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A SCUAA: fif R An X oY R AEUK AL B
2ROk Az o e A BRACREE BSEE,  E  E Y
REBRZEAT o RS B FR 455 165 rRNA %
SE 7 1R A 30 A P 7 ik A 7 SR SR K Ak B AN [
SR I i) A2 8 5 £8P 00 i T A B B2 0, A 3R B
i B4 Jo i A o AR B SR TN B8 PR A

1 MR EFE
1.1 #HRSRH

ff 3% w0 R (2.8+0.2) kg, REEFAE P4
W KA NI R T S, BT rkoK s 29058
2 FEAR 1 FAT 2022 45 3 H 28 HORFE, FEA 2
BT 2022 4E 5 A 14 HREE, BEA 3 BT
2022 4% 5 J1 28 HRHFE,

AR AR SR IR, I A YRR A
BRAED BRACEY 2R . =S LR AR , ¥ M 4 it
ai gy, [ 254 WAL E IR A B A ] TSINGKE
TSE005 2xT5 Super PCR Mix (Colony), dt & %
BhA= YR A BRA 7] DNA fh 423855 £ (E.ZN.A®
Soil DNA Kit %), 3 [H Omega Bio-Tek 2\ #l ;
FastPfu Polymerase, 1[E TransGen /A F] ; AxyPrep
DNA Gel Extraction Kit, 3% [E Axygen 2wl ; # 4
X 7] & (NEXTFLEX Rapid DNA-Seq Kit i), 3&
Bioo Scientific 2~ wl ; W J¥ i 5 & (MiSeq
Reagent Kit v3/NovaSeq Reagent Kits), 3% [ Illu-
mina 2\ F .

12 NE5EF

Testo205 i pH & 6l 11, 78 Testo £ A ;
CR-400 # {4 iF 31, 3% [E Konica Minolta 2% H] ;
UV2600A A5 5h—a] WAt e, Jt)etl (k
W) AR A PR 7 TKA2000 59 5 o 43 HL Bl
i IKA 23 ;HD-1360 /K SF- i # s TAEG
W R T AR B L T B R IF B A FR A | ;GCQJ-1-3
U E i X e RS, RIS AR A
RN 7] s SHP-350 14 A= fb 85 37 41, 11K 72 S 1t
7% A BR 2> 7] ;NanoDrop2000 %Y £ & 43 6t B
i1, [ Thermo Fisher Scientific /3 Fl ; Quantus™
RIS Y64, & [ Promega 2> 7] ; T100 2946 Ji
PCR 1%, [ Bio-Rad /A F] ;llumina Miseq %4l
AL, ZH lumina 24 7 .

1.3 REH*
1.3.1 Feanib g
1.3.1.1  ®AHE FadhB8oe, LR
FIPIIE T8 K Vg e BT il 2 i b T IOL Y
S ) £ PR 2 Bz, B A SR K Pk 30 s, VI 5 emx5
cemx1.5 em A B B A TCE Y A IR AT
1.3.1.2  BLAEUKWRPEALH [ 2 bk ah BEOK
270 kPa, ¥ & 1.66 L/imin, k¥ & B 25
cm, /KR 10 °C, IE 52 1 k¥
1.3.1.3 FERd4 RO (ARKBIHK 5 min),
5,10,15,20,25 mg/L (1) B A UK Sk g PR £8 7 5
min, i 5% 5 S 7K A B 85 Xof A R f B BRAL R
FIRZM . R 10 mg/L Y 5 0K Bk AL BE 0.0 (R
b 3R ) ,2.5,5.0,7.5,10.0,12.5 min, #F5 5 %K
Aab 3 [ % A f £ e BRARREME RS2 I SR AR
bS5 1 SL A KR BE AL 1 25 (15 mg/L, 5 min ) Zb 3
3 AN [v) SR A B () A R 6, F 9 B AR K Ak B K
A G AR T AR R B AR T 48 RLAAUR AL B S
BrAe A JCTE B AR
1.3.2 REUKMREEMME 2B iU S0 Jr
PFEATIE L L 10 mL 20% AL #F VAT S mLL 3
mol/L Fi B MR B A 500 mL =fiirh, FRA%E
AR Ja B A K 2 200 mlL, 8K ) o7 B 4
CIHEA), BB S min, A 0.005 mol/L A9 B A C A7 2 44
VS IR A, A 0.5%VE KA 1 mL 4%
SLi o 2 IO 10 SR AR R M b oV T O
W 10 5 45 R 2 IR AR O
133 AT ZIR (TBAEMIE SH(E
a7 A bR E B PN I ) (GB
5009.181-2016) 43 G EEZI A S N & it
1.3.4 pHEMME RH Testo205 £ A X pH
T, BHEm AR P T E | A 10 5 AN R L
B 3,
1.3.5 @EEMME R CR-400 B € 5 AL
EMPRA S LT 8 H o METEE b, HA
i BEEL 6 AN A (I 45 3 A s D E , F1EE (W)
HEAKXWT .,

W=100-\V (100-L') +(a’) +(b")° (1)
1.3.6 WK SEmNE SR (ERE2EE
e BSEYAR TRVE BB E ) (GB 4789.2-
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2016) HEATFVE BB E  BR B ECED N B VA R
B, A0 R 1g(CFU/g) Wi 245 X (2) 155

