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Abstract: This study investigated the effects of ultrasonic treatment on the quality characteristics of postmortem mutton
from the longissimus dorsi muscle of Lop sheep during ripening. Ultrasonic treatment was applied at 250 W and 22 kHz for
30 min at 4 °C. The meat was then aged at 4 “C for up to 5 days, and quality parameters were evaluated at 0, 1, 2, 3, 4, and
5 days. Analyses included total volatile base Nitrogen (TVB-N), total viable count, pH, color, water-holding capacity, tex-
ture profile, myofibrillar protein degradation, microstructure, and volatile flavor compounds. The results indicated that
TVB-N values and total viable counts increased with prolonged aging time. pH increased after 1 day of aging, while shear
force and hardness significantly decreased (P<0.05). The L* value reached its maximum on day 3. Cooking loss was signifi-
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cantly reduced after 3 days of aging (P<0.05). Ultrasonic treatment accelerated the pH increase, reduced cooking loss, and

resulted in substantially lower TVB-N and shear force values compared to the untreated control after 3 days (P<0.05). SDS-

PAGE analysis revealed gradual degradation of high-molecular-weight proteins and an increase in low-molecular-weight

protein content, which contributed to improved tenderness. Transmission electron microscopy and Hematoxylin—Eosin

staining showed that sarcomere length increased during aging, while muscle fiber diameter and cross-sectional area

decreased. Ultrasonication significantly increased sarcomere length (P<0.05), increased muscle fiber density, and promoted

structural loosening of the muscle tissue. A total of 82 volatile flavor compounds were identified at 0 and 3 days of aging.

Key aroma compounds included hexadecanal, ethyl palmitate, nonanal, octadecanal, ethyl tetradecanoate, 2-undecenal, and

tetradecanal. The aldehyde content increased significantly by day 3 in the ultrasonicated group, suggesting enhanced flavor

development. In conclusion, ultrasonic treatment improved the tenderness and overall quality of mutton, with optimal

quality observed on the third day of aging.

Key words: Lop sheep; longissimus dorsi muscle; ultrasonication; postmortem aging; mature of quality
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Fig.1 Effect of ultrasonic treatment on TVB-N of Lop mutton
at postmortem maturation
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Fig.2 Effect of ultrasonic treatment on total bacterial count
of Lop mutton at postmortem maturation
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Fig.3 Effect of ultrasonic treatment on pH of Lop mutton
at postmortem maturation



5478 15

XU BH A A AR B S R U B R - 185 -

35 R AR B B TR A B AR, S pH TR
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Table 1 Effect of ultrasonic treatment on the color of Lop mutton at postmortem maturity
i - BT (d)
2%
0 1 3 4 5

I CK 32.53+1.76%° 32.85+2.40% 34.56+2.288 38.53+0.46" 36.94+0.588® 35.0142.654

uUsS 32.33+1.914° 33.86+0.78% 37.53+0.814° 40.53+0.994 40.47+1.30% 36.81+£1.204°

. CK 18.76+1.08%* 17.15+0.898" 17.3440.834° 16.90+0.654 17.00+1.134% 15.8140.744¢

“ us 19.35+1.85% 18.29+0.35%® 17.2140.414% 17.14+1.314% 17.08+0.464% 16.53+0.49%°

b CK 18.67+0.494° 18.90+1.834° 20.10+1.504 20.1941.154® 21.3241.06"* 21.70+1.554

us 16.26+0.98" 18.35+1.224° 20.17+1.38* 20.8140.634¢ 21.47+1.224¢ 21.63+0.774¢

e L7 FORWIE, LR, FORBUESTE; o FURLLE, o R, FORBIEMLL; b': FOREEE, bR, TG, NG FREAFRFRFE— B4R
IR ] 22 57 35 (P<0.05) 5 KE FREA RIS 7] — BB A A [RI AR BR2H 2 ) 2 57t (. 3% (P<0.05) s 22~3K3 Al

F2 PR S E MG A S Y T R R

Table 2

Effect of ultrasonic treatment on the texture characteristics of Lop mutton at postmortem maturity

ke 251

SRR (d)

