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FRIK RKFERDEHHENL . AL,
Rt RR R REEENNLERS T

wEAE O mAEY %hEW M A B W #AkE TkEd
(BW\ATK=IR T RilgmHioK =8 AR5 B 200433)

WE  ZHE KT (Coilianasus) ¥ R AR E N 8.7~12.5)F ik KR & TH . A, 4
FHEEERBAEINER, AFRXAREERT A, UEMRAAT LT 76 178 & 58xt
Z, AT HH210 dWRAER ., FREF, FREAFRENGFOLTEARFRATDG)NEKEE T
F R T HKIRFE ] 85 (UL T 8 AR 3K K 1 8F) (P<0.05), H 3t 2 & Ji i 4 By 8 1L 68 A 208 T3k ok 0 4,
7 X R i 6 9 fC A TR 5 o EE R, R K T BFEY 4 A P9 IE 28 B B9 TR M BE(AMS)TE A7 3 K Tk K T
B2 51 8 3% (P>0.05); B A0 it o & & B 8 /7 ¥ B 3% K T 3K ] 57 (P<0.05), if A1 5 3 # g i B (LPS)
& 1 ¥ B E KT 3K T 87 (P<0.05), BT 5 85 AMS ., & & B 3E 4 K /NR T34 8 5 B> >F > A,
i LPS 7& 41 K/NRT K f>8 %> E>F; KK T %7 AMS ., & & B fn LPS 78 A K/DNIRJF 34 % &5 >
>8> HF . 2 R K ] 87 B A A Ak 4 5k B (SOD) . A Bt H Bk 3t £ 1 4 B8 (GSH-PX) 7% 1 K 1 — B
(MDA) & &3 £ % 7+ 5/(P<0.05), it & L A8 (CAT)E /1 £ & FF(K(P<0.05); X ATk &k 14 5% 5 B8
(AKP)#n B; | 5% B2 B (ACP)7E 4 ¥ 1 1K T 3K A 1 87 (P<0.05), ¥ B K 71 5 4 5 4% @ B (AST) & 7
LTREZW, E2DERRKATEAHALNDE . AREXRA, FRAFEFEREIH:T T80
Ak, RAT G EEFMmERNENE S, XHETRE SOD M GSH-PX & 4 &4 A 7] 5 #. %
B, WY RAE B, 5 LR, NHEEAEFRATHATRE, BVSETHFRAGE
1 8.7~12.5)3x 4 1744 1 %5 .
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TS I AR T A P A B o Rl O SEAME T
DI R TER AOIRT ,  EIETTK PR B — B8O T
DI N T B F MR AR5, T 2011 4ERLIh %
TEPAL NN €5 % N (WAL P = x 4
ROt S, 2014; TRIESE, 2016). AEEmE TI6HY
NT IG5, TECPRFRpd i, W AEN
FREAIREE, DA % 4 35 98 25 A 3R B K 7=
o L, BITTIE A BOK FROK FRIE 40 T R
KMERE AL PUA AL AERR SRR RE ) 2 1k
XA R )5 P SRR AR R, $ e T BE I N TSR R R K
Fr HA EEE

H AT, JJ65F N T3R8 M AR BT 5840 4 T & e 44
BB RESE, 2012; [EDEISE, 2009), EPAMG &
TR IEE EEE D FHERAE Xu et al, 2011;
RMNHFLE, 2011a), A BB AR(ERWHES, 2016;
KRS, 2015) . WLIAE SR E 548, 2011; 250
S, 2019) AR K MERE G BT RESE, 2021 # CHE AR,
2014; HANAEE, 20110)5 7 1H , 24 1 A8 21 Eok
FRIAFART TI BT AL L PUAAL L AR S AR
WHE T R A SE ST . L, TF R K SR X T
5 A B AR AR AR R I ST BT o R L
Mo ARSZIGTF T 2 SR RITR K 57 58 % T 85 1 AL |
PrEAEG . AR i il S AR 5, LA
W1k D85 1) N T3R5 B R SR HEER S AR 4l

