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Evaluation of salivary buffer capacity in dental
biofilms in vivo exposed to acidic drinks

Evaluacion de la capacidad tampén salival en biopeliculas dentales in vivo expuestas a bebidas acidas
Avaliacao da capacidade tampao salivar em biofilmes dentais in vivo expostos a bebidas acidas

ABSTRACT

Objective: to evaluate the cariogenic and erosive potential in vivo of different acidic drinks. Method: the pH of the dental biofilm
was measured by a micro-electrode type BEETRODE® (WPI Inc., England) coupled to a potentiometer (Orion 230 A). The measu-
rement moments were in the "baseline’, 5, 10, 15, 20, 25 and 30 minutes. The data were analyzed and the level of significance
was 5%. Results: all beverages analyzed have a minimum pH below 5.5, characterizing their cariogenic potential, 75% have a
minimum pH below 4.5, also confirming their erosive potential. Conclusion: all acid drinks analyzed have cariogenic and erosive
potential. Soft drinks cause a more pronounced drop in pH immediately, except in the absence of sucrose, where the drop in pH
is less prolonged. The industrialized liquid grape juice was the one that came closest to water, being the product of the group
less cariogenic and erosive.

DESCRIPTORS: pH, Fruit juices, Acid drinks, Caries, Dental erosion.

RESUMEN

Objetivo: evaluar el potencial cariogénico y erosivo in vivo de diferentes bebidas acidas. Método: se midio el pH del biofilm dental
mediante un microelectrodo tipo BEETRODE® (WPI Inc., Inglaterra) acoplado a un potenciémetro (Orion 230 A). Los momentos
de medicion fueron en la "linea base", 5, 10, 15, 20, 25 y 30 minutos. Los datos fueron analizados v el nivel de significancia fue
del 5%. Resultados: todas las bebidas analizadas tienen un pH minimo por debajo de 5.5, caracterizando su potencial cariogé-
nico, el 75% tiene un pH minimo por debajo de 4.5, lo que también confirma su potencial erosivo. Conclusion: todas las bebidas
acidas analizadas tienen potencial cariogénico y erosivo. Los refrescos provocan inmediatamente una caida mas pronunciada
del pH, excepto en ausencia de sacarosa, donde la caida del pH es menos prolongada. El mosto liquido industrializado fue el que
mas se acerco al agua, siendo el producto del grupo menos cariogénico v erosivo.

DESCRIPTORES: pH, Jugos de frutas, Bebidas acidas, Caries, Erosion dental.

RESUMO

Objetivo: avaliar o potencial cariogénico e erosivo in vivo de diferentes bebidas acidas. Método: o pH do biofilme dental foi me-
dido por um micro-eletrodo tipo BEETRODE® (WPI Inc., Inglaterra) acoplado a um potenciémetro (Orion 230 A). Os momentos
de medicao foram no “baseline”, 5, 10, 15, 20, 25 e 30 minutos. Os dados foram analisados e o nivel de significancia foi de 5%.
Resultados: todas as bebidas analisadas apresentam pH minimo inferior a 5,5, caracterizando seu potencial cariogénico, 75%
apresentam pH minimo inferior a 4,5, confirmando também seu potencial erosivo. Conclusdo: todas as bebidas acidas analisa-
das possuem potencial cariogénico e erosivo. Os refrigerantes causam uma queda de pH mais acentuada de imediato, exceto
na auséncia de sacarose, em que a queda do ph & menos prolongada. O suco de uva liquido industrializado foi 0 que mais se
aproximou da agua, sendo o produto do grupo menos cariogénico e erosivo.

DESCRITORES: pH, Sucos de frutas, Bebidas acidas, Carie, Erosao dental.
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INTRODUCTION

ental caries has accompanied man
D for thousands of years, and is still

considered a public health pro-
blem, despite the decline in its preva-
lence. ¥ It is a multifactorial disease, as
it results from the interaction of three
primary factors in the individual: micro-
organism, substrate and host.

As the dental surface is constantly ex-
posed to external products from the diet,
microbial metabolism and hygiene and
therapeutic products, the enamel can un-
dergo a demineralization process caused
by acids resulting from the metabolism of
sucrose by oral microorganisms, in addi-
tion to acids from diet or intrinsic due to
regurgitation.

