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AL AE 1 TR EL ity P AT 3 W8 18 ol A 40 v )
JOL A AT 41 o

HRVR O 6 il TLA 4 B A T A b A
P 25 CLA K 37 CRRUEIAERE. 1t
B, RZ BT FEN 53 1 S IR 1] A el P o8 DU A
BRI AR 2 T R A K g
AN AT ARSI K O A T AR AR BRI T
R TR, B0 T RS Y RS I HAE
b Lol g DR CABITEERA, Rk
kRS 37 CREFRAME T B MR E ' K
PR SRR R T 4 A B 1 AR TR T
PR PE AR RS 4 °C A5 P 1R B 23 U R K
VEFTBFCHIL] 1 AN 5 2, of HE A= W 30 B8 114 3 B 2
RDAHIE . HIE, TR 2R U R ST IR 1 L i
KRR A6 1F T 3 2 iR B AR W I e v
TR B dt b PR 2R B R ACR , T D TR
P LR K R BB AR A ¥ JREEL ity m R P B AR Y
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1.1 ERBERKEE &

PR K R 4 0 s 2 BROCHR L 11 ], W
HL R Kl A TRk BE A0 H R BT R AR AT B, 8
0.05% 0. 10% 1) NaCl £ %5 1 (8] AR i /K
i e ARSI B0 foff FH H A K A5 A (FW-200, H
A i #5 AS [F) BRAC R PR LA K, s 221 NaCl i
WV i 2 A S 06 28 S0 B . H i K I 454X
LA R o 5 e el o R A P R R p 5
I, FZAE AR A BAT AL BE T A R 1 Hi fie /K
( acidic electrolyzed water, AEW) , K 75 FA#% A= i,
HA IR BE 1 19 08 14 f# 7K ( basic electrolyzed
water, BEW) o A< 350 H H At 2% 0350 B A W At
[ 15 min HLGESBEE 10 AT 4 445 1 H A
Kk pH FI ORP {Effi ] pH/ORP X #E47M
o HUR K A S R I (ACC) iz U1k
A RN E AL (MHY-145446 7 T35 50 4 2505
FEAL, AL B RARRHEAT IR 7)) AT I 7E
1.2 HFEHRHE&E

ARSI SR T 1Y) B0 2 i 4R TR AR 4DLM (AR
R oA 3 FfidRkk ATCCI9115, B bk (14
FAAE 25% T, By - 80 C) 7E 37 T 1Yy
PALCAM i3t b AZAUE SR 36 ~48 h, BUE
F/NEEEEIRE (18 mm x 18 mm) #1124 200 v/

min(4 C 37 C) W EHITHES TR, A
FEUF A B R T R A I R 50 mL 335
SRIG 0o 5 3K A5 40 B 40 1 B ARk 2% o i
(PBS) YR HH HH 2%, 2 A 4 ~ 8 log
CFU/mL, /F Ry B TR
1.3 BREENEIXK

o7 FH PR K A B ASCHS — 22 1) NaCl 75 9 HL
A T 5 B 1) P AR K LA K T LSRR R ) Oy 15
min, LR B R 10 Ao 20 B B Bk o
Wit e 93] ~ 8 log CFU/mL, ¥ i 25 47 1) AEW
W (4 °C 37 C) MR 1: 1 17T A AL 3
— 5 I 8] S5, TN K R AR R R TR
(0.8% Na,S,0, IFW) 41k AEW 4L,
1.4 SYHRHIFR

WFFE AP TE B, 4 10 WL B 2R 7
FFR (ODgy =0. 4) R F] 990 L 7 fef (1) BHI
BRI, SR 5 WL B B 24 TR IK 207 1 T A AL
B, FLAR - B A B PP BV BHI R Ry 25 1
XTHR ARG 24 FLARAE 37 C TSR 48 h
VATE U R, (i P O RS LR 285 5 DA e KRR
JEW DR R . SRIG R 1 x BER R 2% v il
(PBS,pH 7.4) #2452 ph e fLAR 3 ¥k, IF7E = I (25
C)FH 1000 pL (0. 1% 2554 (T, 1,
HED) Gett 30 min, H PBS PR 25 i 4G
8B, HERFT 95% Ol i il & A0 b
) OD g o XA P05 A T 0 £
1.5 EMEEREKLIENTRINES WA

