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1 #MRE5FE

1.1 SEIgfEM

S KWt ta 078 SR ok &) iy
R AR SER R R B R, S R S IR
U5, DLEKTER MBEIRIECH] 6 & 55 e 1) 55 4
TR (2R 1) i R W iaAE A R £ 250 &
DB 2R 177 2R S o B ACTTAL B AR e 3, Vo 41

®1 TRENMESKFEABERREERES(RTFRE)

Tab.1 Composition and nutrient levels of diets with different plant protein levels (air-dried)

%

2] group

TiH item
% V10 V20 V30 V40 V50
J5 A} ingredient
143 (CP67%) fish meal 65.50 57.80 50.00 42.20 34.50 27.10
KBS M fermented soybean meal - 8.00 16.00 24.00 32.00 40.00
ZEAFH rapeseed meal - 2.00 4.00 6.00 8.00 10.00
TR PEH corn starch 15.50 14.21 12.92 11.63 10.34 9.05
i3 fish oil 1.60 1.83 2.06 2.29 2.52 2.73
5. soya oil 2.40 2.74 3.08 3.43 3.77 4.10
A FEMEIE ethoxyquinoline (30%) 0.10 0.10 0.10 0.10 0.10 0.10
k%5 7% mildew inhibitor 0.20 0.20 0.20 0.20 0.20 0.20
By TR B} * mineral premix ® 0.50 0.50 0.50 0.50 0.50 0.50
4 R K} © vitamin premix ° 0.50 0.50 0.50 0.50 0.50 0.50
AL, choline chloride (50%) 0.50 0.50 0.50 0.50 0.50 0.50
iR A4S Ca(H,PO,), 1.50 1.50 1.50 1.50 1.50 1.50
T LT 4EE microcrystalline cellulose 9.13 7.32 5.60 3.87 2.06 -
R HLLT 4 R 4M sodium carboxymethylcellulose 2.57 2.57 2.57 2.57 2.57 2.57
DL-ZEZ 2 DL-Met - 0.08 0.16 0.24 0.32 0.40
L-JR& % L-Thr - 0.01 0.03 0.05 0.07 0.08
L-#i & BREh AR Eh L-LyseHCI - 0.14 0.28 0.42 0.55 0.67
AT total 100.00 100.00 100.00 100.00 100.00 100.00
B FE7KF © nutrient level ©
7K /¥ moisture 14.25 14.59 15.62 16.55 16.23 15.74
HLEE 14T crude protein 44.40 44.07 43.49 43.47 43.27 44.11
HLNE i ether extract 12.08 12.11 11.91 11.73 12.03 12.05
FLK 53 ash 12.38 12.37 11.48 10.80 10.13 9.61

i a. B R TIRE R (g/kg): CuSO4-5H,0 (I1), 4; ZnS0,4-H,0, 28.57; MnSO,-H,0(I1), 37.5; Na,SeOs, 8; Fex(SO4);-H,0, 40; MgS0,, 375;

CoCl, 20; Ca(I03),, 20; WA, 506.93. b. 4itE ZIR KL (/kg): 3000000 TU 4ELEZ A,1000000 TU 44 Ds, 64000 mg 4E/E 2 E,
34255 mg 4 K K, 6061 mg 4E2E & By, 6122 mg 4E/E K B,, 20408 mg 72 R4S, 30303 mg MHEENE, 6250 mg 4E4E 2 Bs, 20000 mg A %,
2041 mg MFR, 2000 mg 41 By, 228571 mg 35%4E: % C BEERIR, 32653 mg JULEE. c. & 37 /KK S .

Note: a. Mineral premix (g/kg): CuSO4-5H,0 (11), 4; ZnSO4-H,0, 28.57; MnSO4-H,O(II), 37.5; Na,SeOs, 8; Fe,(SO4);-H,0, 40; MgSOy, 375;

CoCl, 20; Ca(103),, 20; zeolite powder, 506.93. b. Vitamin premix (/kg product): 3000000 IU vitamine A,1000000 IU vitamine D3, 64000 mg
vitamine E, 34255 mg vitamine K, 6061 mg vitamine B;, 6122 mg vitamine B,, 20408 mgcalcium pantothenate, 30303 mg nicotinamide,