IOl TR 28 (% ) = ( Ak BT TR 7% A -4k 31 TV
SVER) 74k PR R 75 S B 100 (2)
1.3.7 BEIH 2% Hao S J7 330 Hfa 1
AT VRS, W/ N 7 & & SRR Ll AR
TR AL, A3 N R LIRS L i
AT AT 2o RS Al AT VEAR AR R B
U5 40 AT 4 4 T2 19,3 4 s ok 4%
ZIL,2 s AR ANBEEEZ MY, 1 4, BYE Bk 20
53,12 53 AN 2 I BRAA
1.3.8 &4 3 B IEFR 454 16S tRNA % 0E Jrik
1.3.8.1 W4 E H54ifk =% Wang 55120 7
TR RN 3R S AiAk P EUR T EETE 30~
100 4 PCA ~F-#i , FE17 B I5 FRAE LSS 5, Pk T A
FRTA R, R TEE AR R SN (TSB)
1,30 CHiFE 24~36 h, RJ5 I EAE SRR A LX)
&, HEMARAiE %,
1.3.8.2 16S rRNA B % BRHUG R A Ly
HR V% T PCR & W T 10~20 wL KK,
S WRFTECR B B . PCR S BEAR R (25 wL) 1 12.5
L 2xT5 Super PCR Mix (Colony)+1 pL L ¥iFE5|
Yi+1 L FUFS W+ F B 1 wL+9.5 wL JoH% i
Ko PCR W FEFF :98 CHIZEME 3 min, ZJ5#E4T
35 WAER (4245 .98 CAEPE 105,57 CiR K 10 s,
72 CHEAH 45 ), FeJri 72 CAIEH 5 min, I 5%
58 T =20 CTFARAE, PCR =kl Fr 4 19 4y
PCR F= 4 AT BN MR BE I fL vk (2 pl FF i +6 wL
TRERHE ,300 V LR, 12 min) , 28 BUK @ 1A 3 5
JiE L 2 4 38 7 ) A PR — R A R, A TC AR R
S . PCR & B = M 2 HE b st B BHE MR
A R BT, W0 LA 27 1492R S
Fe o, 4R 45 B AR AR 73 K 2 16S tDNA (29 1 500
bp) W 5 45 53l i Eztaxon (http ://www.eztaxon.
org/ ) AT AL WU AL BE 7E 97% LA L B ] B AF &
] — B A
1.3.9  fmidati gy gy ik
1.3.9.1 DNA #4251 PCR #" 1  HHE EZNA®
soil DNA kit Ui W1 43 347 G A= ¥ 7% &5 DNA il
P&, (R 190 By WE R I FL UK A DU DNA 119 42 B
i, il NanoDrop2000 il 22 DNA ¥ & Fi4li i

fifi /] 338F (5’ ~ACTCCTACGGGAGGCAGCAG-3")
1 806R (5’ -GGACTACHVGGGTWTCTAAT-3")
X 165 rRNA JE[H V3-V4 145 X # 17 PCR § 44,
PGP 195 CHUAZEME 3 min, 27 DH (95
CAEME 305,55 CiE k 305,72 CHEAH 30 s), SR )5
72 CREFER 10 min, f 5 7E 4 CHEATIRAF . PCR
SR Z& K . 5xTransStart FastPfu 2% i 4 wL,
2.5 mmol/L. dNTPs 2 pL, E¥#5 4 (5 pmol/L)0.8
wL, FUE51%9 (5 wmol/L)0.8 WL, TransStart FastPfu
DNA A 0.4 pL, B4 DNA 10 ng, #h 2 £ 20
ph, BRI ANEL,
1.3.9.2 Illumina Miseq M & K [7] — £ A< /9
PCR 7 WIiRA3 e ] 29 B i W e 1K 1T 1e PCR 7™
Y, M AxyPrep DNA Gel Extraction Kit #7175
W™ W Al AL, 2% B N5 B BE R HL Uk A, O
Quantus™ Fluorometer X [R5 4 £ 47 K6 I 5 o
fdi 1 NEXTFLEX Rapid DNA-Seq Kit 147 2J% .
)45 S B 4 5 2) 1l P B O e 2 B 4 3k B O I B
3)FIH PCR 7 1 E 47 SCPEA AR 1Y) 5 4 5 4) B Bk (]
Yo PCR 7145 2 e & 9 3C% . M Tlumina 23 7]
) Miseq PE300/NovaSeq PE250 -5 #4707 .
1.4 HiEAE

PRAL AR Jr i g Bt AT I E 3 U, R ] IBM
SPSS 22.0 #4740 #E, K JH OriginLab Origin 9.0
PEATVERE IR AR BoR o (v £5), WEMEZE R
F Duncan BB HEAT HBEKG 55 4304 . 1o 38 1 0 5 34
43 3k 5 i fastp (https://github.com/OpenGene/
fastp, version 0.20.0) F/FXT 45 W ¥ 1y 51 #E 47
Fids; A FLASH (http ; //www.cbeb.umd.edu/soft-
ware/flash, version 1.2.7)8% /A7 HriE (i U
PARSE #fF (http ://[drive5.com/uparse/ ,version 7.1),
HRAE 979" By AFARLEE X 7 4 HEA T #RAE 43 2 B T
(Operational taxonomic units )% 2T HIBR ik A 14
HFIH RDP classifier (http://rdp.cme.msu.edu/, ver-
sion 2.2) XFEEARIFIBATYIRN 3 BETERE, LLXSSilva
168 rRNA K i (v138) , B L Xt A 70%

2 HR5HM
21 REKRERENESHTE FEASEN
A1

DA R K e RE S R X IR 36 5,10, 15,
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20,25 mg/L ) B4 K, F 10 CHPEF A 5 min,
Wit 5 min J5 JC B BURE I 5 0 R 1) B R LB £
JE{H TBA {8 .pH {8, I S A7 BB 345, 45 R WL 3R
1, 540K Ak 38 0 H v B %) A= fif s f0 - TBA fH .pH
(B R A 40 2 TG W R T — S R v R4
KA BN A (L a" 0" W) BRI B 835
S (P<0.05) o B8 0 SR o 5 £ 1y 1) B S b 3
TR A IMG , FliE 5L AEUK 0T vk B T
L O EARE R e TR TR S, 2 RAEUK
FTiE W FE A 10 me/L B, BA0 58 L7 oK, Wik
fo, X AT RE R T R T UGE LAY 2 1 (Mb) A i

