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(1. ¥ B K F 2B, W 5 48 K= B0l TREWF A O, A oy
KAEAEVFARE SRR =, WrE W H 570228;
2 BRIV R H e A B2 2 e, B 200241)

WE: vH RS ME (3 E3) T, AR MmT 4 EH H B EH (mannan oligosacchar-
ide, MOS) xf LA E s & K g IWANE L. AR HEMEDN P m. KL
BT, % 43T (0.68 £0.01)g 2 Al 18 "4 A 2. 4 Fn 8 g/kg MOS #y 5L 3047 8, F 4%
T 3h E 25 Fn 3 & TR %R 0 g/kg MOS 48 4 1y X o 1E 9 W At B A A s xt B 41, =78
FH42d, R Er: OMILTREAEA, EAXNEL. 4 F 8 gkg MOS 4 3T o £ Kk
MHEEAEG. @ SHEANEAML, KF 54T AL 408 IR S A
1o B At H K AR 4 AL B R ) B3 K (P<0.05), U1K #h %t B 4 e 2 g/kg MOS 417 —
BEEREAE. Qua L HFELIN B, 48 gkg MOS 4 xt 4f i 8 W # + & & (ACE,
chaol) K B EH&E. A, PEFEULINETR, BANBEANTHEMED S KT L
HTHEAMEETHELPE. @ HILTHEANREFEA, 2504 g/kg MOS 41t #F i 18
PREANTHNEFEDLEZRK, EEFHINARMKEIIANFEREZ LA OLIKTFHY
BETMNERE~, KEMESHEREN N TN P WET, W4gkgMOS B FkEH
T ERAEDN TR E R SRR cBRNELE. AREXN, ARB
mMOS fk R & Kt i THNEX I A KB A I RER S, FAETRY
i 2 A A R AR S A B AR N IR R IR R S, R B A T AN EX R
I 78 B9 47 B MOS 5 3 W fm & O 4 g/kg.

REEWE: LAt ar; R, HHEEE;, £K; AN, HEEH

FEDES: S 963 XakFRER: A

FLATEXTUFR (Litopenaeus vannamei) VL& B B X HR FRAE N A IR BE TE A AR R B B B (3R
AR FER R AR A R PRORT PR B i S S5 A AR JE0.5) PAFTED, (H 2 AR R B2 TR 58 AT 23 3 Al
Rt B IR R T AR R, A TN R AR ZRAR RN, WA T Y. 705 R
PO Rl = I S R N 0 S i B 7 A A L g 2K 2 4T RN g T
MR EN R, 2 SR T REE K TRERIAS 45, I, ALBEIFRESAH BN T
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R G2 ik AN R

T RLE R R S ) AR IR © IR B &
— AT TR o A AE R S i R S R
B0 . B SROME IR SR SR N B O A 4 R
JG, Bk B BE S B R K A= 3 i AR K M R RN A
Iy, CTEKRAEEY TR Tz HYY 1
MZ g LT, H R SR (MOS) & i 21 T 7
20 R RDRH S AR o BR SE b — T TR
T 20 H RE () R ECY), BEIE LA S WA A
Mty . G 9RHUEALRE ) . Ay ) AT M R K
A Bl W 0 A A P R DT st LA BRARAS, AR
KRR ER P38 SE g v A B, AR TR s 2 g/kg
MOS fit & # 2 % 45 ¥ i (Rachycentron canadum)
4y 10 iz R A5 00 B = A TS R 1.5~2.0 g/kg
MOS 7] $ = H8] (Pagrus major) %) £ 19 A= K BE
SR R ) He i g1, ax ek SRR W 7R A R
H S IIGE F ) MOS RE 8 2k 5 I 5 I 38 ) £ 255 fi
BRI . BEAh, FEXTH SRR
MIEHFFEh &L, 4.0~6.0 g/kg MOS fi 42 1 I ¢
Je R (Panulirus homarus) A PERE . 4716 R IT
M3 I 8 T BEYY; 2.0~4.0 g/kg MOS BE i 35 2 75
ML EXT R AE K PERE, BInm B EKE,
P L R A f e ", B e T Sk
AW B B ST BB AR K S (3R BE 30~32) #E AT,
T ARDE AR 72 MOS BE 75 $i& 15 16 7 W 88 25 1 A%
AR IR PH A BE AF9T 20 A i

