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(School of Energy and Building Engineering, Harbin University of Commerce, Harbin 150028, China)

Abstract: This paper outlines the disinfection and sterilization technologies which are suitable for the novel coronavirus
pneumonia epidemic stage and can be used on the surface and outer packaging of fresh foods in the cold chain process, and
discusses their existing problems, in order to provide a reference for the development of more secure and efficient
disinfection technology, more efficient epidemic prevention and control. This paper mainly discusses the working principle
of ozone sterilization technology and ultraviolet sterilization technology, the inactivation effect of SARS-CoV-2, the effect
of fresh food preservation in the cold chain progress, the effectiveness of food packaging disinfection and its application
status. This paper has shown that ozone sterilization technology and ultraviolet sterilization technology have positive effects
on the inactivation of SARS-CoV-2, fresh food surface and outsourcing disinfection, which will have a great application
prospects during the period of novel coronavirus pneumonia. However, due to the limited physical and chemical properties
of ozone and ultraviolet light, the future research direction is to accelerate the coverage rate and evaporation time of ozone,
avoid ultraviolet radiation damage to organic molecular structure of food stored at low temperature and explore the

applicability of other cold sterilization technologies in the epidemic stage.
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Fig.1 Potential attack site of ozone inactivation virus
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Fig.2 Relationship between basic reproduction number and
maximum ozone concentration per 1 h per day

FALFE 45 min JFET 4 °C B, iIIGLE SRR 5 mg/L
Py L AT T 208 S S 2 L AT [T X i PR R e B 3
7 do ZRBFEVAER NG i B AR L AN [ B 1Y) 5L AU
HSHE T—1~1 °C pyPREEE P igA, ldeah IR
22Uk R 20 mg/kg BLAEAL S 1Y B AR AE TR AT IR
F) 30 d AoA, IEC A, 150w T HEAT 1
Jii. Glatman 2522 WF 5% & B 25 BLAR AL BRYA R BT D 2
Jefh, FIHER RS AR I AF A e 12 d, 7€ 0 °C
WA NS T 2 R s . Cardenas 25 f
FE T AR EXT AR TRE . 76 0 Fl 4 °C BFER
T B0 AN AR B A AR f HH, 141,12 mg/m® B 5 450551
AR T RGP BRI, ELRES IS R4
R i A ) Ky 2L . Tabakoglu S804 WF5E & BKT:
FEGCEFE R SR E R 5.14 mg/m’® B~ (2+1) C
AV 2 T, ARSI AT B G, A R AT
PREFIOR . 27 PR, SR EHOR AT A RAm il 4k
TR AR B S SR A M AR R B, BT PRI
il aok A v AR SRR R BT IR A R TR B
FER
14 REFRERAIEIEFRRINGEESHNSE
4 R B IR

B AR AV E LR T — R BT 555
LA, X2 T miR R N e & s
7, R ZA-YD-20G Y BLEUR A 4 V2 A R A
PHTA 10 g A 1 h HFHFE 15 min J5 0l 304"
mn A MR ATAR FR AT [ AR TR JCRIAF] 99.7%00, R
H XFG-K30 FF2U R A U A S L il T Bl
VRIEINEE, P B AR R EPEHITE 80% LI EPT,
20 22 80 4FAUKR, HARE H AR H T A SIBRE 4
(HHAS TS R P FO B AU R AR 38 ) ZE R R VAR A
AT —AC TCRVKAE”, AT A RBCR K Z PP AN 5, 28

KEMIEEEY, sk, B HrreAa il R A5
BRI AR FH AR 0 7= i 0 AR S v RS AT T B
AR R EAT M REE, R BRI
KT 200 pg/m® BF 235 A2 ARR . S R B4k
FETE 1300~2000 pg/m® BF25 [P RIfE; B4R
£ 2000~4000 png/m’® B2 A AR FIEIR 45 B A3 2
RIaI, DA ML e A Rl S B G B0 Wb M B4R
b AR N R IS S A TR R A TR, 7 1k S B
KGN PR ERL R P R R TR AR R AP, 25
LARR, RASFEHEAST a5 R P A B A M2k
MR EABURAER, ol T8 VKA SR ar i
(IR A B T (A T 7%, (E R T 5L AR R BRI, A
AP R N3 6L 408 55 5 #4 kA IR] I TH BE S TR R R i
Ty itb— 2L 5T
2 FIMERERAR
2.1 EIMEFRERARBITIENE

