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Tab.1 Nutrient level and inorganic contaminant detection

of P. nigromaculatus basal feed (air-dried basis)

E IS TE/Y%

chemical composition content

Ko 8.210

moisture content

Gichii=jinig 4.020

crude lipid

HEA 44.180

crude protein

HHEF4E 2.930

crude fiber

HLK 5y 8.650

crude ash

45 3.690

calcium

R 1.560

total phosphorus

FEHISLYM  inorganic pollutant detection

TiH WEE/(mgkeg) R= S T
item measurement limit method
value
sy 1.642 <4.000 GB/T
total arsenic 13079—2022
S 5.730 <30.000 GB/T
total lead 13080—2018
B 0.005 <0.100 GB/T
total mercury 13081—2022

I EIRAKCFRTEHTG Sets E S At S .
Notes: The nutritional level and inorganic pollutant detection values are

all calculated.

] — LAk ) B BN e, 28 5% AU,
PIFE T IR 3 mx4 m) tfr, BEMEILRN R,
fifi Z B W Y S AR . B AR S d e, H R
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WILRIRTE (2.7 £0.2) g (U RBEMIRE i 396 H, Fifi
MLATBC RN = A 12 5000, A4S SE 50 A
1.0 mx0.8 m A 7K I AT 1.0 mx1.2 m F il b [X 35,
Ml m &M, F—3%, %50 1~12,
Ph 0.4 mx0.6 m KI5 B e e M ek 2 . B4
FRAE M 33 HRBEM A i BEHLE IR 4 2wk
TR 3 A, FRAE SO FFLE 8 ], FRAH M
[\, /KR (25+2) °C, KAk 15~20 cm, HFK
M2 W Al H S 1 h Z2 4 DL R B i oK
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JEREAT
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R AT AL 6 BB BE0RE i, A H
R MK, BB BE TR AL BT I R vk L A
), I PRI B R RN AR, FREE
Bl A S5 1) 3 I PR A 8 kel DA AR T 5 05 1B 3
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MRS Ik I , AR A 3 H R BEORE
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s bR AT o SRIMLE B AE, 1oy B T
ME, ¥R A 3 B R e A A
SUE T — N FEN, FH 0.65% TG I A= #ER K
Ve, WAL E T E T -80 °C KA o LA AT T
AR AT A AL BE 7 AH CFE bR ad Az

) FEE AL E S R R ENEAEE = RES
(GB/T 6432—2018) A 4 . 105 °C #5145
7 (GB/T 6435—2014) M 7K 4 . 2% [ 3 #2 1
(GB/T 2479—2003) il BB i . 550 °C Ky ik
(GB/T 6438—2007) il # JK 43 . 43 66 B %
(GB/T 6437—2018) NGB & . £ P LR —
BTN E 1 (GB/T 6436—2018) 1l k45, G
BLT5 YL WA I 2% VU B K R TR A B 22 BE, AA-
6800F Fl GFA6880 Jit M it 43516 5 B -1 2 A
fifl (GB/T 13079—2022) il = 4% (GB/T 13080—
2018) Fri . LEHSLAEMNERT F732-V] #1¥%
JE - W AT R4S 5 9K (GB/T 13081—2022)
T,

& K BTG ARFE AT FR A 00 e ) 8
AR S 6 P 00 o ) 34 FE R (weeight gain rate,
WGR), F5E 4K & (specific growth rate, SGR)
1] B} 22 #( (feed conversion ratio, FCR). E i &
(condition factor, CF), % & % (feed rate, FR),
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*2 RIMERWIBEMMR S 2R ER D ERN

Tab.2 Active ingredient content and feed hygiene testing of mulberry leaf extract

Y B8 /(mg/g)
active substance content

1-iA BT i % 1-deoxynojirimycin 34.390
MAEY  total alkaloid 49.810
SR total flavonoids 55.560
MZ¥E  total polysaccharides 284.710
LM total polyphenols 46.860
PR 24BN feed hygiene testing

i H bITE=g ) PR SEHR J5

items measurement values limit methods
WA LYIRN  microbial pollutant detection
WITIRE Q25 gH)  Salmonella x AR not detectable GB/T 13091—2018
#HI/(CFU/g) mould T <4x10* GB/T 13092—2006
ZMT/(CFU/g) bacterium " <2x10° GB/T 13093—2006
TS EY)  inorganic pollutants
S5 T/ (mg/kg)  total arsenic 0.005 <4.000 GB/T 13079—2022
1S4/ (mg/kg)  total lead 0.199 <30.000 GB/T 13080—2018
B7K/(mg/kg) total mercury 0.026 <0.100 GB/T 13081—2022