AR TARER S5 GBRBE R 3) T, Tkt
HOS AN [A] 2 5 MOS X L 44 52 X6 MR A 4 1 e
P bRE T . R IRIGIE R, LU
FLYR X WRAEARER 250 N A R SR R it 5 %

1 MRS Tk

1.1 SCIRGER

S TC Ty Kk T AR 52 56 % i AR 06 BF g 3k
B, T LR A ORI g TR,
ML T T R O R A M IR TR, N TERY N
PEIR 4 HERFRE . HERSTEA N 35%. #
N W i 200 9% B EERIEDRE, ARDRIEC 07 W2 1.
Tk ECRE 2k e it 60 H O, BHURA G,
3 SIS ML (F-26, T 74 TO6HL L BHEE
ABRAE, TR, HE) BB, B
il B A% R 2 mm PUREARDRE & R KT R A
AT, BT 20 C vk R AE R .

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

R 1 FLYUEIT 4 LI AR SR ARBE S
Tab.1 Ingredient formulation of the four experimental

diets fed to L. vannamei

HER SRS E/(g/ke)
J Rk MOS concentration
ingredients 0 2 4 3
ik fish meal 370.0  370.0 3700 370.0
E 1 soybean meal 280.0 280.0 280.0 280.0
/NFEHy  wheat starch 200.0 200.0 200.0 200.0
fajl fish oil 228 228 228 228
Fill  soybean oil 250 250 250 250
YREENR  lecithin 100 100 100 100
JEEEE  cholesterol 5.0 5.0 5.0 5.0
HE4eA#  vitamin premix V 200 200 200 200
SEW Y mineral premix ¥ 5.0 5.0 5.0 5.0
YA C  vitamin C 1.0 1.0 1.0 1.0
R LAY
fdeiﬁu; ctlrlififﬁlethyl cellulose 30.0 30.0 30.0 30.0
42 cellulose 11.2 9.2 7.2 32
TRERES  calcium carbonate 200 200 200 200
HEESRE MOS? 0.0 2 4 8
it total 1000.0 1000.0 1000.0 1000.0

A DA R TUREHR AL NI AE 3R (g/kg TR EL): HiERHNZ 0.5: #
H##3.0; RERILYEE 1.0; DL-calciumiZ 23 5.0: MR 5.0: 44
% 0.05; MR 0.18; #4E/E3B120.002; SALAHGE 100.0; HLEE 5.0;
FZEHR 2.0; BERR4EAE FA(20 000 1U/g) 5.0; 4EAEED3(400 000
1U/g) 0.002; dl-alpha-A H B ZFRER(250 1U/g) 8; o-£F4E 5 865.266;
2) T BB UL LT8R [g/(100 @) TR AH: AL 0.004;
TKBRERER 0.250; BRFRIVEE 4.0, -LIKAREREE 28.398; —/KELMRHH
0.650; fHLALAH 0.067; IEAIEREN 0.010; -LKEREREF 13.193; IR —
SN 15; 1R 38.428, 3) MOSIA H H E T INZ3E R VR A IR
AT, JFUREAYE T B R4 B

Notes: 1) Vitamin premix, provided the following vitamins (g/kg
premix): thiamin HC1 0.5; riboflavin 3.0; pyridoxine HCI1 1.0; DL-
calcium pantothenate 5.0; nicotinic acid 5.0; biotin 0.05; folic acid 0.18;
vitamin B12 0.002; choline chloride 100.0; inositol 5.0; menadione 2.0;
vitamin A acetate(20 000 IU/g) 5.0; vitamin D3 (400 000 IU/g) 0.002;
DL-alpha-tocopheryl acetate (250 1U/g) 8; a-cellulose 865.266.2) Trace
mineral premix provided the following minerals [g/(100 g) premix]:
cobalt chloride 0.004; cupric sulphate pentahydrate 0.250; ferrous
sulphate 4.0; magnesium sulphate heptahydrate 28.398; manganous
sulphate monohydrate 0.650; potassium iodide 0.067; sodium selenite
0.010; zinc sulphate heptahydrate 13.193; sodium dihydrogen phosphate
15; filler 38.428.3) MOS was extracted from the yeast cell wall and
purchased from Guangzhou Yilaibao Biotechnology Co., LTD

