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Establishment and application of a detection method for Listeria spp. in the
production and processing environment of cold chain ready-to-eat food
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ABSTRACT: Objective To establish a method for the isolation and detection of Listeria spp in the production and
processing environment of cold chain ready-to-eat food, and to monitor the environment of production enterprises.
Methods This study combined the national standard method and the Food and Drug Administration Bacteriological
Analytical Manual (FDA-BAM) for the detection of Listeria monocytogenes. The addition time of nalidixone acid
and acriflavin and the concentration of ceftriaxone sodium in the bacteria growth solution were studied through the
preparation of freeze-dried quantitative bacteria pellet simulation experiment. The optimal bacteria growth method and
concentration of ceftriaxone sodium were determined and applied to the separation and detection of Listeria in the actual
cold chain ready-to-eat food production enterprise. Results The concentrations of lyophilized Listeria and background

bacteria were 120 CFU/ ball and 1100 CFU/ ball, respectively. According to the simulated proliferation experiment, the
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detection rates of Listeria and Listeria monocytogenes were increased by 10% after the application of the additive for 4 h.

On this basis, when the dosage of ceftriaxone sodium was 6—8 pg/mL, the detection rates of Listeria and Listeria

monocytogenes were 100%. Conclusion This method can improve the detection rate of Listeria. It provides technical

support for environmental monitoring of cold chain ready-to-eat food production enterprises

KEY WORDS: Listeria spp.; cold chain ready-to-eat food; environmental monitoring
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1.1 EIGE#K

SO AR E (S aureus ATCC 6538)., R 2T
# (B. mycoides ATCC10206) . i} 2 7t #F # (B. cereus
ATCC 11778)., #Zg{R 5 i 7 (P. aeruginosa ATCC 27853),
LA HFRE (S, epidermidis ATCC 12228). 273k (E.
faecalis ATCC 29212), JIRHZIERE(S. capitissubsp ATCC
35661), ERAIRHNEH(P. putida ATCC 49128), ZOLREHM
E(P. Fluorescens ATCC 13525). Hi%i2EffT 1 (B. subtilis
ATCC 6633). 2R (L. seeligeri ATCC 35967).
PEIRTE ARG (L. innocuaATCC 33090), B 2 4
FCH (L. monocytogenes ATCC 19111)31 3% [ 5 Fft (5
il
1.2 ZERF NFERE

JEE R (MR K SR . MR FLRY . 2 FCHE A (Listeria
enrichment broth base, LB) 7 . ML ENE AR . 1%V BERT 2 |
1%ZE0ERANR | 0.85%JC I A Bk /K (b 5 B BR 45 AR B 00 47 B
A D) AR O R IR SRS U E M E R IR
al); Sk A A S G254 B2 D), Listeria 2=
RAE%EA . B LA REE R, FREEE R, #2%
FG BF A A 68 R [ LR (3 ) AR il AT BRA w10, R
PR RATAR R [0 30 A P RkB (E ) AT PR w105 e (Al
99.9%, EAFBRALEARAH).

PiloFD8 ¥ ¥k T AL 4 7 B3 (AL 5 ) (AT PR A H] ] A2
W24 (32 E LABCONCO A F); ICP600 18R 53744
(f%[E Memmert 2\ 7]); Compact 2VITEK 44 %% R 5
(A LR () A= Wil A BRA |D]; SQ810C 5 FRZE VR K T
ar[FE SRR R B (R A BRA H ],
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PR ETE MR TR LUK T 30E 36°C, 155724 h
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SEEMG
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PO TR R IR A T8 R T M, % OB TR AR Ak i A R IR K 4y
WEET, DL b ab AR T 9 A 7 BRI op 4 1 4 A%
KA.

