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Research progress on control of Listeria monocytogenes in ready-to-eat foods
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ABSTRACT: Listeria monocytogenes (LM) is a foodborne pathogen that causes diseases with high rates of lethality, and
its contamination is particularly problematic in ready-to-eat meat products. With the accelerated pace of modern life and the
rapid development of society, the demand for ready-to-eat food has been rising, and the risk of contamination of ready-to-
eat food by LM has increased. This not only poses a potential threat to the health and safety of consumers, but also has the
potential to trigger significant economic losses. This paper comprehensively analyzed the outbreak cases of LM in ready-
to-eat meat products, the relevant laws and regulations of ready-to-eat foods in specific countries, and the current biological
control measures. Through the in-depth discussion of relevant elements, the aim was to comprehensively describe the control
strategy of LM in ready-to-eat foods, and identified potential risks and challenges, so as to provide scientific guidance for the
control of LM in the food industry.
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XA, 2. BIEC Rl i SR A A 2 s ER R P R T et 3

W2 R R, BRI SR A AR 22 LM i filik 2738
o, V5 B RGN A itk 35798 A, Hor RIS R LA o R
TR ARSI 50.5% . R it 5 HC D5 (8 M7 22 R L N 2
FNHPEE R, WK, BEEN hREET 2B
AT, RIVE R Al A B B SRR 2 ARt — 220K,
DY ERS RIE™ il B i 4 P BT 2 i G TE AT
ARSC BB T RIE R P LM B BB AR O, Al TR
R £ dh b LM AR SGIE HIE L, B0 1 M A i R 4 3
LM WS TR EaE fE, 4 T RTEOAR ) JR BRAE RIS (4 2 Ji
W1 WRERIE R Al LM A ISR, 0T ORI 2 f e |
WAL B B8 K BT 5 | R A2 DR R G E . A, P gExT
THES B M BRI 5e | (R A EORAE B A T AT
b B8 15 FH A B B B it 7 b A S A T R B AT O 7 . AR
WIRADHT T AT AR ZAL, FFRE T AR LRI,
BRI MER R T, BRI T R 2 2t

1 LM

1992 4¢3 A & 12 AWE, EEES T 279 A2 LM 1)
ot Horb o2 Bl SAEHRA C P LR A A TR AE IR A L
X RBIFSE LK B vh 43 B e A R AR AR AE RO TR A 20 A - BR8]
Whde i, B A VR T B OB I B R 1 B AR IR
WA, WFFEIE B 7R 2AED 7 A PR 5 BT At i T R b A2
TGS X RIAMGE—IESE T LM BRSO
1115 FL Ay R s il G R AR AL T DGR Rk ki

FI 1999 4R, BRI ERAFARS AT T LM B, H
Joa BRI B LM O &8 R WRCRE 55 R SR ie DL A
B AR, T et D R 0 3 e ™ R R R — 1
2022 4F, RREE 27 2 GEIHR A T 2738 4] LM {RZ8 KA
e, Hoh 1330 B F T EAEBEIRYT, 286 B H AEIET .
52021 FEAR L, LM ] 5 B0 1T 15.9%, X —HE KR
PR 1] S BB S T H 2007 4F LSRR s 4l % 7E 2018 4F
Z 2022 4EIE], LM TS0 B R SER ik 18.1%. kA,
2022 AFRRERAEXT 18061 Atk U BV L 1A il it K 0 mh A B 1 453 4L
ZH LM {55, KRR E] 2.5%, ERTA A 28,
PR R dm Mo R 1 PRSI T 2018 & 2022 4ERK MR
RIE Al LM A R
1 2018—2022 LM
Positive rate of Listeria monocytogenes in ready-to-eat

meat products in EU from 2018 to 2022

Table 1

A0y LM K1 2(%) 7 3k
2022 2.1%(n=60952, 24 MS)* [4]
2021 2.3%(n=40710, 23 MS) [7]
2020 4.8%(n=16295, 22 MS) [8]
2019 2.9%(n=56070, 22 MS) [9]
2018 1.4%(n=41417, 22 MS) [10]

Vi f I AR A A XSRS . BT R B A
SR AUAEINL B IR A RS E . MS RS R REAR A
SRR, AR AR

FE[E 2011 LA T —l ™ E A LM Z k340, L 147
BRG], A B 5 —A R A A 7= A 2 A e, X
FETE 80 ZAEH, K LM YL FESLT AR ZH—IK,

A 33 AR M i b, LM e T8 e e
MK, IR O TN TR A R WAL S . SR A
B FEFLEE AR TR R 5 . BB FA A B, S HFR
g CERVETAT . ARSI EERNA A . SR, 3 10 45,
5 LM 2R MM SR B i, — 2 A i 3k AR pln
Aok, 5 LM ZEE A i A B G X B
F IR R L AR S ZE AT A s s I MY x—R Ak
TS B AR R U T S G Y A AR D PP ) b B
KA GE R 17 1442 ol e ) B

