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AR PR MEE VA B R S = W7 X3 FL 48R BN i 8 F PR &
AR apAly

HROK, EAF, ERE, EX, HAHE, R
PRI KPS RS0, TR T 524088

R S0 B AERF IS AE AR o S BB VS I 5 ZEA (chitosan oligosaccharide, COS)HIEE Hi % & W M7 (mycotoxins
adsorbent) % JLANEEXT KR (Litopenaeus vannamei)lfy i & WY 25 M GRE S5 14 (1 52 6] o 7E LAl 1) 6E O BEZE) Hh 43391l 5 o
250 mg/kg COS . 2500 mg/kg 55 2 Z W) . 250 mg COS+2500 mg/kg 55 1 25 25 W 57 (4H5 4 CO. C0.25 . M2.5,
C0.25+M2.5), K 4 L4 R S REMARL, MW H(0.23+0.02) g B9 FLANIEXTHF 8 Jl . 45 5 R: COS 5% 5 K W it
RIS A B TG IE B S48 45, C0.25+M2.5 A E S BERT Co. C0.25 41(P<0.05), HEKBFERT
M2.5 41(P<0.05), WUJZ R 3 KT HAh 2% 41(P<0.05) o el o 0 7y 45 2R 3% W 4% 1A R A1 73 28 $.I5 (Operational
Taxonomic Unit, OTUs)4 B JC i # 1 22 55 (P>0.05); C0.25+M2.5 4 Observed species 4% . Shannon %% . PD {4 .
FAET M2.5 41(P<0.05), H 3T C0.25 41(P<0.05), 5 CO LT i 12 5 (P>0.05); Wil i BF 1 22 M AL 1]
(Proteobacteria) . JEBE 1 | ] (Firmicutes) MU 14 | ] (Bacteroidetes), C0.25+M2.5 A2 T W |1 4 B 5 2 e Ik HL S BE T ]
TS e, SAATETAEY T &, Co 4 & Rk, fEEAKY L, INE & (Vibrio) . A P IEEIE
(Pseudoalteromonas) . Spongiimonas . K YGHF W J& (Photobacterium) VL J% Candidatus Bacilloplasma 5§ EZLH,

C0.25+M2.5 ALINE & . &G AR A0 & B 3080, C0.25+M2.5 41 & EHF 1 4 & B Ik, RSB A i

JB AN & i . 250 mg/kg COS Hl 2500 mg/kg %5 7

R BT FRUIER A S X AR A B TR W R, (AR T

BRI LB ERESE R, T TR MR, MORIL T3 —Us g,

KEER: SRR

FESES: S963 XHkFRERD: A

WRZE SR B S AR A il 52 &) v i dE B K
Pz —, FHFRRE M H a3 3 m A 2 se 4 77
() 1L B A T A T ST 3 vh o i SE b, LA TR
XFWF (Litopenaeus vannamei)2 B E 14 5 b ¥ 5
i, AL SR Y B A SR A AR T Bl
TR R YK 5 SR A B AL, XTURFRFE
SEEM R, HFEEE N T B RIS T
ZIeFE B A A R AR T ok — e RBIE, S
BB A O AE R T I 2% 8 A oY
HUF

ks BEA: 2017-06-21; 11T HHA: 2017-08-25.

BT R LR LRI, AR, PRELS
XEHS: 1005-8737-(2018)02-0373-11

5t 2L B (chitosan oligosaccharide, COS)2 H
2~10 DR IFEE AL B-1,4-0F 5 3% 322 11 B A9 A%
OB, HOE H R H ST R Bk o RS
i Ak 2 vk B A T AR AR B0 B A R T
P, WP . B SR SR T O I AR S A
BT RERER RIS A ALO; I Si0, M IR,
WA B SRR T A RE R AR I T R R
F, WA R RERRER T W N B A BRI %
TR FRURI B - W B6 5 A8 48 i 0 T 4% 32 BF 90 3 Y
B s AW . A R SR TR A Y