XU E, DATT 5 | A €2 14T 4 Al T 24 5 3500 3
AR i 2 5L AR ROV R ) B4 S K £ ) o R
Mb FlI4 A WAL 3 H (MbO,) 76 38 A AL 7 B9 7 R
AL R BRI P S8 R ss AR R, 5 5
mg/L Fl 10 mg/L {9 5L EUK AL BEAR LY, 5L 0K i i
WP RS 15 mg/L B X A o 50 A0 5 174 ek R A5 SR
AR (P>0.05) , 10 mg/L 1) 52 5 K A B A
fif £0 5 TBA .pH {H & E 30 JC i E5gm , H 53
EAS A FRALA LY, AL B A R R S K B
IR AT, J5 B3 % Sk A R AT 5L 40K b 3B ] X6
A= i Ay AR R 1 S2 I 5T

F1 REARERENEHTS FEALRENZNE

Table 1 Effects of ozonated water mass concentration on the physicochemical properties of fresh grass carp fillets
2B = R E/(mg/L.)
I8 4%
0 5 10 15 20 25

TBA 14/(mg/kg) 0.17 + 0.04 0.23 + 0.06 0.19 +0.01° 0.21 +0.01° 0.19 + 0.02 0.22 +0.14*

pH 6.65 = 0.01° 6.68 = 0.01* 6.70 + 0.05* 6.66 +0.19° 6.69 + 0.08" 6.63 +0.09°
L 5777 +0.63*  60.07 £ 0.66" 61.66+1.05° 57.69+1.32° 57.74+1.12" 58.24 +1.84"

a -1.57+022* -1.01+0.29° -1.08+0.57" -1.75+0.18 -1.74+0.08° -1.70+0.74°

b -1.90 + 1.15*  -0.19+0.10 -0.49+0.24* -1.40+0.67* -1.89+0.38* -2.15+0.70°
4 57.69 £0.68*  60.04 £0.65* 61.64 £1.05 57.63+132° 57.66+1.10 58.15+1.83>

BER 55 1733 £0.95*  17.47+0.70* 17.13+0.81* 1693 £0.31* 17.07+0.83* 17.20+0.72*

7% & /1g(CFU/g)] 2.85 +0.05¢ 2.54 +0.02 2.37 +0.01° 2.23 +0.08* 2.02 +0.08" 2.01 +0.12*
B E % 50.75 £ 6.63°  66.54 £4.89" 7596+ 1.36™ 84.86+4.70" 84.93 +5.89°

T [ — A7 7 REAS R R A 25 1R 22 5% (P<0.05) .

22 RE/AERENESHEEFEBELEEN
A

LA b FEAYE & SRy Xk B, T B SRR B v
10 mg/L, T 10 Cilk sk w8 i 2.5,5.0,7.5,10.0,
12.5 min, Wi+ 5 min J5 JC B BORE DU 5 8 1 1) B 7%
S B AE TBA {H . pH {H BVE IF 4, 45 R L
2, RAAUKAE BRI ) %) A: ff 5t TBA A . pH
B0 & 5 m, X CE A5 4 B EEE (L d b,
W) BR A IR R A B (P<0.05) , dh
2.1 AT BAAUK AL BT | S5 0 AR e R )y
TBA {8 JC o 35 PE 52 0, 3 15 22 B Fay 55 O F 5 45
J—3, SR, B PO 5 2 B 5L S Ak 3L f i £ (1Y
TBA {EREAT L TF, X 0] 82 1 5 A0 5 1 K fh 6
i AH L= — R KRGt B 5 & it/ pH (TP
K P R AR AR, G 2.1 WA R AT, R
S KA B A e R A R pH (BTG & 5, Zhao

SR 5 B AR K WAL RV R e B B At R R
TR & B, 5% R4 HE B 4K Ak B LA
pH HEA i, MIE A, Silva S22 58 T R4 K
AhERXTJE B B A pH (E AR Mk, 455 & IR A
KA BT 0 () pH (A R, XUESE T SRR
KA PR Bl A R 5 B pH (E 1Y A8 4k, Bl R
SEL 7K b B[R] (Y S K A= i R £ 7 R AR 40 A 7.5
min BP0 BE(E I B AR Ak, B A0 7 e R TR B
TR R LT IR AR AN B2 PN AR
TF 5% AN [F] JoT 2 Ve B g 5 40K 0 428 0 0,755 5 T
AF & B, B SRR A B AT DR R A R R
SRIM , Silva 55 PA%E K B2 ot & 4 B 0 (0.5,1.0, 1.5
mg/L) R E KR (5,10,15 min) it 1 Je B % A fa
BN AR LT, 3X0] RE 2 th TRl i A= 9 25
PE A KA BT SRR E AT I 2 1 b 37 =X
7k AR R R i s P, 25 b SR AL B
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7.5 min XF T AR B B M R B RCE S RO AN H RO
AEIX B 58.38% Yok 14 ¢, RES 2/ K A0y h K%
®2 REKNEMENEHEES FELFENZD
Table 2 Effects of ozonated water treatment time on the physicochemical properties of fresh grass carp fillets
b 4k 22 B 1] /min
0.0 2.5 5.0 7.5 10.0 12.5
TBA 14/(mg/kg) 0.30 + 0.09° 0.22 £0.14° 0.21 £0.01° 0.31+0.13" 0.28 £0.01* 0.19 £ 0.01°
pH 14 6.70 + 0.05° 6.61 +0.30" 6.65 + 0.06* 6.65 +0.01° 6.70 + 0.04° 6.68 +0.01*
L 56.95+1.08" 60.66+1.33* 6047 +1.89* 59.57 £0.97* 57.93 +0.84* 58.24 +1.07*
a -1.67+0.13*  -1.35+0.07" -1.34x0.100 -146+0.11" -1.49+0.14" -1.63+0.24"
b -1.30+£0.52" -1.84+0.35 -1.33+£0.36" -2.11+£0.33" -1.84+0.21* -1.67+0.15®
W 56.89 +1.07° 60.59 +1.31* 6042 +1.89* 5948 +£0.93* 57.85+0.89* 58.17 +£1.07*
BREASIS 18.07 £ 0.31° 17.60 £ 0.72*  17.13 £0.42* 1727 +£0.31*  16.27 £ 0.42° 15.87 £ 0.46°
7,18 #/[1g(CFU/g)| 3.18 £ 0.06" 3.05 +0.05" 2.92 £ 0.06° 2.80 £0.03 259 +0.07* 2.57 £0.07°
W F % 26.60 £0.73 4557 £0.12° 5838 £2.63"  72.81 +2.49* 7540 +0.98"

