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Abstract: It is well known that beer is more than 90% water, and therefore, water can be one of
the main sources of fluoride in beers. With this in mind, the goal of the present study was to
determine the mass concentration of fluoride in 53 beer samples. Using the recently published
standard addition method in potentiometry, the fluoride content of 28 samples of the most consumed
beers in the Republic of Croatia was determined. The remaining 25 beer samples tested came from
so-called microbreweries, which together account for less than 10% of the Croatian market. Fluoride
concentrations in light beers ranged from 49 to 180 ug L™, with a mean value of 95 & 34 ug L1,
and from 52 to 164 ug L~ with a mean value of 89 + 29 ug L1 in dark beers. The mean value of
fluoride content in beers from large producers was 100 + 38 ug L~ and 89 + 38 ug L~! in beers from
small producers. All values are within the recommended range and thus do not pose a risk to human
health. The statistical analysis showed no correlation between the mass concentration of fluoride and
pH, i.e., alcohol content in beers.

Keywords: beers; fluoride content; fluoride ion-selective electrode; standard addition method

in potentiometry

1. Introduction

Fluorides are the most chemically reactive and electronegative of all elements in
the periodic table and the thirteenth most abundant element in the Earth’s crust [1,2].
Flouride occurs in the form of fluorides in a variety of minerals, such as fluorite (CaF,),
cryolite (NasAlFg), and fluorapatite (Cas(PO4)3F) [1]. Fluoride ions are one of the most
important elements in the human body and play an essential role in both human health and
environmental protection. Unfortunately, environmental pollution by fluorine compounds
from various sources such as aluminum factories, glass and brick manufacturing, mining
companies, the use of mineral fertilizers, etc., is increasing [3].

The human body is constantly exposed to fluoride through the consumption of food,
beverages, or the use of dental care products. A significant portion of the fluoride ingested
in this way is found in beverages, including alcoholic beverages such as beer. The multiple
effects of alcohol consumption on human health have gained increasing attention in the
international scientific community. In particular, the question as to the role of moderate
beer consumption, by far the most widely consumed alcoholic beverage in the world, has
arisen [4].

Beer, a complex brewed beverage made from barley malt, water, hops, and yeast, is
considered one of the oldest alcoholic beverages in history [5,6] and is a popular drink in
many cultures (the most popular alcoholic beverage; after water and tea, the third-most
consumed beverage in general [7]). It contains alcohol and carbohydrates and consists
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of over 90% water. Beer also contains various trace elements such as magnesium, iron,
calcium, phosphorus, sodium, potassium, zinc, manganese, copper and selenium, fluoride,
and silicon [4]. Beer consumption is of particular interest because of its organoleptic and
health properties and because of its low price compared to other alcoholic beverages, such
as wine. The alcohol content of beer varies depending on the type of beer and is often
estimated to range from 2.5% to 13% v/v. Recently, new types of beer have been produced,
such as low-alcohol and alcohol-free beers, low-calorie beers, beers high in vegetable
proteins, beers with flavorings (e.g., fruits), gluten-free beers, and beers with functional
substances [8,9].

Beer, wine, and other alcoholic beverages usually contain small amounts of fluoride.
Since there are few scientific publications on the fluoride content in alcoholic beverages, we
investigated them as a possible source of dietary fluoride.

A variety of methods have been developed for the determination of fluoride in various
samples, and the most important techniques can be divided into six main categories:
electrochemical methods (potentiometry and voltammetry), chromatographic methods
(ion chromatography, high-performance liquid chromatography, and gas chromatography),
spectroscopic methods (atomic and molecular spectroscopy), microfluidic analysis (flow
injection analysis and sequential injection analysis), sensors, and titration [1]. The extent to
which research on the determination of fluoride ions has become the focus of interest in the
scientific community is best illustrated by the recent publication of a series of articles on
the subject [10-16], including a series of methods for the determination of fluoride in real
samples using more modern and powerful chemical analytical techniques.

