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Tab. 1 Formulation and proximate composition of the experimental

diet (% dry matter)

%47 Ingredient ¥ Content
1 .6 White fishmeal' 8
H#iCottonseed meal’ 10
F KB Distillers dried grains with solubles’ 10
T ISoybean meal’ 15
SHIRapeseed meal’ 15
£ i Fish oil’ 25
iliSoybean oil’ 25
VKK Wheat middling 20
2k Z FUR Y Vitamin premix” 0.39
FAAETE Choline chloride 0.11
14 £: T ¥ Mineral premix’ 5
R BE A 4 284S odium carboxymethyl cellulose 3
£ % 2 Cellulose 8.5
k.54 B Chemical composition
7K 43 Moisture 9.44
#1£& A Crude protein 30.82
HIR i Crude lipid 7.88
K5y Ash 789
K HEGross energy (MJ/kg) 17.62

\ VE: R 25 A R %ﬁﬂ%‘)ﬁ’»‘ﬁ?*ﬂrﬁﬁ&ﬁﬁh
TR RIER: N E R BR AR "SR s s iR
BRAS T Sk iU e R BRA A gt BOGE R
BROAE; T 0 ERBUR T S4EBUR (mg/kglikh): 4k
EBy, 20; 44 KB, 20; 4E4 FK By, 20; 44 EK B, 0.02; MR, 5;
A, 50; ALEE, 100; MHER, 100; 4K, 0.1; £F4E%, 3522; 4k
AEKC, 100; EAERA, 110; A ED, 20; 44 KE, 50; 44 KK,
10; "2 BRI (mg/kgbikh): FALHA, 500.0; BREREE, 8155.6; B
Fik &40, 12500.0; TR — &4, 16000.0; BEEREES, 7650.6; B
BRIk, 2286.2; FLERES, 1750.0; BREREE, 178.0; BRER%R, 61.4; ik
FRAA15.5; BRBREN, 34.5; WL, 114.8; VEHD, 4930.9

Note: ' White fishmeal, American Seafood Company, Seattle,
Washington, USA; ? Cottonseed meal: Wuhan Coland Feed Co.,
Ltd., Wuhan, China; *Distillers Dried Grains with Solubles:
Wuhan Coland Feed Co., Ltd., Wuhan, China; 4Soybean meal:
Wuhan Coland Feed Co., Ltd., Wuhan, China; 5Rapeseed meal:
Wuhan Coland Feed Co., Ltd., Wuhan, China; %Fish oil: Wuhan
Coland Feed Co., Ltd., Wuhan, China; 7Soybean oil: Purchased
from Zhongbai Group A G, Wuhan, China; *Vitamin premix
(mg/kg diet): Vitamin B;, 20; Vitamin B,, 20; Vitamin B, 20;
Vitamin Bj,, 0.02; Folic acid, 5; Calcium pantothenate, 50;
Inositol, 100; Nicotinic acid, 100; Biotin, 0.1; Cellulose, 3522;
Vitamin C, 10; Vitamin A, 110; Vitamin D, 20; Vitamin E, 50;
Vitamin K, 10; "Mineral premix (mg/kg diet): NaCl, 500; MgSO,-
7H,0, 8155.6; NaH,PO,2H,0, 12500.0; KH,PO,, 16000.0;
CaHPO4'H20, 76506, FeSO4'7H20, 22862, C6H10C306‘5H20,
1750.0; ZnSO,-7H,0, 178.0; MnSO,-H,0, 61.4; CuSO, 5H,0,
15.5; CoSO,-7H,0, 34.5; K1, 114.8; Starch, 4930.9

