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Abstract – In the present study, microwave cooking was evaluated for heterocyclic aromatic 
amines (HCAs) formation in goose breast and leg meat. The cooked samples were analyzed for 
nine HCAs, including 2-amino-3-methylimidazo[4,5-f]quinoline (IQ), 2-amino-3-methylimidazo
[4,5-f]quinoxaline (IQx), 2-amino-3,4-dimethylimidazo[4,5-f]quinoline (MeIQ), 2-amino-3,8-
dimethylimidazo[4,5-f]quinoxaline (MeIQx), 2-amino-3,4,8-trimethylimidazo[4,5-f]quinoxaline 
(4,8-DiMeIQx), 2-amino-3,7,8-trimethylimidazo[4,5-f]quinoxaline (7,8-DiMeIQx), 2-amino-1-
methyl-6-phenylimidazo[4,5-b] pyridine (PhIP), 2-amino-9H-pyrido[2,3-b]indole (AαC), and 2-
amino-3-methyl-9H-pyrido[2,3-b]indole (MeAαC). Results showed that IQ was the most commonly 
found HCA up to 1.44ng/g in the samples, whereas PhIP was not detected in any of the cooked 
samples. MeAαC was determined only in goose breast meat. The total amounts of HCAs for breast 
and leg meats were found as 2.20 ng/g and 2.36 ng/g, respectively.
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 INTRODUCTION

Heterocyclic aromatic amines (HCAs) are mutagenic and/or carcinogenic compounds that are 
formed in meat and fish cooked at temperatures above 150 °C [1]. To date, more than 25 
various HCAs have been isolated and identified in foods [2]. In comparison to other known 
food mutagens, HCAs are over 100-fold more mutagenic than aflatoxin B1 and over 2000-fold 
more mutagenic than benzo[a]pyrene [3]. The International Agency for Research on Cancer 
(IARC) regards some of the HCAs as possible human carcinogens (MeIQ, MeIQx and PhIP, 
class 2B) and one as a probable human carcinogen (IQ, class 2A) [4]. 

The concentrations of HCAs depend on meat type, cooking procedures, pH, water activity, 
carbohydrates, free amino acids, creatin(in)e, heat and mass transfer, lipid, lipid oxidation, 
antioxidants [5-8]. Human exposure to HCAs is influenced not only by the type of food and 
cooking method, but also by portion size and intake frequency [9]. To the best of knowledge, 
the HCA content in goose meat cooked in microwave has not been studied in literature. 
Therefore, the aim of this study was to investigate the effect of microwave cooking on the 
formation of HCAs in goose breast and leg meats.

 MATERIALS AND METHODS

Chemicals
HCA standards were purchased from Toronto Research Chemicals (Downsview, Ontario, 
Canada). The stock standard solutions were prepared according to Öz et al. [8]. For the solid 
phase extraction, an Oasis MCX cartridge (3 cm3/60mg, 30µm) of Waters (Milford, 
Massachusetts, USA) was used. All other chemicals were of high performance liquid 
chromatography (HPLC) or analytical grade. Water was from a Milli-Q water purification 
system (Millipore, Bedford, Massachusetts, USA). All solutions without HPLC grade were 
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passed through a 0.45-μm filter (Milex, Massachusetts, USA).

Extraction of Heterocyclic Aromatic Amines
HCAs were extracted and purified from the goose meats by using the method described by 
Messner and Murkovic [10] which is a modified method originally developed by Gross and 
Gruter [11]. According to the method: 1 g sample of cooked meat was dissolved in 12 ml of 1 
M NaOH. The suspension was homogenized by using a magnetic stirring for 1 h at 500 rpm at 
room temperature. The alkaline solution was mixed with 13 g diatomaceous earth (Extrelut NT 
packaging material, Merck, Darmstadt, Germany) and then poured into empty Extrelut columns. 
The extractions were made by using ethyl acetate and the eluate was passed through coupled 
Oasis MCX cartridges. The cartridge was washed with 2 ml of 0.1 M HCl and 2 ml MeOH. The 
analytes were eluted with 2 ml of MeOH-concentrated (25%) ammonia (19/1, v/v). The eluted 
mixtures were evaporated to dryness at 50 °C and the final extracts were dissolved in 100 μL 
MeOH just before measurement.

Identification and Quantification of Heterocyclic Aromatic Amines
HCAs were identified and quantified by HPLC (Thermo Separation Product Spectra System 
P1000, Thermo Scientific, USA) with Ultraviolet (UV) 3000 detector and AS 3000 auto 
sampler. Separation was carried out on a reversed phase analytical column (Semi Micro ODS-
80 TS column, 5 µm, 250mm × 2 mm i.d) from Tosoh Bioscience GmbH (Stuttgart, Germany) 
at 30 °C with a mobile phase of methanol/acetonitrile/water/acetic acid (8/14/76/2, v/v/v/v) at 
pH 5.0 (adjusted with ammonium hydroxide 25%) as solvent A and acetonitrile as solvent B at 
flow rate 0.3 ml/min.  The gradient program was: 0% B, 0-12 min; 0-30% B, 12-20 min; 30% 
B, 20-25 min. The UV detection of HCAs was performed at 262 nm and the injection volume 
was 5µl.  

