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WL KRFEAEMRSE T RS EMBIEERE A MR FREEmINTERSESERMF)
BRAEEEE ORGP E SR E AR RRE AR SR IRE M S =

WL AR N TE AR EESLRE VL RFETIMREE M 310058)

WE SR EAFE. EHRMES N L AR #(Trichiurus haumela), 45 & T 0°CHr 4°CA &
AUTRE15d, BXNENESEEATCATAERKSE. RELE . KWHAM . Ca”-ATPase
FIMg® -ATPase & 14 — R 7| [ RAL & % R R B 4647, FIMEA2BNMES., KERESY
EhEMEaNERE, MEAKEABRTENAZANEH, LR2HALREETARNEAN
AMEEUREREN, ERERET, £ 0CH 4CHEHT, MAR KA EHNEK, TCAT K
k4 & M 1.446 umol/g4 5 F+ £ 6.717 1 7.595 pmol/g, 3t2E4 & M 38.15 umol/g MP[% £ 35.82 #n
30.36 pmol/g MP, Ca®*-ATPase’% M M 0.99 U/mg prot T 4 % 0.092 #1 0.134 U/mg prot, Mg>'-ATPase
7 M 0.76 U/mg prot T~ [# £ 0.199 #7 0.125 U/mg prot, & B 5K M58 A B T B, (€3 EH 5 T
BERE L X — R BEAAEATHENEE, RWRT 0CH 4CiX 2 A BLAERATH &Kk E,
PE T B TR B RE K, B R g A B R A O BB, MR Rk, UETEHE
BH . NEREMKRE, FENANLSAEEEAMKEREGEREA LA, EIRFER TN
Vefft, WESBENBRMTHENERZ — AT 4CARFH, MEHEEXE, 0CABLMNT
THeaEaRMEZRE, & QK MEEZRK,

XA W, A ILRFHEG; L BF

FESES TS2547 XEMARIREE A XEHRS  2095-9869(2019)06-0196-07

FF 1L fa (Trichiurus haumela) & #1137 DUk 22 95 e AR (Kouassi et al, 2007). ¥ (Dileep et al,
whkz—, om), UREEwEm (s ks, 2005) . VKJE % (Gallart-jornet et al, 2007) . A= 44 fif
2013), A faE FimlEtE s, A F & NERER . #(Prodpran et al, 2012). HiZ54& 5 (Shi et al, 2015)F
it e A DHA 5, HFRMER, £l E&2w APEAN5E(Lund et al, 2007)% , Hrfr, fRIEI#EUZ 2
i, X K R SR A AR AR LU R, BT ARG AR Re 0 2 fof B 1) R 207 vk = — o AR AT LAY/ 4 B R
PR SFET. . B TR L RN IR E ARSI E A BEAYEH], Ay Ok B A 0 LA AR Y e R D g
A, R AR 2 BN, Frllisit mad fE ey FtE(Wang et al, 2003).

PRAE Ty 300 0 PR A BRI AR . E T A 1Y DR 6 ik WLIA 4 Ak (Decker et al, 1993)—f4u & g 5 &1k
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MEAEAL, WU R Fi 5 IR AR 5
SRR TR . BARIR I AR R R A —
s, HRTCIR IR AR | &L, AL AR
ST RE G R A o TEREE R EE B AL B AL S
FEATRIEARE, JFHSREEEMERENT
B, BRIE | BRKME D BE RIER 1 /K ff B A 388 in D &% 4
LR 21 A 1Y 7% Ak (Meucci et al, 1991; Rivett et al,
1990), X#% Stadtman Z5(1991)Fr=2 N HHE Tk 4 @
SR E A AL AR, AR K
7L T R A DR DO R ) — A B R, g
PE S LA A2 T RERRE B I o6 Horp, Bk
B R A R L AR A 8 1 o LR R 2 8 ) B R
SR REREE R A YRR, SR AR
AR FKT . RMETKYER ATPase fiff i %5
fRFRHRA O, X PR 5 b A AR K 9 52 1 (Haard, 1994),
WLER 25 11 AN L 3h 25 1 2 4 WL £ 4 38 1 A K
B, WIS . S P AR
[N Z A 1R £ (Park et al, 2006), Flunfa i) hfh . ks
B EERR R | As IR T 2UAE . AR A RN ]
o T PR SF 485 AR v R AE | AV IR 5
i A 2K 2 ke — AR 5 AL 24 A8 4K (Lefevre
etal, 2007), MWL RYRCERE . 537 0 BRI BT
FRE SR I 2 ST S B e AR R S
st SO PR R O T BB oY LA R S