1.2 SRBEREFEE

R R AR R RE3 sk | o E R B KA A
WEFCHT B Mritads), 9256 b oA A B R 2E B K A AR W)
HIF 7 T I T 30 B £ 44 (L 4% 80 em, /K25 AH: 300 L)
HA AT R IE A K IR RS YL Ik E R W

fRE . RS S PR R (103.72+0.21) gi)SEL
i, BRE S N B ES 4T 4T, BT 25 R, L34 F
1T BERAE09:00F116:0045 M 5246 Tl k) 25 22 Wiy
1, BRI HES, IF LR LIE R E R 2 E, e
KENBEFLAERN/3. F75E A K E N (26.3+
1.0)°C, YA 8] 508:00220:00. IF7H [a] /K 4%
#>5 mg/L, & E<0.5 mg/L, /KA 791000 mL/min,
KT 88 52.78—2.87 umol/(m”'s), /Ki&pHH
6.5—7.0, FRFHA S Ryt 58 AR JE B TGS T 5L
1.3 RIS MSEIE &4

LG LR 2405, R3S 27 4 T P BE L
P75 B A KT FREE [P IR E D (116.46+2.09) g]Ja
TONIZ 4571 (20 em*20 cm*80 cm, Z410.032 m’),
H3INEE, HKFEEE NS, RisfaSEF RN
99.9% M4l %A, RNES & Ulis S K LIV N
FE, FLR B AR OER BN E 2R & (R5ETH
FZEAE R SARAA], B5: LX-5024B) Fit4T
Ah RIS Hi, PRBNAEE H160 r/min.
1.4 SCIGEUH

0L 32 i AT AN T AL 57 S R A S N
MS-222 BRI H (R & 980 mg/L) MR, HoH3 2
BEAT AR BRI pHIU E, 2 J5 FH0.2% I 2 8t
Tk B S A% 1 R W Tk ek I A1) % 2% (3500 r/min,
Smin) 5 N80 C Pk A L AH 5C B AL i bm il 72 o Rl
A2 R VB BILAIEL(1.0 cmx 1.0 cmx0.5 cm)jd
AT E o« AR IS H 4l R s, SR e iE 48K
IR AR A S B, IF AR KRR A T 52 pHAT S UK
&, BbJa, TGRS 6 N MS-222 BRI 71 (P
N80 mg/L) MR, LA IRIAE (1 75 v % 5 36 fa b 47 14
. LA pHAR S I i, FEHI AL & HEAE DG EE Ak
Fabrill e .
1.5 #Hmoh

JKFEFI AL pHER F pHit (3 £, Mettler Toledo,
FE20)3E 47 5, 7K FE 2 20K B - 9N IR b ik gk 4T
MW", AR AR R A I B A (EE Y S,
PRO ODO)ME . I &kl FLIR. TN .
A LR, TR S A
W % e ot @ AR ) T RE IR T BT AR )
SE o L3R BZ JoR R FH R 7] 65 1647 U 58 (Cusabio s
#], Fish cortisol ELISA Kit). A& % FHH# o
Zit (W Je £ 3EfREIA A 7, CRA00)HEAT I 5E, Wl 5E i
PRESER 2R A R3S IR AL ARt . BRATTH [ B
AR B 2 B3 2 0 R 2 [ W A ik fr A A £, R
AT, Xy YRIZEARREF, OFF 00N &5 5
(1 {8 4 5 A BEAE[L, A8 3036 B 7E O (28 ) —
100( 19 1)], —AMEAE AL i (a) ) BIGE(-a ), 55 —A
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A B (b ) BN e (-b) . FAR LR SR ZED)
PRI 73 T4 (TA.XT. Plus, Stable Micro Systems
Ltd., Godalming, UK) I "% H{ TPA(Texture Profile
Analysis)f AT 70 #r, 16 FHP/36RALER K, MiXZ
Hee AT S PR Sk B R — B(1 mns), $R KPR
YCR A T80 (] B 5s, FE4R HE 3 60% .
1.6 HAELIE

S0 K4 R FH SPSS18.0 40 v K fF k4732 v iy
JE L FEA TR B, 235 YRR 8 P<0.05. 204
RN EEARHE R (MeantStandard Error).

