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T, BEARGRDRE B AR, KO BT (Micropterus
salmoides) JE=T& [F B B LTI a2, SHEH Y
F I RE AR H A IE Ry AT 5T R A T
R ASEIFERSEm, 5 Ky gt 0,
RS LY B IR IR R R R R AR, XK
PRAATML Y K A EE RIS L ALK
HRGT TS, WAK . BIEES . Prafkie
DA B R AR, RS 0 IS g 1 X DR E A 4
A 014 355 5 A L S R 3 N SR, B D v L UE R
WO O R B A AT AT R, S K E R )
D7 A B A A B A AR BTk

1 MESIHE

1.1 KGR

IR E 28R MO0 . /NER I . KA R
HRIGH Ry FEEAIR, DamMEm G s, &k
L) WA, 43 RIS 10% 795 38 K 5E Ky
(E/ZBE R R 3 0 7) Film BBE FORTER (B
BT LR 7 ¢ 3) Fe B A A AR ARE, P4 iR R
e FE SR AL L2 1, FRDRHER S i 80 H i,
REB R REIR G5, T ORAE S 3.0 mm 1Y
Wk AR, AT ST 4 °C vkAE TR TE 5 .
1.2 XBBE5RFER

SRR R TRk B PR T 0 AR A Ol By
HBRAT, BFRAEENBEIEGT, FH R AE (R
RKEFHER B A RA ) 94k 1, 256 24 h,
TR IR T B . UG I BCAE . WIIR IR E Sl (8.53+
0.06) g MK H RETFENL A 2 AR, R~ ab 3
W3NEE, BIHEE 25 R, IEENIRKIEHRTE
ARG (5 280 L) 1157 56 do FRAH KA RS
Bk, AN 2% (8: 30, 17: 30), YL
JAI A 12 L 2 12 D, FRFH AR 7K i 25.0~28.0 °C,
W4 6.5 mg/L, %A 048 mg/L, pH 7.5~8.5, 5
53 R R AR N DS S U R R AR S IR S A
FUASHL A 2 B SR BRI, R4 RV R K2 s
95 SH ) A ) A0 B A % % (R R o B A T

1.3 HHEBHIESE S

HRARE FELKLHREEE 240 )5, ff
FHYEFE H 0.01% 1 MS-222 BRI I 18 4 PR B8,
RN BEPLE I 3 B A, 78K It
R e, K IE SR 3 B, BTHUG Beh
2y 1 em B9 BIE N R O BES, A 4% £
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F1 ZREANESREFKT RTFLH)

Tab.1 Formulation and proximate chemical composition of

trial diets (air-dry basis) %
RS

TiH dietary starch types

ttems CS HACS
J&kl  ingredient
FhE 757K Peru steam-treated fish meal 35 35
NETHEA wheat gluten 10 10
KISy BE M (F5h)  isolated soy protein (no sugar) 14 14
2K dehulled soybean meal 8 8
FRJEH  corn starch 10 0
T ELE TOKVERS  high amylose corn starch 0 10
il fish oil 3 3
Zith soybean oil 5 5
FALIER  choline chloride 0.3 03
#H/EFC  vitamin C 0.2 0.2
R4S Ca(H,POs), 1 1
SATREL composite premix” 3 3
off 4% a-cellulose 10.5 10.5

BF 4  chemical composition

M crude protein 472 472
FLAGTG  crude lipid 113 113
FK5  crude ash 9.2 9.3

e CS. W FKIEH, HACS. R ESE KR, TH. 1).4E%
TOURBAN T YRR . 8T 5 GURH R P UL 5 930 mg,
50 mg, 100 mg, 14 mg, #25mg, #35mg, 412 mg, 1.6
mg, 0.2 mg, £50.8 mg. M T ookt s, 4i/EFA 18 mg,
YD 5 mg, 4E/EEE 150 mg, 4E2EZEC 500 mg, 4EEEB, 16
mg, 4EEEBg 20 mg, 4EAEFEB, 6 mg, 4EEFEK; 18 mg, EHE
40mg, D-ZFRHE560 mg, MRS mg, EMIF2mg, ZEIEMEIR100 mg.
Notes: CS. common corn starch, HACS. high amylose corn starch, the
same below. 1). vitamin premixes and mineral premixes, per kg feed
provides minerals, sodium 30 mg, potassium 50 mg, magnesium 100 mg,
copper 4 mg, iron 25 mg, zinc 35 mg, manganese 12 mg, iodine 1.6 mg,
selenium 0.2 mg, cobalt 0.8 mg. Per kg of feed provides vitamins,
vitamin A 18 mg, vitamin D 5 mg, vitamin E 150 mg, vitamin C 500 mg,
vitamin B; 16 mg, vitamin B4 20 mg, vitamin B, 6 mg, vitamin K3 18
mg, riboflavin 40 mg, D-calcium pantothenate 60 mg, folic acid 5 mg,
biotin 2 mg, ethoxyquinoline 100 mg.