#E: RP-HPLCYEWI - A B s R i, 5 IRER LL A MR e S A i & &, SRR e Bk e sk B & &, R -BR R A I e £ 5,
Folin-Ciocaltewi:ll & 4 £ M) & % . HE. BSIRARE IRV 1T IR (GB/T 13091—2018) & 5,  Th# Ea 4 M Bl (2 S & 30 BRI K 2 14
(GB/T 13092—2006) % &, & I RK M40 (GB/T 13093—2006) % & MLEX P g K% IR Pt, AA-6800FFIGFA6880 R 11 i 43t
I B 8 S (GB/T 13079—2022) L H5(GB/T 13080—2018) & &, LA IRANER ] F732-VIBLA IR 7 WO o= 4 72 4. K (GB/T
13081—2022) & & . RO HUEI AITHHAE.

Notes: The 1-deoxynojirimycin content is measured by RP-HPLC method, total alkaloid content is determined by the Reinecke salt colorimetric method,
total flavonoid content is measured by the aluminum chloride colorimetric method, polysaccharides are determined by the phenol-sulfuric acid method,
and total polyphenol content is measured by the Folin-Ciocalteu method. HE and BS agar media are used to detect Salmonella (GB/T 13091-2018)
content, potato glucose agar (containing chloramphenicol) is used to detect fungal (GB/T 13092-2006) content, and nutrient agar is used to detect
bacterial (GB/T 13093-2006) content. MLE is sent to the School of Resources and Environment at Southwest University for detection. The total arsenic
(GB/T 13079-2022) and total lead (GB/T 13080-2018) contents are determined by the AA-6800F and GFA6880 atomic absorption spectrophotometers,
and the total mercury content (GB/T 13081-2022) is determined by the F732-VJ cold atomic absorption mercury analyzer from Shanghai Huaguang

Instrument Co., Ltd.. All values in the table are calculated.

i A& Lt (carcass rate, CR). J&5 i 48 %4 (hind leg FFHATEEUHSI, %) =Hp,/H,x100%

index, HLI), JT {& 48 % (hepatosomatic index, RIS RL(VST, %) =H, /Hyx100%

HSI), JE{AR48 %L (viscerosomatic index, VSI), A

W3 44 1 (fat body index., FI) AR 36 45 1 A0 5 3 IRIRLE(EL, %) =Ht/Hyx100%

SRR 0 FE T LTS5 LT 6 (survival rate, FHEZR(SR, %) =N,/N;x100%

SR). K, N,ﬂﬂﬂiﬁiﬁl(n) N; AR (H),
FEEA(WGR, %) =(H,—H,)/H;x100% HH, 43 50 2 RSN RS i) 46 9 5 (g) *I]?Efj

#%/‘Eétﬁ%(SGR, %/d):lOO%x(lnHe—lnHi)/T E (g) H f]iﬁ@ﬂ@ﬂiﬁﬂiui (g) HO 7&]
DEANHE b 4 S (2)5 Tjilﬁ:%?ﬁ@l (d), MBI

FalRl Z2 % = —

RN SECR) =F (H,~Ho) R 5 B TR Y (), SELUE QR B T 7, (@),

FEWEE(CF, g/cm®) =Hy /L X100 R TRE 000 e ST TUE Oy Hi(2), WEEE R H, (g),

%ﬁ%(FR’ %) :Hd/(Ht/2+H0/2)/TX100% Hﬁl'ﬁxﬁﬂ‘j Hd (g)9 Au\%ﬁij‘j F(g) BEIHB,M:E:

. IR L (cm)o

MIRIL(CR, %) =Ha/Hyx100% R D R R

JE S EL(HLL, %) =H,/Hy,x100% P BE LR (938 50 o ILER %E Rk (GB/T 6432—
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2018) I KL 2 11 . 105 °C 4L 45 + 48 1% (GB/T
6435 —2014) W /K 43 . R K #h 2 ¥ (GB/T
2479—2003) P AL I . 550 °C Ky ke ik (GB/T
6438—2007) ALK 4Y o