AMHFE LB EE R KRS (o J50kRE, 78 0°C i 4°C
ZAF T 15 d, W T —RIVELLIE R, 855 ®
VK, T 2 Bl S N LR 2R 4 8
R AR 00, TRV RN iy B B i B ) S )
1 #RlERZE
1.1 #REiF

Ee N SR NIIDN R SR R AR AN TN TRY e Y
PGSk YEHCK BEZ970 em, JEREEZ)1.5 cm, JEHRILH
R T | ARBRUONE . 8% o0k | RO ORI AT
fiEH L, AR VKRR & s S =

Na,HPO, ., NaH,PO,. & —JlizJUZ % (EDTA) .
NaCl, =& LFR(TCA). 1-7Z% % -8- 1 ik (ANS)
Ci,H,5SO4Na (SDS), ¥ k53 #r4li; SDS-PAGEZEM: Y
I e e 68 e e ) &5 X R & . 10X Tris- H & R
(C,HsNO,) L VK 2% th i (pH 8.3) . SXZE i AL 2% o
W . RealBand# H WiHiMarker (e Fl. =), &R
Mty D e &, WA TAY TR
(M)A BRA AL BN & (L) . ATPREFIR
&, WA Y TR T,

1.2 (W55 %

UV-2550% /M Y6, HAR SRR
HLFRTF-BS223 S, b S Z AR RE A BR A F]
FSH-2A ] i =l 34 AL ; 7S FLoS IR S K i,
SIn R ARG RA T HlvkHL, Bikksk & Hlk R
G E A L500H AR 0L, R AL
SR ARSI AT PR3 TGL-18MS Ry 4 R B 0
B, A WACE DA A BRA L e IR A 4
G2-38B, 1|1 H AR DUR ARl 3 A PR A ] 5 B-S/
FACTR I K-, MpREFEH 2 (L) A RAF
P EIRMYL, FEBR CHRBHE A w5 /R VKA BCD-
186KB, T Sy iE/RIK A RA ] DG LR
7 Cary Eclipse), FEBR Qi /REHEARRAA

1.3 EEA*E

131 &mxm R AT R I 2 R K,
DL BT 0°C A 4°C 25 T ARIR I
132 MR HE ORI LG £F 4t 25 4 B
Z% Lefevre5:(2007) M 715, JF#FATiE 8ok . FRIL
3 ghuetRfay, 530 mIZZ WA (20 mmol/LEfAR £k 2%
i , & 100 mmol/L NaCl, 1 mmol/L EDTA, pH 7.0)
RA%E], 13000 r/min2) 3 60s, $X/54°C . 8000 r/min
AT E.O10min, 35 LR, FUTIE 515 mIZE il
AREG¥S), EEVER2K, 57 1, BEIETm
A15 mlZE B (25 mmol/LWiFREEZZ il , &F
0.6 mol/L NaCl, pH 7.0), {EA%1, 13000 r/min’]
W60 sTATIEMRG B Tk B2 h, RJGHAXUZZ AL
V&, BREANEEWIT, DR R WU AT 4 B A
1.3.3  F5ARA & TCA- 1] ¥ K B I 2 = %
Benjakul %£(2003) 5 %, JFHEATIE S8, FRIL 2 ¢
Yol A, nA 18 ml Jii i 4341 5% =5 L FR(TCA),
13000 r/min 2J3¢ 60 s, ¥/ & Tk E 1 h, AT
4°C . 8000 r/min s5F T .0 10 min, B EIE R ITH
B, Lowry IEMEWYEEE, UL umol M &R /g o o

