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X R AERPEREEY . BEAR/N B (Mus musculus)
HAE R WS I A R R A T
AR A RPERE . B s, R iE AT,
P LRSI

AR A A - R R Y, B
BEBT. IR E R ER , 7EK AR A 3
Jz Y, A SR A £ S Y AR R RO T
SO T NG B A 28 0ok A S A B ARG K, R
WEA . M rIkmiFEE RS TR,
TE %2 Bk o 0 A B 10 [Epinephelus lanceolatus
(3) x E. fuscoguttatus ()", K ZZ &} (Scophthal-
mus maximus)"> [ HE P BE FIME R 7 AR B
H b o s 0 B A RS IR0 S, AT e s
TN 2%~4%" . FTHAIRFSE RBL, RN[A T2 A
SCESTES A NN I CE R by ]
XSIEAE K= Bl 1 i g FH 28R an e B i i TG b A
WH5E . M, ASCES LIFR E 2 R SR e v a2
KA EBETABRXT S, @A ERE . AR
DL B e M A AR A, R G VAN A S S AN
TER H BBy rf AT R, A BRI & & R
FEY R AT AR, TR Ak Ay A A X IR DG A o Y
il 2 PR R S

1 MRS A

1.1 SCIgAR

PAZEIR AN . OORIRMR R O R AR, T
3 A U oy VR ) S Ak AR, a0 A SR (SW,
R, BRI (BC, F SEMHysEwriEA
BRAH, 1) B RER T 3.5% Mk, i
il 3 A AR (11.3%) B9 S bkl . S 56 4R k) 4
B KB SRR L6 20 FaRLJERE R R 80 H i
RBCGERFHREIRA ), H kAR R 2.5 mm 1
WoRLERL, AR T 4 °C vk AR5
1.2 XWBE5RFER

SIS K 1 R AR 7 PR e AR ARl Ry
ABRATE, BERAEFSNIIEG T, R R
fb1 8. 256 24 h, BEEUIRBUfEAE . 1% T84T .
MR R T &y (9.25+0.13) g R T B 6, BEHLS:
HJ3AKEEE, BB IR IAEL, BOER
25 B fh, TEENIRKIEAFRIM ARG (B 180 L)
T F% 56 do FRFKIE MRS AKX, HIBEHRMR
2% (8:30, 17:30), JEHRJEMISN 120 - 12D, F75H
Wil KIE 25.0~28.0 °C, Fff4E =6.5 mg/L, A<
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R1 BBRRNBECENERES
Tab.1 Nutritional composition and oxidation index of

stickwater and enzymatic chicken pulp

iH 25| groups

items SW EC

EFRHARR/% nutrition componention

7K43  moisture 43.52 38.77
HEHA  crude protein 40.95 35.59
FAEWT  crude lipid 1.82 421
#K4>  crude ash 7.48 12.16
5 Ca 0.73 0.59
WP 0.46 0.86
HHEB/% amino acids

RITEEEE Asp 2.26 2.74
HAK  Glu 4.49 5.03
YH W Ser 1.19 1.04
H&#®R Gly 337 3.57
WA, Ala 2.11 2.18
%  Pro 1.84 2.30
&R Tyr 0.52 0.76
K& Cys 0.21 0.24
HEAR His' 2.70 1.07
WER Arg 371 291
HEE  Thr 121 1.02
AR  Val 1.08 1.04
EEER Met 0.68 0.48
REER e 0.83 0.89
HER  Leu 1.80 1.78
KN Phe 0.90 0.82
WER  Lys 227 0.95
RIS (A E )  acid soluble protein 85.66 76.24
MEKR  total amino acids 31.84 29.45
S MIBHE  oxidation indexs

¥R MR R /(mg/100 g) TVB-N 364 164
i /(mg/g) AV 1.68 0.75

e SW.IEHR; EC. MEMRSHK, FIF. * SmyghHEIEmR
Notes: SW. stickwater; EC. enzymatic chicken pulp, the same below. *.
essential amino acids

