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BRI A S VGRRRE, TooK s i AT LU
AW AR, T L AT AR PR R T T B
B ARG EY, AP R, oKk IrEe
BT T3 e K 8 S B IE AR e, ) G
i (Oncorhynchus mykiss)™,

o (Scophthalmus maximus) NS R SRy
[l VR E2Y (g S 3N P NS =
WG ZH 2L 0 f R A 2 1 A, RS AR b A
RNV AT —, 20019 F =B 11.6
Jit, 2018 4K 7.54% M, HE, KIE6E(H
7 3 KA T 375 A0 R8T 52 3 it A 45 A =X
AIRR T o PR SRy R 2 B 22 B AR IR N T 3 R R
A A B B V2 JEE 7 o TS S 0 R . A BESE
BT RGP KFNTCK R IG s 5 T2, WUR
PR 3 iy v R 22 B 1t v A= 3 AR AR 48 B AL IR
BT AT TR A3 AT, DA SR K S BT R Iz i 2
st =2

1 MRS T

1.1 SREHR

JEE B (1 5 1 2 500~600 g) W [ ¥ 17
AR X s M T, (A 8 °C f TR E
iz EH Hs k8L E, BaEEsTn
KA SR 2d, DAl HGE B S IR EE %A
(KRR 13 °C, #hEEN 25, pH N 7.5, F
YA 5 5o 6.0 mg/L,

1.2 W&

LX-100VIR ##liz ik zh &5, LilEEFAY
B Multiskan FC BB R4, FEER K /R
() A2 A FRAS A 5 N4S B AR ] UL A3l 6 B
I, BIACHR R AR B A BR A H 5 LP-20 7K
W = A — BN, WY % H A Sk A R
vl F2640 A Z i B RS, 35 [E Fluke 28
Al ; JPSI-60SF ¥ fift s A, LA H B 24X
P ABRA F) s GL-200 2 A KA, 1L ZR
ML FRS AR A BRAF] 5 S810R 1=y HLA Ik 25 0
ML, B30 TR A R AR CK-201 i
FETHIA L, TR TR A FRA T
1.3 LWHE

K& SPA RAREE TERZE =8
FR2dJE, AR KHK KR LL 2 °C/h 13 5 A
13 °C [& % 8 °C, HL 40 & fd e 1) KE 146 Nk
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8 °CKIm¥ARIAS, KFELL I 13, 4871
Tz Raikais, R TEEERDS
AP IR AR N, B A8 IR B 6 A E R 100
t/min, FEIZE R 25~40 km/h, HEATRLILEH, 7E
FELZ fr et FE A9 EE 0. 6. 12 118 /AT, HEIK
BEMLIHEL 3 275 AR fh BT H8 AR A I

KE G AREZH W 40 KRS0
BEIE2d)E, FIRHE KV KE DL 2 °C/h 13
FM13°C[EZE 8°C, MiJF4AvKASHILL 1 °C/h
F) SRR K TR N 8 °C [ & 2 °C, #R5R IAE K IR
() K 32 B 6 Hoik T R4S rh IR 4 L,
MIRHE RN 1 5%, WIS NS HEN, IF
PR AR, WERTE, BHSHER
g FRARIRAE (B2 8 &, IRl IR
B, 3t 52 b L T B LS, 7EA LS
HREFRE 0. 6. 12 F1 18 /NF, A YR BEAL I EL
3 R IG AR AT AT .
14 HREXESHH

8 1 2 mL — WP A S 2 AR i Ik b o
S MAINBUEER], #E#3) 2.0 mL B0 %, 7E4°C
M) VK A8 HCE 2 he RS LA 3 000 r/min & 0> 10
min, W IMEUWELE 1.5 mL B.O08 T, HEaET
—80 °C FLE 4T N T I b T i 305 iz g o 72
LA S AR AL, 45 A Lefevre 61" 1 U5 1,
XFRZEGE TS FRNLA (BREH 3 4N) SEATBURE, 20l
PER 4, — &4 FE i E A, T pH;
Ay A VK L, TGE S IR B AT AE 20 °C vk
b, UL A LR 845 .
1.5 BLEEFRAYN E

WLPRI K 3 F 4% B R bR 7 v (GB 5009.3—
2016) P HEE B ELICE EE (GB 5009.5—
2016) ME"; FHARDTE S # P (GB 5009.6—
2016) P5EN,

B REEOESE %, A pH 53k LA LR ()
pH {E. e EES . P E LA o A 2
A0 LA Y pH (B (3 3 ¥k, HOFE1H) .