The diet plays a central role in the de-
velopment of caries disease, studies show
the causal relationship between the con-
sumption of fermentable carbohydrates
and the development of carious lesions.
@) Sucrose plays an important role in the
formation of dental biofilm, promoting
greater induction of caries. @ Dietary
factors related to both products, in the
case of diet, such as the type of carbohy-
drate, carbohydrate concentration, adhe-
siveness, with emphasis on the retention
time and protective components present;
as for the factors related to the individu-
al, such as the frequency of ingestion and
time of removal in the mouth, influence
the greater or lesser risk of developing ca-
ries or dental erosion. ¥

Concomitantly with the decline of ca-
ries, there have been changes in the cating
habits of the populations with an increa-
se in the intake of acidic foods and drinks
that are recognized as etiological factors
for tooth erosion.

In addition to diet, another factor of
great influence in caries disease is saliva.
Salivary buffers are mainly derived from

the bicarbonate and phosphate systems,
correcting the pH changes that occur by
the formation of acidic and basic ions, for
example, by the fermentation of sugars. ©)

Much knowledge is already esta-
blished and can elucidate the etiology
of tooth decay and erosion, however, the
effect of unmodified acidic and sugary
foods, such as soft drinks and industriali-
zed orange, guava and grape juices, on the
Biofilm pH in vivo.

Given the above, the objective of the
study was to evaluate the buffer capacity
of saliva in dental biofilms in vivo expo-
sed to the liquid foods mentioned to esti-
mate the risk of dental demineralization
(caries and erosion) as well as to evaluate
the biofilm pH variation as a function of
time and estimate the risk of caries and
dental erosion according to the results
obtained.

METHODS

The present study was developed at
the Laboratory of Oral Biology (LA-
BIAL - Laboratério de Biologia Bucal) of
the Health Sciences Center (CCS - Cen-
tro de Ciéncias da Satde) of the Federal
University of Paraiba (UFPB) in two sta-
ges: laboratory and clinical. In the labo-
ratory stage, the pH of the selected acidic
drinks was determined in vitro and in the
clinical stage these drinks were tested in
vivo, when the pH of the dental biofilm
was measured in vivo when exposed to
such drinks.

The sclection of liquid foods was
carried out from the database of the re-
search “First Diagnosis of the Food and
Nutritional Situation of the population
of the Municipality of Joio Pessoa/PB”
or, in the original language, “Primeiro
Diagnéstico da Situagao Alimentar ¢ Nu-
tricional da popula¢io do Municipio de
Joio Pessoa/PB”. (©

The foods were selected from three
categories or groups: a) carbonated aci-
dic drinks (cola-based drinks - with and
without sugar - and the Paullinia cupa-
na base - with and without sugar); b) li-
quid and powdered industrialized juices
(orange, guava, grape flavors); ¢) positive
and negative controls, respectively fresh
lemon juice and water.

The study included 8 volunteer pa-
tients, of both sexes (4 males and 4 fe-
males), aged between 18 and 27 years
old, who attended the UFPB Clinic of
Cariology in the first semester of 2012.
The sample was pre-selected based on
the assessment of oral hygiene and the
presence of dental biofilm, and patients
with good oral hygicne standards (OHI-
-S <1.1) and without evident white spot
lesion, who had at least 20 teeth, were
selected natural with two index teeth
(molars present), who agreed to sign the
informed consent form, were not taking
any medication and who agreed with the
study protocol.

The products were kept at room tem-
perature until the moment of analysis.
Powdered juices were prepared with filte-
red water (without deionization process)
to simulate domestic use. Preparations
and dilutions followed the manufactu-
rers' recommendations (1,5g/50 ml.).

First, the electrodes were calibrated
with standards of 4,0 and 7,00. The rea-
dings were performed in triplicate on the
specific electrode (model 91-02 Orion
Research Corp. Cambridge Mass, USA)
coupled to a potentiometer (model 290A
+, Orion Research Corp., Cambridge,
Mass., USA), obtaining the average and
standard deviation of the pH of cach
drug and drink. Before analysis, they
were subjected to agitation of the ma-
terial in a magnetic stirrer (model MA-
162, Marconi, Brazil).

