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ABSTRACT 
Aim: This study aimed to evaluate the erosive potential of 
twenty beverages (8 carbonated drinks and 12 packaged fruit 
juices).

Material and methods: Twenty-one sound permanent freshly 
extracted teeth were segmented into small enamel slices and 
stored in normal saline. The titratable acidity of each experi-
mental drink was measured as the amount of 0.1 N sodium 
hydroxide (NaOH) required to raise pH to 5.5 and 7. The enamel 
specimens were incubated in freshly collected human saliva 
for 3 hours. One enamel slice was immersed in each beverage 
and percentage weight loss in the enamel slice was calculated 
after 6 and 24 hours intervals.

Results: The titratable acidity values of the experimental 
drinks ranged from 0.2 to 5.6. The mean titratable acidity 
values of the packaged fruit juices were higher than carbon-
ated drinks. A significant difference (p < 0.0 5) was found in 
the percentage weight loss of enamel specimens after 6 and 
24 hours immersion in the carbonated drinks than packaged 
fruit juices. Apple juice followed by thumps up were found to 
be the most erosive drinks with the least effects of Miranda 
and Guava juice. 

Conclusion: Most of the beverages tested in this study showed 
erosive potential. The carbonated drinks caused significant 
dental erosion. 

Clinical significance: Individuals at risk for beverages-associ-
ated erosion, particularly those with high intakes or decreased 
salivary flow, should be provided preventive guidance regarding 
habits of beverages intake. Specific dietary recommendations 
for the prevention of dental erosion may now be developed 
based on the patient’s history of beverage consumption.
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INTRODUCTION

The term erosive tooth wear refers to chemical-
mechanical processes in which abrasive forces remove 
the softened layer attacked by nonbacterial acids, 
causing several extrinsic and intrinsic factors cause loss 
of hard substance of tooth.1 Dental erosion. Along with 
intrinsic acid (gastrointestinal), extrinsic factors include 
various dietary substances, medicaments,2,3 and certain 
environmental factors.4 Dental erosion can involve both 
deciduous and permanent dentition.5,6 

Currently, increased consumption of soft drinks and 
fruit juices has been popularised as a part of healthy 
dietary components,7 substituting water and posing 
risk for dental hard tissues erosion.8 Along with global 
increase in consumption of soft drinks and fruit juices,9,10  
reports suggest increasing sale of soft drinks and fruit 
juices in India and expects to grow in future. The 
increasing number of production companies has made 
these beverages easily available in the market. Moreover, 
changes in the lifestyle of the Indian population in 
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last two decades continuously increasing demands of 
these beverages. This has resulted in a major concern 
considering both erosive and cariogenic potential of these 
soft drinks and fruit juices.11-13 

It is known that consumption of soft drinks results in 
an apparent fall in salivary pH . This occurs depending 
on the intrinsic pH value and buffering capacity of the 
drinks. A pH of 5.5 is considered to be the ‘critical pH’ 
for enamel dissolution.14 However, other important 
factors including type/amount of acid containing, 
titratable acidity, buffering capacity, the temperature of 
the drink determines the enamel dissolution abilities 
of these drinks. Moreover, an organic acid produced 
by fermentation of sugar contents of the drinks by the 
microorganisms present in the plaque further lead to 
demineralization and caries.15 A positive association has 
been reported between the excessive consumption of 
these drinks and dental erosion.12,13 Because of increasing 
consumption of soft drinks and fruit juices in the Indian 
population, the present study was conducted to analyse 
the erosive potential of different commercially available 
soft drinks and packaged fruit juices in the central part 
of India. 

MATERIALS AND METHODS

Setting and Samples

The present study was conducted in the Department 
of Oral Medicine and Radiology, Government Dental 
College and Hospital, Nagpur and Department of 
Microbiology, Government Medical College and Hospital, 
Nagpur. Twenty-one sounds permanent teeth that were 
freshly extracted for orthodontic treatment purpose were 
collected from the Department of Oral and Maxillofacial 
S urgery, Government Dental College and Hospital and 
private practitioners in Nagpur city of India. Before 
extraction, patients were informed about the use of their 
teeth for research purpose, and their oral consent was 
obtained. 

Ethical Considerations

Ethics approval was applied for and obtained from the 
Institutional Ethics Committee of Government Dental 
College and Hospital, Nagpur. 

Preparation of Samples

The collected teeth were thoroughly cleaned and 
sterilized in a 5% sodium hypochlorite solution . The 
teeth were segmented by using a carborundum disk 
in a low-speed straight handpiece into small slices 
which approximately measured 1 mm × 3 mm × 3 mm 
(thickness × length ×width). All the enamel specimens 

were then stored in saline at room temperature till further 
experiment.