L HNRTT 43 A 315~400 nm 19 224
2 (Ultraviolet A, UVA), ¥ K"~ 280~315 nm Bk
EeHPR (Ultraviolet B, UVB), #14 200~280 nm
e Hh £ IR IX (Ultraviolet C, UVC), DL K& Ky
100~200 nm [ %5 28/ X (Ultraviolet D, UVD),
Hrf UVA RS, BBR AL UVB ] S350 BRI
« IPG495 T Bz PR dEs s UV C HAT 36 G 3R W0 I 1)
AB&L; FLASSRAMR T BT P ™Y, UVC 2R
HHLH X RNA Fll DNA 3EF78ER, S 80
PRt s E AR L 2 I W — 2R AR, 3P I 2l R
T kemgne A (Cyclobutane Pyrimidine Dimmers,
CPDs) 7= S50 DNA 43 FIIASTE, iX vl GE 341
M= B B BE IF S B A BB T, A iFsE R,
260~270 nm YEEHMIAC B B BEWE B I M A% IR
SRZUIA, AT LIAT 0 KA A%, eRH uve
PATTHBEA B TR B R AT KRR .
2.2 EIMERERATHEERRENREER

Kitagawa SE09 fiF58 & BN A 222 nm A ER4F
LRAEPRGTIR A 0.1 mW/em?® 254 BEHT 30 Ynl s
TR TRIRIGBE TE PR RIS 2B T A (7K, o
SEIRFREH 222 nm 584N FR G X T B SR B 1 2K
IR, BRAMRA TR A A] T 5w il 5 1 G L TRy
FodEdfil . Heilingloh Z5E07 fF 9% & L Ko~ 254 nm,
8T 7 E o 1048 mI/em? [ 48 #h 28, BB 5k 3 oy
5x10° TCIDso/mL (41 A e ARG #E 9 min 7T #H5E
SR, WFFT L5 RS B4 MR AT LA v T B A 26 5k
R 5 B PRI KIEAVE ] o Gerchman 450% 3@ i+ fiff
FE KR PP AE 286 nm 19 AR K G M A T 5
ARIRBEAS BT RN o Inagaki Z5P9 W57 & B0 50 B
S 3.75 mW/em? BYERAMEFFEEE ST 60 s BEAS I Y
TR BRI, TP WO B RNA ML S B
#il. Rathnaainghe Z&M7 WFSY T H IS = DR £ AR
TR AR I ELHC LA A — A AT BRI LBl G 3% R Gt
] il B 9 S5 SR BRSBTS, o 4 IR R WK Ry
254 nm, SN 1.5 J/em?® BRSNS 2.5 cm?



842 11 FIHEHe , 4F: EEERISEEIT AR Y

FARAEB AN <417 -

FEFPEY 106 AIREANSET IR EEAY NOS 1584 120 s
A SECHREIIR BRI /D 100%.
2.3 ZMRFEIAEIERE SR RERENRYN

Al
SAMER PR EA PR HA S —
TSYLIE R, B IZ TSR P BR T Mok

IR . VP T TR, B
B R 253.7 nm BUESSMRAB AT RESHh B2 1dny
AR 15 min JFEXRIGRE R TR, HE T
4 °C AR, e 25 R R A S0/ 2R R R
R &85 A A VR A B ) 7 HCIE O PT AE R = 15 d.
Hassan 55 ™ WF 58 T &5 0500 & 43 51 2 3.5, 7.0 A0
10 kJ/m?® [ ERAMR BRET G Xt 4 °C ¥ RIS I T 3R
B A2 T iAEY) . ARSIt S A A Ak
WEPERSE N, G0 ES S FR AR S R RS i T A A
AR A, BB TET A A SR P AT
P, BOER MR S R AL BT A T A SR
{8, FERK B2 . Gonzalez-Aguilar 2544 iff57 1T A [H]
LA R RE BT R B ] PR AR 5 °C R RRIE T B R
mi, FSE A BN R A MR S IR = T DT IR LA TR RE
JI AR N4 2 C Bt 2 BT Hs R] 4 2E 1 i
Bk . Wang & ¥ 6f U FE 53 5 3547 1. 50 10,