HEETR: k@ Aol = b & BEI(A201608C06); BT RHE R H (2016A03022); T4 M VE R E A I B

751(002024008).
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LG, WRAEVPUE 5N A AT R & B SR PR 7 ] B 07 FH A0 58 SRR3R /D o A S ot A
o B 2 — U T o A 0 B v A W T S E ML ST WA ) 5 ] B S Tm X ML Y Xo) B B 1 B 2
g mE A A AU, BFEEM, cos A FeAn M B R RS B RE ], DAPEA BRI
Bos s i gt T, M e B AR (O I LAY IR I R RE A S, Sl COS B
eochromis niloticusxO. sureus)!"™ . &EWE(Cyprinus B 2% W 500 4 i — 25 & AR B8 dE

carpio var. Jian)""Y LT 8E AR Iy tuli( Takifugu rubripes)™ gl b s

BB, (1L 8 B 6 Oreochromis nilo- T T

ticus)!'™ | UT8E (Oncorhynchus mykiss)!'™, KIZ6F 1.1 SEIRfAMAISLIeIZIT

(Scophthalmus maximus)!" %)) #1178 LSS, A TE SR RDEL O BR A ) 43 il s i 250 mg/kg
FIT 1A #5 WIS FE . B 0 15 R 23 I 55 7 1 fe e, COS. 2500 mg/kg %7 i #E R W7, 250 mg/kg
WA AR, AR TE R A E R, Wi COS+2500 mg BB EE R KR (415 R C0.C0.25,
T 4 R R SIS 5 T 7 2% W B0 AT A B Lk 22 P g M2.5. C0.25+M2.5), il i 4 2H 55 A0 55 HE %) S5 4 1]
FRESYIRNC, LU b A A T A S B SEE BT COSCR G ¥ 2~8, ZEHE & i =85%) .
WA ZE AW EA RAF RIS, AR T B TR 7 2R L9 (100% WU P4 A 40 R 6 7™ )3 Hh
A EERERY . COS % T 7 K W 551 24 HAT Sk DRI T R BB e A BR A w4t o BEaih st ic
IR BT P, PR B TS I B A 1 R i B 74 RS SRR UL 1, B R RS I 80 H

F1 RBEARESERKE(RT R

Tab. 1 Composition and nutrient levels of the experimental diets (air-dry basis) %
TiH item 43 group
Co C0.25 M2.5 C0.25+M2.5

4108 brown fish meal 22.00 22.00 22.00 22.00
A soybean meal 15.00 15.00 15.00 15.00
£/ ¥ peanut meal 10.00 10.00 10.00 10.00
/NETH A wheat flour 20.00 20.00 20.00 20.00
T ARFE MK corn gluten meal 10.00 10.00 10.00 10.00
WR5EH} shrimp shell meal 6.00 6.00 6.00 6.00
il fish oil 2.00 2.00 2.00 2.00
KIG BN soy lecithin 2.00 2.00 2.00 2.00
A FE R R vitamin premix” 1.00 1.00 1.00 1.00
2% C vitamin C (35%) 0.10 0.10 0.10 0.10
AL, choline chloride 0.50 0.50 0.50 0.50
B FEWIER mineral premix? 1.00 1.00 1.00 1.00
BERR — 445 Ca(H,PO4), 1.00 1.00 1.00 1.00
LR 4EZE  microcrystalline cellulose 9.40 9.15 6.9 6.65
ST BE chitosan oligosaccharide 0 0.25 0 0.25
T Z W mycotoxins adsorbent 0 0 25 25
A1t total 100.00 100.00 100.00 100.00
EBFRIKE nutrient levels

ME M crude protein 42.77 43.02 43.70 42.90

MR ether extract 7.77 7.30 6.94 7.37

MUK 4> ash 8.94 8.68 8.77 9.19

T D) M TS E R BUREN S AR ER 25.50 g, HHE 25.00 g, FRERMEISEE 50.00 g, 4i/EF B2 0.10 g, Hi2EFE K 5.00 g, 4E/E% E 99.00
g, AEER ARSERTE 50.00 g, 4E2EE D 10.00 g, MR 101.00 g, d-IZHR4ES 61.00 g, M2 25.00 g, MR 6.25 g, JEE 153.06 g, £F4E%K 389.09 g.
2) BT I YR BUR RS A FeCeHsO; 13.71 g, ZnSO,4-7H,0 28.28 g, MgS0,-7H,0 0.12 g, MnSO4-H,0 12.43 g, CuSO,-SH,0 19.84 g,
CoCl,-7H,0 4.07 g, K1 0.03 g, KC1 15.32 g, NaSe0;0.02 g, # K 906.18 g.