S At 0 S P R 0 3 I (R 5 ) T
S, W R L E A TR ST

26 11 5 /K P B9 I % 2 B Kobayashi %5 (2017) () J5
B, WA B, PA-R A -8- IR (ANS)E Mo MR
£, 110 mmol/L R %: %% il (77 0.6 mol/L NaCl,
pH 6.0)H B LR 2F 4 8 s v, o vk B8 760,05~
0.50 mg/ml, H4 mIFiR G B WURLT 4L 8 F i, fn
A20 ul 8 mmol/L ANSH W (pH 7.0), i FHzEs 0k
FEHIE , ORI 374 nm, &P K485 nm, LIFE
G SR AW EAER, &R IR WU A 2 &
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Ca*'-ATPase. Mg”'-ATPase 1%V (930 & {fi Ff] ATP
P S e, W A ) TR RIS T

LA 2R A R HEBCRISDS-PAGE /M i (Li et al,
2014; ZHa7, 2013), 2RI FRIG ghutk
W, fA27 ml 50 g/L SDS (85°C), JJf5 min, 85C
fHILL h, RJ54000 t/minB5.0>20 min, EBRANEY,
BT

IKIEYER AR EC. FRE 3 g BURf A, finA 15 ml
WFEK, ¥IJi S min, SRJG7E 4°C . 8000 r/min 554 T
B 15 min, BRI, BRI KIEEE AR .

MRV P B AR I K4 AT B oA
15 mMIE %% (20 mmol/L NaCl, 1 mmol/L EGTA,
15 mmol/L MgCl,, 200 pmol/L PMSF, 5 mmol/L DTT,
3.4 mmol/L NaH,PO,, 1.6 mmol/L Na,HPO,, pH6.5),
)55 min, ZRJ57E4°C L 8000 r/min&5 4 N #5015 min,
B RIS, RO REh i v 4 e o

1R SRV A AR RIS ER S R S
B U0 JE O A 1S ml g R 7 (5 mmol/L EGTA,
15 mmol/L MgCl,, 200 pmol/L PMSEF, 5 mmol/L DTT,
100 mmol/L NasP,0-, pH 8.5), /55 min, R/G1E4°C .
8000 r/minZ&F F B 015 min, B W5, Bl hEih
TSR RO

K FH SDS- 58 TR i Ik e 458 Jic Fi K 43 BT L PR 2 11 )
K o K4 WIRE S R BN 3 mg/m) I E] H 5%k 4 B i
2% 5 556 JC ) S 1) 3R PO M I M 6 e I, Lk 2%
Ji, MESE e, SR ER I 10%(viv) SRl
40% (V) CEER AR B0, ISR ER 4571 o

2 HBRE5HH

21 REEREP TCAFABEREETN

WME LR, #ATE0C . 4°C V41 T Ik
15d, WP TCAT MRS 2 Fohas, RULE
Wt FE R AR AR, IREE KRR, DI AR B/
SF K. WETHTTLIEH, 0~9 d TCAREPEAK & 5
K HCREEM, 12~15 TP, R TS5 E
P 588 i A 5% 118 P9 TP 2 5 1 348 87 £ 2 (Benjakul
et al, 2003), REEIRIN, 4CIHmAIEEH HTCAT %
PERK B 2 5 F O CI AR, RIHOCRAIF T
A A R A B AR G R BT BT RIS S
AR TCART PR IR & 1A I 35 25 7 (P<0.05), 1M
HACTH ST B TCA ] VA Ik B 7 B A it
BHAA AR R, MR BR L5093, Hit,
TCA N K 4 25 B A8 AL T AR R AN ¥4 s Bt rp e

)T PR RTE bR Z —, X S AIEEE(2013) YR ST S,
i@%zli—ﬁo

g 101
=
B gl —eoC
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< a8 4t
L&
= o
3 2}
2
5 0 1 1 1 1 1 1
= 0 3 6 9 12 15
T ggAtfa] Storage time/d
BT e RO AR h TCA- TR K i 25 1k
Fig.1 Changes in TCA-soluble peptides of hairtail

