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W 00 B 7E R T Rk E U bkt Rl 0 7 v SR B AR ok B R L . SR B AR ERDRE AN IR B 4510 (PO)
10% (P10). 20% (P20). 30% (P30). 40% (P40). 50% (P50) 45, Fe il e S H & B 20 51 N 6.00%- 8.50%-
11.00%+ 13.50%- 16.00%%118.50% 1] 674 &5 B &5 ZUTPEL, $5MRESF- Y1 46 44 8. (5.09+0.01) gy Kk ml Ve ff 8 J& ,
I3 BT AN [ B AR LA R SR R R B e k2R KM R L B RE ) B TE LA R . B AR (P10—P40) i) 3
R 2 A KRG B 35 1 2 5 (P>0.05), PSOZHL I 2 35 1 T B (P<0.05); BE % SR & A Lu il i |
F, piE it HAGEBECAT. ALY ELEFSOD. B P44k #E S T-AOCTE & 41 1) & I & 3 P 22 577t (P>0.05),
L P10ZHAH L, PSOAL [T - BE MDA 7 & it =y HL 235 14 38 J11(P<0.05), P40 5 P 1OZELAH LU B 125 R i AKCP i 12
58RI IN(P<0.05); Bl & A B AR LU (9 BT FFAE S 2R I TP CAT. SODiE 1 35 A& WL &2 3% P 22 5 (P>
0.05), 5 Xt HRZHPOAH EL, P2041. P30ZHAIPS04H [RIMDA & & 2R I & 35 1 22 7 (P>0.05), P1041F1P404H [l MDA
o R 2 R (P<0.05), HP404H MDA 7 5 5 fIK; B A& SR 2 AR LU ¥ b i 1 9 71 76 45 44 32 39
14, 95 FE AR R R FE IR Ik /0, PSOZH 1) 98 76 1 FE R B 8 Y% P i 2 B (R (P<0.05), ILJZE R FEIZ Wi 1 K.
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FEFREAT AR FER R LA B .

R FI SR 2 7K IR BE B A A o A R,
HEH TSR EEAT, B N — R0 A 2 k]
Bo 7 SR R RE SR R A 2% ¥ K b 9] &5
REB 5> H#OR AR . R R B & B4 N41.7%,
FH G 107 £ 1.8%, 3 & 45 400—800 mg/kg )37 &5 3
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R L 64l R, X HR 4L 2 & A 25% 1 K
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S B AR A ok, 5 SITEG ZH AN N R R AN A

AR50 R AH — 2, P A B AR & A E A AR,
e 1) e 6 45 280 S R 1R B ARDRL, 4300l iy 44 PO (R R
41). P10, P20. P30. P40FIP50. R4 5 kMK
W5 k80 B i, FIZR A iR A B mmopi
B HIBR RN 1),
1.2 AEaRHAEERE

REEEe 8000 L T 22, JF Him B2 BRI R
. IR TR AT TR 4 2, J AR R e
SifK S it AR EEAT S I B AU AL, RL A
1R (8:00F117:00). o35 T 4f Fi 45 ME24h, B 5 Pk
AR B AR TG R — B VIR E
7£(5.09+£0.01) gft) Kk E| e it 14402 . *filie
BEMLIYEH, S EONH, AN EE, HAEHEE60E
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Tab. 1 Ingredient and proximate compositions of the experimental diets (% dry matter)

M B AR K F L Afl Proportion of rapeseed meal substitution level (%)

