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Fig. 1 Initial quality factors and upper limit of quality scheme
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PR A S B TR AE T, 7E 2 CCIEMTAE P i
120 h, ich SCD 4, fHfEE R Sk i i s 2 an
K2 Fis,

(@

spinal cord

(®) (d
B2 WEERELRIREE
(a)~(b) ¥ F i F RERT ; (c)~(d) BR LR i
Fig. 2 Spinal cord destruction (SCD) illustrations of
P. olivaceus

(a)-(b) section of spinal cord of P. olivaceus; (c)-(d) destruction of spinal

cord by a wire
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BEANA 10 mL 20 mmol/L LZFR4H, FHTAFHL 3 000x
g ¥ 30s, #E 20min, JI%E pH, 43 EE.

ATP B KB ATP N HSCHE) & =g
ES X E S Wk, PRI g NLARE
i, A 10 mL 5% [ PCA 7. B HEAT4H U5 7E 10
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WLEREE (1AL Bh 2 1 A0 25 A ik o, LEREE 1
LS 8 s AR 9 2 AR, BRI T LA ) i
45, P TR EY., fESEE 6 h N, 3 4LHERT
WAEAEMEE., SAAEEKRERE, 7F 6 h FHEEH
FREGA R 65%, I KMEHE KL 6~12h, SCC 4
BEBEAE 6 h NS T, 624 h NREEE,
B KB B R B AE 24~48 h(& 3), ML T X 241,
SCD 21 77 #& A~ IF aed  v JU) S /s H R4 1 £ B &
JEit e, B E ARG, 7F 48~72 h,

100 —e-scD -m-scCc -a-SA
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m g 40+
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20+
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B3 BItNHGREXNET EHEEEHARMm
SCD. WifiiAb B ; SCC. Wiifidb®; SA. ®REES; TH
Fig.3 Changes of slaughter stress intensity on rigidity
index of P. olivaceus

SCD. spinal cord destruction treatment, SCC. spinal cord cut treatment,

SA. suffocation in air treatment; the same below
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Fig. 4 Effects of slaughter stress on muscle contraction

rate of P. olivaceus
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Fig. 5 Effect of slaughter stress on the breaking

strength of P. olivaceus
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FURR, i pH {HI 5 FF, SCC 4H pH 7E 6~12 h it
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Fig. 6 Effect of slaughter stress intensity on pH of

muscle of P. olivaceus

BT LGRS AT AR T 8% ATP TR Rt 69 %
o W EEALA RIS ATP &5k 3.13 umol/g,
SA 4 ATP 7V 5 6 h PR FE Ak 0.47 umol/g,
LR IMP iHGEF B R 7.15 pmol/g, 7F 12 h B ATP
B A% M 0 pmol/g, SCC 41 ATP &1 6 h iy
2.95 umol/g T [ % 48 h & #R AR . SCD 4 ATP
BRI 2208 TR, B 6 h 1% 2.69 pmol/g
TFREZE 72 h &FFER, UL IMP & EA4EFETER
7K 7.82 pmol/g. [RIET, #74fH Hx 247 0.10 pmol/g,
B 5 E J BsF [) S 57 e R 388 o, 3% A 0 S ff
JEA T T B SA ZH B W [A] i G4, FE4

120 /INAF, Hx 75 5 853k 3.56 umol/g, SCC 4 Hx
5N 2.54 umol/g, SCD 41 FEAR 1) Hx ) & &
AL, M 1.56 pmol/g, FEAREAVIIE], 3 4144
KA F] HxR BIFEAE (3 1)

23 BRENAHSEESHAGRNREN

I B 5R AT AR O R 6 B R 1
Ko R AR R R, 7F 6 Fil 48 h i),
34 EA 2% S (P<0.05), SCD 41 SCC 4H M
FEAE 2 9 g 53.57. 54.15 Fl 53.49, 52.92, W&
T SA 41 50.77. 50.96, H-AhET A 25 W TG 25 25 5
(P>0.05) (£ 2). EEEAEIIE], FHEEF 540
A, SAAMERIEG, HE, B, ilhE
A L(E . P EASE S a EITR

