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Abstract

This study evaluates the formation of 13 polycyclic aromatic hydrocarbons (PAHs) in chicken thighs
and breasts, cooked by different methods. These methods are: madhbi, charcoal mandi, electric oven
mandi, gas flame oven mandi and shawaya. Chicken samples were collected from a restaurant in Riyadh,
Saudi Arabia. Analysis of the samples was carried out using high-performance liquid chromatography
with a fluorescence detector (HPLC-FLD). The data obtained showed that madhbi chicken had higher
PAHs levels than other cooking styles, with the mean concentration in chicken breast of 87.72 µg/kg
and thigh of 75.56 µg/kg. Phenanthrene was the compound detected at the highest concentration in
different cooking methods. There was no significant difference in concentration of PAHs between the
parts of chicken cooked with the same method. However, the method of cooking had a significant
impact on the formation of PHAs. Therefore, the formation of PAHs in chicken meat could be reduced
by choosing appropriate cooking methods. Moreover, the margin of exposure was used to assess the
health risk in adults due to madhbi chicken ingestion. The results showed that there is no serious
health concern.
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1 Introduction

Polycyclic aromatic hydrocarbons (PAHs) are
organic compounds comprised of carbon and
hydrogen, forming two or more aromatic joint
rings (Codex Alimentarius Commission, 2009).
The formation of PAHs occurs naturally or an-
thropogenically from the combustion of natural
matter, therefore, they are widely dispersed
throughout the globe. Industrial activities,
wildfires and volcanic eruptions are among the
most common PAH sources in the environment

(Hokkanen et al., 2018). There are more than
100 different PAHs and, because of their chem-
ical structures, these chemicals tend to become
highly lipophilic and stable in the environment
(Falcó et al., 2003; Tang et al., 2005).
Human exposure to PAHs occurs through
inhalation, dermal contact or the consumption
of contaminated foods, which accounts for
88–98% of exposure (Farhadian et al., 2011).
Manufacturing processes or cooking methods
are responsible for the presence of PAHs in food
(Rose et al., 2015), which accumulates by direct
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deposition from the smoke produced by thermal
treatment. The pathways of the formation of
PAHs in processed food are not well-known.
There are at least three possible ways that might
lead to the formation of PAHs in meat. The
first pathway is by pyrolysis of organic matters
such as carbohydrates, proteins and particularly
fats at a temperature above 200 oC. The second
mechanism is by the dripping of fat over the
heat source, which generates PAHs deposited
on the meat (Alomirah et al., 2011; Lee et al.,
2016). The incomplete combustion of charcoal
is the third pathway, which can form PAHs that
adhere to the surface of the food (Alomirah
et al., 2011; Chen & Lin, 1997). It is known
that PAHs with two or three rings have greater
volatility than other PAHs (Szopińska et al.,
2019).
Many factors influence the generation of PAHs
in food, such as heat source and distance from
it. Onwukeme et al. (2015)and Babić et al.
(2017) documented 11 parameters that affected
the composition and number of PAHs in smoked
fish. These were source of heat, distance from
heat source, type of wood, moisture content,
oxygen accessibility, the temperature of smoke
generation, cooking duration, natural content of
PAHs in raw meat, water activity of food, fat
content and the design of the food device.
The European Union (EU) and the Environ-
mental Protection Agency (EPA) both included
PAHs in their priority pollutant lists due to
their carcinogenicity (Farhadian et al., 2011).
The carcinogenic capacity of PAHs depends on
the number of aromatic rings. According to the
International Agency for Research on Cancer
(IARC), compounds with four to six combined
rings are considered class 1 carcinogens (Hokka-
nen et al., 2018) (Table 1), while the others are
classified as either 2A, 2B or 3. PAHs are known
to have a strong affinity to nucleic acid (DNA),
which metabolically convert diolepoxides that
lead to replication errors (Farhadian et al.,
2011).
The Scientific Committee on Food (SCF)
advised the monitoring of 15 PAHs in food
(benz(a)anthracene, benzo(b)fluoranthene,
benzo(j)fluoranthene, benzo(k)fluoranthene,
benzo(ghi)perylene, benzo(a)pyrene, chrysene,
cyclopenta(cd)pyrene, dibenzo(a,h)anthracene,

