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Application progress of novel cold sterilization technology in the prevention
and control of foodborne pathogens
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ABSTRACT: Contamination by foodborne pathogens is a core risk in global food safety, and the resulting food
spoilage and foodborne illnesses are widely recognized as a serious threat to public health. Currently, traditional
sterilization methods have certain limitations. Thermal sterilization frequently causes the loss of nutritional value and
deterioration of sensory quality in heat-sensitive foods, while chemical sterilization methods are associated with

potential risks of chemical residue. Consequently, these conventional methods hinder the growing consumer demand for
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high-quality food and the adaptation to the rapid development of the food industry. As an emerging food processing

technology, cold sterilization can effectively inactivate harmful microorganisms while preserving the original nutritional

value and flavor of food. Therefore, this review systematically outlined the hazards posed by common foodborne

pathogens and elaborated on the inactivation mechanisms and principal advantages of 4 kinds of novel cold sterilization

technologies. Furthermore, it reviewed the latest research advances in cold sterilization strategies both domestically and

internationally, and compared existing and emerging sterilization technologies from multiple perspectives. Finally, this

paper identified issues such as incomplete coverage and insufficient research on synergistic mechanisms in current

studies, thereby providing theoretical support for microbial control in the food industry and the industrialization of these

technologies.

KEY WORDS: foodborne pathogens; novel cold sterilization technology; synergistic sterilization; sterilization

technology comparison; microbial control in food
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A 7E, FEEOE SRS R AR . fhF R AR A
FEARAE R BRI, X AR AT VAR . % T B
PR, i Tl XT3 R BB AR IR 2K A 2538 ) .

T, AHICSIR A BT A5 4 F LTP .SAEW PEF
US S PR REEAR . SEGEREEARME, %%
P H AR TE AR A ORI, SRRk, M. B
TG YRR R, A L R IR
WHIN, FFEARWEI TR, HI, B AR AR
RN 2 A AR e A )y e

2.1 LTP REEAR
2.1.1 LTP FH#EARRE

S5 TARH HL B R A, B A SR AN (ultraviolet,
UV). ZRHEEEF LMARIE T+, B REEEN
YA, Hirh, 1% 4 (reactive oxygen species, ROS)
FNYE M & (reactive nitrogen species, RNS)# N N E1E S H
IRFET I,

LTP ML A 1 FR, B P (D)FH
SR PEME IR MR . Al RE, SN AP E; (2) ROS.
RNS S LI DNA . & FUREG, FARE G, AT
FOEPFET T, S E AR T R R A B RE T
VL B AR AR AR AR B 2 B AR F BTN,
TE = RO Z AU AT R V2 TR TR, BRI CRE B
R EA M E IR . A, SRR R G IR |
FRAMREFRE A UTARSE, ADCHRTR SIS, F B Em

X

Tl S IO R LA SOV RS« PIZEAE D) I Bk I R DR A
2.1.2 LTP A 2RISR A By 42 69 5 A

AHRAFFT R LTP AbELXF ZFp & b d WA &5
PR A B BOERCR . XIS A B, LTP Al
AR 4 B O A R T SR SR R R R . KA
I 246 L2V S 0 o 20 B 0t A5 R 2R R0, TRIREIE
ST LTP W ROKIERE T o MR AR E PR R SRS B T
Mt (atmospheric pressure plasma jet, APPJT)%E il % 1%
2B TR AL K (plasma-activated water, PAW), & B H X}
UITIREHA RIFAREERCR . 7T I, LTP BN Z 0 & i
PESOR B HA 1% FLs s JOE 1R, 8 B D5 B0 14 B
PETT AT B RCR

HAF TR RS, LTP FORMAREBCRZ 2 i R %
Wi, B EESEL . R . SRR R A S,
[FJIF, LTP &b BA] e XS P ] it 06 B R il B A AN R 5%
mgts 1ol PRI, el 2E R R B 7 R B SR 5 R
WR A REA b, 4R R AR ACR, KT R R B, R AR
LTP 7E Rl it v b TR E . 38 1R T LA L
B URPEBON R 28 LTP A0 35 19 K B RCR LA B2 AL FEX £
i TR