1 #HR5TE
1.1 SKIewr#t

S T FH T8 1 3 T K P W ST BT 2R R
H(LLT RiFRZE BRI T 2019 AF 2 N T LA E
B, JFgnt E /M IERIEEEE 1 AR5 E—Ht
P, SCR /K N 2t . EKMIiRE . 60 H ML
TR > i TR SRR K (BT SRR, $hBE
8.7~12.5), SLEMIERK I, Mrgdtdr iy,
AU 0.17 hm?, SEHEPKEEN 1.8 m, BEIMIEER 1 &
MARAIGEWLENR 1.5kW), LI TF AT, I s
PEATIE YRR, TBhRAef . ZR1T,

1.2 FLWiZITEHFRETIE

FEH SIS T 2020 4E 3 H 17 H—10 H 20 H7E%
DR ) 2 K TR R i ik AT, R 2 A
4, BPp oK SR A (BN S A RMEK, FhER
8.7~12.5)FIR/AKFRFHAL A HEA ), B4 1 1 3R5E M (T
Uk 0.17 hm?), it 2 DbdE, A bR 500 B

T, =TSSR Jy i Takifugu obscurus)yit i, 78
TIBFIFREZ AT, SR IR T AR W R 3R, AR
FEIIEFHOET 7 d, 18 HEIEK 244K N 180 cm, 2
JE R RP IR ENL 2 h, #EEEFE 7d, 0
HEK R AP RN R S . BRI /IMBER S5 i i
F| 50 ind./L B 4R R T BF A T FRAE S 00

SCEG AR, NP AL AL AR, E LIAS I
TEAEYERSNE, I8 5 d XS24 B TR AR
YR EAT 1 ORI, R UERE 11 3t 3p 7K A4 rp 36 A R A=
Yrige > 5 ind /L, SRR, Kt AHALR: & b 3
BIUE APy BRI RN o FRBEIIA], B 14 d 0K 1K,
FRRIIK 173, SCEmE], BK 18:30 FFAH A& 2K
H 06:00 5 HICH(FMARESL KA, 5 Y IERKIFHE L
FIIHIE]),  FI9RK TN 15.6~32.4°C, pH Jy 8.22~8.63, ¥
4 (D0)=6.95 mg/L, S A (TAN)<0.25 mg/L, WA
FREL A (NO3-N)<0.13 mg/L.

1.3 EE5SBEENNETE

FIHL LSRG, AULFHLIREL 12 )8 7] 65 1 Fifi
ML 3 AR, BAEEE 4 B h— A,
Jefdi] 0.5 mg/L MS-222 XTHURE I B E TR, P TIE
KBV T, BT RIS FHTREZ L, 17
FIORANDEGEIF . . BAE R 4 FdeE, HEHER
HId iy 0.86%4: BER K (4CEVER , T g4t
TREKSY, AT R FE KA BT, KU
FRIRE B 4328 e BT AT -80 C VKA R il . ZEREHG 1 52
Wi, oA GRS E T 4 CUKAE P TR, SRIE R
AR 5 mL 08, A 9 A ARFRE G
ALY 0.86% L HER K, TEVKIR IR SE T AT WHE
il % 10%23 9%, I E T 2500 r/min FIRIR 5014 °C)
HEL 10 min, WEHU L 2R, BPZ000 R HA5 B

