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Abstract 

 

This study investigates the concentration pro- files of 

selected polycyclic aromatic hydrocarbon (PAH) 

fractions in selected processed meats, in order to evaluate 

their dietary and health implications. Smoked, grilled and 

boiled meat products were bought from different locations 

in Cape Town and Cape Town environs. PAHs were 

extracted from each meat sample according to standard 

methods. The concentrations of benzo[k]fluoranthene 

(BkP), benzo[a]pyrene (BaP), indeno[1, 2, 3-cd]pyrene 

(IP), and benzo[g, h, i]perylene(BghiP) in the processed 

meat extracts were determined using a gas chromatograph 

coupled with flame ionization detector. Total PAH con- 

centrations in smoked, grilled and boiled chicken fillets, 

pork, and beef stripes were ranged 2.79, 0.99, 2.33 lg/kg; 

19.11,  11.17,  15.04 lg/kg;  and  14.84,  9.29,  7.20 lg/kg 

respectively. There were significant differences (p [ 0.05) 

in the concentration levels of PAHs detected in different 

types, with the highest levels observed in smoked pork 

meat. The concentration of BkP, BaP, IP and BghiP 

detected in the various meat samples were below the EU 

and WHO dietary exposure limit. 
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Introduction 

 
Meat and meat products are important pool of relevant 

protein/amino acid, iron/zinc and vitamins in human diet 

[1]. Thus they are major sources of protein that supplies 

some essential mineral requirement to humans. The healthy 

state of meat and meat products is hampered by its asso- 

ciation with saturated fats, cholesterol and chemical con- 

taminants such as polycyclic aromatic hydrocarbons 

(PAHs), dioxins, polychlorinated biphenyls (PCBs) etc. [1, 

2]. This is because polycyclic aromatic hydrocarbons, 

PCBs, dioxins and furans which are lipophilic, tends to bio- 

accumulate in lipids and fats, and in subcutaneous and 

adipose tissues of many animals, and this may lead to their 

endogenous persistence. 

PAHs have been reported to occur at measurable con- 

centrations  in  foods  such  as  meat,  fish,  vegetables  and 

fruits, depending on how they are processed, preserved and 

stored [3, 4]. About 97 % of the total daily intake of PAHs 

in human is through the diet [1, 5, 6]. Literatures revealed 

that the average concentration of PAHs, especially ben- 

zo[a]pyrene (BaP) ranged from 0.2 to 0.9 lg/kg in smoked 

meat and fish products such as sausages, ham, bacon, etc. 

Grimmer and Pott [7] reported that intensively smoked or 

black-smoked meat products may contain high concentra- 

tions of between 23 and 55 lg/kg. Other human and bio- 

logical exposure route includes air contact and respiration. 

The  demand  for  processed  food  products  depend  on 

consumer’s culture, lifestyle and religious inclination, and 

this  dictates  the  method  used  for  processing  food  sub- 

stances,  especially  meat  and  meat  products  [8].  For 

instance, thermal treatment such as smoke curing, grilling, 

roasting,  broiling  or  char-boiling  of  meat  etc.,  release 

special effects of various sensory active compounds con- 

tained in smoke and this may interact with certain phenolic 
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composition of meat, impacting on them specific organo- 

leptic profile widely demanded in the market [9–11]. 

During processing, food products are contaminated by 

PAHs as a result of the aromatization of fats, oils and olefin 

substances present in the meat tissues [12] or by adsorption 

on meat surface from heat source point, and or added from 

other food additives during processing. The adsorbed PAHs 

on smoked, roasted etc. meats are produced either from 

pyrolysis of the melted fat which drips on hot coal at the 

prevailing processing temperatures or from the source of 

heat [13, 14]. The type of PAHs added or formed during 

food processing is a function of several factors including 

wood type, combustion nature (complete or incomplete), 

method of processing—smoking, grilling, roasting, frying, 

etc. 

