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INTRODUCTION
The prevalence of wasting diseases of the teeth is becoming a 
matter of concern as it is increasing day by day and is in the process 
of becoming a public health problem, like dental caries. Tooth wear 
is recognised as a major problem in both children and adults. The 
triad of erosion, attrition, abrasion has been known for many years 
but the contribution to erosion has increased in the recent years 
[1]. Dental erosion has been defined as the loss of tooth tissue by a 
chemical process not involving bacteria [2]. The changing trend in 
lifestyle has replaced the commonly consumed fluids like milk and 
water with carbonated soft drinks, ice creams, ice candies and fruit 
juices [3]. 

Ice cream was amongst the fastest growing product categories 
since 2010 in India. According to a survey conducted most of the 
people prefer frozen ice cream as their favourite dessert compared 
to other cakes, cookies, pastries etc., [3]. The ice-cream and frozen 
dessert market in India is estimated at approximately 27 lac crore 
rupees in 2009-10. Growing at approximately 12-15 per cent, it 
is expected to cross 54 lac crore rupees by 2014-15. Increasing 
incomes, a burgeoning middle class, buoyant economy and 
widening of outlook contribute in making ice-cream more affordable 
and acceptable among Indian masses.

Recent studies have shown that frozen fruit juices causes a greater 
drop in plaque and salivary pH followed by refrigerated juice [1,4-7]. 
The increased acidity in frozen fruit candies occurs because freezing 
changes the physical state (i.e., from liquid to solid phase) of the 
residual juice and as the solute concentrates (as the molecules 
being tightly packed) there is a decrease in the buffering capacity 
(which results in prolonged pH fall) [4]. Since ice candies contain 
ingredients such as citric acid, sugar and flavouring substances 
similar to juices and it in frozen form, they may have the potency 
to erode. So with this background, this study was undertaken with 

the aim to evaluate the dental erosive potency of commercially 
available and commonly consumed ice candies in India using an 
invitro model.

MATERIALS AND METHODS
An invitro experimental study was conducted in the department 
of public health dentistry Narayana dental college and hospital, 
Nellore, Andhra Pradesh, India. Study was conducted in the month 
of February 2016 for duration of 21 days.

Sample Size Determination
The sample size was estimated using a power analysis which 
was performed based on the data obtained from a previous study 
conducted by Ali H et al., with standard deviations within groups of 
2.13, a least detectable difference of 2.88 and at a power of 90% 
(alpha error 5% p=0.05) [1]. The sample size estimated was 9.17 
for each group which was rounded up to 10. Since there were three 
groups, sample size of 10 was allotted to each group making it a 
total of 30 samples. 

Ethical Clearance
The study protocol was approved from the institutional review board 
of the respective institute before the start of the study.

Collection and Preparation of Tooth Samples
For the purpose of invitro study enamel slabs were prepared from 
30 extracted premolar tooth samples from healthy individuals for 
whom the teeth was extracted for orthodontic treatment. All the 
teeth underwent scaling procedure and stored in formaldehyde 
for a period of 30 days. The collected teeth were screened for the 
presence of cracks, hypoplasia or white spot lesions and were 
excluded if having any one of these. The teeth underwent scaling 
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ABSTRACT
Introduction: Recent studies have shown that frozen fruit juices 
cause a greater drop in dental plaque and salivary pH. Since 
ice candies contain ingredients such as citric acid, sugar and 
flavouring substances similar to juices and it in frozen form, they 
may also have the potency to erode. 

Aim: To evaluate the erosive potency of commercially available and 
commonly consumed ice candies in India using an invitro model. 

Materials and Methods: An invitro experimental study was 
conducted among two commercially available ice cream 
brands. Two flavoured ice candies with lowest pH and highest 
Titrable Acidity (TA) were selected and were compared with a 
placebo ice candy made up of sterile water. Enamel slabs were 
prepared from extracted teeth and were placed in the selected 
ice candies for 21 days. At the end of the pH cycle protocol, 

enamel slabs were sent for micro hardness and Scanning 
Electron Microscopy (SEM) analysis. 

