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Abstract: To meet the industria production requirements of beef processed with complex low-sodium salt substitutes, based on the results
of single-factor experiments, the effects of curing liquid/meat ratio, tumbling time, and vacuum degree on the absorption rate of curing and rate
of cooking loss were investigated. Subsequently, the vacuum tumbling process was optimized using the Box-Behnken design and response
surface methodology, and the textural characteritics, shear force, moisture distribution, and microstructure were compared between beef cured
staticaly and by tumbling. The optimal vacuum tumbling process parameters were the curing liquid/meat ratio of 32%, tumbling time of 3.0 h,
and vacuum degree of 0.06 MPa. Under these conditions, the absorption rate of curing was 24.65%, while the rate of cooking |oss was 26.39%.
The firmness, dasticity, chewiness, and shear force of beef cured by tumbling were significantly lower than those of beef cured daticaly
(P<0.05), and the relaxation time of bound and free water was also significantly lower in the former group (P<0.05). However, the peak area of
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free water relaxation was significantly higher in the tumbling group than in the static curing group (P<0.05). Scanning electron micrographs
showed that the myofibril structures in the tumbling group were looser, with more fragmented structures attached onto the surface. Therefore,
vacuum tumbling treatment can improve the textural characteristics, tenderness, and water retention of processed beef and induce microscopic
fragmentation of myofibril structures. These findings provide technica support for the tumbling trestment of beef processed with complex
low-sodium salt substitutes and build atheoretical basis for industrial production of nutritiona |ow-sodium processed mest products.
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Table 2 Thedesign and results of Box-Behnken experiments
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Y,=25.73+2.234+0.198+0.32C+0.344 B+0.334C+
0.002BC+1.554%=2.435°+1.19C (R?=0.9827).
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KIS AR RARREh AREMPa ERIBORE%  AAREE%
1 20 2 0.06 16.70 27.48
2 40 2 0.06 26.62 31.78
3 20 4 0.06 17.68 26.94
4 40 4 0.06 26.87 32.60
5 20 3 0.04 1861 26.26
6 40 3 0.04 27.33 29.56
7 20 3 0.08 18.17 26.72
8 40 3 0.08 29.31 31.33
9 30 2 0.04 19.71 28.95
10 30 4 0.04 24.68 29.58
1 30 2 0.08 23.00 2911
12 30 4 0.08 24.30 29.75
13 30 3 0.06 2557 2517
14 30 3 0.06 2369 25.88
15 30 3 0.06 25.27 25.75
16 30 3 0.06 25.37 25.80
17 30 3 0.06 26.12 26.03

Table 3Analysis of variance of theregression equation for marinade absor ption rate
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Table 6 Effects of tumbling process on transver serelaxation time T, of marinated beef with compound low-sodium substitution salts
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Fig.7 SEM image of marinated beef with compound
low-sodium substitute salts (x1 000)
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