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0 TR, K EA R, B AT A IR D M T AR R A E R R ROR . A
TR T LB & R AR ERALE S T m i el b, E RN AT REAKEKF &
FUGRETNE AR RAR, RELFEFAE A, BRKREKRGRMAK, RERERRL
otk B AL B BB Y, JExT R E AT AT & A TP o MR AT E T UURZ

XA KFEd; REAK; £H; frét
hESES S983  EEFRIRAD A

KEwE KL, 95 (2019 455 il G4
VIR, 2018 AEAY/K P2 FRBH T FLIE 7449.03%10° hm?,
BPERN 6457.66x10* t, #EH N 954.42x10° ¢,
Horp ) B B R 0 R B 2017 4R B30 0.19%
1 3.33% (VAR b BBl e B HLR), 2019), HAl, T
i AR OL 8 7K 7 i 2 R A K i, R R i T
fh, B 2018 4EJE, K77 S TE A 2156.85%10% ¢,
FIHRRE 1.79%, HFK™ M52 E0 . il 55
ZRAAERZ ), AR i BT 5 XU 5 KA 45 7 (Jiang et al,
2019)0 K77 a7 d S AR R 3G Y [RTEE, r EK ™
TELEA N TR R 15 Kk R M b, 34775 —
FEFEHE,

AR it R AR IR 1 EROXU , L B AN T G 7 7R
SMBEARSRA, JRZIE A S & R, HE

NERS

2095-9869(2020)04-0190-08

Ja TR RER, B kA A AR
SEIERR o . 7 AR Y T S — R A A,
Sy MR TR (S5 4, 2019). HET, Ko min Ty
Ko F 2Rk, A Bk S ARIE AT R, ZifE
MR IR LA B . 7E ORI 2 4 T A iy [R) B
e KR B B B 5 5 AUk
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PREEr, RO R A (2RRAE, 2018; 1 FIE%E, 2018;
Papachristodoulou et al, 2017), O3 F 7K Hil15 R &K,
YE R 28 B 7K 7 S I iy 1 7o ik o f Ah B, T
A R JEE R0 RIEE F1 F00A8 FH (2= 22 5 4, 2019)

O By il 28 7 AR P TAE IR, W43 HL A vk |
R . SR AN IR A (B B, 2014; H A,
2011), HTAERHE AR H SR 2 PR,

AR SCAE X 73 A 7K 5 i i 080 T A Ak BE K A
PUEES 3 BB T A JE AL, X SRS K AR K™ i A T
PRaf rp i) 1O RIS 2 Jo B A7 A ) 2 B R LIS 4
B R SRR SR SRR SR K A5
BORMES G R, IFXHN TR T DR,

DAY oAy B A 7K Ak PR AR T 7K 7 it I R AR i v Y 7
RAEIEZS%

F1 FRBEKAEKYEZERNES LRSI
Tab.1 Comparison of main action mechanism, advantages and disadvantages of different antibacterial treatment water
- ik Sk — LUK Ao
Processing Electrolyzed wat o ted wat Chlorine dioxide Organic acid
methods ectrolyzed water zonated water aqueous solution aqueous solution
YEHIBLER 20 MO R S PRSI, Ol RO RUE AR A . SRS T RS MUR R, AR
Mechanism — H i 7 sh, ACBAZ B N IR EE, S ECREIE T BUEMRINBERTS , BORE R BT B
(Ye etal, 2017) (Ummat et al, 2018) F R (5145, 2018)
(U BRI | BARFLE . N MRS LR e AUURE SR A DR BRI R R, A
Advantages  FJJ7iz . JCERE . BORLF MEEGEE, SE R O, & KRB . REBCRIF (R KRR, REZCRYF
(T4 K55, 2018) BB R LR (IS 4, 2017) (Cho et al, 2017)
4, 2019)
B ARG R M R R RERME WPEE ARE, WK 5k B etk R,
Disadvantages % 'K £ i & W G B 4 A EE, EE A BUEME B, SRR A KERM XEE R BT

(Afari et al, 2018)
(Cao et al, 2012)

HhE WA, etk 2z

(EIREAE, 2018) BEZ A

*2 REFZFHFENEIETMERERMRALE
Tab.2 Comparison of main working principles, advantages and disadvantages of ozone preparation methods

il % 75 =X FL A AN IS 12 CENISES

Methods Corona discharge Ultraviolet radiation Electrolysis
R (s R R Oy B AR ARG T Oy 7 Ui H U5 HL A 3 S0 H AR 5 2
Operating principle -, 5 0, 4541 O; T, PR O B O3
(/N VN SR . WEAHUR; T O kKA KARAF
Advantages P YA
B A WREAR . RERCRZE; PEAF RN, BROTEEIMTES PR
Disadvantages REMNEY firkd
IS FH . ANSEHE N T KIETE . SR =T AT FREE . BT U

