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Abstracts: In order to study the effects of calcium chloride injection on tenderness and water-holding capacity of goose skeletal muscle,
Zhejiang white goose meat was used in this paper. The changes in calpain and caspase 3 activities, the degree of degradation, and the secondary
structure content of myofibril proteins during the postmortem storage of goose meat were analyzed. The shear force value and the cooking loss
of the goose meat were also measured. The results showed that, compared with the control group, the group with 150 mM calcium chloride had
higher calpain and caspase 3 activities, which accelerated the degradation of myofibril protein and significantly reduced the shear force value of
the goose meat, but slightly increased the cooking loss. Raman spectroscopy was adopted to analyze the secondary structure content of
myofibrillar protein. The results showed that 150 mM calcium chloride treatment caused the gradual transformation of myofibril protein alpha
helices to random coils (p<0.01), and the myofibril protein alpha helices were transformed into S-sheets in the control and water injection groups.
While the concentration of the calcium chloride increased from 150 mM to 300 mM, the activities of calpain and caspase3 did not increase
apparently, the shear force value of goose meat did not decreased significantly (p>0.05), and the goose meat tenderness was not effectively
improved.

Key words: calcium chloride injection; myofibril proteins; secondary structure; calpain; caspase 3; tenderness; cooking loss

WA R E B R AR —, R PR S HTE PSS, IR A s e, 2
T P A R T B bR . DFTT R, l’ﬂﬁuﬁ':ﬁ’ﬂ PP i PR R BT FE e RO A5
G ELYriEE e 2PN P Ntiol- 2L I RS N 7 N N RIRISE R 2 7 B2 D 5 Ja AR 0 B ATV el e, i
TSR A% B e s TV A € SR Y HE PRI VA S0 v PR U P AR . H TR

YBEE: 2015-12-13 Z R T RE MR R TR, 525 i
HLTE: THHOEEI (2012882017); ERRUREE RN AL SHULA R AP 4 R A g5 h st eat, &
B (20136B26200191); EREAMFESEIIE (31471681) ]i]9#%46}%11@%3.?}%)}%%%}5EI’JEIE%*:%E&/}%XU‘
fEEEN: BEH (190-), B, WL, Wohe: SEamIsk SRR T — RV . TFRRE, e
T SEm, SRMEE, ReRVEFES, FEFRIEAEA
WIS A (1982-), B, L, BIFIRA, HiRAL: EERMT FERE RO, s YRR S | LRI 22 A B fid 1
SEE FEECY, TR A S O s XS R SRR E T

151



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.10

VAL SR W LT 7T O EEE 28, {E H AT F0IE
ANBEFT A Ha R AR ST PR b i TR PRI o SRR ST
S A IR P A R AR, AT A
RN CR K MR A TR AR DS RO B b, AR R L
ARG e A H R, DR — DR 7T AT VR 55 AL
TR AT REIA o0 A DA

SRS LR 4123 B AR R TR 2
J, MK AR 4 ERBERITTRE.
Bolema 55 4 [A] (14 2= I LA 70 2 09 S LA A5 e
R BEAR A= PR B D) (8 AN 2R LE A R 7K 43 2k
Koohmaraie Z5)1E |, VE4T 0.3 M CaCl, £ BYY)
THERE TR, R R 455 . Rees AU
DI AZ AN B, CaCly VESHSE 4548 PR AT S0 4 6
FERIR R, 855 - S UL A ZH 2R 1 B i P 5 s 1
WEERA I, BoE T IR AP E O, (2t
TR R AR SRIMH IR FtE L, AET
BRIk AR 1 TS . Kemp, Bardsley
SEPIHE I, VT BEAEAS F ST ) B B LA B A K
5 RZHZR M EE A %V & . Chowdhury F
Tharakan 5%, $5HFETEE 3 T X AP RES
IR, “ERNYE G BRIV 27 45 55 1 10 DG B
Kemp 1 Parr 257 7t 4= PRI I o LA 1A 32 e 030
PTG 3 A3 A R 1 R B AR VLR 41 4 B 1 RH BRI
R ME. PR R, CaCl, VESTE L
G475 TR B PR 5 i S AT T RS o DAY 3 P ) T 42
s AH CaCly 5GP 52 i X Seg G P [ 52 i
Z MR T o

FAO #i#li iR, FREJRHF LiERE 725 i 2 M E
F, AHBRE RSN T8 A LA 88 g
I SRR EERS N ., P IMENS, TR
SRR AZ BRI . SCERS T, $RETI RS T2
AR AR IR AL . AT 7052 Fa G PR RS A2 3R AT
AR A A T e S8 SR T LA X RS AT
VLPRIZHZR I IRBERE R B IR P8 T BRI 47 4
RO BRI, TIEAERE, FiEk
T ) A R S A T RS RN AR, SEEAS
I BAR . STk, ASCEEST T S A S
RAKSIERE R, FIFHERR K. 2SS H AR
T RSNHLE S E AR S, BEEtE. DURZF4E
LI LT, BT ] B SR G PR A
SEMAALE, $ e P ) & T

