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T DO 4 (P<0.05); D2 #1 D3 LHAFT 1 zo-1, occludin, mucin-2 ., tr4 , hif, il-10 mRNA kK 5 FF & (P<0.05),
M D1~D4 20/ il-18 1 il-6 F1 D2 201 nf-kb mRNA 223k /K 52 FEAK(P<0.05), 718 P 251 4 % 5 6 107 1R 2H 1,
7%, D3 IS T ER & &M D4 A& B L E 5 T DO 4(P<0.05), il BiRELE A4 T, PCA 43 #7 s DO, D1, D3
HBRAE—, M D25 D4 LM LIPS ; D2 1 D4 4555 B & (Pseudomonas) FE KT B J& (Cetobacterium) i)
JE AR, BRI E (KB (Ralstonia) . 158l J& (Pantoea) = i i 3 T 5 (P<0.05); D1 4 AEBUR B & 2 . 3%
FEAR(P<0.05), iS5 SRR, FEMREH IS IN2%0i0 35 2208, 1T A4 & 1 B e gl £0 (0 AR MR BE, Bl i o0 B e i bk,
e B R I APURALBE ), UGS B RS, A s THEER ., SAMER ., e KEMER R,
K R A4 A fRDRE RV SR 2 RS BRI 5 1.76%0 . 1.77%0. 1.74%0.
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BN, Zuo ZUOVH i E 2SR RL Y
Wk AT DL #7245 B8 (Channa  maculatusQx
Channa argusd)TE & W T A%, 15
18 5 U R AR R R R I 0.60% S5 2 A AT LA
=B 4 A8 ¥ £ (Pelteobagrus  fulvidrao?Q x
Pelteobagrus vachellid)WAEKVERE . 1A BHE L%
MLEALRE ST, FRARATHESG . Bakky 251"1%
Wi (Gracilaria lemaneiformis)Z M n] LIAE A %
BE WK T £ (Siganus canaliculatus) W) A= K A2 #5751 Al
G PE RGN, ZERERES I 0.15%0 250 R Je 4f -
Abdelrhman %71 S 1 2% 1 3% 183 22 (19 )
) W21 % HE #8242 F (Oreochromis  mossambicus Q%
Oreochromis niloticus3)12 J&, HeW8 o 2 #2 oA
KM BE RN 38 AR D e, %P E L . R
TEAS WA B350, Huang Z5UY7E K O B 61 fa
B A AR A 0%~0.2%36 3 24, KB 0.05%
P A R R e AR K M ae s, H 5 X R
YIAH L 22 57 R B3, 0.05%~0.10%1 5 22 4% Ak 1%
& = I A T AL AR e BE T o AN TR b i i 22 0
HAMN—FER R IR, 163 2 050 440 0k b R
{7 fizp T {5 ) I FHAE 9840 5 LA

AW LK O R x4, DS
T 2L A B A PR w SR A 0 165 8 22 07 o o
4ee 913 VEAIERNES N, W5 s A [
TRV 1 e 2 BT R T PR B i A K fE . BB
FRBSZMA, JFAR 8 HAE FL A ek v 3 B i hn o
Ry i i 22 WEAE K 7 Sl ) S B B HE T N 4
LS

1 HRET®

1.1 KIefA

MR 1 BB 5 7 5 SR R, AT AR E 4 AR
S B A A B 2 B O I B 2 S R A Rk
(50.0%3E 1, 13.6% 5 Wi)/E R BLatim L, 435 dshn
0%o . 1%o . 2%o « 3%o T 5 22 WEFN 2%o e BE A MU BE, 10
4 DO, D1. D2, D3 fil D4, Hrf DO x| B4, D4
H(EA 2%l BE A0 B REVWE N BHPEXT BREH . iz
FIA X 5 A SR ARL . T 2R T Y
U5 AE DR A IRA w4 AL R R A B 4E e 913, 2
Mg . BURESE | A AP RO R SR S,

A AR AR TR A0 i R R M BT R A
B ) D) B 1% 5 e - 241 B
1.2 XLWa5FREEE

S0 K H RS 0 CFBIAE L) 6 o)W H T
TR ERIK =R A BR AT . FRIESEAE] R
BNV B} 2F B 2 2 56 3 b K 7 52 56 L i 11 25 N 9
WKFRFH R G b it AT, FRIEGLARFN 300 Lo 77K
fOFT 3 K, i 0.01% &4 R A A O 727 R 40
B AT R o ¥ 2000 FE 5256 14 & 2 AR
IR SR G R 77— 8], 93] X A 2 e g
T, [RAME 2k, S AlfER b 8 AT 4
R R, (HARENEIE I N SR 7 IE
KX FRIH LI TR I, g YU 24 h 547457
o, WRECACH 40 B, RS S 4, &
4 4 AFATEL, 20 DFRFEET . 5758 W (] BT A
Tk 2/3 KA, A3 JETE B | SRR AT, FEPE R E
WG R K R G0 R e B 2, PREF/KIR 24~
30 C, pH 6.8~7.8, WAWKE<0.5 mg/L, #fifA>
6.0 mg/L . B RiC kA B SRR R i R R 5, g
S 0 g ORI E N O, 0 SR AE g T
FrRigpptfaiieE , FRAH RN 8 .
1.3 HHm:F

