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I. INTRODUCTION 
 

Freezing is pivotal for preserving Tan mutton quality, yet conventional thawing methods accelerate myofibrillar 

protein (MP) oxidation and structural denaturation, compromising its functional integrity. Recent innovations in 

thawing prioritize efficiency and protein conservation, though challenges like uneven heating (microwave)[1], 

structural damage (high-pressure)[2], and lipid oxidation (low-temperature fluctuations) persist[3]. Electrostatic fields 

(EF) offer non-thermal advantages, enhancing heat transfer uniformity and minimizing energy consumption[4], but 

their synergistic potential with controlled thermal strategies remains underexplored. This study hypothesizes that 

integrating two-stage low-temperature tempering (TLT) with EF stabilizes MP physicochemical and structural 

attributes by mitigating oxidative damage and aggregation. By evaluating MP oxidation, denaturation, and 

conformational changes, we aim to establish optimized tempering protocols to enhance frozen Tan mutton quality 

for industrial processing. The findings seek to advance sustainable thawing technologies while addressing protein 

preservation challenges in meat science. 

 

II. MATERIALS AND METHODS 
 

 
Figure 1.Schematic diagram of combined tempering of two-stage low temperature and electrostatic field. 

 

III. RESULTS AND DISCUSSION 
 

(1) Physicochemical changes of MPs 
Table 1 – Tmax and ΔH values obtained by different tempering treatments for Longissimus dorsi of Tan mutton.    

                   
Figure 1. Changes in G’ (A) and G" (B) of Tan mutton samples under six different tempering conditions. 
 (2) MPs denaturation 
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Figure 2. Influence of different tempering methods on particle size and hydrodynamic diameter of MP in Longissimus dorsi of Tan mutton. 

Figure 3. Influence of different tempering methods on the SDS-PAGE patterns of MP in Longissimus dorsi of Tan mutton. 

(3) Changes in MPs conformation 

                
Figure 4. The FT-IR (A) and different proportions of secondary structure (B) of MP in Longissimus dorsi of Tan mutton under different tempering 

treatments. 

Figure 5. UV absorption spectra (A) and second-derivative spectroscopy (B) of MP in Longissimus dorsi of Tan mutton under different tempering 

treatments. 

 

IV. CONCLUSION 
 

TLT-2000/2500 has been identified as a beneficial method for preserving the quality of MPs in frozen Tan mutton. 

Results from DSC and dynamic rheology revealed that the thermal stability and structural changes of MPs in TLT-

2000/2500 were not significantly different from FM. The T-SH and Ca2+-ATPase activity of MPs in TLT-2000/2500 

were comparable to those in FM, while the carbonyl and dityrosine contents in TLT-2000/2500 were lower compared 

to those in RT, TLT, TLT-1500, and TLT-3000. Additionally, the results of particle size, zeta potential, and SDS-

PAGE indicated a reduction in the degree of aggregation and degradation in MPs treated with TLT-2000/2500. 

Meanwhile, assessments of SHP, intrinsic fluorescence, FT-IR, and UV second-derivative absorption spectra 

demonstrated that the primary, secondary, and tertiary structures of MPs treated with TLT-2000/2500 closely 

resembled those of FM. 
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      FM                           287.18 ± 2.87e

      RT                           505.16 ± 4.39a

     TLT                          373.78 ± 2.73c

TLT-1500V                  372.75 ± 4.32c 

TLT-2000V                  290.04 ± 4.41de

TLT-2500V                  303.74 ± 8.34d

TLT-3000V                  400.90 ± 5.33b
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