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HAR PR RH R F-BR S B R B RZXTREE K,
HIK RZRENFER RIS

— 1 - 2 3 g9 0p 3 w3
R FERE #EEE 2 i BReR B O#F
1 1 1
Wl BHEE OF A
(1. PR KZEAK =220, oK REHE S AR B #UA S S sin =, BIK 400715; 2. FRFH A AV E R E L=,
HK 400715; 3. B R HK =AM L3k, HEIK 401121)

FHEE: IR AL S 52 ) (MLE) FH BR 4% 1 -t 420 B JA. 2% 32 (DN X K #l(Andrias davidianus)F . HAL B
A6 713 A0 i T TR S P 22 5, T 9 AR R ERDRE A HRAEL, 3 VR AN0.75% FIMLEF0.04%o FFI DN ] A3 i 45 20
G H TR, 1A MU 15 A (47.81£0.23) gl K #5790d . 45 5 MLEZLRIDNJIZL 1 5 5 A fa Rk 3 0 25 4w
(P<0.05); 738 g iy B AN R 2 1 g v 70 2 35 38 51 (P<0.05), il Ty % . 3% N 35 3% 3 I (P<0.05), A%
2B R R E W IN(P<0.05), R0 b K 20 f [A) 55 2% 1 42 B I B8 5, 50 IR AR L, MLEZH 75 WA 2% R 4R 8
(Target of rapamycin, TOR). A/ % -10 (Interleukin, IL-10). £ R 4R ERE H 32 Kk (Polymeric im-
munoglobulin receptor, pIgR). Z$Toll3Z{£2(Toll-like receptor 2, TLR2) A EERE 4> 14 4) 4% = b 2: K188 (Myeloid
differentiation primary response gene88, MyD88) mRNAFKIA /K& 2 L iffl(P<0.05), DNJ4plgR mRNARKIAK
23 FI(P<0.05); iz T8 T A o R7 B BRI RHA B = B2 BEAIK, Romboutsia™=FEXG NN, T8 A V) 2 RO R
IR (P<0.05). L DNIZAHLL, MLEZH FDNJZH 1 5 2 F0 1)k 3 26 0 8. 25 22 ®:(P>0.05), MLE4H H & I i -
H'-K-ATPE§AINa'-K -ATPERS /7 & 5 52, Wil s P b ) B 3542 5 (P<0.05), Wl b Flz 40 i 5 2 4
FREESE =, M6 W 3B 8 N(P<0.05), MK AR R & & B EMAC. 45 BRI, £ R A DR s
MLEFIDNIY REA [RI R cheat K5 15 A0 iz i T ALl e, S AE Kk Re . B fi et ae Jo M me /u, 32
mlE A 2 R, R IE R F; oA B s T EE, B 5 MLES FRARDNIRUR AL .
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KRR BRI, AT RE R, AN BRI EDIRE MIERHEY
X EHE: 1000-3207(2021)03-0582-11

hE 325 S965.1 SCRRFRINAD: A

K5 (Andrias davidianus), 1P #, 8 W
W4 (Amphibia). )& H (Caudata). [ 55 F}
(Cryptobrachidae). I PIIEEM, R+, HA
B E s I E"Y, g ok NS, RRER
b=l AR R R O s R B . H TR
N T FR 5 DL MR VH R DK e # R h 32, EA Ael
s AR AN . K AE TR B R 5 S A %
P, B AR MK £ B B9 1) @I N R o
W38 ) 5 S A £ A sy S S 0 ) SR B i B e sk

ks B EA: 2020-05-19; 11T BHA: 2020-10-16

T, Lokt B A D g, e m HAE KRR, R
A B AR A IR, (RN 3 5 . 50958 58 70 AT S
RE ST, DI R A

R PB4 (Mulberry leaf extract, MLE) &
M KRG TR, &S EW. 3R
ZWEEZMAEYEERY . 1A RER(L-
deoxynojirimycin, DNJ)ZMLEH £ EZ G 2
—, eI Z R EEIRNE A . B ATOC T DNIH)
J 2 B TP AE 2 B T 1, 170 9% T DNIAE N DR

EHEWE: FHKIALO LA R (CRAS-18); TP A it M B AR 5 (2016-2021); FE R 41 & BAERHE A1 L 0
(cstc2016shmszx80084) ¥t Bl [Supported by the National System of Modern Agriculture Industrial Technology, China (CARS-18);
Chonggqing Ecological Fishery Technology System, China (2016-2021); Special Project for Scientific and Technological Innovation

of Social Livelihood in Chongqing (cstc2016shmszx80084)]

VEB R WA (1995—), £, B HBT 74 BFFE 7 MK S s 95 5508 . E-mail: fqf1415158407@163.com
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INFIAE K AE S E o Aok WARkIE . BF AR 0,
MLEFIDNJI) A FERE AR . B ed b A A il
A K ERT ke, wEE. %
i %6 T A A AT RS TR AR e R i S R O
SPEE), v] AR S FRFE S R A A K
g, ERRDRE s i Sk R St Py
P IR K RE RN B A L 1 RE S W iE
A A 2 FETE, VR IMDNT AT LSS /N R 38 N R85
P s R Y AU S T BT TR I, VR
JN3E B FIMLE W] 45 gy A R # AR KPR RE . PR
e, AU h A A s e . 2= TMLE
L DNIE AR IR 725 sh M B st
hReA ToAN R 520 B 9T i R W AH G HRGE .

BT, ARSI DL B RO A B, EER
WEFEMLEMDNIX K AE K JHib. DR
Jigp 3 TR B PR e, VAN AR R B R A, IR
SR R A R ML, Rk R Z 4% G RHAR N7,
AR R ORI 2 A ) K M5 T e A R R 2
dE .

1 MR5ERE

1.1 SEeiERt

TRDRL RS T 8 P T R R B R FRA F], MLE
FH 5% 2% 25 DR A A 2 [ 5% 0 S 36 = 348, DN
(HPLC =98% ) Tt 5t 20 AR E W AR PR A 7]

LK 68 FE Rl R A o R AL, 43 53l R 0.7 5% 1)
MLEF10.04%o [\IDNJYMLEZ FIDNJ4H., g +
W, B 3R 4 S i 1 S 0 AR k), SEE TRDRHBC
Je FEEFEKE W 1. Hodr, MLEMDNIF 7 0
AT EARYE AR BT K SR A AR MLE TR
TN FE AT, W B A SEIMLEZS I N0.75%, [A] st
R B8 A L R S-S U H DN & &, e 5%
MLEZ & R DNTZR I N0.04%0. 1Ak} 5
K60 H i, WA AL S BB AR 3 mm (1B kL
Tkl T JE-20°CARAF
1.2 LWHREFEEE

SE B8 K5 I - B 76 48 0 b T S YR K 5 TR R 3,
KGR Sdf5 LA R R 957 15d . ik FE72 2 M
FEIETS R R BR PTG 4 5 (47.810.23) g],
BEHLE T91570 cmx45 cmx17.5 e 3R} 5 48
o, BEFES R RR, 4y 3, 3N EE .

