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Abstract: With increasing awareness of food safety, people are becoming more interested in safe and efficient new antibacterial
technology. Compared with traditional sterilization technology, cold sterilization technology is simple and easy to apply and has low processing
temperature, little impact on food sensory quality, and results in improved preservation of the nutritional content of food in addition to
sterilization. Plant-derived antibacterial agents are not only safe and efficient preservatives, but also have a wide range of biological activities,
such as antioxidation, inhibition of tumor cell proliferation, and immune regulation. Thus, the use of plant-derived preservatives poses much less
of a risk to human health than do chemical reagents. However, the use of cold sterilization technology alone cannot completely kill pathogenic
bacteria, and the high cost, poor solubility, and strong volatile odor of plant-derived antibacterial agents also limit their application. In this review,
we summarize the research progress of cold sterilization technology, such as cold plasma, ultraviolet light, ultra-high pressure and ultrasonic
technology, combined with plant-derived antibacterial agents. The combined application of cold sterilization technology and plant-derived
antibacterial agents can not only reduce the treatment intensity of cold sterilization technology and the concentration of plant-derived
antibacterial agents, but also enhance the antibacterial effect. The combined application of cold sterilization technology and plant-derived
antibacterial agents has broad application prospects in the field of food preservation. We discuss the theoretical basis for the synergistic research
of these two technologies as well as their application prospects and existing challenges in their application.
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1 REBTHHERE

SEBLTHR (Plasma) EYIRRE . W, K=82
AN DORR S, R U SR e Al o T R
R M T 22 (s R TR e L T VR s, A
Sy, AL T BRI TS SRS KR TR
T T BT EHEETERPY. A IR
SRR, TR TR R T
UGRS3 Tk (BT, HTR%E TikEA
FERTHE . TAERCR S . e LiE. W28 ESN
B, ORI TR, d R A
P, KIS A P RAEE O T

EANIE, B KERTIESE T ASE B R
VAP (ZH . 2T B s M. Liao 4
A B T A M PR AU 1 45 R 5 B Ak
AR A TR B2y (2 DNAL 3R 1R
WKL AE WEMAR . SR ARSI hAgR)

VT IETERUE RS S LS. R
LSRRG EIIAR, RIS R &5 22
B LRI, FRARARTRCR, Jraesk, ATk
REERPTEICR, KPR, WK 1.

11 i A 40w o I Bl 50 E AR

Yoo ZMIE ST T T ks S ML R B T
(Encapsulated Atmospheric Pressure Plasma, EAP) .
FEIEA S F X KR AT I (Escherichia coli, E. coli)
4wt & BR A (Staphylococcus aureus, S. aureus)
PIRKAER . SC0aRE, W TIXPRFEIE R, T &k
AT EAP BSOS I ED 8/ T 3 log CRU/ML, 171
A AR Rk 8K T 7.5 log CFU/mL. AR,
TERGMA EAP A [P [F R B AR T T &
TN T AN XS 2L EAP ACHE R RIURE , TN EAP
REBESEIN T T ARSI A SO PRE . Cui 2T
TAREB TR (Cold Nitrogen Plasma, CNP) 5i7
15 HRE i 6T B A% A 0 4 A PE S iR (Listeria
monocytogenes, L. monocytogenes) (¥ T EIHTEAEH o
RO R B T TR AR A, B N
B> (DNA. AR, ATP%5) ik, S5ARAFZA
b, HhA CNP AMICH & AT R B AL 3 /s
L. monocytogenes {X&/> 0.96 1 0.59 log CFU/g, fij
[FACER S5, VA>T 2.80 log CFU/g.

12 o & Y pUR b R L E AT

A A RS e B S TR SR THT 1 22 2 200 B A 7 T
(1, AIRTE H PP RSN AR R, EERERAR.
B BRI R 2E R T, S e 7E £ S R )
e BRI A AR, AT AT L A A R SR L
R4, ARITHE . A58 TR AN ER AP i 7 5
BRI, A SR RN ETHE, pRE Y, i
Wk, AEE RPN G CEZ R T
EZ = JIID SR

Cui Z5MBIGF 72 7 B3RS AT CNP SO AS [ B i
FK1H S. aureus AP REITYIEIVER o« RIS H A I
o}, CNP 4bFER, S. aureus HIAEYI#E I R VS 12 2 R I
/BT %9 2 log CRUICm?; A3 b A AR A s o (375 1
HF#AKF) 2 log CFU/Cm? AR . [FI, ARATTHmss 7
CNP FI T Fh x4 2% _E E. coli O157:H7 A=Wk IE )
PR VE RIS, KBS ARACERAM L, PRI,
56 A BB B P35 4 BB/ T 5.48 log CFU/em?, 1T
CNP 4b3ERAE 28/ E. coli O157:H7 AEMpifiE, T
Rl AL FRJE LR T 4 2.8 log CFUcm?,
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Table 1 A summary of the combined antibacterial examples of cold plasma and plant-derived bacteriostatic agents

