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B CME s E P Rl E BR 3 5 A 29 ) (RTFR
A8 BT /N 245 CITES)?, CITES 3R 4 24 [# #1117 [
WIEEC A A2 ET, s T 20 T4 70 424K
ZJa A [ 2y G VT B A S DR AP A A AL

SRt EREE AR PR e, T
JACEE R FEIE T & &2 0 S W AR A )8 A2 AR
ML, BATREMER SR 1964 4E9EE E S Ruth
Harrison i 19 € s % L #% (Animal Machines) )
— 5, BUIRE T RN E S YA )
L, PR E T A X A, IR T 1965 ARG
THEARILZ RGP mEAHEY, il
Hezh 1 shWE R AR # SR E B R B . 1993 4F,
YL [F “Ae 37 3 W) 4 F) 2 51 22 (Farm Animal Welfare
Council, FAWC) $& t HA VRIE 52 e i 4 3 sh i .
K A i FA 5 N 1E & R T The Brambell Report #i
AW RS E T S W AR A Sk i BEACE B O
XIS, SImAEALEY . Ry g
Urepd 22 PR LA o F AR sh AR AR
SRR R . AR Y K R S W AR A R
M A AL T R SEBRUESE , (2 T i i

LR Y PR A T
YR A B EC B PaREEURIN, BT

T, BEfE . WIREE . BRI A DL S
SYEEWAN, A K TR AREEEN
KR RIS R TTE Y . B T KR
WOl WAL, B AL S P 5 B DR R 7K 7 3R B
A A AL RGBS A, 3T 20 4ROk,
SNPIE R — A G EAR B SO A &
Y& 3" (Food Ethics) {8 TP, FFE 25 R N2
PRAULERCR B 2 TR RE A A, 2020 47, 2K
FEH A PR Ak 5750 O3 1, R R K R SR
KE, 2020 4, FLE 79.8% AYK ™= 5ok @ K= 5%
g, Hrh2761.36 J7 t AFRsEMAEY, JLF L a2nk
FRFH I B R 2 . AT RN B & S
WERARZR , AR A 0 TR X 0GR o A dAm
H| (fish welfare) T 20 t 22 90 4R iy tH F 43 5
Yy tE A 4> (Compassion in World Farming) B X 2
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B AL L K AR HESh Y, S il
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FACE Y T SR I AR R AR AR, R, 2 B
YRR 5 Bl A sh AN AR TR A ) ki A B 2
Me, MEEANRA R TR B, 5
TXFER ALK FR 5 rh R R SR T B
TEE 2 S SR M ARAR K 7 FRFE M i 2 i 1 <Al
TP B, HOHE G A 4 Hh o 3 T Bl AR B HE S
YR AR = RJumk, RIE Ashley™ 1451, 025
TR B R SCAA I T B R B, [ R 7 £ 18 A
MR . D, A MR E )T, R
RT3 G g P 7 YA X E A K B B AR R P i
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THRWEMAY 2N, A AKWES T
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JEEHEAHEAE, fEEPR L, @A Rz
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NFARAL, DL S0 3l ) i e A B 5T 1) BF 5 40
UM, JER IR AR H B T K5 S B
SERT SRR B BN, AR R iR S
FRAARAR B2

22 FESBEBEMHNARHIESITRK

OIE A Afi 1 & T Sy Wy As Al i AH W bs o, Herpr
ARSI Y a . BB A, 1 OIE X T 7K A3
Y AR AR AR T [ PR 52 S LA K i B 455 5 T
X IR BOK R EEAE D7 R AEER . 2001—2005
4, OIE ¥ G35 S 45 A 1E N 1Y sh W A A1 e
AR ) B S S,y OV A AR
()2 15 J2 0 [ B Ak E F s P b 25 (RSPCA, Royal
Society for the Prevention of Cruelty to Animals) %
By T UM IR I A U, SRINAEE
ISR RIS, i HE S ) 34 0 LA R
R, TS N AT B DAL Il B s v il B P kA T
DX BT o

