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AR R MR KREYX F RIBIDEREK  FERRM 2 ELEE

HI =20

XNEE, wFEE, BHBE, BEY, BEAT
(1. FHPERERE A AR YA PR VORI B 2013065 2. 1 WRIFHERAE Ak BV WA i
RIS, LI 201306 3. =T Ak =RFSE B 14 Vgl e AR 500 T 11 e

W = 572018)

W OE REERP T ISR K Y (Mulberry leaf water extract, MLWE ) Xt % FCVH UL IR A= PR RE B AR
GaREFE bR FLEALRE ) S T SR RS, LIRSS K AR P A SERE AR R 4 BB ZH (MLWEO) | 7F Ak | 2%
IR 3 g/kg(MLWE3 2H) .6 g/kg(MLWEG6£41) .9 g/kg(MLWE9 41 )#1 12 g/kg (MLWE12 20 ) iy Z& ik Sk it
5 ISR R SRR, SRR BE A BTE R (0. 75+0.09) g fRERETG ik B QTR IR 4 R A B ST 0 42 , 4 SE i 20
B 3T RSN 56 do 25 R /R 500 BRAIAH L, MLWEG6 . MLWE9 fl MLWE 1 2 0 7 2 4 R A i
R E TR (P<0.05) ik R AR 3 N % (P>0.05), 5% BE41AH L , MLWE3 \MLWE6 FIl MLWE9 £ (1) 4y i
i T UL PR 2 R B 0 /> , i 3 4 B ) e B R SE FE B 0 o 5 X R LA Ll , 45 S 8 4 Hp &I A MR R 4 2 T
(Malondialdehyde, MDA) % 12 J# ALY (L (Superoxide dismutase, SOD) % 11 i 58 fL S /fF (Catalase , CAT)
5 1 A e i o e Ak )i ( Glutathione peroxidase, GSH-Px) 1 J1 1 i %70 (P<0.05) . MLWE6 Il MLWE9 £H
LI PR G0 R FE S L A 2 ik ek 8 3 3 T4 R (P<0.05) . 56t IRZA AR e ,MLWEG6 . MLWE9 Fl MLWE12 £
TR T TR P A B T (g K AT A LR ) A0 = B PR AR (P<0.05) o F st nl WL, 77 2 G T I
IR S 0 T R e R A SR KR A T R B T R A K 4 A R S e s O Bl i T A

EA T L LIS E RO FE R , S GV SR AR R S /K S B BN K- 6~9 g/kg.
KER B ICTHER ; S oKREY; A1 I {ds ; ezl

HESZES: S965 SMERARERD : A

B [RAAUF (Macrobrachium rosenbergii ) > J&
B (Arthropoda) H 5248 ( Crustacea) 1 /&
H (Decapoda) K & #F £} (Palaemonidae) A 4 J&
(Macrobrachium) . % [IRHR 2 A IRKEF £ ZFK,
EEARETZ RBEFRE I R
PRt B IRE IR R ek AT E AR K 57
PR R Z — FE AL AR R E K 8z
TR YRS Tt, 2023 4% rf [E B G IH BR SR 7 i
187 to MAFK , Bl AR FRIH ML AR R, %
IR TR MR T , 45 R0 7 e LB Rk . 26T
IR SR G T R A A AR R S 45K 7™ i %

WS BHE: 2024-09-10 f&E B H5: 2024-10-05

Gy A BT, SR FH 3 IR 18 T B ol B 1 2
K TBEIE LR O T B A 2 — , TR AL
SR K Sl A0 A A BB TRt 2 i K
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T FL 2 TGV MR A T AR TIN5, S0 B0 5 2
TCTA SR HLAR G i 3, AT S5 B 5 5 0 % 42 1) H
T T S RS A RSO 7 o )
Gy, Jnil (e R PR BRARSEIE AR K I
PRUER 0 o T L s % Y A i fkt B ) DR
TR 21 A2 2 QTR MR IR BRI A B 52 A i
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I (Morus alba L.) , ZRFHAYIZR AT, X
PRI ZEEE B RN SR R Iy s AR BAT
ZR RN AR REZ R . E R AR
FIFE SR Y SR B SR 2R Y
AN PUEA™ PUEHTR T ETEE . Sk
$#£9) (Mulberry leaf water extract, MLWE) /f A
TR RS IR BAT AR T R B R SR o ST
KU R PSS KSR YT RES U] WS R &
BEHLEE , B 4 CHENG %5 'ffF 78 & BH, 0.4 g/kg
MLWE n] i Z 3808 463 (Gallus domesticus ) 141
PERE 42 i il rp £ 20 T 1 B 395 A0 I 5 A
PraALiE ST, ZHAO 5 By 5T R BHE N 0.6 g/kg
() S BEHU AT LUK S8 A 15 (Sus scrofa) 1A 7 16 fd
JE W AR VS Y i 48 ARk, G THE M
KAkt s R B R A K RE , 1)
LA kAL S HIE S ARDEL IS N SR SR B e A8 4

