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W, S8R THELEH BTN KRBT EAGIMPR Z e &, FEE SR8 8]®MLAF
EEE#ERAN KABEFE TR L.

R AR H; MEEE; AR

&S TS 254 YEAFRERD: A

02577 S AR 5 T 2 32T DLy Oy 3
FUM T AR S 2K o L2 T 0 S 1) e KR i
Wi (B2 6 3%, 6 IS R T BE e B B S e OHE S
BlRrY, MA)E, BEERA S TR, Soflif
w0 (B OB RV, A R BE S R A A AR A
DO NP TR G o s = S AN T Y =t M S ST
25 RSN AMEREFEEY, R
[i] 119 52 8 7 SO 2R A0 e AR AR AR P A AR K i 52
M ™, WiMatos% R B, ASIR] Y 52 5 T AL #E Y
43K W (Sparus aurata), HICJG A ABTFA A

AL R AR O B B R R SR B

i BHEA: 2019-01-19 &R BHI: 2019-04-02

A, FRIE B A I 404 i Tl 77 5E 94k HL 3 H R
i, JE R T LALL 6 AR U7 il (Takifugu rubripes)
G SR T 8l (T. obscurus)> i 5 AW &l F=alb,
Hh 21 fi R Jy i R R ] R L 0 Vi K R B AL A
iz —. NEMmEZ2EMNMEH Lk, RELR
ZEAR 1 Ih T A B o AR R Ak AT I
ITHE S B ERER (T &0
I % B 168 7R 0 R 5% B I 07RO B T 48
ERGEAD) B, A20165E 4G, 216 AR Jy fili ik
SR 5 AR E LI e R . 208 AR Dy il
A 10 7 ol 3 B RN R 2, DR T

BEITE : FH X E AHEA TR (2018YFD0901001):  [H 5K (5 SR F} 27 % 42 (31671790)

BIEEE: xR %, E-mail: ljunrong@dlou.edu.cn

http://www.scxuebao.cn

w1 [ 7K 7= 2% 43 3 73 sponsored by China Society of Fisheries


http://www.scxuebao.cn

144 VIR, AF. LLEEARTT AU IS (6 R A A A 157

o BRI RAE TR B RE UK . A ST 3 S 3
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VI A Y S AN )T 37 PR 0 N S o S/ ¢
fief Y i 0 A A B S R 2R AR B K, v
AR 25 g AR A by pKORC X BE ZH (Tced ) K5 4%
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Fig. 1 Illustration of fish icing and body
temperature testing

(a) icing, (b) body temperature of Iced, (¢) body temperature of Iced*
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MK AR IS 5 37 RIVRE i E T 9 47 Sk MR TR R A
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A BR T 5 Pro-QEN A1 W R b B 11 3 fise 4 €2 571
FISYPROZL 5 A1 &5 U BEMC L 7], FEBR R AR
B b DA BR 2 AL R 3k 0k e i . wy
WEALIR TR . AL 1 . R A, Jt
HESEERHEARA T s SDS-Z VA M ik e L 7k
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REIRAL AT PR 3 AE-65007F F1 HLyk Al , H A
ATTOZ w3 OS-I [l Jig B (L85 K, RGETEIH A
7l ; Amersham Imager 600 7 8 £ T it A% 1Y,
K EGEAF]; IMS-404: H 3 H AL KHL, H 2
M SR ] ; Agilent 12607 SO AR (LIEAL, £
Agilent/A A ; Milli-Qi#f &l /K ¥ b4, % E
Millipore/s i ; BS224SHUAE % HL T K-, b A%
ZHRE A R E BB A Bk FEET,
P () R S R F
1.3 A

RARSABARE EERSHRER
WL, IR JH R A B 2 URE i S5 A Bk (151 2)
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VISMERTE T, P8R R AR ML F T DL E
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Fig. 2 Camera apparatus and sample illustration

(a) camera apparatus, (b) sample illustration
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R (%) = x 100%

pHAE  ARHEX S SENIRME Tk B2 g
P BE A 10 mL 20 mmol/LAt Z B2 4, FH 3% 35 4%
o, #HE 20 min, WEpH. &R
3T,

