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TEFH WU R 2 (1.3240.01) g [ FLARIEXTER 960 2, BEHLA N 6 (R4 4 MEE, BAEE 40 ), /il re ik
fRARIRIP RN 0. 10 mg/kg. 50 mg/kg. 100 mg/kg. 150 mg/kg Fl 300 mg/kg & HHR i 5230 470K, 17135 50 d )5
FERUE R AR RS . M AR AR AR . PUAAR bR R BUIREI A RE Ty o S5 B, ARDEL PR i S B R L
NEEXTERALIG R  WER  RRE R KR AR R BT E R (P>0.05) o ARDRE I I S i Xt L A T X R A B
A3 T ME R (P>0.05) . WA 150 mg/kg F1 300 mg/kg & M- i i ] {35 4 w5 PLAN I ot B A 985 45 P 5 G TR A A
WG PE(P<0.05) 0 #RHN 10~300 mg/kg 5 i I ) 8 35 5 2 0L 3 RS AE S P SAUILRE D, W 38 B AIRTF B AR P — 1
B EA Y 0 i, WS 50 mg/kg S I AT AR R AT A I ET KOt SR Ak W 9 3 1 (P<0.05) . IREAUEME 2 h B,
10 mg/kg. 50 mg/kg 2H i) BT AE T 2R i B I T4 BR 40 (P<0.05); 7E/RE 38 4 h B, 10 mg/kg. 50 mg/kg. 100 mg/kg
A BIFAET (KT X R (P<0.05). 45 FEM, LU BT ALEE S PPN 38 AR b AT BT 0 Mr 5 1, St 3
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R F kR ROAE 5 B O B AR AR R R Y, e A
BHRE I 10~20 mg/kg 19K T B 8 FE AR R 22 6
(Scophthalmus maximus) 4/ i [fiL. i N 5 (MDA ) /K
-, I B R LV A 4R 6 ) B 1K B (SOD) F 4+ bk
Hkad A AL W B (GSH-Px) O35 1, R @b A fLiE
FyUR Fm B O Dt bR IR R 2SR A,
AT ER ML REN, £HEBYIEM
(Oreochromis niloticus, GIFT)fa]k} A1 i3 hin i 2 Y
e Y R W (01 7 1127 A | £ 2
H5Eshy) b AR WA . MLYHIE XTI (Litopenaeaus
vannamei )& H [ 5B 1 28 5 FRIE K R s 2 —,
Hes & JELA . Mm% ENFRHBE, #H
BEK BT G | PRI 5 A B — R AN [, 3 1B
FONPUEALRE T PR R . B, AL
UGN XTHR Ry SE I X 52, R 5% v B 0k LA U5
XPUR A RPERE . R . S A AR T A AL AR A
(52, B 52 45 506 S St SR AR F A2 s L
o FHHRE AL BRIE FE A, A X R A A o 3 BN o 4
IS AR

1 HRSH®

1.1 IR

DI . BORURIE AR 2k 8 (R, fa i A i
JE T R B 7 VR, v A T A A B U T o 3 e R
L g FRKE W 1 FEIERb R 2 BT
Jin 0. 10 mg/kg. 50 mg/kg. 100 mg/kg . 150 mg/kg .
300 mg/kg SN E A, L] 6 FFSCE AR, A ilbR
idh GO, G10. G50. G100, G150, G300, i
B (BT R R EREES, ZEREh 81.40%)
B AR AL B2 B 7l 5 4 7 o TR B AL
TRk EURHZ M i Je 2k 60 H A, iR B o3 R BGE G
PRSI, S0 BRI T KB BB,
TR SR A BRI SR A, REE R
K4r, 75 NH-10 #25 PP A il Fgi g, &
H¥9%51)5, F SLX-80 RIXUEATHF EHL(4E R L T
FKEFRHE S B AP G-500 BRI AL (TR RS
BT RSB b AT A=) Hl ARAZ R 1.5 mm
PR R, 55 CHET, ASRREN, i AR M
W e /N UL AR IR B B A HE 2 S B, T
20 ‘CUKFA P ORA7

F 1 ERABHAR R EFKT (T RERM)