B FHingredient 0 20 30 40 50

41 ¥ Fish meal 25.00 22.50 20.00 17.50 15.00 12.50
F HiSoybean meal 20.00 20.00 20.00 20.00 20.00 20.00
3 FfIRapeseed meal 6.00 8.50 11.00 13.50 16.00 18.50
/N ¥y Wheat starch 24.00 24.00 24.00 24.00 24.00 24.00
4 i Fish oil 2.50 2.50 2.50 2.50 2.50 2.50
&I Soybean oil 2.50 2.50 2.50 2.50 2.50 2.50
60%RETH60% Choline 0.40 0.40 0.40 0.40 0.40 0.40
Fi% % [ Casein 0.12 1.00 1.89 2.78 3.66 4.54
K F k45 % H Soybean protein concentrate 10.00 10.00 10.00 10.00 10.00 10.00
K Z 93 iF Soybean lecithin 1.00 1.00 1.00 1.00 1.00 1.00
BEER — & 45 Ca(H,PO,), 2.00 2.00 2.00 2.00 2.00 2.00
HiE T Lys 0.00 0.03 0.05 0.07 0.10 0.12
HEER Met 0.00 0.01 0.01 0.01 0.01 0.01
Tk i £ 4 Z Microcrystalline cellulose 5.48 4.56 3.65 2.74 1.83 0.93
ik} Vitamin and mineral premix’ 1.00 1.00 1.00 1.00 1.00 1.00
&1t Total 100.00 100.00 100.00 100.00 100.00 100.00
327K F-Proximate composition” (%)

12 [ Crude protein 36.38 36.55 36.68 36.26 36.33 36.50
KR Wi Crude fat 6.99 6.78 7.10 6.87 7.00 7.11
FHK5) Ash 8.03 7.92 7.74 7.50 7.44 7.57
M B Gross energy (k)/g) 17.04 17.08 17.13 17.17 17.21 17.25

T BUR RS T SRR VA 5000 IU; VB, 25 mg; VB, 45 mg; VB4 20 mg; VB, 0.1 mg; VK3 10 mg; VE 200 mg; VC 200 mg;
VD5 2500 TU; HLEZ200 mg; 72 BR60 mg; MHEZ200 mg; MR 10 mg; A 1.5 mg; NaSeO;-5H,0 0.3 mg; CoCl,-6H,0 0.4 mg; KI 0.8 mg;
CuSO,4 5H,0 10 mg; MnSO,-4H,0 20 mg; ZnSO,-H,0 50 mg; FeSO,4-7H,0 150 mg; MgSO,4-7H,0 500 mg; NaCl 1000 mg; B IFRKTN

SNME

Note: 'The premix provided the followings per kg of diet: VA 5000 IU; VB, 25 mg; VB, 45 mg; VB¢ 20 mg; VB, 0.1 mg; VK3 10 mg;
VE 200 mg; VC 200 mg; VD3 2500 IU; inositol 200 mg; pantothenic acid 60 mg; nicotinic acid 200 mg; folic acid 10 mg; biotin 1.5 mg;
NaSeO5-5H,0 0.3 mg; CoCl,-6H,0 0.4 mg; KI 0.8 mg; CuSO,4-5H,0 10 mg; MnSO,4-4H,0 20 mg; ZnSO,-H,0 50 mg; FeSO,-7H,0 150 mg;
MgSO,-7H,0 500 mg; NaCl 1000 mg; *Nutrient levels are measured values
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KoK o 16 31 7] 455 K 72 I (8:00FH 17:00) % M8, F K
MR AR I IC %, R 2005 R IR & 1
OURIBET- G0 BRI A I 9 8 o 57 B 391 1) /K T
24—30°C, pHfE6.8 75 47, R H & K T°5.0 mg/L.
13 HARERIEFREN

KRR R R G, ks
24hJ5 FRE, U A BT K 5 81 Y 65 TH AT R S
o RN B AL H 10 210 T 35 44 B 1) 5 £
FIMS-222fR I J, M B AR . AR, 153
HE(WGR). FEAEKZH(SGR). HIEIRH(FCR),
IEARTRH(VST). B BE(CF) & B3 (PER)
IR,

14 8 % (Weight gain rate, WGR, %)=100x(4 K
Kk E G R )W R I R =

FEEAKHR(Specific growthrate, SGR, %/d)=100x
(InZK 35 A I 4] 35) 4 7 )/ WL B[]

Tk} & # (Feed conversion ratio, FCR)=% A\ T
R} PR /(2 R AR AR B — )R 1 AR A )

JUE 47 ¥ %4 (Viscerosomatic index, VSI)=100x P4
Jilidpis=vEENDi s

HIEL3% Fé£ (Condition factor, CF, g/cm’)=100x4% &/
K’

[ 5 %% (Protein efficiency ratio, PER)=(%
RARE AR )/ B A PR E

B 7t R U2 (Nutrition deposit ratio)=(# 2 .
HRERRGBEAIBOARERRSE)/RENE I
RE(EFOEEAR. 5

LEEFRRS  AAKSHNERH105C
HEAE T8 H 7 (GB/T 6435-86), FHL A 11 1 5 2%
FH YL IR € %5 (GB/T 6432-94), FH A5 5 1 I 7 SR HY
R IRHIFEV2:(GB/T 6433-94), KK 53K F 550°C #)5%
1%:(GB/T 6438-92)ill 52 (AOAC, 1995).