The procedures for the research
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complied with the guidelines and re-
gulations governing research involving
human subjects, approved by the Rese-
arch Ethics Committee of the Health
Sciences Center (CCS) UFPB under
the CAAE No. 0005.0.426.126-11, ac-
cording to the ethical standards for re-
search involving human beings, based
on Resolution 196/96 of the National
Health Council/National Commission
for Ethics in Research.

For data collection, a clinical record
containing data on the volunteer (date
of birth, age and sex) and table for recor-
ding the pH values of the dental biofilm
were used.

All volunteers were instructed not to
brush their teeth 24 hours before the ex-
periment. On the day of collection, a 2
mL sample of cach tested drink was dri-
pped onto the buccal surface of the too-
th with the greatest presence of dental
plaque. The dripping of the product was
performed only once in order to observe

its effect on dental biofilm in vivo. It is
therefore characterized as a short-term
project. All 8 volunteers were submitted
to the 12 tested products.

To measure the pH of the biofilm, a
micro-electrode type Beetrode (WPI
Inc., England) coupled to a potentiome-
ter (Orion 230 A) was used. The calibra-
tion of the device was constantly perfor-
med with pH 4,01 and 7,00 standards.
The measurement moments were in the
"baseline” (0 - before dripping), 5, 10, 15,
20, 25 and 30 minutes. Only the proxi-
mal and cervical thirds of anterior teeth
were measured. The data were recorded

in a clinical form. This electrode has
the advantage of the precision of the me-
asured values. In the presence of defects,
it was replaced with pH tape.

For statistical analysis, data were
transferred to a computerized database
and analyzed using descriptive statistics
techniques, using absolute and percen-
tage distributions and statistical techni-

Graph 1 - Distribution of acidic drinks according to the average pH in

vitro.
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Source: In vitro analysis performed at LABIAL, 2012.

Table 1 - minimum pH, mean pH and total auc of the beverage groups

Bebidas pHmin
Agua 5,40a
Refrig. 4,28b
Sucos 4,23b
Limao 3,83b

Source: SPSS 16.0
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meanpH auctotal
5,82a 31,67a
4,98b 57,24b
4,93b 58,72b
4,49b 74,50c

ques, using the one-way ANOVA and
Wilcoxon test. The pH values were tabu-
lated to obtain AUC (under curve area)
following the mathematical formula of
the Riemann integral. The level of signifi-
cance adopted was 5%. The statistical pa-
ckage SPSS (Statistical Package for Social
Science) version 16.0 was used.

RESULTS

In the in vitro analysis of the 12 rese-
arched drinks, all had a pH lower than
the critical pH for enamel deminerali-
zation, which is 5,5, and the average for
the group of carbonated acid drinks was
3,1 (+ 0,020), for the group of industria-
lized juices it was 3,28 (+ 0,043), for le-
mon juice it was 2,97 (+ 0,045) and for
mineral water it was 5,42 (+ 0,027). The
cola-based drink, the normal version, had
the lowest pH (2,57) while the powdered
guava juice had the highest pH (4,24)
(Graphl).

Table 1 shows that there is a statisti-
cally significant difference between the
pH of the water in relation to the soft
drink and juice groups and to the lemon,
but the same significance is not present
between the soft drink group in relation
to the juice group.

Table 1 shows that there is a statisti-
cally significant difference between the
pH of the water in relation to the soft
drink and juice groups and to the lemon,
but the same significance is not present
between the soft drink group in relation
to the juice group.

In graph 2, it is possible to confirm the
observations in table 1, when verifying
the similarity between the juice and soft
drink groups with regard to the pH ave-
rage and the curve formed. In graph 3, it
can be seen that the normal cola drink is
the drink that takes the longest to reco-
ver the pH value, on the other hand, its
zero sugar version causes the lowest pH
drop with a faster recovery compared to
other soft drinks

Graph 4 proves that liquid grape juice
is the drink that leads to the lowest pH
drop with a faster recovery than other
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juices, and that the juice that leads to the  of the groups over time by repeated mea-  time, which is statistically significant. It is
highest pH drop with slower recovery is  sures ANOVA, when it can be seen that,  also observed that all groups reached pH
guava juice in powder. with the exception of water, all other  values below the critical value.