KRB i % 42 JR) (European Food Safety Autho-
rity, EFSA) $2 i TIRA T #5231l i) B A
TR, JF N WU BOR RN ST vk 4R R R 2 LR
2004 4%, EFSA [ 3l ) it HE 46 A1 /s 41 (Animal
Health and Welfare, AHAW) & 3% T 2= T F£ 48 1 28
B SER T ERREE WY, I T 2008—2009
ERBLTRAMIFE RGN EI, iR
VUt (Salmo salar). 1 (Cyprinus carpio). T i
5 (Dicentrarchus labrax). K P4 ¥ 4 (Sparus
aurata), W8 (Oncorhynchus mykiss). KX 5 fif
(Anguilla anguilla), K % &} (Scophthalmus max-
imus) W5 BE S A 0 (Thunnus thynnus) B 2 F30
ik, MO AR R WA 2 B KA E K
SEIR AL, ATV 22 sh ) A A s (New Zeal-
and Animal Welfare Act). #FELh#)0- P17 (Norwe-
gian Animal Protection Act) F1 4§ J&& 3l ¥ 48 #1] 7%
(Norwegian Animal Welfare Act) 55, BT IE 4
TR T HAL B HESh Y 0 PR K1

Wi R EE AT R, ARSI
ISR H 235 o TR BT X KA s B R
bRdEf e NRIERIER L ) 2 (RN
FOSL AN K A B A ) DR AP St 25 ) ) B0 4%, (B
WAABR TR AE S Ry B2 . it . 208 . 1k
L2578, A OGS AR RN 25 1Y 2 R
W, HRGAEZAALL, REKA YA
FSARFN A Sk~ Jm 227
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MRRENRHEEEREARIRZ —, kAL
7 A AL AR AR S X 2R B AT
VAR RBTBE IR ] FF S Ve A YA BRI . JRAE i
T o AR A S f AT P R AR, 51 R e T
TR BB TR T L FI S RE ) R RS
Ja SR, 2GR R 5 A A A IR 2 4
BAh L KR AR TR IR, IR USRI
Pz h PR A R B MB B Bk, i
Tl K R AL B A, A R AR A
BACAL R o Sy BN 2 YA TY o £
BB AR IR K T AR RN ARG EBOLR
AARBL SER A A AR,  BESR AL O ve B
A7, HoAt 2 e 2 B A AR 2 T 5 UL

3 SRR RPN R R

3.0 AR R

B X6 S B f0 248 o i F B S L e B R £
(Oreochromis mossambicus) JT J& 1) #-5 & AL P
SRR ST, B H T AR AR ) & P4
FEARCT, TR A R MRS A, A5G0
PG LA X DR R, S PPAL AR AR B I 42
HERKCE R ETHR, 5 A D eA DGRy NS bR
R AR E WIS 5, FE AR
FERPRY . Rl il S S50 SRk A5 £ RS

Selye S EU B M, Jo e I R AY 2 BT an e
NP5 | A B A4 0 25 1) R 80 AR s S
ALY, IFFR H A — 88 N 25 A 1iE (GAS,  gen-
eral adaptation syndrome). ¥ 5 — ) WV 5 i B B
GAS & — M /RS PR AL

JOf R N 3 R A HRPL . AMEECRE I B
3NBYEC, g R T A e B R ] . R
Ml 1 45 S 175 3 4 48 N A WL IR s g, A4 B T2
[P 08 2 R LA T e 1 4 W R 5 B TR e
W Rt A8 TR B N7, B 35 i Ak SR o3 A LA K
I 28 7 A RE AR IR Y = U v K B
WIAEBEAR L AR AR N 45 05 T P-4, AN R N 45
R R BIEFREFPURESEZ R G ). TEIR S
STECRER DT, 2] BN N s N A
fe BESE L, AT R B B AR A . AR, Y
KRAETEBKBEICH B, ZW e LA H R
Ak B3 I T 5 e HE LRGSR, e 25 ) £ 288 77 i
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TR S BE o M 5 0k e e 3 B TR N I o W 7 3%
0 FELA 2 P 7 e B AR AS S k1 R