L — AT P AN R R A M 22 5 (P<0.05)

23 BRE/KAEBEIZWE#HEE HFELSEMN

e F A0 R AR R A BN, Hh e 3 Al

A1)

Ak SR A K A 3 AR R AR R R T2
FH 10,15,20 mg/L. A KT 10 CF bk 5 0
5.0,7.5,10 min, Wit 5 min Ji JC R BORE 22 f4 5
() B V& BB O RV, A5 R L 3, A
RN WL 4, BEK T ik B G A fif A
FECE AR5 JC R, B AR Ak 3R ] X AR

Pt Ak L [ 59 4 S R B B AR R R
AR B A [) X6 A ot 7 (B L el R ORI
R E R, e B SIS R T R B
B &L R BB S A 15 mg/L RAEUK
% 3K A B B AR R 5 min A1) DLk £ 80.66% 1 U TR
R, HOW R A R R FFRCR 4, 0 8 R (9 0 B {E

N

®3 REKGEBIZWESHTESFELEENZNE

Table 3 Effects of ozonated water treatment technology on the physicochemical properties of fresh grass carp fillets

REH 3547
JE/(mg/ N ].W .
L) min BB L a b W R %
5.0 16.44 £0.52%  52.06 +0.88™  0.40+0.20"  -1.36+0.35% 52.04+0.88% 7093 +4.35%
10 7.5 15.84 £0.90*  52.76 + 0.64* 041 +0.15" -0.93 £0.39% 52,75 +0.64%  76.33 +4.36
10.0 1522 +0.33% 52,84 +0.58%  -0.16 +0.03%  -1.43+0.31%™ 52.82 £0.59%  78.74 + 1.57%
5.0 16.56 £0.50%  50.64 +0.35™  0.45+0.12%  -1.54+037%  50.62+0.36™  80.66 + 3.15"
15 7.5 1542 +040"  52.13 +1.29" 0.46 +0.2% -1.26 £ 0.31™ 52.11 £ 1.30%  78.14 + 3.15"
10.0 1578 £ 0.26"  52.25 + 1.23™ -0.2 £0.07% -2.2 +0.65™ 52.19 £ 1.26* 83.33 £ 0.64*
5.0 16.78 +0.24%  50.46+0.39"  0.98+0.35%  -0.97 +£0.23*  50.44 +0.39"  80.06 = 3.02*
20 75 1582 +0.26"  50.95+0.74*  0.81+0.32%  —L[.11+051" 5094 +0.73%  81.44 +2.20"
10.0 15.54 +0.50"  52.86 + 0.87™ 0.87 +£0.39* -0.48 +0.33%  52.85 +0.87* 84.33 £ 5.86™

TE KB PR AN [ 375 S (7] 45k e J32 Ak AT J 35 P 22 57 (P<0.05 ) 5 /NG “F B AN [ 22 75 AN (7] Ak B 1] A Je 38 14 22 57t (P<0.05) .
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Table 4 Variance analysis table (F/P)

35 4%
o v “ 5 W BERs AR
BRI F R IE 4.49/0.03 18.31/0.00 5.76/0.01 4.29/0.03 0.46/0.64 8.57/0.00
4k 22 B JA) 7.65/0.00 6.12/0.00 0.57/0.58 7.65/0.00 13.51/0.00 4.22/0.03

Shy XA I 1 R AR K A B T2 0 U S SR
FTYGAE , LAAS[R) SR o S ) 1 5 £ o A 1) 5 £
HHEFE TG, R 15 mg/L BRLAE KA B fa F 5
min, JC A BORE I 5 TR 7 BB S5 R ILER 5. 3 R
Ivi) SR A o [ e ) 1 R R W B R B LA
EVEER, 4R EUK AL B U R 15 5] 60% LU

b, ELA e R R R Dl R R Ry, SR AR 1 Dk R
ROR A G A= Dy AR IR pH AL £ 2 1A RE P A
HE ARy e A R OR 2 7P, 1ifk
Ja B AR BE T 2P AT MR, T DA ROR KA i £
R s RZ B BUEY , BA B3 M ROR

x5 ARREMNBEHEEFRAKLENEHZELHTH

Table 5 Changes in the aerobic plate count of fresh grass carp fillets from different sources before

and after ozonated water treatment

A % % #/g(CFU/)]

4 32 [y 432 )5 R
BRI 3.39 + 0.05" 2.88 +0.11% 68.35 +4.85
HAR2 3.07 £0.11* 2.64 £0.07% 62.76 + 3.14
A3 4.14 +£0.12% 3.56 + 0.06™ 73.18 + 4.84

I [l —47 RS FREAR R R A 35 M 22 5 (P<0.05) 5 7] —81/NE TR R R 38R A 3 1 22 5 (P<0.05)

