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Abstract: Coffee is considered as one of the most commonly consumed beverages in the world.
Understanding the impact of coffee on human health is of considerable interest. Fluoride is an
essential inorganic element that mineralizes hard tooth tissues and increases their resistance to caries.
Fluoride is found in many daily beverages, including coffee. Research shows that high fluoride intake
can lead to dental issues in both adults and children fluorosis. The arabic coffee has been the most
widely consumed cultural beverage , but to date, there is a lack of literature on the fluoride
concentration in Arabic coffee. This study aimed to evaluate fluoride levels in various coffee
beverages across different regions, as well as to analyze the dietary fluoride intake from Arabic coffee
intake.8 samples were considered from each category of 5 regions for testing a total of 40 samples
were recorded. Each sample was examined using an ion chromatography system (ExStik® FL700
Fluoride Meter, USA), and the dietary intake and risk assessment were calculated using the equations
concerning the 7mg recommended by the European Food Safety Authority (EFSA). Analysis of
variance (ANOVA) was employed to assess the significance of study parameters among the groups.
Additionally, post hoc analysis was conducted if the ANOVA test values were significant. The mean
concentrations of fluoride were highest in the eastern followed by the northern and the least in the
southern region. The fluoride concentration of Arabic Coffee in the different areas of Saudi Arabia
revealed a significant difference. Even consuming as many as 12 servings does not present a health
risk, but it is important to evaluate the total fluoride intake, especially in terms of potential high
concentrations in the water supply.

Keywords: Arabic coffee; fluoride; ion chromatography; health risk

1. Introduction

Coffee accounts for 75% of regular soft drinks consumption and is the most commonly
consumed beverage in the world [1]. Knowing the impact of coffee on human health is of keen
interest. The excessive consumption of this beverage has been aggravating the risks associated with
anxiety, depression, pregnancy-related problems and heart disease [2].

Recently, the phytochemistry and biological properties of coffee over the negative effects were
considered an excellent functional food as it has proven human health benefits[3]. Specific molecules
encompassed in coffee beverages are evidenced both in the epidemiological and experimental studies
regarding the valuable effects against neurological diseases, metabolic disorders (type 2 diabetes),

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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and psychoactive responses (alertness, mood change). However, in recent years, this has led to an
increase in the consumption of green—coffee-based beverages[4].

Globally, more than 80 different coffee species have been identified[5]. But only two are
economically important are Robusta coffee and Coffea arabica, the latter is popularly called Arabica
coffee, which constitutes approximately 70% of the global coffee market. Coffee occupies a great place
in the Kingdom of Saudi Arabia, as it is considered a symbol of generosity and hospitality, in addition
to being a regular daily drink. The Kingdom is one of the largest countries in the world consuming
coffee and second in the Arab world after Algeria. The consumption of coffee in the last three years
is estimated at more than 170 thousand tons, with a value exceeding 2.25 billion Saudi riyals, mainly
imported from Ethiopia, which accounts for 72% of the total imports of coffee in Saudi Arabia[6].

In humans, the optimal concentration of fluoride is beneficial; however, an excess of this ion can
produce numerous adverse effects on humans health[7,8]. Daily, we consume various beverages like
coffee, tea, and carbonated drinks, but water is the main source of fluoride. The European Food Safety
Authority (EFSA) reported that more than 0.3 mg/L of fluoride is consumed through the intake of
water and beverages prepared with it [9,10]. Additionally, studies by Wolska et al. [11]. found an
average concentration of 0.50 mg/L in Turkish coffee and less than 0.20 mg/L in espresso, both contain
significant concentrations of fluoride. Continuous exposure to high fluoride concentrations leads to
harmful health effects, dental fluorosis and later skeletal fluorosis[12,13]. Additionally, fluoride
contributes to enhancing the hardness of tooth enamel and decreasing the frequency of dental issues
caries[14]. The arabic coffee has been the most widely consumed cultural beverage , to date, there is
a lack of literature on the fluoride concentration in Arabic coffee. Therefore, it is essential to evaluate
the fluoride intake from consuming Arabic coffee beverages in various regions of Saudi Arabia. The
aims of this study were

(1) to assess the fluoride concentration in Arabic coffee from different regions. and (2) to assess
the dietary fluoride exposure by the Arabic coffee intake.