& P AE 1 (Oreochromis niloticus ) F4ERKAERE |
MIEFUFE ST AR s AN T A 3 i
FRAS N Sk SR CE T R R 8 (Micropterus
salmoides) W13k 8 (Megalobrama amblycephala) Fll
4 B8 (Trachinotus ovatus) 1 93 HLHE AT A AL BE
PARSEN (e R B W SR A | B
LB AT ARS8 (Siniperca chuatst) i fat R
FH L Z T S-SR AR 2 h A i F 5048
D AL AL R S i B R X L 4 X R
(Litopenaeus vannamei) "= K PERE F % T8 it 5 )
HUE (ST RN (b SUAR G S R B S/ PO B AN
TR A JiE A A A LRE S A TR

A B TEAR 5L [ TR MR & 1)k v 58 it
KB S B A, PP TR TR S I S ok 4
Pyxid 2 QI MR IR AR R R i T it B B SR e AL
RERSZIR , R S 7K SR W) 7 20 TG MR 4 L5 1)
RS B IR BB S

1 MRS TE

1.1 R2MH/KEUMERTIZ

W5 R Ak B4 T B S Pk I FE R e, 2 60 H
I OO 5 28] S I A, e HE ) AR R SO A T A T A
BRI S AL B B by, R 75% £ B
VW, 40 °CH P flf BtEA T 5 52 [l PRI, AR
PEA7 25 min, AR FR A TR 3R K i B A TR
R 26 RV R A5 B SR AR BRI R (Hip
Z ML HUY) & N 388.98 mg/g; F& M S N

48.55 mg/g) , 4 *CUKFATRAFH TR IR
1.2 SEIgER

DLiE O faoky | SORI SRR S EE R R E
U, DL A3 A0 K T OB A A R 2 A g
U5, e % [ TR MR SE Al S 56 1R R}, 78 LR AR rp
o g/kg (MLWE 0) .3 g/lkg (MLWE3 41) .6 g/
kg (MLWE6 4 ) .9 g/kg (MLWE9 41 ) 11 12 g/kg
(MLWE12 41 ) () Z 0K 869 , il il 5 45 & 55 B
()% FCTRNEC A ARRE (6 1) o FE DR EL AR %
SRR B SR 22 g K S 2 8 B ALK T
RHERHIEF TR , g8 — 1 60 F i 5 LUK, 58 Wk 1
PR I8 BT A TR e 28 2 7 0 TR 20 I il g B AR
1.5 mm FY A% BORETRE, 7R AT S A %% 4%
W BT 20 CCUKAR H RAE &
1.3 FHEERE

g 2 TR SRR [ VR V2 A PR
Oy ) R0 R AR K R 5T BE R K
WFSE I 3558 42 18] % % 14 d, {1 HL3E B 97 58 R 8
TER TR W], AAS 5 A St /K B2 9 5 i ) il i)
BEFATHRME I T L T R 1R £ 24 he k
VER/NIA] AR IS TR IR R 5T R (0.75+0.09)
g I % [CTR AR HE 300 & , K Ho 43 Al 5 A2 50 2 43
V] B Lty s R 4 Bh SC SRR} R 3 A
B RAEE 20 BRIt 15 ME IR OK S5 3
BEET . SCUG FE IR 56 d, SEUR A, $E S 1 hiE
RIS TSR B8 A R A ZE A, P47 2 A <0.2 mg/L,
V. fil§ ig £ <0.05 mg/L, % % >6.5mg/L, /K ik 27~
29 °C,pH N 7.7~8.2, K F AR 6 e . 158 0] m) 45
RAPEMELARAL 3 ¥ (08:00,13:00 F118:00) , M
R % ICTH AR R A BT 5 71 6%~8% o
1.4 H@m¥iE&E