FRI17:0018 & #H M, HE2dF & 1d. KIE
3—5 om, R g H RS H SR K 100%4# K, 1E 2
SEES90d. A TR A, KR 19—23°C, il E>
6.0 mg/L, Z & 5<0.10 mg/L, WAHER £ & #<0.10 mg/
L, pH 6.5—7.0.

#*1 ZWEARESREEZEFBS (R T
Tab. 1 Formulation and nutrient composition of diets (air-dry
basis)

2H 51| Group

Afltem MAL vipm o
8. %3 Fish meal (%) 15 15 15
Al ¥ Meat meal (%) 3 3 3
i 25 [ Casein (%) 6 6 6
B i Gelatin (%) 6 6 6

PN g D)

;Jiio?e% l[ii)*\fzjde(r? (E}’Zl))ound 17 17 7
THK Wheat flour (%) 28 28 28
a- T AL TE # a-pregelatinized 1 1 1
starch (%)
K5t Soybean oil (%) 4.8 4.8 4.8
FiR R Premix” (%) 7.7 7.7 7.7
F I HRECYIMLE (%) 0 0.75 0
1- P %808 J7t. 85 L DNJ(%o0) 0 0 0.04
23 1-Bentonite (%) 15 0.75 1.5
At Total (%) 100 100 100
B IR (T 2L T2 Nutrient composition (measured dry basis, %)
#1 % (A Crude protein 55.36 55.60 55.41
A8 Wi Crude lipid 8.70 8.81 8.73
#2% /3Crude ash 10.30 10.15 10.12
F1£T 4ECrude fiber 0.91 0.95 0.92

E: VEAEAMRMEE: VRS 2%, 25 )
RetvEds AR, 248, Z0HARS R aZs

Note: "The ingredients of compound protein powder are
confidential; ?Premix contains multi-vitamins, complex mineral,
functional additives and carrier, multi-vitamin and complex
mineral refer to carnivorous fishes

13 HmRE

AT K50 Y A0 £ P TR LG, AEFR S RS, 15
B72h. MS-2220 M, 0l it B, FRE. REAER
W3 R R, UKAE T figesl, 40 8 B Al idE, Bt o
T 22 5 PR AR R e A v b e, B T A )
AR AR R a5 B AR 7 H SR EUE R
JE-80°CHRIF. Ak, T HE B3R LR, MS-
222K S TR W BRE & L B iE e miE
B, AR J5-80°C LR A7, H T I 2+
P44 BXCHT A T-1.5 mLIGES & 5 & %, —80°C
TRAE, Fl T il S 9% AH OG5 PR 2 38 Bl 7
14 HEKIBRNE

AKAERRIE : R BL T 2 St A K RE A A
YRR 3 & (Feed intake, FI, )= Fy-Y F,; 3
H % (Weight gain rate, WGR, %)=(W W)/ Wy*x100;
S H B E(ADG, g/dy=(W~Wy)/t; 1B 3 (Feed
Efficiency, FE, %)=(W~Wy)/Fx100. H, W, Nt
GRS (); W RNAAR LRI H (g); Fo N BIRH
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W (g); F AR EE(g); FARBEREE();
TR R AL
1.5 BAEAAENSIHEESERNE

AT EH DI B R ZRPBEEE, 4
B K, BT HOR A B, TS S A i 3
BRI B, F Leica UCT RTYI A WLELEY) Fr, BN
4 pm, J&F JEHEG 8, HP R e

BT R F A I RE 8 R e g, 2R TK
EVEFE S, SEENLK, PR BT AL B 20K, I 7 AT
1%, BIKO B Wl S5 A B8 M8, Ak 28 4 1R b AE T SM-
6380LV R 14 FL 45 Hh W2 T4 HEL

AR EAR RN E: BEAN. BEAW.
7RG, H'-K -ATPE§MINa -K -ATPEg % /1% FH 79
TR TR ST AR PR R A e, BRER T
A (CA)RKH AL Elisa s & I 5E o

P e I B B R Al 2 - PN 75 R A D-FLERFR AR K
F _E e Elisa i 751 &0 5
1.6 MAERFIEFRNE

i BB EALBE J1(T-AOC). #BE ALY AL B
(SOD)ik AT —EE(MDA)K 5 s @ i A4 A%
B 5 BT 2B 7= (AR ) Bl 52
1.7 Tllumina-HiSeqZ £ X HN

K FIDNA$EHUR 57 £ (TaKaRa) $2 B 16 41 B
M DNAJG 31T 16S rDNA(V3+V4) X 4 1 4 57 [X 45,
YT 16S rDNA(V3+V4) XI5 ¥ N338F(5'-
ACTCCTACGGGAGGCAGCA-3")HI806R(5'-
GGACTACHVGGGTWTCTAAT-3"). ¥ H14FH)
DNAJF %1, Z4:1.8%35 if # (TaKaRa, 100 bp) H ik £
WIPHE 5, BHEEH R AR A BR A 7 F -
mina HiSeq 8 &l 7 H AR AT 7 51000 2 Ao 4
1.8 SERNAKRHSREZHEXEEFZEENE

F RN Aiso Plusit /i £ (TaKaRa)[¥1 /7 7252 HX
FEAE2H 2 S RNA, FH 1.2% 35 5 #i 5E ki Agarose Regu-
lar (TaKaRa) HELIKIGIMIRNA 2 5, 3 % BRI &
1 (Thermo Fisher)M 52 RNA {4l & Ak . R H
Premix Script - RT Master Mix 5 % 31X 71| £(TaKaRa)
13 EIcDNA, T-20 CIRA7A o MR AR B2 K i
iy 18 8 55 200 P (RN A Seq) %5 5, Wit St 51
(% 2), BALA TAM TR B G PR A 7 A .
HFABI7500 %4%% 5% 72 EPCRAX (Applied Biosystems,
FEBATRT-PCR. RBAAR: MAKBI20 uL, 2 uL
cDNA#IHT, 10 pL SYBR Premix Ex Tag'" (TaKaRa),
o F#ESII0.5 UL, 7 uL ddH20. RT-PCRJR N 4%
f: 95°C FiAZ 14:60s, 95°C A 1:Ss, 60°C iR k30s, 3%
AOMEH, FAFERINER, LLEF LafE AN S, 51
S E BpiE 4 4A0L-8 IL-10. TOR. pIgR. TLR2.

