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The concentrations of polycyclic aromatic hydrocarbons (PAHs) in smoked, grilled and boiled meats were 

determined using gas chromatography – flame ionization detector (GC–FID). PAHs in the processed meats 

were extracted in n-hexane after hydrolysis with methanolic KOH. Clean-up was achieved using solid 

phase extraction in neutral-Si/basic-Si/acidic-Si/neutral-Si frits. The fractions, benzo[k]fluoranthene 

(BkP), benzo[a]pyrene (BaP), indeno[123-cd]pyrene (IP) and benzo[ghi]perylene (BghiP) were separated 

and quantified using GC–FID. The method and instrument limits of detections were 0.1, 0.1, 0.2, 0.3 lg/kg 

and 0.5, 0.5, 1.0, 1.5 lg/kg, respectively, for BkP, BaP, IP and BghiP. The method’s recovery and precision 

generally varied between 83.69% and 94.25% with relative standard deviation (RSD) of 3.18–15.60%; and 

90.38–96.71% with relative standard deviation (RSD) of 1.82–12.87% respectively. The concentration of 

BkP, BaP, IP and BghiP in smoked, grilled and boiled meat samples were ranged 0.64–31.54 lg/kg, 

0.07–7.04 lg/kg, 0.09–15.03, 0.51–46.67 lg/kg and 0.01–5.11 lg/kg, respectively. 

   

 
 

 

1. Introduction 

 
Polycyclic aromatic hydrocarbons (PAHs) occur naturally as 

components of carbonaceous materials and fossil fuels. They are 

anthropogenically released into the environment from human 

activities, especially those involving thermal processes such as 

the partial or complete combustion of carbon containing materials. 

The smoke produced during thermal and combustion processes 

were reported to contains more than 300 detectable chemical com- 

pounds including PAHs, phenols, carbonyls, acids, alcohols and es- 

ters,  furans,  and  lactones  (Reiner,  1977).  The  aerodynamic 

character of smoke results in the wide distribution of PAHs in 

the environment. They are thus found in air, water, soil and foods. 

Polycyclic aromatic hydrocarbons are classified as light or heavy 

fractions based on the number of fused aromatic rings contained in 

their structure. The light PAHs contains less than 4 member fused 

aromatic rings, while the heavy PAHS contains more than 4 mem- 

ber fused aromatic rings aromatic. The light PAH (L-PAH) fractions 

are volatile, and volatility decreases with an increase in the num- 

ber of aromatic rings in their structure. Heavy PAH (H-PAH) frac- 

tions  however,  are  more  stable  and  are  found  in  many 

environmental matrices. Polycyclic aromatic hydrocarbons are 

 

 

generally lipophilic, with members of each class having similar 

character and subject to the same environmental fate. 

Substantial amount of PAHs have been reported in both ther- 

mally processed and some unprocessed foods (Phillips, 1999; 

Gomaa, Gray, Rabie, Lopez-Bote & Booren, 1993; OPS, 1985). This 

is because heat treatments such as smoking, roasting, grilling, 

and boiling used in processing food for edibility result in the addi- 

tion and or formation of PAHs in foods, especially meat. The nature 

and type of PAHs produced during thermal processes such as com- 

bustion, is a function of a number of factors such as wood/coal 

type, combustion nature (complete or incomplete), the nature of 

heat source, and prevailing temperature of heat source (Fretheim, 

1983; Lijinsky & Shubik, 1964). Dietary exposure of humans to 

PAHs in processed food is therefore inevitable. 

Over 200 PAH fractions are known. Many of these fractions or 

compounds may occur at mg/kg or lg/kg concentration levels. 

Reiner (1977) emphasized the need for analytical procedures 

which allow for the detection of as many fractions or members 

of PAH compound present in heat processed food. Such methods 

will allow for suitable toxicology evaluations, as well as the evalu- 

ation of the effect of heat processing on foods and meat, and its 

dependence on heat processing methods. 

