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RS P BRARBUE FR I (ANFs), 803530
Y E IS HEp B T T . IRmE SRR
WSCRITE AR, DT $ i FRAE A AR KvERE . L
PRl il JB A AR e RE 0 ™10 R IR K 7 3 ) Hh i
WEFEARX A e, 32 B A v e e R AR ) 2R 1 D
P DL K i e JEORE R AR ARy U1 AE XK 7 B
A A RE AR R I AR A i . E W e sh 4
F5 LGN IE XS BR (Litopenaeus vannamei)™ " Fl v A&
Y FENE (Eriocheir sinensis)™'" W BFSE & 88, fdi
AN TR] BRI R 1 T 2 A R 4 v Y e sh W A K v
THAETT . e ) DL B W T T A R TR 454

75 R JRELUF (Procambarus clarkii), 18#/NE
iR, &2 H (Decapoda) ZXHFEL (Cambaridae)'”
2020 47, [ 5 G AR IR AT BIA F 1 456.42
T hm®, FRFALEG™EEIAE] 239.37 1 t, (5N FRIER
IKFEFE A FRER 6 7, [RIEL 2019 4F 435145 K 13.25%
1 14.55%"™ . BRI, @ PG 2 0 1A i 25 13 207 A
BRBEZ | $EFOGRA EZ R A E R
& RSN I 2 R, B E SN
PR R EE PRSI AT 45 v TR B R SR AR ok
THERMEFBIRD, KWL, A5 DL G5 E
HRABFERT G, B AEVPAl A W IADRL X 5 [G JE 25 HF
AARPERE . WL AR BT . BT RE ) A 8 T )
IS, SRy R I R B T S 2 W S B A 77 5
LR AL PSR

1 PRSI

1.1 SEefERt

Xt B ZH AR (control feed, CON) A4 5 K AR 1A
BHA RS W) A2 7 1 5 QR R 2 M e 5 ik, &
1A} (fermented feed, FF) SR 145 & ek, Fi i
FEBETA : AEHPFLATIE - ZFATI =1 1 2 1 (S f
TRFRE R e M5 2B, 37°CHEIR AN Nk
P 15~24 h, A BCBURLRRL . A BRIk ER
Y& s = 10%, DMKEE= 18%; ¥k
iR RHIATE T & % B, 7ERR . RO
AT IRAE 6 D H o FEE SRR MoK m B R
HILE 1,

1.2 FEERE

S UV W RN T R K Rk A AR A
B IRAEAVL R K S 1 2 = NIR IR K R &L,
T 468 77 i 2R 4E R B SR A AR AT M 3 0 S8
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®1 ZREARERESRKBEERSE (TE)

Tab.1 Nutritional composition and hydrolyzed amino acid

content of experimental feed (dry matter) %
41531

TiH groups

1items CON FF
HAEI KRS nutrients composition
7K4y  moisture 10.10+0.01° 28.4240.01°
MEAR  crude protein 35.49+0.93 35.06+1.24
HARWG  crude lipid 9.31+0.75 9.49+0.14
K4y ash 14.310.11 14.86+0.12
KIEEHEER hydrolyzed amino acids
WFERFIEE  essential amino acid
AR Arg 2.13 2.15
HEER His 0.62 0.63
RER e 0.96 1.05
SR Leu 1.90 2.01
MR Lys 1.40 1.45
HAR Met 0.46 0.47
RN Phe 1.26 1.33
HEE Thr 1.26 1.64
MR Val 122 1.32
FENFEEEM non-essential amino acid
WER Ala 1.60 1.68
KL Asp 2.69 2.88
R Cys 0.35 0.37
H% ¥ Gly 1.94 1.93
HAMR Glu 5.65 5.98
%/ Pro 1.72 1.78
25K Ser 1.32 1.30
Fg% B Tyr 0.89 0.95
AEMEE ZAA 27.35 28.89
UHAKBREE ZEAA 11.20 12.04
ENFRMLREE INEAA 16.15 16.85

7. CON. X4, FF. KB4 R—TARFRRRA RELER
(P<0.05); R

Notes: CON. control group, FF. fermentation group; different letters in
the same line indicate significant differences (P<0.05); the same below.