Results: Grape flavour (pH-2.18, TA-20 mL) and orange flavour 
(pH-2.14, TA-23 mL) ice candies showed the lowest pH and 
highest TA. Significant reduction in micro hardness of enamel 
was observed between baseline and after exposure in group A 
(Grape) {baseline-450.5 VHN (Vickers micro hardness number), 
after-349.6 VHN} with mean difference of 100.9 and group B 
(Orange) (baseline-400.1 VHN, after-298.1 VHN) with mean 
difference of 102. The SEM analysis showed a significant 
destruction of the enamel ultrastructure with exposure to grape 
and orange ice candies when compared to placebo.

Conclusion: The commercially available and commonly 
consumed ice candies in India which were tested were found to 
be highly acidogenic and potentially erosive.
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procedure before cutting the enamel slabs. The crowns of all the 
permanent premolars were separated from the roots at the cemento-
enamel junction and the enamel slabs were cut longitudinally from 
the crown portion of the tooth. Then enamel slabs of size 4×4×1mm 
were prepared from extracted tooth and were measured with the 
help of vernier calipers. Superficial surface of enamel was ground flat 
with water-cooled carborundum discs and polished with diamond 
paste and were stored in saline.

Study Procedure
Two most widely distributed, commercially available and commonly 
consumed ice cream brands in Southern India were selected [7]. 
From these two commercially available ice cream brands all the 
various flavoured ice candies were subjected to pH and titrable 
acidity assessment using a valid method which were used in other 
studies [5,8-11]. From these different flavoured ice candies the two 
flavoured ice candies with lowest pH and highest titrable acidity 
were selected for the study and were compared with a placebo ice 
candy made up of sterile water. The 30 enamel slabs were divided 
into three groups, containing 10 samples in each group which were 
subjected to 21 day pH cycle protocol. Out of 10 samples in each 
group five samples were subjected to baseline micro hardness 
assessment using Vickers micro hardness test and five samples 
were subjected to baseline SEM analysis to assess the surface 

[Table/Fig-1]: Flow-chart showing study procedure.

Sample material ph value Titrable acidity

1. Brand –Q:

a) Mango 6.41 10 mL

b) Grape 2.18 22 mL

c) Orange 2.14 23 mL

d) Apple 2.56 20 mL

2. Brand –a:

a) Mango 3.41 15 mL

b) Orange 2.11 22 mL

c) Cola 2.41 16 mL

d) Grape 2.18 20 mL

[Table/Fig-2]: pH and titratable acidity values of selected brands/flavours of ice 
candies estimated using digital pH meter

topographical changes before the start of the study protocol [Table/
Fig-1].

All the enamel slabs after preparation were stored in container 
with saline. Then from next day the enamel slabs were exposed to 
two flavoured ice candies and placebo ice candies for 10 minutes 
daily, then removed and stored in saline for the rest of the day. This 
process was repeated daily for 21 days to complete one 21 day 
pH cycling protocol [12-14]. At the completion of the 21 days pH 
cycling protocol the same enamel slabs which were subjected to 
baseline SEM and micro hardness analysis were subjected to SEM 
and surface micro hardness assessment again [Table/Fig-1].

Surface micro Hardness Measurement
Surface micro hardness measurement was undertaken using a 

Vickers hardness microscope (UHL IMS 4.0 VMHT Application. 
UHL Technische Mikroskopie Gmbh & Co.KG Asslar, Germany). 
The slabs were stabilised on a thick base for assessing the micro 
hardness. The samples were assessed before and at the end of 
protocol for 13 seconds under 100 grams load and four indentations 
were made for each sample, two indentations at baseline and two 
indentations at the end of protocol. The mean of the indentation 
readings were taken.

Surface Loss Measurement
To evaluate the surface profile of the enamel slabs, the samples 
were subjected to SEM analysis. The enamel slabs were first 
dried until vacuum was created and then subjected to sputter 
coating in Joel sputter coater and then subjected to SEM 
(HITACHI S-4300SE/N) analysis. The samples were placed in the 
scanning electron microscope and vacuum was created to make 
the samples ready for observing the topographic changes. The 
photomicrographs of the enamel slabs were taken at 10,000X 
magnifications and the topographic changes were assessed. 