TSR SLE AT 8 AL )i — R R S 56 4]
KA 6 h, BHELEC4 BB, WEEMENAEY . 556
il 50 mg/L (1] 2 3% 28 R & TR W e R R
(MS-222)fk ¥, FREE, fiRFEm A 75% M0k
FRERIEAT S, SR G M HT I fa i s, FH JC 1 %
T MBI MG E N iR, BT
M A o TR B8 £ mT s 205 I i 4B N 25
PINOEH, A 2 mL BHE.OE . H—ikE
SR 1 mL JCTR ) PR 22 t R (PBS) it 4
8, WM I8 A Bk B R TE N2 bk B TG T
DA KRG E NP R E O T IRAE 3
HIG, B T80 CUKFEIR-IE4

TSR SR AT 8 AL )i — R M S 6 4]
BHE 24 h, KRR AKRE L HEE, SIHGAHE.
FAN, FEELEC12 B, FMS-222 FREY G HBURE, H
i, 2 B4 E 20 CuKF R T E 4 fa
Ry, 10 Bfasrilfraiid . (RESA KRR
Bhro LLAL, WGARE ) 6 A 1 mL —kMHEE
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2R A A ARDRE R AN B 22 W DA 1T SR M 4 £ A R R g it B ) S 1125

SR N R DK A SR 0L, SR IS T UK AT T
WG, BB HS, RER A B
HT B AR G T80 C ok R-ATH T
fitg 1% SE A HUET G S B WA R 5 & T
—80 “C KFH PRAF T 5E R 23K 09 i o il A ol
WAE S TE 4 CHUE 2 hJ5, 3000 r/min .0 10 min,
W B2 T 1.5 mL &0 H, BEF-80 C
TRAFs o Jioh, BRGIE 2 A5FRE AR Y fa,
filt W BT BT 4% 2 R B O, SIEm A
2.

SERUNEERIS I DA AN R = /A W/ T

HH (WG, %)=100%x (&K - HE—)1hH
V- B ) 0] 4 - 2 1A

FEE A K (SGR, %/d)=100%x[In(Z& K -1
TR HE )~ In(W) f V- S R 0 ) )/ 3% 5B R A

Tl BL R B (FCR)= S 4% £ i T 8 /(A R R +
et AR ) IR AR ),

JIEL3 FE (CF, g/em’)=100%x A AR E /A K %

FIEAAR VST, %)=100%x A Ak P B /1R o ;

JFFAA L (HST, %)=100% < JiF ik 5 525 /{4

T715 3R (SUR, %)=100%x 5 4 25 o 10 F& 50/
I FRAR
1.4 EFBSWUE

S0 AR 4 81 7 R A 1 N R SR R
B, 7K DN 2R B IR 4, H AR R T
PRFATE 105 Crppt+ 2 E g, M H a0 2k H]
gL G A HLAR 7 A9 I ok R TRl 4 12
JROT B2 T B i AE 550 C TR ZEE
1.5 MFEEEELERUE

1ML ¥ H R IE [ B (cholesterol, CHOL) . H il =
fig (triglyceride, TG). &L H (total protein, TP),
M (ALB, albumin). Ifil##(glucose, GLU). #
N 7% % I (alanine aminotransferase, ALT), 7+ &L4%
Z i (aspartate aminotransferase, AST). {lX% & Jig
#E 1 (low density lipoprotein cholesterin, LDL-C) .
151 % % 5 25 F (high density lipoprotein cholesterin,
HDL-C)HH " R4 ) N T8 B e R FH H 52 7600
4 3 A3 B ORI o IV U R R T R (free
fatty acid, FFA)MIIAE R ] b6 BEEC AR A R
A YR &, BRSPS IR B kAT

1.6 F7iEHHERNE

He w A RE R o 0 S AR B K 12 9 (wiv)iR
BAIEBERE, B5.05(3000 r/min, 10 min)fE, W b
EW . ARG B RS I . oD A0 T AR A 1 1) 0
FE SR @ E Y TR I p kR, 2R
SEEG PR IR UL B AT
1.7 BESRERETELEFHNE

T W ) 3 S 1k AUl (catalase, CAT) ., A %A ML
Wy Ak i (superoxide dismutase, SOD). 2+ bt H ik
i E ALY (glutathione peroxidase, GSH-Px), N
. [ (malondialdehyde, MDA) . & ¥ # 2 iy
(alkaline phosphatase, ALP). P&V #% iR i (acid
phosphatase, ACP). ¥ [#if(lysozyme, LZM), b
& 3 (complement 3, C3), #MA 4 (complement 4,
C4) . He BRI M (immunoglobulin M, IgM) fl 4
PEEREE 1 A (immunoglobulin A, IgA) il K H
bV IR B AT BR A m R, ARSI
D7 iEFE UL 5317
1.8 EHEMRANE

R 6 BOMBIENEY), £FDICER
D2 AR e 95 A6 B2 w0 s et e s 7 PR AL 8, R
TR KIM/R GCMS 1SQ LT ML, 2351
g, WM. 7T, ETR. SR, 1EKR
PR b I VEPRAE M e, FH Sk A< BUREAS TR g A 15
HERER AR TR, S AR RRARE T A L B e
B FIEE TR AR, ARATAEAS 25 Pl R TR 1) 75 82 o
1.9 BEHALAYIF HE &

TRLHI 6 FE 11 4% 2 5 B R AF IO T A REAR
TE BT B K, 54 WA, ks
A3, HU R ALY 4 pm BBV R, RHAK
LT AT YL B (H.E.) o FH 2 BCAT FHBLED BE A2
B8 (Axiocam 506, Zeiss, Germany) X Y] i #£17
WA AR, I H BR R E A (ZEN 2, Zeiss,
Germany)i#F 175081 . Ak iE Y R 35041 8 A4~
DR, T ) R R R WUZ R .
FETREE. EmE. BENE. 8B,
PR 0 i i 25 45 Hr o
1.10 RNA $REUR EERiLNE

