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BRTALGEFERAFEIRE T REREN, 2F 2T, WMHEEHZEAKL P Half Fraser 8938 H AR RIF, £6h A
R LI EMAFE FEHHA 6.4x10' CFU/ML ¥ £ 9.4x10° CFU/mL. 44 hALEE & 4H/5, LAMP Al & i1 BE
R 5P L 38 S04 6948 R A 6.4x10° CFU/g (AIEHE) 1K E 6.4x10' CFU/g AIMALGT £ S FHAURAE
FRFIRAERAIIET R TN, BRI THALELSLAMP 7 5BARRE R —H, BAKL 100%. %7 HHER
A3, A, HRPTEBIEHESh A, RBFHILLAZHENE E,

KHEIR): EA M A B IR R, A AR & W E RS, RS F BT (LAMP)
HhE 5 £S:TS207.4 SCRRARIRAD: A NEHS:1002-0306(2021)24-0128-08
DOI: 10.13386/j.issn1002-0306.2021050043

Study on the Enrichment Methods and Application of LAMP
Technology for Detection of Listeria monocytogenes
in Frozen Meat Products
YUE Huimin'?, LI Haixin’, LUO Ruiping’, ZHAO Liang"**"

(1.College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China;
2.Xinghua Industrial Research Centre for Food Science and Human Health,
China Agricultural University, Xinghua 225700, China;
3.Taizhou Anjoy Foods Co., Ltd., Xinghua 225700, China;
4.Beijing Laboratory for Food Quality and Safety, College of Food Science and Nutritional Engineering,
China Agricultural University, Beijing 100083, China)

Abstract: In this study efficiency of four enrichment media (Fraser, Half Fraser, LB, LB,) were evaluated for Listeria
monocytogenes in frozen meat products, and their effects on the detection limit of Listeria monocytogenes by LAMP were
assessed in frozen meat products. Combined with LAMP technology, the optimized method was applied to the detection of
artificial contamination samples and samples from production line. The results showed that Half Fraser represented the best
enrichment among the four media, which could increase the number of live Listeria monocytogenes from 6.4x10' CFU/mL
to 9.4x10* CFU/mL within 6 h. The detection limit of Listeria monocytogenes in frozen meat products reduced from
6.4x10* CFU/g (without enrichment) to 6.4x10' CFU/g by LAMP with Half Fraser-enrichment. The reliability of the
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method was verified by using artificial contamination samples and actual samples from production line of the plant. The

results obtained from Half Fraser-LAMP were consistent with the results from national standard method with an accuracy

of 100%. The whole procedure of sample processing and testing was within 8 h, which could meet the on-site testing

requirements of enterprises.

Key words: Listeria monocytogenes; frozen meat products; enrichment culture; loop-mediated isothermal amplification
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BRI, T AL 2010 4F 160 {2702
2017 43 273 /470, LA Ny 8%, BEE
EILERG I E I P AR Ak, SRR RIEEIS T S T A R
FEEAFEASWTH BT SR 1T 33 R PRI BE IS Tl b A i Tk
PRI PR B H Atz SRR T 2R 5 SRy, B
P A 005 G XU 70, FSE A B, AR A it b A 2=
Hriey DG PR S PR B SIS il i v 1 S P 5O B
P vE Ay o, S 0 R S G i, A PR b B
ZEHPRFRAR SRR 19. 1%, Vg =it P 28 31%),
TEA T | BRI R NS A0, 51 R Eh
RO DRl T P R B AR TR A ARSI X S VR PR JBE
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S JE PEAS R B, JCHE N TR AR
B e [ R ST DLV ST ol L 1 BIE BT R PR s e > vl
— AR DRI BE SR ity v B 2 AR B A DR ARSI
o RSB R 2R TR DR RS I T v A SR
GliE U (PCR) . - 4R I HR(LAMP) |
TEFER G2 e B (ELISA) BAH G R 855 . Hor,
A FEEEY HH AR (Loop-mediated isothermal amp-
lification), fAJFR LAMP, HAT PR R . sliAAIL . 4%
SRR A AR, A B YRR SO PR 1 DR AR T
SRz B PO X T i v PR 2 TR R 1Y
LAMP K, 76 ZL S PO A3 POAE &L rh 7 B A5 i
I8, SRTTET XTI R R BES TR oL AR —Fh
SRRV FHL PR ), A S 2l X T . DNA S
JE4E LAMP N U520 AN B . AL O gt
ST EVR A RIS it PR R TR B LAMP A AR
Jenth I, 385k pUR pR R IR ALY R, R Y —
AR B AR IS P B 3R 3L, DAREAIK LAMP J7 ik ks
HRR, IS B AR A TR BT LAMP K I 125 7 8 4R
PRBEZS il b g 7, O —A A H S8 Al L
IRy B it A TR T 3 7 PR JBE IS o) it v PR A=y
FERPR LR AR S
1 MR5RE%

