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1 Introduction
Meat and meat products, especially high-quality animal 

proteins in meat, are indispensable in daily diet of human beings 
(Mao et al., 2012; Li et al., 2013; Ding & Xiao, 2014). In the process 
of selecting meat products, people always subjectively judge the 
quality of meat products based on their sensory characteristics, 
such as the appearance, water holding capacity, tenderness, and 
texture (Zheng et al., 2012). At present, there are only a few studies 
on the improvement of tenderness of mutton, as well as the effect 
of different soaking time on tenderness of mutton around the 
world. Walsh et al. (2010) showed that when the center of the 
meat reached a certain temperature and kept for a while, the 
cooking loss rate increased significantly, and the muscle tenderness 
decreased; Combes et al. also showed that with the prolonging 
of the soaking time, the shear force of muscle increased (Me, 
2016); while Vasanthi believed that different temperature and 
soaking time would reduce muscle shear force and improve the 
meat tenderness due to the gelation of collagen. Some studies 
have shown that the proper prolonging of soaking time under 
the temperature of 50-60 °C could improve the tenderness of 
duck meat to a certain extent, which was believed to be caused 
by the dissolution of collagen in the meat. However, there is 
only a small correlation between the solubility and tenderness of 
collagen, and most studies have not considered the importance 
of myofibril on meat tenderness.

Meat tenderness is an important indicator for evaluating 
meat quality (Feng  et  al., 2009), and helping the consumers 
to select meat products (Lawrie, 1981). Therefore, scholars at 
home and abroad have been focusing on the improvement of 

meat tenderness and full tenderization of meat products. Meat 
tenderness has been determined through sensory evaluation, 
which is simple and easy to operate and can be fully close to 
the actual sense of taste, but due to the strong professionalism, 
large sample size, large differences in regions and personal 
preferences, and lack of a certain theoretical basis (Paglarini et al., 
2020; Vidal et al., 2020). There are some problems in difference, 
reliability and comparability of experimental results. Therefore, 
with the development of the instruments such as Texture 
Profile Analysis (TPA) and physical property instrument, the 
more accurate analysis on meat quality based on quantitative 
data can be performed (Zhou et al., 2003; Palka & Daun, 1999; 
Rocha-Garza & Zayas, 1996), and the evaluation system of meat 
products has been constantly improved.

In this study, the effects of low-voltage electrical stimulation 
on the glycolysis process during the maturation process 
were clarified, and the mechanism of action was explored in 
combination with SDS-PAGE electrophoresis analysis and 
ESM observation of myofibril ultrastructure on the basis of the 
studies on the concentration of soluble protein (CSP), myofibril 
fragmentation index (MFI), and collagen solubility (CS) of 
mutton (longissimus dorsi and semitendinosus). Due to the 
differences in instruments, the results of shear force (SF), one 
of the commonly used indexes for measuring meat tenderness, 
were also different. Some researchers proposed that the structure 
of myofibrils and connective tissues (Li et al., 2006a), myofibril 
fragmentation index (MFI), collagen solubility (Hill, 1966), myofiber 
diameter quantification (Locker, 1960; Locker & Hagyard, 1963; 
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Locker, 1985; Koohmaraie et al., 2002; Wattanachant et al., 2005; 
White et al., 2006), and changes in sarcomere length could be 
taken as the indicators measuring meat tenderization (Purslow, 
2005; Joo et al., 1999), but no quantitative index analysis on the 
structural changes of myofibrils and connective tissues has been 
conducted so far. Due to the large difference in data measured 
by various measurement methods, the myofibril fragmentation 
index cannot be systematically analyzed; the quantitative analysis 
on collagen solubility cannot be conducted either; there are still 
disputes on the changes in myofiber diameter and sarcomere 
length. Therefore, the analysis based on shear force is more 
consistent currently, and shear force can also be taken as one 
of the indicators to analyze and judge the tenderness of meat.

2 Materials and instruments
2.1 Materials and reagents

Healthy and disease-free Kazakh sheep (36-36 months old, 
45 kg ± 5 kg) were randomly selected from Hami Prefecture, 
Xinjiang. The meat samples of 3.0 × 3.0 × 3.0 cm in size and 
70 ± 5 g in weight were randomized into 12 groups, with 4 meat 
samples in each group. The prepared meat samples in a certain 
volume were placed into vacuum bags, and heated to the 
required target temperature: 60, 80 and 100 °C, under which, 
the samples were treated by certain measures; the values at 0, 
10, 30 and 60 min were selected to study (0 min was taken as 
the control group, and no soaking treatment was performed). 
The digital thermometers were used during the entire heating 
process to monitoring the soaking temperature, and when the 
soaking time was reached, the samples were immediately taken 
out anhydrous treatment and finally weighed.