FH L2 A I 50 & (e st e AR ) AR B
FEIT) D K ZE 6 LA ) LR A0S DL, I8
AT UL G B TR TR
1.6 IMi&REHIEFRAINE

HE A Kz J5 I ELISA 32 7 &5 il 38 7 A% 156 B B
(P E Bz B A R /), a8 1 o0 il

https://www.china-fishery.cn


https://www.china-fishery.cn

1036 KopE o R 45 4

FE RN E LV B S . RS A9 R (GLU) A I IR IR
Z A (BUN) & 200 A i & (i s @ik )
TRERFGE T $EAT I 5E -

1.7 ATP #HXLEHINE

MG Fang 551 1975 K00 ATP AL AW -
o FH =3 A5 AH 385 4 (VP-CDS Cyg (3 4E) 70 A7
ATP MRS Y, 4G =BERR IR 1T (ATP),
BRI R (IMP), JILH (HxR) FIIK 8 E4 (Hx)-
155 FH 5 %) 5 VA B 0.05 mol/L B B 1R £k 2% vh %
W (pH 6.5) fE it ghAH . Ji# 1 mL/min, 4
10 ul, 7E 254 nm A4S H 0
1.8 IS

4% 5l | Microsoft Excel 2007 1 SPSS 26.0 #

X S B 25 R AT G M. FEHR R T 2= 00T
pO3EmE |, % Duncan [C £ 8 AR HEAT 0 HT,
G E Y E bR e 2, B E MK P<0.05,

2 4

21 AAEFRITHEN

gt 18 h Bz )5, AKFTCKE
fiy 20 22 6 UL IR oK 43 FIRR 7 & 1 3 R B (P<
0.05)(F% 1), A E B, AHKRNZ
fi AL ) R 25 A P K A B i B R T G K S
4 (P<0.05). MifEizhuid e, AKizHAr K
EEHARNME A S & BT, KSR Ar B
F&A (P<0.05).

R1 SRENTKREFAEFR S

Tab. 1 Effect of transportation pressure on the nutritional composition of turbot muscle %
KN EE MR (F2) HE AT
i ]/h water content crude lipid (dry basis) crude protein (dry basis)
time KA Tk A KA FoKA KA oK
water waterless water waterless water waterless
0 78.29+0.17% 78.11+0.10* 6.63+0.22" 5.66+0.14™ 85.35+0.26™ 82.59+0.10*
6 78.14+0.08* 77.87+0.11% 5.76+0.14" 5.29+0.23° 85.86+0.16™" 80.66+0.05°
12 78.02+0.10*" 77.63+0.06™ 4.87+0.33% 4.92+0.34* 85.99+0.24* 77.92+0.06™
18 77.85+0.08* 77.51+0.08% 4.11£0.17M 4.62+0.25" 86.64+0.30" 75.68+0.42%

H: ARNGFREFORFAGPFE WA REEER, RRKEFERORFET FEZ WA 83E %% 7 (P<0.05)

Notes: different lowercase letters indicate significant differences between means in the same column, and different capital letters indicate significant

differences between means in the same row (P<0.05)

22 FLER. #EJRAN pH HUZE(L

s R, KRZEGEILIA OB R R 3L R
TR, B 18h)5, AKEHA
REZ PR N FLIR & =30 141%, BE i 7 f B AR
28%; Jo/KIZH L LR A BN 21%, WEIR S
TEFRAR 17% JG/K 32 By 41 K 3 64 P 7L R AR i
AR T AKIZHA . B HRE, A
KAz 4l R ZEBEWLINAE pH M 6.85 F& & 6.35, &
KAz Hr 41 pH fE M 6.82 F#ZE 6.42(1 1),

2.3 GLU 1 ATP B354k

REZGEE LA (g ATP & i 58 o I & HAR 5
fit e 1T AR AP 00 05 05 R R B (EOR B . 5
Kz A b, oK PR3 32 a2 R 32 B UL PR 2
ZUrh iy ATP & i 7812 4 45 R I 2 2 B AIR (M 2).
GLU S K 2 B 2B W A v 3 3t A7 A6 19 BE 2 1) ot
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) AR B . fEABE I, A K
TG 7K P i Ak B 2 ) DR 2 B 1 34 A9 GLU %
Wit 35 12 B I [6] 70 9 2% 1 3 i, HG oA oK AR HE
9 GLU & I Wi, HAE B RN ] A5,
AR Is 2 rh OREE TR IR & B s T IO K IS A .

