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ABSTRACT

 Objective: Multiple etiological factors contribute to the process of erosion and destruction 
of enamel. Among which, carbonated soft beverages and energy drinks are the most aggressive 
extrinsic causes. The consumption of milk whether bovine or plant based highly contributes to the 
remineralization process. 

Design:  Thirty five freshly extracted sound human maxillary first premolars were used and 
randomly divided into the following groups; Group I (Control group): included 5 teeth immersed 
in distilled water. Group II (Power Horse group): 15 teeth were immersed in 330ml of the drink. 
Group III (Cornelius group): 15 teeth were immersed in 330ml of the energy drink. After 10 days, 
the teeth were further randomly divided as follows (5 teeth each); Group IV (Power Horse +Lactose 
free milk), Group V (Power Horse +Almond milk), Group VI (Cornelius +Lactose free milk) and 
Group VII (Cornelius +Almond milk). Teeth of groups IV-VII were placed in both types of milk for 
5 days where the milk was changed every 2 hrs. The remaining teeth from groups II and III (5 teeth 
each) were kept in distilled water. At the end of the experimental period, the teeth were prepared for 
SEM examination, EDX and statistical analyses. 

Results: SEM examination showed that surface erosion was more aggressive in Power Horse 
group (II) when compared to Cornelius group (III). Furthermore, the results revealed better 
remineralizing effect in groups IV and VI (lactose free treated) rather than those treated with 
almond milk (groups V and VII). EDX results presented statistically significant decrease in Ca 
and P wt % in group II compared to group III. Statistically significant increase in Ca and P wt % in 
group IV in relation to group V and similarly, significant increase in group VI compared to group 
VII were also detected. 

Conclusion: Energy drinks produce erosive defects of varying intensity on the enamel surface 
of human teeth. The intake of remineralizing agents; such as milk, immediately following every 
meal containing acidic diet is mandatory to reverse the demineralization process. 

KEYWORDS: enamel, erosion, energy drinks, lactose-free milk, almond milk. 
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INTRODUCTION 

Changing lifestyle and daily pattern of diet have 
a chief role in the widespread rise of dental erosion. 
Dental erosion is caused by repeated contact of the 
erosive acidic agent and surface of the tooth (1). This 
results in dental hard tissue loss and thinning which 
is not associated with microorganisms (2).

Endogenous factors causing dental erosion 
involves gastric reflux of the stomach leading to 
tooth damage with acidic contact. On the other hand, 
exogenous factors results from regular consumption 
of acidic diet and beverages or from frequent 
intake of acidic drugs (3). Unrestricted ingestion of 
carbonated soft beverages and high energy drinks 
(EDs) are among the most aggressive extrinsic 
causes of dental erosion (4).

Recently, consumption of sports and EDs is gain-
ing more popularity worldwide over usual carbon-
ated soft drinks (5). EDs are carbonated, non-alco-
holic drinks available in the form of cans or bottles 
mostly consumed by youths, undergraduates and 
desk workers (6). They have been found to improve 
physical resistance and mental performance, en-
hance concentration and alertness (7). They also in-
crease the rate of metabolism during various sports 
and activities (8). These beverages are composed of 
caffeine, carbohydrates, proteins, amino acids, vita-
min B, minerals, and acids as citric, phosphoric and 
malic acids (8, 9). The existence of acids lowers the 
pH of these drinks making them potentially erosive. 
Thus high consumers become more susceptible to 
serious dental problems and high rates of dental  
erosion (10). 

Although excessive use of acidic drinks increases 
the risk of enamel demineralization, this effect could 
be reversed when remineralizing agents exist (11). 
Remineralization involves diffusion of calcium and 
phosphate ions within the defect to regain the tooth 
subsurface (12). These minerals are normally found 
in bovine milk and its products (13), together with 
other milk based bioactive agents which release 

some components improving the remineralization 
process (12).

Lactose intolerance is a major worldwide 
problem. Therefore, lactose-free dairy milk is 
targeted to individuals who have lactase enzyme 
deficiency which breaks down milk sugar, lactose, 
into galactose and glucose (14).