dibenzo(a,e)pyrene, dibenzo(a,h)pyrene,
dibenzo(a,i)pyrene, dibenzo(a,l)pyrene,
indeno(1,2,3-cd)pyrene and 5-methylchrysene)
because they have shown clear carcinogenic
effects in experimental animals (Zelinkova
& Wenzl, 2015). However, others have sug-
gested the measurement of benzo(a)pyrene as a
marker for the occurrence of carcinogenic PAHs
(Zelinkova & Wenzl, 2015). While the European
Food Safety Authority (EFSA) considered PAH4
(sum of four different polycyclic aromatic hydro-
carbons, named benzo[a]anthracene, chrysene,
benzo[b]fluoranthene and benzo[a]pyrene) as an
appropriate indicator (Lee et al., 2016). Based
on the Commission Regulation of the EU, the
maximum levels (MLs) of benzo(a)pyrene and
PAH4 in smoked meat are 2 and 12 µg/kg,
respectively (EU EC No 835/2011).
Most PAH investigations in the literature were
conducted on smoked, grilled or fried meat
but as far as we know no research has been
carried out to evaluate the formation of PAHs by
traditional Arabian cooking methods. Mandi,
an Arabian steam cooking method that requires
the chicken to be concealed with the heat source,
is a very common cooking method in the Arab
world. The heat source of mandi is usually
generated by electricity, gas flame or charcoal.
In this study, the formation of 13 PAHs in
chicken cooked by mandi, shawayah (chicken
grilled in gas or chicken rotisserie oven) and
madhbi (chicken grilled on stones overlaid on
charcoal) methods are assessed. The health risk
assessment for adults exposed to PAHs from
chicken consumption is also estimated.

2 Materials and Methods

2.1 Sampling and Sample
Preparations

Five cooked chicken samples for each method
(charcoal mandi, gas flame oven mandi, electric
oven mandi, shawayah and madhbi) were col-
lected from local restaurants around the city of
Riyadh. Each cooked chicken sample was divided
into two portions (breast and thigh). The sam-
ples were packed in aluminum foil and placed
in polyethylene bags before they were trans-
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Table 1: List of PAH compounds, showing which belong to PAH4 and PAH8, and their IRAC classifica-
tion

PAH compounds PAH 4 PAH 8 IRAC group

Fluorene 3
Phenanthrene 3
Anthracene 3
Fluoranthene 3
Pyrene 3
Benz(a)anthracene ✓ ✓ 2B
Chrysene ✓ ✓ 2B
Benzo(b)fluoranthene ✓ ✓ 2B
Benzo(k)fluoranthene ✓ 2B
Benzo(a)pyrene ✓ ✓ 1
Dibenz(a,h)anthracene ✓ 2A
Benz(g,h,i)perylene ✓ 3
Indeno(1,2,3, -c, d)pyrene ✓ 2B

IARC (International Agency for Research on Cancer) classifi-
cation: group 1 = carcinogenic to humans, group 2A = proba-
bly carcinogenic to humans, group 2B = possibly carcinogenic
to humans, group 3 = not classifiable as to carcinogenicity to
humans.

ported to the lab (COMMISSION DIRECTIVE
2005/10/EC). The samples were stored at 4 oC
until the day of analysis. Samples were homoge-
nized in a Retsch GM 200 for 2-3 minutes.

2.2 Reagents and Chemicals

All solvents used in the extraction and analysis
were HPLC grade. Acetonitrile was purchased
from Merck (Darmstadt, Germany). Sodium Ac-
etate with a purity of 99.99% was obtained from
Merck (Darmstadt, Germany). Magnesium Sul-
phate, extra pure, was purchased from Scharlab
(Barcelona, Spain). A PAH mixture analytical
standard (PN 8500-6035) was obtained from Ag-
ilent (Foster City, CA, USA).

2.3 Sample extraction and
clean-up

Sample extraction procedures were based on the
method reported by Gratz et al. (2010). Five
grams of homogenized sample was weighed into
a 50 mL polypropylene tube. Then, 5 grams

of water was added and the mixture shaken for
one minute. A volume of 15ml of acetonitrile
was then added to the mixture and the tube was
shaken for one minute. Six grams of Magnesium
Sulphate and 1.5 grams of Sodium Acetate were
added to the mixture, followed by shaking for an-
other minute. Then, the sample was centrifuged
for 10 minutes at 3000 x g. The supernatant was
filtered through a 0.2 µm PTFE syringe filter and
transferred into the analysis vial.