RHEEEEW T, HTmEAL R mEIE, 1k
ERIRHEAL, RHEARA T EGR, T
—80 °C vK#fi, M TAEHAEMNME, 28E 240 )5
EHINERME, EEE 1 hEREALE R R ERE
% 6 A, MS-222 R 5 H] 0.1% Rk — &
fif (DEPC) i &b ¥ 3 1) G 1 To g fe i) T H Tk b
R e i, BYIOR 1 B e (5 1
T R i 3 B BOM RV D) 29 50 mg,
i A A 500 mL A% IR 4% ¥ ¥ (Sample Pro-
tector for RNA/DNA, TaKaRa, HZA) ¥ 1.5mL G
P CH B A IR, PRIEAHZUE 412 A RNA

T KPR 25 3246 sponsored by China Society of Fisheries



XK, %

I 24, 2023, 47(10): 109601

PR, WA G —80 °C &M% AE, W T miE
A B AR FRIA I E . ERME eh)E,
ANEEMHLEIR 3 Bf, fELHBER LT
PR T EOR R R B A8 B, FHER /N L
HMHEY, BRAFHEALSmL THEEOE T, M
PBS ZZ v/ b e piE ,, —IFE AB L, W
FHAJE—80 °C fRfF, HTIAIAREE 16S RNA ¥,

BAFEIE R egmlE  HEARSE
FHHLR E A (GB/T 6432—2018) M52 ; HLIE
5 25 2R FH R U 3 75 (GB/T 2479—2003) 1l 5E 5
HL K 43 &% &R 550 °C D 86 b Bk e 3% (GB/T
212—2008) & .

P BA BAR M 45 A7 W) K F B 5t 2
AW T AR 5 BT AR ) G I A Ak ) B Ak T
(T-SOD) ¥t (WST-1 %), L E T (CAT) TH
(AR % v5) LA L TH % (MDA) &% & (TBA %),

B tn R F i A/ 4% 2 R BB
B AL 70% WG vk, Bk, HIKZ
F 5 T HORESWHATEY], fEEIRAE TR, ot
TAEEI, AR -4 (HE, 100%),

16S rRNA M5 JRIGBIEZEICHBE R -Y
= GMFRSCEME, BARESREEE Y
= F & (BMKCloud) H1i#£4743#1. f#i ] Power Soil
DNA Isolation Kit (MO BIO Laboratories, 3% [E) M
FE & SR ECAN B A RNA, SR PCR (IE 17 51 4 -
5'-ACTCCTACGGGAGGCAGCA-3', ZIn5|4) .
5'-GGACTACHVGGGTWTCTAAT-3"), Jfffi Jii
HiSeq *F- &5 (Illumina, 3& &) #1705 . £ H
Metastats 73BT £ L H W R K 1y B 22 5, RH
BugBase T HJF47 R HEZR B0 4347 .

MEBEMNB L BADKR AR L E M I
Ko [ 8 A RNA fii Fif RNAiso Plus if 7] (TaKaRa,
HA) $25t, {# F NanoDrop 2000 #8# & 436G
71 (Thermo Fisher, E[E) I & RNA ¥ I8 Y4
i BE 2 1 000 ng/uL. B J&5 i FH R 5% 5%l 0 &
FastKing-RT SuperMix [ KM AELEHE dLE) B IR
O] KRB B RNA 55 5% cDNA, JFH
DEPC 7K % B¢ J5 #& H o SE B 9% )% %2 7 PCR (RT-
PCR) JX N & & 4 20 uL, b FUHF5I#45 1 L,
cDNA 2 pL. 10 pL 2xNovoStart® SYBR gqPCR
SuperMix Plus (Novoprotein, i) F1JCHE/K 6 pL,
B =AY A S 2 & PCR Y (Bio-rad - CFX96),
RT-PCR [ F£ ) A 95 °C HiZE ¥4 1 min; 95 °C A%
P£20s; 60 °C Bk 1 min, 40 MEH, ZFHEK
WSS . 51PHI W3 2, @it & 5 PCR 5 H
FEXF DM cDNA B C . H AYSER A AH
X mRNA %35 0 —1k 8 B-actin(N =K H), FHf
FH 2788 kiR .

