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L INTRODUCTION

Fast chilling before rigor mortis enhances production efficiency, reduces weight loss and microbial contamination,
and extends meat shelf life by rapidly lowering temperature [1]. However, it increases the risk of cold shortening
[2]. A recent study found that freezing bovine M.Longissimus lumborum (LL) to -3°C before rigor mortis, followed
by storage at -1°C for 24 h, prevented toughness from cold or thaw shortening [3]. Yet, whether deeper freezing
before rigor mortis cause thaw shortening or not, is unknown. This study investigates the effect of very fast
freezing (VFF) for pre-rigor bovine muscle, to different core temperatures (-3°C, -7°C, -10°C) on beef tenderness.

Il MATERIALS AND METHODS

The carcasses from 4 crossbred cattle (Luxi yellow cattle x Simmental, 18—24 months) were selected. Each LL
was taken from the left carcass and cut into five 5-cm thick steaks. These steaks from each LL were randomly
assigned to 3 VFF groups (-30°C until the core temperature decreased to -3°C (VFF-I), -7°C (VFF-II) and -10°C
(VFF-III)), one very fast chilling group (-30°C to bring the temperature down to 0°C within 5 h postmortem) and
one control group (4°C, conventional chilling in the cold storage). The steaks were chilled to target core
temperatures using a -30°C propylene glycol solution (55% v/v), then held at 0~4°C until 24 h postmortem. All
steaks were cut into two 2.5 cm-thick steaks, vacuum-packed and aging at 0~4°C for 14 d. The shear force was
determined at 1 and 14 d of storage. The core temperatures during the chilling process were continuously
monitored. The sarcomere length was evaluated at 48 h postmortem. The data for pH and shear force were
analyzed by a two-way ANOVA using the MIXED procedure of SAS (Version 9.2, SAS Institute, Cary, USA), with
treatment, postmortem time and their interaction as fixed factors for pH, treatment, aging time and their
interaction as fixed factors for shear force, and carcass as a random factor.

M. RESULTS AND DISCUSSION

Fig. 1. Effect of very fast freezing treatments on core temperature
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Fig. 2. Effect of very fast freezing treatments on sarcomere lengths (a) and shear force value (b) of beef longissimus lumborum. Note: Means
+ standard errors are shown. Different letters (a-g) indicate significant differences (P < 0.05).

As shown in Fig. 2a, the VFF-I had the longest sarcomere length. The sarcomere length of the VFF-II and VFF-
III was shorter. The sarcomere length was shortened to varying degrees in all groups, but all were greater than
1.5 um and did not reach the extent of cold shortening [4], and the VFF group was not lower than the control
group, indicating that there was no thaw shorting. As shown in Fig. 2b, the shear force of the VFF were lower
than those of VFC and control group at 1 d of aging (P < 0.05), VFF-II and VFF-III were still lower than those of
the control group and VFC (P < 0.05). The difference in sarcomere length cannot fully explain the difference in
shear force, and the disruption of muscle fibers by ice crystals should be further considered [3].

Iv. CONCLUSION

This study suggested that pre-rigor beef muscles can be deeply frozen, and this will not cause obvious shortening
with proper freezing and thawing procedures (VFF treatment). The VFF treatment affected the rate of decline in
pH and improved the tenderness of beef, but this tenderness difference cannot be fully explained by the
difference in sarcomere length alone, which may be more related to the destruction of muscle structure by ice
crystals formed at low temperature.
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