2.4 Liquid Chromatography with
FLD Analysis

Agilent 1200 Series liquid chromatography equip-
ment, comprising autosampler, degasser, fluores-
cence detector, binary pump and column com-
partment, was used to analyze standards and
samples. Chemstation software was used to con-
trol the operation of the equipment. PAHs were
separated on a Zorbax Eclipse PAH analytical
column (250mm Ö 4.6 mm, 5 µm particle size)
at a 1.3 ml/min flow rate (Figure 1). Acetoni-
trile and water were used to make up the mobile
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Table 2: HPLC-retention time, fluorescence detector parameters and LOQ values

PAH compounds HPLC-retention FLD-excitation FLD-emission FLD-PMT LOQ
time (min) (nm) (nm) gain (µg/kg)

Fluorene 17.685 272 335 14 1.08
Phenanthrene 19.84 248 380 12 5.87
Anthracene 22.127 248 380 12 2.15
Fluoranthene 24.516 280 470 14 8.27
Pyrene 26.158 270 385 14 2.13
Benz(a)anthracene 31.912 270 385 14 1.43
Chrysene 33.156 270 385 14 1.36
Benzo(b)fluoranthene 36.634 256 446 12 3.37
Benzo(k)fluoranthene 38.219 256 446 12 1.24
Benzo(a)pyrene 39.466 292 417 12 1.81
Dibenz(a,h)anthracene 42.205 292 417 12 4.61
Benz(g,h,i)perylene 43.728 292 417 12 5.43
Indeno(1,2,3, -c, d)pyrene 45.558 274 510 14 4.93

phase, which ran in a gradient condition. The
column temperature was set at 25 oC, and the
injection volume was 20 µL. The following pa-
rameters were used for the fluorescent detection:
detection of multiwavelength emission (355, 380,
385, 417, 446, 470, 510 nm), excitation multi-
wavelength (248, 256, 270, 272, 274, 280, 292
nm) and general screening PMT gain of 12 and
14 (Table 2).

2.5 Quality control

Spiked samples were prepared and analyzed with
each sample batch to ensure high accuracy and
reliability. The recovery range of PAHs in the
spiked samples was found to be between 70 - 120
%, and the expanded uncertainties of all mea-
sured compounds were ≤ 20%. For the calibra-
tion curves, the minimum acceptable correlation
coefficient (r2) was set at >0.9995 for a minimum
of 3 levels. Limit of quantification (LOQ) was de-
termined as 10 times the standard deviation of
blank samples. Our laboratory is accredited un-
der ISO 17025 for the determination of PAHs in
chicken using HPLC-FLD.

2.6 Risk Assessment for dietary
exposure to polycyclic
aromatic hydrocarbons

Different PAH compounds have different abili-
ties to generate a toxic effect. Therefore, toxic
equivalency factors were used to calculate the
toxicity equivalency quotient of benzo(a)pyrene
(TEQBaP ) to assess the carcinogenic risk.
TEQBaP was calculated based on equation
1 (Food and Agriculture Organization of the
United Nations & World Health Organization,
2006).

TEQBaP =

n∑
(i=1)

[Ci]× TEFi (1)

Where Ci is the concentration of individual PAH
compounds in chicken and TEFi is the toxic-
ity factor recommended by Nisbet and LaGoy
(1992).
The chronic daily intake (CDI) was measured
based on equation 2 (United States Environmen-
tal Protection Agency, 2001).

CDI(TEQBaPµg/kg/day) =
Ci× IRi× ED

BW ×AT
(2)

Where Ci is the total TEQ level of PAH4 in the
chicken samples (µg/kg) and IRi is the average
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Figure 1: The chromatogram of separated PAHs by HPLC-FLD

daily intake of chicken (g/day). IRi is estimated
to be 109.6 g/day for Saudi Arabia’s per capita
poultry consumption in 2019 based on a report
by the United States Department of Agricul-
ture (USDA)/ Foreign Agriculture Service. BW
stands for average body weight (70 kg), ED is
exposure duration for adults (54 years) and AT
is the average exposure time (365 day/ year ×75
years) (Almutairi et al., 2021).
The margin of exposure approach (MOE) is a
tool used to assist risk assessors in evaluating
the safety concern related to compounds present
in food. This approach is followed when the
compounds of interest are considered both geno-
toxic and carcinogenic (European Food Safety
Authority, 2005). MOE was estimated based on
equation 3, which is the ratio between bench-
mark dose lower confidence limit (BMDL10) and
chronic daily intake (CDI) (Food and Agricul-
ture Organization of the United Nations &World
Health Organization, 2009).

