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Abstract 

Polycyclic aromatic hydrocarbons (PAHs) in meat products have 

raised serious issues for scientists over the past few decades because 

of their highly toxic effects on human health, hence, monitoring their 

levels in this food are very important. The aim of this study is to 

estimate five kinds of PAHs Benzo[a]pyrene (B[a]P), Benzo[a]an-

thracene (B[a]A), Benzo[b]fluoranthene (B[b]F), chrysene (CHR), 

and Indenol[1,2,3-cd] pyrene (IND) in some meat products (kabab, 

teka, burger, and shawarma) in local markets of the Sulaymaniyah / 

Kurdistan region of Iraq. High-performance liquid chromatography 

(HPLC) with a fluorescence detector (FLD) was applied for their 

analysis after validation of the technique in terms of linearity, speci-

ficity, sensitivity, and accuracy. The results show good linearity 

(R² = 0.9918) with the limit of detection (LOD) ranging from 0.1 to 

0.5 µg kg⁻¹ and the limit of quantification (LOQ) ranging from 0.3 

to 1.5 µg kg⁻¹ with recovery values ranging from 90 to 105% for the 

selected PAHs. Due to its carcinogenicity, B[a]P is used as a bi-

omarker with PAH4 (B[a]P, B[a]A, CHR, and B[b]F). The highest 

level of B[a]P (2.56 µg kg⁻¹), PAH4 (13.65 µg kg⁻¹), and IND (2.60 

µg kg⁻¹) was recorded in the shawarma sample, which exceeded the 

EU maximum limit of B[a]P (2 µg kg⁻¹) and PAH4 (12 µg kg⁻¹), and   

makes it the most contaminated type of meat product with the se-

lected PAHs used in this study, followed by teka samples. Further 

research is suggested to expand the study to a wider range of samples 

and investigate methods for mitigating PAHs levels in these prod-

ucts . 

Keywords: Polycyclic aromatic hydrocarbons (PAHs), meat prod-

ucts, high-performance liquid chromatography (HPLC), fluores-

cence detector (FLD). 

Introduction 

        Meat and its products are extensively consumed worldwide through various prep-

aration methods, owing to their nutritional importance, particularly their supply of es-

sential amino acids, essential fatty acids, vitamins, and minerals crucial for human 

health [1]. Red meat has additional nutritional advantages over other meat varieties, 
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including iron, zinc, vitamin B12, selenium, and omega-3 fatty acids, all of which are 

vital for bodily functions [2]. The goal of processing meat is to raise its digestibility, 

quality, and desired sensory qualities while simultaneously prolonging its shelf life. 

Polycyclic aromatic hydrocarbons (PAHs) are among the hazardous byproducts that 

meat may produce as a result of its thermal processing. PAHs are a broad class of 

extremely hydrophobic chemical molecules with two or more aromatic rings bonded 

together [3]. The bulk of PAHs are colorless, pale yellow, or white, lipophilic, with 

low volatility, and dissolve readily in organic solutions like acetone and cyclohexane. 

They can be divided into two groups according to the total number of aromatic rings: 

light PAHs, which have two to three rings and volatile, and heavy PAHs, which have 

four to six rings which are more stable, poisonous, and less volatile, they are present in 

a variety of environmental matrices [4]. PAHs are common environmental pollutants 

that can be created from natural sources such as wildfires and volcanic eruptions or 

human activities like industrial emissions, vehicle exhaust and cooking with fossil fuels 

such as wood or coal, oil and gas. Food is the primary source of PAH exposure, ac-

counting for about 90% of the general population's exposure to PAHs across all coun-

tries [5]. Meat processing techniques that release PAHs, include roasting, toasting, bar-

becuing, baking, drying, and frying, which results from the incomplete combustion of 

charcoal and the pyrolysis of fat especially when heated to temperatures higher than 

200 °C.   [6 ]  

The length and form of exposure, the concentration of PAHs to which one is 

exposed, and the relative toxicity of the type of the PAHs are some of the variables that 

contributes to how PAHs affect human health. The harmful effects of human exposure 

to PAHs, include genotoxicity, immunological toxicity, neurotoxicity, disruption of the 

reproductive and endocrine systems, carcinogenicity, and teratogenicity [7]. Hence it 

is very important to determine their concentration in food in order to reduce their side 

effects on human health . 