()& SR ER &

BT AR T R 09 10 RS SRR 0.5 1%
TR (VR 290 1.0x10°% CFU)I B, FREE 100 pL iR
A HC 1 mL W S REIRA W, ] 0.85% oA A #ER K
BYMBEE 10° CFU/ML, ¥ 12%MBEIS LS & 12%60 1
FHAET K, 110°CHE R E 5 min KEJE, 6l 0% T4
P50, TR B TR R R TR RN R A, i BLR
TR B, KT R R 2 2 VEMIR N, P MOf E T
HETHLNAE-50°C N HATHIARZA 4 h, TR/ AE-35°CT%
T 18 h, T ISSCT AT TR 4 h, ERR%T
Mo BTESHE, TN RS, AR T Bk
Ao 1l BEAY BT ER T MR BE 25 (10° CFU/ER). BEHLIEL 10
WIEER, T 10 mL GHEAEEE KD, 3% GB 4789.2—
2022 ( BRV LR EZRARE &M YR 0 R TR R B
) E KRB, M CNAS-CL03-A001:2019 ( BE J1 56
UE A DA AT v DU Sl 40 1) 1S 6 ) RIS €
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()75 i EC T i T Bk i 75
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th, 2% GB 4789.30—2016¢ & i &4 E Rl B iHE
PrFre s A M AR S TR R TR AR 56 ) (B k), AT
VPRGN, fo B ER 2 25 A TR L Sk
133 FHE 5 NI
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FE T, FDA-BAM 55 10 = (s i 5X, 3 1 4 )5 1f
88 A RN N R B R T, 6 U X B AR B B A
R AR
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BT S A BR 1, Re 2 00 PG TR TR BR 43 531V fi
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A, B AE M AN LB, R, R —A
05 TSN ERE, T(30+1)°C R 535 4 h )5, FEIMABIRIG
I JE ks 3R 20 h, SR SR I ik KRR AR Bl A A —
Yo RLGETT S IR S P A R TR B B A TR EC T
ks R, PEAG TG T S
134 RAFRREGHR

AMFFEIEBEST S TS AN T VR, 4r 5k 2.4

6. 8 Fl 10 pg/mL o B S5 1 5 FH Sk A0 A7 A e 156 45 i ol
A1 mg/mL R, J5 MRS EINRG LB W75
TR BTN . #IE 1.3.3 P2 ARy U T
PRIGES N B 5 B2, B4R B IL i 45 10 AR, il it 4t
T & LR i o 2 R G T B 2 40 e G TR RO ARG, 2R,
B AR B 3 B %) S A0 AA S IR BE
135 T FXERA LR EFEER

Wil BRI R, Ve LR EE T AR R R R
J H A TR R R AG SR e R AL, N EAR TR &
WEE AR T, PPN T BERIX . B
DI X e AT 2B X it e ik 2 T B I 1 o o i v M A 7
ARAE a1 X AR ] KT 12 4~ F B9 W S 2047 He
XF, B UEARWE ST AR i, TR A Al A IR
W A B0k -
14 HIEALE

FH EXCEL 2019 %, 3538k g A7 48143
Prandfil 22, B BAaR R L 10 MR EE R, T
AR F Oy 2508, B KR a=0.05.

2 HERE5HH

2.1 HHEELER

4% i P B R ) 46 i1 4832 VITEK compact 2 }2 APT %
EJE, REAEWHKAESHSE, SessRLmnm, THTEN
5 TR A B 1 2% o
2.2 EEEBRRIIISMEINLE
22,1 HRARGHGEAENLER

BEYLMEL 10 WEER, BT 10 mL oA HEh KA,
i RE BB AR L MEW R, 4R, fulf
KR Jr 2504, F AHN 2.08 < Foosep 3.02, FIMEZN
1100 CFU/EK . KT S BRI S R B kR, &
I, R R LR 1.
222 FHHERAEH R G BN SR

BEMLIHER 3 B0 2= Wik FC TR R T BBk, 480 109, & F
2 mL JCTEAEFRER K, WA T AR G B B R0 |,
RFRE T, SRBGHE, TR R T 00, &%
TR e 2 R IR BRI F (N 1,13, E{HZ N
120 CFU/ER; i RAEHIRF R IRERAY F (HN 1.25, FIEZ
120 CFU/BK; HUIEAHIRRICIA Y FAHN 1.43, FIHZ
120 CFU/BK, HI/NTIEFUE Foosc r1.m) 3.02, KUK
BREAERI] S G E 2SR, RSN RgE R LR
2~ 3RS AN 25 SR AT L, R VE VR T A R TR
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Table 1 Determination results of background bacterial uniformity

H 5 /(CFU/mL)

s 1 2 3 4 5 6 7 8 9 10
ghIR 1 114 117 113 95 103 97 105 106 112 99
iR 2 105 103 115 97 105 105 95 100 106 107

2551 XHEE 2.06 2.07 2.05 1.98 2.01 1.99 2.02 2.03 2.05 2.00
ZE I 2 X 2.02 2.01 2.06 1.99 2.02 2.02 1.98 2.00 2.03 2.03
A iﬁg 190 MS iﬁg gggég;g F {4 2.08 FHE 1100 CFU/3K
H:MS A%,
2 RERFEHFRKEHIMNESER
Table 2 Results of uniformity determination of Listeria inokii
MR ek e 2 TR G TR /(CFU/mL)

G 1 2 3 4 5 6 7 8 9 10
g1 52 57 61 62 57 60 54 60 61 53
g2 57 62 58 60 62 62 60 59 59 59