FRAEF P [RIEARAE & 24 h, DA EHE N
FRIE BB G oA G A AT AR T . A
21 rh i AILBE R 6 FEAF , 76 0 B i ) 4 1 oy B L
EHL, BT 2mLIEAE T, Hrh 3 JiRgE 4
2103 B 2.5% 10 130 T VS YRR 4% 1) 22 5 R
VW A 5 T R B RO BRI , 5 A1 3 LR
i % A S mL JC B B0 T, BT R AU R
J& =80 °CL_-AF , T W B 4= %) 16S rDNA il
¥ o MEEZH R B AL B 3 R, 76 T TR iRk ) 4 I
O PR, BT 2 mLRAFE L -80 °C
UKFEDRAE T g2 3k R 3238 S e S AR ARl
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F1 RIARER R EFRKE (XTFEAt)
Tab.1 Composition and nutrient levels of experimental diets (air—dry basis) %
JER 415 Groups
Ingredients MLWEO MLWE3 MLWE 6 MLWE9 MLWE12

O£y Tmported fish meal 30.00 30.00 30.00 30.00 30.00
/NAZ K Wheat flour 25.00 25.00 25.00 25.00 25.00
LM Soybean meal 15.00 15.00 15.00 15.00 15.00
F KK Rapeseed meal 10.00 10.00 10.00 10.00 10.00
AR Krill meal 5.00 5.00 5.00 5.00 5.00
R EF4EZ Microcrystalline cellulose 5.00 4.70 4.40 4.10 3.80
4 Soybean oil 1.50 1.50 1.50 1.50 1.50
#17i Fish oil 1.50 1.50 1.50 1.50 1.50
K I#EAE Soybean lecithin 1.00 1.00 1.00 1.00 1.00
JIHE B Cholesterol 0.30 0.30 0.30 0.30 0.30
Jii5% % Molting hormone 0.20 0.20 0.20 0.20 0.20
FALMHER Choline chloride 1.00 1.00 1.00 1.00 1.00
A R TR Vitamin premix! 1.00 1.00 1.00 1.00 1.00
WY R R Mineral premix® 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
Zh455 Binder 0.50 0.50 0.50 0.50 0.50
FIF7KIEY) Mulberry leaf water extract 0.30 0.60 0.90 1.20
B 377K Nutrient levels

T Crude protein 39.36 39.21 39.88 39.42 39.17
HUAEHT Crude lipid 7.83 7.85 7.66 7.54 7.93
/K43 Moisture 11.65 11.25 11.88 11.51 11.08
MK Y Crude ash 10.42 10.44 10.50 10.32 10.36

TE 1. 4 ZURR R T o RHE L VA 1.5¢, VB, 1.3 ¢, VB,2.0¢g, VB, 2.4 ¢, VB,,0.8 ¢, VC40.0 g, VD, 0.5 ¢, VK, 3.5 g, HHfLNE
3.6, D-ZM533 g, 204 g, D-EWE 0.8 ¢, NEE12.5 g0 2. W) HUIRAL N 43 T o RHE L . CuSO,-5H,0 10 g, FeSO,-7H,0
66.7 g, MnSO,-4H,0 9.4 g, ZnS0,-7TH,0 34.8 g, MgSO0,+7H,0 150 g, KCI 23.6 g, Na,S¢0, 4.5 g, CaH,L,0, 6.5 g, CoSO,-7H,0 1.7 g, #if1
#352.8 g0

Notes: 1. Vitamin premix provided the following per kg of diets: VA 1.5 g, VB, 1.3 g, VB, 2.0 g, VB, 2.4 ¢, VB, 0.8 g, VC 40.0 g, VD,
0.5 g, VK, 3.5 g, nicotinamide 3.6 g, D—calcium pantothenate 3.3 g, folic acid 0.4 g, D-biotin 0.8 g, inositol 12.5 g. 2. Mineral premix
provided the following per kg of diets: CuSO,-5H,0 10 g, FeSO,-7H,0 66.7 g, MnSO,-4H,0 9.4 g, ZnS0O,-7H,0 34.8 g, MgS0O,-7H,0 150 g,

KC123.6 g, Na,Se0, 4.5 g, CaH,1,0, 6.5 g, CoSO,-7H,0 1.7 g, zeolite powder 352.8 g.