1 #MRlEE®
1.1 RIGF R R B

152

A HEE A 60 d AR B8 16 X, HHL
TWHHEHIBEXILEFE MR T AR, &5
ATBUNLSE, RBRRENT R a2 E TR A,
S Ja RSP TI 43 i N B, RIS 4 DU 2H . Hor
—HAIATE S A E NSRS =4 o) % R
() 10%3E ST 25 877K 150 mM CaCl,~ 300 mM CaCl,.
PRSI B 5 RS PR i LA R B T 4 C R,
Ay PR EUE 12 he 36 he 72 hy 120 h RS PIVE 99>
HTITHURE R, UL RO ot — 8 A A T 3G PR ot
SN, ARG E T-80 CLRYEH T 5421
FE AR AR AT, DU ERAH AR SR AR 1) 7
Mror Bk ES .

1.2 SRR 5 H A

12,1 SKERIXF)

FIMEAEEA. . &S, mRE. Ko
FEIRIGE Z IR . &MU B e RS8N
Sy 4, Ac-DEVD-AFC. Suc-LLVY-AMC,
Bioquest A Al Hfit,

122 E&&%&

Tecan M200 FFFR{X (Austria); HIKAX (JEIREIS

—); inVia-Reflex $7 2 /i (Renishaw).

1.3 Ag4rair

1.3.1 457% & B (calpain) #9323

AR RIS 25 Toldra 258 K 7 ik, Rl IB2. A
IR, VERFRENL.0 RS PIRE S T-50 mL B0V,
HIA3.0 mL. 50 mM TrisZMiK (pH 8.5), @i~
HL10000 r/mintKiF I3 FHR10s, FEIFK G
W4 C. 12000 g0220 min, 1S BB IEE
THRSpHAT.S, DRAEFIEH TS AT
1.3.2 ATHs 3 (caspase3) #942IK

BERIIIRIN S Cao N7, RifEIEM. B
EEAEINS, HERBFREX 1.00 g REAFES T 50 mL B0
&, AN 2.5 mL BTEEHEIUR(PH 7.5), T EnEIRHL
10000 r/min JKIGEIH 3 Ik FHKR 10's, FEIH G %
T 4 C. 18000 g B0 30 min, KfE EiEwid JE
JE R FIE A T RE T o
133 45% & B o HT

%% Soh, Song &R T TIER BB, Bk
# /E W F , Succinyl-Leu-Leu-Val-Tyr-7-amino-4-
methylcoumarin (Suc-LLVY-AMOC)1E 73 #7145 & 11 g
TEHESRIERY), 50 pL BEFEEAIIMAZ] 96 FLEFARR
i, SRS 250 L OB, OV (pH 7.5) ZHAK
A 100 mM Tris-HCI, 1 mM DTT, 0.05 mM Suc-LLVY-



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.10

AMC. FRIIFEREAYT 37 CHEE 1h, WEEHIE
E ) BRI 2 HOME, I E S A AR K
355 nm, KRS 460 nm. 45 A BEITE 7R E X
R TR AL 37 C NI .

1.3.4 ATBg 3 F Mo

22 Cao P I RIVEIE 2L - Acetyl-Asp-Glu-
Val-Asp-aminomethylcoumarin (Ac-DEVD-AMO){E A
SIHTRTING 3 FEHASAIIRY), 50 pL EESERAA
F) 96 FLEFHRMR F, SRIGIN 250 uL BESHTHL 04T
W (pH 7.5) M~ 50 mM HEPES. 25 uM
Ac-DEVD-AMC. 10 mM DTT. 0.1% CHAPS. 10%
JERE. FIRIIFER G T 37 CHFE 1h, HHEEHR
E V) BRI 2 HOAE, I E S A AR K
360 nm, KFHEK 460 nm. FEHTEE 3 (I 1807 8 X
FETUR AL 37 C RPN .

13.5 + = A AR B 4h TR R e B BB IR Lk
( SDS-PAGE )

LR T 44 25 (1 (4 LS % Cao Ml Jiang 251 i) 712
FHPEEE, HERRRREL gLAFE S T-50 mL 5008 i
A20mL. 50 mM PR BEIRZZ MY (pH 7.5), 12000
t/minVKIB I3 BFKR10s, FFTHRAW T4 C.
5000 gi0215 min, WETHEER FIADEIR, K
Ja TS UTEEART5 mLy 50 mM&7450.5 M NaClf{ 1
AR ZE MR (pH 8.0), F TR G T4 C. 3000 g
B0 15 min, WEE RIER, RANURS SR AR
FIFBCAIRH SRR EIREE, HENURA4EE K
45 mg/mL.

