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A laboratory investigation of
consumer addition of UHT milk - Eidisame

to lessen the erosive potential
of fizzy drinks

UHT milk to 25 ml of drink significantly
reduces the erosive potential of the
J. Syed' and R. G. Chadwick?

majority of the carbonated drinks studied.

VERIFIABLE CPD PAPER

Introduction Much recent attention has been given to the erosive potential of carbonated beverages. Some have shown that
the risks of developing erosion, if such drinks are consumed once daily and four times daily, are respectively 2.2 and 5.13 times
greater than if they are not consumed at all. The addition of ultra-heat treated (UHT) milk to such beverages has been identified
by a survey as common practice in Pakistan. It is known that the addition of calcium to orange juice and acidic candies reduces
the capacity of these dietary items to produce dental erosion by the law of mass action. While potentially helpful, such a prac-
tice at manufacture may affect adversely product stability and flavour, thus compromising market share. As a result an alterna-
tive approach is for the consumer to carry out such modification. The addition of milk is one such potential means. Objective
To assess the capacity of six brands of carbonated drinks to bring about dental erosion and determine if consumer modifica-
tion by the addition of milk affected this. Design In vitrostudy. Method For each drink in both manufactured and consumer
modified (25 ml of drink with 6.25 ml UHT milk) states, the pH and titratable acidity were measured. These assessments were
also made for distilled water dilution of the manufactured drinks in the ratio of 1 part drink to 0.25 parts water. In addition, the
effects of a 60 min exposure to the drinks in manufactured and consumer modified states, upon the surface microhardness
and profile of human molar buccal tooth substance were determined. Results The addition of milk significantly increased the
mean pH (p <0.001) and decreased the mean titratable acidity (p <0.001). Its addition had significantly more (p <0.001) than a
simple dilution effect upon these values. Milk addition significantly lessened (p <0.001) the reductions in surface microhardness
of tooth substance when exposed to the drinks except in the case of one beverage. There was, however, no significant effect (p
= 0.0732) of its inclusion upon the depth loss of tooth substance. Conclusions Within the limitations of this study, the addition

of milk to carbonated beverages reduced overall their capacity to bring about dental erosion.

INTRODUCTION

Both the 1993 National Children’s Dental
Health Survey' and the more recent 2003
Children’s Dental Health Survey? report
a high prevalence of dental erosion in
young people (52-65% of children).

Dental erosion is the physical result of a
pathogenic, chronic and localised loss of
dental hard tissue as a result of chemi-
cal etching away of tooth substance
upon exposure to acid without bacterial
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involvement.’ This acid may derive from
dietary intake, medication, regurgita-
tion of stomach contents or prolonged
exposure to an acidic external environ-
ment.’ In other words, the acid source
may be either intrinsic (from within
the body) or extrinsic (from outside the
body). Whereas some have claimed to
have found a clear causal relationship
between exposure to dietary risk factors
and the presence of erosion,*® others
have not.”'® Perhaps due to worldwide
increases in the consumption of carbon-
ated drinks by children, much attention
has focussed upon their erosive poten-
tial. The risk of developing erosion, if
such drinks are consumed once per day,
has been calculated as 2.2 times that of
one who does not consume such bever-
ages."" This rises to 5.13 times if such
drinks are consumed more than four
times daily." Worldwide consumption of

such drinks in 2005 was around 77 litres
per head of population.'

Given such large scale sales and the
widespread popularity of such drinks,
it is perhaps rather naive to think that
consumption would be lessened to any
great extent by preventive health mes-
sages. An alternative strategy could be
to promote consumer modification of
such drinks to lessen their capacity to
produce dental erosion. One potentially
helpful modification is to raise the drink’s
calcium content by mixing it with cow’s
milk. The addition of ultra-heat treated
(UHT) milk to carbonated beverages has
been identified by a survey as common
practice in Pakistan.” A popular Brit-
ish Asian cookbook' states that British
Asians have been drinking cola mixed
with milk since the 1970s. Indeed, others
have demonstrated in vitro that the addi-
tion of calcium to orange juice results in
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a strong preventive effect upon dental
erosion."” In addition, the naturally high
levels of calcium in fizzy mineral waters
have been shown in the laboratory to
inhibit hyroxyapatite dissolution.'® Fur-
thermore, an in vitro study has demon-
strated that the addition of calcium to
acidic candies results in a reduction of
their capacity to bring about dental ero-
sion."” Such additions, especially in the
form of consumer self-modification with
other edible products, are unlikely to
raise regulatory obstacles.

