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(1. Bk RAHRORERSHEATUR PO B 2013065 2. BEEEEHERSE RV R IR KK
PR TRIREE LA B 2013065 3. DIEERE AKERMEERRER AR LI 2013065
4, FIHFVEREE TS 5SS FIF 2013065 5. FIFRAUKIERMEERAT i 200433)

WE AR IFN T E E(Vallisneria natans)#) 7£ % # (Ctenopharyngodon idellus) ¥ £t ¥ 89 ki i 2%
Fo UAEF 0 a8 R (VNO 403t B, 2% 10%(VNL 41), 20%(VN2 40)F2 30%(VN3
A AR LA A R P R O ok, TR 4 PR, B E 1 AREEHEEE
by 45 R (VN AL, 26 B AT 461K 4 (18.85+0.20) gty B 4h f 78 F 7 KR 3 48 #4721 56 Al 3%
FHELE, GRER, RmEERNF Y EaNEKMER, FEEMEARZS. MEFTER T MEN
Wim, WIEIGE R AT R B R ZERIK; T ERBEE B EEE, ¥ EHENEE N EEBK;
STEAR. . EMEABEIENRANEE, METERCENE I, WHEOBEHNEEHE, §
MEAEERIAE AN BEERGEEEN T, VNI 48 %5 THMd, eEamiEh 2N
BEBEARWN A, IFEESODE B E#E, MDA ELATHRE LA, VN3 45, mELEH
SEALEANBEYE, VN3 AEEF THEMY; WFAEELEZIN AW B BRI EYE, VNI 4
W E; MEALTE B E R E; S BAMILMFASTE ) BERK, S EERHAZAEAE
EFUER A EEREERRT ARENHE, B - ERE FWET HEé g KA LEE N
TR . VNABAA KNS, NWERBEFFEERSE, iFa&e. REERALTA L&
KTHMA; LB ENBENEES TALAANY,; PHEOBREILEG TAHEL, B
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Ui WA KR, PO RS N AR R RE TR, TR
SR A SR AR X g A A e R A SRR E T | koK
BT s AE K ERAREREMEN, BASME TR
- # F ) —Fh UK A (Horppila et al, 2003; &2 =
4, 2008), SR, DUKAEY AR, BRI A Y =
RS AT, 7E HCHE 82 0 i e 23 R LB Rt 1 BIL) o
FUEFREL , B v UK B — k5 e (25 S0l 4E, 2001;
Chimney et al, 2006; #75L>, 1998), A& T F—fi
KN TATE; 19 77 K 18 i i 5 8 F= A KR b iy
IKE, T A S KR A BRAL B T S 5 2 A

H i T T0K A 9 55 I8 AR By BF 58 R 22 B v
TER A H T2 B A & B . HEAE b (CE
4, 2006, HHIHESE, 2016, BRE %, 2013; A EF,
2008). WFFE AL, XUHR 3% 56 v] F AR 6% fa (Silurus
asotus) ) i kL (Liang et al, 1971), H UKL &
B /4= B ) Y B T 8 (Eriocheir sinensi )Y £ 40k
U, X HAE K R E A HEAE (KRS, 2016),
I, # B (Hydrilla verticillata) . 7 4% 3 (Elodea
nuttallii) . 53KHR ¥-5%(Potamogeton malaianus) . 5 i il
4> 11135 (Ceratophyllum  demersum) 1] DL JT % i el 4 i
HHk AL S BRI T (I, 2011),

i f1 (Ctenopharyngodon idellus) &t 45—k ik
KFRFEMZE, WA, B2 5%, B AR
BUUKHEYI I, SRR e B>
7 51> %1 (Potamogeton  crispus)>4: i1 3 > 4E I 2
#: (Myriophyllum spicatum)(FMaE 45, 2015). WF55 &L,
UK AR P (%) 4 3 R AE A 7™ 2 5% e 3 11 M 1)
FE A (Sun et al, 2017); 17Kl DUKAEY)HRLE
2 o DR A 2 ) Jo ) A 2 R e DU e £ 1
(Sun et al, 2018), #E L TIRAIEHEN T A
20%, MW S RN 5%, BIEMRMISSFEH TR
Fu, AERBBICOIILR, AR&ENEFRMNE
(PNER P, 2011)0 (ML, ASEE AR AOIREIE S, &
RDRE A s B e AR KPR RE L U AR AR
THAGHE | fRDEEROULTE AL R FGURL RE ST 52 R, Ry
B R G DR AR L A L