MEHEARME w5 A A MS-2225 )5,
B0 (0 IR T e B, 100 52 I3 FR A
155 FH 48 7] & W e a3 AR I A %) B (Glucose,
GLU). [1%E M (Albumin, ALB). H i =& (Trigly-
ceride, TG). JK & & (Urea nitrogen, BUN), Ft H ik
TRV e R AR ) TR T BT At #MA3 (Comp-
lement 3, C3). #MA&4 (Complement 4, C4)F175 6 i
(LZM)R 1 it 35 4 72 W B ke ) e 0, o FH Ak
g B AR RO IR A w3

PpEERMNE 05 MS-222/R I )5,
fige e ], HX3 R 114 i i S B RO VR, i 21
M T fa bR FrEALRE ). R &
e S BE ) TARE O T IR A, R &
P (MDA E BR & (b tik; A003-1-2), 4

6. B AL 1 (SOD) 5 771 £ (WST-132%; A001-3-
2), I A A EE (CAT)M & 35 B (K AN A007-2-
1); 30K BE J1(T-AOC)K: Ik 71 45 (ABTS
A15-2-1), Bl 74 1 2 B (AKP)I & 128 751 & (b v2
A059-2-2), KITXRAMRAEEEL I (B AR/
AST/GOT))MR & (Fihiik; C010-2-1), HRFRE
HH (T2 B/ ALT/GPT) M & (i IS 322)
B i%(C009-21).

FF B 38 %30 E R 56 F MS-222FK 8 )i
fift ) Ve 5K, 3 RS A1) I S R R %R, T-80°C
UKAERAE 4 o BT ZEL 2R0RE O T 00 2 A Ak R
Pr PUEEALRE ). e FEAR 5 57 W mIE e bRl E .

AR AERFES W ARG RE2R
R , SRR 1) T R i 7E 58 S5 P T A A
YIA, VIR JEEE N6 um, FfHE47 HEG: (5 30 2273 #r
R B R SO 3R AN TE S Y) A, Bk D) &
O 72 BT FL R B 1) v FE RN O AL B B3 IR UR B I o
OAE LR 2 I R, f Je AR AR (1)~ 35 (LA il
EBIEGE 4T
14 SitH*%

R 56 H 4 K FH SPSS25.0% 4 HE 4T HL R &K 7 %
53 M7 (One-way ANOVA), DL 3418 Bz FLAH N (A v
K 7~ (mean£SE), £ /EDuncan’s% & L, P<0.05
KR ERTE,

2 #R

2.1 HEKM%RE

Hi 28] %0, 5 B2 POAH B, P10 1 B % Al
K e A K R H A B in(P<0.05), P20, P30. P40,
P50 8 e fRk e AR K R AR SR SR &=k
T+ 2T B& & 5 (P<0.05); 5 Xt & 2H POAH Lk, P10
P3OMIPAOM BE R A R R BRI B E %2 7,
PS5O & 5 2 M R [ (P<0.05); 5 xF 4L PO L, B
EHRAN B A B LT R DL 2H AR R
7550, SXT A POFH L, B A B RS =N B
&R PR R A G W7 TR R 2 R B, P10,
P20, P30MIP40/) & H B UTAR 2 A DT DA 2ok R
I 2 25 MR 22 5, PSORY AR (15 WL AR 2R R0 i 1 0 AR
R 55 EVE T %(P<0.05).
22 E&EIEFRS

H 2 3R %0, 5 0B 2L POKH L, Bl 5 S B AR
FO S 23N, KR B 1 L) 2B T, PAORS
FH G W7 & & ;5o 41 POAH B, P10. P30FI
PAOIIRL K 7 & AR I B EEZ 5, PSOTHL K
oy &R R E T B (P<0.05); 5 X IR 4L POt
PO 25 (1 & &R L H 2 35 M N %, P20, P40l