0 1 2 3 4 5
" CK 55.29+3.91% 69.05+4.12% 50.45+1.87% 40.44+4.47" 35.5743.71% 35.26+2.81%
us 56.94+3.88" 61.42:2.02% 46.10+3.34" 31.54:2.97™ 28.98+2.32% 29.19:2.85™
CK  43686£16.79%  595.14+1876™  462.18430.40  39622425.03 3242742646  29535:25.86"
EE}_‘E‘(g) Bb B: Ab B Ad Ad
US 414111293 500.64+38.44™  434.44+7.83 355.88421.44% 3059942087 285.35+19.12
, CK 0.99+0.01% 0.96+0.03*" 0.970.014 0.96+0.03* 0.940.07° 0.9240.01%°
#é‘lﬂ: Aab Aab Aa Aab Ab Al
us 0.9740.01% 0.96+0.01% 0.9740.01% 0.96+0.01% 0.92+0.06" 0.89:0.06
CK 0.73+0.04* 0.69=0.114% 0.64+0.114%<¢ 0.58+0.03" 0.56+0.05" 0.57+0.06"¢
V;]gé‘ri Ba Aab Aab Aab Aab Bb
us 0.60+0.04™ 0.58+0.06™ 0.56+0.14% 0.58+0.12% 0.58+0.07" 0.48+0.02
o) CK 282.68+6.67"  334.17£1479%  23479+36.44M°  217.94841.81% 2089144514  22427429.04*
Hee US  221.8142559%  276.44+4250™ 2305243561 199.28+28.48"  184.20437.49%  131.48427.15%
. CK 0.430.11% 0.38+0,04* 0.33£0.07** 0.33+0.03*" 0.3120.04* 0.3120.06*
/VXE)‘] Az Aa Aab Aab Aab Bb
us 0.34+0.04" 0.33+0.08" 0.31+0.10% 0.28+0.08" 0.28+0.07" 0.19+0.05
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Fig.4 Effect of ultrasonic treatment on cooking loss
of Lop mutton at postmortem maturation
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Fig.6  Ultrastructural images of Lop mutton myofibrils at post-mortem maturity after ultrasonic treatment (longitudinal section, 4000x)
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Table 3 Changes in myofibrils properties of Lop mutton at post-mortem maturation after ultrasonic treatment
. R ] (d)
EEL 415
1 2 3 4 5
WL (um) CK 1.54+0.03* 1.40+0.04% 1.62+0.04% 1.70+0.04% 1.72+0.03% 1.76+0.05™
us 1.51+0.03%" 1.42+0.03" 1.7120.05% 1.84+0.05% 1.90+0.08* 1.95+0.04%
WLZF4E 72 (um) CK  48.62+3.12* 47.76£3.147% 47.3741.894 46.71%1.55% 46.44+1.387> 45.78+1.88*
Us 48.46+3.40M 47.29+2.90** 46.43+3.204® 46.15+2.70* 45.63+£2.48"° 45,132,374
WLLF TR (um?) CK  1576.00+£219.99%  1479.35£364.58* 1391.11£221.09" 1194.72+184.39* 1085.49+331.89"°  817.49+81.41"¢
US  1509.73+304.80 1347.80+296.41*" 1189.70+196.40%  1025.30+£188.73% 1009.20+187.81* 781.59+124.29*
WLLF 4 (P48 mm?) CK  521.53+27.31M 563.25+24.89M 628.82+26.94" 694.38+11.25% 733.12£17.89%*  759.95+27.20%
usS 524.514£26.19 587.10£26.20 683.95+20.48" 728.65+16.124™ 773.36£16.12%°  825.51+29.08"
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E, PR TR N LA e RS /)N, o LB UL 2H R
R B GRS d B, LR B JULET 4 A R TR AR
PIREGTES 0 d(P<0.05), HWIEF4ER R, £
IEET WL P ZH R EEA RN . RS FTEE $8 L L
PARIBY Y 75 T4k AR FIILET 4% AR S, WLET 4
EAREUIN, WUEF 4k BE B, WIBT U1 8], RIS AL
PRI 5 CK AR L, TEREAER 2 d =, US ZH AL
LT 4R 55 W T CK 41 (P<0.05), 7F 3 0~5 d
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Fig.7 Microstructure diagrams of myofibrils of Lop mutton at postmortem maturity after ultrasonic treatment (cross-section, 200x)
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Table 4 Volatile flavor compounds in Lop mutton meat during post-slaughter aging (ug/kg)

B At i ‘ ) LB-CK LB-US
s 1%(.:“3)!1 FUS ZEES CAS 0d 3d 0d 3d
1 7.7932 R C,H,,0 111-71-7 2.02+0.73 2.84+0.76 5.39+1.81 2.08+0.90
2 9.5326 R C.HO 100-52-7 7.72+1.85 8.63+3.33 8.30+3.26 12.44+4.45
3 10.8615 Vg CgH,0 124-13-0 10.58+1.43 11.19+3.86 12.42+3.41 13.53+2.05
4 12.1093 K C4HO 122-78-1 Nd 0.47+0.18 Nd 0.40+0.13
5 13.9514 TR CoH,0 124-19-6 36.38+3.09 43.85+15.67 37.10£10.17 52.32+17.10
6 15.5936 R -2- T I CoH,sO  18829-56-6 1.93+0.12 Nd 2.2540.53 1.03+0.24
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R ) , ‘ LB-CK LB-US

