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tongue and soft palate. Both taste and smell stimulate the sensory innervation of 

the oral cavity through the trigeminal nerve to determine the flavours of foods and 

drinks (Spielman 1990; Hadley et al. 2004). 

There are five basic tastes that trigger the taste sensation in humans; sweet, salt, 

sour, bitter and umami. The taste buds are able to differentiate between different 

tastes by detecting the interaction between different molecules (Purves et al. 2001). 

Sweet, umami and bitter taste can be perceived by the binding of molecules to G 

protein-coupled receptors (Stuck 2010). Whilst the salty and sour tastes can be 

perceived when alkali metal or hydrogen ions react with the taste buds (Purves et 

al. 2001; Caicedo et al. 2003). 

There are other factors considered as part of perception of the taste sensation. 

These factors include smell (detected by olfactory epithelium), texture (detected by 

mechanoreceptors), and temperature (detected by thermoreceptors) (Hadley et al. 

2004; Asahina and Benton 2007; Stuck 2010). 

The sweet sensation is perceived by the presence of sugar. Two types of sweet 

receptors (heterodimer and homodimer) have to be stimulated for the brain to detect 

sweetness (Mennella and Bobowski 2015). The sour taste sensation is perceived 

as the acidity of foods and drinks. The sour taste is detected by small cells located 

in the taste buds which express a specific protein (PKD2L1) (Plattig et al. 1980; 

Stuck 2010). The sour sensation is perceived when taste receptors are coupled to 

G protein gustducin (Nakata et al. 1995). The saltiness sensation is perceived by 

the presence of sodium ion which activates the sodium chloride salt receptors (Hill 

and Mistretta 1990). Bitterness is usually perceived as an unpleasant and sharp 

sensation, although sometimes is a desirable sensation such as in coffee and citrus 
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peel (Nakamura et al. 2002; Caicedo et al. 2003; Mennella and Bobowski 2015). 

Umami is an appetitive taste usually described as a savoury or meaty taste. Umami 

taste is perceived when glutamate binds to G protein coupled glutamate receptors 

(Bellisle 1999; Kurihara 2009, 2015). 

Sensory taste involves the use of senses in the form of a physiological response. 

There are what are called sensory characteristics of any type of food and drink 

which include colour and appearance, texture, aroma and flavour, the latter 

produced by aroma and taste (Leon et al. 1999; Murray et al. 2001). In sensory 

testing procedures all the sensory characteristics need to be considered to assess 

the sensory threshold in a reliable manner. Taste requirements include that the 

molecules must be soluble in saliva and can bind to the taste receptors distributed 

throughout the oronasal cavity (Hadley et al. 2004). 

There are different levels of sensory threshold. Subthreshold level is the 

concentration of taste compound at a level which is undetectable. Absolute, 

detection or stimulus threshold is the level at which an individual perceives a 

difference between the water and the next solution but the taste is not identified. 

Recognition threshold, on the other hand, is the level at which the individual 

perceives and recognises the taste of the solutions (Liem and Mennella 2003; 

Popper and Kroll 2003; Liem et al. 2004a).  

The method of measuring the sensory taste sensitivity is called a rank order test 

(Leon et al. 1999). There are two main types of rank order test, the preference 

ranking method to rank the food or drink from the most preferred to the least 

(Keskitalo et al. 2007) and the intensity ranking method to assess the ability of the 

participant to recognise single taste with different intensity (Liem and Mennella 
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2003). The intensity ranking method can be performed either in a structured or 

unstructured format (Popper and Kroll 2003). In the structured method, the 

participant is given one or more tastes (e.g. salt, sweet, sour) in groups with different 

concentrations in ascending order for the participant to identify the stimulus and 

recognition thresholds. In the unstructured method, the participant is given the taste 

solutions in groups but with a random order for the participant to rank them based 

on the intensity of the taste (Leon et al. 1999; Liem and Mennella 2003; Popper and 

Kroll 2003; Chambers 2005). 

The British Standards Institute (2011) has developed a validated methodology for 

threshold testing of individuals using the intensity ranking method, with specific 

materials and concentrations, which are diluted up to 12 times to produce solutions 

for each type of taste (Table 1). 

Table 1. Reference materials of the tastes and maximum concentrations for 

the sensory threshold test in children (British Standards Institute 2011). 

Taste Reference material Maximum concentration 
(g/l) 

Sour Citric acid 1.50 

Bitter Caffeine 0.54 

Salty Sodium chloride 4.00 

Sweet Sucrose (table sugar) 10.00 

Umami Monosodium glutamate 
monohydrate 

2.00 

Metallic Iron (II) sulfate 
heptahydrate 

0.012 
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consumption of an energy-dense food which is against the recommendation of 

obesity prevention (Livingstone and Pourshahidi 2014; Mattes 2014; Berg and 

Forslund 2015). US data has also shown that the consumption of fast food by 

children has increased by about 300% between 1977 and 1996 (St-Onge et al. 

2003).  It has been found the average energy density in the fast food meals was 

65% more than the average British diet (670 kilojoule /100g) and twice the 

recommended energy density of the healthy diet (Prentice and Jebb 2003). In the 

UK, the food portion size has been extended recently including food sold in fast 

food restaurants (Church 2008; Livingstone and Pourshahidi 2014).  

3.2.2.2.2  Schools 
 

In the UK, one of the aims of the National School Fruit Scheme is to provide school 

children with a healthy diet outside the home by giving them fruit as a snack 

between meals (Wells and Nelson 2005). However, it is almost impossible to control 

the quality of food in the lunch boxes that are brought with children to school. In 

Manchester, for example, dental health inspectors have performed periodic checks  

of the lunch boxes of children aged 7-11 years old at school. These check-ups have 

shown that most of the food boxes contained chocolate, crisps and fizzy drinks. 

Interviews with their parents have shown a loss of control of parents over their 

children in deciding what to eat, or the forgiving nature of parents and the fact that 

some parents do not pay much attention to how their children spend their pocket 

money (Roberts et al. 2003). 
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pricing (Birch and Fisher 1998; Mela 1999; Wansink 2004; Andreyeva et al. 2010; 

Elliott et al. 2013). 

3.3.3.1  Pricing 
 

Price of food was found to be one of the main factors which determines the food 

choices (Andreyeva et al. 2010). It has been found that price can strongly affect the 

food choices to be either healthy or unhealthy particularly in young people (Powell 

and Chaloupka 2009; Andreyeva et al. 2010).  In 2015, the national average weekly 

pocket money for children was £6.20 in the UK with children in Wales receiving 

£5.94 per week in comparison to £7.65 for the children in London. The majority 

(94%) of children receive their weekly pocket money from their parents or guardians 

while 36% of children also get pocket money from grandparents and 11% get 

pocket money from other relatives and family friends. The weekly pocket money for 

children in 1987 was £1.10, when the average price of a bar of chocolate was 22p 

and children were able to buy only 5 bars of chocolate per week.  With the steady 

increase of weekly pocket money which increased by 579% over the last 25 years, 

children can now buy about 10 bars of chocolate per week with the average price 

of a chocolate bar being about 60p (Lloyds Banking Group-Halifax 2015). 

The average weekly pocket money also increases with age. In 2015, data showed 

that children of 8 years old received an average of £4.20 in comparison with £5.78 

and £8.17 by age 11 and 15 respectively (Lloyds Banking Group-Halifax 2015). In 

addition, studies have shown that children aged from 8-16 years spend more on 

sweets and snacks in the 1990s in comparison to the 1980s following the increase 

in the average weekly pocket money (Donkin et al. 1993). The trend for the increase 
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of this study to assess the accessibility of these types of sweets to different age 

groups of children. 

 

Table 2. The average height and reach in inches of boys and girls at different 

ages (Pheasant and Haslegrave 2006). 

 
Age Girls Boys 

Height Reach Height Reach 

4 42 54.6 42 54.6 

5 44 57.2 44 57.2 

6 46 59.8 47 61.1 

7 48 62.4 48 63.7 

8 51 66.3 51 66.3 

9 53 68.9 53 68.9 

10 55.5 72.2 55.3 71.8 

11 58.5 76.1 57.3 74.7 

12 60.5 78.7 59 76.7 

13 62 79.9 61.2 78.9 

14 64.5 82.2 63.3 81.8 

15 66.5 84.1 65.3 84.7 

16 68.5 86.7 67.5 86.3 
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Table 4. Prevalence of obesity and overweight amongst the UK children in 

parentage (2014/15) (Parliament UK 2016). 

  England 
(2014/15) 

Wales 
(2013/14) 

Scotland 
(2014) 

Northern 
Ireland 

(2014/15) 

Boys 

Overweight 13 16 12 18 

Obese 19 20 16 7 

Obese or 
overweight 32 35 28 25 

Girls 

Overweight 15 15 16 25 

Obese 16 19 18 8 

Obese or 
overweight 31 33 34 33 

Children 

Overweight 14 15 14 21 

Obese 17 19 17 7 

Obese or 
overweight 31 34 31 28 

 

Increasing obesity levels in children are closely linked to type 2 diabetes mellitus 

and metabolic syndrome in adults (Vanhala et al. 1998; Cali and Caprio 2008; Malik 

et al. 2010; Malik and Hu 2012). It has been found that snacks are responsible for 

an additional 24-32% of the daily energy intake for children which ranged from 378-

612 kcal/day (1580-2560 KJ). It has been also found that sugar contributes to the 

high prevalence of obesity in children (St-Onge et al. 2003; Malik et al. 2006). 

Novelty sweets have a high sugar content and will contribute to the daily energy 

and calories provided by snacks. 

A strong relationship exists between obesity in children and deprivation (Law et al. 

2007). For example, data released by Public Health England (2014) and the House 

of Common Library (Parliament UK 2016) showed that the obese children in most 
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Figure 3.  Pathogenesis of dental caries (baed on Selwitz et al. 2007). 
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The early phase of dental caries is characterised by the invasion of the dentine by 

bacterial acidic by-products of lactobacilli, Actinomyces species, Veillonella species 

and mutans streptococci (Love and Jenkinson 2002). Munson et al. (2004) studied 

the microorganisms associated with dental caries using molecular techniques and 

reported that the microflora was dominated by Gram-positive bacteria, mainly 

Actinomyces, Propionobacterium, Lactobacillus, and Streptococcus (Munson et al. 

2004). 

Clarke (1924) was the first to report the involvement of streptococci with dental 

caries. Mutans streptococci (MS) have several virulent factors including the ability 

to synthesis extracellular and intracellular polysaccharides, acidogenicity, 

aciduricity and endodextranase production (Balakrishnan et al. 2000). Mutans 

streptococci colonise the mouth only after the eruption of the first tooth (Carlsson 

et al. 1975) and sugar consumption will increase their numbers (Staat et al. 1975). 

Tanzer et al. (2001) reported that MS plays an important role in the initiation of 

dental caries. In an experimental animal study, it was shown that S. mutans and S. 

sobrinus were highly cariogenic (Van Houte 1994) 

Lactobacilli were the first microorganisms reported as being associated with dental 

caries due to their acidogenic and aciduric nature (Van Houte 1994). It has been 

proposed that the number of lactobacilli in dental plaque is generally low or 

negligible (Van Houte 1994). However, high carbohydrate consumption in the diet 

and low environmental pH levels have been implicated with increased levels of 

lactobacilli (De Soet and De Graaff 1998). According to the available data, it may 

be that lactobacilli play a more important role in caries progression rather than 

initiation (Van Houte 1980). Carious dentine is considered to be anaerobic and 

predominated by anaerobic microorganisms (Sims 1985; Loesche 1992). 
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The acid causes the pH to decrease below the critical pH of 5.5 and cause diffusion 

of calcium, phosphate and carbonate out of the tooth.  Before the cavitation of tooth 

surface, the caries process is reversible (Larsen and Pearce 1997). The lesion 

clinically is called a white spot lesion due to the change in the optical properties of 

enamel (Kidd and Fejerskov 2004)  

After four weeks of plaque accumulation, upon removal of plaque, a chalky white 

spot lesion may be seen by drying the tooth. This is due to the porosity and the 

refractive indices of air, water and enamel. The enamel has refractive index of 1.62, 

so when porous enamel is wet and the spaces are filled by water (refractive index 

of 1.33) there is less light scattering and the lesion will be less obvious because the 

refractive index between air and enamel is greater than between enamel and water. 

When cavitation occurs the carious process becomes irreversible and intervention 

is required (Fejerskov 2003). Histologically, there are four zones of uncavitated 

lesion which differs from the cavitated lesions (Kidd and Joyston-Bechal 1998)  
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Remineralisation can occur by uptake of calcium, phosphate and fluoride. The 

resulting fluoridated hydroxyapatite is also more resistant to an acidic challenge. In 

addition, remineralisation occurs when the pH returns to the natural level (pH of 7) 

which results from the salivary buffer capacity (Selwitz et al. 2007) (Figure 4).   

3.4.2.1.2 Epidemiology of dental caries 
 

3.4.2.1.2.1  Internationally 
 

Data from World Health Organization (WHO) showed the distribution of dental 

caries amongst children in the world in 2003. It can be seen that although the UK 

has one of the lowest levels of dental caries in comparison to some developing 

countries such as the Caribbean or South American countries, it is still considered 

a major public health problem (Petersen 2003). However, dental caries has been 

found to be challenging to control in the developing countries. In 2003, dental caries 

was also reported to affect 60% to 90% of industrialised countries (Petersen et al. 

2005). 

3.4.2.1.2.2  Europe 
 

DMFT is an index that represents the average number of decayed (D), missing (M) 

or filled (F) permanent teeth (T) while the corresponding index for deciduous teeth 

is dmft. The data from WHO published in 2003 showed that the average DMFT of 

12 years olds in Europe was the third highest in the world with an index of 2.6. The 

highest average DMFT was reported in the Americas with an index of 3.6 (Petersen 

2003). The Average DMFT of the six WHO regions is presented in Figure 4. 
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filled primary teeth from 23% to 8% and from 47% to 19% respectively (Department 

of Health 2013) (Figure 5). 

 

 

Figure 5. Percentage of children with obvious dental caries involving dentine 

in primary teeth only, Child dental health survey, 2013 (Department of Health 

2013). 

 

In 2013, the highest percentage of children with enamel decay in primary teeth was 

in Wales (42% of 5 years old children and 34% of 8 years old children) and the 

lowest was in Northern Ireland (27% of 5 and 8 years old children) (Figure 6). 

 

50%

70%

45%

61%

43%

57%

31%

46%

0%

10%

20%

30%

40%

50%

60%

70%

80%

5 years old 8 years old

C
h

ild
re

n
 w

it
h

 c
ar

ie
s 

in
 p

ri
m

ar
y 

te
et

h

Age

1983

1993

2003

2013



 
 

60 
 

 

Figure 6. The percentage of the 5 and 8 years old children with enamel 

caries in permanent teeth in Wales, England and Northern Ireland in 2013 

(Department of Health 2013). 

 

3.4.2.1.2.3.2  Permanent teeth 
 

The data showed a gradual decrease in the percentage of children with obvious 

dental caries in permanent teeth. At the age of 8, it decreased from 38% in 1983 to 

13% in 2013.  The percentage of children with obvious dental caries at 12 years old 

decreased from 81% in 1983 to 34% in 2013.  At the age of 15 years there was also 

a decrease in the percentage of children with obvious decay from 93% to 46% 

(Department of Health 2013) (Figure 7). 
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Figure 7. Caries experience in children in permanent teeth in the UK 

(Department of Health 2013). 

 

In 2013, the data shows that the highest percentage of children with dental caries 

in permanent teeth was in Wales (55% of 12 years old children and 54% of 15 years 

old children) and the lowest was in Northern Ireland (35% of 12 years old children 

and 46% of 15 years old children) (Department of Health 2013) (Figure 8).  
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Figure 8. Prevalence of dental caries in England, Wales and Northern Ireland 

(National child oral health survey, 2013) (Department of Health 2013). 

 

Encouragingly, since 1983 there has been a downward trend in dental caries 

experience amongst all age-groups taking part. However, the prevalence remains 

high for this largely preventable disease (Department of Health 2013). Worryingly, 

there are wide inequalities in experience with all age groups eligible for free school 

meals (i.e. lower income families) having greater experience of dental caries 

(Department of Health 2013). 
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children and dental caries (Hilgers et al. 2006; Hooley 2012). The development of 

both obesity and dental caries in children is often associated with both low 

socioeconomic status and some ethnicities particularly in children with a South 

Asian origin (Sheiham and Watt 2000; Birch 2001). Systematic reviews of Munoz 

et al. (2013) and Silva et al. (2013) suggested that the link between dental caries 

and obesity in children is related to the common aetiology including environmental 

factors such as the socio-economic level and dietary such as high sugar diet. 

However, other researchers have suggested that the available data is inconclusive 

and more studies need to be conducted to assess the relationship between dental 

caries and obesity in children (Kantovitz et al. 2006; Werner et al. 2012). They found 

that there might be no significant relationship between obesity and dental caries if 

age, race and poverty are controlled. These markers suggest that caries and 

obesity are just different diseases with common risk factors and do not necessarily 

have a direct influence on each other (Hong et al. 2008). 

3.4.2.1.4  Concerns about sugar content of novelty sweets 
and dental caries 

 

Novelty sweets have a high sugar content which is considered a good substrate for 

cariogenic bacteria to produce acid. There is a well-documented relationship 

between high consumption of sugar and dental caries (Burt and Pai 2001; Harris et 

al. 2004). It has been found that children with frequent consumption of sugar had a 

higher prevalence of dental caries (Gibson and Williams 1999).  Novelty sweets are 

re-sealable, thus the frequency of exposing teeth to sugar each day can be high.   
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As a part of the present study, the sugar content of the novelty sweets will be 

measured to assess the potential risk of dental caries and obesity in children who 

frequently consume the novelty sweets. 

3.4.2.1.4.1  Methods for measuring the sugar content of foods 
and drinks 

 

There are two main methods for measuring the sugar content of foods and drinks. 

These methods are High Performance Liquid Chromography (HPLC) and the index 

of refraction method (Agbazue et al. 2014). 

3.4.2.1.4.1.1 High Performance Liquid Chromography (HPLC) 
 

This technique is usually used to measure the sugar content during the production 

process of food, and medical formula. It is based on allowing a liquid to pass under 

low pressure through a column filled with a sorbent to separate the components of 

the liquid. The separation of the components results from the difference in the 

interaction between the components and the sorbent (Sodamade 2014; Pan et al. 

2015a). 

The HPLC consist of three parts, pump, liquid and detector. After separating the 

components of the liquid, the exact amount and percentage of each component is 

detected by the machine.  This technique needs a long time of sample preparation 

and analysis plus specific columns for the analysis of sugars (Johnston and Brown 

2014). 
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3.4.2.1.4.1.2 Refractive index method 
 

The refractive index method is based on measuring the sugar content of a sample 

by the detection of the critical angle of the refraction of light. The light is 

concentrated in a prism surface through a lens. As a result of the light concentration 

in a specific area, different angles can be detected. The refractive index of the test 

liquid determines the amount of the incoming light to the sample (Agbazue et al. 

2014). If the refractory index is below the critical angle (high sugar content), only 

part of the light is transmitted and detected in the eyepiece. While if the refractory 

index is higher than the critical angle (low sugar content) a high amount of light can 

be transmitted into and detected by eyepiece (Cen et al. 2012). 

The amount of transmitted light is detected and presented in the eyepiece in a scale 

which reflects the percentage of the sugar contents in the liquid. In this technique, 

only a small amount of liquid (e.g. a microliter) is required in order to measure the 

sugar content (Pan et al. 2015b). The determination of the refractive angle is 

independent of vibrations and other environmental disturbances (Pan et al. 2015a). 

In the present study, the sugar content of the selected novelty sweets was 

measured using the refractive index method. 
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3.4.2.2  Dental erosion  
 

Dental erosion is one type of non-carious tooth surface loss (TSL). TSL is one of 

the major topics in dentistry and a subject of increasing interest in dental research. 

TSL can be defined as the non-carious loss of hard tooth structure resulting from 

attrition, abrasion, erosion or abfraction, which can be found either singly or 

concurrently (Addy and Shellis 2006).  

There are four main types of TSL, namely attrition, abrasion, erosion and abfraction 

(Grippo et al. 2004). Attrition is defined as tooth wear that results from tooth to tooth 

contact (two body wear) and thus relates to dental occlusion (Mair et al. 1996). 

Abrasion is the loss of tooth structure usually in the cervical region as a result of 

foreign body contact (Chu et al. 2002). Erosion is the non-bacterial chemical 

dissolution of surface tooth structure. Abfraction is a stress-induced lesion caused 

by occlusal loading forces, leading to tooth flexure and mechanical microfracture of 

enamel in the cervical area (Grippo 1991).  

TSL is considered to be a normal physiological process that occurs throughout life 

or a pathologic process when seen in younger people or when affecting dental 

health (Berry and Poole 1976; Bartlett and Dugmore 2008). The features of 

pathological TSL are that the surface loss may result in changes in the appearance 

or the integrity of teeth and may be considered to be excessive with respect to the 

age of the patient (D'Incau et al. 2012).  

With the increased understanding and control of dental caries and periodontal 

disease, teeth can be retained into old age, where surface loss or wear takes place 

(Haugen 1992). TSL needs to be well understood in terms of its epidemiology, 

aetiology, diagnosis, prevention and clinical management (D'Incau et al. 2012). 
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3.4.2.2.1 Epidemiology of TSL in children 
 

TSL is one of the common findings in teenagers in the UK (Al-Dlaigan et al. 2001; 

White et al. 2012). Recent epidemiological studies have shown increases in the 

prevalence of tooth surface loss among all age groups. The National Survey of 

Child Dental Health in 1993 was the first survey carried out to provide prevalence 

data on TSL in children throughout the UK followed by other surveys published in 

2003 and 2013 (Department of Health 2013). The survey reported an increase in 

tooth surface loss (TSL) for all age-groups taking part between 2003 and 2013. 

There was an increase of the percentage of 5 years old children affected by TSL 

from 53% in 2003 with almost the same distribution in the surfaces and same level 

of severity to reach to 57% in 2013.  Amongst the children of 12 and 15 years old, 

the average percentages of TSL in the lingual surfaces increased between 2003 

and 2013 from 30% to 38% and from 33% to 44% respectively (Department of 

Health 2013) (Figure 9). The survey also reported a variation in the percentages 

between the UK regions. For example, more 12 and 15 year old children are 

affected by TSL in lingual surfaces in Northern Ireland (44% and 57%) than Wales 

(30 and 40%) and England (39% and 43%) (Department of Health 2013). 
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Figure 9. Prevalence of of TSL the lingual surfaces in children (Department 

of Health 2013). 

The development of tooth surface loss (TSL) at an early age in the deciduous and 

the mixed dentition is becoming an increasing concern for the dental profession 

with erosion being the primary cause. Dugmore and Rock (2004b) examined 1,753 

12-year-olds in the UK and found tooth erosion in 59.7% of the children and 

exposure of dentine in 2.7%. Moreover, more tooth erosion was found in males than 

females, Caucasians than Asians and in children with experience of caries, which 

may reflect an overall lower level of dietary and/or oral health care. Significantly 

more erosion was observed in teenagers in the lowest socioeconomic categories 

(Al-Dlaigan et al. 2001; Nunn 2001; Deshpande and Hugar 2004; Kazoullis et al. 

2007; Wang et al. 2010). In addition, Al-Dlaigan et al. (2001) found that moderate 

levels of dental erosion were common in 14-year-old school children, particularly 

amongst low socioeconomic groups in the UK.  

 

 

1993 2003 2013
5 y 52 53 57
12 y 27 30 38
15 y 27 33 44

0

10

20

30

40

50

60

5 y

12 y

15 y



 
 

70 
 

3.4.2.2.2 Aetiology of dental erosion 
 

Generally, tooth surface loss is often caused by the interaction of multiple factors. 

Erosion may be caused by intrinsic acid which originates from the inside of the body 

such as gastric acids, or/and extrinsic acid which originates from outside of the body 

principally from the diet (Addy and Shellis 2006).  

Erosion is the most common type of tooth wear (Azzopardi et al. 2004). Exposure 

of teeth to acids leads to surface loss of minerals, softening and with time, 

dissolution and complete loss (Schweizer-Hirt et al. 1978). Erosion is more linear in 

enamel than dentine which means that the amount of loss of minerals from the 

enamel can be related to the amount of acid exposure while in dentine it may or 

may not be the case (Hunter et al. 2000). An important factor to be considered 

before assessing each patient is their susceptibility to erosion (Rees 2004). 