1.2 FEER

LA 52 Xo WR S 56 FH AR P vh v RS SC B W 660
HABRAAIRMAL, 7RSS AATT, 4hEF7E 600 L
RN GhEE 25) NBFFE 7d, SRJ5 B8 IR 1 43

https://www.china-fishery.cn


https://www.china-fishery.cn

2046 KopE o R 45 4

H, BT — 600 L BRI, B IRE TR,
BLEKAER R E 3, YIRS WS, NP
PR i) Bk T 5 A i B L R — B L4 T X
(0.68+0.01) g, AW 5S4, BAINHE, FH
A 20 FBUF, e FR5H PR R MOS VRN &
gy R @ WK B (R 25 + 0 g/kg MOS i
Bl @ KR XTI @GR 3 + 0 g/kg MOS il k) );
@ EhJE 3+ 2 g/kg MOS 1l ; @ 3 + 4 g/ke
MOS fi K}t ; & EhJE 3 + 8 g/kg MOS il KL, L4
IR 7% A B 35 4T (60.0 cm < 30.0 cm x 36.0 cm) N,
PO HL AR 2 AL S LS HEAR, DA/ Al
T HE N E S AR 22 . LR IWE, REFRE
B, B KB 4K (08:00, 12:30, 18:30 fll
23:00), ARHEHE N OGS Y AR, FRAE S
W RFEE 42.d, SR H #oK # 50%, dEks
200 H g K4St g . FRAEBIMRRES A, K
IR A R S I AE 6.0 mg/L L I,

13 #HFmRERLE

42 d FRIHSLER A, YLK 24 h BURE . iC SR B
AN O R A B, A R R A R R A
Fiat, HRIFHEAEER . WMER | FFEEkE
FICHEE o FH 5 R AE 6 J& X WY e g 51 Pk
&, AR R BAEE Ik 2 B
iR, PRAFT-20 C vkAE S, U T2 ERE R 53
Bro BAEETE LR, 1.0 mL &4 N
i S il Bk B, 5 P BE R (450 mmol/L NaCl,
100 mmol/L KCI, 100 mmol/L HEPES, 100 mmol/L
EDTA-Na,, pH=7.3) IR 551 (1 - 1) J5fitife T 1.5
mL B0, T RERmrNE .. EFea bk
SC RGO I 9 - SN 7B T I 1| N A A
AT A E S, BT REYLER: 4
EAEARHFAT GBS A 3. AR CRE TS
SERPORAETE AT, BEJS R 280 °C vKAR, M
Tk — 20 0 A A AN IS PR TR R T
14 NEERMFGE

14 5 R (weight gain rate, WGR, %)=100x (&
)G T )/ G T

F € 4 K & (specific growth rate, SGR, %/d)=
100x(In 5z 2¢ 1 —In 4 05 75 68 )50 50 K8

HE 36 £ (condition factor, CF)=100 x {4 Jifi & /
(NN

JF A $8 %1 (hepatosomatic index, HSI, %)=100 x

https://www.china-fishery.cn

JET R it o /R o

7% % (survival rate, SR, %)=100 x f5 2L MR 4¢
/IR MR
15 S=EMRER ST

2 MR SR LA AT 2% AOAC(2000) 445
WEDT AT A0 HT . 7E 105 C 5T, 2UFt %
PR K & i, SR ST e (Dumas
RAPID N EXCEED) F1% [K il 2 32 43 5 i1 5 00 %
FHAE RO D7 % &, IR AE S 3R b L 550 <C
F18) 8 32 B8 R I S K A i
1.6 MANIEFRFRIEZIEFRAVN E

JHF T J A O R O, R PR A 2 A
TR (g) 0 WA (mL)=1: 9 By LBl A 9 £5 1k
U AR BRER K, DKOKI A PF T, il 4 i 10% 11
A3, B0 (2500 t/min, 10 min), HU 3,
T Hu A A $s br 000 - SR S 1L ) Ak Bl
(total superoxide dismutase, T-SOD, M k), i
H AL A B (catalase, CAT, fHMZ &), & Bt H K
fii B %% % Wi (glutathione S-transferase, GST, L {6
%), N ¥ (malondialdehyde, MDA, H {53%),
FESMERS IS, e B 1 SR B (total protein, TP,
F L k). W BT A &0 BT R et
BAE W) TARGE ST T, HL AR S 6 45 AR e 1) & i
SR
1.7 [MIEEBIKRE FRFEIRE A& & M4

Z:7% Yang S 0750k, B 30 L By Il k-
Pt E T 96 fLAR I, JNA 270 pL B9WZEK , ffH]
Microplate Reader(Epoch, BioTek, USA) illl & 335
nm OGS R, THER I 2 VKR B (hemocyanin
content, He): B35 4 (mg/mL)= 2.3x0D535 pmo

