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ABSTRACT

INTRODUCTION: Information on the fluoride content in toothpastes commercialised in Indonesia is not yet available.
OBJECTIVES: The objective of this study is to determine the fluoride content of toothpastes marketed in Indonesia
and to determine if the fluoride content is in accordance with the information provided on the packaging and fol-
lowing the standards from evidence-based dentistry and Indonesian regulations.

MATERIAL AND METHODS: I vitro analysis of total fluoride (TF) in 10 brands of toothpaste for adults and eight for
children, purchased from different stores. The toothpastes were analysed in triplicate using a fluoride ion-selective
electrode. Statistical analyses were performed using a one-sample t-test or one-sample Wilcoxon signed-rank test to
compare the difference between the fluoride concentration stated on the tube and the measured value.

ResuLts: The TF concentration in toothpastes for adults and children did not match the fluoride content provided
on the packaging for most samples. Eleven toothpaste brands contained fluoride > 1000 ppm E whereas the others
contained fluoride < 1000 ppm E Only one toothpaste contained fluoride that matched the standard from evi-
dence-based dentistry and Indonesian regulations.

CoNCLUSIONS: Most toothpastes for adults marketed in Indonesia do not meet the required fluoride concentration
for caries control. The results call for strengthened regulation and quality control of fluoride toothpaste in Indonesia to
provide the maximum anti-caries effect.

KEY worps: dental caries, fluoride, toothpastes, ion-selective electrode.

J Stoma 2020; 73, 4: 193-199
DOT: https://doi.org/10.5114/j0s.2020.98265

INTRODUCTION

Dental caries are considered a global oral health
burden, affecting the quality of life, and they con-
tinue to be major problems, particularly among un-
derprivileged groups in developing countries [1-3].
The prevalence of dental caries in Indonesia, which
has the largest population of all countries in southeast
Asia, is reported to be considerably high [4]. Although

prevention of dental caries using fluoride is apparent,
dental caries continue to be the most common chron-
ic disease affecting school children and a vast majority
of adults [5, 6]. Fluoride has been used to reduce the in-
cidence of dental caries [7, 8]. Evidence has shown that
the greater the concentration of fluoride, the higher
the prevention of caries 8, 9]. When present in dental
plaque and saliva, fluoride delays demineralisation and
promotes remineralisation of incipient enamel lesions,
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and it also inhibits cariogenic bacterial metabolism
that produces acid from sugars [7].

The most widely used method in all countries to
prevent caries for all ages is through the use of fluoride
toothpaste. The effectiveness of toothpaste is influenced
by the concentration and quantity of toothpaste, the rins-
ing regimen, and brushing behaviour [10]. There are three
forms of fluoride in toothpaste: total fluoride (TF), total
soluble fluoride (TSF), and fluoride ion (FI) [11]. A mini-
mum concentration of 1000 ppm of TSF is needed for
a toothpaste to have adequate anti-caries property [9].
An appropriate amount of fluoride concentration should
be used by children of all ages to prevent dental fluoro-
sis. Children from first tooth eruption up to six years
of age, and children older than six years should use 1000
ppm and 1450 ppm fluoridated toothpaste, respectively,
under their parents’ supervision [12]. Over-the-count-
er toothpaste is currently available with concentrations
ranging from 700 to 1500 ppm, and those with 2800 and
5000 ppm are available on prescription [13]. In Indonesia,
guidelines say that the total fluoride (TF) concentration
in toothpaste must not exceed 0.15% or 1500 ppm, and
fluoride content should be accurately labelled on the tube
and on the carton [14].

Despite its benefits, fluoride toothpaste is considered
a risk factor for dental fluorosis. Ingesting pea-sized
amounts or more of fluoride toothpaste can lead to mild
fluorosis [15]. Moreover, manufacturers, perhaps driven
by consumer demand, have identified several purposes
of tooth brushing, such as whitening, preventing gingi-
vitis, and freshening breath, as well as to cope with den-
tin hypersensitivity. To deliver these benefits, some for-
mulations must be optimised, whereas manufacturers
can be unaware of the effects of fluoride delivery [16].
Therefore, it is important to assess the fluoride concen-
tration in toothpaste marketed in Indonesia.