1.1 #MR5NEE

BAAZ A0 M B4 2 2 307 4y [ B (Listeria monocyto-

genes, FSCC 178006/ATCC 19115 ) | ARHFYLE

PR A R W] 4 B SR R 20 DNA 2 B0 & .
SYBR Green 1 (10000x%) . 6xDNA K ¥k Loading
Buffer dbut RIRAEMBHLABRAF]; & 0.6% BEL:
B RS R R 2 % (TSB-YE) | 2= [C B 1Y 54 R V%
(LB,, LB,) 34l . Half-Fraser 35 3%3E | Fraser K534k
T gAY B R A BRZS F]; Bst 2.0 DNA Poly-
merase(8000 U/mL) . dNTP Mixture. Gelred iR 4
kL. DEPC 7K At & MERHAE R F]; X/ i 5
B EERGREBVLA L AL) | BB GREBEPLE O
Ab) | AL ILGREHLA T AL) | At L GREDLH
FAb)  FEASSRAE 3R PR BE IS i T Ay mak; i
TRRBEISHES, HAACRIEE BN 1 PR,

R 1A LR
Table 1 Type and number of samples

REA K

PR A mvs mhic
FRVR YL 3 4 10
B 4 2 4 10
AT 3 2 5 10
At 10 8 12 30

1300 SERIES A2 =¥ Z2 445 3% [E Thermo
Fisher Scientific 2\ H]; ZDX35BI [ 355 27K K #
7 PIBEHRLZEITA) THZ-C fHilRIR G4 1L
TR T S2 U 45T ; DNP-9082 Hi HUIE 1 35 346 .
DK-S24 HL#EIEK S VRS 22 S ik 454 B
2\ ¥l ;5 Infinite® M200 Pro 22 Ih BE lff AR 1Y Fig
TECAN 2\ &) ; SILVER #1 5 2 ¥ ir HL V4 BE oF
TUL 225 165-8001 HLPKAY . Sub-Cell® GT 7K3F-HLik
1# 5% Bio-rad 2\ H]; ChampGel 5000 4= [ ShEEKE
BUGAL LT DR A R H] o
1.2 KWHE
1.2.1 PEBREESRE H—80 °C Ly Hyh iAFlH TSB-
YE BRI, TERIRZ# 5 37 °C, 220 r/min
Bi3% 8 h, i b s =AWV S s PR IR Uk
1.2.2 NTIsYeRFEME WAL fls HTA
T V5 YL p R R TR BE SIS AR S 4 GB 4789.30-2016 A&l
VESEANEAT ARG ZHTRE s . TR 28 A AE v JC B 4
Vi, B R P BE 2 RE NS 25 g I A F)F5 225 mL |19
TSB-YE WA FE iy it fedndi = sl -
LT 2 min, MY UR BN A S8R Y BE SRR L 1Y
R o
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MKYEEFRFN ISO HRifEl™, ARSLEG#EH LB, . LB,.
Fraser #1 Half-Fraser PU #5458 5% 35 3L AE A 74 1% X
5, 5 B NHR BE AT AR TR (6.4x10° CFU/mL) i i
10 540 EERG RS, B SBHI &M BE B 6.4x10%~6.4x
10> CFU/mL FYTE M -