BRI TR o B R 2 REOL R S AR R B

®1 B TREE LRSI NI

Tab.1 Physiological responses to stress in teleost fish

S Ei=ta YEFABLR 4y ZEUR

classification indicator stress response activated mechanism year references
SN 53 I PR A KRR S R B FAHEARA, DU B mE Ak Em A 1999 [38]
cellular and molecular stress xik 2009 [39]
TETER iy 4, SR, BB DNA. RNASE A BREH 2006 [40]
ISR S JLAS B HACEM AN S LR RO W, I BB RARREBULRBK - 2003 [33]
primary physiological stress 1991 [41]
BB N - R T GUIHPD RS, SRS IR BE RS, 51 2006 [42]

B IR AR

REB LR I pE E LA e A B Jo e s R sL P PP O L, 51 bl e 2B AR 2013 [25]
secondary physiological stress 2016 [43]
IR r ﬁi&;ﬁ%—ﬁ%‘ (AL SVRh R, 4 MR I AR M . e 3R SR AE 2008 [25]
AR N ZLIE S, WLAT P A DR AURE I 7 A LR 1998 [28]
2016 [44]

3.2 1TRRLENE

AT AR VPN AR A Y B 2 e bRz —
5 2k 2 25 TG 30 B B B A BN, 5 AR BN
PR FARQI MR A e An o AT Ry s g 2 Al
EGRIGFNUR G A 38N P05 | R ) P 28 P9 4 W S g 2%
SEHAMERERE £ S, AN A B R
RMAERFE R ABSL L FE . FEEFRLFE a]
DIEL BN T 470 . FR45 a0 R 3R 5 350 R iR
el N O DI 2 G AL P 113 7) Y 1 A0 B
IHE IR, BARRA TS BRI 3
HOMEY, Portz K IfG S Ui vk o B 5 38 5k 4 i 40
YRN8 B AT A OCHK o Jain 8552 DK 280
VKBRS EAE 22 5, A DU VK2 TN 7k
B — R 7 v YUK 2B PR I UK 0 B () T R AR £ 2R
AN ] 7 R o A A e AR A 1 R AR A o

FESE ARG R TR i w WAT R O 5 B kAT AT
XK, Gniie sl S SRR TR | o B IR A A
X SR B I, S R e AR A Y R
MR Bt SR LA 3555, AT
A7 SR U AN A5 R B R HL2E ) LR B R
PR W DU AT A% T PPAG f A MR F 2t A
FER AT AR S B HORIR R 4,
IR i E sk 2R AT N A . TFR IR R B, R
5EY A LR e R O, Z YRR
PO PR AE N K PE PR 65 (Gadus morhua) #8431 ) - 4)
WD, I AR ) A, e e g Al Tf
Phimfh, I e il e 4 2 b 55 nY fa 25 42
PR B A AN O A A AR
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R EA H IR RE T2 R B X AR
P EVE G IR R, 5 SR AR 5C 1 JE i n)
R 0 B I ESY A XS 28R X R v
A BRSNS/ €M), Chandroo 255 ¥ i R 4t
ST, WESE I T A AR R ) B BRI
FHwt AR Z IR RVE AL R 1 ae ik T T
Al . RSB RN H AN S5 E S REIRK
ANTR), B R AT 3R IR AR AL 8 X JBR B (4 NN R
JEK . fREI . 2GR RIAT O 2R SR R
AT LU o 53 &SRy R R L 2
ARG ] o XA S A A ) S R A 1S
T2, 009 5 BN B8 1 N 52 BK 7™ FR R
B 5% . Braithwaite 5557 X £ 25 1% 985 75 7 384 1) 1
5 R0 0 AR A Z A G AT T8 %s, ik
Z BN 2 R iRz 20, RS BE
iop it R i TR PN O S v A I R T 2
BT AN . EE AN X s N
WA 7R 48 FAE S RO R T K EESE, HH
TR /N HEE M T 5, a2 o a2k
it Z AL FL 2l P X SRR SRR 1) R ki B )2 T TG i
VIR, BT X 0 20 B PR 2R X 7 9% I 1)
SR ST . SR, 4728 . IAHURI P 26
WA 2T R, 0208 5 H A il 4 5 HE 3
VIR L, IR EAA XM BRI R e, ) Te s
21 4k (C-fibres) FIAT BELT 4 (A-delta), T2
ARG IRE | AR E S i 25 5 SR AE R HESN AN
[F], PRI v S iy SO BE AR ] . A
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FWY, 0T I LRI 2 ) JBA 7 A 45
T, AEREIR RN A Y HAE S SIS AR A