s 1%(213)11 FUL AT CAS 0d 3d 0d 3d
7 16.9225 LR C,oH,0 112-31-2 4.95+0.86 4.69+2.80 4.29+2.96 10.09+2.92
8 18.4945 S -2- B I CioH;sO  3913-81-3 4.34+0.48 1.89+0.62 1.85+0.27 1.07+0.06
9 19.7387 T C,H,,0 112-44-7 1.64+0.22 1.40+0.71 1.77+0.48 2.17+0.48
10 19.9927 2 -2,4-%8 ZIRmE CioH,sO  25152-84-5 Nd Nd Nd 0.58+0.05
11 21.2387 2 I C; H,)0  2463-77-6 7.95+0.94 3.74+1.28 Nd Nd
12 22.4001 mE C,H,,0 112-54-9 3.47+0.52 2.39+1.07 Nd Nd
13 24.9120 + = C;3H,O  10486-19-8 4.30+0.48 2.29+1.11 3.61+1.40 3.40+1.56
14 27.2943 + P C,4H,0 124-25-4 11.57+1.83 5.60+2.80 8.0243.19 4.77+3.12
15 29.5577 +HE CsHyO  2765-11-9 23.37+3.37 11.21+7.20 15.91+6.48 11.61+4.70
16 31.7221 oS C,¢H;,0 629-80-1  143.52+29.94  97.84+77.84 119.43+59.75  165.98+22.39
17 33.0096 13- 5L P C;sHy)0  75853-51-9 5.24+0.29 0.710.23 5.06£2.55 Nd
18 33.7497 L C\;H3,0  1000376-70-0  9.68+1.87 5.77+4.68 9.36+4.38 11.26+4.07
19 35.7052 + I\ CgH;0 638-66-4 28.1247.63 20.27+16.73 25.59+13.63 23.11£12.59
20 5.1157 TR B CeH,,0, 105-54-4 Nd 0.74+0.21 Nd 0.93+0.00
21 8.1462 4- 2R HE T RRINER C,HO, 96-48-0 Nd Nd Nd 0.53+0.09
22 10.2945 EC R HTE CegH,0,  3050-69-9 Nd Nd 0.83+0.35 Nd
23 13.7822 BRIR 2T C,H 0, 106-30-9 2.52+0.62 1.92+0.42 2.22+0.47 2.01+0.36
24 16.6885 F LR C,oH00, 106-32-1 16.60+2.23 12.63+4.48 8.00+3.11 14.31+2.46
25 19.4471 T-MR M C,H,,0, 123-29-5 18.31+2.71 8.50+2.87 8.78+4.61 9.98+0.28
26 20.8696 3N T C; H,0,  2021-28-5 0.92+0.15 0.56+0.14 0.76+0.27 0.63+0.09
27 21.7267 IS T R R CHNS,  686-07-7 24.64+1.47 36.08+12.88 64.13+18.99 38.29+14.47
28 22.0599 PR LTk C,H,,0, 110-38-3 15.20+1.81 12.76+5.45 11.04+2.99 19.32+7.46
29 26.8838 AR C,H,0, 106-33-2 4.95+0.60 4.9742.73 3.98+2.01 6.16+2.13
30 31.2432 T DUR 2 TR CigH30,  124-06-1 23.1242.84 14.43+4.35 8.22+1.10 14.35+6.49
31 33.2707 THmR LB C;H;,0,  41114-00-5 3.31+0.42 2.20+0.54 2.62+0.84 1.2740.28
32 34.6375 AR HER TR C,6H,0, 84-74-2 Nd Nd 1.93+0.47 Nd
33 34.8085 9- | SRR 2 T CigHy,0,  54546-22-4 4.97+1.36 2.99+1.09 Nd 1.81+1.42
34 35.2119 7SR 218 C,H540, 628-97-7 76.80+12.04 49.20+17.83 30.77+3.17 42.73+17.68
35 38.3774 SR < 1 CyoHys0,  6114-18-7 11.49+1.53 8.69+4.98 6.3743.52 6.14+2.60
36 38.8366 AN ¥ CyoHyO,  111-61-5 4.61+0.74 3.78+2.10 2.33+0.65 2.51+1.33
37 19.5191 F =k Cy3Hyg 629-50-5 Nd Nd 1.00+0.42 1.05£0.35
38 24.1499 Tk (ol < 629-54-9 3.45+0.47 2.13+0.65 3.4842.18 4.09+0.80
39 23.7110 2,6,10-=F &+ =k C,Hyy 3891-99-4 Nd Nd Nd 2.98+0.74
40 24.6378 ke CsHs, 629-62-9 Nd Nd 3.08+1.19 4.64+1.97
41 26.9864 RVAYSH CyHs, 544-76-3 2.86+0.47 2.63+0.74 3.91+1.42 6.2642.25
42 292175 Tk C,;Hy 629-78-7 3.56+0.54 3.69+1.65 4.63+1.06 5.22+1.49
43 29.3489 2,6,10,14-P0 FH e+ Fifse CioHyo 1921-70-6 Nd 2.14+1.19 Nd 2.29+0.59
44 31.3440 RWAY C,gHyg 593-45-3 Nd 2.57+1.23 4.18+1.25 3.35+1.28
45 31.3476 RN CyoHyg 629-92-5 2.70+0.50 Nd Nd Nd
46 31.5547 2,6,10,14-70 F 375 k% CyoHy, 638-36-8 1.97+0.33 3.82+1.90 8.77+3.39 4.14+1.72
47 12.9593 EERE CgH,0 111-87-5 2.25+1.40 4.55+1.76 4.31+0.82 6.65+1.10
48 13.3897 2R CyH,,0 617-94-7 Nd Nd Nd 0.52+0.16
49 17.3367 2R CgH,(0, 122-99-6 Nd Nd Nd 1.69+0.44
50 28.6287 B2\ i3 C,H,, 0 1724-39-6 Nd Nd 1.69+0.67 Nd
51 28.8556 f2-2-F -1 CpH0  69064-37-5 Nd 0.68+0.43 Nd Nd
52 31.0991 3,7,11-=H g1 CisHpO  6750-34-1 1.47+0.20 1.10+0.56 1.64+0.88 1.07+0.56
53 33.1770 14-F BE-8-+ 75 M- 1 - C;H;,0  30689-78-2 6.84£1.52 4.66+3.91 5.39+3.93 Nd
54 34.0720 17 el CiH30  36653-82-4 0.70+0.21 Nd Nd Nd