Unfortunately, allergy to cow milk, lactose 
intolerance, hypercholesterolemia and calorie 
issues restrict the use of dairy milk for certain group 
of population (15-17). Thus, there is a fast growing 
shift to plant based alternative milk products as 
being lactose free, cholesterol free and having 
low calories (18). Among these existing alternatives 
are almond, soy, oat, rice and coconut milk based 
beverages (19). Compared to other plant-based milk 
alternatives, almond milk contains significant 
high amount of calcium, phosphorus, potassium, 
magnesium, selenium, iron, zinc and vitamin  
E(20,16). Recently, sales of almond milk have 
surpassed all other available dairy alternatives (21).

It was reported that ingestion of milk following 
an erosive challenge may exhibit reparative 
influence on enamel remineralization(22). Yet, limited 
information regarding the remineralizing effect of 
milk and its products is available (12). 

Therefore, the aim of this study was to compare 
the erosive effect of some commercially available 
EDs, and to reveal the possible remineralizing effect 
of lactose-free dairy milk and almond plant based-
milk on human maxillary first premolars.

MATERIALS AND METHODS

This study was carried on thirty five sound human 
maxillary first premolars freshly extracted for 
orthodontic reasons. The teeth were cleaned gently 
from residual debris, washed thoroughly under 
running water and stored in distilled water. The 
premolars were examined under stereomicroscope 
to ensure absence of caries, calculus or any defects 
particularly on the buccal surface.
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* MATERIALS

I-  Energy Drinks (EDs); two types were used in 
the study 

a) Power Horse – ED 

• Ingredients: carbonated water, sucrose, glu-
cose, citric acid, taurine, glucoronolactone 
(240mg/100 ml), artificial flavor (Tutti-Frutti), 
caffeine (32mg/100 ml), colour (caramel), ino-
sitol (20mg/ 100ml), niacin, pantothenic acid, 
vitamins B6, B12 and riboflavin.

• Manufactured by S. Spitz GmbH, Attnang 
Puchheim, Austria.  

• Purchased from market as 250ml disposable 
cans.

b) Cornelius Organic ED 

• Ingredients: water, biosugar, carbon dioxide, 
citric acid, taurine (0.4%), acidity regulator 
sodium citrate, caffeine (0.03%), colour 
sulphite ammonia caramel, riboflavins, niacin, 
pantothenic acid, vitamins B6 and B12.

• Manufactured by AM BEVERAGES GLOBAL 
TRADING FZC- Poland.

• Purchased from market as 250ml disposable 
cans.

N.B.: For each ED; the pH and titratable acidity 
(TA) were measured at Faculty of Pharmacy, Future 
University in Egypt.

pH measurement

For pH measurement; a potentiometer (pH-Meter 
E520, Switzerland) was used where an electrode 
was connected and calibrated at pH 7 and pH 4 with 
a standard solution. The beverages to be tested were 
maintained at ambient temperature (~ 25°C) (10).

Measurement of titratable acidity (TA)

For each beverage used; 100ml was titrated using 
1M NaOH which was added in 0.2ml increments 
until the pH reached 7. After each increment (0.2ml) 
of NaOH, a non heating magnetic stirrer was used 
till a stable pH reading was reached. This procedure 
was done in order to measure the total TA and the 
amount of NaOH required to raise the pH to 7 (2). 

II- Milk; two different types of milk were assessed 
in this work

a) Juhayna Lactose Free Full Cream Cow’s Milk 

• Ingredients: UHT Full Cream Cow’s Milk, 
lactase enzyme (non animal origin), 3% fat, 
8.25% SNF, lactose (<0.1%), fat, protein, 
carbohydrates, calcium, phosphorous, vitamins 
B1 and B2. Free from milk powder, preservatives 
and any other additives.

• Manufactured by The Egyptian Company For 
Food Industries (Egyfood), 6th October City, 
Egypt.

