahlah et al.,
2023). For this purpose, a 50 g load was applied to three
points at the center of each sample for 15 seconds by
the diamond indenter of the device. Each load application
created a diamond-shaped indentation on the samples.
The average of the three measurements was taken and
used as the Vickers hardness value.

Surface Roughness Test

Surface roughness measurements were made with the
portable surface roughness tester (SJ-410, Mitutoyo) at
Istanbul Kent University. The Ra parameter was measured

at a traversing speed of 0.5 mm/s and a cut-off length of
0.08 Ac. The surface of the samples was measured

three times, and the resulting roughness value was
determined by averaging the measurements.

Statistical Analysis

Statistical analyses were performed using the GraphPad
Prism 6.0 package program (GraphPad Software, San
Diego, CA, USA). Results were presented as mean and
standard deviation (SD).

The normality of the distribution of all data was
determined. The data showed a normal distribution,
thus parametric tests were used. One-Way Analysis of
Variance ( One-Way ANOVA) was used to compare the
means of more than two groups and identify differences.
The post hoc Tukey test also analyzed the difference in
variable subgroups. The cut-off point for significance was
applied to interpretations, where p< 0.05 was regarded
as significant.

RESULTS

Microhardness Results

The Vickers microhardness (VHN) values were presented at
Fig. 1, Fig. 2. and Fig. 3. The microhardness of the tooth
enamel kept in artificial saliva (control group) did not show
a statistically significant change at the fourth week and the
third month compared to the baseline (Fig. 1).

Control Group

600+

400+

200+

Microhardness

Figure 1: Microhardness of Control Group

When the teeth were kept in animal protein-based
beverages, cocoa-flavored high protein milk significantly
increased microhardness after 4 weeks and 3 months
compared to the baseline. Whey protein beverage did
not cause any significant change in microhardness after
4 weeks and 3 months compared to the baseline (Fig. 2).
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Figure 2: Effect of Animal-Based Proteins on Microhardness

When the teeth were kept in plant protein-based
beverages, pea protein beverages significantly increased
the microhardness at the end of week 4 and month 3
compared to the baseline. Keeping the teeth in rice protein
beverage did not significant change the microhardness at
the end of week 4 but exhibited a significant increase at
the end of 3 months period (Fig. 3).

Rice Protein Powder

Pea Protein Powder

Microhardness

Figure 3: Effect of Plant - Based Proteins on Microhardness

Surface Roughness Results

The surface roughness values were presented at Fig. 4,
Fig. 5 and Fig. 6.

The surface roughness values of the tooth enamel kept
in artificial saliva (control group) did not significantly
change at ehe end of week 4 and month 3 compared to
the baseline (Fig. 4). When the teeth were kept in animal
protein-based beverages, cocoa flovred high-protein milk
did not change the surface roughness of the tooth enamel
significantly at the end of week 4, but decreased the
surface roughness at the end of third month compared to
the baseline. Keeping teeth in a whey protein beverage
significantly decreased the surface roughness at the end
of week 4 and month 3 compared to the baseline (Fig. 5).
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Figure 4: Surface Roughness of Control Group
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Figure 5: Effect of Animal-Based Proteins on Surface
Roughness
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Figure 6: Effect of Plant-Based Proteins on Surface Roughness

When the teeth were kept in plant protein-based
beverages, the surface roughness values of the tooth
enamel kept in a pea protein beverage group did not
change significantly at the end of week 4 and month 3
compared to the baseline. Keeping the teeth in the rice
protein beverages, significantly decreased the surface
roughness values of tooth enamel at the end of week 4
and month 3 compared to the baseline.

DISCUSSION

Poor eating habits are one of the main factors in the
formation of erosive tooth wear (Dugmore & Rock 2004),
but it has been reported that healthy eating habits
can have positive effects on teeth (Huew et al., 2011).
Since demineralization and remineralization cycles
are continuous in the mouth, Ca and P ions lost during
demineralization can be returned to the tooth structure
by the remineralization process. In this study, it was aimed
to show the effect of beverages with different types of
protein content as a demineralizing or remineralizing
agent after immersion in these beverages. An in vitro
study was conducted using extracted teeth to provide
more controlled conditions.