®2 REMXERRASERSHFT

Tab. 2 Primers used for quantitative real-time PCR

®E
(% 5% 7 %Sequences (5—3") Length
ene (bp)
EF-la GGACAGACCCGTGAACATGC 130
CTTCCTTAGTGATCTCCTCGTAGC
1.8 TGCAGACAGACGCACTTCAA o
CACAGCCATCAGTCACCCTT
110 GCCGCGTGCATCTATTTTGG 104
CAGCAACCTGGAGAACCTCA
TOR CGCTTCACCTCGAACTCCAC 109
ATCTCCTGCCCTCCAGTGAC
LoR CGCTTGGAGTCACTGAACCT 102
pg AGCCTCCTCCAAAGCATCAC
TLR) TGGACAATGTCACCCCTGTG 150
TCATCCGCTGAAGAAACCCC
MyDSS TCCCTGCCATTTCTTGGGAC 130
CTCACCGACCTGAAACCGAA
TTCTGGGTCACTGTCTTGCG
IRAK4 ATCAAAGGAGGCATCTGGGC 112

VE: EF-la. ZEfH[X-F-1a elongation factor-lo; TL-8. A2
41 %-8 interleukin-8; IL-10. FH4Hffu4)3-10 interleukin-10; TOR.
T A8 2% HL R A target of rapamycin; TLR2.2XToll3Z 142 toll-like
receptor 2; IRAK4. AN F-15Z R SIHEE4  interleukin-1
receptor-associated kinase 4; MyD88. #fiFE b 4] s N [K188
myeloid differentiation primary response gene 88; pIgR. 2 FH %
BRF A 32 #polymeric immunoglobulin receptor

MyDS88FITRAK A% ik &, 45 L2 KR,
1.9 HUEAIE

K HISPSS 22013847 77 2 55 VA B AL R 32 7
Z 53 HT(One-way ANOVA). fDuncanfX % & L%
Sy AT AHLIA) 2 S B R BT, B 3 /KPR (P<0.05) .
s FH P Y E AR HE 22 (MeantSD) JE UK R

2 R

21 EKMEERERFRIER

1% 37740, MLEMIDNJ4IFBW. WGR.
ADG J FE$5) 5. % & T %l 4H.(P<0.05), fiMLEF
DNIZH [ & 2% % 5 (P>0.05). H i, MLEA!
DN W GRS 5l 550k B8 232 7 1 39% M146%,
FE$E 1720%F127%. 4, MLEAL I FIE & & T
X HEZH (P>0.05)

<3 MLEFIDNJIXT K 87 4 4 B8 R SRR3R B 220
Tab. 3 Effects of MLE and DNJ on growth performance and feed
utilization of Andrias davidianus

. 2H 5 Group
T H Item
XtHEZHControl MLEZH DNIJZH

KK R EFBW 76.924431"  88.13+£1.82°  90.15+3.11°
(2)
WERLWGR (%)  60.8+9.3" 84.542.9° 88.5+6.1°
T HMEADG  0.3240.05°  0.45+0.02°  0.47+0.04°
(g/d)
BERFI(9) 119.73+11.36" 138.79+3.57° 137.29+10.36™
TRLARFE (%)  145.3+83%  174.5+7.2°  185.1%6.1°
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22 BRE. WBEREESTERR

H12% 47 %1, MLEZL FIDNJZH C ARl v 1 45 B 2
& T XTI 2H.(P<0.05), TIMLEZ 5DNJ4 % 7 K &
#(P>0.05), MLEZ & & FBEAH -K -ATPHE 11
18 2 = TR AIDNTZH (P<0.05), iDNJ4H 5
St HA 2H 72 B AN 5L 2 (P>0.05), MLE4L B 25 (G RIH -
K -ATPREHE 7> B BDNIH I 5 1 45%H19%.
23 PAiEEK. RUEES1TEFR

HEE SATFI, 5% REZHAH b, MLEZH ATDNJZH i
BB i 7 S 035 S5 35 $E 1 (P<0.05), TE K il
5 7153 FHK(P<0.05) . Horb, MLEZH AIDNJZH ik
I 73RO0 2 43 T T 69%A159%, M I
Fif 4 ot B 4H 43 9 v T 16%A1113% . MLEZL i 2R
FBE FINa -K -ATPEGE /13 5 % T DNJ4L(P<
0.05), Hrf, Na'-K -ATPE§ & M B DNIAH IR & T
14%. MLEZHFIDNIZ 1 g 17 Bl A e # B v 7076
3 M2 7 (P>0.05)
24 BAFREIEHIER

HE 6 7] A, 5% 2 AH L, MLEFIDNJZH 1L ¢
WERR S E R, Hor, MLEZH 3K TDNIZH(P<
0.05). MLEZHD-FLIR & & WK TX R 2H(P<0.05).

#& 4 MLEFIDNJIZ K& B IIRERNS MR
Tab. 4 Effects of MLE and DNJ on gastric function of Andrias
davidianus (U/mg)

2H 5 Group
11 H Item
SHE4 Control  MLE4H DNJ4H
H & [ B Pepsin 14.6+0.6" 23.0+1.9°  15.940.4°
H'-K -ATPase 4.14£0.14" 4.65£0.12° 4.25+0.15°
TR EFAECA 19149 212+12°  208+8"

#& 5 MLEFIDNJIST K81 A58 TH LRI Th RERY 200
Tab. 5 Effects of MLE and DNJ on intestinal digestion and
absorption function of Andrias davidianus (U/mg)

2H 5| Group
151 H Item
tHE4HControl  MLE4H DNJ#L
[ 1M Trypsin~ 155%5" 263+6° 247+9"
R Wi Lipase 742+48" 858+35" 835+48"
B Amylase  0.212+0.008°  0.168+0.007° 0.159+0.007"
Na'-K-ATPase 3.16£0.13" 3.5940.09°  3.14+0.12°

