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Abstract
Background: Whey protein beverages’ viscosity, lactose con-
tent, and acidic pH could all pose risks to the oral cavity’s cur-
rent composite restorations.
Objectives: Assessing the impact of distilled water (DW), whey 
protein concentrate (WPC), whey protein isolate (WPI), and 
whey protein water (WPW) on the surface roughness of four 
restorative composites with various microstructures (Filtek Z 
250XT, Filtek Z 350XT,, Filtek P 60 and Filtek Bulk Fill).
Materials & Methodology: A total of eighty samples were 
divided into 4 groups. From each material, 20 disc-shaped 
samples were created and wet polished.  Samples from each 
group were subsequently separated into four subgroups based 
on the amount of time they spent submerged in various Whey 
protein beverages. In each Protein powder beverage, the soak-
ing protocol was carried out twice for a total of 10 minutes. They 
were then submerged in fake saliva for an additional 10 minutes 
every day for 30 days. Samples were kept until the following 
cycle in distilled water. The surface roughness of all the samples 
was measured before and after immersion using a contact-type 
surface profilometer. With a 5% level of significance, the data 
were statistically analysed using the unpaired “t” test and Mann 
Whitney U test.
Results & Conclusions: The surface roughness of all dental 
composites substantially increased after immersion in all whey 
protein beverages, although WPW induced the greatest alter-
ations, followed by WPC and WPI. The biggest increase in sur-
face roughness was seen in Filtek Z 250XT composites, followed 
by Filtek P 60 composites, with Filtek Bulk Fill demonstrating the 
lowest increase.
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Introduction 
The consumption of sports drinks to aid in rehy-

dration and replacement of electrolytes is becoming a 
common practice. Along with acidic soft drinks and 
juices, the newly available sports and energy drinks are 
becoming extremely popular. Due to their nutritional 
importance, whey proteins were added to the list of 
protein supplements, and ever since, their demand has 
grown. Protein supplements are used by a huge por-
tion of the population, including both gym users and 
the general public, for a balanced meal, weight loss, 
and other claimed health benefits.

Branch-chained amino acids can be found in 
abundance in whey proteins, which are derived from 
cow’s milk.[1] Additionally, these proteins promote the 
synthesis of beneficial compounds such as lactofer-
rin, glutamine, lactalbumin, and immunoglobulins.
[2] These supplements are available as powders, ener-
gy bars, and energy drinks, but their use as powders 
derives maximum nutritive benefits. Whey Protein 
Concentrate (WPC), Whey Protein Isolate (WPI), and 
Hydrolysed Whey Protein are the three types of whey 
protein powders available in the market.[3]

Whey protein powders are generally available in 
different flavors like vanilla, orange, and chocolate, 
which can be mixed with either water or milk to form 
a thick shake and are mildly acidic (5.7- 6.0) in na-
ture. [4] In addition to shakes, whey protein-containing 
pre-packaged beverages have also been introduced as 
they provide proteins of high quality. These drinks are 
acidic (pH <3.5) and are relatively clear and available 
in fruity flavors such as fruit punch, cola, lemon-lime, 
and grape.[4]

Commercially accessible whey protein shakes may 
be harmful to teeth and restorative materials as they are 
mildly acidic in nature.[5] Excessive use of acidic foods 
and beverages, as well as unique eating and drinking 
habits such as sipping an acidic drink over time, have 
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been shown to enhance the acidic challenge to teeth.[6] 
Since whey protein shakes are quite viscous, they stay 
in contact with the tooth and the restorative material 
for a longer period of time as compared to other aer-
ated drinks. Hence, their acidic nature can degrade the 
properties of restorative material and lead to the fail-
ure of the restoration. Also, since taken post-exercise, it 
may further cause decrease in salivary flow. Inadequate 
rinsing and buffering of demineralizing acids on tooth 
surfaces increase the potential for erosion.[7]

Surface features of these restorative materials are 
important in enhancing their clinical shelf life, as su-
perficial biodegradation from chemicals present in di-
etary substances increases susceptibility to plaque ac-
cumulation, staining, and wear. [8-9] The data suggests 
that a surface roughness (SR) as minimal as 0.2 mm, 
may increase the risk for both secondary caries and 
periodontal inflammation. [10]

Hence, owing to the increased demand and popu-
larity of whey protein beverages in every household, 
a study was conducted to observe the effects of Whey 
protein drinks on P 60 Posterior composites, Filtek Z 
250XT, Filtek Bulk Fill, and Filtek Z 350XT composite 
resin restorative materials.