About 10,000 different forms of PAHs have been identified to far; of these, over 

100 are measurable, and 16 have been designated by the European Food Safety Au-

thority (EFSA) and the International Agency for Research on Cancer (IARC) as both 

carcinogenic and genotoxic [8]. B[a]P and PAH4 (B[a]P, B[a]A, CHR, and B[b]F) 

have been used as biomarkers by JECFA (Joint FAO/WHO Expert Committee on Food 

Additives), which established the maximum permitted level of 2 µg kg⁻¹ for 

benzo[a]pyrene (B[a]P) and 12 µg kg⁻¹ for PAH4 in smoked meat and meat products 

[9] As a result, these compounds have been widely selected as target pollutants in stud-

ies investigating PAH contamination in meat products. [3, 10,11]. Highly sensitive and 

selective analytical technique are used in the detection and quantification of PAHs, 

such as gas chromatography [12,13], high-performance liquid chromatography 

(HPLC) combined deferent detection methods such as flame ionization detectors (FID) 

[14], UV detector [10], diode array detector [15,16], fluorescence detector [17,11], and 

mass spectrometry [18]. Recently MS/MS (Tandem Mass Spectrometry) was used as 

sensitive detector [19] with HPLC that also combined with GC [20] for the same pur-

pose. Among them, high-performance liquid chromatography combined with fluores-

cence detection (HPLC-FLD) is a widely applied technique for quantification of PAHs 
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due to its high selectivity and sensitivity, with low detection limits, toward these com-

pounds, since PAHs exhibit strong native fluorescence due to their polyaromatic ring 

structures. As a detector, FLD offers improved signal-to-noise ratios and reduced ma-

trix interference; moreover, it is cost-effective. Hence, many studies used HPLC-FLD 

for analysis of PAHs in meat products [17, 21].  

It is worth mentioning that a crucial stage in the measurement of PAHs is sample 

preparation, particularly in complex food matrices like meat products, where effective 

extraction and purification procedures are needed to separate PAHs from coexisting 

matrix components before their quantification [22]. Due to the limited data on PAH4 

occurrence in the most popular meat products consumed in the Kurdistan region of Iraq 

including Kabab, teka, burger, and shawarma, particularly in relation to the cooking 

method used in their preparation, there is variability in the type of meat, thermal treat-

ments, cooking time, and environmental conditions, which can significantly influence 

PAH formation in the meat products. Therefore, analysis of PAHs is essential to eval-

uate their compliance with safety standards. The aim of this study was to determine the 

concentration of five kinds of PAHs, the more harmful PAH kinds to human health in 

meat products, including PAH4 (B[a]P, B[a]A, CHR, and B[b]F) and IND, in some 

meat’s products (Kabab, teka, burger, and shawarma) using HPLC-FLD instrument . 

 

Materials and Methods 

Sample collection 

 Twenty samples of the different types of grilled meat products including (Kabab, 

Teka, burger, Shawarma) five sample of each type were collected in Sulaymaniyah 

city/Kurdistan region of Iraq. A sterilized polyethylene bag was used for sample col-

lection, and 50 g of each of the processed meat samples were stored at −20 °C in the 

dark prior until analysis . 

Reagents, Chemicals, and Materials 

 The standard of the five selected PAH types (B[a]A, CHR, B[b]F, B[a]P, and 

IND) used in the current study (≥99% purity), syringe filters (0.25 and 0.45 µm), and 

capillary columns C18 (150 x 4.6 mm, 5 μm) were bought from Supelco (USA). Ace-

tonitrile (ACN) (99.5%), acetic acid (99.9%), primary secondary amine (PSA) 40 μm 

particle size, hexane, sodium chloride (NaCl), and anhydrous magnesium sulphate 

(MgSO4) were all purchased from Merck. PAH standards and stock solutions were 

kept in sealed amber glass vials, ideally in a freezer between -18 and -20 °C. 