14 HEARN

FrE A KR (SGR, %/d)=(InW~InW,)/1x100%

PR (FI, %/d)= FI[(WAW)/2%£]x100%

Tkl 25 (FC)= FI(W W)

B T RER (PER)=(W~Wo)/(FXF,)x100%
orf, WL R Wy 43 0l Sy R A A i RNAT) U A
(2); ¢ WFFELR KA (d); FHRERE (9); F,
N REHE U (%)

1.5 RS
Fr A B R 2 LA P {E 65 1R (mean+SE)

#*2 ZREE (RT-PCR) 5|49i&itF5!
Tab.2 Primers pair sequences for RT- PCR

Elk X FiiF514(5"-3")

TG I(5-37)

primer name forward primer reverse primer Tul*C
il-8 CGTTGAACAGACTGGGAGAGATG AGTGGGATGGCTTCATTATCTTGT 64.9
il-10 CGGCACAGAAATCCCAGAGC CAGCAGGCTCACAAAATAAACATCT 62.1
il-18 CGTGACTGACAGCAAAAAGAGG GATGCCCAGAGCCACAGTTC 59.4
1gf-p GCTCAAAGAGAGCGAGGATG TCCTCTACCATTCGCAATCC 59.0
tnf-a CTTCGTCTACAGCCAGGCATCG TTTGGCACACCGACCTCACC 63.1
keapl GCACCTAACCGTGGAACTCAA CCAGTTTTAGCCAGTCATTGTTCC 56.9
nrf2 CCACACGTGACTCTGATTTCTC TCCTCCATGACCTTGAAGCAT 66.6
sod CCACCAGAGGTCTCACAGCA CCACTGAACCGAAGAAGGACT 62.2
cat TGGTGTTCACGGATGAGATGG GGAGAAGCGGACAGCAATAGG 60.8
18S GGACACGGAAAGGATTGACAG CGGAGTCTCGTTCGTTATCGG 60.0
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/No flF] SPSS 18.0 #fF (IBM, 2 [H) #EAT AR
77 % 43 BT (One-Way ANOVA) i i& i 2 1K F,
i Tukey [RIEXT ISR T2 H L E, B3
KA P<0.05,

2 4R

21 SEIEETEMXAOEHFEKMEERZZI

HACS 411 FBW. SGR Fl PER ¥J i # & T
CS 4 (P<0.05), FC W# LT CS 4 (P<0.05), M
ZH Bl FIJG 25 25 5% (P>0.05) (3% 3).

®3 SEBEEMIAOREE KRNI
Tab.3 Effects of high amylose starch on

growth performance of M. salmoides

A 5 groups

items Ccs HACS
FRIWIMG AR/ IBW 8.53+0.06 8.65+0.11
THILKAE/g FBW 43.86+1.22 47.03+1.62
e K /(%/d) SGR 3.15+0.01 3.24+0.04"
HWEF/(%/d) FR 3.79+0.21 3.51£0.11
Tk RE FC 1.20+0.02 1.1240.02°
WA BS*/%  PER 1.26+0.06 1.44+0.05"

Ve R RoR FAT R 2 1) 22 5 124 (P<0.05), R,
Notes: In the same row, the data with superscript * indicates significant
difference (P<0.05) , the same below.

22 SEEEMMAOESBERIILENN
A
HACS 41 K [ B #5738 CAT Fl T-SOD i ¥
B m T CS 4 (P<0.05), MDA & B &K T
CS 21 (P<0.05) (] 1) HACS 2 cat 1 nrf2 mRNA
FRAKFBEET CS 4 (P<0.05) (1 2).
23 SEBEMIAKORPFERSERNFN
KR R R T 25 S, IR
3, RO, IR sETE (83, &k
JIi7R). HACSYLJG W i I 90 6 96 i . 3 = T CS
4 (P<0.05), MWLM IEmMEERE . M
J2 JEE BE TR AR 48 i £ B ¥ T W 3 25 % (P>0.05)
(F 4.
24 SEBETEMIKORSFIE %R
HACS 2 78 {1 R 4 ML X F tnf-a F1 il-8 ()3
B EANT CS 4L, PLRAMMMAE T tgf-p KA
i g E =T CS 4 (P<0.05) (K] 4).

