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1. BEMKFRBIZARFRIT, 98 B 210036;
2. HEIKFERREIF R B AT Fol, 9 B8 214081

WE: HEAAELE KO R (Micropterus salmoides) 135 & M — A EE IR, TR B 0 Bty 4h 58 T FE
FE I RIS LA S 0 gyt A B AR AR 2 e, ARBFGE T T B FE4F B (Artemia salina) W 055 (RS, AR %
20 A AL Tl RN T Ak 0 P I BB PR AR AL . SIS BRI T IR 400 R (1.06£0.02) em. (2.04+0.03) cm.
(3.02+0.04) cm. (4.05+0.04) cm, (5.01+0.04) cm 3t 5 F A L0, & H1EK 1em, 2ecm. 3em. 4em, 5com 4l
T ESLE, St T e ARIET- R fEIERAGRE R, 82 i E I E I k%t bt T 5 &l 4 e e S5 L
HAR P AABRE R LB . B Fe ) E R AU AR E PR L, T T N LA T R B
JE AR AR . R R (1) K 1 om S ETR . FRERER S, AR, 45108 60.31%.
30.85%FH 8.84%; KK 4 cm. 5 cm G MIET RFIFR R 0, FEERA 100%, TR B ORFET S M5k B 30
fi%, GRS Q) HaE IS ILA RS S B L BE(SOD) G451 T+ T 86.97%H01 16.62% (P<0.05), HFHE
i AL S (CAT) M R T 58.60% (P<0.05), (3) & XHAIE il LGt mEch B3, HaRhiEdREA
T . GBI B TR BTG PR W R, AR 50.11%. 40.71%F1 42.79% (P<0.05); B W E A TR T
18.33% (P<0.05), Wi 1H 3% s ALl 16 14 0 3 1k . (4) #% B 5 B i ZE 1 1] (Actinobacteriota) b & T %
(40.91% vs 13.33%), JEEEH ] (Firmicutes) i # T (14.03% vs 64.60%); J&/KF FEEREHE N XHEHE
(Mycobacterium, 24.73%) . TFF B & (Microbacterium, 10.25%)FI &I ER & J& (Paracoccus, 10.05%), ¥ & 5 EHE HH,
BRI & (Lactococcus, 14.96%) . S JF AR E (Mycoplasma, 13.55%)F1 2 4T 3 & (Bacillus, 9.32%); &1 J5 A AN E K
T ST AR A R A B e S SEIR R, Al iR G AR 3~4 cm, 5T AR GOSN B T 4
LU ARG, BEART IHARERR TG, Ml e S & A B AR L AR 5T W] Dt R K 1 Rt 4 B AR R R
s R B E AL I R AR S

KR KO RET Yt e AR, brE Ll ML, MiEER
FE 5 ES: S963 CERARAERD: A XEHS: 1005-8737—(2024)04—0403—-13

K1 B (Micropterus salmoides)3 J& i H KO Ry g FREMEad, s N TYknT LL5E
(Perciformes) . K [ B (Cehtrachidae) . i/ M. 7} R ECA R, B LA DR K R
(Porcoidei) . fo'i J& (Micropterus), SCFR M 5 Kra R — AN EE IR, R R sk
T 20 22 80 AFUH L EG | 2K E, HETC LM FERE R B AT gE . 2Ry fa i gt
Sh— T A B Y 44 R K SR A FEWHGE, WFATLE(Trachidermus fasciatus).

s B HA: 2024-01-04; 1&iTHH3: 2024-03-17.

ESTA: LI R IR 2S48 550 3 [IBGS(2021)130]; F5 5T 4k % T 23 35 M IR 554k R0 H <2023 $@% Kk a5 &
H R

EERI: DX%TG2(1987-), B, @B TR, BT K= shiisi & 8 Fif57 5 32 5E £ R e, E-mail: hdmaxingyu@126.com

BEESE: FEE, 50, 577K siiE i B R 5. E-mail: fishnj@126.com
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g fi (Myxocyprinus asiaticus) . % 5 Zx J5 fifi
(Takifugu flavidus). BYEHR(Siniperca chuatsi)Zs,
WEFE T HA RN . AR A K PERE LB PR
S FEIR R R 11 SR Ay i 2o £ S ik A
58, FEEPTEA YRR A A [H) H e & 48R
Bk 3 58 PRI A R O X b, TR AR
il RS T G iR LG R B IR O R S
i i) 0o 2 2 A7 3% SR AN A KPR RE R S . (IR &
PR AT BRI A A S B R R, i
JFECE R, SECOMRRE T R R -2, 5
PR AR 22 5, ELE SRR B, MO K 5 AR (]
M, B, RHISE B AR 4 T R
MR TR AL, 2 M ] Lk b [ &)y #4109 48
T LR Wy AR T 5 502 B 5 ) R I R A 2 A %
W7 AR B8 22, AT LA 1 DAkt 3 e 2 DRt
ARt RS, 4 R, Db AR 22 5 i Ak
ANF i RS R MA—FE, AitRR
W, U2 PN A E AR, & ik F R IRk
BRI

RERS H) I RGR T W58 SR B
S I AT 1 23 A 7K ST, DA T () 426 52 i 3] &)y £,
(AT R AN A KPR AR, i T T T O 3 7
FE T W SORAILAA s 4 O B A,
K B i) H LA RE T . WHALRE ) S
EREREZ PR . R . AMRES NG . ekl
IR KT 4 DR R R i 2O T B AT
HZm R 30 o X AR P ok 1 R )
T A i B3 e B B S W Y 1R R

ABIFTE R 58 42 Bl A 1R 4 R4 T e B 0 5 1%,

WEFE T A TR A gy (e Er AR RO FE TR | A3 R
MERE AR, B e AT A LB s E . AR
I PR R 8 R AR, B AER RO H R B4
P Ar R, IR X HAEMA R EN, X
A7 LW AR IR i S T I B I AL ORI 4
BRI AE 5 B 5 it

