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JF R (89.248.5) g, 5E1K(90.6+3.1) mm, KB DL E
TUHLRFE T, FHUKAS T# 2 mL, 5 hiz [a K%

IR AIAZ G WMEREESTLRR
4, RIEIHERRRZAH

EE20MME Agilent 126085 S50 H (43
1, K Agilent/A R 5 m#E B EHEE OO, EHE
HERMLE Labortechnik GmbH/Z\ 7] 5 Milli-Qif 4li 7K
FEAL, ZEEMillipore/A Hl ; PB-10 pHit, [
SartoriusZy &) 3 IMS-404> H sh I 4L HI VKL, H
TERAF; AE-65003 & L Jk /8, H A
ATTOA H); OS-IHY [l gl (A ¥ K, K% a5
fl; HG-200345#l, H AHSIANGTAI/AT]; 800s

A1HL, EEWARINGZ Al ; Synergy HIMEf AR
10, SEEME A H

1.2 LWH*E

RAREIE AR EREERS, BRI &
FEHH ST L, KA NLE T B0 R a
SR G A AT I A VK I TR AR T B 0~7 d, AE
xR AR TRERERE S, &
T 10 °CPEIR MK T 5, TESIMG T RIUAE,
ZAe B AL, AR & TP UK 0~7 do FE
Sy bR B #E3 A M FR T AL, VKO B
S B RBO0ANH RN TGRSR, +
VKE %, T-80 °CIR-E(FED.

®1 MRENEFEREFRATINKBIZTHRESH

Tab.1 The operating parameters of preservation of live P. yessoensis during ice storage

P FE41F  preservation conditions

VK& storage conditions

B A
groups I fi/d I/ °C R/ (mg/mL) # %/ (kg/L) PO EER: e f/d SRR
time temperature dissolved oxygen density medium time medium
X4 control - - - - - 7 FIEIK
#1383 d41  preserved 3 days 3 10.0+0.5 5~9 10/100 K 7 TAEVK
#3977 d4  preserved 7 days 7 10.0+0.5 5~9 10/100 K 7 FAEVK

VE: - RHAT AT
Notes: —. no preserved treatment

1 A BAS0NFENL, EFE24h
W5 b DU SE WL G2 | TS DL R F I3 )5
Ml gk, 5 R A WA, R R R A E Sy
UN3ER S

XM BAKMAG M E S HHuE I
T, PRI NS 1.0 g, A 5% m AR
(PCA)I0mL, 4k, #E15min, 2.0 mol/L
KOH TpHZE2.0~3.5, EXKFE20mL, 0.45 pmig
FLUEME T UE, H4.0 mLYEW, JA1.0mL 0.1 mol/L
W R 2% R (pH 7.5)H T I 2253 M1 o

% BORAR &, T T3 A A [0.05 mol/L
K,HPO,-KH,PO,Z% th i (pH 6.5)], i shAHB [Jish
FHA = HEEW(8 = 2)]; Gkt a5k Gk
[ODS-BP C4(4.6 mmx250 mm, 5 pum, KK
Feo iR A R A R ARl 35 °C5 Kl 4% .
TR MR A I 25 (DAD); AP K . 254 nm;
WEHMIFE . 0.7 mL/min; #EFER . 20 uL, BHJE
VEME . 0~14 min, FEBIAHA 100%; 14~20 min,
WENHB 0%~15%; 20~30 min, W zhHB 15%~
25%; 31~34 min, W3IHHB 100%; 35~40 min,

TEhAHB 25%; 40~45 min, FEIAHA 100%.

KA IHEA

K(%)=[(Hx+HxR)/(ATP+ADP+AMP+IMP+Hx+
HxR)]*x100
K, ATPR =B R ARH, ADPR WA IR 1T,
AMP K FABERR IRHE , IMP AL R, Hx W U i 12
B3, HxRAALF .

KB B B FRHLS.0 gff]5¢ L
A1, A B FsK25 mL, T-8000 r/min F #J &
3, AYK0.5 min, 23K AE10 000xg, 4 °C,
10 min & F L, B RAE MK BEHEEA .
W45 Wi i 5 B H W . 2% Verrez-Bagnis%§ !
()5, K HISDS-PAGE M & 1 B 4H il

ABRAEZ N it L FE /LR 0 7 3
)6 (B A 8RR W TR 5T r )R R R AT
M

pH &9 T FRIR2.0 gffl 7L, 219K T2
R, in20 mmol/Lil & FREAVE W 10 mL, FHI I
s o, ME pH.
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Fig. 1 Changes of rigor of P. yessoensis adductor
muscle during ice storage

(a) the morphology of adductor which is from the fresh scallop without
shell; (b) the morphology of adductor which was stored at ice storage
after 4 days; the black arrow shows before rigor; the red arrow shows

after rigor

T X 50> B DL P 52 LAY AR LI BT I
B, SR WoR, B U S LA vk 2 dN R A 18
HANEPF5A . B EEFERI~SR, FEH3R
FHEBEE, M T1040; FA4RB W
LA — RN E TRE. BI%SK
JLFadf ke TR E . (AYE34 Z R Bk A1
LU 22 57 (3R2).