AEBTIR o o 3 FEFEA S
7 g Vg 1 N /<\\7%:_ L A A8

Fpamlat AOS RSk A RATE A Py R BRI Xk

E. coli, S. aureus 2.2 kHz, 15min T A 1.5%(V/V) 4m-F [14]

L. monocytogenes 500 W, 2 min ATAE T 5 mg/mL by [15]

Salmonella enterica serovar Enteritidis, : P P
Salmonella typhimurium 400 W, 1min |2 A5 0.5 mg/mL &% [20]
L. monocytogenes,S. typhimurium, . " )

S. aureus, E. coli 250 W, 20 min Ah K 500 pg/mL [21]

E. coli, S. typhimurium, L. monocytogenes 40 W, 1 min GRRIBRAY) 50 mg/mL gy Kk R [22]
E. coli 500 W, 0.5min FABB-IRMAEESH 25mgimL  FHEEHRTAFEART  [23]

) - . TAA R T RAB K #IN. FiR. AF .

E. coli £ 4% 400 W, 2min T 6 mg/mL N E [17]

S. aureus A AR 400 W, 1min A 0.5mgimL  F44R. BETHEH [18]

E. Coli A4y 400 W, 3 min TEHrh 1 mg/mL LR [19]

R 2 FIMEEEYIFIENBRESMESIGILS
Table 2 A summary of the combined antibacterial examples of ultraviolet light and plant-derived bacteriostatic agents
TH .
et oA B M WEARR e m X RIE Tk
SRERE
L. monocytogenes, S. typhimurium 10 W/m?, 1.2 ki/m?, 2 min AR SLR 0.029%(V/V) LTHE [32]
Aspergillus niger, Rhizopus oryzae 3.6 kd/m? T A M 1.56%(V/V) FART [34]
L. monocytogenes, 3 ) AR A T 14 2 o A N

E. coli, total yeasts and molds 5 klim QM =B SLER (0.01:0.1:1) 0.05 mL/g AR [35]
Yeast and moulds 6 kJ/m? BRI 0.1%(m/m) BE [36]

S. typhimurium A % i 76.41 mJ/cm? T A A 1.2 mg/mL S 2 [33]

2 FSMxthEIRE

2 4NE (Ultraviolet Light, UV) & —FhdEHEE
AT W, SR TR WO X S22 a1 skt
KA 10~400 nm G SR, Ha K AN
AT KRN (UV-A, 315~400 nm). i 4L 4h
2k (UV-B, 280~315nm). FHIERAME (UV-C, 200~
280 nm) FIEA 4L (UV-D, 10~200 nm) 1, 4
O, FREIME IR B R, UARIEL4RZ
W AR, HHAE R AR, 28T
B TRE BRI BAIRE (RREIMTHTLD,
— TR

AN AP R LR = SR A T MR 1 R
T, [Fl—% DNA B _AHA0 ) e R R 2 8]
KA BB E R AR, XFCEAT MR T S
DNA HAMiE b FRE T T S, FHAS T DNA
BIERE S, SEUMTEHTIER ISR, K
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TFIEI TR, 52BN R TK 5 DL AR 2R
AR, FRBEBR AT, T RETCIA AR
JEAARO, AT DI e IR R KR 2%
R, Wk 2 fon.

Park 25T 17 PR R SLIBORT UV-C B A b 2
SHEESZL RS2 _E ) L. monocytogenes 1 S. typhimurium
(0 Bt B Vs R o R IR A DAY R R L VIR A B
L. monocytogenes A1 S. typhimurium FECE2> Sl 1
0.62 log CFU/g #10.97 log CFU/g, 1X UV-C 4b#fifdi
L. monocytogenes A1 S. typhimurium FECE2> Sl 1
0.62 log CFU/g F1 0.40 log CFU/g. TiiEeeabsifd
L. monocytogenes A1 S. typhimurium FECE2> 51> 1
1.29 log CFU/g 1 1.40 log CFU/g. Silva-Espinoza 2
KT EREHIAN UV-C 1A 2K S. typhimurium ZE44
Ji o 25 SR R T E R EL UV-C AbBE, {4
B4 H 43 B> 1.8 log CFU/cm?® 1 2.9 log CFU/em?,
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TP R AL FEAS 40 B 8 H 2> T 6.8 log CFU/em?. Hiitk
AT RIER AR FIRE YIS0 B 7R A SN R T A B T
FET, XA AL RSN T i iz, s
FIEE 22 M P A3 TR o TR T A 5 ) A A i
SEMR A T SRR, ARG T
Sl UV-C 7K.