1 #MEEFE

1.1 EEIt5RFEE
SZI6 R 2R 4 A OR TR T e 5T K Rk
5T A% 1 SE 3t ) EREAR, FR5E T IR N /K Uit

W SIS DAL %) =E 4F dL (Artemia salina) TG
TR R PR A TR R o AR AT S 6 A A
£ 1~5 om g n] oG, Hf 1 om HigFE
BT R, 5Sem MM EICILT:, el
AR R R M I T T AR R R, PR I S I R 4
BRI BN 1~5 em . BEEBCE R 23510 0
(1.06+0.02) cm. (2.0440.03) cm. (3.02+0.04) cm.
(4.05+0.04) cm. (5.01+0.04) cm 3t 5 FhELAK filt
i AEK 1em, 2ecm. 3em. 4cm. Sem 24
PTG 5000, REFPRIAK I E 3 VAT, 4l
TR 30 Bahfh, By A IRaE T K < S >
JE 28 emx17 ecmx 24 cm [ IFES AGT, KA
UM 10 L, F#58 FH K 2t 784S0 FOROK, 37
LR PR KR E 25 C, WAEART 7 mg/L,
AR/ 0.02 mg/L, WASIREE/NF 0.005 mg/L.
B T IRDRE A V95 K 75 48 B R 1L ) Ak A PR
AR AL ORI, ARHE S 42, 1~2 om B
& B RPR AR R 0.5 mm, 3~5 om FRRE $E M fa )
KiAEN 1.0 mm, PIFPGEDENE IR KF—80E L% 1,
RERF P BRI, B AR R A
Bkl By 2R, 24 15 min
TeHh ta g RS R, R I 8 d, Rl
V) 5 R BRI A% B — 1k, #oK 172, B RKIC %4
i HARIE T B, 5B 45 R 5 i S &5 A A 16 B
B HARIET-HIWTIR I A A ke ARTTAGLR, K
TG, FBEBE R il TCAT AT 2510 Bt

x1 ZHRARMBERKEFERLD
Tab.1 Nutrient levels of experimental diet (dry diet)

H /K nutrient level /% content

HEH crude protein 48
HLAE Wi crude lipid 6
HLIK 53 ash 18
HEF4E crude cellulose 4
J% total phosphorus 1.2
5 calcium 45
H R lysine 3

T3 e R B £ P BR K 4(5.0240.04) em Al
R W A K (5.05£0.03) em fOPIZH 4N fa
%90 B, ST Ry mETh, A aiE
3 AL, FEAMELETE 30 FE, FREHARIEIR L. FRghn
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FRUE R, RETHBRWRFEFR, Bl dfmg
1.0 mm KA AL FIUREfRL R, FR5E E S 3 d, Bk
— R A A A B R, fERAEA L
FEAS, FH 000 g 04 35 PR A i B B R . R Tl
gl fa P WK A A G fa e A fRDRH R IR S R
o, S mREs o s E A Bek, HAEH W
TR AR PR R ERES, ANEEA TS,
1.2 HAEAXRE

151 6 h JE AR B R T T 4 %))t
FIREPLEL 6 BB RESM, H 75% Mg k%
Ja B4l R 2 B, 2o 1 B KB 1 ff 5 2%
BT B B 1B O B N A, R R I A R
B IR, JFHIBER 75%BER Jo R MR 25 524K
B AN EE, A 2 mL JCTAE B0 H R T80 C vk
M, HTIE B ERE . (518 24 h 5414 s
GIREALE 10 FERAEFNE. B . I T HEE . 2
WLA), Gl R BR ALK WA 5, T 5 mL
BEDAT R T-80 CUKAA, FFEFN LA FH T
SEPUEALEETETE, B . KT A A
TH AL B 1
1.3 mEHESEHAEEESHT

R A AR bR S ST AL BE 1(T-AOC) |
8 E AL P B AL B (SOD) TR 4 . i AU Ak &Ll (CAT)
PEFIN B (MDA) & =, ML br s B & A
Pt Ve o AR RS PR R D I R UE R T
PE, 8 R AR I 1R FH g ot A ) T AR A0
YT AR T vk e FR I G U B
AT, EEAWRE S S g ek, R
it Ao A SN e s B
1.4 BFEMEYEESHT

&L DNA $25C, PCR P 4RI ¥ SCEM .
i T BE LA 41 DNA FIH E.Z.N.A." soil DNA kit
(Omega U.S)IAF| & TH$E, EARMPEEAER
P UL BT, (EF 1% % B A8 B VR A Hh Sk AG:
fhH2 A EE R 241 DNA (i, ffi ] Nano Drop2000
I E DNA WREMAEE, LI EiR$R A DNA AL
M, ffi ¥ H Barcode 731 1) I JiF 514 338F
(5-ACTCCTACGGGAGGCAGCAG-3") #1 F it 51
Y 806R (5'-GGACTACHVGGGTWTCTAAT-3")%}
16S rRNA J:[H V3-V4 0[2F X i#£47 PCR P14, §~

Har= M| AxyPrep DNA Gel Extraction Kit (Axygen
Biosciences, USA)#EAT4li{k, 2%Z i A GE I HE Ik
K, I A Quantus™ Fluorometer (Promega, USA)
X [EDSC = A A R i, ZiAb S ) PCR =) i%
Z T AW B 2R RN W AT SO A
5y .

il AR A RIS A=A
(https://cloud.majorbio.com) #t 17 H 4 43, HAK
IR il UPARSE ARG 97% AR X it
P P $ 5 19 e 9 E 47 #8473 28 51T (operational
taxonomic unit, OUT)EZEF-HIBR IR S, ZBRAT
A i T R R I SR AR NS R AR T 1, e fe /MR
A FNEAHE . K FH mothur X {4F 115 Alpha Z 4%
PEFE %L, IR Wilxocon #&FIK: K47 Alpha £
FEME L ] 22 5508 . R R 1575 (version 3.3.1)
THGHFER, . R LEfSe 43
#r(Linear discriminant analysis Effect Size)(http://
huttenhower.sph.harvard.edu/LEfSe)#f i& P 2H 5] )\
WEIVEY S o S T = N 7By it
1.5 HELAR

H #RFE T~ (natural mortality rate, NMR, %)=
H AR I T B/ BB x100%; A7 1% K (survival rate,
SR, %)=FFi% %/ B 50x100%; 5% £ % (cannibalism
rate, CR, %)=100% 71— H RIETH
1.6 HESH

KoM Excel 2016 HEGEiHHEH, HI SPSS
25.0 B HEAT B 2 22 43 BT (one-way ANOVA),
LSD EZH I, s A T s, Sid
Bl Y L Y E AR IR R (7 £SE), P<0.05 &
INZESF W E