22 KEEIEDBENFAZANATPXEKY R KE

5 ATP it 1 AR A PE A S [R) A X6 P 56 WL
B LG, SHEASR, BRAE
FREAC T, SERRAE, ML I ATP S &
}94.75 pmol/g., B #3 d41ZE0K, ATPE i N4.90
umol/g, #FET AHOK, ATPH 4510 umol/g,
Wt 3, kM RE, HEdh

http://www.scxuebao.cn

#2 kBEEPTRRBEIAZNEELLEER
Tab.2 The occurrence of P. yessoensis adductor rigor

during ice storage

VKR Hd R ZH I3 A BT A
ice storage day control preserved 3 days preserved 7 days

0 _ — —

1 — — —

2 — — —

3 + + +

4 ++ ++ ++

5 +H+ ++ +++

6 +H+ ++ +++

7 ++ - +++

W~ EEESAS  EEEG~10; —EER120; —+HEBEE>40
Notes: —. rigor number<5; +. rigor number 5-10; ++. rigor number
11-20; +++. rigor number>40

ATPH =AMk, vki0~2 d, X4
ATPH HEVH T [, 7E552K F F¥ £2.80 pmol/g,
787 3% 4 PRAAT A 5 A2 48 = KO, 4 o 4,51
5.17 umol/g, PG vKGEL IS ] A4, ATP 3 i 8
T, FEHARILT- 56T, 3 SLU 4 M Y
W figt 7 ) HORIT R A 5 12 350 38 9348 n (1%12)

¥ ATP I HR AL & W) e 4 O KA #4723 A7
30> S 36 41 W 5 B DL 58 LA VK03 di, KA Y
TRFEFES% LT, SE4nl LA S A i Bk . i
K3 diE, KIEMRE FF, H3N LI ATES 4R
KR E40%, 4b TR ERIRAS (E3).

2.3 kIR B IA T A pHAI E L

pHAEL A A8 At W] 7E — o A8 B 1 S it fd DL £
B R . EHOKR, 3N LK AHpHE 7. 14
i, VKRR T pHE B W TR, 3R
TrZ6.641, WG TR 26.1(K14), 34
Jo i 3 2 7 (P>0.05).

24 KEBIEPBEIAFTAERNEL

B JER B UL E AR IR T, e DL
HEMKEY T, BkEb 4 m, XTREASE0R
1 52 L AR B T i 40.6 mg/g, T EF IR 413 d4H
50T L& B 26.0 mg/g, B FRT AL 0K B
JR 31 me/g. LA E)E, HFF R ULA
Fe VBRI & 3 TR, e KRGS AR R, X
TR SR & it fE R B R, 2dZ MY
FRAWAT B 2 5 (P>0.05)(F5)
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Fig.2 Changes of content of ATP and
its related compounds in adductor muscle of

P. yessoensis during ice storage

25 KEEREPBIUAFRANKAEAEESNTK

P 58 WLFE I ok A v g e, B ek
VKR oL A o A LAY K IR R B S R AT T
FE, TEUKHEO d, XfHRAKEEEA T ERG,
4135.42 mg/g, 2B SRR 230 mg/ghiti o VKK
0~2d, 2B SR MK E AR A 2. VK
2~5d, 3L A KRN & BB
VKES~T d, 3SR AKIEEE A & TG
PPN, Bl TRE, TEHANQ2+D)
mg/g(/&16).

