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ABSTRACT: The paper aims to introduce the recent advances of ultraviolet light in meat sterilization and preservation
and to provide theoretical foundation for the promotion of ultraviolet light in meat industry. This work presents an over-
view characteristics and production mode of ultraviolet light. The sterilization effect of ultraviolet light and its influences
on quality characteristics of meat are reviewed and the application of ultraviolet light technology in meat sterilization and
preservation is also discussed. In addition, the sterilization mechanism and application foreground of ultraviolet light are
also well discussed. Ultraviolet can effectively kill the microorganism on the surface of meat, and maintain the physical
and chemical indexes of meat such as color and pH. The sterilization mechanism of ultraviolet light is mainly related to its
damage to the structure and function of microorganism nucleic acids and proteins, and overproduction of intracellular
reactive oxygen species. It has shown great potential application in the meat sterilization and preservation.
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Tab.2 Application of ultraviolet light in meat sterilization
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Fig.2 Mechanisms of microorganisms inactivation by UV

3.1 EIENRIEM IR RS AT

58 IN B 2R TR AL ) 32 R X A A R B 547
% DNA F1 RNA I E R UVC 5, BRiE
PSR AAIE R R A, Bl R — R HAaiE
AT FRIE U5 T3, — Wy . AHAR ) W g 43
-, L i e W 1) — R AE R R A S R 1)
e E, RO R T bems e — R
& ( Cyclobutane Pyrimidine Dimers, CPD ) FIMZIE-
mEIE R P Hamamoto ZEB2WF9E B3, 453 UVC
AP KB HF T DHSo 40N AY CPD & 1 i 4 R 4H
[ 4.4 1% .CPD 2:Fi115% DNA B4 HEFI RNA B8 1T
7E DNA BURJE #9454, MIMBH 1L DNA 1% s
S o I3 —Fh I SR A% TR WM 2R AR I BRAE B R S
B r= A B E REHL F AL 45 0,, —OH %%, JFIE
'0,, -OH Fl H,0, % if M4, Mii51# DNA 43 F45%
Wi LS5/ 405, HEMIZ 0 DNA mEH, mA S84
L A

3.2 ZEIMNABIAREYEBRBIEHIFTNEE

LA R TR AL T e 5 L IR B 1 B s A ATy
ReA X AR AP AR . B RR . RN AR
il R N A R 25 A R R R L D 5 M B & 95 /3R
RN UVB A s@ i/ A, ik UVB )5, @
TR . TR S A IR T A o HAT s A E ik
&, MR IR kAT S MY L&, 1Sl
A = iw sy ] oy s T G = KO R S R SR DR R e o
e, MImPEELA: B B AR ok, B ahek Ak
PRI e A T M AL S TG A, A R
BRI 1) SE ARG T AR, (T = s M e s, iRk
Y0 IE & AR BRALAE , MM i U o pype T gk
HNRALFRIS , AN A5 BRI . Xu ZEUYHE 40
JH 5 32 375 P 1) A7 T R 2 T 40 A P i g b )
R RN A R RE |- %) JER SR B Y P AR A
3.3 ZEIEMEVHREANFTERNZ I

SRANR 7 A TR R SO R R R R TR
SSEY PSRN PSS TR UR: SR - SN G = o NYIN
BT, PRARLERE ('0,), dEMAR (H,0,)
PRI [ H 3k (-OH ) SR MR, WFss &M,
AR W 2 n A0 B ) AR AE R, B A
g B o Ak, A B AR e 1, AT B
JRORE RS R sk b AR 3 W A RE % B 3 41 it
W, -2 E M E A RS EY KT 1A,
Song ZEMNEH, UVA ZhBE ™A i) -OH #8737 41y
H A& 52 6E 1, i BR ) T 40 i i 06 2 TS LS . Wang
SEBL N, Z3d UVC AR, KRIFFFE O157:H7 41
N A TE RSN X IRZA Y 5.1 4%, 10 KB AT 0157:H7
PRI VR AT T ST B AR (o SR Al Sl A 8 oy
N BE HyO, F1-OH ) J& 1T 25 0 il KA AT T 19 2R 0