https://www.china-fishery.cn

140 o CS 120 =
o> x mHACS x| 18 _ -2
S5 120} M1 r1 3JE
QxS 1 1.6 =
g5 100t 114352
2 g 112 gg
3 N ~ O
ﬁH—ﬁg 80 - 11058
S E 40t 108 25
%5_3 1062
=~ % I o4 113
B 10273

0 0 E

T-SOD CAT MDA
EE=RAR 17
antioxidant indexes
1 SEEEMIKORSFFEE LN
PRI ZE S 3 (P<0.05), R,
Fig. 1 Effects of high amylose starch on
intestinal antioxidant capacity of M. salmoides

* indicate significant difference among treatments (P<0.05), the same

below.

— CS =

mm HACS

| | ﬂ
—
=
t sod

nrf2 keap1 ca

FHXS 5
relative expresstion level

H

genes

2 SE#HEMNAORGFEREL
X ERRIEHFI

Fig. 2 Effects of high amylose starch on

intestinal antioxidant genes of M. salmoides

2.5 SEEREMNAORGHEERFEEFIL

A

LT CS 4, HACS 4HA5 1] (Proteobac-
teria) A X} =F & T 8 3 ARk, M ERE R ] (Firmi-
cutes) (M 22.43% T 3] T 18.13%) F1 i 40 14 ']
(Cyanobacteria) (M 12.57% F 2] T 4.65%) # Xt
F R EFRA, BZE ] (Actinobacteria) (M
6.18% LTFEI T 17.81%) AHX F BT (K 5).
Metastats' " 53 M7 & B, HACS 21 Ji% i B B H 3R
W J& (Microbacteriaceae). F3JR i J& (Rhizobiales) .
AT B (Acinetobacter). 7% 5 K J& (Kocu-

T KPR 25 3246 sponsored by China Society of Fisheries
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&3

B
TAREE M RO

i (3)
TSR R A

Fig.3 Effects of dietary starch structure on hindgut in M. salmoides under a light microscope

(a) CS, (b) HACS.

R4 TRESEHTKOBHEHFESFSHNZN 20 ¢ s *
— [
Tab.4 Effects of dietary HACS on E « == HACS
Q
morphology parameters of M. salmoides = 15107 *
og .S ~
HiH 5] groups X %
items cs HACS i & Lo
= o
2% % /um  villus height 312.60£15.60 305.23+20.75 =z v
HBFE/um  villus width 82.3442.95  94.21+2.71° E 051
[}
WUZEEE/um  muscle layer thickness — 115.4624.16  120.28+4.45 - 0
IR IEE(/100 ) 135516 115843 PP " .
number of goblet cells tnf-a i-8 llﬁl i-1p efp
B
UK HF HX o i 5% 05 T -
ria) i & (Alsobacter) #H XT = & i 35 1]
B4 SEEEHNAOERSHEREER

CS 41 (P<0.05), FLER W& (Lactobacillus) # %}
JF B E T CS 4 (P<0.05) (K 5, K 6), Bugbase
FRUFN & EE, HACS 4 M1 CS 41 /Y4 % [C BH
WMMEZRAERENFEREAR - ENER,

RIBKF B0
Fig. 4 Effects of high amylose on

intestinal immune gene expression in M. salmoides

100 + 100 ¢
75 + 75
o 5]
2 . .2
c\\° 8 [ ] ’E:Eﬁé% I‘? P%‘ote.obacterla L8 B ICANE R Brevundimonas
=3 FEELEAIT Fimicutes 4% 5 BNBREE  Ralsionia
ﬁ 2 50t W R ET]  Actinobacteria _ﬁ < 50 B GERER  Steprococcus
i E | ﬁ@l] Cyanobacteria < E  MOFBIR  Microbacteriaceae
= % TR  Acidobacteria 7S % WRIER  Rhizobiales
= W T Bacteroidetes = - WHER  Alsobacter
25 PRI  Planctomycetes 25t e IR Lactobacillus
| ?if%‘l‘] Chloroflexi - %,ﬁﬁ E%E Weissella
W BT Deinococeus m TS Acinetobacter
W Al others m A others
0 | ——— 0L
CS HACS CS HACS
(a) (b)

E 5 E@iEmEAnmS BN EmERRE1KTF (a) FBKT (b) BIERK
Fig. 5 Composition of gut microbiota at phylum level (a) and genus level (b) in the common starch and high amylose groups
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HACS 4l Ay 4 2 [CPHME B B & & T CS 4
(P<0.05), 2R MHAMREFEREEMT cS4
(P<0.05), 1AL, HACSH T AE S0 I 5 %
fI&F CS 4 (P<0.05) (& 7).