The aim of this study was to determine the role of beer as a potential source of
dietary fluoride by measuring the fluoride concentration in 53 selected beers from different
producers in Croatia, differing in their reported alcohol content. More than half of the
selected beers (28 samples) are produced by the seven largest Croatian beer producers,
which dominate the Croatian beer market with a share of more than 90%, according to
the latest report of the Financial Agency (the official Croatian provider of financial and
electronic services).

Fluoride concentrations in each sample were measured using a fluoride ion selec-
tive electrode (FISE) according to a recently published standard potentiometric addition
method [2,17,18]. The results obtained were compared with each other and with the fluoride
content of some worldwide beer producers.

The results of this study provide new information, as no results on fluoride content
in beers produced in Croatia were found in the literature. Based on the obtained results,
the authors pay special attention to the question of the main source of fluorides in the
studied beers.

2. Materials and Methods
2.1. Chemicals and Solutions

All chemicals and reagents used in this work were of analytical grade, and all solu-
tions were prepared with redistilled water. Sodium fluoride, ethylenediaminetetraacetic
acid disodium salt (EDTA), glacial acetic acid, and sodium hydroxide anhydrous were
obtained from Kemika (Zagreb, Croatia), while sodium chloride was purchased from Merck
(Darmstadt, Germany).

To prepare total ionic strength adjusting buffer solution (TISAB), 58.06 g of NaCl,
37.24 g of NaOH, and 57.0 mL of glacial acetic acid were first mixed with 1.0 L of a
0.03 mol/L EDTA solution. The pH of the prepared solution was then adjusted to 5.5 by
adding small amounts of 1.5 mol/L acetic acid solution. Finally, the prepared solution was
thoroughly transferred to a 2 L volumetric flask and made up to the mark with distilled
water [2,19].

The 0.1000 mol/L sodium fluoride standard solution was prepared by dissolving
1.05 g of sodium fluoride (which was previously oven-dried at 110 °C for 2 h and then
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cooled to room temperature in a desiccator [20]) in 250 mL of TISAB (in polyethylene
volumetric flask).

2.2. Aliquots of Beer Samples

Approximately 100 mL of each beer sample was placed in a bottle, which was loosely
capped. After 12 h, each sample was mixed with a magnetic stirrer for 2 h. To prepare
beer aliquots, 10.0 mL of each decarbonated beer sample was transferred to a 50 mL
beaker and 10.0 mL of TISAB was added to keep the ionic strength and pH of the aliquot
constant [21,22].

2.3. Apparatus

For the experiments, a combined FISE (model perfectlONTM combination F-, P/N
51344715, Mettler Toledo, GmbH, Greifensee, Switzerland), an InLab Expert Pro electrode
(model P/N 51343101, Mettler Toledo, GmbH, Greifensee, Switzerland), a digital pH/mV
meter (model Seven Easy, Mettler Toledo, GmbH, Schwerzenbach, Switzerland), an analyti-
cal weighing balance (model PA214C Ohaus Pioneer Plus (accuracy 0.0001 g), Ohaus Corp,
Parsippany, NJ, USA), a premium hotplate stirrer (model MSH-20A, Witeg Labortechnik,
GmbH, Wertheim, Germany), and a laboratory sterilizer and dryer (model ST -01/02,
Instrumentaria, Zagreb, Croatia) were used as measuring devices and accessories.

2.4. Application of the Proposed Standard Addition Method for Determination of Mass
Concentration of Fluoride in Beer

The mass concentration of fluoride in the studied beers was determined according to
the recently proposed and applied standard addition method in potentiometry [2,17,18].