The earliest method used for separation and analysis of the var- 

ious fractions of PAH was thin layer chromatography (TLC). The use 

of ultra-violet absorption and fluorescence detection (UV–FLD), 

after  separation  by  high  performance  liquid  chromatography 
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(HPLC), and gas chromatography with mass selective or flame ion- 

ization detector (GC–MS or GC–FID) is widely used (Al-Rashdan, 

Helaleh, Nisar, Ibtisam, & Al-Ballam, 2010; Fazio, White, & Howard, 

1973). Contemporary methods involve pre-separation and separa- 

tion by high performance liquid chromatography coupled on-line 

to GC with flame ionization detection (HPLC–GC–FID) and GC–
GC–FID, although this is of limited use for routine analysis. 

The European Food Safety Agency (EFSA, 2012) noted that the 

detection limit for this procedure was a function of the mass distri- 

bution, the sample matrix and any prior enrichment, and this can 

be as low as 0.1 mg/kg. Suitable, fast and reliable method for food 

especially meat and meat product is however challenging. This is 

because of the association of meat with cholesterol, lipids and fats 

due to their lipophilic nature and character. There is a need for 

rapid, efficient and accurate routine monitoring of PAHs in 

thermally processed foods, especially meat and meat products. 

In this study, Gas Chromatography with Flame Ionization 

Detection (GC–FID) was used to separate and quantify the concen- 

trations of benzo[k]fluoranthene (BkF), benzo[a]pyrene (BaP), in- 

deno[123-cd]pyrene (IP) and benzo[ghi]perylene  (BghiP) in 

polycyclic aromatic hydrocarbon [PAH] extracts from smoked, 

grilled and boiled meat. 

 

2. Materials and methods 

 
2.1. Standards and calibration solution 

 

Polycyclic aromatic hydrocarbon standards namely benzo[k]flu- 

oranthene, benzo[a]pyrene, indeno[123-cd]pyrene and benzo[ghi]- 

perylene (neats), were obtained from Supelco, Bellefonte, PA, USA. 

Stock solutions of each of the PAHs were prepared by dissolving 

0.01 g in 1:4 mixtures of high purity dichloromethane and n-hex- 

ane (Sigma–Aldrich, Germany). The stock solutions were stored 

in amber flasks at 4 C. Working calibration solutions were subse- 

quently prepared by serial dilution from the stock solutions in a 

five-point working range of 40–200 lg/L. 

 
2.2. Chemicals, solvents and materials 

 

Gas chromatography (GC) grade solvents consisting of dichloro- 

methane, n-hexane and methanol were purchased from Sigma–Al- 

drich. Anhydrous sodium sulphate, sodium sulphide nonahydrate 

and potassium hydroxide were also obtained from Sigma–Aldrich 

(Germany). Solid phase extraction (SPE) glass tubes (6 mL frits), 

containing 0.1/0.2/0.4/0.2 g, neutral Si/basic Si/acidic Si/neutral 

Si, used for column clean up were purchased from Supelco Belle- 

fonte, PA, USA. 

 
2.3. Sample collection and processing (preparation) 

 

Raw meat samples including beef stripe, pork and chicken fillet 

were bought from different butchery in Cape Town, and processed 

to edibility by smoking, grilling and boiling. About 50 g of each of 

the processed meat samples were sorted and prepared for analysis 

by homogenizing by crushing and mixing in pre-cleaned and acid 

treated porcelain pestle and mortar. The meat gravies were stored 

in labeled amber coloured screw cap vials at 4 C until analysis. 

Raw unprocessed cut-off portions of the meat sample types used 

as control, were lyophilized, homogenized and processed for detec- 

tion of PAHs along with the test samples. 