VIFEFEE T 4 °C BT 8 d, KL 1.5~3 kI/m’® &
JEE 50 4 MR DT 32 8 1) e A ELAT S S AP R A
JH, nT R eI RER A SR . 28 D UTR, SRS B
FARTT A BAN e s 1= P A et B i A,
P EFYIRER BT EILRE ST, SR TR A
24 FINERREBEA AT RERRRIMNKESHN
B K S A

EHME R B AR N XA WiERm . KEE
AT K BE RS TR, 15 W S84 RAERL Bl 14 2
A EJr 20 mm &b BEAT IR IR ST, 54K 0~10
A /em? BN T 4.8 s, SEA KNG 100 ~/cm? FI4H
BT 5.6 s, Ak, BAMER B AR M2 W H
TR . VKA B IR IR I SR 3 T, Uns 2R e 5
KN TR FET HIVKAR, nTXIK . 23 R il 2 1 45
HATARETEEY . AR TP A 0.33~3 W/m® 24}
SSRGS 6 h LIRS BIR KIS AW E AP, 240
LR R BB B B 3= 2R R E P T T, — s
IR AT NG, — DRSNS R & A HL
ST 45 IR . Buonanno Z55% #JF5Y A& FUAN S 41 B
BT 25 1 Anfe], 78 200~222 nm K30 Bl N BIm 2 4k
LRI LIARCRICANEE, I HASXT A=A 5 H AR
PR 58 A MR AR AH S 1 2 IR 300« e 5 MRk T T
AE B UE I X B A AAE R 2 [ 3R 17 7% A B AR %
FOU, T ERAMR IR IR, T ) AR R A
HR AR B L, KR R B TR SN T s B )
A8 B, PRI, R4 ) R S 7] e P 5 B[R] A T 22
— AP, PABT 1 8 AT WL T L5 B R T 1
PSRN ITEAL . e SIS

3 ZRERE

SRR PR AN EL S ML A R AR B B R g
FEIRIEARL, BB TE RSt 3R I MM B R
T PR AR, TETH B4 [R]IS A BB 381 4B I3 ) []
FIVER, AT TS N A S e B AR T 0 TH 55
AN, AEEER SRS A . (H T RIS
PP AR BR R, o SR AR ORISR S R TR,
AT IR ST EA —ErJRERTE, ST A
I IT AT

a. T RAEBA —EmRETE H 5 B KE, MEE
B v B e R (e SR AR SR A SR AR B L AT
AL TN R A AR FriE— 25T

b. EEHMR I B2 ) AN A A TR AR HE 1 16 5
EAMCH T A S SRR AT 2 i BB A LSy
TAE ) IR, 32 T SR I SR T X SR AR K
RS S | RRSOmEE L N SRS MR 28 S5 7 T A TG -

c. Z BRI B A e TE L He, HAB AR E AR
DR AT L R A B A A TR BB X R B e
PRIFEE Y K IEVE AT TR, o s 2D W 8 et
PRIGFEALREIRAR, RUEVR BE R b A S T 22 4,
AR ZEE B H o