during storage at 0°C and 4°C
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P D 2R B v Y B R R P A R A SR R AR
FerP GRS, TER NS Pt E AL . RS R AL
BB BB AT M A 2 B AR H O (F RS, 2007)0
e 2 s, BEE RS R IER, 0°CHI 4°CR A%
HRW AR R AN HE S BRI TR 0~
6 d F1 9~15d, 4 CAMF T ik & 2R TR, WAt
W ot A v LSk B8 1 R LBl A At BELIT , AT 2
H AL BRI (Wang et al, 2003), 55 9 K, FHHLS
ARG, T RE R T R A SR s E Y
VE B 85 AR 1 i 40 i 1 B+ 1 (Noguchi et al,
1955; Wang et al, 2003), 44 (Benjakul, 1997) 577,
KV RS TAIE T, 58 2 R LF4E R [ ) $i st
AT BT BT, ARSI IR G S AR, A
BMER 4CHRMETHHERFESEHMLT 0C4
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Fig.2 Changes in sulfhydryl group content of hairtail
during storage at 0°C and 4°C
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7, U4 C 261 T WUBEF 4 1 B ) pa A e e,
M 22 SR BT A A AR T S gl e fl, S el

23 AETEFERNRARKETHL

A T ) 2 g K P T R AR R H B A 4, i
e SV IUES i BTN Sk e S i R A /e o =
JoT R TE B K M, R N Dy LA A RS AR 52
DA IS ) T 7K P R T e R ) R R 5 R 1Y) 25 (RN 45 4
AT R (T, 2013) 0 ANEB3FTR, 0°CHI4°CI8
F AR NN s S EDE W & e i R =D e
FER MRS BTG RGBS, 0~6 dit #F T+ (P<
0.05), TH6X It 2 i H, 559K E H R
G PE SR TR, 9~15 dHE{EAE482.05~568.05[0] 3
oy, HHS TR A A R B K . A A R
(Leelapongwattana et al, 2005), & 5T 3 1A i 7K P4 Y
R AT PT BB FR T 0 AR e 2 1 5 3R TR ) s 7K i A
AEAERT, W B g /K BT b, T 5 | RS 2 1 Joa ) 2R
£E . Leelapongwattana®§(2005)7E g fifff 1 1% Uik ik 2 7 H
R TR ELG . TEMFE AT, 4°CIE
ZAF T A LR 2R 4 AR A 3R T B KPR T 0 °C 4%
1, RUIFBT4C, 0°CI AR08 ZE T oA 4 H 5
AR PR AR, T RBORRR A 1 BT e R
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Fig.3 Changes in surface hydrophobicity (So)of hairtail
during storage at 0°Cand 4°C

24 AEidiEdhapER Ca”-ATPase, Mg*-ATPase

AT

JLJGE £ 4 35, [ 75 ) B T S T R 805 38T ) o
E AR, WIS ATP BEEYE, Kk, WURLT
Ak TR Y R A AT LA 3 ATP S A A4 28 Ak Pa] 2 0 o
[FIE, ATP 6 P O g 12 AR NS 25 4 8 1 58 Bk
HYHERE, Horp Ca?"-ATPase . Mg®"-ATPase i 143 11| £
TENLRE . WLBhEREE F1 A9 58 38 1 (Benjakul, 1997),
A B (Ouali et al, 1981)F B, Ca>*-ATPase 7ifi P T [#
AIRE S ERE KA G, WiE 4. B 5 PR, #£0°C

F1 4 CEAME R 15 d, Ca®'-ATPase Fll Mg*'-ATPase
TG PRI T B, X 5 8 K5 R 0 LR 2F 4 8 R
fit 47 X (Kobayashi et al, 2017), 0°C 54 T F& 5 i)
Ca”'-ATPase Fll Mg*"-ATPase I 1 5 T 4 °C 2140 F 1 EE
i, FEBICEGR B RIS, WURZF4ES T ATP BTG5
TR, TR 15 d i, 0°CHI 4T,
Ca’'-ATPase Fil Mg**-ATPase 1 435I F 5 Z 0.092 .
0.134. 0.199 F1 0.125 U/mg prot, SHi&EFEN) ATPase
Fil G A e, W3 R %(P<0.05). Benjakul %£(1997)
VNSRS 15 B N e Sl S I o - S W
Ca*'-ATPase T VERACHAIER FIBE A ¢, JUHEA
SUE M. 340, A i (Benjakul et al, 2003)45 H
BRCAIE T, ihifith Ca® -ATPase T PEAYFEME, W] RE
JE W TS s PR fg, RN E R C,
KN Ca®'-ATPase 1 1 835 Ca®" &5 ¢ B i JUL B 2T 4
HEEM TS