- 46 - 1 %% T %

2021 47 A

4 L5k

AR, SN N — PRSI TR, REA AL
AKRERMA ALY, R B R R G5 . pH
SEPALARTR , 1E N 2 R DR AT BAT ) e A 1 P i
5o PR HBRE AR — 2 m i, 155, T 55
LFBENF, MTRANRAL NG, HKE
RORAN A5, T A5 AR (TR R A K
FERIRAE ) BT, DU R BIReR, s A 2k
HoAR g S R 2 Ao U, il T R R RO
ALk B A R A A2 T3 PR R AR DT F) S, X PR SR
R A AN RS, DRI vl SR S T K SR B S8 A 791 55 07
EIER IR o 724 R I AR, O3 R 58 52 41
25 HA BRI ES S MR TIRCR , AR T2 2 A
R R AT LA 5 T A SERE AT 5T, A
M FFE B 58 ShEAE £ i Toll B R

SE 3

[11  YANG S, SADEKUZZAMAN M, HA S D. Reduction
of Listeria Monocytogenes on Chicken Breasts by
Combined Treatment with UV-C Light and Bacterio-
phage ListShield[J]. LWT-Food Science and Technol-
ogy, 2017, 86: 193—200.

[2] GONZALEZ-RIVAS P A, CHAUHAN S S, HA M, et
al. Effect of Heat Stress on Animal Physiology, Meta-
bolism, and Meat Quality: A Review[J]. Meat Science,
2019, 162: 108025.

[31 AHMED O M, PANGLOLI P, HWANG C, et al. The
Occurrence of Listeria Monocytogenes
Ready-to-Eat Meat and Poultry Products Related to the
Levels of Acetate and Lactate in the Products[J]. Food
Control, 2015, 52: 43—48.

[4] LI Mei-lin, LI Xiao-an, HAN Cong, et al. UV-C
Treatment Maintains Quality and Enhances Antioxi-

in Retail

dant Capacity of Fresh-Cut Strawberries[J]. Postharv-
est Biology and Technology, 2019, 156: 11945.

[5] REICHEL J, KEHRENBERG C, KRISCHEK C, et al.
Inactivation of Yersinia Enterocolitica and Brochothrix
Thermosphacta on the Pork by UVC Irradiation[J].
Meat Science, 2019, 158: 107909.

[6] KIM DK, KIM S J, KANG D H. Bactericidal Effect of
266 to 279 nm Wavelength UVC-LEDs for Inactivation
of Gram Positive and Gram Negative Foodborne Pa-
thogenic Bacteria and Yeasts[J]. Food Research Inter-
national, 2017, 97: 280—287.

(71 E/NE, BRE, B5EE, S ERANRORE T TR B
2% T A Y S B BF AT (0], P B IR CBH B 2%, 2020(4):
6—10.

CAO Xiao-bing, CHEN Lei, RAN Chong-gao, et al.
Research on the Application of Ultraviolet Disinfection
Products in the Field of Disinfection and Steriliza-

[11]

[12]

[14]

[15]

[16]

[17]

[18]

tion[J]. China Light & Lighting, 2020(4): 6—10.
GORA S L, RAUCH K D, ONTIVEROS C C, et al.
Inactivation of Biofilm-Bound Pseudomonas Aeru-
ginosa Bacteria Using UVC Light Emitting Diodes
(UVC LEDs)[J]. Water 2019, 151:
193—202.

SCi i, SO, RN, AE. BRAMRTH R AR AT
PR K & B R B0 Stk R, 2020, 46(6):
664—670.

Wen Shang-sheng, Zuo Wen-cai, Zhou Yue, et al. Re-

Research,

search Status and Development Trend of Ultraviolet
Disinfection Technology[J]. Optical Technique, 2020,
46(6): 664—670.