Note: 1) contain the following per kg of vitamin premix: thiamine hydrochloride 25.50 g, riboflavin 25.00 g, pyridoxine hydrochloride 50.00 g,
VB, 0.10 g, VK 5.00 g, VE 99.00 g, retinyl acetate 50.00 g, VD 10.00 g, nicotinic acid 101.00 g, d-calcium-pantothenate 61.00 g, biotin
25.00 g, folic acid 6.25 g, inositol 153.06 g, cellulose 389.09 g.

2) contained the following per kg of mineral premix: FeCcHsO7 13.71 g, ZnSO,4 - 7H,0 28.28 g, MgSO,4-7H,0 0.12 g, MnSO,4-H,0 12.43 g,
CuSO04'5H,0 19.84 g, CoCl,-7H,0 4.07 g, KI 0.03 g, KC1 15.32 g, NaSeO; 0.02 g, zeolite power 906.18 g.
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i, % RETC )7 SORHERI PR &, Tl B R BB )
P RIERA ), FISURFFBT 2HL(F-26 R FE T
K2, THDIN A 1 mm A1 1.5 mm 5 FhBLAK ) 1)
KL, 60°CHER AL 30 min . BT & TRk XL X
J5, FE B E, BT -20°C vk PR
1.2 LWHYERFER

FRHH SRR ) AR R A AR T B T 2 W F
GEELHL AT, SCHR ARSI T RO ERER . S8
6 R R AE 2 A K T (4.9 mx4.5 mx1.8 m)EF 7.
FRH SIS TR A TTAS £ 24 h J5 434 . IS i1t
e RASAEOH: 1% 158, I 4(0.23+0.02) g FYHF
Hi, ML R 4 R E N KSR RS, B
IANEHE, BEE 103 m’ B, T 40
AR, BERAFHAE 08:00, 12:00. 16:00 Al 20:00
A 1R, S 1 h S IR E S L, JEAR
PEER R . KA OUE R . SCER AT
JARPI R K 1R, JEIREREK 1k, L5
[ 7Kk 25.5~30.0°C, MEKERE N 26.5~28.0, L%
WA LR, WA E>6.8 mg/L, pH Ny 7.8~8.2,
AR HE<0.03 mg/L, LEHAH 8 JH,
1.3 HARFERKL
131 HAFES DNA BE  FiHSLRES Rt
1 24 h JE U . BAE R 3 HARFRER Y
H, BT 10%HEmERh IR, DighifEmE
AU R . SR HE G448 10 755 4 4 0 0 gy 1 285 5
g5t It 4 A B Y BB (LaicaDM6000, 74
ENWME I IERBILE, B0 F P& 20 4
YER. S NEREE, MBI EEYE. &
AEEREVLE 3 IR, H 75% PR B0 Tk
R IE, AR BER K S G AT
WS, IFETWAY, FHEE-80°CHLEK
FEARTE, LA TEBERGIN . X5 i 73 DNA $EH S I
E.Z.N.A.® Soil DNA Kit iX7(OMEGA, 35 [E)i}
HEAT .
132 BEENFSH FHXAE 16S rRNA I
V4 IX B it 5 14 . 5 X3k 515F~806R,
S 515F, 5'-GTGCCAGCMGCCGCGG-3';
806R, 5'-GGACTACHVGGGTWTCTAAT-3', #
JH PCR X ¥ 14 (ABI GeneAmp® 9700 %), Jz )i {4

Z: TransStart Fastpfu DNA Polymerase, 20 uL X
NAKZ, f04% SxFastPfu Buffer 4.0 pL, 2.5 mmol/L
dNTPs 2.0 uL, 5 umol/L = Fii#5(4 0.8 uL, FastPfu
Polymerase 0.4 uL, #Jit DNA 10 uL, #pddH,0 &
20 uL. W AEF: 95°C 5 min; 95°C 30, 55°C 305,
72°C 455, 27 ME¥; 72°C 10 min, PCR ¥4
10 mg/mL SUIEMEBEIC L IK, UGS R Gl e 16 5
AMTT RIBCE 041, BRE, e BREE R IR
Ul Al H =, &J5 M 20 mg/mL HifE
BEEEIE L kA 24k . P34 4 i, # DNA
WeFE PR 22 25 ng/ul, FrARESFEIRL - 1IRA)A,
K FH 5 3 5074 Tllumina Miseq (Illumina, 32 [%)
Xof FHCHEAT PRI Y
133 {ARMERBERIN  FRHE TR
SEAT, LR P R I EC 2 AU (K eltec™ 8400,
Fig i), LA 2R P2 SChh 3R vk Gl 5 590 D A7 il ),
FK 53 R S 3 550°C R 5 & .
14 EMFERSITTRIEELE

