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Fluoride stability in dentifrices stored in 
schools in a town of northern Brazil

Abstract: The aim of this study was to analyze fluoride stability 
in dentifrices stored during nine months in schools from Careiro 
da Várzea, State of Amazonas, Brazil. Analysis of total fluoride 
concentration, total soluble fluoride, and ionic fluoride in the dentifrice 
samples was performed in four different time periods: at the time of 
purchase (baseline); after three months, after six months, and after 
nine months of storage. Fluoride concentration was determined using 
a specific electrode (Orion 96-09) connected to an ion analyzer (Orion 
A-720) and calibrated with fluoride standard solutions containing 2.0 
to 32.0 ppm F. The results obtained during the measurements were 
analyzed by analysis of variance (one-way ANOVA), followed by 
Tukey’s test for comparison of the means. After nine months of storage, 
total soluble fluoride, the active form of fluoride, decreased by 21.9%. As 
total soluble fluoride was below the minimum required for anticaries 
efficacy (1,000 ppm F) in the fourth analysis, it may be concluded that 
anticaries potential decreased with storage time.
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Introduction
The use of fluoride dentifrices has been considered the main reason for 

the decline in caries prevalence in the late 20th century.1, 2, 3 However, for a 
dentifrice to be effective as an anticaries agent, it is necessary that it present 
at least 1,000 ppm of soluble fluoride.4 Currently, 97% of dentifrices sold 
in Brazil are fluoridated, and Brazilian law establishes that their fluoride 
concentration should not exceed 1,500 ppm, regardless of the fluoride salt 
used, and does not specify its availability or stability over time.5

The stability and availability of fluoride in dentifrices can be compromised 
during their storage and by the interaction of fluoride salt with abrasives 
in dentifrices. Therefore, sodium fluoride (NaF) dentifrices should not 
have calcium carbonate as an abrasive because NaF is ionized when in 
contact with water, thus releasing fluoride, which reacts with abrasive 
calcium within the tube, making it insoluble. In monofluorophosphate 
(MFP)-containing dentifrices, fluoride is covalently bound to phosphate, 
which is released by the action of phosphatases in the oral cavity. However, 
MFP undergoes hydrolysis during storage and reacts with calcium 
carbonate, as described above, hindering the caries preventive action of 
dentifrices.6 In addition, the high temperature accelerates hydrolysis, also 
acting as a negative factor for the availability of fluoride in dentifrices.7, 8
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Some studies have shown that dentifrices sold 
in Brazil contain an acceptable concentration of 
soluble fluoride greater than 1,000 ppm at the time 
of purchase.9,10 However, few studies have studied 
the effect of storage on the availability of fluoride.8,11

An important public health policy, which fosters the 
development of health promotion activities integrated 
into the school environment, is now in force in Brazil. 
The Programa Saúde na Escola (Programa Saúde na Escola 
- PSE), devised by the Brazilian Ministry of Health 
and Ministry of Education (Ministério da Saúde - MS e 
Ministério da Educação - MEC), was implemented in 2007, 
allowing for educational practices in oral health and 
toothbrushing with fluoridated dentifrices in schools.12 
This long-term policy can achieve important results in 
the control of caries among Brazilian schoolchildren, 
as with similar interventions developed in other 
countries.13,14,15 However, the effectiveness of the 
program is a cause for concern because of the storage 
of necessary supplies.

Taking into consideration the public logistics network 
(bidding, purchase, and distribution of inputs to schools), 
we can assume that the products necessary for the 
School Health Program, including fluoride dentifrices, 
are purchased in large amounts and stored in schools to 
meet the demand during educational activities throughout 
the year. This logistics could have a negative impact on 
the effectiveness of dentifrices that are stored for long 
periods of time. Therefore, this study aimed to analyze 
total fluoride and total soluble fluoride concentrations 
in dentifrices stored at the schools included in the PSE, 
located in Careiro da Várzea, a town in the State of 
Amazonas, northern Brazil, over a period of nine months.

Methodology
This prospective study consisted of the analysis of 

eight dentifrices from three different batches (batch 1: 
3060BR121I/Expiration date: 03/16; batch 2: 3040BR121I/
Expiration date: 02/16; batch 3: 2311BR121I/Expiration 
date: 11/15). The samples were coded with Arabic 
numbers. All the dentifrices belonged to Sorriso® 
(Colgate Palmolive Industrial Ltda., São Bernardo do 
Campo, Brazil) and had been manufactured three years 
before the expiration date informed. According to the 
manufacturer, they contained 1,450 ppm fluoride in the 
form of MFP, and calcium carbonate as abrasive agent.

