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fragmentation index, MFI)Z&7251k  BHf VFC X%
A% N MP DHRERFE RIS, VEC SRk Ak
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1 R EFE
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VR 6 S 451 . AR IREEAHIE Y 6 H i
L3 SN S /N TR W I S S b TR NI il i
(76.312.32) kg, #e b 5 i 25 4 M 40 A R 2> w1 G
FEE S A v R P AT B 52, SRR U
ik ML,

BCA & e il &, X E Thermo Al ;%%
M A (EALER 0.1 mol/L, S 4LEE 0.002 mol/L.,
EGTA 0.002 mol/L, # R & —#f' 0.02 mol/L,pH
6.8). ZZihil B (FALAN 0.1 mol/L, & ALEE 0.002
mol/L . EGTA 0.002 mol/L B2 2 —#F 0.02 mol/L,
Triton X-100 {&F15r %% 10% ,pH 6.8) . ZZ M C
(AL EH 0.6 mol/L . Wi = — %4 0.05 mol/L, pH
6.25) I D (FEALHER 0.1 mol/L i 2 &l —
0.02 mol/L .EDTA 0.001 mol/L. & 1k % 0.001
mol/L,pH 7.1), dtata A FHHE A RAF ;&
fRBr R SDS, i E 254 BRA ],
12 NUB5EF

Spark 20 M Mg 5 AL, %+ TECAN 2 vl ;
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A 55430 R IR 5 8 O ML, 72 [ Eppendorf 2
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1.3 REHZE
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BEBL S AR RRZL (R EE 3.72 C/h) VFC-T 41
(BHIEE 9.31 C/h) 5 VFC-I1 4 (¥ 1 58 J&
14.43 °C/h) JG 53 M #EAT AR FI AL B, AE X BR 2

i RESLTE 0~4 CINR HIE e B 2545 24 h, Bl
Jii e 35 0~4 °C 11 1 I 1E YR 15 FR A H IE 8, 7F VIFC—
1 Z1R VEC-TT 4 b B 23 B HE - 18 CY R T (AL
B 3 m/s) FI-35 CH K (K 3 m/s) T8 A 24
st T BE B 22 -1 °CH B S 7% 2 -1~0 CRYfE IR
PE R B TR th I, fE52 )5 1,2~5,6,12,24,72 h
HURE (29 60 g/FE ), RAEE T RCA R 5 iz W]
SO HEAT MP KA ket (3 B K 2 R R
) (BRI R PE (BER IR IR PE ) R AR (B AR 5
B 5 ) A MFT 2535 bRl <
1.3.2  #EARIN
1.3.2.1 MP W 2% Sun W J5 1k HEH
PRI 3.00 g WA RAF B FE, JITA 30 mL Y 22 o
WA, VKIE2I%IET 2000xg.4 CF &0 15 min
Je BUILE , INA 24 mL ZZ vh il B, WKIB 21K 5 T
2 000xg .4 °C F &0 15 min J5BUILTE , B Lk #
PE2 %, A 24 mL ) 0.1 mol/L S AL %
AT L, B EIRTRERN R MP, I BCA
(Bicinchoninic acid )0 5 85 1 2 W B
1.3.2.2  KAFE

1) A K LR MP 2% of
WCHMEBEEATEERE 1 mgmlL, B 1.5mlL & T
2mL EP & A 60 wL 1% B i W, 19 e 4R 1%
10 min J&5 F 4 000xg .4 “CF &0 15 min, J 5 #
i B 10 £%, F 595 nm i KA E OD fi, Hovhzs
FISHZE il C, B K M DA B W5 25 5 i 3R, #2X
(IR B BRGSO E 3 Ik, 45 LB
{E .