55 15.9863 FR C4H,0, 124-07-2 Nd Nd Nd 3.44+0.74
56 18.7232 TR CyH 50, 112-05-0 4.31+0.91 3.08+1.55 4.03+£0.93 3.85+0.92
57 21.3396 B3 CioHy 0,  334-48-5 3.53+0.50 5.09+1.97 4.13+1.45 9.82+4.05
58 26.1311 HFERR C,H0,  143-07-7 1.32+0.30 2.66+0.86 2.57+1.11 4.5742.23
59 30.5427 TR CHy0,  544-63-8 6.06+2.86 5.02+1.68 3.62+0.76 7.67+2.44
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R , ‘ LB-CK LB-US
g A s AT cas — — — —
60 34.5780 Pt CigH3,0,  1957-10-3 10.18+6.65 13.34+8.02 4.39+0.90 14.18+9.09
61 7.0532 KL CHg 100-42-5 Nd Nd 0.96+0.30 1.06+0.30
62 11.6269 EINwr CioHys 1461-27-4 Nd Nd 4.82+1.24 Nd
63 11.6322 e I CioHig 5989-27-5 221+1.18 3.67+1.50 Nd 8.75+3.02
64 12.5632 [T CioHys 99-85-4 1.61£0.19 2.98+0.21 Nd 2.02:+0.66
65 22.7674 = L R RO — B CysHyy 118-65-0 1.17+0.19 Nd Nd Nd
66 323020 (E)-3,7,1L15-PUHISE2-F7SBRIG  CyoHyy 14237-73-1 2.22+0.43 5.96+3.05 17.88+8.73 6.98+3.45
67 10.3916 FP 35 P ] C¢H,,0 110-93-0 Nd 0.82+0.21 1.11£0.19 0.82+0.28
68 12.7955 T C,oH500 98-86-2 Nd 0.39+0.09 Nd Nd
69 16.5589 2-34 C,oHy0 693-54-9 Nd 0.70+0.29 0.80+0.28 Nd
70 19.0653 3= C;HyO  2216-87-7 1.05+0.16 Nd Nd Nd
71 23.5148 it LY R C;;H,,0 689-67-8 2.34+0.53 2.78+0.36 Nd 3.52+0.87
72 6.6246 CHIE CeHyp 100-41-4 Nd 0.38+0.07 0.61+0.16 0.38+0.05
73 7.0640 X R CeHyq 106-42-3 Nd Nd 1.76+1.12 Nd
74 11.5044 AR SN 2R CioHyy 527-84-4 12.89+1.30 14.830.64 13.13+1.53 14.02+1.67
75 16.2564 EEFA C,oHg 275-51-4 Nd Nd 2.02+0.67 Nd
76 17.1765 2,3- A BEW) C,H¢S 1120-59-8 Nd 5.72+1.85 9.70+3.66 Nd
77 19.3408 [EEES C,H,,0 89-83-8 Nd 2.37£0.72 Nd 3.2240.55
78 19.6542 N,N- T S B CHgNO  761-65-9 2.23+0.17 6.07+2.63 6.69+2.45 8.11+3.06
79 21.9626 JH e C¢HgN,O 98-92-0 3.81+1.29 1.830.73 Nd 4.35+0.93
80 29.7000 12-BR4 b CiH;,0  7320-37-8 1.12+0.08 1.06+0.56 Nd Nd
81 32.6171 12-B% /b CigHiO  7390-81-0 6.47+1.03 Nd Nd 3.9242.53
82 33.4886 7k B SR CH3N 112-69-6 Nd Nd Nd 7.67+4.25
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Fig.8 Volatile flavor compounds in Lop mutton
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Fig.9 Multivariate statistical analysis of volatile compounds in Lop mutton during postmortem aging
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Table 5 ROAV of volatile flavor compounds in Lop mutton
K2 cas RS VIPHE  Pff(ugkg) ™ ROAY T
0dCK 0dUS 3dCK 3dUS
1 629-80-1 FoSHE 3.72 0.91 100 100 100 100 BT WH . HRE
2 628-97-7 TSR TR 247 14 3.50 1.93 4.02 1.60 -
3 686-07-7 ZCETHRAEERRTEE 235 - - - - - R
4 124-19-6 T 1.76 1 2385 3040 5013 27.40 PR
5 2765-11-9 TR 1.55 43 0.35 0.29 0.26 0.14 NEITOR . AL BT
6 638-66-4 (AN 1.52 1 17.81 19.21 18.58  12.66 RIS
7 14237-73-1 3,71L1S- R 247X 1.51 - - - - - Wi R R Ak
8 124-06-1 I DUz 2.1 1.37 5.5 2.69 1.33 3.09 1.37 HEA. R
9 1957-10-3 AR 1.34 10300 0.001  0.0004  0.001  0.001 LIS
10 123-29-5 TR 1.29 850 0.01 0.01 0.01 0.01 -
11 1120-59-8 2,3- " SHEWY 127 - - - - - -
12 112-69-6 TSkt = R LU 1.22 - - - - - U | MR
13 5989-27-5 FiEmE M 1.17 10 0.15 - 0.51 0.52 Rt &
14 110-38-3 R LT 1.16 51 0.19 0.20 0.28 0.20 L NS
15 75853-51-9 13-FRE-- U 1.16 - - - - - -
16 7390-81-0 12-$R4 /st 1.15 - - - - - (SUN
17 2463-77-6 2 1.12 0.78 6.55 Nd 5.54 Nd HEA. . RS
18 124-25-4 + U 1.11 0.55 1346 1158  10.92 439 H R
19 1000376-70-0 +mE 1.08 - - - - - FEIR D7 A AR
20 106-32-1 FIR TR 1.06 12.87 0.83 0.61 1.13 0.62 AR
21 30689-78-2 14-F1E-8-+7X - 11 1.03 - - - - - -
22 334-48-5 R 1.02 120 0.02 0.03 0.05 0.04 JEUS
T FIRAA

