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The erosive potential of

jawbreakers, a type of hard candy

Abstract: Objectives: To explore the consumption pattern of a

specific type of acidic solid candy, the so-called jawbreakers, by

primary school children and determine the erosive potential of this

type of candy in vivo. Methods: A questionnaire about jawbreaker

consumption was distributed among 10–12 year-old-children

(n = 302). Subsequently, 19 healthy volunteers tested four different

jawbreakers in vivo. Whole saliva was collected 5 min before, 3 min

during and 11 min after consumption. Salivary flow rate and pH were

determined. Results: Two-thirds of the children reported a history of

jawbreaker consumption, 18% during the last week. More than half of

the children estimated their average time for consumption of one

jawbreaker to be more than 15 min. In vivo, the jawbreakers induced

8.6–13.9-fold increase in salivary flow rate. Sucking on sour, jumbo

and strawberry jawbreakers induced a drop in salivary pH to values

below pH 5.5. During consumption of fireball jawbreakers, the intra-

oral pH hardly changed. Conclusions: Jawbreakers are frequently

used by children, who keep this candy in their mouth for a long time.

Jawbreakers differ considerable in erosive potential, with sour and

jumbo jawbreakers > strawberry jawbreaker >> fireball jawbreaker.

This information is of use for dental hygienists counselling juvenile

patients with dental erosion.

Key words: acidic candy; dental erosion; erosion potential; flow rate;

saliva

Introduction

Dental erosion is a pathologic, chronic localized loss of dental hard tissue

due to chemical dissolution of the tooth surface by acid and ⁄ or chelating

agents without bacterial involvement (1). In well developed countries in

the World, the prevalence of dental erosion is high in children and young

adolescents, and the prevalence seems to be increasing (2–8).

The aetiology of dental erosion is multifactorial, but it is assumed that

dietary sources of acids are the major risk factor in this age group. Several

studies have shown a strong relation between the presence of dental ero-

sion and a high level of consumption of cola-type and other flavoured car-

bonated beverages (4, 5, 9, 10). Soft drinks contain acids such as

phosphoric, citric and other acids as ingredients, and their pH is often

less than 4.0 (11–13).

Solid acidic candies also contain organic acids such as citric acid and

malic acid to develop the characteristic sour flavour, and therefore are

potentially erosive. Homogenized sour sweets dissolved in water

decreased the pH to values ranging from 2.3 to 3.1 (14). Incubation of
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human enamel in these acid solutions in vitro for 1 h induced

significant loss of surface enamel (14). Sucking this type of

acidic candies decreased the pH of whole-mouth saliva to

approximately 4.5 (15, 16), well below the pH-value of 5.5 that

has generally been adopted as the critical value below which

hydroxyapatite dissolves (17, 18). It was found that the Knoop

surface micro-hardness of human enamel decreased in situ,

sucking an acidic sugar-free lozenge (19). Taken together, this

suggests that consumption of acidic candies can contribute to

the development of dental erosion, especially in individuals

with low salivary flow rates and low salivary buffer capacity

(19).

Jawbreakers consist of several hard layers of candy around a

bubble gum centre. They are usually round with a diameter

between 1 and 3 cm. As their name suggests, they are difficult

to bite, and therefore usually consumed by sucking or licking.

Jawbreakers are mainly consumed by primary school children.

As jawbreakers dissolve slowly, the children will keep them in

the mouth for a relatively long time. The aim of the present

study was twofold. Firstly, to explore the frequency and char-

acteristics of jawbreaker consumption among school children.

Secondly, to examine the erosive potential of a number of

commercially available jawbreakers in vivo by measuring their

effect on saliva pH during and after consumption.

Material and methods

A written questionnaire was distributed in October 2008

among schoolchildren between 10 and 12 years of age from

three different primary schools in Rotterdam, the Netherlands.

The questionnaire included questions with regard to age, gen-

der, whether the child had ever consumed a jawbreaker, jaw-

breaker consumption during the previous week, and the way

and estimated time jawbreakers were kept in the mouth. Par-

ticipation was on a voluntary base, and the questionnaire was

returned by 302 children (143 boys, 148 girls, 11 children did

not report their gender).

The effects of jawbreaker on saliva secretion rate and pH

were investigated in 19 healthy volunteers between 20 and

25 years of age, because the Medical Ethical Committee pro-

hibited use of individuals under the age of 18 years. All volun-

teers were dental student with an optimal level of oral

hygiene, fully dentate (‡28 teeth), without active caries and

not suffering from xerostomia, taste or masticatory dysfunc-

tions. The protocol was approved by the Medical Ethical Com-

mittee of the Vrije Universiteit of Amsterdam, the Netherlands.

Prior to the experiment all volunteers gave informed consent.