Furthermore, the interaction of various factors helps explain why some patients 

exhibit more erosion than others, even if they are exposed to the same amount of 

acid. The degree and distribution of erosion seems to be strongly related to age, 

frequency of soft drink intake and tooth brushing technique (Dugmore and Rock 

2004a; Bardolia et al. 2010).  

Due to the multifactorial nature of erosion, several factors (biological, behavioural 

and chemical) are involved and interact with the tooth surface either to wear it away 

or protect it.  Among the different factors, saliva and dental pellicle have a 

considerable effect on erosion (Amaechi et al. 1999c).   
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fatty foods, chocolate, peppermint, spicy foods and pickles can be promotors. In 

addition, alcohol increases GORD and irritates the oesophageal mucosa (Vitale et 

al. 1987; Chen et al. 2010). The posture of the person may also have an influence 

on GORD such as reclining (Demeester et al. 1976; Castell et al. 2004). Another 

factor is hard physical exercise which also may cause heartburn and nausea (Kraus 

et al. 1990). Furthermore, due to the increased pressure in the abdomen, 

pregnancy may cause GORD (Dahl et al. 1993; Ali and Egan 2007).   

In 2001, a study by Bartlett and Coward (2001b) showed that gastric acid has 

significantly stronger erosive potential than soft drinks.  

3.4.2.2.2.1.2 Eating disorders 
 

Patients who try to control their body weight, would suffer from signs of perimolysis 

which is characterised by having dental erosion affecting the palatal surfaces of the 

maxillary teeth with an enamel bands in the gingival area (Andrews 1982; Kim et 

al. 2005). The main eating disorders which cause erosion are anorexia and bulimia 

nervosa. In these types of disorders, the patients may experience frequent vomiting 

cycles and vomit up to 20-30 times per day with a gastric acid of pH 1-2 (Milosevic 

et al. 1997). The reported percentage of bulimic patients affected by dental erosion 

may reach 90% (Ohrn et al. 1999). In addition, these types of eating disorders are 

more common amongst the females in Western societies (Szmukler 1985; 

Pagsberg and Wang 1994). 

3.4.2.2.2.1.2.1 Anorexia nervosa 
 

Anorexia nervosa is considered as a psychiatric disorder which may be triggered 

by social issues, emotional stress from relationships and concerns about the body 
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composition of the erosive medium (Hemingway et al. 2006). There is a relationship 

between erosion and brushing after meals and just before going to bed, type of 

toothbrush and brushing technique (Hooper et al. 2007).  

3.4.2.2.2.2  Extrinsic Sources 
 

Extrinsic sources include environmental factors, medicaments and lifestyle choices 

including diet. 

3.4.2.2.2.2.1 Environmental Factors 
 

People who work in places where there are acid fumes and aerosols, as well as 

exposure to gases containing hydrochloric or sulphuric acid are at high risk of dental 

erosion (ten Bruggen Cate 1968). Although recent strict health and safety laws have 

been implemented in industries, such as battery or munition production, labial 

surface erosion of upper and lower teeth may still occasionally be seen (Imfeld 

1996). 

3.4.2.2.2.2.2 Medicaments 
 

Any drug taken orally that has a pH value lower than 5.5 may cause loss to the 

outer surface of enamel. Giunta (1983) reported the erosive effect of some  

medications  such as chewable vitamin C tablets, aspirin tablets and powders 

(Sullivan and Kramer 1983) and the amphetamine drug, ecstasy. Ecstasy also 

causes a profound dry mouth and tooth grinding which further exacerbates TSL 

(Redfearn et al. 1998). 

There are three mechanisms by which medicaments cause erosion. These are 

direct effects, indirect effect or a combination of both (Meurman and ten Cate 1996; 

Tredwin et al. 2005). The direct effect occurs by the direct acidity of the drug itself 
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(e.g. Vitamin C). The indirect effect of medication such as that caused by ecstasy, 

on the other hand, occurs as a result of xerostomia caused by the drug which in 

turn causes the dental erosion. The third method occurs when the drug is acidic 

and causes xerostomia as one of its side effects (Tredwin et al. 2005). 

Several studies have examined a possible association between erosion and inhaled 

medication used to treat asthma (Shaw et al. 2000; Hamasha et al. 2014). It has 

been suggested that such aerosols may have a direct effect on the tooth or may 

pose an indirect risk due to xerostomia produced by the beta 2 agonist content of 

drugs such as terbutaline and salbutamol (Shaw et al. 2000; Hamasha et al. 2014). 

Inhalers which deliver these medicaments may be used up to four times a day over 

long periods and since 10% (1.1 million) of the UK children in 2014 (Asthma UK 

2014)  were affected by asthma, erosion produced by associated medication could 

pose a significant population-wide dental health problem (Mukherjee et al. 2014). 

However, the precise mechanism between asthma and TSL remains unclear 

(McDerra et al. 1998; Al-Dlaigan et al. 2002). 

3.4.2.2.2.2.3 Lifestyle and diet 
 

A healthy lifestyle and diet means more fruits and vegetables are being consumed, 

which increases the acidity of the oral cavity. The widespread use of refrigeration 

making fruit and vegetables available all year round and this may also contribute to 

higher levels of TSL (Fox 2010). A higher intake of low pH and sugar-containing 

drinks such as sport drinks, are also associated with an increase in the prevalence 

of dental erosion (Meurman et al. 1990b; Parry et al. 2001). 

An unhealthy lifestyle, on the other hand, may be a combined problem as the effect 

can be doubled, with direct erosion through alcohol abuse and indirect erosion 





 
 

77 
 

decreased microhardness. The effects of various types of organic acids depends 

mainly on their physiochemical properties such as their pH, neutralisable acidity 

(Zero and Lussi 2005a). These factors are discussed in Sections 3.6.2.3.2. 

According the National Diet and Nutrition Survey in 2010 (Department of Health 

2010), there is an increased consumption of fruit juice in all age groups with the 

same high level of consumption in women and girls. Furthermore, a very strong link 

was found between carbonated drinks and the development of erosion (Johansson 

et al. 2002). Studies have shown that the acidic drinks affect the enamel 

microhardness and soften the enamel and dentine (Bodecker 1945; Lussi et al. 

2012). The erosive effect of phosphoric acid and citric acid is greater than that of 

the carbon dioxide they contain (Fox 2010).  Moreover, alcopops, cider and wine 

may be responsible for an increase in the prevalence of dental erosion, especially 

in younger individuals (Rees 2004).   

In vitro studies showed that the erosive effect of tea on the enamel is five times that 

of traditional black tea (Brunton and Hussain 2001; Phelan and Rees 2003). Ice tea 

drinks have a strong erosive effect due to their citric acid and Vitamin C content 

(Rees 2004). In addition, there are some contributing factors with the diet such as 

the length of contact time with the acidic food (Johansson et al. 2004) and the 

swallowing habits (e.g. swishing the drink around the teeth) (Shellis et al. 2005). 

3.4.2.2.3 Concerns about novelty sweets and dental erosion 
 

It had been suggested that the frequent consumption of novelty sweets might cause 

dental erosion. Dietary acids included in the formulation of novelty sweets include 

citric and malic acids (Davies et al. 2008). The in vitro study by Beeley (2005) 
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differ from person to person, from tooth to tooth and from one location to another 

within the same tooth. These differences are responsible for the biologic difference 

between enamel samples. 

It has been found that the concentration of calcium and phosphate decreases from 

the surface of enamel towards the interior, while the protein increases (Driessens 

et al. 1984). 

Surface enamel contains a larger amount of fluoride and lesser amounts of 

carbonate and magnesium than the inner layers. The difference in the distribution 

of fluoride, carbonate and magnesium is usually associated with the increase in the 

solubility of enamel (Nilsson et al. 1998). 

In comparison to primary teeth (80% of minerals), permanent teeth have a higher 

degree of mineralisation (95% of minerals), lower carbonate and higher level of 

phosphorous (Youravong et al. 2008; Oliveira et al. 2010). 

3.6.2.1.1.1 Apatite 
 

Some in vitro studies have used synthetic apatite instead of human enamel (Baig 

et al. 1999). The main advantages are the possibility of controlling the conditions of 

the experiment and testing the effect of each single factor on the erosion process. 

In addition, the variation between samples is very small thus erosion experiments 

can be undertaken even with a small sample size. However, there is a great 

variation between the composition and solubility of synthetic apatite and human 

enamel making it the least relevant substrate for simulating the clinical condition 

(Zero 1996).  
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3.6.2.1.2 Factors relevant in the erosion process 
 

There are many factors that influence the amount of tissue loss when enamel is 

attacked by an acidic solution. These factors are categorised into three groups, 

namely factors related to the properties of the enamel, properties of the solution 

and properties of the interface between the two. 

 

3.6.2.1.2.1 Contact angle (wettability) 
 

There are three major factors that influence the wetting of a solid by a liquid. The 

first is the relative surface energy of the solid and the surface tension of the liquid. 

This is a function of the inherent chemical composition and polarity of the surfaces 

to be bonded. The second factor is the viscosity of the liquid, which is a measure of 

the resistance to flow. The third is the surface topography of the solid surface. 

Contact angle is often used to measure the wettability of solid surfaces and the 

effect of different viscosities of liquids on the wettability of solid surfaces (Eick et al. 

1972). An in vitro study conducted by Ireland et al. (1995) of various acidic solutions 

found that the contact angle formed between these solutions and the enamel 

surface affected the adhesiveness and wettability of the enamel surface which in 

turn affects the amount of enamel loss which caused longer enamel exposure to 

acidic solution.  

The measurement of the contact angle and enamel wettability by solutions is 

relevant to this study because it is a part of the assessment of the erosive potential 

of the top ten most commonly available novelty sweets in addition to the 

assessment of the other physiochemical properties of the novelty sweets.  
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Contact angle can be defined as the angle formed at the liquid-solid interface in the 

droplet profile (Kwok and Neumann 1999). When the drop spreads on the solid 

surface that means that the contact angle is small and the wettability is high 

because the liquid spreads on a wider surface area. If the drop blobs on to the solid 

surface, that means that the contact angle is large with low wettability because the 

liquid spreads on a small surface area (Decker et al. 1999). The surface tension of 

the liquid is the main determinant of the contact area. In pure liquid, its molecules 

are equally distributed which give the net force of zero. Surface tension is a result 

of unbalanced net force of molecules (Decker et al. 1999). 

Organic contaminants such as pellicles may prevent or reduce wetting and result in 

higher contact angles. As a surface is cleaned and treated to remove contaminants 

the contact angle typically will decrease as wetting improves and surface energy 

increases (Good 1993; Li and Shan 2012). Any contact angle taken on a drop which 

is in motion is considered a dynamic contact angle measurement while 

measurement taken while the drop is static is considered a static contact angle (Lee 

and Lee 2011).  Many studies have reported that the dynamic contact angle is the 

main determinant of the penetration of the liquid into the solid surface (Hilpert 2009).   

3.6.2.1.2.1.1 Methods used to measure the contact angle (wettability) 
of a solid surface by a liquid 

 

There are four methods to measure the contact angle of liquid on a solid surface. 

In order to measure the contact angle, the effect of the surface roughness of the 

solid material should be reduced by making it as smooth as possible. There are 

many ways of preparing the solid surfaces including solvent coating, heat pressing 
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and surface polishing (Meiron et al. 2004).  In the present study, the enamel 

surfaces were prepared by surface polishing.   

3.6.2.1.2.1.1.1 Static drop method 
 

In this technique, the contact angle of a liquid on a polished surface can be 

measured using a direct measurement.  The solid surface can be placed and the 

liquid drop placed using a micrometre tube (Figure 12). The test samples are 

illuminated and contact angle is measured by a telescope equipped with an 

eyepiece. The contact angle can be measured by reading the measurement in the 

eyepiece (Bachmann et al. 2000; Dupont and Legendre 2010). 

Recent developments include the test samples being photographed by a camera 

for detailed interpretation. In addition, high magnification can be used for accurate 

measurements. This technique is easy to use with a small amount of liquid (a small 

drop). However, the main disadvantages of this technique are the interpersonal and 

intrapersonal variations (Lander et al. 1993; Hilpert 2009).  
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Figure 11. Contact angle measurement using static drop method (Figure 

based on Meiron et al. 2004). 

 

3.6.2.1.2.1.1.2 Captive bubble method 
 

This technique is based on injecting a small air bubble (0.05 ml) into the test liquid, 

immersing the solid sample in the liquid above the air bubble and measuring the 

contact angle between the air bubble and the solid (Marmur 1998) (Figure 13). The 

main advantages of this technique is that the placement of the air bubble will 

minimise the contamination of the solid-liquid interface and controlling the 

temperature of the liquid (Drelich et al. 1996). However, it requires high amount of 

liquid to use this technique (Lander et al. 1993). 
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Figure 12. Contact angle measurement using captive bubble method (Figure 

based on Meiron et al. 2004). 

 

3.6.2.1.2.1.1.3 Tilting plate method  
 

In this technique, after placing a drop of tested liquid, the contact angle is measured 

after tilting the solid sample towards one side of solid surface. The solid sample 

gradually tilted until the meniscus of the liquid formed horizontally on the side before 

the drop moves (Dupont and Legendre 2010) (Figure 14). So unlike the static drop 

method, the drop is in this technique is a semi-dynamic method (tilted but not 

moving). This technique is introducing the idea of having the contact angle while 

the drop in more interactive condition between the liquid and the solid.  Recently, a 

scanning laser beam has been used to measure the contact angle accurately 

(Lander et al. 1993; Shang et al. 2008). 
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Figure 13. Contact angle measurement using tilting plate method (Figure 

based on Meiron et al. 2004). 

 

3.6.2.1.2.1.1.4 Wilhelmy balance method   
 

This technique is widely used to measure the contact angle on solid surfaces 

(Meiron et al. 2004; Lodge and Bhushan 2006). The solid sample brought in contact 

with the liquid at a mass level not at a drop level which provide better and more 

realistic assessment of the contact angle (Meiron et al. 2004) (Figure 15). In this 

technique, the solid sample has to be smooth and prepared to be in a slide shape 

(Rame 1997). By using this technique, the contact angle can be measured with high 

accuracy and reproducibility (Lander et al. 1993; Shang et al. 2008). Recently, a 

computer-assisted measurement of this technique was developed which is called a 

Dynamic Contact Angle Analyser (Meiron et al. 2004).  
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Figure 14. Contact angle measurement using the Wilhelmy balance method 

(Figure based on Meiron et al. 2004). 

In this study, the Wilhelmy balance method was used by using a Dynamic Contact 

Angle analyser. 

3.6.2.1.2.2 Chelation 
  

Besides interacting with the phosphate and hydroxyl ions of the enamel, some 

components in solution can also interact with calcium ions. A common way is the 

chelation of calcium ions by the anionic part of certain organic acids, such as citrate 

and tartrate which one of the properties give them their erosive potential. Chelation 

is the bonding of metal ions to groups of organic molecules to form a soluble ion 

pair (Barbour et al. 2008). Chelation promotes the dissolution by reducing the 

concentration of free calcium ions, according to the law of the equilibrium state, as 

well as by detaching calcium ions from the crystal surface (Lussi et al. 1993; Larsen 

and Nyvad 1999). 
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3.6.2.1.2.3 Degree of saturation 
 

The overall ability of a solution to dissolve a substrate can be determined by the 

degree of saturation. The degree of saturation is based on the ratio between the 

ion activity product of the solution before contact with hydroxyapatite and the 

solubility product at the equilibrium state (Barbour et al. 2005a; Eisenburger 2009). 

For example, if the amount of calcium and phosphate in a solution is close to their 

saturation concentration at the given pH, less dissolution of hydroxyapatite is 

observed (Barbour et al. 2003). The solution is either saturated, unsaturated or 

supersaturated with regards to the substance. In a saturated solution, no net 

material loss or gain can be observed, since the ion activity product is identical to 

the solubility product. In an unsaturated solution, the material dissolves, while 

precipitation of the solid can be observed in a supersaturated solution (Shellis 1988; 

Zero 1996; Barbour et al. 2005a).  

3.6.2.1.2.4 Viscosity 
 

Viscosity can be defined as the mechanical friction between molecules in motion 

and the resistance to deformation as a result of mutual attraction of the molecules. 

In other words, viscosity is the resistance to flow (Schaefer 2014). 

One of the factors which has been suggested to affect the amount of dental erosion 

is the viscosity of acidic solutions. Higher viscosity causes less amount of enamel 

loss caused by acidic solutions (Aykut-Yetkiner et al. 2013). It has been found that 

the addition of polymers in the acidic solution minimise the erosive potential of the 

acidic solution not only because of the formation of the surface polymer layer, but 
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3.6.2.1.2.4.1 Methods to measure the viscosity 
 

There are six different methods developed to measure viscosity. These methods 

are the following. 

3.6.2.1.2.4.1.1 Capillary viscometer 
 

This method is one of the earliest methods used in measuring viscosity. The 

technique was based on using a capillary tube to measure the time needed for the 

fluid to pass the whole length of the tube. It was developed before the 20th century 

and known as U-tube, Ostwald or Ubbelohde viscometers (Srivastava and Burns 

2006; Digilov and Reiner 2007).  

During the measurement procedure, the fluid is drawn into the upper bulb by 

capillary suction then left to flow down to the lower bulb in the other arm. The time 

needed for the fluid to pass from the upper bulb to the lower bulb is multiplied by 

the factor of the viscometer and the viscosity is calculated (McKinley and Tripathi 

2000; Digilov and Reiner 2007). Some disadvantages related to this type of 

viscometer include the difficulty in reading the marks if the fluid discolours the glass 

tube and the effect of varying temperatures of the fluids measured (Digilov and 

Reiner 2007).  

3.6.2.1.2.4.1.2 Falling sphere viscometer 
 

In this type of viscometer, the fluid is placed in a glass tube vertically and a metal 

sphere is placed in the top of the tube and allowed to move down the tube. The time 

required for the sphere to pass through the fluid is calculated and multiplied by the 

viscosity factor to calculate the viscosity. It is based on the frictional force or drag 

force exerted on the sphere by the fluid (Brizard et al. 2005a). To maximise the 
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accuracy of this technique, different diameter metal balls can be used with the same 

fluid and compared with other test fluids (Brizard et al. 2005b).  

There are some drawbacks of this viscometer which include the uncounted effect 

of the sphere surface roughness and effect of temperature. However, a water-

controlled bath can be used with some new types of this viscometer (Feng et al. 

2005). 

3.6.2.1.2.4.1.3 Falling piston viscometer 
 

This type of viscometer is composed of a piston and a cylinder with a narrow end. 

The fluid is placed in the cylinder first then followed by placing the piston allowing 

the fluid to flow through the narrow tube while the piston is moving down by an air 

lifting mechanism (Bair 2004). The viscosity measurement is based on the time 

required for the piston to move to the bottom of the cylinder and the fluid through a 

narrow tube (Dindar and Kiran 2002). This type of viscometer is simple to use and 

needs minimal maintenance (Cullen et al. 2000). 

3.6.2.1.2.4.1.4 Bubble viscometer 
 

This type of viscometer is based on the time required for an air bubble to pass 

upward through the test fluid in a glass tube. It is most commonly used for resins 

and varnishes. The faster the bubble passes through the fluid, the lower the 

viscosity and vice versa (Park and Jeong 2011). This method is considered an 

accurate method of measuring the viscosity. However, it might be difficult to control 

and count the effect of the shape of the bubble in the tube (Cullen et al. 2000). 
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3.6.2.1.4 Methods used to investigate tooth surface loss 
 

There are a number of methods that can either detect compositional changes in the 

demineralising solutions (e.g. chemical analysis of calcium and phosphate 

concentrations) or capable of measuring change in mineral density (e.g. 

microradiography) or the loss of surface material (e.g. profilometry) has been 

applied.  

3.6.2.1.4.1 Types of methods 
 

3.6.2.1.4.1.1 In vivo studies 
 

As already pointed out, in vivo studies are based on the direct examination of the 

human dentition. Long-term in vivo investigations offer the most direct indication of 

the fact that material loss takes place in the oral environment and that its severity 

has increased in recent years (Borjian et al. 2010). 

Despite their importance for identifying the influence of erosion on the human 

dentition, these studies have a number of drawbacks. A major problem is that the 

observed changes are often not specifically due to enamel erosion (Lekkas et al. 

1992). 

Clinically identified changes of the dentition (tooth wear) are more likely based on 

a combination of factors, which include erosion as well as attrition (wear of dental 

hard tissue due to tooth-tooth contact) and abrasion (wear of dental hard tissue due 

to contact with foreign objects).  
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Since the severity of the material loss is determined after the structural changes 

took place, case histories are often the only way to link a specific erosive agent to 

the observed changes (Grenby 1996). This, in most cases is very challenging 

(Margaritis and Nunn 2014). Furthermore, it would be unethical to design an 

experiment in which the natural dentition of the volunteer is damaged (Butterworth 

2011; Horner and Minifie 2011). It is therefore impossible to use in vivo techniques 

for systematically testing the erosive effect of acidic food. 

3.6.2.1.4.1.2  In vitro and in situ studies 
 

Compared to the studies conducted in vivo, in vitro studies allow better control of 

the experimental conditions. In particular, in vitro studies offer the highest amount 

of control, leading to more reproducible results (Hughes et al. 1999a; Barbour and 

Rees 2004). 

The term in situ (also called in vivo-in vitro or in situ/ex vivo) is used if an erosive 

challenge takes place in the oral environment and assessed in the laboratory 

(Jones et al. 2002; Magalhaes et al. 2007). The in situ model of dental erosion was 

developed by Lekkas et al. (1992). The test samples can be either hydroxyapatite 

discs, or bovine or human enamel samples. They are fixed in the mouth by intra 

oral appliance for a prolonged amount of time and removed prior to determination 

of overall material loss at predetermined time points (Creanor et al. 1986; 

Featherstone and Zero 1992; West et al. 1999). This technique allows one to control 

the amount and exposure as well as the intervals between erosive challenges. In 

these studies, differences in the susceptibility of the volunteers to erosion are 

difficult to account for and lead to an increase in the standard deviations of the final 

results. 
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been reported to be around 10nm (Barbour and Rees 2004). Measurement can be 

obtained easily and quickly, making it logistically possible to investigate change in 

a large number of samples.  

In non-contact profilometry, the same idea of measuring the contour as in the 

contact profilometry, the profile and the roughness of the enamel surface is 

measured. However, instead of the tip which run across the enamel surface in 

contact profilometer, a laser beam scans the surface and reproduces a three 

dimensional figure of the scanned surface with the reading of the surface roughness 

and profile to be compared with the baseline readings (Whitehead et al. 1995). The 

main disadvantages of non-contact profilometer are the cost of the machine, 

complexity of the measurement procedure and the time consuming (20-30 minutes) 

taken for each reading (Lu et al. 2001). 

 

Figure 15. Contact and non-contact profilometers (Figure based on Elton et 

al. 2009). 
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4 Materials and methods, results and 
discussion 

4.1  Study structure 
 

This study has used an innovative blend of qualitative sociological research 

methods together with more traditional laboratory based oral science methods to 

assess the likely impact of novelty sweets on dental health. 

The sociological aspects of the study involved using three different but interlinked 

approaches: 

1. An initial scoping study of shops in the Cardiff area was undertaken to 

establish which were the ten most commonly available novelty sweets, how 

they were displayed in commercial premises and the unit cost of these 

popular brands of novelty sweets. 

2. A focus group discussion was undertaken with a group of schoolchildren 

aged 11-16 years to assess their understanding and beliefs about novelty 

sweets. This was undertaken to help design a questionnaire to assess any 

link between the sensory sweet and sour thresholds in children and their 

consumption of novelty sweets. Analysis of any age or gender related 

variations in sensory sweet and sour taste thresholds were also undertaken. 

3. The questionnaire designed in stage 2 above was completed by a second 

group of schoolchildren aged 11-16 years. This was completed at the same 
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health (14%), community safety (5%), geographical access to services (10%), 

housing and physical environment (5%).  The weights reflect the importance of the 

domain as an aspect of deprivation, and the quality of the indicators available for 

that domain (WIMD 2011). 

The WIMD is assigned to the 1,896 lower super output areas (LSOAs) of small 

geographical areas derived for census implementation in Wales. Regardless of the 

geographical size of the areas, the size of the population is intended to be 

approximately the same in each LSOA. In order to select schools which represented 

the different levels of deprivation in the Cardiff area, the ranked areas were divided 

into quintiles i.e. most deprived, second most deprived, middle deprived, second 

least deprived and least deprived (WIMD 2011). 

The schools were purposely selected to represent geography and socio-economic 

characteristics of the city. Catchment areas for schools demonstrated the wide 

urban mix of the population (Cardiff Council 2013). The locations of the five schools, 

city centre stores and supermarkets are shown in Figure 18. 
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Figure 17. Reference locations (5 schools, city centre stores and 3 

supermarkets) Cardiff Unitary Authority, by quintiles of deprivation, (WIMD 

2011). 