1.5 $EHRNE
151 AERAEARIE

HR A 1 1% I £ B B Rk S R b, 115
iR A= KPR RE FRDRE R RE ) . 3 8 %% (Weight
gain rate, WGR) | #F % A= K R (Specific growth
rate, SGR) . 1Al £} £& %4 (Feed conversion ratio,
FCR) £ 7 (Survival rate, SR) 3% %A =3+

C¥
Ry=(InW, = InW,)/1x100 (1)
Ry=(W, = Wy)/W, X100 (2)
R,=(T-8)/(W,- W,) X100 (3)

:T:tqj : Rbcy‘:’%’%:'féﬁzﬁﬁ;]gwcj‘jii%;Rlcj‘jffﬁj*"I’
FB Wy W53 0 R S5 55 ) R ) s 1A BT 1 2R
PSS I 5 7S 430 kg e A B AR A TR a5 Ry
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1.5.2 AL IE bR E

K H o3 B4k 22 Z b 2 (Association of official
analytical chemists, AOAC) %) b v F2 e X 1A Rk I
BE ARDRER AN G TR HR LI R AL IR AR 2 7 R K
SEHEATINAE o W BT, A DU ot A R T B s A
R, BT 105 CHUR LT 48 h, FERREE LATTAEK
Sy, LR e 0 I AR 1 5 £ (GB
5009.5—2016) , 5 JH 2% [ A4 2 000 e #EL AR I 5
(GB/T 6433—2006) , B 43 & 1 0 5% F 25 5 4
JBREEFEATIN E o B 0.20 g HT I AR 41 8L T 20
AN O RERF R A B K AR UK SR
T4 000 r/min 2J 3¢ 2 min, 4 °C 3 500 r/min &5 >
15 min, YL T5 W . AR &8 11 (Total protein,
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TP) . A /% (Malondialdehyde, MDA ) . i# &1L ¥
AL ( Superoxide dismutase, SOD) | i %81k & il
(Catalase, CAT) . & Mt H Bk o & 1k ¥ fi
(Glutathione peroxidase , GSH-Px) lll & ¥4 fifi F B
S A TR T A R B, LA
DS I S 5 .
1.5.3 i S E5 M 501t

58 I 0 W T R T 28 LR FE i K, —
W], A BR AT 1) 2H 245 5 R S G S 20 2 T A%
TEEVE T4, A4 wm A S F . VA FL
JBiAK W R, 2O 5% (Nikon Eclipse
Ci-L, H550S) WEHrI R [ 4 (0 I A S 242
IR 2% MR 3 A BT 1.5 mL B LA
K FH 2.5% B S VR T A2 o W IR 2 vp RIS 3
W 8 1% (8RR V5 R [ 8 A i 2 h, 83 2B
T 82 B3 7K A i R ] 42 8 20 min, 3% 5 FH Epon 812
PIRGHEATELHE . LU AF LEICA EM UCT i
W R ML T U A VIR IR EE 2 70~90 nm, U1 A
CERTRERR A I WA 1R LU 50% £ B AN TR
% Y 8 5~10 min, B 2 ff & 5 B (JEM-

1400Flash) 47 WG FIHA IR
1.5.4 e PCR T

{8 FH Trizol k42 B [T MR IR 1o i £H 21
HRR L RNA, RNA F4 J5i 5 4l B2 3000 7 73531 >R
1% Bt IR B M Fh K RT3 06 06 B s, o 4 U
i B RNA f# ] Hifair® T 1st Strand ¢cDNA
Synthesis Kit ¥ 4% s il 77l & i 47 S e st o SR 9
A it PCR B A G M 18 £ 8 A [ v 2 5% 7K
PEW 1) % [CVH U 407 0 JBRE i 20 2 v 1) B 7 R 1A
FIR K. MR G Hieff UNICON® Universal Blue
gqPCR SYBR Green Master Mix izt 7] 4 1 W 45 4
BLOR, MCE R NV AR R, IF 7E QuantStudioTM 3
Real-Time PCR Instrument {17 5% i) € i PCR X
N, B-actin FPE R NS . 272 i ot e
I | AR e 4 S R 2 2 ] A
PR (Cycle threshold, CT) 22 53 S DAk 3 [ %
KK 0 K 34 DLOT- S48 + 45 ME 1% (Mean+
SE) %/~ . {#i FH Graphpad prism #4547 54 T
AL, F2ER TARKB MW ITE], 518
P AR T AR TR (i) ey A BR A w16

®2 FARAAKSIMFEFS

Tab.2 Sequence of primers adopted in present study

5|4 Primer IEM5 %) Forward primer(5'-3")

11 5|%) Reverse primer(5'-3")