STATISTICAL ANALYSIS
The collected data were analysed using SPSS 20 version. Wilcoxon 
sign rank test was used to compare the difference in means micro 
hardness scores of baseline and after exposure in enamel slabs 
within the experimental groups. Mann-whitney test was used for 
pairwise comparison of micro hardness scores of baseline and 
after exposure of enamel slabs with in the three experimental 
groups. Kruskal-wallis test was used for in-between three group’s 
comparison of micro hardness scores of baseline and after exposure 
in enamel slabs among three experimental groups.

RESULTS
Grape flavour ice candy with pH of 2.18 and TA of 20 mL from 
brand A and orange flavour with pH of 2.14 and TA of 23 mL from 
brand Q ice candies showed the lowest pH and highest TA [Table/

Fig-2]. So, these two ice candies, one from brand Q and one from 
brand A were selected for the study. 

A statistical significant difference was observed between the Vickers 
hardness number values of the baseline and after exposure of 
enamel slabs obtained from group A(Grape) (baseline-450.5 VHN, 
after-349.6 VHN) with mean difference of 100.9 and group B(Orange) 
(baseline-400.1 VHN, after-298.1 VHN) with mean difference of 
102.0. While, there was no statistically significant difference in the 
Vickers hardness number values of the exposed and unexposed 
enamel samples of group C (Placebo)(baseline- 451.6 VHN, after-
444.3 VHN) with a mean difference of 7.3 [Table/Fig-3]. In-between 
group comparison using kruskall-wallis ANOVA showed a statistical 
significance difference in VHN scores between group A, group B 
and group C after the exposure. One-to-one comparison using 
mann-whitney test confirmed the statistical significant difference 
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in the enamel micro hardness value after the exposure between 
group B vs group C (p=0.009) and group A vs group C (p=0.04). 
There was no significant difference between group A vs group B 

Group Mean vMh n
Standard 
Deviation 

(SD)

Mean 
difference

Z p-value

A
Baseline 450.5 5 28.58 100.9

-2.02 0.04*
After 349.6 5 17.58

B
Baseline 400.1 5 35.03 102.0

-2.02 0.04*
After 298.1 5 32.90

C
Baseline 451.6 5 14.50 7.3

-4.03 0.06
After 444.3 5 15.47

[Table/Fig-3]: Comparison of mean Vickers micro hardness values at baseline and 
after completion of pH cycle protocol of enamel slabs among three groups
Wilcoxon sign rank test
*p<0.05 statisically significant
p>0.05 non-significant, NS

[Table/Fig-5]: SEM (Scanning Electron Microscopy) images of enamel slabs showing 
baseline and after exposure to pH cycle protocol under 10,000X magnification in 
group A. Base line pictures showing smooth surface topography and after exposure 
photograph with arrow marks showing surface irregularities with irregular prismatic 
pattern.

after the exposure, indicating a significant loss of enamel in enamel 
slabs exposed to grape and orange ice candy compared to placebo 
[Table/Fig-4].

Enamel slabs of group A (Grape) and group B (Orange) after 
exposure to pH cycle protocol under SEM shows surface 
topographic changes with irregular prismatic pattern compared to 
the prismatic pattern of baseline. Surface irregularities were more 

[Table/Fig-6]: SEM (Scanning Electron Microscopy) images of enamel slabs showing 
baseline and after exposure to pH cycle protocol under 10,000X magnification in 
group. Base line pictures showing smooth surface topography and after exposure 
photograph with arrow marks showing surface irregularities with irregular prismatic 
pattern.

pronounced and tomes processes were deepened after exposure 
when compared to the baseline [Table/Fig-5,6]. The images of 

enamel slabs of group C (placebo) under a scanning electron 
microscope with 10,000X magnification shows no much difference 
in the prismatic pattern between baseline and after exposure in the 
enamel slabs [Table/Fig-7].

DISCUSSION
The ingredients of ice candies include citric acid, sugar and 
flavouring substances in frozen form. The erosive activity of citric, 
malic, phosphoric and other acid ingredients in beverages and 
foodstuffs has been demonstrated in many in vitro, in situ and in 
vivo studies [15-18]. Citric acid is a common buffer component in 
many artificial fruit juices and ice candies. It may act as a chelator 
capable of binding the minerals (calcium) of enamel or dentine, 
thus increasing the degree of under saturation and favouring 
demineralisation [19]. In this work three commonly used labo-
ratory tests (acid/base titration, Vickers surface micro hardness 
and Scanning electron microscopy) were used to investigate the 
acidogenic potential of the ice candies that could bring about 
dental erosion in vitro.