Although it is thought that the addi-
tion of calcium will suppress deminer-
alisation of dental enamel according
to the principles of the law of mass
action, it should not be ruled out that
other mechanisms might also operate,
including alterations to the properties
of the tooth surface and any surface
films, such as integuments, pellicle and
dental plaque.'®

The purpose of this in vitro study was
to assess the capacity of six brands of
carbonated drinks to bring about den-
tal erosion and determine if the addi-
tion of milk affected this. It was not
the primary aim of this work to make
inter-drink brand comparisons.

METHODS AND MATERIALS

Table 1 gives details of the six drinks
tested in this study as compiled from
manufacturer’s data. The capacity for

each of these to produce dental ero-
sion in vitro was determined in both the
drinks’ manufactured states and con-
sumer modified states by determination
of their pH and titratable acidity com-
bined with measurements of both the
surface microhardness and surface con-
tour of prepared human tooth samples
before and following immersion for 60
minutes in the drinks. Consumer drink
modification was achieved by mixing
four parts of manufactured drink with
one part of UHT cow’s milk (Tesco Stores
Ltd., Cheshunt, EN8 9SL, UK).

(i) Titratable acidity and initial
drink pH determination

For each drink, in both the manufac-
tured and consumer modified states, five
25 ml samples were titrated to a pH of 7.0
against 0.1M sodium hydroxide while
being constantly stirred with a magnetic

Table 1 The drinks used in the study

CocaCola

CocaCola Enterprises Ltd., Uxbridge, UK
1) Phosphoric acid, 2) carbonated water, 3) caramel E150 d, 4) caffeine, 5) sugar

Pepsi Max

Britvic Soft Drinks Ltd., Chelmsford, UK
1) Phosphoric acid, 2) carbonated water, 3) caramel E150 d, 4) caffeine,
5) sweeteners (aspartame, acesulfame)

Diet Coke

CocaCola Enterprises Ltd., Uxbridge, UK
1) Phosphoric acid, 2) carbonated water, 3) caramel E150 d, 4) caffeine,
5) sweeteners (aspartame, acesulfame)

Sprite
5) acidity regulator E331

CocaCola Enterprises Ltd., Uxbridge, UK
1) Citric acid, 2) carbonated water, 3) sugar, 4) preservative E211,

7-Up

Britvic Soft Drinks Ltd., Chelmsford, UK
1) Citric acid, 2) carbonated water, 3) sugar, 4) acidity regulator
(sodium citrate), 5) malic acid

Lucozade Orange

stirrer. In addition, in order to exclude
the possibility of a simple dilution effect
of the consumer modification, five 25
ml samples of each drink, drawn from a
mixture of 25 ml drink plus 6.25 ml dis-
tilled water, were titrated to a pH of 7.0
against 0.1M sodium hydroxide while
being constantly stirred with a magnetic
stirrer. In all experiments, both the ini-
tial pH and its change in response to the
addition of increments of the alkali were
measured using a calibrated tempera-
ture compensated pH electrode (Piccolo
ATC, Hanna Instruments Inc., Highland
Business Park, 584 Park East Drive,
Woonsocket, 02895, USA).

The mean pH reading and volume of
sodium hydroxide required to reach neu-
trality (pH 7.0) were recorded. The mean
and standard deviation of these values
were calculated for each drink in both
manufactured and consumer modified
states. In addition, to facilitate future
comparison with other studies, the
mean volume of 0.1M sodium hydroxide
required to neutralise one litre of drink
was calculated. This was termed the
standardised titratable acidity (STA).

(ii) Effect upon the surface
microhardness and contour of
prepared human tooth samples

In this part of the work the effect of a
60 minute exposure to each drink, in
both manufactured form and consumer

modified state, upon human buccal

GlaxoSmithKline Group of Companies, Brentford, UK
1) Citric acid, 2) carbonated water, 3) sugar, 4) acidity regulator
(sodium citrate), 5) malic acid

molar tooth substance was determined.
For clarity the experimental stages may
best be described under the subheadings
(a) Tooth collection and preparation, (b)
Immersion protocol, (c) Surface micro-
hardness determination, and (d) Surface
profile measurement.

(a) Tooth collection, preparation
and immersion

The tooth tissue samples used in this study
were produced from extracted molar
teeth with unrestored non-carious buccal
surfaces that had been collected in the
UK for dental research prior to September
2006. All teeth used in this study were
stored in a solution of 10% hypochlo-
rite prior to their use. The fluoride his-
tory of the teeth was unknown. Ethical
approval was obtained from the Tayside
Committee on Medical Research Ethics
(REC reference number 06/S1402/104).
This study used 60 teeth in total.