XF BT I Y 51 3 4T 43 2% B 5T (operationaltaxon-
omic unit, OTU)RI /322K, A5 OUT L 4F1 OUT
XTI RER Alpha ZREVETEEL. Alpha £
FEE (alpha diversity) X 5N i ) b 22 A 4
90 AT, A A TP A e SR R A 2
BN 2K, % Observed species. Chaol .
Shannon Pl K PD (58 BORIHAL I AR )
PP REPE, FRBUBS, RUIFEAH SRR 2%
Observed species & B2 5 FE A H SEFR I 2 15 2] 1)
OUT #i#k, Chaol F8¥J2 % A4 I8 i T A i vh
OUT #iik, fifftrahrh OTU + & B 1Y 48 %L,
Shannon f8%%, ©RYTHA % EEIFE P A2 A
B3 260 5 B L l; PD BT R kA
BRI —Fh Z AR ER 8, B AR
OUT WURFINIH A M E R G Rk AW YIRS,
K I —FE b B B AR PR S BRI, AT
1533 1) EUE

S0 R P S (bR fE 22 (3 £SD) KR, B
PR M SPSS 17.0 BRAFHEAT BAA 3807 22 50 #r
(one-way ANOVA), A [0#A A &2, FAE
Duncan [RZ & R, ©EMHKFEHN 0.05,
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2.1 fARIREHRM COS FEH = =M It M
BN ERRE RSN Em

WE 1~4 FroR, SushndniE k8 1500
XFREZH (B DA Frelc, x4 48 WD HA
MW, WARERH, COS A (E 2 BRK, %ETE
KW (F 3B A BARE T X R, P&
A A e (7 4) 20 B 80

50 um

K1 X R FLGA T IR I B ROE 25
Fig. 1 Intestinal mucosa morphology of Litopenaeus
vannamei in group CO

Bl 2 C0.25 4 LAy EExT AR I B IR 245
Fig. 2 Intestinal mucosa morphology of Litopenaeus
vannamei in group C0.25

3 M2.5 2 FLGAIE R o i B R 2

Fig. 3 Intestinal mucosa morphology of Litopenaeus
vannamei in group M2.5

50 um

El 4 C0.25+M2.5 4 FLEY TR im 26 T 25

Fig. 4 Intestinal mucosa morphology of Litopenaeus
vannamei in group C0.25+M2.5

45 L3 2, C0.25+M2.5 ZH4% E s i 2
AL . C0.25 41(P<0.05), C0.25+M2.5 444
ERDEET M2.5 4(P<0.05), S5HAMAH TP
FEPE2E R (P>0.05). C0.25+M2.5 HNLEE R i %
7 T HA 4% 4H.(P<0.05)

2.2 fERBREM COS FE R 5= WM FIXT ML
TR X} T B 8 T B A5 M A BT
221 MAEXITFESR OTUsHEB %It &%
HA% OTUs BHBSAHZ LR EEES BF
(P>0.05), C0.25 2 K &/ IMH .

x2 FLMEMITEAHEKR. BREEEE

Tab. 2 Theheight, width of villus and the thickness of intestine wall of Litopenaeus vannamei

n=3;X +SD; pum

Qb treatment Co

C0.25 M2.5 C0.25+M2.5

&= height of intestinal villus
2 FE % width of intestinal villus

WUZJE S thickness of muscle layer

165.87+2.25°
134.29+11.62%
179.10+9.76™

165.97+0.50" 187.46+2.10° 196.66+8.73°

161.75+6.12° 122.38+3.80" 150.84+4.95"

167.95+6.32% 197.18+7.05° 248.48+0.69°

TE: [T 4 4B bR oA A R 5 Bl 22 51 8.3 (P>0.05).