OBJECTIVES

The aim of this study is to evaluate the content of TF
available in toothpastes commercialised for children and
adults in Indonesia considering its anti-caries potential,
as well as to discuss the recommendations for fluoride
toothpastes intended for adults and children based on
the best available evidence and to analyse the country’s
guidelines regarding the quality of toothpaste.

MATERIAL AND METHODS

This is an in vitro study to determine the TF avail-
able in toothpaste samples. Ethical clearance of this
study was attained. A total of 60 over-the-counter tooth-
pastes with fluoride content printed on the packaging
were identified. Ten toothpastes commercially intended
for adults and eight brands for children were randomly
purchased from supermarkets and drugstores in Indo-

nesia. The sampling was based on toothpastes that were
the most used and easiest to obtain, and with packaging
that includes information on the fluoride concentra-
tion [17]. The toothpastes were coded with letters from
A to R to allow blinded analysis, and they were analysed
before their expiration dates. The fluoride analysis was
conducted using an ion-selective electrode [18, 19].

The analyses were carried out according to a protocol
modified from the manufacturer’s instruction (Metrohm
ISE Application Note I-1) [20]. Briefly, 0.5 g of each tooth-
paste was vigorously homogenised in 0.5 ml of deionised
water and 0.5 ml of 2 M HCL. The suspension was heated
at 90°C for 1 min to hydrolase MFP ions to F ions and to
dissolve abrasive bound InF. The resulting suspension was
cooled at room temperature, quantitatively transferred
into a plastic beaker, and diluted with 100 ml of deionised
water. To measure the fluoride concentration, a reaction
mixture was prepared consisting of 5 ml of sample suspen-
sion buffered with 20 ml of total ionic strength adjuster
buffer (TISAB) IV (1 M acetate buffer, pH 5.5, containing
1 M NaCl and 0.5% CDTA [1,2-cyclohexylenedinitrilo]
tetra acetic acid). Total fluoride concentrations were as-
sessed using an F selective electrode (Metrohm type 692,
Herisau, Switzerland) coupled with the Metrohm KCl
reference electrode. The electrode was calibrated with
F standards (100-1000 ppm F), and the standard addition
was performed with B(F~) = 1 g/1. In between the standard
additions, the electrode was conditioned in TISAB IV for
5 min [21].

A clean and dry indicator and reference electrode
were inserted into the reaction mixture and swirled gen-
tly. After the reading stabilised, the result was recorded
and the electrodes were removed and gently wiped with
a soft tissue, dried, and left in air during analysis [22].
All the analyses were conducted in triplicate from each
toothpaste tube and undertaken immediately after the
toothpaste tubes were opened. For each toothpaste, the
place of manufacture, type of fluoride, fluoride concen-
tration, abrasive agent, date of manufacture, and date of
expiry as shown on the tube or carton were recorded.
Data were calculated and analysed statistically using SPSS
software (version 23.0; SPSS Inc., Chicago, IL, USA). Sta-
tistical analyses were performed using a one-sample ¢-test
or one-sample Wilcoxon signed-rank test to compare
the difference between the fluoride concentration stated
on the tube and the measured value. A one-way analysis
of variance (ANOVA) or Kruskal-Wallis was used to de-
termine the TF concentration every week. The statistical
analysis was done by assuming a level of significant at
p <0.05.

