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Abstract 

 

Benzopyrene is one of the most significant and important environmental 

carcinogens. The presence of benzopyrene in alimentary products can produce a 

decrease in food quality; besides, it would be a risk for the consumer's health. In 

this research, the effect of roasting time on benzopyrenes formation of beef, 

chicken and pork roasted were determined. The concentration of benzopyrenes in 

food matrices were determined at 4, 6, and 12 minutes of roasting. A gas 

chromatograph (Pye Unicam 204) with hydrogen flame ionization detector was 

employed. A quartz capillary column (25 m x 0.32 mm) type BP-1, oven 

temperature ranging from 70 °C to 220 °C with a rate of 4 °C min were used.  The 

sensorial analysis was carried out by an untrained panel through a hedonic scale. 

The result shows that the best roasted time was 4 minutes. It is interesting to 

mention that benzopyrene was found in all analyzed food. However, when the 

roasting time was 12 minutes the highest amount of benzopyrene were obtained in 

beef (3321 µg Kg-1) chicken (3077 µg Kg-1) and pork (3095 mg Kg-1) samples. 

These results are promising and suggest the possibility of design roasted foods 

with low benzopyrene concentrations.  
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1 Introduction  
 

Polycyclic aromatic hydrocarbons (PAHs) are compounds, constituted by over 

100 different chemicals. These different compounds are formed during the 

incomplete combustion of oil, coal and garbage, gas or organic substances as 
tobacco or charbroiled meat (beef, chicken and pork) and fish [2, 5,]. PAHs produced 
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considerable interest because some of them are highly carcinogenic in laboratory 

animals and also have been implicated in several human cancers [11]. 

Benzopyrenes are a group of chemical compounds that can be formed by 

incomplete combustion of coal. Besides, they are chemically inert and require 

metabolic activation to exert their biological effects [4, 17]. The probable sources 

of PAHs in food are environmental contamination from the soil, water or 

atmosphere, and contamination from packaging materials and thermal treatment 

used for the preparation and manufacturing of food. Food processing methods, 

such as grilling, smoking, drying and cooking are the primary sources of PAHs 

contamination of foods [12]. There are others processing methods, responsible for 

the formation of PAHs in the foods as temperature and time of cooking, and 

distance from the heat source and drainage of fat [5]. Particular attention has been 

paid to smoked meat products due to highest levels of PAH detected in these 

foods [7]. The charcoal roasting is useful for the preparation of pork, chicken, 

beef and fish steaks. However, it is a technique that has generated many 

discussion, due to the temperatures reached (250ºC) during the roasting, which 

resulted in the formation of toxic compounds such as benzopyrene, that is 

generated when a food product (animal or vegetable) suffer a carbonization 

process. Benzopyrenes have low biodegradability, high lipophilicity and are 

potentially carcinogenic, mutagenic and genotoxic [1]. Many carcinogenic PAHs 

in food are formed through the smoking foods [8, 9]. This study aimed to 

determine the effect of roasting time on benzopyrene formation and sensory 

properties of beef, pork and chicken meat roasted with charcoal. 

 

2 Materials and methods  
 

Obtaining the raw material  

In the present research meat of beef, chicken and pork were purchased on 

different supermarkets located in Cartagena D.T y C, Colombia 

 

Preparation of samples  

200 g of beef, chicken and pork meat were crushed and macerated until a 

homogeneous mixture was obtained. The homogenized sample was then stored 

and refrigerated in clean and dry glass bottles to avoid deterioration. 

 

Physico-chemical characterization  

The physicochemical tests were performed according to the AOAC methods as 

following:  moisture content (AOAC 952,08), proteins by micro-Kjeldahl (940,25 

AOAC) using a Tecator equipment (Kjeltec, System, 1002 Distilling Unit 2006 

Digestor, Sweden), fat (920,39 B) and ash (938,08 AOAC).   

 

Roasting of meats  
Roasting of beef, chicken and pork meat was done on a charcoal grill using exposure 
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times of 4, 6 and 12 minutes. After the process, the meats were stored in plastic 

bags and refrigerated. 

 

Benzopyrene extraction from different samples meats  

The benzopyrene extraction was carried out according to the UNEP-7 method 

[15]. 10 g of each meat was added with 4 g of sodium sulfate. Then, each sample 

was put on cartridges on the soxhlet equipment with 20 mL of a mixture 80:20 of 

hexane-acetone during 14 h. Finally, the extracts were transferred to a separation 

funnels in order to extract the active principle. Then, the fractions were mixed and 

concentrated to 5 mL by a rotary evaporator under vacuum. The obtained extracts 

were stored in amber vials under refrigeration (10 ° C) for further analysis [16]. 

 

Determination of benzopyrenes by gas chromatography   

A Gas chromatograph Pye Unicam 204 with Hydrogen flame ionization detector 

was employed for benzopyrene detection.   A quartz capillary column (25 m x 

0.32 mm) of type BP-1 was used. The operating conditions were: oven 

temperature 70 ° C (4 min) to 220 ° C (15 min) with a rate of 4°C/min; Hydrogen 

carrier gas; Nozzle temperature, 220 ° C; detector temperature 250 ° C.  