• Purchased from market as one liter disposable 
packs.

b) Almond Breeze Almond Milk

• Ingredients: Almond milk, (filtered water, 
almonds), cane sugar, calcium carbonate, sea 
salt, potassium citrate, sunflower lecithin, 
geltan gum, vitamin A, palmitate, vitamin 
D2, D-Alpha-Tocopherol (natural vitamin E), 
fat 4%, sodium, potassium, carbohydrates, 
calcium, phosphorous, riboflavin, magnesium.

• Manufactured by Blue Diamond Growers, 
Sacramento, USA.

• Purchased from market as one liter disposable 
packs.

* Measured pH and TA of Power Horse ED were 2.52 and 26.8 respectively. 
** Measured pH and TA of Cornelius ED were 2.75 and 19.4 respectively.
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* Experimental Design

The teeth were divided into the following groups;

Group I (Control group): included 5 teeth 
immersed in distilled water throughout the 
experimental period.

Group II (Power Horse group): 15 teeth were 
immersed in a container filled with 330ml of the 
drink. 

Group III (Cornelius group): This group included 
15 teeth immersed in a container filled with 330ml 
of the energy drink. 

**For groups II and III; the beverages were 
changed daily (every 24 hrs) for 10 days (9). After 
10 days, the teeth were washed for seconds under 
running water, left to dry and then were randomly 
divided as follows;

Group IV (Power Horse +Lactose free milk): 5 
teeth from group II were placed in 125 ml of lactose 
free milk. 

Group V (Power Horse +Almond milk): another 
5 teeth from group II were placed in 125 ml almond 
milk. 

Group VI (Cornelius +Lactose free milk): This 
group included 5 teeth from group III were placed 
in 125 ml lactose free milk. 

Group VII (Cornelius +Almond milk): another 
5 teeth from group III were immersed in 125 ml 
almond milk. 

**Teeth of groups IV-VII were placed in both 
types of milk for 5 days where the milk was changed 
every 2 hrs (23). The remaining teeth from groups II 
and III (5 teeth each) were kept in separate beakers 
filled with distilled water. 

Scanning electron microscopic examination:

At the end of the experimental period (15 days), 
teeth of all groups were washed under running 
water and left to dry in open air. The cervical third 

of the buccal surfaces of the teeth was studied 
using scanning electron microscope (SEM) model 
Quanta 250 FEG (Field Emission Gun) attached 
with EDX Unit (Energy Dispersive X-ray Analyses) 
and accelerating voltage 30 K.V., magnification14x 
up to 1000000 and resolution for Gun.1n. (FEI 
Company, Netherlands). This was carried at the 
Scanning Electron Microscope Unit, Egyptian 
Mineral Resources Authority “Egyptian Geological 
Survey” (EMRA), Ministry of Petroleum.

Statistical analysis:

Data were coded and entered using the statistical 
package SPSS version 22. Data was summarized 
using mean and standard deviation. Comparisons 
between groups were done using analysis of variance 
(ANOVA) with multiple comparisons post hoc test 
when comparing more than 2 groups. Correlations 
between quantitative variables were done using 
Pearson correlation coefficient (24).

RESULTS

I- Scanning electron microscope (SEM)

Group I (Control group)

Scanning electron microscopic (SEM) 
examination of enamel of the cervical third of 
the buccal surface of control group specimens 
nearly presented the same normal surface features. 
Numerous perikymata, rod ends with variable depth 
as well as areas of rodless or structurless enamel 
were evident. Perikymata which represented the 
external manifestation of the brown striae of Retzius 
appeared as slightly undulating parallel grooves; 
some of which were pronounced depressions; 
others were faint and poorly developed. Rod ends 
were evident as surface concavities inbetween the 
perikymata. Moreover, fine grooves were detected 
on the enamel surface more or less at right angle to 
the perikymata. Also, very few depressions or pits 
were normally seen on the enamel surface. (Fig. 1)
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Group II (Power Horse group)