4 KR R

2025, 49(6): XXXXXX

P50 I H 2 3 M 72 7 (P<0.05)
23 B K &R KRR m E £ (LI tRAY
2

2 4n] 40, MIEHTG. AlbAICAR FESEH B
RGBT 230 2 M 2 7 (P> 0.05); 5 XT ]
ZHPOAHEL, PIOFIP20IGLU S & AR I B &%=
5, P30FI P40 GLU & & 2 I W & PE 34, P501)
GLU 5 fE R B AR 235 18 n, e S 35 K a0k bl A3
I3 m, GLURI & & 23 _ETHE S, fEPSORTGLU &
X B & 5 E (P<0.05); 5 %} 1 41 Po#H Lk, P10,
P30. P40AIP5S0JBUNE & AR KU H B M % 5,
P20/ BUN £ B !} &2 2% M3 i1 (P<0.05); 5 X B 43
POAH Eb, P10 PSOMY C3 4 & & Bl A% & & 1% i,
P30 C3 & &R I 22 138 n, P20AIP40IC3 &

EOARRIH B2, B SR B AL B3 i,
KB ) e B ) C3 7 AR 2 B T #5(P<0.05); 5
X HE ZHPOAH B, PSORILZMIE PE L I A &2 1k 22 5
P10. P20. P30FIP40ILZMA EHH B &M= R,
POBLZMP) 75 5 f(P<0.05) o
24 SERB R &M KER R AE H BRI SZ 0
B3 SA A, 5 X B8 4 POAH EE, P20, P30,
P40FIPSORI E Wi B v M R R R E M Z 5, P1OMIE
W B S M 8 T T (P<0.05); 5 IR ZH PO EL,
P20. P30. P40FIPSOI) V&4 B vih E R 2 B35 2%
5, PLOFVE R B 1 22 6 8 1 N BE, B 2R B AR
Ee 1 i BT F, s B R 5B T 38 (P<0.05); S5t
FEZHAHEL, P10. P20, P30FIP40H ik 2K (1 By ME R
KO EEMER, PSOMRE ARG 20 EE

F2 B KENI KRR E KL RERFE

Tab. 2 Effects of rapeseed meal instead of fishmeal on the growth performance of Paramisgurnus dabryanus

4% Index PO P10 P20 P30 P40 P50
¥IEIBW (g) 5.1240.02 5.06+0.04 5.12+0.03 5.05+0.01 5.07+0.04 5.06+0.04
KEFBW(g) 14.21+0.46" 14.25+0.11" 13.65+0.24" 13.79+0.19" 14.17+0.22" 12.74+0.27°
14 5 EWGR (%) 177.06£10.22°  182.0542.19"  163.79+4.17°  176.10+5.43"  175.01+4.51"  144.3249.47°
R A K ZESGR (%) 1.70£0.06" 1.73£0.01° 1.6240.03° 1.69+£0.03° 1.68+0.03" 1.49+0.07°
kL & BFCR 1.59+0.13" 1.56+0.04° 2.00£0.24° 1.73+0.06" 1.70+0.02% 2.03+0.11%
FIES# BECF (g/em’) 0.93+0.03" 0.88+0.01" 0.94+0.01° 0.90£0.02" 0.90+0.01° 0.93+0.01°
% [ UL PER 1.75+0.22° 1.76+0.08" 1.42+0.28" 1.60+0.12" 1.62+0.03% 1.3740.15
i AU PDR (%) 0.2840.02° 0.26+0.01" 0.22+0.02" 0.23+0.01"™ 0.24+0.00™ 0.2120.01°
JE i YU FDR (%) 0.60-£0.04" 0.67+0.01° 0.53+0.04" 0.61+0.01* 0.62+0.00" 0.54+0.04"

A AR RN DUAR 2R UH A R IR B LAl A B RO IR D o B IR —AT AR RIS R S A AR R S B AR BEECE B
FRRNTC 3 7 7:(P<0.05); T [F)

Note: The PDR and FDR are calculated as the proportion of crude protein and crude lipid on a wet material basis; In the same row,
values with superscript letter or no superscript indicate significant differences (P<0.05); the same applies below

®3 URBEREMTRBEIRHMEEEFT RS NEE (% THRER)