Tab.1 Composition and nutrient levels of
the basal diet (DM basis)
%
WiH item i content
JE AL ingredient
faky fish meal 23
Tk soybean meal 21
%k peanut bran 12
BIHE squid paste 3
WRSEH) shrimp shell meal 5
AR IETKY high gluten flour 26.5
fail fish oil 3
Wilg i phosphatidic oil 15
AHERE cholesterol 0.2
AR CHE vitamin C ester 0.1
fE#H choline 0.3
PR —E 45 Ca(H,PO.), L5
Y ZFIR KL D vitamin premix? 0.2
W4 SR FUE KL 2 mineral premix® 0.5
MmEF4E R microcrystalline cellulose 2
b NaCl 0.2
A1t total 100.00
EHFEIKF- Y nutrient level®

MR crude protein (CP) 40.08
K5y ash 9.79
AN ether extract (EE) 8.5
K43 moisture 6.37

[E: 1) BT RBURE S 44 RS 4843 A 4000000 1U,
44 % D 2000000 TU, 42 E Ky 10g, HEE B, 5g, 4% B,
15g, 4% Be8g, 4% B,0.02 g, MM 25, MR 2.5 g,
HYIE 0.08 g, MHIR 40 g, ILEE 150 g.

2) BTG YR BRE S — KB 12 g & 1LEE 90 g &
B 3 g — /KBRS 1 g —/KBRRREE 10 g; MLERES 0.06 g;
ERM-4E 0.16 g; TER4N 0.0036 g.

3) EIRKF T,

Note: 1) One kg of multi-vitamin premix containing: vitamin A
4000000 IU, vitamin D 2000000 IU, vitamin K5 10 g, vitamin B,
5 g, vitamin B, 15 g, vitamin B¢ 8 g, vitamin B, 0.02 g, calcium
pantothenic 25 g, folic acid 2.5 g, biotin 0.08 g, nicotinic acid 40 g,
inositol 150 g.

2) One kg of mineral premix containing: MgSO4H,0 12 g, MgCl,
90 g, Met-Cu 3 g, Met-Co 0.16 g, FeSO4-H,O 1 g, ZnSO4+-H20 10 g,
CaH4I,04 0.06 g, Na,SeO4 0.0036 g.

3) Nutrient levels were measured values.

1.2 LERIMERFEE
SR F T AR i i R AR IR A R

", BT 3.0 mX2.0 mX1.2 m 7K M e 2
JE, B R AL IR AR YK . iR FR SE R AE S AR
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AL B 2E W5 B S W BE 2 58 BT OK 7 &= AT
B4 80 cm, /& 70 cm, RFIZY 300 L A9 B ES
LRYERR AT IR, RN NTEMIRIE R G0,
VIR TE 7 (1.3240.01) g A ILANEXTER 960 2,
BEHLIT R 6 4, B 4NEE, BAEE 40 BIF.
3 IR RIRDRERN 5 FhSC g iakl, DU R
(975 A R ME 3 YR(8:00 . 14:00 1 20:00), 54l
TR KAR MG KN A RIKIR A 5 BIRBOK, 285
U HEERIMAFRIE RS, R 5~6, &K
2R, BYARKESOKERY 1/3, WIRAEE 4 5T
G TS (295 UK 1/10). FERMIN R A <
0.2 mg/L, WHSREE <0.05 mg/L, IF% =7.0 mg/L,
K AR, KR 27~30 C. SLER AW 50 d.
1.3 HmXE&E

FRI SR A RS, 25 24 h, FRE AL,
TG 2R (survival rate, SR) ., 34 5 % (weight gain
rate, WGR) . FF 2 4E KK % (specific growth rate,
SGR). 1a#} &% (feed conversion ratio, FCR), %K
1 BUAK (protein efficiency ratio, PER)%, &~
EBEHLEL 5 IR, T e, K
(moisture) . ¥ H (crude protein, CP). g i
(ether extract, EE) . Hl K43 (ash). 54~ 42 BALEL
14 &, M 1 mL ES R ELCERMm, TEOE D,
4 CHrE 24 h, M EWEFWT-80 CHRA, HTII
T A AR AR RIS I . B A BEAILIR 6 2
A MR, R R OR o R R, T T IE W
(condition factor, CF). HF/BARFE % (hepatosomatic
index, HSD)IH55 . JHRARFINLA T 2 mL .04
—80 CIRAF, M THEIGIE
1.4 $E5HRUE
141 HEKMEE KL T IA LTI

FEI5 R (SR, %)=100x 2K KW 1R R 4K

WA H R (WGR, %)=100x(Z A VKR E -1k
YR ) A T A

FiE 4 KR (SGR, %/d)=100x[In(Z £ -4
HHIE TR ) —In W) 45 V-4 0K H )/ 95 KA

Tk R B(FO)=H ) o B /(AR IR+ Tk
- IR AR ER);

