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ABSTRACT: Honey is the most popular bee product consumed by humans. It is known
for its nutritional properties and health benefits, which include neuroprotective effects,
the support of the circulatory system, and a beneficial influence on skin and respiratory
system disorders. The aim of this study was to determine the influence of water
temperature used for the preparation of honey solutions on fluoride (F) content. The
study material included buckwheat honey, black locust honey, and two varieties of
rapeseed honey. Honey solutions (10%) were prepared using distilled water with the
following temperatures: 25°C, 70°C, 80°C, and 90°C. The content of F was between 0.019
and 0.384 mg/L. The buckwheat honey solutions had higher F concentrations than those
prepared from black locust honey and rapeseed honey. The F content was significantly
higher (p<0.05) in the buckwheat honey solution prepared with water at a temperature
of 80ºC compared to the buckwheat honey solutions prepared at 25ºC, 70ºC, and 90ºC.
Keywords: Fluoride; Honey. 

INTRODUCTION

Honey is the most popular bee product consumed by humans. It is known for its
nutritional properties and health benefits. The market features many different types of
honey, including nectar honey (flower), honeydew honey, and mixed (nectar-
honeydew or honeydew-nectar). They are different not only in terms of sensory
values, but also in how they influence human health. The most known varieties of
honey include rapeseed honey, black locust honey, buckwheat honey, heather honey,
lime honey, and polyflora honey. Honey is beneficial to health in many ways. It has a
neuroprotective effect, it supports the functioning of the circulatory system,1,2 and it
helps with respiratory system disorders3 and skin problems.4 It is a product with
complex chemical content, of which 80% is sugar. Most of the sugar, about 90%,
includes glucose and fructose, which are easily assimilated monosaccharides.
Oligosaccharides are present in honey in small amounts, but thanks to their prebiotic
properties they have a positive influence on the human body.5 The caloric value of
honey in 100 g of product is between 320 and 330 kcal. Bee products are not only a
rich source of natural nutrients, but they also contain biologically active compounds,
including antioxidants.6 Some of the substances that determine honey’s antioxidant
potential and play a significant role include: enzymes (e.g., catalase), vitamins
(carotenoids, vitamin C, and vitamin E), organic acids, amino acids, and proteins, as
well as numerous polyphenol compounds.7 

Food products, including honey, are one of the sources of fluoride (F) in the human
diet. However, not many studies have been carried out in this field.8-10 The aim of the
present study was to determine the influence of the temperature of water used to
prepare honey solutions on F content.
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MATERIAL AND METHODS

The preparation of honey solutions: The study material included different varieties
of honey (buckwheat honey, black locust honey, and two varieties of rapeseed honey)
from the West Pomeranian Voivodeship (Poland).

Ten g of each honey were weighed and quantitatively transferred to a 100 mL
measuring flask which was then filled with 25ºC, 70ºC, 80ºC, and 90ºC distilled
water. The contents were stirred using a magnetic stirrer until a homogeneous
solution was achieved. Subsequently, the solution was left to cool down to 25ºC. All
infusions were prepared in triplicate.

Determining fluoride content: F concentrations in individual samples were
measured by the potentiometric method with a fluoride ion-selective electrode (Orion
9409 BN, Thermo Scientific, USA). 1.0 mL of the sample was transferred to a plastic
tube, and then 1.0 mL of TISAB II was added to this solution. After mixing, the
potential difference of each sample was measured for 10 min; 5 min before the
addition of the appropriate standard, and 5 min after the addition. According to the
work of Łukomska et al.11 F content in the samples was calculated based on the
difference of potentials measured in each sample and the concentration of the added
standard. The electrode was calibrated using standard solutions. The correctness of
the analytical procedure was controlled by determining the concentration of F in NaF
solutions with the known concentrations: 0.1, 1.0, 10.0 mg/L (Orion Company,
USA). All assays were performed in triplicate.