In order to prepare the tooth speci-
mens, the buccal aspect of each tooth,
following removal of the roots with an
air rota under continuous water coolant
irrigation, was temporarily glued to the
base of a metset mounting mould (Bueh-
ler, Coventry, UK) using a cyanoacrylate
cement (Loctite® Precision Superglue,
Henkel Consumer Adhesives, Chesh-
ire, UK). Thereafter the mould was
assembled and the tooth embedded
in epoxy resin (Bonda Clear Casting,
Resin, Bondaglass Vost Ltd., Kent, UK)
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Surfaced
Buccal enamel

Fig. 1 The reference indentations and lines. The indentations labelled 1, 2, 3 and 4 were used
to mark the lines shown as -. The purpose of this was to identify four regions where hardness
determination would be carried out. The indentations labelled 5 and 6 were used to estab-
lished a line marked as ------ , along which surface profiling was undertaken

mixed according to the manufactur-
Once hardened the
embedded tooth was removed from the

ers instructions.

mould and separated from the mould’s
base. The buccal enamel was then fin-
ished flush with the epoxy resin using
a PM5 precision lapping and polishing
machine (Longitech, Glasgow, Scot-
land) and slurry of calcined aluminium
oxide powder with a particle size of 9
pm (Longitech, Glasgow, Scotland).

To enable subsequent identification,
each specimen was numbered upon the
mounting resin and allocated at random
to a treatment group. Each treatment
group consisted of five teeth and was
designated as follows:
® Group A - exposure to 500 ml

CocaCola
® Group B -exposure to 500 ml

Pepsi Max
® Group C - exposure to 500 ml

Diet Coke
® Group D - exposure to 500 ml

Sprite
® Group E - exposure to 500 ml 7-Up
® Group F - exposure to 500 ml

Lucozade Orange
® Group G - exposure to 400 ml

CocaCola mixed with 100 ml milk
® Group H - exposure to 400 ml

Pepsi Max mixed with 100 ml milk
® Group I - exposure to 400 ml

Diet Coke mixed with 100 ml milk
® Group J - exposure to 400 ml

Sprite mixed with 100 ml milk
® Group K - exposure to 400 ml

7-Up mixed with 100 ml milk

® Group L - exposure to 400 ml Lucoz-
ade Orange mixed with 100 ml milk.

Prior to making initial measurements,
a number of reference indentations were
placed on the mounting resin of each
specimen using a number two round bur
in a slow speed dental handpiece, sur-
rounding the surfaced buccal enamel
(Fig. 1). These comprised:
® Four indentations to facilitate surface
hardness determination
® Two further indentations established
a line, for surface profiling.

A fine-tipped marker pen was used to
join these, as illustrated in Figure 1, to
define four zones where hardness meas-
urements would be undertaken (the apices
of the four triangles formed by the lines
1-3, 2-4) and the line along which surface
profiling would be undertaken (line 5-6).

Prior to exposure of the tooth sam-
ples to the drinks in both manufactured
and consumer modified form, the sur-
face hardness and profile of each speci-
men was determined using the methods
described below. It should be noted
that any specimen found not to have a
flat profile was rejected and replaced.
Thereafter, to ensure that the datum for
surface profiling was unaffected by sub-
sequent exposure to the beverages, the
entire surface enamel was masked with
gaff tape (CPC, Preston, UK) other than
a central circular region (of diameter 5
mm) whose centre coincided with the
intersection of lines 1-3 and 2-4 (Fig. 1).

(b) Immersion protocol

For each treatment group, following
masking of the specimen surface, the
specimens were placed in a 550 ml seal-
able plastic container (Addis Clip and
Close, Addis GP Ltd., Swansea, UK) with
the tooth surface facing upwards. The
container was placed upon the flat bed of
a Stuart mini orbital shaker (Barloworld
Scientific Ltd., Stone, Staffordshire, UK)
and 500 ml of the required test bever-
age was added. The container was sealed
with its lid and the orbital shaker was set
in motion at 70 rpm for 60 minutes. Once
this time had elapsed the specimens were
removed and placed in distilled water to
wash off the erosive medium. Thereaf-
ter the gaff tape was removed and the
hardness and profile of each specimen
re-determined. In all cases, due to the
adhesiveness of the gaff tape removing
the ink of the reference lines, the lines
were re-marked prior to these measure-
ments being undertaken.

(c) Surface microhardness
determination

Surface  microhardness  determina-
tion for each specimen was carried out
using a miniload hardness microscope
(Ernest Leitz GmbH, D6330, Wetzlar,
Germany) with a load of sufficient mag-
nitude to produce a measurable indent
(typically 200-300 g) applied for 20
seconds. Each specimen was subjected
to four indentations before and follow-
ing immersion. The testing sites were
as near to the centre of the specimen
as possible and within the four triangle
apices indicated by the reference lines
1-3, 2-4 (Fig. 1). Surface microhardness
for each indent was calculated using
the formula:

Hardness value in kg mm™? =

(1854.4 x P)/d?