Reagents: Potassium iodide, KH2PO4, K2HPO4, KCl (analytically 
pure), Tianjin Fuchen Chemicals Reagent Factory; potassium 
phosphate, EGTA, and glutaraldehyde, Tianjin Zhiyuan Chemical 
Reagent Co., Ltd.

2.2 Instruments and equipment

PL203 electronic balance, Mettler Toledo Instruments (Shanghai) 
Co., Ltd.; DZKW-S-6 Electric-Heated Thermostatic Water Bath, 
Beijing Yongguangming Medical Treatment Instrument Factory; 
DHG-9140A Electrothermal Blowing Dry Box, Shanghai Yiheng 
Scientific Instrument Co., Ltd.; TES1310 Digital Thermometer, 
TES Electric Electronic Corp; pHS-3C Acidimeter, Mettler Toledo 
Inc.; TA-XT2i Texture Analyzer, Stable Micro System, UK; TDL-
5-A Low-Speed Desktop Centrifuge, ShangHai Anting Scientific 
Instrument Factory; FSH-2 Adjustable High-Speed Homogenizer, 
Jintan Chengdong Xinrui Instrument Factory; DYCZ-24DN 
Electrophoresis Apparatus, Beijing Liuyi Biotechnology Co., 
Ltd; SU8010 Electron Scanning Microscope, HITACHI, Japan.

2.3 Test methods

Analysis on myogen and the myofibrillar protein

The determination was performed by the methods of Hill 
(1966); Bergman & Loxley (1963).

Extraction of myogen: 1 g of meat was taken from each 
sample and placed in a 100 mL centrifuge tube; then 10 mL of 
buffer A (ice-bath potassium phosphate: 0.025 mol/L, pH 7.2) was 
slowly added for homogenization for 25 s; one minute later, the 
homogenization was repeated twice, to avoid protein denaturation 
due to instantaneous temperature rise during homogenization. 
After extraction for 15 h at 0-4 °C, the extract was centrifuged at 
4500 r/min for 10 min to obtain the supernatant, and the biuret 
method was used to determine the concentration of the protein.

Extraction of total soluble protein: 1 g of meat was taken 
and placed in a 100 mL centrifuge tube; then 10 mL of buffer B 
(ice bath phosphoric acid of 1.1 M potassium iodide dissolved 
in 0.1 M potassium phosphate, pH 7.2) was slowly added, and 
homogenization, extraction, centrifugation and determination 
were the same as above.

The solubility of myogen and myofibrillar protein respectively 
represents the percentage of myogen and myofibrillar protein 
in total meat weight (wet weight), and the sum of myogen and 
myofibrillar protein is the soluble protein.

2.4 Analysis on collagen

The determination was performed by the methods of Honikel 
(1998) and Li et al. (2006b).

During the nitrification analysis, collagen would be decomposed 
to produce various amino acids, while the content of hydroxyproline 
in amino acids was relatively stable (about 13%). Therefore, the 
content of collagen can be indirectly calculated based on the 
content of the generated hydroxyproline by Formula 1:

( ) ( ) 4
6Content of hydroxyproline g 7.25 10 20

Content of collagen g 10
Molecular weight of hydroxyproline

µ × × ×
µ = × 	 (1)

2.5 Determination of shear force

1 cm3 of meat was cut from each sample as the test sample, to 
determine the standard of shear force: Probe: HDP/BSW; speed 
before measurement: 3.00 mm/s; measurement speed: 3.00 mm/s; 
speed after measurement: 20.00 mm/s; pressing distance: 20 mm; 
type: Auto-20 g; data acquisition rate: 500 PPS. The operation was 
repeated for three times, and the mean was obtained (Schroeder, 2013).

