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BOUAR SR M R S R E R AT

FwE' A FY O ARE' EEX' IR P Bk
(1. M RFERB S 5HEARERESTRE BNk TTHE e N5 T b A 4o
T8 2141225 2. M —SG &5 TAVA RA BT HRA L E AR ScmkIL . M 221004)

WE AT RKE . IR & A B LR b R R EE SR 7 4 (Takifugu obscurus) & Ji By % v, 7
ERBESR TSR LR EE, TRERRAR R RARENF 2 QAR Pk REK, 8
CBREZHAWMAENF 2N NEZEABER. E6TANF R ETAENF Ea/fB A ER KK
i, Raukd, NEERaBmMEL3IHEZNEAREN S AN PE; HFUEE. BEARAE, £&
WhkE, BEAELEAAE. KME, Ca®-ATPase F1. AURAH/ A LI AEKEHEY £
AN Eic. FRET, AERABRPEFKEE K AELRTEER S RN K EEARK,
FE 24 B, RAAWNEELNEEGBITRAMENINFH AR E T 26.8%M 20.5%, MK
Tk BRI ER T 44.2%F0 44.8%, HZAFE 4 TVB-N. K {Efr Ca’"-ATPase E T (L E 18, 24 /A
J& 40514 10.5 mg/100 g, 6.8%71 1.43 pmol Pi/mg/10 min, %4 &Tieir kA, k. WEE GEEf
AN EEESXR TR T L MIERH; b, KREARZSHBIR T ERBRLEFERT
BHREEDHMER, NREEOBMANSAREAR TS ERNT AL, E_Fd&R2HE

DEEER,
ES7 a0

hESEES S983 NHERIRFE A

I 5 7% 75 fili (Takifugu obscurus) X FR I K £, ¥
Hfa WMKHEER M, o TRERE ., 5.
I A VT, PR Gl R 5 5 %) A S I A5 A2 T 2
B Bk (Zhou et al, 2011), S @EIRAKAFALL, WK
R AT E i, IRk, JFE ST R
VLR 5t (Li et al, 2014), i fif 1] K o R 4 25 2 i
$4, ERAIFEC)T, RARA 4d A-EY, &

BEESUR T #; Rk SR ki WIREEEE; £t
XEHS  2095-9869(2019)05-0166-09

fiff K &5 B 70 TN 25 A A B B A 1S 0T LK (R 5 0 2
KF] 6 d (Zhou et al, 2011), A T T J s 40 2R T fili () 4
MR E LN, T B PRR UR IR T vk . SR, AR
FEVS VR R o B v & BB A Ak L T R
T FERAR SE R R N R RIS, BT
TH P E AR TR

FE] A SRR X T K PR ) 74 VR DR 2 A 7
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it SO A6 7 T (MR E S5, 2019), A /0 Mo 125 i 71 A
B E AR R SEAT IR A RS 40 Hr, 60 H B 45 (2014
2012b) 2R FH B A R 9 I B8 04 7 2R3 1 VR T K
i RO, F4 B 5 05 B4k, Th R4 (2012a) 38 5K H
e~ SR S R AN T i W e 22 R TR AN 4L L 19 IR A P ik
FIREAR T A Bk &, MRS 1) K A0 Y BT [
AP K A0 RV VRO TR B AT R0, RPN AR
o7 R PG VR (Salmo salar) (Kaale et al, 2014).
4 (Kobayashi et al, 2015), T ¥ £f1 (Oncorhynchus
mykiss) (Hafezparast-Moadab et al, 2018)5 /K M, T
WK TER G5 . Kor & . IREE L 51K
FATA T G, AR SRR DL T AR IR K fa R
R BT IR R EISY, IERAESE BRI H 45 5 A0
FERl o XA K i BT R R AR S, 2R A BN
MR RGE, BT F R EERNEA LT 3 AN
Ho— | IR R TR vk S AR K AR LR ) &% LA
LU A S A M 1 AN 1T 396 451445 (Cheng et al, 2017; Kaale
etal, 2013); H =, fRGES 41 MORHORE LI T
B SRR U R S50, e P B RN, B
KA B AR O R AR T, B AR BRUBR (Ge
etal, 2016; Lu et al, 2015; Yang et al, 2015); =, JI§
A A AL, MU R aEmRRE L, 54
TS [R) 28 B i By K L 440 = 1 55 LR 2 4 & 1 AR
HAEH . US4 EA A S R = RL5mA2 1k,