Application scope

1 REKAIEAE K Ga M58 AR 5 B bz A
R R

O, A AN SMERERE S, T Kb
B St EE LB | SR R SRS B DR, RN T
BRI VETHE . O PR K 53R 5 55 AU b 43 21 T3z BT
(R HESE, 2013; BUESE, 2016), HET, EA%EMN
SLAUK B B . R L AR 5 b 3R Ty A% O T F
G FHX AT T I ORI S I, R AR

Ja XTI % T LIPE . o, KR SE(2014)
Wt APEREE S B R L AR, £ 4.5 mg/L R
A 7K U B AL PR30 min (9 % 3E 4 (Oreochromis
mossambicus)fiL i %} SD K Fil.(Sprague dawley)7 & F1
At B R, BB S 0 L o AR I A 150 44 o4 B
M, SD KM KM 32 7= KT 15 g/kg; Wedemeyer
(1979 WF 58 R B, 2 B K 4b B JE b 6
(Oncorhynchus mykiss)iy & g tt, 45845 REF
WHICHEE N 8 ng/L, 2 pg/L 1) R K AL X} i i £
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1.1 BEAE

AP ANSIE 5 B at [R] K™ BT B R B 5 i
ERREY), RAAUKX R 2] N (Salmonella
typhimurium), % 4T 1% (Escherichia coli), ZEHT45E
(Listeria monocytogenes) S ¥4 47 m UK IG e 11, &)
TR TR R R e AR R TR 77 (Gibson et al, 2019),
Wi, Cao ZF(2010)WF 75 & B, L4 W5 (Ostrea gigas
thunberg) N SZ86 XF 4, 48 5.0x10 ° g/L RAKAE IS,
LA RO R PR TR, DRI L BT, 4E
RKARL 2 d; B AEQ018)LWAGH, RAEKIEHR
3 0~10 min PN, Hovk sl sl B RP, HAE
20°C~30°CHf, 0.3 mg/L 5 F /KX 4 B 0 3 4 BK
(Staphylococcus aureus) . K7 AT TR 559 IR AU 90 AR i
RIK 100%; XH%(2016)K 1 3.60 mg/L R 4A K
I hR U TR Ak 3 ¥4 & BT 11 (Ctenopharyngodon idellus)
KB, WEMKESEA 3 min B, HX SO A ERE S
KIGFF B 0 R R B 60%-5 80% , B /K U BT i
AEBRERE BT 4°CEREEIN R 0T 4E K AR T ) 2 d; Silva
S5 (201 7)IF 5 A [ e B2 1) B A7k RIS [v] Ak BB (1] X6 27
A o A R PR SR S A, RS, SR 1.5 mg/L
AR EK AR B 15 min, X2 R 4040 5 98 R A
88.25%, H AN pH M ; Gelman Z5(2005)
9T O3 AL BTG £ 7E 0°C F 5°C R I3 S0 [ia) ) 5t Joi A
BRI, ffUEwRI, 5 5C R AL
P AL, £ OCTEE O Wi HaE K A7
BRI A TFB . WL, RAUKRTAIEE . R . AR
Sl K 1 S A AN TR R BE A R sl IS VE T, A A
PRET )G PR BEAR RS Bedh, REUKIRE S
TR R IE AR DG, 3R IR Y R KA AT A S B A = v
N B AR R AR RO (VK B4, 2013)

1.2 #EERE

FEIE Y5 E T, 30 B B 1 5L A K A BROK ™ i S
8 T i T 2 B v R R M i R L D 4 A R
G, S RYE R M LA (H (Total volatile base
nitrogen, TVB-N)5 K B 1 F+5r , ##] pH 284k 57K 43
R, BB ORERE T (2G5, 2019), [AIAT,
Os 115 S AL M 25 5 BORE o & 2R R i 8 1 B 48 Ak
ARG D 481k, (RRR A T L B E K BT SR 0 i) O 6 e
JIMIE, AR Z 8 A1t (Okpala et al, 2017;
LR, 2015), Horp, FRLIAREQO15)BFFE AL,
B Akt 5 28 4.0 mg/L it 8 S AUKAL B |, 76 vk )