24 REAKLENAEREREEHEERE
GEL AT

241 (GG B G 16S tRNA %5E 3 fh
AN [F] SR AR I ] ) £ i 4 B 10 B 48y ply T BB T
BT, VIR A AR 22 5 U R SR 0T 4,
K H 15 mg/L LA KA B A0 5 min J5 , F A%
G BB 3R4E S 16S rRNA %2 R4yt PCA F
M B B R, AF ST B AR K A B 5 T LRSS [ ok i
Az G 0 7 ) 0 DA AR AR AR AT B 22 SR/ PR A
FIE) 1 B 4n i BLAEOK AR ER AT . SR T 67 R Al
33 BRBA, RAERT[E] 2 AbBEAT 50 T 31 #K M 14
PRV, SRFERT ] 3 Zb3H AT 54385 T 95 MRl 35 #k
B FLR B AR S 25 R L3R 6, B3 6 v, 3 AR
[F) SR A B [ 1) 5 0 v 0y B Ay B T 33 AR
) 58 R, b G Y 20 N8 41 Fhist
AW, G 13 AN E 17 PR A, X 2 B IR K fa
A P LA ¥ 1 G- R 3, 3 i 48 I H Wang
SRR A3 I R AR G2 4 B 5 3R 455 16S TRNA %
SE T YA AR | A UG T A R & B G Y B

(Ea=

3 AN [v) SR P i i) 5 1 A7) ey B AR Ay
BRI . KRERASIAFE W 2L
B PR BB, K A A B U B L SR LT A B R
JELERT | ) A B T ST B SRR | 24 GO B
FRT , 2% B 00y A1 AF R I LA B I 25 5 UE S LAAS T
SR AP ) F19 5 i VR A S () SR I 1Y) B R AS R 1T A7
(), 2 SLAEUKAR RS REAR 1 Hifa 5 A el 23
TR g 11 b REAS 2 1 16 Fh7s ok 8 B #EAS 3 i
15 FpAE R 6 B, 23 B A5 20 00 1ol A= 0 288 40 ) B
T 52.17%,50.00% ,60.00% , [# AH ¥4 T fif 8, 5
S ROR ] B AE A B 5 J b R B B B R AR 75
BRAE N 37 kAR A2 17 FpAE N 5 Bl BAE AR
R, SRFERT] 1 5 fn R 28 B EUK A B 2 G
ANBFFEE K OB PR RS 5 w0 s 220
BT IREL RN, s &7 R A 7D BT E ¥ FF
PR BA] IR AR S0 S Sl AT B LT R e R A R A A
YIIH 2 IR DA 7 BR T 98 B A 28 BR T i A= AT
BRI AE T W G T R O R A R R R B
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SR R S BB . REAS 2 B 22 LR
KRR B E K Az T B RS2 AU A B B A
Z b A TR T AF ) IR R B T R R R
R e EGPZER  T] “CB98 | A TG i
MY BT, BEAS 3 R AR 2 R AUK b B
Jev YA 30 Bl 54 TR A ) 46 T B R R, BLUR
AR T SRR D N A 22 e B R R A
FEBD B RUE I % IR S FF I o7 A ST
R AE R o5 L T, SR AN [ SRR N [
LUK AL BT IS AR AL AT, ST 52 RS L
Ay ANREAS 1t R TR ARSI I OK RO BT
B DB B A R R 2 BT ORAE A
BB | SEAURE A B S R NS A T A A

TAE B 3 TRRE i BB s B v | L R AR
JHOTRT | 26 2K e 5 BRI BT A5 FU AR B R K, DT A R
UK AL PR S RE A TR AR S AR TR 5, 3 RO [ Y 2
i | & REK AR PR IE GHRf i 4 il i 41.79%
12.9%,1.05% 1 7+ %] 69.69% ,21.43% ,11.43%, iX
KU RFOKBEATIEREEN, X T d i
AT EOE, T G GIR R i A7 B
%A, Restaino SFPWIF 5T B | A% 40 i 344 A5 25 107
WA G G (KBTI /Mg 25 1 2 JR IR 3%
TR ) % KR o ) R 4R 2 8 B 523X AT RE S H T
G A 1) 44 B b ISR 2 s ey, 0 A ) R 4
EH .

*6 REKNEE FEHEARFEBETWL
Table 6 Microflora changes of fresh grass carp fillets before and after ozonated water treatment
A1 A2 HA3
SR RE RA BR R RN
AMMEKRE T Am AR AW 4 AR 4R
wE BEE WME BE O WE BS
Wi% Wl% Wl% YWl% ¥Wl% /%
¥ 2K MM R H B (Acinetobacter)

(GH® 2 K R 3 47 # (Acinetobacter johnsonii) APONO1000005 26.87 21.21 — — 12,63 2571
T 7R A I R 30 41 # (A cinetobacter albensis) jgi. 1102388 299 — — — — —
K KRB AFH (Acinetobacter oryzae) GU954428 1045 3.03 — — — —
A R AT B (Acinetobacter plantarum ) KM598254 149 — — — — —
RO IEMMERDAFE (Acinetobacter prote- KB849179 — — — — 2.11 —
olyticus )

HAKALBE AR S A H (Acinetobacter colistinire- KE340374 — — — — 211 —
sistens)

9 &R B A (Acinetobacter piscicola) MF062566 — — — — — 857
M RS AFHA  (Acinetobacter modes- KT997474 — — — — — 2.86
tus)

& %1% B (Aeromonas)

W 8] &, B (Aeromonas media) CDBZ01000012 — — 9.68 2143 — —
Y% K A0 (Aeromonas veronit) CDDKO01000015 — — 323 1429 — —
Bk R A FOH (Aeromonas rivipollensis) FR775967 — — 3.23 0.00 1.05 —
FwEE AR E (Aeromonas dallosaccha- CDBR01000068 — — 6.45 7.14 — —
rophila)