S 0 [R) 5T AL SRR PR AR 7K 47 (Chan et al, 2011;
Hong et al, 2013; Sebranek et al, 2005; Turgut €t al,
2017), HET, VREEA T W] E 0 SR T iR
ff [, (HURET B AN EAR, FREERNERREK, N
65 S0 AR T Bl AR R 3 A i R R IR B AR B

PRI, A58 B A5 vk il . N TR F R A 44k

Xof 5 R IS 80 2R i (—18£1)C 5 R B2 0, i 7 G 40
IR 7 8l VR T AL B SRR R . A S IR K fa
R AR B 5T 1) 58 38 B A — 8 R B R
HrE .

1 MRS
1.1 EFEFEN

WESCZR Tl T, FEEE (450+£50) g, TG,
Ll AR SR, . WK, INEEVKTE 1 h Pz [E
S E
1.2 FEKFMiEEF

A R AR VE § (ATP, ADP., AMP. IMP. Hx.
HxR)I4 F 3 [F Sigma AF], MR, KL . LIk

M. MgO. H;BO;. HCIO,, CH;OH. KH,PO,.
K,HPO,. CaCl,, KCI, EDTA-2Na %514 [ |5 24 4
Z18

IR VKAS, WEIRAEM]; YSD-30LI AU, ZYB-8
Y 3 e OB AR (R 4 RO A A A IRA D
4K-15 7 55 3 & 7R 25 0 L (Sigma  Sartorius 23 F
K [); EL20BIPHIT (M43 I FE M 2 A4 FRA A,
T8 ; UVI000 5 et BE (L i R SE R (e A7
BRZYF]); KDN-103F H 3l ZAX (20K A A7 R
v HEl); TA-XT2iB Y (Stable Micro SystemZy
"], JiE); NIKON ECLIPSE CIHIE & %2 i i 5
(RHENIKONZYH], HAR); Waters e269 = 2% i A (3%
ILGR R A T, SE[E); TP000 K 7 9 B i1 () M
Toprie Electronic B2\ Al

1.3 FLWAHABRKRFZE

131 &AL T JPK A3 PR FE A 9 3 3h K 3
Yo, Kk, dmEfaE, FIOREUAA, JREHI
2.0 cmx2.0 cmx1.5 cm¥ek, BEHL WA, B. C. D
DU, AZH: EB 7K1 10 (WV)IRHL6 h (4°C), B
#'E1h(4C), 2 A10 cmx7 cm PE [ EH48 | % T
(~18+1) CUKA T, TIFR“2s 4 B4 : 2 F/K1: 10
(WV)IRH6 h (4°C), BUEHE T h (4°C), WAEIRBHR
ZEPULIREEN-18C, HUHAE A0 emx7 em PEH &
S, URIECT (- 18+1) CUKAE T, fIFR<HRAL"; C4l:
1 mmol/Lflt Z FRIAR 1 : 10 (W/V)¥Z 16 h (4°C), HUH
HHE L h (4°C), 210 cmx7 cm PEH BH48, 7R
F(-18:1)CUkFR, FIARPIIRBHMEILL”; DA : &
AYURATNE R (0.6% 5 £ H+0.2% Ve) 1:10 (W)
216 h (4C), BUEHE1 h (4°C), 24 A10 cmx7 cm
PE [ £48 v, R T (—18+1)°C ok b, fiFR<S ik
HilZH”

FOASCISUESE , SRR AR . Lo mab s | &2
A PUEAAL A B A3 550 T AT R oK A B A B Y
JREE RS . R . BRI R, R AT DL 4
3 Fofr DR 25X 02 R £ R) TR A R ) (B2 R RS T, AN 51
b LA P R
132 ffik ik
e, fEURITE]R 10 h
1.3.3 #EMZ 2 BUOR B (2017) 1 7 15 31
Hige, BURAE ARV 1 cmx1 ecmx1 em 7, ff
FH TA-XT2i BIHPESAT ARl K £ PR SR 154 500 5E
SHOEEIT RIS PS, &Gl E 10 5 g,
DHTEE R | E ] RN 5 HR A 2.0, 5.0
1.0 mm/s, JE4ETEAE K 50% , BRALRE ST 5E 5 K.