FIBURAE . Bt 255 BUEANRISIE 0pr, 45
W, “E AT A AL B , BATRRRIS A IR AN T
R A TSR -E S AR A 3 d IR B R E,
X = PR B R A A B R G 0 A IO, s e Ah, A
PR SSTR LR AR B e A, R 3 d i HAS &
I, BT TSR A —E BN AR . 2R LT
IR, BEEW) TN A PR XUR TTRR B f R, HLAE A2
TP ARBIE, 7RG 3 d iU A

#hig

B A A P A BT AT ST B K LA BT Y AT
FER I, BEAE AT [E] B9 SE 1, 5F P TVB-N {E1E
0~5 d BB NATA B ZEE PR IE; pH 7EREAGE 1 d
JE B A T LAEAE GG 3 d ISR RAE; 55 D)
I3 BEREEAE RN 1 d ST s US4 k%
fith, WA DAKSE: s 28 AN IS RAE A 3 d Je gl
IG, PRk PR s WLET 2 AR FINLET HE AR AR /)N, WLET
Y EERN, WU ZHZ USSR . X RS T A1
XU S 5 A2 B, 22 A1 = A R i S B A Ui+
NI, TONEROME . TR, H/\EE, HIURRANE. 2-1
— AN PURE . AL IRE, S P HERR SR,
HLYH . WA PR 2 5, L AL RO
WLET A5 FE LB 3R, i 3 d IHZE A XU ) Joit
rhEZEY R B . I, SERTERRE 3 d S, B
PE L PROKAE | O DL KR B R 2 T, 455 TVB-

N EATE L, S5 TR SRS 3 d i, HLAR B AN 22

3

PERRREARIRAS . 25 R, B APAT IAT L
RS PR ORE , PR THF DA B, TR AREAER 3 d IFIAE)
ARG, TR

© The Author(s) 2026. This is an Open Access article dis-
tributed under the terms of the Creative Commons Attribution

License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

S 30k

[1] Bm¥ MART®W, T/, 5. FhFEFEELNSRHEF
JE o M 5 A [T]. 37 58 R Ak A %, 2025,62(1): 251-260.
[ TANG Liping, A Miniguli, WANG Xu, et al. Analysis and evalu-
ation of slaughter performance and meat quality characteristics of
Luobu sheep[J]. Xinjiang Agricultural Sciences, 2025, 62(1): 251—
260. |
(2] Fme-i, Lo L RAL. FAhEFR R I].
¥ B E A3 4 F,2022,42(6): 63-67. [ GULNARBaki,
UXKUN-Alimbak. Analysis of mutton quality in lopnur sheep[J].
China Herbivore Science, 2022, 42(6): 63—67. |
[3] SHE TR FHBFATLIRERARLEALST]. £
% 4 % 7] ,2022(36): 147-152. [ ZENG Shulin, ZENG Rong.
Present situation and future development trend of Xinjiang mutton
industry[J]. Food Safety Guide Magazine, 2022(36): 147-152. ]
(4] SAE, Sk, 24, % FHEAARRTRE P FHREMN
AL i ) T AL (D], A & A 5, 2017,38(21): 112-118. [ LI
Guixia, LI Xin, LI Zheng, et al. Changes of physicochemical charac-
teristics of lamb longissimus dorsi muscle during rigor development
and aging[J]. Food Science, 2017, 38(21): 112—-118. ]


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.3969/j.issn.2095-3887.2022.06.012
https://doi.org/10.3969/j.issn.2095-3887.2022.06.012

- 192 - £ Tl B4

2026 4F 8 A

[ 5] WANG Linlin, YU Qunli, HAN Ling, et al. Study on the effect
of reactive oxygen species-mediated oxidative stress on the activa-
tion of mitochondrial apoptosis and the tenderness of yak meat
[J]. Food Chemistry, 2018, 244: 394—402.

(6] RIFF, X, FHRAN, F. 8 FHAFIRL &G LM
v B VR AR S P 6 5 A ILK [T]. R e &R B 4
1R, 2023, 14(21): 10-19. [ ZHANG Rongrong, LIU Jiali, LI Yifan,
et al. Influence of ultrasound technology on the structure of myofib-
rillar proteins and its current applications in muscle-based food prod-
ucts [J]. Journal of Food Safety & Quality, 2023, 14(21): 10-19. ]
[7] JAYASOORIYA S D, TORLEY P J, D’ARCY B R, et al.
Effect of high power ultrasound and ageing on the physical proper-
ties of bovine Semitendinosus and Longissimus muscles[J]. Meat
Science, 2007, 75(4): 628-639.

[8] Fw, Ak, 2EM, 5. A8 5 B T8 A5 2 A & R4
Wy Hom [T, &5 5 & B Tk, 2015,41(11): 176-180. [ WEI
Tian, MEI Lin, WANG Zhigeng, et al. Effects of ultrasonic treat-
ment on pork curing efficiency and quality[J]. Food and Fermenta-
tion Industries, 2015, 41(11): 176—180. |

[9] WANG Jun, KONG Dewei, HAN Rongwei, et al. Ultrasound
combined with slightly acidic electrolytic water thawing improved
rheological properties, quality and structure of mutton myofibrillar
protein gel[J]. Meat Science, 2025, 225: 109806.

[10] Mm%, 2405, FFHFE, 5 8 FRBENFRSBRGF A
(J]. 1 £ #F 72,2020, 34(1):39-44. [ DU Pengfei, WANG Wei-
ting, LI Mengmeng, et al. Effect of ultrasonic thawing on quality
characteristics of frozen mutton[J]. Meat Research, 2020, 34(1):
39-44.]