& K A BT (Aeromonas hydrophila) CP000462 — — — — .05 —
42 3% ¥ W% & (Brevundimonas)

R4k 0 (Brevundimonas faecalis ) FR775448 — — — — 1.05 —
4 % #1 % /& (Chryseobacterium) —

48 A 4 35 41 A (Chryseobacterium gambrini) jgi.1096583 — — 323 — — —
& 12 435 A1 ¥ (Chryseobacterium piscicola) Jjgi.1096589 — — — 1429 — —
T £ R4 35 #4F @ (Chryseobacterium buanense) FJ713810 — — — — 1.05 —
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(8% 6)
A1 A2 A3
LHRORA OLRAR A ORA ORA
AL R G5 A A A A A A
wE s WME BE O WE BSE
W/% Yel% Wl% Y% YWl% Y%
M £, % je ¥ & (Comamonas)
KA A2 I H (Comamonas aquatica) BBJR01000095 — — 1935 — — —
£ LB A £ BT (Comamonas testosteroni) AHILO1000001 — — 9.68 — — —
% & %1% ¥ /& (Epilithonimonas )
AKX & & #38H (Epilithonimonas hominis ) jgi.1096633 — — 645 — 211 —
MY F 4@ E A (Epilithonimonas hispani- QNUG01000096 — — — — — 1.05 —
ca)
#4848 & (Empedobacter)
1B I2 A H (Empedobacter falsenit) AMO084341 — — 323 — — —
K A7 ¥ & (Flavobacterium)
AR FAF B (Flavobacterium granuli) jgi. 1107693 — — 323 1429 — —
UM 45 32 8 B (Kaistella)
AT A A2 & e 18 (Kaistella antarctica) JPEP01000002 149 — — — — —
£ 5 K ¥ & (Moraxella)
A7 i 3 35 (Moraxella osloensis) CP014234 — — — —  69.47 48.57
Rt XH & (Ottowia)
b B K H (Ottowia beijioensis ) KC755038 149 — — — — —
©% %447 ¥ /& (Psychrobacter)
W v AT (Psychrobacter arenosus ) AJ609273 4.48 — — — — —
i % AR (Psychrobacter maritimus ) AJ609272 1.49 — — — — —
i & AT (Psychrobacter pulmonis ) AJ437696 — — — — 105 —
183 10 ¥ & (Pseudomonas )
7= RAB R H (Pseudomonas azotoformans) MNPV01000020 — — — — 1.05 —
&) % R0 (Pseudomonas parafulva) BBIU01000051 — 303 — — 000 —
W A8 S 18 (Pseudomonas geniculata) AB021404 — — — 7.14  0.00 —
W FZ AR B (Pseudomonas oryzihabitans ) BBIT01000012 — — 3.23 — — —
7 KK ¥ /& (Shewanella)
AR & A KR A (Shewanella glacialipiscicola) AB205571 448 3.03 — — — —
VAFH i B KB (Shewanella oneidensis AE014299 — — 6.45 — — —
¥ K. ¥ & (Shinella)
A AP A ( Shinella zoogloeoides ) X74915 149 — — — — —
% 3% 4 % & (Stenotrophomonas )
vk R E LA (Stenotrophomonas mal-  JALV01000036 — — — — 1.05 —
tophilia)
$% s ¥ 70 ¥ & (Sphingomonas)
A% A 3 2B S 88 (Sphingomonas palmae) KX893410 — — — — 211 286
5 EHEH & (Uruburuella)
KK 3 A3 E (Uruburuella suis) AJ586614 — — 3.23 — — —
7B #% 3 K ¥ & (Vogesella)
% W 4543 I (Vogesella perlucida) EF626691 — — 645 — — —
*% % 4 % ¥ & (Xenophilus)
B0 v 5t A R 1 (Xenophilus arseniciresistens ) KC010298 1.49 — — — — —
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(8% 6)
A1 HA2 HA3
LHRORR ORA LA LR ORA
MMERB T m 4E AR AE AR 4R
e EE WE BE WS B
Wi% wWl% Wl% Yl% Yl% ¥W/%
¥z R M KERE B (Aerococcus)
(GHH I kA H A (Aerococcus urinaeequi) CP014162 — 303 — — — —
¥ 304 ¥ & (Bacillus)
B ¥ F 384T W (Bacillus siamensis ) AJVFO01000043 299 3.03 — — — —
i X K ¥ & (Dietzia)
A %1 3% K (Dietzia aerolata) FM995533 1.49 — — — — 1143
¥ $LAF ¥ & (Galactobacter)
% 52 - SLAF @ (Galactobacter caseinivorans ) QOXL01000012 10.45 15.15 — — — —
B W8 & (Kurthia)
A% KB4 KA (Kurthia zopfii) AB271740 — — — 1429 — —
% % K. ¥ /& (Kocuria)
4 M L KA (Kocuria tytonicola) CP022039 — — — — 1.05 —
3L % & (Lactococcus )
& FLIRH (Lactococcus piscium) DQ343754 299 3.03 — — — —
A% F ¥ LR B (Lactococcus raffinolactis ) BCVNO01000061  1.49 — — — — —
& ¥ & (Luteococcus)
1B A 3% # B (Luteococcus japonicus ) RKHG01000001 149  — — — — —
WA % & (Microbacterium)
B RAMAF A (Microbacterium caowuchunii) MG234279 1.49 — — — — —
1B % 3% ¥ & (Pseudoclavibacter)
AR5 1 B (Pseudoclavibacter helvolus) X77440 896 — — — — —
I A AR AT B (Pseudoclavibacter terrae) KJ769174 1.49 9.09 — — — —
4138 ¥ /& (Rhodococcus)
1 K 4B H (Rhodococcus qiosheoit) LRRJO1000016  1.49 — — — — —
¥ ¥ W& & (Rothia)
5 A F B K (Rothia terrae) DQ822568 — — 645 — — —
#) & s ¥ B (Staphylococcus)
F E R A A (Staphylococcus epidermidis) UHDFO01000003 597 9.09 — — — —
KK H 8 #H A (Staphylococcus warnert) L37603 149 2727 — — — —
&K H) & # A (Staphylococcus pasteuri) AF041361 — — 645 714 — —