Sample Preparation using Quencher’s method 

 The Quenchers (Quick, Easy, Cheap, Effective, Rugged, and Safe) method was 

used for PAH extraction and purification according to Hamad amin and Hassan [23] 

with a few modifications. The samples were thawed overnight at 4°C. The mixture was 

then homogenized using a high-speed blender until a uniform consistency was 

achieved and transferred to a 50 mL Falcon tube flask for the first step of extraction, 

adding 5 mL of hexane to the 2 g sample in the flask and agitating it in a vortex mixer 

for 1 min. Subsequently, 10 mL of acetonitrile (ACN) containing 1% (v/v) acetic acid 

was added, and the mixture was vortexed for one minute. After adding 0.5 g of NaCl 

and 1.6 g of anhydrous MgSO4, the liquid was homogenized in a vortex for one minute. 
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To separate the phases (liquid-liquid partition), the mixture was centrifuged for 3 min 

at 3000 rpm. The top phase, which corresponds to the organic solvent hexane, was 

removed using a pipette. The subsequent stage, which corresponded to the organic sol-

vent ACN, was transferred to a tube containing 150 mg of MgSO4 and 70 mg of the 

adsorbent Primary Secondary Amine, which was used as a sample clean-up. The tube 

was centrifuged at 3000 rpm for 1 min after manual shaking for 30 s. Syringe filters 

(0.45 and 0.20 µm) were used to filter the supernatant. Each filtered supernatant sample 

was evaporated under a nitrogen stream at 45 °C until it was 1 mL and then stored at 4 

°C till subjected to HPLC-FLD analysis. 

HPLC-FLD condition 

 The PAH concentrations were estimated on an HPLC System (Shimadzu, Nex-

era-iLC2040C, Tokyo, Japan) consisting of a binary pump, a degasser, an auto sampler, 

and a column oven, combined with a fluorescence detector (FLD) (Shimadzu RF-550), 

used for analyzing PAH levels in meat product samples. Applying a reverse-phase C18 

column (150 x 4.6 mm, 5 μm), separation was accomplished. The injection volume is 

20 µL; the analytical column temperature was maintained at 30°C. The mobile phase 

consisted of a mixture of acetonitrile and water (80:20 to 100:0) over 10 min, at a flow 

rate of 1.2 mL/min. The FLD was set at an excitation and an emission wavelength of 

275 nm and 420 nm. 

Validation Method 

 The validation method for determining PAH in meat products by HPLC-FLD 

regarding parameters of  Method validation for PAH determination in some meat prod-

ucts using HPLC-FLD was performed by evaluating some parameters such as linearity, 

accuracy, precision, and sensitivity that include the limits of quantification (LOQ) and 

detection (LOD). The linearity was evaluate using a sequence of dilutions of PAH 

standard solutions ranged from 0 to50 ug kg⁻¹. Calibration curves were created by plot-

ting the peak area against the PAH concentration. The linearity estimated by applying 

linear regression: Equation: Y = mx + b, in which Y= peak area, x= PAH concentration, 

m= slope and b= intercept . 

 Recovery values were assessed by conducting an entire analytical procedure for 

PAH determination on blank meat samples spiked with a combination of standards 

(B[b]F, B[a]A, CHR, B[a]P, and IND) at varying concentrations of (0.2, 0.6,1,3 and 5) 

µg kg⁻¹. Then PAH content in in spiked and blank samples was performed. The tech-

nique's accuracy was assessed by calculating the recovery percentage. (Percentage re-

covery % = concentration from the chromatogram/spiked or added concentration x 

100] [24]. The sensitivity expressed as the limits of detection (LOD) and quantitation 

(LOQ), these were identified using a signal-to-noise ratio; concentrations exhibiting 

peak intensity of signal-to-noise ratios of 3 and 10 were classified as LOD and LOQ, 

respectively. They are estimated using the following formula: LOD = 3 × N/B and 

LOQ = 10 × N/B, where N is the standard deviation of the PAH's peak area and B is 

the calibration curve's slope. The standard deviation of the response and the slope of 

the calibration curve served as the foundation for these findings. Intra-day, at-the-

same-run (repeatability), and inter-day in triplicate assays of a contaminated meat sam-

ple were carried out to assess precision. The method's selectivity for every type of 
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PAHs used in this study was confirmed by the lack of interfering peaks at the PAH 

retention period. 