0.48 mg/L, pH 7.5~8.5,
1.3 H#EHlg5ah

HoRE ARKELKAREEE 240, D
0.01% MS-222 kB¢ /G B PR 4. B 6h /T,
FANEECREPLIEE 4 B, RA 1 mL T2
FR kIO, FRERFMENTHE, B0 (4 000 r/min,
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1826 Ko ¥ 46 &
Fz2 IIGIARERKREFRKE (RFEA)
Tab. 2 Composition and nutrient levels of test diets (air-dry basis) %
Wi H 2851 groups
1tems Xt control SW EC
JR%l  ingredient
FhE IRl Peru steam fish meal 40.00 36.50 36.50
RS stickwater 3.50
FEfASIZ  enzymatic chicken mashes 3.50
S A1 soybean meal 18.50 18.50 18.50
MEFF T cottonseed protein 15.00 15.00 15.00
INEIHE A wheat gluten 3.00 3.00 3.00
ik flour 9.00 9.00 9.00
iyl fish oil 2.00 2.00 2.00
KGUIBERE  soy lecithin 1.50 1.50 1.50
HiH  soybean oil 4.00 4.00 4.00
HEEZTRER  vitamin premix 1.50 1.50 1.50
W4 TERL  mineral premix 1.50 1.50 1.50
SLJEFL  choline chloride 0.50 0.50 0.50
BERR 55  Ca(H,POy), 1.50 1.50 1.50
WA 4 microcrystalline cellulose 2.00 1.88 1.81
HER  lysine 0.00 0.08 0.13
HZA® methionine 0.00 0.04 0.06
BIERS  nutritional levels
FAE M crude protein 49.42 48.39 48.20
FIRI  crude lipid 11.31 11.09 11.17
HLKSr  crude ash 11.45 11.51 11.49

e oa EAERTUREL KA 18 mgkg, 4EERD; S mgke, 4EAEKE 150 mg/kg, 4EAEHC 500 me/kg, 4B, 16 gk, 44 FKB, 20 g/ke,
YA 3By, 6 gke, AEERK; 18 ghg, IHE 40 ghkg, WIEF 320 gikg, V2K 60 gkg, JHRL 80 g/kg, WHZ S gkg, LMK 2 ghe, L ASLMEN
100 g/kg, b. B FIREL, 44 30 mg/kg, ' 50 mg/kg, B 100 mg/kg, 4 4 mg/kg, k25 mg/kg, % 35 mg/kg, %12 mg/kg, 1.6 mg/ke,

fifi 0.2 mg/kg, 4% 0.8 mg/kg

Notes: a. vitamin premix, VA 18 mg/kg, VD3 5 mg/kg, VE 150 mg/kg, VC 500 mg/kg, VB, 16 g/kg, VB¢ 20 g/kg, VB, 6 g/kg, VK5 18 g/kg,
riboflflavin 40 g/kg, inositol 320 g/kg, calcium-D-pantothenate 60 g/kg, niacinamide 80 g/kg, folic acid 5 g/kg, biotin 2 g/kg, ethoxyquin 100 g/kg,
b. mineral premix: Na 30 mg/kg, K 50 mg/kg, Mg 100 mg/kg, Cu 4 mg/kg, Fe 25 mg/kg, Zn 35 mg/kg, Mn 12 mg/kg, I 1.6 mg/kg, Se 0.2 mg/kg, Co 0.8 mg/kg

10 min) JCEE W, HFE AR AR e . I
FoK LA o B A AR I, RO G PR T
—80 °C IR VKA 1, T AR FRAE AL AR AR I E -
AN A PO BEPLER 2 B2, H 0.01% MS-222 Jfk
e, HZ 0.2 g A HFIE (o IX80) F10.5 em 1Y
i (h B, 43 Al A 1.5 mL & RNA
fif B .0 45 % 19 200 pL RNA/DNA K i A% 37 i
(TaKaRa, HZA) ", WEGEG G IR T-80 °C #
IR VKAR , TR Fak a0 E . o =
BN, A 1.5 mL & RNA B LIS,
ARG, BT-80°C vk# o TSI .