 

Sensory analysis  

A panel formed by of thirty (30) untrained judges was used. The attribute 

evaluated were taste and texture of the three types of meat (beef, chicken and 

pork), exposed at the roasting time of 4 and 6 minutes. A hedonic scale of 5 points 

was used with the following descriptors: I like very much = 5, I like = 4, I do not 

like or dislike = 3, I do not like = 2 and I really dislike = 1. The results of the 

evaluation were graph using the program Sigma Plot 

 

Statistical analysis 

The data the benzopyrene concentration were analyzed by means of ANOVA (one 

way) in order to determine statistically significant differences (p<0.05) among the 

samples. The software SPSS (version 17.0 for Windows) was used. All test were 

done in triplicate. 

 

3 Results and discussion  
 

Physico-chemical analysis 

 

Table 1 shows the physicochemical characterization of beef, chicken and pork 

samples; before and after the charcoal roasting process. It was observed a 

decreasing on the percentages of moisture and protein; this behavior can be 

attributed to the heat treatment, which different samples were submitted. 

Likewise, it is important to mention that myoglobin loss in the tissue. Conversely, 

the fat percentages increased significantly due to the fat incorporation during the 

charcoal grills preparation. 
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Table 1. Physicochemical characterization meats before and after roasting. 

 

Type of meats  

Chemical 

Composition 

(%) 

Beef. Chicken Pork 

Before 

roasting 

After  

roasting 

before 

roasting 

After  

roasting 

Before 

roasting 

After  

roasting 

Fat 4.83 11.40 4.200 6.690 7.00 21.10 

Protein 25.00 21.40 23.66 20.80 21.19 18.30 

Moisture 70.00 46.00 70.00 42.00 66.00 58.00 

Ash 2.30 5.300 3.000 4.000 2.30 2.60 

 

Benzopyrenes of quantification 

 

In all the analyzed meats high benzopyrene concentration was found, i.e. 2724 μg 

kg-1 for beef, 2456 μg kg-1 for chicken and 2503 μg kg-1 for pork meat when the 

roasting time was 4 minutes. It must be highlighted that these concentrations 

increased as the roasting time increased [4].  The highest levels of benzopyrenes 

were found when the roasting time was 12 minutes in beef (3321 µg Kg-1), 

chicken (3077 µg Kg-1) and pork (3095µg Kg-1) samples as can be seen in table 

2.  

 

Table 2. Concentration of benzopyrenes in beef, chicken and pork meat. 

 

Benzopyrene concentration of (µg Kg-1) 

Type of meat T1 (4 min) T2 (6 min) T3 (12 min) 

Beef 2724± 6.5a 3207± 6.0b 3321± 9,0c 

Chicken 2456± 6.5d 2979± 4.5e 3077± 2.5f 

Pork 2503± 1.5g 3016± 4,0h 3095±8.1i 

 

When these benzopyrene values were compared with those reported by World 

Health Organization (WHO), which established values from 5 mg Kg-1 for fresh 

or unprocessed food (European Commission (EC) Regulation W 835/2011), it 

was observed that all samples had values close to the permissible limit indicated 

by WHO. Likewise, the results presented in this paper are similar to those 

reported by Tirado et al. [14] who found similar values in hamburger meat 

roasted, indicating that the consumption of this type of food can affect the 

consumer's health. The chicken meat had significantly (p<0.05) lower 

benzopyrene values than beef and pork samples, due to its low lipid content 

(6.69%) in comparison with other ones (11.4% for beef and 21.10 % for pork). 

When lipids are subjected to heat melt spontaneously forming PAHs by 

pyrosynthesis (see table 1 and table 2).  
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In all the evaluated samples as the roasting time increased, an increase in 

benzopyrene concentration occurred. It should be mentioned that other factors 

also influence the formation of benzopyrenes such as the type of food, the cooking 

time, the energy source employed and the distance from the heat source [3, 4]. 

Our results were lower than those reported by Rozentale et al. [13] who published 

benzopyrene values of 7096 μg Kg-1 on smoked chicken. The same authors found 

low concentrations of benzopyrene in cereals. Figure 1 shows the formation rate 

of benzopyrene µg kg-1min-1) of the different meats, where the highest velocity 

was observed for beef, followed by pork and chicken 
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Figure 1. Benzopyrene rate formation (µg kg-1 min-1) in beef, chicken and pork 

meat. 

 

Sensory analysis  

 

The sensorial evaluation was developed taking into account two Roasting times (4 

and 6 minutes). The results about flavor and texture, which are the most relevant 

for grilled meat products are shown in Table 3. The meat roasted at 4 minutes had 

the best acceptance concerning texture and flavor compared to those roasted at 6 

minutes. To 46% of panel liked the texture while 53 % liked the taste. These 

results are promising and suggest the possibility of design roasted foods with low 

benzopyrene concentrations. The authors emphasize the importance of being 

careful when consuming charcoal grilled meats due to the formation of 

benzopyrenes in concentrations potentially carcinogenic.  

 

 

 

 



1398                                                                            Arnulfo Tarón-Dunoyer et al. 

 

 

Table 3. Evaluation of the sensorial attributes of beef, chicken and pork meat. 

T1 =Roasting time of 4 minutes; T2= Roasting time of 6 minutes 

 

4 Conclusion 
 

The amount of benzopyrene found in all the analyzed meats depends on the time 

of exposition during the roasting process. The highest benzopyrene concentration 

was found at 12 minutes in all meat samples. The roasting time can affect sensory 

attributes such as texture and taste. The benzopyrene rate formation in meats 

depends on the percentage of fat, the roasting time and the temperature employed. 
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