He AR T 4°C oKAR T i
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168 oo B
1.3.4 kR E RN T 2 I8 Hafezparast-Moadab
FQ018) Tk
135 ZAAMEFagn g Z: 18 Hong %5 (2013)f)
ik
1.3.6 TVB-N &2l Z M8 Yu 25(2017) 8 )57 vk

IS A, ERMPREL 2 g MRS, fImA 18 ml
A 2 B oK, ¥J5(5000 r/min, 1 min), #5.0(4°C,
10000 g, 10 min), H{ 5 ml B SHMAE T, MA
5ml 10 g/L Akt , 4 YL ZUN, TFRZEE,
ZEIRA 10 ml 20 g/L BRI, - 0.01 mol/L £ 1iR
PR HEVS WA T A

1.3.7 KAELM % %18 Yu %5(2018a) Y )7 7% JHPLC
5. Waters 2998 Fil Waters C18 #:, #&5h & B FIH:
A5 4°CHI 30°C, TRENFHA 98%e ik Hl 4% th il
(0.05 mol/L, pH 6.8)F1 2% F izt

1.3.8 Ca®"-ATP &Ml 2 WL £ 2 25 1 1) 42
BOF %2 Yu S 018b)HY 5 k. G I 2 2 IR
Kobayashi 55(2017)/ 7 I 0§ A &2, FH 0.6 mol/L
KC1 K WL 27 2 2 % 00 R 21 4.0 mg/ml, SO {4
%4 0.5 ml 0.5 mol/L Tris-HCI 22 i (pH 7.0). 0.5 ml
20 mmol/L ATP ¥ # (pH 7.0). 7.5 ml =& F/K ., 0.5 ml
0.1 mol/L CaCl,i&¥ A1 1.0 ml LIS EF 4k A

25°CoKi# 10 min J&5 , SLZIINA 3 ml Fili3 ) 15% TCA
YER RN 2 1, R AP ES0(4000 g, 5 min), %5
HAETRA VAR Z TSI 3 ml FiliA ) 15% TCA, H
ARG, BAEESA 3 KOFAT o R SR LT
52 50 TV R B JCALBE B 4, Ca® - ATP IS 1
£ 10 min 422 58 JUE L 4k 5 A TR0 T LS Y 1
KT

1.3.9 AUJR & 4 N B AL 38 2L (MFD) ) 2
AL 201 T k.

1310 WL K EMZ 2 B Zhou“§ (2011) [
Triks

1311 #}#E AR 45 R DLV Y E 5 1 22
(Mean+SD)# 7R, %] SPSS 19.0 #kfF i 724 7 B E
PEEAR BT, LA P<0.05 & R B EMEER; R
A Image-Pro-Plus 6.0 7 HTALLF 4K, Z/DREHLLE
B 100 & LA EAEASHEAT I 2 , BUOHSF-Y4E 5 R A Origin
8.6 BAAEK,

2 #HR

21 WE

H P LR, B G UK £ A A RE R R, N
(1440£105) g, R E] B AN B I, A [] Ak BE 21

Z M

KR R B R BUR R AR I T % . TR0 )
ff R, 0 R BB R 5 i £ AT [ 25 (P<0.05), #
SESE G, REE T T 57.6% (25 F4H) . 42.1% (GE
L) . 50.8% (PR BN 1 4H)F149.2% (A AL 41),
PRk 24 8 5, M PRBEEE 5T % T 68.7% (S H4A).
55.8% GEZRZ). 65.2% (WIREEINHIZ)F163.3% (&
FEAD I AL) o N 58 $4 5 Barraza % (201 5) A 58 K P v
fie: 1 7 5 S B) SR B AR AR B S . A HE A
Y, 25 Ab 3E A A R A VRt AR R R B O 218,
FORERA, EUR24)E 5, LA R A5 P IR i 21
AL HILL, 2 BB T 26.8%F120.5% o R I 1]
RS LR Z MR RS ER SR, fRTE
TRAE IR A UK A B, VKRR RN L TR A K Sy
A3 LR i £ PR NSRS LT i AR LA B A S8 3 . A
FoFHAAS A, TR 45 T LA il A /s H ¥ 5145y
AT VK T, BE SR KRR BE 08D UK 6T JIL PR 4 20 e 1)
BUBRAS 05, AT A % B8 4 94 JE 2% o ot b & A 10
it E L% . Hafezparast-Moadab%%(2018)7E i 5%
S5 A By 4 A T o 0 £ AR O 2L R TR 4 5 T e
R, B YK S KNS R 10 TR A 2 % DT
KR,