Toll TTCGTGACTTGTCGGCTCTC
Imd CCACTCCGACCACATTCTCC
Relish CTCCTTCAGCCAGACAAT
ALF1 GGAAGGCAGACATTGGACC
ALF3 GAAAGCCTTCCAGTCCG
MYD88 GAGTCATGTCAGGCCTACGA
Dorsal TCAGTAGCGACACCATGCAG
LZM TAGGCGAGTCTCCGTTGTCTGTAG
B-actin TCCGTAAGGACCTGTATGCC

GCAGTTGTTGAAGGCATCGG
ATTGAAGACGGCGCCTATGT
CTCAACAACCGTACCCTAA
GCAGACGCAGAAGGAAGG
TGATTGTGCCGTTGAGTAA
CACAGCTAGACCCCTCCAAT
CGAGCCTTCGAGGAACACTT
GAAGAAGAGTCCACCACCCAAGAAC
TCGGGAGGTGCGATGATTTT

1.5.5 fpi st

X} 4% FE A iz 38 @ BE S DNA JE4T 16S tDNA
() V3-V4 E AR X i PCR Y32 (Y5 97 571
J 338F (5'-ACTCCTACGGGAGGCAGCAG-
3" ) HIS06R (5'-GGACTACHVGGGT WTCTAAT-
3"). ¥ PCRY KR X E N 20 pL: 5xFastPfu
buffer 15 wL, I #5149 (5 pmol/L) 45 0.2 L,
BSA 0.2 uL, Model £ 4 DNA 2 pL, 2.5 mmol/L
dNTPs 2 pL; FastPfu Polymerase 0.4 wL; H: 4y H
ddH,O #MEKZR . PCR SV 25 1F : 94 °Cap i A8 1
5 min; 94 °C7E P 30 s, 55 °CiE Kk 30 s, 72 °CHEfif

1 min, 40 MG ;4 °CLR4F. PCRETHRE , H 2%
TR W R i R DK ARG I B EAS Y PCR P24 . 7
B4 5 B REASLE Nlumina-Mi Seq “F & b 58 1 =5 18
I

XoF 0 R A 8 R i 1 47) A5 0 6 A 7 o 4 A 3
H 4 PE reads 2 [H] 1Y) Overlap % % , #| ] FLASH
(v1.2.7) %% 5 A i 1) reads BF 42 B 4f Tags %8
P& o K Trimmomatic (v0.33) 84, XF 5l 4f Tags
Koys BEAT 3 BB AT BV AL Y 1 o i ik UCHIME
(v4.2) Lbxt 2B e 91 B i G AR LIRS A 5807 91 -
T QUME(v18.0) ¥/, FIJH UCLUST *f )35
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FHABLIEE =97% B 42 ¥ tags HE4T J 2B )l OTUs
(Operational taxonomic units, OTUs) , i & #4144
TEHE ) Silva(https : //www. arb-silva.de/) H X} H:
PEAT R RA TR, AN AR o 2OKF BRI
TE BRI A X S B RN 4 R 45 44 . R Mother
(v.1.30) K155 T OTUs B#E4T Alpha 22 FEE 317
£ % Chao . Chaol , Shannon fil Simpson %5 45 % , ifi
FH QUME #X {4 #£ 17 Beta ZHE 40 #7, EERH
weighted _unifrac 1 unweighted unifrac % JL 1 5
AT PCoA Z3 BT A T LR AR ] f) 22 522
1.6 HEFITHH

JI A H5Hie 08 FH SPSS 26.0 P HEAT 48315 43
BT, & H One-way ANOVA #47 HLK K 7 22453 #7,

FHfd ] Duncan's & #E47 2 8 AL, 45 R AP
{H PR AER (Mean+SE) £IR , 24 P<0.05 i, R 77
TR 225+

2 4%

2.1 fEARBRMEMKRY T KB4 R E
K BE R RN

w3 pros, 5 x4 M, MLWESG,
MLWE9 21 Al MLWE 12 4 () 4 iR 2 K A S B
FE AR K SRR TR 5 % R 4 A HE 2 TR (P<
0.05), ]2 Z ,MLWE6 . MLWE9 £ #1 MLWE12 £
(1) %)) B )R 2R 85 2 BEAIR (P<0.05) o XTHRZH S
2SI B TR MR AR R R = 60%

®3 ERFRMRM KR XS KB EF 40 R A KRR R0

Tab.3 Effect of dietary mulberry leaf water extract on growth performance in juvenile M. rosenbergii