Materials and Methods

Ethical Approval

A study proposal was submitted to the Standing Committee of Bioethics Research, Prince Sattam
Bin Abdulaziz University, Al-Kharj, Saudi Arabia, and ethical approval was obtained (SCBR-
187/2023) before conducting the study.

Sample Selection.

The method of sampling Arabic coffee in this cross-sectional study was determined by the
regions and preparation methods in Saudi Arabia. The regions were grouped into 5 based on their
geographical locations: central, eastern, northern, western, and southern. 8samples were considered
from each category for testing, and a total of 40 samples were considered. The sample size was
determined using the G*power software.

Method of Arabic Coffee Preparation

The method of preparing Arabic coffee and its ingredients are described in the table given below.

Region Contents Preparation of Saudi coffee
1-Boil the water
2-Add the grounded coffee beans
3- brew it with medium heat for 17 minutes
4-Add the cardamom ,cloves and saffron
continue the brew for 2-3 more minutes.

800ml of water(1ppm),40gram
of medium
Central roastedbeans,30gram of
cardamom,0.5 gram of Cloves
and 0.5gram of Saffron. 5-Remove the coffee and let it rest for 2

minutes
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1-Boil the water
2-Add the grounded coffee beans
800ml of water(1ppm),40gram  3- Brew it with medium heat for 20-30
Northern of dark roasted beans,30gram minutes
of cardamom. 4-Add the cardamom for 2-3 more minutes
5-Remove the coffee and let it rest for 2
minutes
1-Boil the water
2-Add the grounded coffee beans and
800ml of water(1ppm), Saffron
40gram of medium roasted 3- Brew it with medium heat for 17
Eastern beans minutes
30gram of cardamom and  4-Add the cardamom for 2-3 more minutes
0.5gram of Saffron. 5-Remove the coffee and let it rest for 2
minutes
1-Boil the water
2-Add the grounded coffee beans
800ml of water(1ppm), 3-Add all the ingredients except the
40gram of medium roasted cardamom
beans, 4- Brew it with medium heat for 15
Western )
30gram of cardamom, minutes
0.5gram of Saffron and 1 gram 5-Add the cardamom for 5 more minutes
of mastic gum. 6-Remove the coffee and let it rest for 2
minutes
1-Boil the water
2-Add the grounded coffee beans
800ml of water(1ppm), 3-Add all the ingredients except the
40gram of light roasted beans, cardamom
30gram of cardamom, 4- Brew it with medium heat for 15
Southern  0.5gram of Saffron, 1 gram of minutes
Ginger,1gram of cinnamon,1  5-Add the cardamom for 5 more minutes
gram of fennel seeds and 6-Remove the coffee and let it rest for 2
1gram of Cloves. minutes

The fluoride content of the water used for the coffee preparation was set at 1ppm , and the
variant will be ingredients and the brew time. The brewed coffee was stored in the thermos(Dallah).
Before the collection of coffee, the container was rinsed three times with distilled water to minimize
the error, and then 300 mL of coffee sample was collected. After calibration, each sample will be
examined using an ion chromatography system (ExStik® FL700 Fluoride Meter, USA) and according
to the manufacturer’s instructions.

Calibration of Fluoride Meter

Calibration of the fluoride meter was done before measuring the fluoride in different coffee
solutions for the accuracy of measurement. This FL700 can be calibrated at four different calibrating
points: 0.5,1, 5, or 10PPM fluoride ions. To calibrate the 1PPM, one TISAB (Total Ionic Strength
Adjustment Buffer)tablet was added to the sample cup in 20ml of 1PPM. Recalibration is required
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once the region of the sample is changed.The specification of the FL700 is a range of measurement of
PPM(0.1 TO 10 PPM )operating temperature(0 to 60 degrees Celsius) accuracy (+/- 0.1PPM). The
electrode used was Europium Europium-doped lanthanum fluoride single crystal, and the response
time was less than 30 seconds. The measurement method is a potentiometric ion selective electrode.

To maintain consistency in measurements, the system will be configured with various
recognition limits: two ppm, one ppm, 0.5 ppm, and the minimum detection limit of 0.01 ppm.
Readings will be documented if fluoride is detected in the sample at the chosen limit. Multiple
readings will also be taken at each detection limit.