B 45 A bt (ng) = 40x 0D 20=OD wa ()
0D s
2) WE K LRSS MP HZ i C
W EE AR E S mg/mL, B 1 mlL &F 1.5
mL EP &, F 5500 r/min.4 °C F &0 15 min,
bV R A A R R #aC(2) TR
B, BERESIE 3 R, S5 R BCEIE
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1) BEEH & K LRI MP 2% op
W C A 2R BT 40 mg/mL, # T 10 mL
BT TR R KA B T R T R AN 3 ) IR TR
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&k 25 CCHLA 1 °C/min B THE 2 70 °C, - RF
20 min, BUH A H0 2 = 0 OF 3 B E R R R R R A
RN 4°C, K5 3% 12 h, Hl15 MP B,

2) BERCPRAKME B LF B MP B T E
T 30 min, FREL MP %8 90 46 52 48 m,
T 5000xg.4 CF &0 15 min, FREL MP & i i &
ICHE my, #%30 (3) 8 MP BERCAR KM, B4 RE b,
ME 3 Uk, 45 B E .,

BEWARAKNE (%) = Z—lxloo (3)

1324 HiHEEHER 2% Chen FW L H 1
mL 2 mg/mL MP 5 1 mL %A 1 mmol/L. EGTA 1)
50 mmol/L Tris—HCI ZZ M (pH 8.3) .6 mol/L £
R K LA & 10 w10 mmol/L. DTNB ¥ 100 mmol/L
Tris—HCl W (pH 7.6) 1R 4,25 CF i & 25 min,
T 412 nm B AE I 5E FE & OD 8, Horb & ot
FE R 10 mm, $%5X (4) THEH AL & it A2 AR G I
FE 3SR BCEEME

A5 7 B (nmol/mg) = (A 41-A 1) x106%6 (4)
exbxc

.6 W BT & JEE IR WO 228 (W TR

WA 1 mol/L, Y62 1 em B SEE ), 13 600
L/mol/em;b N GHFE M, 1 em;e b8 H BT e &
pg/ml,
1325 JAaEi 2% Oliver S i, R4
FEABE 3 A PAT I & 5 BOF S %0 (5) T8
B AR IE 3 W, BCHSE MR

B F B (nmol/mg) = (A=B)xn (5)
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A A AL BRZH 370 nm P K AR G B

7S FAH 370 nm B AL ROGEE 50 R RE LR B
e NIEEIRWOE R 80 o 8 1 0 Wk g/
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1.32.6 MFI Z% Yan P75 L 0.5 g KHF
FIRIRE A 5 mL (W28 # D, 78 VKR 2 AR
HATH 1 min, T 3 000xg 4 CF &0 15 min, BT
VIR LR EREE S 1 WA, HE WP D K e
DLyE d A, Wl MP i B, ] & 0.5 mg/mL, 7
540 nm P AL OD 18 , #% 5K (6) 115 MFI, %4
FE I 3k, BULF M

MFI = ODs,,x200 (6)
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BT Sr BON 12%, B 95 L) 80 V HL S FLTK L 2
R 55 RS & A% IR AR L5 12% 53 B 15 1) PR
Ab, FELL 130 VL LUK B 28R 5 i 8 IR
iUt 1 em &b, 25005 F 2% 5 W s i ik b AT e £
S SR EAIE, R RR RGBT RS
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AIXI AT T 6 NMEYEERE, kg R
i Microsoft Excel 2013 #{F 3k 47 B8 4b 32 K AF
&, SIMCA #3547 £ 143 73 H7 , Origin 2023 %X
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Fig.1 Changes in MP hydrophobicity of fresh pork

with different chilling groups
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T4 AE Ak B3 R R T 2 B DR R S e 1 R
AR M IR R S R B ok, LSBT A
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MP 5 R 5 45 4 i WK T4 R (P<0.05) , 3
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VFC- 1141, i VFC- 11 £ BE A &5 AE 25 3K 1 A8 1
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B AR AT RE =LA B g AME AR &R
FI BT R IR G0l el s, T8 22 A i 7K ik A 2 5%
th ok, AT 350 MP %5 i B2 T B, %205 6~72 h,
VFC- 11 21 MP %5 fiff Bt 25 55 T X IR VIFC- 1
20 (P<0.05), 7E5%)5 12 h #1 72 h,VFC- [ 41 MP
Vs i E 0 T MR, Ak Choe SFPURFSE R
BV M FE e A P2 DR R R e | O B HL
T HERe i .
2.3 A[ESED 4 1B 3TS B 5E 9 MP & S AR K 1
sEA

