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Raki is a traditional Turkish drink. It is obtained by distillation process after suma (alcoholic water) 

obtained from raisins is sweetened with anise (pinpinella anisum). The quality of raki depends on the 

quality of the grapes used in the production process and technological differences. In this study, in order 

to ensure consumer food safety, 10 different raki samples in Turkey were thawed by microwave cracking 

system, and their trace element content was examined. Differential pulse polarography (DPP), which 

has high selectivity and sensitivity, was used for the measurements. Appropriate measurement conditions 

were determined for each element. Validation of the method was done with a known sample. The 

detection limit of the method was determined as 0.1 µgg-1. The amounts of Fe, Cu, Pb, Cd, Cr, As, Ni, 

Zn, Se elements in the raki samples were determined as approximately 2-80 µgg-1. 
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1. INTRODUCTION 

 

Raki is an alcoholic beverage obtained by distillation of suma produced in Turkey with anise, 

according to the Turkish Food Codex Communique on Distilled Alcoholic Beverages [1]. It is a 

traditional drink that is consumed quite a lot in Turkey. The use of different grape varieties and regional 

differences affect the quality of raki. Elemental analyzes of raki have also become extremely important. 

Trace elements, which play an important role in vital functions, are obtained from foods and 

beverages. Analysis of trace elements in alcoholic beverages is also carried out. The consumption of 

alcoholic beverages in Turkey is gradually increasing. Excessive amounts of these elements can have a 

toxic effect and pose a significant risk to human health. 

Trace element analysis in beer from alcoholic beverages, atomic absorption spectroscopy (AAS) 

[2], inductively coupled plasma mass spectrometry (ICP-MS) [3-5], X-ray fluorescence spectroscopy 

[6-9] and polarography methods [10-11] were used. Trace elements in wine, another widely consumed 
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alcoholic beverage, were determined by AAS [12-13], ICP [14-21] and polarography methods [22-24]. 

Elemental analyzes and risk effects on health were examined using these analysis methods. 

In this study, we did not encounter a study on trace element analyzes in Raki, which is widely 

consumed in Turkey. Elemental analyzes of 10 different raki sold in markets in Turkey were made. Here, 

we used differential pulse polarography method, which has high selectivity, high reproducibility, cheaper 

and easier to analyze compared to other spectroscopic methods. 

 

 

2. EXPERIMENTAL 

2.1. Material and Reagents: 

The reagents (Merck) used in the measurements were weighed from metal salts of analytical 

purity in certain proportions and their solutions were completed with distilled water. Dilute solutions 

were prepared daily. Various supporting electrolytes including K2CO3, NH3– NH4Cl buffer, and HAc–

NaAc buffer with or without EDTA were used over a wide pH range. 

 

2.2. Instruments: 

Entek brand polarography analyzer was used for the measurements. In this device, there are 

dripping mercury electrode, saturated calomel electrode, Pt wire electrode and C4 cell stand. In addition, 

99.999% nitrogen gas was used to remove dissolved oxygen. 

 

2.3. Preparation of raki samples: 

The same thawing procedure was applied for ten different raki samples bought from the market. 

750ml of raki sample was evaporated to a volume of approximately 10mL. 8mL HNO3 and 2ml HClO4 

were added to the samples taken to A flask with long neck (30cm), evaporated. This process was repeated 

4 times. The volume of the clear sample was made up to 10 mL with distilled water. 

 

 

3. RESULT AND DISCUSSION 

3.1. Preliminary Experiments: 

Elements have specific peak potentials in certain buffers and electrolytes. These buffers and 

electrolytes prevent them from interfering with other elements and make quantification analyzes 

sensitive [25-27]. This peak potential varies depending on both the electrolytes and the pH value. The 

most suitable environment is determined by analyzing different electrolytes and pH values with 

polarography.  

Potentials suitable for determination of elements in raki samples were examined. Potential values 

depend on the type of electrolyte and its pH values. The potentials where the peaks of each element 
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diverged and the sensitivity was the highest were determined and given in Table 1. According to these 

data, pH=7.0 Hac+EDTA for Fe, pH= 11.0 1 M K2CO3 for Cu, pH= 11.0 1 M K2CO3 for Pb, pH= 9.8 

NH3/NH4Cl buffer for Ni and Zn, pH 1.0-4.0 Vol electrolyte for As (III) and Se (IV) were analyzed. 

 

 

Table 1. Effect of electrolytes and pH on peak potentials (V) of some elements in the presence of 

digested raki (V vs. SCE) 

 

 

 

 

 

pH 3.5  

(1M Hac) 

 

pH 7 

(1 M Hac+ 0.1 M EDTA) 

 

pH 10 

(1 M NH3-NH4Cl) 

 

 

pH 11 

(1M K2CO3) 

 

Fe (III) 

 

-0.05 

 

-0.17 

 

-0.32 

 

-0.00 

 

Cu (II) 

 

-0.12 

 

-0.00 

 

-0.38 

 

-0.27 

 

Pb (II) 

 

-0.40 

 

-0.54 

 

---- 

 

-0.58 

 

Ni (II) 

 

---- 

 

-0.90 

 

-0.95 

 

-0.79 

 

Zn (II) 

 

As (III)           

 

-0.96 

 

---- 

 

-1.15 

 

---- 

 

-1.25 

 

---- 

 

-1.00 

 

---- 

 

Se (IV)            -0.54 ---- ---- ---- 

     

 

Using these results, qualitative and quantitative analysis of the elements in the raki samples was 

made. The results obtained are summarized in Table 2. 