3 BEEhEIRE

#E R (Ultrahigh Pressure, UHP) 3% /2 DA
TRIEN R aRAL %A 5T, 7E 100~1 000 MPa [ /5 i 4%
PR B TR R, SHRGREMLL, 8

e BRI AL R T DAER R, JEX
MIRiE ., Pt s SRR AR B . HAT, %
BARCENH TFUH G ARSI R

Tt i A% B T T o S E I AR R S5 A3 R
TSR, BRSO BE AN RSP e Bk, 3
AU R, A 8 B B VR T R 45,
FEAEIE L R, AT o4 SE AT/ B3I 3556 1 453 475 4
MY, B e AR AR Y 4% A SR, BRI
TFEMEACK B PR B, IEEkOA Y
LB S IR E R SR, IR TR
B Wik 3 iR,

%3 BeESEYREIENBRAREEGILR
Table 3 A summary of the combined antibacterial examples of ultrahigh pressure and plant-derived bacteriostatic agents

Fpmlat £ #35ER A HAA A7 T ) WAREARE  RRAAIAT XK

L. monocytogenes 450 MPa, 10 min HE2H 1.25 mglg T K 2 [41]

S. aureus 500 MPa, 5 min S 0:2%(4/m) KRAT [42]
TAAh 0.25%(V/m)

L. monocytogenes 500 MPa, 1 min ATFAFHBGEROE Mk 0772mglem?  FABH R [43]

L monocytogenes 600 MPa, 5 min A 0.059%(VIV) Bas (4]

Listeria innocua

E. coli 300/350/400 MPa, 15 min R I h 1.0%(V/m) AR [45]
L. monocytogenes 300 MPa, 20 min, 1°C BBy 3 mmol S RLALED [46]
lactic acid and psychrotrophic 600 MPa. min £ B 200 pg/mL 27 [47]

bacteria, L. innocua

Pé&ez-Baltar 217t T UHP (450 MPa, 10 min)
551.25 mglg E E& (Thymol, THY) BeA i HxH)
Fr kB L. monocytogenes HIFTE R . WFFEAK
LA UHP. THY. UHP+THY AbEET-fE KR, 7F
4 °C ™Mty 30 d J51# L. monocytogenes /L 1 0.28.
0.52. 1.3 log CFU/g; f£ 12 ‘C Hf#ik 30 d )5,
L. monocytogenes /> 7 0.43, 0.76. 1.45 log CFU/g.
Pé&ez S NTAE T UHP Sielk 5 R SR (PATEERS
THEC T ARG BEAEH RK AT S, aureus 155
PR . 5K, B RS AL EEXT S. aureus HE
FTEAEATM LM . Bl UHP &b 3 a] i 7% 20 i ek b
2.9 log/g. T UHP FlPRIAEAG I EL T Ak e & A B ]
AEE A A4 S FAIS 4.2 loglg F11 4.7 loglg . Stratakos 251!
RINPGOHIPISE & 0.772 mglem? 25 3k i 3 s
HATETSAEE, BH UHP 4B 1 min AJff
L. monocytogenes (1% AR BRI AR o 1 S A
HEEBEE UHP &b B 2 5 8 /b 4 i % B
0.8 log CFU/g 1 1.4 log CFU/g. Hilt, #EmEAEY
VI IS LA ROt T HUERCR, X2
DR E PRI s BT O 25 R T R R 2 B 4 e s T S0
0, SR 5 52 B R R A AU B PR 5

i, XA SR A A S AR, TS 4H )
A HIhRE .

4 BEEMERE

B (Ultrasound) A& —FAiR7E 20 kHz DA E
(R 75 18 o FAEE K/ INTT 4T 73 N D 26368 75 (20~100 kHz)
TR A (100 kHz~1 MHZz) FIZ i 7 (1~500 MHz)
=P Hrr, DhEHEREEH TR L.

RN R TE S R, A A S
B, FPAAEER (415500 °C) FIE ) (4950 MPa)
(DX o 0 P i A o e 2 R R A A ) 4 L 5 1)

(Y AREE SRR, (R Tk, 20 B A

R E 3L, 530 DNA $3f5, Mm%
O IR TR AR, MRk S
LRI A, Wk 4 .