WA 3 B, B 52 Jm i a0 28 K, AR [R) 4 4
Qb B2 VA fE A TR MP 5 I O K PR IR R T R
PS5 2~6 h,VFC- 11 41 MP BE i f# /K H: 2 A%
TR FN VFC- T 4 (P<0.05), )5 12~72 h,
VFC— 1 200 VFC- I 41 MP 5 B £ K 1 i 3% T
XF B8 20 (P<0.05) , 1] VFC— T 41/ VFC- I 41 ¢ &
FMEZER (P>0.05), Hod VFRC— T 41 i % e 5 7K
Fifeik XGRS MP 7 R AR bk HAE
MP (7 67 B2 5 LA A 3R K T S IE ARG, B4 MP
1) 5 it T 2 v MIP 35 S 7K 1 A 38 AR A T
[ B 35 3E T VEC (¥ )3 B 14.43 °C/h) b 35 1
MP %5 i B e, FLBE R R K Ml 5
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Fig.2 Changes in MP solubility of fresh pork
with different chilling groups
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P, XA RESE RN MP g —3 o T4 F A
)T T A R A Ao i, SR
TR, 25 6~12h M5 72h, VFC- 1 41
L VEC- T 41 MP %i 5 & & 35 = T4 4l (P<
0.05). XFEW VFC (A H B JFE 14.43 °C/h) b 3 ]
DL 2004 ) 2 1 BT 1 AL o A B G L A
B KN RS H AN, 2 B 4 5] [
fREE A AR X S AR SR 25 5 — 2L,
25 AEAMLENNAEHEANMP HESEN
=AU

e L R S WA AR AR AR L A
5 i, Bl 52 TS TR JE K AN ] ¥4 20 Ak B 20 %
5 R MP B SE B it s iR B, )R 1
h, #& 4% W MP ¥k & & 29 5 3.45 nmol/mg,
VFC- T @AM VFC- T A )5 72 h 4 5 A 5.42
nmol/mg F1 4.97 nmol/mg, i Xf B 418 2] T 6.59
nmol/mg, S J5 12 h Al 72 h, X B2 ¥4 6E 5% ) MP
BRIE AR B EEH T VFC- 1 4 M VFC-11 4 (P<
0.05), TMi%)5 24 h,VFC—1T1 2054 A MP #5375
K TR AR VREC- 1 40 (P<0.05), Hirfr,
VFC— 1 41F1 VFC— I 41 B 5L A= a6 B g A% %
HRZH X IR VFC Ab ¥R 8 A 0 Sk 5%
1%, Hrp LIS HIEE A 14.43 °C/h 1 VFC 4 fE
i W tob 48 9% 25 1 5 i Ak, HETIDE RSl VFC Ak 3R
A RIS Y, R RE SR T A ok B
JO 43 if o e A, Liang S5 5% 52 5 AS [A] ¥4 H1 4 #
XF 2 B AR G 7 AR 1 0, 45 SR 2 I VIFC &b B ) 2
I A i 7 SR A B B S IR T X B2 (P<0.05) , 38
WE T DA 45
2.6 RS ENAIERT S EE3E R MFI B E

PR S e G AR R MP A R fie 2 8 R /NS0
T4k, DT 52 e 2 1 D R R O RO PR A B
Li SFPF 58 R W1 MP 114 [ A A 3 T s, ] o808 TR
) B RN K, T MIP R g R mT 3 5 MFT gk
TR aniEl 6 Fw , bifi 45 52 J5 i B) 9 28 K AN
[ ¥4 Z0 AL BRAT VS 155 A ML HE (R E TR $h . H
o R IRZH A SRS R MFL 7E 52 )5 72 h B ETHE
(P<0.05),Li M il 1T RIAE A & B, X n] A2
TS5 R FE R, MP 0 A A F T LR £ 4k Y
WS EW , E¥JG 6~24 h, VFC-1 41 fil VFC-I1
LV BERE A MFL 2 258 T X RRZH (P<0.05), 7]