LRI X 1.72 1.76 1.79 1.79 1.76 1.78 1.73 1.78 1.79 1.72
L5 2 W 1.76 1.79 1.76 1.78 1.79 1.79 1.78 1.77 1.77 1.77
e R0 R wee em s e o
#3 FRTIHFREHSOMEMNESER
Table 3 Results of uniformity determination of Listeria sterni
R AR Hr [CZE 4R G A /(CFU/mL)

i 1 2 3 4 5 6 7 8 9 10
iR 65 57 65 57 60 55 61 57 57 65
iR 2 60 59 62 59 63 62 55 62 54 60

2551 XHEE 1.81 1.76 1.81 1.76 1.78 1.74 1.79 1.76 1.76 1.81
ZEI 2 X 1.78 1.77 1.79 1.77 1.80 1.79 1.74 1.79 1.73 1.78
BE M e P e pocs
<4 BREBSHSREHSIMNELSR
Table 4 Results of uniformity determination of Listeria monocytogenes
FRE£ R PR ASHEARY G /(CFU/mL)

'S 1 2 3 4 5 6 7 8 9 10
il 62 65 55 62 59 61 57 63 54 60
) 61 61 57 61 62 59 65 59 59 62

LR R 1.79 1.81 1.74 1.79 1.77 1.79 1.76 1.80 1.73 1.78

255 2 X EE 1.79 1.79 1.76 1.79 1.79 1.77 1.81 1.77 1.77 1.79

FH A ’ MS A 0-000537 F1{H 1.43 S35 {E 120 CFU/Ek
HN 10 HH 0.000376

23 TEEARAMARNER

Yo FHUHE A R P S IR (1% Z8BE R ER 0.5 mL K 1% P BE
WHE 0.3 mL)WIEH AL 85 FH AR R T g,
LT — LR AR 10 MFEdH, 220
QTR & MR 260 70%, IS A e [G TR 1A 1 565 40%;

S5 AT S ARG 10 3R Sl th 230 R LS T & 11
K2 80%, FIEAITRICEAIRL A0 50%, 455K
5. AR TR, HEE I AASIG R, xRz
PRBIRR TS WS SR A ALY, T T8 73 S0 mT i e 2 i
e FR R B AG HE 6
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Table 5 Results of detection rate of Listeria spp. and Listeria
monocytogenes different pregrowth methods

S —LHAE AT E N )

S ST E )

FEdhS BRHTRRIR BT BRI A
GG FrIH G IR

1 + - + -

2 + + + +

3 + + + -

4 - + +

5 + - + -

6 + + - -

7 - + +

8 + + + +

9 + - -

10 - + +
it 70 40 80 50

/%

VB R A,

24 MERRMKENRTER
XTS5 SR A BRI B 2 R R S

®6 TELMHEASREFHHERERS ARFHHFRER TR

Table 6 Results of detection rate of Listeria spp. and Listeria monocytogenes different ceftriaxone concentrations

PSR FC TR ARG A TG, S A0 AL B R T o 7
6~8 pg/mL I, Z=HAR G B Jm S B 2 s G A A H
BN 100%. ZERNF 6, kL5 RFI, FHEIR R
Xt Sk AR R I IR 20k, FE 8 B P A Sk Ll i, X
SH At 2 T A 0 SRR A — AL R, 8 A5 2R BT £ R T LA
FA RS S T B IR, ST A B, kAR AR
TR R A R
25 EPREALER

AL S S BRI A, e AE ST 4 h R0
IEMA 6 ng/mL Ak FLRRAN R, T3 B XA T BE R
PEEE S A AL A A P I IR TR . &5 SRR A
DRI 89 AR A, H B A R EC TR, (LA AU I DX g 3 XA
HR A R EC B ARG Rl 2% 3.77%, TRHEIX . VIEIX
KA XA R 0%, AR 1.14% SFH LT BT
12 A4~ H By 07 5 WA B 2R 0.06%, BT #E = A=ky
MK R, S5R IR 7. Gl % He b s I e di J A
TR IR R EL BT 2R B, AR D7 ik il 4R R TR AR 7 X
HR AR BT G TR ARG H R