3% [ ¥ W 7 5 B BF P 0 (Centers for Disease and
Prevention, CDC) 1998 41 2000 4E 145 Bon, /R4 LM %
YL TR 36 E A L, (HE N —FhE TR, R7E
P LM AT 2 H 4 [ 9 B P 2 3 D0 A 40k R 8 56 T A A 4 12,
M\ 1998 4 2] 2019 4F, RIS T 6 8 5 RI A PRf EAH OC
B LM G RENS, HEub Je 194 BIR B, ALF5 28 BISET-F 9 i 5E
FEE P L 7E 1998 Z 2004 4E[], FEFR LM B KL% R
0.07, X— FLR B2 E F A E -5 247 37 A& R W 1%
(ProMED) #8514 B B0 HRAF Y. 4R, M 2012 2 2018
M, X ZEEE FFE 0.19, £S5 R, B LM %G
FOEAERA T K M, N 1998 422 2018 4, D
ST ZET N LM SRR LB, RN EERE S
BRZ R SRR AR T — 30k U P LM R I R R e
FMOkR 72, X fESaRkib . REA =oAL A 5.
XA, AU B A P R R B B WA, DAdib
BIMEBRAI R A, TREEA AR

FRAFIIE 2005 4F 15 Wid ¢ T — 5 B A28 7= S A 56 1)
LM BEH o 3 UCRE T 105 I AR 7 Ja 2 1A il i B HL 2B 7= 15 it p
PG I B A5 2R U S, RR I P 2L AR v R
(Food Standards Australia New Zealand, FSANZ) ¥ B[ €4 A 1)
LM R 2 — o ST A AT R R IR AT,
FSANZ ¥ & 17—/ BEHUETR ,  F00I0F i T P8 il T g ok
FIE LM 51 1 40%", DA 2001 4EF 2017 4, #7782 4045 T
LR LM R FREETS, T 2012 4F, Hfdu) (R 4R45 9 LM 92
55 1155 B A A 96 T 3 ol R Bk g IS FL K (pulsed-
field gel electrophoresis, PFGE) Fl14x3L ¥ (whole genome
sequencing, WGS) H AR REMEIATIRA, WA R RAHIA T
6 W], XLEREEIHIIE H PR AR BE e E— 4 A JH A 45
N T A 3215 417 ok Rl — BRI A P2 o

2017 % 2018 4[], FFARLTT T —3 B A my LM &1,
SEH IS B L 1000 B, SEL 200 2 ABET: MY, FIH
WGS, WF5E A B8R T 436 B N 1) LMST6 Btk 5 —F E ™
Wit T A2 15 YL Polony Al i 2 A7 AE Sl 1), X — & Bk
—UESE T R AR N T R LM %% & 1 H WS, HAE
8T AR A ) B B AR RN AT PO IR WA LA
AT R A e AR W S, DR SR A S e
B ARG <

2 LM

Y R R e R S R A (U N 7 VI O E i3I 7 4 O RSN | M |
WA, TR S RERL TR LM AT S . AR
P (BB EERL (EC) No 2073/2005 ), BIEr £ i (i 4 Wy e 4
FRUEBEEARRLTE o [RIAE, 5 RIE B oA I A 2 3 T A XU 22
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e T S AT Al Ml 35 BT ST G 4 TR T A A B o X B
it F5 5 AE R A 7= B B 2T 1) R4 A0l B (good agricultural
practices, GAP) FEA: 7 Fl 3 F it F2 rh s AR 1 R 4748 7 HE (good
manufacturing practice, GMP), LA K S & 5 43 B 5 S g 4 il
1. (hazard analysis critical control point, HACCP), X5 1Y Q¢
ML (EC) No 2073/2005 ) 47 TAETT S B 22,

AR (KRB L (EC) No2073/2005), KX £ 5 o LM
PR AR EEAT T AMERY 02 B LR XL L& F A D
A AR BT FE Y R e T/ ME A BR 2R . LM
RV S PR DA e o 22 2 k. 8
XA THBT M AKHHIEERAAFT LM AKWIEE
o XMTEH, BART—ERMN LM F7E, HHE ST LR
B E R 100 CFU/g, ML EAY 43 AR08 T2l Y
GAVE, RS R T AN R R e XURS: , DA T 7 £
RN ARABE R RY TRINE, a3 T i i 2R S A

