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anguillicaudatus)E % L3 3t %, DLFRFERH AL H & L & Z 3 BM,), RN T 2 AR T
TeE R R, BALRA ., IR LE ., WA B ATP Bety 25, DUHIOU R RS W AR TR &
ERE ., 2R ATRMN S FEE R EFAEA NI OREELKE, 2RET: ()M R
Bk IR R B B R E G X R ER B £ R (P<0.05), ZF I B E Me>M,(P<0.05); (2) FTill # ALBT A
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(1) 22 S 23 R HO™ AR T 3 52 e (AR AR, 2013, ZR TS
g, 2015), BrsE LR . THAILEEFN ATP IS A9 22 4k
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T FI ATP g 1 0922 5 SCR i oe, LAY DRk A
Ji e 7E T H R S A4 B A 3l

1 MRIERE
1.1 SCIG R

PERE R R 1 RERANA, T 2015 4F 7 H 4051
WA W VLA A kT Sl VR AR 28 R AR 3 (b 3 4 R X
M, FRFEEE N 6.75%10° J/hm*, FEFE 3] ] 15 W I8 ik
L R RN A Wk T Sl A S AR A R B (R H SR
B My, FRAE IR ERATAT fm kL, 2 BRI,
W VR BET 75 T A% 0 60 cm=40 ecmx=30 cm YRR 7Y,
R 7 do SEERRT, MR REMLEBUAE H R A
TIARAE RSB 5 o For, My T M, S50 U 85K 1)
S 85 MR KR R B 4y i A (113.37£4.55) mm
(13.35+1.23) g F1(122.69+5.22) mm. (16.43+1.36) g.

1.2 EWAHE

121 FIRHAK € & V5 7 R e 5k 1) A
fif - REBE R 22X IR Moo YR kA O 68 55 5 2% 22 R AR
FEAb 2 [ 1 DX B R I B A, R AR R R Y | R
Y15k 5 M, IS B CR-400 825X (W] Je R £ 6k
K Hp R B A R D AR OW H A PR AT, AR
FRAARE R RIS 6 B, Ho, MY L FoRsE
JE, L (EBCR RIS R, AR 0-100;
A FIRALEETT, +A RO, A Ik,
HEUETEFEN-60 — +60; B FRIRB AT, +B A
WKW, B NG, HBUE N F H-60 — +60,
1.2.2 SIS LT A gl & K F TA XTplus
R FAG AT A (B A AR A BRA T, LASE S A ]
THEF oA, EEIEL 10 mmx7 mmx4 mm B
LA e, P ILAERE | Bt . o . BRI . VHIE
PE K PESE 6 TR ARIEATINE o WA, FRACR
FH TPA PR, RSN P/36R, FTHER ,
TR RN 5 R A58 1.0.5 A1 1 mm/s, M A 2 mm,
R IBRAS ] Ry S's, REFpIRAEAL T Y m 6 .
Horp, W FE AR S H e LR 1,
1.2.3 S IRSKEEE eyl T REF SRR AT
REMLEE 6 Uk, LRI, K H B T ok At
frfdss), BURGE . B BABFERAE, 2 4°CHEaiK
YeJE , e IR T R RS R 1 K 4, RGN 1 mg
) BS223S HL KV (B B2 A8 A7 FR A 7l 43
WIFRE . ARic, RIGHLA—80CVKAR A7 .
ARSI TN A A B BN IR RIS, S A
P45 B AL B AL B (SOD) . 1 A LW (POD)

x1 NEERREEX

Tab.l1 Measured indices and their definitions

F8 4% Indices

7€ X Definition

il i Hardness WL IS B — e JEAS B 75 B (R A0 )

% Adhesiveness 55 1 Y4 J B8 Sk 8l Il i 6 B
{E T i T AR

CLits Springiness KA EHE - ERTEIG,
HFTREK 52 AR

BEEPE  Cohesiveness LA 5E 48 1 KBS AR5 T
B SR X6 565 2 YRR 46 A AR X R
ke S

WLGYE  Chewiness 75 WAR 25 BT i 9 Bl b, 0%
1o M A AR

M Resilience A B S E4H Tz b, HE
T 0-1 Z ]