6250 mg vitamine Bs, 20000 mg biotin, 2041 mg folic acid, 2000 mg vitamine B,,, 228571 mg 35% L-Ascorbate-2-Monophosphate, 32653

mg inositol. c. Nutrient levels were measured values.
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TE R DLt i R R . SR 2L 10% .
20%. 30%. 40%. S50%MY K B GRSk 40 1
RAHEY&E AR al, 20lidh vio, v20,
V30, V40 Fll V50, Ff#h7 i A 2 SR 1 4% 2 FR 2
PR . O R RN R o S R RR A A — 3, 0
Yy I TR AR 5 2 A R TR AL R A Jb a3 R A
HARBGIRAF . R 60 Hif )5,
FEHEC AR, T s RGBT RIIR G 12,
R IMAfaIh . Gh AR KR A2, FER AL
il SR AR SR 2.0 mm (TR AR, 78 BF vt XUk B
TR T-20 CokAR& M . Akt s B w4l i L
2,

x2 ZRAMNIERAR (FURERM)
Tab.2 Amino acid composition of experimental
diets (DM basis)
%

A% group

i H item
VO VIO V20 V30 V40 V50
WAL EAA
2R Met 1.77 176 1.73 179 1.79 1.76
K &R Arg 0.99 098 098 1.00 0.97 0.97
ZH & % His 1.03 1.03 1.04 1.01 1.01 0.98
SRR e 221 218 216 2.18 218 224
LR Lue 374 3.72 370 372 373 3.71
iR Lys 3.64 3.64 3.63 3.61 3.67 3.63
RN Phe 1.69 1.65 1.66 173 1.76 1.74
AR Thr 207 209 207 207 2.09 2.09
HE R Val 190 192 1.93 191 196 1.88
kT F IR NEAA

KREAMR Asp 481 482 486 499 4.82 501
2253 /% Ser 2.01 205 204 207 203 207
H4ZW Gly 2.88 2.87 284 283 275 2.84
W& Ala 294 294 296 293 292 2.89
Jit & W2 (Cys): 020 022 024 024 023 024
B AR Glu 6.93 7.01 7.07 7.09 7.12 7.19
fi% Z R Tyr 141 138 136 140 138 1.37

TR TAA 40.22 40.26 4027 40.57 40.41 40.61
T R 2 BTN, R K iR T AR A I 2.

Note: Values in tab. 2 are all measured values. Trp was not detected
due to hydrolysis.

12 ELWEFFEMNEE
KWy fag il B E R A A 5 Wi K
Y, HEHRBHTRAERKFHERAETE R 2

Ji, SARRGR A SC i kL B R A R R, A
JRAEERE . RUAS I S] . WA IR R (6.28+0.27) g
4t 288 EFEHLSTECE] HAE 80 cm, =JE 60 cm
B 18 MR B B £F 4t fiT, FET 16 BB SRIE K 6
i} Bt AL 50 i 32 45 fa i, AEFP AR 3 AR
FRAEHIN 8 i, WilIAEH 07: 00 Al 15: 00 1Y
R 2 K, B 1 h JEREERIEI LT, 7ESE
CERJETT R R R AL IE R E R, AR RS
H kK, FEEKTN 0.25 L/min, K N (26£2) C,
AR, 24 h FRE8 8 IR A S 75>5.0 mg/L,
pH N 7.0~7.4, ARSI AR KSR 5
EHASHEZ B S d A
13 HmEE
FEFH ST I RS R S 28 E 24 h, X
BEET PR, ORI FREE AR 5 B
fifl 0.01% MS-222 ki, #ETIREKSY, ZBRE
MEARK . FRE . 1 mL S8 R kU, B
T 15 mL BLoE T, FEHHHE 4 h 5, &
3500 r/min, 4 CZHMFTEL 15 min, B EWET
—80 CHRAFE. FHARHIMNE, FREMIERIE . HFIE
HA R BENG N E . WU RERE & 3 A b R fe
80 CHRAE, M TIEEHmE; o WU
JIEFH 4% 22 B WP B [ 2, R LAl 214704k . BT
P S BAAARIET—20 C K46, T2 mikus
3T
14 HEAK
A KR R AR 8 btk T 5 A5
I FE(SR, %)=100%xZ K AU 6 R AL
FiE 4 K (SGR, %/d)=100%x
(In 2K #—n ) 8 )/ K%L,
B R(FR, %A /d)=100%x
TR TR A
[CR A4 F -+ R ) < 57 5 ST 30321
HAH K (WGR, %)=
100% > (A 34 5 —49) 14 51 ) /9] 34
TRk 2 B(FCR)=
TY B B it/ (AR IR E W iR A ),
1 AR (PER)=H 5 151 /28 1 i A s
FFAA G (HST, %)=100% > JTHIE 5 /44
A G (VST %)=100%x P JIF o /44
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W 2 BERE T FL(MFT, %)=
100% 7 2 5 A 105 o /AR