9 ——xtE4 (3.72°C/h)
........ VFC-141(9.31 C/h)
8T = = «VFC-T4 (14.43 C/h)
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Fig.5 Changes in MP carbonyl content of fresh pork
with different chilling groups
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Fig.6 Changes in MFI of fresh pork with different
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Hopkins % B 58 & B4R 2 76 52 J5 A 2 d
MFT & 3 Ft & (P<0.05) , (A% J5 #A ok & A= BH 5
AR Ak, 3 2 W B 52 I LA 08 sy, G L i & 4
AN AR BE A TR A ST, AS TR H Ak B A
MFT [ 5 57 Je sf (8] 1) 28 4 328 7 b F 1 T i i 3,
AFESE I 24~72 h T & PE 22 5 (P>0.05) , 43T i
K AT R T MP 4 FHeg/Nor FAe i #  &
W R LR LT AE 26540, 2 IR A %
GARVIGE S
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N T V4 10 4o B 4 B A T ) 2R P UG AR AR R 2 3
A A 457, 32 B0 466 ILER 2 (1 4 (250 ku) L
BRAE A ESE WA S2(130 ku) WIEKE AL A EHA
(70 ku)  WLIE] 26 2 1 (55 ku) LB EE (43 ku) .
JUES 8 11 T (35 ku) FPLES 28 11 1(20 ku) 55
FESE 5 LD B R b, A0 P U il 2 5
LY%< YN (L S S W N e o 1 S W )
Z KR B iH e 5™ AR T 2 KR B, il 7 BT
N, B 4 A SR R A kAR T B R A
fb, Horp K1 T RE R w45 8 R R H AR
Y, HERE SRR w55 A S
MP [ A Jo 15 25 28 B ME R, X3 2 J2 AL IR) 46
B, VFEC-I ZH A1 VEC-IT 2H ¥4 ¢ 5% P4 rh )L a8 45
1A R A B T R 2, VRC-T 41 F0 VFC-TT 41 ¥4 fif

3R R LI 2R 8 U AE S )5 6 h AR R MR, i Xt AR
A LIET 2R 25 6 2 5 24 h JFUR A, X3 3 0
WUESEE 1T, X HRALA B8 525 24 h IR 3
JUUES 85 (1 T 2% o 35 B A i B4 Marino 45 97E
5T AN [ it o 2 35 e R L A5 T AL S5 2R
i VFC—1 41 fi1 VFC-I1 0¥ &35 A 78 52 )5 6 h JF
B UAS B A T 5 5 MR IS, X3 4
TEA BERE A 2 5 72 h B B4R TR AR A B
G, oA IR AR T AILER AR 20 8 0T 2, 1 Turgut
SRR S T LR R A R AR E M B
BHUEFG AR R AR, X SRS
R—%, %L MP KM RKEZEELETF 72h
WF U0 BV BE G A E 52 5 72 h 2R R E R AR
SERL, 5 MFT 530 — 2 hy Al Ae

THRA (3.72 C/h)| VFC-14(9.31 "C/h) IVFC 141 (14.43 C/h)
Marker 1h 6h 24 h 72h| 1h2~5h 6h 24h 72h|1h 2~5h6h 24h 72h