Graph 5 compared the measurements  groups showed little recovery of pH over

DISCUSSION
Graph 2 - Stephan curve of the control group (water), soft drinks, juices and
positive control (lemon) with minimum pH. In this study, the pH recording of bio-
films in vivo was performed using a palla-

dium microelectrode technique with a
100 um active sensitive tip and a glass

half-cell reference electrode coupled to a
potentiometer. Despite the possible dis-
comfort due to the need for the volunte-
er to have to hold a finger in a solution of

potassium chloride containing the refe-

rence electr hi ipment is consi-
3 = ) ¥ R T % ence electrode, this equipment is cons

Hiims ik dered one of the most reliable for measu-

ring pH fluctuations in this environment.

The explanation for this credit is due to
the fact that the pH determination is
effectively performed by the precise [H

Source: Anova. In vivo analysis performed at the UFPB cariology clinic, 2012.

Graph 3 — Stephan curve of the control group (water), soft drinks, Normal and

o ; ¥ +] in analytical conditions that reach a
zero and positive control (lemon) with minimum pH values.

margin of error of 3% and 0,05 pH units.

= ™ The different techniques for measuring
' pH have always encountered problems
6 Agus with the reliability of the results since
s | coc variations and fluctuations of pH in vivo
i are frequent in the oral cavity. #>19
4 s DAL 260 ) )
T The pH value of dental biofilms in
—
3 vivo is considered one of the main indi-
—Guarand rero . . ) 7
3 ik cators of dental demineralization. 7 The
o 5 10 15 0 5 0 pH value in these conditions reflects the
Tampo min. direct and indirect result of internal bio-
film factors (for example: composition of

the microbiota) as well as external factors

Source: Anova. In vivo analysis performed at the UFPB cariology clinic, 2012.

such as salivary buffer capacity and acidi-

Graph 4 - Stephan curve of the control group (water), Orange Juice, Guava and ty of food and drinks.
Grape Powder and Liquid Orange, Guava and Grape and positive control (lemon) In the present study it was observed

with minimum pH values over the time (0, 5, 10, 15, 20, 25, 30 min). that the effect of soft drinks based on
normal and zero cola, drinks based on
| 7 normal and zero Paullinia cupana and
= —dhgua of liquid and powdered industrialized
—— Laranja pd juices of orange, guava and grape on the
=0 ——Galaba pd salivary buffer capacity was significant in
B i — Uva e the erosive and cariogenic.
= Laranja Ug. Modern diets usually contain very
* —— Gialaba Lig. acidic foods, and acidic fruits have been
2 ——lhalig increasingly consumed by young people
o = ad 13 L a3 0 —— Limio and children in the form of diluted pulps
Toma il and juices. 'Y Because they are tasty, soft
drinks and fruit juices are well accepted,
Source: Anova. In vivo analysis performed at the UFPB cariology clinic, 2012. hOWCVCI‘, dCSpitC being sources of vita-
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Graph 5 — Stephan curve of the control group (water), soft drinks, juices and

positive control (lemon) with minimum pH values over the time (0, 5, 10, 15,

20, 25, 30 min).

Curva de Stephan para o3 diferentes grupos

valares de pH

3,504

QgD &8
pradhios

T T
1m0 15

&
s

tempo (minutos)

T T T
0 - b ]

Source: Anova. In vivo analysis performed at the UFPB cariology clinic, 2012.

mins, they can bring losses such as short
stature, obesity, development of caries
and dental erosion. (2,

Measuring pH is a practical method to
access the erosive and cariogenic poten-
tial of acidic drinks. In the present study,
the endogenous pH of soft drinks ranged
from 2,57 to 3,49. Results similar to tho-
se obtained by Dantas ¥ who found pH
values ranging from 2,33 to 2,83 for cola-
-based soft drinks, as well as the findings
of Duran, Lépez and Cotrina % and So-
bral et al. ™ who observed, respectively,
variations of 2,53 to 3,07 and 2,36 to
3,54 in the pH of soft drinks.