K HH & AR Tl 58 0O 0 e 3 (NBT) i Jiit form-
azan VE 2 77 A2 8 A 1 B T 4R A5, #% 100 pL
Mk P T 1.5 mL B0 9, 800xg, 4 C,
B0 20 min, FF YW, M 100 pL ¥ R 58 4
Ui $h % (MCHBSS)(0.3% zymosan), 2 I
FL% 30 min, MIIA 100 pL NBT(0.3%) VA , =5 i
%5 30 min, FANA 100 pL 100% I EEAE 1F 0,
FEIR I ZE R FEIR AW o 11 100 pl 70% P 0k 4%
=, AT 30min, HIA 120 pL 2 mol/L & H LA
(KOH) Fl 140 puL — F % ¥ il (DMSO) 3% fi# NBT
b JFIE 8 B A 75 P formazan & 74 45 S BE

R E K P72 22 3240 sponsored by China Society of Fisheries
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f) ODg30 nmd T 1154 W W 43 % {6 £ (respiratory burst
activity, RBs),

1.8 BEME ST

i 3 A 0 D A R R R B 3 A FR
oAl (R E, des)) B oE . 4 DNA $2 HUs
FKHIE 5% 515F (5’"GTGCCAGCMG25PSUG
CGGTAA 3") Fl /2 Ia 5] ¥ 806R (5'GGACTAC
HVGGGTWTCTAAT 3'), PCR ¥ 440 16S #%
TR RNA JE K (18 V3-V4 X, ¥ 3C P28 i Tlu-
mina 2\ 7] TruSeq® DNA PCR-Free Sample Prepara-
tion Kit # R | & W &, CESWKE, M
NovaSeq 6000 VEAT EHLIN R, A= Bl PR S reads.
ARSCHRAF P BT LLAE SRA HRgRAE, HE RS
) PRINA693825, fdi /] QIIME X J 4 )5 5] %5 4f&
AT g, RS, A Uparse 54 (Uparse
v7.0.1001, http://www.driveS.com/uparse/)>* % FT A
FEAREAT RIS, DL 97% M — SOk 15 51 38 28 AL
b OTUs, [A] i} % B OTUs Ay AC £t )5 510 . %t
OTUs J¥ 41 ¥ 17 4 # 7 B, H Mothur 7 % 5
SILVA138  (http://www.arb-silva.de/)*" () ~ SSUr-
RNA $ i 22> 3E 47 9 F e B o0 AT (U 2 B (B
0.8~1.0), H| ] QIIME(Version 1.9.1) % {1 ** i1 44
Alpha Z¥:1:F5%0 (ACE. Chaol., Simpson. Shan-
non) Fl NMDS, I ] Venn[& 43 %Il 32 5 3£ 52 5 ife
— 1 OTUs. L 430 51 53 A1 (LDA) R0 K /)N
(LEfSe) % 7E 45 LI 4 HAT B 11 & L) biomarker
(LDA>3.5), M4k, Ry T 8 2 A 5 20 Wi g i
PR (F FEAE HT 50 A7) Al (8] AH B AE FH i 25 55 35 B
P4 bR UE Y 42 (Rho >0.6, P < 0.01) 15 9 A %50 i%
2 8 T] AH B FH D 4% R O S A F e
Pk, AR | YRS SE A E R
{#i | Tax4Fun % OTUs 47 ZhHEFHIM =T,

1.9 BURAIEF ST

SR P (PR 1ETR (mean + SE) 6715,
K 11 SPSS 22.0 43 At kA, g KOk BREH 5 AR ER 4k
PR WA AT IS AR A e K 35 AR ER 77 5 A5
T B A5 S5 21 HE AT KR J7 22 438 B (One-Way
ANOVA), J/E Duncan [ Z & LK 5K, LU P<
0.05 F Jy 22 55 b & M I Wi ks 1 . A SPSS 22.0
Iy BT A 1 £7 Spearman Al ek 43 H, XX R
YR e R HLEE (ORISR AT
MM o i FH Gephi fil Cytoscape 3.1.1 #k {4