Tab. 3 Effects of rapeseed meal instead of fishmeal on whole body composition of Paramisgurnus dabryanus (% dry basic)

%47 Ingredient PO P10 P20 P30 P40 P50
7K 4 Moisture 73.15+0.19 72.87+1.26 73.13+0.36 73.87+0.09 73.18+0.67 72.7140.42
75 [ Crude protein 60.39+0.54" 56.65+1.27" 59.38+0.71% 57.24+0.54° 57.78+0.06" 57.46+0.32"
HLAG W7 Crude lipid 20.2740.26° 21.18+0.22" 21.16+0.49° 22.15+0.83° 22.18+0.16° 21.45+0.88"
HLK Sy Ash 9.79:+0.34" 9.86+0.07" 9.13+0.10" 10.06+0.18" 9.75+0.41" 8.98+0.25°

R4 B R SN ABRR M EE W Is AR R

Tab. 4 Effects of rapeseed meal instead of fishmeal on serum biochemical indexes of Paramisgurnus dabryanus

fihRIndex PO P10 P20 P30 P40 P50

H il =FETG (mmol/L) 2.34+0.09 3.09+0.13 3.12+0.42 2.97+0.36 3.27+0.45 2.66+0.38
H#EHALD (g/L) 1.30+0.25 1.04+0.02 0.97+0.01 1.020.06 1.00+0.01 1.04+0.06
% BEGLU (mmol/L) 3.70+0.18° 429+022"  4.26+0.55" 4.64+0.21" 4.83+0.12" 5.36+0.19"
MR EHBUN (mmol/L)  50.77+1.87° 53.55£1.49°  64.80+1.89" 52.5842.31" 54.73+4.66° 54.00+1.32°
*ME3 €3 (UIL) 393.95+25.65"  423.90+5.85"  363.92+6.31°  420.90+5.41"  379.22+3.57°  425.68+15.77°
¥Mk4 C4 (U/L) 305.72+21.82 316.83£5.78 321331030  309.65+8.45  327.836.17  328.50+7.15
VA EFLZM (U/L) 13.25+0.38" 13.03+0.52  13.55+0.68" 13.05£0.32"  13.15£0.33"  11.75+0.28"
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P T, AR R AR 1 S 1 B R AR e ) T
LI H EFHEH(P<0.05).
25 B KEMXT KRR SIS E (LIgFRin
MENIBIRRIR T

% 67 %0, iiETP. CAT. SODHIWEEABE
FMEBERARSTEN BRI EEEZER, 5
Xt 1& 20 POAH EL, P10. P20, P30FIP50) T-AOCH]
T M SR B AR S B AR R I R 2
PEZE 5, P40 2 B0 35 14 T F£(P<0.05); BE & A0 &
AR ARy EL A BT, MDAt S B T 34,
5 P104H tt, P50 MDA &t 12 3 P 38 11 (P<0.05);
P10-5 %] BB ZH PO AKPYE P K WL 2 1% 22 ¢, P40
P10AH bb AKPYS 14 2 10 25 PR3 n, BE & M B RE
=1 LT, AKPI& &1 23 _EFH##5(P<0.05).
2.6 B K &M KRR ATIEE (L IsFRAn
ME NIRRT

H2% 7] 51, FFIECATAIT-AOCHI I 1 AN B 52
FAE AR ok LAs 1) 268 i 2 00 35 1 22 57 (P>0.05);
5 %t 18 40 POAH L, P10, P20, P30. P40F1P50fH)
SODyE M4 #f 2 3L i 2 P 72 57 (P<0.05), P30JSOD &