1 2 AE ] IR vy ) A A v AR B A B T
AEFRRAT O SN, AN S5 RN B #8 (Danio rerio)
TE 7 H W VB S ) S0 PR 5 T R 2 S T
7 A N7 TR I R B i e AR S
TSR B 7B RAT Ay R T ARy, A S
S5 PSR BT ) A e AR T I AR B M A
SRR, 0SSR RIS 3 N M B S AT o S LA
J A S e N A Sh AR TR, H R 2 e
A HE IR, Gnfa 2 nT DI i A5 B R Y
S RO ARk, R R R, B
A I A, A S 2R TR T & T
TR B 2 2 e T, B A v ke B 42 fik
e RS s s Y E s w L S D Y]
S vy S A A 0, T S e AR A

4 FHHMRIEYIRER] 5 b5

41 FELEPHIELEF

AR FAO il , & 2022 4F, 4 FKf=3%
FERIZE N 652 4>, FLHp RAE 2R AL A 313 B,
TR RARAN Z Z R0 R B, QR A AR5
FRIAREE . A i 7 RS T S . FRAHER
s A R OGN R Z —, Hhasii
B WA pH. EREE . AL MRS R AE
KRR, Bk BS44h, B s fidkg)
S5 HAth PR 28 X £ S A A 28 DG EE T B an A AR
EHIRBE T, T8 (Lateolabrax japonicas) B H % BR
EEAS RS, B, Freotla TR
B A=Y AN TR % N S AR R AR R
M, BT SmEK BT, XFAR AR . ROECIRAL . B
B I 977 080 45 A A AT Ay 34 A R ) B e o 241
TR IR A AR A AR BA SRR X,
SR M £ 1% 5% 5 5 6T A AR P9 52 i R X 5 /N

WAk, FREE TR VS BT AR5 Fs i, fafR
PR b 18 A7 5 2% M v iR B A e, 2 Bl A R
KFERIARAT o B UNBE 5 SR (Ietalurus punctatus)
g X 47 55 IO TR 2 1 I 1 R A SR e R A
81 X7 3 K ) I B A R R, AR v O AR U
T XSS o TR M T A RN T ok S ) 3
18 FNAE ST e T BUR I AR G sOR B 15 G )
B 2 OCE L, AT A R B BUw 5 R A AR
7 T AR B FA AT RE X A0 2 1
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42 IHAT PR LEF

T B ACR TG R MRS A A, W
M) 24 s 61 2 oty JOT 1) B O AR R 3R TS . RS ik
PR NIE 54y ks B A 5 b B A %)
KEE, HERE P2 07 AR, BIAE £ X6 [m] — b
v, WP 5 T FR5E 1Y J5okh g K 07 OE A 22 57109,
Ja AL B al e o B KO 2 A E 2
RELiOE YWY UK b RN T 3 S E=E 7 JEh) S EN T ¢
W2 E AT 0T 4 8 10 B 5T 5 i 1 (quality-
determination-period, QDP), X5 £Eifi# I 1 H =
2 b JTL A SR 2R OC 2O NS W 1 B A AR
£ DG TE W AR D i BT 5 il B VR Ty X2 R Y DGR 2
AW