K EfE S AR PRA Experimental treatment groups
Growth performance MLWEO MLWE3 MLWEG MLWE9 MLWE12
WG AR T TBM/g 0.75+0.09 0.75+0.09 0.75+0.09 0.75+0.09 0.75+0.09
ZRAR T FBM/g 6.68+0.72° 6.58+0.50" 7.38+0.61" 7.48+0.33 7.80+0.34"
K2R SGR/(%/d) 3.90+0.19° 3.87+0.14° 4.08+0.15" 4.1120.08" 4.18+0.08"
HiH R WGR/% 790.67+95.87 777.33+66.26" 884.00+80.77" 897.34+43.61" 940.00+45.21"
Tk 2% FCR 1.57+0.27° 1.45+0.22° 1.26+0.01" 1.20+0.25" 1.22+0.08"

T - A7 B0 A AR TG0 7 R A ] 7R R 28 5 AN I35 (P>0.05) , R[N TR 3R 28 5 .35 (P<0.05) .

Notes: In the same row, values with no letter or the same letter superscripts mean no significant difference (P>0.05), while with different small

letter superscripts mean significant difference (P<0.05).

2.2 fEARBPRMEBKRY S KR4 57
EA RS RN

A L 1 T 5k BEZERE L AR S i T
R K$EY ) MLWE3 \MLWEG6 F1 MLWE9 41
T AL JZ JE B /N, i MLWEL2 41 7 18 LA )2
JE AN . 5% BAL A, MLWE3 |
MLWEG Al MLWE9 41 Ji7 i 4% 5% = 7 B 5 48 i
5% RALAR L, T A B R KR I 4L
AU i 1 A8 B T A B BN . 20T, 5
Xob B ZH A LG B ST K HE W A Sy U B G T R
ERKEIF IO AR (H 2 i 8 B B0 P
.
2.3 EARBPRMIBAKREY D KB4 R
SEE R m

W 4 R, 5% BAUA B Tk vpasn T 5
K $E 9 19 45 i 56 41 MDA . SOD ,CAT . GSH-
Px 7 34 b IR (P<0.05) .

http://www.shhydxxb.com

2.4 fARGRRMBL KR T KB KA
PR R ZH 4R R % 1 X B E R A K F RIS

PP 3 T, SN IR A, MLWE 641 HIMLWE9
LI TFBRRAIZ Toll Imd Relish ALF1 Dorsal F1
LZM Bk 7t i 2 T 5 (P<0.05) , 1 MLWE 12 40
HIUF Toll Imd . Relish 3 N 3¢ 35 5 b KT X B2
(P<0.05) . XJ HEZH 55 5% i 7K 46 400 145 T 4 /) &0y R
ALF3 FIMYD88 BRI Fe ik it 22 AN i 3 (P>0.05) .
2.5 ERPRMNRHKREYS T KT R4 7
EE BRI

W 5 PR, % B4 55 S 06 40 1 T A F B2 AR
#(Chaol #1 ACE) . 14 #f Z F£ P45 %0 (Shannon Fl
Simpson) #J JC & 3 2% 5 (P>0.05) . W& 4 A7 51,
Xof HR 2 55 % n S i K 46 40 45 S 0 4 40 0T i 1 A
i H A5 OTUs % H & 742 4~ , MLWEO 4 |
MLWE3 4 \MLWES6 41 . MLWE9 4| fl MLWE12
IR B R 5 A OTUs B H S 3 4194,
33573 185/~.2 473112 0781~
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Ji T Ak P PP Sk K < 2T O LAY R R R € DAy A R e L St D A BE S 5 1-5 53931 9 MLWEO . MLWE3 \MLWE6 , MLWEO il
MLWEI1241 .
Arrows in the micrograph of the intestine are expressed as: red is muscular thickness, orange is fold height, and green is fold width; 1-5 refer
to groups MLWEO, MLWE3, MLWE6, MLWE9 and MLWE12.

1 (AR R M KR T KB R4 R A7 18 H R 5 R 72

Fig.1 Effect of dietary mulberry leaf water extract on intestinal structure in juvenile M. rosenbergii

T A Sk R IO MR I B 5 1-5 20928 MLWEO \MLWE3 \MLWEG6 \MLWE9 Fl MLWE12 41 .
Arrows in the micrograph of the intestine are expressed as: yellow is microvillus length; 1-5 refer to groups MLWEO, MLWE3, MLWE6,
MLWE9 and MLWE12.