¥ ] BioFast simple P Total RNA Extraction
kit (BioFlux, China) \Hiiz4ZI4EHUE RNA, B
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1 pg & RNA, fifi [ PrimeScript RT reagent Kit Fll
gDNA Eraser (TaKaRa, China)i{7| & & lEE —%E
cDNA, ¥4k cDNA RAF7E-80°C o . RH
CFX Connect Real-Time System %¢ ;& & PCR 1Y
(N S 52 2 A RN v )il 5 2% B AT mRNA %
ik, WS ELH B-actin 1 H B AR SRS | il
M NCBI 5198t Ar seit, Jf i BT
WA 55 A R A A, WA 1 T R B
BEHT I SR ) cDNA 1R R 3B, 43044
# B-actin FI H BYEEF Y G bREM L, i BT
IV PR AE DT FEFAH OC R 8, LAKSIN & X0 5 [ 4™

W R R ERIROR . PO E R PCR (qPCR)
KR SR FL 10 pl, f34E 5 uL Taq Pro
Universal SYBR qPCR Master Mix*ifjf], 1 uL
cDNA, 0.5 uL 51%(10 pmol/L)F1 3 pL K78
/Ko qPCR R WA F: 95 CHZAZPE 5 min; 95 CAF
£ 30s, HARIRAEEIE K 205,72 CHEMI20s, §718
40 MEF; M 65 CUEFTHE 0.1 CHELETHE
95 C ARG EIE £k o TR 53 I 6 BB i) il
cDNAEH qPCR ¥ 84, 451> cDNA AR 454
3K, mila, MERMXTNZS B-actin FH
AR XT mRNA kR A 2744 B35

#®1 HTEZHEE PCR (qPCR)HIS| 4

Tab. 1

Primers used for real-time quantitative PCR (qPCR)

5|92 FK primer name 519 ¥ 51 (5'-3") sequence (5'-3")

724 K/Nbp qPCR product size & %5 accession number

: GTGCTGTCCCTGTATGCCTCTG
: CGGCTGTGGTGGTGAAGGAG

p-actin

hif
: CTGTGCGACTGCCTGGTGAG

tir4 : CCGTGCTGCTGCTTGTCATTG

: ACGACTTGGACCTGGAGATGTTG

199 XM_038695351.1
189 XM_038729572.1
200 XM_038725039.1

mucin-2

il-6

il-10

il-8

tnfo

nf-kb

zo-1

occludin

claudin-1

il-18

F
R
F
R
F
R
F
R
F
R
F
R
F:
R
F
R
F
R
F
R
F
R
F
R
F

R:

: TTCTAGTGGTGCGAGTCTTGCTG

: CATCAACATATTCCACGCTTCATCC

: GGTTCCAGGCTGACATAGACTTG

: TGCAAGGTGTCAGTCAACAA

: GTGTGTAGATGCTCGCTAT

: CGGCACAGAAATCCCAGAGC

: CAGCAGGCTCACAAAATAAACATCT

GCTGCAGAGGTTGAATGACTAC

: TCCAATGGGCCTTTTCTCCT
: TGTGACGGAGACCAGATGAC
: CAGACCGGCTTCAACAAACA
: GCGAGCCCCTTCATAGAGAT
: ACCAATGAGATGCGAACACG
: ATCTCAGCAGGGATTCGACG
: CTTTTGCGGTGGCGTTGG

: ATGTGCCAGAACCTGTACCA
: GTTTCCCGTAACGCCAGATC
: CCAGGGAAGGGGAGCAATG
: GCTCTTTGAACCAGTGCGAC
: TTCAAACTGCAGGCCATCAC

CAGCTTTACCGCCTTCCATG

111

82

119

XM_038706087.1

XM_038732985.1

XM_038696252.1

189 XM_038713529.1
186 XM_038699437.1
182 XM_038730801.1
208 XM_038700548.1
208 XM_038715419.1
106 XM_038713307.1
166 XM_038733429.1

1.11 FFEEEE 16S rRNA EENES&HH R
HHI 8 BANmENAY), S REFR
F 16S rRNA i PR >f il 7 4% e £ 1) 17 3 ol 7

A, OTUs, a ZH:1E(Chaol $8%(. Shannon Fl
ACE)HI B ZFEME(PCA)SHHTR F QIIME(v1.7.0)%k
7, I R BAE(v2.15.3) B . 4] o ZREMEF B
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ZREME G T 22 57 R Tukey 656 F1 Wilcox £
55, SR UPGMA X FEAR AT ER K,
1.12 HESH

s L B A5 3R ( X +SD)RR . (1
SPSS 19.0 (Armonk, NY, USA)X SL 5 45 Rk F 745
Ao M, SR B BER U5 22 43 T (one-way
ANOVA)FI Duncan 2 5 L85 K 35 45 20 18] 1Y {2
EES, BEEERKFREN 0.05,