A AR (PER, %)=100x(& KR E+IET:
PR WU R )/ (TRl R A S T R 28 11 % i),

A 386 (CF, g/em’)=100x{4 & /14K 3;

JHF B 8 B (HIST, %)=100x JHTJfE 5 /14 1

PR FL, g/R)=1H G/ [(F 4k REA R
FE%0)/2]
1.42 KB KrpMESN 105 CHETRAE
H L (GB/T 6435-2014); L H I E ALK E
A 1%(GB/T 6432-2018); ML M A I 2 0 2 G Aih
#2795 (GB/T 6433-20006); LK 73 B0 5E o 4 20
BHA 550 CHI%eH: (GB/T 6438-2007).
1.43 MEEMIER  NHEEE G R 042
2 A A B AU, 4SS E B (TP, HEH
(ALB). BR& 1(GLB). JRER(UA). H il =BR(TG).
AN E M (ALT) . 43 B Z M (AST) . JIH i B
(CHOL). Ifi¥¥(GLU)%
1.4.4 MiE. FFERERREANKIER R ENK
AW TR TR &, A i . AR AR
LG, EEIE 36 B PT A L BE ) (total anti-
oxidant capacity, T-AOC), N _[i¥(malondialdehyde,
MDA) . #8 & 1t ¥y B, L B (superoxide dismutase,
SOD). i & 1k & fiff(catalase, CAT) . 24 H kit &
fL W) (glutathione peroxidase, GSH-Px). HEiid
ALY (lipid peroxide, LPO)% .,
1.4.5 REHEE FRLEERE, Gk
PLEEHC 12 BRI A S, kSR
Mugnier 2515 Zeng 2O AHGE 2 8% % 4A
EIFLRTT, BRI OKOCH, Aok & T 2
60 L, /KEHEESHIEZ 12 cm, #F 1 EBEWHETT
N R o T O O R W ) NG = i
e, ST ) A5 45 200 4 {1 (Seven2Go, Met-
tler Toledo, E[E)AERE 30 min Wil 1 /KK SA
o MK R A AR (7.0 mg/L Z247) FRE
Z AR (0.6 mg/L)I, e 35 A S5 56 62 4 1 1]
PLRARARIFET-1E B o 24 GO 4 (ARSI ZH) H IR E
TR F] 50%MF, A kAR EI A S5

ZTFE T % (cumulative mortality rate, CMR,
%)=L AU M J5 FE T F R AR/ AU 38 MR 2 £l < 100
1.5 HiEZITSF

S5 R BE bR MEZE (X £SD) RN o R
SPSS 22.0 F X EHR #E AT SE 27 3 b, kAT LA
FE 2571 (one-way ANOVA)FI Duncan £ 5 [V,
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P<0.05 I\ HZER W3,
2 HRESWH
2.1 RIMEERDRT M EXT A K EEERIE MY

e 2 Frs, FEFRR IS N SR B X MLt i
%tEF FBW. WGR. SR. SGR. FCR DA}z FC F11 HSI
TC R & (P>0.05), 1H 50 m/kg 41 FBW. WGR

*2 RMEINL

SGR FLXFHELH M 5IE H 6.07% . 6.76%F1 2.83%.,
50 mgkeg & E & E & T X R4 (P<0.05),
300 mg/kg ZH 45 1 0 KT X iR 41 (P<0.05) .
300 mg/kg R A FURSCR 38 5 T X HRAL(P<0.05) .
2.2 RMEEXT L AE MK R 5 B2
HER 3 AT, FEGEDRE R in 5 i 2 R G FLA

T IR A 3 I JC 13 5 W6 (P>0.05)