S 30k

[1] Az, COVID-19 st skt oy Hom [1]. = b 5 A4H %
37,2020, 19(23): 65-66.
[2] ZhuY, Xie J. Association between ambient temperature and
COVID-19 infection in 122 cities from China[J]. Science of the
Total Environment, 2020, 724: 138201.
[ 3] Fisher D, Reilly A, Zheng E K A, et al. Seeding of outbreaks
of COVID-19 by contaminated fresh and frozen Food[J/OL].
BioRxiv, 2020. https://doi.org/10.1101/2020.08.17.255166.
[4] LiuPP, Yang M J, Zhao X, et al. Cold-chain transportation in
the frozen food industry may have caused a recurrence of COVID-
19 cases in the destination: Successful isolation of SARS-CoV-2
virus from the imported frozen cod package surface[J]. Biosafety
and Health, 2020, 2(4): 199-201.
[5] EIK, AP RRAFHRAAARRE]. FERSEE
A% %,2003(6): 539-544.
(6] Z3m, Ak, 4508, 5. AFERRAEAT SRS o
T agm A ] ARAFR S T4, 2011,32(6): 173-179.
(7] A5 R H it oA o A7 0 A A A A
& [7]. P B 7Kiz, 2020(12): 28-31.
[8] Li DS, Sangion A, Li L. Evaluating consumer exposure to
disinfecting chemicals against coronavirus disease 2019 (COVID-
19) and associated health risks [J]. Environment International, 2020:
145.
[9] Li XL, Luo X J, Mai B X, et al. Occurrence of quaternary
ammonium compounds (QACs) and their application as a tracer for
sewage derived pollution in urban estuarine sediments[J].
Environmental Pollution, 2014, 185: 127—133.
[10] v, 2. LR H®EL 5 A ], & &AH, 200006):
70-71.
[11] REE AAEREKHILPHRZAHERBAHAN] £5
4%, 2000(3): 57-58.
[12] AEL FEAFHALARS T L Pa A ] £ &4
#,1998(6): 3-5.


https://doi.org/10.3969/j.issn.1673-5641.2020.23.030
https://doi.org/10.3969/j.issn.1673-5641.2020.23.030
https://doi.org/10.1016/j.scitotenv.2020.138201
https://doi.org/10.1016/j.scitotenv.2020.138201
https://doi.org/10.1016/j.bsheal.2020.11.003
https://doi.org/10.1016/j.bsheal.2020.11.003
https://doi.org/10.1016/j.envpol.2013.10.028
https://doi.org/10.3969/j.issn.1673-5641.2020.23.030
https://doi.org/10.3969/j.issn.1673-5641.2020.23.030
https://doi.org/10.1016/j.scitotenv.2020.138201
https://doi.org/10.1016/j.scitotenv.2020.138201
https://doi.org/10.1016/j.bsheal.2020.11.003
https://doi.org/10.1016/j.bsheal.2020.11.003
https://doi.org/10.1016/j.envpol.2013.10.028

- 418 - £ Tl B4

2021 4 6 H

[ 13] Tizaoui C. Ozone: A potential oxidant for COVID-19 virus
(SARS-CoV-2)[J]. Ozone: Science & Engineering, 2020, 42(5):
378-385.

[ 14 ] Fernandez-Cuadros C M E, Albalade-Florin M J, Pefia L D,
et al. Ozone (O;) and SARS-CoV-2: Physiological bases and their
therapeutic possibilities according to COVID-19 evolutionary
stage[J]. SN Comprehensive Clinical Medicine, 2020, 2(8):
1094—-1102.

[15] Wang Z W, Zhang A, Meng W X, et al. Ozone protects the
rat lung from ischemia reperfusion injury by attenuating NLRP3-
mediated inflammation, enhancing Nrf2 antioxidant activity and
inhibiting apoptosis[J]. European Journal of Pharmacology, 2018,
15 (835): 82-93.

[16] Ran J J, Zhao S, Han L F, et al. The ambient ozone and
COVID-19 transmissibility in China: A data-driven ecological study
of 154 cities[J]. Journal of Infection, 2020, 81(3): 9—11.

[17] Cattel F, Giordano S, Cecilia B, et al. Ozone therapy in
COVID-19: A narrative review [J]. Virus Research, 2021: 291.

18] 33w, oy faik, & vk, 5234 T A3 K 7% 24 o T 22 5 6 A A0
AR ] AR %,2012(1): 75-76.

[19] B A, Fl, AR RATAP A e REAR[T]. REL
1, 2007(3): 3-5.

[20] &B3&F, mzik, BT L, F. LR E &8 M AR
FR G HraaT L [J]. B /K EF4,2018(27): 31-34.

[21] B84, 228, BFF, F. 352 ARFRBwR ]

bz B Z,201009): 192-193.

[22] Gelman A, Sachs O, Khanin Y, et al. Effect of ozone
pretreatment on fish storage life at low temperatures[J]. Journal of
Food Protection, 2005, 68(4): 778.

[23] Cardenas F C, Andrés S, Giannuzzi L, et al. Antimicrobial
action and effects on beef quality attributes of a gaseous ozone
treatment at refrigeration temperatures[J]. Food Control, 2011,
22(8): 1442-1447.