FIEE, IhFIRT, E4E, . BINOLTHE KR
PR B B[], BRB T AR 27412, 2017, 28(1): 1—4.
YAN lJian-chang, SUN Li-li, WANG Jun-xi, et al. De-
velopment Status and Prospects of UV LED[J]. China
Iluminating Engineering Journal, 2017, 28(1): 1—4.
OLIVEIRA B R, BARRETO CRESPO M T, PEREIRA
V J. Small but Powerful: Light-Emitting Diodes for
Inactivation of Aspergillus Species in Real Water Ma-
trices[J]. Water Research, 2020, 168: 115108.
SHOLTES K A, LOWE K, WALTERS G W, et al.
Comparison of Ultraviolet Light-Emitting Diodes and
Low-Pressure Mercury-Arc Lamps for Disinfection of
Water[J]. Environmental technology, 2016, 37(17):
2183—2188.

RATTANAKUL S, OGUMA K. Inactivation Kinetics
and Efficiencies of UV-LEDs against Pseudomonas
Aeruginosa, Legionella Pneumophila, and Surrogate
Microorganisms[J]. Water Research, 2018, 130:
31—-37.

DEGALA H L, MAHAPATRA A K, DEMIRCI A, et al.
Evaluation of Non-Thermal Hurdle Technology for Ul-
traviolet-Light to Inactivate Escherichia Coli K12 on
Goat Meat Surfaces[J]. Food Control, 2018, 90:
113—120.

HOLCK A, LILAND K A, CARLEHOG M, et al. Re-
ductions of Listeria Monocytogenes on Cold-Smoked
and Raw Salmon Fillets by UV-C and Pulsed UV
Light[J]. Innovative Food Science & Emerging Tech-
nologies, 2018, 50: 1—10.

SOMMERS C H, COOKE P H, FAN X, et al. Ultra-
violet Light (254 nm) Inactivation of Listeria Mono-
cytogenes on Frankfurters that Contain Potassium
Lactate and Sodium Diacetate[J]. Journal of Food
Science, 2009, 74(3): 114—119.

CHUN H H, KIM J Y, LEE B D, et al. Effect of UV-C
Irradiation on the Inactivation of Inoculated Pathogens
and Quality of Chicken Breasts during Storage[J].
Food Control, 2010, 21: 276—278.

CORREA T Q, BLANCO K C, GARCIA E B, et al.
Effects of Ultraviolet Light and Curcumin-Mediated
Photodynamic Inactivation on Microbiological Food



a2k 13

KUGEAE SN A S B O A 107 1] v 0 9F 5 20 - 47 -

[19]

[22]

(24]

[26]

(27]

[30]

Safety: a Study in Meat and Fruit[J]. Photodiagnosis
and Photodynamic Therapy, 2020, 20: 101678.
SOMMERS C, SHEEN S, SCULLEN O J, et al. Inac-
tivation of Staphylococcus Saprophyticus in Chicken
Meat and Purge Using Thermal Processing, High
Pressure Processing, Gamma Radiation, and Ultravio-
let Light (254 nm)[J]. Food Control, 2017, 75: 78—382.
MOAZZAMI M, FERNSTROM L L, HANSSON 1.
Reducing Campylobacter Jejuni, Enterobacteriaceae
and Total Aerobic Bacteria on Transport Crates for
Chickens by Irradiation with 265-nm Ultraviolet Light
(UV-C LED)[J]. Food Control, 2021, 119: 107424.
FAN L M, LIU X, DONG X P, et al. Effects of UVC
Light-Emitting Diodes on Microbial Safety and Quality
Attributes of Raw Tuna Fillets[J]. LWT-Food Science
and Technology, 2021, 139: 110553.

KIM D K, KANG D H. Inactivation Efficacy of a Six-
teen UVC LED Module to Control Foodborne Patho-
gens on Selective Media and Sliced Deli Meat and
Spinach Surfaces[J]. LWT-Food Science and Technol-
ogy, 2020, 130: 109422.