1600

—<—Fifet F1 P Fresh

—o—2%3 4] Control
—a—FER4 Ice crystal (-)
—v—WIREEMHIZH Protease (-)

1400

g 1200 —a— 4LV Oxidation (-)
5
& 1000 |
jas]
i
800

600 -

400 ) ) X :

0 4 8 12 16 20 24
Yo Uk} E] Storage time/week
B 1 et R AL B 4H /1 7 (—18+1)C

I R A A
Fig.1 Hardness of fresh pufferfish fillet and
pufferfish fillets by different treatments during
frozen storage at (—18+1)C

2.2 FrkikgE

LA A 35 7K BE 77 L4252 Wi £ TR A IO . 22911 DA
KOAFRFERMNT, 5050 . 55U SRRE %)
I, Hirp, RIS R D R B R PR fa A
FRKPERENY 2 TIEZHE AR, SCRERAE 2 Fis,

P12 AR AN (] A P2 %o 7 o 8 v i R Bl i O
WASRAGFI . R ERATHL, TERAZREGE R,
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R IR TR R AR, 7E550)E, 241 A935%.
B R TR (0 B, iR I O R R B AS 14 i (9 A5 1k
R R4S, 25 gL, TR ERHI 2 A AL
il 2EL 8 R R 0 2K SR A0 T B R R AL B N T 84% . 79% il
81%. 25 [A4H . PAE BRI i 2E FH AR A0 2L P e i ok
RAEVRIR24 8 )5 o & 125 5(P>0.05) . Cai®F(2014)HF
FERIR R EE D 2ot e 35K 7 i s i A5 21 T
AR SEBG 25 5 . A RTEMRZR I R, YRR
Je B 7K 43 I ILIEET 2 93 ) 40 i o0 2 () i 6 %, 9 L

1 ZSH4 Control

16 Wl 34 Ice crystal (-) A

WYREGFNHIZH Protease (-)

141 AALMI4 Oxidation (-)
Sz INUESEEICIEES
£ SIEIISNINEN
pOSETE T ENINHNHNIR
RTINS ERIR
RTINS NN
M NN N | N (BN | BN | BN
£ s NN NRRN RN
2 [N LY N IR R IR | IR
S L UINTRY NTR R R
1NN NRRNR KN
N | R NN N S
21 I I N IR IR IR [ IR
N | BRY N IR | ERY | IR | RN
LRI R IR IR RN R IR
2 8 12 16 20 24

Y3 Uk} E] Storage time/week
& 2

2352 B LN 2H 2N ER 45 #4 A8 46 152 i (Bertram et al,
2002), MR R 322 BT VK A BB U 20
FEVRGEFR TR, UK TR S R A L i e #E 1, IF
B T 4 sh2s Bl A 7K & o Bl ik st ] i 3
RN, RN R KRR S — 2K,
ML R AE F 5% (Kaale et al, 2013), 34 4 1 7
MARIT/NTHAA, nTRERE N A R A e,
AJ AR 8 o e R oK AR B, AR BN, AT
REARR T M R R B AT 2R o

1 = H4 Control
60 - M VR4 Ice crystal (-) B

WURREIMHILL Protease (-)
sol Ak A2 Oxidation (-)
X
‘\[2 N 0 4 N8N AN “:5 i‘!‘:
<40t AN | LY WMEN
E SRR R YRR
Z N R R R R |
S N NN KRR R R
% NN RN Y Y | RY Y IR
2 IR RRIRIR KN
=201 IR RIR RN R IR
EIRNRNRNRNRNRNRRN
= INANRNRNRR R KR
o BN | BN RN | BRY | RN RN | RN | Y
VR REERRRRR
o LIRN T RN [ AR [N | IR | RN RN | IR
0 2 12 16 24