IR X ERAE T RERI R

Tab. 2 Effects of mulberry leaf flavonoids on growth performance of Litopenaeus vannamei

n=4; X +SD
& /(mg/kg) supplementation
i H item
0 10 50 100 150 300
WGk E /g IBM 1.3240.01 1.3240.01 1.3240.01 1.3240.01 1.32+0.01 1.3240.01
LR R E/g FBW 12.52+0.44 12.43£0.57 13.28+0.53 12.48+0.48 12.36+0.67 12.56+0.96
B /g WGR 848.57+33.18 841.30+37.92 905.95+40.33 846.69+46.20 837.55+43.79 851.04+65.61
BTG /% SR 88.64+2.71 88.00+5.96 89.73+3.70 93.30+3.46 90.22+6.87 89.91+3.41
K (%/d) SGR 4.24%0.07 4.23+0.07 4.36+0.08 4.24+0.09 4.22+0.09 4.29+0.13
JIE % )% /(g/em’) FC 0.79+0.01 0.80+0.02 0.79+0.03 0.80+0.04 0.81+0.01 0.79+0.03
JHF IR 46 %5/ % HSI 5.04+0.38 4.79+0.35 4.83+0.14 4.84+0.34 5.22+0.26 4.85+0.11
kL R4 FCR 1.19£0.06 1.18+0.04 1.18+0.02 1.20£0.02 1.21+0.05 1.16+0.06
HER/(g/R)FI 13.36+0.29% 14.12+0.55° 14.87+0.45° 13.70+0.19* 13.69+0.38% 13.27+0.33*
H H BBCE /% PER 194.47+4.71° 190.39+5.98° 194.39+2.77° 198.72+3.68° 191.47+4.79° 212.99+8.8°

T AT B _EAR T BN [F) 3678 4 (6] A4 7E B %5 22 5+ (P<0.05).

Note: Values in the same row with different superscripts are significantly different (P<0.05).

® 3 RMEEX FLAEXERMERK 5 B 0GR E )

Tab. 3 Effects of mulberry leaf flavonoids on body composition of Litopenaeus vannamei (wet weight basis)

n=4; X +SD
N iniE /(mg/kg) supplementation
i H item
0 10 50 100 150 300
7K43 moisture 76.77+1.01 77.33+0.90 76.44+0.86 76.74+0.84 76.63+1.22 76.35+1.21
HEH crude protein 18.56+0.65 17.82+1.01 17.95+0.56 17.55+0.49 17.45+0.60 17.75+0.36
HLBE R ether extract 1.46+0.25 1.53+0.22 1.48+0.22 1.41%0.20 1.44+0.30 1.59+0.29
JK5y ash 2.59+0.10 2.56+0.13 2.68+0.13 2.66+0.15 2.71+0.21 2.68+0.29

T [T b7 B AN [R] 378 41 ) A7 A6 (235 25 57 (P<0.05).

Note: Values in the same row with different superscripts are significantly different (P<0.05).

2.3 RMEERARS G0 E T ER 0 7 & L IR H 0

HIER 4 AL, TEARDRE s 0 5 i v R 6 PLAA
TEXHER M ALB. GLB. TP JG W& 1 5% Wi
(P>0.05), CHO %+ 1E 10 mg/kg 0%, 300 mg/kg
ZHE w5, {H LDL 1 HDL 7 4% 20 (6] G i B Pk 25
5£(P>0.05), 150 mg/kg ZHF1 300 mg/kg 41 ALT Al

AST 3555 TX B4 (P<0.05), 5 X ELHAR L, =2
Y 20 PR R & R XA BN, 150 mg/kg ZH R IR & B
o MDBE AT H I = BRI JC B M 22 % (P>0.05),
2.4 RMEENLMEITRENIEIRAZME
& 5l Xt a s by, s

HE 4

A=

R ZH M3 T-AOC & & T X

, 50 mg/kg
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Tab. 4 Effects of mulberry leaf flavonoids on serum biochemical indices of Litopenaeus vannamei
n=4; X +£SD
o Wi /(mg/kg)  supplementation
TiH item
0 10 50 100 150 300
4 /(g/L) ALB 43.80+4.26 41.98+3.20 43.05+4.28 42.18+3.37 42.10+1.71 43.83+3.17
R 1/(g/L) GLB 35.1543.97 30.78+3.41 34.25+4.69 33.18+2.34 32.58+2.75 35.68+2.80
REH/(g/L) TP 78.95+8.16 72.75+6.39 77.30+8.90 75.35+5.05 74.68+4.37 79.5+5.49
JIH [# B%/(mmol/L) CHO 1.99+0.22% 1.70+0.15° 2.00£0.20™ 1.86+0.23% 1.83+0.25" 2.04+0.17°
3% AE B =3
MR P U £ L 0.02+0.01 0.03+0.02 0.02+0.01 0.02+0.01 0.03+0.02 0.02+0.01
/(mmol/L) LDL
B3 B e =}
i 88 P 2 I 0.02+0.01 0.01+0.01 0.02+0.01 0.02+0.01 0.01+0.01 0.02+0.01
/(mmol/L) HDL
H M = Ag/(mmol/L) TG 1.26+0.12 1.27+0.23 1.264+0.13 1.26+0.21 1.35+0.36 1.35+0.19