[11] kst Fe. pkobk 37 ik s 2 A W e 2R A S AT 2 (D). £
.t d K5, 2024, [ YAO Huangbing. Study on the effect and
quality of pulsed electric field thawing on pork tenderloin[D].
Wuxi: Jiangnan University, 2024. |

[12] B#f, D4R, S, 5. F5 R B8] 40 i0 8 T B-3 4p ) )
xR B AR K RO R 0 % e [T R S A 4, 2025, 46(5):
96-105. [ MA Meng, MA Jiarong, GAO Shuang, et al. Effect of
caspase-3 inhibitor on water retention and tenderness of Tan sheep
meat during postmortem aging[J]. Food Science, 2025, 46(5):
96—-105. ]

[13] LEI Yongdong, DENG Xiaorong, ZHANG Zhiwei, et al.
Effects of oxidation on the physicochemical properties and degrada-
tion of mutton myofibrillar proteins[J]. Journal of Food Science,
2022, 87(7): 2932-2942.

[14] MBF, FRE, h¥E. o185 X RS 0g —FF
# 75 & “ROAV” % [J]. & A5, 2008, 29(7): 370-374. [ LIU
Dengyong, ZHOU Guanghong, XU Xinglian. "ROAV" method: A
new method for determining key odor compounds of Rugao ham[J].
Food Science, 2008, 29(7): 370-374. ]

[15] Roatt, 360 4, § A, . 231 F AABRE AL TS A
se 7 & [J]. & & T 42,2024(3):56-60. [ WU Zhicai, GUO
Zhonghua, CAO Chunping, et al. Ice-temperature preservation of
splitted lamb and development of its restructured products[J]. Food
Engineering, 2024(3): 56—60. ]

[16 ] LIANG Ce, ZHANG Dequan, ZHENG Xiaochun, et al.
Effects of different storage temperatures on the physicochemical
properties and bacterial community structure of fresh lamb meat[J].
Food Science of Animal Resources, 2021, 41(3): 509-526.

(17 ] B xomb, 35 A&, SEAEI, 5. 4 5 A7 2 25 Ak oF & &R
BEG RN H a0 £ %5 R BTk, 2020,46(17):
204-211. [ ZHOU Dapeng, LAN Weiqing, MO Yaxian, et al.

Effects of ultrasound pretreatment on the quality and protein charac-
teristics in Japanese sea bass (Lateolabrax japonicas) during refrig-
eration[J]. Food and Fermentation Industries, 2020, 46(17):204—
211. ]
[18] sk, BER, IKE, 5. A B LI F 1AM & F488
e Fe %R S R Y om [T]. 95 i R Ak A #2023, 64(10):
2492-2498. [ ZHU Bin, TANG Honggang, ZHANG Jin, et al.
Effects of ultrasonic treatment on color stability and preservation qua-
lity of mutton during refrigeration[J]. Journal of Zhejiang Agricul-
tural Sciences, 2023, 64(10): 2492—2498. ]
[19] ZHAO Yilong, HE Sangang, HUANG Jinfeng, et al.
Genome-wide association analysis of muscle pH in texel sheepx
Altay sheep F, resource population[J]. Animals, 2023, 13(13):
2162.
[20] ZeoBl, $IBR, hf, 5. A2 5 AR Bh M) 5 1 1 B
B B di 0 % v (T, RO R AR 50,2022, 36(8): 21-28. [LI
Xinyue, CAO Juanquan, XU Jing, et al. Effects of ultrasonic-assisted
curing on eating quality and gel properties of minced pork[J]. Meat
Research, 2022, 36(8): 21-28. ]
[21] E#4, 280, 5, 5. A F R4 8T 5% R &L
R Yk O &M en (1], 2o T kA, 2023, 44(20): 36-42.
[ DONG Zhiming, JIANG Qiuwan, JIANG Zelin, et al. Effect of
ultrasonic time on quality characteristics and myofibrillar protein
structure of beef jerky[J]. Science and Technology of Food
Industry, 2023, 44(20): 36-42. ]
[22] KA. REF /G R A KRBT XAoe i L A i
# % a[D]. & & KF. 478 KL K F, 2022. [ZHANG Li
Effects of different postmortem aging, freezing and thawing methods
on the quality of Kazakh sheep[D]. Urumgqi: Xinjiang Agricultural
University, 2022. ]
(23] Fxag, FiFm, HigE, F FeBiddtdEdL5R
o R4 e B AR BV Rk R e e [J]. RS 5 K B Tk, 2025,
51(12): 174-182. [ LI Shuangge, JIANG Zeli, YANG Haixia, et al.
Analysis of quality characteristics and volatile flavor substances of
Turpan black lamb during post-slaughter rigor mortis period[J].
Food and Fermentation Industries, 2025, 51(12): 174—182. ]
(24 ] B4R, ARG, F 0k, 5. & B0 456 TR RIS A
xF A B 5E AR A0 B SR R A9 % vh [J/OL]. dy R dk K & 4R, 2025
(2025-09-11). https://link.cnki.net/urlid/32.1148.S.20250911.1100.
002. [ MA Aijuan, DENG Shaolin, LI Dongling, et al. Effect of
high voltage electrostatic field combined with different storage tem-
peratures on shelf-life and quality of chicken meat[J/OL]. Journal of
Nanjing Agricultural University, 2025 (2025-09-11). https:/link.
cnki.net/urlid/32.1148.8.20250911.1100.002. ]
[25] ZBZ, HER, AR, 5. A8 5 B RN ) 4T 8 IR 1
R # o (1] & & 5 A B Lk, 2025,51(12): 100-106.
[ YUAN Jiayi, JIANG Feiyan, HAO Chenming, et al. Effects of
ultrasound-assisted tumbling marination on quality of duck legs meat
[J]. Food and Fermentation Industries, 2025, 51(12): 100-106. |
[26] B, F 245 ERW, . ZARLESRELENF G md
A2 EA KR eI F BERS G, 2025, 45(6): 49-57.
[ YAN Kai, LI Yujiao, HOU Tianci, et al. Effects of tumbling com-
bined with bag packaging on the quality of mutton during post-
mortem aging[J]. China Herbivore Science, 2025, 45(6): 49-57. |
[27] kupsh, HRR, Z-F, F. 208 5 AR 4K &R
wg % om (1], 2ok T WA, 2025, 46(18):291-300. [ ZHU Xiao-
ling, PAN Saikun, WU Ping, et al. Effect of multi-frequency ultra-
sonic thawing mode on the quality of beef brisket[J]. Science and
Technology of Food Industry, 2025, 46(18): 291-300. |


