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Background

Grilling of meat and fish products may generate low ppb levels of mutagenic/carcinogenic heterocyclic amines (HAs). Many heterocyclic
amines are formatted via the Maillard reaction from creatine, creatineine, free amino acids and monosaccharides; compounds naturally
occurring in protein-rich foods of animal origin. The formation and amount of HAs are dependent on physical parameters, such as cooking
temperature and time, cooking technique and cquipmenl heat and mass transport, and on chemical parameters, especially the precursors
of HAs. The most common HAs in cooked foods are 2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline (MelQx) and 2-amino-1-methyl-6-
phenylimidazo[4,5-b]pyridine (PhIP), which belongs to mutagens in Ames test and shows carcinogenicity in animal testing (Skog, 1998;
Taylor, 1984). Ageing or conditioning of beef is normal procedure with unprocessed meat associated with an increase in tenderness and flavor.
In the case of increased amount of precursors of HAs arising during meat ageing e.g. free amino acids, it may cause increased formation of
some HAs during cooking. Our hypothesis is that the stage of beef ageing increases the amount of HAs in cooked meat, because of increase
of precursors especially free amino acids.

Objectives
The objective of this study was to examine the relation between stage of ageing beef meat measured as free amino acids content and
formation of heterocyclic amines in grilled beef (m. longissimus dorsi- LD).

Methods

Eight Simmental bulls aged from 19 to 20 months were slaughtered in an industrial slaughterhouse and normally chilled. 24 hours after
slaughter eight LD muscles were excised and divided into 3 portions, vacuum packed and conditioned/aged at 1°C for O (non-aged sample), 2
and 4 weeks (aged samples). After ageing the samples were frozen and stored at -21°C till analyses.

Samples for determination of free amino acids were homogenized, then extracted and analyzed with amino-analyzer (Cordoba, 1994).
Extraction recovery rates were determinate by the addition of a known amount of L-norleucine (internal standard), and free amino acids were
identified and quantified using retention time and spectra from standards of known concentration, run under the same conditions.

Beef LD-steaks were grilled to a core temperature T.= 80 °C on both sides simultaneously using double-plate teflon coated heating device.
The size of steaks was 10 cm x 5 cm x 2.5 cm. No salt or oil was added. The temperature of heating plates was 220°C.

About two millimeters thick outer layers of the grilled meat were extracted and analyzed for HAs using reverse-phase HPLC (Murkovic
et al., 2000; Borgen et al., 2001). Extraction recovery rates were determinate by the addition of a known amount of HAs (internal standard),
and HAs were identified and quantified using retention time and spectra from synthetic standards of known concentration, run under the same
conditions.

The data were statistically analyzed by the method of the least squares using the GLM procedure (SAS, 1990). The statistical model for
HAS content of beef meat includes the effects of conditioning/ageing (non-aged, 2 and 4 weeks aged).

Results and discussion

Total free amino acids content (table 1) significantly increased (P<0.0001) and redoubled in beef LD muscle during 4 weeks ageing (19,74
VS. 38.45 pmol/g). After Taylor (1984) increase in free amino acids increases mutagens formation.

Table 1 and figure 1 shows the amount of HAs formed in beef steaks aged different time. MeIQx and PhIP were detected in all samples.

he rate of ageing influences on the amount of free amino acids and indirect increases the amount of MelQx and PhIP. MelQx significantly

1ncrcaxes (P<0.01) after 4 weeks ageing and PhIP increases significantly (P<0.001) already after two weeks of ageing. These results confirm
Our hypothesis that with increased stage of beef ageing also increases formation of heterocyclic aromatic amines in grilled beef prepared to
Telatively high core temperature of 80°C.

Conclusions
The amount of HAs in beef meat depends on rate of ageing.
The largest amount of HAs was formed in beef aged 4 weeks.
The rate of ageing highly increases PhIP from 0,046 ng/g at 0 week to 0,213 ng/g at 4 weeks.
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able 1. HAs in beef steaks after different time of conditioning/ageing.
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Parameters

Total free amino acids (umol/g

MelQx (ng/g)

Time of ageing (weeks)

0 (n=8) 2 (n=8) 4 (n=8)
19,748+3,009 29,941+5,229 38,457+4,208 <0,0001

0,167°+£0,053 0,0065

0,046x0,049 0,119+0,051 0,213+0,051 <0,0001
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Figure 1. HAs in beef stakes after different time of ageing.
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