AR AR

JIEE NERE SRR AL L SRR L AR S T I
AR EEE 1 AHB R A S R e, S A R T
AW TR ST T A 7 AR & Y8 K i (Amylase,
AMS)i & (W —3E By b 3%) IG i (Lipases, LPS)
WAG (k). B E M (Pepsin, PPS) K& . B
A W (Trypsin, TPS)MIR & . i % 1k & (Catalase,
CAT)IA & (] WOtk . M Ak ) B AL (Superoxide
dismutase, SOD)MK &R . A H K ik
fiff(Glutathione peroxidase, GSH-PX)illi{ & . A059-1
WP BE PR 8 (Alkaline phosphatase, AKP)IR5 & (7] L
e b k) . R 4 B 2 B (Alanine aminotransferase,
ACP) M & (AT WO L 838 . 4% TN % % ¥ (Alanine
aminotransferase, ALT) M i & (& [C ). N
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(Malondialdehyde, MDA )izl & (TBA %) LA S A B 46 24
fitf(Aspartate aminotransferase, AST)I{F| & (kb f7%),
it FH 2% 5 17 5 0 v R D0 ) 55 AR ARE o b S R
o AWEFE Y, A B 1 R R T I 2 PR
AT 1R 2 7 At e BRI & W 1 BH A B A T
14 ERKMEEIERUEITE
AERMEESHOT RS HMBERFE2021), HikT
A
IRRK AT 8 K (relative length growth rate, LGR,

%) = (Lt — Lo)/Lo x100% (1)
1$§*HX¢iEﬁﬁ$(relative weight gain rate, WGR,
%) = (W, — Wy)/W, x100% 2)

JE# 2 (condition factor, CF) = W;/(Ly)* x 100 (3)

1% % (survival rate, SR, %) = 100%x(Nt/Ny)  (4)

7 5E M K R (specific growth ratio, SGR, %/d)=
[In(W,) — In(Wp)]/tx100% (5)
K, Lo MELEIFIRET TIBF IR K s L S gngs
B D85 R s Wy SR SEER T B B T BT AR, W
Ry SIS A T R ER  t M FRFEET ] Ny S SE
WILRET IR EE s N A SCIR 2, SR T8 A 16 i A .
15 HiELEMSIT

ffi [l Excel 2007 H{FHEBSLKEHE, 2] SPSS
17.0 BRAEXS [ —FRBE 55, TIBEAS R N AR5 F TR
6 1KV AT BA R 2 7 2 (one-way  ANOVA) 7 HT K&
Duncan [KEZE R, X2 PR &R F 16 A K
TR AR S 3 AT I ST AR AR A 5 A LR R N 22 5
WEME L PSR LE B 45 E 25 (mean+SD) R
FoR, P<0.05 WESEFH,

2 HRE5HW

2.1 FREKFRIE R 7] 8 A K BE Y RN
FRUKFPRK IR FRIE O 1. W 1

AL, 2K T ARTR 2K D85 B4 W AR K A ik
IRE AR LT 3 22 5 (P>0.05), &5t 213 d Ay 35
EE ST QAR i IE RN RN SR T N o0y W
¥ (P<0.05), M 2 v LA H, 2 EK IT85 %) LGR .
WGR. CF il SGR #] &g 2 K TR K J1%(P<0.05), 4%
SIS SR ML o 22 . SRR, e UK TR
FESMET, JISFR A R  E Ab

2.2 FREUKFREX TIEE L EEE S B 0m

2 RK IR I NI AMS 16 1RSI LR 3.
M 3 WLIEH, PEUK ST ERME S AMS 7
FE B R TFHFAE b AMS 1% 11(P<0.05), HiE %
Az ] . FFRE ZE AMS 76 A e 0 B 35 25 5%
(P>0.05) 1M BK FREE A5 F T 1 1854 MRS B
AMS {if J7 EEAG T (H A E Y TG 3 25 57 (P>0.05) 6
552 K TSR] A IR K T8RS 4 Fh oy 25 B ]
IR EZSR, BET AMS G BERTW
(P<0.05), Wh AMS 1% 153K T H (P<0.05), Bt
AMS i 11 5 E R TFHF(P<0.05), EBUKFIRK I8 4 Fil
WHESS B AMS 16 1 KNI 3 0 5 B> >8> 1T,
T AMS FEAEFAEE MG, IFXTER I i
A FNEEAEH