HOU T AR IR T SR R E M T
Te e F e, S UL PR A AT 1) O 2 TR L B
SRR, PR SUCE BERIA SO B 1 4 o 6 L
WL B, e )5, JLFArAE B NLIA 40
JHO#R S5 2 e A — . SA AIAENRE] 12h, K
S 1 Ty LS FI LN M ) A TR, I SCD 41
SCC 4H A W25 2| B B A 40 f [B] B . 7ESEJS 48 h
SCD A 4ffaI BRI 4h e K, H/NT SCC 4L 2l
(B, LOR SA ZHL S B0 K1) 200 A e B (1 i) o

24 HIENHEEXRRE AN
PRI P A9 B0 (2 2 0 i 82 A DR ) e A7 25K

R1 HIEMHOBEXH I EE ATP K XX S200
Tab. 1 Effects of slaughter stress intensity on ATP and its correlates in P. olivaceus umol/g
287 R [B]/h - storage time
groups 0 6 12 24 48 72 120
ATP SCD 3.13+0.11 2.69+0.27 2.13+0.29 1.34+0.17 0.46+0.08
SCC 2.95+0.04 1.99+0.13 0.52+0.04
SA 0.47+0.03
ADP SCD 0.30+0.06 0.61+0.06 0.72+0.24 0.47+0.02 0.20+0.03 0.23+0.01 0.22+0.01
SCC 0.61+0.12 0.62+0.12 0.18+0.02 0.18+0.01 0.21+0.01 0.22+0.03
SA 0.68+0.26 0.64+0.15 0.1740.00 0.17+0.04 0.21+0.02 0.17+0.04
AMP SCD 0.22+0.03 0.18+0.02 0.22+0.01 0.49+0.04 0.17+0.02 0.15+0.01 0.15+0.01
SCC 0.16+0.04 0.22+0.08 0.16+0.02 0.14+0.02 0.15+0.00 0.14+0.00
SA 0.38+0.07 0.24+0.03 0.15+0.00 0.11£0.01 0.14+0.02 0.14+0.02
IMP SCD 5.20+0.17 5.52+0.14 5.70+0.21 6.2040.07 7.74+0.13 7.82+0.16 7.00£0.14
SCC 5.31+0.39 5.9240.15 7.61+0.03 7.15+0.41 6.82+0.01 5.89+0.31
SA 7.15+0.04 7.30+0.44 7.69+0.09 7.16+0.08 6.09+0.02 5.13+£0.02
Hx SCD 0.10+0.04 0.19+0.03 0.25+0.03 0.31+0.00 0.41+0.15 0.90+0.08 1.56+0.16
SCC 0.16+0.02 0.33+0.11 0.65+0.09 1.02+0.16 1.68+0.21 2.54+0.32
SA 0.21£0.02 0.61+0.05 0.99+0.01 1.66+0.05 2.34+0.07 3.56+0.12
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Tab.2 Effect of slaughter stress intensity on whiteness of P. olivaceus
S5 JeogEi [)/h  storage time
groups 0 6 12 24 48 72 120
L* SCD 52.85+1.89" 53.76+0.59" 52.75+0.40° 52.15+0.18" 53.69+0.66" 54.73+0.38" 54.20+0.37*
SCC 54.30+0.05° 52.90+0.75° 51.81£0.64° 53.12+0.13" 54.51+0.55" 52.90+0.24*
SA 51.29+0.48° 51.10+0.32° 50.59+2.40° 51.23+0.05° 53.64+2.20° 52.97+2.30°
a* SCD 7.62+2.84° 3.91+0.88° 3.13+0.20° 2.88+0.31° 3.42+0.53" 3.53+0.97* 3.58+0.46"
SCC 3.44+1.07° 2.65+0.20° 3.26+£0.31° 3.78+0.53" 3.27+0.32° 4.00+0.11*
SA 4.47+0.09* 4.06+0.52" 5.55+0.63" 4.24+1.16" 4.2240.10" 3.94+0.48°
b* SCD 0.20+0.55" -0.86+0.02° —0.66+0.11° —0.94+0.41° —2.30+0.00" —1.85+1.15° —2.07+0.96"
SCC 0.18+0.07° —0.23+0.26" —1.42+0.46 —1.96+0.33" —2.4140.33° —2.40+0.25%
SA —1.06+0.01° —1.54+0.55" —1.50+0.89" —2.52+0.17* —2.61+0.28" —2.47+0.22°
w SCD 52.13£1.41° 53.57+0.52* 52.63+0.37° 52.03£0.20° 53.49+0.74" 54.53+0.51" 53.99+0.37*
SCC 54.15+0.13" 52.82+0.74" 51.70+0.64" 52.92+0.10" 54.27+0.61° 52.65+0.26"
SA 50.77+0.19° 50.89+0.30" 50.38+2.53" 50.96+0.04° 53.34+2.14" 52.72+2.41*