Note: The same letters of each treatment in the same line indicates no significant difference (P>0.05).
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ot ot [y} [\e)
(= W (=3 W
(=) (=] (=) (=]

HROTUsH &
effective OTUs number
w
(=]

|

C0.25+M2.5

n=3, x+SD i
J I
0 M2.5

Co C0.25
#5| group
K5 JLANEEXT IR IE A 20 OUTs £k
Fig. 5 Effective numbers of OTUs in Litopenaeus
vannamei intestine

222 Alpha S#tEaM Z5RILE 3. C0.25+
M2.5 41 Observed species $5%4 . Shannon F5%{ .
PD {& B FH KT M2.5 44 (P<0.05), BF&E T C0.25
2 (P<0.05), 5 CO 417t & & 12 7 (P>0.05).
C0.25+M2.5 HYFh & BEFE40 Chaol WEMLT
M2.5 21 (P<0.05), {H 5 HAh #5241 T W 35 1 2 5+

(P>0.05).

223 MERBEMAR KLRAETKEL
H LG UL IR 6., FEE A ZIE T ] (Proteobacteria) |
FUFF I ] (Bacteroidetes) . JEBEE [ ] (Firmicutes)
BREETR ] (Tenericutes) . #RFF ] (Fusobacteria) ,
Jit 28 B4 1] (Actinobacteria) . ¥ %% i | ] (Planctom-
yeetes) . (B[] (Verrucomicrobia)%, A #4rA
U M B ARV RS ] (others) 2, ANIE] 1 SRHESS
A kA T A, BAIEEIT. AR .
JEEER TS S 43k 90% A4, IF&E W 17E COo
s, HALSABA TR, FFET] . JREE
BT BORETR ] . FRBETA T THE CO & ik, H
A H I BT B, BRORETET1HE C0.25 & i
i, AU RR DRI EEBE T 15 B e C2.5 41, M2.5
I CO.25+M2.5 IS AR, BRBERTT | MRAT IR
PR GRRE R T TS AR 10%,

#3 JLEEXMERAE Alpha Z 1%

Tab. 3 Alphadiversity in theintestinal tract of Litopenaeus vannamei

n=3; X +SD
8% index AL group
Co C0.25 M2.5 C0.25+M2.5
observed species 54§ 130.00+5.65° 99.50+13.44° 212.00+5.66° 143.00+5.66"
Wi & EHE L Chaol 136.02+0.69" 128.95426.95° 226.64+9.91° 169.14+16.33°
Shannon 541 3.13+0.23° 2.36+0.24° 4.19+0.27° 3.25+0.18°
PD {4 14.09+0.50° 10.38+1.17* 19.96+0.23° 15.18+0.29"

=474 4 bR A A R R 3R R 25 7R 1 3 (P>0.05).

Note: the same letters of each treatment in the same line indicates no significant difference (P>0.05).

= HAth others m HRFTH ] Fusobacteria
u AKJF{AT] Chlamydiae $REEF ] Tenericutes

® {4 5[] Verrucomicrobia ™ JEEEH ] Firmicutes

® PFZ 1] Planctomycetes ™ AT [ ] Bacteroidetes
w AR BT Actinobacteria ™ ZZJEHA[] Proteobacteria

100 ¢

— — — T
5 sof
=]
8
2 60l
k|
[
N
< 40}
|
&
E’é 20
0
Co C0.25 M2.5 C0.25+M2.5
25 group

Bl 6 LAY XN P TR 40 B i e e i
Fig. 6 Communities and relative content of bacterial at the
level of phylum in Litopenaeus vannamei intestine

2 2H C ARG I HS A A LR & KT AR B4 DL
B 7. EEHINEE (Vibrio). B3 I HEE
(Pseudoalteromonas) . Spongiimonas. X YCFF# &
(Photobacterium) . Candidatus Bacilloplasma .
Tenacibaculum( ¥ ¥ & J& ) . h 0 il I )& (Halo-
monas) . NENFTFEJE (Acinetobacter) . # TR
J& (Planctomyces). ZFHIFT & (Bacillus)55 . £
TR & A T2k, HNEE . Bsc 2 sl
W& . Spongiimonas . KIGHF W JE . Candidatus
Bacilloplasma 5 FEARHE; INE S EA G I
Pl K H CO 2H & ey, 1EHAhA 4 TR
A H TR B AE C0.25+M2.5 4lfRs, HAbss
AN K ; Spongiimonas TEXT R L & B Fe Ik, H
A HA T KOCHFRJETE C0.25+M2.5 4
Tk B A, Candidatus Bacilloplasma ¥ CO 4
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SRR, HhgdERAR, Hib& B /D,
TR . SR EE . ANSTEE . FERE
J& . AT E B BT 10%,

u 2T B Bacillus ® Candidatus Bacilloplasma

u R B Planctomyces » K 6FFE B Photobacterium
u NENFFHE B Acinetobacter ™ Spongiimonas