At AL SR (CAT) s Bl fL A 2% B 0 IR .
M, THACEELHEE G . Ve M BRI IR DT R B =
WEFR MR AT (ATP) g 25 B A IR AE , ATP g Fh 25 40 45
Ca®**-Mg”"ATPase Fl Na"-K ATPase., 25 fir FAL %% H
B H UVmini-1240 #9 5 4p a] WL 43 0% O B i AN
Eppendorf 5804R/5810R = # V2 VR B LML MM &A=
PR A PR R ) o S50 BT FH AR 10 a7
I 1 e o A R AT R ] A R
TRV R AT HR A

1.3 HELE

B SIS AT A5 KR, FIR SPSS 19.0 1H5 H 4%
EEMEHE . bR, FEsbsEa -, SRA LSD Xf
2 [R) AL N R AT 25 5 3 PE R 5 (a=0.05), FEFIH
Excel 2003 EK .

2 HERE5H5H

2.1 FMFREEN TS SN MBI SNREHE

SR, WL IR, JEEIR A LS
B¥ysy, ¥ A G, Hh, FERR R
B, MEERIRE O, FISREAR R, Yk A
[IRURS 22 580K, 79, AT o) R € 22 S A X s, A
GZ RO, WMomiEhghiza, e, DR
AR FZEA I RSM

2.2 FFHFREE TR A M BT

2% 2 AT UL, PP SR AR AR X T e B8k i i iR
FRIE R B TR @ L (H 5 M=M,>M,(P<0.05), i
A A B 45 Me>My=M,(P<0.05), FB] M, Fl M,
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5 0 B ok 5 B S ZE R T M, I M JIT 3 1668 FI B (5
SREEST My, A1 M EHEARE L EM B HE
MM >M,, [Mi7E A {8 F My, M, Fl M, 1T 2 5  1)
P00 i 2 25 5(P>0.05), YR BHOIE SRR (B 5 B I 25
5 X IR DAL s e SR AR X T R BB R 1 T
EE N R o = S GNE [T/ M 1B L i S Wl O o €1
DTN i N S = o R [T = 5 s -

R 3 Al UL, WL TR, Jelk . AR
M, (.25 L {1 B {H¥ 2 EH>M>T #(P<0.05), %
B G AR AR B N B 0 T My AT, Hr sy
BRI . BRIETSALN, T53EA M, (025 A [HE
Mo>T5 #B(P<0.05), = M, FIr & 208 o W 2 v/ i
W FEHFRAERENT, JRHRTY . IR M, (22 A {H
AL 75 P (R Y G 8 35 M 22 5 (P>0.05), T L {HF1 B {H
B> Mo~ 15 3 (P<0.05), I A (0,28 B e H:
I A 2 = T M, AR

2.3 FFHFREEN TR N M LR SHE

H 3R 4 AT UL, PR FRFEAR T Yo Bk i i i LR
RSN, WEEE . M. BERME. MEMEME . A MR
PRl 5 M <M,(P<0.05), FIRE M T
Ve k7 B B T LSTAS G35 O T b I & FR T e
kA

2.4 FMFFEEN TR T AL A =% H L B iE T HY

FHIE
HI 5l DL, PR SR A AR 2T Rk Ia] g T AL
{6 1R R B T BRAE | B A I

M, <M,(P<0.05); JHIFIE AR 7 g 0 i {22 M>M,
(P<0.05), 1M} iz V€ A Bt 3% g 00 G W 2 2% R (P>
0.05) LA I 3% W e ik 5] JUE #5014 1k g% 7 28 4 5 52
B 22 R B UIAE G .

&2 WAFREE IR R BT

Tab.2 The epidermal characteristics of adult M. anguillicaudatus cultured in two models

L Rires A IS AT %} 18 Control F: ik Stocking models

Measured sites Measurement indices M, M, M,
R L1{E 36.700+0.767* 30.304+0.896° 34.302+1.122%
Dorsal part AfE 1.300+0.051? ~0.155+0.078" 0.018+0.341°
B {H 6.737+0.124% 4.443+0.359° 5.054+0.580°
i 3R L {4 36.700+0.767° 43.729+1.419° 48.422+2.076"
Ventral side AfE 1.300+0.051* 0.165+0.459° 1.095+0.688*
B {H 6.737+0.124% 10.650+0.705" 11.423+0.577°

e FW—17d, RNEFREFEREEZERP<0.05), £4, £S5

Note: Different letters within the same row indicated significant difference (P<0.05). The same as in Tab.4 and Tab.5