— —
(= N
T 1

o
o0

Ca**-ATPaself P
Ca?*-ATPaseactivity/(U-mg™ prot)
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Fig4 Changes in Ca®*-ATPase activity of
hairtail during storage at 0°Cand 4°C

208
_‘a
#H Fo6l
52
3 o4y
:F S - 0C
"onn::’ —e—47T
E;o.z_
(th
= ol . . . . .
0 3 6 9 12 15

¥ 5t E] Storage time/d

K5yt e s 2 Mg?-ATPase 1 1 9281k
Fig.5 Changes in Mg®'-ATPase activity of hairtail
during storage at 0°Cand 4°C
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5350 2 0°C F4°CRm A TR 2E Bk E . M
Ko ] LI, 28 FISDS-PAGESAH A0 4, 4%
F i FE AR TE25~245 kDayu Fl N, LLLERE (&A%
(MHC)FHLsh & A 2. ZERIM 15 dPY, MHC &
AR B, BREH A A, O &w ik
A AT A, 2 ISR IR £ N A R T
fRERAE . X SLIZE(Q014) W8 5 K i 1 B 1 S
TR 45 AL . HRIE BIIFFE R0, B4 ) )
KA RE S 5 4 8 R EUT A 06, MHCHIILI R
TE5% SDSIEWHASRESE iRt . AWFFTUER, I
IR ARG B, BIVAE I 0 (] Lk 8 L Ll &
JUT- %A 28 Ak (Verrez-Bagnis et al, 2001) ., i P 7EMK IR
BARITETE , AW PEE A MHCH ActinB LA K,
FEARRZZ0°C KA CI i S 1520

kDa 0d 3d 6d 9d 12d 15d Std 0d 3d 6d 9d 12d 15d
= s,

|

K 6
Fig.6 SDS-PAGE patterns of total proteins of
hairtailmuscle during storage at 0°Cand 4°C

v JRd A vy 1 N 42 3 1 ) SDS-PAGE

Std: Real Band &5 A it Marker; MHC: JJLBREE HE4E;
a-Actinin: o~ LB H; Actin: LB H . Std M 0~15d
K OCHR A s Std 470l 0~15 d ly 4 CHR AR . FIF
Std: Real Band pre-dyed Marker; MHC: myosin heavy chain;

Left of Std: samples stored for 0~15 d at 0°C; right of Std:
samples stored for 0~15 d at 4°C. The same as below

WA R K PR A UK E I E 7T R, Real
Band & [ 11l 4% Maker Zc il #1145 ] 43 51 J& 0 °C F14 C %
WOORAE o KPR A F RN AE D, MET7HAT L
A, 2R R N M B A T e R 25~
60 kDajti [l P . &AM U N AR 1 AR DRI I e i
Ak, BRI, 0°C R4 CAGRR AT, KB
HHILFERAZ R,

P8R T 0°C (A M) H14°C (A )2 Fh v i 5% 11
0 R R R A M R A Ol R R R
R NS4 A, A AR, o F i Ae
10~245 kDaZ 1], AW LA NIERE FI(MHC) . W3l
#H H(Actin)  JBALBEREE H (Tropomyosin) , 1 (41~42 kDa) .

0d 3d 6d 9d 12d 15d Std Std 0d 3d 6d 9d 12d 15d

kDa

P 7 vt B by f KR P 2R F1 Y SDS-PAGE
Fig.7 SDS-PAGE patterns of water soluble proteins of
hairtail muscle during storage at 0°Cand 4°C

11 (19~20 kDa)F1 1l (13~15 kDa)&E &5 . MIE 8
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SN W AR L, ol ERE A R AR T R IA]
FRRE Y IEAR . S94h, 16 4CIE I, Wb ILsh & A
() 45t AR A, AT RE SR LN A 1 & 4 2 5 MHC [ f#
A SCHR(Li et al, 2014) B i, $ 385 1Y K A0 i 7E
=2 CHZFMET, FERBUY R AR PRIk BT, 4
FH2)H 32~34 kDa Fl 67 kDa (4547880, A fig 2
i MHC BT R, ARSI NS 5 s
SAHL