Statistical analysis: In all the experiments, three samples were analysed and all the
assays were carried out at least in triplicate. The statistical analysis was performed
using Stat Soft Statistica 13.0 and Microsoft Excel 2010. The results are expressed as
mean values and standard deviation (SD). One-way analysis of variance (ANOVA)
and the Tukey post-hoc test were used. Differences were considered significant at
p≤0.05. 

RESULTS

In the studied honey solutions, the highest content of F was observed in buckwheat
honey. Statistically, the highest content was found in the solution of this honey
prepared with water at a temperature of 80ºC. Interestingly, the concentration of F in
a solution prepared with 90ºC water decreased below the value labelled at 25ºC.
Statistically, significant differences were observed between 80ºC and 25ºC (p=0.03),
80ºC and 70ºC (p=0.009), and 80ºC and 90ºC (p=0.004). 

A similar tendency in relation to the content of the studied element was observed
for black locust honey. However, for each of the temperatures used, the results were
lower in comparison to buckwheat honey. In this case, the level of F in the solution
was also the lowest at 90ºC, and statistically significant differences were observed
only in relation to 80ºC and 90ºC (p=0.008). 

The lowest content of F was observed in the two types of rapeseed honey. However,
in relation to these two types, the highest level of F was labelled for solutions
prepared using 90ºC water. For rapeseed honey I solutions, statistically significant
differences were observed at 90ºC and 25ºC (p=0.0006), 90ºC and 70ºC (p=0.0007),
whereas in relation to rapeseed honey II solutions, the differences were noted only at
25ºC and 90ºC (p=0.01) (Figure 1).
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The comparison of the acquired solutions also showed statistically significant
differences in terms of the amounts of released F depending on temperature (Figure
2).

Figure 2. The content of fluoride in specific honey types depending on temperature of honey solu-
tions.

 

The content of fluoride in specific honey types depending on temperature. Figure 1. The content of fluoride in specific honey types depending on temperature. *p≤0.05.

 

2. The content of fluoride in specific honey types depending on temperature of honey solutions. 
 

 

Figure 2. The content of fluoride in specific honey types depending on temperature of honey
solutions. *p≤0.05.
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The highest concentration of F was noted in the buckwheat honey solution at all
studied temperatures, and it was significantly higher in comparison to the results
achieved for black locust honey (for 25ºC p=0.0002; for 70ºC p=0.0002; for 80ºC
p=0.0002; for 90ºC p=0.0002) and both types of rapeseed honey (for 25ºC p=0.0002
(rapeseed honey I and rapeseed honey II); for 70ºC p=0.0002 (I and II); for 80ºC
p=0.0002 (I and II); for 90ºC p=0.0002 (I and II) which had the lowest values of F out
of all of the studied material 

DISCUSSION

Honey may be considered as a biological indicator of environmental quality and
floral biodiversity. Its composition strongly depends on the territory in which it is
produced and it is closely tied to the flora visited by bees for its production.12 In
many works, authors point out the influence of the origin of the resource on the
physicochemical properties of honey. The differences were particularly visible in the
enzymatic activity, ash content, hydroxymethylfurfural (HMF) content, pH, and
electrical conductivity.