 

 

Table 2.   Trace element amounts ( �̅�    ts / √𝑁 ) (µgL-1) in 10 different digested raki samples. (V vs. 

SCE). CI 95%, N=4. �̅� : Arithmetic mean, s: Standard deviation, t: Student’s t-test 

 

 

Element 

 

Fe 3+ 

 

Cu2+ 

 

Pb 2+ 

 

Ni 2+ 

 

Zn2+ 

 

As 3+ 

 

Se4+ 

 

 

Sample 1 

 

21 ± 2 

 

14 ± 1 

 

15 ± 1 

 

27 ± 2 

 

34 ± 3 

 

3 ± 0.1 

 

58 ± 5 

 

Sample 2 

 

23 ± 2 

 

13 ± 1 

 

18 ± 1 

 

29 ± 2 

 

33 ± 3 

 

3 ± 0.1 

 

63 ± 5 

 

Sample 3 

 

24 ± 2 

 

16 ± 1 

 

17 ± 1 

 

28 ± 2 

 

35 ± 3 

 

3 ± 0.1 

 

66 ± 6 

 

Sample 4 

 

25 ± 2 

 

16 ± 1 

 

17 ± 1 

 

30 ± 2 

 

35 ± 3 

 

4 ± 0.1 

 

70 ± 6 
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Sample 5 25 ± 2 14 ± 1 16 ± 1 32 ± 2 37 ± 3 4 ± 0.1 74 ± 6 

 

Sample 6 

 

27 ± 2 

 

18 ± 1 

 

19 ± 1 

 

33 ± 2 

 

38 ± 3 

 

5 ± 0.1 

 

74 ± 6 

 

Sample 7 

 

27 ± 2 

 

19± 1 

 

19 ± 1 

 

34 ± 2 

 

39 ± 3 

 

5 ± 0.1 

 

76 ± 7 

 

Sample 8 

 

29 ± 2 

 

19 ± 1 

 

18 ± 1 

 

34 ± 2 

 

39 ± 3 

 

5 ± 0.1 

 

76 ± 7 

 

Sample 9 

 

28 ± 2 

 

13± 1 

 

16 ± 1 

 

29 ± 2 

 

37 ± 3 

 

4 ± 0.1 

 

65 ± 6 

 

Sample 10 

 

26 ± 2 

 

15 ± 1 

 

15 ± 1 

 

28 ± 2 

 

34 ± 3 

 

3 ± 0.1 

 

56 ± 5 

 

 

3.2. Fe (III): 

The most suitable medium for separating iron (III) peak from copper is pH=7.0 HAc-Ac 

electrolyte in the presence of EDTA. The most suitable medium for separating iron (III) peak from 

copper is pH=7.0 HAc-Ac electrolyte in the presence of EDTA and it is given in figure 1. The amount 

of Fe (III) was determined by standard additions. The amount of Fe (III) in ten different raki samples 

was measured as 20 to 30 mgL-1 as the 95% confidence level and the average of 4 measurements. 

 

 
 

Figure 1. Differential pulse polarographic determination of iron in Turkish raki samples. A) 9 mL 1 M 

HAc + 0.5 mL 0.5 M EDTA + 0.5 mL sample, b) + 0.2 mL 1x10-3 M Fe3+, c) + 0.2 mL 1x10-3 

M Fe3+ 

 

3.3. Cu (II): 

The most suitable medium for copper peak is 1 M K2CO3 (pH=11.0) electrolyte and its given 
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figure 2.  The amount of Cu (II) in the raki samples was determined as 10 to 20 mgL-1 as the 95% 

confidence level and the average of 4 measurements. 

 

 

 
 

Figure 2. Differential pulse polarographic determination of copper in Turkish raki samples. A) 9.5 mL 

1M K2CO3 + 0.5 mL sample, b) + 0.2 mL 1x10-3 M Cu2+, c) + 0.2 mL 1x10-3 M Cu 2+ 

 

3.4. Pb (II): 

Many metals such as Pb, As and Cd are known to have toxic effects. They can damage many 

vital functions. Their analysis is also important [28-29]. The most suitable medium for lead peak is 1 M 

K2CO3 (pH=11.0) electrolyte and its given figure 3.  The amount of lead (II) in the raki samples was 

determined as 15 to 20 mgL-1 as the 95% confidence level and the average of 4 measurements. 