%—VS was placed on the abscissa axis, while the expression Yatks was placed

A
105
on the ordinate axis (where ¢; and V; are the concentration and the sum of increments in

the sodium fluoride standard solution; Vj is the initial volume of the aliquot under study,
E is the difference in the recorded potentials after each increment in the standard solution,
and S is the slope of the calibration curve). The value of the zero point of the straight line
equation thus obtained represents a negative value of the fluoride concentration in each
studied aliquot. In summary, the mass concentration of fluoride in beer (7yr) was calculated
according to the following equation:

The expression

mol Valiquot(mL) g
L)=—cal — ——— XM —==) xC.f. 1
7F<Hg/ ) CA( L ) . Vsample(mL) . (m01) - f W
where c4 is the negative value of the fluoride concentration in the analyte (zero point of the
linear equation), Vyig,r is the volume of the analyte studied (20 mL), Vg is the volume
of the previously decarbonated beer sample (10 mL), and C.f. is the correction factor of
1 x 10°. Six identical measurements were performed for each beer.

2.5. Statistical Analyzes

The data obtained from the combined FISE for the determination of fluorides in
Croatian beers were statistically evaluated. Descriptive statistics was applied, and the
correlation between numerical and categorical parameters was investigated. Correlation
analysis was performed on 53 measured samples (six replicates). Pearson’s correlation
coefficient was calculated for each of the two parameters. Statsoft Statistica 14 (Hamburg,
Germany) was used for the statistical analysis.

3. Results and Discussion

A total of 53 beer samples (33 samples of light beer, 20 samples of dark beer) from
different producers in Croatia were purchased at local markets and analyzed. The classi-
fication of beer into varieties and types is precisely defined in various regulations on the
quality of beer. Therefore, the beer classification in this work was not carried out arbitrarily,
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but the beers were sorted by color based on the information provided by the producers.
The beer manufacturers, the beer types, the values for alcohol content in percent by volume
(each provided by the brewery), the measured pH values, and the mean and standard
deviation of the fluoride mass concentration in beers are listed in Table 1.

Table 1. A list of beer names, breweries, declared alcohol content, measured pH values, and

fluoride contents.

Alcohol
Sample Beer Name Brewery Content pH Mean of 'yp(%) +SD*
(%) vlv
Light beers
L1 San Servolo svijetlo pivo Buje 5.1 4.16 5342
L2 San Servolo Ipa Buje 6.0 4.37 64 £3
L3 Optimist Bura Brew Porec 5.4 4.18 49 +2
L4 5th element beer Bonner Daruvar 4.2 4.58 162 + 6
L5 Decki iz pilane Pale Lager Daruvar 4.8 4.44 170 =6
L6 5th element beer Lela Daruvar 4.5 445 180 + 6
L7 5th element beer ABA Daruvar 5.3 4.47 115+ 4
L8 Istarsko Gold Istrian 5.5 4.43 81+3
L9 Istarsko Muskat Istrian 2.0 3.40 54 +3
L10 Karlovacko lager Heineken Croatia 5.0 4.44 110+ 3
L11 Karlovacko Radler limun Heineken Croatia 2.0 3.42 64+ 3
L12 Barba Pale Ale L.A.B. Split 54 4.29 61+3
L13 Dva klasa Medvedgrad 4.6 4.00 53+ 3
L14 Zlatni medvjed Medvedgrad 4.4 4.34 53 £2
L15 Varionica deep dive Ipa Mrazek 6.0 4.49 119+ 4
L16 Varionica siesta session Mrazek 4.4 4.46 120+ 5
L17 Papak Mrazek 4.9 4.73 116 &= 3
L18 Varionica Pale Ale Mrazek 5.2 4.49 105 + 4
L19 Ziher pulfer Pulfer 55 4.44 85+4
L20 Brundelweiss Pulfer Pulfer 5.2 4.24 71+3
L21 Pulfer Landsky Pulfer 4.5 4.49 104 £+ 4
L22 Ozujsko cool Zagreb 0.0 411 95 +4
L23 Ozujsko grejp Zagreb 2.0 3.43 98 +4
L24 Ozujsko bazga Zagreb 2.0 3.23 80+ 4
L25 Ozujsko svijetli lager Zagreb 5.0 4.24 86 -4
L26 Tovar Pilsner Zeppelin craft Bjelovar 4.5 4.46 92 +4
L27 Hoppy Wheat The Dragon 4.9 4.23 94 +4
L28 Therapy The Dragon 3.9 4.42 115+ 4
L29 Pale Ale The Dragon 53 441 104 + 4
L30 Pils The Dragon 4.8 4.79 90 +4
L31 Pan Zlatni Carlsberg Croatia 5 4.56 124 +5
L32 Pan Pilsner Carlsberg Croatia 5 4.49 119 +£5
L33 Pan Radler limun Carlsberg Croatia 2 3.35 56 + 3
Dark beers
D1 San Servolo Buje 5.6 419 102+5
D2 San Servolo Premium Buje 5.4 4.24 55+3
D3 San Servolo APA Buje 6.0 3.84 58 £ 3
D4 Bura Brew Tornado ipa Bura Brew Porec 6.1 4.28 58 +3
D5 Bura Brew Hurricane ipa Bura Brew Porec 5.5 4.33 54+3
D6 5th element beer stout 42 Daruvar 7.5 4.58 105+ 4
D7 Decki iz pilane red lager Daruvar 4.8 4.52 164 + 4
D8 Karlovacko crno Heineken Croatia 6.0 448 111 +4
D9 Natur radler crni limun Heineken Croatia 2.0 3.53 134 + 4
D10 Republika Apa L.A.B Split 5.1 4.47 89 +4
D11 Specijalno kasacko pivo Brewery of Lika 51 4.34 97 +4
D12 Velebitsko Brewery of Lika 6.0 4.37 86 +4
D13 Crna kraljica Medvedgrad 4.8 4.46 54+ 3
D14 Gricka vijestica Medvedgrad 75 4.58 52+ 3
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Table 1. Cont.