ZENG F Z, CAO S, JIN W B, et al. Inactivation of
Chlorine-Resistant Bacterial Spores in Drinking Water
Using UV Irradiation, UV/Hydrogen Peroxide and
UV/Peroxymonosulfate: Efficiency and Mechanism[J].
Journal of Cleaner Production, 2020, 243: 118666.
AL-MAMUN M R, KADER S, LSLAM M §, et al.
Photocatalytic Activity Improvement and Application
of UV-TiO, Photocatalysis in Textile Wastewater
Treatment: A Review[J]. Journal of Environment
Chemical Engineering, 2019, 7(5): 103248.
MIKS-KRAJNIK M, JAMES FENG L X, BANG W S,
et al. Inactivation of Listeria Monocytogenes and Nat-
ural Microbiota on Raw Salmon Fillets Using Acidic
Electrolyzed Water, Ultraviolet Light or/and Ultra-
sounds[J]. Food Control, 2017, 74: 54—60.
ISOHANNI P M I, LYHS U. Use of Ultraviolet Irradi-
ation to Reduce Campylobacter Jejuni on Broiler
Meat[J]. Poultry Science, 2009, 88(3): 661—668.
LYON S A, FLETCHER D L, BERRANG M E. Ger-
micidal Ultraviolet Light to Lower Numbers of Listeria
Monocytogenes on Broiler Breast Fillets[J].
Science, 2007, 86(5): 964—967.

KEKLIK N M, DEMIRCI A, PURI V M. Inactivation
of Listeria Monocytogenes on Unpackaged and Va-
cuum-Packaged Chicken Frankfurters Using Pulsed
UV-Light[J]. Journal of Food Science, 2009, 74(8):
431—439.

WAMBURA P, VERGHESE M. Effect of Pulsed Ul-
traviolet Light on Quality of Sliced Haml[J].
LWT-Food Science and Technology, 2011, 44(10):
2173—2179.

KRAMER B, WUNDERLICH J, MURANYT P. Inac-
tivation of Listeria Innocua on Packaged Meat Prod-

Poultry

[33]

[41]

ucts by Pulsed Light[J]. Food Packaging and Shelf
Life, 2019, 21: 100353.

RN, A5, XIME, S5 IR I FERAL A b
— WA TR T 1 O P S N 2R B G & (D).
BB, 2014, 35(11): 17—20.

SONG Xiao-bin, YUAN Qian, LIU Shu-jun, et al.
Correlation between AMPK Activity and Meat Quality
of Lamb Meat for Different Ages and Parts[J]. Food
Science, 2014, 35(11): 17—20.

BEm Y, B, A, S5 X =R A GOREERALA
T E AT ] BB 2021, 3(19): 1—12.
XUE Pan-pan, ZHANG Hai-feng, LI Xu, et al. Deter-
minationand Analysis of Meat Quality in Different
Parts of "Three Pink" Maledonkeys[J]. Food Science,
2021, 3(19): 1—12.

e, Pk, BT, . RAHUAMAR R II6E
HAE W5 A i 0 ST R[], & R
2020, 41(21): 267—277.

LEI Hong-mei, LUO Xin, MAO Yan-wei, et al. A Re-
view of the Functions and Application of Natural An-
tioxidants in Meat and Meat Products[J]. Food Science,
2020, 41(21): 267—277.

MONTEIRO M L G, ELIANE T M, ROSENTHAL A,
et al. Synergistic Effect of Ultraviolet Radiation and
High Hydrostatic Pressure on Texture, Color and
Oxidative Stability of Refrigerated Tilapia Fillets[J].
Journal of the Science of Food and Agriculture, 2019,
99(9): 4474—4481.