2 EREHSW
21 HERAMNAOBRHHENERTETE, 7
EERMEAE RN

A1 A, K 1 em 04 SR HIRIET
FHN 60.31%, KK 2 cm MR 34.45%, KK
3~5 om (W fTER & I T A RIET:, 1Rk
1 em HI4hfa HARFET - 03 & T HAh41(P<0.05),
K 2 em 4 HARIET- R B E ST 3~5 cm 4
(P<0.05), W UL B % & A SR B T 28I,
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100 ¢ n=30; x+SE HIFR B %N 2.22%, 3 cm IFE %K 6.67%; 4 cm.,
. s DUOCLIEm 5 o i TR TG, 2-5 om 04 5K fr 22
L B (405009 o 5 A E(P>0.05).

g% B (5.0140.04) em 22 EEARNAOBHYHEFESIAARN

2 st | : AW EEE R BN
2001 e Hb b I ET T G £ T RE RN, 6 2T
T L R FRER B, B S 3 2 BT R, F R
natural mortality rate ~ survival rate cannibalism rate B A gh 5 LA F T-AOC 1 MDA & &6
B 1 ORI K T R 5 40 a5 1 [ SRBE T B2 7(P>0.05), HERMlFIE+H SOD JE it

IR S e
HETE P b5 AN [R)/INE - B 7R 21 18] 26 53 1 35 (P<0.05).
Fig. 1 Natural mortality, survival rate and cannibalism
rate of different level length juvenile Micropterus
salmoides after early weaning
Different letters on the column indicate
significant difference between groups (P<0.05).

K 1~5 cm WY EATE 25000 8.84%.

63.33%. 93.33%. 100%F1 100%, &K 1 cm,2cm
F & 0 A7 15 R 8 KT 3~5 em (P<0.05), Al WL{Ak
KRG AR R E, KK 1 em B4 fask %
e, M 30.85%, B T HAMAL(P<0.05), 2 cm

J 471.05 U/mg prot, HWHEHTIE T 86.97%
(P<0.05), LA SOD {if %K 75.49 U/mg prot, I
HEERTTIES T 16.62% (P<0.05), #6540 fTIE
W CAT 7% 14 8.38 U/mg prot, HWHEETHT FFET
58.60% (P<0.05), LA CAT i&PETC i &£ R

(P>0.05),
23 ERABMXOBREHH&EEL AR ELE
i M 22N

WMk 3 Fron, K RE5%) 60 ) E 8
IR B Wi, B, M) R R
ARG TE D7 S P S T by B P A e

®2 BN XORSYHERFESIAARRENEEENZN

Tab. 2 Effects of early weaning on the activities of antioxidant enzymes in liver and muscle of juvenile Micropterus salmoides

n=10; x £SE
FFRE liver WLA muscle
TH item il ey LT e ER

before weaning after weaning  before weaning  after weaning
BPTELRES) T-AOC/(mmol/g prot) total antioxidant capacity 0.110.01 0.11=0.00 0.06+0.01 0.04=0.00
ALY 5 {1k Bl SOD/(U/mg prot) superoxide dismutase 251.94+3.26 471.05+27.61" 64.73+1.42 75.49+2.41
i A AL B CAT/(U/mg prot) catalase 20.24+1.91 8.38+1.09" 0.60+0.02 0.92+0.11
N ¥ MDA/(nmol/mg prot) malondialdehyde 0.71+0.04 0.67+0.01 0.80+0.03 0.66+0.05

TE: R AT B AT b SRR TS 22 53 B % (P<0.05).

Note: In the same tissue, each bar sharing the * means significant difference before and after weaning (P<0.05).

®3 BREAMXNKOBHY&EEALALELETENZE

Tab.3  Effects of early weaning on the activities of digestive enzymes of juvenile Micropterus salmoides
n=10; x +SE
B stomach i intestine #4175 #¢ pyloric caeca
TiH . - "
o 4 £ £ A £ s ey s
before weaning after weaning before weaning after weaning before weaning after weaning

% M #/(U/mg prot) pepsin 20.6+0.53 15.86+1.41 3.84+0.50 7.59+1.79 2.97+0.60 6.20+0.73
JE3E A BfE/(U/mg prot) trypsin 2000.28+80.87  1633.6£32.24" 10987.61£2245.86 5481.83+£1928.50° 39895.27+4933.20 29917.98+2155.59
JIE Wi fii/(U/g prot) lipase 1.28+0.05 1.17+0.03 6.51+0.63 3.86£0.56" 7.35+0.95 6.86+0.44
TEFYHF/(U/mg prot) amylase  2.11+0.25 1.77+0.17 12.83+0.65 7.34+0.85" 12.64+0.72 11.76+0.70

T [l — R — AT BB A bAoA+ RoR F RS 22 53 .35 (P<0.05) .

Note: In the same tissue, each bar sharing the * means significant difference before and after weaning (P<0.05).
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H#RNRE, WBERZ, BN HEBREEA
il 3 P AE B N RRAIR, B R T N TR,
0 i E L 22 5 (P>0.05) o 5 6 ) J £ 1 s 1A
3 AHL N B RTREESE, £8 MmERNSNT
T 18.33%F1 50.11% (P<0.05), F £ J5 N i il A1
E By Wl TG VEAE Ol N 4 0 T 40.71% Al
42.79% (P<0.05), 1A HABHL 2T, [
)70 i AR A (P>0.05)
2.4 FHREARNKOBE 4 EFER NN
Wy 45 LRI AL )7 51 222393 4%, JF51°F
BIK R 414 bp ., KFRIMSRRFIZERIAR, # 1R 97%
L R 25153 736 4~ OTUs, 43J& 19 1. 47
49, 130 H. 212 FF. 409 J& . 580 Fh, kLA
s g M £ 33 V22, BN )Y R BE A% i i i 1
MY Z M. OTU K- 4% Sobs 5%k, Ace

F8%0. Chao 1 #8%(. Shannon F5%XF1 Simpson $5%%
SRR F B Ay (0 A TE R a-ZREPE, 25 ANER
4 firn, FERIE DL EeE2E N 825 (P>0.05)

mE 2 FREFR, FERK O R0
WHEBEHA 374 4~ OTUs, B EJEHE 509 4
OTUs, W& LA N OTUs Jy 1474, A M OTUs
i3 OTUs 1Y 19.97%., & 3. | 4 B, 18
TR b3 B A R T SR A £ i T AR B8 B A N
T2k 1] (Actinobacteriota, 40.91% vs 13.33%) ., 2%
JE 1% 1] (Proteobacteria, 36.34% vs 20.67%) . JEERE [
I'] (Firmicutes, 14.03% vs 64.60%) Fl H¢ & # ]
(Verrucomicrobiota, 3.59% vs 0.25%), %5 i<k
BT RE B 1T B 8 28 TR, /il BEAR T
67.42%711 93.04% (P<0.05), 1MiERER ] T)
T 360.44% (P<0.05).