Bk R S5XT A POM EL, PSOMKIGOTE 11 S 4%
$EZ R P20, P30MIPA0 GOTIE M 2 I &5 3 1tk
Z 5, PIOMGOTHE AR B E W2 7, ME MG
AEL B B F, GOTVE 1t 2 F+ & 3, PSORS
GOTVE Pk 3 f 151 (P<0.05); 5 5F IR ZHPOAHEL, 2434,
IO H M GPTIE IR B B3 1 R, #3841 (A
A EL %, P1OKT GPTYE 14 % ik, P4ORT GP TV 14 f =i
(P<0.05); 5 Xt {& 20 POAH Lt , [k P10k 7% 52 56 41
MDA &R WEZFHMZ R, PIOKMDA S &= £ &
1% B (P<0.05).
2.7 SERB KM KERIRM B SE S
AR 5 ()R SRR i E H R ) L 1,
B B HE W R 8. B ST A, AN S
RAKFBR R 55T B AR S EA—
VR . 5 REZHPOAH L, Bl & SR B AR LU (%
WG N, SR R PRI, SR B R R
ZHAR /N PSOAH EL T POR 2876 M 74 AR 353 7 B o
Iz, fZe 8ul A, Hxf R POMI L, P10RIZEE
T R N, P20 P3OATPAOI 48 6 ¥ 0 B 2%
P2 % PS05PIOM LL, PSOR) 286 & B B35 /b,

RS RBER MM ASRIEMIH IR TR

Tab. 5 Effects of rapeseed meal instead of fishmeal on digestive enzyme activity of Paramisgurnus dabryanus (U/mgprot)

W LB Digestive enzyme PO P10 P20 P30 P40 P50
fig W EELPS 1.31£0.14° 2.49+0.26" 1.64+0.11° 1.91+0.20™ 1.77+0.21° 1.82+0.21°
TEMTEEAMS 1.28+0.24° 0.57+0.15" 0.99+0.15® 1.56+0.28" 1.44+0.47" 1.87+0.28"
J R My Trypsin 4836.87:£189.00™ 4751.95+176.82% 4957.16+128.76™ 4507.49+123.04° 5258.53+148.55" 5452.12+220.94°

R 6 SURER &M RHRIRHMEE IR E LRI

Tab. 6 Effects of substitution of fishmeal with rapeseed meal on intestinal biochemical indices and antioxidant capacity of Paramisgurnus

dabryanus
i FrIndex PO P10 P20 P30 P40 P50
SEATP (ug/mL) 962.95+32.73  994.44+29.45 971.57+34.50 898.81+20.46 870.82+101.43  867.59+15.18
T EMEEECAT (U/g prot) 4.04+0.39 4.13+0.12 3.43+0.26 3.91+0.45 4.32+0.18 4.33+0.13
FBEA B ALEFSOD (U/mg prot)  25.9442.33 30.68+1.96 29.47+1.34 27.28+0.20 33.31+3.94 26.83+1.96
RPrELAE IT-AOC (mmol/L) 0.31+0.04" 0.38+0.03" 0.40+0.00" 0.30:£0.00" 0.18+0.02° 0.34+0.06"
i ~ MDA (nmol/mg prot) 5.90+0.38°  5.08+0.26° 4.94+0.07° 6.70£0.18"  6.46+0.82" 7.38+1.31°
B IRIEAKP (41K 547 /g) 7.88+0.08" 7.23£1.37° 9.41+0.41"°  11.2642.41°  13.99+1.77° 9.93+1.55"

R SHRBR &M RSRIRMATATE IR RRI R LRSI MR

Tab. 7 Effects of substitution of fishmeal with rapeseed meal on liver biochemical indices and antioxidant capacity of Paramisgurnus

dabryanus
e hRIndex PO P10 P20 P30 P40 P50
A EEECAT (U/g prot) 31.83+3.53 35.2242.22 32.26+1.03 36.41+2.06 32.29+0.86 35.96+2.12
ALY ALEESOD (Uimg prot)  35.98+3.51°  2532+038°  2225+227°  27.16+2.71°  20.06+1.20°  24.33%4.20°
B EIH HGOT (Ulg prot) 12.4040.57°  14.80+1.18°  21.26+0.32°  18.81+2.02°  20.07+0.57°  43.42+1.78"
B EMGPT (U/g prot) 3.83+0.27" 1.3340.18" 1.7740.01° 1.35£0.57°  2.14+0.53° 1.81+0.46"
BITEALAESIT-AOC (mmol/L) 0.29+0.02 0.17+0.02 0.14+0.03 0.250.06 0.22+0.09 0.14+0.02
7§ - /i¥MDA (nmol/mg prot) 1.5120.08°  1.31x0.01 1.49+0.05°  1.65:0.08°  1.65:0.24"  1.69+0.04"
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8 5 SR AR A8 ) A BT 38, A e e Bk )
Y% AR K, PSORN 4% B v R ik B & AR
(P<0.05); 5 %F fEZHPOAH LL, P20 P30FIP40MIE &3
TRJE TR ETEZ 5, PLOFIPSOMK) [ B3 1% i ) 5L 5 3%
PR D, A0 AR A5 A B 50% T, K 5% m e
Ji7p 18 1) B 58 IR B B A (P<0.05); 5 %6 I8 40 POA L,
P20 WLJZ J& B 2 2 25 38 0, P10. P30, P40FH
P50/ LJZ & B2 T 1o 35 1 72 57 (P<0.05); 5 X fE 40
POAH EL, P20, P30. P40F1PS0%EE = [ ARG & IR
FE B ELAE A 2 3 22 57, P10 & B AR g
TR PBE I PO AR 52 2 25 1 18 L LB A% =1(P<0.05)