PRI B IR AR [ BE T LR PR MR 1 mL 43530
AE| 9 mL #R REEEAE A TR, IR A IS S 4
) 2 Fp ] 90 mL PU Rl B B K% 5% 3L b, {8 P
B 3% L b Y TR WM ) 43 1 KT 10° CFU/mL
(640 CFU/mL) . 10' CFU/mL(64 CFU/mL) . /N T
10 CFU/mL(6.4 CFU/mL), THHIREIRZ # " 37 °C
Bt

LA ODyo i TELFITSF A 12500 BRTECA A I H5 A,

TE 2. 4. 6. 8 h Wl HARA I AE K AE O .
1.2.3 FE[R4H DNA $REC A 40 s 3k P51 4H 2 Bt
7 & (TIANGEN) #2HU DNA, #z FE i B b f rHdE .
1.2.4 LAMP W EEREF LAMP AR R b
S8 NG 1:4, Mg> ¥ & & 6 mmol/L,
dNTPs ¥ & 1.4 mmol/L, Bst DNA 3 4 iff 1k )&
800 U/mL, DNA 54z, JCH LB /K, IR R 25 pL. i
P& hly A FEEWENAEELEP, 51975 ank 2 s

#2 LAMP 54751
Table 2 Sequences of LAMP primers™”

FE/ P S 51H1F51 (5-3")

F3 TTGCGCAACAAACTGAAGC

B3 GCTTTTACGAGAGCACCTGG

FIP CGTGTTTCTTTTCGATTGGCGTCTTTTT
TTCATCCATGGCACCACC

CCACGGAGATGCAGTGACAAATGTTT

BIP TGGATTTCTTCTTTTTCTCCACAAC

IMAA ST 200 pL 8.0, IRG 15,
TE 61 °C fHIR KSR 1 W 40 min. BU™ 4 5 pL
5 1 pL Loading Buffer IR &%), 1T 1.2% Biighk
58 I8 FEL PO SR ARRE A i Uk L, (W) B e =4 b A
1 puL SYBR Green I Z&GHRIP ELEI ARk
1.2.5 BT fE 4 8EeFhiE Sy 64 CFU/mL
Bsf, 78 Half Fraser 3533 2 B B2 P, S0 9 HL 0. 2.
4. 6.8 h WEW, #2H DNA #HJ5, LAMP J7 ks
W, A HR AR H BRERTE 45717 B2 SYBR Green 1 251
YUk B0 BHPE LR O R IFR bR, 12 12 07 IR M B T 1
PRIHSTH]
1.2.6 HEEEILRT LAMP £ H BRI 15 ANk
PG B (6.4x10° CFU/mL) i@ i 10 15456 57 7%,
Ao B W A B 43 ) M 6.4%10°~6.4x10" CFU/mL, 4351
V5 e B TR IR BEISAE Wl b, SR i R T AR TR e S
BIA 6.4x10°~6.4x10" CFU/g, 53 B HEHCHRLHZE DNA,
1T LAMP §785 . K= 64 7 BB EE S Ha vk, 0L
IR BRI 2507, [FIRT 1T SYBR Green 1 Bt
SN, BRI DEALRT LAMP 732 fAG H R .
1.2.7 WRALE LAMP £ ERIFAN BB Nk

BRI A TR 3 (6.4x10° CFU/mL) i itk 10 15786 )5 5 ks,
B A EE 53 511l 6.4%10° ~6.4x10° CFU/mL, 434
V5 YL EHR RUBESSAE S b, LB P R AR T A Sy
WA 6.4%10%~6.4x10° CFU/g. FH4r BHamh T-HG 1 %
FEILrh (IKPE EAR, FE R S IR L LUl 1:9 s
Jin), W TF 37 °C B 6 h, 43 5 3 HUH 3L K 41
DNA, 17 LAMP §" 8. K= 9 TR BEEE R Fh
VK, MEIETR r= A E 4507, [BIBT 4T SYBR Green
I Bt 0, IRGTIG RIS LAMP 539k HiBR .
1.2.8 AN TI5YesRRBEISH R T REHL
SRAE, W SRR AL AL 10 0, iR L 10 4, SR
Tl 10 4y, H3t 30 . < AR S Fh e,
WG AL, FRETUAL. B0l SERBAE, HE
it BRI T T 20 H G5 — 28, HITR A
. SR AAIL . R EF IS E S . 30 RSN 4 GB
4789.30-2016 i, A& MG ZRITRETR], Sh T SO E
ARSLYGFENT 1 LAMP Jy ik PUUERGEE, A TI55% 10 4y
e bh (PG Y BE R ST 9 R: 6.4%10' CFU/g —)kE
fir, 6.4x10* CFU/g =13 #E 8, 6.4x10° CFU/g PUh ¢
i) JE BEALIR A W AR, 0 9 AL Ge 8% 3% 7 i
LAMP Jy iR 30 /3FE 5 .