w20 BLA% 8 R " R R R R B,

242 IR

2421 WREZFEME DT ik — 20X R AAUK L
PRET 5 E A oa] B SR RO A R SR U AT
BATEBEIT, R m Y R R B 5T R K Ak
PRET 5 A SR R AR AR AL, 3R T R T AN TRR
RIS [) 550 7 0 5 A5 M o ZREVETR B, 4 4
FE A 1) Coverage [HYTE 0.99 UL I, 32 BIFE 5 1k 2]
SRS BN PR EE , HLF 50 R BRI 2] A AT RE PR 4
R TIREER BT 85 RS . o ZFEVERR B dS

Shannon ,Simpson ,Chaol \ACE #§ %%, H:H' Shannon
T BOB R WA i AR 5 2 FE P 0 |, Simpson 1
oK, R HEE Z RPN, ACE [ Chaol #5%U
RFBIRE S RIS )R 42 5 BB, 3 RO [ R
R[] ) B A0 42 R K AL B S Shannon ,Chaol |
ACE #1883 T %, Simpson ¥ 2 3% L, X Ui 3
TR [ SR A o i) 5 £ 7 20 B SR /K Ak 385 B % 2
PERNFRERE TR, XFEEREH T REKRIE
A i R 280 B A W R T R
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PRI, FE 2 2 L AS [ Dk Ak B 7 3k A
K I R BB LG o SRR SEPER
ey X 0 B AR BT A g Ak BT R £ K 4
PR SE R, 45 2R R B R LT 0 IR R v T Ak B

Je B L85 £ 2 R A 7 2 A S R A, 0 P
E LA AR AL B A8 Bl AR M) 2 BEPE RO R, 4

S IR K AL PR S R AR T R AR P L A R R
Kb £ =R

R7 FTRAREHNBEBEEFNUFERR o ZHFEIEY

Table 7 Sequencing information and « diversity index of grass carp fillets from different sampling time

RARE KA OTU Shannon Simpson Chaol ACE AR L AR
1 FCK 183 +21¢ 2.77 £ 0.03 0.11 £0.01" 273.63 +3.71*  313.2 +£39.52° 0.99 + 0.00
FOZ 129 + 16" 2.59 £ 0.05" 0.15£0.01°  162.30 +21.24* 178.46 + 8.93" 0.99 +0.00
2 SCK 76 +5° 1.17 £ 0.30° 0.46 £0.07°  127.99 £21.43* 145.81 +5.56 0.99 +0.00
S0Z 36 £6" 0.65 + 0.05" 0.70 £ 0.02° 78.83 £10.14*  118.65 + 1.26" 0.99 + 0.00
3 TCK 57 + 3¢ 1.13 £ 0.07* 0.50 +0.03" 88.12+£7.47* 14492 +22.13*  0.99 +0.00
TOZ 376 0.78 £ 0.08" 0.69 = 0.07° 58.05 + 8.14" 71.99 £9.15 0.99 +0.00

T ANF NG R 308 B AAUK AR BT 5 A0 A7 9 35 PE 28 5 s FCK (SCK TCK 43 3R FE AR 1.2 .3 R UK AL #1LRG 46 J s FOZ SOZ TOZ 4

BFRFEA 12,3 BAAUK AR iR

2422 R LSBT 1SR 2 JE K 1
(14 AN [7] SR Ao 1) 2 B 407K AL SRR i 20 T A
XFFEEE, Geit o A B A AR X T B <1 % 0 P R A
He, mE A REAR 1 B g B
PR R NS R SR REAR 2 TR
J& B IR TR B S A REAR 3 O LT ER AR AR
AR PSR R SRR Y, X R R AR AR
SR HF 1) 5 £y 72 ) i T A R S0 AR G B A
FEZE5, SRS Es S e A5 th 1 TR A A ] 2%
SEE R 3, ARR R SR A e ] 5 A0 A — A
I

B Ta AT, FEAS 1 BEf0 5 20 BEUK AL 3RS
BB TR T A BT T R 45 A0 TR A AR O B R R
A RS | BERRAT 8 AR R BT, dE
1b AT, FEA 2 Bfh 48 5L /K b B S 21 Bk B
J& Hr 5 IR B AR ARS B T AR R X R AR
(4 SR T s 8 A T R A5 A AR B <1% .
H & Le A0, BEAR 3 R fa i 2 BLAR K A BELS R 3
FRUR . 375 0K T i A5 B A W 28 S AEK A B AR
XF A2 B L ER G R | i T B A A W AR X
FRE BT R L R TR R B i) 0y 28 L ARUK Ak
UG GBI 7 FL A BT T Gk 1 2 R B
JB SR AT TR R AE A M A B T R 2
SRR 3 1Y G L0 BR W S5 A W AR X 2
Th, X550 S 4E 16S tRNA K EHH GH
ST 52 B SR A SR — B, e 0 0 A R R A A

iR LIRS 5y 5455 16S tRNA S E 1 T E
AEAE A R B 2= e, el e e D R
FRREAR 2 FEAS 3 RUAEUK AR BT Y 5 f8 7 T
S e B 2R o LU B e B R ZLER TR, AR S0 15
454 16S TRNA MREG HFEA 2 AR 3 Hifi
P HC IR B B 0 ) A K AR N PR TR | BT B S
PIE 22 5 00 22U A ) R 2 A TR A R
ZA EFERAY) (Viable but non—culture) L)
FAGGE 3 8 I AR o8 A ALY IR 7%, 2Bk
TBLI) A1 % 0 1 HE B B B A TR A A e il
W45 A58 3 5 A & DNA 264700 %, AT LA H
2R TR SRR R, A T o A A
TRAGPI L T AL Gl 55 37 05 1k 5 v i B e 7k
A5 4005 PR AH A 5 5, & IR R A )Y B O 9
SR fI0 4 TET Ml S T A AR R A A B R 2R
B A BEAT L e 2 0 P R R AN BB DX 3 17 TR A
SETR, ARERIE S B 45 16S rRNA HR —
XS TR B 0 5 11 S B FhOKF o PR
K HI 2 M E AR SE A AR A5 R B 25
TH LG T LU A AT ST R R K AL B AR e A
R ARSI