24 BUNHMEREBEES=EHTL

s s R, 5 A K AL B K SE BT
o, TG/ AL BR[Ok 32 B4 P BUN & 2 19748 1k
Zitg . MILZT, ARG KZEE BUN &
EWEIN, Sy ITESS 6 RIS 12 /NEFHE ] 3.42
F1°3.97 mmol/L(A 3).

TEABFIE T, A K Ab B4 K 32 B4R Y 1Y Bz
JoT B B hE AE B T AR T 5 JCOK AR, fEiE
18 hJFm FIKAA, ZRAEE, BHsHR
J&G, AKAE PR Y K B E E R T 106%, TG
K AL B2 1) 25 BT o B i T T 97% (18] 3),
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[ B/Kig%  transport in water

0.8  mm F/KiE4  waterless transport
Ad
— 0.6 |+ Ac
QD o
g .g Ba G Bab Bb Bo
é o 04} Aa
o022t
0
0 6 12 18
i [7)/h
time
(@
[ B/KigHi  transport in water
Wl C/KiZ%i  waterless transport
1.8
Aa
Ba
%g = 1.6 Ab Ap
5 %D Ac Ac
% > 1.4 } Bd
wm o0 Ad
1.2
1.0
0 6 12 18
i /h
time
(b)
[ fA/Kig%y  transport in water
Il CKiZH  waterless transport
7t
Aa
Aa Ab Ab
Ac Be . Bd
jan
o
6
5
0 6 12 18
I [8)/h
time
(©
E1 zHdiEhREFERARAER.
PER A pH 9Tk

ARMREFRFORWAZ W EEEEEER, AFEK
NGERFORNBAHTIEER REEER (P<0.05), TH
Fig. 1 Changes in lactic acid, glycogen and pH of
S. maximus muscle during transportation

Different uppercase letters indicate significant differences in the means
between the two groups, different lowercase letters indicate significant
differences in the means of each group (P<0.05), the same below
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[ B/Kig%n  transport in water
0.7 - Ml F/KiEH  waterless transport

0.6 | A2 Aa
. 0.5 Ab Ab
L0 A
én 04 | ° Be N
= 03} Bd
>
02t
0.1}
0
0 6 12 18
B[] /h
time
G))

[ H/KigHi  transport in water

8 | Ml T/KiZ%i waterless transport  Ad
Ac
7 Bd
Q 6 Bc
g 5t Ab Ab
é 4L Aa Aa
2L
1k
0
0 6 12 18
it A)/h
time
(b)

2 EHWEEPRELAN ATP 7
GLU ZErENK
Fig. 2 Changes of S. maximus ATP and blood glucose

during transportation

F A K 5 TG K A B 4 A B I R AR RS
fig rp SR
25 ATP REXEKLEHINENL
iz, KEHFIKN K IMP & &5
Wi, AMP a2 T REEH (K 2), 2% 18h
J&, A K Ab B 2 K 22 6 IMP £ 55 i 29.10%,
TR0 G B E (TAV) TH s 2 14.18; Jo/K A FRAL 1
IMP & F 3411 28.47%, TAV HTHEE 1479, A
JK AR Y AMP 5 5 FEAIC 38.65%, Jo/K Ab B
MY AMP HZ25E LTHE TR, 2% 18h
5, JCKALFRZE B AMP SRR T 12.83%.

3 iR

Az i P i AR AR H S RO,
PR B A 52 56 v W5 B 10 R 2 6 UL P A 2 B o3 B9
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1038
[ B/KiZ%i  transport in water
5 ¢ EM K/KZ%i  waterless transport
Ad
Ac
4 Bd
= 3 Aa
E 3 Aa
g
220
m
1k
0
0 6 12 18
i #/h
time
(a)
[ A/Kig#i  transport in water
6 + Il JoKiz¥i  waterless transport Ad
Bd
) Ac
’é 51 Be
B g 47 Aa Aa
\-Hé’
=4
2
0 6 12 18
/b
time
(b)