Measuring the Fluoride Level in Coffee

Eight samples of each region were tested for measurement of fluoride in the Arabic coffee. A
25ml of prepared and homogenized coffee solution was taken in a container ( sample cup ) provided
by the manufacturer. A total of 40 coffee samples were gathered and analyzed using an ion
chromatography system (ExStik ® FL700 Fluoride Meter, USA). Following calibration, each sample
underwent examination, testing, and retesting. The resulting average values were documented and
organized into tables. To maintain consistency in measurements, multiple readings were conducted
at the same detection limit across all samples. Additionally, all samples were assessed for the coffee
temperature deemed suitable for consumption.

Dietary Intake Assessment

Using equations 1 and 2 the estimated daily intake (EDI)and risk assessment were determined
concerning the European Food Safety Authority (EFSA)7 mg of fluoride was considered as the upper
limit[10].

(1) EDI = Fluoride concentration ( mg/L ) x Daily consumption ( L/day )
(2) Risk Assessment = EDI (mg/day ) x 100

Reference value ( mg/day)

Statistical Analysis:

In this study, we conducted both descriptive and inferential statistical analyses. Continuous
measurement results are presented as Mean + SD. A significance level of p=0.05 was established, and
any values equal to or below 0.05 were deemed statistically significant.Analysis of variance
(ANOVA) assessed the significance of study parameters across groups (intergroup analysis). If
ANOVA results were significant, subsequent post hoc analyses were performed. We calculated
Pearson’s Correlation coefficient to evaluate the relationship between fluoride PPM in various
regions and the temperature of Arabic coffee.The data analysis was performed using IBM SPSS
Statistics 20.0 (IBM Corporation, Armonk, NY, USA), while Microsoft Word and Excel were utilized
for creating graphs, tables, and other visualizations.

2. Results

The evaluation and comparison of the fluoride concentration of Arabic Coffee in different
regions of Saudi Arabia revealed a significant difference (p-value - 0.001) as shown in (Tables 2 and
3) (Figure 1). A comparative evaluation between different regions revealed no significant difference
between central and Western, Central and Southern, Eastern and Northern, and between western
and southern regions with respect to the fluoride concentration of Arabic Coffee (Table 2). The
significant difference(0.031) between western and southern region showed when comparing the
coffee temperature (Table 4). No significant correlation (p value 0.449) between fluoride
concentration with the temperature of Arabic coffee was reported in this study (Table 5). Mean
concentrations, standard deviation, minimum and maximum values of the fluoride and temperature
in the Arabic coffee from different regions were presented (Tables 3 and 6 Figure 2).
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Table 2. Comparison of PPM of Fluoride in terms of {Mean (SD)} among different regions using ANOVA test.

Group N Mean Std. Deviation Foalue P ovalue
Central 8 1.200 0.0756
Eastern 8 1.400 0.0926
Western 8 1.213 0.0835

18.882 .001%*

Northern 8 1.338 0.0744 8882 <0.00

Southern 8 1.112 0.0354
Total 40 1.253 0.1261

(p <0.05 - Significant*, p < 0.001 - Highly significant**).

Table 3. Post Hoc Analysis.

Group In comparison with P value
Eastern <0.001**
Central Western 0.997
Northern 0.007*
Southern 0.157
Western <0.001**
Eastern Northern 0.465
Southern <0.001**
Western Northern 0.016*
Southern 0.079
Northern Southern <0.001**

Table 4. Comparison of Coffee Temperature in terms of {Mean (SD)} among different regions using ANOVA
test.

Group N Mean Std. Deviation Fvalue P value
Central 8 47.50 0.926

Eastern 8 47.50 1.069

Western 8 48.50 2.138

2.4 .064

Northern 8 47.75 0.707 >0 0.06
Southern 8 46.25 1.909

Total 40 47.50 1.569

Table 5. A comparative evaluation of Coffee Temperature between different regions.

Group In comparison with P value
Eastern 1.000
Central Western 0.653
Northern 0.997
Southern 0.442
Western 0.653
Eastern Northern 0.997
Southern 0.442
Western Northern 0.842
Southern 0.031*

Northern Southern 0.265
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Table 6. Correlation between PPM of fluoride in different regions and the temperature of coffee using Pearson’s

correlation coefficient.