25 b, LTP AbFEAR AT 217 K A il i g o 4R Ak 5
0, HARRCR 5 32 1 hh R K - FAumiE i T80, P an
R Y VR Ak J 5 R PR IO FH OB o 3 — e A LK
PERRE, 5 SAEW BN i 20 H JC 5 AR F s P
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Fig.1 Diagram of the sterilization mechanism of LTP
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2.2 SAEW REHA

SAEW F H#H R R 22
SAEW 2 3 b H A 7 5k R kSl Ph A v Vi A= 1 1) T g
MoK, HpHTE 5.0~6.5, 43305 R H 10~80 mg/LP%, H.
A RAFRE R bR HOR R 2 B .
SAEW DIAEWnAnae . A RE/E R ol ¥ 0, BER
ALY, SRR, A, AR pH 35
BEaR T XA My An At A i s, N HE S Y
HCIO ¥ 8 E MM, 2175 5 405 o9 35 = A 58 b M i
(ROS), ¥MEHFE. IEF. DNA YR T1E Mt &1k
i, BAFHA PP, U S 80 ATP B QRS v T
K, IR PG RS, PELANEIE AR HIgE, R
LIARRRBORPY ZE ARG, TR A, T
TERWRR R AFLE, B THEHCRT, BB AREMRTEE
St PERULR, TR ST R FRAE .
222 SAEW FH AR REEAE B s o 5 A
X HE A SR XS Wi P N S X 5, 8T R
A EFIALERET R IS BT SAEW X R0 2 i 25 il B

2.2.1

B KRR, HEERFEW], SAEW AEHL & 30 2% KWL
FM 2 s i v, XL S SR E AR . 2RI S 5AE
A TS S R B I0UE, SAEW X743 S il i HAT
RAFA KRR, FLASZ X0 PR 1) PR G R ) AR R 5]
R T & NILITAN, SAEW TSR | TRRIREE Bl 2 171 1y Rt H
T RMRCR . PRI S K PR, FEARBRRE] 1 min, A5
BRI 10 mg/L BRI, XSEREHRIPT T M
6.54 log CFU/g [ % 4.50 log CFU/g. XIPHZS 4% SAEW Jif
FATFHRAR, A RER W 10 mg/L FALHE 10 min, A
TR IR R T IV IR SRR R Y5 BN R 1.6 log CFU/g. %5 I,
SAEW TE & i ARTRAL IR AT LU FHHIE: SAEW X2 725
W BRI TR . w5 2 A RSO M 4 2
AARKVEH GRS =R, L8 E(1~10 min)iZbHE,
A SRR A R 2 WA S i T . MR T R VDT TR
TR R TR RIVA PRSI B A PR A AR FIBL 32 2R AR
YRS . 5 S AR N e B ARG, R REL
TUEYIPET: . 22 20T SAEW XFLL b 3 Fhv LA IR 2om
A1 K BROR B RIHL

®1 LTP M RREEBREERENRE R &EREME
Table 1 Bactericidal effects of LTP on foodborne pathogens and its impact on food quality
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25240 s LB, 3 Fh PAW X BUGZEVDT 1 IR
RIBATE I8 5539028 GO (0 S/m)
3.5log CFU/mL, GI (0.02 S/m)

3.7 log CFU/mL. GI (0.2 S/m)
5.9 log CFU/mL

22240 s AbFH, 3 Fh PAW X K AT TR 1
PN GO (0 S/mYIbFE 360 s
2.5 log CFU/mL. GI (0.02 S/m) 360 s
2.41og CFU/mL. GI (0.2 S/m) 300 s
4.0 log CFU/mL

XA A ) it B — RE AR T
A A AR DY RO 3 A
FARTY, X4 AR E SR Y
TE S, (5] AR AT
(CSERE AR

[17]

2210 min AbF, DBD 2585 T AN G A
HUASSHRR A . RIAFER O157: HT AR
PHFEVDT T ERTERI50 3 2.04,2.54
2.68 log CFU/g; X4~ HLA A58 1.90,
2.57. 2.58log CFU/g,

XA IR AL B |

Sk BER R B C

Em, (R AE b PR ]

10 min B3 A 54 N REDE
SBEAR, FrA AR

[18]

