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Background
Epidemiological studies have shown that diet is an important factor in the occurrence of human cancer (DOLL and PETO, 1981). In 
the search for possible relationships between diet and cancer, the highly mutagenic Heterocyclic Amines (HAs) present in cooked 
foods were found by Japanese scientists 20 years ago (SUGIMURA et al.,1977). Since their discovery, about 20 heterocyclic amines 
have been identified in cooked foods like fried, broiled or cooked meat or fish (FELTON and KNIZE, 1990). These mutagens are 
probably formed from creatinine, aldehydes, and Maillard reaction products such as pyrazines, pyridines and aldehydes. The 
International Agency on Cancer Research has classified several HAs as possible human carcinogens and has recommended a 
reduction in exposure to these substances (IARC, 1993). The important influences on the formation of HAs are the temperature and 
the heating time (ARVIDSSON et al., 1997). However, the heat transfer to the surface of the product and the mass transport o f the 
precursors outwards to the crust of meat also affect the formation of HAs.
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Objectives t
The aim of this study was to examine the influence of different preparation methods on the content of the most important precursor - j 
creatine/creatinine - and the concentration of HAs in the investigated beef patties. e

Materials and Methods c
Preparation o f  beefpatties: Beef, roughly desinewed and defatted, was coarsely minced through a 3 mm plate. 1.2 % salt was added ^ 5 
to the minced beef separately. The raw material was mixed with the blender. 80 g ± 1 g of the material were formed into beef patties 1 
with a special mold for hamburgers. j
Heat treatments: The core and the surface temperatures of each treatment were monitored with a data logger (Ahlbom, Holzkirchen, D). '
1. Convection oven: The patties were laid on tin foil which was coated with oil. The patties were baked to the core temperatures of I 
75°C, 85°C and 95°C corresponding to 12, 15 and 18 minutes with heat convection in a convection oven (Wiesheu Wiwa, Lenzkirchen, D)
at a temperature o f230° C. Every 60 seconds they were treated with steam for 1 second. ■
2. Deep fryer: The patties were deep fried to the core temperatures of 75°C, 85°C and 95°C corresponding to 5, 7 and 9 minutes with 
frying fat at a temperature of 190°C.
3. Double contact grill (Nevada, Neumarker, D): The patties were laid on tin foil which was coated with oil. The patties were fried on 
both sides simultaneously to the core temperature of 75°C, 85°C and 95°C corresponding to 5, 7 and 9 min. The two grill plates were 
preheated at the temperature of 230°C.
4. Grill plate: The patties were laid on tin foil which was coated with oil. They were fried on a grill plate with the temperature of 
230°C. After turning the patties over, the patties were fried to the core temperature of 75°C, 85°C and 95°C corresponding to 12, 16 
and 20 min.
Determination o f  HAs: The method included the polar and apolar HAs. The method of HPLC analysis with some modifications was 
based on the method described by GROSS and GROTER (1992). The peaks of HAs, also Norharman and Harman, in samples were 
identified by comparing the retention times and UV-spectra with standards.
Determination o f  creatine/creatinine: Creatin/creatinine were determined enzymatically according to the Boehringer test kit 
instruction (ANOMYM, 1989).
Determination o f  weight loss during cooking: The patties were weighed raw and 1 h after the heat treatments.

*

Results and Discussions:
HAs were found in all patties, but in very different concentrations. Especially MelQx (2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline), 
Norharman and Harman were found in nearly all the patties (Fig.l). The (S-carbolines Norharman and Harman are not mutagenic id 
the Ames Test, but have been shown to be co-mutagenic (HATCH, 1986). PhIP (2-amino-l-methyl-6-phenylimidazo[4,5-b]pyridine) and 4,8- 
DiMelQx (2-amino-3,4,8-trimethylimidazo[4,5-f]quinoxaline) were determined only from the grill plate and double contact grill with core 
temperatures of 85°C and 95°C. The MelQx content o f all heat treatments increased with greater degree of doneness. The highest 
concentration of MelQx (1.01 ng/g) was determined from the grill plate with turning over o f the beef patties. This method is 
comparable to the household frying in a frying pan. The frying on both sides simultaneously to the same core temperature showed a 
reduction of 75 %, 65 % and 40 % respectively to the content of MelQx. This preparation resulted in a shorter cooking time and a 
lower weight loss of 26 %, 38 % and 37 % respectively during cooking than the preparation with one grill plate and turning over of 
the patties (Fig. 2).
The lowest concentrations of MelQx were found in patties which were deep fried. This method, however, had the highest 

concentrations of the precursor creatinine (Fig. 3) and similar high weight loss as the preparation with one grill plate. Either HAS 
were not formed in the same amount with this preparation or perhaps they are to be found in the deep-fry fat. In comparison to the 
other heating treatments the preparation with the convection oven produced the lowest concentration of the precursor creatinine and 3 
very low concentration of MelQx. Although this method had the longest cooking time and the same cooking temperature as the grill 
plate and the double contact grill, the heat transfer of the convection air with steam to the surface of the product was lower than the 
another materials. The presence of steam, which effected the heat transfer, decreased the surface temperature of the products. This 
could be due to the fact that in comparison to iron and oil, convection air is a bad heat conductor. This physical effect also plays
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'mportant role in the formation of the HAs. Also SHENHA et al. (1998) reported that pan fried steaks had a higher content o f MelQx 
than oven broiled steaks. Another cooking method, oven-roasting, produced fewer HAs than pan frying (SKOG et al., 1997) which 
due to less efficient heat transfer in the air than when the product has direct contact with a frying pan.
The heat and the mass transport in meat during frying is very complex. Inside a zone of water evaporation was formed. This zone 
ra°ves inwards to the middle of the patties. Through the protein denaturation, water and juices are released and move outwards. The 
Juice is important for the mass transport of the water-soluble precursors such as creatinine and Maillard reaction products to the crust. 
The single-sided cooking methods on a grill plate as well as in a pan have the disadvantage that the pores of the beef patties are only 
closed on one side, so that the juice escapes from the top surface until the patties were turned over. This effect can lead to weight loss 
uud to increased formation of MelQx, Norharman and Harman. Double side grilling, frying in a convection oven or deep frying have 
the advantage that the patties are cooked simultaneously at both sides.

Efinclusions
The analysis o f food products made by different preparation methods is important for the formation of HAs because there is 

^ Widespread human exposure to these carcinogenic compounds. The concentrations of HAs vary in different methods o f food
g PreParation. Appropriate heat treatment can reduce the formation of HAs and the individual human exposure to these compounds.
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' : Concentration of HAs in beef patties cooked by 

different preparation methods to three core 
temperatures

Fig. 2: Weight loss during cooking by different preparation methods 
and degree of donness
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Fig. 3: Concentration of creatine and creatinine in beef patties cooked 

by different preparation methods to different core temperatures
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