250 ku
130 ku
100 ku

70 ku
55 ku
48 ku

35 ku

25 ku

7 A~BE

2.8 EWMHOH

LA 3 AT R LA A R AN 43 BT 22 SR i 22
] 22 5 0 0P R[] ¥ A0 4k B8 G 55 T8 MP 52 )5 A
[ B[] 52647 32 o0 0 A 4 SR &l 8 s, 4 bt
3] 2 A F RS, Bt stk R Ik ] 94.6% , Ui B I
TR B A0 - i VA 45 2 591 B S T A5 T 1 4 G
Hodr 55— F s TTHR % 68.5% , % BRZH (1 h 1 6
h) VFC—T 44 (1,6 h F1 12 h) Fl VFC- 1 41 (1,6,
12h fl 24 h) #REALE PCLIEF4h 1, mixd B4
(12,24 h #1172 h) VFC—-1 20 (24 h F1 72 h) I
VFC- 11 41 (72 h) &R 4 7% PC1 P4l I VFC- 1
AR ] A AR 50 A F PCL W IE A, AR

WIBkE A EE

— WIEREAEETAS2
— oKl EA
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LNEIEE 4=4E]

2
— N3h&EA
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Fig.7 Degradation of MP of fresh pork in different chilling groups
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] ¥ 20 kb BV S 5% T MP ) BE 4 M AH 5C 35 bR 2
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MP ¥ fife 5 RN 3 5 S A B 3 IE A OG5 MP B
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F24% HoMW

A8 Pk A Ap 3 A SRR W ILR AT SR G A R va

283

WxEgh
IR 6h
8- Wvic- 180
\ Wvicngh
Wvic-1g-6h
6L e, [vic-ngsh
) m-uﬁ»m-x VeI 12h2 Wvc-182
viC-IE- 720 i) @vrc-Ig-2¢h-1 ® @uic. 1h1 Wvec-mgzh
4 - JUS: = AP L ) N Wvc187h
VRCIE72h
ViC-1ig-6h3@  @ViC- 18602 N
< / \ -
IS / VEC-112h3@) VEC- 1461 Wwmaun
Sy VFC- 1487201 @vic- 181201 Wmen
o s o QN R AT Vi 1872030 VPC- 1482602 VFC-14-12h-2@) — Hvic-18.2
I g2y @fE2h3 Qvic- 187202 @vEc- 162401 oo @ @ucns. Wvic-ng-2sh
~ 0 1 VFC-TE-2003@ i3
[\l vic-Ig-th2 @ ViCTE6h3
[S) VFC-IT#g-1h-1 /
& a2k VEC- 18- 1h2 y.
X QOvic- 180 i
N HRG 1203 VFC-T8-1h3 /
4 - \ i‘m@-uh»zs OO Oriig12h2 = /
N HEE20- 3@y e 13, R 1h-1
\ o ke 12h
~_ HRE 1h-3QRPHIEE- 1h-2
6 \ ]
.l \//
-10 1 L 1 1
-15 -10 5 0 5 10
PC1/68.5%

B8 Fmi4aih PC1.PC2E5SE
Fig.8 PC1 versus PC2 score plot of principal component analysis

M B K P s
R
0.4
B AR 0.2

0
ot i .
B i 074 | 073 | -076 0.11 o
-0.6
MFI -0.8

% ? ¢ A b

& S
& & A L

ey RN RS N P = A (I I EAR N S N B S
DL 0 R ) s R MG (P<0.05) ;%% R M i 35 41 56
(P<0.01),

9 MP ThagssiEF MFI 48 5K 14 5 4
Fig.9 Correlation analysis among MP functional

properties and MFI

SRUE— D UL 52T MP 9 B i 52 i 45 H D) BB e 1
AR AL AT RE D DA R Bl 5 I I ) A SiE R 3 R
PR, TS BOH AR E B, R ISR E T
K, L PR ZH 80 rb B0 2 R FIR 0 AR E o T &
2, %A MP R R 251 R LD ek v AL AL, 2
XF Pl I RN, DRI MIP ) i R T A S
Ji DA i il Jo 22 S B UL

3 #Hig

5 W S AL TR A e, VEC AT i 3% ok 3 V4 it
P MP (1) 2y G 5 M 5 0T A 5000 UL PR R 5 A
fb, HA LIS N 14.43 °C/h () VEC AbBR 4
ROR B, 52 T5 MP R i H Ty R A5 110 52 i ¢
K, — BRI LR T A B IR ] 4E
K, R I ) R B KR TR R R
PR Bk i PREE S RN MFI S48 AR 2
REash, MFI 53 mH K v BE K PE S &
RO B AR bR RIAEAE B MO R L L, A
WFFE T R VEC H AR AE 7 M w9 107 FH 2 43 25040 2
P AN R R AL [R] ¥ 207 20 0] ¥ 2 PR 5 B 9 4
()AL FERAF 50 B LAt

o

=z

% X M

TRAEAL, ML, BN SRR 2R R 2 L
[J]. WZEWF5E, 2020, 34(5): 83-90.