2 Jal 7K FIIR K T3 455 P IE A SR TR D B R T
F4a, NRATTUFEL, EEDPEABE TR, 3
HE XTI, . B P&EARE(P<0.05); HK,
Jig o BRSO T E R E A
(P<0.05), {HJH-HFIE ik (G I AH L o & 22 5
(P>0.05), 2 FhIIBFNMET, & E B KNI
HE > E SN, RPE AN EEAAE SN E
WMt I EEEM . e 2 FOREFRE &
T, A EK FRIE SR S BT 06 Y B A NS T
o, A 2R K TR R A G 3 R
FIRAK IS, 17 R0 10 B 1 0 A B TG B 2
5(P>0.05), B Rk 37 48 T 45 v 0 B85 2R 1 Y S
J1, AR R ) SR ) AR A R

R 1 FEKMRKBERBEISHERER

Tab.1 The basic condition of C. nasus cultured in brackish and fresh water ponds
B TR LILGLISNS ) iy 1 FNUSN KRR
Culture c/o\n dition Breeding density/ Initial body Initial body Finial body Finial body
(ind./667 m?) length/cm weight/g length/cm weight/g
/K Brackish water 200 10.3242.75* 5.02+4.44° 22.12+1.55% 38.91+£7.77*
/K Fresh water 200 11.94+0.54* 5.17+0.68" 18.95£2.25"  22.23+6.98"

T RS PAR/ NG PR R 22 57 W35 (P<0.05), ARG FRER R 0 % 2257 (P>0.05). N,
Notes: Data with different lowercase letters in the same column were significantly different at the 0.05 probability level,
while data with the same lowercase letters were not significantly different. The same as below.
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Tab.2 Effect of brackish water and fresh water culture on growth performance of C. nasus

FRHE A LN ER ORI A FE A X B R R R R & R PERR
Culture condition LGR/% WGR/% SGR/(%/d) CF SR/%
ik Brackish water 114.36+15.02° 675.19+154.77° 0.95+0.10° 0.36+0.02% 33.80
K Fresh water 58.71+18.84° 135.02+135.02° 0.66+0.16° 0.32+0.02° 34.60

R 3 FREUKMRAKFREI T8 NS E PIEMERE NN
Tab.3 Effect of brackish water and fresh water on AMS activities in visceral organs of C. nasus
2Ll 7K T Brackish water C.nasus
0.062+0.017*"
0.685+0.106**
0.340+0.161°*"
0.93+0.260**

#¥F Organs R K 1% Fresh water C.nasus nasus
JFHE Liver/(U/mg prot)
% Intestine/(U/mg prot)

==]

B Stomach/(U/mg prot)

0.042+0.008°
0.598+0.081°"
0.307+0.058°C
H# Caecum/(U/mg prot) 1.089+0.056*
AT HORE NG B3R 28 5 W35 (P<0.05),  [H] 8 R [6) KRG A B3R 28 5 . # (P<0.05), T,

Notes: Data with different lowercase letters in the same row were significantly different at the 0.05 probability level, while
data with different capital letters in the same column were significantly different at the 0.05 probability level, the same as below.

K RTIR K T 85% Y EH LPS T5 S LR 5.
M 5 oTLLEH, WRAKTIBTH®F LPS 1§ T,
JF 2R TR E B iy LPS 3 1(P<0.05), H 5
LPS 7% AL TC B 2 2 5(P>0.05), 2EJfi/K JI &b LPS
W Em e, KO E#, 5B EK T
B LPS W5 J1, 15 E o LPS FEE AL i 2E H
(P>0.05), KM LPS i& 1 EZAF/EIBTHE R . o,
JE R L EEAE . MTE 4 MR E T, 2ERE
VRO DAL NI E AR ERTE S A I IPON=F 1))
PR s, Horh, RREOK TS RS #E
LPS %7134 i K TR K JI 5% (P<0.05), FIf K
FEHE S5 A R 5 S BRA D 5 R B LPS 76 T

2.3 FREIKFREX TSRS R ERTE SRR

2 il 7K SR 8 6 7085 JF I e A AR R R
L3 6. IR 6 ATLIEH, IRKTIGHY CAT 1&JI¥HER
111.24 U/mg prot, & K T=£ sk J1155(24.47 U/mg prot)
(P<0.05)., TMi2F g /K T15% ) SOD .GSH-PX i /7 fl MDA