80

20 ~
0 I — T _ T T 1
0 2 4 6 8
UKiER #/d
ice storage

B3 okEd iR ERATAMKENEL
O.Xﬂ'ﬁﬁé’ﬂz l.ﬁ?ﬂ%3déﬂz A.ﬁ%7 déﬂ: _FEJ
Fig.3 Changes of K value in adductor muscle of

P. yessoensis during ice storage

e.control; m.preserved 3 day; A .preserved 7 day; the same below

8.0 4

VKGR H/d
ice storage

B4 kg iz e R E AT pHE L

Fig. 4 Changes of pH value in adductor muscle of

P. yessoensis during ice storage

— 2 X VKA R P K PR R A AT
T oW, B UL H 52 UK R A AR R A 5
HEHEN6.5~116.0 ku, VKL RER, X R4 B
DL PA 76 L H AR 4 5T 24 30 kY 2R 1 254 7E
6 dJFTH 2, TR FR3 dFI7 dZH 4 B AE VK4 d
s dFTH % . B IR X BB 430 kudk 17 2k 42
fii1~2 d (E7).

3 iR

U 3 B DL A e LA ok & v, il LA
W s 2 B AL, R AL B A0 R 7R IR
s, HSENLROERE . M RS B AL 2%
WLPI WA S BO R 2K, U SRR o i ad
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Fig. 6 Changes in content of water-soluble protein in

adductor muscle of P. yessoensis during ice storage

P 5E WL okt i e R 25
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29—>

20.1—
143—

123 4 567

WLEE R B, AEVKG2 d

M 0

FME EM LR AL . Jiménez-Ruiz%F"3E o X 41 B4
SE. TVB-NESEWFSE, DA ZEAR IR B 1 45 1
T, Tfmm%ﬁﬁm%éom%m%WF
ATPI G s Ik, PRIAS T TR AR T R 28 20 o
ﬁ%ﬁfknﬁfﬁﬁb%h?#ﬁ%@%&

. BEAE ATPE S A REAL, Weds i ILET 4k A fg
&Pk M AR AR EE , LA HE A ECRA . MR
DUSEZRRT, WUA Y ATPH & = 585 1 Kl a
T o L B A OGP, YR (S0 °CV&MF R, F DL A
FEALAT AR A B UATP & it . AECIE fpHIE, H.
5 °CH10 CCHR IR AT FF T BRI & Lo AH R
T (10 °C), 3§ hnaf 8 2 2 B WLATP S & M
AEC{H FFE, WHIEIHFER £,

HRER b it B 5 0, PS5 ATP & 4
i, SR A AR R 3T 7 A A N 3RV T R
TREWARE S, E 5 8 55 o B b b A P an
BRBERR A>Tk 2 o 52 A8 A Y AR BRSNS 22 iR
FRtE e ARSI R, X IRATATP Y & L 77
HFFEACH TR, Takeda®:"MA Ry, Hi DU ST LY
TEE AN Z ATPR W, B RN 20 R2 (5 BLATPY HiT
Y WA AR EEMER, WEIKRGS °0)
B % T A RS R MK A, I T B R g DL
ML AR B . R MATPE R 7E2 dA L
A ARG, 3BT TR R R A A Y
fia K B AN WTBEICATP, wRckh 1 I 72 mp A 7
¥Eo BHA VKRR AT ] A REH , 4 dJiS 340 b DL A L
ATPEIEAESR R, R sl LR, 52
JUL &t BT PR T B o B B DL IMP AT AMP S &2 3
fef IR (4 4 Y, T Hx R HXR DU 23 52 804 AR 6 P
{18 A TE (5 )2, R DL P 5 L IMP A A
Ik, 5 Pacheco-Aguilar?E ™26 — 2, X ] #E

123 4 567 MO 123 4567

&7 ki iR PR3 R W F F ALK A M & 5 SDS-PAGER]
M.Marker; (a)%f B2 (b)Y 953 d4l; ()8 977 d4l; 0~72 B L UK 0~7 d

Fig. 7 Changes in constituent of soluble protein of P. yessoensis adductor muscle during ice storage

M. Marker; (a) control; (b) preserved 3 days; (c) preserved 7 days; 0—7 shows the day from 0-7 days in ice storage
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2 T b DULIA v ATP R R i3 45 ATP—ADP—
AMP—Ado—HxR—Hxi& 4, MAEAIKAKATP—
ADP—AMP—IMP—HxR—Hx& &Y, HxH
HxRAE MR GACH =, vK3 dINAEfE AR K, vk
i3 dJe RGN, TN A RE DU R A
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Ao B B B TN, ] DL g 3~7 4B SR
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magellanicus) 417 L pHIE 5 & 0 0% & 8 A B4 1Y
FHOCHE s Kawashima PO\ B DL HA 52 L i 9
pH F &R BESR A F &3 D1 A B 7= A 19 2 a6 A 3L
M2, )5 W pH T BT 22K B A W0 8 ™ A=
FLMR . B FRE, e 0 SE WS R S
T ST Re S T AR AR A R b e DR A
BT R A AE, HRAEg IR R b
TR B AR S, R DU AN B AR A A S
FTE . VK AR R DL A LK I B R
B AR, B W T UL R AR = B0 T R
MR . KR A A AL MATP S =22 1k
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i A AT B DL P 58 LA A R TR AT ) D
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Frat fErh RS R TE M R AR T b, WEES
Wit — 2 oE . WRoE R, B3 LR A O rp s
JURT BE VR A W30, LA A X6 T o 114 i TR R 6% 242 3
FEA R o CRAE R RPN T, SRR A R A
AR B Ak AT LR AT 6 B [ 1) 47 5%