Ao A AR AR i1 X A = A
= % s H (HDL). iK% & i % 1 (LDL).
BB E B (TC). Hl =8 (TG). 2 5 & i
(AST)., WA (ALT), PrELIghrfsh s
PUAALRE 1 (T-AOC). #8 A LW I LT (SOD)
IS (MDA), Y2k A ot @il ) TR B
FEFTAE 7 R G

1.4 HIELE

H Excel Xf Z4ls 170 20 3 B, H SPSS
26.0 B4 HE4T One-Way ANOVA FA K 2 )5 2543
Hr, FH Ducan [ TARIZER LA, 227 HEK
R 0.05, 45 3R LLF- 35 {8 +45 #E 1R (mean+SE)
Fn.

N~

2 R

\

2.1 SRR AR 2R B #BE A K14 RE AV ST

SR A ARG A . R E . W ER
FREE AR R RS I LIS KT 18 2 e T 5 R
A, MO3 41 A ¥ H A 6 HE A 2 5 4.18%(P>
0.05), M09 41 & 3 F&A% 14.95% (P<0.05), 5%}
HRZHAH I, MO3 23 R W 4 6.98%, FF
TELE KRR IR 2.86%(P<0.05); M09 4H 1 H
R KRB EFK 14.2% . 5.95%(P<0.05).
FABRER . R REOY RS R EU KT T
RS T, M03, MO06 4 1% 1 %43 5l

FEAK 7.73%. 8.00%, ¥4I 00T X8 (P<0.05),
TR 2B IR 12.32%. 10.14%, Y5958 348
TXF R (P<0.05). Z& M- $& B 41 0] 55 R0 i 3
Ejx BRI TC 25 25 5 (P>0.05) (3R 3).

MR B K EFE 0~0.9% i Bl AT,
K =W mE A i E 2 (Y)(E 1), PR R AL
(Vo)( 2) FNSEMREUIKF () Z B R, 14
FILLTF 244 5. Y,=655.37X°+440.18X+
951.08(R*=0.896 6) Fll Yo=1.013 2X°—0.846 7X+0.79
(R*=0.874 2), 15 3| i 45 B b BU 0 & o4
0.34%~0.42%.

2.2 RAHEEAI BB M FREE R Fa FRRY F2 0T

SXT IR AR L, 45 241 0 6 B2 bl S v 3 U
KT 2 R, M09 ZH AR . T
1 E KT X IR (P<0.05), 4 B R 13.92%.
25.10%, MO03. MO06 4341 i & 2% 5 (P>0.05).
MO6 ZH A L TR A L 5 2T M09 4 (P<0.05)
(F 4.

2.3 RAHREVAIRT EDEMIFEEE AR 4 BR 57 B 201

Zrt I xF B I A 2 RAR K 5. &8
Fa g W 6 %4 oh) iR N7 % e AT 703 T
JA A 7K 4B 340 4 35 v T 6 R (P<0.05), 4331l 4
B 0.93%. 1.68%. 2.46%, H iz 42 5k
T E R AT R Rk Bl SR K T
. LA FORRLAG I 28/ . M09 4R
1 RURL A 7 25 8 354K X0 BE (P<0.05), 433l
[ 4.11%. 14.03%, MO03. MO06 2H 3¢ i # %
5 (P>0.05), S 42 B 28l (AR K 4355 % R
T B 25 (P>0.05)(35 5).

=3 AR RAHE IR R B AR K BEA T

Tab.3 Effects of mulberry leaf extract levels in feed on growth performance of P. nigromaculatus

2035 group

BAR  index

C MO03 M06 M09
Wi HE/g initial body weight 2.69+0.02 2.68+0.01 2.66+0.03 2.67+0.02
KHHF/g  final body weight 28.96+1.29° 30.17£1.19" 28.97+1.23" 24.63£1.25"
WER/% WGR 951.67+25.94° 1022.36+19.55° 981.04+10.93™ 815.8+14.32°
i K2/ (%/day)  SGR 4.200.04° 4.32+0.03" 4.25+0.02° 3.95+0.03¢
FRIG# /% SR 71.00£1.53 81.00+5.21 75.00+2.65 73.00£1.53
WEE/Y% FR 3.75£0.07° 3.46+0.04° 3.45+0.03° 3.78+0.06
TR RE FCR 1.38+0.03" 1.2120.02° 1.24+0.01° 1.43+0.03*