1BG15 5707 153% B GB 4789.30-2016 ' 4744
fEo LAMP J5 A+ B8 I PR AR, G A BESS
FESL 25 g, LA TSR BT4E, il A 225 mL Half-Fraser
WO R, EAA T U g LR 2 min, THE R
PR aeh 37 °C WY 6 h, A7 & 32 B DNA #8%
Mo LAMP WA R 1.2.4 #44E,
1.2.9 MbAEF=LRFEARKI  Hi il it A =
LREEAS 30 10, CFEXS /NI IR, s GRRIRPLA
Ab) | SRR GREBPLE AL | A0 AL GRBPTLA M
A AL OMAEILGEEGHLH AL o S B SR 37
B LAMP J5 04 TG
1.3 #IEAIE

SEIEARST T SPSS 17.0 TS0, 4558 L
SRR EZE RN . TR R Ty 225087 (one way
ANOVA)f¥)E LSD £ [h3%, 24 P<0.05 B, tAh4H
(e B e . Z S8 Origin Pro #1441l
IR
2 BERS5HH
2.1 EEEFEAEE
2.1.1 A[FEHERP Y ETE Half Fraser ™0 934 B 17 (¢

anE 1 TR, PG A TRE T 14 B TR RSO S50 0E TR

A CR, WIHATH R, A E ke, 4/ SPSS
17.0 X 52 56 250 4 1F 47 P X 28 U7 25 53 M1 (one way
ANOVA) 43-#7, M4/ & 640 CFU/mL i, 4K
ZF 4 h, . OD {H v 0.49, SWItEHEA B FrEE S
(P<0.05); 4$F &N 64 CFU/mL B}, 42K = 4 h,
H: OD fH>} 0.38, 5WI4H A i 22 7 A Ik 3 (P>0.05),
W2 6 h, H: OD {H N 0.58, 2 F B 3#(P<0.05); 24
RN 6.4 CFU/mL B}, 5 64 CFU/mL 3458 175 I



% 42% % 24 RN, 4 T LAMP BRI R BEAS I b rh AR 2 By (1 38 T VAT B - 131 -
JEl, A2 2 6 h, H OD {H>N 0.45, BUi S50 4E = A 064 .
A 225 (P<0.05), 0.5 *
A 081 041
0.7 * £0.3
o *
0.6 . 00 ]
£0.5 1
N 0.1
o204
o 0.3 1 0.0 4
02 1 0 24 6 8
0 1 iR 1E] (h)
’ B
0.0 - 0.5 . *
0 2 4 6 8
i3t (h) 0.4 1
B 077 x £0.3
0.6 1 x g
05 | S 02
EM- 0.1
2 03
© 0.0
0.2 0 2 4 6 8
0.1+ K AR TE] (h)
c 05 *
0.0
0 2 4 6 8 04
KiFEAF1a] (h) :
c 06 " £0.3
051 ¥ 302
0.4 1
E 0.1
£203
) 0.0
0.2 1 0 2 4 6 8
01 Ki R 1E] (h)
00 K2 R[RIFEEM R FE Fraser HP IR Ol
' 0 2 4 6 8 Fig.2 Bacteria increase with different inoculation
KRR (h) amounts in Fraser