All the methods used in this study have the limitation that they cannot 
repli cate exactly the conditions encountered in the oral environment 
but they do enable one variable at a time to be studied under carefully 
controlled conditions and their performance compared to control 

n
Mean
(SD)

Median (Q1-Q3)

Kruskalwallis test
Mann-whitney u test

a vS B a vS C B vS C

Chi 
square 
value

p-value
u 

statistic
p-value

u 
statistic

p-value
u 

statistic
p-value

Baseline 

A 5 450.5 (28.58) 349.5 (325.75-375.75)

2.20 (2) 0.33 (NS) 11.50 0.83 (NS) 7.00 0.25 (NS) 6.00 0.17 (NS)B 5 400.1 (35.03) 349.5 (318.50-377.00)

C 5 451.6 (14.50) 364.0 (355.00-379.50)

After 

A 5 349.6 (32.05) 309.0 (300.00-347.75)

7.74 (2) 0.02* 7.00 0.25 (NS) 0.00 0.04* 0.00 0.009*B 5 298.1 (32.90) 278.0 (259.25-322.00)

C 5 444.3 (15.47) 362.5 (347.75-374.25)

[Table/Fig-4]: Pairwise comparison of mean Vickers micro hardness values at baseline and after completion of pH cycle protocol for exposed enamel slabs in-between 
groups
Mann-Whitney U test, Kruskalwallis test
*p<0.05 statistically significant
 p>0.05 non-significant, NS
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exposure in the enamel slab. In contrast to this, in placebo group 
(group C) there is no much difference in the prismatic pattern 
between baseline and after exposure in the enamel slabs. In the 
previous works, the effects of surface softening and enamel loss 
caused by acidic soft drinks have been investigated [24,25]. 
Especially the erosive effects of soft drinks with citric acid lead 
to dissolution and softening of human enamel [24,25]. At lower 
pH, the erosive softening of human enamel increases [24,25]. 
Rytomaa I et al., conducted a study on invitro erosion of bovine 
enamel caused by acidic drinks and other foodstuffs using SEM 
and concluded that there was loss of more enamel in non-saliva 
treated teeth when compared to teeth with saliva and saliva-
fluoride treated teeth [7]. Meurman and Ten Cate stated that 
any solution with a pH value lower than 5.5 may cause erosion, 
particularly if the attack is of long duration and repeated over time 
[26]. This study produced useful information for dental professional 
and consumers regarding the effect of ice candies on enamel. 

LIMITATION
First, it is important to point out one significant limitation of all 
laboratory based studies; they cannot replicate the oral cavity 
exactly. They do, however, prevent unnecessary damage to human 
teeth which would cause considerable ethical concerns, and they 
allow each test to be replicated and hence be more comparable. 

As an future prospective we recommend some well planned in-vivo 
studies to be conducted replicating the oral cavity in exact to see 
the effect of ice candies on dental hard tissue and to overcome the 
disadvantages of the invitro model.

CONCLUSION
The commercially available and commonly consumed ice candies 
in India, which were tested were found to have a low pH which was 
below the critical pH and had a high TA and were found to be highly 
acidogenic and potentially erosive as demonstrated by SEM and 
micro hardness assessment.

Considering the results of this although ice candies are tasty and 
mouth lingering to eat, it should be recommended to limit their 
consumption to mealtimes considering both their acidogenic and 
erosive potential.

REFERENCES
 [1] Ali H, Tahmassebi JF. The effects of smoothies on enamel erosion: an in situ 

study. Int J Paediatr Dent. 2013;24(3):184-91. 
 Pindborg JJ. Pathology of the dental hard tissues. Copenhagen: Munksgaard, [2]

1970.
 Rajesh Gandhi. Ice cream consumption in north is 2nd-highest in country. Fbnews.[3]

com. [newspaper online]. 2014 April 1[cited 2015 March 16]. Available from:  
http://www.fnbnews.com/article/detnews.asp?articleid=35284& sectionid=32. 