Epidemiological studies revealed that the consumption of 

PAHs contaminated meat may be responsible for some 

incidences of stomach cancer, observed in certain popula- 

tion [15–17]. High level of dietary intake also leads to 

endocrine disruption, related to infertility [6]. The toxici- 

ties of PAHs which is suggested to proceed via metabolic 

transformation to reactive dihydrodiol epoxides [18], are 

variable and structurally dependent, with isomers varying 

from non-toxic to extremely toxic. The arrays of effects are 

summarized in PAH genotoxic, carcinogenic, mutagenic, 

teratogenic and immune suppressing consequences, with 

established characteristic based on exposure and PAH 

types [19, 20]. 

Among the lots of PAHS, about fifteen were listed by 

the European Commission Scientific Committee on Food 

[21] as probable genotoxic carcinogens. These include 

benzo[a]anthracene, benzo[b]fluoranthene, benzo[j]fluo- 

ranthene, benzo[k]fluoranthene (BkP), benzo[a]pyrene 

(BaP), benzo[g, h, i]perylene (BghiP), chrysene, cyclo- 

penta[c, d]pyrene, dibenz[a, h]anthracene, dibenzo[a, 

e]pyrene, dibenzo[a, h]pyrene, dibenzo[a, i]pyrene, diben- 

zo[a, l]pyrene, indeno[1, 2, 3-cd]pyrene (IP), and 5-meth- 

ylchrysene. However, about eight fractions including 

benzo[a]pyrene, benzo[a]anthracene, benzo[b]fluoranth- 

ene, BkP, IP, BghiP, chrysene and di-benzo[a, h]anthra- 

cene were noted as suitable biomarkers for occurrences and 

contamination of the probable high carcinogenic PAHs 

among the listed [22]. 

Information concerning levels of PAHs in many ther- 

mally processed food, and human exposure to dietary 

intake of such foods is scarce and lacking in many Africa 

countries. There is need to investigate  PAHs profile in 

different consumable meat types, processed by smoking, 

grilling and char-boiling in order to acquire data required 

for the evaluation of safe dietary intake and regulation. In 

this study, the concentration profile of selected PAH frac- 

tions in smoked, grilled and boiled meats products were 

investigated in selected meat types in order to evaluate 

their dietary status and health implication as food 

substance. 

 

 
Materials and methods 

 
Study area and sample collection 

 
The study was carried out in Cape Town and environs. 

Meat and meat products processed by smoking, grilling and 

boiling were  bought over the counter from pubs, braai 

centres and eateries in different location in Cape Town and 

Cape Town environs. Cape Town is located in the south 

western part of South Africa and delimited by SS 07
o
455 

and E 030
o
549. 

 
Sample preparation 

 
Each of the processed meat samples was homogenized in 

pre-cleaned and acid treated porcelain mortar and pestle, 

from which about 30 g each were weighed into 500 mL 

round bottom flasks and mixed with 2 g of Na2SO4 to 

remove traces of water in the sample homogenates. There 

after each of the samples was hydrolyzed in 150 mL 2 M 

methanolic KOH (methanol–water 9:1v/v) as described by 

Reiner [9, 23–25]. The samples were refluxed in a water 

bath at 70 C for 2 h and 30 min to allow for complete 

hydrolysis. The hydrolysates were allowed to cool to about 

25–40  C. 

 
Extraction of polycyclic aromatic hydrocarbon 

 
Polycyclic aromatic hydrocarbons were recovered from 

each of the different hydrolyzed meat samples in 50 mL n- 

hexane using 250 mL separating funnels. They were 

allowed to stand for 15 min for phase separation, and then 

run-out. Further recovery cycles were conducted thrice 

using 30 mL n-hexane during each cycle. Extracts from 

each of the cycles were combined and dried under nitrogen 

stream in at 35 C. The dried samples were reconstituted to 

2 mL with n-hexane. 

 
Clean up 

 
The PAHs extracts were cleaned using solid phase 

extraction (SPE) technique, in glass frits containing 0.1/ 

0.2/0.4/0.2 g, neutral Si/basic Si/acidic Si/neutral Si 

respectively. Each of the SPE frits was conditioned by 

eluting each one with  10 mL  methylene  chloride,  and 

20 mL n-hexane at a flow rate of 1.0 mL/min. The PAH 

extract were then loaded on the frits and eluted with about 

40 mL of n-hexane. The eluates were dried in water bath, 

and  the  residues  re-dissolved  in  3 mL  methanol  and 
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brought back to dryness again. Each of the dried eluate was 

reconstituted  in  1 mL  of  n-hexane  and  filtered  through 

0.45 lm millipore acrodisc membrane into vials for GC 

separation and detection. 