Where P = applied weight in grams

and d = the length of the diamond

indent in pm.

The results for each drink combina-
tion were expressed as the mean Vickers
hardness value and standard devia-
tion of these observations. In addition,
for each drink state (manufactured or
consumer modified) the mean overall
percentage reduction in surface hard-
ness was calculated using the formula:

BRITISH DENTAL JOURNAL

© 2009 Macmillan Publishers Limited. Al rights reserved.



RESEARCH

0 reduction in hardness = ((mean
initial hardness - final mean
hardness)/mean initial hardness)
x 100

(d) Surface profile measurement

This was determined for each specimen,
following immersion for 60 minutes in
the test beverage, using a profilometer
(Surfometer Type SF 220, Planner Prod-
ucts Ltd, Sunbury on Thames, UK) with
a stylus tip of diameter 20 pm. The speed
of traverse throughout was 10 mm min™.
The instrument’s software was used to
calculate the mean depth loss relative
to the protected surrounding enamel.
Before its use, the instrument was cali-
brated using the manufacturer’s calibra-
tion blocks which contained test grooves
of 1,9 and 44 um. In accordance with the
manufacturer’s instructions, no meas-
urement work was undertaken within the
first 20 minutes of turning the machine
on. This was to allow evaporation of any
moisture from the transducer head that
would affect adversely its operation. For
each treatment regime the results were
expressed as the mean depth loss before
and after immersion.

RESULTS

Tables 2 and 3 give the mean initial pH
readings and mean titratable acidity,
together with the standard deviations of
these observations, for the drinks tested

in both their manufactured and con-
sumer modified states. In addition, the
standardised titratable acidity values
are presented. It should be emphasised
that in the case of the modified drinks,
6.25 ml of UHT British whole milk was
added to 25 ml of manufactured drink
and it was in fact 25 ml of the resultant
mixture that was measured out for the
determination of initial pH and titrat-
able acidity. Table 3 also contains the
standardised titratable acidity values.
Analyses of variance of the initial pH
readings and of the titratable acidity of
the drinks revealed, for both param-
eters, highly significant differences
(p <0.0001) between the drinks. These
were localised by Tukey comparison of
means testing. Tables 4 and 5 summa-
rise the findings of these tests. It is clear
that the addition of milk to any given
drink highly significantly increased

Table 2 The mean pH readings of carbonated beverages in the raw state and following the
addition of 6.25 ml of Tesco's full fat UHT British whole milk

CocaCola 3.56 (0.03) CocaCola + milk 6.67 (0.04)
Pepsi Max 3.86 (0.03) Pepsi Max + milk 6.66 (0.05)
Diet Coke 410 (0.00) Diet Coke + milk 6.75 (0.04)
Sprite 3.72 (0.22) Sprite + milk 5.56 (0.01)
7-Up 3.38(0.13) 7-Up + milk 5.36 (0.01)
Lucozade Orange 3.82 (0.05) Lucozade Orange + milk 5.13 (0.01)

Numbers in the body of the table represent the mean initial pH readings. Parenthesised values are the standard deviation. The mean is the

result of five experimental runs. In the case of those drinks where milk was added the mean is the result of five experimental runs of a 25

ml sample drawn from a dilution of 25 ml drink plus 6.25 ml milk.

Table 3 The mean titratable acidity and standardised titratable acidity (STA) of
carbonated beverages in the raw state and following the addition of 6.25 ml of Tesco's

full fat UHT British whole milk

CocaCola 3.82 (0.31) 153 Comliol 0.42 (0.04) 0.17
+ milk

Pepsi Max 3.82(0.48) 1.53 gD bt 1.78 (0.51) 071
+ milk

Diet Coke 3.28(0.18) 1.31 Uit Lk 0.44 (0.05) 0.18
+ milk

Sprite 10.24 (0.88) 410 Sprite + milk | 4.50 (0.07) 1.80

7-Up 11.08 (0.29) 443 7-Up + milk 5.56 (0.26) 222

Lucozade Lucozade

Orange 11.82 (0.42) 473 Orange + milk | 6:84(0.08) 2.74

Numbers in the body of the table represent the mean volume (ml) of 0.1M sodium hydroxide required to neutralise 25 ml of drink.
Parenthesised values are the standard deviation. The mean is the result of five experimental runs. In the case of those drinks where milk
was added the mean is the result of five experimental runs of a 25 ml sample drawn from a dilution of 25 ml drink plus 6.25 ml| milk.