The volunteers were instructed to abstain from smoking,

eating, drinking and tooth brushing at least 1 h before the

experiments (20).

Four different jawbreakers (Table 1) were tested by each

volunteer in randomized order on different days. Each experi-

mental session consisted of an initial collection of unstimulated

whole saliva for 5 min (21). Subsequently, a jawbreaker was

placed in the mouth and whole saliva was collected in 1 min

intervals for a total period of 3 min while the volunteer sucked

on the jawbreaker. Subsequently, the jawbreaker was removed

from the mouth and saliva was collected at 1 or 2 min intervals

for an additional 11 min (post-stimulus). The preferences for

the different jawbreakers were assessed with a 100 mm visual

analogue scale (VAS, nasty to delicious) (22). Saliva secretion

rates were determined gravimetrically (assuming 1 g = 1 ml).

The salivary pH was determined with an electronic pH meter

(PHM 240 Sentron 1001; Radiometer, Copenhagen, Denmark),

calibrated each morning with reference buffers of pH 4.00 and

pH 7.00 (Sigma-Aldrich, St. Louis, MO, USA).

Statistics

Gender effects on jawbreaker consumption were explored with

Chi-squared tests. Differences in preferences, salivary pH and

secretion rate between experimental conditions were explored

with analysis of variance (anova) for repeated measures. The

statistical analysis was performed using the statistical software

package spss version 15.0.1 (SPSS Inc., Chicago, IL, USA). All

levels of significance were set at P < 0.05.

Results

Two hundred of the 302 children (66.2%) reported a history of

jawbreaker consumption. A history of jawbreakers consumption

was significantly more frequently reported by boys than by

girls (72.7% versus 60.1%, P = 0.023). Eighteen percent of the

children reported that they had used one or more jawbreakers

during previous week. For consumption during the previous

week, no gender effect was observed (18.5% for boys versus

17.4% for girls).

During consumption, children usually place the jawbreakers

in the buccal pouch (52.3% of the children with a history of

jawbreaker consumption) or suck on it (50.3%). Licking the

jawbreaker (8.8%) or biting it into pieces (13.5%) was much

less frequently reported. A gender effect was only observed for

Table 1. Characteristics of the tested

jawbreakers and the type of acid

mentioned on the product label Product Weight (g)
Diameter
(mm) Acid Manufacturer

Strawberry jawbreaker 8.6 24 Citric acid Zed Candy, Dublin, Ireland
Jumbo jawbreaker 21.1 31 Citric acid Zed Candy, Dublin, Ireland
Fireball jawbreaker 8.6 23 Citric acid Zed Candy, Dublin, Ireland
Sour jawbreaker 8.3 23 Citric acid Zed Candy, Dublin, Ireland

Weight and diameter are the mean of five different jawbreakers.
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licking jawbreakers, which was more frequently reported by

girls than by boys (14.6% versus 3.8%, P = 0.009). More than

half of the children estimated their mean time for consump-

tion of a jawbreaker to be more than 15 min (Fig. 1). About

10.6% of the children who consumed jawbreakers reported that

they sometimes play a game with other kids to keep the jaw-

breaker in the mouth as long as possible. These games were

more often reported by boys (12.7%) than by girls (7.9%) but

this difference did not reach statistical significance.

In vivo, sucking on a jawbreaker induced an immediate

increase in salivary flow rate (Fig. 2). This increase in salivary

flow rate varied between 8.6- and 13.9-fold during the first

minute, and remained significantly increased during the whole

period of 3 min while the jawbreaker was present in the

mouth. During the first minute, the sour jawbreaker induced

significantly more stimulation of the salivary flow than other

three jawbreakers.

With the exception of the fire jawbreaker, all jawbreakers

induced a significant decrease of the salivary pH within 1 min,

which remained constant till the jawbreaker was removed from

the mouth (Fig. 3). For the Jumbo and sour jawbreaker, the

salivary pH dropped to values far below pH 5.0. The straw-

berry jawbreaker induced a smaller drop in salivary pH to val-

ues around 5.3.

For each jawbreaker, the salivary flow rate dropped con-

siderable within several minutes after it was removed from

the mouth, but still remained significantly increased during

the whole post-stimulus period when compared to the base-

line values. After removal of the strawberry, jumbo and sour

jawbreakers from the mouth, the salivary pH values returned

to baseline values within 1 min. After removal of the fireball

jawbreaker a small but significant transient increase in

salivary pH above the baseline values was observed. The

fireball jawbreaker was appreciated less than the other

jawbreakers, but this difference did not reach statistical

significance (Table 2).
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Fig. 1. Estimated time for consumption of a jawbreaker by children

(10–12 years).
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Fig. 2. Mean salivary flow rate before, during and after use of four dif-

ferent jawbreakers (n = 19). The jawbreakers were actively sucked dur-

ing the period 0–3 min and then removed from the mouth.