W RPAFE/NG FRER R % 7 35 (P<0.05)

Notes: different lowercase letters in the table indicate significant difference between groups (P<0.05)
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(B 7)o LIRSS R (48 o E AL AT 3Z 21 A R

BN, REF T A RYECE L. SCC 4146 i A
Wi RS, MAERTERILT:, IR EIPN,
i i v R AR GO AR F R SR AL, PR 6 h b
i PR EIRIFLA G, SA HE A PR R fE =

SCC SA

R ]
N ? 'a'..“ \\s‘l Y ‘i
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e SRAEAS
2 ST R ! EiaN
SNSRI RSSO
A NAONANNE X %
% Sraza g XN
RARNesante!: |l egvar 5ot

!
A

0,
s
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f 42
g

A

48 h

4
P
Y
VS N AN 0gv8°43%5 5}
EhR  BUZERHGE E X8 8T A PO B B S R0
1. J5R & 2~4. 12 h (9 SCD 4. SCC ZHA1 SA #H; 5~7.48 h f) SCD 41. SCC 411 SA 41

Plate Effect of slaughter stress intensity on cross sectional microstructure of muscle of P. olivaceus

1. raw material points ; 2-4. SCD group, SCC group and SA group for 12 h; 5-7. SCD group, SCC group and SA group for 48 h
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PR RIB A 57 BOE, 1 BRI AR R Y
08 v I TE = DA T S, R g
BB AL, T 6 h I BERF L6, 10
U 8 37 1) N AR B

&7 HERNEERETETIIRE R
(a) BIEJG L ARAR R FIOAR L,  (b) 6 h g 8 5 it As ik, ML
B TR KN SCD 4. SCC 41, SA 41

FREVENE

Fig. 7 Effects of slaughter stress intensity on
sensory quality of P. olivaceus

(a) the color changes of fish body surface after death, (b) the color
changes of dissected fish fillets at 6 h, which are SCD group, SCC group
and SA group from top to bottom