Calibration Curve and Quantification 

 A stock solution of PAH (1000 µg/kg) was produced in deionized water that 

serially diluted to obtain standard solutions at concentrations of 0, 1, 3, 5, 10, 15, 25, 

and 50 µg/kg. For every standard, note the peak area. Plotting the peak area (Y-axis) 

against the matching PAH concentration (X-axis), which was expressed in µg/kg, al-

lowed for calibration. By using linear regression, the linearity was estimated to be the 

formula Y = mx + b, where x is the PAH concentration, Y is the peak area, M is the 

slope, and B is the intercept. The peak area following injection was measured. Then 

the calibration curve calculation was used to determine the PAH concentration in the 

samples under study using the peak area value. Sample concentration (µg kg-1) is cal-

culated by (Area of sample)/ (Area of standard) concentration. Standard dilution fac-

tor.    

     

Results and Discussion 

Validation Method 

Validation method in HPLC is a crucial stage in ensuring the precision and reli-

ability of results, which verifies that the procedure is appropriate for its intended use 

and satisfies legal and scientific requirements. The results demonstrate excellent line-

arity with a correlation coefficient (R²) equal to 0.9918, verifying a steady correlation 

between PAH concentration and detector response and demonstrating the method’s ca-

pability in measuring PAH in meat matrices over a wide concentration range. Accord-

ing to the sensitivity of the technique, which is represented by the limit of detection 

(LOD), The lowest PAH concentration at which background noise can be reliably sep-

arated, it ranged between 0.1to 0.5 µg kg⁻¹ (Table 1) for the studied PAHs. The sensi-

tivity of the technique also includes the limit of quantification (LOQ), which is the 

lowest concentration of analyte that can be determined with an acceptable amount of 

accuracy. It was ranged between 0.3 to 1.5 µg kg⁻¹ (Table 1) for the studied PAHs. It 

is worth to mention that the importance of being the LOD of the technique for the tested 

PAHs be below their respective Minimal Risk Levels, MRLs. The specificity of the 

HPLC-FLD technique was evidenced by the distinct separation of PAHs peaks from 

matrix constituents without interfering peaks.  

The method's accuracy was assessed by recovery values, which were estimated 

using different concentrations (5, 3, 1, 0.6, and 0.2 µg kg⁻¹) of each studied kind of 

PAHs. These value ranged between 90–105% (Table 2) , which are within the accepta-

ble range of recovery values (70–120%) set by regulatory agencies of the European 

Union’s criteria for food contaminant control (SANTE document No. 11312/2021).The 

recovery values  of the same technique differ slightly in other studies it was  96 to 99% 

in the study of Gutiérrez-Valencia and de Llasera [25], who quantify four kinds of 

PAHs in bovine tissues,  and ranged between 83.83 to 100.94% in the study of Zachara 

et al [17], in determine PAHs in different kinds of commercial smoked meat and fish 

products. Whereas Onopiuk et al [11] the recovery of HPLC- FLD, that used in deter-

mining PAH in smoked and grilled meat products, ranged between 87.66 to 88.04 µg 
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kg⁻¹. Obtaining high recovery values in this study can be attributed to the efficiency of 

the Quenchers extraction technique that applied to the meat products samples. Since 

acetonitrile, promotes partitioning of PAHs while limiting the other co-extraction of 

lipids and proteins. Moreover salting-out by MgSO4 enhances phase separation and 

clean-up using PSA effectively removes meat interferences such as fatty acids or pig-

ments and improved method accuracy which reflected by the acceptable recovery val-

ues . 

Recording lower recoveries (below 70%) using HPLC-FLD might suggest that 

some PAH is being lost during the extraction or analysis process, potentially due to 

degradation or incomplete extraction [26]. Moreover, matrix effects may be taken into 

consideration in determining the recovery values, particularly in analytical methods 

that rely on external calibration, which assumes that the instrument's response to the 

analyte is identical in a complicated sample matrix, and a standard solution, which is 

often not the case [27]. 

Table (1): Optimum parameters for separation and quantitation BAHS in five types of 

meats. 

PAH Linearity equation R2 
LOD 

µg/kg 

LOQ 

µg/kg 

B[a]A Y=16613X +15945 0.9908 0.1 0.3 

CRY Y=14549X +28109 0.990 0.11 0.33 

B[b]F Y=14438X +20253 0.991 0.23 0.69 

B[a]P Y= 13488 X +17686 0.9923 0.5 1.5 

Ind Y=13905 X + 19600 0.9918 0.4 1.2 
Explanation: R², coefficients; LOD, limit of detection; LOQ, limit of quantification; B[a]A, 

benzo[a]anthracene; CRY, chrysene; B[b]F, benzo[b]fluoranthene; B[a]P, benzo[a]pyrene; Ind, in-

deno[1,2,3-cd] pyrene. 