2 #R

2.1 BERAKFIER

B SR F AT A R IR 2, 221 4hpi Al 2
IS S, a0 AR R AR B SR R B T, el
0.18 mg/L - J+#6.18 mg/L (P<0.01), pH % 3 B,
FH7.41 B £]6.74(P<0.05), A4 & & T+ 5(P<0.05).
%2 ERIEHIES AR REEHAEDEE, pHAE

b

Tab. 2 Effects of simulative transportation on ammonia nitrogen,
pH and dissolved oxygen of the water in packing bags of gibel carp

3 EHER & E IR M R 4 IR R RRIR2 0
Tab. 3 Effects of simulative transportation on plasma biochemical
indices of gibel carp

st TBefore R ¥ 5 After

¥ brIndex simulative simulative
transportation transportation
% JFEECortisol (ng/mL)  61.60+9.16 205.71£19.26%*
& M Glucose
(mmol/L) 5.3040.61 11.400.75%*
FLFR Lactic acid
(mmol/L) 4.87+0.20 1.91£0.14%*
N —#Malondialdehyde
(nmol/mL) 9.71£1.42 18.60+1.09%*
i A AL B
Superoxide dismutase ~ 298.37+17.01 257.20+7.87
(U/mL)
AL FFCatalase
(U/mL) 35.49+1.97 30.22+3.17
BB ot E AL G
Glutathione peroxidase  139.45+4.64 118.72+1.67*
(U/mL)

* 4 BEHLSEXR B REME R BRI

Tab. 4 Effects of simulative transportation on body color of gibel

RRLE T Before RIS HIS After
/K i Water quality simulative simulative
transportation transportation
& Ammonia
nitrogen (mg/L) 0.18+0.00 6.18+0.00**
pH 7.41+0.04 6.74+0.04*
4 Dissolved
oxygen (mg/L) 8.23+0.05 8.73+0.10*

e R ERR RO IMER R, FAT R ERoR R
5t (P<0.05); ** RN ZE MR (P<0.01); F[H

Note: Data are shown as Mean+SE. Means in the same row
with * are significantly different (P<0.05); means with ** are
extremely significantly different (P<0.01); the same applies below

2.2 RIS & AR IR A TR L RO 2N

HH e 30T %0, 2l ah LS, S A AL
rhORZ SR R RN B R T (P<0.01),
FLIRIK B35 [AR(P<0.01), A H Ik 4k o i
T T B 2 PR R (P<0.05), A AL AL B 14 AN i
AN B PE PR (E 2 7 AN 22 (P>0.05).
23 EHIERY &R ERRN

15 48 (0 R (0. 25 7H CRA00I 5 45 50 W36 4. (ERK
WS HAnE, 58 ST 4 2 B (L) B2 PR
(P<0.01), 2R3 RIS (22 B B (L) 52 F et 81
To 55 22 F(P>0.05); RIS 5 B (E (b ) 7E TS 35
V) 28 38 45 A5 40032 B AT G S 25 PRI (P<<0.01), TEJE
AR AL, i 11 2 3 IR (P<0.05); AUl iz fii4h e
TG LRI P () )TE 2 T R HTE
B HB AL TC 2 3 7 5 (P>0.05)

carp
sk (R e i) T s i e
: H d/]‘ Before simulative After simulative
ndex transportation transportation
T #Dorsal
L 55.56:0.76 502341 29%*
a 1.24+0.19 0.85+0.12
b 18.59+0.42 12.162£0.36**
24K Lateral line
L 71.06+1.06 70.111.40
a 1.05£0.22 1.04+0.19
b 18.37+0.43 14.55+0.51%*
5 Ventral
L 80.37+0.87 77.77+1.98
’ 0.68+0.32 0.67+0.26
b 16.67+0.53 14260 40*

2.4 RN RA D

R SNSRI SE IR, S R LI b5,
BN AR T B R LS
AR 35 PR (P<0.05), BREAPE. #iME. BRI
BHTHTA PGB AE Z R A R (P>0.05), MBI
2% 5 T WU P Sl s i s H 22 AN B
(P>0.05), #0032 % fa WL p HE A ULz S mi T =
(P>0.05).