On examination of the enamel surface of 
group II specimens; the cervical third revealed 
various surface defects. These defects included 
dissolution of the enamel surface, cracking, erosion 
and porosity. In comparison to the control group; 
areas of rodless enamel were increased in relation 
to the few scattered rod ends which were still 
detected denoting surface dissolution. Obvious 
cracks ranging from shallow, intermediate to deep 
ones were seen along the entire enamel surface. 
Morphologic surface defects also included pitting; 
few crater like depressions and irregularities as well 
as granular deposits. Unlike the control group, only 
remnants of the perikymata were evident. (Fig. 2)  

Group III (Cornelius group)

Scanning electron microscopic examination of 
these group specimens showed certain variations; in 
a way the surface texture was maintained compared 
to the control group and even the morphologic 
defects detected were considered of less intensity 
regarding group II. In all specimens, the pattern 
of perikymata was well defined along the entire 
cervical third. However, some showed obviously 
deep cracks while others presented shallow grooves. 

Minor pitting with very few granular deposits was 
also detected. The rod ends appeared shallow to 
the extent that they were not obvious in some 
specimens except along the periphery of perikymata.   
(Figs. 3a & 3b)

Group IV (Power Horse +Lactose free milk)

Scanning electron microscopic examination of 
group IV specimens revealed massive calcific de-
posits nearly filling all cracks and surface defects 
that resulted from the power horse energy drink. 
The majority of the deposits exhibited needle like 
appearance which were more or less arranged regu-
larly parallel to each other; others assumed granu-
lar pattern. However, areas of structurless enamel 
could be seen with minute cracks. On higher magni-
fication, examination of the enamel surface showed 
highly organized rod ends with evident key hole ap-
pearance or fish scale arrangement. Some of the cal-
cific deposits were seen obliterating the enamel rods 
either partially or even completely. (Figs. 4a & 4b)

Group V (Power Horse +Almond milk)

Unlike the previous group; the enamel surface 
of this group’s specimens still presented certain 

Fig. (1) Scanning electron micrograph of group I (control 
group) showing; numerous perikymata (black arrows), 
rod ends (black arrow heads), areas of rodless or 
structurless enamel (asterisks), fine grooves (white 
arrows), and few depressions or pits (white arrow 
heads) (Orig. Mag. x 500)

Fig. (2) Scanning electron micrograph of group II (Power Horse 
group) showing; obvious cracks ranging from shallow, 
intermediate to deep ones (white arrows), increased 
areas of rodless enamel (asterisks), few scattered 
rod ends (black arrows), pitting (white arrow heads), 
few crater like erosions (black arrow heads), surface 
irregularities (R), granular deposits (g) and remnants of 
perikymata (curved arrows) (Orig. Mag. x 500)
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morphologic defects ranging from surface pitting 
to cracks of variable intensity. Moreover, areas of 
structurless enamel could be detected with only 
traces of the rod ends on higher magnification. 
Evidence of calcific deposits was marked; either 
granular or feather like in appearance scattered 
on the surface or irregularly arranged needle like 
deposits in an attempt to obliterate the cracks. The 
amount of calcific deposits was relatively less than 
that observed in group IV. (Figs. 5a & 5b)

Group VI (Cornelius +Lactose free milk)

Signs of mineralization were evident on the 
cervical third of the buccal surface of the specimens 
when examined under the SEM. Yet, apparently the 
degree of mineralization was far less in intensity and 
distribution when compared to groups IV and V. The 
calcific deposits which were haphazardly distributed 
assumed various patterns; granular or feather like 
and needle shaped filling most of the tiny surface 

Fig. (3) (a) Scanning electron micrograph of group III (Cornelius group) showing; well defined perikymata (white arrows), shallow 
rod ends along the periphery of perikymata (white arrow heads), shallow grooves (g) and minor pitting (black arrow 
heads) (Orig. Mag. x 500). (b) Another scanning electron micrograph of group III (Cornelius group) showing; well defined 
perikymata (white arrows), deep cracks (asterisks), shallow rod ends (white arrow heads), rodless areas (R) and very few 
granular deposits (black arrows) (Orig. Mag. x 500)