Materials and methodology 

Sample Preparation.
A plastic straw with a diameter of 6mm was used 

to make disc-shaped samples. The plastic straw was 
sectioned into discs of 2mm in height each and molds 
were prepared according to ISO specifications.[11] Four 
widely available dental resin composites were used to 
create 20 disc-shaped samples of various composite 
resin materials with varying filler compositions and 

matrices. (Table 1) The resin material was squeezed 
into the molds after they had been made, and to create 
a polymerized flat surface, a matrix strip was put on 
both open ends of the disc. The irradiance value was 
measured by a radiometer and repeatedly checked. 
The guide tip of the curing light was placed perpen-
dicularly to the surface of the specimen contacting the 
mylar strip.

To achieve the best post-irradiation hardness of 
composite restorations, the samples were placed at 
37°C for 24 hours. After that, the samples were pol-
ished and finished in planar motion using discs made 
of a coarse, medium, fine, and superfine abrasives. This 
procedure was performed by an operator using a low-
speed handpiece (NSK Contra-angle handpiece) with 
water cooling. After each 10 second polishing phase, 
the samples were rinsed with water for 10 seconds to 
remove debris, air dried for 5 seconds, and polished for 
the same amount of time with a lower grit disc before 
the final polishing. The samples were then ultrasoni-
cally cleaned for 10 minutes in distilled water. The pre 
immersion SR of all the samples was evaluated with a 
digital contact type surface profilometer “Time 3200”.

Solution Preparation.
Two types of solutions were prepared from whey 

protein powders available namely; WPI (Whey Pro-
tein Isolate, Isopure, Strawberry flavored) and WPC 
(Whey Protein Concentrate, Muscleblaze, unflavored) 
and third solution, WPW (Whey Protein Water, Mus-
cleblaze, Cola flavored) was a pre-packaged solution.

One scoop (25 grams) of powder was mixed in 
250 mL of lukewarm water to create the correspond-
ing solutions. To prevent the formation of lumps, the 
solution was regularly agitated with a rod. A digital pH 

Table 1
Composition of P-60, Z 350XT, Z 250XT and Bulk Fill Composites.

Material Filler Manufacturer Monomers
GROUP 1 Bulk Fill Posterior (4–11 nm), ytterbium triflu-

oride (100 nm), zirconia/
silica–

Filtek Bulk Fill Poste-
rior3M ESPE, St.Paul, 
MN, USA

Bis-GMA, AUDMA UDMA, 
DDDMA

GROUP 2 Microhybrid composite zirconia/silica0.01μm to 
3.5μm

Filtek P60 Posterior 
Restorative3M ESPE, 
St.Paul, MN, USA

TEGDMA has been replaced 
with a blend of UDMA (urethane 
dimethacrylate) and Bis-EMA (6)

GROUP 3 Nanofilled composite Zirconia-silica(5-20nm) Filtek Z350 XT Universal 
Restorative.3M ESPE, 
St.Paul, MN, USA

Bis-GMA, UDMA, TEGD-
MA,PEGDMA and Bis-EMA resins

GROUP 4 Microhybridcomposite 1 mm glass, ceramic micro-
fillers, 20–60 nm SiO2

Filtek Z 250 XT Universal 
Restorative3M ESPE, 
St.Paul, MN, USA

Bis-GMA, UDMA,Bis-EMA1 mm 
glass, ceramic microfillers, 20–60 
nm SiO2
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meter was used to record the pH of all three solutions 
(pH Pocket-sized pH Tester – HI98107P) and noted.

IMMERSION PROTOCOL
According to the immersion media that the samples 

were immersed in, they were classified into 4 subgroups: 
subgroup A (DW), subgroup B (WPI), subgroup C 
(WPC), and subgroup D. (WPW). The immersion reg-
imen included two cycles of immersion lasting 10 min-
utes each in each of their individual solutions, followed 
by a further 10 minutes of immersion in synthetic saliva. 
All of the samples were dried and kept in distilled water 
after being submerged in artificial saliva (pH-6.8). This 
protocol was followed for 30 days daily.