3 Wi

31 HBIFHEEEERRFM

R IE 5 s fE RSN R IR E
Tl R BOE T 2 R B S IR L R 2 5 v i
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FEFESG 15 h ik Bl RABEL, HHEL TWigEdl, sk
BEMEAERT 6 W', ARSCE s o B4R B 45 5L
AL A HAL, SA AR B LA AE 6~12h,
BERPARARE, SCC 4 KR H & A 1E 24~48 h, SCD
H f RAR R A AE 48~72h, W08 T H Al 2 4H .
FH O T DL H R B R A 0 2% AL ) 8 B &
A, BRI AR E T . B R IR A
4 A BTAE 10 °C WA/ T, FEJ5 12 h 3 B
B, 20 h SEARAEHA E] 743%™, A S SCD 41
BT AR B ) & 2B 78 6 h I, 0 S IK A fig 2
% T B 5 T A L1 i A s (), AR S O 3
H0~2°C, B TTRENEDLE T, WU WX
Ca® (W WCHE TIARAR, DLIE I i 9 Ca®
T LB &E 1 Mg™ ATPase 4", i n] fg & A
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iRst)E, BEE NI ATP B fRE e,
22 LBk LAl 2 IR E A Z B kA1 g, WL
A, WUR & AEWCAR™, W6 LA W4 2 i TRl
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SCD ZH LI A= W1 Wi, R A Bt B8 i B ]
MIER, SA A fARNRE Ca ML/ IME AR FIZ AL
RAEBIIREE S, SR Cam b, WL PR o

JUL PR AT L 11 5 B8 R A SO A 2 e S0 1] L PR B
FE AR AR, B E MR B H AR (Scomber japo-
nicus) WL PR Wr 2450 B 5 %5 QBT B % A AR 1,
TR AR T 12 h, ZJEIFEREN . AR
i SCD 4 Wi 5458 B2 T B pof 1] 15 1At 2 2040 L AESR
T 6h, KEAHFTLI, AS[F 548 5 1 A5k
AU 2ER, EIAARET, B B AR ket
W0 T 4 (Sardina pilchardus), TE 4 °C 2140 F
W3k, SEJE 6 h A Ak . AHXF T T
Lb H A8 P AT 4 °C Z0F TR, LS 3 d A
Tin 1212 4k ik, 218§ /R J5 fili (Takifugu rubripes) .
HLU (Pagrus major) TESLJ5 6~12 h Ji5 Wy 2458 FF i
—JE EAR A, WLRREEE AR A —E 55
SRR E A, PR AL 43 0] 3 T AN [ 1) 4y 2R A
R, USRS M T L0 R i S 20
77 81 PR ARS8 32 2 e UL Ry = ) JUL AR L R A7 A T
JULAR 1) 7 &5 0 2 LS [) s e O 4528, R L A
) A5 R A R Y RN, FEAR SR, SCD
LHAE 48~T72 hik B de KRB, W B8R AN
493N, AJLLA Ryt A Ak S BT RS 23

32 HYIEFERREEEENERZREER

J& 52 05 VR R AR R Sk BT GBI R 2 —
191185 B B 1 2P A A 0] R o BT St TEAH O o T
TR BAEI R BT | A B s N B A BT
M, s T ST R B K R B T
WIR T RS, (LS PR AR XS P
PR RN A S B N TE B T,

FEAOE B AR, AR pH (R AR oM B
L MIEIR, AR R VY VEEE | g A
1 (Thunnus albacares) I H A 2] (Anguilla japon-
ica) BARBYH) 4h pH (E 5 55 14 FE TR O 6,
CO, R 1 5 14 #5 (Dicentrarchus labrax) ¥ i pH
631, EEL pH N 6.01%, fEASIE . #2F
B 7 335 52 9 5 5 B ZI e S, A5 B )

https://www.china-fishery.cn


https://www.china-fishery.cn

1174 KopE OE R 46 45

i pH 7.03, W LU H i #2500 4 2 BEAE i 77 A
B N B /N o Azam 25 P X UKk T 85 (Oncorhyn-
chus mykiss) f B E e PEIBFIE R B, S ICEE )
TEAH G, 2 PR A e AU e LY
P L R pHo ASAFSY SA 2R BR pH & A= 7E
FEJ5 12 h, SCD HW R pH & 4E7E 48 h, HIEN:
T, SCD 411 pH HARAEFFAE R mK T, Z
JEREE TR, MDA, BRI
WDFERTI . I8 pH T REIA 4071