SR K TIR K JI85(P<0.05), 43054 148.35,
26.67 U/mg prot #1 7.42 nmol/mg prot, Z5RFEH,
JK SR E Z A AT AR HE ) LR T SOD Al GSH-PX i
JifEm, AT BT R B E A TT

2.4 H K FRIE XS 7D 6% A BE A HF 5 1 S i B A0 4K i
B & IR0

LK FRIE XS T B IEH AKP, ACP Fll ALT,
AST G w3k 7, Wk 7 AT LA 1, K)ok )
5% JF I AKP FIl ACP 336 g ¥t 25K T 3R 7K T 65
(P<0.05), FHA TG JBUK IR0 4514 32 2 00 Jgl b
b BrLL, HFWET AKP Fil ACP % 8%, 722k
KRR K 2 FhFRFEIREE T, JIB5 AP H AST A ALT
WM EAETHR A, WK 7B LIEH, P8k
JI5 R AST 3% 1 K FRAK I, HESAEH
(P>0.05); 1M ALT 3% 71 K F IR /K JI 65 (P<0.05).
TR KRR, XJIEY) AST 3% 716
Eem, [Ho R EFRIR ALT i6 71,

R4 FRBUKMRKFEN NG NEREREOEEFNZMN

Tab.4 Effect of brackish water and fresh water on protease activities in visceral organs of C. nasus

#%E Organs 2L /K J16% Brackish water C. nasus R 7K J185% Fresh water C. nasus
JFBE  Liver (U/mg prot) 315.18+87.44°¢ 83.74+28.96"C
W Intestine (U/mg prot) 1 985.88+66.50"8 1 818.59+309.64%"
B Stomach (U/mg prot) 372.11+61.62% 156.75+25.10°C
H# Caecum (U/mg prot) 3 166.89+716.05** 2 435.85+316.28**
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Tab.5 Effect of brackish water and fresh water on LPS activities in visceral organs of C. nasus

#%'E Organs 2K J18% Brackish water Coilia nasus IR/KTI#% Fresh water Coilia nasus

BFRE Liver (U/mg prot) 3.77+1.30°¢ 7.76+1.55"
% Intestine (U/mg prot) 13.83+2.78%* 15.04+1.76™2
# Stomach (U/mg prot) 7.27+1.89%E¢ 9.00+3.79°8

H# Caecum (U/mg prot) 12.78+2.18%A8 19.29+2.42%4

® 6 FRE{KINHAKIRIEXS T] G BT BE P L RN EETE N1 R0

Tab.6  Effect of brackish water and fresh water on autioxidant enzyme activities in liver of C. nasus

fitiAh2% Enzyme type 2k J16% Brackish water C. nasus IR 7K J16% Fresh water C. nasus

iFA LA EE  CAT(U/mg prot) 24.47+4.44° 111.24+17.98°
BEALYEALEE  SOD(U/mg prot) 148.35+6.06° 100.50+4.80°

A H B E LB GSH-PX(U/mg prot) 26.67+2.03° 16.22+1.59°
N MDA(nmol/mg prot) 7.42+0.90% 2.40+0.24°

TE e A A7 AR A AN R/ING SF bR 135 22 5(P<0.05), AT A R /NE A BE R (B 7R T8 ik 35 22 5(P<0.05), R,

Note: Data with different lowercase letters in the same row were significantly different at the 0.05 probability level, while

data with the same lowercase letters in the same row were not significant different at the 0.05 probability level. The same as

below.