B3 ZTHdEhAZFBUINMERESSMNEK
Fig. 3 Changes in urea nitrogen (BUN) and cortisol

levels of S. maximus during transportation

WA, izk 18 h R IAS LA &K B R e, FTRE
S 3 i 2k R b s B A 3K L NG 2 AR BE AT 1Y
R, X—KIHWE Jorpeland &Y 1Y W 5% 4%
—3, TR S RZR iz E M, =
JoiR 38 1) K VPG VPR (Gadus morhua) LA H & 7K 5t 1
WM. 5 0h A REEBEA L, fMAEiZ N 18 h
Ja . WU RR 7 & 5 R, X2 oy T
EHEN T A EHAAE Z MR E . TRES T E
oA R A bR, T A U7 = 2 R E
HORIE, TEN R, HOHAES BT BE S
R AR S R D i 28 A 5, El-Ebi-
ary S AL R Je B B JE 1 (Oreochromis niloticus)
TN LA Ak 2 i 4y vhokL AR 1 RORLAR 1D 22 [a) #7 7E
AR R, TEKsEH T, bTE—5M4
AL FTARBETC K R T, 8 T AR dl s
FEIFRIFAEE AP P — 258 32 W) ot 2> B
fif, N BOILIA Hh A 2 i b2

FEIE g i B, Ak g JC AR
SRR P FLRR E R, R e
H 4l Moraes %% Y58, Kb & S il 2
oW WL O, S BOUL A LR K R 3 i
b S R N R R AW IR T R 27 N 1 ¢ N
12 gy I 1] B rhoUL 2% 2 UL DY A A R N T B
il TiEkmd b R TR S, — HARTE
PSS AT L UL PR SR 5 500w 3 51 R R B 1t
RE ™, JooK iz i 4 8 i e 7E IR S A AR B

*2 EHMEBPAEFENERZEERNTL
Tab.2 Changes of flavor nucleotides of turbot during transportation
tranjf;iﬁfiﬂ:ﬂime S:ijlies IMP/(mg/100 g) IMP/TAV AMP/(mg/100 g) AMP/TAV
0 HKidkn 284.56+8.11* 10.98 18.75+1.09* 0.38
ToKigk 267.81£7.29° 11.51 19.41+1.14* 0.39
6 HIKiEHm 330.47+5.16* 13.22 16.09+1.41* 0.32
ToKidkn 343.39+7.86" 13.74 16.65+0.80" 0.33
12 HKiEH 345.91+3.31* 13.84 12.96+0.97* 0.26
TorKis 356.18+6.04" 1425 13.810.47" 0.28
18 HKZ 354.474+2.28" 14.18 11.52+1.21% 0.23
ToKigk 369.76+7.22° 14.79 16.92+1.39" 0.34

e FZPEBE R LR R FRR R B R (P<0.05)

Notes: different superscript letters between means in the same column indicate significant differences (P<0.05)
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AbFRBRCAR A, BRTAA N 2R BRAR D, X
JE I TEFE N TR K iZ gl . WA pH (& — &
BN RS, Sl R AL RN PR R,
SENLA pH (A PR, X 5P LR 2
WU pH A Y T B FRAR R A L&, an K RE
A%, I BlAE I o Y

ATP 42 {4 15 1E 5 A i 6 s T L 75 I e i
ATP Je AR 9 7K SF- 14 28 Ak mT DL 3 W £ 2 LA
AEH AL, MIARBERE R, ik kA
OBTIVR etk e =X e 1 N AR s | I 2 (3
I o N S [E 2 T N A R N
W B AR AL ATP SRR HERE B, fEA
IF 5, I P e Bt 5 32 i sF T ) 9 A% T 38 o
X % B i 25 7K v i A R B i I R IR IS K AR
TR SR A, KSR BT B RE T 2
AR A RF 1 1 AR

LY B S5 2 i 5 1 8K P 1 d B AR A
2o A0 B T B R AR R R
ERMC, seAh, AE R R O D HE
o 14 I PR 3R U B D RE A T AR ARCY ., FE N I
FAFTT B TEE RN PR 2R 0 A AT R
W RE A0 98 0 R A R AR A RRAE P RS
SEPU N Barton %P BRI, B S AR A
SR Y, LT R T EE A E N . AN IR &
T4 9 728 K B8 G A0 2 0 R B i -2 AR - TR 4 2L R
G, SEOTEREN K BEEHE, LIRS 40
(75 B M- Yl bp AR B AT BRI,
KPR 32 i R 25 B AT LA/ B S5 R s 3
FHHBTHENEL.