MOE =
BMDL

CDI
(3)

Where the BMDL10 value for PAH4 is 0.34
mg/kg bw per day (European Food Safety Au-
thority, 2008). If the value of MOE is 10,000
or higher, this indicates a low concern for public
health and a low priority for risk management ac-
tions (European Food Safety Authority, 2005).
In our study, Monte Carlo simulation was im-
plemented to account for the uncertainty and
variability of estimates (United States Environ-
mental Protection Agency, 2001). Simulations
were performed at 10,000 iterations, and health
risk calculation values were reported at the 95%
percentile. The analysis of variance (ANOVA),
Monte Carlo simulation and other treatment of
data were conducted using Microsoft Office Excel
2016.

3 Results

13 PAH compounds, namely, fluorene,
phenanthrene, anthracene, fluoranthene,
pyrene, benz(a)anthracene, chrysene,
benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo(a)pyrene, dibenz(a,h)anthracene,
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benz(g,h,i)perylene and indeno(1,2,3, -c,
d)pyrene, were determined in chicken, which
was cooked using different Arabian cooking
methods (Table 3). The cooking methods were
charcoal mandi, gas flame oven mandi, electric
oven mandi, madhbi and shawayah. In the
experiment, to confirm the absence of PAH com-
pounds in uncooked chickens, four raw chicken
meat samples were selected and analyzed. For
descriptive analysis, a zero value was set for any
compound below LOQ.
The research revealed that concentrations of
PAH compounds in raw chicken samples were
below LOQ, which proves absence of the tar-
geted compounds. Fluorene and phenanthrene
were found in both chicken parts (breast and
thigh), which were cooked by the electric oven
mandi method. The mean concentrations of
phenanthrene in thigh and breast samples were
18 µg/kg and 17.23 µg/kg, respectively, with
a detection rate of 100%. Moreover, fluorene
was detected in breast and thigh samples with
mean concentrations 5.22 µg/kg and 5.25 µg/kg,
respectively.
Shawaya breast chicken meat contained phenan-
threne (1.22 µg/kg) and anthracene (0.52
µg/kg). In Shawaya thigh meat, the same
compounds were found but benz(a)anthracene
was also detected in the thighs with a mean
concentration of 0.72 µg/kg, with a detection
rate of only 20%. Interestingly, in chicken
cooked by gas flame oven, all targeted PAHs
were below the LOQ.
The data also revealed that madhbi chicken
samples were the most heavily loaded with the
PAHs. In both chicken parts, phenanthrene had
the highest concentration at 49.12 µg/kg in the
breast and 41.81 µg/kg in the thighs. Fluorene,
anthracene, fluoranthene and pyrene were also
found in madbhi chicken samples, with a 100
% detection rate. The lowest concentration
measured of chrysene was in madhbi breast
chicken (1.05 µg/kg).
Phenanthrene, anthracene, pyrene and chrysene
were found in charcoal mandi breast chicken,
with mean concentrations of 8.54 µg/kg, 3.09
µg/kg, 0.77 µg/kg and 0.73 µg/kg, respectively.
Also, the same compounds were detected in the
thighs but with slight differences in the mean
concentrations.

4 Discussion

4.1 The influence of the method
of cooking on the formation of
PAHs

The data obtained were evaluated by analysis of
variance (ANOVA), and the difference was con-
sidered at p ≤ 0.05. The impact of the cooking
method on the formation of PAHs was investi-
gated using different methods of cooking. The
results showed that the method of cooking had
a significant effect on the formation of PAHs (p-
value≤ 0.05). These findings agree with previous
research conducted by Büyükkurt et al. (2020),
which confirmed that food processing, food com-
position, type of heat source and contact with
the heat source have a great effect on the concen-
tration of PAHs formed in beef meat. Moreover,
the conclusion of reviewing 7 studies showed that
charcoal formed a significantly higher concentra-
tion of PAHs in cooked meat compared with gas
(Ghorbani et al., 2020). In our study, madbhi
chicken had the highest concentration of PAHs
compared with other cooking methods. This
may be attributed to the cooking style as madbhi
chicken is usually cooked directly over hot stones,
which leads to the increased formation of PAHs.
Several research projects have been carried out
on the formation of PAHs in foodstuff. Based
on Alomirah et al. (2011), phenanthrene had
the highest mean concentration (54.9 µg/kg)
measured in various types of meat. Malarut
and Vangnai (2018) detected 16 PAHs, ranging
from 24.42 µg/kg to 34.07 µg/kg in sausages,
which were smoked using different types of wood-
chips. Moreover, benzo(a)pyrene was evalu-
ated in donor kebabs, which were cooked by
different methods. The higher concentration
of benzo(a)pyrene was found in doner kebabs
cooked in a charcoal fire (24.2 µg/kg), compared
to doner kebabs cooked in a gas fire (Terzi et al.,
2008).