REX 4 RS
SRR FRHLIR Leap100, DARSAS,
52 7‘7 TAEAIR, 1EIEIRITR 60 kHz,
(//l‘['] K% HIK‘(EP?UE 50 us ,éE'ffF—F, ?ﬁl“zﬁ'?ﬁh
A A4z b L (ground
electrode out, GO)YAb H 75 X 1]
B RK 0 S/m MkELlK, ffi
JHAT A P2 H L A% (ground
electrode in, GI)F{ S #ie X4 4f
S 53 0.02 S/m. 0.2 S/m 7K
VAW XS TR Y GHEAT 30 min K
AEHCE AL, & PAW
K F M A2 (dielectric
barrier discharge, DBD)% & {4
RGUHME AL, N)Z 70 mm
Rk R S RS x70 mm K, 0.28 mm Y
W, KIGFE Ji. 2 ) (polytetrafluoroethylene,
O157:H7.8#5  PTFEMME, 7€ 15 kHz, WfH
FEWIIRE 100 WA 2 W KRS S&MHET, Xt
Bl T KM FFE 0157: HT . B
FEVD ) PR BRI BRI A R B A
B RN A 4 AR B 10 min
MRS B B
(BZg74, KRR Bk L (surface
BZs206) dielectric barrier discharge, SDBD)
FRGL(EMHIE 6kV, 23 kHz,
425W), HIAR-FEAIEES 4 om, 7EEE
Kbkt I FXHBETIHIE 2250 30 min

AR5 LW BZg74 USRS &, AbHE
20 min J5 EEE08/D KT 2 log CFU/g,
AEBE 30 min JEFEERMRLLT
(<10 CFU/p); 11 [C 5 IETH BZs206 4bH
30 min JE KA 2 log CFU/g; ik
T NCFB555 4b 31 30 min {2 />4
1 log CFU/g

HA% b pH BEFFIEON 6.28
FeZ 5.15), TR & AL
PR 10 min J5 52250,
RUK5336 FE TE K ARk B
R AESAR, EEKHE
RO EAZRELW, S8/
Ak W T

[19]
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Fig.2 Diagram of the sterilization mechanism of SAEW

R2 SAEW M EIRMBUREREHRRAMEH R
Table 2 Bactericidal effects of SAEW on foodborne pathogens and characterization of cellular damage
PN DO KHESEL SLERAE R FEIFL SCHR
23 I 2 i TR R O AU,
WA, SBUE AR BT

4°C,pH 5.0~6.5, FHRAE %4 2 min AbBUF, XA R MR

’ ST AT Sov e TETE PR (3 3 T W
s SR 51 ) PG AT A 24 L 3 53 M v
; o ASEREMRDTIIRESAHE, . \ o
e e T, pH 6.35~6.54, AbEHIE] ’ RN, S5 PN
TR VDT TR TA i Fop i MIFLR TR 6.54 log CFU/g [ . - I, SEAENEY [27]

1 min, FRCETEIEE 10 mg/L 1 &% ROS FJF, H#
i%?réﬂiﬂ@&‘lat
LM 10 min J5, WEURFETEEEAr  RIIE I I A 200 S e 1 3
RORIEIMEIR PSRRI T B, R T & M. DNA -frW%f (28]
1.6 log CFU/g Yy, FEESET

4.50 log CFU/g

AR AR 10 mg/L, Ak

LA A 10 min

Hol
=

SR, AT BRI TR, ﬁxﬁlﬁkﬁ(ﬁt%ﬁﬂ T ZEAR AR S TC RN A £ b 7 st R R I
Gy fif, ARG BEE A P 3 R R R, 1, ARARMETERLER X SAEW fif Joltizs iy P XfE K o 224
S RN EC ], A LSS BLRT dh AL AR AL . SAEW (1 ) T JR B 5 5835 o [T, S AR T K ks i 1 e
TG P T SR PR P B s TR e, Sk B R T A AR, X — A AR S E SR S
ZIREMERE S, S i iE Rt EARREEBR R T I B AR T &k B )5 1 R
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2.3 PEF XEHEAR

2.3.1 PEF XHH KR

PEF ARSI AR HH AR Z —, FEM S0
A VA RS A SR T, o e AL R A AR A
SemFgei Rzt g FLIBEIN Jy, PEF nJ 3 i it e
BF . R R Ik E Y, A B R T 15 A A i
KAV ZERL, (AN Rk B, AN
WA S el . A ZE AL I S T R A 2 ), B
REHRBR AP KRB 3 PR