®3 FE—FERXTREHBFRLRRE

BRL B9 & BB HRE

Tab.3 The epidermal characteristics of different parts of adult M. anguillicaudatus cultured in the same model

=gz A M,

M,

L {H

Measured sites

AfH

B fH L4 AfE B fH

% Dorsal part  30.304+0.896™ —0.155+0.078™
JEER Ventral side 43.729+1.419"

M, 36.700+0.767°  1.300+0.051"

4.443+0.359™
0.165+0.459™ 10.650+0.705"
6.737+0.124°

34.302+1.122™
48.422+2.076"
36.700+0.767™

0.018+0.341™
1.095+0.688™
1.300+0.051™

5.054+0.580™
11.423+0.577"
6.737+0.124™

T W=, R RER R B3 22 5(P<0.05)

Note: Different letters within the same column indicated significant difference (P<0.05)

&4 WAFEE IR RN Y ILRARE

Tab.4 Physical characteristics of the dorsal muscle of adult M. anguillicaudatus cultured in two models

FEHEAR L Stocking models

$E#R Indices

M,

M,

i ¥ Hardness
& Pt Adhesiveness

7027.188+200.308*
—40.818+3.909°

7891.998+236.627°
~55.204+2.934°

Ji1E Springiness 0.601+0.029* 0.782+0.032°
BEE I Cohesiveness 0.464+0.022° 0.548+0.019°
MH 4 Chewiness 1939.174+255.919° 2850.147+98.507°
PSP Resilience 0.32440.019* 0.4080.022°
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Tab.5 The activity of digestive enzymes of M. anguillicaudatus cultured in two models

JH LR Digestive enzymes IE#% Organs

{15 77 Enzyme activity (U/mg prot)

M, M,

#H F ¥ Protease HF I E Hepatopancreas
H Stomach

JIg i i Lipase JFHEAE Hepatopancreas

TEH T Amylase % Intestine

2022.626+92.061° 3150.466+189.158°
9.229+1.181° 34.204+4.216°
92.409+5.656° 63.92248.020°
0.570+0.041° 0.553+0.047°

25 WHFEEERX TRMFRMAEEE SOD, POD.
CAT i& THI4H1E

B 1AL, & =T, PR Bk R e
JIfE 15 [R5 POD ¥ J1 41, CAT #i1 SOD 1§ J134 76 i 3

300 EM1 EMI1

b-m
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[=]
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P10 90t T P U 0 B 14 B S A TS )
Fig.1 Activity of the antioxidant enzymes in hepatopancreas
and gill of M. anguillicaudatus cultured in two models

a. b ARIEPIA BT [ — RSB G ) 22 5%, T REAR IR
BFEZES: m. o bRiER-BET A RESEHE 25, 7
HAREREEZR, K2
a and b indicated significant difference between enzyme
activity in the same organ under two aquaculture models
(P<0.05); m and n indicated significant difference between
enzyme activity in two organs under the same aquaculture
model (P<0.05), the same as in Fig.2

P22 5 (P>0.05); FEHFRAEBIT, Jeskss ki I
JUE AR F] 4 SOD % J141, POD il CAT % 11 Y77 i
22 57 (P<0.05) ; P Fh 7 A AL X 1] R k77 A CAT
SOD F1 POD i J ¥ 471 i 1 22 5 (P<0.05),  HLf#f
T TR 1 5 My>M, (P<0.05), 2 BH I Sk i ik
8 2 P R B AR X 25 S ot I Bk AR AL TS ) 7 R
A E

26 WHHFEENX TRMFEN BIFRAE ATP B8E 5
B 451

HIFE 2 AT UL, Jefkas il PR E ATP 0 ) 11
RFAIE 3 B Ay 19 ol 5 B A X ) g 8k P R M
ATP FE S5 Mp>M,, H 225 3 (P<0.05); [f]—
FEFHAL T VR BkIR B TN Ca® -Mg™ ATP
715 %% T Na'-K'ATP Jifii% J1(P<0.05).