 Kiranbanan L, Hegde AM. Plaque and salivary pH changes after consumption of [4]
fresh fruit juices. J Clin Pediatr Dent. 2005;30(1):9-14

 Edwards M, Creanor SL, Foye RH, Gilmour WH. Buffering capacities of soft [5]
drinks: the potential influence on dental erosion. J Oral Rehabil. 1999;26:923–27.

 Ren YF, Amin A, Malmstrom H. Effects of tooth whitening and orange juice on [6]
surface properties of dental enamel. J Dent. 2009;37(6):424-31.

 Rytomaa I, Meurman JH, Koskinen J, Laakso T, Gharazl L, Turunen R. In vitro [7]
erosion of bovine enamel caused by acidic drinks and other foodstuffs. Scand J 
Dent Res. 1988;96:324-33.

 Hughes JA, West NX, Parker DM, van den Braak MH, Addy M. Effects of pH [8]
and concentration of citric, malic and lactic acids on enamel, in vitro. J Dent. 
2000;28:147-52.

 Mayes A. The dictionary of nutritional health. A guide to the relation between diet [9]
and health. UK: Thorsons Publishers Ltd, 1986.

 Lussi A, Jäggi T, Schärer S. The influence of different factors on in vitro enamel [10]
erosion. Caries Res. 1993;27:387-93.

 Blacker SM, Creanor SL, Creanor S. An in vitro investigation of the initial pH and [11]
titratable acidity of a selection of fruit smoothies. Dent Update. 2011;38:604-09.

 [12] Azevedo CS, EspejoTrung LC, Lorenzetti Simionato MR, Freitas AZ, Matos AB. 
Evaluation of caries-affected dentin with optical coherence tomography. Braz 
Oral Res. 2011;25(5):407-13

 AndaloTenuta LM, Oliveira Lima JE, Cardoso CL, Tabchoury CPM, AparecidoCury [13]
J. Effect of plaque accumulation and salivary factors on enamel demineralization 
and plaque composition in situ. Pesqui Odontol Bras. 2003;17(4):326-31.

ice candy. As no human subjects are directly involved in ice candy 
consumption there is minimal risk and so longer exposure times can 
be used than would be encountered in vivo. In this context it should 
noted that tooth substance loss in such tests is considered to be 
ten-fold greater than would occur intraorally [20].

Two most widely distributed, commercially available and commonly 
consumed ice cream brands in India were selected [5]. In the 
present study, 60 ml of ice candy was used as it is the standard 
amount present in a packet. The results of this pH and TA analysis 
demonstrated that all ice candies tested were acidic, registering 
pH values well below the critical pH, at which decalcification can 
occurs. The reason for decrease in pH may probably due to the 
presence of citric acid as one of the ingredients in ice candies which 
has a property to favour demineralization [19]. Freezing changes the 
physical state (i.e., from liquid to solid phase) of the fruit juice and 
as the solute concentrates (as the molecules being tightly packed) 
there is a decrease in the buffering capacity which results in a 
prolonged pH fall [4].

The enamel slabs were exposed to ice candies for a period of 21 
days. For demineralization to occur on teeth in presence of sucrose 
a minimum exposure of 21 days is required, so 21 days pH cycle 
protocol was selected for exposure [12,13]. A statistical significant 
difference was observed between the Vickers hardness number 
values of the baseline and after exposure of enamel slabs obtained 
from group A(Grape) with mean difference of 100.9 and group 
B(Orange) with mean difference of 102. The reason behind the 
decrease in the micro hardness is due to the mineral loss caused by 
the acid content of ice candies. Many studies have shown that there 
is a significant reduction in enamel’s micro hardness under acidic 
stuffing challenge [6,21,22]. A study by Hannig C et al., has showed 
that the erosive effects of different acids are pH dependent, which 
means that even a small decrease of the pH can result in a distinct 
increase of enamel loss [23].