ZHANG D Q, HOU C L. Humble opinion on the
quality difference between hot meat and chilled meat
[J]. Meat Research, 2020, 34(5). 83-90.

LI X, ZHANG D Q, REN C, et al. Effects of

protein posttranslational modifications on meat quali-

2]
ty: A review[J]. Comprehensive Reviews in Food

Science and Food Safety, 2021, 20(1): 289-331.

WARNER R, WHEELER T, HA M,

tenderness :

et al. Meat

3]

advances in  biology, biochemistry,



284

O &

[
[215)

i

2024 “F-55 9 #

[4]

(6]

[7]

(8]

9

[10]

[11]

[12]

[13]

molecular mechanisms and new technologies[]]. Meat
Science, 2022, 185(3). 108657.

WATT D B, HERRING H K. Rapid chilling of
beef carcasses utilizing ammonia and cryogenic sys-
tems: Effects on shrink and tenderness[J]. Journal of
Animal Science, 1974, 38(5): 928-934.
JACOB R, ROSENVOLD K, NORTH M,

Rapid tenderisation of lamb M. longissimus with very

et al.

fast chilling depends on rapidly achieving sub-zero
temperatures|J]. Meat Science, 2012, 92(1): 16-23.
FERNANDEZ A M, VIEIRA C. Effect of chilling
applied to suckling lamb carcasses on hygienic,
physicochemical and sensory meat quality [J]. Meat
Science, 2012, 92(4): 569-574.

LIANG C, ZHANG D Q, WEN X Y, et al. Effects
of chilling rate on the freshness and microbial com-
munity composition of lamb carcasses[J]. LWT-Food
Science and Technology, 2021, 153(1): 112559.
YAN T J, HOU C L, WANG Z Y, et al. Effects
of chilling rate on progression of rigor mortis in
postmortem lamb meat [J]. Food Chemistry, 2021,
373(Part B): 131463.

CHIN K B, GO M Y, XIONG Y L. Konjac flour
improved textural and water retention properties of
transglutaminase —mediated, heat —induced porcine

effect of salt level and
Meat Science, 2009,

myofibrillar protein gel:
transglutaminase incubation]]J].
81(3): 565-572.

OZEK N S, BAL I B, YILDIRIM S, et al. Struc-
tural and functional characterization of simvastatin —
induced myotoxicity in different skeletal muscles[]].
Biochimica et Biophysica Acta (BBA)-General Sub-
jects, 2014, 1840(1): 406-415.

AMIRI A, MOUSAKHANI-GANJEH A, SHAFIE-
KHANI S, et al. Effect of high voltage electrostatic
field thawing on the functional and physicochemical
properties of myofibrillar proteins[J]. Innovative Food
Science & Emerging Technologies, 2019, 56 (8):
102191.

WARNER R D, JACOB R H, ROSENVOLD K, et
al. Altered post -mortem metabolism identified in
very fast chilled lamb M. longissimus thoracis et
lumborum using metabolomic analysis[J]. Meat Sci-
ence, 2015, 108(10): 155-164.

CHEN X, LUO X, ZHU L X, et al. The underly-

ing mechanisms of the effect of superchilling on the

[14]

[15]

[16]

[18]

[19]

(20]

(21]

(22]

tenderness of beef Longissimus lumborum [J]. Meat
Science, 2022, 194: 108976.