FL A AR AR 05 P 2 L AR U D B 2SR, 2 AR 100 e T
21 0 BRE55 ) J AE S Th B A BN T 8403, 5 R A 25
TR, BRI A, i S EE s TP %
HARBARCRE | KRR . S8 ARG, EH
TR, . SRS E RN ATz
232 PEF FRARAKERBRERBAGIEF o 8

T PSR PEF AR AbHE 4 2% (0 A A BR T R AL TR,
SEERSRMEN: U 22 KV, BKMUERE 2 ps, KRASEE 100 He,
JEFRETT] 30~150 s Z5RIRW, 4IRS BEAL FLET ] i)
FER T FH i o AL BRI E] g 150 s B, 48 (0 A AT RR B AR
WGSBS TR 2.5 #1035 A%, AR
99%. Walter %PO0H A [F]H AR B FH F 45 2- 0%, #E TR
55°C, HZIIE 35 kV/iem, AZLBERTE] 40 ps 1T, K
JFT B E B B%AR 6 log CFU/mL. HHIYAT I, PEF % A fE
RS A B AT BRI . R PR 55 2 TR B0 T Y B,
HR BICRAE — 522 0 Tl P B A B ) (9 R TR 58 . AR
IEBREAET, AF AR AT AR A W5 B AT BTG PR AU
YD RIS, A ARTE A PR AR T R B FL S 4R 2R
T4 FLER F1 A LR P00 Tk B 2 4 L R Mg R i) S

SR, ZBARIAAAE—E BRI i m, B

H/IN K HoAt i R T RCR AR ZE AT AR 5 st g vl
FRIBE I R AR AS Ay o He Tk o L R AT L A AL BB 1 . 3T
SRR, DL IR ZZ AR 5 R IRPU I P 5t 1) By ] 1
O 4 i R RS

£ I, PEF 7RSS0 & 5 b R AR 2Lk HE IR R
W, (HEXTESE SN R, B Rm e,
STk F AR R AR, PEF J& T3l Rem HA:
H5HE A0 US FEARTE B 7 S EANE R .

24 US FEHEAR
241 USFAHAHERRE

US 8RR AE ] B b i AR 5488 40 20 kHz R HLIK
U, HATRIEEME N PSR S . ZERARFIA US E)
A A R S R I v R
pressure, HTHP)A5 4k, M SRAE M H AN RS 28 F ). FLAR
EHLHI AN 4 B .

US 38 7= A G A AR T 1 T, 15 2 28 BN
e as Al . e kikE US 3R 2 5 HA M i ik 5k
Ui LEMEZLR A7 AL SR = IR (>5000 K) . 55 &(>100 MPa).,
e A B SR S A B PO AR X 4 e B
2 0L RE 18 AN WA, 5 A L PR S it U % i P R
S, [FEF HTHP 23 3308 K F 2460, 7 E B h i
SR RIS PEIRORL, A A AR 1 K A3 1% ) B D A4 7 2 3R
B, I SEBUAS O R R R, AT
PR IRE AL AT AR SR, BT, US RIEE AR
Setlgy FEERTFRET . FFL . S a AR
242 USARARARERREBRAGIETG LA

Bai ZFPLRA] US AR b 4 #0025 BR T TR BRI
S 9IAE 60 kHz, 430 kHz 1 1.12 MHz $3 FALBE 2 min,

= [E (high temperature and high

il T H AR R BARSETE MR A Rk i 2544 LEILRH, 4w AN A BRI W KIERCR AN 5.05., 4.55
/ \
/ Il e 1 1 \
I I ) '-. I \
I | E‘o -ﬂ-\-. | \
. I ‘,'.'s%-'.'@ I \
per | :E 1 | a I Iy
\ . R I I
T \ . I ﬂ@k@ﬁ?z | ;
\ . I | I | /
\ I I I I /

T U PR 6] B R B S AR AR =22 1) ) B 30 B
% 3 PEF ZHHLHIK

Fig.3 Diagram of the sterilization mechanism of PEF
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US & Jr 1 20~100 kHz _
BKIES
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% — a
i / 5 ;\/@J\mﬁ
A P LB e