The SEM analysis of enamel slabs after the completion of pH 
cycle protocol showed destruction of the enamel ultrastructure 
with the exposure to grape and orange flavoured ice candies. 
Surface irregularities were more pronounced after exposure when 
compared to the baseline, Tomes process were deepened after 

[Table/Fig-7]: SEM (Scanning Electron Microscopy) images of enamel slabs showing 
baseline and after exposure to pH cycle protocol under 10,000X magnification in 
group C. Both Base line and after exposure photograph with arrow marks shows 
smooth surface topography



www.jcdr.net  K.M. Sudhir et al., Dental Erosive Potency of Commercially Available Ice Candies

Journal of Clinical and Diagnostic Research. 2018 Jul, Vol-12(7): ZC11-ZC15 1515

 [14] Tenuta LM, Lima JE, Cardoso CL, Tabchoury CP, Cury JA. Effect of plaque 
accumulation and salivary factors on enamel demineralization and plaque 
composition in situ. Pesqui Odontol Bras. 2003;17(4):326-31. 

 Lussi A, Hellwig E, Ganss C, Jaeggi T. Buonocore memorial lecture. Dental [15]
erosion. Oper Dent. 2009;34(3):251-62.

 White DJ. The application of in vitro models to research on demineralization and [16]
remineralization of the teeth. Adv Dent Res. 1995;9(3):175-93. 

 Eisenburger M, Addy M. Evaluation of pH and erosion time on demineralization. [17]
Clin Oral Invest. 2001;5:108-11. 

 Touyz LZG, Glassman RM. Citrus acids and teeth. JDASA. 1981;36:195–201. [18]
 West NX, Hughes JA, Addy M. Erosion of dentine and enamel in vitro by dietary [19]

acids: the effect of temperature, acid character, concentration and exposure 
time. J Oral Rehabil. 2000;27(10):875-80.

 West NX, Maxwell A, Hughes JA, Parker DM, Newcombe RG, Addy M. A method [20]
to measure clini cal erosion: the effect of orange juice consumption on erosion of 
enamel. J Dent. 1998;26:329-35.

 [21] Bolan M, Ferreira MC, Vieira RS. Erosive effects of acidic center filled chewing 
gum on primary and permanent enamel. J Indian Soc Pedod Prev Dent. 
2008;26(4):149-52.

 Hunter ML, West NX, Hughes JA, Newcombe RG, Addy M. Erosion of [22]
deciduous and permanent dental hard tissue in the oral environment. J Dent. 
2000;28(4):257-63.

 Hannig C, Hamkens A, Becker K, Attin R, Attin T. Erosive effects of different acids [23]
on bovine enamel: release of calcium and phosphate in vitro. Arch Oral Biol. 
2005;50:541-52.

 Ten Cate JM, Imfeld T. Dental erosion. Eur J Oral Sci. 1996;104:241-44.[24]
 Barbour ME, Parker DM, Allen GC, Jandt K. Human enamel dissolution in citric [25]

acid as a function of pH in the range 2.30 pH 6.30-a nanoindentation study. Eur 
J Oral Sci. 2003;111:258-62.

 Meurman JH, Ten cate JM. Pathogenesis and modifying factors of dental erosion. [26]
Eur J Oral Sci. 1996;104:199.

ParTiCularS oF ConTriBuTorS:
1. Professor, Department of Public Health Dentistry, Narayana Dental College and Hospital, Nellore, Andhra Pradesh, India.
2. Lecturer, Department of Public Health Dentistry, Narayana Dental College and Hospital, Nellore, Andhra Pradesh, India.
3. Professor and Head, Department of Public Health Dentistry, Narayana Dental College and Hospital, Nellore, Andhra Pradesh, India.
4. Senior Lecturer, Department of Public Health Dentistry, Narayana Dental College and Hospital, Nellore, Andhra Pradesh, India.
5. Reader, Department of Public Health Dentistry, Narayana Dental College and Hospital, Davangere, Andhra Pradesh, India.
6. Managing Director, Department of Periodontist, Happy Simles Dental Care, Davangere, Karnataka, India.
7. Reader, Department of Periodontics, Narayana Dental College and Hospital, Nellore, Andhra Pradesh, India.

naMe, aDDreSS, e-Mail iD oF The CorreSPonDinG auThor:
Dr. K.M. Sudhir,
Professor, Department of Public Health Dentistry, Narayana Dental College and Hospital, Nellore-524002, Andhra Pradesh, India.
E-mail: drsudhirk m@gmail.com 

FinanCial or oTher CoMPeTinG inTereSTS: None.

Date of Submission: jul 05, 2017
Date of Peer Review: oct 04, 2017
Date of Acceptance: Mar 31, 2018

Date of Publishing: jul 01, 2018