 

The school fringe was determined following the guidance of Sinclair and Winkler 

(2009) and Crawford et al. (2012) who reported that shops within the school fringe 

are one of the main sources of food to children when children are walking to and 

from school. They suggested that students visit shops within the school fringe about 

six times a week. Suburban use of school fringe shops was about 3.6 times per 

week while the urban use of school fringe shops was higher at 11 visits per week.  
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the case for school 5 which bordered the second least deprived area out of 10 

shops visited.    

Both Schools 1 and 4 which were in the second most and middle deprived areas of 

Cardiff respectively had 33% (4/12) of shops selling novelty sweets.  The shops 

surrounding School 1 stocked 15 varieties of different novelty sweet, compared with 

11 types in shops close to School 4.  Only one of the three supermarkets visited 

sold novelty sweets; however this was the only supermarket situated within the 

school fringe of School 4, in the middle deprived area of the city, which stocked 5 

types of novelty sweets. In addition, the novelty sweets were displayed on low 

shelves (< 40 inches) in 74% (14 out of 19) of the shops, which means that they 

were accessible to all age groups.  Furthermore, in 37% (7 of 19) of the shops, 

novelty sweets were displayed in close proximity to the checkout (The remainder 

were displayed in dedicated confectionary aisles). 

The frequency distribution of the prevalence of the novelty sweets (Figure 19) 

clearly shows that the most frequently available sweet variety was Brain Licker, 

available in 8 separate shops.  At the other end of the distribution there were 18 

unique sweet varieties, including Alien Liquid Candy (liquid), Lick the teeth 

(Lollipop), Snot Shots (solid) and Sour Shocks Chew (chewable solid), which were 

each available in one shop only.  
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Figure 18. Prevalence in 19 stores, out of the 68 visited, stocking one or more 

novelty sweets. 
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Table 5. Summary of types and price range of novelty sweets in shops within 

school fringes, city centre stores and supermarkets. 

 

WIMD (2011) 1/5th 

deprivation of 

school location 

No. of 

visited 

shops 

No. of shops 

selling 

sweets 

Types of 

Novelty 

sweets 

Price 

range 

School 1 
Second Most 

deprived 
12 4 15 

0.10p-

£1.49 

School 2 Least deprived 11 0 None - 

School 3 Most deprived 10 5 16 39p-£1 

School 4 Middle deprived 12 4 11 39p-99p 

School 5 

On border with 

second least 

deprived 

10 0 None - 

City centre - 10 5 17 39p-99p 

3 supermarkets - 3 1 5 39p-£2.99 
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4.2.4.1.1 Price of the available novelty sweets in Cardiff 
 

The price distribution of all of the novelty sweets identified is shown in Figure 20. 

The average price of the 38 unique novelty sweet varieties was 96p with a range 

from £0.10 (for Sour Shocks Chew) to £2.99 (for Candy Blood). Thirty-two of the 84 

sweet types (including repeats of some types) were priced at £1.00.   

 

     

Figure 19. Price distribution of all 84 novelty sweets (including repeats). 
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4.2.4.1.2 Categories of the available novelty sweets in 
Cardiff 

 

The novelty sweets were categorised into 7 main types reflecting their textural 

properties, i.e. gels, sprays, liquids and hard candy. A distribution of the form of the 

sweets is presented in Table 7.  The most available product formulations were solid 

lollipops (e.g. Baby Pop), liquid spray (e.g. Vimto Candy Spray) liquids (e.g. Brain 

Licker) and solid candy (e.g. Toxic Waste). 

 

Table 6. Categories of the available novelty sweets. 

Consistency Form of sweet        Number 
(including repeats) 

liquid liquid 17 

liquid spray 18 

gel gel 1 

liquid + solid liquid+ lollipop 1 

solid candy 17 

solid lollipop 21 

solid lollipop + powder 6 

solid powder 3 

Total Total 84 
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Figure 20. The ten most available novelty sweets in the Cardiff area.  

Numbers relate to the number of stores (n=19) the sweets were found in. 
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Table 7. Ingredients listed on the 10 most available novelty sweets in Cardiff 
area. 

Product Form Ingredients 

Brain Licker Liquid 
Glucose-fructose syrup, 
acidifiers, citric acid, lactic acid, 
malic acid 

Lickedy Lips Liquid 
Glucose-fructose syrup, 
acidifiers, citric acid, lactic acid, 
malic acid 

Push Pop Lollipop Sugar, glucose syrup, lactic acid 

Vimto Spray 
Sugar, malic acid, citric acid, acid 
regulator (sodium citrate) 

Tango Spray 
Sugar, malic acid, citric acid, acid 
regulator (sodium citrate) 

Juicy Drop Pop Liquid + lollipop 
Sugar, glucose syrup, fructose 
syrup, citric acid, malic acid 

Toxic Waste solid 
Sugar, glucose syrup, citric acid, 
malic acid 

Big Baby Pop Lollipop + powder 
Sugar, glucose syrup, citric, lactic 
acid 

Mega Mouth spray Sugar, citric acid 

Brain Blasterz Solid Sugar, acidity regulator 

 

 

 

 

 

 

 







 
 

126 
 

the average of weekly pocket money available to children in the UK which was 

found to be £6.20 in 2015 (Lloyds Banking Group-Halifax 2015). Therefore, children 

could potentially buy multiple units of these most commonly available sweets each 

week.  It is important to highlight that children (7-15 years old) spend their money 

mainly on confectionary chocolate, crisps, canned drinks and personal goods 

(Sodexho 2005). 

Within the shops and supermarkets visited, novelty sweets were displayed on 

relatively low shelves (<40 inches) in 74% of shops, and 37% of these sweets were 

displayed close to checkout or where the people queued for the checkout. 

These results also showed that physical engagement was being widely used by 

retailers in a child-targeted marketing approach designed to trigger the visual 

interaction and the memory of children. A large number of novelty sweets were 

therefore accessible to all age groups of children. The majority of the novelty sweets 

were displayed below the maximum reach (<40 inches) of all age groups reported 

by Pheasant and Haslegrave (2006) and Smith and Norris (2004). It is also known 

that the use of physical engagement is a highly successful aspect of marketing 

(McNeal 2003) and there was ample evidence of this being used by a large number 

(74%, n=14) of the shops and supermarkets visited in this study. 
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Dental School (Maria Morgan (MM)) and another moderator from CMU (Ruth 

Fairchild (RF)). The questions discussed with the focus groups are listed below. 

Start off with a simple game to get the children to list the names of all the 
sweets they know and like. 

1. Do you eat sweets?  

2. What type of sweets do you eat? (Probe preference) 

3. Then, the 10 types of novelty sweets introduced with actual sweets shown as 
prompts. 

4. Are you familiar with these types of sweets? (Probe knowledge about novelty 
sweets). 

5. Which types of novelty sweets do you know/ like/dislike? 

6. Where do you get them from? 

7. When would you have them? 

8. What do you think parents/other guardians think of these sweets? 

9. What do you like/dislike about them?   

10. Do you like other sweet and/or sour foods? 

11. Where can these sweets be bought?  (Probe when they go there, with whom). 

12. What would happen if you eat them all at once? 

13. Who do you think these products are aimed at? 

 

4.3.1.1.3  Debriefing 
 

Participants were also given a formal debrief letter to allow receipt of a copy of the 

summary of findings once prepared (Appendix 13).  
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thought they were aimed at themselves and their peers (11-16 years old), whilst 

others felt they were aimed at older children. Children also mentioned that both girls 

and boys could eat novelty sweets, although some types of sweets were thought to 

be specifically designed for girls or for boys.  

Children also thought that novelty sweets were not suitable for children younger 

than 9 years old because of their strong sour taste. This finding of this study shows 

the awareness of some children of the possible harm of the novelty sweets.  

However, the findings of the study of Stewart et al. (2013) showed that children 

lacked the clarity about the possible harm of these sweets on health. Which again 

may be explained by the children being younger in the study of Stewart et al. (2013) 

(9-10 years old) than the age group included in this study (11-16 years old).   

4.3.1.4  Using findings from the focus group discussion to 
design a questionnaire  

 

Based on the themes identified from the two focus group discussions, a semi-

structured questionnaire was designed for the children to complete at the same time 

as the sweet and sour sensory taste thresholds tests. No further group discussion 

was required as all themes and subthemes mentioned in the first focus group 

discussion were repeated in the second focus group discussion, which suggests 

that the saturation level of data was reached (McLeod et al. 2000; Burnard et al. 

2008).  

Children participating in the focus groups showed a substantial level of familiarity 

with novelty sweets, likes, dislikes and various range of frequency of consumption. 

The children also mentioned the easy accessibility of novelty sweets in local shops 

near school and home, city centre and supermarkets. Furthermore, children 
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4.3.2.1  Methodology 
 

Participants were asked to complete a structured questionnaire to determine their 

liking for, and use of sweet and sour novelty sweets and related food and beverage 

products. The questionnaire development is outlined above in Section (4.3.1.4). 

The questionnaire comprised questions to assess sweet and sour food preferences 

and intakes together with questions specifically related to the sweet and sour 

sensory testing (Appendix 15).  

The sample size for the sensory work was 46 schoolchildren aged 11-16 years old 

who were recruited from local secondary schools via existing links with the Food 

Industry Centre, Cardiff Metropolitan University (CMU).  Sensory panels were 

conducted using British Standard approved test rooms at CMU using a well-

established basic sensory threshold assessment (British Standards Institute 2011). 

4.3.2.1.1 Participants of testing sweet and sour thresholds 
and questionnaire completion 

 

The study was undertaken at two CMU open days on 02/07/2015 and 13/01/2016. 

A total of Forty-six children (11-16 years old) participated in this part of the study, 

45.7% were males (n=21) and 54.3% were females (n=25). The average age of the 

participants was 14.14 years. 

4.3.2.1.1.1  Inclusion criteria of participants 
 

1- Age: Between 11-16 years old. 

2- Gender: Male or Female. 

3- Children with no special educational needs (SEN). 
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4- Children with no allergy or intolerance to any type of food. 

5- Non-asthmatic children.  

6- Children who can speak and write in English. 

7- Child who had an informed consent form signed by parent or guardian. 

4.3.2.1.1.2  Exclusion criteria of participants 
 

1- Children with Special Education Needs (SEN); this exclusion criteria was 

used as there was no trained staff to manage these cases. Children with 

special educational needs (SEN) are extremely unlikely to attend as Cardiff 

Metropolitan University uses these open days as a means of recruiting 

potential future graduates.   

2- Children who are younger or older than high schoolchildren; this exclusion 

criteria was used to link the findings of this part with the consumption of the 

novelty sweets identified in the school fringe of the selected five high schools 

in Cardiff (First stage of the present study reported in section (4.2). 

3- Non-English speaker; this criteria was used because no Welsh or other 

language speaker supervisors were available. 

8- Children with allergy or intolerance towards any type of food or drinks. Whilst 

the sweet and sour solutions are known to be safe, a cautious approach by 

excluding children with food allergies was adopted. 

4- Asthmatic children were excluded as inhaler use might affect the taste 

discrimination ability (Toogood 1990; Dubus et al. 2001; Godara et al. 2011). 

5- Children who had no informed consent form signed by parent or guardians 

were excluded; as obtaining formal consent was required for each participant 

as a requirement of the ethical approval for this study. 
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4.3.2.1.1.3  Participant arrangements 
 

4.3.2.1.1.3.1 Obtaining the consent form 
 

The nominated Schools were contacted 4 weeks in advance of the study and a form 

giving general information about the day for parents (a participant information 

sheet) (Appendix 18) and parental consent forms (Appendix 19) were distributed 

via the class teacher for the children to take home.  The consent form was designed 

to allow the parent/guardian to sign giving their formal consent.  Children's verbal 

assent in addition to the obtained parental written consent was also sought on the 

day, prior to the sensory testing and by their volunteering to complete and return the 

associated questionnaire.  

4.3.2.1.2 Preparation of sweet and sour solutions 
 

Sweet and sour sets of solutions necessary for the taste perception part of the study 

were set up in conjunction with the CMU technician assigned to the Sensory 

Analysis Suite.  

For each set, one bottle of each concentration stated below was prepared at the 

Food Industry Centre, CMU the day before the test. Each sample cup was coded 

for each number from A1 to A13 for the sweet taste and from B1 to B13 for the sour 

taste (Table 9 and 10).  The sweet solution was prepared using granulated sugar 

(British sugar, UK) while for the sour solution, 100% citric acid (Meridianstar, West 

Midlands, UK) was used. A two decimal place scale (0.01 mg) was used 

(DualRange, Mettler-Toledo Ltd, Leicester, UK) (Figure 22). Each concentration of 

both sweet and sour solutions was dissolved in 1 litre of demineralised water. 
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Figure 22. Preparation side of the sensory testing room. 

 

 

Figure 23. Presentation format of thirteen coded solutions, water cup, spit 

cup and tissue provided for each participant. 
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Figure 24. Testing booths used by participants. 

 

4.3.2.1.3.4 Debriefing 
 

At the end of the day the children were given a formal debrief letter to allow receipt 

of a copy of the summary of findings once prepared (Appendix 21).  

4.3.2.1.4 Data handling 
 

SPSS v20 (IBM Corporation, Chicago, USA) was used to analyse the data 

generated from the questionnaire element of the study. The analysis was 

descriptive in nature incorporating frequency distributions and cross tabulations. 

Chi-square test was also used with statistical significance set at p<0.05 (Field 

2013). The analysis was conducted to examine differences between gender, age 

and ability to taste thresholds against frequency of consumption of novelty sweets 

and sweet and sour tastes preference. A Sign binomial test was used to examine 
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the significance set at p<0.05 between children who correctly and incorrectly 

perceived the sensory taste thresholds (Field 2013).  

Data was entered directly to the Cardiff University drive which was password 

protected. No individual participant was identifiable at the end of the study. 

Analysis of sensory data focused upon the correlation between sweet and sour 

threshold and reported sweet and sour food and beverage intake as outlined below.  

The average normal level of absolute and recognition thresholds for sweet and sour 

solutions in children in the UK are shown in below table (Table 11) (British 

Standards Institute 2011). The absolute threshold is the level at which an individual 

perceives a difference between the water and the next solution but the taste is not 

identified. While the recognition threshold is the level at which the individual 

perceives and recognises the taste of the solutions (Liem and Mennella 2003; 

Popper and Kroll 2003; Liem et al. 2004a).  

Table 10. Average normal absolute and recognition sweet and sour thresholds 

in children. 

        Thresholds    Sweet solutions      Sour solutions 

Absolute threshold A5 (0.004% of sugar)  B2 (0.001% of citric acid) 

Recognition threshold A12 (0.5 % of sugar) B7 (0.024% of citric acid) 
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(p=0.243).  There was only one child (male) who stated that he did not like the 

novelty sweets because of the sweet and he correctly perceived the sweet sensory 

thresholds. 

Furthermore, Children who liked novelty sweets because of the sour taste were 

significantly less able to perceive the absolute sour threshold (18.4%) (p=0.009), 

but better in perceiving the sour recognition threshold (68.4%) (p>0.05), than those 

who stated they disliked novelty sweets. There were 14 children who stated that 

they did not like the novelty sweets because of the sour taste (12 (85.7%) of them 

correctly perceived the sweet absolute threshold and 11 (78.6%) correctly 

perceived the sour recognition threshold). 

4.3.2.2.1 Perception of absolute and recognition thresholds  
 

4.3.2.2.1.1  Perception of absolute thresholds  
 

Fourteen (30%) children correctly perceived the sweet absolute threshold, 7 (15%) 

correctly perceived the sour absolute threshold, only 3 (7%) children correctly 

perceived both the sweet and sour absolute thresholds and 28 (60%) did not 

correctly perceive both the absolute thresholds. There was a statistically significant 

difference between the number of children who correctly perceived the absolute 

threshold and those who did not (p<0.05) (Figure 26).  There were 15 (33%) 

children who correctly perceived the absolute threshold of one taste but not the 

other. 
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Figure 25. Children who perceived and did not perceive sweet, sour and 

both sweet and sour absolute thresholds. 

 

4.3.2.2.1.2  Perception of recognition thresholds 
 

Thirty (65%) children correctly perceived the sweet recognition threshold, 30 (65%) 

perceived the sour recognition threshold, 22 (48%) children correctly perceived both 

the sweet and sour recognition thresholds and 8 (17%) could not correctly perceive 

both recognition thresholds. There was no statistically significant difference 

between the number of children who correctly perceived the sweet or sour 

thresholds and those who did not (p>0.05) However, there was statistically 

significant difference between the number of children who perceived both 

recognition thresholds and those children who did not (p<0.05) (Figure 27). There 

were 16 (35%) children who correctly perceived the recognition threshold of one 

taste but not the other.  
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There was a statistically significant difference between children who correctly 

perceived the sweet absolute threshold (30.4%) and who correctly perceived the 

sweet recognition threshold (65%) (p=0.024). Furthermore, there was a statistically 

significant difference between children who correctly perceived the sour absolute 

threshold (15.2%) and who correctly perceived the sour recognition threshold (65%) 

(p=0.001). 

 

 

Figure 26. Children who perceived and did not perceive sweet, sour and 

both sweet and sour recognition thresholds. 
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The summary of findings is presented in Table 12 and the raw data of the sensory 

testing and questionnaire is presented in Appendix 22. Results with statistical 

significant difference are highlighted in red colour (p<0.05) in Table 12. 
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Table 11. Summary of main findings of sensory testing and questionnaire. P values <0.05 are highlighted in red colour.  

 

Children 
(n=46) 

Age Gender Frequency Liked sweet and sour tastes of 
novelty sweets 

 
11-13y 

(n=28) 

14-16 y 

(n=18) 

M 

(n=21) 

F 

(n=35) 

Weekly/daily 

(n=21) 

Less than 
once monthly 

(n=20) 

Liked sweet 
taste 

(n=38) 

Liked sour taste 

(n=29) 

Correctly perceived 
sweet absolute 

thresholds 

30% 

(n=14) 

7% 

(n=2) 

67% 

(n=12) 

34% 

(n=5) 

36% 

(n=9) 

43% 

(n=9) 

20% 

(n=4) 

30% 

(n=11) 

24% 

(n=7) 

(p value) p=0.041 p=0.001 p=0.371 p=0.245 p=0.015 p=0.009 

Correctly perceived 
sweet recognition 

thresholds 

65% 

(n=30) 

60% 

(n=17) 

72% 

(n=13) 

52% 

(n=11) 

76% 

(n=19) 

57% 

(n=12) 

75% 

(n=15) 

63.2% 

(n=24) 

62% 

(n=18) 

(p value) p=0.055 p=0.424 p=0.94 p=0.471 p=0.243 p=0.265 

Correctly perceived 
sour absolute 

thresholds 

15% 

(n=7) 

14% 

(n=4) 

17% 

(n=3) 

14% 

(n=3) 

16% 

(n=4) 

10% 

(n=2) 

20% 

(n=4) 

18.4% 

(n=7) 

17.2% 

(n=5) 

(p value) p=0.001 p=0.826 p=0.872 p=0.651 p=0.001 p=0.001 

Correctly perceived 
sour recognition 

thresholds 

65% 

(n=30) 

60% 

(n=17) 

72% 

(n=13) 

66.7% 

(n=14) 

64% 

(n=16) 

80% 

(n=17) 

45% 

(n=9) 

68.4% 

(n=26) 

58.6% 

(n=17) 

(p value) p=0.055 p=0.424 p=0.850 p=0.041 p=0.035 0.458 

Correctly perceived 
both sweet and sour 
absolute thresholds 

7% 

(n=3) 
0% 

16.6% 

(n=3) 

5.5% 

(n=1) 

8% 

(n=2) 

10% 

(n=2) 

5% 

(n=1) 

23.6% 

(n=9) 

17.2% 

(n=5) 

(p value) p=0.001 p=0.008 p=0.659 p=0.140 p=0.419 p=0.455 

Correctly perceived 
both sweet and sour 

recognition thresholds 

48% 

(n=22) 

42.8% 

(n=12) 

55.5% 

(n=10) 

42% 

(n=9) 

52% 

(n=13) 

47% 

(n=10) 

45% 

(n=9) 

50% 

(n=19) 

41.3% 

(n=12) 

(p value) p=0.018 p=0.697 p=0.295 p=0.580 p=0.031 p=0.238 
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4.3.2.3 Discussion of sensory work and questionnaire 
 

The results of the sensory taste thresholds testing part of this study showed that 

statistically significantly fewer children were able to correctly perceive the sweet 

absolute threshold (30.4%) than children who perceived the sweet recognition 

threshold (65.2%) (p=0.024). This meant that 2/3 of the sample needed higher 

sugar concentrations to recognise the sweet taste at low concentration. This data 

was comparable to previous studies which have suggested that children are not 

sensitive enough to a sweet taste and that they therefore prefer a high 

concentration of sugar in food (Desor and Beauchamp 1987; Zandstra and de Graaf 

1998; De Graaf and Zandstra 1999; James et al. 1999).  

This finding is supported by the results of this study which showed that there was 

no significant association between children with high sweet and sour sensory 

thresholds consuming novelty sweets more frequently. 

The findings of this study also showed that significantly fewer children were able to 

correctly perceive the sour absolute threshold (15%) than the sour recognition 

threshold (65%) (p=0.001). This means that the majority (2/3) of children needed 

higher amounts of citric acid concentrations to recognise the sour taste.   

Significantly fewer (p=0.001) children (21.4% n=3) were able to correctly perceive 

both the sweet and sour absolute thresholds compared with the majority of children 

(70% n=24) who correctly perceived only either the sweet or sour absolute 

thresholds.  
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This finding is consistent with the finding of Liem et al. (2004b) who found that there 

was an inverse relationship between the sour taste preference and sensitivity to 

sour stimuli. 

The low sensitivity to sweet and sour may be an influence in the high level of 

consumption of confectionery including novelty sweets. It may also drive the 

children to choose confectionery with higher amounts of sugar and acid to enable 

them to perceive the sweet and sour tastes. This may be reflected in a high 

consumption rate of acidic foods and drinks by children (45.5% consumed novelty 

sweets daily or weekly).  

The findings of this section showed that there was an inverse relationship between 

the liking of novelty sweets due to their sweet taste and the perception of the sweet 

absolute thresholds. Furthermore, children who liked novelty sweets because of the 

sweet taste were significantly less sensitive to the sweet absolute threshold (30% 

only can correctly perceived the absolute threshold) than the sweet recognition 

threshold (63.2%) (p=0.043). Furthermore, children who liked novelty sweets 

because of the sour taste were significantly less sensitive in perceiving the sour 

absolute threshold (17.2%) than the sour recognition threshold (58.6%) (p=0.02) 

compared with children who did not like novelty sweets due to their sour taste.  

There were 14 children who stated that they did not like the novelty sweets because 

of the sour taste. Only two (14.3%) of the 14 children who disliked the novelty 

sweets because of the sour taste correctly perceived the sour absolute threshold 

and the remaining 12 (85.7%) did not. Only 3 (21.4%) of the children who stated 

that they did not liked the novelty sweets because of the sour taste correctly 

perceived the sour recognition threshold and the remaining 11 (78.6%) did not. 
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This means that children who liked novelty sweets due to the sweet and sour tastes 

had low sensitivity to the sweet and sour tastes. These findings showed that the 

preference for sweet and sour taste seems to decrease the sensitivity of children to 

sweet and sour tastes and may play a role in increasing the consumption of novelty 

sweets.  

The result of the present study showed that 58.6% of the children (11-16 years old) 

who correctly perceived the sour recognition taste liked novelty sweets due to their 

sour taste. This is consistent to the findings of Liem et al. (2004b) who also found 

that 58% of children (7-12 years old) who correctly ranked the sour taste liked sour 

gelatine sweets.  

This indicates that regular users of novelty sweets are more likely to recognise the 

threshold, indicating that those that do not eat them are unable to identify the taste. 

That means that the children that recognise the taste are more likely to like and eat 

more sweet/sour foods. 

The data of the present study showed that female children were better at perceiving 

the sweet sensory thresholds than male. The female and male participants who 

correctly perceived the sweet absolute threshold were 36% (n=9) and 33.8% (n=5) 

respectively. Whilst the female and male who correctly perceived sweet recognition 

were 76% (n=19) and 52.4% (n=11) respectively. Female children were slightly 

better in perceiving the sour absolute threshold and male children were slightly 

better in perceiving the sour recognition threshold. The female and male 

participants who correctly perceived the sour absolute threshold were 16% (n=4) 

and 14% (n=3) respectively. Whilst the female and male participants who correctly 

perceived the sour recognition were 64% (n=16) and 66.7% (n=14) respectively.  
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part determined by their taste preferences (Pangborn and Giovanni 1984; Liem and 

Mennella 2002, 2003b; Perez-Rodrigo et al. 2003). This finding was also supported 

by the reported findings by Privitera and Wallace (2011) and Sijtsema et al. (2012) 

who found that there was a positive relationship between frequent exposure of 

sweet tasting foods in the diet and the liking of sour and sweet tastes, which were 

significantly associated with high consumption of sugary foods such as chocolate 

and sour foods such as fruits.  