BHEEEM/(U/L) ALT  285.50£16.03°  277.00+£20.52%  256.25+37.42%
BEFEF[/(U/L) AST  246.67+32.47°  219.67+45.00° 284.75+46.65"
%8/ (mmol/L) Glu 4.51£0.70 3.64+0.22 4.64+0.60
JRFR/(nmol/L) UA 69.00+9.54* 83.75+13.43% 91.50+6.95°

247.75+16.34"

253.50+41.04°
3.94+0.32

77.00+8.72%

341.75+17.50°
349.75+41.37°
3.79+0.83
92.25+8.81°

341.00+11.53°
353.33+16.74°
4.38+095
71.67+8.81°

TE: AT L ARAN IR 32 7R 21 1] 47 7 1. 35 22 57 (P<0.05).

Note: Values in the same row with different superscripts are significantly different (P<0.05).

x5 RIEEXNAEXNILERE KBRS0
Tab. 5 Effects of mulberry leaf flavonoids on antioxidant indices in serum of Litopenaeus vannamei

n=4; X +SD
Wi H item s I4E/(mg/kg) supplementation
0 10 50 100 150 300
B4 LEE 1/(U/mL)T-AOC 3.73£0.19° 4.63+0.34° 7.21+0.49¢ 5.38+0.38° 4.37+0.38° 4.62+0.40°
ALY I AL B/ (U/mL) SOD 7.45+0.81° 8.64:+0.28° 6.82+0.44"  6.25+0.21° 7.10£0.38"  6.22+0.31"
B H IS S ALY EE/(U/mL) GSH-Px  54.49+4.90°  48.79+2.47°  99.13£6.27°  53.37£2.73°  64.44+3.71°  55.69+5.61°
i &L A HF/(U/mL) CAT 7.200.65° 6.22£0.35"  6.20+0.56"™ 5.47+0.06" 6.65+0.65° 7.09+0.50°
N % /(nmol/mL) MDA 20.31£1.12%  20.20+0.89™  21.31£1.10°  20.19+1.75"  18.35£0.96"  19.12+0.71"
fg i A Ak 1/ (umol/L) LPO 8.55+0.30% 8.85+0.20™ 8.25+0.45" 9.56+0.63"  10.93+0.64° 9.26+0.48*

TE: AT AR T B AN R 3 7R 21 [B] A£7E B8 %5 22 53 (P<0.05).

Note: Values in the same row with different superscripts are significantly different (P<0.05).

ZHIMIE T-AOC fxm H B2 & T HAh 45 41(P<0.05).,

10 mg/kg 2 SOD ¥ 14 . 35 & X FE 41 (P<0.05)

50 mg/kg 41 GSH-Px i P . 3 = X BR 41 (P<0.05),
P X FRZH 3R % T 81.92%, 10 mg/kg. 50 mg/kg .

100 mg/kg A1 150 mg/kg 240 CAT 34 & F A% T X}
WA 2H (P<0.05), 100 mg/kg #HEfK, 150 mg/kg 4H
MDA & & i F KT H X B4 (P<0.05), 50 mg/kg
20 LPO & &t ek H 2 I T X B 2H (P<0.05), il
f 2 P 181 IE A3 B S R S O A (X) S0
T-AOC(Y)Z R, 5% 0~100 mg/kg M
B 7 & 5 il T-AOC Ay el 3 7 72l Y=

—0.0011X2+0.1236%+3.6324(R2=0.9439), 100, 150 Fl
300 mg/kg 170 EEZE R (P>0.05), TR,
Mg T-AOC 3 iy {EL B, 3 i ¥ ] 0% % i 2
56.18 mg/kg,

MR 6 I, XTI ST E L debn, B
A BRI T-AOC B 3 & T X B 41 (P<0.05),
50 mg/kg i, HELXTRRAABE M T 176%., X8
ZH SOD T M fx i, 50 mg/kg 4%, GSH-Px i
P AR S THEs %, 300 mg/kg ik, BFEE
T HAhAS 2 (P<0.05). ¥RNAL CAT T4 i Z FEAIK
(P<0.05), #MNZH MDA & & g KT X R4l (P<
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0.05), EL7F 100 mg/kg 4l MDA & &K dshn4l
LPO &1 i F &K (P<0.05), 7E 50 mg/kg 4 LPO
Tl
25 RMEMXLAMEXNEEMERITET
B4 b