RAHEAMER ARG E  RAERE
FHBRAE T 3 %5 58 4 TRk AR L B R0 35 o0 1A T
ME . K5RH 105 °C Mt EE RN E ; HER
FoR HELAGE ZOEIE 5 HLAR DT R R sl ik
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WRE 5 MUK AR 550 °C Dy roBebeskin s fa
VES I RN it ik XS 3 2 LR (R H 37 L-8800 744,
B A 3h o A A s R PEEE R A S R GB
5009.8—016EFT5E

FF IR0 A B 88 i AR AR . R
JH B o A ) TR A T T ) ) A
Yy AL (T-SOD) 357 (WST-13%). i A Mk & il
(CAT) i (BHIR & 75) DL RN [ (MDA) % &
(TBA %), >R ELISA i HIR I & (Lt 4
YR A RS A I A2 I T R A AL (DAO)
TG PELL K D-FLAR (D-Lac) FIfE £ 55 (LPS) &t

mRNA #2IK, ¥4 F Ao B & & o 47
JFFHIE M it il RNA {# ] RN Aiso Plus 17 (TaKaRa,
HA) #2H, {# F NanoDrop2000 i 3 & 43t 6
11 (Thermo Fisher, E[E) 2 & RNA ¥ B I3 Y
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i BE 2 1 000 ng/uL. Bl J5 £ 1 2 % s ik ) &
FastKing-RT SuperMix (KR AL B A RA A,
Je ) K 42 HUAY B RNA #5536k cDNA, I
DEPC /K #i B¢ )5 & JH o S22 5t % & PCR (RT-
PCR) MR 20 pL, Horp BRlES 1945 1 uL.
cDNA 2 pL. 10 pL 2xNovoStart® SYBR gPCR
SuperMix Plus (Novoprotein, ) FITGHE{F/K 6 uL.

SE AL AR M S22 B PCR Y (Bio-rad - CFX96).
RT-PCR f £ ¥ 4 95 °C HiZE P 1 min; 95 °C 48
£ 20s; 60 °CiH k 1 min, 40 MEH, ZIEE
WEfg iz, 5149750 03 3, il & PCR 754
X515 cDNA B Cr {8, H B9HEER A
X mRNA ik IH— 1L 3] p-actin(N S H ), I-fili
FH 27256 3k g 1,

*®3 ZLEIRKER (RT-PCR) 311& it 55
Tab.3 Primers pair sequences for RT- PCR

ey LEEI(E-3) RESIP(5-3") P L fbp BaRg

genes forward primer reverse primer product size GenBank

sod CCACCAGAGGTCTCACAGCA CCACTGAACCGAAGAAGGACT 158 XM_038713969.1
cat TGGTGTTCACGGATGAGATGG GGAGAAGCGGACAGCAATAGG 179 XM_038704976.1
IL-8 CGTTGAACAGACTGGGAGAGATG AGTGGGATGGCTTCATTATCTTGT 112 XM_038704088.1
1L-10 CGGCACAGAAATCCCAGAGC CAGCAGGCTCACAAAATAAACATCT 119 XM_038696252.1
IL-18 CGTGACTGACAGCAAAAAGAGG GATGCCCAGAGCCACAGTTC 166 XM_038733429.1
TGF-p GCTCAAAGAGAGCGAGGATG TCCTCTACCATTCGCAATCC 118 XM_038693206.1
TNF-a. CTTCGTCTACAGCCAGGCATCG TTTGGCACACCGACCTCACC 161 XM_038710731.1
zo-1 ATCTCAGCAGGGATTCGACG CTTTTGCGGTGGCGTTGG 208 XM_038701018.1
claudin-1 CCAGGGAAGGGGAGCAATG GCTCTTTGAACCAGTGCGAC 160 XM_038713307.1
occludin GATATGGTGGCAGCTACGGT TCCTACTGCGGACAGTGTTG 198 XM_038715419.1
P-actin AAAGGGAAATCGTGCGTGAC AAGGAAGGCTGGAAGAGGG 184 XM_038695351.1

16S rRNA M7 R EEZEAE Y A W
FERSCER EE, BRSS RE A A EY =&
(BMKCloud) #4743 #1. fii Power Soil DNA Isol-
ation Kit (MO BIO Laboratories) MAE it H i B4 1
& RNA, >R PCROEM 5[ : 5" - ACTCCTACG
GGAGGCAGCA-3'; xIn5|¥: 5'- GGACTACH
VGGGTWTCTAAT-3"), Jffifi il HiSeq ¥ & (Illu-
mina, ) #7007 SR ETIE, 5
B I 7 £ P (clean reads), J¥ 81 AH L1 =
97% WA N 7] — #8473 2L 5T (OTU). 4 OTU 1Y
RENE T 5 WUE Y S 5 BAE PR AT LU X, 3R-A%
XF REIRR R 73 205 ., H ] QUIME R4 AN [7)
SRR Z R, FF i VennDiagram R
WAL T AL .l FH Metastats 43 H7 45 41 [7] 147
JE K- 8 22 5. THE Y Alpha ZREMETR
#h Chaol . ACE. 44544 (Shannon) FI2EFx48
% (Simpson) $650"%, F14EiT OTU BT5R (coverage).
K BugBase 1T =147 1 FH 2 R T 7 prt !