FIEL 3 B (CF, g/em®)=100x 14 5 /1K 3,
1.5 #HmilE

R N A 08 S R YRR I AR E o K
e GB/T6435-2014 K 105 CH RMET
P E: KAri% GB/T6438-2007 K AR D gh b
550 CHybeikillg; M I GB/T6432-2018 3k
P E Ak ; MR #% GB/T6433-2025 %
FHZR G 0 5 o bt 2 LR 7 /il Dkt
FER A TS, % GB 5009.124-2016 J5 i
FE R EEIR & it o FEERG 7 & e 28 S 0 /T stk 4 B
Ji SR B A e

IV v %5 IR 8 1 (HDL) . %% B ig R
(LDL). %% (GLU), H[EEL(TC), H il =H
(TG). HHEEM(AST). BHNEAMALT)., &
HA(TP) & 22k FH il 3 27 CS-T240 Plus 4= H )
A AR A3 A 7 o

JHF 0 4 AE 9 57 4L i (SOD) . a4 fb A il
(CAT). N _E(MDA)., EPiEILHE S (T-AOC)Hs
BRI R FH RS 5t a8 s AR 9 TR 5 T 35 & 0 5
Fe = St B R TR

JHF AR b 28 S A3 E AT H&E Yefa, [R] A il
VKGRV R A TIMAT O Yo e, FH B igs, et

&3

O Yo i i 1e AR 22 el %K/ Tmage Pro plus 6.0,
16 HESIT

Ji SPSS Statistics Client 27 Win64 %X 4%} 52
R AT G o T o SEXT A BRASCR AT BRI R
TSN, AR ER B, WERH Duncan [Gk
AT ZE R, WEMAKTA 0.05, LIEHER
7NN EEEPR HEDR (X + SE).

2 #ER5HMH
21 RBREHEVEBRBZFEMNKMigHEEK

B S RIS IREI R IE

m#E 3 R, MYEAERanSZmKy)
il A, 50% B2 WL SGR I
WGR. VO 41 FBW 2 (KT VIO 4, B E & T
V50 4H(P<0.05); #54HE] SR £ 5 A 3% (P>0.05);
A R R AR A 25 T K W 406 114 8 £ R D g
H, BEE AR KP4, FR fI FCR ¥ 2 FTH#a#,
TE 50% B A /KF- 1 I 35 T A 4H, 17 PER 2T
FERa %, vs5o 48 E K FH Al (P<0.05),

T R AR A 5 K W) i O 1K
50% M P& ok 25 & TS HST Al MFI (P<
0.05); KWyfife VSI 7EAL YR IKF- 20% 0 i %
TJa 3 MK (P<0.05); %4H0E CF 2534 5
F(P>0.05).

RAEMEARBE BN KU G E KRS RAERNRMm

Tab. 3 Effects of replacement of fishmeal with mixed vegetable proteins on the growth performance and mor phological
indices of juvenile Leriocassis longirostris