Bl 1 AP P TE Half Fraser HH A3 B 0
Fig.1 Bacteria increase with different inoculation
amounts in Half Fraser
T A: HEFpE>107 (640 CFU/mL); B: #5515 10" (64 CFU/mL);
C: $Rh i <10 (6.4 CFU/mL); *3&K/R55 0 h BpAH L 28 57 1 3%,

P<0.05, ¥ 2~51 4 [A],

2.1.2 AN[EHEFEAYREALE Fraser FAUMSEIFM a0
& 2 ft 2~ , 5 Half Fraser X} tb & 8L, S Efp &K
640 CFU/mL A, 24 % 6 h, H: OD {H°~ 0.47, LAY
5006 B R W 25 5 (P<0.05) 5 MRy
64 CFU/mL B, #4542 6 h, H: OD {H M 0.43, 2253 40
2 (P<0.05); 4R H A 6.40 CFU/mL B, 75 3 I&
Z 8 h, HArwA & BEHMNA K EGL(P<0.05), 1t
B} OD 1E°~ 0.48, 915 %€ Half Fraser 34 5 58 S 55
- o 3 AL XF Y TR R R B R R 3 B Al 4 & B, Half
Fraser Fll Fraser A o3 —F, J& & MR FDERTHE
PR PR, o AR AT B e AR o A A B A
2.1.3 AN[EHZEFMEEEAE LB, TS TEEA  aniEl 3
s, 43R/ N T45TF 640 CFU/mL B, H: OD 14
oA E It R E 225 (P>0.05), iXFEAA Fpig 2

HrdP e 8 h AE LB, IR BUERAE, Xl gE S5 1%
FEFEFPERINA PN E 4G 5%, 5 Half Fraser #ll Fraser
AELE, LB, A& A pai 50 v e B 28 PSS NE IR pR v 5
B, P Y B RO A, (HANE B T P 2R e A
RS, AN IR BT (B TR, Rl e 22
R I BB E . GB 4789.30-2016 A& H — ek
PR (2442) h, A SLEG TR 5 —FPE BAHE R PR i B TR B
FedE (—ATAE B BRI S ehsin ), Ptk LB, AT HEAS
T EVE AT I AT PR RS 3R 3

2.1.4 AFHEREERIELE LB, "HRUHEE TS  ankl 4
N, RPN T4 F 640 CFU/mL B, H OD fH
55106 PR R 3 TG B 3 M 25 5 (P>0.05) , FR I 2= HTRR
P 8 h N#E LB, M h A K328 Tiil. 5 LB,
AELE, LB, A& ea 50 Y e 2 28 PSS NE TR R v 5
ASIE], {H5 Half Fraser £l Fraser AH b, B 74 4TS
SREGE 1, X ] HE &1 A 8 h Y Half Fraser [z %) A
WHAEHTRF B S TR RCR O T LB Rz 22 A, [
It Half Fraser P75 503 GAE AR SLIG g TR B TR Ak
2.1.5 N[AEEPh &L A BRTFE PURP 35 35 38 v 7% B 4K
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FEEmt] (h) R FEIHA] (h)
B 04 B 05
03 0.4 1
£ 203
~ 0.2 1 2
o o 0.2
0.1 ol
0.0 - 0.0
0 2 4 6 8 0 2 4 6 8
R I (h) HiFEIHA] (h)
C 0.4 C 0.5 1
03 0.4 1
£ 0.3
021 g
o S 02
0.1
0.1 4
0.0 0.0 |
0 2 4 6 8 0 2 4 6 8
FEFRIE ] (h) IR A] (h)

K3 AFEERERFE LB, PR E L
Fig.3 Bacteria increase with different inoculation
amounts in LB,

MBI HR BN T 6.4x10% CFU/mL, i JH 240 1 5k PRI 2H
FEBUAF S (TIANGEN) $2 0 DNA, #ZBRPEHH FEA
AEE 2 LAMP K, PRUHASHE TR 2 6.4x10* CFU/mL
DL o SESRANEE 3. 58 4 PR, BRGS0y R e DU A
BBV PO RS OD g o0m THZE R H—
B, PARGASHTRE T R TR ACR SRR TR A OCR, W)