Experimental Drinks

Twenty popular brands of soft drinks and fruit juices 
available in the Indian market including eight carbonated 
beverages and 12 packaged fruit juices were tested in this 
study. Bottled drinking water was used as the control. 
The titratable acidity of the experimental drinks was 
measured as the amount of 0.1 N Sodium hydroxide 
(NaOH) required to raise the pH to 5.5 and 7. To degas, 
the carbonated drinks were stirred for 10 minutes at room 
temperature before use in the experiment. 

Study Design

Initially, a fresh stimulated human saliva was collected 
in an ice-cooled tube from a healthy adult donor at 
least 1 hour after the donor had consumed any food or 
drink.16 Verbal consent was obtained from the saliva 
donor. The enamel specimens were cleaned with 
tap water and incubated in freshly collected human 
saliva (20 mL/6 enamel specimens) for 3 hours at room 
temperature. Immediately prior to the experimental 
procedure, the enamel specimen were rinsed with tap 
water, with deionized water and air-dried carefully. 
The weight of each enamel specimen was measured by 
using a microbalance (Fig. 1) . One enamel slice was then 
immersed in each test drink.

Additionally, one enamel slice was immersed in 
bottled drinking water and was considered as control. 
The weight of all 32 enamel slice s was then measured at 
6 (first erosive challenge) and 24 hours (second erosive 
challenge) interval. Weight loss at each interval was 
measured as percentage weight loss in relation to pre-
immersion weight. 

Fig. 1: Photograph showing 1 mm sample preparation  
using carborundum disk
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Statistical Analysis

The collected data were tabulated in the excel sheet and 
analyzed using Statistical Package for Social Sciences 
(SPSS) 17.0. Mann-Whitney U test was used to analyze the 
significance of difference for titratable acidity, percentage 
weight loss between the categories of drinks. A p-value 
of less than 0.05 was considered significant. 

RESULTS

Table 1 represents the details of the twenty experimental 
drinks used in the study. Of all the experimental drinks, 
Mirinda required a minimal amount of NaOH (0.2 mL) 
to raise the pH to 7. However, the maximum amount of 
NaOH was required to raise the pH up to 5.5 (5.6 mL) and 
7 (9.3 mL) respectively for apple juice. The mean titratable 
acidity to reach pH of 5.5 and 7 respectively was noticed 
to be higher for the packaged fruit juices than carbonated 
beverages (p >  0.05) (Table 2). The titratable acidity of the 
drinking bottled water was very minimum. 

The percentage weight loss (in milligrams) of enamel 
specimens ranged from 1.05(Miranda) to 11.76 (apple 
juice) with a mean of 2.16 after immersion for 6 hours into 
experimental drinks. Whereas, 24 hours post-immersion 
percentage weight loss ranged from 1.05 (Miranda) to 14.70 
(apple juice) with a mean of 4.74. Thumsup among the 
carbonated drinks and apple juice among the packaged 
fruit juices were found to be the most erosive drinks 
after both first and second erosive challenges. Regarding 
chemical parameters, both these beverages had the 
highest titratable acidity among the carbonated drinks 
and packaged fruit juices respectively. Interestingly, the 
erosive abilities of most of the beverages have significantly 
increased between the firs t and second erosive challenges.

In contrast, though Miranda and Guava juice caused 
a minimal mineral loss after 6 hours immersion, no 
further enamel dissolution was reported between first 
and second erosive challenges. Moreover, a significant 
difference (p < 0.0 5) was found in the percentage weight 
loss of enamel specimens after 6 and 24 hours immersion 

Table 1: Basic information of the experimental drinks used in the study

Experimental drink Brand name/
producer

Flavor Erosion-related constituents Titratable 
acidity 5.5

Carbonated drinks

Thums up Coca-cola company Cola Phosphoric acid, carbonic acid, caffeine, acidity 
regulators

3.8

Coca-cola Coca-cola company Cola Phosphoric acid, carbonic acid 3.2
Fanta Coca-cola company Orange Orange fruit, citric acid, carbonic acid 3.1

Sprite Coca-cola company Lemon Phosphoric acid, citric acid, acidity regulators 2.9