3 Tig
3.1 ERUEMIK BRAIEN

JK 5 A2 12 a3 A TR ) A BN 3 1
THRRZ—, AFEAR. pHREESER. KR



14 T T4 B IS RS e A AR R AR AR AR A AL 89

*5 RS R BRI &R
Tab. 5 Effects of simulative transportation on fillet quality of gibel

carp
Index simulative After s1mule}tlve
transportation transportation
fifi & Hardness (g) 43504208 5017+378
J6: % 1 Gumminess 1831+124 1483+112
NI P4 Chewiness 1283+122 901+87*
[A] 42 M Resilience 0.25+0.01 0.18+0.00%*
P Springiness 0.72+0.08 0.60+0.01
M M Cohesiveness 0.43%0.01 0.30+0.00*
Fi 14 Adhesiveness (g.sec) ~13.26+0.94  —15.96+1.66
pH 6.9+0.06 7.07+0.1

RIUSEALIZ K dh f5 22 K0T T B, 20 80k BE SRl
F+#r, H0.18 mg/L 7 #]6.18 mg/L, pH T F%, H
741K F16.740 AL 25 FAE TS 60 (Culter al-
burnus) A HIE, KIS H2h 5 KRR R E R T+
&, K pRpH FRE . b3 B (Seriola lalandi)iE4T
RS, 30minja, KA CO,THE120 mg/L,
pHM 8.2/ 5 7.2 #E4 B5 1 (Crenopharyngo-
don idellus){ P KB IBHILFE T, R IK A ZE
MO0.1 mg/L I F+50.6 mg/L, pHM 7.5k F]6.5" ",
GolombieskiZs" "%} 7 b 5 K& (Rhamdia quelen) i
kAT iz 4 s, 1250 )5 11 A48 N /KR S B FE il
bers.tingi R ET N B T i A\ NS e B e
VIS 1] (R 3G 0 I Eh A . AT AL IS Ha
Je KR AT 5 1T B R IR RURL T 8, 7E LS iy
AR KRR, A T e A FT A A
S 2 A A IS oK A b, BT KRR A S &
Fift. # t(Mylopharyngodon piceus)” . ita",
#1(Cyprinus carpio)”". W(Carassius auratus)”> 1]
At 7t 2 W B A K A 2 B BE 1 T v, o fe ik 7 AR
PR, ERIERIET. . EARV S, Bl
Hiah 5 is KR 2 EIR L SR, 0,18 mg/L |
FHF6.18 mg/L. [k, 7512 it A% A 2 I 7K 5 1
AR, AT T I 4 K ORI 7K B AT i s 7K 5 8 A0 21
ENEpEALTS
3.2 ERLIEIT I ZE s FRE R0

FEHLIE B Xt I 3R R B AR B9 52 I3 A
S JoE TR PR e e BT AR B R ) B AR bR . AR SRR
b, 25 AR AU E fr Se 5, i IR R Jo I ) R
EFHE, X 548 (Pampus argenteus)™ . EAR
(Anarhichas minor)m]\ SkA BEEE(Brycon cephalu)m]\
72 £8 (Rachycentron canadum)”  F1K i K BRI
(Oncorhynchus tshawytscha)™" (R 58 3538 AH — 3L,

o8 2 T B R T v . A A 52 B R OE R
IS, T o 0 - 2 AR B T 2H 2 e B, it — R A2
TR FIURE TBOBCER 1) JRODRE T e A3 1L 5 v iz Jo e
e EECE R

B 7T AR Ay 5 7 0 RS 4 b
AHIEFEH AN, AnARALL IS B SR 45 R, I3 e
WS ERE T, X sk R e R e ki
JI4% (Coilia nasus)™" . &7 W BE f1(Siganus cana-
liculatus)m]\ KU FEAEE (Salmo salar)[so]iFﬂﬁle@
(Oreochromis niloticus)® 25 [RITFF 58 45 SaAH — . HF
FEAN Y IR T v 1 = 2 SR R A 20 — 2 B3 3K
ARV ARG R B, M P LR ik T
e, JLART AR F T I SUH B o 40 i, AT A
AL H AR R T v R LA B RS, R
B L R R RS R T R T T