%2 7 AL, XFREZH . 150 mg/kg F1 300 mg/kg

4 3 1 EIHPET- e HAHIL, 10 mg/kg . 50 mg/kg
1100 mg/kg3 41 BITFET- R A H AR . 7R A
38 2 h i, 10 mg/kg F1 50 mg/kg 20 BIAET 3 5
IR T XS BRZH (P<0.05); 7EAIR4AMMEE 4 h I, 10 mg/kg |
50 mg/kg F1 100 mg/kg 41 BEIFAET- 3 W LT X
I 4H (P<0.05).

%6 R EEI NN IE N ATERBR L B L 5 AR BT 22 0

Tab. 6  Effects of mulberry leaf flavonoids on antioxidant indices in hepatopancreas of Litopenaeaus vannamei
n=4; X £ SD
& /(mg/kg) supplementation
W H item ’ (mg/kg) supp
0 10 50 100 150 300

BPEALEE J1/(U/mg prot) T-AOC 1.29+0.15° 3.11£0.37¢ 3.56+0.22° 2.49+0.39° 3.26:0.07%  1.83+0.12°
H8 SA AL 7 AL i/ (U/mg prot) SOD 3.97+0.38° 2.76+0.26" 2.27+0.28° 2.55+0.29% 3.80+0.15° 2.57+0.29%

A WEH BT E AL Y E/ (U/mL) GSH-Px - 29.37+1.45°  27.29+0.60"  24.68+£0.79°  25.50+2.65°  29.68+2.22°  45.72+3.67°

i Sk & /(U/mg prot) CAT 4.29+0.19° 1.45+0.03° 1.31£0.08" 0.48+0.11° 1.87+0.29° 3.7440.29¢

7 —[#¥/(nmol/mg prot) MDA 8.19+0.70° 2.54+0.63° 1.51£0.20° 0.53+0.06° 1.18+0.21° 1.1940.12°
& i3t 4L/ (umol/g prot) LPO 52.19+1.52¢  33.99+1.33°  21.1541.42*  23.58+1.75°  22.78+1.39®®  22.94+0.37*

e AT EAE bR AN R 327 4 o) 7 A i 2 25 5% (P<0.05).

Note: Values in the same row with different superscripts are significantly different (P<0.05).

x7 RMEENNAENIMEEMERITIET RN
Tab.7 Effects of mulberry leaf flavonoids on cumulative mortality rate of
Litopenaeus vannamei suffered hypoxic challenges

n=4; X +SD
I /(mg/kg) supplementation
IWiH item
0 10 50 100 150 300

> - 32% /0,
2h %HE,EEA’ . 29.17+4.81° 20.83+4.81° 20.83+4.81° 22.92+4.17% 27.08+4.17% 29.17+4.81°
2 h cumulative mortality rate

1 =322 /0,
4h RISETR% 52.08+4.17¢ 39.58+7.98" 39.58+4.17" 41.67+6.80" 47.92+4.17%¢ 50.00+6.80°

4 h cumulative mortality rate
e AT EE bR AN R 327 4 o) A7 A i 2 25 5 (P<0.05).

Note: Values in the same row with different superscripts are significantly different (P<0.05).
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TEARGELL M B2 RS G, R ME R b

3 itig

3.1 RMEEAXS LR 4R £ K MR B 21

A S AE DAk S T SR e T X LN Y % I
ARKERAFEARAKE, WHER . HHER, e
CRNESSRTE S A A7/ POFIEY/ER S
PSRBS54 . IR R, WA SRR %

A I AR R (GH) FIBE S R AR A
F-1(IGF-1) 40 R = A 4 2 A Kk gl ko
S5 A Y A o R A R T R R SR KPR 2 B
il %k f.(Oreochromis aureus)lfi fiA: 18, vk i
&S E RN P P IEatRKITm, HEk

VA, S A R R R R R 2, e
PSR K R . ik e Iy R,
S I BN 3 % AR A0 AR KM R G 3 M
s 2 2 U 5 2 W AR AR P S I TR S {2 ik
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TR JC B PR . Heah, i LSBT &
PR K WS B ] R g fer A AR, kA,
{EARIR A RI7E 40 d DA BACR Bl msbnT W, #%
Tl 25 Ak 40y T 3 25 e Sl LR XoF 2 5 0 T )
RN P 2 Wi R i s sh i A K k8, AT
e S shW R e . BEERAL G PR . TR IR
YT REA G