o1 PR I B 5 B0 IS A A 1 AR A AR Ak R R A
Ko HEFEAKREHEESWREEY R, HARNA
H1ATP & & 5, Z )5 ATP il [% fi# i ADP,
AMP, IMP, HxR il Hx ZRIf=90, A 5apin:
I 6ERI U6 ATP & 5t 53k 4~5 pmol/g, &5 TWT
BESR AL, AL rh RIS ATP F 1K,
313 umol/g, BT, 0] fE24E A 8 AE Bk
S JE B2 UEATA 7RIS i A rh ) O
KWK, FEATP WIHAE . AR 45 R WoR
SCD 40/ ATP 5 7E 48 h 5 AR R 0, FEfif
RUIRE T 5424 . A% 120 h i SCD 4
IMP & 54/ E ik 7.00 pmol/g, KEWFFR A, f
A E R EER Y B R 2 IMP, B2 ATP R
W Ry, E RN IMP 2 — s AU
Wi, SHRARRMNARENEER, BYom I EE kR
JEP, SRR G R, W0E Hx R 0.10 pmol/g,
i 5 B0 s () S K B g 0 T A0 i, 3 i 2 o
JEA T B . ARSIV SO ] SCD 41 A AR iy
Hx A% 24 E AN Hx AR N PR A i
JERFE bR, SCD ZHAIR & 1) Hx 2 B A 86 ol i 38
(1) £ 1] DUFEBE IS BN AR SR 627 fR okl
W IR BE A BOE 7 15 T LA 2% ATP B R, &%
PR BE PR RE IMP 1) & f, I/ Hx AR

FEN R R, LEF eS8 55, IR AT 4k
AR, ASBEHCHT S [ W =8 3 T 5 LR 4 LA 4
UL 240 O P A B B S SOUL IR A L TR 1
G, Mz R R BRAR R, P AR
PdRiE, Y4 H ARG AESE TR LI, Vv R R
AR il A5 2 i, WEM T My v R R R
PR Se A e A M AN A s G L 4L, VR i T 2R
P15 A T R 55 40 A1 JE 45 4 2 2 A AL RN £ A Y
HALA B0 ARSI SA 4 i T I a 78 25 A
A, LR T RE S B R LA LU, &
B Z R A5 5 TR, PR A BOR B A AR ]
X5 SA 2 i B i B R T BRI 45 RAHAT A

https://www.china-fishery.cn

F AT DA AL PR 40 A ] 14 23 (] 48 1 1) R 55 LA
AL HEYI KR, LT SAZH, SCD 4L LA 4n
ML R B AE 2 d A B B 8, HIHE/NT
SCC 41 F1 SA4 . it —2L Ui B] SCD 4 7 S Hi i 32
(R R 3B/, (A LB AT 2 HE 51 55, 40 i [ it
L

3.3 HWEREGKFES XM ERITN S5EIE
N OPER AN

Fe AL G OB A 7 S SRR A K™ il i
T A R B 4 SR BRI o 3 3 AT T
T ALGE T 10, AEBUA T8 7 il il B ARG T 27K
Jr B 2203 % 1A V4 B i i S5, S T T AN B
Jib, 3 SO U 22 56 I B3 ) S
A%, E MR 35 B2 A R DR 32
FUSCTERE AL o [R] % £ 2R U SR 1 Bik g
K, —aRmEH A E s s TR
A B S A RGeS O3, B DL DD 2R ik
Il ¥ 7K SR B £ 2 A BT A S IR R . AR 5K
WA R Al IR, 16 6 RA S = I Tas
gk R P O B ARIK A, B4 B ST IRAS
EXFLERA, 2B A BN IIEES 1
27 6F gL BT R R, S T BRI E N, [
I S D7 LA B RS i i BT, SEEL T HBOE
JIEX i BORCK BEAT IR . ML, BT K IR A
A R T HA —E d W (81 1), AP HE
Xt BRI 10wl SRR T, AR BEAE ISk
HEATRAAE , TERAESRAE T B K R 2 R
RE JHE G2 T35 AT B /K 3z i aod e v 4 A D7 38R 3
A BT R B, AP T IRk B B, i
CRERTATTIET U i SO TP S Vs