AR W2 N BE, JiA4 mL 30% KOH%
W, WKW AE20 min, ¥ HIE A 20 mLIGK
T, T3 000xgES.0>15 min, WITIENM A 10 mL
ZRIK, MM, 1SmLIKOEE, Bk
PR AE M, T3 000xg 0015 min, 3 LI,
BT K E R ZE10mL, B0 uLE &5 1Y
VWM A 240 uLi (B3, 100 °CHn#A S 10 min,
T KA H G #5510 min,  BUZ R 200 uLT961L
M, £620 nm I e WO RE, A0 R &
AFER ST AWM H] . FRER0.1 g
Tl %5 750 mL 80% VK B PRI W rh, WG IORAF, B
IR .

ATPA K BE4) ATP S S 12 1 I
ES X BRSOk, MEMRFRELL gL A RE
i, IAT0 mL 5% PCASE B HEA T 4H 413 110
min, JI A2 mol/L KOHM# ¥ pHZE2~3.5, I/K*%h
AR ZE20 mL, .03 000xg, 5min), H(4 mL |
T S AT mL 0.1 mol/L A iR £h 2% vh ik
(pH 7.5), JH 1] /55 2800 AH €215 105 I 7 ATP S JL
AT IR KB & &

F O REBRBRAL B3 gLl B 4Ryt i 7 5
WLA, InA6f5 A 0.1 mol/L NaCl- 20 mmol/L
Tris-HCI(pH 7.0)Z% #hii W, LA30 s lHlfg, F
10 000xg &4 F ¥ 3wk, RIkHB30s, DL L
VEFE VKoK P47 . 0.1 mLATE W, A 1.0 mL
E RIS 2% SDS . 8 mol/LIRZE . 2% B-
Hidk B . 50 mmol/L Tris-HCI(pH 8.0)], {R215
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3 807.5%. SDS-PAGEJG 17 Pro-Qf1SYPROYY
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BT A 2500 O B R T, R Bl
2571 1 Pro-Q Diamond % {5t % Ji {f (P) F1SYPRO
Ruby e {7 5% % B B (T), &8 F 5 i R 1k 7K F A9
SE K R — 27 B2 FEAE 2 L (P/T), TR & 1Y
B R Ak KO S AL T A B ARl B R
VKB B P/T(E,

1.4 BUIEAIE

K H Excel 2007%f {8 EL 6 % . pHE . BH Al
ATP I B F 2 10 508 45 S R A7 b B R 407
K FHSPSS 17.0%K {4 X 85 /1 i 4k £50 408 #E 17 42 1
Sy, DMEEARS . WO K. mEREsS
R BEAE B3R EE AR, ZEEE
777 % HDuncan[Gk, P<0.05. Z5R LIP3
HpRifE 2" RN

2 4

201 ABERAGHEEEETUNE

AWFFE6 A I E], FE )5 #I I8 hitl, Iced
A AR T TR RIS Flced* 4], YR H 241k
DIREYIREZE2°CLIR, ZJ5—HAFF7E0.1~1 °C,
i ContZH Ik B i AR 45 7E 16~18 °C(1&13).

21 5 7R Ty i 58 I Fa A 45 A i B o B 4 B
[B) S 2k i o] A2 fb 6 B, Tced4] 5 Contd] B A5
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PN e KA B, 8BRS W R4 B 5E
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Fig.3 Body temperature of instant killed T. rubripes

stored in ice and at ambient temperature
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L) 25 5 (B15). FEJE SN AT, ki
AW B RSN EERE, RAEEEENT1%,
LA PG T Wk B . VKR 2 5 vk X B 4 44
A AE 3K B 1] N (20~24 )47 5 1 43 W) b g
RZS, I EME E 4R £ 5138 89% MI83%., VK 2
WAXR, (R E AR T PR R TR 9% A116%

22 ABERGHEEHEERETHANE

JCVE S UK 3 S 2 i, 6 ) S AR D ) iR
MR, 1dIH10.920 2 1 mg/gZi i (&6, 7).
R E I
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VKR AL
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IR R
Cont
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F1 ABEALHRRFEEHEREBEFERE