Hl8E 12.5% M0 B S%ik4E, HAHoE AR
910 uL, HIKES R B R-250 Gt
30 min, RN E RER LR AATEN, B
BOV RS, i A,

13.6 32ZHESATIVR A L4 E G —BLEH

1M 785 nm EFHEULEE, YIFE N 140 mW, B
IFE] 10's, H 20 A REF S BOCRETHI N
FIPIRE, F33 3 ¥k, $RIX 600~1800 cm™ Ji [ (97 26
W o DAIR TR 2R (1 B R U R FEIRAE 1002 e TR
S EAE AN FRIEATIH—4, F Labspec 5 #AF% &
TPV FIFELR AR IE, peak fit B4 LR 4745
(PIBERZ T W AT 700
1.3.7 3 egmz

22 Cao FUWITIER BB, BUOLARIIRS AR
s VR LEFGE T DR/ 2.0%1.0%0.5 em [AIIA
%, BT 4 CUKFATRAERA, VLRSS A e B LA
g7 BRI S%, Rl —BURE S S 2 PATIRRE, A
WIFEBTY] 3 Ik, WREMI DI IHEKg) TR N 5 4 F

ATRERIBIY) I8 .
138 AABMAFGMZ

%% SchénfeldtFIStrydom 25 2 ) H RS VEIE 24,
HUK/NZIM(2.5 emx2.5 emx4 ecm)FIRIEE, HERFRE A
FE (mp) F5310.1 mg, #3HEET85 C/KBHT,
MAFEF IR RATS CHHMERE20 min. 758K
Ja, WIRAER/K AR =R, WKWK
55, FHRUERAARE (my) . BRRERSUCEAT, BAPAT
M=k EE, %A EAEIRE.

ZRAERRFE (%) =(m;-my)/m;x100
1.3.9 #aEsit 547

FE 5 Ja eI R AN R AR E A B . T
RSt BV ME . AEIVRREREH BELL,
KH SAS 8.0 ' one-way ANOVA [] Duncan's Multiple
Range Test BERUPAT Gt 001, 25 B E KT
p<0.05.

2 HR51Me

21 B3 EEAA

E 0.75 F -=-control
S 070t - H,0
i S 4150 mM CaCl,
£ osst ¥300 mM CaCl,
|
§ 4
£ 030f
g 025¢
« 020f
Rt
[=9 . [
5 8:88 i 1 1 1 1 1 1
0 20 40 60 80 100 120

Storge time / h
E 1 A EETES 3 FEM T

Fig.1 Changes in caspase 3 activity during the ageing process
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Fig.2 Changes in calpain activity during the ageing process
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Fig.3 Electrophoresis result of changes in the myofibril proteins
during the ageing process
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Fig.4 Changes in the cooking loss during the ageing process
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Fig.5 Changes in the shear force value during the ageing process
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F1 BEAERESRAEEEN _RENSETN
Table 1 Changes in the secondary structural content of myofibril proteins during the ageing process

Secondary Storage time
Structural Contents group 12h 36 h 72h 120 h

control 50.69+0.23" 49.98+0.17" 47.17+0.21° 44.56+0.37°
o helical H,0 52.51425° 46.41+0.28° 45.06+0.35° 43.23+0.16"
150 mM CaCl, 54.27+0.58° 43.85+0.65° 48.58+0.29° 30.42+0.35¢
300 mM CaCl, 56.65+0.37° 47.19+0.31° 40.05+0.43° 32.03+0.22¢
control 30.3140.13° 28.27+0.18¢ 31.07+0.11° 35.8340.21°
frsheat H,0 29.36+0.27° 29.19+0.31° 31.89+0.22 34.24+0.28"
150 mM CaCl, 27.88+0.18° 25.42+0.19° 20.17+0.29° 17.71+0.34¢
300 mM CaCl, 26.15+37° 15.14+0.16" 20.36+0.19° 18.05+0.27°
control 8.93+0.09° 9.24+0.15" 8.22+0.12° 7.41+0.17¢
H,0 7.22+0.16¢ 13.21£0.21* 9.8+0.13° 10.010.15°
f-oum 150mM CaCl, 8.55+0.15" 7.88+0.12° 7.19+0.06° 7.58+0.08°
300 mM CaCl, 8.70+0.09° 10.03+0.08" 9.73+0.07° 7.12+0.13¢
control 10.07+0.15° 12.5140.13° 13.5440.19° 12.20+0.18°
random coil H,0 10.91+0.12° 11.19+0.25° 13.25+0.29° 12.5240.17°
150 mM CaCl, 9.30:£0.08" 22.85+0.13° 24.06+0.15 44.29+0.28"
300 mM CaCl, 8.50£0.07 18.64+0.09° 29.86+0.11° 41.80+0.35°

248 %4 different letters in the same row indicate that there is significant difference in the storage processing (p<0.05).

3 ZHig
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ToR A 25 BT R R s VK AL R AR B ZH s,
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Iz 300 mM N, RERIFIBIUIIIME IR S R R,
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