1 MR5H®
L1 ERERT S RWER

PO R, ST R e, i 60 B, HAHE
HERN 16.8%, MR SR 4.5%. 1EEA AR
(VNO)HF 43 BRI 10%(VNT1) . 20%(VN2)F1 30%(VN3)
PP Ry, A IR0 KR ROk R s i, L) L
4 MR AFRERY LI IRRLGR 1) iy OB 2R i) i
60 H i, 2 2R 2 H BCRIAE R 2 mm B FUA e Ak

(FRIBAT Y ENL SLP-45, [ K F= Rl 2200 58 Be fnlb HL
WA T, A HIRLIEEE N 90°C~95°C), #EXt
I, Wkl EAS A& e B R fef
B R (VN) o

F1 TWANEAREFAB (%, WNTHM)

Tab.l Composition and nutrient
levels of diets (%, air dry basis)

J5UB} Ingredients VNO VNI VN2 VN3
- fhH Peru fish meal 2 2 2 2
1 Soybean meal 18 18 18 18
2K Rape seed meal 24 24 24 24
FE# Cotton seed meal 12 12 12 12
KM Rice bran 14 12 11 9
kY Wheat middlings 25 17 8 0
Wik 45 Ca(H,PO,), 1.5 1.5 1.5 1.5
il Soybean oil 1.5 1.5 1.5 1.5
A1 #) Zeolite powder 0.5 0.5 0.5 0.5
%4k Mineral premix' 1 1 1 1
£ Vitamin premix’ 05 05 05 05
TELKY V. natans meal 0 10 20 30
H3t Total 100 100 100 100
H 777K F Nutrient levels

##E H Crude protein 30.51 30.70 30.86 31.06
HUIERG Crude fat 516 511 519 5.14
MBE Gross energy(MJ/kg) 15.83 15.44 15.05 14.65
K51 Ash 929 10.40 13.71 14.20
7K 43 Moisture 8.87 899 871 832

e L YA FHOREL T e i AR 4E2E R A, 6000 1U;
Y # Dy, 2000 TU; 4E4: 2 C, 200 mg; HELE R E, 50 mg; 4ik %
Ki, Smg; 44 B, 15 mg; 442 By, 15 mg; i % Bs, 30 mg;
44 EK Bs, 35 mg; 44 EK Be, 6 mg; 4EAEEK By, 0.03 mg; AEWE,
0.2 mg; MAR, 3 mg; JULEE, 200 mg

2. B e R BUR R ) T SE DR AL B, 0.4 mg; 4,
4 mg; %, 80 mg; £k, 150 mg; %fi, 20 mg; £, 100 mg; 4, 0.1 mg;
fifi, 0.1 mg

Note: 1. The vitamin premix provided the following per kg of
diets: V4, 6000 IU; Vps, 2000 1U; V¢, 200 mg; Vg, 50 mg; Vks, 5 mg;
Va1, 15 mg; Vg, 15 mg; Vgs, 30 mg; Vps, 35 mg; Vgs, 6 mg; Vgio,
0.03 mg; biotin, 0.2 mg; folic acid, 3 mg; inositol, 200 mg

2. The mineral premix provided the following per kg of diets:
I, 0.4 mg; Cu, 4 mg; Zn, 80 mg; Fe, 150 mg; Mn, 20 mg; Mg, 100 mg;
Co, 0.1 mg; Se, 0.1 mg

1.2 KER&ES5EFEE

S0 FH R ST S0 G AR EE R (18.85+0.20) g, ASE
H WA MR K T o B 750 AR fEOH:, BiA%
ST, BEHLAR 5] 25 PR (2.0 mx 1.2 mx1.2 m),
RANMIFE 30 8, HL5 41, B S AER, MAEHYLE T
7 ANE NZKIEHL(5.0 mx2.0 mx 1.2 m)H . F258 SCURTE | i
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TR ARSI T, SREE S 56 do