SUN Z, BLATCHLEY E R. Tetrahemes as a Challenge
Organism for Validation of Ballast Water UV Sys-
tems[J]. Water Research, 2017, 121: 311—319.
RAVANAT J L, DOUKI T. UV and Ionizing Radiations
Induced DNA Damage, Differences and Similarities[J].
Radiation Physics and Chemistry, 2016, 128: 92—102.
RASTOGI R P, SINGH S P, INCHAROENSAKDI A,
et al. Ultraviolet Radiation-Induced Generation of
Reactive Oxygen Species, DNA Damage and Induction
of UV-Absorbing Compounds in the Cyanobacterium
Rivularia sp HKAR-4[J]. South African Journal of
Botany, 2014, 90: 163—169.

HALL A, SIMS L M, BALLANTYNE J. Assessment of
DNA Damage Induced by Terrestrial UV Irradiation of
Dried Bloodstains: Forensic Implications[J]. Forensic
Science International: Genetics, 2014, 8: 24—32.
HAMAMOTO A, MORI M, TAKAHASHI A, et al.
New  Water System Using UVA
Light-Emitting[J]. Journal of Applied Microbiology,
2007, 103(6): 2291—2298.

YAGURA T, SCHUCH A P, GARCIA C C, et al. Direct
Participation of DNA in the Formation of Singlet

Disinfection

Oxygen and Base Damage under UVA Irradiation[J].
Free Radical Biology & Medicine, 2017, 108: 86—93.

BITER A B, POLLET J, CHEN W H, et al. A Method
to Probe Protein Structure from UV Absorbance Spec-



< 48 -

1 % T f&

2021 47 A

[42]

[43]

[45]

[46]

tra[J]. Analytical Biochemistry, 2019, 587(15): 113450.
PNEH. UVB X gt/ N R e A= BTG RS2 0 [D]. 7 5
TLVE IR 2, 2010: 20—45.

SUN Li. Effect of UVB on Physiological Activevess of
Chlorella Vulgaris Antarctic Strain[D].
Jiangxi Normal University, 2010: 20—45.
BERNEY M, WEILENMANN H U, THSSEN 1J, et al.
Specific Growth Rate Determines the Sensitivity of
Escherichia Coli to Thermal, UVA, and Solar Disin-
fection[J]. Applied and Environmental Microbiology,
2006, 72(4): 2586—2593.

XU Li-mei, ZHANG Chong-miao, XU Peng-cheng, et
al. Mechanisms of Ultraviolet Disinfection and Chlo-

Nanchang:

rination of Escherichia Coli: Culturability, Membrane
Permeability, Metabolism, and Genetic Damage[J].
Journal of Environmental Sciences, 2018, 65:
356—366.

IKEHATA H, ONO T. The Mechanisms of UV Muta-
genesis[J]. Journal of Radiation Research, 2011, 52:
115—125.

LIU J, ZHU H Z, PREMNAUTH G, et al. UV Cell

[50]

Stress Induces Oxidative Cyclization of a Protective
Reagent for DNA Damage Reduction in Skin Ex-
plants[J]. Free Radical Biology & Medicine, 2019,
134: 133—138.

ROWE L A, DEGTYAREVA N, DOETSCH P W. DNA
Damage-Induced Reactive Oxygen Species (ROS)
Stress Response in Saccharomyces Cerevisiae[J]. Free
Radical Biology & Medicine, 2008, 45: 1167—1177.
OU Hua-se, GAO Nai-yun, DENG Yang, et al. Inacti-
vation and Degradation of Microcystis Aeruginosa by
UV-C Irradiation[J]. 2011, 85(7):
1192—1198.

SONG K, MOHSENI M, TAGHIPOUR F. Mechanisms
Investigation on Bacterial Inactivation Through Com-
binations of UV Wavelengths[J]. Water Research,
2019, 163: 114875.

WANG Q Y, LEONG W F, ELIAS R J, et al. UV-C
Irradiated Gallic Acid Exhibits Enhanced Antimicrobi-
al Activity via Generation of Reactive Oxidative Spe-
cies and Quinone[J]. Food Chemistry, 2019, 287:
303—312.

Chemosphere,