The standardised titratable acidity (STA) is defined as the number of moles of 0.1M sodium hydroxide required to bring to pH 7.0 one litre
of drink. It is calculated using the formula STA = (mean volume in ml of 0.1M sodium hydroxide required to neutralise 25 ml of drink
x 0.0001) x 40.

(p <0.001) the mean pH readings (Table
4). There was, however, no significant
difference (p >0.05) in mean pH read-
ings between CocaCola and 7-Up, Sprite
and 7-Up, CocaCola with milk and Pepsi
Max with milk, CocaCola with milk and
Diet Coke with milk, and Pepsi Max
with milk and Diet Coke with milk. For
all other inter-drink comparisons the
observed differences in mean pH read-
ings were highly statistically signifi-
cant (p <0.001), except for CocaCola and
Sprite, Pepsimax and Sprite, Pepsimax
and Lucozade Orange, and 7-Up with
milk and Lucozade Orange with milk,
where the level of significance was p
<0.01. In the case of Sprite with milk
compared to 7-Up with milk, the mean
pH reading for 7-Up was significantly
(p <0.05) lower.

Table 5 summarises the results of the
Tukey comparison of means of the mean

titratable acidity values observed for the
drinks. The addition of milk to a given
drink highly significantly (p <0.001)
decreased its mean titratable acidity.
There was no significant difference (p
>0.05) in mean titratable acidity val-
ues between: CocaCola and 7-Up, Sprite
and 7-Up, CocaCola with milk and Pepsi
Max with milk, CocaCola with milk and
Diet Coke with milk, and Pepsi Max
with milk and Diet Coke with milk. For
all other inter-drink comparisons the
observed differences in mean titratable
acidity values were highly statistically
significant (p <0.001) with the excep-
tions of Pepsi Max with milk and Diet
Coke with milk, and Sprite with milk
and 7-Up with milk, where the level of
significance was p <0.01.

Tables 6 and 7 give the mean initial
pH readings and mean titratable acidity,
together with the standard deviations of

© 2009 Macmillan Publishers Limited. Al rights reserved.
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Table 4 Results of Tukey comparison of means of mean pH readings within Table 2

C = CocaCola, P = Pepsi Max, D = Diet Coke, S = Sprite, 7 = 7-Up, L = Lucozade Orange, CM = CocaCola + milk, PM = Pepsi Max + milk, DM
= Diet Coke + milk, SM = Sprite + milk, 7M = 7-Up + milk, LM = Lucozade Orange + milk.

NS = No statistically significant difference; * = p <0.05; ** = p <0.01; *** = p <0.001.

Table 5 Results of Tukey comparison of means of mean titratable acidity values

within Table 3

C = CocaCola, P = Pepsi Max, D = Diet Coke, S = Sprite, 7 = 7-Up, L = Lucozade Orange, CM = CocaCola + milk, PM = Pepsi Max + milk, DM
= Diet Coke + milk, SM = Sprite + milk, 7M = 7-Up + milk, LM = Lucozade Orange + milk.

NS = No statistically significant difference; * = p <0.05; ** = p <0.01; *** = p <0.001

these observations, for the drinks tested
in consumer modified state (6.25 ml of
UHT British whole milk was added to 25
ml of manufactured drink and 25 ml of
the resultant mixture measured out to
determine initial pH and titratable acid-
ity on five separate occasions) and water
diluted state (6.25 ml of distilled water
added to 25 ml of manufactured drink
and 25 ml of the resultant mixture
measured out to determine initial pH
and titratable acidity on five occasions).
the standardised titrat-
able acidity values are also presented.

In addition,

Analyses of variance of the initial pH
readings and of the titratable acidity
of the drinks in the consumer modified
and water diluted states revealed, for
both parameters, significant differences
(p <0.0001) between the drinks. Tukey
comparison of mean testing demon-
strated that, for a given drink brand, the
consumer modified state consistently
exhibited
higher (p <0.001) initial mean pH read-

statistically  significantly
ings and lower mean titratable acidity.
As this aspect of the investigation was
undertaken to see if the increases in

initial pH and reductions in titratable
acidity seen in Tables 2 and 3 were
simply a dilution effect, no inter-drink
comparisons are reported. From these
results and their statistical comparison
it is apparent that the addition of milk to
the drink has more than a simple dilu-
tion effect upon both the mean pH read-
ing and titratable acidity.