TESRFE A R] , B RAG R E Y 3%~5%41 3 ¥R (07:30,
12:30, 17:00)FR 4L, 45 MR PRFFRA — B 1R
i, VN IR E R 20%~30% R F F L7 e 1 5, I
MRAE R KR A A o S 1 DU T Y R Al
Wi, A5 d R 1/3 3K, 7d W5 1R, KK 240
AN B FES, WA >5.0 mg/L, pH N 7.3~7.8, /Ki&k
H26C~33C, AAMKEMT 0.2 mg/L.

1.3 HmEESHERNE

FIELEW G, 151 24 h, Goitda A W4 B o
IEPR R, TR H R (WGR) R B R £ (FCR)
FEAMIFEAREHLEC 9 BB, MR EAARK , TR AR
(CF); PRI, 4°CH#HE 24 h 5Lk 3500 r/min &5
O 10 min, HEZ M ; 2Kl mfgil, st
JRIE, JERRE LA R Fe 45 v esnn. . 5
IEHIBRBRITALSY s ), KA R B T80 C AR 77
FHF J5 2246 0 5 #T o
1.3.1 A KK BIRIEIR

TG (Survival rate, SR, %)=SCH 45 R i FEE4%/
SIS Ui B £ R 4% 100

FH XTI B R (Weight gain rate, WGR, %)=(Z& &K
YA EE A 1 T AR B )/ U T 2 AR EE < 100

Al Z % (Feed conversion ratio, FCR)="F- )8 &
/(BRI E UG TR )

JIE 3% £ (Condition factor, CF)=100x%& A ff {4 &/
LA fRK

P FE %5 (Viscerosomatic index, VSI, %)= E/
R B E %100

T IR 38 5 (Hepatosomatic index, HSI, %)=/
JIFE /£ AR R < 100
1.3.2 wiFHSedr  WEBEREG(AKP)EPE . B
FH(TP), HEM(ALB). WAL A MALT), K&
RR L A (AST) 16 M 24 R Bt e 2k 9 1 551 &
R, HAARERA R UL AT T
1.3.3 MR JEAE & 5 H7 JH BB A5 3 il 2%+ B
TR BT AT IR FR L, R AR 12 9 AR
FHERJK , 1000 r/min 2)3% 3 min, 3500 r/min ¥ %850
10 min, HU W AM3E, 4CHRAE, 24 h NIUAE 528 .

JHF 1 0 8 42 1k 9 07 A Tl 75 77 (SOD) . N ik
(MDA) % ft R e 5t gl s i ) 500 2 o
1.3.4  EACEREE /1 6 5 Al 718 4 251K
F4) i 28 [vi) P g O 2L 2 50 S o 5 o

15 712K B at A A 9 AR ARG
1.3.5 E WKL agn TEFRFH S50 /9 5 1

VNO. VN1, VN2 il VN3 HIF IR EH Cr,05 1)

Tk, BN 7 dJEITIRTE BRI 2 h s SO e

HhFRAT A IR TERE A ;. VN ZLIEH R AR R A9 7
P FMA AR, SRR HEA R A 25 5
FMIH AL (%) =(1-Fo/S)* 100

Fe MBI Cr0s & i S M3 Cr0; B i,

14 KEXW

WK SRR BTG LS, 20 TS U0 i E ORIV EE
5x10° CFU/ml, 41550 0.2 ml, FEFRM 50545
AR SEIG , BEHLRE A 52 ) Aok 20 78 43 7 £ 4y
W4 EE, BEE 20 B, FIWSRHE N E KR
B I TR AT i U R RN ) e %o 4% SIC FH ek 2 R A0 R T 2
MY, W 4d )5, FEOETOBETRE . RN
H A BPIET L, H A RITPET- % (Accumulative
death rate) FIAH X} H e £ % (Relative percent survival
rate, RPS),

