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Primer pair DNA Sequence (5°-37) Fragment size

CAGCTGAGCTATGTGOGAT
A L/priA2 467 7
priAlipet ACCAATOGGATCCACAAG o

COUGOGATOAATTCGATAG
COVC04 Yie My
GTCATACCCGGGAAATCAATH

ACGGGACCAAGATACGAA
sctAl/actAl Wk 8 ; an actd
GCATGCTAGAATCTAAGTCAC

ITGOCAGATTOCTGUGAA
MpliMsZL2 418 Mpd
GOGCUGOGTTTCTACGTICOACT TG

IMTOGGGGAATTOCATGATTAG
Covcoz 1 7 iy 3o o m peA
CACTACTOCCGGGACTGAG
COAGTAGGATUCACTGTAT
COSCOH 419 plc8
ITATTIOCUGGUGTTTTGOTAATG

GTGATATAACTOCACTTIGOH
SCHMNCOR ¥y Sy SEFEAS 415 sl
GGTTAAGTTOGCAAGTGAGC
AATTOGGTTACAAAATOC AL
IndCVEBAM 120 imid
CAAGOGAGATAAACAAGCACTTGOO
CAAACTGCTAACACAGCTACT
MosaA/LislB A T S o lap
TTATACGOGACCGAAGOCAA(C
CAVAoCBI TAGGGCTTOTAAGAGAAG 4 "
s f . s olpC
v v CCACGATATTTTIGTACTG " r

AACGAAGACTTATAAAGGGG

opuC AL npeCRI' % A
s ATAATTACGATACGGGTCTGC e

K1 ARRATRAVVATI7RBREEFDT 47—

Serotvpe No. of isolates Prevalence
12a 2 16.67
1.2b | 8133
3b | 8.33
4b 7 S5K.33
4c 1 833

Total 12 100
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X2 BHARXRIRTITHBE¥RDPFGE /\ 32—/
Lanes 1 &4: isolate No.9, lanes 2 & 5: isolate No.
10, lanes 3 & 6: isolate No. 12.
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Changes in Growth of Artificially Inoculated Refampicin-resistant
Listeria monocytogenes in Refrigerated Lightly Pickled Cucumber
Induced by Addition of Antimicrobial Food Additives

Yasue Ito?¥, Tomohiro Hosoi and Shigeo Miyao

Food Technology Research Center, Tokyo Metropolitan Agriculture and Forestry
Research Center, 1-9 Kanda Sakuma-cho, Chiyoda-ku, Tokyo 101-0025

Listeria monocytogenes is a bacterium with wide distribution in natural environments that causes
contamination of various food ingredients. L. monocytogenes contamination in ready-to-eat foods such as
lightly pickled vegetables creates a risk of foodborne listeriosis outbreaks. To estimate the L. monocytogenes
levels in foods, Listeria-selective media such as PALCAM and MOX supplemented with specified antibiotics
are usually used. However, when estimating the growth of L. monocytogenes artificially inoculated to lightly
pickled cucumber using these media, the high levels of bacteria associated with the cucumbers inhibit the
formation of L. monocytogenes colonies and certain bacteria other than L. monocytogenes form colonies with
morphology similar to that of L. monocytogenes. In this study, we therefore established a new method to
estimate the growth of L. monocytogenes in lightly pickled cucumber by artificially inoculating rifampicin-
resistant L. monocytogenes and using PALCAM-Listeria-Selective-Agar-Base supplemented with rifampicin
(50 g/ml) and 1/100 of a specified concentration of PALCAM-Listeria-Selective-Supplement. Analyses using
this method showed that initial artificial inoculation levels of live L. monocytogenes were maintained during
storage for 10 days at 4°C and for 2 days at 10°C, respectively. The addition of 0.05 and 0.1% chitosan
significantly decreased the levels of live L. monocytogenes.

(Received Oct. 2, 2007 ; Accépted Jan. 25, 2008)

Keywords : Listeria monocytogenes, lightly pickled cucumber, chitosan, PALCAM medium, rifampicin
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S A L VA L, Brain Heart Infusion broth (BHI
broth ; H/KSE) MV T 35°C, 24 FiffiEMEEk, &5
8 (780 % g, 10 53 &V RS EEAKOK (Phosphate

buffered saline, PBS) T4 3 pikzEif% 2 mi#bvEL,
PBS |- F8K L 72k % L. monocytogenes JCM 7671 Btk
&Lk

@) # a9 ERROFHR

a9 100g ZEMEAKE (BRYK100g, AK2g,
IRy 3 B Y Y ABBE 0.1g) ICAN, 4°C, 9 B
BELLETEES 29 ) (THERE Lo, BEUL, PBS
= 10 fEERPERIR L 7-@#% 0.1 m] % Trypticase Soy Agar
(TSA, BBL, BD, Sparks, MD, USA) SEHuE I c KBk
#, 35°C, 2 HMHEERL THBEL 1.