2.6 Determination of the cooking loss rate

The test samples were packaged in cooking bags, and then 
took out when the core temperature of the samples reached about 
80 °C; after wiping the excess water on the surface, the samples 
were cooled to room temperature and weighed. The cooking 
loss rate was determined referring to the method of Hroeder 
(2013), and calculated by Formula 2:

( ) Meat  weight before cooking Meat weight after cookingCooking loss rate % 100%
Meat weight before cooking

−
= × 	 (2)

2.7 SDS-PAGE electrophoresis analysis

5 g of meat sample was weighed, and the temperature was 
controlled at about 4 °C with the method of Hill (1966); and 
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then 40 mL of MFI buffer solution (1 mM/L MgCl2, 1 mM/L 
NaN3, 1 mM/L EGTA, 8.8 mM/L KH2PO4, 11.2 mM/L K2HPO4, 
and 100 mM/L KCl) was added; after crushing and shaking, the 
residue was filtered, and the slurry was taken for centrifugation 
at 8000 r/min for 10 min. The suspension was prepared through 
adding 10 mL of MFI buffer into the sediment, and then filtered 
by a 40-mesh standard sieve. The suspension was mixed with 
SDS-PAGE loading buffer at a ratio of 5:1, and the mixture was 
heated for 3-5 min by a boiling water bath; 10 μL was taken 
as the loading volume. The concentration of spacer gel and 
separation gel was 4% and 12% respectively. The initial voltage 
was set as 80 V, which was adjusted to 140 V when the protein 
fully entered into the separation gel. The Coomassie brilliant 
blue method was used for staining, and then the destaining 
solution was used for destaining; finally, the clearly visible strips 
were shot for analysis.

2.8 SEM analysis

SEM samples were prepared referring to the method of 
Nishimura et al. (1999), and slightly modified. The scanning 
electron microscope (SEM) was used to observe the ultrastructure 
of myofibers of the test sample. 1 cm3 of meat after heating was 
taken and placed in 2.5% glutaraldehyde for standby application.

0.3 cm3 of meat was cut from the meat sample of 1 cm3, 
and placed into 2.5% glutaraldehyde; later, it was washed with 
PBS (pH 7.3) for three times at 4 °C and then with phosphate 
buffer (pH 7.3); gradient dehydration of 50%, 70%, 80% and 90% 
was performed with ethanol for 15 min, and dehydration with 
anhydrous ethanol was performed for three times (30 min/time). 
The dehydrated meat samples were replaced with tert-butanol 
for 30 min each time, and then the dehydrated and replaced 
meat samples were placed on the sample table for coating with 
a sputter coater. The 2,000, 3,000, 20,000, and 50,000 SEMs 
(voltage: 5.0 kV) were used to observe and analyze the overall 
structure of the muscle and the changes in endomysium and 
perimysium.

2.9 Data analysis

The test data were statistically analyzed by Excel 2003 and 
SPSS 21.0. The indicators, including shear force, were analyzed 
by Exponent of the Stable Micro System.

3 Results
3.1 Changes in total soluble protein under different soaking 
time

As for longissimus dorsi and semitendinosus after water 
bath heating under different soaking time, with the prolonging 
of the soaking time under certain conditions, the changes in 
total soluble protein were basically the same.

The total soluble protein in the meat sample heated at 60 °C 
without soaking was higher than that in meat samples heated 
at 80 °C and 100 °C. After prolonging the soaking time under 
certain conditions, the soluble proteins showed a downward 
trend (P < 0.01) (Figure 1).

3.2 Changes of solubility of sarcoplasmic proteins under 
different soaking time

As for longissimus dorsi and semitendinosus after water 
bath heating at 60 °C under different soaking time, with the 
prolonging of the soaking time under certain conditions, the 
solubility of sarcoplasmic proteins significantly decreased 
(P < 0.05), then increased, and significantly decreased again 
(P < 0.01). At this time, it was approximately equal to the 
solubility of sarcoplasmic proteins at 80 °C.

The comprehensive analysis showed that the prolonging 
of soaking time and increase of core temperature played a 
certain role in reducing the solubility of sarcoplasmic proteins 
(Figure 2).

3.3 Changes of myofibrillar protein solubility under different 
soaking time

As for longissimus dorsi and semitendinosus after water bath 
heating at 60 °C under different soaking time, with the prolonging of 
the soaking time under certain conditions, the myofibrillar protein 
solubility showed a significant downward trend (P < 0.01), and 
reached near the minimum value; at 80 °C, with the prolonging 
of the soaking time under certain conditions, the myofibrillar 

Figure 2. Changes of solubility of sarcoplasmic proteins under different 
soaking time (mean ± standard deviation, n = 4).

Figure 1. Changes of total soluble proteins under different soaking 
time (mean ± standard deviation, n = 4).
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protein solubility of longissimus dorsi and semitendinosus showed 
an upward trend with the prolonging of soaking time, but the 
trend was not significant (P > 0.05) (Figure 3).