Worryingly, this high frequency of consumption of novelty sweets puts children at 

high risk of experiencing dental erosion, dental caries and obesity (Burt and Pai 

2001; Gambon et al. 2012; Te Morenga et al. 2013; Sovik et al. 2015).  

The present study also showed no significant association between perception of 

the sweet and sour sensory thresholds and frequency of consumption of novelty 

sweets (p>0.05). Children who consumed novelty sweets on a daily, weekly or less 

than once per month had low sensitivity to sweet and sour thresholds. This might 

show that the low sensitivity to sour and sweet tastes may be influenced by the 

preference of novelty sweets but not the frequency. Frequency being more 

associated with price and availability of the sweets. 

The findings of this present study showed that children liked novelty sweets due to 

various criteria including their sweet taste (82.6%), sour taste (63%), re-sealability 

(76%), affordability (56.5%), accessibility (67.4%), ways of eating (63%) and toys 

that came with them (17.4%). These elements are the main features of the novelty 

sweets which may be related to their popularity in children.  The qualitative study of 

Stewart et al. (2013) also found that these criteria of novelty sweets were also 

preferred by children.  Children, aged 11-16 years old in the sensory work of this 
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study reported that toys were not an important element attracting them to the 

novelty sweets. This finding was also similar to the finding of Stewart et al (2013) 

who also found that the toy element of the novelty sweets was not highly regarded 

by children aged 9-10 years old. 

The findings of this study showed that there were a significant association between 

age of children and perception of sweet sensory taste (p=0.001). The results 

showed that children in the older group (14-16 years old) of children were more 

sensitive to sweet and sour tastes than younger age group (11-13 years old) to 

sweet in low concentrations (7% of 11-13 years old correctly perceived the sweet 

absolute threshold in comparison to 67% 14-16 years old). Older age group children 

were slightly more sensitive to sour concentrations than younger group. There were 

16% of 14-16 year olds who correctly perceived the sour absolute threshold, 72% 

correctly perceived the sour recognition threshold in comparison to 14% and 60% 

of 11-13 year olds respectively. 

This data was consistent with the results of studies conducted by De Graaf and 

Zandstra (1999), James et al. (1999) and Liem and Mennella (2003) who suggested 

that older children or adolescents were more sensitive to sensory taste for sweet 

and sour than younger children.  

The difference in sweet and sour perception between younger and older age groups 

may be related to the higher salivary flow in younger children which  is about 1.75 

ml/min and gradually reach 1 ml/min (stimulated saliva) by the age of adolesence 

(Dawes 1987; Leonor et al. 2009) which has been found to potentially increase 

taste thresholds (Dawes 1987; Spielman 1990). For example, it was found by Liem 

et al. (2004b) that children who liked sour tastes had high saivary flow and they 
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were more willing to try a new types of novel candies which may be related to their 

lower sensory thresholds to sour. 

Furthermore, this finding may also mean that the younger children were not as able 

as older children to understand the test which was also suggested by Guinard 

(2000) who found that young children had less experience to scale the sensory 

taste solutions. Furthermore, it was found that the ability of children to categorise 

and analyse information become strong and more efficient with age (Carey et al. 

2009). 

The findings of this present study also showed that there was a significant 

association between liking and consumption of sweet and sour drinks and foods 

such as carbonated drinks, fruits and sweet and sour chicken and liking of novelty 

sweets. This finding is confirming that the taste preference is one of the main 

determinants of food preference in children and the actual consumption of the foods 

(Liem and Mennella 2003; Grimm et al. 2004; Privitera and Wallace 2011). 
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4.4.1 Preparation of the ten most available sweets 
 

The ten most commonly available novelty sweets identified in part 1 of this study 

and their contents are presented in the table below (Table 14). 

Table 12. The top ten most commonly available novelty sweets and their 

contents. 

Novelty sweet Name 
Labelled contents by the 

manufacturers 

 

Brain Licker 
glucose-fructose syrup, acidifiers, citric 

acid, lactic acid, malic acid 

 

Lickedy Lips 
glucose-fructose syrup, acidifiers, citric 

acid, lactic acid, malic acid 

 

Push Pop Sugar, glucose syrup, lactic acid 

 

Vimto 
Sugar, malic acid, citric acid, acid 

regulator (sodium citrate) 

 

Tango 
Sugar, malic acid, citric acid, acid 

regulator (sodium citrate) 
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Juicy Drop Pop 
Sugar, glucose syrup, fructose syrup, 

citric acid, malic acid 

 

Toxic Waste 
Sugar, glucose syrup, citric acid, malic 

acid 

 

Big Baby Pop Sugar, glucose syrup, citric, lactic acid 

 

Mega Mouth Sugar, citric acid 

 

Brain Blasterz Sugar, acidity regulator 
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Before measuring the pH, neutralisable acidity, contact angles, sugar content and 

undertaking the erosion test, sweets which were in solid form were powdered using 

a pestle and mortar (Figure 49). Then, 10g of powder was dissolved in 20ml of 

distilled water according to the method described by Davies et al. (2008) (Figure 

50). This applied to five products; Push Pop, Brain Blasterz, Toxic Waste, Juicy 

Drop Pop and Big Baby Pop. 

For any novelty sweet which came in two parts such as liquid or powder and solid 

parts, each part was tested separately. This approach applied to two products, Juicy 

Drop Pop and Big Baby Pop. 

 

 

                Figure 48. Using pestle and mortar to powder the solid sweets. 
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Figure 49. Preparation of sweet solution. 

  

4.4.2  Preparation of enamel samples 
 

Enamel specimens were prepared from human teeth provided by the tooth bank, 

Cardiff University following obtaining an ethical approval from South East Research 

Ethics Committee, Cardiff, UK (Ref. 12/WA/0289) (Appendix 23).  

Measurement of the contact angle required the preparation of crowns with a flat 

enamel surface for each side (buccal, lingual, mesial and distal). Sectioning of teeth 

was undertaken using a low speed machinery saw with a water soluble coolant 

(Model 650 low speed diamond wheel saw, South Bay Technology, US). Samples 

were surface polished using 600 grit then 1200 grit abrasive discs on an automatic 

polishing machine (Kemet International Limited, Maidstone, UK) under water 

cooling to give a flat surface to allow the contact angle analyser to measure the 

contact angle between each novelty sweet solution and enamel surface and to allow 

surfometry to measure the surface roughness (Figure 51). Three baseline readings 

were taken using a contact profilometer (Mitutoyo, surftest-SV2000, Mitutoyo 

America, USA) for each sample. Samples with a stylus deflection to baseline of less 
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Figure 51. Teeth sectioning and polishing using machinery saw and 

polishing machine. 

 

For the measurement of enamel erosion (surface and subsurface erosion), teeth 

(crowns) with flattened enamel surfaces were sectioned (Figure 53). Each enamel 

sample was embedded in low exothermic epoxy resin (Stycast 1266, Emerson & 

Cuming, Nijverheidsstraat, 2431 Westerlo, Belgium) (Figure 54). To undertake the 

enamel erosion test, specimens were also randomly allocated to one of 14 

treatment groups (n=10 for each group) for groups initially treated by saliva for 1 h 

and another 14 treatment groups (n=10 for each group) without initial treatment in 

saliva using the random allocation software v 2.0 (RAS, v 2.0). Enamel samples 

were labelled from 1 to 280 by permanent marker to allow the random allocation 
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software to allocate 10 samples for each group randomly. These groups were 12 

sweets, water and Tropicana orange juice. 

 

 

Figure 52. Crown sectioning to obtain enamel specimens for erosion tests. 

 

 

Figure 53. Placement of enamel specimens in epoxy resin. 
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Figure 55. Measuring pH at room and body temperatures. 

 

 

      Figure 56. Temperature controlled room. 
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The pH of the top ten most commonly available novelty sweets tested at room 

temperature and at body temperature are summarised in Table 14 and the raw data 

is presented in Appendix 24 and Appendix 25.  

Table 13. pH of tested novelty sweets at room and body temperature. Values 

in red are statistically significantly lower than the pH of 5.5 (p<0.05). 

Material 
Mean pH at 

room 
temperature 

SD 
Mean pH at 

body 
temperature 

SD 

Big Baby Pop 
(pop) 3.22 0.043 3.18 0.033 

Big Baby Pop 
(powder) 2.3 0.011 2.37 0.02 

Brain Blasterz 2.3 0.01 2.3 0.008 

Brain Licker 1.92 0.02 2.05 0.033 

Juicy Drop (pop) 3.12 0.018 3.16 0.021 

Juicy Drop 
(Syrup) 2.24 0.007 2.33 0.02 

Lickedy Lips 1.9 0.017 2 0.041 

Mega Mouth 1.83 0.043 1.93 0.033 

Push Pop 3.11 0.023 3.15 0.011 

Tango 3.18 0.022 3.21 0.021 

Toxic Waste 1.83 0.026 1.93 0.035 

Vimto 2.43 0.016 2.46 0.015 

Orange Juice 
(Tropicana 
smooth) 

3.7 0.02 3.81 0.01 
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4.4.4 Neutralisable acidity 
 

The destructive potential of the novelty sweets are not only determined by their pH.  

The neutralisable acidity will also influence the erosive potential and the greater the 

amount of NaOH needed to raise the pH to 7, the longer the time needed for the 

saliva to neutralise it (Larsen 1990; Lussi et al. 2004). 

4.4.4.1  Methodology 
 

The neutralisable acidity was tested by placing 20ml of each prepared sweet in a 

separate glass beaker on a magnetic stirrer, 0.1M sodium hydroxide (NaOH) was 

gradually added until neutrality was reached. The pH meter was used to assess the 

change in the pH of the solution throughout the titration process. The NaOH solution 

was prepared by adding 10g of solid NaOH in 240ml of distilled water to provide a 

1M NaOH solution. The liquid was then diluted further to get a molarity of 0.1M 

NaOH.  The amount of sodium hydroxide needed to increase the pH to 7 was noted.  

The neutralisable acidity of each sweet was tested using ten samples and the mean 

and standard deviations were calculated (Figure 58). Neutralisable acidity was 

measured at both room temperature (n=10) and body temperature (n=10) within a 

temperature controlled room.  Three readings were taken for each sample. 
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The neutralisable acidity values for the tested novelty sweets at room temperature 

and body temperature are given in Table 15 and the raw data is provided in 

Appendix 26 and Appendix 27. The titration curves of the tested novelty sweets are 

shown in Figure 59. 

Table 14. Neutralisable acidity of tested novelty sweets at room temperature 

and body temperature. Values in red are statistically significantly higher than 

the orange juice (p<0.05). 

Subject Mean Titratable 
Acidity at room 

temperature in ml 

SD Mean Titratable 
Acidity at body 

temperature in ml 

SD 

Big Baby Pop 
(pop) 

10.1 0.16 10.4 0.14 

Big Baby Pop 
(powder) 

10.4 0.11 10.6 0.2 

Brain Blasterz 29 0.15 29.5 0.34 

Brain Licker 49 0.43 48.5 0.13 

Juicy Drop (pop) 9.9 0.17 10.2 0.24 

Juicy Drop 
(Syrup) 

201.3 0.87 202 0.43 

Lickedy Lips 40.2 0.23 40.7 0.42 

Mega Mouth 95 0.16 95.3 0.14 

Push Pop 9 0.083 9.2 0.11 

Tango 41.65 0.45 41.6 0.42 

Toxic Waste 93.6 0.71 94.1 0.43 

Vimto 69.7 0.36 70.7 0.42 

Orange Juice 
(Tropicana 
smooth) 

28.3 0.46 28.4 0.55 
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Figure 58. Titration curve of tested novelty sweets using 0.1M NaOH. 
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The titration curves above show that there was a wide variation between the 

neutralisable acidity of the tested novelty sweets based on the amount of sodium 

hydroxide needed to reach to pH of 7.  For example, the titration curve of Juicy drop 

syrup, Mega Mouth and Vimto show a sustained plateau curve or a slow gradual 

increase for a long period of time with the addition of the sodium hydroxide to the 

solutions. The titration curves of other types of novelty sweets such as Push pop 

and Big Baby (Pop and powder) show a faster and sharper increase in the pH with 

the addition of sodium hydroxide.  
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4.4.5 Contact angle measurement (wettability) 
 

The contact angle formed between each sweet solution and the enamel surface 

was measured to assess the degree of enamel wettability. This is important 

because the angle between these solutions and the enamel surface affect the 

adhesiveness and wettability which in turn would influence the contact time 

between the sweet and the tooth intra-orally (Ireland et al. 1995). 

4.4.5.1  Methodology 
 

The contact angels between each solution and the prepared flat enamel surfaces 

were measured using a Dynamic Contact Angle Analyser (Figures 60, 61 and 62). 

 

 

Figure 59. A figure shows the contact angle between a sweet solution and enamel 

surface. 
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A dynamic contact angle analyser (model 312; Thermo Cahn, Madison, Wisconsin, 

USA) linked to a RM compatible computer was used to measure the contact angles. 

The methodology used to measure the contact angle included the following. 

 1- The enamel specimens and the sweet solutions were prepared as described in 

section 4.3.2. 40 ml of sweet solution was placed in a glass beaker and placed on 

a movable table of the contact angle analyser. 

2- Each enamel specimen was attached to an electrobalance holder above the 

glass beaker which was placed on the movable table. The table gradually moved 

with the glass beaker upward towards the enamel sample once activated by the 

computer while the wetting medium scanned along at a constant speed via a 

computer-controlled stage.  

 

Figure 60. Enamel sample attached to the electrobalance holder. 

 

3- The enamel sample was then pulled up by the downward movement of the table 

once the appropriate depth in the solution was reached. 

4- For each test group, 10 enamel specimens were used at room temperature. 
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5- The enamel specimen was immersed and emersed. This allowed for 

measurement of wetting tensions which was subsequently used to calculate the 

contact angles by the software in the computer linked to the contact angle analyser. 

6- The mean contact angle and standard deviation of the ten measurements of each 

sweet were calculated.  

 

 

Figure 61. The dynamic contact angle analyser. 
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4.4.6 Novelty sweet viscosity  
 

4.4.6.1  Methodology 
 

One of the factors which may affect the amount of dental erosion is the viscosity of 

the acidic solution (Aykut-Yetkiner et al. 2013). Higher viscosity solutions cause 

lower amounts of enamel loss (Eisenburger et al. 2003; Barbour et al. 2006; Beyer 

et al. 2012; Aykut-Yetkiner et al. 2013). 

The viscosity of the novelty sweets which came in liquid forms, in addition to orange 

juice (Tropicana smooth) and water was measured using a rotational viscometer 

(Cole-Parmer, London, UK) (Figure 64). This was applied to Vimto Candy Spray, 

Tango Candy Spray, Mega Mouth, Juicy Drop Pop, Brain Licker and Lickedy Lips.  

 

 

Figure 63. The basic rotational voscometer used in this part of study. 

 

Laboratory steps of viscosity measurement were as the following: 
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1. The test material was placed in a beaker with an amount sufficient to 

immerse the spindle and reach to the level of groove cut in the spindle shaft 

(Figure 65). 

 

 

Figure 64. A spindle with a groove in the middle of the shaft. 

 

2. The spindle was attached to the lower shaft of the viscometer.  The lower 

shaft was held in one hand and the spindle screwed clockwise. 

3. The spindle size was chosen according to the thickness of the material. The 

thicker the material, the smaller the spindle and vice versa (Figure 66). 

 

 

Figure 65. Different sizes of spindles used. 

 

L1          L2         L3       L4  
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Table 16. The viscosity of the novelty sweets, orange juice and water. 

Values in red are statistically significantly higher than the viscosity of 

orange juice. 

Material Spindle size Viscosity (mPa-s) 
(n=10) 

SD 

Brain Licker L2 66.90 0.13 

Juicy Drop Syrup L3 594.81 0.10 

Lickedy Lips L2 78.82 0.13 

Mega Mouth L1 12.85 0.13 

Tango L1 2.00 0.03 

Vimto L1 1.78 0.04 

Water L1 1.00 0.02 

Orange Juice 
(Tropicana smooth) 

L1 3.00 0.54 
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Figure 67. A histogram showing both the viscosity and contact angle of each tested novelty sweets. 
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4.4.7  Sugar content measurement using a 
refractometer 

 

4.4.7.1  Methodology 
 

The sugar content of the novelty sweets was measured to assess the potential risk 

of dental caries and obesity development in children who frequently consume these 

sweets. 

The sugar content of the ten most commonly available novelty sweets, orange juice 

and water were measured using a refractometer (PCE-032, PCE instruments UK 

Lid., Southampton, UK). The refractometer is a device which measures the sugar 

content of a liquid depending on its refractive index (discussed in section 

3.4.2.1.4.1.2). The refractometer and its components are shown in Figures 69 and 

70. 

 

 

            Figure 68. Components of the refractometer. 
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Figure 69. The refractometer used in this part of study. 

The sugar content of novelty sweets was measured using the refractive index 

method following the method of Agbazue et al. (2014). The laboratory steps of 

sugar content measurement were as the following: 

1- Before the measurement was taken, the refractometer was calibrated using 

water which gave a reading of 0%. 

2- Approximately 1cm3 of sample was placed on the top of the prism until the entire 

surface of the prim was covered without any air bubbles. 

3- The illuminator flap cover was placed over the sample.  

4- The refractometer was held toward a natural light source (window) horizontally. 

5- Through the eyepiece, the amount of sugar content was read from the 

graduated scale. 

6- Between each measurement, the surface of the prism was washed with tap water 

and dried using a clean napkin. 
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7- 10 sweets samples were used in this test and all the measurements were taken 

at room temperature.   

4.4.7.2  Sugar content results 
 

The results showed that the highest amount of sugar in the tested novelty sweets 

was present in Juicy Drop Syrup at 73.75%, while the least amount of sugar was 

present in Tango Candy Spray at 31.30%. The average amount of sugar in the top 

ten novelty sweets was 56.8%. The amount of sugar content present in orange juice 

and water were at 12.1% and 0% respectively. Furthermore, five types of the most 

commonly available novelty sweets did not provide any details about the amount of 

the sugar content on the labels. These were Push Pop, Mega Mouth, Juicy Drop 

(Pop and Syrup), Big Baby (Pop and Powder) and Toxic Waste. The results showed 

the measured sugar content was 0.75% (Brain Blasterz) to 30.2% (Vimto Candy 

Spray) higher than the labelled sugar content by the manufacturers. 

The results of the sugar contents measurements with labelled amount of sugar 

content by the manufacturers are presented in Table 18 and Figure 71. The raw 

data is presented in Appendix 30. 
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Table 17. Sugar content of the tested novelty sweets. 

Material 
Labelled 

amount of 
sugar 

Measured Sugar 
Content 
(N=10) 

SD 

Big Baby (Pop) - 65.40% 0.43 

Big Baby (Powder) - 68.15% 0.22 

Brain Blasterz 70% 70.75% 0.33 

Brain Licker 50% 63.60% 0.37 

Juicy Drop (Pop) - 65.30% 0.60 

Juicy Drop (Syrup) - 73.75% 0.33 

Lickedy Lips 50% 63.55% 0.47 

Mega Mouth - 55.30% 0.40 

Push Pop - 71.20% 0.84 

Tango 1.80% 31.30% 0.45 

Toxic Waste - 61.30% 0.78 

Vimto 1.80% 32.00% 0.53 

Water - 0% 0 

Orange Juice 
(Tropicana smooth) 10% 12.10% 0.22 
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Figure 70. Sugar content of the tested novelty sweets. 
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Figure 72. The pH of the used neutral saliva. 

 

 

 

Figure 73. The buffer capacity of the used neutral saliva. 
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         Figure 74. Taking baseline readings using the surfometer. 

 

 

Figure 75. Different readings of the erosion test taken by the surfometer. 
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4.4.8.3  Surface enamel loss 
 

4.4.8.3.1  Methodology 
 

The enamel specimens were taped using PVC (Polyvinyl Chloride) tape (Henleys 

Medical supplies, Hertfordshire, UK) to expose a central window so that 2mm 

window of enamel sample was exposed as shown in Figure 77 below.  

 

 

Figure 76. The figure shows the exposed and unexposed parts of the 

enamel surface. 

For each tested sweet and control groups, enamel samples were divided into two 

groups with ten enamel samples in each group. One group of ten enamel 

specimens (Group A) were immersed in natural saliva (collected from the 

researcher) for 1 hour in a water bath set at 37oC, before immersing them in each 

sweet solution for 1 hour to assess the effect of saliva pre-treatment on the amount 

of enamel loss.  
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A second (Group B) was exposed to 70 ml of a sweet solution for 1 hour without 

immersing in saliva. For both groups, the glass beaker placed in a thermostatically 

controlled water bath at 37 degrees C with a magnetic stirrer (Figure 78). 

 

 

Figure 77. Surface erosion test. Group A: immersing enamel samples in 

saliva for 1 hour then acidic solution for another 1 hour then measured by 

surfometer, Group B: Immersing enamel samples in solution for 1 hour then 

measured by surfometer. 

 

Following exposure, samples were washed with distilled water, dried and the 

surface profiles of the exposed surface measured using surface profilometery and 

compared to pre-exposure baseline measurements.  The value measured by the 

surfometer is the average of both erosion depth and roughness of the exposed 

surface (Figure 79). 
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Table 18. Total surface enamel loss with initial placement in saliva (Group A) 

and without initial placement in saliva (Group B) in µm. Values in red are 

enamel loss statistically significantly more than the amount removed by 

orange juice (p<0.05). 

Material 
Surface E loss with initial 
placement in saliva for 1  

hour (in µm) 

Surface E loss without  
Initial placement in  

Saliva for 1 hour (in µm) 
Big Baby (Pop) 7.85 8.78 

Big Baby (powder) 4.30 4.92 

Brain Blasterz 12.56 13.75 

Brain Licker 2.71 3.06 

Juicy drop (Pop) 7.12 7.84 

Juicy drop (Syrup) 2.68 3.30 

Lickedy Lips 1.95 2.50 

Mega Mouth 4.84 5.90 

Push Pop 2.80 3.65 

Tango 7.63 8.96 

Toxic Waste 15.77 17.64 

Vimto 9.30 10.46 

Water 0.017 0.03 

Orange Juice 3.62 4.75 
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Figure 79. Total surface enamel loss in test groups with initial placement in 

saliva (Group A). 

 

 

Figure 80. Total surface enamel loss in test groups without initial placement 

in saliva (Group B).  

 





255 
 

 

Figure 81. Total surface enamel loss with initial placement in saliva (Group A) and without initial placement in saliva 

(Group B).
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measuring the amount of enamel loss using the contact surfometer (Reading 2). 

Then, the amount of subsurface loss was measured using the contact surfometer 

(Reading 3) (Figure 83). 

The total amount of subsurface enamel loss was calculated by deducting reading 2 

(R2) from reading 3 (R3) (Figure 84). 

 

 

Figure 82. Subsuraface erosion test.  Group A: immersing enamel samples 

in saliva for 1 hour then ultrasonication for 30 seconds then measured by 

surfometer, Group B: Immediate ultrasonication for 30 seconds then 

measured by surfometer. 
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Figure 83. Different readings of the erosion test taken by the surfometer. 
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Table 19. Total subsurface enamel loss with saliva (Group A) and without 

saliva (group B). Values in red are enamel loss statistically significantly more 

than the amount removed by orange juice (p<0.05). 

Material Subsurface E loss with saliva Subsurface E loss w/o saliva 

Big Baby (Pop) 0.34 1.21 

Big Baby (Powder) 0.34 1.14 

Brain Blasterz 0.81 2.15 

Brain Licker 0.43 1.157 

Juicy drop (Pop) 0.48 1.96 

Juicy Drop (Syrup) 0.28 0.91 

Lickedy Lips 0.3 0.94 

Mega Mouth 0.4 1.6 

Push Pop 0.23 0.75 

Tango 0.39 1.72 

Toxic Waste 0.85 2.3 

Vimto 0.55 1.84 

Water 0.027 0.028 

Orange Juice 0.35 1.29 
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Figure 84. Total subsurface enamel loss in test groups with initial placement 

in saliva prior to ultrasonication (Group A). 