Regarding the percentage of acids in
the different drinks analyzed, it is ob-
served that natural lemon juice (positive
control) presented the highest percen-
tage of acids among the analyzed drinks
and mineral water (negative control)
the lowest percentage. Considering that,
according to Magalhies et al. ¢ drinks
with lower pH and greater acidity, such
as juices and soft drinks, have greater ero-
sive power, due to the presence of citric,
acetic and phosphoric acids, it can be said
that many analyzed drinks are in these
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conditions, which make them potentially
erosive.

The erosive
potential of an
acidic drink or

food depends not
only on the pH value

Analyzed by groups, soft drinks and
juices obtained very similar pH values,
which coincides with the results obtained
by Hannan and Marreiro 7, who found
no differences between these groups.

Cola-based soft drinks had the lowest
pH values, corroborating the results fou-
nd in the works of Fushida and Cury ¥

with an endogenous pH value of 2,29 for
the drink based on normal cola and by
Rodrigues et al. ' who found the mini-
mum mean pH values for zero line refri-
gerants (2,85).

The curves of orange and guava juices
were very close to ecach other, being at a di-
sadvantage in relation to grape juice, whi-
ch was less acidic and had no potential to
cause dental erosion. In relation to powde-
red juices, the curves of the three drinks
were closer to that of the lemon (positive
control), being able to cause erosion. The
most worrying situation is found with the
drink based on normal cola, which has aci-
dity similar to lemon. It is also noted that
zero sugar soft drinks have a higher pH
than those without sugar, however, the re-
covery of the pH drop occurs in less time
than the sucrose versions.

The erosive potential of an acidic
drink or food depends not only on the
pH value, but is also determined by the
buffering capacity. Thus drinks contai-
ning acids such as citric, ascorbic and
tartaric in small quantities exhibit a low
buffering capacity and are quickly neu-
tralized by salivary plugs, which prevents
the prolonged drop in oral pH, thus cau-
sing less loss of mineral from the dental
structure. 2%

With the researched beverages, the
pH of the biofilm showed a decline until
the time of 15 minutes when exposed to
industrialized and powdered grape juice,
powdered guava and Guarana zero. The
other drinks showed a drop in pH only
for 10 minutes and then the pH shows an
upward direction, with the exception of
the zero-cola drink, which had a sudden
drop in pH, but at 5 minutes the gradual
increase in pH started. Grape juices, both
liquid and powder, despite causing a pH
drop for 15 minutes, were the drinks that
most quickly raised the pH, demonstra-
ting to be of low cariogenic and erosive
power, due to the rapid recovery of pH.
These results corroborate those found by
Silva et al. @ who evaluated the change in
salivary pH in children from Parand after
ingesting industrialized fruit juice, mea-
suring the pH before, immediately after



ingestion and 5, 10 and 15 minutes after
ingestion and concluded that fruit juice
had a low pH and that 10 minutes after
ingestion, the salivary pH of all partici-
pants was above 5.5, rising close to normal
values over a period of 15 minutes.

The fact that the pH value of water
is critical means that it has no buffering
capacity like saliva, also due to the ef-
fect of momentary dehydration at the
time of measurement. It is also possible

to observe the times when the minimum

artigo

Nunes, PS.; Sampaio, F.C;

Evaluation of salivary buffer capacity in dental biofilms in vivo exposed to acidic drinks

pH was reached, and for lemon (positive
control), this value is immediate and sig-
nificant, different from the other groups.

CONCLUSION

All the acidic drinks analyzed reduced
the pH of the dental plaque in all volun-
teers. The group of soft drinks caused a
sharp drop in pH immediately when
the pH value was analyzed. In the juice
group, the liquid grape was the one that

came closest to water, being the product
of the group less cariogenic and erosive.
The absence of sucrose in zero sugar soft
drinks contributes to the pH drops being
less prolonged than in the presence of
this sugar. It is important to emphasize
the role of saliva in the buffering effect at
pH. Additional measures must be taken
to reduce the impact of reducing the pH
of the food in the oral cavity, among whi-
ch would be the use of straw and tooth
brushing after eating the food. »
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