W CAXHR, M03. M06. MO9fREFMFEEUYIKF0.3%. 0.6%. 0.9%; [FFIEFAF/NE 7B FRE R B #E(P<0.05), FH.
Notes: C is the control, M03, M06 and M09 represent 0.3%, 0.6% and 0.9% groups of mulberry leaf extract; different small letters in the same column

indicate significant differences (P<0.05), the same below.
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GRE, &
1100
o 1000 -
<
X g
EH* S 900 |-
g '50
=5
3 800 ¥,=-655.37X+440.18X+951.08 °
R*=0.896 6
700 | | | |
0 0.3 0.6 0.9
MLE & 7K /%

the additive level of mulberry leaf extract

E1 ZREVAS S E T RHHEE
LS
0 yXFHRZE, MO3. MO06. M09 XK - F2HU/KF 0.3%. 0.6%-
0.9% 41, T
Fig. 1 Effects of weight gain rate on the additive level of
mulberry leaf extract were analyzed by
quadratic regression

0 is the control group, M03, M06, M09 represent the mulberry leaf

extract level 0.3%, 0.6%, 0.9% groups, the same below.

ot IR A 3T B BE AN AY 22 A8 By AR BT RS 49
AL S PE IO 2R A Le 55 0 IR O
F 225 (P>0.05), {HBE S0 HE B KT 2
SeTta BRI IR i B 5% o S B 7K SF
Fhn ek A TS, Hid M3, Mo6 4
FELIG I 25 42 25 (K F X BE(P<0.05), M09 41 i

=TI (P<0.05)(3 6).

1.6 —
215 F Y,=1.013 2X°~0.846 7X+1.375 Py
< 2—
£ ° R>=0.874 2
S 14
= 2
= § 1.3
=
Q
L 12
1.1 | | | |

0 0.3 0.6 0.9

MLE #RIN7KF/%
the additive level of mulberry leaf extract

2 ZTOREVASZHTIER R EX RAEEY
NIRRT B R )
Fig. 2 Effects of feed conversion ratio on the additive
level of mulberry leaf extract was analyzed by

quadratic regression

2.4 RMEEAIX BB FEEE
A0

Zoet R I A 2t 2 g M AE =& do 7 & A 38 A7 ¢
A FN LRI TC A1 LDL B sk
T R IR S T, AT R,
H MO03 48 #ZETXHR (P<0.05), M03, M06 4]
TC 43 B B A% 35.23%., 18.65%, MO03. MO06 41
LDL 7RI 53.12%., 17.71%, FEHHREBWAH
TG 1 HDL 5% f34 70 i 3% 22 5 (P>0.05). MO06
20 ALT 3 & T4 IR (P<0.05), ¥4I 105.69%,

BEIERRRY

x4 AR R RAHE AKX B M FRE R R SR AR R

Tab.4 Effects of mulberry leaf extract level in feed on body index of P. nigromaculatus

Loy M5l group

index C MO03 MO06 M09
B /(g/em’)  CF 10.63+0.23" 10.34+0.23" 10.20+0.28° 9.15+0.22°
JFA /%  HSI 5.02+0.26° 5.1240.22° 5.16+0.27° 3.76+0.24°
JEhBYE%U% HLI 34.62£1.10 34.91£1.11 34.07+0.93 37.08+0.84
MEAAEL/%  VSI 28.42+0.53" 29.57+0.60™ 30.06+0.86" 27.64+0.44°
Rk E/%  CR 71.58+0.53" 70.43+0.60™ 69.94+0.86° 72.36+0.44°

®5 RIS BB AREERRFE A 5 8920

Tab.5 Effects of mulberryleaf extract on the routine composition of the carcass of P. nigromaculatus

kR A group
index c MO03 MO06 M09
JK%F  moisture content 72.78+0.14¢ 73.46+0.19° 74.010.18° 74.57+0.14°
H&EA  crude protein 19.46+0.37° 19.25+0.16™ 19.05+0.06" 18.66+0.09°
HMHEWT  crude lipid 2.78+0.05° 2.81+0.03° 2.72+0.05° 2.39+0.03"
K45 crude ash 4.18+0.04 4.17+0.06 4.04+0.06 4.14+0.09
https://www.china-fishery.cn HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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{H M03, M09 147 I % 25 5 (P>0.05), F it
PEHUY 20 AST 5 X5 IR C W 35 25 5% (P>0.05)
(7)o