14 HEAR
14 % (weight gain rate, WGR, %)=[(W~W,)/
Wy]x100%;

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

T AR (specific growth rate, SGR, %/d)=
(NI~ W) £x100%;

& B & (feeding ratio, FR, %/d)=F/[(W+
Wo)/2x€]x100%:;

Tl Kl 2 %L (feed conversion ratio, FCR)=F/(W~
Wo)s

T H BRR (protein efficiency ratio, PER, %)=
(W, =Wo)(FXF,);

FE1E % (survival rate, SR, %)=N,/Nyx100%;
b, W Wy ) DR R A R TSR R 4 £ 1
B (2); ¢ AARFASEI R (d); FOAETR (2);
N, Fl Ny 53 5 2R BECRIWI GG R AL (8); W okt
KB (g); LAMAKK (em); F, A iakHE A5
i (%)

1.5 BUES

S5 H5 4 24 LAY 34 {8 65 fE 25 (mean+SD,
n=3) Fs~, FH SPSS 25.0 M HEAT 07 24 F MG
AP Z 3BT (One-Way ANOVA), #53k 3| i 3%
K, WHEAT Tukey [REZH LR, KN
P<0.05, P %% F GraphPad Prism 7.0 %X {4
(EH),

https://www.china-fishery.cn
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Koo R

46 &

2 4R

2.1 BEEEISIE Rt K OEE 4 KM RERISZ I

25 Ab 32 S B 0 R AR T A A 25 SRR
(1), 1 FBW 253 A8 3% (k 4), KRG
WGR. SGR. PFR Hl FCR JG 4 [a] % & (P>0.05)
(F 4. 40 HA FR TR EER, FIHRSRY
“J 100% (P>0.05).

) P=0.673 ,
110 ¢ P=0.063
100 t
2 ¢
07 80 i i
o -
RS ===
T8 50
KZ 40t
g 30}
=20t
10 t
0 L L L
1 2 3
415
groups

El1 EERRIGRITKOESEKRKREHIFM
LR, 2. BRI, 3. BEMRXO KA. MARKEPARNRRAaKL
AR AL

Fig.1 Effects of EC on final body weight of M. salmoides

1. control, 2. SW, 3. EC. The middle line in the boxplot represents the
median final weight of the fish

22 ERESRITAOESRNEKCFIREN
FppAl

EC 41K 136 {TfE T-SOD il CAT ¥ 1 i 3%
T HALSZ I AL, AHE T B 5 BT T 40.72%
H1 47.60%, T MDA 7 & i IX (P<0.05) (& 2-a).
EC 4 sod J:P mRNA 7KV 1.2 5 T4 BR2H 37.50%

=4

(P<0.05), 5 SW 417t it # 2 % (P>0.05) (& 2-a),
M SW 2H car 3 mRNA 7K F & 3% T % BB 41
(P<0.05), 5 EC 4l EZES (& 2-b),

UEAN, SEEG A AT S 4N K F IL-8 il TNF-
o TR E A B E R T IRA 53.94% 1 81.95% (P<
0.05), 1M EC APt R UMM+ TGF-p Fl IL-10 FKik
KOV B 2 T HAAL FR A (P<0.05) (K 3).

23 EERRGEKN A O REEEMIEFEA T

ECH & i B% %E#EH zo-1.
claudin F1 occludin-1 f) mRNA ik /K- (P<0.05),
TR EET T 65.76% . 78.78% H1 65.97% (&1 4)
[ EF R %€ 2, EC 41 1M 7 H DAO i1 . D-lac Al
LPS & i i LT HAL S50 4 (P<0.05), tHE
B AR T 30.10%. 17.54% Fi1 33.78% (3 5)

2.4 EERGENAORGFERFNF

9 AFE S Y LKA 719 389 X reads, 1
FEH: 79 234 4% clean reads, SW Ml EC 41 i iE A4
Y o-Z FEPE OTUs Fl Chaol 45 0 2 {1k T Xt i 41
(P<0.05), SW 4l ACE F55i 2w TXT R4 21.05%,
5 ECH LB EEST (5 6). 4P Shannon 5
¥R Simpson 154070 i # 2% 5 (P>0.05).