The tubes of toothpaste were stored in a refrigerated 
room (minimum temperature: 18.5°C; maximum 
temperature: 25.3°C; mean temperature: 21.8°C) at 
the selected schools, and were not opened until the 
moment of analysis, which occurred on four separate 
occasions: at the time of purchase (baseline), after three 
months, after six months, and after nine months of 
storage. The samples were collected from September 
to December 2013, and from March to June 2014.

Three forms of the available ion were analyzed to 
determine fluoride concentration: ionic fluoride (F-), 
total soluble fluoride (TSF), and total fluoride (TF).

The analyses were performed in duplicate, 
according to the protocol used by Cury et al.9 One 
hundred milligrams of dentifrice was weighed with 
the aid of a high precision digital electronic balance, 
and then the dentifrice sample was homogenized 
with 10 mL of deionized water. After that, 0.20 mL of 
the suspension was transferred into a polypropylene 
tube for the analysis of TF. The remainder of the 
suspension was centrifuged (3,000 rpm for 10 minutes) 
and 0.20 mL of the supernatant was transferred in 
duplicate into polypropylene tubes for the analysis 
of TSF and F-. For the determination of TF and TSF, 
0.20 mL of 2.0 M HCl was added to the tubes, and after 
1h of hydrolysis at 45°C, the solution was neutralized 
with 0.40 mL of 1.0 M NaOH and 0.80 mL of TISAB II 
(1.0 M acetate buffer, pH 5.0, containing 1.0 M NaCl and 
0.4% CDTA). For the determination of F-, 0.40 mL of 1.0 
M NaOH, 0.80 mL of TISAB II, and 0.20 mL of 2.0 M 
HCl were added. The determination of the ionizable 
fluoride concentration was obtained by applying the 
formula: MFP = TSF - F-. The following formula was 
applied to determine the concentration of insoluble 
fluoride (Fins): Fins = TF - (F- + MFP). The analyses 
were carried out using a fluoride-specific electrode 
(Orion model 96-09, Orion Research, Cambridge, 
USA) coupled to an ion analyzer (Orion A-720) and 
calibrated with fluoride standard solutions containing 
2.0, 4.0, 8.0, 16.0, and 32.0 ppm F, prepared with the 
same reagents used for the samples.

The statistical analyses compared the changes in 
fluoride concentration over time. After checking the 
normality of data distribution by the Shapiro-Wilk 
test, the means were compared by analysis of variance 
(repeated measures ANOVA), followed by the Tukey’s 
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test, setting the significance level at 5%. The SAS 9.1 
software (The SAS Institute, Cary, USA) was used 
for all analyses.

Results
The mean fluoride concentrations are shown in 

Table. Total fluoride showed no significant reduction 
between baseline and nine months of evaluation. 
However, TSF decreased by 21.9% after nine months 
of storage (p < 0.05).

Table also demonstrates the decrease of soluble 
fluoride with the increase of storage time. After nine 
months of storage, TSF had concentrations below 
1,000 ppm F. Conversely, insoluble fluoride increased 
about 146% after nine months of storage.

Discussion
Fluoride dentifrices were considered to be the most 

common reason for the decline in caries prevalence 
in many countries in the late 20th century. Therefore, 
fluoride dentifrices became the main method for caries 
prevention, since they combine biofilm removal with 
constant exposure of the oral cavity to fluoride. However, 
in order to be effective against caries, fluoride must be 
in its active form and be stable during storage time.16

The present study analyzed the ionic concentration of 
fluoride in Sorriso® dentifrices, which contain ionizable 
fluoride in the form of MFP and calcium carbonate as 
abrasive agent, in addition to 1,450 ppm F. The results 
showed that, in nine months, total fluoride concentration 
did not achieve a significant reduction. On the other 
hand, TSF showed concentrations below 1,000 ppm 
F after nine months of storage. This is considered the 
minimum concentration of chemically soluble fluoride 
required to obtain anticaries effectiveness.4