2423 RN oA 3 AR B Al o A
(PCoA ) J& — Bl B 4t 73 B J7 3%, 5% 1 o3 (PCI)
N 2 105 (PC2) Y BT R 2588 K 150 W 32 22 i 43 ]
DL B e R SR Z2 36 AR A5 2 o HI 8T 2a W] T,
PC1 4 80.72% ,PC2 & 14.41% ,PC1 F1 PC2 H:fi
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1or W (RREER (Pseudomonas)

B RAFER (Acinetobacter)

W WEHHRER (Staphylococcus)

W BERGATER (Acetobacter)

W S 4RER (Hyphomicrobium)

W BUNTER (Exiguobacterium)

W KHFER (Aquabacterium)

W ERBKER (Macrococcus)

W SREHER (Pelomonas)

W KAEER (Enhydrobacter)
BRYEEMR (Ralstonia)
MEAHTEIR (Psychrobacter)

LR E i
Relative abundance

o
)
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W $HFER (Faecalibaculum)
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FCK FOZ
N
Sample (bR 2

W 43KER ( Rhodococcus)

W RHFER (Acinetobacter)
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HxE
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HeA
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Bk E R
Fig.1 Effects of ozonated water treatment on the
microflora of fresh grass carp fillets from different

sampling time at genus level
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Fig.2 PCoA of fresh grass carp fillets from different
sampling time before and after ozonated

water treatment at genus level
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T, L L5 SR A L B UK A B Y A
B AR K Ak HRL el S ) SRR S i) 0 R R AR 4 P AR A
FAIML, Hrh TOZ SOZ 4 it F s i3 A h 3
HA ) 4y BT A R DL o I RE AR, 8 B AEK b B S B
E 2L A A5 A D R B

B3 SR B S 3 R[] R AR i 0] 724 | B4R
KA PR | J5 AR = BEHE A4 BT 15 TR 0 1 A
Wgh R m I 3 AT, 3 Fh R R SR R S ] B A R

R JE . AN R R SR R ) e A BR R
Ja TR AT R S5 R N AR AR 2 Rt
REUK AP T BRGER . AN ST R R S RUEY R
FW, AERER . PG IR E SRR Y B
I, AR 3 AR R AEUK AR BRSNS SR R A5
A=) R DD | SLBR R S A ) R, R
IKAEBRE | 5 R AR R A B 22 S 32 BAR BRI B
PR BOAR E I b SRR T R R O [R] f

P LA B2 PEANTR], B SK Ah B i T
AP BT AR A

SR AL BERT R AEAR S BERT 15 (R L AA
WEMER, A 1 R R EUK AL B (R

95% 5 X [H]
95% confidence interval
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o i)
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Fig.3 Significance tests for differences in bacterial at the genus level before and after ozonated water treatment
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Effects of Ozonated Water Treatment on Physicochemical Properties and Initial Microflora
of Fresh Grass Carp Fillets
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Abstract In order to explore the effects of ozonated water treatment on the initial microflora of fresh grass carp fillets
from different sources, fresh grass carp fillets at different sampling times were used as raw materials to determine the to-
tal viable count (TVC), thiobarbituric acid (TBA), pH value, chroma and sensory score, and to study the effects of
different parameters of ozonated water treatment on the physicochemical properties of fresh grass carp fillets, so as to op-
timize the treatment conditions. The optimized conditions were used to treat fresh grass carp fillets, and the changes in
the microflora of fresh grass carp fillets before and after ozonated water treatment were investigated using traditional isola-
tion culture combined with 16S rRNA identification and high—throughput sequencing. The results showed that with the in-
crease of ozonated water treatment mass concentration and treatment time, the number of residual bacteria and the rate
of bacterial reduction of fresh grass carp fillets improved significantly and the microflora changed significantly after treat-
ment (P<0.05). Ozonated water treatment mass concentration and treatment time had no significant effect (P>0.05) on
TBA and pH of fresh grass carp fillets, but had a significant effect (P<0.05) on colour values. In terms of sensory
scores, ozonated water treatment mass concentration had no effect, but treatment time had a significant effect and senso-

ry quality decreased significantly with extended treatment time. After treatment of fresh grass carp fillets with 15 mg/L o-
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zonated water spray for 5 min, the bacterial species of the three different sampling time of fresh grass carp fillets de-
creased by 52.17%, 50.00% and 60.00%, respectively, the bacterial diversity decreased significantly (P<0.05) and the
proportion of Gram—positive (G*) bacteria increased. The results of the principal co—ordinates analysis showed that the
degree of similarity in the microflora of grass carp fillets from different sampling time increased after ozonated water
treatment. In conclusion, the treatment of raw grass carp fillets with 15 mg/l. ozonated water for 5 min resulted in a re-
duction rate of 80.66%, and the microflora of fresh grass carp fillets at different sampling time became simple and simi-
lar after the treatment.

Keywords ozonated water; grass carp fillets; initial microflora; physicochemical characteristics