Fig. (4) Scanning electron micrograph of group IV (Power Horse +Lactose free milk) showing; massive calcific deposits nearly 
filling all cracks and surface defects. (a)  Needle like calcific deposits parallel to each other (white arrows), few granular 
deposits (black arrows) and areas of structurless enamel with minute cracks (R) (Orig. Mag. x 500). (b)   Higher magnification 
of the previous micrograph showing; highly organized rod ends with key hole (K) or fish scale (F) appearance, and calcific 
deposits obliterating the enamel rods either partially (white arrows) or completely (white arrow heads) (Orig. Mag. x 1000)
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defects previously stated in group III. Furthermore, 
the enamel surface revealed regularly arranged 
perikymata with evidence of rod ends assuming 
fish scale pattern. On higher magnification, needle 
like deposits were seen obliterating few rod ends.  
(Figs. 6a& 6b)

Group VII (Cornelius +Almond milk)

On SEM examination, the least degree of 
mineralization was detected on the enamel surface 
of the specimens of this group in comparison to the 
previous experimental groups (IV, V & VI). Still the 

enamel surface presented tiny grooves in addition 
to the detected perikymata, rods and minute areas 
of rodless enamel. On higher magnification, 
the mineralization pattern exhibited a granular 
appearance with various sizes ranging from minute 
to large granules; others assumed feather shape and 
few appeared needle like. Granular deposits were 
seen obliterating some of the rod ends. Moreover, 
calcifications could be detected within the deepened 
perikymata as well as along the periphery of some 
rod ends. (Figs. 7a& 7b)

Fig. (5) Scanning electron micrograph of group V (Power Horse +Almond milk) showing; irregularly distributed calcifications.(a) 
Surface pitting (white arrow heads), cracks of variable intensity (white arrows) and areas of structurless enamel (R)  (Orig. 
Mag. x 500) (b) Higher magnification of the previous micrograph showing; traces of rod ends (white arrow heads), granular 
or feather like calcific deposits (g) and irregularly arranged needle like (white arrows) (Orig. Mag. x 1000)

Fig. (6) Scanning electron micrograph of group VI (Cornelius +Lactose free milk) showing; few scattered calcifications. (a)  
Regularly arranged perikymata (white arrows), calcific deposits; granular or feather like (g) and needle shaped (N) (Orig. 
Mag. x 500). (b)  Higher magnification of the previous micrograph showing; rod ends assuming fish scale pattern (F), 
calcifications filling most of the tiny surface defects (white arrows) and needle like deposits obliterating few rod ends (white 
arrow heads)  (Orig. Mag. x 1000) 
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II- Chemical Profile Results 

The elements detected by energy dispersive x-ray 
analysis (EDX) in the cervical third of the enamel of 
the buccal surfaces of the specimens were calcium 
(Ca), phosphorus (P), carbon(C) and oxygen (O). 
These elements differed in weight percent (wt %) 
from one specimen to another (Fig.8). 

III- Statistical Results

Statistics was utilized for the analysis of EDX 
results of Ca and P wt %. Data were represented as 
mean and standard deviation (SD) values.

Comparisons between groups:

a) Calcium weight percent (Ca wt %)

Statistical analysis revealed significant decrease 
in Ca wt % in groups (II-VII) compared to group 
I (p value = 0.00 for groups II, III, IV, V, VII and 
0.002 for group VI). On the other hand, significant 
increase in Ca wt % was detected in group III 
compared to group II (p value = 0.016) as well as 
in groups IV and V compared to group II (p value 
= 0.00). In addition, Ca wt % showed statistical 
significant increase in groups VI and VII compared 
to group III (p value = 0.00). According to the 
statistical analysis, there was significant decrease in 
Ca wt % in group V compared to group IV (p value 
= 0.009) and in group VII compared to group VI (p 
value = 0.001) (Table 1and figs. 9&10).

b) Phosphorus weight percent (P wt %)