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

X 000 2% PRI 1647 142 0 T AL b 3
2 R

21 HEKMEE

ANEKARER E SR MOS &M,
TR BEA X AR g R AR AR KRR B E AT
fIGER X R 41 (P<0.01), 5 MOS M4l %A %
P22 5§ (P>0.05), (KR &N, BEE WA KR
MOS & i 3N, AW ER | R A KEM
JEH B 5t BT . A TR X AR AL, 8 g/kg
MOS 4134 8 % | 4 AR KR ML B & T
(P<0.05), 1M 4 g/kg MOS 4 A4 & A4 K &R 2 T
1 (P<0.05) 45 Ah B2 1] JHF 1A F8 BRI 15 2R 15 G
W2 (P>0.05) (1),

22 UMK

4 LG I X R A2 MR K A3 FOK 2 & A
W35 25 (P>0.05). 3 4> MOSTR i 4i X} iR HEL g i
SREEST 2AMENEY (P<0.05), 1AM, 8
g/kg MOS A XTIFHH 2R A & e W H (R T 2 8
Xt B ZH (P<0.05), 2 g/kg MOS 4 XF i KL 25 (&
i E R TR K R IR 2 (P<0.05)(3% 2).

23 IMEMMEEMEZIEMR

ANEKRER B Sk MOS SR, 5
WK AL AR B, AR 3R A5 1 T 45 A B2 B R
A4 15 A T RN A JBE T R 2R 2 A I 1 3
ik (P<0.05), AIKERXTHELIFN 2 g/kg MOS 475 ik
TR B ETHR (P<0.05), 14 F1 8 g/kg MOS 4N
TR KR B K T R K (P>0.05), I
FAR TR XT B4 F 2 g/kg MOS 4H (P<0.05).,

Vg KT A i 9 AR v R T I R R
PR 5 25 TR ER X B4 (P<0.05), % 3h a0 & 1
T, AP MR AKRE LR EEES (P>
0.05), i MOS £H X 5 I Wz 45 2% 335 4k 4 b 2 8 T
IR %F B4 (P<0.05). B & 1) AL b MOS 5 & 19
Fhr, LW AR VR RN R A 3 1 AR R L T
B, Horp, 8 g/kg MOS 2 WP I 45 % 3 7k I 35 v
F 2 g/kg MOS 4 (P<0.05)( 2).

24 BREMEMEN . AR

LU B TR KR AL ARAS 1658 473 A E TR EA
RO Y reads, -3 RASFEATS F 87 288 5741,
JF 30 - 24K B Sl 415.89 bp. UL T A RE A 45

https://www.china-fishery.cn
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2048 S (14 45 %
500 | ST ==
= 2 :
2 400 | SE 4 :
o B g
S5 300 ¢ MZ 37
EN 80 =
iz | ¥ & |
5 200 He 2
2 100 | i 8 1t
= @&
0 0
0 0 2 4 8 .0 0 2 4 8
H#E 5EhE & 2/(g/kg) MOS concentration H#&SEpE & B /(g/kg) MOS concentration
ELJE 25 g 3 % 25 HhJ% 3
salinity 25 salinity 3 salinity 25 salinity 3
(a) (b)
1.0 S . < 8
5 08 > cE 6
SE 6 %2
fiud g ’ gm g 4
B2 04t <3
=23 ° bl
s =L 2l
g 02 g
(5]
= H
0 0 :
0 0 2 4 38 0 0 2 4 8
H#E WS //(g/kg) MOS concentration H # T HE & /(g/kg) MOS concentration
I 25 3 #hJE 25 HhJ% 3
salinity 25 salinity 3 salinity 25 salinity 3
(© (d)
80 ¢
o 60 |
X B
j«ér S 40
0
0 0 2 4 8
H #E B A R/ (g/kg) MOS concentration
#HhE 25 #HhiE3
salinity 25 salinity 3
(e)
Bl1 FREKiEEESHER MOS &85 LRSI E Kt AER S .

* RN TR ALIE 2 5 B3 (P<0.05), **FoRAMZERMEE (P<0.01); A AR TR RS ALE % 57 83 (P<0.05), A F 58 F8 4 0 2%
A RE (P>0.05)
Fig. 1 Effects of different water salinity and dietary MOS concentration on growth performance of L. vannamei.