DNJZHD-FLIR & & 5 X 4 72 5 A B3 (P>0.05)
2.5 BERSEMRIARIE LK MR ZEEE
I EE

HE 1A 70 50, 55 AL A LE, MLEZ Al
DNJZH Ji7 18 9% & 0 7 B3 I 7 16%F112%(P<
0.05). MLEZH%E i % 0 3 v T 6 IR ZH AIDNJ 2
(P<0.05). MLEZLFIDNIZH. [ 38 25 fiae 2 43 5l e v

200_um

1 MLE 5 DNIX R HT &S 454 B s M (HE G+ €, 40%)
Fig. 1 Effects of MLE and DNJ on intestinal morphology and
structure of Andrias davidianus

a. XfI84H; b. MLEZH; c. DNJZH
a. control group; b. MLE group; c. DNJ group

% 7 MLESDNJIX A8 BE RS20
Tab. 7 Effects of MLE and DNIJ on intestinal morphology and
structure of Andrias davidianus

% 6 MLEFIDNJXT K 87 B RABEIRIE 1 S AmAI L R
Tab. 6 Effects of MLE and DNJ on intestinal permeability of
Andprias davidianus

#H 5 Group
T H Item
Xt ZHControl MLEZH  DNJ4
W EET (EU/mL) 643+1.6°  51.7+2.6" 61.9+1.9°
D-FEED-LA (umol/L) 24114° 183£16"  209+23"

2H 5| Group
151 H Item
Kt Control  MLEZL DNJ4H

AREE e 12.140.9" 14.0£1.3° 13.5£0.5°
Villus number
KREm a b a
Villus height (um) 350.3+70.2°  470.3+52.4°  319.7427.4
73 i 3% ¢ a
I ff 224432 16322.8 19.843.6°

Cavity rate (%)

A 2R ()= TE BT 2 JE T AR M ERE VT TR AR < 100
Note: *CaVity rate(%)=scavity of intestine/ Sintestine>< 100
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HE 2 PR 27%A112%(P<0.05), MLEZ %% i R 8 3%
i TDNJ4..

B 2 R A SR %2, MLEZH AIDNJ
Y bR g ) AR R T R, BAHLEZ R,
MLE# |- 157 20 f (8] 3% 42 B8 'S8 2%

P12 MLE-5 DN K5 1 R 0 o 5 e B S 44 (1 5 )
Fig. 2 Effects of MLE and DNIJ on tight junctions in intestinal
mucosa of Andrias davidianus
Al XTHEZH(4000%); B1. MLEZH(4000%); C1. DNJZH(4000x);
A2. XTHEZH(8000%); B2. MLE#H(8000%); C2. DNJZH(8000x%)

2.6 MEMEILEESIERR
HHZ% 8AJ %1, MLEAH i 2 ht s L fE J1(T-AOC)
B EE T R4 MDNIZ (P<0.05). MLEZL A
DNJAH I TEMDA 5 & & I T X 20 (P<0.05), 73
SV Xt 1 2L AR T 28% F1116%, MLEZH FIDNTZH ()
T-AOCHIMDA & & 75 . 3 7% 5 (P>0.05) »
% 8 MLESDNJIX XS e s

Tab. 8 Effects of MLE and DNJ on intestinal antioxidant of
Andrias davidianus

THHT 213 Group
U H Item

X 4HControl ~ MLE# DNJ4
MPrEIEE I T- . . R
AOC (U/mg) 4.28+0.09 4.7240.09° 4.45+0.11
S A B
T-SOD (U/mg) 48.6+1.2 52.9+1.5  50.6+2.8
T —EMDA 2.76+0.09° 2.15+0.10"  2.38+0.20°
(nmol/mg)

27 MiERBREEENNRIAE

H & 37 %0, MLEFTDNJ 7 0 5o K 5 iz 18 5
955 M O B DR R IA B AN R FE 2 o AR 0] R
4, MLEZHTOR. IL-10. pIgR. TLR2. MyD88f!
IRAK4FR A & B # $2 5 (P<0.05), DNJZHpIgR Al
MyD88FR Ik 2 I 3 1 /51 (P<0.05)

MLEZLTOR. IL-10flpIgR#E % EHRDNIZ &
EHEE(P<0.05), HAthJE R R A & 5 DN B 3%
75 (P>0.05).

2.8 FAERBEEST

1z Fusearchiff 17 % 2% /3 33844255/ OTUs
(K 4a), HPH1801NOTUsINILH K, F=%
1170.59%; MLESDNJI:H OTUs 5 35 2 501
93%, CTR5MLE. DNJHEHOTUsH 5l 5 9 & a5
(1 73%F175%. 8L K 4b% I, MLE4] 5 DNIZH &
K, MCTRAM ST —H . 7ETTAE /K LTy
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Fig. 3 Effects of MLE and DNJ on intestinal immune related gene expression of Andrias davidianus



588 K EE W ¥ W 45 %
a cTR/f’”‘ i b CTRI  =DNJ
CTR3 =CTR
CTR2 = MLE
DNIJ1
| DNJ2
DNIJ3
MLE1
4,7 MLE2
M L L". MLE3
¢ 100 4 = Others d 100 =Others
= Deinococcus-Thermus = Chryseobacterium
Tenericutes 80 - GCA-900066225
= Acidobacteria =Dielma
= Verrucomicrobia 60 - =Faecalitalea

= Fusobacteria
= Cyanobacteria
= Actinobacteria

Relative abundance (%)
Relative abundance (%)

= Bacteroidetes
= Proteobacteria

CTR?
CTR3
DNJ1
DNI2
DNJ3 I
MLE| I
MLE?
MLE3 I,

40

20

=Firmicutes 0

&
3

CTR] I e
CTR3 [N

=Lachnospiraceac_ NK4A 136 group

= Lachnoclostridium 12

muncultured_ bacterium f Lachnospiraceae
= Kluyvera

=uncultured_bacterium_f Ruminococcaceae
=Romboutsia

58
Zz
(aya)

Sample

DNJ3 | I —
MLE] | i i
MLE2 I .

o
4]
3
=

K4 MLEFIDNIX A 38 B R 2504 70 B
Fig. 4 Effects of MLE and DNJ on intestinal flora structure of Andrias davidianus
a. NAHOUTSHHT: b. FEFUPGMATREN: o ITACFRER F 1402 d. JBACTERERFH 502

#*Y9 BHEFEE AlphaZ g
Tab. 9 Alpha diversity indices of samples

BE Alpha % FETESR L

H ” ”

Simple  AcE cpagr BAIEE ¥EAIRE Wik
Shannon Simpson  Coverage (%)