PSSR , TR P i B AR BUR AN R A9
(EPS) . kM55 5% 5% I, W AL AR v & 77 Wi 200
ML s /ﬂ\: OD595 n,ﬁﬁl\{m“/’ﬁg s i%g%%{%{& s FH PBS
HYE3 K, AEW AL, SFLINA 1 mL 0. 01
mol/L 1) KCL I , AT Z2 KT, AL
BRI A IS 1.5 mL B0 ARG
TR RERE AL (RS AL B SR BRHETS 5 s,
AL 6 NI, MG Z ARG 5 ), Ab 3
ZEHS 4 C S RS0 20 min, 58 4 000 g, T
i 0.22 pm AUEMDRE B0 1 BAAR IR A T3 U8
HEREHY 1.5 mL (RO E . A K AbHE
RN R

IR  I L A D Z0 « _EaRad S A T
(RECH 100 pl 2 1.5 mL B0, LA 200 pl
99.9 % HHHLIR (AR) ,7EZ IR T #E 30 min 5
A 25 wl 6% W2, T 90 C @i+ 5
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min, ?ﬁléuﬂﬂ%/ﬁ\ OD490 nm 3 OD490 nm/OD595 nm Hp y‘jﬁﬁ‘
AR Al R A AP 228 5 . Lowry YA E iR 41 2R
Fl e R B AR 40 Wl £ 1.5 mL B0
LA 200 pL Lowry reagent i3], &5 iR & & 10
min, ZRIGINA 20 L A8 AK-B 0], 22 3R iCE. 30
min, & ODys, ., T E MR A

1.6 HEEEHZE(CLSM)

A=) i ) AR B T O A = R
FOLSOM %' fifi i CLMS HL#§(LSM710, [ )
AT RAE A TR S 40 x Wy FH T e
488 nm i & I 1F 500 ~ 550 nm k& G SYBR

Green | %93, it ISA-2 {4 =4k CLSM &
PGP SR HUAE W BS540 1) = 28 (A IR FR, 1
o, B LR, R TR T ) o XTI BEL
PRI A b9 AR B AR EEIZ
1.7 q-PCR

q-PCR IR K%L :95 °C A5k 5 min, 95 °C
AP 30 5,60 C AR 30 s, 5P atfd, 72 C AP
30 b, 3 35 DGR, ARG LE 20 B8 5 A I ¢
6o ARAE RT-qPCR $5dls , 73 B AH 1 5L PR 19 55
k(F£ 1),

®1 ERERSIYF

Tab.1 Sequences of oligonucleotide primers

FEH Gene 5|¥)44 Primer J¥%1] Sequences P17 Amplicon/bp
gap-F GAACTGGAACACGTTGAGCA 140
&ap gap-R TCCAAAAGGTGACTTCCGTC
- inlA-F ATAGGCACATTGGCGAGTTT 160
" inlA-R GTGCGGTTAAACCTGCTAGG
| agrA-F CGGGTACTTGCCTGTA TGAA 149
agr agrA-R TGAA TAGTTGGCGCTGTCTC
deall degU-F GGCGCGTATATTCA TCCAC 150
8 degU-R TACCTCGCACTCTCTA TGCG
" actA-F AGAAATCATCCGGGAAACAG 7
ae actA-R CCTCTCCCGTTCAACTCTTC
U sufU-F TTCAGAAA TGGTGCAAGGTC 135
5 sufU-R A TCGCTCTCTCCA TTGCTTT
- sigB-F TGGTGTCACGGAAGAAGAAG 135
58 sigB-R TCCGTACCACCAACAACATC
/5 sufS-F GAA TTTGGCGGAGAAA TGAT .
Sy sufS-R TCTGCCAAGTAA TCAA TCGC
- itrC-F TACGGCGTCGA TGAGA TACT 144
wr irC-R GAA TGTGTGAACGGCGA TAC
” prfA-F CAAAATTTACCATGGGCCAA -
Py PifA-R AACGTATGCGGTAGCCTGTT
- flaA-F GTAAGCA TCCAAGCGTCTGA 148
fla flaA-R AAGAATCAGCA TCAGCAACG