4 25

A FRE SR B A AE — A~ K AR il 0 1 7 R B
WL, BKEZZMNERRE. AT
LR BER R T et BTk . PSSR, A
TR i X o B AR L 9 2 IR 1 0 448 Bl el 42 R
ge, R g s EILNEE), &R
FIRE Ml I /L 1 5 R 8 2 B SE R, 48 2F BT A
ECRSRERFSE 2~3 d, FEL T ATP BITHAEFIILIA
HAZ FLR BRI T 4 ROIRCE W
T e 0 A

(3 7 BA A U 55 B sl A2 B Al 22 &)
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Upper limit of quality and freshness control of
the culture Paralichthys olivaceus

ZHOU Jin, LIU Junrong, ZHAO Qian, QU Qinkun,
LIU Yuepeng, XU Tanye, TIAN Yuanyong
(College of Food Science and Engineering, Dalian Ocean University, Dalian 116023, China)

Abstract: Post-harvest fish suffer slow and painful deaths by asphyxiation, crowding, or even crushing. Stress and
stress-related quality changes of farmed fish is necessary to explore. Instead of live fish in poor condition at the
market, providing freshness-locked products with sushi-grade near to upper-limited quality of farmed fish is more
valuable. In order to establish a technical system for post-fishing regulation of freshness of factory farmed fish, the
formation and change mechanism of sashimi grade quality of mariculture white meat fish were analyzed from the
point of limit quality. The brown flounder (Paralichthys olivaceus) was taken as the research object. The limit of
muscle quality was explored via different slaughter methods. That is, extreme treatment was used to explore the
upper limit of fresh quality. The upper limit of quality was obtained by spinal cord destruction treatment (SCD),
and the lower limit of quality was obtained by suffocation in air treatment (SA). The two limits of quality were
compared with the spinal cord cut treatment (SCC), which is in wide commercial use. The three slaughter treat-
ment groups were refrigerated at 2 ‘C for 120 h. During this period, rigidity, breaking strength, muscle shrinkage,
muscle pH, ATP and its related compounds, whiteness, microstructure and surface color were analyzed. The res-
ults showed that the effects of slaughter stress on quality and stability were very important. The SA group with the
strongest slaughter stress rapidly got into postmortem rigidity after 6-12 h and then the stiffness was relieved. The
SCD group with the lowest slaughter stress reached the maximum postmortem rigor from 48 h to 72 h, and the
rigor index increased slowly, showing the best stability of cold storage. The SCC group of conventional commer-
cial disposal was between the two groups, and the quality was significantly better than the lower limit quality of
SA group and inferior to the upper limit quality of SCD group. Similarly, the lowest slaughter stress group retained
the highest ATP, and the ATP content in muscles decreased from 3.13 pmol/g to 2.13 pmol/g in SCD group, com-
pared with the 1.99 umol/g in SCC group and 0 pmol/g in SA group at postmortal 12 h after slaughter, respect-
ively. The time to drop to the limit pH in muscles was 48 h in the SCD group, 48 h in the SCC group, and 12 h
after death in the SA group. The results of observation and colorimetric analysis showed that the strongest
slaughter stress SA group had the worst muscle appearance, showing the lowest L" value, higher ¢ value and lower
b" value. The microscopic structure of the muscle showed that the intercellular space was the largest and most
unstable in the SA group. The effects of slaughter stress intensity can also be obviously observed on the surface of
fish body. The greater of stress, the more serious of congestion in fins. In conclusion, spinal cord destruction dis-
rupts the motor nervous system with minimum stress intensity, minimizes muscle movements caused by spinal
reflexes, and minimizes slaughter stress in living P. olivaceus , which is the key factor to meet the limit quality.
This study provides a reference for controlling slaughter stress to obtain the best quality.

Key words: Paralichthys olivaceus; slaughter stress; freshness-lock; upper limit of quality
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