X REZH

Contro] 1898 191.4 2.63 0.201 99.98

MLE#4H 2042 205.3 2.82 0.152 99.98

DNJ4L 228.1 2312 2.48 0.244 99.95

P-valve 0.014 0.017  0.254 0.377 99.90

T BARUE A =AM B
Note: The values are the mean values of three samples in
each group

AR T i v by B IS 1. KR AE N A& MK 7 3
Wi, XSRS PR R B . TR sk,
S LA PR 1 AN g 0 PR T AL, BRI
¥R =G R . MLEFIDNIX 7 18 Ve ¥ B 05
17 I, 3 AT B8 S e ) AR B s AT LA
X OB A AR O e DA 9, AL B 4 R A
NuraniyeZs " 1wt 5t b 145 R 30
33 MLEFIDNJIX A8 RA AR PR sEF2 MBI b
P 2 ML HR AR iR A N A2 1 5 — 128 o e, L
S5 KRN Tl B 50 B 1 2 4 7 77 E 3 ) i 1 {2
fitho Rl - R 40 M 5 5 3 e T B 5 ) A 4
o 3 V) 4 R, PROIE S IR ) E i

e B B =R N il b R s 2
T2 Bk VR i 0 6 I B T e, 50 i 3 o 3 1 38
fES N R RESAE EMRED R a0, BE MG
EEHEM, GEFRENYEE. D-ALREE B
S B AR P, P R 2 A 2 PR 1 B 4 B B
oy, IEH S BT 0 B i o e S S Xk LLIE N
MRAEFR . 4 BB Th e 2 AR, 20 P D LR
SR R, LPS % it B, BN IS 3R R 4,
T HUA =R E R . R, 3% FDAOTE
TN E. D-ALRE =0 ) Mg EH IR ES .
AW AR, FENASH/N R ERR AR IMDNI ] BL L
B ZO-1 1035 7K 7, 138 1% 36 15 e oy e,
AW RS RAPL. AR, IS IIMLEAIDNI
BIRAR T M N ZAID-AR, H =% 2RI
K, MLEF#ARIE £ 45k, DNIFRARIR L& B
FEZ W, A 2 B RN TR A A AT LA
o1 it 1) 5 2 B A PR ERIA, A R TR B B R
BREEME . PRFR LR S e RS B S R B
JE B B . MILE AR 1 22 99 A0 35 i 2540 5 AT B S5 DN
RAE T U R FH 358 7 A58 1) i 286 o B P T e
3.4 MLEFMDNJST KR AFERE L EE MR ER

PUEALRE 7 10 5 55 2 17 B AL A feke R i P 22
Tebr. Wil 5 oMY R BB, DR R R 5 e A 4%
Folt S5 A 2 U8 B, 5 T i T ) IF R A BE Th g



33 TR FURR 8 n S48 OV 1 - S0 P 3N KB AC L TH AL SR e o A i T T e A S 589

AOCHIMDA J2 Jx WL ST A LR & R T I Fa br
MDA 2 & P g it S8 A0 e B 24 7= 4, g & 1)
R R T AR A I P A A FE E . MLEAIDNIH)
PrEAAE FHAE F AR 78 A3 BIE S, NS 7K 529
AT DA AEHE PR 9 K B MIE MDA 2 &, DNIH] LA
Pem Bz R E PR 7, BAARRIUCN TR
PGS PE 4R &, MDA S B R0, AR ER T
5 Hr N AL 25 B, 78 K854k s IMMLE A
DNJ#4 ] 48 = i s pr e L pe 7o, BRI S &,
{2 =3 22 FOK, MLEX il Hréa Ak BE 1 138 5 %
RALTDNI. BRDNIAN, S 3L o B & 1) S
LW BRI R 2 pE S Tt A BT R
AMNAEH, XEEYE R SDNI—[F R E T bk
YEFH, X 7] RE A2 A 5 P MLEZL 38 $it A Ak BE 7758
TDNJAH B FEE A
3.5 MLEFDNJX} K& %8 & E X EE N
EbEs

WA TE A R B EA R S P E A B,
TN B S 8 s . IL-8FIIL-10 HiE 4k i 4
9% A M 77 AR TL-8 2 B B 142 28 4 L IR, TL-102
LA PR T+, A6 73 R B A0 v e 38 R ),

RGEIREAZME(pIgR)Z 5 Z RekkEH

(plg) ¥z, 5REREHMEA XK. TLRsiH
TP SR AR TH I g o . B RE 2 RE . K SR AN i
T AHZPAMP, HIIMAL S # 3k & AMyD884: A,
H I R IE IS S, SEEIRAKF R R, 51— &
BN IR NE, V428 98 0 PR 7 I % 5 o DN R HAth 3
3 A 8 2 T S D 5 1) B 2 A P A AL T
R4S BIAIE S, 1 0, DNTRFAK T 88 JR7 /N SR 28
SR TNF-a, IL-1BFIIL-6 17K P 7, 8 A szig
IS IIMLE DN AT DA$E i K 5 1 18 % 9% e
MLEANH 2R Fif TIL-10. pIgR. TLR2. MyD88
MIRAK4H KL, v e £ TLR2—>MyD88—
IRAK 5 5 18 B IS BUE A 0% R4, FEmbi %
Rl F1L-10H01 2 5 S % Bk i 2R ) 3Rk, o8 K
{7 Fi77 304 4 25 T g, T DN 932 5 SR A X MLE, iX
A REZMLEH BT & (1) Sk 22 B3 o 1 K850 11 992
Uige. AWK, M2 PEaesaK K Tz
Bl /N AL G 28 ThiRE, T 17 9% 40 B B S % 4y 1,
b S 2R E AR ORI A B,
3.6 MLEFIDNJIX} K87 A58 B R LA 10 52 m BY EL 32

JV T R AR MDA D — BT () D Re 48 B RS 5%
BN, S5 N AR 2 R AR, A7 Bk R 2
(126", @it Chaol#5%. ACE#8%(#1Shannon
FeE S AlphaZ FEVEFR bR I L T i A= £ &
FERIIBI S B o AW 5T BN, A8 TR R R ITMLE A1