Temperature of the coffee

PPM of fluoride of .
. . No of samples R (correlation
different regions .. P value
coefficient)
Overall 40 0.123 0.449
Central 8 -0.408 0.315
Eastern 8 0.289 0.488
Western 8 -0.200 0.635
Northern 8 0.204 0.629
Southern 8 -0.265 0.526

Table 7. Mean concentrations, standard deviation, minimum and maximum values of fluoride in the coffee from

different regions.

Region Central Eastern Western Northern  Southern
Mean
concentrations
Min. Value 1.1 1.3 1.1 1.2 1.1
Max. Value 1.3 1.5 1.3 14 1.2
Standard
Deviation

1.200 1.400 1.213 1.338 1.112

0.0756 0.0926 0.0835 0.0744 0.0354

1.6

1.4 L
1.2 . 8

1

[y

0.8

Mean (SD)

0.6
0.4

0.2

Central Eastern Western Northern Southern

Figure 1. Comparison of PPM of Fluoride in terms of {Mean (SD)} among different regions using ANOVA test.
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Figure 2. Comparison of Temperature in terms of {Mean (SD)} among different regions using ANOVA test.
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Figure 3. Correlation between PPM of fluoride in different regions and temperature using Pearson’s correlation

coefficient.

~ safetoConsume More than upper limit

6cups 12 cups 18 cups 24 cups
2.57 5.14 7.71 10.28
3 6 9 12
2.57 5.14 7.71 10.28
2.85 5.71 8.57 11.42
2.4 4.8 7.2 9.6

Figure 7. The upper limit and assessment of risk by the Arabic coffee consumption. According to the European
Food Safety Authority (EFSA) Upper Limit Is 7mg.
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Regions 6 CUPS 12 CUPS 18 CUPS 24 CUPS
Central 0.18 0.36 0.54 0.72
Eastern 0.21 0.42 0.63 0.84
Western 0.18 0.36 0.54 0.72
Northern 0.2 0.4 0.6 0.8
Southern 0.17 0.34 0.51 0.68

Figure 8. Depicts the estimated daily intake of fluoride by consuming Arabic coffee.

Figure 9. Shows the PPM of fluoride concentration in Arabic coffee.

3. Discussion

The rich history of Arabic coffee consumption is growing continuously in the Kingdom of Saudi
Arabia(KSA). Arabic coffee is considered a welcoming beverage in the KSA that is served all day
long. In 2015, UNESCO(United Nations Educational Scientific and Cultural Organization) recognized
the significance and art of making the traditional method of coffee in Saudi Arabia’s culture. The
Arabs used to say that the first cup of coffee is for the head, the second one is for the strength, and
the third is for the mind to remove headaches.

Arabic Qahwa (AQ) is a staple food and traditional beverage not only in Saudi Arabia but in all
Middle Eastern countries. Arabic coffee is prepared by adding different ingredients like cardamom,
cloves, ginger, cinnamon, gum, and many more, according to their culture. The average volume of
each cup is about 25 ml and the mean consumption of 6 cups of Arabia coffee by a normal individual.
Many studies evidenced very high caffeine content in Turkish coffee, as much as 2 Nescafe®, and
that weighs to 20 cups of Arabian coffee. [15.16].Even the roasting process of coffee beans at different
temperatures revealed the caffeine content ranges between 19-21 mg/g in Robusta beans and 10 and
12 mg/g in Arabica beans[17,18].

The shift towards bottled water consumption in Saudi Arabia, driven by concerns about natural
water supplies' contamination, has implications for fluoride intake. Variations in fluoride
concentration among bottled waters underscore the importance of accurate labeling and further
research into optimal fluoride levels for dental health. [19].

The presence of fluoride in the dentifrice’s mouthwashes may prevent the caries process[20]. In
the previous literature, the relationship between the fluoride and prevention of caries has been
studied extensively[21,22]. The reduction in the incidence of early childhood caries is greatly affected


https://doi.org/10.20944/preprints202503.1192.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 March 2025 d0i:10.20944/preprints202503.1192.v1

9 of 12

by the regular use of fluoride-based interventions[23]. The Fluoride ion reacts with the hydroxyl
crystal present in the tooth enamel and forms into fluorapatite, which is more resistant against dental
caries[24]. This converted fluorapatite crystal is much stronger against acid attacks and enamel’s
surface solubility [25].