K F SR B figg 1B A S A N AR TR B 1] (Proteo-
bacteria), JEHEE ] (Firmicutes). fIFTFE ] (Bac-
teroidetes) MILZL 1] (Actinomycetes) (B 5-a), ¥
M EC 5, Wi 2T B Tr 4B 30.62% T K
E 21.30%. UFFE T M 16.76% T FE =
11.68%. J& BE I/ 1B F M 17.71% L It =
27.14% KT THIF M 7.83% FFEE 13.15%,
BRS¢ F (P>0.05), Metastats 73 ffr & Bt ,
EC H ZF#UFF B )8 (Bacillus), WIEE R E & (Leucon-
ostoc). % K & (Rothia) % B R JE (Strepto-

ERRRIG IR K O B4 KM BRI ST

Tab.4 Effects of EC on the growth performance of M. salmoides

HiH 2171 groups

items XTHE  control SW EC
VIR /g IBW 9.27+0.02 9.25+0.08 9.26+0.08
LRPEIEF /g FBW 68.57+0.40 64.99+2.41 67.47+1.00
WAEE /% WGR 639.53+6.23 605.61+33.36 631.49+7.37
FEEAKE/(%/d) SGR 3.34+0.03 3.2240.04 3.31+0.01
kLR FCR 1.09+0.01 1.08+0.03 1.13+0.02
FARME/% PER 1.92+0.02 1.92+0.05 1.84+0.04
TER/(%/d) FR 2.76+0.03 2.81+0.10 2.86+0.06
FIEHR/% SR 100.00 100.00 100.00

https://www.china-fishery.cn
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7: - 1.5 25 ¢
= 2 700 L O control _ O X control
2= b S ® | sW
%5 600 EZ 5207 mkc
E g g S g §
g/ i 500 8 wZ L5t b
= 8 2w a 4
i O EHe e
g 40 <T‘II E gé[ 8 1.0 +
S3 g2 T2
= X H o) =
.2 20 e = 05 ¢
2§ N
0 0
1
LA LA
antioxidants genes
(a) (b)

2
Il b B AR [R5 B R R AL 22 5 3 (P<0.05), R IR

B ARG X K O R AT B S EE N (a) RAEXERRIAKF (b) HIFZMW

Fig.2 Effects of EC on antioxidant capacity (a) and expression of

antioxidant genes (b) in the liver of M. salmoides

(a) 1. T-SOD, 2. CAT, 3. MDA; (b) 1. sod, 2. cat. Values in the same row with different letter superscripts were significantly difference (P<0.05), the

same below

5 b
7 O %R control
) B SW
3 47 mEC
g §
Kz 3
® g
BE 21 ¢
ol
= b
R a
L
0
1 2
LR
genes

B3 BEEREIGIRITK O ESHRT AL S 2
TIEKF R
Fig. 3 Effects of EC on the expression of
immune related genes in the liver of M. salmoides
1.IL-18,2. IL-8, 3. TNF-a , 4. IL-10, 5. TGF-f

4 .
O %8 control
° ¢ EN
L 31 W EC
i 8
K 2
RS 212 b b
= &
DD;:L )
"%E a a 2 a a
517
E
0
1 2 3
HE A
genes

4 ERGERMNAOERFHERTERESER
RIKKTFHIF

Fig. 4 Effects of EC on the expression of

tight junction protein genes in the intestine of M. salmoides

1. occuldin, 2. zo-1, 3. claudin-1

x5 EEGENAOESHERIEMENIMN
Tab.5 Effects of EC on the intestinal permeability of M. salmoides

TiH

3 groups

items S

control

SW EC

D-A®/(umoL/L) D-Lac
A ALE/(U/mL)  DAO
8% BE/(EU/L) LPS

555.36+12.22°
18.52+1.78°
307.21+23.82°

528.59+10.59" 388.95+8.15°

22.51+0.42° 15.2742.35°

288.81+8.34° 203.41£9.74

i EURWNEERIGN AL, AT ERRAENG T REOR 2 57 8.2 (P<0.05), FIF

Notes: “EU” is short for “endotoxin unit”, in the same row, values with different lowercase letter superscripts mean significant difference (P<0.05), the

same below
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1830 KopE OE R 46 45

x6 HEUENAOBBHENEY o-SHEENERE

Tab. 6 Effects of EC on intestinal microbiota a diversity of M. salmoides

YJ5]J%  evenness estimates

SiH FEF richness estimates B E %
items OTUs ACE Chaol Simpson Shannon coverage

XFHR  control 431.00+52.20" 646.98+93.68" 580.22+46.55" 6.87+2.07 0.94+0.10 99.50+0.00