RESULTS

Toothpastes for adults (samples A to J) and for eight
children (samples K to R) were found in Indonesian
stores. Based on their declared fluoride content, the con-
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Table 2. Fluoride ion concentrations by week

Brand Code TF 1¢ week® TF 2" week® TF 3" week® e
(ppm) (ppm) (ppm)

(olgate Maximin Cavity Protection A 940 (866-970) 853 (841-895) 859 (800-881) 0.005*
Pepsodent Double Action B 996 (813-1540) 630 (591-1170) 717 (626-1230) 0.040*
Closeup White Attraction ( 3830 (3650-3860) 3690 (3600-3830) 3690 (3560-3770) 0.050
Pepsodent Whitening with Perlite D 2060 (2020-2110) 1890 (1830-1920) 1820 (1730-1840) 0.000*
(iptadent Maxi Herbal E 781(753-802) 814 (781-833) 817 (761-847) 0.002*
Pepsodent Sensitive Expert Gum Care F 1670 (1590-1750) 1690 (1440-1830) 1510 (1470-1760) 0.000*
Sensodyne Fresh Mint G 3500 (3120-3900) 2820 (2740-2990) 2640 (2550-2780) 0.000*
Pepsodent 123 Herbal H 1060 (993-2650) 706 (675-1880) 578 (516-1860) 0.030*
Darlie Double Action | 469 (457-488) 470 (452-479) 432 (403-452) 0.000*
Pepsodent 123 Total Protect J 940 (867-1740) 929 (861-1700) 918 (843-1640) 0.394
Kodomo K 1725 (1680-1770) 1326 (1300-1440) 1290 (1230-1360) 0.000*
Pepsodent L 4240 (4200-4760) 3130 (3070-3560) 2600 (2550-3330) 0.000*
(olgate M 2240 (2200-2290) 1750 (1740-1790) 1390 (1350-1440) 0.000*
Darlie Bunny Kids N 1960 (1860-1990) 1380 (1360-1410) 1405 (1360-1490) 0.000*
Master Kids 0 825 (786-853) 919 (670-961) 1335 (1250-1390) 0.032*
B&B Kids P 1250 (1180-1280) 864 (746-890) 1520 (1310-1540) 0.012*
Dione Kids Q 2185 (2060-2380) 1682 (1630-1730) 1675 (1625-1790) 0.000*
Dee-dee R 129 (69-153) 97 (56-113) 146 (59-177) 0.370

aValues are the median (min-max) of three independent experiments. *p < 0.05 significantly different in each week

centration of fluoride in the samples ranged from 105 to
1473 ppm. These were clearly distinguished as having
a high F concentration (1000 ppm or more) (samples A,
B,C,D,E EG,H,LJ, and L) or a low F concentration
(less than 1000 ppm) (samples K, M, N, O, P, Q, and R).
Among the fluoride toothpastes analysed, five contained
natrium fluoride (NaF) as the main active ingredient,
11 used monofluorophosphate (MFP), and two samples
contained both. Regarding the abrasiveness declared by
the manufacturer, NaF-based toothpastes contained sili-
ca, and MFP-based contained calcium carbonate (CaCO,)
and silica. The exceptions were samples F and I, which are
MFP-based toothpastes that contained silica or dicalcium
phosphate as their abrasive agent, respectively (Table 1).
The concentration of TF in the samples did not co-
incided with the level declared on the products’ labels.
Only one product (R) had a TF content consistent with
the manufacturer’s declaration. Samples A, B, E, H, [,
and ] had a lower TF concentration than was stated on
the label, samples C, D, E, G, K, L, M, and Q had high-
er concentrations than expected. Indeed, their TF con-
centrations were higher than the maximum allowed by
the Indonesian regulation. Moreover, the TF concen-
trations in samples M and Q were 1750 and 1710 ppm,
significantly higher than declared by the manufacturer.
Sample R had the smallest TF concentration.
Furthermore, we found that the TF concentration
decreased every week after the sample was opened in al-

most all the samples. Statistically, only samples C, ], and
R showed no significant difference (Table 2). All the in-
formation required by the Indonesian regulation was la-
belled either on the carton or tube, including the expira-
tion date and origin. However, the date of manufacture
was reported on just two samples (Table 1).