4.2 PAH formation in different
chicken parts

PAH formation was examined in chicken thighs
and breasts to determine the influence of chicken
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Table 3: Mean concentration (µg/kg) of 13 PAHs in cooked chicken samples

PAH compoumds

Charcoal Mandi Madhbi Shawaya Electric oven Mandi Gas flame oven Mandi

Breast ± U Thigh ± U Breast ± U Thigh ± U Breast ± U Thigh ± U Breast ± U Thigh ± U Breast ± U Thigh ± U
n=5 n=5 n=5 n=5 n=5 n=5 n=5 n=5 n=5 n=5

Fluorene <LOQ <LOQ 6.39 ± 0.72 6.32 ± 0.71 <LOQ <LOQ 5.22 ± 0.59 5.25 ± 0.59 <LOQ <LOQ
Phenanthrene 8.54 ± 0.99 8.10 ± 0.94 49.12 ± 5.67 41.81 ± 4.83 1.22 ± 0.14 1.28 ± 0.15 17.23 ± 1.99 18.00 ± 2.08 <LOQ <LOQ
Anthracene 3.09 ± 0.37 1.03 ± 0.12 6.67 ± 0.79 6.06 ± 0.72 0.52 ± 0.06 1.24 ± 0.15 <LOQ <LOQ <LOQ <LOQ
Fluoranthene <LOQ <LOQ 12.01 ± 1.48 10.29 ± 1.27 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Pyrene 0.77 ± 0.09 0.54 ± 0.07 9.26 ± 1.11 7.99 ± 0.96 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benz(a)anthracene <LOQ <LOQ 3.22 ± 0.36 2.01 ± 0.22 <LOQ 0.72 ± 0.08 <LOQ <LOQ <LOQ <LOQ
Chrysene 0.73 ± 0.10 0.31 ± 0.04 1.05 ± 0.15 1.08 ± 0.15 <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(b)fluoranthene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(k)fluoranthene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benzo(a)pyrene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Dibenz(a,h)anthracene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Benz(g,h,i)perylene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Indeno(1,2,3, -c, d)pyrene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Total 13 PAHs 13.12 9.98 87.72 75.57 0.87 3.23 22.45 23.25

n stands for the number of the samples

Table 4: Estimation of MOE in adult consumers due to madhbi chicken ingestion (result below LOQ
substituted by LOQ value)

Chronic daily in-
take MOE

µg/kg bw /day

Cooking method Sample portion
TEQBaP

Mean P95 Mean P95µg/kg

Madhbi
Thigh 2.359 2.5Ö 10-4 3.9Ö 10-4 1,888,375 1,238,281
Breast 2.480 3.4Ö 10-4 5.3Ö 10-4 1,131,575 708,811

parts on PAH formation. The results confirmed
that there were no significant differences between
PAH levels in the breast and thigh (> 0.05) of
cooked chicken. According to Lee et al. (2020),
the fat content is one of the essential factors con-
tributing to PAH formation in meat. Under suf-
ficient heat, fat is pyrolyzed to form PAHs, which
explains the increased PAH levels detected in
cooked fatty foods (Oz, 2021). Fat content in
chicken breast and thigh are similar (2.22% and
2.99%, respectively), explaining the unobserved
differences in PAH concentrations between breast
and thigh (Edris et al., 2012). When compar-
ing chicken with red meat, which has higher fat
content, Alomirah et al. (2011) found significant
variations in the concentration of PAHs between
a chicken burger (13.2 µg/kg) and a red meat
burger (110 µg/kg). Hence, lipid content in the
samples has an evident impact on the formation

of PAHs. Moisture content also plays a signifi-
cant role in the formation of PAHs since it pro-
vides oxygen during heating, which prevents in-
complete combustion (Lee et al., 2020).