HBRES

2.1 ARBPREMERESENAORSERMERE
A
R R gl i SRR R 8 Ji ), #5441

2

K2 FHESAREKX

£ 1 BTG 35 100%, 13k 2 s, D1 fil D2 41
PG EE R | REE A KRB 3 & T DO XHIRZL A D4
ZH(P<0.05), Hrf, D2 ZHAYMHF R MEREH K K
ermr; D2 AR R BURAR, AR B A
D4 #41(P<0.05); D1~D3 ##Y#Ef& ) R4 1,
Hrp, D1 #1 D3 246 £ & 0 35 = T X IR 41 F0 D4
41 (P<0.05); D1~D3 4 B AFA L . B4R e 8 25 KT
X BRZ AN D4 4H(P<0.05), H. D1 41 FF4 H A
TR L eIk . D4 AR 25 A8 An L S50 R4 R 2 8
EMEZE R (P>0.05) It XK BB L) a1
FORREARR . R R T — s Ry R
2R Im1 T A3 AT R 20, el v 1A 9 2 W T 3 RS
I3 IR 1.76%0 . 1.77%0. 1.74%0 (& 1),

AR eagh £ KL

Tab.2 Growth performance of juvenile Micropterus salmoides fed with the experimental diets for 8 weeks

2151 group

& #7 item

DO DI D2 D3 D4
IR A /g IBW 6.91£0.10 6.92+0.33 6.67+0.01 7.04+0.09 7.04+0.09
LR /g FBW 60.31+0.82° 65.33+2.05° 64.37+1.21° 64.69+3.35° 60.50+2.65°
HEH /% WGR 772.53422.75¢ 844.17+25.35% 865.50+17.75° 817.95+39.27% 774.50+33.50°
e A K R /(%/d) SGR 3.87+0.05¢ 4.01+0.05% 4.05+0.03" 3.96+0.08" 3.87+0.07¢
kL R 5L FCR 0.90+0.04° 0.87+0.01% 0.85+0.01° 0.88+0.03" 0.91+0.03"
A& /kg food consumption 1.93+0.05° 2.03+0.07° 1.96+0.01*° 2.03+0.06" 1.95+0.03°
JFHs e /% HST 3.73+0.76° 2.92£0.71° 2.96+0.75° 3.31+0.97° 3.70£0.92°
JUE A e /% VST 8.96+0.78" 7.92+0.79° 8.01+0.76" 8.38+1.06" 8.97+1.48°
AE 3 B /(g/cm®) CF 2.31£0.21 2.26+0.21 2.2840.16 2.2840.23 2.27+0.20
TR /% SR 100+0.00 100+0.00 100+0.00 100+0.00 100+0.00

DO JE AR5 2R AT IR, D1-D3: A0 1%0. 2%o . 3%oifF 35 24 1 ST 4H, D4 AN 2%o 21 200 JiBE 4 BH P X R 4, [A] 478K

i EARAS [F) PR R 4 1A 24 5 B 35 (P<0.05).

Note: DO is the control group without seaweed polysaccharides in diets, groups D1-D3 represent experimental groups with 1%o, 2%o and 3%o
seaweed polysaccharides in diets, and group D4 is the positive control group with 2%o yeast cell wall in diets. Values in the same row with

different superscripts are significantly different (£<0.05).

y=—0.058x?+0.205x+3.866

y=—29.79x?+105.10x+771.60

¥=0.017x>-0.059x+0.905

4.1 900 0.95
M +
Q
w2
) e
§ 40 S 850 & 090
x =S =9
< S &
¥ o & 4
N i z
4 3.9 Lo 800 = 085
2 x=1.767%o - x=1.764%o

x=1.735%0
38 1 | | 1 750 1 1 1 080 1 1 Il 1
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
TR EREGINAK /%0 BRI INIK /%0 R BRI/ %0
seaweed polysaccharide addition level seaweed polysaccharide addition level seaweed polysaccharide addition level
B PRk P s A [ 2KV i e 22 B DR T R 5 2 R P R 1Y (8105 0 #r

Fig. 1

Regression analysis of growth performance of Micropterus salmoides juveniles fed with the

experimental diets with different seaweed polysaccharides addition level
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22 ARARARMEESHENAOBGEEE/K  MIEOA AR & 8 E 8T M4(P<0.05),
4 HI R D1 41113 25 5 5 1R 7 & & 35 (% T xF B 41 (P<

R B gl fa S I ERME I 8 S, Af 0.05). A, TR A IRE R . M .
BT LR 3, 4R, D3 AempylE Hyh—=fs. H& Q. HDL A1 LDL & & [, £45
H it o 255 TX AL (P<0.05). FERMBKSr . XA R A B2 M 2 5(P>0.05),

R FIHL o b, B SXAMILARRH L 24 EARPRIRMEESENAOESHTHIENL

MR (P>0.05), BEiE R RN
23 @EMRBRRMEESENAOES MFEML e s prs, SR 8 JB 5, 4K
FEFREI RN 1R AT P R B I L s T R D R i R S

4 pron, HLRERMAR 8 S, D4 4 XHARZHAH L, ARFRBH B2 5(P>0.05),

®3 FESARAORBHELENERBIGEE)
Tab.3 The nutritional composition of the whole body of juvenile Micropterus salmoides

fed with the experimental diets for 8 weeks (wet weight)
%

2% group

&7 item

DO DIl D2 D3 D4
7K4% moisture 70.59+1.06 71.76+1.02 71.00+1.49 71.00+1.00 71.23+0.47
HIZEH crude protein 16.53+0.06° 16.85+0.27% 16.72+0.18% 17.21£0.10° 16.77£0.11%
HLIEMG crude fat 6.45+0.28 6.05+0.39 6.18+0.35 5.84+0.05 6.39+0.24
#K4Y crude ash 3.39+0.09® 3.04+0.15° 3.27+0.09® 3.48+0.11° 3.18+0.10™

T DO J& R U8 I 36 2 W 0 X HE 2L, D1-D3: BN 1%0 . 2%0 . 3%o¥5 8 W I SCI 2L, DA S 1 2%0le 1 41 ML B2 19 FHL 1A T 2L 5 )43
P L HRAS R 7 BEe 7R 41 [R] 22 57 5. 35 (P<0.05).