DN [l 18 B A s, v DUR S B R 5
PERNZ K1, MLEZH FIDNJIZE 738 B B 45 #4015
e, 1R 1K b, JERER [ ](Firmicutes) 22 TE 1H
["](Proteobacteria). #HF B [ J(Bacteroidetes) FHJH 4k
[J(Actinbacteria) A K i 738 L 35w B, X — 4553
SRR BB AR, AR
DNJ' P St 2 R St A T DU HE /D B
A 2 B B AR A B A, SGE iE
WSS . AN, FEARSEE h, IR IMMLEFIDNJ %
I 7 R i JEEE B T TR 3= B2, IS IIMLESE &1 1 40
FFBE T TR, YuanZs " R1Zheng " 1E 5 A1
DNJ _EH8E 545 2 7 AHIR 45 3. 728 /K1 b, %
W i B LA BB R B R R R B8, WS n
MLEMDNIJ, J8 5 3K R0 0 4= FE B A, 1T Rom-
boutsia=F-FEXGINHH BONIRF B )E . 78 5 BRE R
W A Romboutsia) JER F H, el [ RLT 4R, 2
it s,

4 g

£ HAR PR INMLE W] AR i RS2 P RE, fi
BERIE R, S KB Ao, sl S
RBETIRE, BOE B EREA M, s miEmM A2
FEVE TS IIDNIX KB 7B WAL . ot ik
RE /I KB R B — R SRR, G5 i iE T HE 4G
. Zie B A aS ATh AE, B 5 MLEBRADNI
RORFEAR .

SEHL:

[11 WangH, Bai Y, Yang W J, et al. Expression regulation of
Andrias davidianus antimicrobial peptide genes induced
by Citrobacter freundii [J]. Southwest China Journal of
Agricultural Sciences, 2019, 32(9): 2233-2237. [££, A
B, MSCEE, S ORI T IR S R o AT BB AT
B AR G RIE R 1], TR AR IR, 2019, 32(9):
2233-2237.]

[2] Mary V S, Jibu T. Polyphenolic constituents in mulberry
leaf extract (M. latifolia L. cv. BC259) and its antidiabe-
tic effect in streptozotocin induced diabetic rats [J].
Pakistan Journal of Pharmaceutical Sciences, 2019,
32(1): 69-74.

[3] He X, Li H, Gao R, et al. Mulberry leaf aqueous extract
ameliorates blood glucose and enhances energy expendi-
ture in obese C57BL/6J mice [J]. Journal of Functional
Foods, 2019(63): 103505.

[4] Yu X M, An X, Lu H, et al. Hypoglycemic effects of
mulberry leaf extracts on diabetic mice [J]. Journal of Hy-
giene Research, 2018, 47(3): 432-436.

[5] Chang C H, Chang Y T, Tseng T H, et al. Mulberry leaf
extract inhibit hepatocellular carcinoma cell proliferation



590

KR R

45 %

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

via depressing IL-6 and TNF-o derived from adipocyte
[J1. Journal of Food and Drug Analysis, 2018, 26(3):
1024-1032.

Ling W, Gang C, Jian S P, ef al. Antioxidant and xan-
thine oxidase inhibitory properties and LC-MS/MS identi-
fication of compounds of ethanolic extract from Mul-
berry leaves [J]. Acta Scientiarum Polonorum. Technolo-
gia Alimentaria, 2018, 17(4): 313-319.

Lei CL,LiJ, Wu Y S, et al. Effects of mulberry branch
and leaf extract on growth performance, serum immune
indexes and antioxidant capacity of laying hens [J].
Chinese Journal of Animal Science, 2019, 55(8): 118-122.
[/, 20, Rk, 5. SRR EXS A 7 it
RE LI5S AR br 5 PUAALBE SIS [7]. o & 4L
&, 2019, 55(8): 118-122.]

Song Q L, Zhou Q Y, Wei Q P, et al. Effects of mulberry
leaf extract on growth performance, slaughter perfor-
mance and meat quality of yellow dwarf chickens [J].
Chinese Journal of Animal Nutrition, 2018, 30(1): 191-
201, [RIGH], SR 5, RS, 4. SRR R 5
MAERCERE . RS PR RE S A S TR R [T]. ShPE TR
224, 2018, 30(1): 191-201.]

Fan J H, Zhang Y H, Lou L F, et al. Effects of mulberry
leaf and its extracts on growth nutrient digestion and car-
cass quality of AA broiler chickens [J]. Hangzhou Agri-
cultural Science and Technology, 2012(5): 29-32. [Jui IR
W, TRk, BEALIE, S5 S R LRI AAAING AL
Ko TR THAS IR G BRI [T]. BUM R SR,
2012(5): 29-32.]

Wang Y M, Chen B, Cao J M, et al. Effects of mulberry
leaf flavonoids on intestinal mucosal morphology and in-
testinal flora of Litopenaeus vannamei [J]. Chinese Jour-
nal of Animal Nutrition, 2020, 32(4): 1817-1825. [k
M, BRUK, BRI, 4. S SR IR 0T PN o I g 1 2
A7 E FE RIS (7). shPE 7 244R, 2020, 32(4):
1817-1825.]

Chen B, Yang J H, Cao J M, et al. Effects of dietary mul-
berry leaf flavonoids on muscle antioxidant indices and
nutritional compositions of GIFT, Oreochromis niloticus
[J]. Freshwater Fisheries, 2018, 48(3): 90-95. [k, #
ghte, R, & RHEEX E E P AR AL SUEAL
FebR ML B TR BRI [1]. Kk, 2018, 48(3): 90-
95.]

Zhao X, Li L, Luo Q, et al. Effects of mulberry (Morus
alba L.) leaf polysaccharides on growth performance,
diarrhea, blood parameters, and gut microbiota of early-
weanling pigs [J]. Livestock Science, 2015(177): 88-94.
Luo Q L. Effect of mulberry leaf polysaccharide on
growth performance and immune function of weaned pig-
lets [D]. Guangzhou: South China Agricultural Uni-
versity, 2012: 35. [F K22, S 2 BT TR AR K1
REAN R ThRe M2 B T [D]. M SRR K2,
2012:35.]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

Hu T G, Peng W, Shen W Z, et al. Effect of 1-deoxyno-
jirimycin isolated from mulberry leaves on glucose meta-
bolism and gut microbiota in a streptozotocin-induced
diabetic mouse model [J]. Journal of Natural Products,
2019, 82(8): 2189-2200.

Zheng J, Zhu L, Hu B, et al. 1-Deoxynojirimycin im-
proves high fat diet-induced nonalcoholic steatohepatitis
by restoring gut dysbiosis [J]. The Journal of Nutritional
Biochemistry, 2019(71): 16.

Li Z, Chen X, Chen Y, et al. Effects of dietary mulberry
leaf extract on the growth, gastrointestinal, hepatic func-
tions of Chinese giant salamander (Andrias davidianus)
[J1. Aquaculture Research, 2020, 51(6): 2613-2623.