[24] Tabakoglu N, Karaca H. Effects of ozone-enriched storage
atmosphere on postharvest quality of black mulberry fruits (Morus
nigra L.)[J]. LWT-Food Science and Technology,2018,92:
276-281.

[25] #hdsk. A AR Ko T AR E T R I 5045

2005(2): 54-57.

[26] A&, B, 2wk, & EEHNRASD =Rt K
LRHEF RG] REFHEEAHR, 2014, 3903):
36-38, 44.

[27] sk, LREABREHEPHAREMNEI]. AT A,
1999(1): 4-5.

(28] Tia kAMERFHKR LIRS
}15.7'91'],2001(2) 16—18.

[29] A4, &HE, L%H. PEM LA RHRALEL BT
A ¥ 8 5 )R [J] A 5 AU, 2001(4): 39-41.

[30] %k, £16B, k. Lk &AM RMNE ., EEAY
Fext R [J]. #RR%, 2020(5): 36-39.

[31] Rice R G. Health and safety aspects of ozone processing [J].
Ozone in Food Processing, 2012, 15: 265—-288.

[32] Song K, Mohseni M, Fariborz T. Application of ultraviolet
light-emitting diodes (UV-LEDs) for water disinfection: A
Review[J]. Water Research, 2016, 94 (May1): 341-349.

[33] Yin R, Dai T H, Avci P, et al. Light based anti-infectives:
Ultraviolet C irradiation, photodynamic therapy, blue light, and
beyond[J]. Current Opinion in Pharmacology, 2013, 13(5): 731—
762.

[J]. BB E S 547

[34] Gurzadyan G G, Gorner H, Schulte-Frohlinde D. Ultraviolet
(193, 216 and 254 nm) photoinactivation of Escherichia coli strains
with different repair deficiencies[J]. Radiation Research, 1995,
141(3): 244-251.

[35] Wang C, Lu S Y, Zhang Z W. Inactivation of airborne
bacteria using different UV sources: Performance modeling, energy
utilization, and endotoxin degradation[J]. Science of the Total
Environment, 2019, 655: 787-795.

[36] Kitagawa H, Nomura T, Nazmul T, et al. Effectiveness of
222-nm ultraviolet light on disinfecting SARS-CoV-2 surface
contamination[J].
2020(Sep. 4): 1-3.
[37] Heilingloh C S, Aufderhorst U W, Schipper L, et al.
Susceptibility of SARS-CoV-2 to UV irradiation[J]. AJIC:
American Journal of Infection Control, 2020, 48: 1273—1275.

[38] Gerchman Y, Mamane H, Friedam N, et al. UV-LED
disinfection of coronavirus: Wavelength effect[J/OL]. Journal of
Photochemistry and Photobiology B: Biology, 2020, 212
(prepublish). https://doi.org/10.1016/j.jphotobiol.2020.112044.

[ 39 ] Inagaki H, Saito A, Sugiyama H, et al. Rapid inactivation of
SARS-CoV-2 with deep-UV LED irradiation[J].
Microbes and Infections, 2020: 1-8.

[ 40 ] Rathnasinghe R, Karlicek R F, Schotsaert M, et al. Scalable,
effective, and rapid decontamination of SARS-CoV-2 contaminated

American Journal of Infection Control,

Emerging

NO5 respirators using germicidal ultraviolet C (UVC) irradiation
device[J/OL]. MedRxiv, 2020. https://doi.org/10.1101/2020.10. 05.
20206953.

[41] §0 % K& #2505 FIEFA S SEHEFAN
e m AR ], f%’l%’ AR, 2% ,2020(4): 6-10.
[42] W E EIEFHLEESRACERAT T &

ﬁ]é”éffl‘m,2019,33(l): 37-41.

[ 43 ] Hassan A B, Al-Maiman S A, Sir-Elkhatim K A, et al. Effect
of UV-C radiation treatment on microbial load and antioxidant

w5 [J].

capacity in hot pepper, fennel and coriander[J]. LWT-Food Science
and Technology, 2020: 109946.

[44] Gonzilez-Aguilar G A, Villegas-Ochoa M A, Martinez-
Téllez M A, et al. Improving antioxidant capacity of fresh-cut
mangoes treated with UV-C[J]. Journal of Food Science, 2007,
72(3): 197-202.