KHEZENMER KRG, BEEX BA LR,
P8 6 MR AN 1.8 m® (SR, A4 Y RH
Ji 20 R v [CJRES R, RR4 3 NEE . 24 h YUE L
S, PRIE TR E (4.91+0.18) g 1940 4T fifl
BLAT LB 6 4> SR T R S 58, S0 g de ik 47
8 J& . BFNFRIEM A 20 R (HA2 9 em, £ 20
cm) PVC 7K DL K 38 1 0 R A K R DR R i 24
JEFI Gk, KA pH EHEHI R 7.0£0.5, AN
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AT 5.0 mg/L, AR 0.1 mg/L LT, 52
KoK 172, HRIATIES, FHd5 S KK
RSB IR R R R 2 Yk, IR (R Sy
H12k 8:00 A1 17:00, ABFFTIRAT T KL K2E LK
S E A R S, SR R AR
VEN ™A SE b E 5250 2h 8 LAk ] ) 13
G, 4R IR VLR s W e 3 22 B 23 il i B
A AT

1.3 #H#mRESHH

TSI A T, W 5 R 2 IR A5 24 he
WA R, T ARIRK Sy, REIFGIH A
SCISARAAIG A . B BAALE 10 RBAF, g Ak
FUFBRARE , HTAKBRW . H—kHX
PR S b I N LG sl o, A7 AE 1.5 mL 19
BOET, B @°C, 14400 x g, 30 min) B |-
B, T80 °CLAAFILYE . HUW i 41 21 [% & ¢
4% Z R W, T2 W 18 7R AR - 41 (H.
E) et b) o FREUILIA, F—20 °C vKAHRAE, H
TIE S RS E KA. A HIET UK
Iy TEARREALRER 4 RBUF, FH 75% LM
AR TR, A JCR AR BRER K vt 2~3 Ik,
FERWEEAESM T HGE i X NAEY, 1 4 IR
W IEHLUR S HEAR T Tk, T iiniE
AR, TARBEYLPRIR 2 B AR, T ALA
JTRE 53T o AR S MR K b R J R
AL, B T80 °C vKAE1RAER

14 DA%

AR K A A S T PR H 2% 24 1)
10 g, A JE et JE M 4% (55 30 cm, FE 20 cm
BERFH, L1 0.25 mm), H5 R4S E FHE KIS
i, AKIRATE 25~28 °C, B — 7 I ) J5 BB 1)
43, B MASPIIRELE T 105 °C BEARMLT 25T (W,
g), 7 IE R FEK 3 &7 (X, %), B4
TR 3 AN ER, K RE RS C FoR,

C%)=[G1-X)~W)/G(1-X)x100%

K, CHEBERE (%); X HIAFETKE (%); G
R FETE (g); WONBET R MASNIAE BT & (g).

A KA T HEA

HOE R (weight gain rate, WGR, %)=(W—W,)/
Wyx100%

FEI% % (survival rate, SR, %)=N,/N,x100%

FrE A KR (specific growth rate, SGR, %/d)=

R E K7 2: 2 E /) sponsored by China Society of Fisheries

(In W—In Wy)/tx100%

TalBIZ4L (feed conversionratio, FCR)=W/(W,N~
WoNotWq)

JIFALL (hepatosomatic index, HSI, %)=W,/Wx
100%

AR (flesh content, FC, %)=W,/W,x100%
K, W RZRIKTE (g); Wy AVILRIATE (g); M
REKBE Ny HPIIR R ¢ 95 KA (d);
W RRRHEA R (2); Wy MAET-RE (2); Wy N
JHERRTE (2); W NEFRFHNLAE (2).

AREFRRE SN RIS & &
¥ H1 105 °C B #% T 4 : (GB/T 5009.3—2010);
WLPA 7K 43 % FH ¥ R T #8 12: (SCIENTZ-10N #U¥% VR
THEAL) W2 5 M E R YLK E A (GB/IT
5009.5—2016); #H A8 Wi &R H & [KHh 2 % (GB/T
5009.6 —2016); K 43 K H % e #x & % (GB/T
5009.4—2016).

MRk ME HEHS AR E S,
ZWik . B, A ELY RS, HOE
o, fifi 1 DM2500 (Leica, %) %ty 6 4] 5 E47
WL XA IR, iz B8 53t &R 48 (Image Pro Plus
6.0) X} H. E YL .55 K170 .