https://doi.org/10.1016/j.foodchem.2017.10.034

5478 15

X BH A A AT B SR A U BT

S| - 193 -

[28] kit KERBHZTAF @A IR A F)EF A
WAL H ok [D]. Z M. HF Rk X5, 2020. [ ZHANG Jiaying. The
mechanism of effects of mitochondrial pathway signaling mediated
apoptosis on bovine muscle tenderization during postmortem
aging[D]. Lanzhou: Gansu Agricultural University, 2020. ]

[29 ] MANHEEM K, ADIAMO O, ROOBAB U, et al. A compara-
tive study on changes in protein, lipid and meat-quality attributes of
camel meat, beef and sheep meat (mutton) during refrigerated
storage [J]. Animals, 2023, 13(5): 904.

[30] A LpE, AN, KiFX, 5. A5 o E L0 3524 1 S
8 % [J]. & 5% 5 LK, 2024, 40(7): 169-174. [ SIMA Sheng-
xue, HAO Beibei, WU Zewen, et al. Effects of ultrasonic treatment
time on meat quality of Yanbian yellow cattle[J]. Food and
Machinery, 2024, 40(7): 169-174. ]

[31] ZR, Fmu, A3, 5. FoRASER T EERBG 5% F
1 BB 0 Sk BV AT (], B s A 42, 2023, 44(21): 54-61. [ LI
Rong, LUO Ruiming, DU Rui, et al. Relationship between mito-
chondrial damage and meat tenderness of Tan sheep during post-
mortem aging[J]. Food Science, 2023, 44(21): 54-61. ]

[32] SABZIF, VARIDI M J, VARIDI M, et al. Effect of verjuice
(Vitis vinifera L.) on physicochemical and textural properties of
beef M. biceps femoris[J]. Food Science & Nutrition, 2024, 12(8):
5497-5517.

[33] ZHANG Z Y, REGENSTEIN J M, ZHOU P, et al. Effects of
high intensity ultrasound modification on physicochemical property
and water in myofibrillar protein gel[J]. Ultrasonics Sonochem-
istry, 2017, 34: 960—-967.

[34] thi, T, &ixth, 5. 25 BF AT A & ROH
vy [J]. & du A5, 2023, 44(19): 99-106. [ XU Jing, DING Shan-
shan, CAO Jiangweli, et al. Effect of ultrasonic cleaning treatment on
pork quality[J]. Food Science, 2023, 44(19): 99-106. ]

[35] Atz BLA R, RA&3G, 5. AR b m 5 { Ak B M &R
TR T]. R FAR, 2023,37(5): 1012-1021. [ DU Qi, LIAO
Yueqin, WU Yingru, et al. Changes in quality characteristics of sand
crab (Ovalipes punctatus) during chilled storage[J]. Journal of
Nuclear Agricultural Sciences, 2023, 37(5): 1012-1021. ]

[36] Ar&ik. Ao m b KRR SaAb R R 3R AL 5 W E ks R 5 2
SR ZFAR (D] &K # iRk X ¥, 2022 [YU
Pengxin. Study on the difference of nutritional quality and edible
quality of mutton of different varieties and parts in Hetian prefec-
ture[D]. Urumgqi: Xinjiang Agricultural University, 2022. |

[37 ] LIU Haotian, ZHANG Huan, LIU Qian, et al. Solubilization
and stable dispersion of myofibrillar proteins in water through the
destruction and inhibition of the assembly of filaments using high-
intensity  ultrasound[J]. Ultrasonics Sonochemistry, 2020, 67:
105160.

[38] & Md4s. A2 75 M *T 5 W S0 R BIUR AF 4 B & 5 M e % v
[D]. i@i%. A 2 & K% X 5, 2024. [ SHI Yuting. The effects of
ultrasonic thawing on the quality and myofibrillar protein structure
of lamb meat[D]. Tongliao: Inner Mongolia University for the
Nationalities, 2024. ]

[39] ZHANG Yinyin, ZHANG Daojing, HUANG Yajun, et al.
L-arginine and L-lysine degrade troponin-T, and L-arginine dissoci-
ates actomyosin: Their roles in improving the tenderness of chicken

breast[J]. Food Chemistry, 2020, 318: 126516.