 
2.4. Extraction and clean-up of PAH 

 

The homogenized processed meat gravy samples were allowed to 

stand and equilibrate to laboratory temperature (27 C). There- 

after, about 30 g each of the homogenized meat was weighed into 

500 mL round bottom flasks and each mixed with 2 g of Na2SO4 to 

dry up and remove any trace of water present. Each of the samples 

was hydrolyzed in 150 mL, 2 M, methanol KOH (methanol– water 

9:1 v/v) (Silvester, 1980; Simko, Gergely, Karovicova, Drdak, & 

Knezo, 1993). The resulting mixture was refluxed in a water bath 

at 70 C for 2 h 30 min to allow for complete hydrolysis. The hydro- 

lyzed samples were allowed to cool to about 25–40 C. 

Polycyclic aromatic hydrocarbons (PAHs) were extracted from 

the hydrolyzed meat gravy samples with 50 mL 4:1 mixture of n- 

hexane and dichloromethane (DCM) (Guerin, 1999) in a 250 mL 

separating funnel. The flask was allowed to stand for 15 min to 

allow for equilibration and efficient phase separation. This proce- 

dure was repeated about thrice to ensure good PAH recovery. 

The extracts were combined and dried in a water bath at 35 C 

under a stream of nitrogen. The dried samples were reconstituted 

to 2 mL with n-hexane. 

The extracts were cleaned using solid phase extraction tech- 

nique. The solid phase extraction (SPE) glass tube frits were condi- 

tioned by eluting each one with 10 mL DCM, and 20 mL n-hexane 

at a flow rate of 1.0 mL/min. Each PAH concentrate extract was 

then loaded on the SPE PTFE frits tubes and eluted with about 

70 mL of n-hexane. The eluates were dried in a water bath under 

a nitrogen stream. The resulting residues were re-dissolved in 
3 mL methanol and dried again in a water bath under a nitrogen 

stream. Each of the dried concentrates was dissolved in 1 mL of 

n-hexane and filtered through a GF 0.45 lm Millipore acrodisc 

membrane. 

 
2.5. Recovery studies 

 

The recoveries of PAHs from the meat were validated and cor- 

rected for by adding, 5, 20 and 50 lg/L each, of BaP and IP stan- 

dards to the samples before extraction. The standard solutions of 

5, 20, and 50 lg/L BaP and IP, were respectively prepared from 

the 1000 lg/ml stock, and used to quantify the relative efficiency 

of recovery. 

 
2.6. Instrumentation and chromatographic conditions 

 

The PAH fraction profile of the smoked, grilled and boiled meat 

sample extracts and the concentration levels of the PAH fractions, 

BkF, BaP, IP and BghiP were determined using a Schimazu 2010 

plus Gas Chromatograph with a Flame Ionization Detector 

(GC–FID). Separation was effected in ZB-MS5 column (Agilent) 

(30 m 0.25 mm i.d. 0.25 lm film thickness) using a tempera- 

ture programmed GC for elution of PAH extracts in hexane. The 

column temperature programmed for the PAH analysis was set ini- 

tially at 80 C and held for 4 min. This was ramped at 8 C min 1 to 

170 C and held for 10 min and at 8 C min 1 to 250 C for 10 min. 

A further increase at 10 C min 1 to 300 C and held for 10 min. The 

injector and detector temperature were set at 280 C and 320 C 

respectively. The carrier gas was helium. 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). 

 

3. Result and discussion 

 
3.1. Performance of the GC–FID procedure 

 

The chromatogram of the standard cocktail mix of the selected 

PAH fractions, is presented in Fig. 1. The chromatograms showed 

the separation of the selected PAHs standards in terms of retention 

time. The chromatogram of the PAHs extracts from the meat 
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Fig. 1. Chromatogram of 100 lg/L of the investigated polycyclic aromatic hydrocarbons in n-hexane. 

 

samples were also analysed along with blank, in order to correct 

for the target PAHs fractions. The recoveries of PAHs were evalu- 

ated by the use of an internal PAH standards of containing BaP 

and IP, since all PAHs behave in a similar fashion during extraction 

and analysis. The recoveries of the PAHs varied ranging from 

83.72% to 94.96% and relative standard deviation (RSDs) ranging 

between 3.56% and 14.60%. The recoveries of the added PAHs i.e. 