I o R LR B A R I Pl A SR I )
fabrZ —. FEARWT I, 75 R IZ fm4h 5 i
S (R LR UR BRI, X RAREE™ . sl pRns
IR TG R P 1 9 485 SR, AT TF 92 v B0
a2 SR b AR S BT E, X i
T S8 T SO LA T AR i T B S
AR T o X (Mugil cephalus)3E AT K W)
i, RIVRELL(1.66+0.41) mg/L i 3¢ FLERWK FE 3%
T R 4(7.03£0.36) mg/L, X2 i T 7ER AR 2
TR ANREAE R IR H A EUP I, T 2R AT JC
W, FEOMA LRI RN fEACHE SR
AU 45 R AT e AL S5 AR AL s i e K AR A
N8.73 mg/Lia T — ORI, Ak FE AT A
WEIRAT K o

RS 3 3 M 3R 4 F AL R AR AD R2 fE1E
WIGOLN, SRR PUEN RGEL T SR,
M ARZ B AR, 2 A 2 A E T,
TP A R 1) AR R 7k X HLAAR IS A AR R
o =l R U AL B 72, B & AT PR
IR ATLAA 52 S A 40477 RO R 5 8 S A P A Bl P 3
HEAA A, R A S RS R R A AR R A
B SRR LA TE 3 9K, 20 H i 4R A
B SR N )2 A7 I — T B S S8 A ) 50 it il
AR e AT DRI, W e A T
FEAHAE Y B ALEE . A BCE RS A
i SE AL AR 77T DU LA A s

TEARSEIG H, 5 B AR UZ fdh 5, 12
B R R E T, BEYBURE . T E AR
it R0 A5 e H ko S AL P B ) PR . FE XS R
FHANIEHE R BT 0ER 5 N (TS K2 BT B ) (4 7 VA 4D
B, Gl SR RO, RIS S 3Sh XS e T —
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BEF S B0 T AR S AU R BT A
rh R I R R AR A P S AN B ) SRt HE ZH AR
SERARE, e TR bk R ICEE S R g R
B, 12 p e T EUFIE IS AL S B ) BRI
A Bt H IR S A i AR S o A A —
B IR, ) 5 it A R E S ah s IS A e H kS
AN ) 53 T, (E R 2 e PR S TR] 1
FEK, HA TR S A P i ) VK A B DE K
S R R R SO S BT 2 e Sk
VIl g 7 B THE S, R BEE S 1A ) K H
THT2 TR, X R NBURE T, ML
PUAALARE 7 BRI 38 5 A BB,
3.3 EHER & ARG

R E 2R BAR . B, KE. b
ML, ErREESRmT, mEg s
Ferb, B ETE AT 4 A 2 T A SR
FRWY, 77 R IE e, AT, 4k
YRy R - R =9 (= AN ¥ 2 (AR N N i
AR, X il AlvanderZe ! 9T 45 S — B, B Mg
Xt EAR(Pagrus pagrus) V€ 1 52 0 S256 45 52 0
B2 (25 kg/m® )M 8 LA 35 B2 4H.(10 kg/m )i,
R L BRIREEC =(a b ) A
A3 [(h =arctan(b /a Y PE TR B AL . fafhfhn
(P AR A IR 5%, F8AR P A7 A T b 3 B R o
R, 77572 a- B 003 A i F1EER (a-melanocyte-
stimulating hormone, a-MSH)F1 22 £ 25 41 il S 42 3%
# (Melanin-concentrating hormone, MCH), ‘E /1.5
A 2, AN AT DUFE I Bk B R AR, T Hg my
DA 5 WL A R 7 St ey 2 L 2 f o )
PEAT, T - - TE] 2 S S, S Ra- B
M PRI S R RO N, B, o 2R R R AT R
RS R S A 2 i B R 2R ORE 1 20 A [1)
T, T SBUL KGR, Bz
BB T R, B BAMRIERHFS B
JRE A H, COUE S S RS2 21 o- H8 603 40 i )
R HEIC . PR, LS RS R AR
AJBESE HH T R A A I B 2 R SO N 5 8
34 EISHX R RS