Table 8 gives the mean Vickers hard-
ness values for the tooth samples before
and following immersion in the drinks
for 60 minutes. This table also gives
the standard deviations of these obser-
vations and gives the mean change in
surface microhardness. This latter quan-
tity is also expressed as the percentage
change in surface microhardness. For
each drink the mean is calculated from
five tooth samples measured at four
sites. Thus each mean is a product of
20 indentations in total. For the drinks
in manufactured and consumer modi-
fied states, separately conducted two
way analyses of variance of the hard-
ness measurements revealed highly sig-
nificant (p <0.001) effects of the type of
drink and immersion upon this quantity.
No significant interaction between these
variables was found (manufactured state
p = 0.1892, consumer modified state p
= 0.6990). Immersion in a given drink
brought about a reduction in surface
microhardness value. Due, however, to
the variation in initial hardness val-
ues, the numerical change in hardness
observed for each drink and state was
converted to a percentage change in
hardness to enable normalised compari-
son. This clearly revealed that overall
the addition of milk reduced the decline
in surface microhardness that followed
drink immersion. This effect, as dem-
onstrated by an analysis of variance
of the percentage change in hardness,
was statistically significant (p = 0.005).
The addition of milk thus significantly
impaired the softening of the tooth sam-
ples, although this general observation
must be tempered by the fact that this
was not seen in the case of Sprite, where
addition of milk brought about a slight
increase in the percentage change in
hardness (manufactured state = 47.3%,
consumer modified state = 58.9%).

Table 9 summarises the mean depth
loss (with standard deviations) of tooth

BRITISH DENTAL JOURNAL
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substance that occurred following a 60
minute exposure to each drink in the
manufactured and consumer modified
states while undergoing standardised
agitation. An analysis of variance of
this data returned a p value of 0.0732
and therefore the differences in depth
loss values were not statistically signifi-
cantly different.

DISCUSSION

This study employed a number of rec-
ognised laboratory tests to assess the
potential of the drinks studied to bring
about dental erosion in vitro.

The technique employed to assess the
titratable acidity and to measure the ini-
tial pH was similar to that reported by
others'”?* but differed in that the volume
of drinks tested was 25 ml compared to
20 ml as adopted by some of these work-
ers.'”?! The results of the present study
therefore are not directly comparable to
these because they used a different vol-
ume of drink and evaluated other bev-
erage types. Such a volumetric-based
comparison may, however, be made if
desired by multiplying the titratable
acidity volumes reported in the litera-
ture (for evaluations involving a 20 ml
drink sample) by 1.25. In the future such
inter-study comparison could be facili-
tated if all titratable acidity values were
reported as the number of moles of 0.1M
sodium hydroxide required to adjust
the pH of a one litre of drink to pH 7.0
(the
Although reported here, such practice is
not convention in the dental literature.

standardised titratable acidity).

A larger volume (25 ml) of test beverage
was used in the present work for it per-
mitted greater depth of immersion of the
pH electrode in the drink under test and
facilitated the use of a magnetic stirrer,
at constant rate, in the laboratory glass-
ware used. Shellis et al.*® stated that
reproducible stirring of erosive bever-
ages in laboratory tests was essential for
precision and intercomparison of in vitro
erosion studies.

This study measured the surface micro-
hardness of tooth specimens prior to and
following immersion in the beverages in
their manufactured and consumer modi-
fied states for 60 minutes. Inevitably,
due to the nature of specimen prepara-
tion, the enamel tested was subsurface

Table 6 The mean pH readings of carbonated beverages in the water diluted and consumer
modified states

CocaCola + water 2.83 (0.04) CocaCola + milk 6.67 (0.04)
Pepsi Max + water 3.28 (0.01) Pepsi Max + milk 6.66 (0.05)
Diet Coke + water 3.56 (0.01) Diet Coke + milk 6.75 (0.04)
Sprite + water 3.54 (0.01) Sprite + milk 5.56 (0.01)
7-Up + water 3.42 (0.01) 7-Up + milk 5.36 (0.01)
Lucozade Orange + water 3.31(0.01) Lucozade Orange + milk 5.13 (0.01)

Numbers in the body of the table represent the mean initial pH readings. Parenthesised values are the standard deviation. The mean is the
result of five experimental runs. In the case of those drinks where water was added, the mean is the result of five experimental runs of a 25
ml sample drawn from a dilution of 25 ml drink plus 6.25 ml water. In the case of those drinks where milk was added, the mean is the result
of five experimental runs of a 25 ml sample drawn from a dilution of 25 ml drink plus 6.25 ml milk.