B2 fA#pRmRMH KRS RIE 4 7B M E RS

Fig. 2 Effect of dietary mulberry leaf water extract on intestinal microvilli morphology in juvenile M. rosenbergii
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R4 ARFRRMBHKRY T KBRS IRATRIRE L ENETE NN
Tab. 4 Effect of dietary mulberry leaf water extract on hepatopancreas antioxidant

enzyme activities in juvenile M. rosenbergii

EiEtan 2151 Groups
Parameters MLWEO MLWE3 MLWE6 MLWE9 MLWE12
T % MDA/(nmol/mg prot) 49.98+1.29¢ 30.32+1.47" 33.12+0.09" 24.43+0.70° 21.61+1.20°
AL AR SOD/(U/mg prot) 7.89+0.42" 3.61+0.26° 3.25+0.11° 4.1620.53" 4.1420.33"
AL A CAT/(U/mg prot) 1.16+0.01" 0.55+0.02° 0.46+0.01° 0.58+0.01° 0.61x0.02°
206 H B A P GSH-Px/(U/L) 82.26+1.64° 32.89+2.28" 25.33+0.99" 50.43+4.66" 57.79+1.62"

T AT AT 7 R ] TR 2R 28 A 35 (P>0.05) , A R)/NE PR 30K 28 57 35 (P<0.05) .
Notes: In the same row, values with no letter or the same letter superscripts mean no significant difference (P>0.05), while with different small

letter superscripts mean significant difference (P<0.05).
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S PEANSEHE K Immune related genes
3 AR RN R KR X 5 EE TR R 8 S T 1 56 B Rk Ak TR
Fig. 3 Effect of dietary mulberry leaf water extract on intestinal immune-related gene
expression in juvenile M. rosenbergii

=5 ARRERMRM KR S KT R4 4R 87 18 B B Alpha SRR EHI N
Tab. 5 Effect of dietary mulberry leaf water extract on alpha diversity indices of

intestinal microbiota in juvenile M. rosenbergii

1% 415 Groups
Parameters MLWEO MLWE3 MLWE6 MLWE9 MLWE12
Chao 1 2173.54£219.28 2048.2181.27 1992.47+205.65 2233.13%233.09 1919.36+274.42
ACE 2474.87+279.06 2299.88+116.11 2129.20+242.28 2622.35+305.78 2554.54+777.81
Shannon 4.37£0.17 4.31£0.10 4.08+0.46 4.02+0.67 3.79+0.33
Simpson 0.94x0.01 0.94x0.01 0.91+0.05 0.91=0.08 0.90+0.04

VE - [ TR 8 Ao B i A 7 B R 28 S A W32 (P>0.05) , AN R)/ING 0K 25 57 11 35 (P<0.05)
Notes: In the same row, values with no letter or the same letter superscripts mean no significant difference (P>0.05), while with different small

letter superscripts mean significant difference (P<0.05).
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MLWEO

MLWE3

B4 ZFRBMLEFFEREE OTUs B FE B E
Fig. 4 Venn diagram of intestinal microbiota in
juvenile M. rosenbergii
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AN [) S5 36 2 ) 25 DG 3 0 &0y 3 i 100 2 7 i
FREAAAEN B ATE , Horf MLWES Al MLWE12 41
R T E FL R R R e T R . o
— 2L % % TG W g 3 AR 1 K P B AT IR
FEOP A A5 R AN 7 s . 50 B FL , TR DR
SN SR MK SE YA 2 T AR A 0F i 1 A
P Vg K S PR M IR (Aeromonas hydrophila) F1EE ELIK
[ (Vibrio cholerae) - Ji b 25 FEAIK , 17 4 2% (4 ) 44
BRI (Staphylococcus aureus ) ) =F B 75 45 4[] 25 5%
IR (P>0.05).

PCoA R=1.65 P=0.042
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Fig.5 PCoA analysis of 3 diversity of intestinal
microbes in the juvenile M. rosenbergii (n=5)
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Il ZEIE 1] Proteobacteria
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Fig. 6 Effect of dietary mulberry leaf water extract on relative abundance of major
bacteria in juvenile M. rosenbergii (phylum level)
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% J& Genus
% B %4 EE Enterobacter
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s W FIEREE Paracoccus
ﬁ g I B Bacteroides
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Fig. 7 Effect of dietary mulberry leaf water extract on relative abundance of major
bacteria in juvenile M. rosenbergii (genus level)
F6 (ARIRRMBHKIREYX T KBRS R 7E BB MK E EZERERFN
Tab. 6 Effect of dietary mulberry leaf water extract on differences in species levels of
intestinal microbiota in juvenile M. rosenbergii
eI 213 Groups
Parameters MLWEO MLWE3 MLWE6 MLWE9 MLWE12
W& K S B Aeromonas hydrophila 0.017+0.006* 0.019+0.006" 0.002:0.000" 0.001:0.000" 0.002:+0"
FEFLINE Vibrio cholerae 0.033+0.003" 0.001+0.001" 00 0+0 0+0
G ORI BRT Staphylococeus aureus 0+0 0.002+0 0.002+0.001 0+0 0+0