RPS(%)=(1-H A AL T3/ B S T 5 %) < 100
1.5 HiEKESSH

296 45 P BH AR 1 25 (MeansSD) KR, R

F SPSS 17.0 X &4l 47 5 N 28 J7 22 73 B (One-way

ANOVA), # & # Hf H Duncan QT2 & A,
P<0.05 F/R 25 W

2 #R
21 ARPEERSENESE KM SHEER
SEA

Ak m I A o A A A BE T AR S B 1)
SO L2 2 TSR, B VN 440, Hofl A4S 47 WGR .
FCR Fl SR [#BTC b #1225 (P>0.05); VNO. VNI
VN2 =4l fafk CF WA W& P25 (P>0.05), #RiE
T VN3 41(P<0.05) ; B AaDke} v e Ry 2 2 9 38 n
VSI #l HSI & /A%, VNO 4119 VSI #1 HSI B.& 5
TFHA4 20 (P<0.05), VN3 2/, VN 45 fmH
FUR By KIS, H VST i HST # 5 2% T Hifts
%20 (P<0.05).

22 ARPEERSEMESELEEAINRIE
&S A

M1 3 0T 0L, JER B ) e M, AT R AR
5 VNO A, 7 sk 4H R T A BTG ) e
(P<0.05), H . Ji5 i U 453 Tl 7% 0 0 b 25 BEAIR (s VN
BRIk, P<0.05), VN 4lfi. . J5 i ek fEs 7134 i
= E T A4 (P<0.05),

XPHRZART . f . S5 R R RIS, BE
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Tab.2 Effects of V. natans meal on growth performance and physical indicators of grass carp
204 Group VNO VN1 VN2 VN3 VN

WI¥E IMB (g) 18.86+0.25" 18.8440.15" 18.75+0.15° 18.83+0.24° 18.97+0.19*
KIJE FBW (g) 71.5142.44% 71.19+3.77% 68.77+1.71° 73.63+2.14° 17.77+0.42°
WHE R WGR (%) 279.33+17.16%  277.78+17.24%  266.89+11.72% 291.06+6.53° —6.54+2.06°
Tkl 250 FCR (%) 1.46+0.04° 1.55+0.08° 1.54+0.07° 1.47+0.06°

HiE#E SR (%) 96.67+2.36% 93.33+4.71% 96.67+4.08" 92.67+3.65% 97.3342.79%
BN CF 1.92+0.00° 1.94+0.03° 1.90:£0.00° 1.85+0.02° 1.94+0.04°
WHEFE % VSI (%) 10.82+0.40°¢ 9.08+0.71° 8.47+0.19" 8.07+0.17° 6.75+0.27°
AP +S 5 HST (%) 1.97+0.10¢ 1.650.02° 1.59+0.05° 1.4040.06" 0.62+0.06

Ve AT AR R bR R 3R 25 R 35 (P>0.05), ANJR)/ING FBE 8RR 22 5 1 35 (P<0.05). Tl
Notes: In the same row, values with the same small letter superscripts mean no significant difference (P>0.05), while with
different small letter superscripts mean significant difference (P<0.05). The same as following

Fz3 FETHMWELRFIEEKEEEREME(U/mg prot)
Tab.3 Effects of V. natans meal on intestinal digestive enzymes of grass carp (U/mg prot)
2051 Group Vo VN1 VN2 VN3 VN
VEM G HIW Foregut 24.13+0.53% 28.19+0.23°¢ 25.46+0.84° 27.98+0.34° 40.20+0.98¢
Amylase  rfiz; Midgut 40.85+1.82°¢ 45.29+1.09¢ 24.19+2.39* 28.85+1.57° 55.77+0.38°
J& % Hindgut 98.56+2.66¢ 90.43+1.31° 64.85+1.51* 68.74+2.38° 102.11£0.00°

EM A Foregut  5355.39+£74.02°  6763.02+79.01°
Protease il Midgut ~ 10836.01£98.40°  12940.93+205.36°