N e SN | Y s Y B2 S U N Y
OB RKRB XA LA BE 2R, (HY
B S 0 5t 1 0 5 S O S FRAR B R g, B A
50 mg/kg 4 ik fe KAE, 43 0 Ho X BECA 3 o T
6.07% . 6.76%FH1 2.83%, X AJ AE AR & i F ot
B AT AR E PL AR T IR AR A, (R 5 B
R B 22 5, AT AR PLAN I X IR S
KA FAERE SN IR F, &R
I B RDG FLAAEE XTI A R AR FBLIAR [R], 0 mT g2
SR PL A v o R AR A 4 T VR R AS B I,
T HE— 9T . 50 mg/kg AR A B EH T
HE4H, 300 mg/kg 4 H B & o I FX IR, nTREE
o R R SR B RS MR T PLAN X R AR A
3.2 BRMEERT R X EME X 4 B30

AT, SO G P X R 4 MR AL
RIZK Ay FLER T ORLBR I A 43 T 8 25 . X
G B3 L §1 5 el e 1
i 25 A6 A vl R AR fO R i J 7 i, W RE 2 il 42
e M U 0 i R DG Tt %) 6 1, AT G 0 5 S Tt 114 1
P, W0 R G 1 1R P A 2 B A A i g R
A B R 2 Ak A 4 o] A e R R I B 5 A R 6 3
DAL 11 2% 25 0 ) 5 £0 Big 5 200 L b, BRI £ 4T
U i 7 25 RO, 5 B R 2 Ak T AR A K
FEE W RR A, PREFHLARGERE . &0t B X B AR
FELIE W5 & I ROR 4 5 . Kamboh ZEPMEFSE A Ny
B LG YTl R S S W E KR, B
PRI WA B BT A BLBE T, S BT B Y i Y
FERSHLA 8 BT A L, RIFNLRAK,; R
25 PR 50 R T A] R e it A oL R &
W 1 v A VT 5 2 A K S R R A A 35
dhtn MR S i keI R S #