Alcohol
Sample Beer Name Brewery Content pH Mean of 'yp(%) +£SD*

(%) vlv

D15 Varionica neon Stout Mrazek 6.2 4.40 86 =4

D16 Boranka pulfer Pulfer 6.5 4.25 84 +3

D17 OZzujsko rezano Zagreb 59 4.36 95 +4

D18 Tomislav Zagreb 7.3 4.58 93 -4

D19 Porter The Dragon 6.5 4.55 87 -4

D20 Pan Tamni Carlsberg Croatia 55 441 112+ 4

* Values are expressed as mean of fluoride mass concentration + standard deviation (SD) of six replicates; L—light
beer; D—dark beer.

The pH values for light beers ranged from 3.23 to 4.79, while for dark beers, they
ranged from 3.53 to 4.58. The lowest pH value (3.23) was measured in the L.24 beer sample,
while the highest value (4.79) was measured in the L30 beer sample. The lowest pH for
dark beers was 3.53 in sample D9, while the highest value was 4.58 in samples D6, D14, and
D18. The highest alcohol content (6.0% vol.) for light beers was reported by the producers
in two beer samples, L2 and L15, while the lowest alcohol content (0.0% vol.) was reported
in L22. In general, the alcohol content values for light beers ranged from 0% to 6.0% vol.
For dark beers, the highest alcohol content (7.5% vol.) was reported for beer samples D6
and D14, and the lowest (2.0% vol.) for beer sample D9. Dark beers generally have a higher
alcohol content than light beers.

After calculation, it was found that the mass concentrations of fluoride in the studied
beers ranged from 49 pg/L to 180 pg/L. The highest and lowest mass concentrations of
fluoride were found in the light beers (samples L6 and L3).

Considering the very small relative standard deviations of fluoride content between
six identical measurements for each sample with the generally low fluoride content (4.2%
on average), the results of this work are an additional confirmation of the accuracy of the
proposed new model of the standard addition method in potentiometry that has been re-
cently published and applied [2,17,18]. The statements of various groups of authors that the
potentiometric determination of fluoride in TISAB solution is recommendable [2,19,23-25]
were also confirmed with regard to the aforementioned fact that there were negligible
standard deviations of the results of fluoride content in the same samples.