Wu P, Li B L, Li L, et al. Effect of dietary mulberry
powder on growth performance, slaughter performance
and meat quality of yellow-feather broilers [J]. China
Poultry, 2007, 29(7): 13-15. [ %3, [ 50k, 202, 5. H
FRE AR I SR SR ARG AR KR RE L B S TERERTA
b T RS2 ], E K&, 2007, 29(7): 13-15.]
LiWT,Wang Y C, Xu QL, et al. Effect of eucommia ul-
moicles oliv and mulberry leaf extract on growth per-
formance and pork quality of fattening pigs [J]. Heilong-
Jjiang Animal Science and Veterinary Medicine, 2018(10):
157-160. [ZWii, £ R, ARKR, 5. AL A0 S fE i
Yo & NEAE AR AP B S8 AL R SR [J]. BV E
Mg, 2018(10): 157-160.]

Yang J H, Chen B, Huang Y H, et al. Effects of dietary
mulberry leaf flavonoids on growth performance, body
composition, antioxidant indices and resistance to nitrite
exposure of genetic improvement of farmed Tilapia (Oreo-
chromis niloticus) [J]. Chinese Journal of Animal Nutri-
tion, 2017, 29(9): 3403-3412. [Ky4ktE, BRIK, ML, %,
Tk e 7 I F o B 3 P AR AR KRR Rk
gy PrEALTEIR PRI #h SRR T BRI [J]. B)
YrE IR 2R, 2017, 29(9): 3403-3412.]

Shin J M, Munson K, Vagin O, et al. The gastric HK-AT-
Pase: structure, function, and inhibition [J]. Pfliigers
Archiv European Journal of Physiology, 2009, 457(3):
6009.

Unwin R J, Shirely D G, Capasso G. Urinary acidifica-
tion and distal renal tubular acidosis [J]. Journal of Neph-
rology, 2002, 15(Suppl 5): S142-150.

Yang C T. Effects of candida tropicalis and mulberry leaf
flavonoids on growth and gastrointestinal development in
calves [D]. Beijing: Chinese Academy of Agricultural
Sciences, 2016: 26-27. [M %, iR 22 e RES 53
Fi x5 2 R A AN B il R B 52 [D]. JE st h E AR
A RHEBE, 2016: 26-27.]

Peng S B, Chen X M, Kong Y X, et al. Effects of vy-
aminobutyric acid on the growth performance, activities
of digestive enzymes and antioxidant enzymes in the in-
testinal tract of snakehead [J]. Feed Industry, 2020,
41(14): 40-45. [ 81, BRF5H, SLIHT, 55, y-2 2 TR



3 1

TR FURR 8 n S48 OV 1 - S0 P 3N KB AC L TH AL SR e o A i T T e A S

591

(24]

[25]

[26]

[27]

(28]

[29]

[30]

(311

[32]

[33]

[34]

X S EGEACPERE . W TE VAR BT A T S
[3]. tAkL Tolk, 2020, 41(14): 40-45.]

Wang Y C. Study on the feeding values of mulberry leaf
powder in geese diets [D]. Guangzhou: South China Agri-
cultural University, 2016: 43-46. [ 7K & . S #817
FIMERIREF [D]. ] M SR AR K S, 2016: 43-46.]
Asano N, Kizu H, Oseki K, et al. N-alkylated nitrogen-in-
the-ring sugars: conformational basis of inhibition of
glycosidases and HIV-1 replication [J]. Journal of Medi-
cinal Chemistry, 1995, 38(13): 2349-2356.

Nuraniye E, Emrah D. Determination of 1-Deoxynojiri-
mycin by a developed and validated HPLC-FLD method
and assessment of In-vitro antioxidant, a-Amylase and a-
Glucosidase inhibitory activity in mulberry varieties from
Turkey [J]. Phytomedicine: International Journal of
Phytotherapy and Phytopharmacology, 2019(53): 234-
242.

Zhang S, Zhou Q, Li Y, et al. MitoQ modulates lipopoly-
saccharide-induced intestinal barrier dysfunction via regu-
lating Nrf2 signaling [J]. Mediators of Inflammation,
2020(44): 1-9.

Chen K Q, Ye Y T, Cai CF, et al. Effects of dietary oxidi-
zed fish oil on the intestinal structure and permeability of
grass carp (Ctenopharyngodon idellus) [J]. Acta Hydrobio-
logica Sinica, 2016, 40(4): 804-813. [R} 4, T+, %
FI7, . R A O 5] R i TE S AR . B
PEIEIN [J]. KA AR, 2016, 40(4): 804-813.]

Chen J. Intestinal absorption barricade network and the
effect of apigenin influencing bioavailability of Raloxi-
fene [D]. Zhenjiang: Jiangsu University, 2008: 80. [[F%.
T R 25 5 7> A pigenin i i iz W A e ) 4% e LR i
& E ZF AR BE R A [D]. YL YLJF R, 2008:
80.]

LiuCY, Zhu R Y, Liu H X, et al. Aqueous extract of
mori folium exerts bone protective effect through regula-
tion of calcium and redox homeostasis via PTH/VDR/
CaBP and AGEs/RAGE/Nox4/NF-«kB signaling in diabet-
ic rats [J]. Frontiers in Pharmacology, 2018(9): 1239.
Xuehua P, Shuangdi L, Xiaodan S, et al. 1-Deoxynojiri-
mycin (DNJ) ameliorates indomethacin-induced gastric
ulcer in mice by affecting NF-kappaB signaling pathway
[J]. Frontiers in Pharmacology, 2018(9): 372.

Mahmood T, Anwar F, Afzal N, et al. Influence of ripen-
ing stages and drying methods on polyphenolic content
and antioxidant activities of mulberry fruits [J]. Journal of
Food Measurement & Characterization, 2017(1): 1-9.
Wang B, Yang C T, Diao Q Y, ef al. The influence of
mulberry leaf flavonoids and Candida tropicalis on anti-
oxidant function and gastrointestinal development of
preweaning calves challenged with Escherichia coli
0141: K99 [J]. Journal of Dairy Science, 2018, 101(7):
6098-6108.

Yuan Q X. Isolation, purification, structure and bioacti-

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

vity of polysaccharides from mulberry (Morus alba L.)
leaves [D]. Nanjing: Nanjing Agricultural University,
2016: 113-126. [RiHE. M 2R E 4. 4500 Hr
B AR ERFFC (D). At FE Rt R, 2016: 113-
126.]