35
- b-n
»i0l aMiaM ;
£S5 a-n
£ b-m E
RG220 1 5
E [5) E a-m L
& ‘%E 15 3
a §10-
S 5t
Na'-K*ATP Ca?*-Mg?*ATP

Bl 2 PR IR IR A DR B TR I At R AIE ) ATP [ 7

Fig.2 Activity of ATP enzymes in hepatopancreas of
M. anguillicaudatus cultured in two models

3 iTfig
31 AMFEEXTRMMEENES

CAFTR R, SRR (0 22 41 IR Y
FE o PR WO SO R B O AR, Hodr
8 28 B 1 A PR A7 P 48 R G RN PN A I TR A (VS 4 4
2014), [T P51 R R 2 52 M £ S IR (5 1 R ZEAM R
HZE L ENIEE, 2009; 327585, 2008), Hi 2 2 7] %1,
PIFP SR FE AR, YR B R B 1 AR (A5 B TR 55
M=My>M,(P<0.05), AN B ek i {4 A8 1 32 5%
FHIAEE 22 S RZ M, 1 HL 8 7 A T SR AR =T YR k14
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[ BHAE: PIRR IR T YR BRI R R SR B NS TF AL . ARG ATP I ) 22 5+ 125

3 A R AR AR e ) T B, LA B8 N IR B AN Pk f
BHHP ., XNEF(2005) W RiE , A G 7E i aiR
TK W B - R B 1 (Salvelinus  fontinalis) {6, 2 5 1
R 0, AR TS R/ INBR B KT I ) - R e A
(e g e e o ¥ ) 455 (2003) A EE, B AR T
(Clarias fuscus)W G 48 . HEMWEEARE, F
N TFRFAAF B A . WA KA RS, e AT
FERH T F 00 KA . KK B ANEE

32 FMHFESEATRERHREEHNES

4RI, PARDFREEAT , VR BRTR AL 75 AL
TERBRE | sk BERE . WHIEE YK MR AR R
M, <M,(P<0.05), FHJEH, Xn]fg5 HFRmmesi 2
S 3 B UE KA (AR IBOAS [R] 0 T8 2 SR s A 5%, BIVRS HE 5%
FARLECT , YRSk Al T AL T & W PR B B
PG SRR B 2 R, B R B s R L&
TEWE . X = SE(2009)WFFE R, Ha 2 1] FiTViE o)) B 4
o) 77 F B B TR E8 &k 6 b ULAE i A A i s B
FEA AR I, ARSI R LN I ATP B PR
FLET 4[] B 255 023 5 G ROR 3G 5%, DA T 2 o U1
6k 7 1l A JUL PR 5 3 5 DA R sk | SESR M . PELMER D
PR PSR o BLAh, 1 RGX — I W] e 5 e bicR &
ANFEVEHE 2¢, BRI & FR R Y SR B T4 I
SRS B v A RN S I T LA RRE i A AR I
P R R b, 2 Rl R SRR AR K
YR TR R UL IR B A B T s S R R R
AR, XS Haard(1992)iA S (AR A5 i &
JE SRR A A PR T A N TSR A 0 2 A SE )
TR R A 25 AR, i BB 5K B R (2014) & BT
AT T H B (Monopterus albus)FESHKAL A (1) A58 B |
UL R L R 347 2 v N TSR AR K (P<0.0 1) 1Y 1%
A —EL,
33 WHFEKRXTRMERZELENER

TH A0 T 5 2l T T A B RN R R a3 W (PRI SR,
2007), APRRIEAE RS8N B W DKE AR ) K51
TS R S WL Ny T o, e MU AL . Wl
MLz )5, LAl B HUARREI T K o WAL RS 1 0 A8
WA R FHE 7w a2 i e AR FRALH] , 1 BA BT
BRI AT 25 57 o 38 5 A, PR R T
Ve Rk 18 5 o U 3 TG G W 3 25 /A (P>0.05),
A2 A Bl 1% 7 18] 34 A7 B 35 PR 25 57 (P<0.05) . X
5 R R SR T H A8 il (Anguilla japonica)FF
B it U 2 T A0l T ) A R 25 A — B (R R R A,
2013), Ak xk pl T ARG S T AR AL 1T g S R AR AR