[45] Wang D, Chen L K, Ma Y, et al. Effect of UV-C treatment on
the quality of fresh-cut lotus (Nelumbo nucifera Gaertn) root[J].
Food Chemistry, 2018, 278: 659—664.

[46] Z7, T FRFHESITROET IR A REE
e (1], F B E %,2020(10): 1-4.

[47] A E#H. AR LB OERRGLRBEAN]. BH K,
2015,25(3) 13-15.

[48] FRG%, £50, arAla, . BobRIR B AL & RA T 49
_L)ﬂ&/\#ﬁ‘[ﬂ B A% %,2020(7): 26-28.

[49] WkRI, BAE, & 2 F, . XBULENKERBHANI]. R
M%-,2016,33(11): 90.

[50] Buonanno M, Ponnaiya B, Welch D, et al. Germicidal
efficacy and mammalian skin safety of 222-nm UV light[J].
Radiation Research, 2017, 187(4): 483—491.

[51] Mackenzie D. Ultraviolet light fights new virus[J].
Engineering, 2020, 6(8): 851-853.

[52] Singh H, Bhardwaj S K, Khatri M, et al. UVC radiation for
food safety: An emerging technology for the microbial disinfection
of food products[J/JOL]. Chemical Engineering Journal, 2020.
https://doi.org/10.1016/J.CEJ.2020.128084.