DISCUSSION

Regular use of fluoride toothpaste to reduce the prev-
alence and development of new dental caries has been
extensively documented [9, 23, 24]. A minimum concen-
tration of 1000 ppm has been found to show statistically
significant benefits for the prevention of dental caries [9].
Nonetheless, unclear information about the types and
concentrations of fluoride has been encountered [25].
The present study is the first report regarding fluoride
concentration analysis contained in toothpastes market-
ed in Indonesia. Because there may be discrepancies be-
tween the manufacturers’ claimed amounts of fluoride and
the actual TF content, fluoride concentration assessment
becomes relevant. This study found that the declared TF
concentrations and the levels found in the analysis were
inconsistent in almost all toothpastes. Few samples had the
TF level that was declared by the manufacturer [26, 27].
The TF concentrations of all the toothpastes were low-
er than those declared by the manufacturers, with one
in four having a TSF concentration less than 1000 ppm.
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Conversely, several studies have reported TF concentra-
tions that matched local standards [27-29]. If strict quality
control procedures are not followed, then TF concentra-
tions are likely to vary. This difference in value is highly
detrimental to consumers because the information pro-
vided is false and it violates consumer rights. Hence, there
should be routine monitoring and controlling of these
products.

In silica-based toothpastes, NaF is highly ionisable,
which means that the fluoride is activated as soon as it en-
ters the oral cavity and reduces enamel demineralisation
suggesting the availability of soluble fluoride concentra-
tion [11]. Five of 18 toothpastes in this study had NaF
as the main active ingredient and silica as the abrasive
agent. The TF concentration was considerably greater in
NaF/Si-based toothpastes than in others. To be effective,
the added fluoride should not be chemically bound to
other ingredients, especially to calcium as an abrasive.
However, in most developing countries, the majority
of toothpastes contain calcium carbonate because its less
expensive than silica [25]. This study revealed that seven
of 18 toothpaste samples had MFP as a fluoride source
with calcium carbonate as the abrasive agent. In these
samples, the TF concentration tended to be lower than
in NaF/Si-based toothpaste. This result is consistent with
a previous study developed in India, which also found
that the free available soluble fluoride concentration in
sodium monofluorophosphate (SMFP)/CaCO,-based
toothpastes was lower than in NaF/Si-based toothpastes:
86% (SD = 16%) and 98 (SD = 1%), respectively [30].
To overcome this problem, manufacturers should com-
pensate for the amount of F inactivated by the abrasive
during product storage and ensure the availability of sol-
uble F [28]. Unfortunately, the Indonesian regulations do
not specify the amount of TF that must be maintained as
soluble in the formulation of toothpastes.

This study identified significant differences in fluoride
concentrations over time. All MFP-based toothpastes
formulated with calcium as the abrasive agent showed
lower TF concentrations over time. This may be caused
by chemical changes that occur over time, converting one
form of fluoride to another inside the toothpaste tube
because of product instability. Therefore, MFP-based
toothpastes should be formulated with calcium carbon-
ate because the fluoride is firmly bound to the phosphate
component to ensure the availability of soluble F during
storage. However, that bond is unstable. MFP undergoes
hydrolysis over time and releases F ions that react with
calcium to form insoluble calcium fluoride (CaF)) in
the toothpaste, thus reducing the preventive effects [28].
Regarding NaF-based toothpastes, some studies have
shown that NaF formulated with silica is more stable
than when calcium carbonate is the abrasive agent [29].
In the present study, samples G, K, L, and M showed sta-
tistically different TF concentrations within a week. This
may be related to storage conditions, because time and
temperature tend to reduce the effectiveness of the fluo-

ride concentration. Most manufacturers did not pro-
vide the date of manufacture. This raises concerns about
the effectiveness of toothpaste if it is stored for a long pe-
riod. Another concern is that high storage temperature
may affect the stability of fluoride, because an increased
temperature can accelerate hydrolysis [27]. It should be
emphasised that the time that toothpaste stays in a store
is estimated to be approximately three months. It should
be at a temperature under 26.3°C to maintain the soluble
fluoride that provides the anti-caries effect. Further anal-
ysis regarding the detailed ingredients of the toothpaste
should be developed to collect more information.