The reduction in the concentration of soluble 
fluoride may be attributed to the reaction that occurs 
within the dentifrice tube over time. MFP is subjected 
to hydrolysis, and that is when the fluoride covalently 
bound to the phosphate is released and reacts with 
abrasive calcium (calcium carbonate) present in 
the dentifrice, resulting in calcium fluoride, and 
increasing the concentration of insoluble fluoride.9,11 
Another factor that contributes to the reduction of 
TSF is temperature, since studies have shown that 
an increase in temperature accelerates hydrolysis.7,8

Few studies have examined the availability and 
stability of fluoride in dentifrices stored over time. A 
study by Hashizume et al.11 evaluated the most widely 
sold dentifrices in Japan at the time of purchase and 
after one year of storage at an average temperature 
of 21.8°C. All dentifrices tested had an initial TSF 
concentration below 1,000 ppm, with a reduction of 
approximately 15% of this concentration throughout 
one year for dentifrices whose composition was 
similar to that of toothpastes used in the present study 
(MFP + calcium carbonate). However, in Japan, the 
legislation prohibits the marketing of dentifrice with 
more than 1,000 ppm of total fluoride. That ensures 
dentifrices follow the concentrations stipulated by 
law, even though the anticaries potential is reduced. 
The reduction in the concentration of soluble fluoride 
was also demonstrated in the study of Conde et al.8 
Their study evaluated dentifrices purchased, stored, 
and consumed in Manaus, Brazil, during one year 
and under two different temperature conditions: 
non-refrigerated environment (average temperature: 
28.9°C) and refrigerated environment (average 
temperature: 26.3°C). In the study of Conde et al.,8 
dentifrices of the Sorriso® brand revealed the highest 

Table. Concentration (ppm F) of total fluoride, total soluble fluoride, ionic fluoride, and ionizable fluoride; and the percentage of 
insoluble fluoride (mean ± SD; n = 8) found in dentifrices stored in Careiro da Várzea-AM over time.

Variable
Time

Baseline 3 months 6 months 9 months

TF (ppm F) 1,409.20 (45.03) a 1,366.25 (12.11) a 1218.19 (42.07) b 1,354.84 (58.57) a

TSF (ppm F) 1,260.15(84.01) a 1,111.14 (46.93) b 1014.55 (17.89) c 983.21 (36.38) c

F- (ppm F) 1,40.74 (16.52) a 131.25 (15.62) a 121.77 (13.10) a 121.53 (10.56) a

MFP (ppm F) 1,119.42 (98.08) a 979.86 (60.72) b 892.79 (25.50) bc 861.68 (40.49) c

Fins (%) 10.68 (5.91) c 18.64 (3.71) b 16.60 (4.00) b 27.36 (3.39) a

Different lowercase letters in a row represent statistical differences in repeated measures ANOVA/Tukey’s test (p < 0.05).
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decrease in TSF when stored under non-refrigerated 
conditions (approximately 30%) compared to 
refrigerated conditions (approximately 24%).

These aspects related to storage conditions – time 
and temperature – had a negative impact on the 
effectiveness of the analyzed dentifrices, raising 
concerns about the effectiveness of dentifrices 
purchased on a large scale and stored for a long 
time. Due to the logistics of public bidding and the 
purchase and distribution of fluoride dentifrices to 
the schools included in the School Health Program, it 
is assumed that dentifrices are purchased and stored 
on a large scale to be used throughout the year, and 
some of them, under unfavorable storage conditions. 
Despite the reduction in the concentration of soluble 
fluoride in dentifrices, they would still comply with 
the national legislation because this regulates only 
the maximum fluoride concentration, not specifying 
the need to maintain a minimum concentration of 
soluble fluoride during their shelf life.5

Conclusion
It may be concluded from the fourth analysis of 

dentifrices stored at schools in Careiro da Várzea 
that the anticaries potential was reduced, as they 
did not present the minimum concentration of TSF 
necessary for effectiveness (1,000 ppm F).

It is suggested that storage conditions – time and 
temperature – are important factors that should be 
considered for the effectiveness of fluoride dentifrices 
used in school programs. Therefore, the public logistics 
should be optimized so that storage time at the schools 
do not exceed six months. Furthermore, the results 
indicate that Resolution No. 79 of August 28, 2000,5 which 
establishes the maximum fluoride concentration (1,500 
ppm), but does not specify quality, should be reviewed.
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