KR B Ml S5 P N 2 B U 23 A R Bt
By o i AR i B SR . AR R AR
fege il R A I VEME 7 =, i AR L 2 F Al
fat iR, AR T IRERIERE, FEHBER
TSR, BARBA ML, WA
% €80 A LR 3 U8 5 4 2R T2 4 1) el
R/ ie P =¥ S NITEF 5 S == X (N E3 90
H 1% (Gadus morhua) Fll & 28 #% (Melanogrammus
aeglefinus) HERIAEFVED, X4 X FR 45 3R 15 X
£ A B R 3R AR T BT ) Y G IBR LR T T &
GIWESY, &I B5 i R T 20 W38 L SO £ 2 1Y
LA B A 2 OB e, 3171 6] 46 I 4 457 4o
FRIEATHRAR , IR R HE N 72 b 25 20757 2 a0 o] 52 i)
WAL BTRY . ZRINFSE R, fEETFEKE A
0.2 1 R P Al PR G AR RIS It BEAE A RO
JULPA BT BE BRI {6 7 5 BT, Svalheim S5
AT B A AP R B, FEE A H o, K
VU AR R AR W38 T 19 J138 774 (exhaustive swim-
ming) BAAMRE M, #HEZ, AT M
H5HETENEZRN, LB L sh A%k M E
R vty O S 1, AR P RE TR 1~3 h R BE Y
) 2 AU A5 L5 | 1 7™ EE N R N, X AR A
FHLFI L PR SFe 5% P 1 0 B 4 B8 B T R o U
A HOA A 4 P AR M 9 B Je — N BR T, HUR Z AT,
A 15~30 min 28 T2, fIFHFLER
W aR N, AR S BT PR % . DigreSERY
X R PG 9 i T R e 2 3l 55 T KR TR AR IR 0
1.5, 3.0 F1 6.0 h 5l Ak B A9 X e scse A 8L, i
PRI 4.5~5.5 h Je ) B, H R RS |
I . FLRR S a5 IO AL R TR A, il
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55 158 VIR S IRF T 2 A B £ P oA B R

P B i A SRR SR, R
LN Ea ek SINILPS /B S TS E1d
B, ZUTRGEREZ AT BN, LGRS
SEAREN I, RV A 0 PR 2 B 1) A1 A% i A1 0 ol 3k

2| 18% Fll 10%. 1F a4k gk 2l 9 18 3 25 51 25 (Nor-

wegian Council for Animal Ethics) 78 1 . i 7 037
S 151 31 B R A e s 11 e T = )
RAEE A R R AP, IR E R E R,

P 2 TR
43 HIEELIEPHIEKEF

ARFTJEVAL,  FETTZE D5 0 k30 L 00T 58 Ji5 £ 44
R EL R R e B R B fa iR S T, R T
XS AR i B oK, 2RI N E BUEE I
Z BN RRIE W AT B OCF I HESS . AT a2
FEAXF R L L 2 BRI DL S A8 B G
WAER -2, HERRN T, 7525
YR AT SR R, EAERLE STk B
I PR RS B A0S N BT AR B AR AL SRR
PR B N, MRSOE B AR K
ma, IR A 7 7 R B I R AR 5
M T IR EAR , Pl @ s T AN THRM AR
22 B A 7 A i BRI B K ERPE AT B T

BB IREG Rl i R T
HESERMIOKE L%, S AE 02K Ak
TR A, AR i M BEIE BUA &7, Bk
RS BT R A, RAELMM, E5
i [E1] 3Z I8 5 S SZ AL T S P 2™, AT
LW, ATEELE 20 °C AYPREE S B E] R 2.6 min,
TE 2 °C Mdgrp & BN 9.6 min™Y, FEs A rhfa
KR AT R, B0 H 21 40 i A
JE K e o i i o, BE A R R TR TC A
HAE, IR ZSBNLA pH T FREEUEALA &
F ™, vk 2 BN B T A L vkok
REWH, AR P T RS s 200 U
N, WUR &AW, AR AR N, &
4SNP A