= I BT R Halomonas = {BHACE B E Pseudoalteromonas
= KB Tenacibaculum = Y[E )& Vibrio

TR R R

80

60

40

20
Lo

C0.25 M2.5
#51 group
BL7 FLYATEXT U M 18 Hh s 7K Y 20 o e e 5
Fig. 7 Communities and relative content of bacteria at the
level of genus in Litopenaeus vannamei intestine

HIXTE8/% relative content

C0.25+M2.5

3 iTig
31 fARIFRFRM COS FEEH &= WXt gk
TR X 4T A7 18 3 BR 2 7S B0 R i

NGB TE v E N R IR R R A
o T A W e S e 1 B B AR AR Y, N TE R
=R ER A NGBS AN 7751 /245 T S e 77E 1)
JEEJUL )23 2 B I e P 3B A 4 i 0 s 55, HEL)Z R
FEEIIA L BG4 ), R T IR A AR,
A5 25U ORI R, RN 0.3%3X 0.5% COS A
HE AR T 5 R BE RN, oS
A B K B R R A AE), 3 NS [F) i Be R |
PIBRAR 40 A, S5/ W T REDY; e SR b
n] ¥4 i1 B A (Ctenopharyngodon idellus) % % B #8
B WUZIREER B R TR i b
N, 52 e Sl ) g R R D T e R, 3R g
A A, F IR ARR, ARSI M2.5 41k
W TS BILAFIEIR, UL B R W —
ERE BB T HEEGHER pENHF . Lam-
precht ZEPBESE KB, A T AR BE Y
SEREVE, JFERERREBORAEM, WA T LISGE IR

Z W0 T W A i B R AL, FEE AR,
AR W A FE 4 R B v i A FE T, A
A E B AHEE, MR i A At
5 C0.25+M2.5 ZAMLZ)E R 2 T AL, o]
EK A AN T C0.25, M2.5 4 BT, 4%
B, SV RS- U COS SR
B B S0 I A IS o [R) 4036 T R A R IR O
R T —3S
3.2 fEARHERM COS MEESEWMFIXTLa
TR XY 5T A7 8 R B 45 M B0 &2 i

i 3 f B 55 T A W B R U AR O . I i Ak
RGN EIRNEB RS, WY R
e3P e, R I A AR 5 . R LA K B AR A1
RAMRE FinpmEEERmalY miEahey
ZREPE R B SR Y R . MR G L BRI,
HE T 5 0 3 B f HE P2 sz B A AR R R N
COS A /b iz 3 95 Joi AT 1140 o8 AL, 5% M) - 5 TR A
&, Ak sEE R IR 0.05%.0.1%
0.2%[1%) COS 4T &k 2 PR L1 7R Jy fl Jigy 3 71 A
shannon F§%", R E AR KSE COS Al &
(K ZE 6T i%1E Shannon $5% . Chaol 8% & OTUs
B, B EEEEEE", x5 EA0E
C0.25 W Z K T Observed species 754X . Shannon
B¥E PD {HMZ5 R —E, C0.25+M2.5 4] Obse-
rved species 848 . YA & E 5% Chaol 5 PD
HEEMLT M2.5 40 BEST C0.25 4, M5
CO 4ot 1 22 5, K Ul FHAH U AR — RS I 44,
COS 5 %% I B 2 W B 750 158 & 158 FH X 1 38 1
Alpha ZFEPE =4 T 5200, 1A L X BB 21 20 6
EEARAL, UL A R BRI R kAR
RIGFEAS . Prasai 25NN, Wil ML X R 1)
T DA SRR TR = A R A 53 T &=
N DA G, 38 i fdt R O v] BE 2 50
5399 DR B 9/ T A S A B E 2 A 1 AR B T 3
[A] e A 45 SR T B 1E 4 1d B IG5 U I 2L 3 R X B 1
) ft R A 3 AN RS i, T A BE B — 8 i 21
R H) T —E I EE R, A S5 3 — 25 X
K FE KM SRS T Seit .