Feot R IR F 2. BN AY 2 AT IR AL L 94 49
% h Sk U 411 BE MDA T AE T-
AOC 5X} ¥ Tl 35 22 5 (P>0.05), FM#HL
Yy 40 A I SOD ¥ i Fxf I8, Hodh M03. MO6
H 5 T B (P<0.05) 43 IR B 18.59% .
9.67%, M09 ZH 5 %f B TC i 3 %% (P>0.05). JIF
IE MDA 5% #5470 i 35 25 5% (P>0.05), {HPpEZ
R I KO T 2 e R S T IFE T-
AOC F1 SOD {H ) jifi & 4 B ) K7 Tt v 22 56
FHakekas, HAAMYE TR R S).,

3 ik

3.1 MR AT B DE AR EE S K1 BEAN T2 44
fEAREY RN

AR, SRR AR K= 3P b i H]

R I, HAEIK ™ 3 v 35 24 ik
WA FAARRE W KB, TER (Siniperca
chuatsi) Ta B P ES I 1~10 g/kg R, A
e AR MERE, HRREE SRS %, HRMHE
B IS 10 g/kg B AR HE B0 K F %
M, EAAEER R, AR HEBG (Microp-
terus salmoides) fi R P IR 0.1% . 0.2% Hi ZF 0
B SEOR TR SR ZHEA N A Y iR
Wy fig 0 25 46 ey HG AR PR B8 O R0 T f B
PSR BB, HE K (Andrias davidianus)
il SRR A3 B AN 7.5 g/kg S -ER IR 0.04
g/kg - AT DLas R e HAE K Mg, 78
i) (Carassius auratus) WIWFFE &30, kI N
15~60 g/kg Y& £ B AT 10 254 Y A 4K
TR 1Y S MR U S IR 46.93 gk,
i 101.06 g/kg J5 S P Hl B A= K P, AT AF 5T
KW, FEEE TS N g 0 & R Bl SR
WA SR, (AA N2 e 2 40 i 20

* 6 SRMIZEIRT BB HEEE RS B 4 bb K2 BT A5 B9 220

Tab. 6 Effects of mulberry leaf extract on fat body and liver lipid of P. nigromaculatus

e b 5 group

index c MO03 MO06 M09
feWitktt/%  FS 6.47+0.21% 7.20+0.15° 6.18+0.22" 6.24+0.31°
ATHR/%  ASI 22.92+0.28" 20.59+0.18° 20.49+0.22°¢ 24.29+0.17°

® 7 RIS BB AR M £ (IR FR AR

Tab.7 Effects of mulberry leaf extract on plasma biochemical indexes of P. nigromaculatus

Ei=un A5 group

index C MO03 MO06 M09
SUIHEEE/(mmol/L)  TC 1.93+0.12° 1.2540.13° 1.57£0.07" 1.68+0.14®
Hl =88/ (mmol/L) TG 0.46+0.15 0.22+0.10 0.67+0.37 0.25+0.04
% % IR & (H/(mmol/L) LDL 0.96£0.14° 0.45+0.08" 0.79+0.11% 0.92+0.09"
% R & (A /(mmol/L) HDL 0.3420.09 0.15+0.02 0.24+0.00 0.27+0.03
BHRFEAR/(U/L) ALT 111.17£11.75° 130.83+10.44° 228.67+21.20° 109.50+8.48"

B FE/(U/L) AST 288.33+47.79

359.00+113.60

612.00£100.55 475.33+125.96

* 8 RMIZENIAT BT AR AT B & 1L R A B9 20

Tab. 8 Effects of mulberry leaf extract on oxidative stress in the liver of P. nigromaculatus