RT7FBIKINR KRR T8 AT BE B A S S R EE AN 151 B E 1 #0m

Tab.7 Effect of brackish water and fresh water on nonspecific immunity enzyme and metabolic enzyme activities in liver of C. nasus

EEFh3E Enzyme type

e falisK J18% Brackish water C. nasus

RIK J18% Fresh water C. nasus

WPEBERREE AKP (U/g prot) 36.88+2.42° 114.90+13.64°
R PE SRR B ACP (U/g prot) 77.34%£13.57° 132.38+17.56°
BHEER AST (U/g prot) 34.43+3.53" 29.64+2.27°
BN ALT (U/g prot) 1.74£0.13° 3.06+0.80°

3 e
3.1 FRKFEFEX 64K RIS L AL ST R B

FEA 5 ) 0 28 A A R I 1) F 2SN I
%@%&EL EEEAMT, HAERKM RSk B Ry
WG, 2020), AW B, 162 R0UKGERE
H 8. T~12.59)FRAUAM T, TIEF A A K 2 K TR
JKTIE, SR AHLLICHA 2200, X R T 6 T3S Tt
KR, X 5% R Q2015) M5 8y MU 45 ik
(Eleutheronema tetradactylum)7ZEEh FE 4 2~10 FY7K AR
AR KRIE R, TAETRK A K 218 i 25 JRAR AL,

F T 57 FE K IR 45 B A (] 2 S 300 A D T AL T S
JIo s (i 524, 2019), 10 TN AL AR A 25 A4 P AR
BRINEES 5%, E?ﬁ%ﬁﬁd\%i?ﬁrﬁiﬁ%ﬁﬁ%
YIBTIH AL . WRSCRE T /N, I R e 60288 1Y) TE AR
£ (Lundstedt et al, 2004; Eﬁi@é§ 2007). UL, wliE
Je ARSI F AR PR T AR TS 0 RN, DA E AR AS [ R 5

ST FAARAIE A AR BRI o ABFIE R B, 7R 8K
TIEF RS B P, AMS 1§ T3 IR K T 851 &

PRI I v 2 1 Tl 0 34 2 K, SR T A
IKFEFE S5 T WIH AL BE D738 TIROK FR58H , X 5 2P sk
T A A R B PR T IR 7K T 5% %) 245 SRR — B D 3 3B
AR, — 5 TR e BUK TR SR T, JT6E
J TR NS B 22 S TR B MRS T 2 g it
HEATBE R, B, Bk SR 5E T 8% i HLAR T 2
W TH AR I AL B, BTLL, RJEOK T E DY RS
B AMS FEE RS ST e O3 — 07 TR
7J<7J<12|“F‘E’J‘?ﬁ’ﬁﬁﬂ[%’ﬁﬁﬂﬁ%(Monia mongolica
Daday) HEEF | /N 2% £ 55 1 RITR K K A A () 36 T BH 22
ﬁﬂﬁﬁﬁ{m(Moma macrocopa) KA . N HRZE TR
[F], XA %IiTﬂﬁf?%??ﬁ%ﬂ%ﬁggﬂ’]E&/}f, N
75 BOH A 0 eE . X 5 # % (2019)8F 58
AT % Oncorhynchus mykiss) AT Sk fi(Salmon gairdneri)
YIEEREE R 5 R0 10 BT AR J1 8K, 3B fEaE(2020)
WF5E % PRI & fili(Sebastiscus marmor atus)7e 55 J% 4
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7.5~10.0 i}, AMS. TPS #il PPS i M55 = (B 55 45
AL, RIS, AR LB, ROk FR K T80 E
FMpT AMS, EEB. LPS I M ERTHM
JHFIE , 2 BH 70 5% 1A o9 T AL i 32 SR A7 AL R FEVE FH Y
PR, I A SR BT Ay, X5
RS- 2520 16)AIF 5 10 TI B AR RlIH L 2L, WAL
TR F O > E > E R A R A R, 2
JK IR B SR A 3T B T B SR