SE M

(1] Ak BUE R . 2016+ Fitlk 484 46 M].
Jemt: O B AL, 2016.
The Ministry of Agriculture Fisheries Bureau. 2016
China Fishery Statistical Yearbook[M]. Beijing: China
Agriculture Press, 2016 (in Chinese).

[2] Kawashima K, Yamanaka H. Effects of storage

temperatures on the post-mortem biochemical changes in

[10]

(1]

[12]

scallop adductor muscle[J]. Nippon Suisan Gakkaishi,
1992, 58(11): 2175-2180.

Jiménez-Ruiz E I, Ocafio-Higuera V M, Maeda-Martinez
AN, et al. Effect of seasonality and storage temperature
on rigor mortis in the adductor muscle of lion’s paw
scallop Nodipecten subnodosus[J]. Aquaculture, 2013,
388-391: 35-41.

Kimura M, Narita M, Nomata H, et al. Effects of storage
temperature on the rigor of scallop adductor muscle[J].
Nippon Suisan Gakkaishi, 1997, 63(4): 621-626.
Kimura M, Narita M, Imamura T, ef al. High quality
control of scallop adductor muscle by different modified
atmosphere packaging[J]. Nippon Suisan Gakkaishi,
2000, 66(3): 475-480.

Kimura M, Narita M, Nomada H, et al. Effects of
washing methods on the rigor of scallop adductor
Muscle[J]. Nippon Suisan Gakkaishi, 1999, 65(1): 103-
107.

Kimura M, Narita M, Imamura T, et al. Seasonal
changes in the rigor of scallop adductor muscle[J].
Nippon Suisan Gakkaishi, 2001, 67(2): 280-285.

Bagni M, Civitareale C, Priori A, et al. Pre-slaughter
crowding stress and killing procedures affecting quality
and welfare in sea bass (Dicentrarchus labrax) and sea
bream (Sparus aurata)[J]. Aquaculture, 2007, 263(1-4):
52-60.

Mochizuki S, Sato S. Effects of various killing
procedures on post-mortem changes in the muscle of
chub mackerel and round scad[J]. Nippon Suisan
Gakkaishi, 1996, 62(3): 453-457.

Okamoto M, Saito H. Examination of handling
procedures of Japanese Spanish mackerel
Scomberomorus niphonius caught by shipboard
angling[J]. Nihon Suisan Gakkaishi, 2011, 77(6): 1083-
1088.

Okamoto M, Moviwaki K, Kiyokawa T, et al. The
freshness actual condition of Japanese butterfish
Hyperoglyphe japonica by angling and examination of
various killing procedures on board of Japanese
butterfish[J]. Report of Shimane Prefectural Fisheries
Technology Center, 2011: 47-53.

Okamoto A, Honda E, Inoue R, ef al. Influence of
storage temperatures on losing post-mortem transparency

in the mantle muscle of Oval squid Sepioteuthis

http://www.scxuebao.cn



894

Ko AR

4%

[13]

[14]

[15]

[16]

[17]

(18]

[19]

lessoniana[J]. Nippon Suisan Gakkaishi, 2008, 74(5):
856-860.

Aune T F, Olsen R L, Akse L, et al. Influence of
different cold storage temperatures during the Rigor
mortis phase on fillet contraction and longer-term quality
changes of Atlantic cod fillets[J]. LWT-Food Science
and Technology, 2014, 59(1): 583-586.

Heising J K, van Boekel M A J S, Dekker M.
Mathematical models for the trimethylamine (TMA)
formation on packed cod fish fillets at different
temperatures[J]. Food Research International, 2014, 56:
272-278.

Tamotsu S, Sugita T, Tsuruda K, ef al. Recovery from
stress of spotted mackerel Scomber australasicus by
briefly resting in a fish cage after capture stress
treatment[J]. Nippon Suisan Gakkaishi, 2012, 78(3):
454-460.