https://doi.org/10.1007/s42399-020-00328-7
https://doi.org/10.1016/j.jinf.2020.07.011
https://doi.org/10.4315/0362-028X-68.4.778
https://doi.org/10.4315/0362-028X-68.4.778
https://doi.org/10.1016/j.foodcont.2011.03.006
https://doi.org/10.1016/j.lwt.2018.02.044
https://doi.org/10.3969/j.issn.1005-9180.2005.02.013
https://doi.org/10.1016/j.coph.2013.08.009
https://doi.org/10.2307/3579001
https://doi.org/10.1016/j.scitotenv.2018.11.266
https://doi.org/10.1016/j.scitotenv.2018.11.266
https://doi.org/10.1016/j.ajic.2020.07.031
https://doi.org/10.1016/j.ajic.2020.07.031
https://doi.org/10.1111/j.1750-3841.2007.00295.x
https://doi.org/10.3969/j.issn.1002-6150.2020.10.001
https://doi.org/10.3969/j.issn.1006-9828.2015.03.004
https://doi.org/10.3969/j.issn.1004-8421.2016.11.072
https://doi.org/10.3969/j.issn.1004-8421.2016.11.072
https://doi.org/10.1016/j.eng.2020.06.009
https://doi.org/10.1007/s42399-020-00328-7
https://doi.org/10.1016/j.jinf.2020.07.011
https://doi.org/10.4315/0362-028X-68.4.778
https://doi.org/10.4315/0362-028X-68.4.778
https://doi.org/10.1016/j.foodcont.2011.03.006
https://doi.org/10.1016/j.lwt.2018.02.044
https://doi.org/10.3969/j.issn.1005-9180.2005.02.013
https://doi.org/10.1016/j.coph.2013.08.009
https://doi.org/10.2307/3579001
https://doi.org/10.1016/j.scitotenv.2018.11.266
https://doi.org/10.1016/j.scitotenv.2018.11.266
https://doi.org/10.1016/j.ajic.2020.07.031
https://doi.org/10.1016/j.ajic.2020.07.031
https://doi.org/10.1111/j.1750-3841.2007.00295.x
https://doi.org/10.3969/j.issn.1002-6150.2020.10.001
https://doi.org/10.3969/j.issn.1006-9828.2015.03.004
https://doi.org/10.3969/j.issn.1004-8421.2016.11.072
https://doi.org/10.3969/j.issn.1004-8421.2016.11.072
https://doi.org/10.1016/j.eng.2020.06.009
https://doi.org/10.1007/s42399-020-00328-7
https://doi.org/10.1016/j.jinf.2020.07.011
https://doi.org/10.4315/0362-028X-68.4.778
https://doi.org/10.4315/0362-028X-68.4.778
https://doi.org/10.1016/j.foodcont.2011.03.006
https://doi.org/10.1016/j.lwt.2018.02.044
https://doi.org/10.3969/j.issn.1005-9180.2005.02.013
https://doi.org/10.1016/j.coph.2013.08.009
https://doi.org/10.2307/3579001
https://doi.org/10.1016/j.scitotenv.2018.11.266
https://doi.org/10.1016/j.scitotenv.2018.11.266
https://doi.org/10.1016/j.ajic.2020.07.031
https://doi.org/10.1016/j.ajic.2020.07.031
https://doi.org/10.1111/j.1750-3841.2007.00295.x
https://doi.org/10.3969/j.issn.1002-6150.2020.10.001
https://doi.org/10.3969/j.issn.1006-9828.2015.03.004
https://doi.org/10.3969/j.issn.1004-8421.2016.11.072
https://doi.org/10.3969/j.issn.1004-8421.2016.11.072
https://doi.org/10.1016/j.eng.2020.06.009
https://doi.org/10.1007/s42399-020-00328-7
https://doi.org/10.1016/j.jinf.2020.07.011
https://doi.org/10.4315/0362-028X-68.4.778
https://doi.org/10.4315/0362-028X-68.4.778
https://doi.org/10.1016/j.foodcont.2011.03.006
https://doi.org/10.1016/j.lwt.2018.02.044
https://doi.org/10.3969/j.issn.1005-9180.2005.02.013
https://doi.org/10.1016/j.coph.2013.08.009
https://doi.org/10.1007/s42399-020-00328-7
https://doi.org/10.1016/j.jinf.2020.07.011
https://doi.org/10.4315/0362-028X-68.4.778
https://doi.org/10.4315/0362-028X-68.4.778
https://doi.org/10.1016/j.foodcont.2011.03.006
https://doi.org/10.1016/j.lwt.2018.02.044
https://doi.org/10.3969/j.issn.1005-9180.2005.02.013
https://doi.org/10.1016/j.coph.2013.08.009
https://doi.org/10.2307/3579001
https://doi.org/10.1016/j.scitotenv.2018.11.266
https://doi.org/10.1016/j.scitotenv.2018.11.266
https://doi.org/10.1016/j.ajic.2020.07.031
https://doi.org/10.1016/j.ajic.2020.07.031
https://doi.org/10.1111/j.1750-3841.2007.00295.x
https://doi.org/10.3969/j.issn.1002-6150.2020.10.001
https://doi.org/10.3969/j.issn.1006-9828.2015.03.004
https://doi.org/10.3969/j.issn.1004-8421.2016.11.072
https://doi.org/10.3969/j.issn.1004-8421.2016.11.072
https://doi.org/10.1016/j.eng.2020.06.009
https://doi.org/10.2307/3579001
https://doi.org/10.1016/j.scitotenv.2018.11.266
https://doi.org/10.1016/j.scitotenv.2018.11.266
https://doi.org/10.1016/j.ajic.2020.07.031
https://doi.org/10.1016/j.ajic.2020.07.031
https://doi.org/10.1111/j.1750-3841.2007.00295.x
https://doi.org/10.3969/j.issn.1002-6150.2020.10.001
https://doi.org/10.3969/j.issn.1006-9828.2015.03.004
https://doi.org/10.3969/j.issn.1004-8421.2016.11.072
https://doi.org/10.3969/j.issn.1004-8421.2016.11.072
https://doi.org/10.1016/j.eng.2020.06.009

	1 臭氧杀菌技术
	1.1 臭氧杀菌技术的工作机理
	1.2 臭氧杀菌技术对新型冠状病毒的灭活作用
	1.3 臭氧杀菌对冷链过程中生鲜产品保鲜效果的影响
	1.4 臭氧杀菌技术对冷链过程中食品外包装消毒的有效性及应用现状

	2 紫外线杀菌技术
	2.1 紫外线杀菌技术的工作机理
	2.2 紫外线杀菌技术对新型冠状病毒的灭活作用
	2.3 紫外线杀菌对冷链过程中生鲜食品保鲜效果的影响
	2.4 紫外线杀菌技术对冷链过程中食品外包装消毒的有效性及应用现状

	3 结论与展望