3.4 Changes of collagen solubility under different soaking 
time

As for longissimus dorsi after water bath heating at 
60 °C under different soaking time, with the prolonging of the 
soaking time under certain conditions, the collagen solubility 
of longissimus dorsi after water bath and microwave heating 
showed an increasing trend; at 100 °C, with the prolonging 
of the soaking time under certain conditions, the collagen 
solubility first significantly increased (P < 0.05), and then there 
was no significant change (P > 0.05); compared with water bath 
heating, the overall change in collagen solubility after microwave 
treatment was not significant (P > 0.05) (Figure 4).

As for semitendinosus after water bath and microwave 
heating under different soaking time, with the prolonging of the 
soaking time under certain conditions, the collagen solubility 
basically showed a trend of gradual increase. At 60 °C, with the 
prolonging of the soaking time under certain conditions, the 
collagen solubility first increased significantly (P < 0.05), and then 
the change trend was no longer significant(P > 0.05); at 80 °C, with 
the prolonging of the soaking time under certain conditions, the 

collagen solubility was basically unchanged (P > 0.05); at 100 °C, 
with the prolonging of the soaking time under certain conditions, 
the collagen solubility increased significantly (P < 0.01), with a 
significant increasing trend (P < 0.05).

Under different soaking time, with the prolonging of the 
soaking time under certain conditions, the collagen solubility 
of semitendinosus after microwave treatment did not change 
significantly (P > 0.05).

Under different soaking time, the proper prolonging of 
soaking time could dissolve the collagen, which was basically the 
same as the results of previous studies. The change in collagen 
solubility could tenderize the meat to a large extent (Swatland, 
2006; Xia et al., 2014) (Figure 5).

3.5 Changes of the cooking loss rate under different soaking 
time

As shown in Figure 6, as for semitendinosus and longissimus 
dorsi after microwave heating, the cooking loss rate was higher 
than water bath heating. As for longissimus dorsi after microwave 
and water bath heating, with the prolonging of the soaking time 
under certain conditions, the cooking loss rate showed a certain 
trend of increase.

Under different soaking time, as for semitendinosus after 
water bath heating at 60 °C, with the prolonging of the soaking 
time under certain conditions, the increase in the cooking loss 
rate was not significant (P > 0.05); at 80 °C, with the prolonging 
of the soaking time under certain conditions, the cooking loss 
rate extremely significantly increased (P < 0.01); at 100 °C, with 
the prolonging of the soaking time under certain conditions, 
the cooking loss rate was basically unchanged.

Under different soaking time, as for the semitendinosus after 
microwave heating at 60 °C, with the prolonging of the soaking 
time under certain conditions, the cooking loss rate increased 
significantly (P < 0.05); at 80-100 °C, with the prolonging of 
the soaking time under certain conditions, the increase in the 
cooking loss rate was not significant (P > 0.05). When the core 
temperature reached about 100 °C, with the prolonging of the 
soaking time under certain conditions, the cooking loss rate 
was basically unchanged.

Figure 4. Changes of collagen solubility in longissimus dorsi under 
different soaking time (mean ± standard deviation, n = 4).

Figure 5. Changes of semitendinosus collagen solubility under different 
soaking time (mean ±  standard deviation, n = 4).

Figure 3. Changes of myofibrillar protein solubility under different 
soaking time (mean ± standard deviation, n = 4).
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Under different soaking time, as for longissimus dorsi after 
microwave heating at 60 °C, with the prolonging of the soaking 
time under certain conditions, the cooking loss rate first increased 
significantly (P < 0.05) and then changed slightly (P > 0.05); at 
80 °C, with the prolonging of the soaking time under certain 
conditions, the cooking loss rate first changed slightly and then 
increased significantly (P < 0.05); at 100 °C, with the prolonging 
of the soaking time under certain conditions, the cooking loss 
rate was basically unchanged (Figure 6).

3.6 Changes of shear force under different soaking time

Under different soaking time, as for the semitendinosus 
after water bath heating at 60 °C and 100 °C, with the prolonging 
of the soaking time under certain conditions, the shear 
force first changed slightly (P > 0.05) and then significantly 
decreased (P < 0.05) and had no significant change (P > 
0.05); at 80 °C, with the prolonging of the soaking time under 
certain conditions, the shear force first increased and then 
significantly decreased (P < 0.05); as for longissimus dorsi 
after microwave heating at 60-100 °C, with the prolonging 
of the soaking time under certain conditions, the shear force 
showed a trent of decrease, but the change was not significant 
(P > 0.05) (Figure 7).