P8 K ACBREE M T MERFREURT TR
A IE 120 (2 0.8 g), LA 10 mL 21354,
A 9 R LB 1K, B S R A1 T vk
WA, B0 (3000 xg, 10 min, 4°C), H L
VRAE I P b P 7] 32 000 7 i 2K 1 (TPS)
T, (A 3 RS ik DN s g 7 i (LPS)
TEPE, DL RCR FHVE R - LY 6,75 D 7 VE 42 1 (AMS)
WP B R G B R A ) TR A
E

dif . FMRMLEALEE HAR R A5 4mmle il
FHBE R 2R 3k 0 2 e P B TR I (ACP) RN
TR (AKP) 36 PE, 3G A, 100 mL Il
5 5B v 4 U AR 37 °C 5 AR 30 min 77
A 1mg Bk 1 ANTEPESAAL s SR o I 08 S A il
B GRS AL W AL B (SOD) W dE, H:
TR E SR, TEA VAR Z Hh SOD il 3254
50% i T S 7 1) il £k — 1~ SOD i 4 B (U);
KM ABTS 0 € S bt Ak g 71 (T-AOC); % H
T At Z R (TBA) ik iE47 %€ N % (MDA)
o R &30 B R s AR ) TR
5T,
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WUR) A e i ORI i I R A —
FHLA, i TMC-Pro BHIY (FTC A |, SEH),
DL 4 $5) T8 43 A1 (texture profile analysis, TPA) J7
PO WL IR . BE . R R I
FPERH SRR . BARSEL: P50 BBk,
N R 1 000N, EFHEBE 20 mm, JEAEHL 70%,
R 60 mm/min, #24HJT I N, [AIF@HETE] 5 s,
BRPATINGE 3k, DT ke & i i
FEPE(E

LR BIR B E BRI L PR S R T
THE, BEEZE, 0.1 g LR TR 1 3) 4
BL/NE) R AR BRK A vk (G SRR BR A1) T 25 6
SRR . HARERAE . BRSO L
A 6 mol/L Pk alidhis, 2o fiflE=s fmd i,
110 °C LA K f# 14 h, #'E 30 min, B E 7R
ImL, JAE/NFHEZS T4, A 2mL 0.1 mol/L
MERRR MY, Z )5 FVEST R 1 mL A 0.22 pm I8
B g, LR, SRR H 3h 53 H1 X (L-8900,
H A7) e

i A ABESAT BRI 3 ARESE
T A Y 2RI . B2 0.6 ¢ MATE N Y
SRR ARES, R 16S rRNA JE R FE I3 Hr
Wil A . 1E g 35 AR s 25 BHEE A BRZA F
SERNF TAE, 1853 Ilumina Miseq “F 5 #E47 =118
ERCR I 5 o I 5 4 ] UPARSE #F (V 7.1
http://driveS.com/uparse/), & 97% HIAFHLLEE Xt 7
F HEAT o 4 BT (OTU) 824 {fi ] UCHIME
AR BR k& K . FF RDP classifier (http://rdp.
cme.msu.edw)) X EARF I AT YR R ERE .
X} Silva B4l 5 (SSU123), % 8 H A B N 70%.
ELRDE 5 i Ao B A S IR Yu 5P

1.5 SithH*E

SLIGEE R YIEHEPR MEZE (mean = SD) KR,
N FH SPSS 26.0 A4 ol Sy REAR ¢ 46 56 4 By S 06 4%
B ER D ENE, P<0.05 FRERDE,

2 4R

2.1 ERKFIREM

Bifi 25 75 7K I s TR] A JE G, )Rl A s 2 o
B K, FEIE UL 1 h B 4 )G M %
(P>0.05), TE4r%IEH 2. 4. 12 h i, FF 4K
R R KT CON 4 (P<0.05) (% 2).

https://www.china-fishery.cn

#*2 RIBFEEEXTERA R EHSNT
Tab.2 Effect of different feeding time on feed

dissolution rate

i []/h 4UH groups
time CON FF
1 15.77+0.12 15.56+0.46
2 18.59+0.42° 16.96+0.06"
4 20.62+0.03" 19.63+0.03"
12 25.36+0.04° 21.56+0.04°