VE - [ TR 8 b e B b [ 7 BER R 28 S .35 (P>0.05) , AN [)/ING 0K 25 53 11 35 (P<0.05)

Notes: In the same row, values with no letter or the same letter superscripts mean no significant difference (P>0.05), while with different small

letter superscripts mean significant difference (P<0.05).
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Effects of dietary mulberry leaf water extract on growth performance,
intestinal health and immune function of juvenile Macrobrachium
rosenbergii

LIU Zexuan'?, ZHONG Yuhui', CHEN Lugian', YANG Qibin’, SUN Shengming'-

(1. College of Fisheries and Life Sciences, Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture
and Rural Affairs, Shanghai Ocean University, Shanghai 201306, China; 2. College of Fisheries and Life Sciences, Key
Laboratory of Exploration and Utilization ofAquatic Genetic Resources, Ministry of Education, Shanghai Ocean University,
Shanghai 201306, China; 3. Sanya Tropical Fisheries Research Institute, Key Laboratory of Efficient Utilization and

Processing of Marine Fishery Resources of Hainan Province, Sanya 572018, Hainan, China)

Abstract: This experiment was designed to investigate the effects of dietary different concentrations of
mulberry leaf polysaccharide (MLWE) on the growth performance, hepatopancreas immune indicators,
antioxidant capacity, and intestinal health of Macrobrachium rosenbergii juveniles. The basal diet without
mulberry leaf extract was used as the control group (MLWEQO) , and on this basis, 3 g/kg (MLWE3
group) , 6 g/lkg (MLWE6 group) , 9 g/kg (MLWEY group) and 12 g/kg (MLWEI2 group) of mulberry
leaf extract were added to the basal diet to prepare five groups of isonitrogenous and isolithiatic diets,
respectively. The healthy and active larvae of M. rosenbergii juveniles with initial body weight of (0.75+
0.09)g were selected as the research objects. Each experimental group was set up with 3 replicates, and the
experimental period was 56 days. The results indicated that: In comparison with the control group, the
final average weight, specific growth rate and weight gain rate of the MLWE6, MLWE9, and MLWE12
groups increased significantly (P<0.05) , on the contrary, there was lower feed conversion ratio in
MLWE6, MLWE9, and MLWE12 groups than that of the control group (P<0.05). With the increase of
MLWE supplemental level in dietary, the thickness of intestinal muscle layer decreased in groups of
MLWE3, MLWEG6, and MLWE9, while there was an increase in height and width of intestinal folds
compared with the control group. Although there were no notable changes in intestinal microvilli height
between the control group and treatment groups, high density of intestinal microvilli was observed on
experimental group. Significantly lower levels (P<0.05) for malondialdehyde (MDA) , superoxide
dismutase (SOD) , catalase (CAT) , and glutathione peroxidase (GSH-Px) were observed on the
experimental groups compared to the control group, in addition, compared to the control group, there were
higher expression levels of immune-related gene in hepatopancreas of prawn fed diets with 6 and 9 g/kg
mulberry leaf water extract (P<0.05), the relative abundance of pathogenic bacteria (such as Aeromonas
hydrophila and Vibrio cholera) in the intestinal microbiota of M. rosenbergii juveniles was significantly
reduced in the MLWE6, MLWE9, and MLWEI2 groups (P<0.05). In conclusion, adding appropriate
concentrations of MLWE to the basic diet of M. rosenbergii juveniles can promote their growth, enhance
their non-specific immunity, and improve gut health. Based on the comprehensive analysis and the index
of weight gain rate, it is suggested that the appropriate addition level for mulberry leaf water extract in the
diet of M. rosenbergii juveniles is between 6 and 9 g/kg.

Key words: Macrobrachium rosenbergii; mulberry leaf water extract; growth; intestinal health; immune

function
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