Under different soaking time, as for longissimus dorsi 
after water bath heating at 60 °C, with the prolonging of the 

soaking time under certain conditions, the shear force had no 
significant change (P > 0.05); at 80-100 °C, the shear force first 
slowly decreased and then significantly decreased (P < 0.05).

As for longissimus dorsi after microwave heating at 
60-100 °C, with the prolonging of the soaking time under certain 
conditions, the change was not significant, and only in the case 
of microwave heating at 100 °C, and soaking for 30 min, the 
shear force significantly decreased (P < 0.05).

The shear force of longissimus dorsi showed a trend of decrease 
at certain temperature and under certain soaking time, indicating 
the dissociation of actomyosins, which can reduce the shear force 
and improve the meat tenderness. It can be concluded that the 
prolonging of the soaking time and control of temperature can 
improve the tenderness of meat products to a certain extent.

3.7 Changes of myofiber diameter and sarcomere length 
under different soaking time

Under different soaking time, as for semitendinosus 
after water bath heating at 60 °C, with the prolonging of the 
soaking time under certain conditions, the myofiber diameter 
first decreased, which was not significant (P > 0.05), and then 
significantly increased; at 80-100 °C, the myofiber diameter 
gradually decreased with the prolonging of the soaking time 
(P < 0.01).

Figure 6. Changes of cooking loss rate of semitendinosus and longissimus dorsi under different soaking time (mean ± standard deviation, n = 4).

Figure 7. Changes of shear force of semitendinosus and longissimus dorsi under different soaking time(mean ± standard deviation, n = 4).
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Under different soaking time, as for the semitendinosus 
after water bath heating at 60 °C, with the prolonging of the 
soaking time under certain conditions, the sarcomere length 
first significantly increased (P < 0.01), and then decreased 
and increased again; at 60 °C, the sarcomere length showed a 
trend of increase; at 80 °C, with the prolonging of the soaking 
time under certain conditions, the sarcomere length extremely 
significantly decreased (P < 0.01); at 100 °C, with the prolonging 
of the soaking time under certain conditions, the overall increase 
of sarcomere length was not significant (P > 0.05); and under 
different soaking time, the sarcomere length of the meat sample 
at 80 °C was significantly greater than that of the meat sample 
at 100 °C (P < 0.01) (Figure 8).

3.8 SDS-PAGE analysis under different soaking time

The degradation of skeleton protein would lead to physical 
and chemical changes in myofibrils, such as the rupture at the 
junction of the Z disc and I strip and myofibril fragmentation, 
which would destroy the microstructure of the cells, and ultimately 
improve meat tenderness to a certain extent (Wu et al., 2016; 
Mao et al., 2016). The peptide fragments 28 µ and 32 µ are the 
signs of protein hydrolysate, and also important factors for 
improving the meat tenderness (Claeys et al., 1995; Patrascu et al., 
2013) (Figure 9).

Desmin could connect myofibrils and maintain certain 
structure of cells, and it is also a type of skeleton protein between 

two Z lines of myofibrils. The degradation and disappearance of 
desmin would directly cause rupture of myofibers and separation 
of sarcomere, and increase the myofibril fragmentation index, thus 
improving the water holding capacity of meat and tenderizing 
the meat (Dong et al., 2014; Chen et al., 2012).

The combination of tropomyosin and troponin would 
create troponin T subunits, whose degradation would affect 
the binding of myosin and actin, and thus improving the water 
holding capacity of meat and tenderizing the meat. At the same 
time, their degradation would also produce 28 µ peptide chain, 
as shown in Figure 10.

The heated longissimus dorsi sample was selected and observed 
under SDS, and the results showed that with the prolonging of 
the soaking time under certain conditions, the desmin strips and 
troponin T strips gradually faded. At 60 °C, the strips gradually 
faded, and 32 µ strips became darker from clear with the prolonging 
of soaking time; at 80 °C, the strips first appeared faintly and 
then faded; at 100 °C, the colors of 20, 28 and 32 µ strips were all 
gradually deepened, which indicated that different soaking time 
would affect the tenderness of mutton, and the proper prolonging 
of soaking time would play a certain role in tenderizing the meat. 
Another sign of mutton tenderization is the appearance of 20 µ 
strips due to the degradation of longer-chain proteins (Figure 11).