AEFAK
34 MHFEEXTERERNENBHES

IR NAFTE— B P EALD BpLg], £
f115 SOD ., CAT 1 POD %M (#1545, 2012)., Tt
AALRGRENS TG RS2 IR L KR . SBIR AR A%
AN ) A A LA = ARk ) A 3, R, R
PP AR il T P AR R A B IS R Y R
FR(Yu, 1994), & 1 0]51, PRhFREERBIZ (0], e
3% 55 CAT. SOD H1 POD ¥ 1477 AE i EhE 25 7
(P<0.05), HREGE I R/NEE M>M,, FTHERHE, 1]
B T HE R A A =T R B8R o U Ak T 3R 85
2 R R ARG v (RS, P BOMLAR EA T A N
N, FEFEAR K A R R, s T Ue S T
SRS M, E BRI T 2 0 iE R B RSk
HEFFHUAR I IEH 8/ . X5 AW 5T IFEAE ATP
it 1% 1 1 AE AL R A — B

35 WHFHREEXTRMARERE ATPEENNES

JFFIBEHIEASASUTE i 0 43 26 1 T AL Ak Ak A5
PRy R EEAE A, I LR AR B Y
RT3 7 LA T P A (3248, 2008), T A 3
AE TV 48 7 o A ek IR 0 1) S B4R . E AT, I
AT EARERS ATP B AYHESE 24 i T 5 g
2 (FHREE, 2011; B ILSE, 2015; Lin et al, 2004), i
V5 B P HE (O IF 9 1 A LA o 72 2RI, ATP il
AMLREAERF A0 A N B B P, T LA — T
PREE 0360 52 W0 14 A 0 2 AR bR (M A5, 2014) AT 2
AR, AT R HFRAASR, YR BRI BT
() ATP B 7 3 b i % R 2T YR Bk 7 1
(P<0.05), X 7] RE 5 P RE AR B v A 58 38 S S50 JBR
JIE ATP F i DRt o A G, DI 80k e 4l e A is
BT, LR IR A G, X S 7E 5505t
T UL B A H TR AR A T A B AR R A7 AE W A
G GAR A

£ % X M
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Comparison of the Body Color, Texture, Activities of Viscera Digestive Enzymes,
Antioxidant Enzymes and ATP Enzymes of Two Cultured Population of
Misgurnus anguillicaudatus

YUAN Xiangyang', WANG Zhizheng'”, YANG Cheng', FU Yu', LI Hongpeng',

BAI Xiaoqian', ZHU Weidong®

(1. Fishery College, Zhejiang Ocean University, Zhoushan 316022;
2. Fishery Technology Extension Center of Yuyao, Yuyao 315400)

Abstract Misgurnus anguillicaudatus is a fish species with high economical values, and is widely
distributed in China except for the Qinghai-Tibet Plateau. The popularity of this fish has been
growing due to its high contents of minerals, amino acids and vitamins. Environment is one of the
main factors that affect the body color, the texture and the visceral enzyme activities of the fish;
hence it has been a hotspot in the research of M. anguillicaudatus. In this study we explored the
living strategies of M. anguillicaudatus raised in two culture models, the pond monoculture (M) and
the polyculture of turtles, fish and shrimp in the rice field (M;). The wet earth from the paddy field
served as the control (My). We analyzed the differences in the body color, the texture, digestive
enzymes, antioxidant enzymes and ATP enzymes between the two populations. The average body
length and weight of the samples were (113.37£4.55) mm and (13.35+1.23) g for M;, and
(122.69+£5.22) mm and (16.43+£1.36) g for M,. SPSS 19.0 and Excel 2003 were employed for data
analysis. The results were as follows: (1) The measures of the dorsal chromatism of adult M.
anguillicaudatus were Myg>M; (P<0.05). (2) There were significant differences in the measured
indicators of the textures of dorsal muscles between the two populations, and all the values followed
the order M,>M; (P<0.05) except for that of adhesiveness. (3) There was no difference in the
activities of the visceral digestive enzymes except for protease (M;>M;, P<0.05) and lipase (M;>M,,
P<0.05). (4) Activities of antioxidant enzymes (CAT, SOD and POD) of M, were higher than those
of M, (P<0.05). There were significant differences in activities of hepatopancreas enzymes between
the two populations (P<0.05). The activities of Ca**-Mg”"ATPase and Na'-K" ATPase of M, were
significantly higher than those of M; (P<0.05).

Key words Misgurnus anguillicaudatus, Aquaculture models; Body color; Texture; Digestive
enzymes; Antioxidant enzymes; ATPase
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