[40] KIM H J, PARK J, SONG S M, et al. Quality enhancement
techniques for cow meat: Current approaches and future directions
[J]. Food Science of Animal Resources, 2025, 45(1): 185—198.
[41] PENA-GONZALEZ E, ALARCON-ROJO A D, GARCIA-
GALICIA 1, et al. Ultrasound as a potential process to tenderize
beef: Sensory and technological parameters[J]. Ultrasonics Sono-
chemistry, 2019, 53: 134—141.

[42] ska#r, LFF, A, F. 8P FAFFRBEF N4 RS R
AR (). ¥ B F 4 & & ,2025 61(9):402-409. [ ZHANG
Lixin, WEN Zefang, ZHI Li, et al. Study on beef quality of Zhong-
dian Niugong and Zhaotong Niugong[J]. Chinese Journal of Animal
Science, 2025, 61(9): 402—409. |

[43] LIU Jun, XIE Changxin, MA Wenhan, et al. Effects of ultra-
sound-assisted low-salt curing on water retention, tenderness and in
vitro digestive characteristics of grass carp (Ctenopharyngodon
idellus) [J]. Ultrasonics Sonochemistry, 2025, 113: 107214.

[44 ] FANG Yujuan, ZHANG Jian, MA Chao, et al. Ultrasound-
induced modifications of beef flavor characteristics during post-
mortem aging[J]. Ultrasonics Sonochemistry, 2024, 108: 106979.
[45] XI Linjie, SUN Yanan, JIANG Shenggi, et al. Evaluation of
effects of ultrasound-assisted curing on the flavor of Chinese
bacon[J]. Ultrasonics Sonochemistry, 2023, 96: 106424.

[ 46 ] YUAN Haibin, WU Huachang, QIAO Mingfeng, et al. Char-
acterization of flavor profile of sauced pork from different regions of
China based on E-nose, E-tongue and gas chromatography—ion
mobility spectroscopy [J]. Molecules, 2024, 29(7): 1542.

[47] YUAN Can, XU Chengjian, CHEN Lilan, et al. Effect of dif-
ferent cooking methods on the aroma and taste of chicken broth [J].
Molecules, 2024, 29(7): 1532.

(48] ZA, LA ASHERBLILH (% =) M), LR
# 5 & Br 4, 2015. [ VAN GEMERTL L J. Compilations of
flavour threshold values in water and other media (2nd ed) [M].
Beijng: Science Press, 2015. ]

[49 ] fewest. AT Rokdefg R4 AR LR B 5ot i1 1 Ao T 49
Rk, [D]. # M. 4 M X 3, 2025. [ XIONG Xiaoxiao. Explo-
ring the flavor formation in processed duck breast from different
breeds based on flavoromics and lipidomics[D]. Yangzhou: Yang-
zhou University, 2025. ]

[50 ] FrkiF. AL F P B AR R A2 A BRI B AR B AR AT
PR AR AR (D], HRH#R: T4k T4 K %, 2025. [ JIN Linshi.
Study on the dynamics of microbial community in the low-tempera-
ture storage process of lamb skewers and the preservation tech-
nology of plant essential oils[D]. Handan: Hebei University of
Engineering, 2025. |

[51] #&AHF, FhA&, HiEH, % . SDE-GC-MS %4 GC-0O *f b3k
B e B T AR A R M R R R [T]. s A, 2015,
36(24):131-136. [ PU Dandan, SUN Jie, CHEN Haitao, et al.
Comparative analysis of volatile flavor compounds of cooked Hunan
and Guangdong bacon by simultaneous distillation and extraction
combine with gas chromatography-mass spectrometry (SDE-GC-
MS) and gas chromatography-olfactometry (GC-O)[J]. Food Sci-
ence, 2015, 36(24): 131-136. ]



	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 样品处理
	1.2.2 挥发性盐基氮（TVB-N）
	1.2.3 菌落总数
	1.2.4 pH
	1.2.5 色泽
	1.2.6 质构特性
	1.2.7 嫩度
	1.2.8 蒸煮损失
	1.2.9 肌原纤维蛋白（MP）提取
	1.2.10 SDS-聚丙烯酰胺凝胶电泳（SDS-PAGE）
	1.2.11 微观结构的观察
	1.2.11.1 H&E染色
	1.2.11.2 透射电子显微镜（SEM）

	1.2.12 挥发性风味物质测定
	1.2.12.1 风味物质萃取
	1.2.12.2 气相色谱（GC）条件
	1.2.12.3 质谱（MS）条件
	1.2.12.4 定性定量分析
	1.2.12.5 相对气味活度值（relative odor activity value，ROAV）


	1.3 数据处理

	2 结果与分析
	2.1 超声处理对宰后成熟期罗布羊肉TVB-N的影响
	2.2 超声处理对宰后成熟期罗布羊肉菌落总数的影响
	2.3 超声处理对宰后成熟期罗布羊肉pH的影响
	2.4 超声处理对宰后成熟期罗布羊肉色泽的影响
	2.5 超声处理对宰后成熟期罗布羊肉质构特性的影响
	2.6 超声处理对宰后成熟期罗布羊肉蒸煮损失的影响
	2.7 超声处理对宰后成熟期罗布羊肉肌原纤维蛋白的SDS-PAGE分析
	2.8 超声处理对宰后成熟期罗布羊肉微观结构的影响
	2.9 超声处理对宰后成熟期罗布羊肉挥发性风味的影响

	3 结论
	参考文献