The limitations of our study are related to the meth-
od of analysis, which determines only the TE, whereas
a toothpaste’s anti-caries effectiveness can be consid-
ered only from the amount of fluoride ion dissolved
in the oral cavity (TSF) [9, 11, 28]. Nonetheless, most
of the evaluated toothpastes showed similar measured
TSF in NaF/Si-based toothpastes and 15-50% less T'SF
than MFP-based toothpastes with calcium-contain-
ing abrasives [11, 26, 28, 30]. Future studies should be
performed to analyse the TSF concentration of each
toothpaste to gain more information about the amount
of fluoride that is left in the oral cavity when brushing
teeth. However, the present study does provide results
that can contribute to the current regulation and rec-
ommendation about the fluoride concentrations mar-
keted in Indonesia. When analysing the TF concen-
tration, only 11 of 18 toothpastes contained TF higher
than 1000 ppm (C, D, E G, H, K, L, M, N, P, and Q)
- the minimum concentration needed to be effective
against caries [9]. Only 3 out of 10 adult toothpastes
(G, D, and G) contained TF higher than the 1500 ppm
recommended for people at high risk for dental caries.
Toothpaste H contained TF at exactly 1000 ppm, but
considering the presence of calcium abrasive in the
formulation, the soluble fluoride may be lower than
1000 ppm, which was not effective against caries.
The adult toothpastes with more than 1000 ppm of fluo-
ride that were formulated with MFP/CaCO, demonstrat-
ed that using MFP as the fluoride form is not chemically
stable when paired with calcium. Differences between
declared fluoride by manufactures and the obtained re-
sults of this study should be interpreted with caution.
Limitations of this study might potentially occur due to
discrepancy in the materials and methods applied.

The use of fluoride toothpaste with children has been
subjected to several systematic reviews [9, 13, 15]. The Eu-
ropean Academy of Paediatric Dentistry recommended
that the minimum concentration of fluoride in tooth-
paste for children is 1000 ppm, whereas the FDI World
Dental Federation advocates the use of over-the-counter
toothpaste with a fluoride concentration between 1000
and 1500 ppm, with a minimum of 800 ppm F ion bio-
availability [12]. Fluoride toothpastes (K, N, and P) with
F concentrations of 1000-1450 ppm are recommended
for children below six years of age under the supervision

J Stoma 2020, 73,4
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of parents. A smear of fluoride toothpaste was recom-
mended for children from the first tooth to two years
of age, while a pea-sized amount was recommended for
children between two and six years of age. Toothpaste
with a concentration lower than 1000 ppm (R and O) can
be considered for young children if they are regularly ex-
posed to other sources of fluoride [12]. Toothpastes with
a high concentration of fluoride (more than 1450 ppm
like samples L, M, and Q) are not recommended for chil-
dren under six years of age, except by prescription. How-
ever, the labels state that they are recommended for chil-
dren under the age of six years. These particular products
could pose a serious risk as they contains threefold higher
F content than declared.

Many countries have no specific regulation con-
cerning the actual amount of soluble fluoride in tooth-
paste [25, 27, 28]. Indonesia’s regulation states that the TF
concentration in toothpaste should not exceed 0.15% or
1500 ppmy; it does not define the minimum TSF concen-
tration. These standards leave consumers unprotected
due to the poor anti-caries efficacy of some toothpastes.
The need to review the guidelines about the quality
of fluoride in marketed toothpastes is crucial. Regula-
tion should ensure a minimum of 1000 ppm TSF con-
centration in toothpaste formulations. Quality control,
standard settings, and compliance are required.

CONCLUSIONS

The TF content in the toothpastes analysed was not
consistent with the amount declared by the manufactur-
ers, and some samples contained higher concentrations
of TF than recommended by the country’s regulations.
It is necessary to review the regulation about the amount
of soluble fluoride in toothpaste to provide the maxi-
mum anti-caries effect and maintain the quality of tooth-
paste production.
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