Similar to the statistical analysis of Ca wt %; 
significant decrease in P wt % was detected in 
groups (II-VII) when compared to group I (p value 
= 0.00). However, there was statistical significant 
increase in group III compared to group II (p value 
= 0.00) and in groups IV-V in relation to group II 
(p value = 0.00). Also, Groups VI and VII revealed 

Fig. (7) Scanning electron micrograph of group VII (Cornelius +Almond milk) showing; the least degree of mineralization. 
(a) Tiny grooves (black arrows), perikymata (white arrows), rod ends (white arrow heads) and minute areas of rodless 
enamel (R) (Orig. Mag. x 500). (b)  Higher magnification of the previous micrograph showing; granular or feather shaped 
mineralization pattern (g), few needle like deposits (N), granular deposits obliterating some of the rod ends (white arrow 
heads), calcifications within the deepened perikymata (asterisks)  as well as along the periphery of some rod ends (white 
arrows) (Orig. Mag. x 1000)

Fig. (8) EDX chart obtained from the cervical third of the 
enamel of the buccal surfaces.
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statistical significant increase in P wt % when 

compared to group III (p value = 0.00). On the other 

hand, there was significant decrease in P wt % in 

group V compared to group IV (p value = 0.004) as 

well as in group VII when compared to group VI (p 

value = 0.005) (Table 2 and figs. 11&12).

Fig. 9: Bar chart representing Ca weight percent in all groups.

Data were expressed as Mean ± SD, p value <0.05 was significant

Fig. 10: Line chart representing the mean of Ca weight percent 
between groups

Table (1) Showing mean and standard deviation values of Ca wt % for all groups (I-VII)

Group Mean Standard Deviation Minimum Maximum P value

Group I 51.59 0.23 51.36 51.82

< 0.001

Group II 41.09 0.9 40.19 41.99

Group III 42.46 0.36 42.10 42.82

Group IV 45.97 0.14 45.83 46.11

Group V 44.5 0.39 44.11 44.89

Group VI 49.84 0.06 49.78 49.91

Group VII 47.91 0.19 47.72 48.11

TABLE (2) Showing mean and standard deviation values of P wt % for all groups (I-VII)

Group Mean Standard Deviation Minimum Maximum P value

Group I 21.39 0.12 21.27 21.51

< 0.001

Group II 17.14 0.16 16.98 17.30

Group III 17.82 0.075 17.75 17.90

Group IV 19.16 0.14 19.02 19.30

Group V 18.66 0.14 18.52 18.80

Group VI 20.27 0.17 20.10 20.44

Group VII 19.78 0.035 19.75 19.82
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DISCUSSION

Enamel is the chief targeted tissue in the 
process of erosion and its destruction may have 
multiple etiological factors (4). This in vitro research 
demonstrated the demineralizing effect of two 
commercially available energy drinks (EDs) on 
enamel of human dentition. It has been found that 
only few studies have discussed the effect of EDs 
on enamel erosion (10).

Our study was carried out on the cervical third of 
enamel which is the most affected area of the tooth. 
This was confirmed by Takahashi et al, 2008 (25) 
who reported decreased calcification of the cervical 
area of human teeth with significant reduction of 
calcium (Ca) and phosphorous (P) contents more 
than other parts of enamel.   

It is well known that saliva has a remineralizing 
effect as it is supersaturated with Ca and P, which 
may affect the progression of erosive process (26). 
Thus, artificial saliva was not used as a control 
medium in our study which may change the outcome 
of the results. Another opinion believe that despite 
the existence of saliva in in situ experiments, the 
reported data are the same for both in vivo and in 
vitro methods, which recommends the use of in 
vitro model for simplicity (11).