15 =

FHXT F T/ %
relative abundance

P
microbiota communities
6 CS4H5 HACS ‘HFFEEEEHY Metastat 7347

LT W, 2 MO8 R, 3MATRE, 4L wE, 5% KH
JE, 6B & -

Fig. 6 Metastat analysis of intestinal microbiota com-

munities between CS and HACS groups of M. salmoides

1. Microbacteriaceae, 2. Rhizobiales, 3. Alsobacter, 4. Lactobacillus, 5.

Kocuria, 6. Acinetobacter.

100
I_I* 3 CS
° 80 mm HACS
Q
m g 60 r .
# 8 i
'L 40}
g *
0
1 2 3

-
T
microbiota communities

7 CS{HF1HACS HiFEEF R BTN
LA 22 ORI, 28 2 ICPH R, 3RS0 I .
Fig. 7 BugBase analysis of intestinal microbiota com-

munities between CS and HACS groups of M. salmoides

1. Gram negative, 2. Gram positive, 3. potenially pathogenic.
3 Wik

ARHIRFRW, BB VE M BEAE W P R
5 i A M BE . R FEFE K PH &5 (Lepomis gib-
bosus)'" . Wil75 2 (Lepomis gibbosus)™ Wil & FR,
1o ELBETE A REAS A S ) I AR KRR . A ESTAR

https://www.china-fishery.cn

L TE RS R R 235 ) S AR R ) Bl (Leio-
cassis longirostris) WA K™ M, 15 ELBE VE
2 It Z A A (Mylopharyngodon piceus) F) A=
PERERY, FI UL, TR RO iRk E by 45 4 1Y) A= 2R
e W7 A 05 25 S o A O L RD DY R R S Y R I PR
fipt, R e BB VE R Y MBS HE 0 (GD) %, A
AN GE T IR A R AR G AR, G i e
T 2R A BN R B S, Bl BB
VE Moy 2L 1R i 08 75 5 00 S5 140 9 Al I e ) e k4
FREE G, P B s GRDRLA 1  R A ROR, E ik
MRMAER, B EEEER A PER (TS, W 3CHE
L HFE T

J 38 WPt B A RE I e — e FREE b e T i
A FR BREARDL . AP 25 A R, 5 ELAE TE R
TR R T B g 1B P E LG (T-SOD. CAT) i
P, BEARAR B Ak~ (MDA) & &, KB E
HEVE KD BEUE $2 15 K 1 SR 7l B ek RE T, ek
B R . X 5 7E H AR EF (Macrobrachium nip-
ponense)™ HIGIF 5T 45 - —E, RS T HBEE
B HAUCE S P A LRE I IPE ] . BB
(nrf2. cat) b REE—DUESE T S BLAEVE B AT K H
R 1 TR AL RE T I BGEE T /N B (Mus
musculus)? IFEFE LB, = HEEEMREDR W% I
P nrf2 LD RGN B o X TR LR TRy Rl e A
PHEE nrf2 L TR B ZRIB /KPR m DL A AL TG

AR, tnfo. il-18 F1 il-8 J& & WL 4
AR T, T tgf-B AN il-10 FE G 3k I R B R
PERRY, ARSCIZE R WoR, m EEEVE R W2 [
R PR iz B BT R AR T (1g/-f) mRNA 143k
K, TR AR R F (inf-a. il-8) mRNA 1
RIRARKN-, RGN BB VR RE A% 5 M R R
fipiJlgy 1B H) S AR bR o BFSTRIN,  ELBEVE R X B)
W)V T 5 1) 5 i e X 2 A TR RS B E
RERGITT PPAPy U1k, (RIS ELIL-10 55
PR ILIN 3k, JE B & 40 i 54 19 1 1E
D3N FO AR (¥ UGN 7RIS 2 R L LI TSN
e EEETE R IR B T IR & B W2 5
Ve e s M E N R, Ko T IRELREE o 551
HE N OBESER, M NF-«B {558, M
T VAR R 0 PR B AR RN AR AR F R B
SRR [ I R R U A T LA e G g
Yife ., 1A BF (Paralichthys olivaceus) WP BT
R, EEETE R RENS B LR S A OGP 1Y
Rk,