n=9; X+SE
2H 5
TiH item 41 group
Vo V10 V20 V30 V40 V50
WK /g IBW 6.28+0.09 6.47+0.06 6.18+0.10 6.23+0.11 6.3120.09 6.17£0.06
KAk /g FBW 25.65+0.62° 26.95+0.46" 26.16+£0.26" 26.24+0.25% 26.24+0.21% 22.15+0.12¢
JIE # /% SR 100.00+0.00 97.92+2.08 100.00:£0.00 100.00+0.00 97.92+2.08 93.75+6.25
H5E R K Z/(%/d) SGR 2.51+0.07* 2.51+0.07* 2.58+0.02° 2.57+0.03" 2.5140.02° 2.16+0.13°
W4T R /% WGR 309.03+15.99°  316.95+11.03*  323.67+3.80° 321.31+7.87° 316.16+9.02° 258.91+4.77°
B H/( %R E/d) FR 2.38+0.04° 2.54+0.03" 2.69+0.02° 2.59+0.02° 2.68+0.06° 2.95+0.11°
Tk & FCR 1.10+0.04¢ 1.16+0.02" 1.22+0.01° 1.18+0.01% 1.22+0.03° 1.48+0.04*
EHFERCE PER 2.05+0.08" 1.95+0.03% 1.88+0.02° 1.94+0.02% 1.90+0.05° 1.53+0.04¢
JFA EE /% HSIT 1.59+0.08" 1.53+0.03" 1.38+0.09° 1.58+0.09" 1.66+0.07° 1.98+0.10°
WEAA L /% VST 7.94+0.45% 7.88+0.34% 7.01£0.20° 8.44+0.26° 8.57+0.61° 8.88+0.22°
% 2 NG Wi b/ % MFL 0.99+0.05% 0.90+0.05° 1.06+0.09% 1.02+0.09* 1.15+0.07% 1.35+0.07°
A3 B /(g/em®) CF 1.4140.03 1.36+0.04 1.45+0.02 1.35+0.08 1.45+0.04 1.41+0.01

T AT B R AR AN ] /NG 5B 32 7R 4 8] 22 57 18 %5 (P<0.05).

Note: In the same row, values with different superscripts in lower cases mean significant difference (P<0.05) between groups.
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ARSLHG ZAF T, LA SGR K PFM FE AR A T 1
AT ERB, R Al SR 37.47% Y E B AU
(&l 1),

30- y=-0.035x +3.91
n=9; x+SE R=1
- 2.5 »———-—’“‘_’é
8 y=0.0025x +2.505
2 —
g 20k R?2=0.731
X
= 1.5¢
o
A
4 1.0+
H 37.47%
# 05) 4
0 . . . A )
0 10 20 30 40 50

REHEYEARE R%

content of mixed plant protein sources

K1 IRAHYE K 5K L) R e
AR AR Z I E R
Fig. 1 Relationship between levels of mixed plant proteins
and specific growth rates of juvenile Leriocassis longirostris

22 REAEVWEAREBE&EMMNKUKESEasE
4 B 43 B 52 i

H#E 4 o, mYEAERamSZmky)
fifs (PR R A3, et ARG 5 26 R AR KR 30%
Atk I T A A Vo 4URL K 2 B 2 KT V20 Al
V50 2H(P<0.05), 4= /K 73 5 A A& A ) 22 7 1
A3 (P>0.05),
23 BEAEYEAREEMIKYIKESENTE
L IEFRA

3R 5 FoR, MPE B AR SRy
fife (%) 107 A AR AR, Ho S0% PR K -4
% F} LDL Al TG (P<0.05); VO 4114 HDL & % 2

T HA L (P<0.05); TC FfAEP 2K F 13 2
ek IE TR, V10 HEf%, V40 5 Vo 4 5%
T V50 HIEBEE T V10 4H(P<0.05), I %
W Ve Bt AT 4 AR KT B B 22 SRR TR B
V20 5 V30 A EAR, V50 255 (P<0.05), &4t
K] TP G i 3% 2 5(P>0.05), AST Fl ALT i
FE W5 AR KOF 1 386 i 522 e B I TH ke ¥4, AST 7E
V20 Fl V30 44 B E KT VO 5 V50 41; ALT 7£ V20
HEAK, VO H1 V50 25 =5 (P<0.05).
24 RAEYMEARESEMI KMk & AT
MENIETRI T

m#E 6 fR, MYEABMRamSZmKY)
i AT BT AL RE T o B A 2R AR K- 3
Jin, MDA 2 J6B8 5 FH#a %, 78 V10 F1 V20 H AKX,
V0 5 V30 41 Hik, V50 4 i 5 (P<0.05); T-AOC £
10% A BE ST 30%. 40%F1 50%% L4
(P<0.05); CAT 2 T F##a#, V50 4K, V40 413
K, PR HAN 2 (P<0.05); SOD #E 441
] JC ¥ 3% 2% 5 (P>0.05)
25 RAEYMEARE M KMk &R
BRARSEEHSEMZME