The mineral concentration in honey was found to be correlated with geographic and
floral origins, geochemical soil composition, and local pollution because of the
natural absorption of minerals by plants from the soil, water, and air.13 The quality of
honey depends on floral origin and chemical composition and it can be characterised
according to its geographical source.13 The major mineral elements present in honey
are K, P, Mg, Al, Ca, Na, Fe, Mn, Cu, Zn, Cl, S, and Si. Some of the elements, such
as I, Co, and Mo may occur naturally because of the geographical place, but honey
may also be contaminated by heavy metals such as Pb, Cr, Hg, Sb, Ni, Cd, etc. due to
contamination by environmental or anthropogenic sources.13 Honey has a rather low
mineral content (typically 0.1–0.2% in floral honey and 1% or higher in mellate
honey) and it particularly varies depending on the pedoclimatic conditions, the
botanical origin, and the technique of extraction. The dominant element in honey is
potassium, followed by chlorine, sulphur, sodium, phosphorus, magnesium, silicon,
iron, and copper.13 Micro- and macroelements play an important role in human
metabolism. Therefore, the analysis of this content in different nutrition products
seems to be very important for public health studies. Honey is a product which has
been intensely studied in recent years because of its health benefits for users. On the
other hand, the determination of mineral content of honey seems to be needed not
only due to the presence of necessary elements but also the content of heavy metals.
Topical fluoride on teeth is seen to have a protective effect against dental caries but
although F can be incorporated in teeth during their development up to the age of
approximately 8 years14 and can be incorporated in bone during both development
and adult life,15 fluoride is neither an essential trace element for humans nor
necessary for the development of healthy teeth and bones.16 F increases the synthesis
of reactive oxygen species, inflammatory mediators, and impairs the action of
enzymes.17-19 Besides environmental contamination, the presence of F in honey is
also associated with the fact that bees need water, in which F content differs to a large
extent from region to region.9 Meyer et al.8 in the study of F influence on the health
of bees noted that F concentrations in bees differ depending on the distance from the
source of F emission. Additionally, the authors examined the honey samples and they
reported that F content was always low, at the level of 1.4 mg/L. In another study,
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Tong et al.20 noted concentrations of 0.001 to 8.9 mg/L F in honey originating from
New York and they concluded that the high amount was not hazardous. Grobler et
al.9 also noted a low amount of F (0.7 mg/L) in honey samples originating from the
South Western Cape Province of South Africa. Additionally, they studied the effect of
honey on teeth enamel condition and noted that the buffering capacity of honey is
higher than that of saliva but lower than that of fruit juices suggesting that honey
would be less harmful to enamel in comparison to fruit juice.9 It is worth mentioning
that honey did not show any signs of enamel demineralization after 3 hr of contact
with the honey solution and this was probably caused by the significant presence of
compounds including micro- (F) and macroelements (Ca, P). However, the study
using artificial honey with the same mineral composition showed significant enamel
demineralization after 30 min of contact,9 which suggests that Ca, P, and F levels
could be only partially responsible for the non-erosive action of honey and that
something more in honey composition is responsible for its non-destructive
function.9 

Analysis of our results showed that buckwheat honey turned out to be the richest
source of F. A portion of 10 g of this honey contains, depending on the temperature of
water in which it was dissolved, from 0.0241 to 0.0384 mg F. The largest amount of
this element goes into solution in water at a temperature of 80ºC. The other honeys
deliver, in 10 g (quantity about 1 small spoon), from 0.0019 to 0.0035 mg F.

It would seem that honey as a raw material with a high content of simple sugars,
may contribute to the demineralization of tooth enamel and the development of
caries. But the results of studies of Tong et al.20 showed that fructose and glucose
had lower cariogenic properties than sucrose. Accordingly, it is possible that
honey has less cariogenic activity than other sugars (e.g., fructose and
sucrose).21,22 However it should be remembered, that the lower cariogenic
properties of honey probably depends on its many other properties, which all act
together. The strong antimicrobial properties of honey23 cause difficulties in the
growth and development of bacteria that live in the oral cavity and plaque and are
responsible for the formation of acids destroying the enamel. In addition, it has
been proven that honey can enhance the remineralization of an initial enamel
lesion24 and in vitro tests have shown that pure honey, with a relatively low pH,
does not have an erosive effect on human tooth enamel.9

 CONCLUSIONS

The present study confirmed that the F content in water solutions of honey depend
on both the type of honey and the temperature of water used to prepare the solutions.
Although our research has shown that honey is not a rich source of F, honey may
contain additional factors, such as antibacterial properties, which protect the teeth
against enamel demineralization and the development of dental caries.
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