Note: DO is the control group without seaweed polysaccharides in diets, groups D1 to D3 represent experimental groups with 1%o, 2%o and
3%o seaweed polysaccharides addition in diets, and group D4 is positive control group with 2%o yeast cell wall addition in diets. Values in the
same row with different superscripts are significantly different (P<0.05).

x4 FESARKOBHHEMFEENIER

Tab. 4 Serum biochemical indices of juvenile Micropterus salmoides fed with the experimental diets for 8 weeks

645 item A3 group
DO DI D2 D3 D4
JSBEEE/(mg/dL) TC 12.24+1.21 12.28+0.97 12.80+0.41 12.84+0.98 12.29+0.24
A ¥R G/(U/L) AST 12.31£1.74® 10.64+1.88 9.81+3.42% 13.64+2.17° 8.39+2.68°
MEA/(gL) TP 89.86+18.58 115.03+31.02 103.17+30.35 107.00+12.87 102.69+9.46
1L §%/(mg/dL) GLU 37.48+2.29 38.21+0.67 37.79+2.54 41.03£3.14 38.59+1.72
H il =18/(mg/L) TG 6.19£1.77 6.76+4.02 6.25+1.85 5.42+1.09 5.57+0.79
H%E H/(g/L) ALB 16.74+2.13%¢ 14.84+1.31% 13.6142.47¢ 17.00+1.87* 19.52+4.19*
150 % [ G 2 1 A [ 9/ (mg/dL) HDL 5.21+0.34 4.88+0.15 5.05+0.20 5.20+0.73 4.83+0.18
{15 %% B R 4 14 BH [ 8/ (mg/dL) LDL 4.43+0.32 4.34+0.23 4.45+0.19 4.39+0.25 4.3240.14
% % & E/(U/L) ALT 1.35+0.13% 1.33+0.08% 1.46+0.10° 1.36+0.14% 1.290.08°
Ui B3 BE WA AR /(mg/L) FFA 11.94+1.48° 9.60+0.63" 10.52+1.56% 11.21+1.47 11.77+2.04°

DO JE ARG N 2B % BAL, D1-D3: B0 1%0. 2%0. 3%l 35 24 (1) S U041, D4 S ES I 2%o e 200 JitL BE (1% BH P4 % BB 4 5 [RIAT4K
i EARAS [ 7R R 4 18] 22 5 .35 (P<0.05).

Note: DO is the control group without seaweed polysaccharides in diets, groups D1 to D3 represent experimental groups with 1%o, 2%o and
3%o seaweed polysaccharides addition in diets, and group D4 is positive control group with 2%o yeast cell wall addition in diets. Values in the
same row with different superscripts are significantly different (P<0.05).
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Tab. 5 Digestive enzymatic activities in the foregut of juvenile Micropterus salmoides fed with the experimental diets for 8 weeks

$8 45 indicator

ZH 5 group

DO DI D2 D3 D4

JBs 2 (1§ (U/mg prot) trypsin 7.84+1.08 7.69+0.63 7.64+0.71 7.77+1.50 8.14+0.86
NI 105 i (U/mg prot) lipase 0.70+0.15 0.66+0.16 0.64+0.22 0.75+0.16 0.73+0.26
YEMSE(U/mg prot) amylase 0.73+0.15 0.78+0.12 0.73+0.05 0.72+0.15 0.75+0.07

TE: DO AR IS 25000 IRAL, D1-D3: BRI 1%0. 2%o. 3%oi B ZAF AU SCHR 4, D4 VRN 2% Rk 21 it B 1y BH 1 X AR 4.
Note: DO is the control group without seaweed polysaccharides in diets, groups D1 to D3 represent experimental groups with 1%o, 2%o and
3%o seaweed polysaccharides addition in diets, and group D4 is positive control group with 2%o yeast cell wall addition in diets.

2.5 ARPRMEESENAORYFEAR
BRI

Xt A F ALY AT HEGeE, 45
R, XA DO A Bk, ST R AR,
iR _E B R AR AR i B A /b, A D2 4180 D3
4, Mo B e BB E, MR IR 2
(1% 2)o XTI H UL S SR ST, 45

RN 6 fron, S5x AL H, D2~D4 4L L2 E
JiE 53 T R (P<0.05), {HJE, D1 410 iz R 5 B A
JUJZ JEE B 4 i 3 [ (P<0.05); D2 A1 D3 2H 1 i i
TIZESE . D1~D4 41556 56 B #  2E AKF xF
M2 (P<0.05), ¥1LL D2 A &AK; D2 4L AR IR 41 i
e 2, W& TXBY4(P<0.05); 254100
SEHCRE AR B 25 5(P>0.05).