 
Detection 

 
Benzo[k]fluoranthene, benzo[a]pyrene, indeno[1, 2, 3-cd]pyr- 

ene, and benzo[g, h, i]perylene in the extracts recovered from 

smoked, grilled and boiled processed meat samples were sep- 

arated in a 30 m 9 0.25 mm i.d. 9 0.25 lm film thickness 

ZB-MS5 column (Agilent) using a Schimazu 2010 plus gas 

chromatograph coupled with a flame ionization detector (GC- 

FID) for detection/quantitation. The temperature for sample 

injection was set at 280 C, while detection was at 320 C. The 

oven programme for resolving the PAHs fractions in the col- 

umn are as shown in the Table 1. 

The response factor of individual PAH to the individual 

internal standard was measured and calculated at least three 

times at the beginning, in between and at the end of each 

batch of GC injection (20 samples). Identification and 

quantification was achieved by matching their retention 

time with external standards. 

 
Calibration 

 
The performance of the GC-FID was verified by calibration 

of analyte standards, prior to the separation and analysis of 

the sample extracts. The external standards of the target 

PAH fractions were streamed individually in helium stream 

to determine their respective retention time. This was fol- 

lowed by the calibration of working standards in lower 

concentration  range;  40,  80,  120,  160,  200 lg/mL  and 

upper concentration range; 300, 340, 380, 400, 450 lg/mL 

of each of the standards BkF, BaP, IP, BghiP prepared in 

DCM/n-hexane (1:3) mixture. 

 
Limit of detection and quantitation (LOD and LOQ) 

 
The LOD and LOQ of the respective analytes were deter- 

mined using the ISO 15753:2006 standard methods for 

LOD and LOQ estimation. A mixture of solvent blank 

 

 

 
Table 1 Column oven temperature programme for the separation of 

PAH fractions 

(DCM/n-hexane (1:3)) was injected to ensure that the 

system was free from contaminants or interfering peaks. 

The average LOD and the LOQ were determined on the 

basis of a signal-to-noise ratio (S/N) of 3 and 10, across the 

upper and lower calibration range 40–200 and 300–400 lg/ 

mL respectively. LOQ was measured by spiking procedural 

blank with 10 lg/mL standards and the spiked blank was 

injected 10 times. The detection limits for BkF, BaP, and 

IP BghiP were 0.1, 0.1, 0.4 and 0.6 lg/kg, respectively. 

The correlation coefficient R
2 

of the standard curve 

between the peak area and concentrations of the PAH 

fractions ranged 0.9278; 0.9634, 0.9667 and 0.9895 for 

BaP, IP, BghiP, and BkF respectively. The recovery of the 

PAH fractions spiked in the meat types at 100 mg/kg level 

were in the range of 87.5–102.28 %, with a mean recovery 

of 94.7 %. 

 

 
Results 

 
BkP, BaP, IP and BghiP occurred at variable but measur- 

able concentrations in all meat sample types processed by 

different methods, although IP and BghiP occurred at non 

detectable concentrations in chicken fillets. The concen- 

tration (Table 2) of BaP ranged, \0.01–0.21, \0.01–0.16 

and 0.07–0.16 lg/kg in smoked, grilled and boiled beef 

strips respectively; 0.09–0.78, 0.13–0.19,  and 0.07–
0.18 lg/kg in smoked, grilled and boiled pork 

respectively and \0.01–0.23, \0.01–0.04 and \0.01 lg/kg 

in smoked, grilled and boiled chicken fillets respectively. 