Values with * represents significant difference between groups (P < 0.05), * * represents extremely significant difference between groups (P < 0.01);

Different small letters represent significant difference (P < 0.05), and same small letters represent no significant difference among groups (P>0.05)

R, TTACET LGN XTuF i 8 LA AR iJEREG T AR = B 8 e (P<0.05), 2 il 8 g/kg
WIEAE I ] (Proteobacteria) . LA B ] (Bacter- MOS 47725 B T T ARXS 3 B 2 T (] 3-¢) A
oidota), Jil £k B4 I'] (Actinobacteriota) F1 J5& B¥ B[] FoFARER X R4, 2 1 4 g/kg MOS 1R E W [ 1 AH

(Firmicutes)([¥] 3-b), 2 FhEL B FAAHLHT (top 10)
R ASARG R X5 BB 2 JE SR ] (Verrucomicrobiota) A
Xif = JE 3 R AIG (P<0.05). M L T K X R4

MOS B INZHAETE 1R T 1A X 3 B Bk 2 B A (P<0.05),

https://www.china-fishery.cn

Xt B W FRAR (P<0.05), JREBE R MIPERA ]
AEXT = B i 3 TR (P<0.05).

JiAh, o ZREVE T R, 2 FhEh B G R 2

i TR B W) Fh 2 F£ M (Shannon, Simpson) 13 &

o E K P2 2 320 sponsored by China Society of Fisheries
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#2 BHAHENMMAMRSZE AR S S8 CETFE, %)

Tab.2 Whole body composition of L. vannamei fed experimental diets at different

water salinity (dry weight basis, %)

EhFE25  salinity 25

#hEE3  salinity 3

H R S (g/ke) R EERE S B/ (g/kg)
MOS concentration MOS concentration
0 0 2 4 8
FEE  crude protein 7413 £ 1.21 71.99 + 1.35° 68.15+1.30" 70.37 +1.93% 67.45+2.17"
MW crude lipid 8.23+0.36 8.33+1.34° 13.00 £ 0.60™ 13.01 £0.65™ 1127+ 1.41™
W4y ash 13.82+0.52 14.73 +1.18 11.02 +3.01 12.32+1.28 13.49+1.25
JK4>  moisture 77.64 +0.87 78.06 = 1.79 76.49 +0.56 79.36 £ 1.37 77.24 £0.51

I FATEIR R AR R R R LR 22 7 B35 (P<0.05), **RIRAL I 22 R AR R 3 (P<0.01); B AR - BER R4 18] 22 7 . 3 (P<0.05)
Notes: In the same row, values with * represents significant difference between groups (P<0.05), ** represents extremely significant difference between
groups (P < 0.01) and different small letters represent significant difference among groups (P < 0.05)

J& (ACE, Chaol) TG It % 2% 5% (P>0.05), FEAKE: W
BT, WHIEMA YR Z RS
kA MOS VI hinmss i, J7E 4 g/kg MOS
kB, MG N AH T 2 Ak B xR
ZH, 418 g/kg MOS %1 ACE Fil chaol $5%% . % 7t
B (P<0.05), I4h, 4 g/kg MOS 40 ACE #I chaol
8B ZE T 2 g/kg MOS 4H (P<0.05), [a]FEHE ,
2 g/kg MOS W32 5 T B AEY o ZHEMEFE L,
{AALAE ACE F5 %k I R B0 3 1% (P<0.05)(I&] 4).
Venn Kl 75, A MEMAZ.O OTUs A 274 4>, 4%
A OTUs 43 Wl A5 237, 161, 58, 338 Fl 123
A (K 3-d), NMDS 7R, iK% A 5 AR
fiip e £ 1 B 45 4H (0, 2, 4, 8 glkg MOS) #R &A= T
W20 B, 3R T Anosim Z0 M &5 SR S0 EF (P
B394 0.028, 0.028, 0.020, 0.042)(&] 3-a).

25 MBXMEDH

AT k2 I B AR S R TR 0 R R
RAPE . ML H AR 7 B2, AHF5ER H
Spearman AH G 73 A 6 50 i T IR B L S R A
FLAR L FELRE D7 22 (8] i AH DG ME o TR W06 (T
JE A1) AR T4 [ A 5o it 25 55 19 Biomarker
(LDA>3.5), 1#/MTHEJE (Exiguobacterium), B K
ZESH T B R (Gemmobacter) L J ML 7 5 2 FARL
EASEEEENMIC; WIS (Bacteroides) .
Agathobacter. #7557 5 R # & (Blautia). X535 &
J& (dkkermansia). & FT W J& (Faecalibacterium) .
5 EH BRI B (Ruminococcus) F17% Fi AT H )& (Phas-
colarctobacterium) FXF = B 5 FL Y4 ¥ X} HF I 0 42
R PR RV G o % £ 5 3 IE AR G (81 5),
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Fig.2 Effects of different water salinity and dietary MOS concentration on antioxidant
enzymes activities and immune parameters of L. vannamei
Values with * represent significant difference between groups (P < 0.05), **represents extremely significant difference between groups (P < 0.01); Dif-
ferent small letters represent significant difference (P < 0.05), and same small letters represent no significant difference among groups (P>0.05). The

same as below
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3 AREIKFEHE SRR MOS 283 LAUEX N ER S H . 519K Venn EIRIS/A0
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Fig.3 Effects of different water salinity and dietary MOS concentration on intestinal bacterial
community composition, structure and Venn diagram of L. vannamei