Mirinda Pepsico Orange Carbonic acid, acidity regulators 0.2

7-up Pepsico Lemon Carbonic acid, citric acid, acidity regulators 2.2

Pepsi Pepsico Cola Phosphoric acid, citric acid, carbonic acid 2.7

Limca Coca-cola company Lemon Carbonic acid, acidity regulators 2.7

Packaged fruit juices

Fizz mango Parle agro India Mango Mango juice, acidity regulators 3.9

Pineapple Pepsico Pineapple Pineapple juice, acidity regulators 4.8

Frooty Parle Agro Mango Mango juice, citric acid 3.6

Raasna PiomaInd Orange Orange juice, acidity regulators 2.9

Mixed fruit Pepsico Mixed fruit Mixed fruit juice (banana, apricot, pineapple, 
mango, orange, apple, lime, and strawberry), acidity 
regulators 

3.9

Apple Parle agro India Apple Apple juice, acidity regulators 5.6

Pomegranate Pepsico Pomegranate Pomegranate juice, acidity regulators 4.2

Maaza Coca-cola company Mango Mango juice, acidity regulators 3.7

Fruits and veggies Pepsico Apple Apple juice, beetroot juice, carrot juice, acidity 
regulators

4.3

Black plum (Jamun) Paper boat Black plum Black plum juice, lemon juice, acidity regulators 0.9

Guava ITC Guava Guava juice, acidity regulators 0.5

Sweet lime 
(Mosambi)

Minute Maid Sweet lime Sweet lime, acidity regulators 1.1

Bottled drinking water

Kinley Coca-cola company – – –
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in the carbonated beverages as compared to the packaged 
fruit juices (Table 3). Thus, most of the test drinks resulted 
in significant enamel weight loss after both erosive 
challenges except for bottled drinking water. 

Discussion

Although dental erosion is a multifactorial disease and 
depends on several intrinsic and extrinsic factors, it is 
highly influenced by changing habits and lifestyles. The 
increased consumption of carbonated drinks and fruit 
juices has been a part of the modern fast-track lifestyle 
worldwide. India is not an exception to this; fruit juices 
and carbonated soft drinks are commonly consumed 
in India especially by children and young population. 
Although past studies demonstrated the association of 
increased consumption of soft drinks to increase in tooth 
erosion, there is still a substantial ignorance and paucity 
of literature on demineralizing effects of the packaged 
fruit juices on tooth enamel. The current study presented 
the erosive impact of various packaged fruit juices and 
carbonated soft drinks on the enamel of a tooth. In 
accordance to the past research, we noticed that several 
soft drinks and packaged fruit juices available in India 
have the significant potential of dental enamel erosion. 

It is well known that frequent consumption of acidic 
drinks causes enamel dissolution due to their pH lower 
than the critical pH.14 The acidic contents of these soft 
drinks including citric acid, phosphoric acid, and carbonic 
acid can result in pH to be as low as 2.6 which has 
shown erosive potential.17 Although acute consumption 
of these beverages have a negligible effect on dental 
enamel, the prolonged contact time between tooth 
enamel and soft drinks increases the chances of enamel 
demineralization.18,19 Under normal circumstances, the 
salivary secretions increases in the oral cavity in response 
to consumption of beverages and clears off the acid from 
the tooth surface to restrict erosion. However, individuals 

with the limited salivary flow are at increased risk of 
enamel dissolution.20 Additionally, holding such acidic 
beverages in the oral cavity prior to swallowing obviously 
prolongs acid-tooth contact time and further erosion 
risk.18,21 As a preventive measure, though teeth brushing 
seems to be logical and advocated immediately following 
consumption of these beverages, Rios et al. observed 
increased tooth loss on brushing enamel immediately 
after exposure to acidic drinks.22

Dental enamel is made up of calcium (Ca2+), 
phosphate (PO43+), hydroxide (OH−) and fluoride (f−) 
ions.23 In the oral cavity, teeth are surrounded by saliva, 
and enamel crystals are in continuous equilibrium with 
the saliva. When the teeth are exposed to substances 
with pH less than the critical pH, the solution is 
unsaturated and enamel releases these mineral contents 
to attain a new state of equilibrium until the solution 
becomes saturated.23,24 This process exacerbates the 
demineralization of tooth enamel. Even though pH 
is considered a measure of the acidic potential, the 
titratable acidity of a substance may truly indicate its 
tooth structure erosive ability. The titratable acidity is 
the amount of base required to bring a solution to neutral 
pH. The titratable acidity is consistent with the buffering 
capacity and is directly related to the concentration 
of undissociated form of the acid in a substance. The 
undissociated form of the acid has no charge and thus, 
diffuses more readily into the near-surface enamel layer. 
This species then dissociates and acts as the proton (H+) 
carrier to maintain the acidic (unsaturated) condition, 
consequently exacerbating further enamel dissolution. 
Thus, it can be considered that the substances with higher 
titratable acidity represents the higher erosive potential. 
In the present study, apple juice and Mirinda showed the 
highest and lowest values of titratable acidity respectively. 
Moreover, the packaged fruit juices had more mean 
titratable acidity values as compared to the carbonated 
soft drinks. This is in agreement with reports of the 
previous studies14,25,26 and suggests that the fruit juices 
need higher quantity of alkaline stimulated saliva to be 
neutralized than the carbonated soft drinks. 