F4 HARAMXNIAOBHHEFEREY o-SHEERNF N
Tab. 4 Effects of early weaning on the Alpha diversity of intestinal microbiota of juvenile Micropterus salmoides
n=6; x £SE
‘® % community richness £ community diversit 2
HE item FHEE unity ri ZFEY unity diversity 26 )%
Sobs ACE Chao 1 Shannon Simpson coverage
AT before weaning 306.67+11.50 333.56+2.66 331.36+8.31 3.46+0.08 0.08+0.02 99.860.00
45 after weaning 314.67+48.76  325.86+49.15  325.44+48.61 3.70+0.32 0.06+0.03 99.91+0.00

@ BW
O AW

BW 227 147 362 AW
(30.84%) (19.97%) (49.18%)

509
400 374
200
0 - .
BW AW

OTU¥E /units
™ the number of OTUs

2 RERSAZh A iE I HE OTUs /9 BB
BW /R R, AW ZR A,
Fig. 2 VENN analysis of intestinal microbiota OUTs of
juvenile Micropterus salmoides
BW: before early weaning; AW: after early weaning.

LOr e W ELEER ] Firmicutes
. AT B 1] Proteobacteria
M £ ] Actinobacteriota

08 B PERHEE ] Verrucomicrobiota
Dependentiae
B 4225 [] Chloroflexi
0.6 HAth others

0.4

KRR £

percent of community abundance on phylum level

BW AW

Bl 3 T B 4y i 3 R 1D K S AR X
BW FRFEEHT, AW R85,

Fig. 3 Percent of community abundance on phylum level of
intestinal microbiota of juvenile Micropterus salmoides
BW: before early weaning; AW: after early weaning.

e s BoR, ek R R uS Eoh o>
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%314

S2AT B B (Mycobacterium, 24.73%) . AT & &
(Microbacterium, 10.25%) . RIERE J& (Paracoccus,
10.05%) . v- % J& W J& (Gammaproteobacteria,
6.40%) . ZEFAFT I JE (gemmobacter, 4.77%) . B X
W W J& (Clostridium_sensu_stricto 1, 4.71%) 1%
WA 2K 1 & (romboutsia, 3.75%), & FEHE N

(Mycoplasma, 13.55%) . #f f ¥F & J& (Bacillus,
9.32%). N IE(Achromobacter, 5.95%). Hk
¥ & (Alsobacter, 4.25%) . 2K B J& (Vagococcus,
4.21%) . ZLERE & (Rhodococcus, 3.24%)FlEEEK
J& (Streptococcus, 3.11%), WE 6 i, ¥E)F
JER KA TR RN TN A2 B e A T i 3 MR T R A

A, BR # & (Lactococcus, 14.96%) . 2 J7 1K & fb, IH 6 N E B ERIL, 9 B B E TR
I IK AR YA =F BE 4 R] 22 57 Student TR I mBW
Student T test bar plot on phylum level HAW
Jez ] Firmicutes [ — 1 0.01604
MBI Actinobacteriota [ — —_—— Yy
PEt B 1] Verrucomicrobiota F - (’;"2) 04463
Dependentiae ¥ ﬂ: E’B 01879
#2551 Chloroflexi I '1 (’;"b 01319 -9
28 H ] Planctomycetota ! L) ;"6*0002 134
Bdellovibrionota ! o 601294
BB Y95 ] Patescibacteria I ® 3%03102
1 k%
wer o, 00
0 20 40 60 80 —40-30-20-10 0 10 20 30 40 50 60 70 80 90
AR B 5 /% AEXTEREZF /%
proportions difference between proportions

K4 R R4 £ iy 18 AR T KF AR 2225 5% Student T 4256
BW FRFEHT, AW FORFEE )R, *FIR 25 7 B 35 (P<0.05), **FR/R 22 5% B 3 (P<0.01)
Fig. 4 Difference in percent of community abundance on phylum level of intestinal microbiota in
juvenile Micropterus salmoides by student T test
BW: before early weaning; AW: after early weaning. * indicates significant difference (P<0.05);
**indicates extremely significant difference (P<0.01)

1or W 53 FFHR Mycobacterium

FLERF B Lactococcus

B FR{RR Mycoplasma

B TR IR Microbacterium

081 RIERBE B Paracoccus

N ZFHUATHIR Bacillus
norank_f norank_o_ norank
c__Gammaproteobacteria

- B AR Achromobacter
W B UARER Clostridium_sensu_stricto_I
ZEREFT IR Gemmobacter

|
B B1BATKHEIR Romboutsia
W WAFEIE Alsobacter
W BERER Vagococcus

||
||
B ZTERB R Rhodococcus
BEBREE)R Streptococcus
FAth others
0.2 I
ol

IS O 1SR4y 6 i 0 R KV A =
BW L AT, AW FREE R,

Fig. 5 Percent of community abundance on genus level of
intestinal microbiota of juvenile Micropterus salmoides
BW: before early weaning, AW: after early weaning.
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04 r

JBAKFEREAEN F R
percent of community abundance on genus level

WE 7 FioR, SR LEfSe 4% 9 40 i 1 1
HEREASHEAT 2 M 2000 23 i (LDA), s Hri BT s
3BV S Y T AR L 6 LDA HIE KT 4 1A
BBEIAT oM, A RIS 514G B 2B TR
Wl HA BEEER . BB AN
R ] R . TR . TR
BERFFIEH . 2240w H . T H . o-ZBIE K
LA PERL A 22 K8, B e WA LA RN 2R
FFean . JREER T, FLAFRH . BERRERL . FLER
WE . ZJREHE . SRER RERE . 2R
WH . ZFMFFEFR . 2R E S 29 J5RE,