4 8
Y2 VBT[] Storage time/week

AN TR Ak BRZE £ 7 7R (—18+1) C PR B 2 Hh B AR VR U 2K R (A) FIZE AR R (B)

Fig.2 Thawing loss(A) and cooking loss(B) of pufferfish fillets by different treatments during frozen storage at (—18+1)C

PE12B 27 AN [ Ak B X T 5 230 7R 5 i o i 1) 2
PRI . HEI2BRI, 420 fo PR 7 st A v
AR ALAC T S AR TR, o, &
VR 2 A 7% AR S SR A [ — D) 1) 0 Al 3 /N T oAt
A, 2SI PN R ) 2 R A A T 4 A 2R A
FRAEAR R VRGBT )R o B Ve 22 S, R4 s, iR
RUR AR BRI ITIN T 2925% . B0 Y78 B &
AT LA PR g o e A A R K RS L P 2 2R
(e

23 TVB-N

TRAK A AE VR ], 44 % 1 3h 5L U2 98 10 IR 75 1l
FE I ILFEVER T, M5 & O AR & Al
G W) o3 T A 0 B R R ' SR RS R
i, R VRN IR /K f A I S [ 0 PR Fr) 3 e

R IECIIIIE] , S [) A B X G S0 7R fili £ - TVB-N
TEMEWE 3 PR, BFiEEh A TVB-N {8
(7.95+0.21) mg/100 g, FEEARETHAER:, A4k
) TVB- N 7 it ¥ 2 B 7 T AR {3, — 18 C ik
ik 24 JEJG, A4, R . PR BSR4 A AL

PR i R, TVB-N {H 4 51 ik 51 (14.8+0.41) |

(10.5+0.28) . (13.7+0.37)F1(13.2+0.31) mg/100g., He

EQOISWIT TR A B T AR SE g 25 5, TE VR 4

H % 411 (Oreochromis) A TVB-N 75 g th i 5 i s ] £

67 o %5 4 Control

| —e— BRVR4 Ice crystal (-)
—A— MR HI4 Protease (-)

- —v— &AL 4 Oxidation (-)
| Friet £ N Fresh

—_— e
w A~ W

NN
\
N

1
|

R FA SR TVB-N/(mg-100 g )
e
e+
\

~

oo
N—I-.l\

s+ 8 12 16 20 24
Y& R} E] Storage time/week
B AR R A B2 8 7 7E(—18+1)C
VR e AR R M SR R
Fig.3 TVB-N of fresh pufterfish fillet and pufferfish fillets
by different treatments during frozen storage at (—18+1)C
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2 R %40 &

FEARC AW b T o RS (2017)WF 58 & PRt 1 7
—18°C N 16 J&, TVB-N {H Rl 155 18.98 mg/100 g,
T ARSI AE A, AT RESE KA R B 2 R T
., Z 8 JEJG, TVB-N {HEB h2s (40> N JREEHD
2> A A R > R . P EOX — 25 0 J5 A AT g
T RARIREWAR(-196°C), 2 S EH /0 A K IR
AT AN BE T, DT BRARG 1 et 2 rh i A 4 1) it
(Naher et al, 2005). AN, VRE5FE A BUAY A/ N K i
AT DA 2801 S0E 2 4 L e 23, 47T B 9% T 4 L P il 5
SN JE A B AR AR SO, DTS £ A it i v
VAR T P R AR A

24 Ki1&

Pt SCRRARAE , K (H EZE T N IRPEE 22 AR
MR AT BRI A, iAok, ) iz FTEPEM K
7R T P ) R AR Z —(Yu et al, 2017), Kl 4K
AN [] Ak BT B S0 AR i A e v (R S ]

4] AT, B £a Y A KAE 4 (1.8+0.06)%, 1K
2, AIKMERGER N, 254l HRA . MR
] 2E R AR AR ZH 53 R B SRR i 1530% . 370%
500%F1480%. 285, S ALBMAKMEEZER N, 1E
IR e B £ 4 E S R4 E N v B =Y 211 R ST B )
il 2H KB 43 305K 3 (9.6+0.31)% . (6.8£0.21)% . (9.0+
0.35)%F11(8.7+0.25)%, TEFAATI, KIEHE T,
TN F AR, i A b AR vk i, XL 42T LA K
JUL 240 R BN T 398 AR AT LA 47, ol 45 A48 L ) 9 25 0 S
T, IR T A REE L B TG SO, T BOA R
A KAE TGS T o TS R 2R VR RAR 2, TETRSS
AR A B UK SRR AN, TR S K AR I R4