L B R AR R 23 5 e K W i 7 R
UL NG & 5. W& 2a iR, VO T4
TEAERFRAR K MK BL S, KW B R KF
H20%0F, K VI A0 O S BN IE R, HESTY
I BBy K7 = W N s =1 R
ik, ZsiafbinsE, My Fe R RaE R, R
Wi FFEORER . B 2b Hrnl L, Bl GRDR R AR
VIR G N, I b OIE i AR R SRR T

x4 RAEVEAREEMY KM ELEEKESHEINGEEERM)
Tab. 4 Effect of replacement of fishmeal with mixed vegetable proteins on whole fish body composition of
juvenile Leriocassis longirostris (fresh weight basis)

n=3; X+£SE; %
IiH item 415 group
() V10 V20 V30 V40 V50
7K 43 moisture 70.170.11 69.52+0.32 69.10+0.33 70.24+0.11 69.94+0.90 70.34+0.14
HIZEH crude protein 16.98+0.36 16.91+0.15 17.87+0.19 17.16%0.32 17.41£0.21 16.66+0.24
HLAE G ether extract 10.26+0.09* 10.16%0.16" 10.35+0.04° 9.76+0.15° 10.19+0.05° 10.41£0.13°
HLK 53 ash 2.35+0.29" 2.40+0.16° 2.43+0.06° 2.40+0.15% 2.38+0.10™ 2.59+0.07°

e FATEAE I bR A RNG B3R 21 8] 25 5 i 3 (P<0.05).

Note: In the same row, values with different superscripts in lower cases mean significant difference (P<0.05) between groups.
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Tab.5 Effect of replacement of fishmeal with mixed vegetable proteins on serum biochemical
indices of juvenile Leriocassis longirostris

n=3; X+SE
Ui H item AL group
Vo V10 V20 V30 V40 V50
e % 5 2R 11 /(mmol/L) HDL 0.59+0.02° 0.5140.03° 0.48+0.01° 0.46+0.01° 0.44+0.03° 0.45+0.03°
I B2 5 2K 14 /(mmol/L) LDL 2.04+0.10° 1.95+0.10° 1.70+0.19° 1.9240.14° 2.14+0.10° 2.61+0.14°
JIH [ B%/(mmol/L) TC 4.34+0.08° 4.04+0.08° 4.13£0.11" 4.24+0.03" 4.32+0.07° 4.78+0.10°
‘B = E&/(mmol/L) TG 5.67+0.63° 5.37+0.45° 5.40+0.21° 5.73+0.14° 5.960.06™ 7.09+0.39"
4 %5 B /(mmol/L) GLU 4.04+0.18a° 3.83+0.08" 3.56+0.09° 3.53+0.04° 3.83+0.08" 4.27+0.03"
BEHA/(g/L) TP 29.78+0.80 29.37+0.75 28.86+1.00 28.70+1.41 27.60+0.85 27.29+0.75

A G E/(U/L) AST 422.09+21.98"

386.85+14.20™

350.49+9.88° 346.45+21.95°  373.73+28.77% 434.35+23.58"

A N E HE/(U/L) ALT 10.070.48% 8.74+0.77% 6.59+0.62¢ 9.34+0.35%¢  12.02+0.71% 13.67+1.68"
e AT BRI bR AR RNG B3 21 8] 25 5 1 3 (P<0.05).
Note: In the same row, values with different superscripts in lower cases mean significant difference (P<0.05) between groups.
* 6 REEVEARBEEMII KRS &R SLIERN RN
Tab. 6 Effect of replacement of fishmeal with mixed vegetable proteinson liver antioxidant
indexes of juvenile Leriocassis longirostris
n=3; X +SE
215 group
Ui H item
Vo V10 V20 V30 V40 V50
TN —Ji#/(nmol/mg prot) MDA 0.60+0.05¢ 0.24+0.05¢ 0.24+0.05¢ 0.49+0.05¢ 0.76+0.02° 0.92+0.04°
ALY AL EE/ (U/mg prot) SOD  1838.28+98.53  1838.76+102.11  1710.37+216.91  1516.40+218.60 1583.73£155.48 1579.68+70.46

i B AL S AH/(U/mg prot) CAT 419.13+12.69°
<

i AL HES1/(U/mg prot) T-AOC  1132.97+77.10%

407.83£26.79°
1295.63£121.51* 1086.55+145.77%

391.47+30.82% 384.21+22.88" 316.87+11.42° 182.62+1.29¢

980.34+54.82°  931.55+48.98°  852.60+27.48°

e FATEAE I PR A RNG B3R 21 8] 25 5 i 3 (P<0.05).