[ 20 {HA0 70 AEAR S R 92 B R T T X8 15 e o 7 ek
i, BSR40 9 0 T B RIS R X, 56 R iR
LM 95 & 95 28 R B 25 T 6, B 1996 2 2003 4E1 0.31 & 0.41/10
TINE, B2 2011 2 2016 A9 0.20 £ 0.35/10 7 A H . [AIF,
B A i P LM 975 e SR i S R, DA 20 TR 90 4R AR
) 0.58% % 4.47%, [EZE 2016 T 2017 4EHY 0.19% = 0.20%",
LM A9 % 5 R BEAIR TN 6 b ¥ e A 02, R T B W
it B A A5, AU S ) T AR B AL, BRI TR AT
MV PR S A 200 Y= A AU

TRAH T 7P 2 & W br e (Food Standards Australia New
Zealand, FSANZ) J& 1 % fill 2 18 R A S0 A P 22 2 & b o 1
TP, M C L LA T R TRIE &R LM fUE s
WERTRANTE T, B PR LA A A 7= 5 s 5 SRy B
FSANZ ARG EIE €0 LM A= K s, HileE T PEfilbriE,
IR I e B RURS: o P s 2R — 2 B AR iF LM ZE K
T ATV IOUE . P, WA B A R 56 T DU DG
ST LSRN 3] 5 27 A A 10— AN FRTY, BRE2 5 A 1Y)
I3 | A CY e (01U 1 [F R4 oY MERA S (i O (YA B 7
BEMiE i A= i 0 i . WL LA S A TR A, DU
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M, PR AR LM, 85 25 i BES Il LM
AK, HA VR LM B R R A e 100 1 V5T BN
(CFU/g), X—Priis (ERERZEHL (EC) 2073/2005) H () AH AL
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HE H 2000 4R HES T E R E TR AW R 2, Hod
LM J& 3 /4~ A5 W I A8 SRR 22 — o 3% 0 4% B Wil TR e a6 T
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RN 2 Fp DA R AR B W EE AN EU AT, BERES TR
TSP S DA R v S A sk . S B (AR A RIEAD
E Ak ), 2010 45 B Z0M0A P i 25 (NMSNDIE=US 31,
HSmyERE S SEAE . HIRXMERET. 201345, BHE
A PR W A TE EE L% (TraNet) HE57, BOHUARHE T X
IR L SR IR A R B g, NI e 1O e e
1 B4 & B AR R BE 7 B TRI4E, B EMIA T GB 29921—
2013 CE A PR [ FARER ), Hoh s Big il b LM
B BR 12 IR 5 95 B AR R RE— 3, BB ABUR, 2016 4F

) W S e B v B PR AL R LM ARG R R 2.18%
(75/3440), F#TF 2016—2017 4F-3& = RI-E P i b LM RS HS
FR0.19%~0.20%" v ] 5 BB Ay A% 1) s il G

AR, LM YLy &0 R L LM 78 B2 5 b G H
YR G TG, FR T i85 L& 2R
LM i JE R A B4 s, A 3E 45 A B R M [X St o7 Ay 7
MR e AR, DA SE it G A B A B AR AR B o T 453,
PRI . 2L R, DERME T LM 7E & it fE
PR IR, TR TN AR (B

3 LM

LM PR H 3 77 2 oy 3l 3 JORE B AN T3R8 0 e
X R A A T R — SR E R LM AR AL RERS 1E
REWRIAT TG 247, 1 HAERERM T 2R bR, BUNRREEE
ST G TR B 22, 5 Y KUK SRk A N RS 2%
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(A BB (4 7K 120 RV PR 2N B R BT 1
TUEFE G, LM SRETE AR . HEK I RIS A R A7 5, Jf
DA AR B e, O RS TS Y sk B AR
RS I, RSO T A M RE S BT E AR B3R, A B
PRI BB BB AR W, AnTET 1 s . AR T A
By F LM ARHUAFIFREE N ZR, s MR A2 i 2] . PARR B
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111 RSCR Bl 5 S M 19 2R IN 2 — o i, BF5E LM
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Fig.1 Schematic representation of the biofilm development stages



5510 39 XA, 45 BIECEDS b A% A M i A 2 e FQ i 4 i T ok g 5
3.1 ARG, e I A AT R S PR R G, e T