3 it
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Fig. 1 Effects of rapeseed meal replacement for fishmeal on

intestinal morphology of Paramisgurnus dabryanus
VH. B %; CD. B 5 IR MT. UZ 5
VH. Villus height; CD. Crypt depth; MT. Muscle thickness

WA AN [F N T C 2 58 A F I E FR K, fE
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KRR . A5 b Sk B AR 20 ok X K
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i, K EI e S5 1Y EE R BRI, HLSER AR
B (1 EL I LESO%H, B3l K S ik . B AR Ll E
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X — IR ] e Tk b ok 5 SR A LD
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1)~ 17 7K ST 43 B i, AR T AR i S R A .
SR B AR AR LS E 40% T, K% 1 e 8k 1) KL i
95 & B A 10% 5 AR EL N, fL & B & B H
xR B V22 R 50% B A L] I, R AR 7>
SRR AK. FUHR DN, KR S5 e A SR B UK
SRR, A KPR RE AN 4 7 77 oy O T B
FhsZm, 455 2R A S E FRA A — R . XK
FEAS B FT 3 2 R & ARG, & i 2 B2 Rk -1
e, (A SRR FH 2 i AR AR T
RSNt BT B A B R R A IR I R
i PUE TR D Ho S Bl A AW, TSR &
HZMBRMPUEFRE T, e, MR, BT,
FTER . TR et B SR B AR
0Ky LA DA B 7 5 ) 000 W 38 o, R BB B AR N
(A S5 40 O P AR 1 A, 2 0 DK ik 1 e ik %) A
KR AR i a2 e i 45
B AR ALK EL A5 PR 2 110 2 A AR X M ) A K A2 e A 1]
B % e B OV T SR ) B AR ok 2
X 5% B R Carassiu sauratu sgibelio) 1[5k i (Me-
galobrama amblycephola) &K ;= E 50, Mg 2E
RBLEC 7 v SR NAR RO B e Bk B 52% A B 4
T e A A . ARI R I, SR B AL
FES0%IR, fky 3% B D4R T 15%, Xof K8t 1 Jg fk
f 18 B A B R, X — 45 R S akE R Y
SEATHA B AR L)1 3 S0% 0, f0B & & UK T-22%,

RS SUHBEREHIIRBELRHSERSF RN

Tab. 8 Effects of rapeseed meal instead of fishmeal on intestinal morphology of Paramisgurnus dabryanus

i hrIndex PO P10 P20 P30 P40 P50
2%G #  Villus height (um) 626.49+77.26" 737.44£90.28" 620.46+9.93"  570.27+76.65" 616.72+26.65" 487.08+29.47°
B 55 LR BE Crypt depth (um) 42.88+3.83"  31.00:2.82°  44.82+3.15°  37.97+4.44°  37.6133.96"  26.86:2.53"

203.92+£14.27°  229.89+27.17%
16.90£2.40°  16.35+1.55®

192.43+15.53°  260.65+13.97° 228.28+1.75"
20.44+0.83"  13.2620.34°  16.73x1.29™

JILJZ 5B Muscle thickness (um)  178.35£10.20°
SR /M B IR VIC 14.69+1.52°
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RAPESEED MEAL REPLACEMENT FOR FISHMEAL ON GROWTH PERFOR-
MANCE, ANTIOXIDANT CAPACITY, AND INTESTINAL MORPHOLOGY
OF PARAMISGURNUS DABRYANUS