HE/NTE. PRV H X A P DR KO R B 1R 1Y B )
[D]. 2. Hlrfl K%, 2018.

HUI X Y. The Effect of water—holding capacity and
protein properties of rapid chilling beef|D]. Lanzhou:
Gansu Agricultural University, 2018.

HUANG C Y, MUAWUZ I, CHEN L, et al. Effect
of chilling rate on heat shock proteins abundance,
myofibrils degradation and caspase =3 activity in
postmortem muscles[J]. International Journal of Food
Science Technology, 2022, 57 6492-6502.
PG, SKRTEAR, AR, S, WPV 20X Ve B R
PRV S JBE R 52 W [J]. R RO BR A, 2022, 55
(15): 3029-3041.

YAN T J, ZHANG D Q, LI X, et al. Effects of
very fast chilling on flavor quality in chilled lamb[J].
Scientia Agricultura Sinica, 2022, 55(15): 3029-
3041.

SUN X X, YU Y M, AHMED S M, et al. Under-
standing interactions among flavor compounds from
by multi —spec-

spices and myofibrillar proteins

troscopy and molecular docking simulation[]]. Inter-
national Journal of Biological Macromolecules, 2023,
229(28): 188-198.

OLIVER C N, AHN B W, MOERMAN E ], et al
Age-related changes in oxidized proteins[J]. Journal
of Biological Chemistry, 1987, 262(12): 5488-5491.
CARECHE M, COFRADES S, CARBALLO J, et
al. Emulsifying and gelation properties during freez-
ing and frozen storage of hake, pork, and chicken
actomyosins as affected by addition of formaldehyde
[JI. Journal of Agricultural & Food Chemistry,
1998, 46(3): 813-819.

VAN LAACK R L, LIU C H, SMITH M O, et al.
Characteristics of pale, soft, exudative broiler breast
meat[J]. Poultry Science, 2000, 79(7): 1057-1061.
CHOE J, KIM H, FAROUK M M, et al. Impacts
of post—mortem ageing prior to freezing on techno-
logical and oxidative properties of coarse ground
lamb sausage in a model system [J]. Asian —Aus-
tralasian Journal of Animal Sciences, 2017, 30(7):
1021-1028.

MARIANNE N LUND,
CAROLINE P BARON,
A review[J]. Molecular Nutrition &

MARINA HEINONEN ,
et al. Protein oxidation in

muscle foods:



5524 % 459 1] HB ek b Fp 3t B M IUR A 4 G R R0 285

Food Research, 2011, 55(1). 83-95. of Agricultural and Food Chemistry, 2018, 66(38):

[23] B4l A [m)v A Ak TR A DY i BT RLIL s 27 248 B G 9952-9959.

SR MD]. R Ak R, 2011. [29] LI G X, LI Z, LI X, et al. Postmortem ageing in-
FAN J S. Effects of different chilling treatment on fluences the thawed meat quality of frozen lamb
meat quality and myofibrillar ultrastructure of rabbit loins[J]. Food Chemistry, 2019, 275(3): 105-112.

[D]. Nanjing: Nanjing Agricultural University, 2011. [30] HOPKINS D L, LITTLEFIELD P J, THOMPSON ]

[24] CARBONARO M, NUCARA A. Secondary structure M. A research note on factors affecting the determi-
of food proteins by Fourier transform spectroscopy in nation of myofibrillar fragmentation[J]. Meat Science,
the mid-infrared region[J]. Amino Acids, 2010, 38 2000, 56(1). 19-22.

(3): 679-690. [31] LI X, CHEN L J, HE F, et al. A comparative

[25] BEATTIE J R, BELL S E, BORGGAARD C, et analysis of phosphoproteome in ovine muscle at early
al. Preliminary investigations on the effects of ageing postmortem in relationship to tenderness[J]. Journal
and cooking on the Raman spectra of porcine of the Science of Food and Agriculture, 2017, 97
longissimus dorsi|J]. Meat Science, 2008, 80 (4): (13): 4571-4579.