B R

FRERL BEHLIT I3 450y, FF1E 4 C R #AT

1.8 BERMERMRKRRICH &5 £ AR

2 RS0

Inc. , Chicago, IL) , i F B[] J7 22 50 W7 LU 55 (B 22
5P <0.05 FRERES T X,

FEa AR EVC S MBUE PG E2E 01,2
34.5.6.7 M9 Kitfy, BDLEPFT 3 KHE
Mo BATIEEAIZY 6.5 log CFU/mL HLSE 22y
BR o (o FH €00 22 300 Ak 0 il BB 3 A AN [ 3t Ty
AT, PO 2 1H
1.9 HiE4bE

SCHGAR T 3 U P, LR RE R
AP £ bRUfEZE . T SPSS 17.0 (SPSS
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PRSI R 2 ZH YR 8 B X R 2 0 T
SECRZ N 8.2 log CFU/mL, 2 Fifrifit Ji2 35 77 (1) 53
BAZAS MR AL FE 1 min BT E AR NaCl ¥
JE(0. 10% ) , W v S 0™ AR 8 3% A8 Ak, H A I
NaCl %< Ji 4 0. 05% i, JF ¥ i 2 0. 10% [ NaCl
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TAFREI 3T C4AE T I HIM TR 1 min 1,
FESTA A AN BT Ao T 7% o 9K 17 [ R A 3 4%
7,4 CHAE T 1 PRS2 TR A 1) DR 9 B B
[ 28 3.06 log CFU/mL, VL& 1a,
SFAYER B AN L, 25 0. 05% NaCl (12
PEHLAR K, R K 4 C AT 1 B 22 e 1, Ak
PR ] 1 min BB 15 min J5 , B0 A5 45
()T T M B4 Bk 2> & 4. 65 log CFU/mL 4. 18
log CFU/mL.3.76 log CFU/mL, 4 &b B B} ] 3 Jin
) 30 min, [ 7 4508 D % 3. 36 log CFU/mL,
W 0. 10% NaCl {4 R 1 B, i 7K, Ak 0 ) BA 1
min 3G 1A 5 min , SR A HTRR T 1 B VR S8R 5

? 4 C
8 [ 1s7¢C
g 7
% 6 *kk
g 5
Z $okk
> 4
=]
03
1
0
pa i 0.05% Nacl 0.10% Nacl
Control

(a) AFEIBEAEWAHEL min
Different concentration of
AEW treatment for 1 min

W/ 3.06.2. 41 log CFU/mL, >4 kb 35 i 8] A 15
min B, 75 b C A2 w7 (B 1b) o %
W B 0. 05% NaCl (1R 1 FLAf K ZE AL 34 37 °C 451
TS AR AR TR, BSR4k B (i)
M1 min FEK ZE 30 min, [# 7% S5 50 R 3.77 .
3.01.2.72.2. 47 log CFU/mL, {H &4 ¥ B K
0.10% NaCl [, 20 PR AL 1 min, 7654 ]
TCIEART I B TR 7 o PRI PR 1 H A AKX 37 C 4%
T 1R BRI AR R TR K I I I R SOR
FHIFIALFRAS AR, X5 4 °C 25 F T 1) 5 2 R 1
MHERPCRA R . WEl 1b,

—a—(. 05%NaCl (4 C)
——0. 05%NaC1 (37 C)

i —4—0. 10%NaC1 (4 'C)

= \{M —v—0. 10%NaC1 (37 C)
g
= I
» 3
2
S 2
E=
Bas)
B
"

Ofy v > %

0 5 10 15 20 25 30

Ff/E] Time/min
(b) 7[RI A B2 A]

Different treatment time

HORE B & « "REZEFBE, +. P<0.05; * +.P<0.0; * % %.P<0.001,
The “ * ” above the histogram shows significant difference. #.P <0.05; * *.P<0.01; % % *.P <0.001.

E1 AREREERMBR NaCl XA REIRENBIEFHFEFNRERR

Fig.1 Sterilization effect of different concentrations of AEW on L. monocytogenes under different temperature

2.2 ERMEEMEKIT RIS R AP ERER
LS

FIFRES 5 e vk A T AS [R) IR 4511
BN AR T R W I R Y NaCl ¥k B oy
0.05% (& 2a) B, BHMEXS AL C 4t 90 8 35
225 AEFREFE A 1 min Bf,4 °C 37 C&MFTH
B2 M R B AR B R A o R AR
31.44% 30.83 % , 45 5 ZPE 2 5 a5 min
ez 30 min, HoA: W9 B S A B 5 43 ) IR
45.84% 65.22% 85.66% (58.00% .78.36% .
94.06% ) . AN NaCl ¥ 0. 10% ( & 2b)
BT, PR P PR /I 375 A BP0 2 B0 26 W 0 R 1 3
AR ] TR 2R, BEE] Y 30 min B, 37
CHM AR A B TR T 97.46 % ,
JUTHEERR 1 4 °C 4 T i 2R i A