Benzo[k]pyrene levels ranged, 0.45–2.19, 0.93–1.64, and 

1.25–1.71 lg/kg in smoked, grilled and boiled beef strips 

respectively, 0.33–1.19, 0.35–0.63 and 0.64–0.88 lg/kg in 

smoked, grilled and boiled pork respectively and 0.72–
0.95, 0.74–0.78 and 0.20–0.39 lg/kg in chicken fil- lets 

respectively. The concentration of IP ranged, 0.32–
5.17, 0.13–3.86 and \0.04–2.23 lg/kg in smoked, 

grilled and boiled beef stripes respectively, 1.49–7.68, 

0.79–4.91 and 3.01–5.14 lg/kg in smoked, grilled and 

boiled pork respectively, and \0.04 lg/kg in the different 

processed chicken fillets. The concentration of BghiP 

ranged, \0.06–0.07, \0.06–0.09 and \0.06–0.05 lg/kg in 

smoked,  grilled  and  boiled  beef  strips  respectively, 

\0.06–0.12, 0.05–0.09 and \0.06–0.09 lg/kg in smoked, 

grilled and boiled pork respectively, and \0.06 lg/kg in 

the smoked, grilled and boiled chicken fillets. 

 

 
Discussion 

 

Humans are exposed to residues of PAHs by the ingestion 

of contaminated meats and meat products, or other food 

   substances. Exposure to single PAH is however rare due to 

 Rate ( C) Oven temperature Hold time 

0  80 2 

1 8 170 5 

2 8 250 5 

3 10 300 5 
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Table 2  Concentration levels (lg/kg) of some PAHs fraction in different processed meat types 
 

 

BaP (lg/kg) BkF (lg/kg) IP (lg/kg) BghiP (lg/kg) RiPAH (lg/kg) 
 

Chicken Smoked Min \0.01 0.72 \0.04 \0.06 2.79 

  Max 0.23 0.95 \0.04 \0.06  

  

Grilled 

Mean ? SD 

Min 

0.08 ± 0.13 

\0.01 

0.85 ± 0.12 

0.74 

0.04 ± 0 

\0.04 

0.06 ± 0 

\0.06 

 

0.99 

  Max 0.04 0.78 \0.04 \0.06  

  

Boiled 

Mean ? SD 

Min 

0.02 ± 0.02 

\0.01 

0.75 ± 0.02 

0.20 

0.04 ± 0.00 

\0.04 

0.06 ± 0.00 

\0.06 

 

2.33 

  Max \0.01 0.39 \0.04 \0.06  

 

Pork 

 

Smoked 

Mean ? SD 

Min 

0.01 ? 0.01 

0.09 

0.32 ± 0.11 

0.33 

0.04 ± 0.00 

1.49 

0.06 ± 0.00 

\0.06 

 

19.11 

  Max 0.78 1.19 7.68 0.12  

  Mean ? SD 0.37 ± 0.36 0.81 ± 0.44 5.11 ± 3.23 0.08 ± 0.06  

 Grilled Min 0.13 0.35 0.79 0.05 11.17 

  Max 0.19 0.63 4.91 0.09  

  

Boiled 

Mean ? SD 

Min 

0.16 ± 0.03 

0.07 

0.46 ± 0.15 

0.64 

3.07 ± 2.09 

3.01 

0.07 ± 0.02 

\0.06 

 

15.04 

  Max 0.18 0.88 5.14 0.09  

  Mean ? SD 0.14 ± 0.05 0.73 ± 0.13 4.05 ± 1.07 0.06 ± 0.05 

Beef Smoked Min \0.01 0.45 0.32 \0.06 14.84 

  Max 0.21 2.19 5.17 0.07  

  

Grilled 

Mean ? SD 

Min 

0.14 ± 0.12 

\0.01 

1.55 ± 0.96 

0.93 

3.47 ± 2.73 

0.13 

1.03 ± 0.04 

\0.06 

 

9.29 

  Max 0.16 1.64 3.86 0.09  

  

Boiled 

Mean ? SD 

Min 

0.09 ± 0.08 

0.07 

1.28 ± 0.36 

1.25 

1.41 ± 2.12 

\0.04 

0.06 ± 0.05 

\0.06 

 