Scanning electron microscopic results of this 
work revealed several surface defects in groups 
II and III (Power Horse and Cornelius groups) 
including cracks, porosities, pits and erosion of 
varying degrees of intensities. These data are in 
accordance with Jeong et al, 2014 (27) who noticed 
rough surface demineralized enamel due to erosion, 
together with cracks between the hydroxyapatite 
crystals in SEM results of teeth immersed in ED 
ʻBurn Intenseʼ. Moreover, anterior teeth immersed 
in sports drink ʻStingʼ showed surface pitting 
and irregularities with areas of structural loss of  
enamel(28). Also, EDs ʻGatoradeʼ and ʻRed 
Bullʼ exhibited high erosive potential on human 
dental enamel respectively(11,29). Another study 
demonstrated decreased surface micro-hardness of 
enamel after submersion in EDs(30). Enamel hardness 
reduction is the primary evidence of erosion, which 
is a main sign of the action of erosive drinks in short 
periods(10). 

Meanwhile, surface erosion in this experiment 
was found to be more aggressive in Power Horse 
group (II) when compared to Cornelius group (III). 
In group III, the surface texture was maintained when 
compared to the control one, and the morphological 
defects were of less intensity with well defined 
pattern of perikymata. In this regard, some authors 
returned the erosive effect of ED to their pH 

Fig. 11: Bar chart showing P weight percent in all groups.

Data were expressed as Mean ± SD, p value <0.05 was significant 

Fig. 12: Line chart representing the mean of P weight percent 
between groups
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value, which reflects the dissociated hydrogen ion 
concentration. It is supposed that erosion occurs 
when the pH of the solution is lesser than the critical 
pH of hydroxyapatite, which is 5.5(2). At low pH, 
hydrogen ions dissolve the minerals leading to 
diffusion of Ca and P out of the tooth (31, 32). Our 
results revealed that the pH value of Power Horse 
drink is 2.52, while Cornelius is higher reaching 
a value of 2.75, thus explaining the more intense 
erosive effect of Power Horse drink over Cornelius. 

On the other hand, it has been recently accepted 
that the titratable acidity (TA) is more indicative for 
the erosive capacity of the solution rather than the 
actual pH value. TA is the amount of alkali needed 
to neutralize an acidic solution, that is, the erosive 
potential of the beverage(33,34). This means that 
increased TA of the solution results in more erosive 
effect (1). In the herein study, our findings come in 
agreement with these data, as the measured TA of 
Power Horse drink and Cornelius was found to be 
26.8 and 19.4 respectively; demonstrating higher 
enamel surface erosion of Power Horse beverage. 
This forgoing observation was coincident with 
Matumoto et al, 2018(10) who detected significant 
decrease in micro-hardness of teeth soaked in ‘Red 
Bullʼ ED which has low pH and high TA; being 
very difficult to be neutralized.

Similar to other soft drinks, EDs also contain 
citric acid and/or citrates in their composition 
which are added as a flavoring agent(2). Citric 
acid is a highly aggressive acid promoting tooth 
demineralization(5). It is a tribasic carboxylic acid 
which binds with hydroxyapatite crystals leading 
to dissolution of enamel. Citrate ions chelates Ca 
and P ions forming a soluble complex, enhancing 
further demineralization (35) thus causing elevated 
TA levels(29).

Moreover, frequency and time of exposure 
to acidic solution have great influence on enamel 
erosion (6). In the ongoing experiment, premolars 
were immersed in ED for 10 days interval and 
changed daily. It has been reported that prolonged 

submersion and contact between the tooth surface 
and the acidic solution promotes increased chances 
for erosion to occur. Hence, EDs can cause massive 
enamel destruction if they were inadequately and 
repeatedly consumed(1). Confirming our results, 
Owens et al, 2014(9) exposed human teeth to 
‘Red Bullʼ ED for 10 days duration. The authors 
recognized high percent weight loss of enamel 
samples indicating enamel dissolution and erosion. 
Furthermore, SEM revealed that increase exposure 
of enamel specimens to acidic drinks ends with 
severe surface erosion and cracks (1).