4.3 Risk exposure of PAHs

Based on the dietary exposure assessment re-
sults, the MOE was estimated to characterize
the risk of exposure to PAH4. The risk ex-
posure of PAH4 was only measured in madhbi
chicken as based on our findings, this kind of
cooking method produced higher concentrations
of PAHs compared to other cooking styles. The
average concentration was used, and a worst-
case scenario approach was also used by as-
signing the LOQ to all samples determined to
be below the LOQ as suggested by Food and
Agriculture Organization of the United Nations
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Table 5: Estimation of MOE values from various studies

Chronic daily in-
take MOE

ng/kg bw /day

Country Foodstuffs Mean P95 Mean P95 Reference

Saudi
Chicken (Thigh) 0.25 0.39 1,888,375 1,238,281

This studyChicken (Breast) 0.34 0.53 1,131,575 708,811

Fish and Shellfish 0.012 0.20 8,333,333 485,437

(Kim et al., 2014)Korea Meat 0.290 3.90 344,828 25,634

Smoked products 0.038 0.37 2,631,579 265,957

Meat doner 1.24 274,193

(Sahin et al., 2020)Turkey Chicken doner 2.06 165,048

Grilled chicken 1.79 189,944

Meat 0.040 0.066

(Veyrand et al., 2013)France Poultry and game 0.029 0.089

Foodstuffs 1.4 2.99 230 113

grilled meat (Restaurant maximum) 48 7,08

(Duedahl-Olesen et al., 2015)

grilled meat (Restaurant) 2.2 152

Denmark Home-grilled 10 33,8

barbecued meat 40 8,45

and World Health Organization (2009) (Table 4).
The result of the toxicity equivalency quotient of
benzo(a)pyrene (TEQBaP ) showed no significant
difference between the TEQBaP of madhbi breast
chicken (2.48 µg/kg) and madhbi thigh chicken
(2.36 µg/kg) (Table 4). The 95% percentile of
the CDI of PAH4 for adults in Saudi Arabia was
estimated to be 5.3Ö 10−4 µg/kg bw /day and
3.9Ö 10−4 µg/kg bw /day for those eating mad-
hbi breast chicken and madhbi thigh chicken, re-
spectively.
The 95% percentile of MOE in adults due to the
ingestion of madhbi chicken breasts and thighs
was calculated as 708,811 and 1,238,281, respec-
tively, which indicates no health concern. MOE
values estimated in this study agreed with most
published data from different countries (Table
5). Sahin et al. (2020) investigated the types
and quantities of PAH compounds in doner ke-
babs (red meat and chicken), meatballs, grilled
chicken and fish. In different heat-treated sam-
ples, the calculated MOE for PAH4 ranged be-
tween 165,048 and 274,193. In addition, Kim et
al. (2014) found that the MOE for PAH4 was

485,437 for the consumption of fish and shellfish,
25,634 for the consumption of meat, and 265,957
for the consumption of smoked products in Ko-
rea. Veyrand et al. (2013) analyzed 725 food-
stuffs, containing meat, consumed by the French
population and found that the chronic daily in-
take of the 4 PAHs was low. In contrast, in
Denmark, a worst-case scenario, assuming daily
consumption of barbecued meat, estimated the
MOE for PAH4 to be 8450 (Duedahl-Olesen et
al., 2015).

5 Conclusions

PAH contamination of chicken thighs and
breasts, cooked by traditional Arabian meth-
ods, was investigated using HPLC. The madhbi
method was found to generate the highest levels
of PAHs in comparison with other methods of
cooking. Phenanthrene was the compound de-
tected at the highest concentration in all cook-
ing styles. There was no significant difference in
the concentration of PAHs between the parts of
chicken cooked with the same method. However,
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the method of cooking had a significant effect
on PAH formation. Therefore, it can be stated
with high certainty that PAHs in chicken could
be decreased by choosing the appropriate cook-
ing method. However, the calculated MOE for
adults in Saudi Arabia was found to be more
than the 10,000 critical limits reported by the
EFSA, indicating that the results are within a
safe range.

Acknowledgements

This research was financially supported by the
Saudi Food and Drug Authority (SFDA). The
authors are grateful to the Research and Labora-
tories Sector in the SFDA for their keen interest
in this study and its instrumental support.