In the present study, apple juice followed by thumps-up 
showed a highest enamel weight loss after both the 
erosive challenges. Moreover, most of the beverages tested 
in this study demonstrated remarkable enamel weight 

Table 2: P-values comparing the amount of  
NaOH in ml to raise the pH to 5.5 and 7

pH Beverages Mean (SD) p-value 
5.5 Packaged fruit juices 3.28 (± 1.62) 0.135

Carbonated drinks 2.6 (± 1.07)
7 Packaged fruit juices 4.69 (± 1.15) 0.231

Carbonated drinks 3.91 (± 1.35)

Table 3: Table showing a comparison of mineral loss (percentage weight loss) in enamel specimens caused by carbonated drinks 
and packaged fruit juices after 6 hours and 24 hours erosive challenges

Erosive challenge Beverages N Mean ± SD Mann–Whitney U test p-value

6 Hours
Carbonated drinks 8 4.80 ± 3.96

0.030
Packaged fruit juices 12 3.06 ± 3.01

24 Hours
Carbonated drinks 8 12.87 ± 6.17

0.010
Packaged fruit juices 12 6.75 ± 3.54
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loss between the first and second erosive challenges 
with the exception of Miranda and guava juice. This 
implies that prolonged contact time of acidic beverages 
with the tooth surface increases the opportunity of these 
substances to erode the tooth enamel. Similar results 
were noted by Tadakmadla et al.14 and Panda et al.26 We 
have immersed the enamel specimens into test drinks for 
6 and 24 hours to simulate the effects of multiple short 
in vivo exposures of these beverages in individuals who 
consume acidic beverages for the chronic period. The use 
of straw during consumption of such beverages can be 
helpful to reduce the demineralizing effects.27 

A wide variety of constituents are used in different 
types of the carbonated drinks and fruit juices which 
differs in their erosive potential.28,29 The higher calcium, 
phosphate and fluoride contents of the beverages restrict 
the extent of erosion by saturating the solution/ altering 
the enamel solubility.30,31Attin et al. proposed that rinsing 
enamel with fluoridated acidic solutions forms a CaF2-like 
layer and limits the erosive effects.32 In the present study, 
mirinda and guava juice showed least enamel weight 
loss amongst all test drinks. Panda et al., in their study, 
reported minimal erosive effects of Miranda and 7Up.26 

The present in-vitro study was performed in the 
laboratory. So, it was near to impossible to simulate 
the natural conditions of the oral cavity. However, to 
resemble the present study more closely to the clinical 
circumstances , we have kept the enamel specimens 
into freshly collected human saliva (20 mL/6 enamel 
specimens). Before swallowing, t he maximum volume 
of saliva in the mouth is 1.19 mL and 0.96 mL for males 
and females, respectively.33Under normal circumstances, 
human saliva forms a physical barrier in the form of the 
acquired salivary pellicle and prevents direct contact 
between tooth enamel surface and acidic beverages 
and thus, protects teeth from erosive attacks.34-35 In 
the present study, the enamel specimens were kept 
in human saliva for 3 hours before the experiment 
to allow the formation of salivary pellicles. However, 
both the erosion challenges were made without saliva. 
In addition, it was not possible to consider other 
patient-related factors such as salivary flow rate and 
composition, remineralization potential of saliva, 
drinking habits and length of the swallow. 

It is important to note that the in vitro study design 
and fixed duration of exposure to selective test drinks 
pose limitations to our study. Therefore, the present 
study provides no utter data on enamel erosion in the oral 
cavity. But, reports of the present study yield a relative 
value of the erosive potential of the tested brands of 
beverages and gives a clue for ranking the most erosive 
soft drinks for diet counseling. Further studies are 
recommended with long exposure times. 

CONCLUSION

Though packaged fruit juices demonstrated greater 
tiratable acidity values, the carbonated soft drinks 
caused significant dental erosion. Most of the beverages 
commonly consumed by children and young adolescents 
in India showed erosive potential. The packaged apple 
juice had the highest potential to erode tooth enamel. 
Individuals with limited saliva and habit of frequent 
consumption of acidic beverages are at increased risk of 
enamel erosion. 
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