WS AP T T 85.66% o

TE 4 C AR B B 2 7 R 1 PR IR DL
ACC HYREST 5 A= W WSS 7= 26 1A M &b 22 Ml 1)
AT Al He A B LT 25 A A 80 S R AR O
FEMGIR IR, AR 40 T 2 45 10 LRI £ 37 1k
EY, Bl an s oh 2 b, e ARl ELBCE 70 119
TAOULEE A , 8 2 2 1 26h R 40 i 2R 4 A A ) TR E
Jio AR ML S0 3R G WA AR ) W IR A5 b 4 AR E
W BB, 9 OO A W 20 v 2 AT AR 5
(O PRAPHE 5 B0 38 S5 Y R At £ 7
HT 2B AEW X A W IR IR, F AT
W T AEW XIS 59 b 40 i o 220 F A
AN B B R AR, SR R - i R 12 0 A
YW s s b 22 Wl B A ke ak i, Lowry 32100 2 i
ShEH . B3 R T R B AR B
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Fig.2 Effect of AEW on the removal of L. monocytogenes biofilms
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Fig.3 Effect of acidic electrolyzed water treatment on EPS of biofilms
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TR HER b, i — 2D it CLSM R AERR P
itk KO AR TR 2% A7 T )P 2 B0 A T B ) W IR
HOR A5 R MNE 4 iR o ARACFRZE 2 4R B 251
FR AL 2 SR AR 5 IR R B A A, HL 4
CHRMTRINFISHE M E RS, 24 NaCl ik
JE43 51K 0. 05% F1 0. 10% , kb PR [E] 5 1 min
B, WO ZELIR B R 2 ) S ) d 25 S B Ak 3
IFIEJAA 1 min 3§03 30 min, A5 ) 9k I i) K i
M B RORFR (I 4) .

222 EFENFEW,AEW 4bFE 1 min .5 min,
15 min J% 30 min 5 , A P BAARLS 50K 1.6 x 10°
pm’ F15.3 x10° pm’ 5.5 x10° pm’ 1 4.6 x 10’
pm’ 5.0 x 10° pm’ 1 1.0 x 10° wm® 4.5 x 10°
pm’ 6.6 x 10 wm®, [5)5M: 38 T4 5 21
PR I R RA P o T B e v, 3R A R 45 A 8y
A1V NF 2 BN, 22 AEW Ab Y A 0l R Y

STHR4 Control 1 min 5 min

[l BRI TR & s ol IR E  B bl
E AR (A T 0 > o B, AR
HZ5IE, AEW AR BERT LI ER 37 C 26 4F T B R
KA IR o 4 CAR1F N Bl 2RIy i e
BRI P, 76 AEW 4b B2 )5, TE {573 51 )
7.35.6.29 B ERRAKE 5.53.5.39, W INN, G
e (BB =g, A Y ) S P o DRI 0, AT
MR 2 P TE {E R AT B2 T A P 5
PEREAR o MRS BE 2 A= Wy IS 2 AR A i B %, it
A& AEW Ab I ] fr 38 0, AR 40 r RLRE JEE 2
FEI (P <0.05) , 31X 5 A= 1y 5 ) Jo Pk ) 2 A —
B R LR 1 LI KR B A7 0 2
Sto 1E 4 CIE U A= Py R b 55 57 1) B 2 0
B EE 37 CORN IR I B R TR R HOL T . XK
WIRHLLT 37 C A& AF, 12 4 C T AW B L 3
A ZEEEMIR, K 3 EROPEIRIN L

15 min 30 min

(b) 0.10% NaCl

Ag-A, By-B,.37 C; ag-a, by-b,. 4 T,

4 BURFKLERRERESGTHRESFHFEY CLSM B4
Fig.4 CLSM images of L. monocytogenes treated with AEW at concentrations
of 0.05% NaCl (a) and 0.10% NaCl (b) at different temperature
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F2 0.05%NaCl it ik 4bIE RIS M S R AW R IR E RS H TN
Tab.2 Changes in structural parameters of L. monocytogenes biofilms
treated with acidic electrolyzed water of 0.05% NaCl