ATP JHAHSC 14 & W0 oA R S R AE 2
SRR EERE . IMP Il AMP 2 K38 B ¢
B AP I2 i 3k B b ) PR S R R A AT R . B
SERM, KEHENLA H IMP 1Y TAV {5 K T 10,
FMW IMP 2 K2 BT LA W5 AR 1 E 2Kk UR . iz 0 h
B, K A B A K 25 61 IMP % & i K T A K
AbFRZH 3K R IR R R X R A T A T
SR, B S A, REEGENLA B ATP
Srff, FECIMP BUROIE B N, 5K R
PRI SE 25 SR S ARSI AR R, A AT & BLAE S (Lateo-
labrax japonicas) TE LK PR iG iz % 8 h J5, WLA H
(4 TMP % 28 I 35 38 0 . Bt 2 42 B s 1) A AE K
KEZEEFAT K AL FRLL LA T AMP R E2 %A, T G
IKALBRL LA A AMP & BEERFRE FHR, 18h
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Ji, AMP 34b F i K-, 2R IR IR JE oK 2 fy
PR AR AT DL i K 22 BF A 5L R W) )
P £ TR XU

4 5

W R, s 251 R o i ik A= 3 A4 1
SRR PR O 4 T A S AR A R R R s
fife, AARHLA T ELRR & i BT, OB pH (E
N, REEACHITH ATP, FH40 . JR 28 &R IR
P it b, XS b2 AR ALK 5 e (R 1 A 3
PRI o TEoK PR T Kb B AT N K35 BT AH 5C 48 b 19 A8
FRWR B BN T A KA TR AL BRAL, R TC K iE Hi
AT AR /D iz iy ok R fa AR Ry, e, TEK
5 B RE G N K ZE BT R EEUR Y A S i, R
PRI XU
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Effects of transport in water and waterless transport on physiological stress and
flesh quality of turbot (Scophthalmus maximus)

CAO Jie', WANG Qi '" MEI Jun ]’2’3, XIE Jing 1234
(1. College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China;

2. National Experimental Teaching Demonstration Center for Food Science and Engineering,
Shanghai Ocean University, Shanghai 201306, China;
3. Shanghai Aquatic Products Processing and Storage Engineering Technology Research Center,
Shanghai Ocean University, Shanghai 201306, China;
4. Collaborative Innovation Center of Seafood Deep Processing, Ministry of Education, Dalian 116034, China)

Abstract: In order to investigate the changes of physiological and biochemical indexes and flesh quality of turbot
(Scophthalmus maximus) during transportation in water and without water to provide reference for the preserva-
tion and transportation of S. maximus, in this study, turbots were placed under water and waterless conditions for
simulated transportation experiments to compare the changes of physiological and biochemical indexes and muscle
quality of S. maximus in different transportation environments and to provide reference for the preservation of S.
maximus in transportation. In the experiment, the purchased S. maximus was temporarily reared, cooled, oxygen-
ated and packed for transport, and samples were taken from S. maximus at different times of transport to test the
physiological and biochemical indexes and muscle indexes of S. maximus. The results showed that after 18 hours
of simulated transportation, the survival rate of S. maximus in the water transport group and the waterless transport
group remained 100%. The water content, crude fat, pH, glycogen, adenosine triphosphate (ATP) and adenosine
monophosphate (AMP) contents in S. maximus muscle decreased significantly, lactate and inosine monophosphate
(IMP) contents increased. Among them, the AMP content of S. maximus in the group transported in water
decreased by 38.65% and the IMP content increased by 29.1%, while the AMP content of turbot in the group trans-
ported without water decreased by 12.83% and the IMP content increased by 28.47%; among the blood biochem-
ical indexes of S. maximus, blood glucose (GLU), blood urea nitrogen (BUN) and cortisol levels increased signific-
antly. After transportation, the changes of physiological stress and energy metabolism indexes of turbot in the
waterless transportation group were smaller than those in the water transportation treatment group. In addition, the
content of flavorful nucleotides IMP and AMP in the muscle of turbot in the low-temperature anhydrous transport-
ation group was significantly higher than that of S. maximus in the water transportation group, indicating that the
low-temperature anhydrous transportation increased the flavorful substances of turbot and improved the flavor of
fish flesh. The results of the study indicate that the application of low-temperature waterless keep-alive technology
for live fish transportation has broad prospects.

Key words: Scophthalmus maximus; transport stress; physiological stress; flesh quality
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