PAN Jie"? LI Ya-Ping"?, CHEN Qi"? LIU Wen-Shuo"’, YU Chuan-Qi"’, ZHOU Qiu-Bai"’ and WANG Zi-Rui"’

(1. College of Animal Science and Technology, Jiangxi Agricultural University, Nanchang 330045, China; 2. Key Laboratory of
Featured Hydrobios Nutritional Physiology and Healthy Breeding, Nanchang 330045. China)

Abstract: The purpose of this study was to determine the optimal proportion of rapeseed meal to replace fishmeal in the
feed formula of Paramisgurnus dabryanus. Rapeseed meal was used to replace different proportions of 0 (P0), 10%
(P10), 20% (P20), 30% (P30), 40% (P40), and 50% (P50), resulting in six experimental diets with equal nitrogen and
energy. These diets with rapeseed meal content of 6.00%, 8.50%, 11.00%, 13.50%, 16.00%, and 18.50% were fed to
Paramisgurnus dabryanus with an average initial weight of (5.09+£0.01) g for 8 weeks. The effects of different alterna-
tive proportions of rapeseed meal on the growth performance, antioxidant capacity, and intestinal morphology of
Paramisgurnus dabryanus were analyzed. The weight gain rate and specific growth rate of the replacement group
(P10—P40) were not significantly different from the control group (P>0.05), while the P50 group showed a signifi-
cantly decline (P<0.05). No significant differences were observed in the activity of intestinal CAT, SOD, and T-AOC
among the groups (P>0.05). Compared with P10 group, the MDA content in P50 group was the highest and signifi-
cantly increased (P<0.05), and the AKP activity was significantly higher in P40 and P10 groups (P<0.05). The activi-
ties of TP, CAT, and SOD in liver did not change significantly with the increase of rapeseed meal replacement ratio
(P>0.05). Compared with PO group, the MDA content in P20, P30, and P50 groups were not significantly different
(P>0.05), but was significantly different from that in P10 and P40 groups (P<0.05), with the P40 group showing the
lowest MDA content. With the increase of replacement ratio in rapeseed meal, the intestine morphological structure
was damaged, the villus height and crypt depth gradually decreased, reaching their lowest values in the P50 group
(P<0.05), while the thickness of the muscular layer gradually increased. In conclusion, replacing up to 40% of fish-
meal with rapeseed meal did not affect the weight gain rate and specific growth rate of Paramisgurnus dabryanus,
however, higher replacement ratios had a negative impact on the antioxidant capacity and intestinal morphological
structure.

Key words: Growth performance; Antioxidant capacity; Intestinal morphology; Rapeseed meal; Paramisgurnus
dabryanus


https://doi.org/10.1111/jwas.12403

	1 材料与方法
	1.1 试验设计
	1.2 试验鱼及日常管理
	1.3 样品采集及指标检测
	1.4 统计方法

	2 结果
	2.1 生长性能
	2.2 全鱼的营养成分
	2.3 菜粕替代鱼粉对大鳞副泥鳅血清生化指标的影响
	2.4 菜粕替代鱼粉对大鳞副泥鳅肠道消化酶的影响
	2.5 菜粕替代鱼粉对大鳞副泥鳅肠道生化指标和抗氧化指标的影响
	2.6 菜粕替代鱼粉对大鳞副泥鳅肝脏生化指标和抗氧化指标的影响
	2.7 菜粕替代鱼粉对大鳞副泥鳅肠道的形态学影响

	3 讨论
	3.1 菜粕替代鱼粉对大鳞副泥鳅生长性能和全鱼营养成分的影响
	3.2 菜粕替代鱼粉对大鳞副泥鳅血清生化指标的影响
	3.3 菜粕替代鱼粉对大鳞副泥鳅肠道消化酶的影响
	3.4 菜粕替代鱼粉对大鳞副泥鳅肠道生化指标、抗氧化能力的影响
	3.5 菜粕替代鱼粉对大鳞副泥鳅肝脏生化指标、抗氧化能力的影响
	3.6 菜粕替代鱼粉对大鳞副泥鳅肠道形态学的影响

	4 结论
	参考文献