F6 FESEABRAKOEHHEFHARAFSEIER
Tab. 6 Histomorphological indices of the foregut of juvenile Micropterus salmoides fed with the experimental diets for 8 weeks

{87 item

21151 group

DO

D1 D2 D3 D4

7 BE &L /um intestinal wall thickness 57.78+12.66"

48.17+13.61°

57.97+14.23®  53.47+17.32° 58.92+15.28"

AUZJEEE /um thickness of muscular layer 40.63+9.78° 32.60+10.25° 41.48+11.88" 41.48+11.89* 41.48+11.90°

iR J2IEE /um thickness of mucosal layer 5.63+1.35° 5.37+1.62%° 491+£1.51° 5.08+1.56" 5.46+1.76%
4% 15 & /um villus height 233.65+79.37°  208.00+81.83"  216.70+83.82" 229.57+85.27°  232.29+91.08"
2B 56 )% /um villus width 67.19+7.28° 52.27+7.17° 47.92+7.49° 52.55+12.63° 52.70+8.12°
2B HR/ number of villi 30.67+4.62 29.80+1.64 31.40+4.88 32.17+2.64 29.67+2.25

AR A %R /1 number of cup cells 49.53+10.55"  54.53+10.10%

11:: DO SRR A INE 2 B IR FRAL, D1-D3: BRI 1%0. 2%o0 . 3%oiE 3 Z2 M (Y S UG 2H, DA BRI 2% 1% 1J: 4 J B (1% B %ok B2 5 W] 474K
i EARAS ] 7B 2R s 4 8] 24 53 1 3 (P<0.05).
Note: DO is the control group without seaweed polysaccharides in diets, groups D1 to D3 represent experimental groups with 1%o, 2%o and

3%o seaweed polysaccharides addition in diets, and group D4 is positive control group with 2%o yeast cell wall addition in diets. Values in the
same row with different superscripts are significantly different (£<0.05).

58.53+10.29* 46.53+10.02° 43.53+10.54°

26 ERPARMEESHENAOZHFFERER
R IBRM RN

wE 3 FroR, bl R I 20 KT
TS, RiAEY ALP. LZM W&V 2 %W F T
o Hdr, D2 Ml D3 4419 LZM 36 1 & 3 15 e
ZH(P<0.05); D3 1 D4 #1111 C3 &8 8 % T X
ZH(P<0.05), {H/Z, D2 1 D4 4% C4 &4 . DI
Y 1gM 5 EARMK T X B 41(P<0.05); D1 il D2
ZH 1Y) CAT H1 D4 411% GSH-Px 15 E#B B 35 w5 T-xF
W40 (P<0.05). {HJ&, D1 41f MDA SR EEHT

X} IR ZH (P<0.05), 1 D2~D4 20/ MDA & 5%}
HEZH AR H TG o 3 1 25 57+(P>0.05) .
27 ARBRARMEESHENAOEG | FEE 5%
7 B B 28 B Y 22 i

mE 7 Bl 78k IR ImE Nw YR,
JERENR TR ORI & e, KON . 1Rkt
IR IMARFI K PR, SAFENR. ET
M . 5P R R IE R & i R R B E AR
(P>0.05).D3 41155 T MR & i B 3 5 T4 R4 (P<
0.05), D4 4114 2R & i i 35 3 TR ZH (P<0.05),
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D3 (200x)

D4 (200x)

Pl 2SR5 8 J]Jm K 10 Ry 4y £ 1 i 1 2H 21
DO 2 R AN HE 2 %) B2, D1-D3: 3 1%o. 2%o . 3%oifF 2 1K) SR, DA Sy ¥R T 2%ol 1R 41 i BE 14 B P XS R 2.
LAALFNBTRE, SOLFNRBIE, BORFE AT, EOLFNNREE, §ORF AR T2,
21 R g AR AR .
Fig. 2 The foregut of the juvenile Micropterus salmoides fed with the experimental diets for 8 weeks
DO is the control group without seaweed polysaccharides in diets, groups D1 to D3 represent experimental groups with 1%o, 2%o0 and
3%o seaweed polysaccharides addition in diets, and group D4 is positive control group with 2%o yeast cell wall addition in diets. The

red line indicates villus height, the green line indicates villus width, the orange line indicates intestinal wall thickness, the yellow line
indicates thickness of muscular layer, the blue line indicates thickness of mucosal layer, and the red circle indicates a goblet cell.

28 WARHBAMESESHENXAOEGS FERRE
SREHEXERRIENZMN

i 4 Fror, D2 D3 415 738 B B AH 5 3
zo-1, occludin, mucin-2. g ZWEIEAZ 4K tlr4 FIIK
SFE ST hif B9 mRNA 235 B8 3% 5 T gl
(P<0.05), D1~D4 HMERHF il-6 F1 il-1B F
D2 I nf-xb 1)K 5 HB W KT X B4 (P<

0.05); D2~D4 BRI F il-10 FKik & B E & T
XFHRZH (P<0.05), Hirh D2 4114 il-10 Fik B Ee s,
B F 5 T D3~D4 4(P<0.05); $401Y tfo, il-8
FEIR AT B 3 25 7 (P>0.05),
2.9 fARPRNEESENKOEeERH
el gbeA |

B 20 W T8 N A WA TR A 1 16S JE RN T,
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Fig. 3

DO D1 D2 D3 D4
4340 groups

DO D1 D2 D3 D4
434 groups

DO D1 D2 D3 D4
44 groups

B3 FRFH 8 JEJG K Aty fh g 1 e He bR -5 T A AL B 1
DO S RZANTEF 2B AR IR, D1-D3: ZRA0 1%0 . 2%0. 3%oiF Fe ZBHASLIR4H, D4 AN 2%0 i F
20 A B B XS BB 5 TRl —AF TR B L R [R5 Bk bR T 6 78 41 1] 22 53 8 35 (P<0.05).