BaP and IP were used in estimating recoveries of the native PAHs. 

 

 
3.2. Method validation 

 

The analytical characteristics of the method’s instrument re- 

sponse to working standards are summarised in Table 1. The meth- 

ods linearity was evaluated by plotting the instrument response for 

the chromatographic peak area obtained from running a set of work- 

ing calibration standards into concentration range of 40–200 lg/L 

for each target PAHs. The correlation coefficient (R2) for the plots 

were 0.9986; 0.9634, 0.9667 and 0.9974 for BaP, IP, BghiP, and 
BkF respectively (Table 1). The method’s linearity was therefore 

generally acceptable since the coefficient of correlation (R2) for 

the calibration plot of each PAH was generally above 0.9000. 

Blank meat samples were spiked with different concentrations of 

each of the target PAHs in order to determine the 3Rs. The spiked 

meat samples were homogenized to ensure mixing and penetra- 

tion of the meat matrices, dried and processed. 

The repeatability was evaluated by carrying out triplicate anal- 

ysis at different time intervals on the same day, on three different 

samples under the same analytical conditions. The results (Table 2) 

were checked and evaluated for variances to ascertain method and 

instrument stability. 

Triplicate spiked samples were also separately analysed for 

each concentration set at different times i.e. on 3 different days 

in order to check for reproducibility. The results (Table 2) were 

evaluated for variances. 

The precision and accuracy of the method was evaluated by cal- 

culating analyte recovery from the triplicate analyses carried out 

for repeatability and reproducibility. Recoveries for repeatability 

and reproducibility evaluation generally varied in the range 

83.69–94.25% with relative standard deviation (RSD) of 3.18– 
15.60%; and 90.38–96.71% with relative standard deviation (RSD) 

of 1.82–12.87%, respectively, which indicates the precision and 

accuracy of the method. 

The LOD and LOQ (Table 3) of the method were determined by 

streaming ten sets each of analytical blanks of the target PAHs. The 

LOD and LOQ of each PAH was determined by calculating three and 

ten multiples of the standard deviation respectively, of the mean of 

signal to noise ratio (S/N) for ten measurements, in comparison to 

the baseline noise close to the peak of each PAHs blank, respec- 

tively. The limit of detection (LOD) is therefore determined as the 

least or minimum concentration that gives rise to peak signals that 

is at least three times the adjacent noise divided by the slope, while 

the limit of quantification (LOQ) is the least or minimum concen- 

tration that give rise to peak signals that is at least ten times the 

adjacent noise divided by the slope. 

Matrix effect was determined by spiking the different meat 

samples with the target PAHs using the same concentration range 

as those of calibration standard range (Al-Rashdan et al., 2010). The 

coefficient of correlation (R2 = 0.9428; y = 48.758x + 2214.8) and 

slope (m = 48.758) of the recovered spike standard in the meat 

matrix was compared with coefficient of correlation (R2 = 0.9747; 

y = 48.863x + 262.4) and slope (m = 48.863) of the original calibra- 

tion standard. The result showed that there was no significant 
difference between their coefficient of correlation and slope, hence 

matrix effect is considered to be nonexistence or very minimal in 
the meat samples. 

 
 
 

Table 1 

Summary of the analytical characteristics of the method and instrument response to working standards of target PAHs. 
 

 

Reproducibility of the calibration curve (n = 5) (recovery + RSD %) 
 

 

40 lg/l 80 lg/l 120 lg/l 160 lg/l 200 lg/l 
 

 

92.52 ± 6.53    89.29 ± 2.65    91.34 ± 5.60    87.92 ± 2.09 90.74 ± 5.26 

91.80 ± 4.59    88.56 ± 3.43    87.62 ± 2.54    91.52 ± 1.86 92.35 ± 10.02 

87.56 ± 4.75    90.46 ± 5.65    86.43 ± 3.25    92.06 ± 10.02    91.58 ± 7.84 

91.43 ± 5.80    91.72 ± 6.38    90.85 ± 4.70    89.18 ± 3.54 87.48 ± 6.51 
 

 