AR, A RGHEE R . T AR B, PURRRY B S
F= AL, Half Fraser 1914 P &R e 4, M2 Fh 50k
640 CFU/mL B, 34 4 h, T % ¥ BE Al 35 3] 1.2x

K4 RFEER AT LB, RS R O
Fig.4 Bacteria increase with different inoculation
amounts in LB,

10* CFU/mL; 243 Fh 528 64 CFU/mL B, 344 6 h,
T Mk B 0T a8 # 9.4x10° CFU/mL; X4 32 b 5 Ry
6.4 CFU/mL i, 8 h WIS 0 h JC W 35 M 22
5o ZF PR, % H Half Fraser AN SEIG (1) 19 B 1%
FEE, K PR AN 22 64 CFU/mL.
2.2 HEEEEHIFRE

EEANE 5 s, E/AMETE 6 h A A R Je Lk
DNA (H2H, SRR BB F vk T Rl B AR 45, %
PR A YL a2 R PRk (0, PRI, B 1207

3 HeFPik 640 CFU/mL By S 2R T4 B 7 DU A e il P A K 22 PR HU R

Table 3 Comparison of growth situation of Listeria monocytogenes in four kinds of culture medium at 640 CFU/ mL

Higrdk

BARGZRIT R R (Ig CFU/mL)

0Oh 2h 4h 6h 8h
Half Fraser 2.806+0.002 2.864+0.036 4.064+0.042" 5.960+0.030" 6.908+0.035"
Fraser 2.806+0.002 2.822+0.003 2.886+0.009 4.004+0.009" 5.851+0.050"
LB, 2.806+0.002 2.726+0.020 2.708+0.013 2.719+0.018 2.710+0.011
LB, 2.806+0.002 2.796+0.011 2.808+0.012 2.808+0.010 2.827+0.014

T * KR 50 WA EL, 255 B3, P<0.05. 44%APH+<10 CFU/mL (6.4 CFU/mL), 8 hp HAE KAFBLAE DURM RS JR 5L R 50 hi e 35 e 25 5 . 2240R].
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F4 LR 64 CFU/ML I SIS 2RI R 7 PO R TR A K 22 S LA

Table 4 Comparison of growth situation of Listeria monocytogenes in four kinds of culture medium at 64 CFU/mL

BRI (Ig CFU/mL)

o
0h 2h 4h 6h 8h
Half Fraser 1.817£0.011 1.92440.025 2.149+0.042 4.973£0.020° 5.91940.016"
Fraser 1.81740.011 1.710£0.021 1.90740.035 2.960+0.020 491420017
LB, 1.81740.011 1.687+0.022 1.63040.027 1.675+0.024 1.678+0.028
LB, 1.81740.011 1.86940.005 1.87740.027 1.892£0.005 1.910£0.014
A M 1 2 3 45 A
bp
bp 2000 —
2000 —
500 — 100
100 — B M1 2 3 456 7 8 9 10
B bp
2000 —
bp
2000 —
100 —
500 —
100 — c

&5 HETR LA B[] )
Fig.5 Determination of reaction time for enrichment
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Fig.6 Detection limit of LAMP befor enrichment

: A: DNA HLIKE, B: LAMP =4 B Ik [, C: LAMP j=4) ¢
0,25 5. Pkl M: D2000 Marker, G 1: 6.4x10° CFU/g , ¥k i
2:6.4x10° CFU/g, Vkii 3: 6.4x107 CFU/g, Jki& 4: 6.4x10° CFU/g,
¥KiH 5: 6.4x10° CFU/g, ¥kif 6: 6.4x10* CFU/g, JKiH 7: 6.4x10°
CFU/g, ¥k i 8: 6.4x10> CFU/g, ki 9: 6.4x10' CFU/g, ik il
10: BRI A

A

bp

2000 — . .

o RS R

100 — I e
B 1 2 3 4 5 6 7 8 9 10
&7 i?l%WM)ﬁ LMP ﬁ?ﬁﬁ i3

Fig.7 Detection limit of LAMP after enrichment
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Table 5 Detection results of artificially contaminated samples
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Table 6 Listeria monocytogenes detection in production
line samples
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