FILZ T, N T FRGH A AR AR B K BE
R EAA 2T EYE S AN FEGE RV BE
Ja & s sk . GRS RREE S R AT
Hr, BRSNS AR AR AR i AR rh PR BE AR L
LI R R . A A . FLER RRE R AR SR
G BT AR RO, A5G 1 RV 1S 0 LB iR
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IRV, R B R B s B R W BT AR LA
TS0 JILPAD i o b AR R

LA £ 28 Rl S A O AUk 22 DA AT A
B A Sy 3, A AR B9 NI 2 4 7 U2 oK R
32 b 3R AT #8144 S T IO SRR R A8 ) I RE T o 41
Ui, AR SRR ERE RIS, ] DL R R EE AR
TR B RIS, I LR X T P 3
AR, (A28 AT & dh L2 X AT
T BT o BEXE 7l SE BRI AT R Y
ks RO LRI 2,

s IS R

51 AR\ SER

FURTE S AR A0 FR B ™ b o N AR R
AR LA R NSRRI EAC T R o SR A3 A1
POV AS W fih S Sh e PR, Sh AR A H 4552 3
AR, MR RIBEE S SR, s
WA RIS nT A5 2502 w5 7 il it 0, [ IR BE AR AT
BELTE . SR, MR R AT
X B S A OR A AR RE , SRR
ol 4 B AR 2R A DR Bl A A K S A WA B B T
K7 FRFE AR B R DX B AR R A ] 45
Fitk, ANTRAE 7™ ZR GE e 2 A 5] A R A b ik .
[l S IRAE R, il A 38 [ K s X 35 57
SR 8 Sl A A S e T o AT TR A R A PR

52 KEERmYERAEEERX

i PR AR R B R ol RUAR S SR A A — Bk
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Tab.2 Slaughtering methods and fish welfare in aquaculture industry
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A review of animal welfare in farmed fish and impacts on product quality

LIU Junrong ", LIU Yuepeng, XU Tanye
(College of Food Science and Engineering, Dalian Ocean University, Dalian 116023, China)

Abstract: From the point of view of the link between animal welfare and human welfare, the potential upgrading
driving force of domestic aquaculture industry was discussed, tracing from the products quality-enhancement back
to the practical feasibility of the industry-upgrading from quantity to quality. This paper focuses on fish aquacul-
ture, explores the space for improving the quality reputation of domestic fish products from the perspective of
animal welfare, and systematically reviews relevant literature from the following aspects. Firstly, the 'Five
Freedoms' principle and the definition scope of animal welfare were reviewed, and the development process and
current situation of fish welfare were discussed by comparison with the research and development process of
animal welfare in livestock and poultry industries. Secondly, focusing on the quantitative assessment of fish wel-
fare, the literatures related to the fish welfare evaluation system were reviewed, the evaluation indicators and eval-
uation methods were summarized from stress mechanisms of physiological response, behavioral response and psy-
chological/pain response. Thirdly, in view of the fish aquaculture industry, the profiles and practice status of fish
welfare were analyzed and discussed, with emphasis on aquaculture production, catching and post-harvest hand-
ling. Finally, an ignored fish welfare link from catching to death was pointed out, which is the critical transform
phase from live animal to food raw material. Also, a package solution of fish welfare at the quality determination
period was prospected: (D to maintain the natural properties of fish to the maximum and break through the
dilemma of "fresh but not tasty enough"; @ to change the current situation of sales of primary aquatic products and
reduce both quantity and quality losses post-harvest by implement post-fishery industrialization; &) to reduce car-
bon emissions in the supply chain by substituting freshness-locked products for live fish. In conclusion, the imple-
mentation of animal welfare at the critical transform phase is necessary to provide targeted guidance for the practi-
cing of harvest and post-harvest handling/slaughtering, and at the same time enrich cultural value to domestic sea-

food products through high-quality products induced by improved animal welfare.
Key words: fish; animal welfare; fish welfare assessment; quality of farmed fish products
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