 

Table (2): Recovery values of PAHs added with different concentrations to the blank 

samples 

Matrices                                                    recovery% 

Add Con-

centration 

(μg kg⁻¹) 

B[a]P B[a]A CHR B[b]F IND 

5 97.8 95.6 97.6 100.4 93.4 

3 105 91.66 104.6 101.6 93.65 

1 105 103 98 97 99 

0.60 98.3 95 101.6 93.33 103.3 

0.20 95 105 95 105 90 
Explanation: B[a]P; benzo[a]pyrene, B[a]A; benzo[a]anthracene, CHR; chrysene, B[b]F; 

benzo[b]fluoranthene, and IND; indeno[1,2,3-cd] pyrene 

Concentration PAH in Kabab sample 

Table 3 shows the concentrations of the studied PAHs, that were selected in the 

current study in different meat products (kabab, teka, shawarma, and burger). 
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Generally, in PAHs analysis in meat products, the most hazardous and an indicator 

compound in food safety regulations is B[a]P, due to its carcinogenicity. According to 

the European Union Regulation (EU) 2023/915, the maximum limit for B[a]P is 2 μg 

kg⁻¹. It is used as a biomarker with PAH4, which includes B[a]P, B[a]A, CHR, and 

B[b]F. Their concentration level must not exceed 12 μg kg⁻¹ . 

In the comparison between kabab samples that were collected in this study, the 

highest level of PAH4 (8.78 μg kg⁻¹) was recorded in S2, which means that all the 

samples remain below the EU maximum limit (12 μg kg⁻¹) for PAH4 and within the 

regulatory limits. In the study of El Husseini et al., PAH4 levels were also detected in 

62 charcoal-grilled restaurants, in which 35.2% exceeded the MRLs for PAH4 of 

smoked meat established by the EU [28]. The highest concentration of B[a]P recorded 

in the current study was in S2 (1.946 μg kg⁻¹) which was very close to the allowable 

limit of this compound in meat. Highest concentrations of CHR (2.386 μg kg⁻¹) and 

B[b]F (2.453 μg kg⁻¹) were also recorded in this sample. Whereas S5 was the least 

contaminated sample with the lowest level of PAH4 (5.54 μg kg⁻¹)  . 

Regarding the concentration of each type of PAH, higher concentrations of 

B[a]P were recorded in S4 (2.295 μg kg⁻¹), which slightly exceeds the EU maximum 

limit, and S1 (2.008 μg kg⁻¹) and S3 (2.099 μg kg⁻¹), are very close to this limit, raising 

potential concerns about consumer safety. B[b]F exhibited the highest concentrations 

among the analyzed PAHs in kabab, with values ranged between (1.583 to 2.453) μg 

kg⁻¹, followed by B[a]A. High concentrations of PAHs were also detected in Kabab in 

other studies [29, 30].   

PAHs levels were significantly higher in kabab using charcoal as a heating 

source compared to electric, gas, and wood [9]. This is due to the fact that more types 

of kababs in the current study have high percentage of fat [31]and charcoal used in 

their grilling, which entails direct flame exposure, fat dripping on fire and pyrolysis, 

which contributes to PAH formation followed of PAHs produced from incomplete 

charcoal combustion because of the uneven distribution of heat in the burning portions 

of the charcoal mass [32,33].         

 Another reason for PAH formation   may be the higher temperature (above 

200 °C) used during charcoal burning [34]. The variations in PAH concentrations may 

be explained by variations in the amount of fat, the heat treatment time, and the grill's 

type/shape, The heat source's distance, and even the kind of wood or fuel used during 

processing [35,36]. Overall, this analysis shows that although the majority of kabab 

samples met EU legal limitations, a sizeable percentage went above the maximum 

B[a]P level; this raises the possibility of a public health issue for kabab consumers. 

Reducing fat content, switching to gas or electric heat sources, and avoiding direct 

exposure to heat sources are three mitigation techniques that may greatly lower PAH 

exposure [37]. 
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Table (3): concentration of polycyclic aromatic hydrocarbons (µg kg-¹) in kabab sam-

ples analyzed in this study. 