J5 W Hindgut  15586.74+130.17¢

15632.36+19.55¢

5303.264+98.40°
11943.86+29.86°
10816.45+100.32¢

10575.33+22.57¢
12289.25+70.49¢
7701.43+62.85°

7911.60+29.86°
9930.17+130.17°
9324.11+45.15°

TRy SR RN, A M R (TG ) S Y g (P<
0.05); Hfi7 4K PTG 7 2 B Sle ki PR T (AR 1L,
VN1 4 5% 5 T HAbL (P<0.05); J5 i A s /)5
PR 2 AR A (P<0.05); VN 4 i 75 A B S
i T R4 (P<0.05), J5 A T O BT
Xof B& 20 (P<0.05).,

AP L AT, B DR R RO S AR, R
REF W 1k 3 B FE AR (P<0.05), 4TI L E] 20%
VUG B FRE o

23 AR EEHSENESENIERHZT

% 4 FIAL, BfEEOR R, AR
SOD i /1 i (P<0.05); MDA & ik & FARK T
Ji X TR (P<0.05),

il 2 ) ek o R B Y T I E R R
A ETH RS, VN3 418 &5 T H AL (P<0.05); i
H AR SRR, AU #  2 m TX RA
(P<0.05), VN1 @fim; MEERE A& 8 ekmi,
VN2 4l M7 AKP 1% 772 % T RE(P<0.05); IfL
W ALT W% e G re, VN2 4158w T HAbh &4
(P<0.05); SxFRRAIA L, WM 55 M3 AST 36 11
T E R (P<0.05), VNI, VN2 fil VN3 412 [a]3% 4 i

DY - SN |
(=T — R )
T T T 1

o

FMHAH

Apparent digestibility coefficient/%

—_ [N
o O
T T

b
I a
I [
VNO VN1 VN2 VN3

BT EORy X DR LT A5 1 5 e
Effects of V. natans meal on the apparent digestibility
coefficient of the diets

P ARTRD NG B R 22 5 A .25 (P>0.05),
ANF/ING B3R 25 5 8 3 (P<0.05)
Columns with the same small letter superscripts mean no
significant difference (P>0.05), while with different small
letter superscripts mean significant difference (P<0.05)

(=]

Fig.1

FMEZE R (P>0.05),

VN A AFENE SOD i #% T Hifth 4% 4H (P<
0.05), FFBEAE MDA & & . IL7EERE A ALEE H &5
2 T HAB A 2H (P<0.05), 11 L3R FH A A S 0
7 ALT B 8T HAL 45 41 (P<0.05); IfiL i AKP & AST
Wi AET VNO, VN1 5 VN2 4,
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x4 TEMMEGME. FRERERES MW

Tab.4 Effects of V. natans meal on biochemical indicators in serum and hepatopancreas of grass carp

i H Items

2151 group

VNO VNI VN2 VN3 VN
T SOD (U/mg prot) 222.92+3.97° 232.75+2.45° 228.71+2.76° 241.70+3.14¢ 206.49+0.61°
JIFJEEIE MDA (nmol/mg prot) 2.53+0.15° 1.06+0.05° 1.68+0.04° 3.71£0.21° 3.36£0.05¢
M3 B & A TP (mg/ml) 25.53+0.41% 27.07+0.54° 24.7240.16* 35.37+1.49¢ 32.12+1.13¢
M3 E&E A TP (mg/ml) 17.00+0.46" 20.50+0.25¢ 19.110.89° 18.60+0.66° 7.37+0.13°
MM.7% BREE TP (mg/ml) 8.48+0.00° 6.43+0.29° 4.88+0.00° 16.77+0.83¢ 24.75+1.00°
1L AKP (U/L) 10.50+0.00¢ 9.51+0.02¢ 9.07+0.21° 7.7440.11% 8.83+0.21°
Mi% ALT (U/L) 6.24+1.04° 7.40+1.39% 8.41+1.22° 6.70£0.46" 3.15+0.43°
I3 AST (U/L) 5.65+0.55° 3.81+0.24° 4.53+0.48° 3.64+0.37° 3.89+0.92°

24 AMPEERSEXNEAFIRLEE NN

A0 A7 B REOK SR MY JE , AR AR T,
24~48 h U T - fie M), SRR I LT T 20 i s 2
L P A R . AR BRZT I | BB A AR, 5
T2h ZJE AT, %5 BoR, FHBEHT-REE
W EPEE R VN2 A e R4 e i 2 e Tl 4 41
(P<0.05).