 

Figure 85. Total subsurface enamel loss in test groups without initial 

placement in saliva prior to ultrasonication (Group B). 
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 A summary of the physiochemical properties and erosion test results of this study 

are presented in Table 21. 
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4.4.9 Discussion of oral science aspects 
 

4.4.9.1  pH values 
 

The pH of the novelty sweets was measured to assess the erosive potential on 

dental enamel. The hydroxyapatite starts to dissolve if the pH on the enamel surface 

drops below the pH critical value of enamel dissolution (5.5) (Dawes 2003). This 

study found that the pH of the most common novelty sweets ranged from 1.83-3.20.  

It was found that the pH of Brian Licker (1.92), Toxic Waste (1.83), Lickedy Lips 

(1.9), Vimto Candy Spray (2.43), Brain Blasterz (2.3), Big Baby Powder (2.3), Mega 

Mouth (1.83) and Juicy Drop Syrup (2.24) were significantly lower than the pH of 

the orange juice when tested at room temperature and body temperature. The pH 

of the orange juice was 3.77 at room temperature and 3.81 at body temperature. 

The findings of this study showed that there were no statistical significant 

differences in pH between all the tested novelty sweets at room and body 

temperature (p>0.05) which is consistent with the findings of Amaechi et al. (1999b) 

who found that a difference in temperature did not affect the pH of the measured 

acidic solutions.  

These findings were comparable to the result of the study by Beeley (2005) who 

found that the pH of the novelty sweet she tested (Brain Licker, Juicy Drop Pop, 

Mega mouth and Big Baby Pop) ranged from 1.7-3.4. The results were also similar 

to the findings of Davies et al. (2008) who found that the pH of the novelty sweets 

ranged from 2.3-3.14 (Brain Licker, Juicy Drop Pop and Mega Mouth were common 
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with this study). The result of this study is comparable to the findings of Robyn et 

al. (2008) who found the pH of the sour candies including some novelty sweets was 

ranged from 1.8 to 4 (Big Baby Pop was common with this study).  The pH of Big 

Baby Pop was 3.22 (for the Pop) and 2.3 (for the Powder) in this study compared 

to 2.5 in the findings of Robyn et al. (2008). 

The results are similar to the study of Gambon et al. (2009) that found that the pH 

of different flavours of Mega mouth candy spray ranged from 1.9-2.3. This is almost 

identical to the finding of this study (1.83-1.95 of the pH for Mega Mouth Spray). 

The findings of this study are also comparable to the findings of Wagoner et al. 

(2009) who found that the pH of the sour candies ranged from 2.47 to 3.7. 

The pH of nine of the tested sweets out of the ten were also below the critical pH 

value (5.5) for enamel erosion below which hydroxyapatite may dissolve (Larsen 

and Nyvad 1999; Dawes 2003; Shellis and Wilson 2004). This means that the 

repeated consumption of such types of sweets may initiate erosive tooth surface 

loss. 

4.4.9.2  Neutralisable acidity 
 

The erosive potential does not exclusively depend on the pH of the novelty sweets, 

but it also depends on their neutralisable acidity. The greater the neutralisable 

acidity, the longer it takes for the saliva to neutralise it (Zero and Lussi 2005b). The 

data from the present study shows that the neutralisable acidity of 20 ml of the most 

common novelty sweets was from 9.1-201ml of 0.1M NaOH was needed to reach 

a pH of 7 at room temperature and from 9.23-202.3 ml NaOH at body temperature.  

It was also found that the neutralisable acidity of Toxic Waste, Lickedy lips, Vimto 

candy spray, Tango candy spray, Brain Licker, Juicy drop (Syrup) and Mega Mouth 
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4.4.9.4  Sugar content 
 

The sugar content of novelty sweets was measured to assess the potential of these 

sweets in developing dental caries and obesity in children as they may contain high 

level of free sugars. The actual amount of sugar in the labels does not always reflects 

the exact amount of sugar (Walker et al. 2014). The results of this study showed that 

all the novelty sweets had high percentages of sugar content (30-73%) (Average at 

56.8%). The finding of this study is comparable to the findings of Walker and Goran 

(2015) who found that the average amount of the sugar contents of 100 of the 

analysed common food items marketed to children was 74%. They also found that 

the majority of analysed products had sugar contents either more or less than the 

labelled amount. Furthermore, the finding of this study is also comparable with the 

finding of Ventura et al. (2011) who found that the sugar contents of the acid 

beverages ranged from 47-65%.  Worryingly, the findings of this study showed that 

50% of the most commonly available novelty sweets were without labelled amount 

of sugar; making the control of free sugars consumption within the recommended 

amount for children (5%) (Scientific Advisory Committee on Nutrition, 2015) 

particularly children at risk of obesity and dental caries challenging. 

The findings of this study showed that children consuming novelty sweets are 

exposed to very high amount of free sugars which puts children who consume them 

at high risk of dental caries (Burt and Pai 2001; Moynihan and Kelly 2014) and 

obesity (Te Morenga et al. 2013). Furthermore, it showed that it is very challenging 

to maintain the recommended amount of consumed free sugar within the dietary 

energy recommendation (5%) for children (Scientific Advisory Committee on 

Nutrition 2015) if these products are consumed regularly. 
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hydroxyapatite (Hannig and Balz 2001). This protection depends mainly on the 

composition, thickness and maturation time of the pellicle. The studies have shown 

that there is an inverse relation between the thickness of the acquired salivary 

pellicle and the effect of erosive ability of the acids (Amaechi et al. 1999c). 
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data showed that the viscosity and contact angle between enamel surface and 

sweet solution were indirectly related to the amount of enamel loss. It was found 

that four of the novelty sweets had a contact angle smaller than orange juice (but 

not statistically smaller, p<0.05). These findings showed that the ten most 

commonly available novelty sweets had a high potential to cause wettability of 

enamel surface and enamel loss. Ireland et al. (1995) found that the wettability of 

the enamel was indirectly related to the contact angle.  

Four types of the novelty sweets tested were statistically significantly more viscous 

than the orange juice (p<0.05). This finding reflected the lower ability of some types 

(the high viscous types) of novelty sweets in causing high wettability of enamel 

surface and enamel loss. It was found by Aykut-Yetkiner (2013) that viscosity of 

acidic solutions was one of the determinants of the enamel loss (indirect 

relationship). However, the novelty sweets with high viscosity measured in vitro 

might not have the same low erosive effect clinically as the other factors need to be 

considered particularly saliva. Saliva may reduce the viscosity causing high 

diffusion before it neutralises the pH. Novelty sweets with high viscosity had high 

neutralisable acidity which required longer time for the saliva to neutralise the pH 

(Zero and Lussi 2005b).   

This is the first study to assess the wettability of enamel surface by measuring the 

contact angle and viscosity of novelty sweets which provides additional knowledge 

and better understanding of the factors influencing the erosive potential of novelty 

sweets. 

These findings showed that the ten most commonly available novelty sweets had a 

high erosive potential in causing dental erosion. It showed that the amount of 
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high risk of developing dental caries and obesity. This study again was the first 

study measuring the sugar content of novelty sweets. 
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6 Conclusions and recommendations  

6.1  Conclusions  
 

A wide range of novelty sweets were readily available to purchase by high school 

children in the Cardiff area, particularly in areas of high deprivation. Furthermore, 

the prices of this type of confectionary were well within the reported pocket money 

range available to UK children which was £6.20 in 2015 (Lloyds Banking Group-

Halifax 2015).  

This study also confirmed that there appears to be an expanding market in terms 

of product diversification. As a result, children like, regularly buy and consume 

novelty sweets from local shops on their way to school, within city centre stores and 

supermarkets. Novelty sweets are mainly displayed in easily accessible areas. 

Children reported liking novelty sweets because they are sweet and sour, re-

sealable, accessible, affordable and consumed in different ways. Owners of shops 

in the school fringe need to be aware of the potential effects of the novelty sweets 

and actions are potentially required to limit the accessibility of these sweets to 

children. Some shopkeepers were reported as acting as gatekeepers with regards 

to these novelty sweets. 

There was a negative relationship between the liking of the novelty sweets and the 

correct perception of sweet and sour sensory thresholds. Children reported 

consuming novelty sweets regularly and frequently, which may put children at high 

risk of developing dental erosion, dental caries and obesity. Female children also 

appeared to be more sensitive to sweet and sour sensory thresholds than boys. 
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8 Appendices  
 

8.1  Appendix 1. Search strategy 
 

Search was made in 16 October 2012 and updated in March 2016 using Medline 
via Ovidsp, PubMed, web of science and Scopus. 

The search was undertaken from 1970-2016.  

Search strategy 

The following keywords and subject headings (where available) were used: 

Search 1 

(Child* OR pediatric* OR peadiatric* OR school children OR preschool children 
OR childhood OR adolescent) AND (novelty sweet OR sour sweet OR sugar OR 
confectionary) 

 

 

Search 2 

(Child* OR pediatric* OR peadiatric* OR school children OR preschool children 
OR adolescent) AND (marketing OR advertising OR advertizing OR media or 
television)  

 

 

 

 

3314 

duplicate removed 

87 included 

(title and abstract 
screening) 

66 included 

(full text 
screening) 

34 included 

(quality 
appraisal) 

4523 

duplicate removed 

115 included 

(title and abstract 
screening) 

49 included 

(full text 
screening) 

29 included 

(quality 
appraisal) 
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Search 3 

(Child* OR pediatric* OR peadiatric* OR school children OR preschool children 
OR adolescent) AND (eating habit* or consumer behavio?r) 

 

 

Search 4 

(Child* OR pediatric* OR peadiatric* OR school children OR preschool children 
OR adolescent) AND (prevalence) AND (tooth surface loss OR tooth wear OR 
erosion)  

 

 

 

Search 5 

(Child* OR pediatric* OR peadiatric* OR school children OR preschool children 
OR adolescent)  AND (aetiology OR etiology) AND (tooth surface loss OR tooth 
wear OR erosion) 

 

 

 

 

2504 

duplicate removed 

83 included 

(title and abstract 
screening) 

64 included 

(full text 
screening) 

25 included 

(quality 
appraisal) 

4322 

duplicate removed 

206 included 

(title and abstract 
screening) 

102 included 

(full text 
screening) 

55 included 

(quality 
appraisal) 

2978 

duplicate removed 

144 included 

(title and abstract 
screening) 

68 included 

(full text 
screening) 

28 included 

(quality 
appraisal) 
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Search 6 

(Child* OR pediatric* OR peadiatric* OR school children OR preschool children 
OR adolescent) AND (obesity OR overweight) AND (prevalence) 

 

 

Search 7 

(Child* OR pediatric* OR peadiatric* OR school children OR preschool children 
OR adolescent) AND (obesity or overweight) AND (aetiology OR etiology) 

 

 

 

Search 8 

(Child* OR pediatric* OR peadiatric* OR school children OR preschool children 
OR adolescent) AND (decay OR caries) AND (aetiology OR etiology)  

 

 

 

 

 

 

6422 

duplicate removed 

283 included 

(title and abstract 
screening) 

98 included 

(full text 
screening) 

39 included 

(quality 
appraisal) 

5542 

duplicate removed 

236 included 

(title and abstract 
screening) 

122 included 

(full text 
screening) 

36 included 

(quality 
appraisal) 

6634 

duplicate removed 

345 included 

(title and abstract 
screening) 

156 included 

(full text 
screening) 

33 included 

(quality 
appraisal) 
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Search 9 

(Child* OR pediatric* OR peadiatric* OR school children OR preschool children 
OR adolescent)  AND (decay OR caries) AND (prevalence) 

 

 

Search 10 

(Tooth OR teeth OR enamel OR dentin*) AND (structure OR composition) 

  

 

Search 11 

 (Tooth surface loss OR tooth wear OR erosion OR erosive potential) AND 
(Method* OR in vivo OR in vitro OR In situ OR laboratory) 

 

 

 

 

 

 

 

1432 

duplicate removed 

88 included 

(title and abstract 
screening) 

41 included 

(full text 
screening) 

24 included 

(quality 
appraisal) 

6314 

duplicate removed 

243 included 

(title and abstract 
screening) 

122 included 

(full text 
screening) 

54 included 

(quality 
appraisal) 

4314 

duplicate removed 

347 included 

(title and abstract 
screening) 

169 included 

(full text 
screening) 

64 included 

(quality 
appraisal) 
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Search 12 

(Contact angle* OR wettability OR surface tension) AND (technique* OR method* 
OR Measurement*)  

 

 

 

Search 13 

(Sugar content*) AND (Technique* OR Method* OR Measurement*) AND (Food* 
OR Drink*) 

 

 

 

Search 14 

(Viscosity) AND (Technique* OR Method* OR Measurement*) AND (Food* OR 
Drink*) 

 

 

 

 

7314 

duplicate removed 

177 included 

(title and abstract 
screening) 

111 included 

(full text 
screening) 

38 included 

(quality 
appraisal) 

2817 

duplicate removed 

67 included 

(title and abstract 
screening) 

46 included 

(full text 
screening) 

19 included 

(quality 
appraisal) 

2314 

duplicate removed 

79 included 

(title and abstract 
screening) 

64 included 

(full text 
screening) 

34 included 

(quality 
appraisal) 
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Search 15 

(Child* OR pediatric* OR peadiatric* OR school children OR preschool children 
OR adolescent) AND (Focus group*) AND (Questionnaire*)  

 

 

 

Search 16 

(Child* OR pediatric* OR peadiatric* OR school children OR preschool children 
OR adolescent) AND (sensory taste* OR taste threshold*) AND (Basic tastes*)  

 

 

N.B. 

"*= truncation of term with all possible endings" 

(e.g. Child*= children, childhood). 

"?= truncation of term with possibility of presence of letters " 

(e.g. Behavi?or= behavior, behaviour). 

 

 

 

 

 

 

2123 

duplicate removed 

57 included 

(title and abstract 
screening) 

31 included 

(full text 
screening) 

9 included 

(quality 
appraisal) 

4114 

duplicate removed 

115 included 

(title and abstract 
screening) 

86 included 

(full text 
screening) 

16 included 

(quality 
appraisal) 
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8.2 Appendix 2. Data collection sheet for scoping 
visits 

 

 

 

 

 



 
 

 357 

8.3  Appendix 3. Ethical approval for scoping visits 

Ethical approval and forms for Scoping study to identify the most available novelty 
sweets in the Cardiff area 
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8.4  Appendix 4. Participant information sheet for 
scoping visits 

 

Study title 

 

Scoping study to assess the availability of novelty sweets in Cardiff  

 

Your shop is invited to take part in a research study. Before you decide it is 
important for you to understand why the research is being done and what it will 
involve. Please take time to read the following information carefully and discuss it 
with others if you wish. Please ask us if there is anything that is not clear or if you 
would like more information. Please take time to decide whether you want to take 
part. 

 

Cardiff University Dental School are investigating a group of sweets called novelty 
sweets, which can cause acid erosion in children. Acid erosion of teeth seems to 
affect some children more severely than others and we think that this may be related 
to some children having a higher taste threshold for tasting sweet and sour tastes. 

 

Your shop has been chosen as it is located in the Cardiff area due to geographic 
proximity to schools or located in city centre. 

 

It is up to you whether you agree to take a part as taking part in this research is 
entirely voluntary. If you do decide to take part you will be given this information 
sheet to keep and you will be asked to sign a consent form.  

Background 

What is the purpose of this study? 

Why have I been chosen? 

Do I have to take part? 
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The data generated from this study will be anonymised on collection. Once data 
has been collected from your shop you will not be able to withdraw from the study 
because we will not be able to identify your shop from the anonymous data. 

 

If you agree to allow the researcher to see the available sweets, the availability of 
novelty sweets, prices and location in shops will be assessed.  Data recording forms 
will be used to write down the notes. The scoping visit will last approximately 5-10 
minutes.  

 

The data will be stored in a secure University drive. Neither video nor photos of the 
shop will be taken. The drive that contains the data is password protected so that 
only the researcher has access to the data. 

 

 

Participants are only required to agree to a visit where the researcher assesses the 
availability, price and colours of novelty sweets.  

 

This research will form part of a PhD being undertaken by the specialist dentist 
undertaking this study. It is also very likely that the results will be published in an 
academic report and verbal conferences but your shop will not be identified in the 
PhD or the academic report in any way. We will also be able to let you know the 
findings of the study by email.  

 

 

The research is being undertaken and funded by Cardiff University Dental School 

 

What will happen to me if I take part? 

What about confidentiality? 

What do participants have to do? 

What will happen to the results of the research study? 

Who is organising and funding the research? 

Contact for further information? 
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Specific information about this research project can be obtained from the project 
lead 

Professor Jeremy Rees 

Professor of Restorative Dentistry, 

Cardiff University School of Dentistry,  

Heath Park, Cardiff  CF14 4XY                     

Email: reesjs1@cardiff.ac.uk                      Tel: 02920 746 557 
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8.6  Appendix 6. Thank you note for scoping visits 
 

 

Thank you for your participation in this study.  The results of this study 
will be used as part of a wider study investigating novelty sweets. 

We will be summarising the results of the study anonymously. Analysis 
will take at least one year. If you are interested in receiving a written 
summary of the results of this study, please email Dr. Aljawad on 
aljawadaa@cf.ac.uk. A copy of the findings will be sent to you. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thank you 
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8.7  Appendix 7. Ethical approval for focus group 
work, Cardiff University 

 

Ethical approval and forms of the focus group to inform the assessment of the 
taste recognition thresholds in 11-16 year old children, Cardiff University and 
Cardiff Metropolitan University. 
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8.8  Appendix 8. Ethical approval for focus group 
work, Cardiff Metropolitan University 
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wear school uniform and bring a packed lunch. However, if your son/daughter is in 
receipt of Free School Meals, one will be provided. There is no charge for the trip 
and any equipment required will be provided by the University.  

 

Goody bags containing toothpaste and toothbrushes will also be provided as a 
thank you. 

 

This is an excellent opportunity for our pupils and I hope that they will be able to 
attend. Please complete and return the reply slip as soon as possible. 
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8.10  Appendix 10. Participant information sheet 
for focus group work 

 

                                                                       

 

Participant information sheet 

Study title 

 

A focus group study to inform the assessment of taste recognition 
thresholds in children 

 

Your son or daughter is being invited to take part in a research study. Before you 
decide it is important for you to understand why the research is being done and 
what it will involve. Please take time to read the following information carefully and 
discuss it with others if you wish. Please ask us if there is anything that is not clear 
or if you would like more information. Please take time to decide whether you want 
your son/daughter to take part. 

Thank you for reading this. 

 

 

Cardiff University Dental School are investigating a group of sweets called novelty 
sweets, which can cause acid erosion in children. Acid erosion of teeth seems to 
affect some children more severely than others and we think that this may be related 
to some children having a higher taste threshold for tasting bitter and acids tastes. 

Background 

What is the purpose of this study? 
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Only the audio of the group interviews will be recorded onto the laptop of the 
researcher undertaking this project. No video of the group interviews will be taken. 
The laptop that contains the audio recordings is password protected so that only 
the researcher has access to the recordings. At the end of the study the recordings 
will be deleted and destroyed. 

 

Your son or daughter will just need to contribute to a discussion about the types of 
sweets they like to eat which will be led the researcher. This will be a group 
discussion involving around 6-8 children. 

 

This research will form part of a PhD being undertaken by the specialist dentist 
undertaking this study. It is also very likely that the results will be published in an 
academic report but your son or daughter will not be identified in the PhD or the 
academic report in any way. We will also be able to let you know the findings of the 
study via your son or daughters school. We will contact each of the class teachers 
with the results of the study so that these can be disseminated to the children that 
have taken part. 

 

  

The research is being undertaken and funded by Cardiff University Dental School 

 

Specific information about this research project can be obtained from the project 
lead 

Professor Jeremy Rees 

Professor of Restorative Dentistry, 

Cardiff University School of Dentistry,  

Heath Park, Cardiff  CF14 4XY                     

Email: reesjs1@cardiff.ac.uk                      Tel: 02920 746 557 

What do participants have to do? 

What will happen to the results of the research study? 

Who is organising and funding the research? 

Contact for further information? 
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8.12 Appendix 12. Dental Health talk for 
participating children 
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8.13  Appendix 13. Thank you note for focus 
group discussion 

 

 

Your opinion and view about these sweets are helpful. They will be used to design 

questionnaire for children like yourselves to seek more views on this topic from a 

larger group. 

 

We will be summarizing your views anonymously, but this will take a little time. If 

you are interested in receiving a written summary, please email Dr.Aljawad on 

aljawadaa@cf.ac.uk who will keep a list of whom interested and send a copy once 

prepared. 

 

 

 

 

 

Thank you 

mailto:aljawadaa@cf.ac.uk
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271 GIRL 19: Sometimes with my family 
from supermarkets. Sometimes with the 
girls from the city centre. 

 

purchase and share novelty sweets 
with peers and friends 
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8.15 Appendix 15. Questionnaire for sensory 
testing 
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8.16  Appendix 16. Ethical approval for sensory 
testing, Cardiff University 
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8.17  Appendix 17. Ethical approval for sensory 
testing, Cardiff Metropolitan University 
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8.18  Appendix 18. Participant information sheet 
for sensory testing 

 

 

    

         

   

 

An assessment of the taste recognition thresholds in 11-16 year old children 

 

 

Your son or daughter is being invited to take part in a research study. Before you 
decide it is important for you to understand why the research is being done and 
what it will involve. Please take time to read the following information carefully and 
discuss it with others if you wish. Please ask us if there is anything that is not clear 
or if you would like more information. Please take time to decide whether you want 
your son/daughter to take part.  Thank you for reading this. 

 

Cardiff University Dental School are investigating a group of sweets called novelty 
sweets, which can cause acid erosion in children. Acid erosion of teeth seems to 
affect some children more severely than others and we think that this may be related 
to some children having a higher taste threshold for tasting sweet and sour tastes. 

This study will assess the taste recognition thresholds of the novelty sweet target 
consumer group which are 11-16 year old school children. This will be carried out 
in the Sensory Analysis Suite, Food Industry Centre, Cardiff Metropolitan University 
using a well-established basic sensory threshold assessment. 

 

  

Background 

What is the purpose of this study? 

Why have I been chosen? 



 
 

 406 

Your child has been chosen as they are going to attend an open day at Cardiff 
Metropolitan University within the next few weeks. 

 

It is up to you whether you agree to let your child take part as taking part in this 
research is entirely voluntary. If you do decide to let your child take part you will be 
given this information sheet to keep and you and your child will be asked to sign a 
consent form. If you do decide to allow your child to take part then you or your child 
are still free to withdraw your consent at any time and without giving a reason. 

The data generated from the tasting panel and accompanying brief questionnaire 
will be anonymised on collection and from this point you or your child will not be 
able to withdraw from the study as we will not be able to identify individual 
participants from the anonymous data. 

 

If you agree to allow your child to take part during the open day visit at some point 
during the day, the schoolchildren begin with a talk led by Cardiff Metropolitan 
University that sets out the organisation of the day. On the day of the study the 
schoolchildren will undertake the taste threshold testing in groups of 10 within the 
Sensory Analysis Suite.  

During the visit the children will be asked various questions about whether they 
know what a novelty sweet is, whether they have ever bought them, what types of 
these sweets they like and how much they cost. They will also be shown pictures 
of the various types of novelty sweets to help the process and answer questions 
related to each picture.  

As a small thank you for taking part we will give all children a dental pack containing 
age appropriate toothpaste and tooth brushes. 

 

 

 

Do I have to take part? 

What will happen to me if I take part? 

What about confidentiality? 
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The research is being undertaken and funded by Cardiff University Dental School 

 

Specific information about this research project can be obtained from the project 
lead 

 

Professor Jeremy Rees 

Professor of Restorative Dentistry, 

Cardiff University School of Dentistry,  

Heath Park, Cardiff  CF14 4XY                     

Email: reesjs1@cardiff.ac.uk                      Tel: 02920 746 557 

 

 

Patient info sheet Version 1    09.2.15 

 

 

 

 

 

 

 

 

 

 

 

 

Contact for further information? 
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8.21  Appendix 21. Thank you note for sensory 
testing 

 

 

 

Your opinion about these sweets and participation in this study 

are helpful.  

 

We will be summarizing all the data anonymously, but this will take 

a little time. If you are interested in receiving a written summary, 

please email Dr.Aljawad on aljawadaa@cf.ac.uk who will keep a 

list of whom interested and send a copy once prepared. 