AT 5T R A T ah RS i fa, R VLA
B R BT PR g . WM. HEM. 8
Ve RREEVE. BEVER R IR, X5 H T g
TR, EARATH B 5T R, Bz fndh fE LA
MR BbE. BB [Pl RS IE bR T 3 R
%o TILEAHE 5T A 5 B AR 6 UL A s 2 70 AR 4
Ja s, pHF s, AR UL B AR pHE 51 &AL
PR T A6, R A IT e R4 B S L AT T

7 Al fE A2 AL iz 5 5 LA pHTF & A 5%, pHTH &
SRR T . FE AN R R U S R R R 5
SRR, PR L pH L AR, KR T
I, 1 VLGB R R . 7 e e o
TARL(120 mg/kg)7d)5, KB By IR I A ) 4 I S K2
JR BB T, ALK RN, Wt E, $5
AR RS I ERLE S 5 AL
Wt SR BT BE AN I B 3R T = ok

4 #Eig

AHIE RS B AR AT T An RIS fy LR,
Rl s s e KRR BRI, pH R R 7 7 AR
ML 3% 5 J R RE] 2 MR B T i, T PR AR S
W PR R A fh R S A R (A FRAIC LI 3R
Ph PH R AN [ SRk S 5 R B B2, AR
SRS R KRR B, S A NN, BAR
T ARG IR T AR

BUS -
IR DCE IFE SIS R 48 LA FE Bl
Sk
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EFFECTS OF SIMULATIVE TRANSPORTATION ON THE PLASMA
BIOCHEMICAL INDICES, BODY COLOR AND FILLET
QUALITY OF GIBEL CARP

ZHANG Yu-Ping"?, LIU Hao-Kun', JIN Jun-Yan', ZHU Xiao-Ming', HAN Dong"”,
YANG Yun-Xia' and XIE Shou-Qi'
(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan

430072, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Freshwater Aquaculture Collaborative
Innovation Centre of Hubei Province, Wuhan 430070, China)

Abstract: This study was conducted to investigate the effect of transportation stress on the plasma biochemical indices,
body color, fish quality of gibel carp [Carassis gibelio var. CAS 111, body weight of (116.46+2.09) g] and water quality.
Transportation was simulated on an automobile vibration bench for 4h. After 4h simulative transportation, the ammo-
nia concentration of water in bags increased significantly (P<0.01), and the dissolved oxygen of water in bags was in-
creased (P<0.05), while the pH value decreased significantly (P<0.05). Fish plasma cortisol, glucose and MDA concen-
tration increased significantly (P<0.01), while plasma lactic acid concentration decreased (P<0.01). Plasma GSH-PX
significantly decreased after 4h simulative transportation (P<0.05), and plasma SOD and CAT had a low value after
simulative transportation (P>0.05). Dorsal skin showed significantly decreasing L’ values after 4h simulative transpor-
tation (P<0.01), and the abdomen and lateral line L values also decreased with no significance (P>0.05). While a
(P>0.05) and b (P<0.05) values declined in these three parts after 4h transportation. Cohesiveness, chewiness and resi-
lience decreased significantly in fillet (P<0.05). The fillet gumminess, springiness and adhesiveness were slightly de-
creased (P>0.05), while its hardness increased (P>0.05). The results indicated that transportation could induce stress re-
sponse of gibel carp and reduce fish quality.

Key words: Gibel carp; Transportation; Plasma biochemical indices; Body color; Fillet quality