3 itig
30 BEARMAOERHHEHERET R, 77

eI - eSO EA )
R SRS 4y 100 T 06 B £ A RS X B £ 3B ) 114



554 EHET A L X DR T PR A 4 £ A R BT SR A TR A AT P A TRR 4 5 ) 409
JRIK TR REAR N = BE4H 1A 22 5 Student THYH:
student T test bar plot on genus level m BW
H AW
Sy KTHR Mycobacterium [—— . : er
| 0.0001117
FLERB R Lactococcus | ! -
| 0.006495
AT @ Microbacterium F —— .
! 0.01519
BIBKEE @ Paracoccus — —— | Kk
SEHRFER Bacil ! 0.00158
- acilius _ | —o— *okok
ank_f _norank ank_c__ G b — | o 2338
norank f norank o_ norank ¢ Gammaproteobacteria e ! sk
—— \ 0.0003833
{ 2 Vagococcus - *
Sk s - ; 0.01466
Alsobacter —e—i * N
— ! 0.04314 &
. Rhod ‘ *
3R B Rhodococcus gy - 5 03076
"o k%
HEIRWJR Streptococcus gy : 03754
i i o *
norank_f norank o_ norank_c__Actinobacteria gy : 0.02059
. o *
unclassified_f Aerococcaceae gy | 0.03229
A ;. e k%
IR Ensifer [ : 0.006444
! sk k
Reyranella iy  ® 0.00001055
ig M o *
Neochlamydia j 0.002889
0 10 20 30 30-25-20-15-10-5 0 S5 10 152025
FEXTFEE &5 /% FAXT 2%
proportions difference between proportions

&6 R F R )y £ T8 T RE TR 7K AR S B2 22 5% student T G465
BW FREEHI, AW FRBERJG . *FIR 2857 35 (P<0.05), **F /R 22 55 il 3 (P<0.01)
Fig. 6 Difference in percent of community abundance on genus level of intestinal microbiota of
juvenile Micropterus salmoides by student T test
BW: before early weaning; AW: after early weaning. * indicates significant difference (P<0.05);
**indicates extremely significant difference (P<0.01)

TR R, R 1em, 2 cm MM FEE A
B ARIET R, AR KT 3 cm MUAS 3% & 1]
BTG HARAE T o AUAR B K% & AR SBT3,
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Fig. 7 LEfSe analysis of intestinal microbiota of juvenile Micropterus salmoides
BW: before early weaning; AW: after early weaning.

10 8 6

(SOD). 3 LA AMH(CAT)FITS —FE(MDAYHL) B, ML i AL i o 5 TSR
SALTEMIG = PG HRY, SOD 2 —FRANMBUANL AL, (R4 0 P 2 P L6 5 1 S A T



55 4 3]

Ch2CTAE PR R O H R4y R A R L DU A A 1 L 1 R 4 R 411

CAT AL AL o= A KRGy 4R, PR3P 4
i 5 52 3 — 2B R SR AR P B DR S R R
fifi gy e JFAE AL PR SOD 3% 2 i 2 T,
B R IO RDRL AT REXS A £ T SRR, PLAR
JRBh T B ARG, VIR AN 2 B A e i .
BABHE g P CAT W W35 TR, WE/R T
HER] fE 22 2l E AL R Ak B {H MDA &
BT L, BERS M A ERE,
K] MDA fEMRNIFRERR, RIREJE N &) fi IE
AT AR R E BB, HLAHRAE 0 SR R RE
ki
3.3 BRARMAOZRY Y& EHARENLE
EREd: A

M R G AR P e T HAH AL fE
S £ 0 IR I ORI Y, BT 2 %
T SN Y B B R VP SR = = 2 i el 55|
AR R 2RI AL AT 1R . ASBESEAS
R, KO R E &A= T8 T,
R AR M e A ) 5 e b e, KON iaE, B
PR N 7 A T A T A T A
fpiirh, AT LAFE H B ) 4 0 i T8 &) R 2
PR EE oA . BT R B AR AR PR
3 A E A RE, R 2R
Boho BB Jr il IR I L I I A R A
R TR, ULWIAR LT R AR R e iRk
5 3 T A M A2 B, 35 AT R A BSR4
R 2, I 54 1 A R
T YA Er ORI RS, BRER R A T
i E AR 2=y A PR Y TSR FRAH B BER
R AL A0 6 P, 45 R R WIS R R AR R B
i TEL P T L O TR R R R O A e TR
BB, H 25l e 4l B R I AL B A
SmITEo 1A 4t 5 SR AR BB f DR I
e DI R A R SE RIE N
3.4 HRERMKAOBRS)EFERFNZN

F B G ARAE LA S 5 TR IR A R A
A7 F AR PO, 0 2 10 T TR X AR R 1
AR | R R A REAR L R L
R IE HRESZ BRI . R E B, BERtd
IR RIRIREE | FRAHAE R A A2 BT s Y,

Hh VDR 2H A B R e e S T R T B gy
BEWEER OTUs L, HF: & A HIFE
OTUs HA7 19.97%, R 78 A 2EI 8K,
M a-ZFEME BT K B T 0 R ) Z2 R PR R R
W3, KSR 2R E LR R R H
T, ERERT . TR TR L s P07 A
FE 3 IR 1 B 4 £ i 38 B 0 L BB B M ik
W, BRI, AR TR, Hamr
BT TR b e i PR R I, B )a o i
T O ERER ], WA A A B,
AT R RE o JEERE B ]S W A W) 4 1 B A A
oy, AR ERHEYIEEA . IEA R TR
WA, mifasy . A f AR ET A
FEPS ORI B o £ e T A R IR SR BE DK
Sl bt UL R R R, T RE R R R iR A
BZAHYVE I o JRIKF L, it A pa e N
NATEIE . AR . BB E A y-AIE R
&, MR NARER . FEERE . ZFHFFE
BTG ETRIRS, WEZERDE . WL 5]
SNTRE, BRI A R TR . T
DAL R R MDA S R A, MRS
TRUREE A B T 2R AT . FUAF I . A Bk R R S R
TREETHREAEAE . 2RI HRERE S W h 4
Helg . FEEENG IR . KA AR E SR Y
B W, T 5 2 B 2 AT T A0 LT T R
R A ) A S 35 A 1 RO, e A )
JE AR IR R T RES 5 8 T B E IR
g R, JE ] BEHRIE T B T AL B KA
SRR AR . (AR TR . BT . R
TR FIBE IR B 1) U 0 2 I8 Tk 7= 3h ) 45 PR B0
B 2 A O O A T B S ok 11 S i)y
BB KU o BRI 1B W R ES i B R AR,
e T S B BT R R