References

Almutairi, M., Alsaleem, T., Jeperel, H., Al-
samti, M., & Alowaifeer, A. M. (2021).
Determination of inorganic arsenic,
heavy metals, pesticides and mycotoxins
in Indian rice (Oryza sativa) and a prob-
abilistic dietary risk assessment for the
population of Saudi Arabia. Regulatory
toxicology and pharmacology, 125, Arti-
cle 104986. https://doi.org/10.1016/j.
yrtph.2021.104986

Alomirah, H., Al-Zenki, S., Al-Hooti, S., Za-
ghloul, S., Sawaya, W., Ahmed, N., &
Kannan, K. (2011). Concentrations and
dietary exposure to polycyclic aromatic
hydrocarbons (PAHs) from grilled and
smoked foods. Food Control, 22 (12),
2028–2035. https : //doi . org/10 .1016/
j.foodcont.2011.05.024
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influence of cooking methods and some
marinades on polycyclic aromatic hydro-
carbon formation in beef meat. Poly-
cyclic Aromatic Compounds, 40 (2), 195–
205. https://doi.org/10.1080/10406638.
2017.1392328

Chen, B. H., & Lin, Y. S. (1997). Formation of
polycyclic aromatic hydrocarbons dur-
ing processing of duck meat. Journal of
Agricultural and Food Chemistry, 45 (4),
1394–1403. https : //doi . org/10 .1021/
jf9606363

Codex Alimentarius Commission. (2009). Code
of practice for the reduction of contam-
ination of food with polycyclic aromatic
hydrocarbons (PAH) from smoking and
direct drying processes (Code of practice
No. CXC 68-2009). CAC. https://www.
fao . org / fao - who - codexalimentarius /
sh - proxy / en / ?lnk = 1 & url =
https % 253A% 252F% 252Fworkspace .
fao . org % 252Fsites % 252Fcodex %
252FStandards % 252FCXC % 2B68 -
2009%252FCXP 068e.pdf

Duedahl-Olesen, L., Aaslyng, M., Meinert, L.,
Christensen, T., Jensen, A. H., &
Binderup, M. L. (2015). Polycyclic aro-
matic hydrocarbons (PAH) in Danish
barbecued meat. Food Control, 57, 169–
176. https://doi.org/10.1016/j.foodcont.
2015.04.012

Edris, A. M., Hemmat, M. I., Shaltout, F. A.,
Elshater, M. A., & Eman, F. M. I.
(2012). Chemical analysis of chicken
meat with relation to its quality. Benha
Veterinary Medical Journal, 23 (1), 87–
93.

European Food Safety Authority. (2005). Opin-
ion of the scientific committee on a
request from EFSA related to a har-
monised approach for risk assessment of
substances which are both genotoxic and
carcinogenic. EFSA Journal, 3 (10), Ar-
ticle 282. https://doi.org/10.2903/j.efsa.
2005.282

European Food Safety Authority. (2008). Poly-
cyclic aromatic hydrocarbons in food:
Scientific opinion of the panel on con-

IJFS April 2023 Volume 12 pages 84–94

https://doi.org/10.1016/j.yrtph.2021.104986
https://doi.org/10.1016/j.yrtph.2021.104986
https://doi.org/10.1016/j.foodcont.2011.05.024
https://doi.org/10.1016/j.foodcont.2011.05.024
https://doi.org/10.1088/1755-1315/85/1/012086
https://doi.org/10.1088/1755-1315/85/1/012086
https://doi.org/10.1080/10406638.2017.1392328
https://doi.org/10.1080/10406638.2017.1392328
https://doi.org/10.1021/jf9606363
https://doi.org/10.1021/jf9606363
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B68-2009%252FCXP_068e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B68-2009%252FCXP_068e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B68-2009%252FCXP_068e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B68-2009%252FCXP_068e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B68-2009%252FCXP_068e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B68-2009%252FCXP_068e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B68-2009%252FCXP_068e.pdf
https://doi.org/10.1016/j.foodcont.2015.04.012
https://doi.org/10.1016/j.foodcont.2015.04.012
https://doi.org/10.2903/j.efsa.2005.282
https://doi.org/10.2903/j.efsa.2005.282


PAHs in Saudi cooked chicken 93

taminants in the food chain. EFSA Jour-
nal, 6 (8), Article 724. https://doi.org/
10.2903/j.efsa.2008.724
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