1205-1211. [32] LI Z, LI M, DU M T, et al. Dephosphorylation

[26] BEATTIE R J, BELL S J, FARMER L J, et al. enhances postmortem degradation of myofibrillar pro-
Preliminary investigation of the application of Raman teins[J]. Food Chemistry, 2018, 245(4). 233-239.
spectroscopy to the prediction of the sensory quality [33] KIM Y H, KEMP R, SAMUELSSON L M. Effects
of beef silverside[J]. Meat Science, 2004, 66 (4): of dry—aging on meat quality attributes and metabo-
903-913. lite profiles of beef loins[J]. Meat Science, 2016,

[27] SALWANI M S, ADEYEMI K D, SARAH S A, et 111(1): 168-176.
al. Skeletal muscle proteome and meat quality of [34] MARINO R, ALBENZIO M, MALVA A, et al
broiler chickens subjected to gas stunning prior Changes in meat quality traits and sarcoplasmic pro-
slaughter or slaughtered without stunning[J]. CyTA- teins during aging in three different cattle breeds[J].
Journal of Food, 2016, 14(3). 1-7. Meat Science, 2014, 98(2):. 178-186.

[28] LI J L, ZHANG L, FU Y N, et al. Creatine [35] TURGUT S S, ISIKCI F, SOYER A. Antioxidant
monohydrate and guanidinoacetic acid supplementa- activity of pomegranate peel extract on lipid and
tion affects the growth performance, meat quality, protein oxidation in beef meatballs during frozen
and creatine metabolism of finishing pigs[J]. Journal storage[J]. Meat Science, 2017, 129(7): 111-119.

Effects of Very Fast Chilling on the Myofibrillar Proteins Properties of Chilled Pork

Wang Su'?, Zhang Dequan', Wang Wei’, Zhang Rui’, Li Xin', Hou Chengli"
('Institute of Food Science and Technology, Chinese Academy of Agricultural Sciences, Key Laboratory of Agro—products
Quality and Safety Control in Storage and Transport Process, Ministry of Agriculture and Rural Affairs, Beijing 100193
*Meat Processing Key Laboratory of Sichuan Province, Chengdu University, Chengdu 610106)

Abstract In order to study the effects of very fast chilling on the myofibrillar proteins properties of chilled pork after
slaughter, this study analyzed the effects of different very fast chilling treatments (very fast chilling -1 group: chilling
rate of 9.31 C/h; very fast chilling —IT group: chilling rate of 14.43 °C/h) on the myofibrillar proteins of the pork M.
longissimus thoracis et lumborum muscles at 1, 2-5, 6, 12, 24 and 72 h after slaughter. The changes of myofibrillar
proteins hydration (solubility and hydrophobicity), gel properties (water —holding capacity gel), oxidation properties
(sulfhydryl content and carbonyl content), myofibrillar miniaturization index and myofibrillar proteins degradation. The re-
sults showed that the hydrophobicity of myofibrillar proteins surface tended to increase, and the solubility, water—holding

capacity gel, sulfhydryl content, carbonyl content and myofibrillar fragmentation index tended to decrease in the pork M.
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longissimus thoracis et lumborum muscles under different chilling treatments after slaughter. The amount of myogenic fib-
rin bound to bromophenol blue, gel water retention and carbonyl content were significantly lower in the very fast chilling
—1 and very fast chilling —II groups than in the control group (P<0.05), while the very fast chilling —II group was
significantly lower than the very fast chilling — I group (P<0.05), and myogenic fibrin solubility and sulfhydryl content
were significantly higher in the very fast chilling —II group than in the control and very fast chilling — I groups (P<0.05).
In conclusion, the very fast chilling treatment group could improve the functional properties of chilled pork myofibrillar
proteins and effectively inhibit protein oxidation, in which very fast chilling with a chilling rate of 14.43 “C/h was the
best chilling method. The results of the study aimed to provide a theoretical basis and data support for the application of
very fast chilling technology in the industry.

Keywords very fast chilling; fresh pork; myofibrillar protein; functional properties