b Ml group
index C M03 MO06 M09
P [ /(nmol/mg prot) MDA 2.81£0.22% 2.2540.31° 2.80+0.20™ 3.14+0.18°
MATEALRE J1/(mmol/g)  T-AOC 0.27+0.01 0.27+0.01 0.30+0.02 0.28+0.01
BEAYEALEE/(U/mg prot)  SOD 17.48+0.43° 20.73+0.13" 19.17+0.33° 18.65+0.66™
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YA R, ARWFG R, SR BEN Y e 1
HIS N — 2 i S R AR KPR R R )
(P<0.05), #ANHEN 0.3% i, A KREm A,
WK 0.3% BF, KIE, WER, FFE
AR RGBT, M4 R AR &R
BIFE s BINIKSF 0.9% sk A= 4K 1 A e L A1 FH
R E TR (P<0.05) . AR 6 7 Rl A4 Hb i 35 %
ik (P<0.05). FE HJFE A, H BB bl S 0 $2 HL
TIACERE i, Hoas ey s B hs i, Witk
Xof B B A 68 e 114 A= BEAE FH eh AR 52 ) AR S B4
L AT REE SR Th W PrE SR T
H5EARSEIERE S, ML, HET
PUEFERP,
3.2 FEMHEEYIXT BB FEEE AR 4 AR 4 B9 5200
Fort IR 2t B s MAH 2 AR K S &G
Ji F= i oy 64 % 7 S b B3 AT AR
RS bE AR, 2o S i PR 5T AT XUBR
PER IR AR o WEE SR E M S AR E 2RO T
IR A i 43 v B S ORT B S G B R B AR Ok
P IE KBL, RR AR N 400, 800 F1 1 200
mg/kg Y S I $2 B0 T DL RG22 35 25 0 (Arbor
Acres) WS IE AR VIAN, RIEREIGIIAL, X S5A
SCE A AL . AR ER BRI, TERE (Sus)
B LR AR TP R I 0.05% . 0.10%. 0.15% Z& i
WY, BT MACE S, LR & A S &
SekEJE T, el & B E R, SARMRS
G S ) S LY N LY/ B e S LR IR |
K- ZEAR 8, HRESECY E Y R, FE R R
Hor AN I S R R - AR LR R, K
{8 JUL PR R BEKELG M 5 2 S S I X AL,
JUL PRI RH 28 1 5 1 2 R T IR . AR R
B, SIS [R) 7K & - 2 )5 S50 08 B A e o
TR A% B o3 AU AR B AR Ak, 380 T A K 4y
T, FRACHIEDT . MAEAS &, b, g
o 5 B B ARG A5 oAt ¢ = S FE B 19 B N 0T 5
SRR, ERECIHR AL, 1A DL
2 FBUERE /N (Mus musculus) 1K 5T B AL
] = 3 3 9 i U 200 B R 4 43 R 1 o
REWT &R . s i Ak, R g . K
DR LR . RBEMRE kA A K = Bh K
syt ., BRW &AL, WSR-S EY nes
T S BEAN 8 ek R A K 43, PR A S AT TR
Fo TEASCSE Y, PSR EUY U InKSF- 38,

MARRENT . |AR ST RE THEAR, &L, £
-2 B TR AN K SEAE 0.3%~0.6%, JRAHLEE |
FIRITTC B84k, (EFRAH AR T & & BRI

Gt IR xF B e MIAG 5k 5 o R BT R 9
AL L TRE 00058 ke 4 A R A PN 1 A T R
RS, 30T RE I L I S F AN R AR A
X E O AR NG T IARZE RS, IR AR Y
FEAEH RN A RE = . T A
SECO e AR A A AR R, R AR B Al B
VARG IR R B MBS ER, HR/NEARE 2
TARBAR K, FEAGHZ AT, N MR i R
R, Bt A 5 M ) TG K T R i S e L
THAEIRRY, L, kAR R s R
NEF RO R BB o BRI R G AR 2K
FEFRAE R WL E SRR, S sh T
JIE (R IEH DhRE, SRR M fE RN SR, T8 Ulg
WilE, SEmBUAMEERE, B FRE I &

TR SCAER AE /N BRARDRE S AN [/ K F 1
SN AP, 0] IR TR /N BURITE 5 6 BE /N R
PIA BEARAARTR . REARAR I 2 it R T R Rg
HERR . TN LB, AR /NI
MRS -0 e R HIIREH . 5
XTHRAH EE, /N B MR IR s s I AT s
R RRE, ARUFREIR, RORB ARG
5 BOAH L34 T B 2 5 (P>0.05), MO3,
MO6 2 T JiE AR i 7 i ¥ B KT X R (P<
0.05), M09 4 I i 2 i T % f] (P<0.05), KW
T P RE A 458 e ] AR P 3 AN o SR AR U e A
—EFEEE LR BRI R 7 A, £ SRR
FHLNG 05 2 FAIG, IR I 70 s A ) 2 ek )
TR AL R SRR el ARl v S S )
TRIMACE R 0.3%~0.6% W}, HE i 25 [ AR S 5 )
R JTF R KT, B 4 B o U 7 SR - SR U A
STINE RNy | {ENGE 1 T et A A £ S e e VIR N (2953
IRV TSTAN