22 HEKMEE

t % 3 A1, FF 498 R e R KR
F T CON 4 (P<0.05), Tkl R ¥ e F (LT CON
4 (P<0.05), ML . & PR 4 0] G d 25 2
5 (P>0.05),

3 REEAR AT R RN KM AR

Tab.3 Effect of fermented feed on growth performance of

P. clarkii

TiH A5 groups

items CON FF
Ytk E/g IBW 4.76+0.09 5.05+0.096
LAk H/g FBW 18.88+0.16" 24.46+0.32°
HMEE/Y% WGR 296.33+4.75° 384.69+5.11°
FeEE KR /(%/d) SGR 1.97+0.02" 2.25+0.02°
Tk ZRE FCR 1.90+0.06° 1.74+0.02°
7% /% SR 75.0048.66 86.67+5.77
JFREL/%  HSI 7.05+0.51 6.43+0.49
FWE/% FC 11.91£0.04 13.61+0.93

23 AAEREFE S MBS

M2 4 I, FF AL ORI 1. KRR D AN
KAy ¥ F CON 41, {HJE & #2257 (P>0.05);
FF 4R RE R . 3 o 260 1k MR WG 1 B 3 =
CON 4, ZhBfHHE &K F CON(P<0.05), Tii I3
PEWI2H 8] G i EPE 2 55 (P>0.05) (3 5),

24 ALARER

e, UG 5 B A LA A A T R T 17 o R R
(F 6), AFALIT v [CJEE AR 2 IE R & A
h—E2xS. HPFFARTERSEDERT
CON # (P<0.05); FF 22 % & & 5T CON
2 (P<0.05); HoAth 2 KL 1 & WO 4 W] UG I 35 1 25
5 (P>0.05),

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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®4 KEEERIX R K EREL AR S BN CEE) e

& EE R R 5 R R B AR B4R M Y R2 0

Tab.4 Effect of fermented feed on body composition in

Tab.5 Effect of fermented feed on flesh texture

muscle of P. clarkii (wet mass) % properties of P. clarkii
I 217 groups BiH 2053 groups
nutrition composition CON FF items CON FF

JK4+  moisture 78.80+0.01 78.61+0.01 /N hardness 23.21+2.40" 29.93+3.52°
HMEHM  crude protein 18.00+0.01 18.26+0.01 ZhBPE/MI  adhesiveness 0.25+0.05" 0.18+0.07*
FARWG  crude lipid 2.46+1.13 2.57+1.07 WM cohesiveness 0.1420.02 0.15£0.03
K4y ash 1.45+0.19 1.53+0.34 F#PE/mm  springiness 0.43+0.05° 0.510.06"

JEZEE/N gumminess 3.21£0.58" 4.73+1.24°

N =

25 HILEEEM NHIgEE/MI  chewiness 1.45+0.45" 2.4340.82"

e Tk v 2 4R i e I B T T R A

i PREE g IR RS TR (P<0.05), FER

F CON T B E 22 5 (P>0.05) (% 7).
2.6 IFILEEHIEFR

it FH 44

0.05). T-AOC i PEAE B AR b & 25 T+ (P<0.05),

MAE ML TP e B P22 5% (P>0.05) (55 8).

2.7

W ARDRL 2 T T L AT B R SOD

AKP Fil ACP WG 1, W EF{X T MDA &

i (P<

fiEE Ry A
Xof R 2H o P R A 0 R K R 5 23 3

R 6 KEFERIN R KEETNASEREROTN (BE)

(352.21+15.31) pm 1 (256.73£10.71) um, % %4

Tab. 6 Effect of fermented feed on muscle amino acid composition of P. clarkii (wet mass)
F% HIBATS R groups
species amino acid name CON FF
W THEEIER  essential amino acid WaEM  Arg 1.83+0.06 1.86+0.02
AR His 0.37+0.05 0.39+0.05
FERE e 0.67+0.05 0.64+0.05°
AR Leu 1.26+0.02 1.25+0.04
BWEBR Lys 1.30+0.01 1.29+0.02
HEM  Met 0.61+0.01 0.60+0.02
RN  Phe 0.63+0.02 0.63+0.01
7 Thr 0.62+0.01 0.630.02
HERR  Val 0.69+0.01 0.67+0.01
e FHEIERR  non-essential amino acid HWER Ala 0.68+0.02 0.67+0.01
RARAF  Asp 1.72+0.04 1.7440.02
&R Cys 0.16+0.01 0.16£0.01
H&#% Gly 0.75+0.07 0.71+0.03
BEK  Glu 2.65+0.02 2.69+0.06
% ® Pro 0.52+0.01 0.52+0.02
2R Ser 0.69+0.03" 0.72+0.01°
Fg& R Tyr 0.55+0.01 0.56+0.03
REBREE TAA 15.710.15 15.70+0.02
UFAKBREE ZEAA 7.99:£0.52 7.95+0.67
ELHFRAERE T INEAA 7.72+0.09 7.76+0.05
SEAA/SAA 0.51+0.01 0.50+0.01
SEAA/INEAA 1.0420.01 1.02+0.01