TR K25 SR AT 0, 5 2 B AR b 2 4
JUTARAL, FF AR BT B9 P Fh, 145 28 AE X Ee
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R T A, R4 KPR, R LA
B FE R A FE AR ] AU
JERETE ] . T4, B A BOUIFR A 5 55 X iR
(Penaeus monodon) i ¥4 R IR ] . AT
BT AR, JERERT] . AT, HRHER
SYBTAEEIT . WATEIT. BRI, A
T UFFIE T R TR P LAY XTI BT A 4=
KB Beth) 700 X se oy 45 SR 5 A S0
B EERP IR B, TTKF L, AR
FEMIL T PR JRRER T, T
&, SETREIT . BTN JRRER 1A T
Pedsa i, Ui COS 5 55 1 # 25 W Bi 57) Bk s ik
BUINIF AR e EARTE B YL AL, TAR X 5
KT ACAEEXT A, S£HBRETTSEA T
TR, AR JERERTTA B ), Ui
B —E MR ER . AT TR T TAE O 2R S s
AT E AR, A i 2 (R S B L
SH At 2 A R )3 4 | W T 2 2 1 1 2 )
Bl M i Y, BUFF B TS KAk A ) & A 5
HS 52 BRI L2 A, TR RE T ]
T g 38 v AT 5 B 22 R Y, il g e T RS bk
iRV A W M o 17 o B N SR N
C0.25 AR COH BT T & 2 T B HJERER ]
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Effect of chitosan oligosaccharide and mycotoxin adsor bents on intes-
tinal mucosa structure and gut flora of Litopenaeus vannamei

HUANG Qincheng, TAN Beiping, DONG Xiaohui, ZHANG Shuang, YANG Qihui, CHI Shuyan

Laboratory of Aquatic Animal Nutrition and Feed, Guangdong Ocean University, Zhanjiang 524088, China

Abstract: A 56-day feed trial was carried out to investigate the effects of chitosan oligosaccharide (COS) and/or
mycotoxin adsorbent on the intestinal mucosa structure and gut flora of Litopenaeus vannamei. Four isonitroge-
nous and homoenergetic diets were prepared on the basal diet by adding 0 mg/kg (COS or mycotoxin adsorbent),
250 mg/kg COS, 2500 mg/kg mycotoxin adsorbent, 250 mg/kg COS+2500 mg/kg mycotoxin adsorbent, and
named as CO0, C0.25, M2.5 and C0.25+M2.5, respectively. The Litopenaeus vannamei with an initial weight of
0.23+0.02 g were randomly assigned into 4 groups. The results showed as follows: the combined use of COS and
mycotoxin adsorbent helped improve the index of intestinal morphology, group C0.25+M2.5 showed significant
difference (P<0.05) about the intestinal villus length with group CO0, C0.25, and showed significant difference
(P<0.05) about the intestinal width with group M2.5, moreover, the thickness of muscle layer in this group was
significantly higher than others (P<0.05). There was no significant difference (P>0.05) about effective OTUs
(Operational taxonomic unit) among groups; index of Observed species and Shannon index and PD (Phylogenetic
diversity whole tree) value in group C0.25+M2.5 were significantly lower (P<0.05) than those of group M2.5 and
remarkably higher than group C0.25, but showed no significant difference (P>0.05) with group C0O. At the phylum
level, microbial floras detected in this experiment mainly belonged to Proteobacteria, Firmicutes or Bacteroidetes,
group C0.25+M2.5 showed the minimum of Proteobacteria and the maximum of Firmicutes, group CO showed the
minimum of Bacteroidetes. At the level of genus, species mainly detected were Vibrio, Pseudoalteromonas,
Spongiimonas, Photobacterium and Candidatus Bacilloplasma. Vibrio or Photobacterium in group C0.25+M2.5
were lower than that of control group. Group C0.25+M2.5 showed the lowest content of Photobacterium and the
highest content of Pseudoalteromonas. It can be concluded that adding COS and mycotoxin adsorbent in diets had
no effect of on microbial floras, nevertheless, optimized the index of intestinal morphology and the structure of gut
flora, but can promoted intestinal health, and is better than a single adding groups.
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