(a) Beta diversity analysis NMDS; (b) Relative abundance of bacteria at the phylum level(top 10); (c) Differences in relative abundance of bacteria at the
phylum level, 1. Proteobacteria, 2.Firmicutes, 3. Bacteroidota, 4. Verrucomicrobiota, 5. Planctomycetes; (d) Venn diagram analysis depicts the numbers
of shared and unique OTUs. Values with * represent significant difference between groups (P < 0.05), * * represents extremely significant difference
between groups (P < 0.01); Different small letters represent significant difference (P < 0.05), and same small letters represent no significant difference

among groups (P>0.05). The same as below
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Fig. 4 Effects of different water salinity and dietary MOS concentration on the a-diversity indices of L. vannamei

Values with * represent significant difference between groups (P < 0.05), * * represents extremely significant difference between groups (P < 0.01);

Different small letters represent significant difference (P < 0.05), and same small letters represent no significant difference among groups (P>0.05). The

same below
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Fig.5 Correlation analysis of different water salinity and dietary MOS concentration on representative microbial

genera, non-specific immunity parameters, crude peotein and crude lipid of L. vannamei

The analysis of biomarkers in intestinal flora among different treatments identified by LEfSe (LDA >3.5). (a) Seawater control group , low salinity con-
trol group and (salinity 3+ 2 g/kg MOS) group; (b) Seawater control group , low salinity control group and (salinity 3 + 4 g/lkg MOS) group; (c) Seawa-
ter control group , low salinity control group and (salinity 3 + 8 g/kg MOS) group; (d) Correlation analysis on representative microbial genera, non-spe-
cific immunity parameters and crude lipid. The color is according to the Spearman correlation coefficient distribution. Dark grey represents positive cor-
relation, white represents negative correlation, and light grey represents weak correlation. Asterisks represent that the correlation was significant (P <
0.05)
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Tab.3 Topological properties of the intestinal microbiota co-occurrence network

hIEF25  salinity 25 hE3  salinity 3
H#R S R (g/ke) H R SRRSO 2/ (g/kg)
MOS concentration MOS concentration
0 0 2 4 8
A node 43 35 45 40 46
i edge 167 78 360 159 118
SPHIEE average degree(avgK)' 7.767 4.457 16 7.95 5.13
P density 0.185 0.131 0.364 0.204 0.114
Hibeft  modularity 0.329 0.626 0.383 0.51 0.711
P centralization 0.206 0.142 0.166 0.163 0.113
SR heterogeneity 0.867 0.69 0.481 0.651 0.632
1E/AHE 1%
SURIAE /% 60.47/39.53 65.40/34.60 54.96/45.04 54.13/45.87 67.85/32.15

positive/negative interaction

® Actinobacteria
Alphaprotcobactcria

@ Bacilli

® Bacteroidia
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@ Clostridia
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@® Cyanobacteria
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® Negalivicutes

() (e)
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(a) H /KX HAH ($R FE 25); (b) IR Eh %t HEAHL (BREE 3): (o) #h/¥ 3 +2 g/kg MOS 4: (d) 3R/ 3 +4 g/kg MOS 41 (e) #h /& 3 + 8 g/kg MOS 41,
BATAREL DR, ARMWSORRIETAFRKN. WA S, LARRIELHER, SURRNOEEER
Fig. 6 Effect of different water salinity and dietary MOS concentration on
the ecological network of the intestinal microbiota in L. vannamei

(a) Seawater control (salinity 25); (b) Low salinity control (salinity 3); (c) Salinity 3 + 2 g/kg MOS; (d) Salinity 3 + 4 g/kg MOS; (e) Salinity 3 + 8 g/kg
MOS. Each node represents a bacterial OUT (genus). Colors of the nodes indicate OTUs affiliated to different major classes. A red edge indicates a posit-

ive interaction, whereas a green edge indicates a negative interaction between two individual nodes
R A TS AL E TR SE . AE/R ARAEVRSE, X5UARMEIRMLL, Wik
AT, TGk MOS USRI &, A AL FRAIARBE AR B i 1B R W A R R A b R 1 TR
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salinity 3