R E K7 2: 2 E /) sponsored by China Society of Fisheries
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RTKEETRRLX 5 IR B AT A E A0 AT R AR H LB E M R 0

Tab.7 Effects of fermented feed on digestive enzyme

activities in intestine and hepatopancreas of P. clarkii

iH 25 groups
items CON FF

FFREAR  hepatopancreas

FiEE/(U/g prot)  lipase 27.67£1.17° 31.86+2.02°
YERYEE/(U/mg prot)  amylase 13.15£0.73 14.02+0.73
Jili 2 (H §/(U/g prot)  trypsin 5.46+2.05° 6.55+1.18"
WiE  intestine

FiE/(U/g prot)  lipase 17.90+1.19° 22.84£1.53"
YERTEE/(U/mg prot)  amylase 9.09+0.58 9.97+1.07
JRAR FIB/(U/g prot)  trypsin 4.36+1.26° 5.63+1.41°

® 8 KEERIX K REAN M MAT BRI E L
RE SR FRBIRZAE
Tab. 8 Effects of fermented feed on serum and hepatopan-

creas antioxidant capacity indices of P. clarkii

HH 5 groups
items CON FF

FFREAR  hepatopancreas

MPTEALAES1/(Uimg prot)  T-AOC 0.55£0.05°  0.75+0.09"
B ALY AL BE/(U/mg port)  SOD 32.16+£1.90°  37.67+1.58°
N —f%/(nmol/mg prot) MDA 6.53+1.72° 4.2140.35°
PR 1 Wk R AE/(U/mg prot)  ACP 11.95+1.04*  19.45+2.01°
Tl 1k R B /(U/mg prot)  AKP 86.96+2.86"  99.27+5.21°
1% serum

RMPUEALAE /(UML) T-AOC 0.760.03 0.86+0.02
ALY AL EE/(U/mL)  SOD 14.50+0.96"  17.97+1.59°
N —f%/(nmol/mL) MDA 1.84£0.18°  1.49+0.08"
R PEBERRF/(U/L)  ACP 10.40+0.11*  15.40+0.26"
WMk R AE/(U/L)  AKP 19.80+0.72°  33.30+0.34°

Ak 2H 38 X} A2 4301 (B 35 B 5 24.14% F1 32.65%(P<
0.05).

2.8 MEMEYIER

A A % A M8 16S rDNA 7
ST ERAT 243 219 &P, AR T =
i 35000 5%, PR EL N 418 bp; 45 4H v [ R
E AR LA 3654 OUTs, Hoh CON A 654
OUTs, FF 41454 86 4~ OUTs (& 1),

Alpha % Ft  XF o5 R RS IR i A )
Alpha ZHEPEHEAT 70T, HE R BIR, HHASC
JFE A W %8 (coverage) YT 99.9%, Hh FF 41y
Simpson $5 % i % (X T CON 41 (P<0.05), Chaol

https://www.china-fishery.cn

Q(')$ &p

65 365 86

1 REKEEFEMEYIER Venn & (OUT KF)
Fig. 1 Venn diagram of intestinal microbial composi-
tion of P. clarkii (OUT level)

5%, ACE #5501 Shannon $8 501 JC &8 3 1 22 7
(P>0.05) (& 2).