The samples were again tested for SR after 30 days 
of immersion. Each sample was carefully smeared 
with wax on metallic support for this purpose, and the 
needle located at the end of the equipment’s arm was 
positioned on the sample surface and programmed to 
trace a 4.8 mm path. Two further measurements were 
obtained by rotating the disc at a 90-degree angle. The 
SR (mm) was measured at three different positions in 
each sample and the average was noted.

Results 
The percentage of change in SR for all the restor-

ative materials was calculated as follows:

% Change = 100 x final value – baseline value / 
baseline value 

Mean percentage change in surface roughness, 
standard deviation, and differences in surface rough-
ness post immersion were determined by application 
of unpaired “t” test and Mann Whitney U test using 
Statistical Package for the Social Sciences, version 26 
software (IBM, CA, USA). The level of significance 
was set at P< 0.05. 

Mean percentage change in surface roughness be-
tween different pairs of subgroups in P 60, Z 250XT, 
Bulk-fill, and Z 350XT composite post immersion 
was compared (figure 1). All the composites showed 
increased SR post immersion in different Whey pro-
tein beverages. The table no. 2 and table no. 3 depict 
that Z 250XT composites exhibited maximum rise in 
SR followed by P 60 composites and then Z 350XT. 
The bulk fill composites showed least surface rough-
ness changes post immersion in various Whey protein 
solutions. The samples immersed in WPW and WPC 
showed greatest spike (p<0.05) in surface roughness 
values followed by WPI while DW caused minimal 
rise in surface roughness.

Discussion
The market for composite restorative materials is 

continually evolving ever since the discovery of BIS-

Figure 1. Comparison of mean percentage change in SR for four different groups post immersion in DW, WPI, WPC & WPW.
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GMA. The dentists’ desire to combine consistency 
and strength with life-like aesthetics has given rise to 
a wide range of hybrid composites available today. In 
addition, nanotechnology has further revolutionized 
the era of composite resins in the field of dentistry.

The oral cavity experiences a wide variety of chang-
es in its pH due to the complex interactions between 
the saliva, dietary substrate, and microflora. The drop 
in pH could be attributed to the fermentation of dietary 
substrates by microflora and also the acidic beverages 
and food items consumed by an individual during the 
entire day.[12] As a result, the dynamic structure of the 
oral cavity influences not only the dental hard tissues 
but also the properties of various restorative materi-
als. In the past, various studies have assessed the effect 
of acidic drinks on resin-based composites and they 
have stated that composites are easily corroded by the 
effect of acids both in vivo and in vitro.[13-15] In fact, it 
is demonstrated that acidic environment can alter me-
chanical properties of the composites, make the sur-
face of the composites rougher, and also results in the 
creation of micro-infiltration between the enamel and 
the restoration.[16] Thus, all categories of dental com-
posites were included in this study to see the effect of 
whey protein beverages on each one of them.

Whey proteins can now be further purified and 
separated into Whey Protein Concentrate (WPC) 
and Whey Protein Isolate thanks to advancements in 
processing technologies (WPI). [3] Concentrates have 
higher concentrations of bioactive substances such as 
lactose-containing carbohydrates than they do of lip-
ids and cholesterol. [17] On the contrary, Isolates are the 
purest form and contain 90% or greater protein with 
minimal lactose.[18] These Whey proteins are available 
as energy bars, infant formula and aerated beverages In 
addition, more convenient supplements are available 
as aerated Whey protein beverages packed with phos-
phoric acids in air tight containers. The presence of ac-
ids provides a refreshing taste and storage durability.[4]

Despite being a nutritional boon, Whey protein 
beverages have their own limitations. Firstly, they have 
an acidic nature, and secondly, as stated by Hogan and 
Callaghan, Whey powders with high lactose content 
form lump in water and are prone to become sticky 
in nature.[19] In addition, lactose being hygroscopic in 
nature tends to absorb moisture and lead to deteriora-
tive actions. [20]

Hence, three different types of whey protein bev-
erages namely WPC, WPI, and WPW were used in 
this study to evaluate their effect on composite resin 

Table 2
Comparison of mean percentage change in surface roughness values between different pairs of sub groups in Bulk-fill, P60, Z 
250XT and Z 350XT composites using by Mann-Whitney U test.
S.NO. PAIR OF SUB-GROUPS GROUP – 1