12 p —>— Fif P Fresh
—o— z5 H4H Control
—a— VR4 Ice crystal (—)

—o— NIEEFMIHI4 Protease (—)
—<— A4 Oxidation

10

K& K value/%
N

6 2 4 8 1.2 1.6 2.0 2.4
R URINHA] Storage time/week
& 4 7 8EFIN [ Ab BE4H 0 F 7E(—18+1)°C
VR T K H
Fig.4 K value of fresh pufferfish fillet and pufferfish fillets
by different treatments during frozen storage at (—18+1)C

THMIAY SR, AR T ATP BRI
SEGF AR DR T DAL VA ) 110 2

25 Ca*-ATPaseiE

Ca’"-ATPase {ifi M IR T JILER 8 1 A9 BROIR 3k 350 25
F, HE 5 SR XS e R S VA G, Tz T
T R T ), LD 2 A 235 b e Sl 2 L BR A 11 Sk B 254
A BB R R b

WP S FE7R , BEARERS ] A E: | AN [R] b B S, Y Ca®' -
ATPase {if PE 2 BUZ T R AR (LA 3 . A 4 R
ZSEYL. R TR A A4 Ca®-
ATPase [ 1E2M 12974 1.39 .1.47 .1.41 F11.42 pmol Pi/mg/
10 min, 7E 16 J&J5, 254 Ca’'-ATPase i P T
[, 24 JE#FAF)] 1.3 pmol Pi/mg protein/10min, #f kb
Tt £n A DU EF 46 26 1 Ca® -ATPase §if P, 7E 1
HI, A AL, HURAL . PN TR I ) 4 RN AR AR B ) A
PR T 21.7%. 10.9%. 17.1%FH1 15.7%, 1EH&A
G R, SERZH Ca® -ATPase 1% P70 AH 515 58 J&1
MER D T HAA . Ca® -ATPase 11 AE R 44 5K
H91E] BT B S0 R T LER 2 BRI Sk SRR 4 i AR
b UL B B8 1 & A 1 38 4 R 22 Bk A I (Benjakul et al,
1997), #AAAEGEGE Y, BT amas AT
HApAMHB esk, fE—aEBE FH TEANRE.
B, PR T UL 48 R AR, AR T L
BREE B BRAR G548, DA 78 U i 2 v HA o =
Ca®"-ATPase Wi %

2.6 AREFHNFLIEEHMFI)

HUSEF /N R AR BOR AR 1~4 LY LR
HETE BHUSETGE A BOCP BT B He ), e T LR

—E 1.60 - —0— 23 H4H Control

E —o— HRA Ice crystal ()

=155¢ —o— NIREEMHI4L Protease (—)

g —v— E A4 Oxidation (-)
H =150 \\—X—%?ﬁﬁlﬁ Fresh
T A
1 \é\ _
B — ———
< 2140 e ¢
) E \
O 8135}

2

<

Br130f \§

<

SIB5 8§ 12 16 20 24

4
Y YREE] Storage time/week

Bl s pi RIS R AL BE2H £ 7 76 (—18+1)C
W AE T Y Ca’ -ATPase 1% 1k
Fig.5 Ca®'-ATPase activity of fresh
pufferfish fillet and pufferfish fillets by different