S/no Polycyclic aromatic 

hydrocarbon 

Concentration of 

working standard range 

Retention 

time (RT) 

Coefficient of 

correlation (R2
) 

  
(lg/l) (min) 

 

1 Benzo[k]fluoranthene 40–200 17.573 0.9974 

2 Benzo[a]pyrene 40–200 18.105 0.9986 

3 Indeno[123-cd]pyrene 40–200 21.604 0.9634 

4 Benzo[ghi]perylene 40–200 22.458 0.9667 
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Table 2 

Results for the validation of recoveries and detection of the target PAHs fractions. 
 

S/no Polycylic aromatic hydrocarbon Repeatability n = 3   Repeatability n = 3  

  Recovery (%) RSD (%)  Recovery (%) RSD (%)  

1 Benzo[k]fluoranthene 86.73 3.18  94.25 9.25  
2 Benzo[a]pyrene 92.40 8.75 

 
89.92 5.86 

 
3 Indeno[123-cd]pyrene 90.71 10.34 

 
90.38 1.82 

 
4 Benzo[ghi]perylene 83.69 4.60 

 
91.50 6.37 

 

 
 

Table 3 

Method and instrumental limit of detection (LOD) and limit of quantification (LOQ) of the target PAHs. 
 

S/no Polycyclic aromatic hydrocarbon fraction Method   Instrument 

  LOD (lg/kg) LOQ (lg/kg)  LOD (lg/kg) LOQ (lg/kg)  

1 Benzo[k]fluoranthene 0.1 0.3  0.5 1.5  
2 Benzo[a]pyrene 0.1 0.3 

 
0.5 1.5 

 
3 Indeno[123-cd]pyrene 0.2 0.6 

 
1.0 3.0 

 
4 Benzo[ghi]perylene 0.3 0.9 

 
1.5 4.5 

 

 

3.3. Analysis of real samples 

 

Polycyclic aromatic hydrocarbons (PAH) fractions were present at 

detectable levels in the extracts of the different meat types pro- 

cessed by different methods. However, the PAHs were not at 

detectable level in unprocessed meat types, except for inde- 

no[123-cd]pyrene  (IP)  with  mean  concentrations  3.16 ± 1.98, 

1.73 ± 1.06 and 0.45 ± 0.28 lg/kg in beef stripes, pork and chicken 

fillets, respectively. The concentration levels (lg/kg) of 

benzo[k]fluoranthene (BkF), benzo[a]pyrene (BaP), indeno[1,2,3- 

cd]pyrene (IP) and benzo[ghi]perylene (BghiP) detected in the 

meat samples are presented in Table 4. Indeno[123-cd]pyrene 

was of the highest concentration amongst the tested PAHs in all 

the meat types, hence was the most abundant. 

The fractional composition of PAHs and their concentration lev- 

els in processed meats was reported to vary considerably, even in 

products of the same specification and this depends on the sources 

of the oil used and the methods used in processing the meats 

(EFSA, 2012). The differences in the variable levels of lipids and fats 

in the animal tissues and organs also partly account for differences 

in the concentration levels of the PAHs fraction, as well as the total 

PAH. Wegrzyn et al. (2006) reported that the formation and occur- 

rence of PAHs in fat and oil is related to thermal treatment in 

which combustion gases may make contact with the meat that is 

processed. Thus the safety of meat may be hampered by the asso- 

ciation of PAHs with cholesterol, lipid and fat content in meat. 

The concentration of the PAHs was highest in pork followed by 

beef stripes and then chicken fillets. The high PAH in pork may not 

be unconnected with the amount of fat in pork. The aromatization 

of lipid and fat content of meat during heat processing and treat- 

ment also leads to the formation of PAH (Chen & Yan, 1986). This 

probably explains the higher PAH concentrations in pork than in 

beef stripes and chicken fillets (being the lean meat) which mea- 

sured the lowest. 