 RESULTS AND DISCUSSION

Table 1 LOD, LOQ and recovery values of HCAs

HCAs
LOD 
(ng/g)

LOQ 
(ng/g)

Recovery 
(%)

IQx 0.003 0.01 78
IQ 0.002 0.01 65

MeIQx 0.006 0.02 76

MeIQ 0.005 0.02 79

7,8-DiMeIQx 0.003 0.01 73

4,8-DiMeIQx 0.005 0.02 78

PhIP 0.005 0.02 98

AαC 0.008 0.03 62

MeAαC 0.008 0.03 68

The HCA Content of Goose Meat

This is the first study to describe the levels of HCAs in goose meat in the literature. Table 1 
shows the LOD, LOQ and recovery values of individual HCAs. Data from the quantitative 
HPLC analysis of the HCAs in goose breast and leg meats extracted according to the Oasis 
method, expressed in ng/g cooked goose meat are presented in Table 2. 

Table 2  Data from the quantitative HPLC analysis of the HCAs in goose breast and leg meats

Meat IQ IQx MeIQ MeIQx
4,8-
DiMeIQx

7,8-
DiMeIQx

PhIP AαC MeAαC
Total 
HCAs

Breast 1.44 0.07 0.09 0.08 0.08 0.09 nd 0.11 0.24 2.20

Leg 1.08 0.08 0.09 0.8 0.09 0.10 nd 0.12 nd 2.36

IQ was found as 1.44 ng/g and 1.08 ng/g in breast and leg meats, respectively. IQ was not 
detected in chicken [1, 3, 6, 12-16], duck [5, 17] and turkey meat [6]. However, Chiu et al. [13] 2



found that IQ ranged from 0.10 to 0.51 ng/g in fried chicken meat at 200ºC for 5-15min. 
Turesky et al. [18] also found 0.12 ng/g IQ in barbecued chicken for 20 min. Liao et al. [17] did 
not detect IQ in roasted, deep-fried and barbecued chicken meat, whereas IQ was found as 1.76 
ng/g in pan-fried chicken meat. IQx was also detected at concentrations from 0.07ng/g to 
0.08ng/g. IQx was found as 0.07ng/g and 0.08ng/g in breast and leg meats, respectively, 
whereas IQx was not detected in microwaved [13], fried [6], grilled [15] chicken meat.  Liao et 
al. [17] did not detect IQx in pan fried, deep-fried, roasted and grilled chicken and duck meat, 
similarly, in turkey meat fried at 275ºC for 30 min [6]. However, Chen and Yang [19] found 
0.17ng/g IQx in chicken meat fried at 200°C for 10 min. Chiu et al. [13] also found IQx up to 
0.51ng/g in fried chicken meat.

MeIQ was found 0.09 ng/g in both leg and breast goose meats. Similarly, Chen and Yang [19] 
found 0.11 ng/g in fried chicken at 200°C for 10 min. In other studies, MeIQ was found 1.21 
ng/g in fried [13] up to 4.9 ng/g in barbecued [3] chicken meat. MeIQ was also found 0.9 ng/g 
in fried turkey meat at 140ºC for 20min [20] and up to 2.3 ng/g in roasted turkey meat [3]. In 
most cooked meat products, MeIQx was reported to occur more frequently than the other 
HCAs. [1, 3, 6, 17, 18, 20, 21]. In this study, MeIQx was found 0.08ng/g and 0.8ng/g in 
breast and leg meats, respectively. 

4,8-DiMeIQx was found 0.08ng/g and 0.09ng/g in breast and leg meats, respectively. In the 
literature, 4,8-DiMeIQx was found 0.1ng/g in barbecued chicken [21], 0.5 ng/g in fried chicken 
at 175-225ºC for 30 min [12], 0,09ng/g in fried chicken at 200ºC for 10 min [19], 0.78ng/g in 
fried chicken at 200ºC for 5-15min [13], 2.1 ng/g in barbecued chicken for 30 min [3], 0.18 
ng/g in fried chicken meat [15].  7,8-DiMeIQx was found as 0.09ng/g and 0.10ng/g in breast 
and leg meats, respectively. In other studies, Öz et al. [22] found up to 0.42 ng/g 7,8-DiMeIQx 
in grilled chicken chops at 200°C for 5-20 min. Up to 1.11 ng/g 7,8-DiMeIQx in pan fried and 
up to 0.78 ng/g 7,8-DiMeIQx in barbecued chicken chops was also found [22]. In most heat-
treated meat, PhIP is one of the most widespread HCAs [3, 6, 14, 16, 17, 18, 23]. However, in 
this study PhIP was not detected. 

Figure 1. HPLC chromatogram of a solution of nine different HCA standards (10ng/g) and 
internal standard (4,7,8-TriMeIQx, 10ng/g).

AαC was found as 0.11 ng/g and 0.12 ng/g in breast and leg meats, respectively. Similarly, 0.2 
ng/g AαC was found in grilled chicken meat (at 175-200ºC for 13min) [14]. In another study 
AαC was found up to 1.77 ng/g in grilled chicken meat [16]. MeAαC was found 0.24ng/g in 
breast goose meat. However, MeAαC was not detected in leg goose meat. Chiu et al. [13] found 
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up to 0.14ng/g MeAαC in microwaved chicken meat for 15 min. On the other hand, the total 
amounts of HCAs in breast and leg meats were found 2.20ng/g and 2.36ng/g, respectively. 
 CONCLUSION

Many previous studies have shown that cooking methods are very important for the formation 
of heterocyclic aromatic amines. The effect of microwave cooking method on HCA levels in 
goose breast and leg meat was investigated in the present study. The highest amount of 
individual HCA detected in the present study belonged to IQ and PhIP was not detected in any 
of the samples.
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