7.20 

  Max 0.16 1.71 2.23 0.05  

  Mean ? SD 0.12 ± 0.05 1.51 ± 0.24 1.29 ± 1.16 0.03 ± 0.02  

 

the complexity of PAH mixture. The accurate evaluation of 

the consumption related risk can therefore be achieved by 

assessment of the levels of the various fractions making up 

the spectrum of PAH mixtures in the processed meat and 

meat products. The fractional abundance of PAH in a 

particular meat product is presumed to be a function of 

exposure and processing method. Study results showed that 

the fraction IP had the highest concentration levels reach- 

ing a maximum of 7.68 lg/kg in smoked pork, followed by 

BkF with a maximum concentration of 2.19 lg/kg in 

smoked beef stripes. The maximum concentration of BaP 

was 0.78 lg/kg in smoked pork, while the concentration 

levels of BghiP were the least in all meat types with a 

maximum of 0.12 lg/kg, also in smoked pork. The total 

PAH concentration levels detected in the various meat 

samples may not be the result of the PAHs added during 

meat processing, but the summation of the amount added, 

the endogenous residue, and the amount formed by the 

aromatization of unsaturated fats and dehydrocyclisation of 

long chain mono-unsaturated hydrocarbons in the different 

meat matrices. 

Effect of processing on the concentration of polycyclic 

aromatic hydrocarbons in meat 

 
Significant amount of PAHs are formed and deposited on 

food during heat processing using methods such as boiling, 

grilling, roasting, smoking etc. [26]. The highest concen- 

trations of the measured fractions were observed in smoked 

pork, followed by boiled pork and then smoked beef stripes 

meats. Total PAH concentration (RiPAH) in smoked, 

grilled and boiled chicken fillets, pork, and beef stripes 

meats were ranged 2.79, 0.99, 2.33 lg/kg; 19.11, 11.17, 

15.04 lg/kg; and 14.84, 9.29, 7.20 lg/kg respectively. 

Different concentration levels have been reportedly 

assayed in differently processed meat types. For instance, 

the total PAH content in selected meat dishes prepared 

according to recipes used for cooking i.e. in roasted, fried 

and in grilled dishes was within the range 2.43–16.10 ng/g 

in Poland [27]. Larsson [28] reported that significant 

amount of BaP (6–212 lg/kg) was formed in meat pro- 

cessed by direct contact with the flames from burning 

wood, while charcoal grilling results in only small amounts 
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of PAHs (0.1–1.0 lg/kg) in food, and 2–31 lg/kg of BaP 

in meat processed in smoldered spruce or pine cones. Li- 

jinsky and Shubik [13] noted the occurrence of BaP and 

other PAHs at an average concentration level of 8 lg/kg in 

charcoal-broiled steak meat. Intensively smoked or black- 

smoked meat products may contain high concentrations of 

between 23 and 55 lg/kg [7]. However the formation of 

the added PAHS is only significant at higher temperatures 

between 350–400 C. Chen and Yan [12], reported that 

endogenous formation of PAHs in some meat types is 

minimal at temperatures lower than this. Processing 

methods involving grilling or other radiation such as 

electric broiling and baking may however not lead to sig- 

nificant formation and addition of PAHs in foods [29]. 

 
Fat and lipids matrices effect on polycyclic aromatic 

hydrocarbon levels in meat 

 
There appeared to be meat fat and lipid content related 

quantity in the abundance of PAHs in the various meat 

types with pork meat having the highest concentration 

levels of PAHs (smoked, Ri19.11, grilled, Ri11.17, and 

boiled, Ri15.04), compared with beef stripes (smoked, 

Ri14.84, grilled Ri9.29, and boiled, Ri7.20) and chicken 

fillets (smoked, Ri2.79, grilled, Ri0.99, and boiled, Ri2.33). 

The low concentration levels of IP and BghiP observed in 

processed chicken fillets may be the result of their low 

level of fat (lean nature). Lijinsky and Ross [30], Toth and 

Blaas [31], and Doremire et al. [32] reported that the more 

fat that drips on the fuel the more PAHs may be formed and 

deposited on the meat. Increasing the fat content of char- 

coal-grilled ground beef patties may lead to increased the 

PAH content especially BaP, to well over 16–121 lg/kg 

[14]. The contribution of endogenous residue of PAHs held 

in meat matrices is important. There may also be fat and 

lipids related distribution and accumulation of PAHs in 

different tissue parts of the animals, and this may result in 

variation in PAH’s endogenous levels in different organs. 