Note: In the same row, values with different superscripts in lower cases mean significant difference (P<0.05) between groups.

TE V20 HAR, 3% 8T H A 55 56 24H (P<0.05);
Bl 3 [RIRE R, KWy fifah a1 A 15 2 25 1 0
M5 FH Y, V20 4 5K 3 K 1 HAth 52 56 41
(P<0.05),

3 it
31 REHEVEARBEMIKMiESHEEK
Mg, BiES5L£aERS T

I 58 3 0 1 2B K5 DR R A R
FEME M BB . AR, IREHYE AR
AT T 40%HE, XKWyl i A= K TE 2 M, X it
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Fig.2 Results of H&E staining (a) and oil red O staining with quantification (b) of liver tissues of juvenile
Leriocassis longirostris fed with diets containing different level mixed vegetable proteins replacing fish meal
Green arrow shows normal nucleus; yellow arrow shows fat vacuole; red arrow shows nucleus shift; black arrow shows
lipid droplet. Value columns with different lowercase letters mean significant difference between groups (P<0.05).
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difference between groups (P<0.05).
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Dietary replacement of fishmeal with mixed vegetable proteins in
juvenile Chinese longsnout catfish (Lelocassis longirostris)

LIJ ianweil, ZHU Wenhuanz, HU Wenguangl, ZHANG Xiaoruil, HUANG Tianlez, CHEN J ian3,
TAN Qingsongl*
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Abstract: In recent years, fishmeal supply has surpassed market demand, leading to consistently high prices. To
alleviate market pressure and reduce farming costs, it is crucial to investigate economical plant protein alternatives
in feed. In this study, we examined the feasibility of incorporating mixed plant proteins into diets for juvenile
Chinese longsnout catfish and determined appropriate inclusion levels. Six isonitrogenous and isolipidic diets
were formulated using a mixed plant protein source (fermented soybean meal to rapeseed meal ratio of 4 : 1) to
replace fishmeal in a basal diet at levels of 0%, 10%, 20%, 30%, 40%, and 50% (V0, V10, V20, V30, V40, and
V50, respectively). Juvenile catfish were fed these diets for 8 weeks, after which growth performance, serum
biochemistry, liver antioxidant activity, lipid content, and liver morphology were assessed. The results showed that
substituting 50% of dietary protein with vegetable protein sources significantly reduced (P<0.05) the specific
growth rate (SGR), whereas the V50 group exhibited a significantly higher feed conversion ratio that of other
groups (P<0.05). Blood total cholesterol initially decreased and subsequently increased, reaching its lowest level
in V10 (P<0.05). Similarly, both aspartate aminotransferase and alanine aminotransferase displayed decreasing-
then-increasing trends, with lowest levels in V30 and V20, respectively (P<0.05). Liver malondialdehyde showed
a decreasing-then-increasing trend, with significantly lower values in V10 and V20 groups than those of other
groups (P<0.05). Total antioxidant capacity demonstrated an increasing-then-decreasing pattern, peaking at V10.
Catalase activity showed a decreasing trend, with the V40 group showing significantly higher activity than that of
the V50 group but lower than that of other groups (P<0.05). Histological analysis revealed progressive hepatic
steatosis beginning at V30, accompanied by blurred hepatocyte membrane boundaries. Lipid droplet quantity
exhibited a decreasing-then-increasing trend, reaching its lowest level at V20 (P<0.05). Under experimental
conditions, moderate mixed vegetable protein supplementation improved juvenile Chinese longsnout catfish liver
health. SGR was achieved with 37.47% fishmeal replacement by mixed vegetable protein; however, based on liver
health indicators, a lower replacement level may be warranted.

Key words: mixed vegetable proteins; Leiocassis longirostris; growth performance; hepatic antioxidants; lipid
accumulation; replacement of fish meal
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