The critical concentrations of BaP, BkP, IP and BghiP ranged 0.63 

(2)–0.66 (3), 0.53 (2)–0.56 (3), 2.76 (2)–2.92 (3) and 0.35 (2)–0.37 

(3) lg/kg respectively. Between analysis of mean showed that, the 

concentration levels of BaP in beef stripes were significantly differ- 

ent (p < 0.05) from levels in chicken and pork, although BaP levels 

in chicken and pork are not significantly different (p > 0.05) from 

one another (mean: beef 2.32, pork 0.99 and chicken 1.39). Also, 

there were significant differences (p > 0.05) between the mean 

concentrations of IP in all three meat types (mean: beef 9.33, pork 

5.65 and chicken 1.57). The mean concentration of BghiP in pork 

(N, 48, mean, 0.96) and chicken fillets (N, 44, mean 1.23) are not 

significantly  different  (p > 0.05),  and   significantly  different 

 

 
Table 4 

Concentration levels (lg/kg) of selected polycyclic aromatic hydrocarbon in different processed meat samples. 
 

 

Benzo[k]fluoranthene (BkF) Benzo[a]pyrene (BaP) Indeno[123-cd]pyrene (IP) Benzo[ghi]perylene (BghiP) 
 

 

Smoked Grilled Boiled Unprocessed Smoked Grilled Boiled Unprocessed Smoked Grilled Boiled Unprocessed Smoked Grilled Boiled Unprocessed 
 

Beef  
Minimum value  1.03 0.35 <0.10 ND <0.10 0.17 0.27 1.71 1.82 1.34 0.41 1.32 <0.30 0.61 0.36 ND 

Maximum value 3.35 2.04 1.81 ND 5.43 2.93 1.30 2.42 27.59 8.48 1.22 7.86 2.55 1.64 1.19 ND 

Mean 2.57 1.87 1.09 
 

5.34 2.74 0.87 0.34 5.10 0.62 0.54 3.16 1.42 1.50 0.82 
 

Standard 2.37 1.32 0.82 
 

3.69 2.18 0.50 0.82 3.16 0.81 0.38 1.98 1.13 1.05 0.44 
 

deviation 

Pork 
 

Minimum value  0.65 0.22 0.36 ND 0.50 0.21 0.17 ND 8.81 1.65 0.54 0.27 <0.30 0.78 <0.30 ND 

Maximum value 4.69 3.56 1.45 ND 10.02 5.73 1.45 ND 31.11 8.59 1.81 3.06 3.18 2.66 1.62 ND 

Mean 2.96 1.37 1.01 
 

1.28 1.75 0.94 
 

5.29 4.01 0.97 1.73 1.09 1.84 0.93 
 

Standard 1.90 0.82 0.53 
 

1.61 1.23 0.60 
 

3.25 2.83 0.43 1.06 1.41 1.28 0.67 
 

deviation 

Chicken 
 

Minimum value  1.13 <0.10 0.12 ND <0.10 0.48 <0.10 ND 1.40 1.07 0.34 0.21 0.88 <0.30 <0.30 ND 

Maximum value 4.01 1.95 1.54 ND 5.91 3.73 1.66 ND 7.17 3.42 1.19 1.08 3.41 2.56 1.87 ND 

Mean 3.54 1.29 1.19 
 

2.91 1.82 0.99 
 

1.39 0.61 0.45 0.45 2.68 1.34 1.12 
 

Standard 2.67 0.73 0.84 
 

1.51 1.31 0.75 
 

1.75 0.66 0.29 0.28 1.32 1.03 0.82 
 

deviation 
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(p < 0.05) from the mean concentration levels in beef (N, 48, mean, 

0.58). The concentrations of BkF in all meat types were however 

not significantly different (p > 0.05) (mean: beef 1.38, pork 1.34 

and chicken 1.45). 