Based on the obtained results, descriptive statistics was applied, and it was found that
pH and alcohol concentration correlate with a correlation factor of 0.68, while the other
variables do not correlate with each other. Although in the literature, it is claimed that
beers with a higher alcohol content have a lower mass concentration of fluoride [26,27], it
is evident from Table 2 that this is not in agreement with the results of the present work,
i.e,, that both pH and alcohol content have no influence on the fluoride content in the
studied beers of Croatian producers.

Table 2. Correlation analysis of variables.

Alcohol Content pH YE
Alcohol content 1.00 0.68 —0.06
pH 0.68 1.00 0.34
YE —0.06 0.34 1.00

Considering the process of beer production itself, it is logical to expect that pH and
alcohol content do not correlate with fluoride content. Namely, during the alcoholic
fermentation process, when the yeast converts the glucose (contained in the wort) into
ethyl alcohol and carbon dioxide gas, the alcohol content and pH change [28,29], while the
value of the total fluoride content remains constant.
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Of the samples tested, 28 beers came from one of the seven largest breweries in the
Republic of Croatia, which together produce more than 90% of the total beer sales in the
country (Zagreb Brewery, Heineken Croatia Brewery, Carlsberg Croatia Brewery, Istrian
Brewery, Daruvar Brewery, Medvedgrad Brewery, and Brewery of Lika). The remaining
25 samples were from various “smaller” breweries. When comparing the results, no
significant differences were found in the fluoride content of beers from “large” and “small”
breweries (Figure 1); more precisely, these values were 100 & 37 pg/L for beers from large
breweries and 89 4 21 ug/L for those from small breweries.
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Figure 1. Graphical description of the average mass concentrations of fluoride in the beers of Croatian
breweries; *—"large” brewery; (number of different beer samples studied).

The wide variations in fluoride content between different beer samples from the same
brewery can be clearly seen from Figure 1. If the reported deviations were presented as a rel-
ative standard, Buje Brewery, Carlsberg Croatia Brewery, Heineken Croatia Brewery, Istrian
Brewery, Daruvar Brewery, and L.A.B. Split Brewery would have beers with deviations in
fluoride content of 28.2, 27.6, 25.3, 21.4, 19.8, and 19.7%, respectively. These results of the rel-
ative standard deviation of fluoride content are not comparable, and the conclusions drawn
from them would be incorrect (the same number of different samples from each brewery
was not studied; moreover, only one beer sample from Zeppelin craft brewery Bjelovar was
studied). To get a better insight, a scatter plot (Figure S1, in the Supplementary Materials)
of the relationship between the number of different beer samples studied from one brewery
and the relative standard deviation of the fluoride content in the beers studied (from that
brewery) was also made. From this, it can be seen that these two parameters are also
not correlated.

All beer samples tested have an allowable fluoride concentration of 1.5 mg/L in
Croatia, which corresponds to the levels recommended by the World Health Organization.
These results do not differ significantly from the results for beers from other European
producers. In fact, low average fluoride levels were found in the literature for Polish,
Ukrainian, German, and Armenian beers [27], while higher levels were found for beers from
Thailand, Italy, Mexico, China, Belgium, France, the United Kingdom, and significantly for
beers from Ireland and the United States [30]. This could mainly indicate large differences
in the fluoride content of water from these countries. Comparing the average fluoride
content in beers from Croatian producers with the fluoride content in beer samples from
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some global producers, it can be seen that Croatian beers have similar fluoride content to
beers from Ukraine or Poland (Figure 2).
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Figure 2. Graphical representation of the comparison of the average values of fluoride in beers from
Croatia and from other worldwide countries (* [27], ** [31], *** [30], **** present study).