Tab. 1 Rigor mortis progression and duration of

instant killed T. rubripes h
BRREH
BN - - HAeR
W BT AOCHI THARE GRS T
treatments  onset stiff off post duration-
. process
stiff
VKR4
ki 7~8 12~13  34~36 72 22~24 65~66
Iced
VKBRS
JGEEN 6~7 9~10 33~35 72 23~24 65~67
Iced*
JiGEEN 12~13  23~24
Cont

T - RRNELER, A

Notes: -. undetected result, the same below

ZJE W sk AR e, X AR R R
W, T2 53K LT IR AESE 4, T UKL 2H B 5t
TEIHFEIR R K AETES dUE o XA B
K M Iced Fllced*dH , WEIF & & T R HAHRL;
Tced* 2 72 75U ER 5K B JFUH AE 52 4, i lcedZH

RNEE R E R
stiff post

® ©

2018.10.26 15:10

El4 TEFRFHERREERSHKCBABNEELK

Fig. 4 Rigor mortis development of instant killed T. rubripes stored in ice and at ambient temperature
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Fig. 5 Rigor index of instant killed T. rubripes stored in

ice and at ambient temperature
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Fig. 6 Muscle glycogen content of instant killed
T. rubripes in the progression of rigor mortis

0. initial; 1. onset; 2. stiff; 3. post (the same as Fig. 8)
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B TOFN e 23 B T A [R) R DR A5 b 58 Hsf
(] Y ATP B G BE) E  AnAR Ak ka3, skl 46
ATP% & °43.57 nmol/g, ZKUNRIIEE, B
ATPHHFE, (RETFIR KA . CH= 9 nT L& 3R
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Fig. 7 Muscle glycogen content of instant killed
T. rubripes stored in ice and at ambient temperature
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rigor mortis progression
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Fig. 8 Muscle pH of instant killed T. rubripes in

the progression of rigor mortis
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K Hilced4] Fllced*4H AU TMPHR A — ™ i & FL &
)t 2, I B BB 5 KAE IS B ol R 2%
1, FES O RIHAL T3 i K
24 AHERFHEEHIRERESERBEERK
P11 R S [R) A R L A 8 R b 2 1 R L
N4 [ SDS-PAGEREI % . EIh &AW, 408
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Fig. 9 Muscle pH of instant Kkilled T. rubripes stored in

ice and at ambient temperature
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Fig. 10 Muscle ATP and its related compounds in the

instant killed T. rubripes of different treatment groups at

different storage time

W Ay, R AR R R h — — X Ry,
PR ALK W23 7 o

Wl R fb 25 1 5 3 AR P 72 20~200 kuo 2k
7R 2% OTE R R i ELIR A i A 3 AR k(P>
0.05); TEANFRMEECIRSMAAELMET, HAe &k
F) & B R fE K SF- 3 8 38 AR fB (P<0.05) (KT 11)
(3, FRWBUEN ARG T 500 96 %
EZH).
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F2 UHAFHEXETREERS TN
ALEATPR XEXH & &
Tab. 2 Muscle ATP and related compound in the
progression of rigor mortisof instant killed

T. rubripes umol/g

JOBLIEN
ATP ADP AMP IMP Hx HxR
treatment
JUEWWIEG A material initial 3.57 0.66 - 186 0.18 -
EEAIM  onset Iced - 0.19 - 4.68 - -
Iced* 328 0.60 - 1.77 029 -
Cont - 022 - 694 045 -
RKMEE  stiff  Iced - 0.19 - 547 013 -
Iced* - 0.28 - 822 - -
Cont - 0.27 - 6.01 1.07 -
BEEARY post  Iced - 022 - 995 025 -
Iced* - 021 - 8.17 031 -
Cont - 0.16 - 5.88 145 -
Iced Iced" Cont
u M I 1 onset stiff post onset stiff post onset stiff post
d_-—d“.-l"d-‘.i‘- -
200 -“Hu_“uuhﬂh—-ié
117 -
3
96“1_.--_-_--..-- - b & _.._-.-_-—-<<:4
66.4 -
&= pa}
M em s ss s s Ss s s s oo S0
SE 58 55 88 55 88 38 53 T= —— =<}
29 <9
20 p— p— <10
14 )
(a)
Iced Iced” Cont
ku M I I  onset stiff post onset stiff post onset stiff post
200 | s -—ﬁ--&-—-—-a- H-—Zé
117 55
96_Fg_‘,.," 4 o I <3
6641 -
ER— -—.——-;—-——-______,><_g
443 o S R N B e S e S B e - )
— — — ——— — — — —
29 b
<9
20 }-__ <10
14 0= = = - e e e et