In the oral environment, demineralization and 
remineralization cycles are continuous. Early 
stages of demineralization are reversible through 
remineralization process where Ca and P ions are 
allowed to diffuse into the lesion restoring the 
lost tooth structure (12). In this work, we aimed to 
demonstrate the effect of milk as a remineralizing 
agent after immersion in different types of EDs. This 
is supported by instructions given to individuals to 
consume milk immediately after having meals or 
acidic drinks, which prevents demineralization and 
limits progression of dental erosion (36, 13, 37).

In milk groups (groups IV-VII), milk was 
replaced every 2 hours throughout the experiment 
which is the safe period before its deterioration. It 
has been documented that it is safe to keep foodstuff 
at room temperature for maximum 2 hours (38).

SEM results revealed better remineralizing effect 
in groups IV and VI (lactose free treated) rather 
than those treated with almond milk (groups V and 
VII). Calcific deposits of various patterns were 
haphazardly distributed filling all cracks and surface 
defects. This finding was parallel to that reported by 
Chung et al, 2013 and Vieira et al, 2018 (39, 37). The 
authors proved that lactose free milk significantly 
raised enamel micro-hardness when compared to 
almond milk following treatment with Coca-Cola, 
suggesting remineralization of eroded enamel. 
Grenby et al, 2001 (40) explained that elimination of 
lactose did not reduce the remineralizing potential 



(3450) Mona El Deeb and Rehab A. Abdel MoneimE.D.J. Vol. 64, No. 4

of milk against demineralization induced by acidic 
solutions. This means that lactose free milk has the 
same protective and remineralizing effect of whole 
bovine milk. Moreover, another study used enamel 
and dentin slabs to grow Streptococcus mutans 
biofilms, and then exposed to different types of milk. 
Lactose-free milk was able to keep the pH above the 
demineralization level causing least structural loss 
of enamel and dentin (41).

Ca, P ions and casein; particularly casein 
phosphopeptide amorphous calcium phosphate 
complexes (CPP-ACP) are the main constituents 
of bovine milk. They are mostly responsible for the 
remineralizing and protective effects on teeth. CPP-
ACP can bind to Ca and P in solutions and to tooth 
surface. This keeps Ca and P ions in amorphous 
state enhancing them to diffuse within the tooth 
enamel (42, 12). In addition, deposition of minerals and 
organic content on enamel forms a protective layer, 
thus decreasing the dissolution of hydroxyapatite 
crystals and preventing ions discharge (36). 

EDX analysis is considered the most relevant 
experimental method to identify the amount of 
certain elements within the enamel. It is based 
on the analysis of the weight percent of a definite 
constituent in enamel in few cubic microns, and 
then relates their distribution to the histological 
features of enamel (43).  

EDX results presented statistically significant 
decrease in Ca and P weight percent in group II 
compared to group III as a result of increased 
destruction of hydroxyapatite crystals caused by 
Power Horse ED. These data were confirmed by 
the SEM showing more aggressive effect of Power 
Horse ED over Cornelius.

Moreover, statistically significant increase in 
Ca and P weight percent in group IV in relation 
to group V and similarly, statistically significant 
increase in group VI compared to group VII were 
also detected. These obtained results reflect the 
highly mineralizing effect of lactose free milk over 
almond; which was confirmed by increased calcific 

deposits filling all cracks and defects in lactose free 
group.  

Nevertheless, SEM results revealed that the 
degree of mineralization was of less intensity in 
groups VI and VII in relation to groups IV and V. 
This could be attributed to the previous SEM results 
which demonstrated less demineralizing effect 
of Cornelius ED in relation to Power Horse ED.  
Therefore, groups VI and VII revealed minimal 
calcific deposits and crystals in an attempt to present 
best remineralizing effect and restore the surface 
architecture. 

From the fore mentioned data; we can conclude 
that the consumption of EDs produces erosive defects 
of varying intensity on the enamel surface of human 
teeth. Thus, reducing the frequency of exposure of 
teeth to acidic beverages along with reduction of 
oral residence time are the most effective methods 
to minimize dental erosion hazards. Also, the intake 
of remineralizing agents; such as milk, immediately 
following every meal containing acidic diet is 
mandatory.
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