3

4

5

6

7

8

0 2 4 6 8 10 12 14
Time (min) 

p
H

 

Strawberry jawbreaker

Jumbo jawbreaker

Fire jawbreaker

Sour jawbreaker

Fig. 3. Mean salivary pH before, during and after use of four different

jawbreakers (n = 19). The jawbreakers were actively sucked during the

period 0–3 min and then removed from the mouth.

Table 2. Appreciation of four different jawbreakers by healthy

volunteers, assessed with a 100 mm VAS (nasty to delicious)

VAS-score (mm)

Strawberry jawbreaker 62.5 ± 21.7
Jumbo jawbreaker 57.7 ± 23.5
Fireball jawbreaker 44.6 ± 34.5
Sour jawbreaker 64.1 ± 25.3

VAS, visual analogue scale.
Data are expressed as mean ± SD (n = 19).
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Discussion

The results from this study show that primary school children

frequently use jawbreakers. They keep this type of hard candy

in their mouth for prolonged times, and some kids even com-

pete with other children to keep a jawbreaker in the mouth as

long as possible.

Immediately after the jawbreakers were introduced into the

mouth, each tested variant stimulated the salivary flow rate

(Fig. 2), to a comparable extent as acidic candies or lollipops

(16, 23). In spite of the protective effects of saliva (buffering

and dilution) (14, 15, 24), the jumbo jawbreaker and the sour

jawbreaker decreased the intra-oral pH values considerably

below the pH-value of 5.5, the value that has generally been

adopted as the critical value below which hydroxyapatite dis-

solves (17, 18), indicating the erosive potential of these jaw-

breakers in vivo. This is in agreement with similar studies

showing the erosive potential of other solid acidic candies (14–

16, 19, 23, 25).

The strawberry jawbreaker gave a smaller decrease in intra-

oral pH, suggesting a smaller erosive potential. This is not a

general characteristic for strawberry-flavoured candy. Previ-

ously it has been reported that strawberry-flavoured lollipops

have similar erosive potential in vivo than lollipops with other

flavours (23). After intra-oral application of a single dose of

candy spray, the lowest pH values were observed for two

strawberry-flavoured variants (26).

According to the product label, all tested jawbreakers con-

tained citric acid. However, the observed large differences in

decrease of intra-oral pH during consumption suggest consider-

able differences in concentration of citric acid. Citric acid is a

complex organic acid. At low pH values, it provides protons

which directly attack dental enamel. At higher pH levels

around pH 7.0, the citrate anion may draw calcium away from

the enamel by chelation. This means that the demineralising

effect of citric acid is exceptionally great and may even con-

tinue after the pH at the tooth surface has normalized (11, 24,

27).

The present in vivo study is based on the use of jawbreakers

by young adult volunteers. However, jawbreakers are mainly

used by children and the volume of saliva in children is smal-

ler than in adults (28, 29). Therefore, in children the same

jawbreaker may result in even lower salivary pH values. The

size of the jawbreaker will also determine its erosive potential,

because the mass of acidic lozenges was related to the level of

enamel softening in situ (19). The use of acidic jawbreakers for

a long period of may exacerbate their erosive potential, as the

longer the teeth are exposed to acid, the longer the period of

time for erosion to occur and the less time for remineralisation

(12, 13). In this respect, it seems disturbing that a sour jaw-

breaker is available in an approximately 80 g version with a

diameter of 48 mm, which is advertised as ‘do you dare take

the 8 h-challenge’ (30).

Differences seem to exist in susceptibility of deciduous and

permanent dentition to erosion by low pH drinks and solid

acidic candy (14, 31, 32). In general, erosion of enamel was

greater in the deciduous tissue, especially with increased fre-

quency of consumption. In combination with the smaller

dimensions, this makes the deciduous dentition more suscepti-

ble to the long-term acid attack by jawbreakers.

When the outer layers of hard candy are finally dissolved,

the child will start chewing the bubble gum centre, presenting

an additional threat to the enamel surface. The long-term

exposure to acid will have softened the dental enamel, making

it more prone for mechanical tooth wear due to attrition by the

subsequent chewing of gum. It is well-recognized that such

interactions between erosion and attrition can have a synergis-

tic effect on the risk of tooth wear (33, 34).

In summary, our study shows that jawbreakers are fre-

quently used by schoolchildren, who keep this type of candy

in their mouth for a long time. The tested jawbreakers dif-

fered considerable in erosive potential, with jumbo and sour

jawbreakers having a relatively high risk for developing dental

erosion. Dental hygienists must be aware of this erosive poten-

tial and should inform juvenile patients and their parents that

(excessive) use of jawbreakers may cause tooth wear.
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