XiF 7w B AR AR R A T S R R, X S AR 5T
Z5e—8, DL LWRIE g RN 2= FpE T R S 2
TE AT | FREEXT G DL KK = sh WA B A K
B AR A G
3.3 RMEERXT ML AEXT R M F £ IS ERE9 220
AR GT 45 S F B S i B R X I LDL HDL |
TG JC i ZE P, 10 mg/kg 20 CHO /K V1A%, ¢
BFE DR PRI 10 mg/kg 5 I3 i AT REARG 1l 3
CHO /K- B HRZEAL &4 nl DL i il 4 i it i)
W SORIHEE L JFF R R BT 1) 5 BORA 3 i 355 R A il o
AR AE PO ST S B, R A AR B AT i 1 Pk
i R IAE K BB A 25 T8, 4% R T IR AR AR
F o SR BT ZAL A W % 5 B A8 A9 /6 FAIL I
R, (AEEZAL AT B8 s TG .
TC.LDL /KPP @ 3w i HDL K3,
ML B 2R 1A A5 0 R SR A A 5400
VAT PR = A E S TP A1 ALB 19 & 4,
GLB 7E45 0. 15, 30, 60 KW EMZR, 4 45
K GLB & i 1 PO A 5 45 5 22 A Zt-
P %t FLAN T XTHR I35 ALB . GLB . TP 7K TG I 2%
PESZ I, X V] RE S SE A G, BTk — 2 0F
I8 o LB A S AN T S e SR iR 2,
T DL L0 A 2 2 fd R, 40 i
Z AT, ALT FI AST {2 R i i B, o il 3
H ALT Fl AST W& st e o ARSI R 10
mg/kg. 50 mg/kg 1 100 mg/kg 40 ALT iEMEA T
RE#a% 100 mg/kg 20 ALT % 1 i 2% T % B 4.,
150 mg/kg A1 300 mg/kg 411l 7% ALT Al AST i 4
3 TXT IR, UL TE S RS &S 150
mg/kg 1 300 mg/kg if AJ BEXT ML % R it i
T T . 2R AR 2Ry SRR gy ke
T R R B AT BRI S AR | LA I PR
HRAKF, MAG LR EH 50 mgkeg
150 mg/kg 41 JRFR 7 1 o 2 /5 TXT R4, PGB 2R
B S ) AR B, T AR
3.4 BRMEEX LMEX IR ENIEFRNZ M
L/ LR N R AW BUR L A N e N
A PR TG IR, AR RE iR, i B A A
S, Al FEAE MDA, MDA ] 38 S R A
BT IS S AN B 2R G v I AN T 0 T T TR 4,
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AR T, 15 & 2 R B, fEE HLIAR (R
JFECY SRR A AT R A SR AR
A R Y A O AR AT LA AT S 4R ML B AR
Pt 3% g R SR 9 i et A Ak A A i R B 4R
b SRk BT AARAE T . MLAST AR S A
Ak AR BB AL ) B AL R AE Ry, AE— e R
ST LA B R o A G 7 00 T
BAAILARSZ 3] T — 52 M, o U AL 37 1) 3 il
4 T 3 A R v B S AR I A T MR AR LA
ZHE R E, SOD, CAT. GSH-Px 254 & 1L
AR I 40 3k 6 =2k SR AL %, 5 T-AOC %5 )&
TEN B ST E ALK B bR . ARAFIE R,
10 mg/kg 411G SOD iHMEM 50 mg/kg 4L
GSH-Px M & T XA, B+ SOD A
GSH-Px 119 77 1 Fifi & b 56 [ 4% o 2 190 184 o 222 S
G T E ks, H gl R SOD i PEAR T Xt
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GSH-Px {li PEAK T X BE4H o S0 F 8 R, fRDRl b
TN INAE B R A A P Re s = s Pk SOD .
GSH-Px I P21 28310 JRogy BF 5t 2 WA W7 03 4 4%
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T 45 ) 886 o S AR T R Y, U B R 1k
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S AN AR R o ASBIFGE Hh S i S v 2 i 4 1 78 R
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Effects of dietary mulberry leaf flavonoids on growth performance,
antioxidant indices, and anti-hypoxic stress ability of Litopenaeus van-
namei
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Abstract: This experiment was conducted to investigate the effects of dietary mulberry leaf flavonoids on
growth performance, serum biochemical parameters, antioxidant indices and anti-hypoxic stress ability of
Litopenaeus vannamei. A total of 960 L. vannamei individuals (initial body weight: 1.32+0.01 g) were di-
vided into 6 groups, with 4 replicates per group and 40 shrimp per replicates. Six diets were formulated to
contain 0 mg/kg, 10 mg/kg, 50 mg/kg, 100 mg/kg, 150 mg/kg, and 300 mg/kg diet of mulberry leaf flavon-
oids. The trial ran for 50 days. The survival rate, growth related indicators, serum biochemical indexes, anti-
oxidant index and resistance to hypoxia stress were determined. The results indicated that: (1) there were no
significant differences in the survival rate (SR), weight gain rate (WGR), specific growth rate (SGR), or feed
conversion ratio (FCR) among the groups (P>0.05). WGR was highest in the 50 mg/kg group, 6.76% higher
than the control group. (2) There were no significant effects on whole-body composition (P>0.05). (3) Add-
ing 150 mg/kg and 300 mg/kg of mulberry leaf flavonoids to the diet significantly increased the activities of
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) in the serum of L. vannamei (P<0.05).
(4) Adding 10-300 mg/kg of mulberry leaf flavonoids to the diet significantly increased the total antioxidant
capacity (T-AOC) in the serum and liver, and significantly decreased the malondialdehyde (MDA) and lipid
peroxide (LPO) contents in the liver of L. vannamei. Adding 50 mg/kg mulberry leaf flavonoids significantly
increased glutathione peroxidase (GSH-Px) activity in the serum (P<0.05). (5) After 2 h of hypoxic stress, the
cumulative mortality of the 10 mg/kg and 50 mg/kg groups were significantly lower than the control group,
and after 4 h, the cumulative mortality of the 10 mg/kg, 50 mg/kg, and 100 mg/kg groups were significantly
lower than the control group (P<0.05). In conclusion, the evaluative index of T-AOC in the serum and re-
gression equation analyses showed that the optimal supplemental level of mulberry leaf flavonoids in the diet
of L. vannamel was 56.18 mg/kg. Adding 10-100 mg/kg mulberry leaf flavonoids to the diet improved the
anti-hypoxic stress ability of L. vannamei.

Key words: mulberry leaf flavonoids; Litopenaeus vannamei; growth performance; antioxidant; hypoxic
stress
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