4 B

L BRI, KN R ) 0 5 R £ AR R
AL/, AR EMAR Y 3~4 cm, HEALY
I, W IHBAR RER LR B R iRk e
1L I A LA S A 0, 7 A O, 5 R
PUA R G RPN o e b 4 £ 18 1



412

K B2

%31 %

PORES P TR, UL T 36 4R g/
Xt e R TR AL BE DB, (HAR R R I E Y
A g A A RESME AR TR AL S A . Bk
0l X &)y £ i 3 TR R A R R A, PR AR AR UK
LA E RIS, MR R R YR B

1%,

I T TR AR E o

S 3 ik:

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

Bai J J, Lutz-Carrillo D J, Quan Y C, et al. Taxonomic status
and genetic diversity of cultured largemouth bass Micropterus
salmoides in China[J]. Aquaculture, 2008, 278(1-4): 27-30.
Guo Z D, Liu Y Q, Huang J, et al. Effects of different
weaning strategies on the growth and survival rate in larvae
and juvenile of Chinese sucker, Myxocyprinus asiaticus[J].
Journal of Fisheries of China, 2016, 40(1): 64-72. [ER &1,
XIAERK, B, 5. AL SRmE X NG fh A f R A=
REAFERIEII]. K541, 2016, 40(1): 64-72.]
Bi X, Zhang F M, Zhang Y L, et al. Study on early weaning
Acclimation of Trachidermus fasciatus[J]. Fisheries Science
& Technology Information, 2018, 45(3): 137-140. [K&i%, 5k
R, SRAR, 4. AAVLHTE A I BORATSE]. K
PR R, 2018, 45(3): 137-140.]
ShiY H, Xie Y D, Liu Y S, et al. The changes in growth and
fatty acid composition of tawny puffer (Takifugu flavidus)
juvenile during the bait conversion period[J]. Journal of
Shanghai Ocean University, 2017, 26(1): 48-56. [Jifi 7K, i4f
KA, KA, A AGRR Dy B4t E i A v A KR g
MR AALT]. _EIHEE RS AR, 2017, 26(1): 48-56.]
Liu T, Liang X F, Zhuang W Y, et al. Association of DNA
methylation of pckl and t/r] with the food habits of Chinese

perch, Siniperca chuatsi[J]. Journal of Fishery Sciences of

China, 2022, 29(7): 1064-1072. [X3@, 0 J7, FERIG, 4.

SHMESE pek] K tlr] 5 DNA W S0 7E & A\ T ARkl ep
FIFEHILI). PR PR, 2022, 29(7): 1064-1072.]

He H X. Effects of different domestication time and different
feed feed enzyme preparations on the domestication large-
mouth bass fry[D]. Wuhan: Huazhong Agricultural University,
2022: 21-22. [BUEHE. AR DI B FAS [R] G ek il ot 751 X6
RO RETEFIIERCRIEmD]. R Al R,
2022:21-22.]

Cai L E. Study on the development of digestive system and
bait conversion strategy of Micropterus salmoides[D].
Wuhan: Huazhong Agricultural University, 2023: 44-45. [4%
R RO RSN R G R B AR R BT E (D).
DL Al R, 2023: 44-45.]

Zhao L, Li S J, Bai J J, et al. Transfer food from zooplankton

(9]

[10]

(1]

[12]

[13]

[14]

[15]

to formulated feed in juvenile selectively bred largemouth

bass Micropterus salmoides[J]. Fisheries Science, 2019,

38(6): 846-850. [A7E, ZEMEA, IR, 5. K1 BH5HE
HRHAL L GRS R IIERIF ). AP FEE, 2019,
38(6): 846-850.]

Li W H, Sun C F, Dong J J, et al. Early developmental
characteristics of digestive system of Micropterus salmoides
larvae during the first feeding and artificial formula feed
adaptation[J]. Progress in Fishery Sciences, 2023, 44(1):
80-89. [ZEiME, PMIL K, FERME, & KRITBHIFOHE
S NTRS I R G2 B RED]. Rz
HEE, 2023, 44(1): 80-89.]

Machate D J, Figueiredo P S, Marcelino G, et al. Fatty acid
diets: Regulation of gut microbiota composition and obesity
and its related metabolic dysbiosis[J]. International Journal
of Molecular Sciences, 2020, 21(11): 4093.

NiJJ, YanQY, YuY H, et al. Factors influencing the grass
carp gut microbiome and its effect on metabolism[J]. FEMS
Microbiology Ecology, 2014, 87(3): 704-714.

Liu M, Lian Q P, Ni M, et al. Effects of inner-pond raceway
aquaculture on the growth performance, antioxidant enzymes,
digestive enzymes, digestive tract structure, and bacterial
flora of largemouth bass (Micropterus salmoides)[J]. Journal
of Fisheries of China, 2021, 45(12): 2011-2028. [X#, Zx75
I, A5, A5 WIE TR IR A K SRR O DR T R A
PERE . PUEUILRG . T4 A M A B 20 R 25 K TR R ) 52
[7]. K724k, 2021, 45(12): 2011-2028.]

NiJJ, Wang Y Y, Xu G C, et al. Effects of stocking density
on the antioxidant status, tissue structure, and HSP70 and
Cu/Zn-SOD expression in largemouth bass (Micropterus
salmoides) in an in-pond raceway culture system[J]. Journal
of Fishery Sciences of China, 2020, 27(6): 660-670. [{ii 44>,
TME, R, % SR X0 TR KR
RHREHA ) HRGH KL R 3B B2 i ).
rRE K PR, 2020, 27(6): 660-670.]

Feng Z D, Liao R S, Sun H, et al. Effects of enzymatic
chicken pulp on liver antioxidant capacity, intestinal physical
barrier and microflora of Micropterus salmoides[J]. Journal
of Fisheries of China, 2022, 46(10): 1824-1835. [[3# 4, B
B, P, AE. RDRL AR IR X SO R R T
SALBE Ty | T TE BT R I R I SR 0], K2R,
2022, 46(10): 1824-1835.]

Zhu T T, Jin M, Sun P, et al. Effects of dietary lipid level on
morphology indexes, tissue fatty acid composition, serum
biochemical indexes and liver antioxidant indexes of
largemouth bass (Micropterus salmoides)[J]. Chinese Journal
of Animal Nutrition, 2018, 30(1): 126-137. [RIEkE, 44,



54 Ch2CTAE PR R O H R4y R A R L DU A A 1 L 1 R 4 R

413

[16]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

(24]

PNE, S5 DRHIR KT XK F RS TR A Se by . LRI
PRZA NG, . MLTE AR AR bR SRS U AL PR RR IS T]. Sh)
HFER, 2018, 30(1): 126-137.]