(BULK FILL)
GROUP – 2

(P-60)
GROUP--4
(Z-250XT)

GROUP--3
(Z-350XT)

1 DW & WPI .3039 P>.05 (N.S.) .0003* P<.05 (SIG.) .1355 P>.05 (N.S.) .0118* P<.05 (SIG.)
2 DW & WPC .0069* P<.05 (SIG.) .0006* P<.05 (SIG.) .0054* P<.05 (SIG.) .0449* P<.05 (SIG.)
3 DW & WPW .0057* P<.05 (SIG.) .0008* P<.05 (SIG.) .0479* P<.05 (SIG.) .0336* P<.05 (SIG.)
4 WPI & WPC .0009* P<.05 (SIG.) .0011* P<.05 (SIG.) .0042* P<.05 (SIG.) .0063* P<.05 (SIG.)
5 WPI & WPW .0013* P<.05 (SIG.) .0032* P<.05 (SIG.) .0047* P<.05 (SIG.) .0049* P<.05 (SIG.)
6 WPC & WPW .0460** P<.05 (SIG.) .2318 P>.05 (N.S.) .5276 P>.05 (N.S.) .0787 P>.05 (N.S.)

*shows a significant difference between groups at 0.05 level of significance. (P<.05)

Table 3
Comparison of mean percentage change in surface roughness values b/w different pair of groups post immersion in DW, WPI, 
WPC and WPW using Mann-Whitney U test.

S.NO. PAIR OF SUB-GROUPS DW WPI WPC WPW
1 BULK FILL & Z-250XT .1433** P>.05 (N.S.) .0036* P<.05 (SIG.) .4201** P>.05 (N.S.) .3384** P>.05 (N.S.)
2 BULK FILL & Z-350XT .0736** P>.05 (N.S.) .2302** P>.05 (N.S.) .9122** P>.05 (N.S.) .9868** P>.05 (N.S.)
3 BULK FILL & P-60 .0000* P<.05 (SIG.) .0100* P<.05 (SIG.) .2834** P>.05 (N.S.) .2164** P>.05 (N.S.)
4 P-60 & Z-250XT .0574* P<.05 (SIG.) .7435** P>.05 (N.S.) .5389** P>.05 (N.S.) .3424** P>.05 (N.S.)
5 P-60 & Z-350XT .0003* P<.05 (SIG.) .0729** P>.05 (N.S.) .7344** P>.05 (N.S.) .9301** P>.05 (N.S.)
6 Z-250XT & Z-350XT .6557** P>.05 (N.S.) .7712** P>.05 (N.S.) .3905** P>.05 (N.S.) .2190** P>.05 (N.S.)
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materials. Composite resins were chosen for testing as 
in the present scenario, they are the most commonly 
used direct-filling restorative material, and since the 
available composite resins themselves differ in their 
compositions and applications, thus, four different 
composite resins with varying microstructures were 
selected to conduct the study.

Although the oral cavity is the best testing setting 
for predicting restorative behaviour, its complexi-
ty and diversity cannot be recreated. Thereafter, an 
in vitro model was chosen to minimize the effect of 
confounding factors and provide a clear insight into 
the fundamental mechanism of degradation. During 
intake, any food or drink only has a brief contact with 
a tooth/restorative surface before being rinsed away 
by saliva, hence a 10 minutes time was chosen for im-
mersion in beverages followed by dipping in artificial 
saliva for 10 more minutes to simulate buffering and 
cleansing action of saliva. [21]

The various factors determining the surface prop-
erties of restorative materials can either be material 
based such as type of organic matrix, size, shape, and 
distribution of filler particles or there could be exter-
nal factors like pH, a chemical present in food and 
drink and thermomechanical loading which might 
soften the matrix. [22-24]

All the three beverages namely WPC, WPI, WPW 
caused increase in surface roughness significantly 
(p<0.05) of all four types of composite resins tested. 
The pH for WPI, WPC and WPI on testing gave values 
of 5.9, 5.7 and 3.9 respectively. It has been established 
that acidic pH plays an important role in increasing the 
surface roughness of restorative materials and a study 
by Musfirah et al. stated that composite resins are solu-
ble in low pH solutions, which can lead to matrix soft-
ening, surface abrasion and loss of surface ions.[25]

An important phenomenon like water sorption can 
result in to swelling and delamination of the organic 
matrix and further increase the penetration of acids 
into the resin matrix of a resin-based composite. [27] 

The study suggested that apart from Whey protein 
beverages, even immersion in distilled water, can lead 
to increase in surface roughness of composite resins. 
Thus, water sorption explains the increase in surface 
roughness of samples dipped in distilled water, though 
the rise was statistically insignificant.