 
3.4. Comparison of processing method 

 

The result provides evidence that the methods used for the 

preparation of the different meat types, influences the concentra- 

tion levels of PAH fractions in the processed meat. The concentra- 

tion of BkF smoked in beef extracts (N = 34, mean, 2.57 lg/kg) were 

variable and significantly (p < 0.05) different from the levels ob- 

served in grilled (N = 36; mean 1.87 lg/kg), boiled (N = 36, mean 

1.09 lg/kg) and unprocessed (N = 35; mean, <0.10 lg/kg) meat ex- 
tracts. The concentration levels observed in grilled and boiled 

meats were however not significantly different from each other. 

The levels detected in unprocessed meats (N = 35) were the lowest, 

and significantly different from levels in the smoked, grilled and 

boiled meats. The concentration of BaP detected in the processed 

meat extracts (smoked, N = 34, mean, 5.34 lg/kg; grilled, N = 36, 

mean 2.70 lg/kg and boiled, N = 36, mean 0.87 lg/kg) and unpro- 

cessed (N = 35, mean 0.34 lg/kg) meats were significantly different 

(p < 0.05). 

There were significant differences in the concentration of IP de- 

tected in unprocessed meat samples (N = 35, mean 3.16 lg/kg) 

compared with the smoked (N = 34, mean 5.10 lg/kg), grilled 

(N = 36, mean 0.62 lg/kg) and boiled (N = 36, mean 0.54 lg/kg) 

meats. The levels of IP in grilled and boiled processed meat were 

not significantly different (p < 0.05). The differences in the concen- 

tration levels of BghiP in the differently processed meats i.e. grilled 

meat (N = 35, mean 1.50 lg/kg), smoked meat (N = 34, mean 

1.42 lg/kg), boiled meat (N = 36, mean 0.82 lg/kg) and processed 

meat (N = 35, mean < 0.30 lg/kg), were variable and significantly 

different (p < 0.05) from each other, although BghiP in smoked 

and boiled meats were not significantly different (p > 0.05). 

However, the concentration of the PAHs fractions in the unpro- 

cessed meat were not significantly different (p > 0.05). This showed 

that the levels of PAHs in grilled, boiled and unprocessed meat 

were not entire likely to be as a result of the processing methods. 

Smoke processing however, had significant impacts on the concen- 

tration levels of PAHs in meat product. The result showed that the 

relative abundance of PAHs in the different meat types is depen- 

dent on the method of preparation. The abundance of PAH fraction 

in the meat may also be a function of processing condition. For in- 

stance, BghiP was most abundant in grilled meat; IP was most 

abundant in unprocessed meat, while BaP and BkF were mostly 

abundant in smoked meats. 

The smoked meat (pork and chicken) had the highest PAH con- 

centrations compared with grilled and boiled meat which showed 

the lowest concentration levels of PAHs. Thus, there is cause to be 

concerned about the quality, safety and health of meat and meat 

products produced by smoking, grilling, roasting and even boiling. 

Their presence in food is, therefore, a matter of concern and re- 

quires continuous monitoring. 

 
4. Conclusion 

 
Polycyclic aromatic hydrocarbons (PAHs); benzo[k]fluoranth- 

ene (BkF), benzo[a]pyrene (BaP), indeno[123-cd]pyrene (IP) and 

benzo[ghi]perylene (BghiP) were detected and quantified using 

Gas Chromatography with Flame Ionization Detector (GC–FID). 

The concentrations of the PAH fractions in the differently pro- 

cessed meat types and the total PAHs concentrations were vari- 

able. The variability in the concentration levels is dependent on 

the PAHs sources and their isomeric derivative type, based on such 

factors as the PAH origin, processing method, source of heat and 

composition of wood, conditions of combustion: oxygen accessibil- 

ity, temperature, and time. Consequently, there is need for the 

enforcement of regulation, vis-à-vis ensuring caution from fre- 

quent exposure to PAHs. This is because of their lipophilic charac- 

teristic, potential for accumulation and reported toxic effects. 

 


	a r t i c l e   i n f o
	a b s t r a c t