Nowadays, dieters, vegetarians and athletes have started
to prefer high protein drinks as meal supplements. Studies
on the effects of these protein-rich drinks, which can be
of plant or animal origin, on oral and dental health are
limited. Therefore, the aim of this study was to evaluate
the erosive potential of the selected animal and plant
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protein-based beverages by measuring the tooth enamel
microhardness and surface roughness.

In this study, an in vitro experimental model was
used considering the effects of patient follow-up and
standardization stages. In vitro experimental models are
frequently used methods in the study of demineralization
and remineralization procedures for enamel. Mudumba
et al. stated that long-term exposure to acid attacks
was used for 10-60 minutes and short-term exposure
for 1-4 minutes in in vitro study models. Bashir and
Lagerlof stated that saliva saturated with calcium and
phosphate returned to its previous saturation 5 minutes
after exposure to citric acid. Many similar dental erosion
studies have also followed 5-minutes immersion cycles
(Shiozawa et al., 2015). In this study, dental samples were
immersed in protein drinks once a day for 5 minutes to
simulate daily protein drink consumption of consumers
and then the samples were stored in artificial saliva at
37°C to simulate the oral environment. The samples from
the control group were kept in artificial saliva solution
without any treatment. After the four-week experimental
period, samples were immersed in beverages for 7.5 hours
at a time to simulate 3 months of use, based on the work
of Guler et al., (2005).

Studies have shown that casein and ovalbumin can
adsorb onto the enamel surface, reduce hydroxyapatite
dissolution, and these proteins can effectively reduce the
erosive potential of acidic solutions and commercially
available soft drinks (Arends et al., 1986; Hemingway et
al. 2011; Reynolds & Black 1987; Ferreira et al., 2015).

According to the results obtained in this study,
commercially available plant and animal proteins did
not have a negative effect on teeth microhardness and
roughness. In addition to the fact that the beverages
used in the study did not have a negative effect on
contact with teeth, they also had positive effects on
microhardness and porosity. The results of this study show
that consumption of whey protein beverage did not lead
to a statistically significant change in microhardness at
the end of 3 months compared to the baseline level. In
contrast, Rezvani et al., (2015) in their study comparing
the effect of casein phosphopeptide - amorphous calcium
phosphate (CPP-ACP) and whey extract (as a natural CPP-
ACP) on enamel microhardness, found promising findings
in terms of the effectiveness of whey extract on enamel
microhardness. The reason for this difference is probably
attributable to the methodological differences between
the two studies and the varying durations of contact
with the material. In this study, there was a significant
increase in enamel microhardness of teeth kept in cocoa-
flavored protein milk at 4 weeks and 3 months compared
to the baseline level. A similar result was observed in a
study conducted by Khan et al., (2022) where an increase
in enamel microhardness was noted after continuous
immersion in plain milk and flavored milk.

In the literature, there were no study that evaluates the
effect of pea and rice protein beverages on dental erosion,
therefore, this study will form the basis for future studies
on the effects of plant-based proteins on teeth.

According to the plant-based protein beverages results, at
the end of the week 4 and month 3, pea and rice protein
beverages increased the enamel microhardness compared
to baseline. Both of these plant-based proteins provided
protection against enamel surface softening.

In order to explain these differences, it was assumed that
the nature, aminoacid content and molecular weight of
the both animal and plant based proteins could affect
their adsorption to enamel.

According to previous studies, the effect of treatment
solutions on surface roughness varies depending on the
type of material (Minchow et al., 2014; Al-Samadani,
2013). Ferreira et al,. (2015) reported that casein did
not prevent dental erosion caused by orange juice,
whereas commercially available calcium-modified fruit
juice reduced erosion of both enamel and dentin. In this
study while the immersion of teeth in high-protein milk
reduced the surface roughness at the end of the month
3, whey protein beverage reduced both at the end of
the week 4 and month 3. According to this result, whey
protein showed an earlier effect on surface roughness
than high-protein milk. When the teeth immersed in
plant based-protein beverages, only rice protein based
beverage decreased the surface roughness, pea protein
did not cause any difference at the surface rougness. This
result shows that rice proteins positively affect surface
roughness compared to pea proteins.

CONCLUSION

The consumption of protein-rich beverages has a beneficial
impact on dental health and may contribute to protective
effects by supporting proper oral hygiene practices. The
results of this study provide a basis for subsequent in vivo
studies.
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