3.3 SRR AT B BRI 48 i

20

JHF WS AL e T B S R AR, DIRR
Z ., FEMERETIGE, ARIBIEITE R R
A RN BT, 2 B BTG rh 4 Vi 25 75 2 A
., MDA, SOD F1 T-AOC #BJ2& 5 & Ak i
KB R, Hrf, MDA RE BRI
FVEFR AR, T WA i A e SR AR R

AL IR RREY
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SOD Je EZ P A LEE, TIERR A M3,
Yo 3z AR I B 5 T T-AOC J&— 125
BRAR, AT WA WA o BT B AR A A I R
e, B R, R A R AR
R RE ) MR . 2R A X = AR AR A5 R T
TEM AR B AL BORES TR R B E L
KN B R O

JEZRARAECV IR GE R B, 3 TS NS EER
YrmT HE R LA RE T, b B SRR R
Biti, A BT s T yUmeE S, A
i A P N T 391 2 R LR R — 2 Y
AR AR WA 75 T AR A o S 4 B T
L M 2R R A B H G S L Y (GSH-Px)
M . ST RE T (T-AOC) LA K I v
A ALY L (SOD) I3 4 (P<0.05), i
J 1000 g/t (Y &M $E BB R e fE . ARHIEST Bk
AN, FEEBEONRE fE AR S N SR Y
AT AFDE SOD fiE 1, FE{K MDA B9 & &, 4
ISR 0.3% B, SR Eeft . ARSEEa s )
45 5L 50 N AE W AT 5 AR A A 5T 45— 2K
I 7 S I B B 7 A v R 5 S0 1 T LA
A&y A L

JERERY 2R R G . R . fEAERR I,
B R AERR A AT AR, BrsT R,
SR I IS TR TR . 2R 2 Y
LA PR A A T RED, B3t i 41 21 4
i1, 43 TN s 5 (ALT) 4 5 50 i (AST)
TEAE T HFE 40 M o v, A P e b S i
SR 2 MR . IEH ST I ALT
FAST & ARMG, M4 Z i, ALT
FAST & KEdt Al rf, Bt =3 2 F4n i
Z AR HUEAE b

JEZRRAECV BRI A B, AR AR IS R
SZUHRICY), WR 00 AST FI ALT 3% 7 1 3 %
fik (P<0.05), Noh %P f 57 S /K 4L W36 97
BEAK B BT E0AY MBS AL . FF A B 10 28 R A iy
HFRATRROR, R BoR, RKEY BE
WA T /N BUALTE ALT F1 AST 354, Jing 259 BF
FERBL, KIOBRETH R AR 0.5% R4 H
A 2 AT T Hp N SRR L W (ALT) FR 4
RIR A M (AST) %1 . Zhang 555 15T
K, HRERAPER 0.4%~1.2% Z& ML EUY) AT $2
55 X (Gallus domesticus) MG AST %Pk, A 5K

Y0 KR, A A BEN R e R N N SR
IR 0.3% B, X BEBEN 44 ik i v -h AST Al
ALT TR EER, (HREEAR b S ot$2 5 K oF
A, I3 AST FI ALT & b FF#a 3,
SRS BRI R 0.3%, i m s insk-oF
XTHFIEDDREA T2 . % SE IR 45 B S AR5
SERA S, WENR ARSI BT H St 2 By
TGP O v D B ) R sl ) e 2O [ T K
BRI, 76 Wy inleh s in St $EHUY 2225 181
PER T fr i . s RL ARIR SR R DL I Es A
MAsAACTE bRk 1, A RERS 2I3E B A & .