11 d8ESFHERESEEMENAERHERL
(a) Pro-Q Diamond @ ®2 fb. ZE A 4« f4; (b) SYPRO Ruby4: % A %
ff,; M. Marker; L¥J#H &

Fig. 11 Muscle protein phosphorylation in the
progression of rigor mortis of instant killed T. rubripes
(a) Pro-Q Diamond; (b) SYPRO Ruby; M. Marker; I. initial
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Tab.3 Muscle protein phosphorylation level in the progression of rigor mortis of instant killed T. rubripes

UK. VKB R A IR R o e
N P ffect level
lead Leed Cont BEMIHT(PE)  effect leve
N g BERE
K MR RS Ehﬂﬁ
bond initial {EEYIN SOKEE BERN EEYW BKEE BERY EEVY SKEE BEAY progression  AHIA o ress{on of
onset stiff post onset stiff post onset stiff post of rigor  treatment P . ® .
. rigor mortis
mortis .
treatment
1 0.45+0.030.37+0.020.42+0.100.36+0.02 2.07+0.120.4040.020.26+0.07 0.95+0.09 1.04+0.051.03+£0.04 0.001 4 <0.0001 <0.000 1
2 0.5240.030.64+0.040.43+0.020.50+0.02 0.67+0.03 0.60+0.070.32+0.07 1.83+0.042.12+0.042.60+0.08 <0.000 1 ~ 0.002 5 <0.000 1
3 0.20+0.070.37+0.08 0.59+0.110.52+0.04 0.65+0.030.70+0.020.41+0.07 2.01+0.083.57+0.02 1.34+0.04 <0.000 1  <0.0001  <0.000 1
4 0.72+0.03 0.94+0.050.74+0.04 0.56+0.03 0.28+0.020.62+0.04 0.47+0.08 2.47+0.04 1.88+0.051.64+0.02 <0.0001 <0.0001 <0.000 1
5 1.67+0.020.28+0.04 0.23+0.03 0.27+0.04 0.38+0.020.22+0.010.24+0.05 1.23+0.011.20+0.020.79+£0.02 <0.000 1  <0.000 1  <0.000 1
6 0.71£0.040.66+0.01 0.64+0.03 0.66+0.02 1.25+0.030.74+0.020.59+0.04 1.20+0.011.37+0.041.22+0.01 <0.000 1  <0.0001  <0.000 1
7 0.444+0.030.51+0.01 0.49+0.040.52+0.02 0.47+0.03 0.44+0.020.53+0.02 0.90+0.03 1.06+0.04 1.04+0.02  0.062 0.016 <0.000 1
8  0.45+0.030.53+0.030.62+0.01 1.26+0.02 0.29+0.020.33+0.010.50+0.01 1.64+0.021.23+0.031.04+0.02 <0.0001 <0.000 1  <0.000 1
9 0.3440.020.36+0.02 0.34+0.02 0.34:£0.03 0.27+0.020.29+0.040.50+0.01 0 0 0 0.086 <0.0001 0.003 1
10 0.644+0.040.32+0.030.21£0.09 1.194+0.03 1.44+0.040.54+0.08 0.76+0.06 1.09+0.020.97+0.111.58+0.02 <0.000 1  <0.000 1  <0.000 1

)5 145 i (Dicentrarchus labrax)ik 5 KA B R
AR [ RFE S5 3 hAe AT, {HCO, 3 1) 7 14 3k 5]
e KR ELFR B () B ()2 AE S5 9 hAE AU, 46 7R
T EEFEHTAL T H B R B, 3843 B DR
AN s RA:, BB FEET R AL h ATPIK P38
, LAE R b Ca® Yk BE R, LK EE B AT LML
EATE, TCHLEhERE A M E R, BEE
[ AIELSE, ATP/KE NRE, MLk nE &k
G 2, JFRIEREEIS, BEREUM G
T o FEAL9 hAE B E AR R Bl ok, EH
FE B ok e R A