AR A AR, USRS 4R AT S
5 Ca*'-ATPase IE PR FRALIL, it &= 5L
SRS AR HK PR IEZH S ; Karamah %5(2019)4F
5% 5L AR B s 1] | 3 B2 5 5% 4 X 4246 £f (Thunnus sp.)
a IR, WFSEERE, fE— W EESE N, SLAUK K
JEBE, HM LA, S MRA 0.3 mg/L
WA ALAL R 120 min J5, 76 8"CIIVE 168 h 5, /K5
FrEBEIN 1.20% &K 8> 0.67% .pH B % 5.58,
I PR PRIR 91.2%; Okpala (201 7)WF5E &R, 24 R4UK
HEBOARE | AP | VRIS 435124 100 mg/h, 25°C .
1~5 min i}, Fifi R 420K BE MR R A E K, K3 R
(Litopenaeus vannamel ) 7K 4] 1 25 1 5t . BRI 57K
Sy ICH AR, ELXRERE T C
%P RS (2015) K 7.8 mg/L B K ik vk B
(Aristichthys nobilis)sk 5 min, % PiA] @ FHFEAGH K
{H5 TVB-N {H, WKk 90.43%, AbHJ5XHaRALE
FbZ R E 5 pH JC i 50 5 I £ 55 201 )5 R,
XU fi(Coilia mystus)Z: 2~3 mg/L B REKEIRE, 16
—1.1'C~0C T Al fE S AR B i AL 28 5T, V79K 3~4 d J&
PR R R EERE , W IE R FRAR 1~2 d; Xie 45(2009)
R, #HE TP, 7£40°C. /K% 35 min F,

N 0.8 mg/L BLEUKAL R, fif £ (Hypophthal michthys
molitrix)fa AL FFKPE . S MRttt RE
TR TR Ak B T A R AR R K P R, R AR A
W, S & A AR SRR AL .

1.3 ZEBRKRK

UK A A, Smaike g S,
H—EAHTFE&7ES H0, M E KA SR
(Al-Omiri et al, 2018), [A] A B LA TR L, I8
AT RLEBRA = SR E R, R HOK SRR
GrryE AR, B B RS N 2 o,
EBZAS A (2010)WF 5845, WS 5 F1 7 mg/L i B4R
JK W] A7 %4 9T 22 i 411 (Silurus asotus) TVB-N {8 . pH {H .
b* (L THer , AEZE L {E AN ax (A B R, U HJE 5 mg/L
RA KA R B ; Zhang %5 (2016)WF 58 £ 11,
3.3~7.6 mg/L RAE/KYE 0.3 m’/h RAESIRTFEEEL
5~20 min W] 3 B BR A 42.09%~54.28% 5
42.78%~69.19% 1 T 2, 5L A /K &b B2 — b BT Ui
A R AL B 7 =, AT s B 0 2 1 A SRR T
THBRAS R XM ;. Chen 55 (1997) F 5L 47K Uk i 5 4
(Pneumatophorus japonicus)/Al A& 10~20 min E. A & i
I ERCR , H iRl L, pH A PR, B
JiE 58 3 AN AR
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REUKBEA AR, BHE A m N 0,,
SEMEAEE; TR, HAKEBCP =, REES
WM Z TR O Wl BUARPF ™A% (2l 4L KT . T8,
FLAE AR BE R A K = i T4 18], DA SOk AR
SRR BRSO3 SAMREE BE A, — B R 3%~6%,
N2 Os MV FREE /N, HCHIAS Y B AEU/K R B ARG ELIR
JEATF, HSEBR AR A AR B BUNACR . R, &
JE L 45 Tl O fERf N,O. NO 5 NL,O, A A
=, S ERRIE NI S h i, £ 5] K rEg
B E LA GBS, 2019), HeAh, REKTE
R T P 4 1 P R A 2 o ek e PR 2R PR AR T 0 T R
b, b DR BRI &3, 2019), 7K 72 b K i ]
B RLEUK T, SR A R S R A 46
DIRer e 2 N, R m LR | O B XU %5 (Bao
etal, 2018), LA = (o PRI B8 R 40K al Je s
Vi) A2 FER o G T A0 SR AN FARL e I B K s ] Ak B S
SNF K i T BN T R, ELRRAE A DK A
VR BRI T T RE S I E I NGE , HBSA S
T 5ICIC R ERER . ARXT O3 AW I S
9 0.15 mg/L, T4 ¥REAF] 10 mg/L LI Ry d
BRAE. PHIL, R EUK S HAb By A5 A, BET
WD H R, RRE A R AN RSN, SEBLLE A AR
E N