Cenci S, Weitzmann M N, Roggia C, et al. Estrogen defi-
ciency induces bone loss by enhancing T-cell production
of TNF-a [J]. Journal of Clinical Investigation, 2000,
106(10): 1229-1237.

Waugh D J J, Wilson C. The interleukin-8 pathway in
cancer [J]. Clinical Cancer Research an Olfficial Journal
of the American Association for Cancer Research, 2008,
14(21): 6735-6741.

Qingpu L, Xuan L, Cunyu L, ef al. 1-Deoxynojirimycin
alleviates liver injury and improves hepatic glucose meta-
bolism in db/db mice [J]. Molecules (Basel, Switzerland),
2016, 21(3): 279.

Li X B. Effect of mulberry leaves polysaccharide on im-
mune function in mice with long-term heavy training [J].
Chinese Journal of Experimental Traditional Medical
Formulae, 2012, 18(24): 269-272. [Z=/N . M- Z WXt
WK AT 18 B /N R e D BE RS2 [J]. [ 5k
U448, 2012, 18(24): 269-272.]

Leclercqa S, Sébastien M, Patrice D C C A, et al. Intesti-
nal permeability, gut-bacterial dysbiosis, and behavioral
markers of alcohol-dependence severity [J]. Proceedings
of the National Academy of Sciences of the United States
of America, 2014, 111(42): E4485-E4493.

Xu C. The study of intestinal bacterial community struc-
ture and antibiotics susceptibility of intestinal bacterial
strains from the farming giant salamander [D].
Chongqing: Southwest University, 2017: 49. [#8. F#5H
R M58 Vg T T A A B S TE AT R 25 ROME I T [D]. K
PERE K2, 2017: 49.]

Chen L H, Zhang X, Sun S F, et al. Regulation of Morus
alba polysaccharides on disturbance of intestinal flora in
mice [J]. Drugs & Clinic, 2015, 30(6): 633-636. [FRiER,
TRER, PMILDT, S5, S 2 RE T/ U E R R
W5 [7]. AR 51 R, 2015, 30(6): 633-636.]

Chen Y, NiJ J, Li H W. Effect of green tea and mulberry
leaf powders on the gut microbiota of chicken [J]. BMC
Veterinary Research, 2019, 15(1): S142-S150.

Jacoline G, Alexander U, Ivelina S, et al. Romboutsia
hominis sp. nov., the first human gut-derived representa-
tive of the genus Romboutsia, isolated from ileostoma ef-
fluent [J]. International Journal of Systematic and Evolu-
tionary Microbiology, 2018, 68(11): 3479-3486.

Pamela A, Ibrahima T S, Niokhor D, et al. Description
and genomic characterization of Massiliimalia massilien-
sis gen. nov., sp. nov., and Massiliimalia timonensis gen.
nov., sp. nov., two new members of the family Rumino-
coccaceae isolated from the human gut [J]. Antonie van
Leeuwenhoek, 2019, 112(6): 905-918.


https://doi.org/10.3390/molecules21030279
https://doi.org/10.3390/molecules21030279
https://doi.org/10.3390/molecules21030279
https://doi.org/10.3390/molecules21030279
https://doi.org/10.3390/molecules21030279
https://doi.org/10.3390/molecules21030279

592 K& A& Y ¥ 45 %

EFFECTS OF DIETARY MULBERRY LEAF EXTRACT AND 1-
DEOXYNOJIRIMYCIN ON GROWTH, DIGESTION AND
IMMUNITY CAPACITY, AND INTESTINAL
MICROORGANISM OF CHINESE GIANT
SALAMANDER (ANDRIAS DAVIDIANUS)

FENG Qi-Feng', LI Zhan-Fu', HUANG Xian-Zhi’, LI Hong’, ZHAI Xu-Liang’, XUE Yang’,
LIN Shi-Mei', CHEN Yong-Jun' and LUO Li'

(1. Key Laboratory of Freshwater Reproduction and Development, Ministry of Education; College of Fisheries, Southwest
University, Chongqing 400715, China; 2. State Key Laboratory of Silkworm Genome Biology, Chongqing 400715, China,
3. Chonggqing Fisheries Technical Extension Center, Chongqing 401121, China)

Abstract: This study explored the effects of feeding basal diet, mulberry leaf extract diet (containing 0.75% MLE) and
1-deoxynojirimycin diet (containing 0.04%. DNJ) on growth, digestion and immunity capacity, and intestinal microor-
ganism in giant salamanders for a 90-day trail. Giant salamanders with an initial body weight of (47.81+0.23) g were
randomly divided into 3 groups for these 3 diets. Compared with the control diet, the weight gain rate and feed effi-
ciency in MLE and DNJ groups were significantly improved (P<0.05); lipase and trypsin activities were also signifi-
cantly increased (P<0.05). The contents of endotoxin in plasma acid and malondialdehyde in intestine in MLE and DNJ
groups were significantly lower than those in control group (P<0.05). Compared with control group, the number of in-
testinal villi in MLE and DNJ groups were increased, and the tight junction between intestinal mucosa cells in MLE and
DNIJ groups were closer. Compared with the control group, the mRNA expression levels of target of rapamycin (TOR),
interleukin-10 (IL-10), polymeric immunoglobulin receptor (pIgR), toll-like receptor-2 (TLR2) and myeloid differentia-
tion primary response gene88 (MyD88) in MLE group were significantly increased (P<0.05), and the mRNA expres-
sion level of pIgR in the DNJ group was significantly increased (P<0.05). The diversity of intestinal bacteria in MLE
and DNJ group was higher than that in control group. There was no significant difference in weight gain rate and feed
efficiency among 3 groups (P>0.05); MLE group significantly increased the activities of pepsin, H'-K'-ATPase, Na'-
K'-ATPase and the total intestinal antioxidant capacity compared with the control group (P<0.05). In addition, MLE
group had closer tight junction between intestinal mucosa cells, higher intestinal villi height (P<0.05), and lower plasma
endotoxin content (P<0.05), compared with DNJ group. In summary, MLE and DNJ can improve growth performance,
digestion and absorption functions, intestinal antioxidant and immune capabilities, promote the growth of beneficial
bacteria in the intestine, increase the diversity of intestinal microorganisms, and promote the intestinal development of
the giant salamander. Combined the structure and function of the stomach and intestines, MLE is more effective than
DNJ.

Key words: Mulberry leaf extract; 1-deoxynojirimycin; Antioxidant; Intestinal mucosa baries function; Intestinal
microbiota