Zhang G G, Li X, Cai X B, et al. Effects of enzymatic
hydrolyzed soybean meal on growth performance, liver
function and metabolism of largemouth bass (Micropterus
salmoides)[J]. Acta Hydrobiologica Sinica, 2019, 43(5):
1001-1012. [5kekik, Z%1m), S48 0%, 45, M o
PR R BB MERE | IHILREIE T . AR D BE AR
RUSZIRT). AKAEAEYI2E4R, 2019, 43(5): 1001-1012.]

Stizer C, Firat K, Saka S, et al. Effects of early weaning on
growth and digestive enzyme activity in larvae of sea bass
(Dicentrarchus labrax L.)[J]. Israeli Journal of Aquaculture-
Bamidgeh, 2007, 59(2): 81-90.

Aya F A, Nillasca V S N, Garcia L M B, et al. Effects of
weaning on survival and growth of silver therapon
(Leiopotherapon plumbeus) larvae fed live and artificial
diet[J]. Aquaculture Research, 2021, 52(10): 4799-4806.
Faulk C K, Holt G J. Early weaning of southern flounder,
Paralichthys lethostigma, larvae and ontogeny of selected
digestive enzymes[J]. Aquaculture, 2009, 296(3-4): 213-218.
Saleh N E, Mourad M M, El-Banna S G, et al. Soybean
protein concentrate as a fishmeal replacer in weaning diets
for common sole (Solea solea) post-larvae: Effects on the
growth, biochemical and oxidative stress biomarkers, and
histopathological investigations[J]. Aquaculture, 2021, 544:
737080.

Kim B M, Rhee J S, Park G S, et al. Cu/Zn and Mn-
superoxide dismutase (SOD) from the copepod Tigriopus
Jjaponicus: Molecular cloning and expression in response to
environmental pollutants[J]. Chemosphere, 2011, 84(10):
1467-1475.

Moniruzzaman M, Ghosal I, Das D, et al. Melatonin
ameliorates HyO»-induced oxidative stress through modulation
of Erk/Akt/NFkB pathway[J].
51(1): Article No.17.
Thongprajukaew K, Kovitvadhi U, Kovitvadhi S, et al.

Biological Research, 2018,

Effects of different modified diets on growth, digestive
enzyme activities and muscle compositions in juvenile
Siamese fighting fish (Betta splendens Regan, 1910)[J].
Aquaculture, 2011, 322-323: 1-9.

Xie S M, Xu G C, Wang Y Y, et al. Effects of feeding
frequency on digestive enzymes, histomorphology, and gene
expression of lipid metabolic enzymes of largemouth bass
(Micropterus salmoides) reared in in-pond raceway culture
systems[J]. Journal of Fishery Sciences of China, 2021,
28(2): 157-166. [WIRH, #RiN%AE, THE, & HpE

[25]

[26]

[27]

[28]

[29]

[30]

(31]

[32]

(33]

XV EIEER K TR 1 R AL EE | ZH RS B Al
FERFRIBMFEZMT]. P EZK R, 2021, 28(2): 157-166.]
Ou H X, Wang G J, Xie J, et al. Effects of different feed on
digestive tract index and amylase activity of Micropterus
salmoides[J]. Journal of Shanghai Ocean University, 2018,
27(5): 674-682. [BRZLEE, )74, WK, % FRE AR
AR R R A Y AL TR BRI RS PE R SE (7] b
HFREICAA, 2018, 27(5): 674-682.]

Tian X X, Huang W, Xie C Y, et al. Effects of fermented
soybean meal replacing of fish meal on the growth, feed
utilization and digestive enzyme activity of juvenile large-
mouth bass (Micropterus salmoides)[J]. Journal of Shanghai
Ocean University, 2022, 31(2): 355-364. [z, # 1,
BT, . RS K AR e R | Tk
FIFA R AL RGNS ST [T]. iR K2R 2R R, 2022,
31(2): 355-364.]

Che M X, Yao C F, Lu Z Y, et al. Effects of different
amylose/amylopectin on diet processing characteristics,
nutrient apparent digestibility and digestive enzyme activities
of largemouth bass (Micropterus salmoides)[J]. Chinese
Journal of Animal Nutrition, 2022, 34(5): 3220-3232. [%H]
e, WhAERR, FlAvRE, 2. R [R B TERY SCRETE B R D
SRERDRHIN AR | B SR BRI AL 3 R0 I AL
PERGSEIR[T]. S8 FE24R, 2022, 34(5): 3220-3232.]

He K. Study on liver transcriptome and intestinal microbes
during the weaning of largemouth bass in pond[D]. Ya’an:
Sichuan Agricultural University, 2020: 15-16. [fi[d. KM
RS R e b T AR SR 4 i 1 AR M E (D).
A2z DU, 2020: 15-16.]

LiM X, Qiang J, Xu G C, et al. Comparison of gut structure
and microbial composition changes in largemouth bass
(Micropterus salmoides) at different breeding stages[J].
Chinese Journal of Animal Nutrition, 2023, 35(9): 5886-
5903. [ZEMGYY, SRR, MREE, 5. ARFREM B AR H
SR B i 3 5 A8 RN B T A AR Y LR (], B E
4R, 2023, 35(9): 5886-5903.]

Xiong J B, Dai W F, Zhu J Y, et al. The underlying
ecological processes of gut microbiota among cohabitating
retarded, overgrown and normal shrimp[J]. Microbial Ecology,
2017, 73(4): 988-999.

Ramakrishna B S. Role of the gut microbiota in human
nutrition and metabolism[J]. Journal of Gastroenterology and
Hepatology, 2013, 28(S4): 9-17.

Ray A K, Ghosh K, Ringe E. Enzyme-producing bacteria
isolated from fish gut: A review[J]. Aquaculture Nutrition,
2012, 18(5): 465-492.

Preston-Matham J, Boddy L, Randerson P F. Analysis of



414

K B2

%31 %

[34]

[33]

[36]

[37]

[38]

microbial community functional diversity using sole-carbon-
source utilisation profiles-a critique[J]. FEMS Microbiology
Ecology, 2002, 42(1): 1-14.