treatments during frozen storage at (—18+1)C
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Ak ) R R A S8 B ME . MFT UK, D UL 2T 4
PN I8 1) 5 3 P 7 31 O ) 7R R B R GRS 2, 2008),
I FEBR AT LN 22 X0 52 0 £ PR O o AR R LR £
YETE R BRGS0, 2 S R PR 1 A J5R A EE EEFR AR
AN [vi) b B2 B 30 AR O il A e R T MIFT (78
BTGB 6 s, HE 6 nl %, Bt A A9 MFI {5
/N, A 58+3.6, BHFEAATIAIAER:, B 41 MFI
EAB EIANW LT AR LR H, MR Rl A 52 8
JEIRE, 23 AL VRAL . PN VR A 4R S A ) 4l
BOBTEE P MFLAE 3 53 T 37.9% . 27.6% . 31.2%
Ml 38.1%, TEV 24 G, =SHA . #ikd. WE
g0 1) 2H AR AR 30 2H MFT (B 230 5129 J9 103, 88, 95
100, 7EAHRIABUE I, 25 AR E ALl 4l MFI
H 2 100G G 35 P 25 55, 10 P T 0 1) 200 R 5ok o7 A1 1)
MFI {8 & 8T HAy 2 4l NIREEI S 42 Br A& F
BAKAY MFL {H, ZERCATEMREAMET, WNIRE A
T8k % ¥ 25 WS WURLET 4 B VR 40l PN J6L2E (B S
WL T 2 B 1 i A PR A0 2 % T R 2 vl 2B
A/ ¥I5) 53 AR B VK, AT LA R SE 28 LR AT 4 R
FRE AL, 047 (4 A 15 JIL DR 2T 4 2 1 0 245 4 56 4%
PE 330t 2 R 21 LA A 1) SO R AR R R K 1
Z— o Tironi F5(2010)F57 7 0 78 VR it A2 v ok
SRR AR, BT WLEE 2 B Rk, HLZRES
RS R (LR R

120
1% A4 Control

I FEVRA Ice crystal (-)

100 PR BEHMAIZH Protease (-) i

A4k 4L Oxidation (-)
[ ¥ £ P Fresh

8

80

WUSEF4E/N 4% MFT
3
H_|

0 I NY | NI |
0 0 2 4 8 12 16 20 24
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Reasons for Quality Deterioration of Obscure
Pufferfish Fillets During Frozen Storage

JING Diantao', YANG Fang'?", YU Dawei', JIANG Qixing',
XU Yanshun', YU Peipei', XIA Wenshui'"

(1. Sate Key Laboratory of Food Science and Technology, School of Food Science and Technol ogy,
Collaborative Innovation Center of Food Safety and Quality Control in Jiangsu Province, Jiangnan University,
Wuxi  214122; 2. Jiangsu Postdoctoral Program, Yitong Co. Itd., Xuzhou 221004)

Abstract This investigation aimed to compare the effects of ice crystals, endogenous proteases, and
oxidation on the quality of obscure pufferfish (Takifugu obscurus) fillets during frozen storage, and
detemine the dominant factors impacting their quality deterioration. The fillets were immersed in 1) liquid
nitrogen, 2) iodoacetic acid solution, or 3) antioxidant mixtures (tea polyphenol and ascorbic acid
solution), designed to inhibit the formation and growth of large ice crystals, activities of endogenous
proteases, and the oxidization of proteins and lipids during storage, respectively. Therefore, the roles of
these three factors in changing the quality of the frozen pufferfish fillets were differentiated. The hardness,
thawing loss, cooking loss, total volatile basic nitrogen (TVB-N), K value, activity of Ca*-ATPase,
myofibril fragmentation index (MFI), and myofibril lengths were evaluated as quality indicators. The
results showed that controlling the growth of ice crystals on the frozen pufferfish fillets had the greatest
impacts on quality. After 24 weeks, the hardness of frozen pufferfish fillets with smaller ice crystals was
about 26.8 % and 20.5 %, higher than that with the inhibition of endogenous proteolytic activities and
oxidation, respectively. When it came to the thawing loss, it was about 44.2% and 44.8% lower with
quick-freezing than in the other two groups. In addition, the TVB-N, K value, and activity of Ca®'-
ATPase with the treatment of liquid nitrogen before freezing changed more slowly. In this group, the
values of the quality indicators were 10.5 mg/100 g, 6.8 %, and 1.43 umol Pi/mg/10 min after 24 weeks,
respectively. As a result, ice crystals, endogenous proteases and oxidation have all contributed to the
deterioration of frozen pufferfish fillets. Among them, the formation of ice crystals was the dominant
factor for quality loss in frozen pufferfish fillets and the effects from the endogenous proteases and
oxidation on the quality of pufferfish fillets followed, and there was no significant differences between
these two factors.

Key words Obscure pufferfish; Frozen storage; Quality deterioration; Ice crystals; Endogenous
proteases; Oxidation
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