Table 7 The mean titratable acidity and standardised titratable acidity (STA) of
carbonated beverages in the water diluted and consumer modified states

CocaCola + water | 4.08 (0.08) 1.63

CocaCola + milk | 0.42 (0.04) 0.17

Pepsi Max + water | 4.24 (0.09) 1.70

Pepsi Max + milk | 1.78 (0.51) 0.71

Diet Coke + water | 4.04 (0.05) 1.62

Diet Coke + milk | 0.44 (0.05) 0.18

Sprite + water 8.10 (0.07) 3.24 Sprite + milk 4.50 (0.07) 1.80
7-Up + water 8.70 (0.14) 3.48 7-Up + milk 5.56 (0.26) 2.22
ozl 10.58 (0.30) | 4.23 LucozadelQrange |l o4 (g | 274

Orange + water

+ milk

Numbers in the body of the table represent the mean volume (ml) of 0.1M sodium hydroxide required to neutralise 25 ml of drink. Paren-
thesised values are the standard deviation. The mean is the result of five experimental runs. In the case of those drinks where water was

added, the mean is the result of five experimental runs of a 25 ml sample drawn from a dilution of 25 ml drink plus 6.25 ml water. In the
case of those drinks where milk was added, the mean is the result of five experimental runs of a 25 ml sample drawn from a dilution of 25
ml drink plus 6.25 ml milk. For an explanation of STA see Table 3.

enamel. In the clinical situation, loss of
surface enamel in function exposes sub-
surface enamel to direct acid contact so
this is a relevant tissue to conduct this
research upon. Hardness measurements
permit an assessment of the degree of
enamel and dentine dissolution to be
made.?* They have been shown to dis-
criminate the erosive potentials of vari-
ous substances applied to dental hard
tissues, even after comparatively short
exposures to acidic agents.”® It is some-
what misleading, however, to assume
that the measurement is a reflection only
of the surface properties. It should there-
fore be noted that the diamond indenter
actually penetrates the surface of tooth
substance by a few microns in such a
test. With this point in mind it should
be remembered that it is in fact the loss
of mineral from the subsurface that ini-
tiates the erosive process by bringing
about softening?® of the affected tooth
substance. Some have commented that

the length of indentations made in such
tests, due to the flexibility of the den-
tine substrate, can change with time.””
These workers therefore advocate not
measuring the dimensions of the indents
until 24 hours after indentation. This
raises a major practical problem, that of
finding the indent again if other areas
of the specimen are also indented at the
same time. For this reason such a prac-
tice was not adopted in this study and
this is in accord with others who have
investigated erosion by microhardness
determination.?-°

In the work reported here, a surface
profilometer was used to determine
the depth loss of tooth substance that
occurred following exposure of the
tooth samples to the beverages. Such an
instrument has been used for this pur-
pose by many other workers in labora-
tory erosion studies.””?'?* Often tape is
applied to the specimen prior to immer-
sion to limit the area of tooth substance

© 2009 Macmillan Publishers Limited. Al rights reserved.
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Table 8 The mean initial and final Vickers hardness values, and change in this (expressed as both numerical change and % reduction),
following immersion of the tooth samples in the beverages for 60 minutes

CocaCola 175.7(109.0) | 68.7 (41.8) é}%}f}o CocaCola + milk | 120.2(91.6) | 111.3(92.3) ;209/0

Pepsi Max 188.8 (122.0) 747 (48.9) ég_i'(,}o Pepsi Max + milk (1166%_06] 115.4 (83.5) 5295'3,0
Diet Coke 1955(1233) | 639(59.5) 5730 DI Qi (215312",‘3] (1183%%) 25.7%
Sprite 269.7 (125.2) 142.0 (148.8) 41723702 Sprite + milk (212%_29] (12583] 5;4302
7-Up 2392(1817) | 670 (76.4) o 7-Up + milk (1235) 122(808) | 3%
Lucozade Orange | 160.2 (115.9) 57.9 (20.1) ;3130302 iur;?ﬁ(ade Bl 297.5 (268.2) (11626179) ;143802

Mean overall percentage reduction in surface hardness in manufactured state = 62.0% (8.4)
Mean overall percentage reduction in surface hardness in modified state = 33.3% (17.4)

For each drink the mean is calculated from the surface hardness measurements of five tooth samples at four sites in each. The standard deviations of the observations

are given in parentheses.

The percentage reduction in hardness is calculated using the formula ((mean initial hardness - final mean hardness)/mean initial hardness) x 100.