Meng X L, Li W J, Nie G X. Effect of different factors on
the fish intestinal microbiota[J]. Journal of Fisheries of
China, 2019, 43(1): 143-155. [dalétk, 25308y, BRED%. fi
RGBSR O [I]. K724, 2019, 43(1):
143-155.]

Wang A R, Chao R, Ringe E, et al. Progress in fish gastroin-
testinal microbiota research[J]. Reviews in Aquaculture, 2018,
10(3): 624-640.

Zhao L L, He K, Luo J, et al. Co-modulation of liver genes
and intestinal microbiome of largemouth bass larvae
(Micropterus salmoides) during weaning[J]. Frontiers in
Microbiology, 2020, 11: 1332.

Gajardo K, Rodiles A, Kortner T M, et al. A high-resolution
map of the gut microbiota in Atlantic salmon (Salmo salar):
A basis for comparative gut microbial research[J]. Scientific
Reports, 2016, 6: 30893.

Ingerslev H C, von Gersdorff Jorgensen L, Strube M L, et al.
The development of the gut microbiota in rainbow trout
(Oncorhynchus mykiss) is affected by first feeding and diet
type[J]. Aquaculture, 2014, 424-425: 24-34.

[39]

[40]

[41]

[42]

[43]

Liu H, Guo X W, Gooneratne R, et al. The gut microbiome
and degradation enzyme activity of wild freshwater fishes
influenced by their trophic levels[J]. Scientific Reports, 2016,
6: 24340.

Guo Z, Zhong L Q, Jiang H C, et al. Effects of adding
Bacillus and Lactobacillus into diets on immunity, digestion,
and antioxidant function of channel catfish[J]. Jiangsu
Agricultural Sciences, 2022, 50(6): 149-153. [3875, &7,
FIRIE, S TADRL RN 2 A AN LA R RE 5 S Al
Pz . MBS DIRERI R IAT]. TRl RRY, 2022,
50(6): 149-153.]

Liu Y. Effect of Lactobacillus fermentum in the diet on
growth performance, functions of digestion, absorption and
immune of juvenile Jian carp (Cyprinus carpio var. Jian)[D].
Ya’an: Sichuan Agricultural University, 2011: 46-49. [X1]F].
TR S L RRAT X 4 el A A e T AL WD e
FPLDIRERIEIA[D]. HEZ: U)K, 2011: 46-49.]
Wang J G. Ichthyopathology[M]. Beijing: China Agriculture
Press, 2013: 334-340. [, fjp2AM]. dtat: PER
Ml A, 2013: 334-340.]

Behera B K, Bera A K, Paria P, et al. Identification and
pathogenicity of Plesiomonas shigelloides in silver carp[J].
Aquaculture, 2018, 493: 314-318.



55 4 3] Ch2CTAE PR R O H R4y R A R L DU A A 1 L 1 R 4 R 415

Impacts of early weaning on survival rate, antioxidant and digestive
enzyme activities, and intestinal microbiota of juvenile largemouth
bass (Micropterus salmoides)

MA Xingyu', TANG Zhonglin', CHEN Shugiao', ZHOU Guoqin', XU Gangchun’

1. Institute of Fisheries Sciences of Nanjing City, Nanjing 210036, China;
2. Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China

Abstract: Early weaning stands as a critical phase in the breeding of juvenile largemouth bass (Micropterus
salmoides), aiming to ascertain optimal size parameters and evaluate physiological and biochemical impacts. This
study investigated the effects of early weaning on survival rates, antioxidant and digestive enzyme activities, and
intestinal microbiota. Five length categories [(1.06+0.02) cm, (2.04£0.03) cm, (3.02+0.04) cm, (4.05+0.04) cm,
(5.014£0.04) cm] of juvenile fish were subjected to early weaning experiments. Data on natural mortality, survival
rates, and cannibalism rates were analyzed. Antioxidant enzyme activities in the liver and muscle, as well as
digestive enzyme activities in the stomach, gut, and pyloric ceca, were assessed pre and post-carly weaning.
Intestinal microbiota analysis was conducted using high-throughput sequencing. Findings revealed: (1) Highest
natural mortality (60.31%) and cannibalism rates (30.85%) occurred at 1 cm length level, with the lowest survival
rate (8.84%). Conversely, the 4 cm and 5 cm length levels exhibited no natural mortality or cannibalism, with
100% survival. Increasing body length correlated with decreased natural mortality and cannibalism rates alongside
heightened survival rates. (2) SOD activity in the liver and muscles increased by 86.97% and 16.62%, respectively
(P<0.05), post-early weaning, whereas CAT activity in the liver decreased by 58.60% (P<0.05). T-AOC and MDA
levels in the liver and muscles remained statistically unchanged. (3) Trypsin, lipase, and amylase activities were
highest in the pyloric ceca, followed by the gut, and lowest in the stomach. Post-early weaning, trypsin, lipase, and
amylase activities in the gut decreased significantly by 50.11%, 40.71%, and 42.79%, respectively. Trypsin
activity in the stomach decreased by 18.33% (P<0.05), with no significant changes observed in the pyloric ceca.
(4) At the phylum level, Actinobacteria, Proteobacteria, Firmicutes, and Verrucomicrobiota were predominant in
juvenile Micropterus salmoides guts. Actinobacteria decreased by 67.42% (P<0.05), while Firmicutes increased
by 360.44% (P<0.05) post-early weaning. At the genus level, Mycobacterium, Microbacterium, Paracoccus, and
Gammaproteobacteria were predominant pre-weaning, transitioning to Lactococcus, Mycoplasma, Bacillus, and
Achromobacter post-weaning. LEfSe analysis identified 51 significantly altered bacterial groups in the gut
post-early weaning. Findings suggest 3—4 cm length as the optimal early weaning size for juvenile Micropterus
salmoides. Early weaning-induced stress leads to oxidative damage, affecting antioxidant enzyme activities.
Digestive enzyme activities exhibit significant alterations during transfeeding, with a notable decline. Intestinal
microbiota composition undergoes significant changes post-early weaning, with Firmicutes emerging as the
predominant phylum. This study provides valuable insights for enhancing survival rates and digestive efficiency
during the early weaning phase of juvenile Micropterus salmoides.

Key words: Micropterus salmoides; juvenile; early weaning; survival rate; antioxidants; digestive enzymes;
intestinal microbiota
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