*5 HEMNEARCEMEEBRRIPERHTMN
Tab.5 Effects of V. natans meal on accumulative death and
relative percent survival of grass carp

15 JE g (A

Group Accumulative death RPS (%)
rate (%)

VNO 28.33+2.89" 0.00+0.00*

VN1 26.67+2.89% 5.86+1.00%

VN2 22.81£6.08° 19.4842.10°

VN3 25.93+3.212 8.47+1.11%

o [FIA) S S bR AR IR R R 25 7 A 1B 35 (P>0.05), A[F/NE
FREFRIR 24 5 11 3 (P<0.05)
Notes: In the same column, values with the same small letter

superscripts mean no significant difference (P>0.05), while with
different small letter superscripts mean significant difference (P<0.05)

3 it
30 EEWME KR RHE R A BE B0 20

HAT, & T UK Y 3l Az A S i i 4l 32 %2
DT b AR SRR (P AR, 2012) . e B D AR
(Oreochromis niloticus)(El-Sayed et al, 2003). #&f
(Liang et al, 1971)%% . 7ErP ARG RR T Z 15%HY
AT S FORRI R TTKAESY) , P34 WGR M 3
AR YK Sy 6 I HA i 2 > IR B >0 PR A >y B > 4

P> TR IR S AL (VIR S, 2012);5 10% RUHR %
SR RO R R A 2 Bk, X e B B R fa R AR A Ak
WA RENEW, (2D ER T ARKERE, B
HOME 20%F, AR A A KM REE— 2 2 2 30
(El-Sayed et al, 2003); SATZE TR IR 5%~10%[1)
JRUHIS 322 R0 Ry T d8 5 4 v s £ %) A o B LA R, TR
HnE 20% A2 i iR S H P (Liang et al, 1971). 4%
o, RfE R S A LT, W WGR A K
kR, HERIFARE, 5 LRIREFEZR, [
F, AR A AR, AN Ry (0 R R 4 o e
T, BRI, AT UL IS Rk X R ] DA 3] —
EMEEIER . 2 FUTKAY BT &S Y AR TH
(PN, 2011; Sun et al, 2018), A rhfesiskie Bk
£ RN 2 JE T AR MK = sh W, T AR LR (1
I, BEIRYF M EA R AT RES [k iE 1
P2

AHIFGT B 2 RO S R RS N, A HST A
VSI {2 AR (P<0.05), X AT fig S ti T S 56 KA A0
YR B HRy AR, AR R MR R R kD, i AR e
BHIE X a1 HST A 5 35 52 (Cui et al, 2010; Hutchins
etal, 1998; /NG % 2007), AWFFEH, 1ERA HAl
PREIR . RERH S SR AL R, B WGR
TE, X R TR & KRR R, —BEd
90%, & FIK &R A 95%, TYIHA 5%,
B 25 5 T AR i T LR E) 20%, T4 kLG
W& ml LUGAE] 5%+ A%, 1997), Wikt A fET
SRR AR R

32 EEMMEAAMERMYNEGRBERS HLEBLE
TR #3 R SOL  TR Mg 2R ) 2 i
HAICH, EREWEN. sk HARI
EE T, I RER BN WICE SR IR,
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I EEL A PR i ) 4 B (BLEE N, 2009). S iAaE T AL
Ji Pk 5 A MR AR S SR A B VA O, o s 1
HXPARRE TR R R GRS (R R, 2008; 224,
2015), WFFE LB, S0 718 5 B e T AT,
HLJGE Wi 1 fenik, 020 32 BE7E B 38 1 1 Al
CEWRMNSE, 1988), ARMFFTZERF, FEXTIEL, g
SR HBEA ETE R B, AREHIIATE &5, FaiE T
o, 5 LR aE R —.