3.2 FERiKFEX TSI TR

JHFREAE Ay f 28 E B2 ) B R AR R e e 28 B, AN
S SREIE A R, A AR BT A A A B R A
T3 Z 40 bk 2 B 2 F R RS, 2015; S84
%,2017), WHEEHT, P EHE 3 M EENIUE
{LHEED SOD. CAT #1 GSH-PX, HH', SOD HyfEH2
TH Bk AR 9 A7 T PR AR R 3R (07), I i Ak s
B HA3f# A HO, F1 O,, 1l CAT 5 GSH-PX X341 iH
AL R DR HaO, 43 TS FE 1K, 1T 4P a4
A3z B 3L E (T 495, 2013; Parihar et al,
1997) ABFFELER IR, UK TIE5 AR+ SOD i
GSH-PX I f134 i 5 KT IRAKTIBY, 0K IR0
S AR T T IS SOD Al GSH-PX 7 /7,
{H CAT 1§ S BT B B IRAL, b sy Rny i, —
TSR FFRE TR AT, CAT il GSH-PX i /1
IASELE i E AR BFF-4, 2016), S CAT A
GSH-PX £ 25 H,0, MM I W ml BEAFTE RS BU/E T 5
T3 — 7 T ] BRI K UK FRFE AR T AR T i R AE 4
AR, NI B TSR P E =50 (S, il CAT
T %t TR PN 3% 455 H i A B UM s (X K
450 2014), FTLLSEL CAT 3% 1 WAL, Wwilfes
K IR SR XT J1BE IR R CAT 6 J1 4 4 il 4E
AR, XTEEH—SM 8 8E . AR oE 45 Rl
PLTEARTHESE(2009) T8 H . Ik, CAT Ml GSH-PX
TG HTEDIRE L B AP S (H XA B S VR T
AN T B9 07 S, o2 SR K IR ZK S 58 2 A R B
NGRS

MDA & A Ry fa A Py N0 FIR i R i SR AL )
AT, Hk B S AU F R Ui %7 O
WERREE, W, R T ik | B R GEHAK
S K (Viarengo et al, 1995), ABF5EH, 2Rk 7]
AT MDA & & W2 K TFIRK 16, X5 SOD
F1 GSH-PX {1 134 . 3 155 IR K T 85 3% P 1) 45 SR AR
xR, 2 W R K 37 B 1Y D 5 T A R RE
J1, PUiPEERR; MRS EHE S (2020)F 5 I TE—
EFLE SR KR, FRFE 50 d By J1ES AT MDA &

P E R TIROKA IR 25 50— 2. ik, X
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Analysis and Comparison of Digestive, Antioxidant, Nonspecific
Immunity and Metabolic Enzyme Activities of Coilia nasus
Cultured in Brackish Water and Freshwater

YUAN Xincheng, SHI Yonghai@, XU lJiabo, SHUI Chun, YANG Ming, XIE Yongde, ZHANG Zhonghua
(Shanghai Fisheries Research Institute, Shanghai Fisheries Technical Extension Sation, Shanghai 200433, China)