fed the experimental diets for 8 weeks

DO is the control group without seaweed polysaccharides in diets, groups D1 to D3 represent experimental groups with 1%o, 2% and

3%o seaweed polysaccharides in diets, and group D4 is positive control group with 2%o yeast cell wall in diets. In each panel, different
letters above the column indicate significant difference (P<0.05) between groups.

x®7

778 8 Ella K O R84 & 738 M 5 4 53 & A5 A B8R 2B AL

Intestinal immune indices and antioxidant enzyme activities in juvenile Micropterus salmoides

Tab. 7 Intestinal short-chain fatty acid composition of juvenile Micropterus salmoides fed with the experimental diets for 8 weeks

$8 45 indicator

2H 7] group

DO DIl D2 D3 D4
Z.T2/(ug/g) acetic acid 18.10+4.52° 18.63+1.16° 21.07+5.45% 16.12+4.34° 25.44+1.51*
N %/(ug/g) propionic acid 4.32+0.65 3.46+1.33 4.01£0.79 4.84%1.29 4.46+1.73
5 THR/(ug/g) isobutyric acid 1.62+0.55° 2.25+0.57® 2.06+0.42% 2.40+0.71° 2.22+0.37*
1E T #2/(ug/g) n-butyric acid 0.90+0.24 0.91+0.21 0.94+0.19 0.81+0.13 0.99+0.29
St I% R/ (ng/g) isovaleric acid 1.69+1.16 2.00+0.45 2.64+0.97 1.49+0.91 3.04+2.99
1E A2 /(ug/g) n-valeric acid 0.51+0.31 0.56+0.28 0.60£0.06 0.47+0.21 0.52+0.13

T DO SRR TSNV 2R B AL, D1-D3: IS 1%0. 2%o. 3%oif 5 22 Hl AU SCEG 21, DA IS 2% 1 41 I B 1) Bk ot WE 4 TR 4744
P EARAS [F] 71k 3R 21 8] 25 57 1 3 (P<0.05).

Note: DO is the control group without seaweed polysaccharides in diets, groups D1 to D3 represent experimental groups with 1%o, 2%o and
3% seaweed polysaccharides in diets, and group D4 is positive control group with 2%o yeast cell wall in diets. Values in the same row with

different superscripts are significantly different (P<0.05).

K, ZEJE 1 ] (Proteobacteria) £l J& BE 1 ]
(Firmicutes)>h KX H R 5 iz 16 19 O0 #5011 (] 5a).

AN

gERNFE 8 Fran, D2 A EY N OTUs.
Chaol ., ACE 8%, WM FEE R, 761
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TE & K, B Y 1 & (Pseudomonas) J& K
foy gy 3 1) £ AT I (] Sc&5d) . D2 Fil D3 4111 )5
BETR ] 42 B 2 5 T IR 41(P<0.05)(& 5a). D2
M D4 2H 001 BA 0 8 (Pseudomonas) AT B
J& (Cetobacterium) W #H X F BE K + X} B2 41
(P<0.05), {HZ, HX /KW [CH & (Ralstonia) |
8 W JE (Pantoea) I A1 X =F & & F X I £
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e 8
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B 2100 H
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;é‘-‘ 50 H be
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il-18

(P<0.05)( 5¢), PCA E 434341 7R, DO, D1,
D3 R AE—, Wi D2 5 D4 4109 738 & AL
JE e (] 5b). il 6 FroR, RN I mAS TR
K- B Y i 220 X R T BB B i T Y 22 G BH
WAME X RAEESERA R EEEm
(P>0.05), {H)Z, D1 47 B0W B % = 0 & B
i (P<0.05),

$30—_D0
2 =D1
= =D2
m&ﬂ.azo_:D_’a 8
=
=
wgl
=
1
0
zo-1 occludin  claudin-1
801 ==DO a
[ =Dl [
r =D2 "
3 - IZID3
E = D4
i 8 50l
) %30
8
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=82+
Eo
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S
210} b2

il-8 il-6

tnfa

Bl 4 FE5E 8 JEJE K T Bt £h figy 1 5 s 45 A0 E TR 7 3k R 3 3
DO E RN LA N IRZH, D1-D3: TR 1%0. 2%0. 3% MR S22, DA N TR 2% 15 290 Jifd B 1y
PR IRL; W] — A T8 R[] 5 B4R i e s 41 18] 22 53 B 3 (P<0.05).

Fig. 4 The expression of intestinal barrier and inflammatory related genes in juvenile Micropterus salmoides
fed with the experimental diets for 8 weeks

DO is the control group without seaweed polysaccharides in diets, groups D1 to D3 represent experimental groups with 1%o, 2%o and
3%o0 seaweed polysaccharides in diets, and group D4 is positive control group with 2%o yeast cell wall in diets. In each panel, different

letters above the column indicate significant difference (P<0.05) between groups.

