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Abstract: Spores represent the dormant form of bacteria that are often found in foods, and usually resistant to stress and difficult to
inactivate, which poses challenges to food safety. Cold plasma, as a new non-thermal physical sterilization technology, has been gradually
developed in recent years. This technology inactivates microorganisms through stimulating gas to generate a variety of active species with high
sterilization efficiency, short treatment time, environmental friendliness and minimal pollution. This review summarized the principle of cold
plasma production, the influence of plasma on the internal and external structures of spores and the factors affecting the inactivation of spores,
which provides solutions and technical support for the treatment of bacterial spores in food, and is conducive to promoting the industrial
application of cold plasma in the field of food microbial sterilization.
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Table 1 Different plasma treatments on the inactivation of bacterial spores
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;iiifﬁ:i TEMNRMFEKE TR, V=80kV, d=10mm, t=5Smin  3.44log(cfivmL)  [13]
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;iii}iz?i AR LS A, V=14kV, f=60Hz, t=3 min >5 logs [16]
Bajf fiiiji%iiiﬂm Nz/%;_’i jﬁ,‘? ;f:m N, £=2.45GHz, P=800 W, t=2min 6 log [17]

303



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.4

1 REFEFERAR

FE TR NG FARFAEEE S T4, R
LB TR AT (100~150 CH AR
(<60 C) FB 1k, (EARPHTIR R PR ATk
P HEd BT IIREE AR, HAARREIREE
a1 W | o T N R i i e
W, — MBI RO SRR

TE RIS AR, E Rl S R
W g, A H AN SRR 1) SR T R AR
KEhl, XA e (7 A RE R, (Ha2
HT Rz, —SRERORR e L
FRA B EE, 15 EN R ORFFHER S R 1R
o M 5R B FREER, Sk E— R,
MR S TR R e, IR

HE: etM—>M'+2e, etAB—A+B+2¢

HTHE: etM—>M, etAB—A+B

BE: etM—M+e

Bf#: e+tAB—A+B

X, M, A, BHRT; AB h4F.

XMTERAE FEREFET, AAMEREdH
B BRSOV AE RS B AS IR O(3P).
O(1D). N(4S)%, A IEAHT 2 [AfiE B A
RETEICRE, SHFRAE ZRRHE, P KE
PrETEE S TEHEEI. [FR, fEMERTEOE, &
FEAE KR RN, TR SR AN A e yE 4 Rl 23 A
T, X AT K

2 RiEFBE T RASNRERIRD

LR EA R PUE T, (HIHEA N A AR A
PN SR AR B Ui . I ARSI Ak
Bl ATRERJR A A LU — R Ag £
EELRY, AR, R FREZERSNEER
Heo B AU RN SR AR AR KR b S BN
IR, AN nE R IR ER, P9 pH 7E 6.30~6.40
AN, aIBiEE ARSI R,
MRS E SF LA . — R RN S A TN T
TR EESE, AN T REE SR IO TR —E
T THAE AN IR SR R0, B 8 1 T DA XUE DNA
gh4, MIMEEIRY DNA M1ER, HARES RNA 5%
B4k DNA 4545,

TR S S PR, FTLAE— e R S
X TSN ZE R B [ DA NSRS 7 . DNA XX
BRNE S R, AKIE R (B 1D BHETEA
Tk B2 R & B TR 2R KR O L L A

304

(1) SRS TR i A VPR TN SR
AIREENE B 5= A 2 e, BRI (2)
WOR SRR R AR (200~400 nm) % 2K
FRACTEANER, XIZFA DNA 707 XS e 4,
BABIAMER: ) WA EIEEYILE Y
BENZFAIN, XTAHARBRR . AR5 (8 1 LA DNA
PHEATIE A . A B =07 RS VE T 20,
IRAEZF IR, SR AR K
AR REEFETE. RSB THE

| wwmx |
(wwamm) (Fmes) (ewex) (masxw)

BT

BT ERET  HBE T RS

& NO o ©
& Ar o
&

v 4 & g

PEFNHY

&

ShERGEH DNA AR
3

O%‘m

QN

ee"”
x AR
*«q;‘* 4 ‘[ B
S DNA
et s
ot

Ar &
B 2 KERFEFERREFEHH
Fig.2 The mechanisms of cold plasma on inactivation of

BN

bacterial spores

TEARRSE S T AT, X 2F M SR 3
BRI FIEASHICE . S8R g, 7%
PEETUNS 2 1AM R B 20 o FH DA K IR ZH B 73 1)
A, fEFAVIHS A (Ar, AN, Ar+O,, Np+0,)
AEFRAGEZEAEAT IR, R AR e BT T DU R R A K
JEE TN Huang® W5 7E KU M8 25 S BB
PR AREN S E BEAT 1~5 min BFOALFE, 5%
HEZHARLE, HBEHE A BT RO 2R RSN E 85 H 5 R AR L
A2 (K 3a), FEFHRIENLNALH 3 min ()2 AN AT
WA B AP LS TE I B SN T k%), JF L
AUIMERITER EAE LY (B 3d ks, £+
RIEHL N ALE 5 min 5 R ZFEZIMAE S s, JF HAE
FeJE AT WALTE (B 3e §ik ). 1M 1 min i@
AT ALEE, X 2SN 2 R B B AR 1
S (B 30, XAHENIE T JE SR PRSI )3



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.4

RERR R 2R JOIE ROR N 4516 . RN, St L AL FE AT
J H A AT (8 B AR T U A S AT MR b
l, FRER R AR RS SRS R A T BE
Ak, RIS AR EE 5 B B = AN e B
ol 1558 em™ . 1656 cm™ J2 1515 em™ &b, 1558 em™
Fpe stk TP 15 PR SO ZE A, 1656 e 4k
(s STkRE 1 bR R B e A 26, 1515
em’ WE{E AR IR 7 N AL, R A TE AT fE
KRG, [N, NRAERE QNSRS Tk
(RBURE, X DU S PR B S AR A T S5 B8 AR G
AbFR,  PURRZRAR AR (1 AR E 23 S DU Al o 1
F, SRR, VUM R A7 S AR T B R (s
B, HAFE— i G A LT iR
YA T e —RIRES ER, b T BE S 2R b
R s A 5P,

lllll

& 3 REFE A FEREZIAER (Huang 2019)
Fig.3 Etching effects of cold plasma on the spore membrane
(This figure is adapted by Huang 2019)
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Table 2 Factors that affect the inactivation of bacterial spores by cold plasma
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