 

 

 

 

 

 

 

 

 

Thank you 

mailto:aljawadaa@cf.ac.uk
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11 14 F 3 1 1 2 3 1 1 1 

12 14 F 1 1 3 3 3 1 2 1 

13 14 F 1 2 1 1 1 2 2 2 

14 14 F 1 1 1 1 1 1 2 2 

15 13 F 1 1 1 1 1 1 1 2 

16 14 F 1 1 1 2 1 1 1 1 

17 14 F 1 2 1 3 1 1 3 1 

18 14 F 1 1 3 3 3 1 3 1 

19 13 M 1 1 1 3 1 1 2 1 

20 15 M 2 2 3 1 1 1 2 1 

21 12 M 1 1 1 2 1 1 2 2 

22 13 F 1 1 1 1 1 2 2 1 

23 12 M 1 2 2 1 1 1 1 2 

24 14 M 3 3 3 3 3 3 3 3 

25 12 M 1 1 3 3 3 1 3 3 

26 11 M 1 2 1 3 1 2 2 3 

27 12 M 1 1 1 1 3 2 3 3 
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28 16 F 1 2 1 3 1 1 3 2 

29 16 M 3 1 1 1 3 2 3 2 

30 16 F 1 2 1 3 3 3 3 2 

31 16 F 1 2 1 1 1 3 3 2 

32 16 M 1 1 1 2 1 1 2 1 

33 14 F 3 1 3 1 1 3 3 2 

34 14 M 1 1 1 1 1 2 2 2 

35 16 F 1 1 1 1 1 1 2 2 

36 16 M 1 1 1 1 1 1 1 1 

37 15 F 3 3 1 3 3 1 3 3 

38 15 F 1 2 1 1 1 2 2 2 

39 15 F 1 2 1 1 1 1 2 2 

40 15 F 1 1 3 1 3 2 3 2 

41 15 F 1 1 1 1 1 1 2 2 

42 16 F 1 1 1 2 1 1 2 2 

43 16 M 1 1 1 1 1 1 2 2 

44 16 F 1 1 1 1 2 1 2 2 
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45 16 M 1 1 1 1 1 3 3 1 

46 16 F 1 2 3 3 3 3 3 1 

 

 

 

Particip
ant No 

Single 
fruit 

tried? 

Single 
fruit 

Like? 

Single fruit 
sweet? 

Single 
fruit 

sour? 

Single fruit 
sweet/sour? 

Mixed 
fruits 
tried? 

Mixed 
fruits 
Like? 

Mixed 
fruits 

sweet? 

Mixed 
fruits 
sour? 

Mixed fruits 
sweet/sour? 

1 1 1 2 1 2 1 1 2 1 2 

2 1 1 2 2 2 1 1 2 1 2 

3 1 1 2 1 2 1 3 2 1 1 

4 1 1 1 1 2 1 1 2 1 2 

5 1 1 1 1 2 1 1 1 1 2 

6 1 1 1 2 2 3 3 3 3 3 

7 1 1 2 2 1 3 3 3 3 3 

8 1 1 2 2 1 1 3 2 2 1 

9 1 1 2 2 1 3 3 3 3 3 

10 1 1 2 1 2 3 3 3 3 3 
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11 1 1 2 2 1 1 1 2 1 2 

12 1 1 2 2 1 3 3 3 3 3 

13 1 1 2 2 1 1 1 2 1 2 

14 1 1 2 2 1 1 2 2 1 2 

15 1 1 2 2 1 1 1 2 1 2 

16 1 1 2 2 1 3 3 3 3 3 

17 1 1 2 1 2 1 1 2 1 2 

18 1 1 2 2 1 1 1 2 1 2 

19 1 1 2 2 1 3 3 3 3 3 

20 1 1 2 1 2 1 1 2 2 1 

21 1 1 1 2 2 1 1 2 1 2 

22 1 1 2 2 1 1 2 2 1 2 

23 1 1 2 2 1 1 1 2 2 1 

24 1 1 2 2 1 1 1 2 1 2 

25 1 1 2 1 2 1 3 3 3 3 

26 1 1 2 2 1 1 3 3 3 3 

27 1 1 1 1 2 3 3 3 3 3 
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28 1 1 2 1 2 1 1 1 2 2 

29 1 1 2 1 2 3 3 3 3 3 

30 1 1 2 2 1 1 1 2 1 2 

31 1 1 2 1 2 1 1 2 1 2 

32 1 2 2 1 1 1 1 2 1 2 

33 1 1 2 2 1 3 3 3 3 3 

34 1 1 2 1 2 1 1 2 1 2 

35 1 1 2 1 2 1 1 2 1 2 

36 1 1 2 2 1 1 1 2 1 2 

37 1 1 2 1 2 1 1 2 1 2 

38 1 1 2 1 2 3 3 3 3 3 

39 1 1 2 1 2 1 1 2 1 2 

40 1 1 2 1 2 1 1 2 1 2 

41 1 1 2 1 2 1 1 2 2 1 

42 1 1 1 2 2 3 3 3 3 3 

43 1 1 2 2 1 1 1 2 2 1 

44 1 1 2 2 1 1 1 2 2 1 
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45 1 1 2 2 1 3 3 3 3 3 

46 1 1 2 1 2 3 3 3 3 3 

 

 

 

 

Particip
ant No 

Tried sports 
drinks? 

Tried 
carbonated 

drinks? 

Like 
Drinks? 

Drinks 
sweet? 

Drinks 
sour? 

Drink 
sweet/sour

? 

Like 
sweet/sour 
chicken? 

Chicken 
sweet? 

Chicken 
sour? 

Chicken 
sweet/sour? 

1 1 1 1 2 1 2 2 2 1 2 

2 2 1 1 2 1 2 3 2 2 1 

3 1 1 1 1 2 2 1 2 2 1 

4 1 1 1 2 1 2 1 2 2 1 

5 1 1 1 1 2 2 1 2 2 1 

6 1 1 1 2 1 2 2 2 2 1 

7 1 1 1 2 1 2 1 2 2 1 

8 1 1 1 2 1 2 1 2 1 2 

9 1 1 1 2 1 2 1 2 2 1 
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10 1 1 1 2 1 2 1 2 2 1 

11 1 1 1 2 1 2 1 2 2 1 

12 1 1 1 2 2 1 3 3 3 3 

13 2 1 2 2 1 2 2 2 1 2 

14 1 1 1 2 2 1 1 2 1 2 

15 1 1 1 2 2 1 1 2 1 2 

16 1 1 1 2 2 1 1 2 2 1 

17 1 1 1 2 1 2 2 2 2 1 

18 1 1 1 2 1 2 1 2 1 2 

19 1 1 1 2 1 2 1 2 2 1 

20 1 1 1 2 1 2 2 1 2 2 

21 1 1 1 2 1 2 2 1 2 2 

22 1 1 1 2 1 2 2 3 3 3 

23 1 1 1 2 1 2 1 2 2 1 

24 2 1 2 1 2 1 1 2 2 1 

25 1 1 1 2 1 2 1 2 2 1 

26 2 1 1 2 2 1 1 2 2 1 
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27 2 1 2 2 1 2 3 3 3 3 

28 1 1 1 2 1 1 1 2 2 1 

29 1 1 1 2 1 1 2 2 1 2 

30 1 1 1 2 1 2 1 2 1 2 

31 1 1 1 2 1 1 1 2 2 1 

32 1 1 1 2 2 1 2 3 3 3 

33 1 1 1 2 2 1 2 2 2 1 

34 1 1 1 2 1 2 2 2 2 1 

35 1 1 1 2 1 2 1 2 2 1 

36 1 1 1 2 1 1 1 2 2 1 

37 1 2 1 2 1 2 1 2 1 2 

38 1 1 1 2 1 2 1 2 1 2 

39 1 1 1 2 1 1 1 2 1 2 

40 1 1 1 2 1 1 2 2 2 1 

41 1 1 1 2 1 1 1 2 2 1 

42 1 1 1 1 2 2 1 2 1 1 

43 1 1 1 2 1 2 2 2 1 1 
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44 1 1 1 2 1 2 2 3 3 3 

45 2 1 1 2 1 2 1 1 1 2 

46 1 1 1 2 1 2 1 2 2 1 

 

 

 

 

Participant No Sweet absolute threshold Sweet recognition threshold Sour absolute threshold Sour recognition threshold 

1 none none B6 B7 

2 A10 A10 B7 B7 

3 A12 A13 B3 B10 

4 A12 A13 B7 B8 

5 A6 A12 B3 B5 

6 A5 A8 B7 B7 

7 A8 A8 B2 B2 

8 A3 A7 B3 B7 

9 A11 A13 B8 B9 
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10 A12 A12 B7 B7 

11 A9 A12 B7 B12 

12 A9 A12 B2 B7 

13 none none B7 B7 

14 A13 A13 B8 B8 

15 A12 A12 B6 B6 

16 A7 A7 B5 B5 

17 A12 A12 B7 B8 

18 A8 A9 B3 B6 

19 A13 A13 B3 B8 

20 A3 A8 B10 B10 

21 A12 A12 B7 B7 

22 A8 A12 B2 B12 

23 A12 A13 B4 B7 

24 A13 A13 B4 B8 

25 A9 A9 B3 B7 

26 A2 A9 B2 B6 
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27 A12 A13 B4 B7 

28 A5 A11 B3 B6 

29 A12 A13 B6 B7 

30 A3 A11 B4 B7 

31 A4 A4 B4 B4 

32 A5 A13 B2 B8 

33 A5 A6 B6 B7 

34 A13 none B6 B6 

35 A6 A6 B7 non 

36 A4 A4 B5 B5 

37 A3 A5 B5 B6 

38 A5 A6 B2 B3 

39 A5 A5 B7 B7 

40 A3 none B2 B5 

41 A7 A7 B7 B7 

42 A5 A7 B6 B8 

43 A5 A13 B6 B7 
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44 A13 A13 B7 non 

45 A7 A7 B3 B3 

46 A6 A6 B4 B4 
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8.23  Appendix 23.  Ethical approval to obtain 
human extracted teeth 

 

Application for Human Extracted Teeth from Cardiff School of Dentistry Tooth Bank 

 

Part 1: PRE STUDY Application 

Name of Cardiff PI: Prof Jeremy Rees 

Email: reesjs1@cardiff.ac.uk 

Phone:02920 746 557 

Brief CV Attached (2 page maximum): YES  

 

Names of Co-investigators: N/A 

Research Student (if applicable):  Ayman AlJawad (Clinical PhD student) 

Collaborative researchers outside of Cardiff (if applicable): N/A 

 

 

 

 

Project start date: 1/6/13 

Estimated finish date: 1/10/13 

 

Project Title: A laboratory assessment of the erosive potential of 10 popular novelty sweets 

Aims and Objectives (300 words maximum): To assess the ability in vitro of 10 different 
novelty sweets to cause surface enamel loss caused by erosion and sub-surface enamel 
softening with and without saliva. 
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Outline of methodologies (300 words maximum)(Include in the methodology details of any 
statistical validation of sample number to demonstrate that sample numbers are neither 
inadequate or excessive): 

 

See attached sheet 

 

 

 

Details of project funding (including costs of transferring tissue samples or part of to external 
collaborating researchers if applicable): Funded internally through PhD student bench fees 

 

 

 

Number of teeth required: 

Posterior teeth to obtain 280 enamel specimens  

 

 

 

I wish to apply for samples from the Cardiff School of Dentistry Tooth Bank as described above.  
I undertake to return residual samples to the Tooth Bank on completion of the above studies, at 
my cost.  I will provide a brief report of the outcome of the study in conforming to the aims and 
principles of Tooth bank and of publications (including pending publications, conference 
abstracts, thesis chapters published via ORCA) or of IP potential arising from this work to the 
Tooth Bank governance committee.  I will acknowledge the Tooth Bank and ethical number as 
the source of samples on publication of the data. 

 

Signed: J S Rees                                        Date: 1/5/13 
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8.24 Appendix 24. Raw data of pH at body temperature  
 

Subject pH 1 pH 2 pH 3 pH 4 pH 5 pH 6 pH 7 pH 8     pH 9 pH 10 Average pH SD 

Brain 
Licker 

2.05 2.08 2.1 2 2.05 2.08 2.1 2 2.05 2.05 2.056 0.033 

Push Pop 3.15 3.17 3.14 3.15 3.15 3.17 3.17 3.15 3.14 3.15 3.154 0.01 

Toxic 
Waste 

1.95 2.01 1.89 1.9 1.94 1.95 1.93 1.93 1.95 1.88 1.933 0.03 

Lickedy 
Lips 

2.05 2 1.92 2.04 2.05 2.02 2.05 2.05 2 1.97 2.015 0.041 

Tango 3.22 3.19 3.17 3.25 3.2 3.23 3.23 3.22 3.22 3.22 3.215 0.021 

Vimto 2.47 2.45 2.48 2.45 2.45 2.47 2.46 2.46 2.45 2.5 2.464 0.015 

Brain 
Blasterz 

2.3 2.31 2.32 2.32 2.3 2.3 2.31 2.31 2.32 2.3 2.309 0.008 

Orange 
Juice 

3.82 3.82 3.8 3.8 3.83 3.82 3.8 3.82 3.81 3.8 3.812 0.01 

Big Baby 
(powder) 

2.35 2.4 2.37 2.37 2.37 2.41 2.38 2.35 2.35 2.37 2.372 0.019 

Big Baby 
Pop (pop) 

3.21 3.2 3.2 3.2 3.1 3.2 3.2 3.15 3.15 3.2 3.181 0.033 
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Mega 
Mouth 

1.9 2.01 1.95 1.92 1.93 1.93 1.95 1.9 1.92 1.9 1.931 0.033 

Juicy Drop 
(pop) 

3.15 3.21 3.18 3.15 3.15 3.15 3.17 3.15 3.17 3.2 3.168 0.021 

Juicy Drop 
(Liquid) 

2.36 2.3 2.34 2.3 2.3 2.33 2.34 2.34 2.34 2.35 2.33 0.02 
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8.25  Appendix 25. Raw data of pH at room temperature  
 

Subject pH 1 pH 2 pH 3 pH 4 pH 5 pH 6 pH 7 pH 8     pH 9 pH 10 Average 
pH 

SD 

Brain Licker 1.91 1.95 1.9 1.92 1.91 1.95 1.9 1.95 1.91 1.95 1.925 0.021 

Push Pop 3.09 3.08 3.12 3.1 3.15 3.15 3.14 3.1 3.11 3.11 3.115 0.023 

Toxic Waste 1.84 1.81 1.87 1.8 1.8 1.88 1.82 1.84 1.85 1.83 1.834 0.026 

Lickedy Lips 1.91 1.88 1.92 1.89 1.9 1.9 1.92 1.92 1.88 1.87 1.899 0.017 

Tango 3.19 3.17 3.16 3.2 3.21 3.22 3.15 3.17 3.21 3.2 3.188 0.022 

Vimto 2.42 2.45 2.42 2.43 2.45 2.44 2.43 2.4 2.41 2.45 2.43 0.016 

Brain Blasterz 2.3 2.31 2.32 2.3 2.3 2.3 2.31 2.33 2.3 2.3 2.307 0.01 

Orange Juice 3.75 3.78 3.8 3.75 3.75 3.75 3.77 3.81 3.77 3.78 3.771 0.02 

Big Baby (powder) 2.33 2.34 2.36 2.33 2.32 2.33 2.35 2.33 2.34 2.34 2.337 0.011 

Big Baby Pop (pop) 3.21 3.2 3.2 3.2 3.2 3.2 3.22 3.2 3.31 3.31 3.225 0.042 

Mega Mouth 1.83 1.83 1.85 1.85 1.85 1.83 1.83 1.84 1.83 1.85 1.839 0.042 

Juicy Drop (pop) 3.1 3.11 3.15 3.11 3.12 3.13 3.1 3.1 3.13 3.15 3.12 0.018 
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Juicy Drop (Liquid) 2.26 2.24 2.24 2.25 2.25 2.26 2.25 2.25 2.25 2.24 2.249 0.007 
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8.26  Appendix 26. Raw data of neutralisable acidity at room temperature  
 

Subject 
Acidit

y 1 
Acidit

y 2 
Acidit

y 3 
Acidit

y 4 
Acidit

y 5 
Acidit

y 6 
Acidit

y 7 
Acidit

y 8 
Acidit

y 9 
Acidit
y 10 

Average 
Neutralisa
ble Acidity 

SD 

Brain Licker 48.5  48.7  48.9  48.9 48.8 48.8 50 48.9 48.7 48.6 48.9 0.43 

Push Pop 9.0  9.1  9.2  9 9.2 9.2 9.1 9 9 9.1 9.08 0.08 

Toxic Waste 93.0  92.0  95.0  93 93.5 93 93.3 95 94.5 93.5 93.6 0.71 

Lickedy Lips 40.0  40.5 40  40.5 40 40 40.3 40.5 40 40 40.2 0.23 

Tango 40.8  41.0  42.0  42 42.1 42 42 41.5 41 41 41.6 0.45 

Vimto 69.5  69.0  70.0  70 69.5 69 70 70 69.5 70 69.7 0.36 

Brain Blasterz 29.0  29.0  28.9  29 29.2 29.3 29 28.8 29.1 29 29.05 0.14 

Orange Juice 27.0 28.5  29.0  27.8 28 28.3 29 28.5 29 27.9 28.3 0.46 

Big Baby 
(powder) 

10.5  10.4  10.3  10.3 10.5 10.5 10.5 10.4 10.2 10.5 10.4 0.11 

Big Baby (pop) 10.3  9.8  10.25  10.1 10.4 10.1 9.9 10 10.3 10.3 10.1 0.16 
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Mega Mouth 95.0  95.0  95.2  95 95 95 95.2 95 95.1 95 95.04 0.16 

Juicy Drop 
(pop) 

10.0  9.4  10.0  9.7 10.1 10 10 10 9.6 10 9.9 0.17 

Juicy drop 
(Syrup) 

202.0  201.0  200.0  202 201.5 202 200 200 202 202 201.3 0.87 
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8.27  Appendix 27. Raw data of Neutralisable acidity at body temperature  
 

Subject 
Acidit

y 1 
Acidit

y 2 
Acidit

y 3 
Acidit

y 4 
Acidit

y 5 
Acidit

y 6 
Acidit

y 7 
Acidit

y 8 
Acidit

y 9 
Acidit
y 10 

Average 
Neutralisa
ble Acidity 

SD 

Brain Licker 48.3 48.5 48.7 48.4 48.6 48.6 48.5 48.7 48.3 48.5 48.51 0.13 

Push Pop 9.4 9.1 9.2 9.2 9.2 9.4 9.2 9.1 9.1 9.4 9.23 0.11 

Toxic Waste 93.5 94 95 94.5 94.4 94 94.5 93.8 93.7 94 94.14 0.42 

Lickedy Lips 41 40.5 40 40.6 40.9 41.2 41.2 40.5 40 41 40.69 0.42 

Tango 41 42.2 42 42 41.5 41 41.9 42.1 41.5 41.3 41.65 0.42 

Vimto 71.5 70.5 70 71 70.5 70.7 70.7 71.2 70.8 70.2 70.71 0.42 

Brain Blasterz 29.5 29 29.8 29.2 29 30 29.5 29.5 30 29.4 29.49 0.34 

Orange Juice 27.8 28.5 29.2 27.5 28.5 28.7 27.9 29.2 28.9 28.6 28.48 0.55 

Big Baby 
(Powder) 

10.5 10.4 11 10.7 10.9 10.5 10.5 10.3 10.7 10.5 10.6 0.2 

Big Baby (Pop) 10.5 10 10.4 10.5 10.3 10.4 10.4 10.5 10.5 10.5 10.4 0.14 
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Mega Mouth 95.5 95 94.8 95 95.5 95.5 95.7 95.7 95 95.5 95.32 0.14 

Juicy Drop 
(Pop) 

10.5 9.8 10.4 10 10.5 10.2 10.4 10.4 9.9 10.2 10.23 0.24 

Juicy Drop 
(Syrup) 

202 202 203 202.5 202 202 203 203 202.5 202 202.4 0.43 
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8.28  Appendix 28. Raw data of contact angle 
 

Material/sample 1 2 3 4 5 6 7 8 9 10 Average S.D 

Water             

Contact angle 74.79 75.88 72.92 77.82 74.32 70.58 75.32 72.8 79.22 71.88 74.553 2.657969359 

             

Orange             

Contact angle 76.52 77.35 73.33 78.12 76.83 70.93 76.64 73.72 81.12 72.89 75.745 2.999152658 

             

Tango             

Contact angle 73.99 74.63 73.57 73.79 74.58 74.82 73.21 73.56 74.66 75.45 74.226 0.705521084 

             

Mega Mouth             

Contact angle 86.59 88.52 85.53 89.33 85.42 83.5 86.72 84.62 86.26 88.44 86.493 1.844156236 

             

Brain Licker              

Contact angle 93.48 93.79 97.82 95.77 97.65 98.3 94.12 95.73 96.3 99.57 96.253 2.065978649 
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Vimto             

Contact angle 75.32 75.93 73.57 78.31 75.92 71.82 76.52 73.42 78.73 74.83 75.437 2.154220921 

             

Toxic Waste             

Advancing Angle 75.48 76.52 72.95 78.93 75.57 71.12 75.92 73.37 76.25 77.93 75.404 2.347245194 

             

Lickedy Lips             

Contact angle 95.38 97.58 94.77 98.18 97.12 97.75 93.73 97.24 99.37 102.98 97.41 2.589504457 

             

Big Baby (Powder)             

Contact angle 81.62 83.28 79.72 85.55 89.24 83.81 84.72 82.57 83.42 89.77 84.37 3.148562282 

             

Big Baby (pop)              

Contact angle 76.85 77.54 74.28 79.33 80.66 73.5 76.14 73.44 75.42 81.79 76.895 2.935045902 

             

Juicy Drop (Syrup)             
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Contact angle 102.25 104.32 101.38 108.44 110.48 102.78 104.24 102.77 107.79 106.55 105.1 3.047016756 

             

Juicy Drop (pop)             

Contact angle 77.54 76.88 75.69 79.58 75.75 74.33 77.57 74.35 77.49 82.29 77.147 2.420408827 

             

Brain Blasterz             

Advancing Angle 75.62 76.74 74.32 74.92 75.78 70.93 75.57 73.35 78.33 79.12 75.468 2.356422901 

             

Push Pop             

Contact angle 80.87 82.48 83.35 84.56 83.92 78.55 83.4 83.82 86.32 88.92 83.619 2.810335883 
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8.29 Appendix 29. Raw data of viscosity 
 

Material Water Orange Juice 
(Tropicana smooth) 

Tango Lickedy Lips Brain 
Licker 

Juicy Drop 
Syrup 

Vimto Mega 
Mouth 

Viscosity 1 1 3 2 79 66.7 594.8 1.7 12.7 

Viscosity 2 0.97 2.9 1.9 78.8 66.8 594.7 1.8 12.8 

Viscosity 3 0.95 3.1 2 78.7 66.9 594.7 1.8 12.7 

Viscosity 4 0.97 3 2 78.8 66.8 594.7 1.8 12.7 

Viscosity 5 0.95 2.9 2 78.8 67.2 594.9 1.8 12.7 

Viscosity 6 0.95 2.96 2 78.8 67 594.8 1.8 12.9 

Viscosity 7 1 2.98 2 78.6 66.9 594.9 1.8 13 

Viscosity 8 1 3 1.97 79 66.9 595 1.7 13 

Viscosity 9 1 3 1.98 79 66.9 594.9 1.8 13 

Viscosity 10 1 3 2 78.7 66.8 594.7 1.8 13 

Average 0.979 2.984 1.985 78.82 66.89 594.81 1.78 12.85 

SD 0.02 0.05 0.03 0.13 0.13 0.1 0.04 0.13 
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8.30  Appendix 30. Raw data of sugar content 
 

Material S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 AVEREGE SD 

Water 0 0 0 0 0 0 0 0 0 0 0 0 

Orange Juice (Tropicana smooth) 12 12 12 12 12.5 12.5 12 12 12 12 12.1 0.2 

Juicy Drop (pop) 65 65.5 65 67 65 65.5 65 65 65 65 65.3 0.6 

Juicy Drop (syrup) 74 73.5 74 74 73 73.5 73.5 74 74 74 73.75 0.33 

Big Baby (powder) 68.5 68 68 68 68.5 68.5 68 68 68 68 68.15 0.22 

Big Baby (pop) 65 66 65 65.5 65 65 65.5 66 66 65 65.4 0.43 

Mega Mouth 55 55.5 55 55 55.5 56 56 55 55 55 55.3 0.4 

Push Pop 70 72 72 71 70 70 72 72 71.5 71.5 71.2 0.84 

Brain Blasterz 73 73.5 74 74 74 73.5 74 73.5 74 74 73.75 0.33 

Toxic Waste 60 61 60 62 61 61 62 62 62 62 61.3 0.78 

Vimto 32 32 32 33 33 32 32 31 32 32 32.1 0.53 

Tango 31 31 31 31 31 31 32 32 32 31 31.3 0.45 

Lickedy Lips 63 63.5 63 64 64 64 64 63 63 64 63.55 0.47 

Brain Licker 64 64 63.5 63.5 63 63.5 63.5 63 64 64 63.6 0.37 
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8.31  Appendix 31. Raw data of surface enamel loss with saliva 
 