At , WL 2 4k 22 H FEATPLL 4
A, HNUARSESS ATPICIE PRt T &k,  HABIK
SEVHAERE R AR AL e A R A M n AR B, B
DIBEIR & 8 T . (M EEER S, ey,
Toed*ZH 1% J5L 1 FE 5 Tced 4 AH X 2212 (K16), #1285 4%
M, FEVKRAII, Tced* 2l i fa A oo 8 B R [
SR, A AR B AR, BT DO e R A A2 20 4y
EL W= -l N £ R N TIN5 N e
[\ 7K SF-(0.4~0.6 °C), 24 {18 i [ fift 3 R #A 2%

WA, WS A LR AR R, X H
pHE FEAR A 22 J5 I, S R Hr i 2045 L i K Vg
PE% (Gadus morhua), B HAEL K, FEMR
GEmER, ERAILRMWEE, 15 pHE
FREETh ™, AR S0 R W HE R R 1Yy R Al 2
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i 7R 77 fili E SE TG AL T 3 SR A 5t JCH L AR A
> fa AR L, OB R A A, AE S pHAE
AR TSR,
fEREARS A EEREY R, BREN
WATPE &, AT UL A A S 4 i /s 1Y e i
THAE ., T T2 ATPIM it — 2 ATP—
ADP—AMP—IMP—HxR—Hxi& 2 AT, BRIk
sh¥ it ATP—ADP—AMP—AdR—HxR—HxiX
ZRimAt . ARSI 45 R OT IR K D B A ARV AF
T, L 88 7R 5 il B8 J5 ATPH) 43 it J& 4% ATP—
ADP—AMP—IMP—HxR—Hx@EZ #4171 . JERIT
20 LA ThAETE S 2 B /R ATP, {HBE )5 LA
T ARAFRE L, ATPIR G % 43 fif: s ADP. AMP,
IMP., HxFIHxREEACH W) RIGLIEER, #)
IR S ATP A 0, Teed*2H 76 43 B AT ATPHE
HFE, A TNIE; leedd 7B HRTHIATPE &4
FEFRIS, B R A I 0 Tced 2H Hh O IR R 1L
Iced*#H 5, FrLAATPAMEER . 1F K45 R b %
AMEBAMPRIAETE, P 28R 72 25 A L
TR H AMP i &0 il 1) 306 1 L3855, ATPFIADP & i
P TR, AMPIRZA 2 25640 HIMP, {H5'-#H
FR BTG R AR, SEUMPRLE L, VK4 21 #
R EEIMPA B A BT R RIS, 7
TE—DRE SR MRG58 5 IMPTE | T
B KAEJ PR TR, 3R e W R DL
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(Zygochlamys patagonica)¥t J5 [ IMPII| & —A~ T Fi
(L FE Y,

AW 5T T A B 0 B I R R ) R Hx
FERIAE Contdl, SEJ5 IR B 19 IMPAH i [
fit )45 R BT Hx W R, D21 6 AR Ty
U I A% R 15 A 4 o J T Hx R R 7

B % Al i TR T RE 8 R A AR A B
B, NEEAEERARENEAER N E
F. ContZ 473, 4. 5. THRISHY MR 1L T2 ¥ 1]
5 Fleeddd, MWRAEIA BT N, KA4RA
A BE S 6- R SR BB (PFK) ™, PRI B % 11
FREEE 2 —, AT T ARM-6-B R, P X%
Tit 1) 8] 5 2 B WA T AR P I OCHEAE IR . — 7
T, L2 IR Ak 1Y) i R SR A il 2> (L S F-HLsh
SRR s L PR e £ itk — 20 8
4 TR SR TR P B TR T K T LA K S F-HILBh 2R Y
LEAfE s B— i, FAMPARYGLIBRLN 2 (il
TS TR RR B2 L ] Aol T R R 23 3
W, -2, 6- BRI D, Ik F 0
BT e AV FE Y R ST RE M s WAL, )2
W fe ok R P Y PR o T bW I A O R
TR CRERY B, 2-i IR H T TR 20 0 I Ak A Ak K
A R R — I R T E R 3 AT AR R R N
Wil % 7K A il ALOBE DR A B AR P A ) R
N, AT Lol Tl — s DA T 2 1] 2 7 T 7R
FEARCY S WL HEM, AN 3NN R R LT, A%
7R TR T I R VR, A% 8 AT R O T 4 il
Y92 5HEWEAR R, ERAIE T 22 10 I AR Ak i S
HE X HE LM i B o I R SR R T KR A A R