Bt

Sk AR BT R B/ (ng/mL) ot /%
1 2 3 5 6 7 8 10
5 TR IR R + o+ o+ + - + o+ o+ o+ 90
PRI IR o+ o+ - + - + o+ -+ 70
UG B + + + + + + + + + + 100
4 EANAERE  + o+ o+ o+ -+ o+ o+ o+ 80
s ZHRR QR + o+ + + + + o+ o+ o+ 100
P A A PG TR + + + + + + + + + + 100
AU B + + + + + + + + + + 100
8 A HA 2 A [ T + + + + + + + + + + 100
10 ZHRR QR + o+ o+ + + + o+ o+ o+ 100
B ZE MR IR T + o+ o+ + + + + o+ o+ 90
F71 MEREFHTEREHELRR
Table 7 Comparison of historical data statistics and total detection rate
PN T X /% FAIR X /% TFEX /% VIR X/% AL X /% w6 %1%
1A 0 0 0 0 0 0
2 A 0 0 0 0 0 0
3 A 0 0 0 0 0 0
4 0 0 0 0 0 0
5H 0 1.82 0 0 0 0.38
6 H 0 0 0 0 0 0
7H 0 0 0 2 0 0.38
8 0 0 0 0 0 0
9IH 0 0 0 0 0 0
10 A 0 0 0 0 0 0
11 A 0 0 0 0 0 0
12 7 0 0 0 0 0 0
12 4~ H A % 0.06
AR 2 3.77 0 0 0 1.14

TE: DL RBORI ke QT A i, JC S A R ER B AG H
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55 10 B OCTAE 7 BREE T AR TR A A SR B
R 75 v oA, (P A3 IR K B 37 0 S R vk 22
SRR, H TS AR Al AP 9 B R A PR S A
[ TR E WA = Al Ff AASRESE 42 MR 56 [E FDA-BAM
ARSI 1o TS bR R, A RIS i 1 1 =X
FIBE G A R AR 2RIV B AT TS, T TR T
[l VA4 B £ i AR 7 0 B rh AR PG a8 Y RSy
W, R T A Al b i R W v

AR QT BUARTE AR B Iz AP A, (BAE 7 3R
FE RS, IR A A N TR T S B R
FUHTEN s B I ), Z BN s, W Ah T
WEHSERD, AFFREER", EisHRA LB, LB,
HEATPRI TR, B5FRI I, 24 h, i HAE LB, Al LB,
HRUS T ZE0E PR R R WE B SR AR T S . ZERIOCHY B
I PRI v A QR R R A T2 RS, ARk Y b v
MR By 2, SRR T IRE 5P, S B R IC I
B . AR FE8 b PR A R0 551 F s [0 R0 45 ) YK
BRYISHE], BD LB, B4R (30£1)°C F 1535 4 h J&, FHINAM
FRAS NG G QR SE35 95 20 h, 45 3240 B Bk 7543 1 52 9 Bt i,
W5 4 e 1 AR LA A

Vo bl B £ A AR BN B T IC R IR, A
BRI FARRIRAS, 25 0rE FC TR A g T vl A= &
S R EORE R A A I ZE A BRI R A%
FHCLR AR . LB, LB, P& A7 2SR, X4
% B BRI A TR A A0 ) A R A T T Y, B R 2 A
FF BT S5 R 2420 (2 G B R I
PR T S PRk A A TR IS B A AR o Sk a2
55 ARk A S Hi A RO, BBAE N A 2% P B TR R B T 3
A PRI E, (R DR SR I PR AN B8 5 2 R A 240 L
EREERAEEN-3, HATEE, WO AR Sk A
BRI 2507, A58 PR30 P R X Sk 0 14 2 1 K4k
T2 1, K S A0 b A I A B398 TR ke $i v PR A58 vh 2 e
FCR A R, 45 R 6. 8 pg/mL (1L K AEW 41
o SRR A TR B ARG 2% (P T 2 TR B R
SRIEHH, PR TS, SRR b A
ZE MR TR A 2 04 7 BRI, S S ) B 2 R G
W ETHAE A, S5 SEATI I AR SRR T OG5 Tk LA fmy S 2=
P QB ARG HH R

HAT, ST m st S 0% ks, Z2RMA

At w8 BRI B TR SO AT IS B, B R SI AN
52 SRR Jy 1 B R 2 R T DRI R DO, e R
R N B T AR I AR R AR 2R, 2T IR I S 0
FAE AR RO HE AT . SV VR TR R BR A (T, DR LA
VEJFIE . RO, . B PELF, BORBBLRUE Y S50 % T
FKitio ARV R TR Tr 3, R R R
AR T3 5 e TR TR RO A A 2 S DB T LS A R
S5 PP A R AR RS, S e 4 ST A ) T L 1
PRAIE T 07 1 S e Y R S

4 &

£8P, ABRGOE A, SO O R A s
FUMAREAL, 72300 FC B R A A IR = 10%, b3
T AT 3 B ) Sk R A D BT G R R, A A
RS2 100%, B TR 48 RN R £ ah | 1o BRI,
AT i A TR FQ R O 3 325 ik TR TR
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