Fig.7 Effects of different water salinity and dietary MOS concentration on
the gut bacterial-mediated KEGG pathways of L. vannamei

1. Seawater control (salinity 25) vs. Low salinity control (salinity 3); 2. salinity 25 vs. salinity 3+ 2 g/kg MOS; 3. salinity 25 vs. salinity 3 + 4 g/kg MOS;
4. salinity 25 vs. salinity 3 + 8 g/kg MOS; 5. salinity 3 vs. salinity 3 + 2 g/kg MOS; 6. salinity 3 vs. salinity 3 + 4 g/kg MOS; 7. salinity 3 vs. salinity 3 + 8
g/kg MOS; Dark grey represents increased pathway expression; light grey represents decreased pathway expression.(1-4, groups compared with salinity

25 group, 5-6, groups compared with salinity 3 group). Values with * represent significant difference between groups (P < 0.05)
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Effects of dietary mannan oligosaccharide supplementation on growth,
health and intestinal microbiota of Pacific white shrimp,
Litopenaeus vannamei, at low salinity

TANG Shangshang ', HAN Fenglu ", ZHOULi', LIU Shiyu ',
XU Chang', CHEN Ligiao® ~ LI Erchao "

(1. Key Laboratory of Tropical Hydrobiology and Biotechnology of Hainan Province, Aquaculture Breeding Engineering Research
Center, College of Marine Sciences, Hainan University, Haikou 570228, China;
2. School of Life Sciences, East China Normal University, Shanghai 200241, China)

Abstract: This study was conducted to investigate the effects of various levels of dietary mannan oligosaccharides
(MOS) on growth performance, antioxidant capacity, immunity and intestinal microbiota of the Pacific white
shrimp, Litopenaeus vannamei, at low salinity (salinity 3). Juvenile shrimp (0.68 £ 0.01 g) were selected and fed
experimental diets containing different MOS concentration (2, 4, or 8 g/kg) for 42 days. The shrimp fed 0 g/kg
MOS diet at salinity 25 and 3 were served as seawater control and low salinity control, respectively. The results
showed that: 1) The weight gain rate and specific growth rate of shrimp in low salinity control were significantly
reduced compared with those in seawater control (P < 0.01). When compared with low salinity control, these para-
meters together with condition factor in 8 glkg MOS group and specific growth rate in 4 g/kg MOS group were
significantly increased (P < 0.05). 2) Compared with the seawater control, total superoxide dismutase activity and
glutathione S-transferase activity of hepatopancreas in all low salinity groups were decreased significantly (P <
0.05). Malondialdehyde content in shrimp fed the 0 and 2 g/kg MOS diets were significantly increased (P < 0.05),
while that returned to seawater control level in 4 and 8 g/kg MOS groups (P > 0.05). 3) a-diversity analysis
showed that hyposaline stress had no significant effect on Shannon, Simpson, ACE and Chaol indexes (P > 0.05),
while ACE and Chaol indexes in shrimp fed the 4 and 8 g/kg MOS diets were more significantly improved than
two control groups (P < 0.05). In addition, B-diversity analysis showed that the intestinal microbiota of shrimp in
seawter control was clearly separated from those 4 groups under hyposaline stress. 4) Compared with two control
groups, the relative abundance of Proteobacteria in shrimp fed 2 and 4 g/kg MOS diets were significantly
decreased (P < 0.05), while Firmicute and Verruccomicrobiota were increased significantly (P <0.05). 5) Func-
tion prediction analysis by Tax4Fun showed that, compared with seawater control, low salinity stress had a subtle
effect on intestinal microbial-mediated functions. While in 4 g/kg MOS group, most pathways related to energy
metabolism and immunity at L3 level were significantly improved (P < 0.05). To sum up, all results suggest that
dietary MOS can promote the growth performance, improve antioxidant capacity, and immune system in L. van-
namei at low salinity, and shape intestinal microbiota structure and composition to help L. vannamei cope with
hyposaline stress, and dietary 4 g/kg MOS supplementation can be optimal for the healthy culture of L. vannamei
at low salinity.

Key words: Litopenaeus vannamei; low salinity; mannan oligosaccharide; growth performance; antioxidant capa-

city; intestinal microbiota
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