O URNIBRE A ERE, &0 102 LBk E
FREE . WUEREE (I ERR L2 AR AR EE, (LER
O LR R R AL T Y
Ca” S E A4 A, WUBKE A 2 BE e & (il
JULERE F1 8% 55 20(MLC 20) - 55 19037 i) 22 2 FR W 1R
fo, iGNk E AW R LA Ek, S
BB RWShERE T, R R (crossbridge
cycling) - FE LA W 48>, By DL B 1 B 2 1
SUAEEA K. YRS, B IR AR
W FIRRERE, BRI SR

LE L TIR, ZUEE AR Oy e K R RURE A
JE PR A 2 S AR — SR R Y KRR
Py TR IMPRR KR A . AR AL VK E
], 206 75 5 i b RS e ME A S e B AE . ik
B KB HFE 2 ] 3A85% L) I If Al A R 20~24
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h, BEASFCIE DRECIE], i EDIRES AT i 3~4 d;
A RCUK B REAI ] ATPAHURE I 45 REf Wy i . A
WU A FE 53 BT, TESEJ VK6 N, ATPRESiE )
R IMPOL AR, 7R T 2188 2R 5 il p i
a2 B XUR BF L2 — o AN, B0 BE ST R
W], 2185 2K 75 Sl 0 UL PN 2 1 20 00 B B R AL
P 5 AR R RS SRR A U OCHE,  E
— L RE
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Postmorten biochemistry and rigor development of
pufferfish (Takifugu rubripes)

LENG Hanbing, LIU Junrong’, XU Meilu, WANG Xuanfei, YIHongli, TIAN Yuanyong
(College of Food Science and Engineering, Dalian Ocean University, Dalian 116023, China)

Abstract: Takifugu rubripes were instant killed, bled and gutted, two treatments for 6 days storage were designed
including storage in ice and at ambient temperature, respectively. During storage, the progression of rigor mortis
and body temperature were recorded. Sampling and assay were carried out at both different rigor stages and every
storage day, and rigor index, ATP and related compounds, glycogen, pH and phosphoprotein were selected as
indicators as postmortem biochemical changes. The results showed that the onset of rigor mortis for iced treatment
started at around 7" hour after being slaughtered, and its maximum rigor index was up to 89% with 20-24 hours
duration in stiff, the fish body maintained at rigor with rigor index at 9%-16% after 4 days icing storage. However,
the maximum rigor index of 71% was observed fleetingly in the control treatment with higher temperature
ambient, and the whole rigor progression or stages were undefined. Glycogen degraded sharply at the initial post-
mortem period for all treatments. Comparing with the trace amounts was still detected in 5 days storage for the
iced treatment, glycogen was almost depleted after 3 days storage in the control treatment. The pH decreasing
patterns of two treatments reflected the different glycogen consumption rates between the two storage treatments.
ATP was rapidly depleted in all treatments with accumulation of IMP exclusively. Maximum of IMP reached to
9.5 umol/g on the 3rd day and remained at about 7.5 pmol/g on the 6" day of the iced treatment. As to the control
treatment, IMP was degraded rapidly after the maximum of 9.2 umol/g on the 1st storage day with higher
temperature. Compared to the iced treatment with a trace Hx amounts, the control treatment presented a significant
accumulation of Hx. Muscle protein phosphorylation indicated that the rigor mortis progression of 7. rubripes was
also related to the properties of muscle protein components. Notably, the protein components related to glycolytic
enzymes had a significant difference in phosphorylation between the iced and ambient treatment. The ambient
treatment presented higher phosphorylation level, which is consistent with the glycolysis properties observed in
ambient treatment. In conclusion, T. rubripes advanced in icing stability and high accumulation of IMP after being
slaughtered, and the association between protein phosphorylation level and the process of rigor mortis is worth
exploring further.
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