Research by Warnakulasuriya et al. [31] shows that the fluoride content of a partic-
ular variety or even brand can vary depending on where it is produced (e.g., Heineken
and Carlsberg brand beers produced in the United Kingdom were found to have lower
fluoride content than Heineken and Carlsberg brand beers produced in Denmark and
the Netherlands). Water, one of the most important raw materials for beer production,
influences many properties of beer [32]. Technological water used for beer production must
correspond to the quality of drinking water in physical, chemical, and microbiological as-
pects, the properties of which are prescribed by a number of regulations [33]. The chemical
composition of water for beer production varies, so waters differ in terms of total hardness,
permanent and temporary hardness, pH and alkalinity, microbes, presence of disinfection
byproducts, content of individual salts, etc. [34,35]. Salts dissolved in water influence the
taste of beer through their effect on enzymatic and colloidal chemical reactions that take
place during beer production [35,36]. Various groups of authors explain the differences in
the fluoride content of beer by the naturally occurring fluoride in water or the fluoridation
of water in certain regions [26,37,38]. Such a conclusion is not compatible with the results
of the present study. In fact, from Figure 1 and Figure S1, the fluoride content in different
beers from the same brewery is very different (high standard deviation), which, similar to
the observation of Tekle-Haimanot and Haile [39], leads to the conclusion that the fluoride
content in Croatian beers is closely related to the other raw materials, i.e., barley malt
(wheat malt) and hops, or to the fluoride content of the soil where they are grown, and
not to the type of water. The results show no significant differences in fluoride content
between light and dark beers and between beers from large and small producers. However,
the fluoride content results show significant differences between different beers from the
same producer. This indicates that drinking water is not a significant source of fluoride
in Croatian beers. Considering that Croatian drinking water is not fluoridated, this was
logically to be expected, even though such low fluoride levels were not found in beers
in some countries that have also stopped the fluoridation of drinking water. However, if
we take into account the fact that beers from breweries in the continental part of Croatia
had higher fluoride concentrations (101 pg/L) than beers from breweries in the coastal
region (64 pug/L), we could return to the original conclusion (water is the main source of
fluoride in beer). But, based on everything that has been discussed here, that would lead us
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down the wrong path. Considering the very low fluoride levels in the studied beers, and
assuming that water is not the main source of fluoride in the beers, it is obvious that the
fluoride content in other raw materials can significantly influence the total fluoride content
in the beers produced in Croatia.

Notwithstanding the fact that the determination of fluoride content in various samples
is the subject of research by scientists around the world, very few papers were found in the
literature dealing with the determination of fluoride content in beers. Comparing two simi-
lar studies from two different time periods [30,31] (Irish beers from 1120 to 940 ng/L and
German beers from 250-330 to 106 ng/L) and considering the mean value of present work
(92 pg/L), it can be concluded that the fluoride content in beers has generally decreased in
the last 20 years. This is also logical, since many countries have stopped water fluoridation
because they fear negative effects on human health from excessive fluoride consumption.

Since moderate beer consumption is associated in the literature with a significant
reduction in the mortality rate from cardiovascular diseases [40] and beer contains compo-
nents that provide some nutritional and medical benefits to the consumer (proteins, B-group
vitamins and some minerals, phenolic compounds, dietary fiber) [8], the results of this
study in relation to the fluoride content in the studied beers clearly show that the moderate
consumption of beers produced in the Republic of Croatia is highly recommended.

4. Conclusions

In the present work, the fluoride content in Croatian beers was determined by the
standard addition method in potentiometry. It was found that there are no significant
differences in fluoride concentrations of dark and light beers, as well as beers from large
and small breweries. However, it was also found that the fluoride concentration in beers
produced in the continental part of the Republic of Croatia is different from that in beers
produced in the coastal region, and that water is not the main source of fluoride in the
studied beers. This suggests that the other raw materials are the main source of fluoride
in the studied beers, i.e., the type of soil where the raw materials are grown. Also, no
correlation was found between the fluoride content and the measured pH, i.e., the reported
values of alcohol content in the studied beers. All values are within the recommended
limits, so the moderate consumption of beers produced in the Republic of Croatia can be
recommended for the prevention of certain diseases.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/chemistry5040167/s1, Figure S1: Scatter plot of the relationship between
the number of different beer samples tested from one brewery and the relative standard deviation of
the fluoride content in beers (from that brewery).
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