Guo Z5POE gt T R PN T BLERE I LR
E. coli MM FRIPEER . 1Y US ARG K FLIAEHE 7
S % %k 0.62 log CFU/ML 1 4.13 log CFU/mL,
BEA AT/ T 6.86 log CFU/ML . 25 A\ JITFE AR RRAH.
RTHARIAR B 2 S R ARG &, IR T R w3l /)
SRR, ST T O RIR AR, 45 R 700 Wi
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PR 300 pg/mL AR B2 BLS AL PR AEE 43 0 Jek />
E. coli A1 S. aureus 6.5 log CFU/mL #16.6 log CFU/mL.
FUBAALHERY E. coli 1S, aureus FURHERCRAY BN 80T P EADMIBA SR 7, BB
11.4%AH1 6.9%., LA &5 SRAESE 1k A i S AT AN BRI, e R B AT

R 4 BEESEMRIET K SIMELGCR

Table 4 A summary of the combined antibacterial examples of ultrasound and plant-derived bacteriostatic agents

2023, Vol.39, No.3
[FlliD)PSEQISEE NI SN & S RO P SISy
HHE— DR T AR A A AT SO S5,

Fp a5 YR CELE =3 A IRATE 7 WA AR RE RSB K

E. coli 20 kHz, 191Wiem?, 9 min 7 EAAbH IR 0.375 mg/mL - [50]

E. coli, S. aureus 700 W, 5 min A FE 300 pg/mL FRI [51]
L. monocytogenes, 24kHz, 400W, 15min RIARH 0.625 pL/mL 4 [52]

S. typhimurium

. 26 kHz, 200W, 5min IR
E. coli (4432, 25 /B %) 2 A

26 kHz, 200W, 5min (2s7F/8s %) 4 EHmRT LA

0.025%(V/V) BET [53]

Salmonella enterica

0.018%(V/V) Ay [54]

Saccharomyces cerevisiae 24 kHz, 33.31 W/ML, 30 min, 50 ‘C PR A 650 pg/mL loens [55]
S. cerevisiae 24 kHz, 33.31W/ML, 30 min, 50 C SE e P 0.02mg/mL  #&H. 48t [56]
E. coli, L. innocua 40 kHz, 180W, 7.5min HFER 1.25 mg/mL 25+ [57]

5 HRE5RE

ARGRIR G T LR TV R B BOR S AR5
T PRI A (8 PR E Bt R R ROR - 5 3 BORAALL,
BRI BRAERT U TR I 1 WM FSE A o
P IRV AT A S5 - 1 S5 T AT R A A
MENEF K DNA &Rt P ARwfE e, A
LLIE IHAS DNA FIE RIS BRI H ;. HmE
AT P 9 T AR AR 2R L 14 T BE R R AE ) 2%
o IXEEV R BRI T AR e, FE0E
IEEGIN, JERBEDRERE K. PRI AR IE IR
5 1) A2 AL N 200 R A B 5 S A, A LR
IKPEEA A BB P AR, AR BLAT PAS R 2 e
PEVER o RIPDERBOAR AT LARSA AR, fiidiE ik
G0, AR 7R S G AR s R
FEEF UKD, AT RN B X VDB T AL B A UK
P, AT B PR B A RN TR X P TR R
TPt EAN. SARMIRAMLL, PHRILHER T &
DR, XA e, URIE. AMULTCAN RSN .
RO A OREE R RESR O 7 — NI T 1A o

SR, PR B SRR G 71 AR 5 DL T
T A LA, AT 28 A HEARSR A 7T
ARt :

CL H BRSO 11 53R 1 B RS TR 2 E A g
TR i Tb I Im ™ B e R, JastFe iR, 49
AL PN (I B o A S SR LI . SR, 72 H
RTIWETEAR, K2 B U T Ok A A B 7
TRIRCR, A BEEA HEARR AT DG R EEL
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BB HRTRIPMATE B A 2 Y AL
BRI AT S R PRI T
BUGFACE . (B, XL EORHE H AR IR
AEE, HRMSUCRIMREINAS . FaE thitm
e AR A PE PESR T R0 A SRR LA,
T EZ aE MR SRR A
AR TS5 22 AR R FETRMLE], it — 2P IT R
BEPUE BRI 1 ERE

(3) HAT, KEZHWFEE RIS L — AR
HRA AT FLJR B A7 O A P B AR AR A 1 R T
e RXAEIBEPPAE SR A T AP VR I RCR,
ToF G A — RPN S IR S5 A AP R IRk
R ARKAIZAEA AT LLIF A A TR b [ 1 o 1
TIREEARARY KA RN E I, FERRAG S
an i SIS, SR 24, APPSR E A RCR
i SEAS BN

(4) YR RMRAIENE . AR ERIAES
il {53 T = = T BV 48 S A E R 7B R <
REAIAEMIRII R, PR AEEOR, Rk ik
BRI 5T RBEDIARL 7~ BAERS I h s IR TS
YA, R A R B BOR AR .
bk, BRSBTS, BaY). RS2 RY
AR TR d et ARREFA AT PG
2 T A ARV BT 578 R A BORTE o dh Toalk
HRAREHT, UMt QR A e 7T LS A%
AR E TR IR
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