All samples, immersed in WPW, irrespective of the 
composite resin, demonstrated greatest rise in surface 
roughness which is consistent with various studies 

which have concluded that acidic pH can deteriorate 
the surface properties of composite. [26,28] Despite being 
mildly acidic, it was noted that WPC and WPI also 
showed rise in surface roughness, though the rise was 
significantly less in comparison to WPW. The find-
ings of Hogan and Callaghan et al revealed that the 
presence of lactose in Whey proteins has the potential 
to alter their physical interactions making them sticky 
in nature, which favors their adherence on composite 
discs. [19] Moreover, the literature supports the fact as 
composites being more heterogenous in nature tend to 
adsorb more proteins on their surface than enamel. [28]

In addition to creates gritty deposits on their sur-
face, the adherence of whey proteins on to the com-
posite surface increase the water binding affinity of 
composites owing to the hygroscopic nature of lactose, 
which ultimately results in leaching out of ions and 
loss of surface properties. [20]

Moreover, a study conducted by Santin et al sug-
gested that mildly acidic beverage like WPI had the po-
tential to solubilize the resin matrix and create rough-
er surfaces which corroborated with the results of the 
present study. [5]

Another interesting finding is that samples dipped 
in WPC exhibited a greater surface roughness rise 
than samples immersed in WPI which could be ex-
plained by lower lactose content in WPI. [3]

With reference to the restorative materials, the Z 
250XT composite followed by P 60 composites showed 
the highest increase in surface roughness. These find-
ings were in agreement with Alrobeigy, who stated 
that decreased filler loading promotes greater water 
sorption. [29] As Posterior 60 composites possess the 
lowest filler loading (61% by weight), they showed less 
resistance to surface changes.

A conflicting finding was also noted as Z 250XT 
had the highest filler loading (78% by weight) yet re-
corded the highest rise in surface roughness. A possi-
ble explanation is that hybrids contain a broad distri-
bution of particle sizes with the largest particle size of 
1 micron and when they are exposed to low pH, their 
heterogenous nature results in leaching out of larger 
particles generating larger bumps and craters, thus 
increasing the surface roughness.[30] Furthermore, 
Hong-Yi Fan in his study revealed that a less homo-
geneous distribution of filler and matrix is minimally 
susceptible to acid attack. [26]

The samples prepared with Filtek Bulk Fill and 
Z 350XT nanoparticulate composite chemical for-
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mulations showed a significantly lesser rise in sur-
face roughness as the two materials are comprised of 
nanoparticles and nanoclusters that provide less inter-
stitial space between the inorganic particles, making 
it more difficult to displace them. [30] Also, the smaller 
particles released, leave only minor surface defects. [30]

Although statistically insignificant, Filtek Z350XT 
nanoparticulate composite recorded a higher surface 
roughness rise than Filtek Bulk Fill samples despite sim-
ilar filler loading. This could be attributed to the type of 
monomers present in both materials. Filtek Bulk Fill has 
monomers like AUDMA and UDMA which have been 
reported to reduce water sorption of the composites and 
increase their resistance to surface alterations. [31]

Because in vivo research provide more meaningful 
data in terms of replicating the oral environment, the 
current study design was unable to include the effect 
of various variables like temperature and masticatory 
forces. In addition, this study included only four types 
of composite resin materials. Studies with other ma-
terials should also be carried out before making any 
opinions and validation.

Conclusions 
When exposed to various Whey protein beverages, 

modern tooth restorative materials perform differently. 
The Z 250XT and P 60 composites were found to be 
considerably impacted by exposure to WPW and WPC 
in the current investigation, while FBF has shown high-
er resistance to changes in surface roughness. In addi-
tion, it was discovered that other elements, such as vis-
cosity, lactose content, and beverage pH, were crucial in 
determining the stability of the resin surface.
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