Material/sampl
e 

1 2 3 4 5 6 7 8 9 10 Averag
e 

S.D 

Water (pre) 0.212 0.292 0.258 0.163 0.232 0.063 0.177 0.208 0.256 0.243   

 0.217 0.283 0.28 0.172 0.245 0.075 0.183 0.224 0.263 0.25   

 0.182 0.275 0.239 0.155 0.256 0.077 0.167 0.232 0.234 0.222   

 0.20366
6667 

0.28333
3333 

0.259 0.16333
3333 

0.24433
3333 

0.07166
6667 

0.17566
6667 

0.22133
3333 

0.251 0.23833
3333 

0.21116
6667 

0.06154
3972 

             

Water (post) 0.243 0.289 0.221 0.172 0.23 0.165 0.21 0.222 0.26 0.244   

 0.257 0.28 0.279 0.182 0.253 0.127 0.169 0.242 0.267 0.248   

 0.261 0.282 0.231 0.21 0.246 0.17 0.186 0.253 0.235 0.211   

 0.25366
6667 

0.28366
6667 

0.24366
6667 

0.188 0.243 0.154 0.18833
3333 

0.239 0.254 0.23433
3333 

0.22816
6667 

0.03903
5992 

           Total E 
loss 

0.017 

Orange Juice 
(pre) 

0.135 0.158 0.087 0.206 0.212 0.116 0.232 0.142 0.206 0.233   
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 0.132 0.143 0.077 0.176 0.232 0.093 0.221 0.153 0.211 0.254   

 0.165 0.163 0.107 0.17 0.221 0.132 0.252 0.148 0.192 0.243   

 0.144 0.15466
6667 

0.09033
3333 

0.184 0.22166
6667 

0.11366
6667 

0.235 0.14766
6667 

0.203 0.24333
3333 

0.17373
3333 

0.05201
2771 

             

Orange Juice 
(post) 

3.92 4.68 3.35 3.62 3.68 3.42 3.43 3.543 3.72 4.62   

 3.75 4.72 3.63 3.48 3.79 3.65 3.68 3.73 3.517 4.32   

 3.53 4.73 3.44 3.45 3.9 3.74 3.72 3.61 3.432 4.123   

 3.73333
3333 

4.71 3.47333
3333 

3.51666
6667 

3.79 3.60333
3333 

3.61 3.62766
6667 

3.55633
3333 

4.35433
3333 

3.7975 0.40698
161 

           Total E 
loss 

3.62 

Tango (pre) 0.2 0.176 0.109 0.242 0.18 0.164 0.283 0.235 0.219 0.123   

 0.189 0.205 0.08 0.254 0.155 0.198 0.266 0.223 0.276 0.176   

 0.21 0.172 0.091 0.262 0.185 0.18 0.247 0.215 0.278 0.152   

 0.19966
6667 

0.18433
3333 

0.09333
3333 

0.25266
6667 

0.17333
3333 

0.18066
6667 

0.26533
3333 

0.22433
3333 

0.25766
6667 

0.15033
3333 

0.19816
6667 

0.05385
2852 
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Tango (post) 8.55 7.25 7.76 7.43 8.16 8.52 7.44 7.22 7.33 8.11   

 8.42 7.38 7.26 7.73 8.29 8.46 7.52 7.36 7.72 8.32   

 8.31 7.25 7.45 7.58 8.22 8.68 7.82 7.47 7.55 8.44   

 8.42666
6667 

7.29333
3333 

7.49 7.58 8.22333
3333 

8.55333
3333 

7.59333
3333 

7.35 7.53333
3333 

8.29 7.83333
3333 

0.48142
7917 

           Total E 
loss 

7.63 

Mega Mouth 
(pre) 

0.132 0.283 0.164 0.159 0.159 0.288 0.17 0.284 0.188 0.223   

 0.185 0.279 0.147 0.157 0.163 0.272 0.185 0.222 0.182 0.198   

 0.142 0.263 0.153 0.198 0.149 0.264 0.219 0.283 0.2 0.212   

 0.274 0.275 0.15466
6667 

0.17133
3333 

0.157 0.27466
6667 

0.19133
3333 

0.263 0.19 0.211 0.2162 0.05059
9419 

             

Mega Mouth 
(post) 

5.23 5.44 4.53 5.16 5.32 5.2 4.64 4.68 5.63 4.32   

 5.32 5.76 4.66 5.24 5.56 5.22 4.72 4.53 5.36 4.51   

 5.11 5.84 4.78 5.33 5.43 5.13 4.57 4.38 5.54 4.76   
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 5.22 5.68 4.65666
6667 

5.24333
3333 

5.43666
6667 

5.18333
3333 

4.64333
3333 

4.53 5.51 4.53 5.06333
3333 

0.43476
402 

           Total E 
loss 

4.84 

Lickedy Lips 
(pre) 

0.11 0.157 0.285 0.069 0.2 0.142 0.129 0.144 0.157 0.81   

 0.118 0.179 0.279 0.087 0.234 0.132 0.137 0.154 0.185 0.63   

 0.107 0.156 0.282 0.075 0.186 0.135 0.144 0.13 0.164 0.083   

 0.11166
6667 

0.164 0.282 0.077 0.20666
6667 

0.13633
3333 

0.13666
6667 

0.14266
6667 

0.16866
6667 

0.50766
6667 

0.19333
3333 

0.12362
3083 

             

Lickedy Lips 
(post) 

1.85 2.22 2.23 2.32 2.54 1.81 1.93 2.48 1.82 2.56   

 1.53 2.34 2.25 2.15 2.75 1.76 1.88 2.34 1.99 2.55   

 1.78 2.23 2.17 2.23 2.66 1.92 1.79 2.32 1.76 2.54   

 1.72 2.26333
3333 

2.21666
6667 

2.23333
3333 

2.65 1.83 1.86666
6667 

2.38 1.85666
6667 

2.55 2.15666
6667 

0.30664
4927 

           Total E 
loss 

1.95 

Vimto (pre) 0.089 0.113 0.143 0.169 0.2 0.232 0.253 0.283 0.158 0.263   
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 0.093 0.123 0.213 0.193 0.19 0.256 0.244 0.244 0.173 0.276   

 0.078 0.134 0.201 0.177 0.183 0.266 0.258 0.253 0.167 0.232   

 0.08666
6667 

0.12333
3333 

0.18566
6667 

0.17966
6667 

0.191 0.25133
3333 

0.25166
6667 

0.26 0.166 0.257 0.19523
3333 

0.06009
664 

             

Vimto (post) 9.33 9.22 9.14 9.2 9.54 10.45 9.96 9.93 9.21 9.11   

 9.15 9.49 9.26 9.16 9.15 10.76 9.32 9.53 9.12 9.29   

 9.25 9.31 9.39 9.24 9.2 10.82 9.73 9.69 9.33 9.32   

 9.24333
3333 

9.34 9.26333
3333 

9.2 9.29666
6667 

10.6766
6667 

9.67 9.71666
6667 

9.22 9.24 9.48666
6667 

0.45746
2135 

           Total E 
loss 

9.3 

Toxic Waste 
(pre) 

0.179 0.215 0.183 0.183 0.256 0.205 0.188 0.185 0.285 0.122   

 0.215 0.211 0.195 0.169 0.222 0.185 0.193 0.177 0.276 0.126   

 0.183 0.224 0.2 0.179 0.245 0.167 0.167 0.175 0.256 0.136   

 0.19233
3333 

0.21666
6667 

0.19266
6667 

0.177 0.241 0.18566
6667 

0.18266
6667 

0.179 0.27233
3333 

0.128 0.19673
3333 

0.03923
8052 
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Toxic Waste 
(post) 

15.78 15.08 17.15 17.71 15.29 16.72 15.23 15.13 16.23 15.38   

 15.45 15.21 17.56 17.08 15.33 16.43 15.32 15.23 16.15 15.48   

 15.8 15.28 17.44 17.29 15.57 16.1 15.82 15.3 16.17 15.24   

 15.6766
6667 

15.19 17.3833
3333 

17.36 15.3966
6667 

16.4166
6667 

15.4566
6667 

15.22 16.1833
3333 

15.3666
6667 

15.965 0.84245
416 

           Total E 
loss 

15.77 

Brain Licker 
(pre) 

0.085 0.134 0.223 0.083 0.134 0.192 0.232 0.195 0.221 0.125   

 0.079 0.144 0.265 0.078 0.145 0.189 0.256 0.188 0.232 0.123   

 0.085 0.0156 0.272 0.105 0.158 0.176 0.267 0.178 0.215 0.11   

 0.083 0.09786
6667 

0.25333
3333 

0.08866
6667 

0.14566
6667 

0.18566
6667 

0.25166
6667 

0.187 0.22266
6667 

0.11933
3333 

0.16348
6667 

0.06586
5542 

             

Brain Licker 
(post) 

3.37 2.38 2.16 2.24 2.62 3.43 2.53 3.16 2.96 3.86   

 3.18 2.21 2.23 2.46 2.54 3.23 2.63 3.23 2.88 3.92   

 3.22 2.45 2.37 2.32 2.77 3.45 2.75 3.25 2.73 4.03   
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 3.25666
6667 

2.34666
6667 

2.25333
3333 

2.34 2.64333
3333 

3.37 2.63666
6667 

3.21333
3333 

2.85666
6667 

3.93666
6667 

2.88533
3333 

0.54710
055 

           Total E 
loss 

2.71 

Big Baby 
(Powder)-pre 

0.112 0.237 0.087 0.158 0.235 0.233 0.079 0.205 0.21 0.115   

 0.132 0.22 0.093 0.145 0.198 0.256 0.08 0.221 0.193 0.133   

 0.153 0.232 0.1 0.116 0.211 0.235 0.075 0.178 0.185 0.142   

 0.13233
3333 

0.22966
6667 

0.09333
3333 

0.13966
6667 

0.21466
6667 

0.24133
3333 

0.078 0.20133
3333 

0.196 0.13 0.16563
3333 

0.05811
0463 

             

Big Baby 
(powder)-post 

4.27 3.79 5.22 4.21 4.36 4.14 4.17 4.47 4.33 4.76   

 4.52 3.97 5.65 4.35 4.58 4.22 4.3 4.35 4.22 4.45   

 4.63 3.83 5.48 4.55 4.41 4.35 4.53 4.75 4.63 4.67   

 4.47333
3333 

3.86333
3333 

5.45 4.37 4.45 4.23666
6667 

4.33333
3333 

4.52333
3333 

4.39333
3333 

4.62666
6667 

4.472 0.40072
2188 

           Total E 
loss 

4.3 
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Big Baby 
(pop) -post 

0.156 0.9 0.221 0.263 0.189 0.215 0.192 0.25 0.088 0.22   

 0.143 0.095 0.243 0.27 0.185 0.207 0.188 0.253 0.12 0.198   

 0.124 0.077 0.222 0.276 0.182 0.226 0.195 0.266 0.125 0.233   

 0.141 0.35733
3333 

0.22866
6667 

0.26966
6667 

0.18533
3333 

0.216 0.19166
6667 

0.25633
3333 

0.111 0.217 0.2174 0.06896
5692 

             

Big Baby 
(pop)-Post 

8.15 7.22 8.63 7.33 8.47 8.47 8.43 7.53 8.22 8.15   

 8.24 7.41 8.46 7.28 8.58 7.27 8.52 7.32 8.53 8.79   

 8.22 7.58 8.37 7.44 8.62 7.53 8.87 7.59 8.12 8.95   

 8.20333
3333 

7.40333
3333 

8.48666
6667 

7.35 8.55666
6667 

7.75666
6667 

8.60666
6667 

7.48 8.29 8.63 8.07633
3333 

0.52567
053 

           Total E 
loss 

7.85 

Juicy drop 
(Syrup-)Pre 

0.112 0.176 0.224 0.282 0.28 0.067 0.113 0.17 0.184 0.172   

 0.105 0.164 0.253 0.278 0.271 0.092 0.145 0.158 0.189 0.164   

 0.122 0.175 0.255 0.276 0.256 0.086 0.156 0.155 0.2 0.243   
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 0.113 0.17166
6667 

0.244 0.27866
6667 

0.269 0.08166
6667 

0.138 0.161 0.191 0.193 0.1841 0.06517
2336 

             

Juicy drop 
(Syrup) Post 

3.39 3.222 2.28 2.33 2.67 2.66 3.4 2.77 3.2 2.23   

 3.5 3.31 2.42 2.45 2.94 2.72 3.48 2.56 3.11 2.44   

 3.72 3.15 2.17 2.35 3.1 2.54 3.57 2.82 3.3 2.35   

 3.53666
6667 

3.22733
3333 

2.29 2.37666
6667 

2.90333
3333 

2.64 3.48333
3333 

2.71666
6667 

3.20333
3333 

2.34 2.87173
3333 

0.47112
0461 

           Total E 
loss 

2.68 

Juicy Drop 
(pop)-pre 

0.122 0.254 0.262 0.198 0.246 0.097 0.258 0.292 0.145 0.234   

 0.156 0.258 0.245 0.2 0.273 0.111 0.255 0.272 0.16 0.238   

 0.159 0.236 0.225 0.21 0.231 0.12 0.222 0.284 0.118 0.235   

 0.14566
6667 

0.24933
3333 

0.244 0.20266
6667 

0.25 0.10933
3333 

0.245 0.28266
6667 

0.141 0.23566
6667 

0.21053
3333 

0.05826
3599 

             

Juicy Drop 
(pop)-post 

7.04 6.75 7.68 6.78 7.42 7.26 8.25 7.15 7.31 7.12   
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 7.15 6.47 8.22 6.98 7.36 7.44 8.19 7.22 7.15 7.44   

 7.25 6.31 8.26 6.53 7.61 7.53 7.78 7.32 7.34 7.66   

 7.14666
6667 

6.51 8.05333
3333 

6.76333
3333 

7.46333
3333 

7.41 8.07333
3333 

7.23 7.26666
6667 

7.40666
6667 

7.33233
3333 

0.48840
8982 

           Total E 
loss 

7.12 

Brain Blasterz 
(Pre) 

0.223 0.262 0.168 0.129 0.23 0.088 0.187 0.248 0.228 0.292   

 0.212 0.258 0.16 0.122 0.196 0.124 0.172 0.26 0.222 0.285   

 0.211 0.255 0.159 0.111 0.182 0.099 0.176 0.265 0.264 0.279   

 0.21533
3333 

0.25833
3333 

0.16233
3333 

0.12066
6667 

0.20266
6667 

0.10366
6667 

0.17833
3333 

0.25766
6667 

0.238 0.28533
3333 

0.20223
3333 

0.06065
243 

             

Brain Blasterz 
(post) 

12.31 13.21 12.53 12.28 12.53 13.33 12.62 12.12 12.72 13.23   

 12.26 13.34 12.43 12.53 12.24 13.58 12.86 12.24 12.86 13.25   

 13.44 13.42 12.62 12.47 12.46 13.47 12.58 12.28 12.76 13.17   

 12.67 13.3233
3333 

12.5266
6667 

12.4266
6667 

12.41 13.46 12.6866
6667 

12.2133
3333 

12.78 13.2166
6667 

12.7713
3333 

0.42365
8959 
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           Total E 
loss 

12.56 

Push Pop 
(Pre) 

0.08 0.123 0.265 0.212 0.092 0.266 0.226 0.25 0.122 0.148   

 0.086 0.133 0.289 0.211 0.1 0.261 0.254 0.244 0.109 0.141   

 0.078 0.138 0.28 0.22 0.112 0.279 0.244 0.231 0.111 0.127   

 0.08133
3333 

0.13133
3333 

0.278 0.21433
3333 

0.10133
3333 

0.26866
6667 

0.24133
3333 

0.24166
6667 

0.114 0.13866
6667 

0.18106
6667 

0.07494
7521 

             

Push Pop 
(post) 

3.45 3.12 2.82 3.1 2.87 2.8 2.64 3.12 2.79 3.03   

 3.22 3.33 3.35 2.98 2.55 2.76 2.73 3.24 2.56 3.27   

 3.12 3.51 3.28 2.79 2.78 2.88 2.48 3.35 2.86 3.42   

 3.26333
3333 

3.32 3.15 2.95666
6667 

2.73333
3333 

2.81333
3333 

2.61666
6667 

3.23666
6667 

2.73666
6667 

3.24 3.00666
6667 

0.26489
6905 

           Total E 
loss 

2.8 
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8.32 Appendix 32. Raw data of surface enamel loss without saliva 
 

Material/sampl
e 

1 2 3 4 5 6 7 8 9 10 Averag
e 

S.D 

Water (pre) 0.212 0.292 0.258 0.163 0.232 0.063 0.177 0.208 0.256 0.243   

 0.217 0.283 0.28 0.172 0.245 0.075 0.183 0.224 0.263 0.25   

 0.182 0.275 0.239 0.155 0.256 0.077 0.167 0.232 0.234 0.222   

 0.20366
6667 

0.28333
3333 

0.259 0.16333
3333 

0.24433
3333 

0.07166
6667 

0.17566
6667 

0.22133
3333 

0.251 0.23833
3333 

0.21116
6667 

0.06154
3972 

             

Water (post) 0.213 0.289 0.221 0.172 0.23 0.065 0.18 0.2 0.26 0.244   

 0.215 0.28 0.279 0.165 0.253 0.077 0.179 0.232 0.267 0.248   

 0.191 0.282 0.185 0.16 0.246 0.07 0.16 0.23 0.235 0.211   

 0.20633
3333 

0.28366
6667 

0.22833
3333 

0.16566
6667 

0.243 0.07066
6667 

0.173 0.22066
6667 

0.254 0.23433
3333 

0.20796
6667 

0.05982
7623 

           Total E 
loss 

0.03 

Orange Juice 
(pre) 

0.135 0.158 0.087 0.206 0.212 0.116 0.232 0.142 0.206 0.233   
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 0.132 0.143 0.077 0.176 0.232 0.093 0.221 0.153 0.211 0.254   

 0.165 0.163 0.107 0.17 0.221 0.132 0.252 0.148 0.192 0.243   

 0.144 0.15466
6667 

0.09033
3333 

0.184 0.22166
6667 

0.11366
6667 

0.235 0.14766
6667 

0.203 0.24333
3333 

0.17373
3333 

0.05201
2771 

             

Orange Juice 
(post) 

4.9 5.68 4.35 4.88 4.83 5.42 5.01 4.82 5.3 5.49   

 4.88 5.72 4.63 4.63 4.03 5.53 5.21 4.63 5.17 5.2   

 4.72 5.73 4.01 4.35 3.9 5.32 4.42 4.72 5.22 5.23   

 4.83333
3333 

5.71 4.33 4.62 4.25333
3333 

5.42333
3333 

4.88 4.72333
3333 

5.23 5.30666
6667 

4.931 0.47751
4268 

           Total E 
loss 

4.75 

Tango ( pre) 0.2 0.176 0.109 0.242 0.18 0.164 0.283 0.235 0.219 0.123   

 0.189 0.205 0.08 0.254 0.155 0.198 0.266 0.223 0.276 0.176   

 0.21 0.172 0.091 0.262 0.185 0.18 0.247 0.215 0.278 0.152   

 0.19966
6667 

0.18433
3333 

0.09333
3333 

0.25266
6667 

0.17333
3333 

0.18066
6667 

0.26533
3333 

0.22433
3333 

0.25766
6667 

0.15033
3333 

0.19816
6667 

0.05385
2852 
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Tango (post) 10.12 9.05 8.76 8.43 8.16 9.32 9.17 9.9 8.33 8.11   

 10.32 9.78 8.66 8.73 8.9 9.56 9.21 10.36 8.72 8.72   

 10.41 9.25 8.45 8.88 8.86 9.88 9.22 10.47 8.55 8.44   

 10.2833
3333 

9.36 8.62333
3333 

8.68 8.64 9.58666
6667 

9.2 10.2433
3333 

8.53333
3333 

8.42333
3333 

9.15733
3333 

0.69787
4728 

           Total E 
loss 

8.96 

Mega Mouth 
(pre) 

0.132 0.283 0.164 0.159 0.159 0.288 0.17 0.284 0.188 0.223   

 0.185 0.279 0.147 0.157 0.163 0.272 0.185 0.222 0.182 0.198   

 0.142 0.263 0.153 0.198 0.149 0.264 0.219 0.283 0.2 0.212   

 0.153 0.275 0.15466
6667 

0.17133
3333 

0.157 0.27466
6667 

0.19133
3333 

0.263 0.19 0.211 0.2041 0.04970
1343 

             

Mega Mouth 
(post) 

6.23 5.44 6.93 6.16 6.32 5.2 6.6 5.68 5.63 6.95   

 6.52 5.76 6.87 6.24 6.56 5.22 6.83 5.53 5.36 6.41   

 6.11 5.84 6.59 6.33 6.43 5.13 6.93 5.38 5.54 6.32   
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 6.28666
6667 

5.68 6.79666
6667 

6.24333
3333 

6.43666
6667 

5.18333
3333 

6.78666
6667 

5.53 5.51 6.56 6.10133
3333 

0.57992
805 

           Total E 
loss 

5.88 

Lickedy Lips 
(pre) 

0.11 0.157 0.285 0.069 0.2 0.142 0.129 0.144 0.157 0.081   

 0.118 0.179 0.279 0.087 0.234 0.132 0.137 0.154 0.185 0.63   

 0.107 0.156 0.282 0.075 0.186 0.135 0.144 0.13 0.164 0.083   

 0.11166
6667 

0.164 0.282 0.077 0.20666
6667 

0.13633
3333 

0.13666
6667 

0.14266
6667 

0.16866
6667 

0.26466
6667 

0.16903
3333 

0.06491
1992 

             

Lickedy Lip 
(post) 

2.85 3.22 2.93 2.98 2.54 2.41 1.93 2.48 2.82 2.56   

 2.93 3.34 2.95 3.15 2.75 2.32 1.88 2.34 2.99 2.55   

 2.88 3.23 3.1 3.23 2.66 2.42 1.79 2.32 3.1 2.54   

 2.88666
6667 

3.26333
3333 

2.99333
3333 

3.12 2.65 2.38333
3333 

1.86666
6667 

2.38 2.97 2.55 2.70633
3333 

0.40115
5138 

           Total E 
loss 

2.5 

Vimto (pre) 0.089 0.113 0.143 0.169 0.2 0.232 0.253 0.283 0.158 0.263   
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 0.093 0.123 0.213 0.193 0.19 0.256 0.244 0.244 0.173 0.276   

 0.078 0.134 0.201 0.177 0.183 0.266 0.258 0.253 0.167 0.232   

 0.08666
6667 

0.12333
3333 

0.18566
6667 

0.17966
6667 

0.191 0.25133
3333 

0.25166
6667 

0.26 0.166 0.257 0.19523
3333 

0.06009
664 

             

Vimto (post) 10.33 9.52 10.14 11.2 11.54 10.45 9.96 9.93 12.1 12.11   

 10.65 9.79 10.26 11.16 11.15 10.76 9.32 9.53 12.12 11.9   

 10.05 9.1 9.89 11 11.2 10.82 9.73 9.69 12.03 12.32   

 10.3433
3333 

9.47 10.0966
6667 

11.12 11.2966
6667 

10.6766
6667 

9.67 9.71666
6667 

12.0833
3333 

12.11 10.6583
3333 

0.96892
1062 

           Total E 
loss 

10.463 

Toxic Waste 
(pre) 

0.179 0.215 0.183 0.183 0.256 0.205 0.188 0.185 0.285 0.122   

 0.215 0.211 0.195 0.169 0.222 0.185 0.193 0.177 0.276 0.126   

 0.183 0.224 0.2 0.179 0.245 0.167 0.167 0.175 0.256 0.136   

 0.19233
3333 

0.21666
6667 

0.19266
6667 

0.177 0.241 0.18566
6667 

0.18266
6667 

0.179 0.27233
3333 

0.128 0.19673
3333 

0.03923
8052 
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Toxic Waste 
(post) 

15.78 20.08 17.15 17.71 17.29 16.72 18.23 20.13 10.93 18.38   

 15 19.1 17.56 17.08 17.33 16.43 18.32 20.23 20.15 19.48   

 15.8 20.28 17.44 17.29 17.57 16.1 18.82 20.3 20.17 18.24   

 15.5266
6667 

19.82 17.3833
3333 

17.36 17.3966
6667 

16.4166
6667 

18.4566
6667 

20.22 17.0833
3333 

18.7 17.8363
3333 

1.46401
1443 

           Total E 
loss 

17.64 

Brain Licker 
(pre) 