W TR A — 2 T R UL A0 B AN M 5 7, B — O T A
RGN R | R B Rk O W AR E AR
W AR, AL KRR (GRS Dl AER )
A LB A, T A PR LM B B R A g
7= 5, R Intralytix 23 7] (47 1 38 E 55 B2 N ELJR 1 128
i) HF & W) ListShield™ (544 LMP-102TM) LA} Micreos Food
Safety A H] (fif Tfaf 2= FOk T4 ) #E tli 1Y PhageGuard Listex™
(Jf45 Listex™ 5 P100), ListShield™ J&:— 71 6 Ffr&li fb Ik i {4

S AE 500 em?® PRl T BTG R A 1 mLY, 5 ListShield™
AN[F, PhageGuard Listex™ 3 9 & 45 8 — I B 1K P100%, 5
ListShield™ A~ [fi], PhageGuard Listex™ 7= %8 & 47 B — I [ K
P100™, & 2 K25 T P B PRl i o s s o 7 i B LML AR
HIBIFGT o WEE TR R PR RE 2 3 2P BRI 28 Sl , G e 1T 1 P 3
JERTS YRR | BURRARI SR Y MR AR S 1 2 A0 0 2
fil 2 PR U I AR Y AURR A | 7 A AR R
PAB = b A 4R 7

2
Table 2  Study on the application of bacteriophage as biological control tools in meat and meat products
7 TGk B LN AR & A RS ER BN
4°C TAFIR 14 dJ5, REATSYOKT-Fe 24 B 10 CFU/em?
37 3 2 : : 7 2 th;
KA LM S2 10° CFU/cm”  ListShield™ 10" PFU/cm 19°C T 8 d JE . FEATE AT Z KB 10 CFU/em?
LI'F
PUYES 0 ; ST Ik S " 2
TR 10' CFU/em? Lm%MﬁMldnwmfE%Tﬁmmdﬁ,#ﬁm%ﬁ%%ihﬁ@WCHMm [47]
10° CFU/em’ ListShield™ 10" PFU/em’® 4°C TAERL 14 d )5, REARTSYKEREL T 3.5 log CFU/em®
FIAEF LM S2 10°, 10°, Listex™  10° PFU/e? 3°C A1 12°C TAFHE 24 b, FrATTSHoKPHIRE S IR
10° CFU/em’ 10 CFU/em’ LA F
. : FHEFN 10° CFU/g LM Scott  Listex™ 5 TE 4°C 87 14 d IG5, BEASTS YK T B 80 79 ol o ok ey )
KREWED M 1042 100 10°PFU/g gy [49]
AT A% P 2.5 log CFUR TR | 4oyt
BIEs kB & % LM B7. L48/15 Hl LM P100 5%10° PFU/g 7E 6~8°C fi#if7 72 h JEFRARER LRI [50-52]

Scott A

I T A A A 0 B 4 T B A Tl AR A IO P SR B
ERWE 7, (AP A bR, Bk, WER AR B s
YRR LA e RS, XEDRTE R I R R, e
A3 L BRAN T Rk A 2 AL R 0 38 | TP R S 38 A 7 14 T
o AL, B EHEROHERS , H AR T RE & R R R A
itk [, X TREREAT AR . Sl Fl DL PR 4 v
eSS, AT Pk BOPEAY . fef, PR R e —
ANREZARMNZR o B3I B8 1T BEXT I B AR 1) R AR PE R
ST, HEETRHOG U IR AR Y, W B A A
i%éLIIE [53-54]O

Mt P AN AR B ity Tl PR R 2R W Bl 4 70 & 45 AR
T ELFE A T R A e s 7 S R R I g R AR R
WA AN 25 B A R SN2 A 5 EPS (IRE ST, R 2R 20 78 1)
fiie At ', MONTANEZ-1IZQUIERDO % A B yiF5 221, %t
TAENFENRIIZ N 3 d AW, [iH 8 log PFU/mL HYWE R
1A P100 Zb 3 8 h J5, 7T LR W2 5.29 log CFU/cm? Y 4H 14
fifar, JHEAE 48 h G ARKMENG AN, M TIEE T W B AT BE
FERARNE, 1A, BYUN %A B (s &30, TG Rab T
R RGE B AT BE, i LMPCO1., 02 F1 03 ZH B i W i 4 1.
B YIRENS AT SO R T LAY LM AR, (AR AR,
AFALBREET (4.15.30°C) St AR 22 BRACR IS R —2L,
T ZER IR A W TEBRSCR A Z IR AL R, S —2
PRI 5 AU T S 7ol W BT 42 ) LML ZE A B AT L 114
THFROR P R A R AR B 2B RS, Bl e 4
TF & MR 5 Y ListShield™ ! 1 PhageGuard S™MP | FEFL T
W AR £ Tl 3z i Ry TV A7 o
32