®8 FESARAORYFHEHERE o ZHERY

Tab. 8 a-diversity indices of intestinal microbiota of juvenile Micropterus salmoides fed the experimental diets for 8 weeks

e hr 213 group
indicator DO DI D2 D3 D4
OTUs 839.00+138.60° 473.40+172.65° 918.40+156.65 763.40+99.13% 668.40+£236.56"
Chaol 799.74+102.88° 678.38+217.05° 1152.52+131.07° 867.44+110.90° 809.62+283.00°
ACE 805.57+102.93" 694.07+221.81° 1185.84+139.35° 895.30+98.79" 817.98+291.03"
Shannon 4.18+1.63™ 3.55+0.62° 5.26+1.44° 5.76+0.82° 5.22+0.75"

TE: DO 2 A U I 38 205 (9 %] BRZL, D1-D3: B 1%0. 2% 3%otfE 3 Z WK SZI0 2, DA U8 I 2%oMe B 240 BE 114 BH A X0 BR 4 [R)A5 4K
P EARAS [F) 7B 2R 7 21 8] 25 57 1 35 (P<0.05).
Note: DO is the control group without seaweed polysaccharides in diets, groups D1 to D3 represent experimental groups with 1%o, 2%o and

3%o seaweed polysaccharides in diets, and group D4 is positive control group with 2%o yeast cell wall in diets. Values in the same row with
different superscripts are significantly different (P<0.05).
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Fig. 5

Intestinal bacterial composition at the phylum (a) and genus (c-d) level and principal component analysis (PCA) (b) of

juvenile Micropterus salmoides fed the experimental diets for 8 weeks
Only the top 10 most abundant bacterial phyla and genera (based on relative abundance) are shown, and other phyla and genera are
designated as "others". DOg (DO0) is the control group without seaweed polysaccharides in diets, groups D1g to D3g (D1 to D3)
represent experimental groups with 1%o, 2%0 and 3% seaweed polysaccharides in diets, and group D4g (D4) is positive control

group with 2%o yeast cell wall in diets.

- == DOg
100 =Dlg
30 —D2g
51 =D3g a a
° 5 = D4g T a
@ g 60 a
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" 240 b
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0 | |
FXRPAME FEECHMEE BEBURE
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Pl6  FRAH 8 A I i i 11 o == ER B PR 7
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DOg (D0): A ¥ i3 2 0 1% B 4H, D1g-D3g (D1-D3):
BRI 1%0 . 2%o . 3%olEF 35 ZME N SL I 4L, DAg (D4): B 2%
T B 2 B (1% T 1 % B2 [R]— R ] AN [
TR 2N 4 (8] 25 5 3 (P<0.05).

Fig. 6 Gram-positive, gram-negative and potentially pathogenic
bacterial composition of the intestinal microbiota of Micropterus
salmoides fed with the experimental diets for 8 weeks
DOg (DO) is the control group without seaweed polysaccharides
in diets, groups D1g to D3g (D1 to D3) represent experimental
groups with 1%o, 2%0 and 3%o seaweed polysaccharides in diets,
and group D4g (D4) is positive control group with 2%o yeast
cell wall in diets. In each panel, different letters above the

column indicate significant difference (P<0.05) between groups.
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Effects of dietary seaweed polysaccharides on growth and intestinal
health of juvenile Micropterus salmoides

LI Hongwei, ZHOU Meng, SUN Miao, DONG Yewei, YOU Cuihong*

College of Animal Sciences and Technology, Innovative Institute of Animal Healthy breeding, Zhongkai University of
Agriculture and Engineering, Guangzhou 510225, China

Abstract: To explore the effects of dietary seaweed polysaccharides (Algaevita 913) on the growth and intestinal
health in fish, this study added 0%o, 1%o, 2%o and 3%o seaweed polysaccharides (D0-D3) to the commercial feed of
largemouth bass (Micropterus salmoides) and set up a positive control with 2%o yeast cell wall (D4). The five diets
were used to feed the juvenile M. salmoides for 8 weeks. The results showed that the weight gain rate (WGR) and
specific growth rate (SGR) in group D2 were the highest, which were significantly higher than those in the control
group (D0) and D4 (P<0.05). Moreover, the feed conversion ratio (FCR), hepatosomatic index, and viscerosomatic
index were significantly lower in D2 than in DO (P<0.05). There was no significant difference in the whole fish
body composition and digestive enzyme activity in the foregut of each group (P>0.05). The integrity of the foregut
villi in D2 and D3 was better than that in D0, and the thickness of the muscle layer and the number of goblet cells
in D2 were significantly higher than those in DO (P<0.05). The lysozyme (LZM) activity in both D2 and D3 and
catalase (CAT) activity in both D1 and D2 were significantly higher than those in DO in the foregut (P<0.05). The
expression levels of zo-1, occludin, mucin-2, tlr4, hif, and il-10 mRNA in the foregut of fish in D2 and D3 were
increased (P<0.05), while the expression levels of i/-1f and i/-6 in D1-D4 and nf-kb mRNA in D2 significantly
decreased (P<0.05). The composition of short-chain fatty acids in the intestinal contents showed that the contents
of isobutyric acid in D3 and acetic acid in D4 were significantly higher than those in DO (P<0.05). In terms of the
intestinal microbiota structure, DO, D1, and D3 were clustered together, while D2 and D4 were highly similar
based on the PCoA analysis. In D2 and D4, the abundance of Pseudomonas and Cetobacterium significantly
decreased while the abundance of Ralstonia and Pantoea significantly increased (P<0.05). The content of potential
pathogenic bacteria in D1 was significantly lower than that in DO (P<0.05). The above results showed that adding
2%o0 seaweed polysaccharides to the feed could improve the growth performance, intestinal villi integrity, intestinal
immunity, antioxidant capacity, and improve the intestinal microbial structure, which was beneficial to intestinal
health. For the WGR, SGR, and FCR, the optimum levels of seaweed polysaccharides in the feed of largemouth
bass juveniles are 1.76%o, 1.77%o, and 1.74%o, respectively.
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