0.085 0.134 0.223 0.083 0.134 0.192 0.232 0.195 0.221 0.125   

 0.079 0.144 0.265 0.078 0.145 0.189 0.256 0.188 0.232 0.123   

 0.085 0.0156 0.272 0.105 0.158 0.176 0.267 0.178 0.215 0.11   

 0.083 0.09786
6667 

0.25333
3333 

0.08866
6667 

0.14566
6667 

0.18566
6667 

0.25166
6667 

0.187 0.22266
6667 

0.11933
3333 

0.16348
6667 

0.06586
5542 

             

Brain Licker 
(post) 

3.37 2.78 4.16 2.66 4.12 3.23 2.53 3.46 2.96 3.86   

 2.97 2.51 3.63 2.56 3.94 3.73 2.63 3.33 2.88 3.92   

 3.2 2.58 2.94 2.32 3.77 3.9 2.75 3.29 2.73 4.03   
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 3.18 2.62333
3333 

3.57666
6667 

2.51333
3333 

3.94333
3333 

3.62 2.63666
6667 

3.36 2.85666
6667 

3.93666
6667 

3.22466
6667 

0.54494
5801 

           Total E 
loss 

3.06 

Big Baby 
(Powder)-pre 

0.112 0.237 0.087 0.158 0.235 0.233 0.079 0.205 0.21 0.115   

 0.132 0.22 0.093 0.145 0.198 0.256 0.08 0.221 0.193 0.133   

 0.153 0.232 0.1 0.116 0.211 0.235 0.075 0.178 0.185 0.142   

 0.13233
3333 

0.22966
6667 

0.09333
3333 

0.13966
6667 

0.21466
6667 

0.24133
3333 

0.078 0.20133
3333 

0.196 0.13 0.16563
3333 

0.05811
0463 

             

Big Baby 
(powder)-post 

4.07 3.79 5.22 6.21 4.36 5.24 4.1 5.67 5.33 4.76   

 4.37 3.97 5.65 6.65 4.56 5.2 4.3 6.55 5.55 4.45   

 4.43 4.23 5.78 6.45 5.2 4.85 4.53 6.95 5.63 4.67   

 4.29 3.99666
6667 

5.55 6.43666
6667 

4.70666
6667 

5.09666
6667 

4.31 6.39 5.50333
3333 

4.62666
6667 

5.09066
6667 

0.86225
7731 

           Total E 
loss 

4.92 
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Big Baby 
(pop) -post 

0.156 0.9 0.221 0.263 0.189 0.215 0.192 0.25 0.088 0.22   

 0.143 0.095 0.243 0.27 0.185 0.207 0.188 0.253 0.12 0.198   

 0.124 0.077 0.222 0.276 0.182 0.226 0.195 0.266 0.125 0.233   

 0.141 0.35733
3333 

0.22866
6667 

0.26966
6667 

0.18533
3333 

0.216 0.19166
6667 

0.25633
3333 

0.111 0.217 0.2174 0.06896
5692 

             

Big Baby 
(pop)-Post 

8.15 8.1 8.63 8.33 9.77 8.47 8.43 10.53 10.22 9.15   

 8.24 8.41 8.46 7.98 9.58 8.27 8.52 10.9 10.53 8.79   

 8.22 8.58 8.37 7.94 9.95 8.83 8.87 10.59 10.12 8.95   

 8.20333
3333 

8.36333
3333 

8.48666
6667 

8.08333
3333 

9.76666
6667 

8.52333
3333 

8.60666
6667 

10.6733
3333 

10.29 8.96333
3333 

8.996 0.91765
6435 

           Total E 
loss 

8.78 

Juicy drop 
(Syrup),Pre 

0.112 0.176 0.224 0.282 0.28 0.067 0.113 0.17 0.184 0.172   

 0.105 0.164 0.253 0.278 0.271 0.092 0.145 0.158 0.189 0.164   

 0.122 0.175 0.255 0.276 0.256 0.086 0.156 0.155 0.2 0.243   
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 0.113 0.17166
6667 

0.244 0.27866
6667 

0.269 0.08166
6667 

0.138 0.161 0.191 0.193 0.1841 0.06517
2336 

             

Juicy drop 
(Syrup) Post 

3.39 3.78 3.8 2.33 2.67 2.96 3.4 3.77 4.2 4.23   

 3.5 3.58 3.72 2.45 2.94 3.23 3.48 3.56 4.11 4.44   

 3.72 3.05 3.43 2.35 3.1 3.32 3.57 3.82 4.3 4.35   

 3.53666
6667 

3.47 3.65 2.37666
6667 

2.90333
3333 

3.17 3.48333
3333 

3.71666
6667 

4.20333
3333 

4.34 3.485 0.57704
0662 

           Total E 
loss 

3.3 

Juicy Drop 
(pop)-pre 

0.122 0.254 0.262 0.198 0.246 0.097 0.258 0.292 0.145 0.234   

 0.156 0.258 0.245 0.2 0.273 0.111 0.255 0.272 0.16 0.238   

 0.159 0.236 0.225 0.21 0.231 0.12 0.222 0.284 0.118 0.235   

 0.14566
6667 

0.24933
3333 

0.244 0.20266
6667 

0.25 0.10933
3333 

0.245 0.28266
6667 

0.141 0.23566
6667 

0.21053
3333 

0.05826
3599 

             

Juicy Drop 
(pop)-post 

8.04 8.75 7.68 7.18 8.42 7.26 8.35 7.5 9.11 7.12   
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 8.15 8.47 8.22 7.98 8.36 7.93 8.19 7.82 9.05 7.44   

 8.25 8.11 8.26 7.53 8.61 7.53 8 7.2 9.34 7.66   

 8.14666
6667 

8.44333
3333 

8.05333
3333 

7.56333
3333 

8.46333
3333 

7.57333
3333 

8.18 7.50666
6667 

9.16666
6667 

7.40666
6667 

8.05033
3333 

0.55496
7355 

           Total E 
loss 

7.84 

Brain Blasterz 
(Pre) 

0.223 0.262 0.168 0.129 0.23 0.088 0.187 0.248 0.228 0.292   

 0.212 0.258 0.16 0.122 0.196 0.124 0.172 0.26 0.222 0.285   

 0.211 0.255 0.159 0.111 0.182 0.099 0.176 0.265 0.264 0.279   

 0.21533
3333 

0.25833
3333 

0.16233
3333 

0.12066
6667 

0.20266
6667 

0.10366
6667 

0.17833
3333 

0.25766
6667 

0.238 0.28533
3333 

0.20223
3333 

0.06065
243 

             

Brain Blasterz 
(post) 

14.88 15.01 12.53 15.78 14.53 13.33 14.2 12.12 13.59 13.23   

 14.86 15.63 12.93 15.53 14.24 13.58 13.86 12.24 13.9 13.25   

 14.48 15.32 12.62 16.47 14.06 13.47 13.8 12.28 13.76 13.17   

 14.74 15.32 12.6933
3333 

15.9266
6667 

14.2766
6667 

13.46 13.9533
3333 

12.2133
3333 

13.75 13.2166
6667 

13.955 1.15122
0769 
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           Total E 
loss 

13.75 

Push Pop 
(Pre) 

0.08 0.123 0.265 0.212 0.092 0.266 0.226 0.25 0.122 0.148   

 0.086 0.133 0.289 0.211 0.1 0.261 0.254 0.244 0.109 0.141   

 0.078 0.138 0.28 0.22 0.112 0.279 0.244 0.231 0.111 0.127   

 0.08133
3333 

0.13133
3333 

0.278 0.21433
3333 

0.10133
3333 

0.26866
6667 

0.24133
3333 

0.24166
6667 

0.114 0.13866
6667 

0.18106
6667 

0.07494
7521 

             

Push Pop 
(post) 

4.45 3.12 3.75 3.1 4.65 2.8 4.44 4.12 3.79 4.73   

 4.33 3.43 3.35 2.98 4.55 2.76 4.23 4.24 3.6 4.57   

 4.12 3.64 3.08 2.79 4.78 2.88 4.48 4.1 3.86 4.42   

 4.3 3.39666
6667 

3.39333
3333 

2.95666
6667 

4.66 2.81333
3333 

4.38333
3333 

4.15333
3333 

3.75 4.57333
3333 

3.838 0.67111
8837 

           Total E 
loss 

3.65 



 
 

 465 

 

8.33 Appendix 33. Raw data of subsurface enamel loss without and with saliva  
 

Material/sample 1 2 3 4 5 6 7 8 9 10 
Averag

e 
S.D 

Water (0 min) 0.242 0.277 0.246 0.183 0.272 0.243 0.222 0.198 0.252 0.221     

  0.247 0.285 0.252 0.212 0.264 0.26 0.241 0.212 0.235 0.195     

  0.187 0.265 0.233 0.195 0.282 0.232 0.233 0.223 0.243 0.215     

  0.2253
33333 

0.2756
66667 

0.2436
66667 

0.1966
66667 

0.2726
66667 

0.245 0.232 
0.211 

0.2433
33333 

0.2103
33333 

0.2355
66667 

0.0246
37844 

                          

Water (1h) 0.232 0.278 0.231 0.176 0.245 0.198 0.225 0.247 0.281 0.242     

  0.232 0.291 0.195 0.18 0.263 0.212 0.221 0.234 0.254 0.237     

  0.221 0.277 0.215 0.153 0.255 0.222 0.234 0.244 0.278 0.255     

  0.2283
33333 

0.282 
0.2136
66667 

0.1696
66667 

0.2543
33333 

0.2106
66667 

0.2266
66667 

0.2416
66667 0.271 

0.2446
66667 

0.2342
66667 

0.0307
25957 
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Orange Juice 
(0 min) 

5.95 6.361 5.887 6.306 5.812 
6.231 5.96 

6.232 6.212 6.432 
    

  6.232 6.543 5.727 6.276 6.232 6.136 6.11 6.352 6.333 6.452     

  6.165 6.563 5.607 6.187 6.31 6.411 5.98 6.245 6.523 6.222     

  6.1156
66667 

6.489 
5.7403
33333 

6.2563
33333 

6.118 
6.2593
33333 

6.0166
66667 

6.2763
33333 6.356 

6.3686
66667 

6.1996
33333 

0.2018
82499 

                          

Orange Juice 
(1 h) 

5.87 5.88 4.45 6.283 4.63 
5.12 6.345 

5.841 5.433 4.766 
    

  5.418 5.92 4.33 6.63 4.53 4.95 6.443 5.951 5.343 4.861     

  5.72 5.83 4.91 6.35 4.35 5.212 6.31 6.157 5.552 4.621     

  5.6693
33333 

5.8766
66667 

4.5633
33333 

4.42 
4.5033
33333 

5.094 6.366 
5.983 

5.4426
66667 

4.7493
33333 

5.2667
66667 

0.6617
04702 

                          

Tango (0 min) 12.52 11.676 10.32 10.442 10.58 10.781 10.872 11.213 10.521 10.432     

  12.489 11.405 10.28 10.154 10.285 10.452 10.798 11.333 10.677 10.334     

  12.421 11.372 10.391 10.362 10.185 10.661 10.678 11.554 10.565 10.488     
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  12.476
66667 

11.484
33333 

10.330
33333 

10.319
33333 

10.35 
10.631
33333 

10.782
66667 

11.366
66667 

10.587
66667 10.418 

10.874
7 

0.6647
34458 

                          

Tango (1 h) 10.32 9.35 9.66 9.863 9.716 8.842 10.511 9.866 9.681 8.753     

  10.52 10.028 9.86 9.93 9.39 8.862 10.544 9.926 9.566 8.71     

  10.451 10.125 9.75 10.188 9.186 8.777 10.579 9.84 9.611 8.688     

  10.430
33333 

9.8343
33333 

8.7566
66667 

9.9936
66667 

8.8973
33333 

8.827 
10.544
66667 

9.8773
33333 

9.6193
33333 8.717 

9.5497
66666 

0.6652
78689 

                          

Mega Mouth 
(0 min) 

8.222 8.216 6.845 8.562 7.927 
8.222 6.411 

6.384 7.891 8.771 
    

  8.356 8.476 6.74 8.322 7.822 8.285 6.212 6.05 7.677 8.55     

  8.283 8.522 6.72 8.285 7.842 8.341 6.531 6.227 7.859 8.72     

  
8.287 

8.4046
66667 

6.7683
33333 

8.3896
66667 

7.8636
66667 

8.2826
66667 

6.3846
66667 

6.2203
33333 7.809 

8.6803
33333 

7.7090
33333 

0.8627
10141 

                          

Mega Mouth 
(1 h) 

6.23 5.44 6.93 6.196 7.32 
6.432 6.72 

6.44 6.895 6.665 
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  6.52 5.76 6.87 6.94 7.676 6.81 6.333 6.388 6.566 6.734     

  6.11 5.84 6.59 6.813 7.43 6.44 6.355 6.227 6.362 6.422     

  6.2866
66667 

5.68 
6.7966
66667 

6.2433
33333 

7.4753
33333 

6.5606
66667 

6.4693
33333 

6.3516
66667 

6.6076
66667 6.607 

6.5078
33333 

0.4326
80746 

                          

Lickedy Lips (0 
min) 

3.511 4.457 2.885 4.169 4.12 
3.321 3.222 

3.41 3.421 3.245 
    

  3.818 4.779 2.749 4.387 4.334 3.234 3.52 3.444 3.211 3.12     

  3.97 4.656 2.982 4.375 4.286 3.222 3.341 3.355 3.471 3.233     

  3.7663
33333 

4.6306
66667 

2.872 
4.3103
33333 

4.2466
66667 

3.259 3.361 
3.403 

3.3676
66667 

3.1993
33333 

3.6416 
0.5433
31734 

                          

Lickedy Lips (1 
h) 

3.185 3.022 2.893 3.244 2.654 
2.721 2.381 

2.531 2.761 2.311 
    

  3.193 3.134 2.795 3.215 2.575 2.59 2.266 2.44 2.887 2.57     

  3.108 3.223 2.721 3.323 2.626 2.378 2.355 2.412 2.813 2.552     

  
3.162 

3.1263
33333 

2.803 
3.2606
66667 

5.2366
66666 

2.563 2.334 
2.461 

2.8203
33333 

2.4776
66667 

3.0244
66667 

0.7984
86696 
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Vimto (0 min) 12.189 12.213 12.443 13.169 12.82 12.321 12.222 12.442 12.642 12.521     

  12.293 12.223 12.513 13.293 12.819 12.33 12.45 12.411 12.586 12.655     

  12.278 12.134 12.421 12.277 12.983 12.214 12.322 12.569 12.477 12.574     

  12.253
33333 

12.19 12.459 12.913 12.874 
12.288
33333 

12.331
33333 12.474 

12.568
33333 

12.583
33333 

12.493
46667 

0.2354
11281 

                          

Vimto (1 h) 11.533 11.752 11.214 10.412 11.654 10.544 10.441 10.643 11.921 11.651     

  11.765 11.479 11.326 10.716 11.215 10.445 10.566 10.541 12.321 11.344     

  
11.805 11.761 11.289 10.62 11.212 

10.557 10.781 
10.665 12.42 

11.622
1 

    

  
11.701 11.664 

11.276
33333 

10.582
66667 

11.360
33333 

10.515
33333 

10.596 
10.616
33333 

12.220
66667 

11.539
03333 

11.207
17 

0.6897
86142 

                          

Toxic waste (0 
min) 

21.679 20.285 19.106 20.109 19.856 
20.776 19.221 

19.342 19.781 20.311 
    

  21.315 21.191 19.895 20.442 19.652 20.995 19.378 19.31 19.611 20.234     
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21.783 22.224 19.32 20.324 19.445 

20.876 19.357 
19.221 18.699 

20.433
1 

    

  21.592
33333 

21.233
33333 

19.440
33333 

20.291
66667 

19.651 
20.882
33333 

19.318
66667 19.291 

19.363
66667 

20.326
03333 

20.139
03667 

0.8148
64891 

                          

Toxic Waste (1 
h) 

18.528 20.328 17.235 17.851 18.651 
18.95 19.611 

18.345 17.854 19.766 
    

  18.743 19.92 17.716 17.558 18.483 18.887 19.414 18.334 17.915 19.155     

  18.55 20.58 17.854 17.421 18.711 18.755 19.68 18.225 17.655 19.896     

  
18.607 20.276 

17.601
66667 

17.61 18.615 18.864 
19.568
33333 

18.301
33333 17.808 

19.605
66667 

18.685
7 

0.8630
04705 

                          

Brain Licker (0 
min) 

4.821 3.824 4.523 4.132 4.211 
4.657 4.431 

5.011 4.653 4.335 
    

  4.016 3.935 4.321 4.065 4.075 4.625 4.299 4.874 4.622 4.552     

  3.885 3.76 4.325 4.2 4.332 4.459 4.5761 4.9 4.578 4.321     

  4.2406
66667 

3.8396
66667 

4.3896
66667 

4.1323
33333 

4.206 
4.5803
33333 

4.4353
66667 

4.9283
33333 

4.6176
66667 

4.4026
66667 

4.3772
7 

0.2835
26923 
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Brain Licker (1 
h) 

3.53 2.88 4.32 2.807 4.2 
3.651 4.941 

3.432 4.121 4.223 
    

  3.102 2.721 3.72 2.76 4.234 3.37 4.122 3.389 4.166 4.66     

  3.2 2.802 3.205 2.52 3.97 3.455 4.05 3.355 4.244 4.458     

  3.2773
33333 

2.801 
3.7483
33333 

2.6956
66667 

4.1346
66667 

3.492 4.371 
3.392 4.177 4.447 

3.6536 
0.5949

1026 

                          

Big Baby 
(Powder)-(0 
min) 

5.532 5.402 6.108 7.523 5.731 
6.321 5.871 

6.11 6.376 5.984 

    

  6.132 5.332 6.204 7.834 5.623 6.233 6.121 5.997 6.378 5.845     

  5.933 5.659 6.431 7.324 5.72 6.335 5.955 6.227 6.244 5.8221     

  5.8656
66667 

5.4643
33333 

6.2476
66667 

7.5603
33333 

5.6913
33333 

6.2963
33333 

5.9823
33333 

6.1113
33333 

6.3326
66667 5.8837 

6.1435
7 

0.5398
91493 

                          

Big Baby 
(powder)-(1 h) 

4.213 4.98 5.822 6.352 5.587 
5.786 5.112 

5.213 4.971 4.77 
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  4.52 5.17 5.77 6.87 5.79 5.885 5.321 4.995 5.27 4.825     

  4.213 5.22 6.104 6.57 5.42 5.561 5.224 5.011 5.123 4.822     

  4.3153
33333 

5.1233
33333 

5.8986
66667 

6.5973
33333 

5.599 5.744 5.219 
5.073 

5.1213
33333 

4.8056
66667 

5.3496
66667 

0.6031
9993 

                          

Big Baby (pop) 
-(0 min) 

10.011 9.77 10.423 9.823 10.76 
10.32 10.1 

9.911 10.341 10.786 
    

  10.123 10.234 10.201 9.728 10.522 10.445 9.975 10.218 10.25 10.32     

  10.244 10.321 10.34 9.324 10.324 10.37 9.92 10.59 10.22 10.894     

  
10.126 

10.108
33333 

10.321
33333 

9.625 
10.535
33333 

10.378
33333 

9.9983
33333 

10.239
66667 

10.270
33333 

10.666
66667 

10.226
93333 

0.2758
96752 

                          

Big Baby 
(pop)-(1 h) 

9.32 9.132 9.32 9.25 9.26 
9.112 9.443 

9.533 8.889 9.781 
    

  9.28 9.22 9.36 9.509 9.012 9.345 9.259 9.44 8.776 9.669     

  9.33 9.29 9.41 9.611 9.787 9.521 9.22 9.511 8.921 9.755     

  
9.31 9.214 

9.3633
33333 

9.4566
66667 

9.353 9.326 
9.3073
33333 

9.4946
66667 8.862 9.735 

9.3422 
0.0905
82375 
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Juicy Drop 
(Syrup)-(0min) 

5.231 3.725 4.222 4.556 3.728 
4.223 4.992 

4.222 4.332 4.657 
    

  5.175 3.964 4.187 4.422 3.623 4.12 5.188 4.112 4.266 4.544     

  5.254 3.864 4.311 4.504 3.657 4.384 5.223 4.2 4.443 4.62     

  
5.22 3.851 4.24 4.494 

3.6693
33333 

4.2423
33333 

5.1343
33333 4.178 4.347 4.607 

4.3983 
0.4691
61816 

                          

Juicy Drop 
(Syrup)-(1 h) 

3.56 3.85 3.87 3.48 2.77 
3.51 3.871 

4.445 3.786 3.991 
    

  3.72 3.67 3.95 3.62 3.11 3.417 3.855 4.38 3.65 4.291     

  3.98 3.222 3.65 3.44 3.21 3.382 3.798 4.411 3.557 4.177     

  3.7533
33333 

3.5806
66667 

3.8233
33333 

3.5133
33333 

3.03 
3.4363
33333 

3.8413
33333 4.412 

3.6643
33333 4.153 

3.7207
66667 

0.3625
80782 

                          

Juicy Drop 
(pop)-(0 min) 

10.321 10.423 9.768 9.522 10.321 
9.891 10.225 

9.786 9.661 10.11 
    

  10.176 10.458 10.243 9.321 10.423 10.244 10.326 9.886 9.754 9.955     
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  10.213 10.176 9.651 9.441 10.222 10.226 10.12 9.654 9.877 10.2     

  10.236
66667 

10.352
33333 

9.8873
33333 

9.428 10.322 
10.120
33333 

10.223
66667 

9.7753
33333 9.764 

10.088
33333 

10.019
8 

0.2825
37085 

                          

Juicy Drop 
(pop)-(1 h) 

8.231 8.89 8.75 7.358 9.312 
8.891 8.334 

8.511 8.431 8.976 
    

  8.122 8.62 8.322 8.188 9.456 8.778 8.442 8.223 8.244 8.845     

  8.352 8.212 8.37 7.73 9.592 8.82 8.29 8.382 8.552 8.866     

  
8.235 8.574 

8.4806
66667 

7.7586
66667 

9.4533
33333 

8.8296
66667 

8.3553
33333 8.372 8.409 

8.8956
66667 

8.5363
33333 

0.4280
32579 

                          

Brain Blasterz 
(0 min) 

17.31 16.122 14.977 15.321 16.532 
16.78 15.321 

16.66 15.511 15.812 
    

  16.876 16.485 15.056 16.821 17.017 16.554 15.35 16.551 15.9 15.78     

  17.018 16.312 14.22 15.234 16.653 16.41 15.223 16.5 15.876 15.85     

  
17.068 

16.306
33333 

14.751 15.792 16.734 
16.581
33333 

15.298 
16.570
33333 

15.762
33333 15.814 

16.067
73333 

0.6765
8858 
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Brain Blasterz 
(1 h) 

15.04 14.213 14.72 14.86 14.68 
14.866 14.133 

15.437 14.5 15.786 
    

  14.95 14.721 14.222 14.71 14.57 14.962 14.222 15.23 14.445 15.875     

  14.521 14.48 14.812 14.66 14.223 14.75 14.36 15.275 14.482 15.557     

  
14.837 

14.471
33333 

14.584
66667 

14.743
33333 

14.491 
14.859
33333 

14.238
33333 15.314 

14.475
66667 

15.739
33333 

14.775
4 

0.4265
11998 

                          

Push Pop (0 
min) 

5.123 4.108 4.43 3.233 5.831 
4.42 5.121 

4.75 3.921 4.889 
    

  5.231 4.222 4.521 3.62 5.766 4.221 5.222 4.652 4.12 4.568     

  5.421 4.2 4.106 3.421 5.852 4.335 4.964 4.5 3.96 4.856     

  5.2583
33333 

4.1766
66667 

4.3523
33333 

3.4246
66667 

5.8163
33333 

4.3253
33333 

5.1023
33333 4.634 

4.0003
33333 4.771 

4.5861
33333 

0.6519
726 

                          

Push Pop (1 h) 4.51 3.53 4.692 4.221 3.74 3.66 3.855 4.42 3.99 4.217     

  4.422 3.55 4.441 4.356 3.613 3.721 3.68 4.442 3.87 4.311     

  4.18 3.721 4.332 4.266 3.88 3.81 3.93 4.6221 3.85 4.012     
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  4.3706
66667 

3.6003
33333 

4.4883
33333 

4.281 
3.7443
33333 

3.7303
33333 

3.8216
66667 4.4947 

3.9033
33333 4.18 

4.0614
7 

0.3214
23852 
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