JEIPENER S ATERIL N

K4 US BB

Fig.4 Diagram of the sterilization mechanism of US

M1 4.86 log CFU/mL. Sarkinas 214975 600 W BT HE(T
US ZCFH, i 10 min 85FEZF AR B 0O B RFEC D 3.4+0.4
ASKPECERAT; ARFE 10 min FFEEE RN 2.75+1.17 4
XN, G5B Giitas Wk . AR AR, US Ab3
AT B I P LR 1.59~3.4 log A 22 FR AL M 22
[REAMER I ETRAAE,  FRBFR SR, US HORTERRIATR B,
A P REE RN B AR DS . ISR AT . K
FFR S IR MESOR AR BCR, B T RAFIRTARE
REZHARE BRI, (B —E RRYE: (1)
US &5 0B R B s, BRI TN, Q)2
TR A TR G T S A IR ), T i S S0k R T,
NIRRT . ARNLE R . b E i
7%, RHZH . Rk DIRGRZEBRE ) | BINRE R
W, IHRESHGERAR IR, P8 R wReR.
BEA, BB A 1 41 I S5 48 22 T A — e BRI
A R EE AR IR, LUAEHLHZ.0 0 LTP. SAEW
M T L™ A TG PERORE 5 U, X o 22 R BAPE TRT R
WAFFE . VT TERTR) BB 22 M A MR ) S A0 15 40 8 2% R BA
BRI O B2, M HRAS 4 A KRR, fildn, LTP ]
BT FC S B RO/ 4.22 log CFU/mL. LKL BRA/E
JwFH) US. PEF, WX HAT EER IR A5 22 [CRHM: TR (4
ERATERIA . IR R ACR B3R, o PEF
A {4 5 (A BR R BB/ 2.5 log CFU/mL, R B 50,
SR, FRRERIFAEL], SRR RO SRR E | TR
A, BREREZ T HEREW, B2 ReE A R .

3 HBERFRERAHEERMEIR
FURT, [ A MIE 5 3 3 oK B S DL v SR AR

WATHAEM, RN T BABSAE NI E R E A
AN SAEW 5 R W EARBE S T bk
ZRMMKIGITHE AR, B IATEE R PRI R
WESY SAEW R E N 34.25 mg/mL, RBHEH 1:31.28
(g:mL), #EJEET 400.00 MPa, F4T40RE 6.79 min 5
T, WA AT R R N E AI>0, FEARIES R, IERE
A TESECRET, MG BAR R K T HFh
B—FARRHERZ A, HATA B ARG “1+1>27 [ P [F]
B . EIE I SAEW 5 US REHARBA, 15
FEAZ A B U] A 3 3R AT R G AR EOR, I
MR MRIZH T SAEW-US 34780 A ab et A4
SN T RRCR e B FF SAEW Ab SIS B 4T, R30I
AR R TR . Nguyen 25025 88 7M. (K38 US.,
B T AR LA 25 B (S e A 505 <7 RIEE )
EPRRIGHFF A O157:H7 Br IR o ¥ Lb B — A 345 1fp ] 4k 34
PR IESE, el S 4050 15 S B AR 75 1 7 AR AL
R, MR T — R B R R R . ZF AR &
s P PR 2 SR TR R K T Rk D EL A AR R M i B 22 [
RARRKPCR B ERT, Li%P M US 5 Uv REHEARKS
PRI XS KA R I KIS 5 o i LB [ 244 T 454
HITRVE THEU(CFUY A BL: Bl UV ZbHRZL AN Bl US 4b PR
RERIS Y CFU 4351128 515.89+69.06 F1 726.33+137.17, T
BEA4HAY 312.00+70.54 CFUGARANFRA] 930+156.99 CFU
AL 66.5%) BRA R BRCR B30 FAE— i, UE
T US 5 UV R Z M RG] . R TFR R
B, FIRAS R AR 0 V8 FHALE B AR, AT DL R AL,
FEU D B — B AR 4 R BR

Z2 B AR I 4 1R ] % TR SR I L RGCA B REE f U
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WRESZ—, 3] 3 MIEFRAFR REBE AR YRA S
U ENL L E SN

MR 3 ATAL, MRS ARA G TR, YHT A YA
FEARTT G Y FE- Y3 . WAL PR A, BTy
b FHLOR B 5 2F 5 /5 AL RS B, S8 e WL B S
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