Ana-

lyte(kabab) 
B[a]p 

B[a]A 

 

CHR 

 

B[b]F 

 
IND ∑4 PAH 

S.1 2.008 1.728 1.531 1.583 1.157 6.85 

S.2 1.946 1.994 2.386 2.453 2.223 8.78 

S.3 2.099 2.118 1.322 2.057 2.137 7.60 

S.4 2.295 2.067 1.807 2.390 1.549 8.56 

S.5 1.302 1.781 0.693 1.763 2.315 5.54 
Explanation: B[a]P; benzo[a]pyrene, B[a]A; benzo[a]anthracene, CHR; chrysene, B[b]F; 

benzo[b]fluoranthene, and IND; indeno[1,2,3-cd] pyrene, ∑4 PAH (benzo[a]pyrene, benzo[a]anthra-

cene, chrysene, benzo[b]fluoranthene) 

PAHs Concentration in Teka sample 

The concentrations of selected PAHs in the teka sample used in this study are 

represented in table 4. In the comparison between the samples, the concentrations of 

each studied PAH type varied notably among the samples. The highest concentration 

of B[a]P (2.936 μg kg⁻¹) recorded in S4, which exceeded the EU limit of 2 µg kg⁻¹, 

Since B[a]P is of particular concern due to its carcinogenicity, and this suggests this 

sample was subjected to higher temperatures or longer cooking durations. B[a]A ex-

hibited the highest level (4.084 μg kg⁻¹) in SI, and S5 recorded the highest concentra-

tion of IND (3.191 µg kg⁻¹). Highest level of PAH4 in teka samples used in the current 

study was also observed in S5 (9.181 µg kg⁻¹), which were below the EU maximum 

limit (12µgkg⁻¹) set by the European Union. PAHs were also detected in the grilled 

meat in other studies [3,33].  

Among the types of PAHs selected in the current study, B[a]A was recorded the 

highest concentration in all teka samples. Karslıoğlu and Kolsarıcı [38] reported that 

grilling meat using charcoal resulted in the highest accumulation of both B[a]P and 

PAH4 concentrations. Similarly, to Kabab, teka samples are grilled directly on a char-

coal open flame and have similar proximity to the heat source, which results in the 

formation of high concentration of PAH4 in these samples. The variation between the 

levels of PAHs between samples may be related to level of fat composition, which is 

considered important factor affecting the formation of PAHs. When meat products un-

dergo grilling processes, foods with high-fat content are more susceptible to contami-

nation with PAHs due to their affinity for lipophilic PAHs [39, 40], hence, fatter meat 

accumulates higher PAH concentrations due to more intense exposure to pyrolysis 

products during processing [41]. 

Table (4): Concentration of polycyclic aromatic hydrocarbons (μg kg⁻¹) in teka samples 

analyzed in this study.  

Analyte 

(teka) 
B[a]p 

B[a]A 

 

CHR 

 
B[b]F IND ∑4PAH 

S.1 1.480 5.084 1.604 0.738 1.205 8.91 

S.2 0.911 1.940 2.361 1.701 2.145 6.91 

S.3 1.817 2.313 1.948 2.363 2.83 8.44 
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S.4 1.982 2.222 2.190 2.184 1.986 8.58 

S.5 2.936 2.044 2.051 2.15 3.191 9.18 
Explanation: B[a]P; benzo[a]pyrene, B[a]A; benzo[a]anthracene, CHR; chrysene, B[b]F; benzo[b]fluo-

ranthene, and IND; indeno[1,2,3-cd] pyrene, ∑4 PAH (benzo[a]pyrene, benzo[a]anthracene, chrysene, 

benzo[b]fluoranthene). 

Concentration of PAHs in Shawarma sample 

Regarding to the shawarma samples used in this study. The results in table 5 show 

different levels of the selected analytes in every sample. Highest concentrations of B[a]P, 

CHR, and B[b]F were shown in S3. Consequently, highest level of PAH4 (13.65 µg kg⁻¹) 

also recorded in S3 of shawarma samples used in the current study, all values exceeding 

the maximum limit for PAH4 in meat products. Regarding the types of PAHs, chrysene 

concentrations were the highest, ranging from 2.607 to 3.090 μg kg⁻¹, while B[a]A had 

the lowest concentration of all these PAHs, (2.033 to2.919) μg kg⁻¹). B[b]F concentration 

ranged from 2.183 to 3.833 μg kg⁻¹, this compound is typically linked to traffic emissions 

and incomplete combustion of organic matter [42].  