%k%a Sid 0d 3d 6d 9d 12d15d Std 0d 3d 6d 9d 12d15d

B8 Vet i bty A 3R I PR SR 1Y SDS-PAGE
Fig.8 SDS-PAGE patterns of high-salt-soluble proteins of
hairtail muscle during storage at 0°Cand 4°C
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H I 2 1 (P<0.05), TCAT PRI & /89 F T,

B HE 10T B DL R R 1 B 1 SDS-PAGE ¥l %
B, BEE R ] A, WU ET 4 2 1 R LR R
F ORI 3h 2 BT A A B 5 (oK T A
2018), i LI 21 2k B 1 9 2 TR 7K P A 7R B (7]
SRR TR, UL T AR AR LR s K A
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o g5 bprid, BARTRIY RO H A i & ikt
Jiids, AHSEXS T A E AT, 0°C M4 C X 2Fe
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) PR S, T ARSI R 2 o 5 3 1 I AR
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Effect of Chilling Storage on the Muscle Protein of Hairtail

SHEN Ni, WU Tiantian, LI Yuan, JIANG Yangyang, CHEN Shiguo, HU YaqinLD

(National Engineering Laboratory of Intelligent Food Technology and Equipment, Key Laboratory for Agro-Products
Postharvest Handling of Ministry of Agriculture and Rural Affairs, Key Laboratory for Agro-Products Nutritional Evaluation of
Ministry of Agriculture and Rural Affairs, Zhejiang Key Laboratory for Agro-Food Processing, Fuli Institute of Food Science,
College of Biosystems Engineering and Food Science, Ningbo Research Institute, Zhejiang University, Hangzhou 310058)

Abstract The hairtail (Trichiurus haumela) is rich in protein and high in nutrition. In this study, the
effects of chilling storage on the muscle protein of hairtail were studied by measuring a series of physical
and chemical indicators that characterize changes in the fish quality, including TCA-soluble peptides,
sulfhydryl group content, surface hydrophobicity, Ca*"-ATPase activity, and Mg®"-ATPase activity, as well
as SDS-PAGE patterns of total soluble proteins, water-soluble proteins, low-salt-soluble proteins, and
high-salt-soluble proteins. The effects of 0°C and 4°C chilling on the fish muscle protein were observed
after 15 days of storage, and the oxidation, denaturation, and degradation of the fish protein under the two
storage temperatures were compared. The results showed that after 0°C and 4°C storage for 15 days, the
TCA-soluble peptides increased from 1.446 pmol/g to 6.717 pumol/g and 7.595 umol/g, respectively. The
Ca”"-ATPase activities were lower than the initial values, decreasing from 0.99 U/mg prot to 0.092 U/mg
prot and 0.134 U/mg prot, respectively. The Mg>"-ATPase activities also decreased from 0.76 U/mg prot
to 0.199 U/mg prot and 0.125 U/mg prot, respectively. In addition, the sulfhydryl group content decreased
from 38.15 pmol/g MP to 35.82 pmol/g MP and 30.36 pumol/g MP, respectively. The surface
hydrophobicity first increased and then decreased, but the values were higher than those of the fresh
samples. The changes in the values of this series of physical and chemical indicators indicated that the
refrigerating conditions of 0°C and 4°C were not conducive to the long-term storage of the hairtail.
Prolonged storage time destroyed the freshness and quality of the hairtail owing to protein oxidation, which
caused a bad odor and rendered the fish inedible. From the microstructure perspective, there were almost no
changes in the total soluble proteins and water-soluble proteins. However, the high-salt-soluble proteins
degraded under storage, indicating that the myofibrillar protein had degraded gradually, decreasing the
fish quality. Moreover, the rate of myofibrillar protein degradation and corruption of the fish was slower
at 0°C than at 4°C on the same day during storage.

Key words Hairtail; Chilling storage; Myofibrillar protein; Physical and chemical indicators;
Degradation
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