3.9 Observation and analysis with a scanning electron 
microscope under different soaking time

Through determining the above indicators, the semitendinosus 
after heating was selected for observation under a scanning 
electron microscope at the amplification of 3,000 and 50,000 times. 

Figure 8. Changes of semitendinosus, myofiber diameter and sarcomere 
length under different soaking time after water bath (mean ± standard 
deviation, n = 4). Figure 9. Distribution of myofibril protein strips.
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The results showed that when the heating temperature reached 
60 °C, the prolonging of the soaking time under certain 
conditions would make the cross-section of myofibril contract 
severely, narrow the space between myofibers, and tighten the 
texture of myofibers. After keeping the core temperature within 
80-100 °C for a certain period of time, there was also the same 
change in myofibers, but the contraction between myofibers 
was more obvious, and the space between myofibers completely 
disappeared (Figure 12).

The longitudinal section of the test meat sample was magnified 
2,000 and 20,000 times under a scanning electron microscope 
for observation. The results showed that when the heating 
temperature reached 60 °C, the sarcomere gradually became 
clear with the increase of the soaking time; and the sarcomere 
length was the most visible under 80 °C for 30 min. When the 
soaking time was prolonged to 60 min, the structure of Z disc 
was gradually destroyed; and when the core temperature reached 
100 °C, the overall structure of the sarcomere was damaged, 
showing a flocculent structure (Figure 13).

4 Discussion
Mutton is a kind of health food with high protein, low 

fat and low cholesterol. It is rich in a variety of amino acids 
and trace elements needed by human body. It is widely loved 
by consumers because of its tender meat and delicious taste. 
Moreover, mutton also has certain biological effects, including 
the functions of keeping cold, strengthening spleen, invigorating 
qi and keeping fit.

Tenderness is one of the most important eating qualities 
for consumers, which represents the tenderness of meat during 
chewing, and is an important index reflecting the texture of meat 
products. Mutton is a kind of perishable food. The researches 
of mutton storage and preservation technology are of great 
significance to extend the shelf life of mutton products, broaden 
the sales mode and sales radius, even the future development 
of mutton industry. With the improvement of living standards, 
consumers prefer fresh and delicious meat products with natural 
flavor, and the requirements of preservation technology are 
more stringent.

Figure 10. Effect of water bath heating of semitendinosus under different soaking time on skeleton protein degradation.

Figure 11. Effect of water bath heating of longissimus dorsi under different soaking time on skeleton protein degradation.
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In this study, we found that the prolonging of the soaking 
time had a significant effect on the total soluble protein in 
longissimus dorsi and semitendinosus. It also had a significant 
effect on collagen solubility, which was increased with the 
prolonging of the soaking time in different treatment groups. 
The water bath heating group (100 °C) had the most significant 

trend of increase, which was consistent with the conclusion of 
Combes (Lu et al., 2015). While the myofibrillar protein and 
shear force values showed a downward trend, indicating the 
influence of soaking time on the meat tenderness. In other 
words, it could tenderize the meat to a certain extent. Through 
correspondingly prolonging the holding time, the cooking loss 

Figure 12. Changes of ultrastructure of fiber under different soaking time and temperature (Cross section 3000 × ‘L’ and Cross section 50000 × ‘R’).

Figure 13. Changes of the ultrastructure myofiber under different soaking time and temperature (Longitudinal section 2000 × ‘L’ and Longitudinal 
section 20000 × ‘R’).
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rate of meat was significantly increased. The cooking loss rate 
of meat treated by microwave heating was higher than that of 
meat treated by water bath heating.

The results showed that the cooking loss, protein degradation 
index and myofibrillar protein gel strength of beach mutton 
increased gradually with the increase of heating temperature. 
This was also consistent with the changing trend of meat quality 
in producing and processing. Moderate heat processing could 
improve the tenderness and taste of products, but the structure 
of protein was destroyed seriously by over heat processing, such 
as high temperature sterilization, resulting in the serious decline 
of water retention, taste and other quality of products.

5 Conclusion
After prolonging the soaking time under certain conditions, the 

color of 20 µ strips gradually deepened, and 32 µ and 75 µ strips also 
showed different degrees of weakening. This is basically similar to 
the conclusion of a previous study (Swatland, 2006), indicating that 
there were different small-molecule peptides in different treatment 
groups, the proteins were degraded to a certain extent, the myofiber 
structure was destroyed, and the basic structure was changed.
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