2.1 REKREGHRUK

WAL VKA g — P mT B2 A1) 1 7K AR 1 7 RIS
FEREIN L, HUKA/NENE, Shinslh, wl i FEAT
K= R R E ; T e i Wtk n ik H 3
fl F IR, A 0 A R B (TR R 4, 2016)
HAp, Wik A4 EE . e REEZC A
2, EREENEL . ¥ 0 5Hifbikds &, BELRHF
Os IS A TR RELN A MHINLIA Bdl, Daie 4k 1 s
P, TE A K T SR (X B A, 2018), Mo,
T 15 (2014)%5(0.82+0.04) mg/L R /K 5Lk
4 Fi T#gfa(Chollichthys niveatus)fiffif , % iz Ak
TE LR A 0 KSR B R TR, 3 AT JE K K
TEA 9 d, T AL VKA ZE K 7 d; Chen 45(2016)
B 7 0.1 me/kg 5 AR AL VIR BESHE f0, 38 o8 8 e L UK
5P IR, Oy 454 WAL vk AT 4E 31 ff
£ LR AT 4 28 R, B0 DR 2R 5K 18 d, LAl
i mAb vk . Rkl T 3 5 9d. 0BGk
VKA BT A AR LR AT 4 B 1 2 [ 454 , Ik fa
PR 5T Y B A M R IR GRS RRCEY A TR R

[ImE, AR REREAR Os 70, 2 Os BRI Ho
HOMARTAL IR Os ALPEARZS 7, A 3 H XU fr fi
YR, HAEARVELS, BRI T K7™ i PREERS B
IR H

22 REKGEEKAMRERA

AR PR B O TR DR P B AR N
A7 153 ROV BE R 4, 6 Ak 380 400 o) B HEE 2 A 1 1)
FEL N S5 AR R, S B BAR ) PR AR (Nikzade
et al, 2019), MR EK SR REAHLE G, FIH
O A T 1 B8 T 2% S 1 7K ™= it v S IO A= AR
BALINRRG, W% ATP F#ff, KRR AR T,
BRI I 4 (2012) i 58 UK 5 S (50% CO+10%
0,+40% NO)ALFRLE & %) 1°CF ¥ i 5 14 (Aci penser
sinensis) F B PR ERL IR, S5 LB, R A K AL B
20 min WAy, HAIEATEEH 1000 98 % 30 CFU/g, 1%
BHNSEK: 3~5 d; Gongalves 5520194 K7 H 1R R
A 1.0 mg/L /) 15C¥ RA/K P47 10 min T EE,
Wit I 100% CO, Mt %e, & BLAE M LY 07 4L
ik 11~24 d, 15t O TAb 3 A 5 4 AR KOl AR A
PRI, R AR /K D Ak B R v AR A G A o 1
VR, 38 B T B 45k 38 K K 7 i B 4 8 K B
JELREE H B

23 REKEGEHMAERA

i bk LR R RSN, RAEUKIE AT 5K <
W R TR B VKA B AR LA A R 57 S5 AR 45 A
AR IR HEROVE T o T oK R AU AT R 7K™ itk
ATIHVE, BEIORBEN 5 M s 42 m AR, AR W
R, $EE Os FILRA, MERILTREEM, HoOX A
PN EFESE, 2017)0 KEAUREAR S 05 M4
AAb IR, fedt ) R R AR A s DETH B S IR fif
HFERT, 5iik O TE/K & it 54 kR s, T
AR 1 A B (B IS 25, 2016); Shirade(2012)KF /K H &
O FTCL TS i 2] 60 3 77 it sl oy o012 355 ) o ) D
MR A B AR, RRIRRE S O IR A
fir, WA AR AR A EE R,
FaT BRI TR 0, B 5153, ok
FER AR S PR BB (Yu et al, 2019; 5K ZRSE, 2010).
W, SAAUK AT AR R WAL, R O 4
fife R P BOR TR, R Red AR BE L Kt
T B LA DR AR LA DR RSCR . s f15(2011)
WFFE T 5¢ AT R 52 e 45 A B S0k Ak B b [ % HF
(Fenneropenaeus chinensis), 751 %¢H 1.0 mg/L B4&
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IKALFRXFR , PP 2% SROMH A R v W Uk S J A i
T2 Cllods BLzs PR fef, & BRIz AL PR (i HL 0T 4R 2E K
10 d; 23— (2009) & FAE 10°CHY, ffi ] 2.0 mg/L &
FUKAbFREffE 8 min 5, SWARHER M, H
TVB-N {H 5 W& B/ N TG R L 204, H
JECEY it JO T 3 R A o it A (201 3) PN VA L
YA IR 454 R A /K VB 7. (Pampus  argenteus) -
AR, AR EIR, RIS AN R 6 d, T
1.8 mg/L SLAUK 5456 1 0 4L Re 7 i =
10 5 11d, %5 R EUKEAA M EA T 3 r B
Uife, HBfi Ak, 25 Lk, 0 5HAREH R
fitf 17 R L5 G HAT DM FIBEROW LS, o7 AN [ RR BE 1
A FERED AR, BT T, IR AR AR