Hu Y Q, Zhang J Q, Ebitani K, ef al. Development of
simplified method for extracting ATP-related
compounds from fish meat[J]. Nippon Suisan Gakkaishi,
2013, 79(2): 219-225.

Verrez-Bagnis V, Ladrat C, Morzel M, et al. Protein
changes in post mortem sea bass (Dicentrarchus labrax)
muscle monitored by one-and two-dimensional gel
electrophoresis[J]. ElectropHoresis, 2001, 22(8): 1539-
1544.

Jiménez-Ruiz E I, Ocafio-Higuera V M, Maeda-Martinez
AN, et al. Quality and shelf life of the adductor muscle
of lion’s paw scallop Nodipecten subnodosus transported
and stored whole in refrigeration[J]. Interciencia, 2012,
37(6): 464-469.

X3, MR R, IG5, 25, 4l J5 A B i ot P F U 28
5 DUAEARAR I I RE IR [T]. 7K 77 544k, 2017, 41(1): 81-87.

http://www.scxuebao.cn

[20]

[21]

[22]

[23]

[24]

[25]

[26]

LiuJ Y, LiuJ R, Tian Y Y, et al. Effects of post-harvest
handling on biochemical metabolism of bottom cultured
live scallop (Patinopecten yessoensis)[J]. Journal of
Fisheries of China, 2017, 41(1): 81-87(in Chinese).
Takeda T, Aknio M, Imamura T, et al. Effects of low-
temperature preservation of Japanese scallop adductor
muscle on rigor mortis[J]. Nippon Suisan Gakkaishi,
2010, 76(5): 946-952.

Chiou T K, Lin J F, Shiau C Y. Changes in extractive
components and glycogen in the edible meat of hard
clam Meretrix lusoria during storage at different
temperatures[J]. Fisheries Science, 1998, 64(1): 115-120.
Cox D H, Karahadian C. Evaluation of microbial counts,
nucleotide degradation, and sensory attributes of cultured
and wild yellow perch (Perca flavescens) during
refrigerated storage[J]. Journal of Aquatic of Food
Product Technology, 1998, 7(1): 5-26.

Pacheco-Aguilar R, Marquez-Rios E, Lugo-Sanchez M
E et al. Postmortem changes in the adductor muscle of
Pacific lions-paw scallop (Nodipecten subnodosus)
during ice storage[J]. Food Chemistry, 2008, 106(1):
253-259.

Wongso S, Yamanaka H. Changes in content of
extractive components in the adductor muscle of noble
scallop during storage[J]. Fisheries Science, 1996, 62(5):
815-820.

Hiltz D F, Dyer W J. Octopine in postmortem adductor
muscle of the sea scallop (Placopecten magellanicus)[J].
Journal of the Fisheries Research Board of Canada,
1971, 28(6): 869-874.

Kawashima K, Yamanaka H. Effects of chloramphenicol
on post-mortem biochemical changes in scallop adductor

muscle[J]. Fisheries Science, 1994, 60(4): 461-465.



6 1Y) HTCH, &% f05 87 95 X0 08 5k DL A e JULAE Ak 1 52 il 895

Effects of post-harvest handling on rigor of
the Patinopecten yessoensis adductors

TIAN Yuanyong, LIU Jinyang, LIU Huihui, ZHANG Long, LIU Junrong"
(College of Food Science and Engineering, Dalian Ocean University, Dalian 116023, China)

Abstract: The post-harvest handling of Patinopecten yessoensis has a significant effect on the rigor mortis which
is an important factor affecting the quality of the adductor muscle. The effect of preservation on the storage of the
adductor muscle was studied to delay rigor mortis. Three treatments of live storage were designed, including
control with non-p preserved, preserved 3 days and preserved 7 days with circulating seawater-preserved at 10 °C.
Then the scallops were shucked and the adductor muscles were stored in ice for 7 d respectively. Rigor mortis,
biochemical metabolites including ATP related compounds, K value, glycogen, the content and composition of
soluble protein and pH of muscle tissues were examined during ice storage. The results showed that regardless of
whether the preservation support, K value was less than 5% in 3-day ice storage, and it can meet the requirements
of sashimi. With preservation, the content of ATP increased slightly (7 d group>3 d group>control group). The
content of ATP maintained stability in 2-day-ice storage, which can inhibit muscle contraction to reduce the loss of
fluid. The content of glycogen and soluble protein in preserved group was lower than control group. In addition,

the 30 ku protein from the preserved treatment group disappeared 1-2 days earlier than from the control group.
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