The study results revealed the mean fluoride concentration of the overall region was optimal.
The lowest fluoride concentration in Arabic coffee was found in the southern region; this may be due
to the type of ingredients used in the coffee. Furthermore, decaffeinated coffee contains the lowest
fluoride concentration, likely due to the method used to reduce its caffeine content, which may also
remove some fluoride in the process contains[26].

Some evidence revealed that in roasted Arabic coffee, the fluoride content is less than the green
coffee Olechno et al[27]. The fluoride concentration in the ready-to-drink coffee was high compared
to roasted Arabic coffee Satou et.al[28]. Wolski et al. evidenced that the preparation and type of coffee
beans affect the fluoride concentration in the coffee[11].

The variations of fluoride concentration in Arabic coffee were multifactorial. The factors may be
the absorption of fluoride by coffee plants, the fluoride content of the soil, water used for the
cultivation, germination process, and fluoride content of the ingredients used for the coffee
preparation [7,26]. The addition of various additives, such as evaporated milk or Coffee-mate, can
significantly alter the caloric content of Arabic coffee. Evaporated milk, a prevalent additive in Arabic
coffee, is also commonly used in Malaysian coffee culture [29,30]. Considering the popularity of these
additives, it's crucial to recognize their impact on the overall caloric intake associated with Arabic
coffee consumption. Arabic coffee without any additives inherently contains minimal to no
calories[16].

The contrasting findings regarding the health effects of Arabic coffee consumption,
accompanied by additives and or sweets, had an increased risk of obesity [31-39]. On the other hand,
the study suggesting that Arabian coffee consumption, specifically Saudi coffee, may have positive
effects on the body mass index (BMI), blood glucose levels, and blood pressure, offers an intriguing
perspective. This indicates that moderate consumption of Arabic coffee, without excessive additives,
may have potential benefits for metabolic health, including the management of early stages of
hypertension[40,41]. Some researchers have identified that the nutritional benefits of date fruit
suggest potential synergies with Arabic coffee consumption for individuals managing diabetes
mellitus.[42].

The recent data on coffee consumption of the Spanish population was 1.94kg/person/year, which
is comparatively high®*. Moreover, the overall latest report of coffee consumption in the Saudia
population is markedly high, 6.22kg/person in 2021but the Saudi coffee consumption data is not
available. Finally, the results of our study revealed that 12 cups of Saudi coffee per day is safe to
consume. However, the upper limit was reached by consuming more than 18 cups /day, which can
impact the daily intake of fluoride in the diet. Nonetheless, most of the residents consume bottled
water with a fluoride concentration of around 1PPM. Therefore, we used water of 1ppm fluoride in
all the regions.

A need for further research on the preparation with different ppm of fluoride water. One of the
limitations of our research was the small sample size, and different ingredients were used to prepare
the Arabic coffee.

The positive and negative health effects of Arabic coffee consumption should be made through
health fairs and cultural gatherings like conferences and national health programs to the younger
generations to correct the wrong perceptions. Finally, the deeply ingrained traditions of serving
Arabic coffee reflect centuries of cultural heritage and ancestral wisdom. Adherence to these
traditions not only connects us to our past but also enriches the experience of enjoying Arabic coffee,
making it as enjoyable as its origins. By preserving and honoring these traditions, we can continue to
celebrate the cultural significance of Arabic coffee for generations to come.

5. Conclusions
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The fluoride concentrations of Arabic coffee in 5 different regions were determined using ion-
selective potentiometric technique. The overall mean concentration of fluoride was optimal
(1.253PPM), but the highest content was recorded in the eastern (1.400PPM), and the lowest was
found in the southern group (1.112PPM). A statistically significant difference was found in the
fluoride content, but the comparative evaluation revealed no significance. Additionally, the
temperature and the fluoride content did not reveal the correlation. The difference in the fluoride
concentration of Arabic coffee among different regions was minimal this may be due to the number
of ingredients used in the preparation.

Nonetheless, the generous amount(12 cups) of Arabic coffee consumption may not cause either
acute or chronic fluoride toxicity. It is essential to evaluate the total fluoride intake, particularly if
consumers are subjected to elevated fluoride levels in the water supply.
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