The most concerning levels were observed for B[a]P, the most hazardous PAH, 

which ranged from 2.113 to 4.185 μg kg⁻¹, all of which surpass the maximum limit of 2 

μg kg⁻¹ for B[a]P in meat products. High levels of PAHs were also recorded in shawarma 

in other studies of [29,42]. The reason for detecting high concentrations of PAHs in 

shawarma in these studies may be attributed to the fact that it is prepared using a large 

amount of tail fat, which increases PAH formation. Moreover, shawarma is grilled using 

gas (not charcoal). While there are intrinsic advantages to gas grills over charcoal grills, 

such as easier lighting, quicker heating, and no ash residues to deal with [34], PAHs are 

also associated with petrol genic sources (coming from petroleum products such as crude 

oil and gasoline) as they are associated with pyrogenic sources that result from the in-

complete burning of fossil fuels or organic substances like wood [29]. Furthermore, the 

shawarma preparation method involves prolonged vertical roasting and continuous fat 

dripping on the heat source that favors PAH formation. Hence, the variation between the 

levels of these compounds in different samples may be due to differences in cooking time, 

temperature, and fat-to-lean ratio. 

Table (5): Concentration of polycyclic aromatic hydrocarbons (μg kg⁻¹) in shawarma 

samples analyzed in this study. 

Ana-

lyte(shawarma) 
B[a]P B[a]A CHR B[b]F IND ∑4PAH 

S.1 1.113 2.919 3.041 2.183 2.237 9.26 

S.2 1.723 2.568 2.743 3.098 2.644 10.13 

S.3 4.185 2.538 3.090 3.833 2.938 13.65 

S.4 2.305 2.033 2.80 2.239 2.547 9.38 

S.5 3.485 2.442 2.607 2.230 2.609 10.76 
Explanation: B[a]P; benzo[a]pyrene, B[a]A; benzo[a]anthracene, CHR; chrysene, B[b]F; benzo[b]fluo-

ranthene, and IND; indeno[1,2,3-cd] pyrene, ∑4 PAH (benzo[a]pyrene, benzo[a]anthracene, chrysene, 

benzo[b]fluoranthene). 
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Concentration PAHs in Burger sample 

Table 6 represents the level of PAH types that were detected in burger samples 

used in the current study. The greatest concentration of B[a]P and PAH4 (2.699 µg kg⁻¹ 

and 8.77 μg kg⁻¹) was shown in S1. While the lowest concentration of PAH4 (6.93 μg 

kg⁻¹) and the lowest concentration of B[a]P (0.854 µg kg⁻¹) were recorded in S4. 4PAH 

did not exceed the EU maximum limit (12μg kg⁻¹), while B[a]P exceeded the maximum 

permissible limit (2.0 μg kg⁻¹) for B[a]P in processed meat. The PAH4 concentration 

exceeded the EU maximum limit in the study of Bulanda et al.  [43] and da Silva et al, 

[39] who detected high PAH levels in Brazilian smoked meats. Since B[a]P is commonly 

used as a marker for PAH contamination in food due to its established role in carcinogen-

icity with PAH4, S1 was the most contaminated sample in the current study.  

Among the PAH types quantified in burger samples used in the current study, 

chrysene showed the highest concentrations (1.893 to 2.210) µg kg⁻¹ whereas IND rec-

orded the lowest concentration (1.469 to 2.093 µg kg⁻¹). High level of IND was also de-

tected in roasted pork products in previous study [44].  

Detection of PAHs in burgers may be attributed to more intense thermal pro-

cessing, since burgers are cooked using a high-heat flat-top gas grill, which induces PAH 

formation. And the burning of previous debris left on the surface of the top flat, the black-

ening of the surfaces, and the sticking to the burger’s during cooking is another factor for 

PAH formation. Hence, implementing mitigation strategies such as grilling burgers on 

flat-top griddles generally produces lower PAH levels than open-flame grilling because 

they lack direct flame contact; Moreover, the heat should not be so high (above 300°C) 

that it causes incomplete combustion of fat, leading to PAH formation. Furthermore, us-

ing different types of meat, such as chicken meat with less amounts of fat, reduces PAH 

formation [28], or the use of antioxidant-rich spices (such as garlic, pepper, and herbs) 

may help prevent or reduce the production of PAHs in commercial processing [45]. 