 

 
 

Figure 3. Differential pulse polarographic determination of lead in Turkish raki samples. A) 9.5 mL 1 

M K2CO3 + 0.5 mL sample, b) + 0.2 mL 1x10-3 Pb2+, c) + 0.2 mL 1x10-3 Pb2+ 
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3.5. As (III): 

As (III) is determined in HCl and HAc electrolytes at pH=1.0 to 4.0. The peak here is short and 

broad. It is more suitable to determine with the catalytic hydrogen peak where the sensitivity is high [30-

32]. pH=3.5 0.1 M HAc electrolyte was used. No peak was observed after the polarogram of the Raki 

sample was taken. However, approximately 100 times as much molybdenum solution was added to the 

cell, and when the polarogram was taken, the catalytic hydrogen peak of As (III) was observed at -1.1 V 

and it was given figure 4. By adding standard solution to it, the amount of As (III) in the raki 95% 

confidence level and the average of 4 measurements was measured as 2 to 6 mgL-1. 

 

 

 

 
 

Figure 4. Differential pulse polarographic determination of arsenic in Turkish raki samples. A) 9.5 mL 

1M HAc + 0.5 mL sample, b) + 1.0 mL 1x10-5 M Mo6+, c) + 0.2 mL 1x10-8 M As3+, d) + 0.2 mL 

1x10-8 M As3+ 

 

3.6. Ni (II): 

The nickel peak is determined in pH=9.8 NH3-NH4Cl buffer. The nickel peak is seen in figure 5 

at -0.95 V.  The amount of nickel (II) in the raki samples was determined as 25 to 35 mgL-1 as the 95% 

confidence level and the average of 4 measurements. 
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Figure 5. Differential pulse polarographic determination of nickel in Turkish raki samples. A) 9.5 mL 

NH3-NH4Cl buffer + 0.5 mL sample, b) + 0.2 mL 1x10-3 M Ni2+,  c) + 0.2 mL 1x10-3 M Ni2+ 

 

3.7. Zn (II): 

The zinc peak is determined in pH=9.8 NH3-NH4Cl buffer. The zinc peak is seen in figure 6 at -

1.25 V.  The amount of zinc (II) in the raki samples was determined as 30 to 40 mgL-1 as the 95% 

confidence level and the average of 4 measurements. 

 

 
 

Figure 6. Differential pulse polarographic determination of zinc in Turkish raki samples. A) 9.5 mL 

NH3-NH4Cl buffer + 0.5 mL sample, b) + 0.2 mL 1x10-3M Zn2+, c) + 0.2 mL 1x10-3M Zn2+ 
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3.8. Se (IV): 

In real samples, Se (IV) cannot be determined easily due to the interference effect. Catalytic 

hydrogen peak was used for Se (IV) determination. In the pH=3.5 1M HAc electrolyte, a catalytic 

hydrogen peak was observed with molybdenum at approximately -1.0 V in figure 7. By adding standard 

solution on it, the amount of Se (IV) in the raki samples was determined as 95% confidence level and 

50 to 80 mgL-1 as the average of 4 measurements. 

 

 

 
 

Figure 7. Differential pulse polarographic determination of selenium in Turkish raki samples. A) 9.5 

mL 1M HAc + 0.5 mL sample, b) + 1.0 mL 1x10-5 M Mo6+, c) + 0.2 mL 1x10-8 M Se4+, d) + 0.2 

mL 1x10-8 M Se4+  

 

3.9. Comparison of results with AAS: 

To compare the method, trace elements in the raki sample were measured by atomic absorption 

spectroscopy and the % recovery results are given in Table 3. The results were found to be compatible 

with both methods. 

 

Table 3.   Comparison of trace elements amounts ( �̅�    ts / √𝑁 ) (µg/L) in Sample 1 with AAS. (CI 

95%, N=4. �̅� : Arithmetic mean, s: Standard deviation, t: Student’s t-test) 

 

 

Element 

 

DPP 

 

 

AAS 

 

% Recovery 

 

Fe3+ 

 

21 ± 2 

 

20 ± 2 

 

95 

 

Cu2+ 

 

14 ± 1 

 

13 ± 1 

 

93 
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Pb2+ 15 ± 1 14 ± 1 93 

 

Ni2+ 

 

27 ± 2 

 

26 ± 2 

 

96 

 

Zn2+ 

 

34 ± 3 

 

34 ± 3 

 

100 

 

As3+ 

 

3.0 ± 0.1 

 

2.9 ± 0.1 

 

97 

 

Se4+ 

 

58 ± 5 

 

56 ± 5 

 

97 

 

 

 

 

4. CONCLUSION 

Trace element analysis was done in raki and this was the first study. Trace amounts of Fe (III), 

Cu (II), Pb (II), Ni (II), Zn (II), As (III) and Se (IV) in 10 different raki samples widely consumed in 

Turkey, good selectivity, low the detection limit and high reproducibility were determined by differential 

pulse polarography. Appropriate determination conditions were determined for each element by using 

different buffers and electrolytes. This increases the sensitivity of the method. Differential pulse 

polarography method does not have problems such as interference effect, concentration of samples and 

taking a long time for analysis seen in other methods. These elements take place in the vital functions of 

people and have important duties. Pb (II) and As (III) elements, which have toxic effects, were also 

measured, but it was determined that there was no amount that would put human health at risk. 
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