B T N T WL
Time/ Bio-volume/ pm* Textural Entropy Homogeneity Biofilm Roughness
min 4<C 37 C 4 C 37 C 4<C 37 C 4<C 37 C

1 (1.6 £0.2) x10°* (5.3 £0.5) x10°®

7.35£0.18"  6.29 +0.36"

0.15+0.03* 0.22+0.02*  0.42+0.04* 0.91 0. 10"

5 (5.5+0.6) x10°® (4.6+0.2) x10°*  6.28+0.91" 5.74+0.02> 0.22+0.09* 0.23+0.04°  0.94+0.06" 1.15+0.23"
15  (5.0£0.4) x10°* (1.0+0.3) x10°¢  5.68+0.13° 5.47+0.19"°  0.26 £0.02° 0.26+0.03"  1.09+0.06" 1.68 £0.42¢
30 (4.5+0.4) x10°"  (6.6+0.3) x10*  5.53+0.29° 5.39+1.26" 0.27+0.01° 0.28+0.04° 1.19+0.16° 1.76 +0.43¢
H: FAIARFRER R EZE R BE (P<0.05),
Notes: Different letters in the same column indicate significant differences (P <0.05) ,
3 0.10%NaCl B % B 7k A0 12 B HE 2 M B A M W AR S5 1 S8 (L
Tab.3 Changes in structural parameters of L. monocytogenes biofilms
treated with acidic electrolyzed water of 0.10% NaCl
i ] PR ERL R [F] o 1 HH R R
Time/ Bio-volume/ pm? Textural Entropy Homogeneity Biofilm Roughness
min 4C 37 C 4C 37 C 4C 37 C 4C 37 C
1 (4.3£0.2) x10°% (3.3£0.4) x10°*  6.84+0.72° 6.06+0.24"  0.19+0.03* 0.24 £0.02°  1.07 £0.02° 1.54 £0.29°
5 (1.620.5) x10°" (1.420.3) x10°®  6.26£1.19" 5.64+0.69"  0.24+0.03" 0.25+0.03* 1.43+0.03" 1.74+0.25"
15 (1.5+0.4) x10°® (5.6+0.3) x10*°  5.67+1.03° 5.39+0.47>  0.25+0.01" 0.29+0.02>  1.69+0.03° 1.90 +0.28°
30 (5.220.4) x10*¢ (4.8+0.2) x10*!  5.53+0.49° 4.64+1.13° 0.28+0.01° 0.34+0.03° 1.77+0.16° 1.91 +0.61°

T RS R R 22 5w B35 (P <0.05) ¢

Notes; Different letters in the same column indicate significant differences (P <0.05) ,
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L B O B S5 T X R R P IR
OPEAN

FIEZEITRR R TE 4 C K, sigB Hil prfA 3
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Fig.5 Effect of temperature on the expression
of Listeria monocytogenes related virulence genes
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AR R T () TR B, X BB A B )2
(), L L BRI B S AT L RS e )
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FEHR

Lo % BB A IR TR 1) TR IS AR RS
(I I, Ry T o R M A K T B Ltk R 6%

RIS

Total viable count/(log CFU/mL)