Table 9 The mean depth loss of tooth substance following immersion with standardised
agitation for one hour in carbonated beverages in the raw state and following modification

with Tesco's full fat UHT British whole milk

that followed immersion of the tooth
specimens in the beverages (Table 8, p =
0.005). Presumably this is due to a min-
eral exchange mechanism, for the calcium
content of these productsis high. Although

CocaCola 4.47 (2.74) CocaCola + milk 2.39 (2.56) the addition of milk to the drinks by the
Pepsi Max 2.30(2.13) Pepsi Max + milk 4.68 (3.47) consumer shows considerable potential
to lessen their capacity to produce den-

Diet Coke 417 (2.61) Diet Coke + milk 8.92 (7.74) 7 Thelr capacity 1o p
tal erosion, it would be necessary to con-
Sprite 2.37 (1.75) Sprite + milk 2.90 (1.33) duct a carefully controlled clinical study.
7-Up 6.37 (3.37) 7-Up + milk 723 (4.54) In.additio.n, work on the acceptability of
n=4 this practice to the palate would also need
Lucozade Orange 7.47 (5.48) Lucozade Orange + milk | 2.81(1.77) to be undertaken. Acid content of foods/

Parenthesised values within the table are the standard deviation of the observations. Each mean is the product of profiles of three separate

specimens except where n is quoted.

An analysis of variance of this data returned a p value of 0.0732.

that is exposed to the eroding medium.
This was the case in this work but unlike
the procedures adopted by others, where
the exposed region is a narrow strip 2-3
mm wide, the method of masking in this
work left a circular region of diameter 5
mm and area of 19.63 mm? exposed to
the eroding media. Such a comparatively
large area was thought to represent more
realistically the in vivo situation, for the
larger area was more exposed to the flow
of the erosive medium brought about by
the agitation of the tooth specimens
than a narrow strip. The depth of erosion
has previously been shown to increase
proportionally with the velocity of the
eroding liquid.” In addition, the larger
area more readily permitted surface

microhardness determination. Perhaps
due to a surface sheltering effect of the
masking at the periphery of the exposed
area, the loss of tooth substance seen
in this work followed a bowl crater-like
pattern. For this reason the mean depth
loss along the line of profile was calcu-
lated, using the profilometer’s software,
to enable comparisons to be made.

The results of the work reported here
clearly show that the addition of milk to
the beverages, under the conditions of the
study, significantly increased their mean
initial pH readings (Table 2, p <0.001),
decreased their mean titratable acidity
(Table 3, p <0.001) and significantly less-
ened (in all but one case) the percentage
deterioration in surface microhardness

beverages is an important factor in taste
perception® and in addition, is a potent
salivary stimulant.’ It would therefore be
important to conduct further research to
ensure that the potential in vivo benefi-
cial effects of milk addition to carbonated
beverages is not offset by potential reduc-
tions in saliva production.
Notwithstanding the above, the addi-
tion of milk to the beverages had no
significant effect upon the mean depth
loss due to erosion observed by pro-
filometry, as compared to that of the
beverages in manufactured state (Table
9). It could be that with greater speci-
men agitation, greater tooth tissue loss
would have occurred of statistical sig-
nificance, for the depth of erosion is
known to increase proportionally with
liquid velocity.”? Although the present
work was conducted in vitro, it should
also be borne in mind that in wvivo
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softened tooth substance would also be
subjected to the processes of abrasion
and attrition. These were absent in the
work presented here and are well known
to increase tooth tissue loss.?’

Of course, one may criticise the present
work on the grounds that the lengthy
immersion time of 60 minutes was longer
than that encountered in vivo. It should
be noted, however, that within the litera-
ture there is wide variation in immersion
times. These range from 5 minutes® to 8
days,?® with the norm being of the order
of 15-60 minutes.’”® What is accepted,
is that there
exposure time that must be exceeded

however, is a critical
before a reduction in surface microhard-
ness due to erosion occurs.?® It should
also be mentioned that the experimental
model in the present work did not mimic
the remineralisation effects of saliva
upon tooth substance.

Finally, it is interesting to note that
in focus group discussions involving
32 children aged 8-14 years, concern-
ing the prevention of the dental effects
of carbonated drinks, the younger chil-
dren recommended increasing the avail-
ability of milk and water.”® To promote
this they developed the slogan ‘Milk
would make you the strongest person
in the world. Perhaps this apparent
enthusiasm may, in the future, make the
practice of adding milk to carbonated
beverages acceptable for the prevention
of dental erosion.

CONCLUSION

Within the limitations of this study, the
addition of milk to carbonated beverages
overall reduced their capacity to bring

about erosion by significantly increasing
their mean pH (p <0.001) and decreas-
ing both their mean titratable acidity
(p <0.001) and the percentage change
in surface microhardness of tooth sub-
stance following exposure to the bever-
ages (p = 0.005).

The authors express their thanks to Val Wilson
Sfor preparation of the tooth specimens for testing.
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