My 18 A% 2 ) BE TR 4R AR Z S/ N O o
CON 411 FF 41 ity ) 1 18 110 35 31 R 20 AR 0L
H A JELBE B ] (Firmicutes). 28 JE 1% [ (Proteobac-
teria) FIILZE TR ] (Actinobacteria) 7F 45 FE A FhAZ fk
B, AR i m R R RE T ], Z SRR
TIEBETT . B T FAELFT B ] (Bacteroidota),
X 4 AT G s 90%, HEA T 6 (1
0T F B Z R R A 98%(&] 3-a, b), FEJEKF
R R R Y 10 AN @A, A AR R R
B E A Candidatus bacilloplasma . ¥R FT
W& (Citrobacter). 75 FLIKH & (Shewanella). ik

400 |
— CON

T T T

300-‘ I r—p—

200

4 [

2| i
=1

oL 2 [ RLD

Jdor a

2 3 4 5

Alpha Z A VEFESL
Alpha diversity index
2 RBERARIRT R R IR EAR Alpha 214 RS20
1. Chao 1 #5%4; 2. ACE #5%; 3. Simpson 5%(; 4. Shannon #5%1;
5. A BIPAE TR ZE R B (P<0.05); R,
Fig.2 Effect of fermented feed on

HfE
score

Alpha diversity of P. clarkii
1. Chao 1 index; 2. ACE index; 3. Simpson index; 4. Shannon index; 5.

coverage index; different letters indicate a significant difference
(P<0.05); the same below.

HPE K FE2:2: 3290 sponsored by China Society of Fisheries



BhitFAT %

K= 2R, 2023, 47(12): 129610

W& (Vibrio) % (1] 3-c, d), FF ZHJ5EBERH [ A2k
BT TR = B B 35 5 T CON 4] (P<0.05). 7£ &K

1.0 | E ] mm Patescibacteria

3 mm ZX5 ] Chloroflexi

2 0.8 AR .
S8 mm UAFE]  Bacteroidota
Jﬁ( 5 0.6 mm L] Actinobacteria
H# g mm L H ] Proteobacteria
[ 0.4 mm SEEE ] Firmicutes
=5
= % 02 mm HAh  others

-

0
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Effects of fermented feed on growth performance, muscle quality, antioxidant
capacity and intestinal microflora in Procambarus clarkii

YAO Haihang '?, CHEN Xiaoru’, YUAN Hanwen', LUOKai', FANG Liu',
CHENYi', GAO Weihua"", TIAN Juan®, LIU Yongsheng *

(1. Hubei Key Laboratory of Waterlogging Disaster and Agricultural Use of Wetland, Yangtze University, Jingzhou 434024, China,
2. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China,
3. Healthy Aquaculture Key Laboratory of Sichuan Province, Tongwei Co., Ltd., Chengdu 610041, China,
4. Yantai Marine Economic Research Institute, Yantai 264003, China)

Abstract: To explore the feeding effect of fermented formula feed in red swamp crayfish (Procambarus clarkii),
unfermented and fermented feeds were fed to juvenile P. clarkii [initial body weight (4.91+0.18) g] in an indoor
circulating water system for eight weeks. The effects of fermented feed on growth, muscle quality, digestion, anti-
oxidant capacity, and intestinal flora structure of P. clarkii were analyzed. The results showed that, (D the dissolu-
tion rate of fermented feed was significantly lower than that of unfermented feed. @ The fermented diet signific-
antly increased weight gain rate, and specific growth rate. Furthermore, it decreased feed conversion ratio, but had
no significant effect on survival rate, hepatosomatic index (HSI), flesh content, and body composition. 3 The fer-
mented diet significantly improved muscle hardness, elasticity, chewiness and stickiness of P. clarkii, and
decreased adhesion. @) The fermented diet significantly increased the activities of trypsin and lipase in hepatopan-
creas and intestinal tract, the activities of superoxide dismutase, acid phosphatase, and alkaline phosphatase in
serum and hepatopancreas, and the total antioxidant capacity of the hepatopancreas. &) The fermented feed signi-
ficantly increased the length and width of intestinal villi. ®The fermented feed improved the intestinal microbial
structure of P. clarkii, significantly increased the relative abundance of Firmicutes and Actinobacteria, and
increased the diversity of intestinal flora. Overall, the fermented feed effectively improved the growth perform-
ance, muscle quality, digestion, and antioxidant capacity by improving the intestinal tract tissue structure and chan-
ging the structure of intestinal microorganisms of P. clarkii.
Key words: Procambarus clarkii; fermented feed; growth performance; muscle quality; antioxidant capacity;
intestinal flora
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