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18. MICROBIAL AND PHYSICAL CHANGES IN MARINATED BEEF OF HIGH
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, Introductlon k :
In DFD (Dark Firm, and Dry) meat, the concentration of muscle glycogen and available glucose is low,

ultimate pH is high, and therefore the meat is more susceptible to microbial spoilage (Gardner et al., 2001; Apple
et al.; 2005; ‘Mounier et al., 2006). The food industry at present is using different marinades (Bjorkroth et al.,
- 2005; Frredman et al., 2006), and modified atmosphere packaging (Phillips, 1996; Ercolini et al., 2006) to
_modify the meat ecosystem and these changes may influence the shelf life of meat including the microbial
poilage. Although there is some knowledge on the effect of different rnod1f1ed atmosphere paekaglng (MAP)
~ and some marinade treatments on the ‘microbial growth on meat, there is a lack of information concerning the
ffect of the interaction of these strategies on meat microflora development and on meat quality attributes, The
bjective of this study was to evaluate and compare the effect of marinating beef w1th high and normal pH,
espectively, “in' red ‘wine under dlfferent MAP condltlons Wlth respect to meat quahty characterrstlcs and

_ microbial spoﬂage
Materlals and Methods [ i ! ; e Sesi ;
Two DED Longissimus dorsi (LD) and 2 Normal LD from the 11“‘ to 16th vertebra were removed from beef

casses at 7-10 days postmortem. Twenty—four steaks of 1 cm 'of thickness were cut from’ each LD and
andomly assrgned to 1 of 24 treatments following a 2 x 2 x 2 x 6 factorial experimental design. The main -
tors ultimate meat pH (below 5.8; normal or above 6.5, DFD), marination (non- marinated vs. marinated with
_red wine), MAP condltrons (70% O 30% COZ, MAP-O; vs. 70% N/30% COs,, MAP-N), and days of storage ©,
3,7, 11, 15, and 19). Steaks ass1gned to marination treatment were covered during 36 h with organic red ‘wine
,; (12 5% of alcohol and pH of 3.40). All samples were packaged into trays (13 x 18 x 4 cm) covered with
transparent film, O, permeability of 10 cm’ per m” day, and stored in the refrigerator at a constant temperature
4°C. At each sampling time meat quality attributes: pH, dr1p losses, water holding capacity, and meat color
ameters L* (lightness), a* (redness), b*(yellowness), were determined, and mesophilic aerobic bacteria,
eudomonas, Enterobacteriaceae, Brochothrix thermosphacta, and lactic acid bacteria (LAB) were monitored.
Furthermore, the DNA of each sample was extracted to analyze the microbiota by Denaturing Gradrent Gel

Electrophoresis (DGGE), as described by Nrelsen et al. (2005).

sults and Dlscussmn ' )
In DFD meat, water—holdmg capacrty (WHC) -tended (P = 0.07) to be hlgher than normal meat in

accordance .to Apple et al. (2005), and Zhang et al. (2005). The other meat quality attributes were not
significantly affected. However, the growth rate of bacteria was greater (P < 0.05) in DFD meat than in normal
meat, as previously reported by Silva et al. (1999) and Gardner et al. (2001). Marination resulted in greater (P <
05) WHC, drip losses, and lower (P < 0.05) meat pH due to the effect of acidity and organic acid content of
ed wine (Friedman et al., 2006).- Furthermore, the L#*(lightness), a*(redness), and b*(yellowness) meat surface
color parameters were significantly affected (P < 0.05) by marination with red wine indicating that the marinated
meat was darker, less red and less yellow Moreover, the interaction (P < 0. 001) between marination treatment -
and storage time indicated that while there was a pronounced increase in bacterial counts in non-marinated meat
during storage, the aerobic, mesophilic counts remained under 10° CFU/g in the marinated meat, i.e. too low a
evel to cause microbial spoﬂage The effect of marination on the microbial counts was shghtly hlgher (P <0.05)
n normal meat compared with DFD meat, The Pseudomonas, Enterobacteriaceae, and, in particular, LAB were
he least affected bacteria while large reductions were observed in B. thermosphacta

__In terms of MAP, meat quality attributes were not significantly affected, in contrast to those results reported
yPhllhps ( 1996), and Ercolini et al. (2006) However, in meat packaged under MAP-O, the mesophilic aerobic
terla, the Enterobacterzaceae, Pseudomonas and B. thervhosphacta increased their initial number to about 105
or 10° CFU/g, in 3 days, whereas the development in the meat packaged under MAP-N was slower. ,
Usmg DGGE, twelve different strong bands were clearly identified, indicating a wide diversity of bacteria) The
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number of bands identified was affected by ultimate meat pH marinated treatment (P < 0.05), and MAP
condltlons (P < 0.01). For example, the number of bands identified was lower (P < 0.001) in normal meat
(4.25+0. 47) than in DFD meat (7 29 +0.46). (

Conclusions

Marination with red wine has a marked antibacterial effect and increases the microbiological shelf life
stability. It also counteracts the differences between normal and DFD beef and marination should be considered
as one way of enhancing the value of DFD meat. However, modifications are necessary to optimize some of the
meat quality attributes.
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