Abstract Coilia nasus is a precious migratory fish typical to the Yangtze River Basin of China. It is
locally referred to as the “Three delicious fish of the Yangtze River,” with its fresh meat being particularly
delicious and popular. In recent years, wild C. nasus numbers in the Yangtze River Basin have been
decreasing due to environmental changes and illegal overfishing, among other reasons. To attenuate the
availability of C. nasus, the Shanghai Fisheries Research Institute has successfully established an indoor
artificial breeding and pond culture program in 2011. The research and development of C. nasus artificial
breeding technologies have steadily progressed, though the artificial breeding yield of C. nasus remains
relatively low. In addition, related research on the artificial cultivation of C. nasus is still in its infancy.
Research on C. nasus in China and abroad mainly focuses on gonad development, breeding technology,
muscle nutrient composition, and growth performance. No reports exist on the effects of brackish water
culture conditions on the physiology of C. nasus. Given its economic importance, it would be of great
value to evaluate the changes in the digestive, antioxidant, nonspecific immune capacity, and metabolic
rates of C. nasus from brackish water (natural seawater in Hangzhou Bay, salinity 8.7~12.5) to freshwater
aquaculture, to determine the breeding conditions of C. nasus, and to improve the artificial breeding yield
and related technology. To investigate the differences in digestive capacity, antioxidant capacity,
nonspecific immune capacity, and metabolic rates of C. nasus in brackish water and freshwater
aquaculture conditions, the experiment adopted the pond interbreeding method. Two groups were
established: A brackish aquaculture group and a freshwater aquaculture group (control group). Each group
was housed in a single aquaculture pond with an area of 0.17 hm®. 500 C. nasus were stocked in each
pond and moved to a Takifugu obscurus pond for a seven-month aquaculture experiment. At the end of the
experiment, 12 C. nasus were randomly selected from each group and randomly divided into three
replicates. Four C. nasus samples were selected from each replicate. The liver, intestine, stomach, and
cecum of C. nasus were dissected on an ice plate and carefully removed to prepare a 10% homogenate.
The activities of digestive enzymes, antioxidant enzymes, nonspecific immune enzymes, and metabolic
enzymes and the total protein content were measured using a kit produced by the Nanjing Jiancheng
Bioengineering Institute. The activities of digestive enzymes, antioxidant enzymes, nonspecific immunity
enzymes, and metabolic enzymes in brackish water and freshwater aquaculture environments were
compared and analyzed in a seven-month aquaculture experiment using the same batch of artificially bred
C. nasus. The growth and survival rates of C. nasus cultured in brackish water (hereafter referred to as
brackish water C. nasus) were significantly higher than that in the freshwater (hereafter referred to as
freshwater C. nasus) (P < 0.05). The digestive ability of protein and starch in brackish water C. nasus was
higher than that of freshwater C. nasus, while the digestive ability was weakened. Among them, the
activity of amylase (AMS) in the four organs of brackish water C. nasus was higher than those in
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freshwater, but not significantly so (P>0.05). The activities of protease in the liver and stomach were
significantly higher than those in freshwater C. nasus (P < 0.05), and the activities of lipase (LPS) in the
liver and cecum were significantly lower than those in freshwater C. nasus (P<0.05). The order of AMS
and protease activity of brackish water C. nasus was: cecum > intestine > stomach > liver, while the order
of LPS activity was intestine > cecum > stomach > liver. The order of AMS, protease, and LPS activity of
freshwater C. nasus was: cecum > intestine > stomach > liver. Brackish water had significant effects on
antioxidant, nonspecific immunity, and metabolic abilities, and the activities of superoxide dismutase
(SOD), glutathione peroxidase (GSH-PX), and malondialdehyde (MDA) in the liver of C. nasus were
significantly increased, while the activity of catalase (CAT) was significantly decreased (P<0.05). The
activities of alkaline phosphatase (AKP) and acid phosphatase (ACP) in the liver of C. nasus in brackish
water were significantly lower than those in freshwater (P<0.05). Brackish water had no significant effect
on the activity of aspartate aminotransferase (AST), but it significantly reduced the activity of alanine
aminotransferase (ALT). In summary, brackish water aquaculture conditions promoted the growth of
C. nasus; increased the survival rate; improved the ability of C. nasus to digest protein and starch;
improved the immunity of fish; and reduced the influence of external stresses by decreasing the activities
of AKP, ACP, and ALT enzymes and increasing the activities of SOD and GSH-PX enzymes. This study
also found that C. nasus living in brackish water, as a result of maintaining the internal osmotic balance,
significantly reduced ALT enzyme activity and reduced urea production and emission, thereby reducing
the pollution of the direct environment. Therefore, brackish water is more suitable for the aquaculture of
C. nasus, and it is recommended that brackish water (salinity of 8.7~12.5) be used for aquaculture of 1"
age C. nasus individuals in the future. The results of this study provide a scientific basis for the
improvement of artificial breeding technology, improving the yield of C. nasus, and the development of
special compound feed for C. nasus.

Key words Coilia nasus, Brackish water; Digestive enzyme; Antioxidant enzyme; Nonspecific

immunity enzyme; Metabolic enzyme