W A~ O N o ©

NaCl ¥ B #6488 0. 05% 0. 10% , k&b B i} 8] 2 30
min, 7% 55050 ) 0820 2 5. 35 log CFU/mL Al
2.91 log CFU/mL (|8 6a) . [l 25 fif ji BJ [|) ) 35
i, SR S LG 4 R B R 4 i e AR g AK A B
ANWTHATE . 2% NaCl ¥k BE 0. 05% [ R 1 H i /K
REFRS , T 78 BB 5. 35 log CFU/mL 3 &
6.73 log CFU/mL, 1% NaCl ¥4 0. 10% 1R
PERLEK AL FR S, B V% BN 2. 91 log CFU/mL
g% 3. 51 log CFU/mL (& 6b) , BEH] )5
REAS A 50 il S 2T R 1
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Fig.6 Recovery and proliferation of L. monocytogenes on F. velutipes after acidic electrolyzed water treatment
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Fig.7 Effect of acid electrolyzed water treatment on
the sensory quality of F. velutipes at 4 °C
x4 ZBERBAREENSHTETEEFES R
Tab.4 Analysis of storage characteristics of F. velutipes after sterilization by acidic electrolyzed water
KER HEEE AR A SR
RBIE T ] Weight loss rates/ % Whiteness (L™ ) Soluble protein content/ ( g/kg)
Storage time/d eSS hb P Jas:l kb yis:]
Untreated Treated Untreated Treated Untreated Treated
0 0=+0 0+0 92.28 +0.60" 91.99 +0.52* 5.75£0.11* 5.76 £0.04°
1 2.50 £0.71* 2.00 £0.32° 82.59 +1.51° 88.78 +0.69* 5.39 £0.06" 5.50 £0.02°
3 3.85 +0.68" 3.20 +1.41*° 76.51 £1.28° 83.28 +1.12" 5.06 +0.08° 5.33 +0.04*
5 5.22+£0.91°¢ 3.50 +1.56" 69.14 +1.34¢ 81.06 +1.40" 4.43 £0.12¢ 5.12 £0. 04
7 15.40 £0.14*  5.59 +1.12° 64.34 £1.347  80.01 +1.28" 3.44+0.22°  4.81£0.09"
9 25.80 +0.84°  13.52+2.00°  53.28 +2.06°  77.81 +1.76" 3.01£0.05"  4.68 +0.06"
—[27
(2 4 T 48 M A R A T A AT 3 Wi
e

FEW L R, FUBEAEAE 4 C o MF P RpZekte T
K, R AL BEZH 19 4 B 2 N B de R, FHBE(ELAE SR 9
KF#253.28, AP 9 d 5 AL 77. 81,
BERTRLEPHA(P <0.05), 5RFM, BRME:
HLAR KA SR 1 B T SR IR AL SE LR T
I R P R I 4,

U9 11, R 1 7 A I R 5 905 1, o O 2 2
SR AR IS /N 705, AT S 2504 B XU 1)
BRI g 4 TR ATV R B P
WERA T PR fE4 CHERUT , RALBEZ nl %
PEAE B SRR TR, i AW E T 3. 01 g/kg, Ak
PRA TIPS B A AR RO R SR8 9 d
WHAERFAE 4. 68 o/ ke, 3 i T RAL B A &5
T (P <0.05) BRI A V& T B 2 Hh B
BRI A W AR AR
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Inactivation effect of acidic electrolyzed water on Listeria monocytogenes
under low temperature conditions

LIANG Fan', DU Ming®, PAN Yingjie'*, LIU Haiquan'>*°, ZHAO Yong'*

(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Collaborative
Innovation Center of Seafood Deep Processing, Dalian Polytechnic University , Dalian 116034, Liaoning, China; 3. Shanghai
Engineering Research Center of Aquatic-Product Processing & Preservation, Shanghai 201306, China; 4. Laboratory of Quality
& Safety Risk Assessment for Aquatic Product on Storage and Preservation, Ministry of Agriculture and Rural Affairs, Shanghai

201306, China; 5. Engineering Research Center of Food Thermal-processing Technology, Shanghai Ocean University , Shanghai
201306, China)

Abstract; Listeria monocytogenes is a psychrophilic bacterium that can grow at low temperatures. The growth
of L. monocytogenes in refrigerated ready-to-eat food and frozen food processing equipment is a major food
safety issue. Acidic electrolyzed water (AEW) is a new type of high-efficiency, safe and no-residue non-heat
sterilization technology. AEW is used to inactivate L. monocytogenes in planktonic state, biofilm state, and
frozen Flammulina velutipes samples under low temperature conditions. By detecting changes in the total
number of colonies after AEW treatment, biofilm, biofilm structural parameters, and virulence gene
expression, we made further analysis of sample tests, etc.. The results showed that when the electrolyte
concentration was 0. 10% and the treatment time was 1 min and 30 min, the total number of Listeria
monocytogenes colonies and the biofilm clearance rate at 4 °C and 37 °C were extremely different. That was,
with the same treatment time, AEW was more difficult to inactivate L. monocytogenes cultured at 4 °C. Our
findings may provide a theoretical basis for evaluating the safety of food and refrigerated food and food
processing equipment in the cold chain. The use of antibacterial agents is more demanding.

Key words: frozen and refrigerated food; psychrophile; Listeria monocytogenes ; acidic electrolyzed water
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