R S i A A W A G R 3 s PR A

LM AYREEE . X — R LLE G H AR RSB, B A
[ A P FL R B (lactic acid bacteria, LAB) #EAT1l2E Wy & B
Y5 T T 0 R oMl A R Ok B R AR . R IR AR S B pH
TR, R AR, XA BTFIE LM AR fEx
Bz 5, WIS T2 TR EE, IREK TR LM 4
KBIEFOKFELIT o Besh, FLIR B 7E A& T A Hh o TR A i 40
VR AT BB U R A B A0 AT K © . ZIEST 2 40R
AT REEASE T LM 5 LAB Z A E 20 5AEH, DL
LAB X5 AR G 3R 2 0 . #l4n, HUANG 48 A PO g o8 &
B, 7E 30°C FIFHXTIR R 76% MM, #ikE R 7 log CFU/g
1 LAB BB, nJLATE 5 d MBI A R il o) ih
FEAPHRIE A S log CFU/g 1) LM AYAE . [RIE, Bomani i s
TERX—id B 1 0.5 log CFU/g.

LAB EAMH R E B A28 9, 2URFLBRA (Lactococcus

lactis) P*EFLIREEIR AR, —F HA B E DU FHERM 2K,
B35 35 [E FDA 1Y “/AN 1A% 4" (generally recognized as safe,

GRAS) TAIE ™, FLAE T K LA H AR et . 7E MR B T i Rk
PR T EYIEE SRR TCR I . AR Z5PE . X HER BiE
BRI E Y, LI TR RN & B R S Ak 1 Z R
WEFE R, LAB R H4r b (0 40 KRB A ZUEH LM 7EdE 44
FEM_L AT RAZE B AN A B B 0, i, Woo SE N &
B, KB TR FLAT R (Lactobacillus paracasei) FERZ=WHFLFT B
(Lactobacillus rhamnosus) FL[R¥E3E, 0l W Z /0> LM 4 Yk
B4 MR B i 3 log CFU/g. DYGICO %5 A " Wk 3, 16N
BRI LM S5 RFLERE WAL RS 375, LM B8R
/T 4 log CFU/g, 4, MELIAN 25 A "0 pymigeds s, W3
HEFR 2k () 40 B 28 AN 2 X0 JRL ARt I e B T o B2 X 4 B R
TEERIANBIR A, T3 00 SCRRL 63T T A0 B R e & N T3R5
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Hh XL A R AR A B T A IS T S TR A R A R b
YIRS Tl S BT T2 N R AT & o

FEE A T, RIS BRI A W BT R B A
BERITE AL, & — TR EL PR R M AT 55 A W AN SO XE AR s
A8 PR g s B AR AR O b T 6 £ T 2 A ™ Wy, R T
9 JRARSCHLU I T FE IR BE IR S W BE o TR e, &
VIR R R RS T WA, UL R, kR
R, HH— e S SR R BN B AR Z A kAL
4 P 2K O AIE SERE A RO D A A I T I, (B T X
—RUR, R RN R At R . 5 TR AT IR R
—FE, AR WSEE T REZ B 2 Fh AR & s, B FE R ik
TR RS (] TE X A AR AR S L AR A K By
B ST AR BLAh, FEXTH AR P B iR 5 kAT AT v
A Z /T, W ANFEA L AR PR PR I S T AT IS, AR R
TPAG R A BRI
4

LM 515 A4 B IR S 15 A T 27 V] 2 1R i 2 4 42 i 40
A2 B . RV Pt B LM AL SEAL BRI
XEHARE N | ATIE I DR SE S W 1 A JR AR T 5K
o tbsh, T LM SHALRUEY I, R TIRE  Y
LM MERABESE 2 AR R . i s ) 5 S0 O A ) Jie 2.2 42
BRI, RO i MU AR A ME L 58 i BRAE B, O
HAFTEM AR B 15 e XS . M2, ARG i,
AR LR 1 BBl 2 W B (B2 T 2% D42 i AR W R
R, EHEENR AR S . A X S B AR
C 28] 7KL, (A AR T RN Z AT, i
T LT TR Z IR LA IR L2 MR R0

H1 LM 51 A9 it U1 i 87 H 3R B A A i v
I/ S X — R A TRk R A s . I R
ST, DL RAERIE AR T AR e . N T
TEA PR R IR R bk LM B LA, a5 B & 4%
4 H U B A sl e, SRR Sk A% i o
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