T KPR 25 3246 sponsored by China Society of Fisheries
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1V 9% RE A5 14 s B TH AL MO TR AR L 43 2
PP AR, 7 WS 5% ) Jon Rt e A K 1 e T T
HAEFZEMY, MY EN & 088 5 g
FPE I E D e ) E AR, W E A
K, WiEW AR, HLAR IS A I RE 7 b
SR, ARBFR AR IR, R E RS T
KO R HAEINE, W5 IEE IR 5 R
Wehe g1 X HEE/NREY MW FER g gE 2
R—3, mEEEMREY NS L IEE S,
WAL, MBS E LT ZHIEATR W, AN
WA R I E M ERREZ -, & e
e A TP ERE B AR, R B VE R
A B i AR N BT RS p B il i 405, kT e s ok 1
SR Al T TR S A o

ABFSERIFEIESE, AR TE TR 1T AR RER [ 102 K
H R iz 18 P A TR AT e — 2R
2 ICPHMERE, T TR RE S 7 A B AR T
PR LA, B AR SR A 1 B0 1B, A B
FRW, LR — & BB T fE S g 16 i B
R T F R R, B A R BRER O R, TR
FLehWrh, JERERT T ST R (Bacteroidetes) [
FOAR B iy, H S IR ) 5T A RN R RE ) B B
FEASLRG SR B = ELAE VE M L R T )
o, JEEERET T SWATETTRY R, R
A E R ARSI RS A, TRl i K R
fipitiyie Jy, AEdEE TR T, PR B,
= HBEEVE M BB IR THETEA 5 i LR E ) i+
BE, BRARWETEA FW (AIFFR B, % i Qi
BN R fEXT B B AR i (Oreochromis
mossambicus) [T 58 H A 15 B T 2Rl 9 25 2L 10,
ARHTEAL, FLRR T2 — s == [RPHE, REfR )™
TR, HARERRAE RN . DR3P % 18 bt D g
PPEEY, AN, WRERAL BT LB, o H A T
3 23 5 BRI 11 B 0 i 3 o > TG B 1A LA
P i o 22 [OBH R TR e ], I 1 A N R R
2 QIR B B0l . AL R T AR iE
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Effects of dietary high amylose on intestinal health of Micropterus salmoides

LIU Xinping', DONG Wenjing', HUANG Han', LIAO Ruisheng ',
CHEN Yongjun', TAN Beiping?, LIN Shimei
(1. Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education, College of Fisheries,
Southwest University, Chongging 400716, China;
2. College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: Carnivorous fish have a very limited ability to use carbohydrates, and excessive carbohydrate will lead
to the disorder of sugar metabolism and the decline of immune function, thus inhibiting the growth of fish. Starch
as a cheap energy and adhesive in feed, appropriate addition can save protein and reduce feed cost. In order to
evaluate the effects of starch structure on intestinal health of Micropterus salmoides, two isonitrogenous and lipid
experimental diets were fed with 10% common corn starch (CS) and high amylose corn starch (HACS), respect-
ively. M. salmoides with an initial weight of (8.53+0.06) g were fed for 8 weeks in an indoor system. The results
showed that specific growth rate (SGR) and protein efficiency rate (PER) of M. salmoides in HACS group were
significantly higher than those in CS group. Meanwhile, the intestinal catalase (CAT) and total superoxide dis-
mutase (T-SOD) activities in HACS group were significantly higher than those in CS group, and the expressions of
antioxidant related genes nrf2 and cat were significantly up-regulated. Moreover, compared with CS group, the rel-
ative expression levels of pro-inflammatory cytokines (TNF-o and /L-8) in HACS group were significantly down-
regulated, while the relative expression levels of anti-inflammatory cytokines (TGF-f) were significantly up-regu-
lated. At the same time, it was observed that the abundance of Cyanobacteria and Lactobacillus in HACS group
was significantly increased at phylum level and genus level. It reduced the abundance of potentially harmful bac-
teria (Acinetobacter, Kocuria). Further phenotypic prediction showed that compared with common corn starch,
feeding high amylose corn starch could significantly reduce the proportion of Gram-negative bacteria, increase the
proportion of gram-positive bacteria, and significantly reduce the abundance of potential pathogenic bacteria. In
conclusion, high amylose maize starch can effectively improve intestinal morphology, antioxidant capacity and
immune level, and improve intestinal microflora structure and function of largemouth bass. Therefore, high amyl-

ose can improve the intestinal health of M. salmoides.
Key words: Micropterus salmoides; high amylose; intestinal morphology; intestinal flora
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