CAMIRERN, EEtaiEh G hZes T
NI 25 (Zanotto et al, 1997; Fu, 2015), TEKEFIE
P 2L s AL R e, DR 8 KT e L 7 1 1
A 5 E M (Ugolev et al, 1983), AW EM, Kl
HEN I UE R TT LA 5 UE R B A T (2R, 2015),
e Ak v e v 4 R T LA A e Y TS h
(Moyano et al, 1996). AMFsEH, 7 F AR
YA R, AR S R b 288 S B i R e R AR Ak,
T 7K 1 B AT e S 5 SO0 W Wi G 0 1 Ry £ 2L
SRR (F5EAE, 2018; B FHFHAE, 2016). R TUT/KAEY
X £ ST AR T 5 ) i R GE LD A HRAE AR R AL
KR JIT 35 A ) T 21 4y Joie T A R ) £ % A ) 2
R R I, T B A T R B Y T (Sun et al,
2018), X 1] BE & S BEOARM 5 J5 4 5 IS 128 1L )
— A EERA

ply X ) A 4 5 RD I K AR 4 2 LT AL SR 1K)
R HI(B FIEE, 20015 BE/DHESE, 1993), FHA T
F UM FURAE A9 2R LT AL ARy - 95 5(63.05%)>
A (61.64%)> KM (47.41%) . ARBFFH, FHHEH E&
AR B O R, BEE O FOR T R S
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Effects of Adding Vallisneria natans Meal to Diet on Growth Performance,
Physiological and Biochemical Properties of Juvenile
Grass Carps (Ctenopharyngodon idellus)
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Abstract In this study, the effect of Vallisneria natans meal used as feed ingredient in the diet of
grass carp (Ctenopharyngodon idellus) on growth, physiological, and biochemical properties was
evaluated. Four isonitrogenous and isoenergic diets were formulated by replacing the secondary powder
and rice bran with 0 (VNO, control), 10% (VN1), 20% (VN2), and 30% (VN3) V. natans meal. In addition,
a group that was fed only with fresh V. natans was designed. Juvenile grass carp of initial weight
(18.85+0.20) g were selected to be cultured for 56 days in indoor cement tank cages. The results showed
that addition of V. natans meal did not affect the growth performance, survival rate of grass carp, and feed
coefficient. With the increase in the amount of V. natans meal, the visceral index and hepatopancreas
index significantly decreased, the activity of amylase in the foregut was significantly increased, and that
in the middle and rear intestines was significantly decreased. In the control group, the protease activity of
foregut, and middle and rear intestines, in turn, strengthened, and with the increase in the content of V.
natans meal the activity of foregut protease was significantly increased; meanwhile, midgut proteinase
activity increased first, then decreased, and increased again. The highest value was observed in group
VNI, and protease activity in the posterior intestine showed a significant decrease trend. The superoxide
dismutase (SOD) activity of the hepatopancreas was significantly increased, whereas malondialdehyde
(MDA) content decreased first and then increased, and that in group VN3 was the highest. The content of
serum total protein increased significantly, whereas the serum albumin content increased first and then
decreased, and the highest value was found in group VN1. Compared with the control group, serum
alanine aminotransferase (ALT) activity increased and then recovered to the control level, and serum
aspartate aminotrasferase (AST) activity significantly decreased in V. natans meal groups, and there was
no significant difference among the V. natans meal groups. The addition of V. natans meal resulted in
significantly reduced apparent digestibility of the diets and enhanced resistance ability of grass carp to
Aeromonas hydrophila to some extent. Group VN showed negative growth and depressed visceral index,
hepatopancreas index, serum albumin, globulin, and ALT. The activity of amylase in the intestinal
segments was significantly higher than that in all practical formulated diets. The activity of midgut
protease in VN group was significantly higher than that in the control group, and that of hindgut protease
was significantly lower than that of the control group. The above results showed that the addition of
10%~30% V. natans meal in the diet had no effect on the growth of grass carp, but was beneficial to the
health of the fish body. The results indicated that V. natans meal used as the raw material of grass carp feed
for resource utilization would be much better than fresh V. natans.

Key words Juvenile Ctenopharyngodon idellus; Vallisneria natans, Growth performance;
Hepatopancreas index; Apparent digestibility; Ability of anti-infection
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