Hence, when prepared under controlled settings, burgers could be a safer alternative to 

grilled meat. 

Table (6): Concentration of polycyclic aromatic hydrocarbons (μg kg⁻¹) in burger sam-

ples analyzed in this study. 

Ana-

lyte(burger) 
B[a]P B[a]A CHR B[b]F IND ∑4PAH 

S.1 2.699 2.06 1.893 2.12 1.775 8.77 

S.2 1.345 1.703 2.210 2.077 2.093 7.34 

S.3 2.428 1.927 2.071 1.327 1.558 7.75 

S.4 0.854 2.235 2.087 1.749 1.557 6.93 

S.5 1.793 1.620 2.001 1.994 1.469 7.41 
Explanation: B[a]P; benzo[a]pyrene, B[a]A; benzo[a]anthracene, CHR; chrysene, B[b]F; benzo[b]fluo-

ranthene, and IND; indeno[1,2,3-cd] pyrene, ∑4 PAH (benzo[a]pyrene, benzo[a]anthracene, chrysene, 

benzo[b]fluoranthene) 

Comparison of PAH levels in the types of meat products 

In the comparison of PAH levels in the types of meat products that were selected 

in this study, shawarma samples had the highest concentrations of PAH4 (13.65 µg kg⁻¹), 
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with the highest level of B[a]P (4.185 µg kg⁻¹). Followed by teka samples with concen-

trations of 9.18 µg kg⁻¹ for PAH4 and a B[a]P level of 2.936 µg kg⁻¹. Shawarma also had 

the highest concentration of IND (3.191 µg kg⁻¹), all these make shawarma the most con-

taminated samples with PAHs, followed by teka. The kabab sample contained the lowest 

concentration of PAH4 and IND (5.54 µg kg⁻¹, 1.157 µg kg⁻¹). These findings may be 

ascribed to some factors, like the influence of cooking technique, having a lot of fat con-

tent, and the usage of high grilling temperatures. Direct-heat temperatures from gas grill-

ing can consistently reach extremely high levels, and longer cooking times and staying 

more exposed to heat sources result in the creation of more PAHs, since overheating 

meat—especially when fat is dripping—produces more pyrolysis, that increase the for-

mation of PAHs. In a study on gas-grilled beef PAHs level increases with increasing 

heating temperature from 150 to 350°C, suggesting that shawarma poses a comparatively 

higher dietary risk due to its elevated PAHs content [46]. 

Widely Using HPLC-FLD in determination of PAHs in foods is due to its excellent 

sensitivity; accuracy, high efficiency, low cost, and ease of use. Using a fluorescence 

detector (FLD) to quantify PAHs content is often preferred due to its variable excitation 

and emission wavelengths which meet the measurement requirements of PAHs [47, 48]. 

Unlike absorbance-based measurements, FLDs detect very weak light signals, allowing 

highly sensitive PAH detection. [49]. 

HPLC-FLD successfully determined and quantified PAHs in some meat products 

collected from the markets of Sulaymaniyah-Kurdistan region of Iraq. The analysis veri-

fied the existence of different levels of five PAHs—B[a]P, B[a]A, B[b]F, CHR, and IND 

in 4 types of meat Products samples ((kabab, teka, burger, and shawarma) analyzed in 

this study. Highest concentration of B[a]P was found in shawarma samples, which ex-

ceeded the EU's maximum limit (2 µg kg⁻¹). Shawarma also exhibited the highest con-

centrations of IND and PAH4 (B[a]P, B[a]A, CHR, and B[b]F), which exceeded the EU 

maximum level (12 µg kg⁻¹) for PAH4 in meat products, which make shawarma the most 

contaminated meat products type with the analyzed PAHs, due to their higher fat content 

and longer cooking times, followed by teka, kababs, and burgers. These findings highlight 

how crucial it is to monitor PAH levels in ready-to-eat meat products and the necessities 

to regulate cooking techniques  . 
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