TC. TG. HDL. LDL J& ML i g 48 35 7k
SR E R AR, R KT I A %
B AR A 1O M A e B XU, T R 4 R IR
AT LIS BRI IR R, FRG
L5 95 1 JRURS B X ML PN g 1 £ agif o 3 1]
IR, X LB bR 2 Bon S KM s R E
B RE ™ =R S SR st B T
BRI SR, TR A, XIE R E
o AR /N BB AL 5IEH 5. 100 20 g/kg 1Y
MK EEYy, WAL T /NI T TC #il TG
T, M HDL-C &, HHEAR =K,
Horp R AR ORI B B AR B oY
SR EEP T i IR IR /DN B SAE rp E AR i
FERIRREIN K BREE I K R 2 N R [
. JHYTER . SCFAs Zr57HE 22.31%, 22.31%.
36.76%, 2SR K$E 4 e e = IR IR /D R
Wi e, fEdEIRyT IR . AR R, A
B FREMIEE R o SO S5 25 1 MR =1 B e Ak i
/NERE B AN [R50 o ) Sk A iR R v,
KIS A Yy iR AR R nT DA v s e
(A /0N FRURF IE S AR & E R A o DL B sh P 52 56
FHY, RupoKEEY) . R R A S0 A Y
FERRAE I RE NS & TR/ N B TC FT TG &2,
L5 HDL &, JET AR EACS, 47 B TR
BE, BCENFAEDIRE . ALK E R BxR, BN
0.3% S - $ ) B . 35 A 1K 2L Bt ) 4 e 1 2 opo
TC. TG M LDL &+, % HDL JCREEm ., 4
KRN, TC. TG. LDL W{E T+, HDL
Jo B EARA, X5 ET TR IR GE S A ST 4
FEAR—F, eI S HEHUY) G I IE T 68 B ol 35
IS TR

g L prak, BRBEMIRE e A T RSk £
I B 0385 BN I &R 0.34%~0.42% Us N
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Effects of mulberry leaf extract on growth performance, carcass composition
and serum biochemical indices of Pelophylax nigromaculatus

CHEN Xiang ', LIUDonghua', GENG Linye’, SHEN Shijie’, WANG Qianru °,
SHEN Yihong’>, HUANG Xianzhi’>, DUAN Biao "
1. College of Fisheries, Southwest University, Chongging 400716, China;
2. National Key Laboratory for Efficient Breeding and Utilization of Resource Insects,
Southwest University, Chongging 400716, China

Abstract: This study designed gradient concentration of 0 (control), 3, 6, and 9 g/kg mulberry leaf extract (MLE) added to the
essential diet and the initial weight of (2.7 = 0.2) g healthy Pelophylax nigromaculatus was fed for 56 days to investigate the
effects of MLE at different levels on growth performance, carcass composition, and serum biochemical indices. The gradient
concentration experiment were labelled as C control group, M03 group, M06 group and M09 group, respectively. Survival rate,
final body weight (FBW), weight gain rate (WGR), and specific growth rate (SGR) initially increased and then decreased with
rising MLE levels. The M03 group showed significantly higher FBW, WGR, and SGR by 4.18%, 6.98%, and 2.86%, respect-
ively, compared to the control group(P<0.05). Feed intake rate (FR) and feed conversion ratio (FCR) initially decreased and
then increased, with the M03 group exhibiting a significant reduction of 7.73% and 12.32% in FR and FCR (P<0.05). Mean-
while, the M09 group showed no significant difference from the control group (P>0.05). Compared to the control, carcass crude
protein and crude lipid in the M03 and MO06 groups remained unchanged (P>0.05). The hepatic lipid content significantly
decreased by 10.17% and 10.60% (P<0.05). However, carcass protein in the M09 group declined significantly by 4.11%
(P<0.05). Serum total cholesterol (TC) and low-density lipoprotein (LDL) in the M03 group decreased significantly by 35.23%
and 53.12% (P<0.05). Hepatic superoxide dismutase (SOD) activity in the M03 and M06 groups increased significantly by
18.59% and 9.67% (P<0.05), whereas no significant difference was observed in the M09 group (P>0.05). Hepatic total antiox-
idant capacity (T-AOC) and malondialdehyde (MDA) levels were higher than the control group but not statistically significant
(P>0.05). Dietary MLE supplementation improves feed utilization efficiency, antioxidant capacity and growth performance in
P. nigromaculatus. Based on a comprehensive evaluation, the optimal MLE inclusion level in the basal diet was recommended
to be 0.34%-0.42%. This study provides a theoretical foundation for the green and healthy aquaculture of P. nigromaculatus.
Key words: Pelophylax nigromaculatus; mulberry leaf extract; growth performance; carcass composition; serum biochemical
indices
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