3 AIERE

H A, B T 9% 5 0 A e 7K 7 fh 7 SR (0 iR A 1
K SRR TS RIRA N, B K e
R IEHE HER, AN TR AR T K I
AT, 7 U T A B, AT Sk A A G L e I
FEE 4 o A AT P i ik B A Ak B R AR S P
T — R PR, TR R I A (R R R R i 71
AHEE A, eI A W A K R B Ak 9 TR A, PR
A BB A | R TR . 20 4D 80 AR
Pk, Oy MREFUKIEREE, MNELEERE 2
AT 5 &Ml ottd, mifkExT 05 & SRAEKIIR
M TR A AR A RE o3 .

Bt 7K 7 PR R AR ) R R, LUK DLELT iR
B AL PRI R | A TOER R S s B AR S L
FEIK ™ i 25 B DR B R N R A )R . SRRUK BB
fio, DIRRYSFEL, s avs, PREFHEER, ZER TP
Wy, BXF ARG 2T B E R
O Wik . Zi 5K BT 3, B n] 5H
Tl AR B AR TN AR AR BRI LSS, KA L2 AR
F, R BARK e AR B R 9 P B L . A
FIF LUK, BB AT ARIE K 7= i b S S RE ZE K H2 48401
TR 24, A2 X6 7K 7 i i Jo B B8R N B3 SR A
SO R, 98 A B3 AR AS [R) K 77 i ) 4 22
5, RIS O Bad A PR BE . AbBR ] 5 Ak
B, il TR K S s s A i TS
B, Kb O3 IEMETE 0.1~10 mg/L, MiRIE 0541l
Bl , 7E XA £ R R 25K 5 B R AT R Ak AL B
HHRPER A 0.8~1.0x10°°, [Hitk, BUF. #F5EHLS
AN TE 3 O ANFEHASRUE, #aPt R A KBS
ST B 5 S b A 7 A T AR R, LA SEBK P i B4R

IR AL S5 28 A PR EECR . Bede, Oy MMl % &t
(A REAT AT AE AR I A S . T, EbRRAESHE
H) Os AR ATE 0.1x10°° 1, AMKRA 2k 10 h,
R, #RE GRS O MFRAE T ] 5 (0 Ak B
BEAL, Rl O5 78K 7= ol 00 mb A ol i o0 i 22 4
D78 HATRL, o7 b 24 F LA F LB S5 37 5L AU
Wit AN BT, U RAUK 4 B LR A1
FHRCR S BE BB AR B .
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Research Progress on the Applications of Ozonated Water in the
Sterilization and Preservation of Aquatic Products
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(1. Shanghai Ocean University, College of Food Science and Technology, Shanghai  201306; 2. Shanghai
Aquatic Products Processing and Sorage Engineering Technology Research Center, National Experimental Teaching
Demonstration Center for Food Science and Engineering (Shanghai Ocean University), Shanghai  201306)

Abstract Aquatic products may be contaminated by microorganisms during storage and
transportation, leading to product spoilage and quality deterioration. Aquatic products are prone to
deterioration by decomposition, putrefaction, degradation of proteins and amino acids, and production
of basic amines. Pretreatment by sterilization is required to reduce the effects of microorganisms on
the quality and shelf life of aquatic products during processing and storage. The mechanisms, main
advantages, and disadvantages of common water treatment methods, including electrolysis or
ozonation of water and use of chlorine dioxide solution were compared and analyzed. The research
focused on the application of ozonated water in the sterilization and preservation of aquatic products.
Ozone exhibits strong oxidizability as well as bacteriostatic and bactericidal effects. In addition,
treatment with ozonated water is convenient and plays an important role during storage and
preservation by spraying, immersion, and flowing water treatment. Ozonated water is widely used to
bleach and decolorize fish fillets and surimi products and to remove strong scents. Additionally, it is
also used for product sterilization and preservation, and for cleaning and disinfection of processing
equipment. However, ozonated water is associated with poor stability, which may affect its
sterilization ability. Therefore, the combination of ozonated water with other preservation technologies
may prolong the shelf life of aquatic products to a greater extent than that by ozonated water alone.
The combination of ozone water with slurry ice, modified atmosphere packaging, and other freshness
preservation methods were described. Researchers should consider using orthogonal experiments or
response surface methodology to identify the optimal treatment concentration and duration, and to
develop optimal process parameters based on the individual characteristics of different aquatic
products.
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