Thus, fat content of meat is also an important factor in the 

formation and or addition of PAHs. 

 
Endogenous concentration levels and intracellular 

distribution of PAH in meat matrices 

 
Metabolic response is triggered by the bio-activation of the 

smooth endoplasmic reticulum in the liver of many verte- 

brates, and this result in the release of hepatic aryl 

hydrocarbon hydroxylase (AHH) and the mixed-function 

oxidases (MFO) believed to be responsible for PAH 

metabolism and biodegradation respectively. Although, the 

enzyme MFO have been reported to be efficient in PAH 

metabolism and detoxification, the interaction of the 

enzyme  AHH  result  in  the  probable  carcinogenicity  of 

PAHs via the formation of dihydrodiol epoxides [18]. Un- 

metabolized PAHs may results in spillovers which 

accounts for the endogenous concentration of the PAHs 

residues found in most vertebrates or organisms after the 

metabolism. However, endogenous concentration of PAH 

in animal tissues are not expected to be high. The lipophilic 

nature of PAHs may lead to intracellular distribution and 

build-up of excess PAH spillover, and this may provide 

information about the toxic and health related risks and 

effect of exposure [33]. Since organism showed variation 

in metabolic responses to different contaminants or toxins, 

endogenous concentration levels of residues of PAH or 

other contaminants in different organism euthanized for 

food may vary, and exposure dependent. 

 
Processed meat safety and toxicity 

 
Human exposure to PAHs through the consumption of 

contaminated meat may result in deleterious effects, since 

meat and meat products could be repository of endogenous 

and extraneous residues of PAHs, arising from smoking or 

other thermal methods used in meat processing. However, 

PAH levels in biological species are dependent on the 

nature of exposure, duration of exposure and the ability of 

the organism to bio-transform the PAH. Although, there 

were significant differences (p [ 0.05) in the concentration 

levels of the PAH fractions detected in the different 

smoked meat types compared with grilled and boiled 

meats, the concentrations of the PAH fractions, BkP, BaP, 

IP and BghiP detected in the various meat samples were 

below the 1–10 and 20 lg/kg European Union (EU) and 

FAO/WHO legislative thresholds for the PAH biomarkers 

BaP and BaA in smoked meats. The observed levels of 

PAH fractions in the beef stripes, pork and chicken fillets 

may however not reflect the critical contamination level of 

PAHs, rather it is an estimate of exposure level which 

poses minimal risk to humans (Minimal Risk Levels or 

MRLs), based on comparison with guideline values and 

previous studies elsewhere in the world. The average intake 

of BaP, and total PAHs in the UK was estimated to be 0.25 

and 3.7 lg/day per person respectively. Larsson, [27] 

reported similar estimate of PAHs intake in Swedish diet. 

Ingestion of about 24–85 mg of BaP and other PAHs, 

corresponding to an approximate average of 1.0–3.3 lg/ 

day was reported for certain group of people in East Ger- 

many. Various estimates of dietary intake were proposed. 

Santodonato et al. [34, 35] suggested 1.6 lg RiPAH/day 

exposure from all types of foods on the basis of total daily 

food consumption by man, and an estimated typical high 

and safe levels of intake concentration range 0.1–1.0 lg/kg 

for BaP in foods, and a possible dietary intake of 

0.16–1.6 lg/day. This according to FAO/WHO showed 

that the estimated intake of PAHs in food is 10,000-fold 
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lower than the level that is expected to cause toxicity in 

humans [36]. 

 

 
Conclusion 

 
The result showed that processed meat and meat products 

contain variable concentration levels of different fractions of 

polycyclic aromatic hydrocarbon. The smoked process meat 

types had the highest concentration of the different PAH  

fractions and the boiled process meat showed the least con- 

centration. Endogenous residue of IP and the added to the 

meat during processing was of the highest concentration 

among the fractions investigated, in almost all the meat 

types. The presence and concentration of PAHs in food  

especially meat and meat products is a matter of concern and 

this requires continuous monitoring. This is because of the 

human health risk associated with critical threshold exposure  

levels and since different method of processing, may impacts 

different level of PAH contamination. 

 
 

 

 

 