SW 702.00+26.15° 783.19+19.72° 791.804+25.85° 8.06+0.17 0.99:0.00 99.33+0.00

EC 776.98+27.73° 763.27+21.03* 776.98+27.73° 7.37+1.13 0.97+0.04 99.29+0.00

myces) MXFFEEE R E LI, MIAFFEIE (Acineto-
bacter), KM ¥F T -3 B K W J& (Escherichia-shi-
gella). JFAK (Mycoplasma) FISK T J& (Vibrio) A
Xt =E B R % (P<0.05) (& 5-a, €] 6), BugBase %7
T & B, ¥ SW AT EC AJ ok AR i i Ak W
B, SO 2 [P B AR X S BE 4350 R R 17.04%
F121.95%, = RPHPER ] ETF 38.96% F150.24%
(P<0.05) (& 7).

3 i

ENSRve R STV N Y LT S =Y AW P
KE R EA WA ARRCR, R SM05EHK
—EMERER, T RIE I S L
FEZ BRI A B4 R GE BT R, WS N
B TS R 7 ) (R PR 235 e #0268 1 A K MERE
R AR IR S, AN ) T2 B4 A A 0 o A 11 2
(LN AN AR SR E Pt S € 2L
it A Sy 1) = AR A SR AT AT Y, AR L il B
aAh, W . LAFERRMAR. Ak, X4
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Fig. 5 Effects of EC on the relative abundance of intestinal microorganisms of M. salmoides

(a) at phylum level, (b) at genus level
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Effects of enzymatic chicken pulp on liver antioxidant capacity,
intestinal physical barrier and microflora of Micropterus salmoides

FENG Zhuandong ', LIAO Ruisheng', SUNHao', LIU Xinping', CHEN Yongjun ',
XIANG Xiao', TAN Beiping?®, LIN Shimei "
(1. Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education,
College of Fisheries, Southwest University, Chongqing 400716, China;
2. College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: In order to evaluate the effects of enzymatic chicken mashes on healthy culture of Micropterus sal-
moides, fish meal in basal diet was replaced with 3.5% fish meal by stickwater from fish processing (SW) and
enzymatic chicken pulp (EC) by the equal amounts, respectively, and three isolipid (EE 11.3%) diets were pre-
pared. M. salmoides with an initial body weight of (9.25+0.13) g were fed in a circulation system for 8 weeks. The
results indicated that there were no significant differences in weight gain rate (WGR), specific growth rate (SGR)
and feeding rate (FR) of M. salmoides among all treatment groups. The activity of total superoxide dismutase (T-
SOD), content of malondialdehyde (MDA) and expression levels of anti-inflammatory cytokines (7GF-f) and pro-
inflammatory cytokines (/L-8) in liver in EC group were significantly better than those in control group (basal diet)
and SW group. Compared with other treatments, after adding EC, the relative expressions of occludin, zo-1 and
claudin-1 in intestinal tract were significantly up-regulated, while the activities of diamine oxidase (DAO), D-
lactic acid (D-Lac) and lipopolysaccharide (LPS) contents in serum were significantly decreased. At the same time,
it was also observed that EC affected the intestinal microflora abundance (OTUs and Chaol) of M. salmoides,
increased the (Bacillus) at the genus level, and reduced the abundance of potentially probiotic bacteria of some
potentially harmful bacteria (Escherichia-shigella, Acinetobacter, Vibrio and Mycoplasma). Further phenotypic
prediction showed that the addition of EC significantly reduced the proportion of Gram-negative bacteria and
increased the proportion of Gram-positive bacteria. All in all, the addition of EC in the diet does not affect the
growth of M. salmoides, but enhances the antioxidant capacity of liver and intestinal physical barrier and improves

intestinal microflora. EC can be used as high-quality protein source for M. salmoides.
Key words: Micropterus salmoides; enzymatic chicken pulp; antioxidant capacity; intestinal microflora
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