(3) # 2wy fHEE & ILEES 2 L. monocytogenes JCM

7671 O KRN B (7 5 BEGIE

&0 L. monocytogenes JCM 7671 @ik % PBS THRL
1= L. monocytogenes Wik, B & % O L. monocyto-
genes Wil & + > v ) (HEEREZ 1 | ORATRALR
L. monocytogenes - ¥ = ¥ ) (1 EEEAEK 0.1 ml ¥ 2%,
Oxford Medium Base (Difco, BD) IZHElRE o RIRH|
(Modified Antimicrobic Supplement) %L 7z MOX
i, %5 J T PALCAM Listeria-Selective agar (Base)
(MERCK, Darmstadt, Germany) (< %% 2 T8RH|
(PALCAM-Listeria-Selective-Supplement) %@ hiL 7
el i ZefiREE K, 35°C TIE# L T, L. monocytogenes i
BAEMELL:. HERAKE) 27 7OERI 0 =—H
HE L THEEE N2 HETE L. FLEBHI~ND
L. monocytogenes ¥MEE 12, BHI broth (2 1.5% agar
A7 L 724 (BHI agar) (@il 0.1 ml 9°> % Zif
#iktk, 35°C, 2 ORI L CTMIEL 7=

(4) EEREHEE ;

B I O BRI £ R0 L 72 PALCAM Bt b THER:
AL o RELS 2 v ) HREOERE KRBT EDL
5 DNA %iili+ » ¢ (DNeasy Plant Mini Kit, Qiagen,
Hilden, Germany) i & b {ilitli L, 16S rRNA gene fjifi %
a=K—4 T34 =2— (5-AGTTTGATCCTGGCTC-%,
5’ -ATTACCGCGGCTGCTGG-3"), # X Uf HotStarTaq
Master Mix (Qiagen) % fl\ TH488E L 7= (GeneAmp PCR
System 9700, Applied Biosystems, Foster City, CA, USA).
PCR @4 1 7 Y » 7 %3, BEME 04C, 4H5PE, 7
==Y v 7% 52°C, 60 B, (ERMIEE 72°C, 180 BT
4044 2 v & L1 (ramp rate i3 1°C/s). PCR H8#R#EEY)
% QIAquick PCR Purification Kit (Qiagen) = THHY
#, [Bl7 351 =—& BigDye Termiantor 3.1 (Applied
Biosystems) £HVLTH A 2 vy -2 2 v ARIEESBC
A2\, RIGEEY % DyeEx 2.0 Spin Kit (Qiagen) 2#H W\ T
3L 7. DNA ¥—% x v+ — (ABI PRISM 310 Genet-
ic Analyzer, Applied Biosystems) %({$iffi L TiGohi
DNA EREINEREFF— 9 <—R, HEADNA7—¥
s¥v# (DDBJ, http://www.ddbj.nig.ac.jp/Welcome-j.
html) 12T BLAST ##% L, BREHEEL L.
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2. U7y Byt L monocytogenes DEERE

(1) Y77 vEY Vit L. monocytogenes ik ORI

) 7 7 v E ¥ vtk L monocytogenes (LIF, rr-L. mono-
cytogenes L507) BB OHEWIZ, BHI broth 5ml i8R}
% Z 05% (Difco), ) 7 7 ¥ £ ¥ ¥ 50pg/mi Foksid)
ZEsmU =¥ T L. monocytogenes JCM 7671 % 357C,
48~T72 B0 &4 T 3 (CHRREEEREY, 1 (1) L[EERIC
L T rr-L. monocytogenes JCM T671 Jilk 2 FRIL /=,

20 177 vEy vttt L. monocytogenes JCM 7671

O JfaEc 4 5 EERDE

PBS THI L 7= rr-L. monocytogenes JCM 7671 it &
Fao VMEEE 0 Q B8R £1:1 08ETRALE
{E& i 0.1 ml @ rr-L. monocytogenes BEL%, 1(3) &
B BIRRORMEEER, 61K 7 » v EY E50p
g/ml BN U 72 PR (r-MOX 55 s & O r-PAL-
CAM #24l) £BWTRMIEL 7=, rr-L. monocytogenes O
MEMOMIEIR, BHI agar #HWT1 (3) LEBkIcHBT
RoTe,

753 BHI broth & & U F%HE (& b IcEER)
rr-L. monocytogenes 28R L, 10°C, 10 HEI{##E#, BHI
agar, 50pg/ml Y 7 7 ¥ ¥ v &BRAEZRED 1/100
Wi L 7- PALCAM 5t (r-PALCAM 854 (1/100) &
) EHOTREERE LR didtolgsar
—H Lz &b, HRE&D O L monocytogenes D) 7 7
¥ E v iR T 5 S H L 72 (57— 7 KIGHD.

3. FaDURRANDQUT 7 ELViEM L mono-

cylogenes FEHIE R

(1) Y77 vy L monocytogenes [#iilk %Y

L. monocytogenes (JCM 7671 5 & O° JCM 7679 (Ifui#
Rldc)) 5% Ic2 (1) &LEIUHEBERHWT, 357C, 728
Rio&MHT 3 Bk EE, ththz1 (1) &[EHK PBS
CEHE - HFRLCEERSLT, V72 v E Y VR
27 ) TRERER S L. HREROEBRER, mL
monocytogenes JCM 7671 £ L U JCM 7679 O &ili, ¥
FUEhCORAMEE PBS T 10 fSEHR L, BHI
agar JEHEHEER VT 3) (R EBCE -1

2) *a2vYikiKic) 7 7 » € riittE L. monocyto-

genes JCM 7671 5 £ T¥ JCM 7679 % #Hi L 188>
B EGE

AEK100g icHLTRIR2g, /A7 I VBEF LY DA
W 01 g ORATMA TRBIL BRI 10g £+ 2
Y20gE2BMEAVRICAN V7 vEY VRl AT
) 7 BB (JCM 7671 & JCM 7679 DIRE, BB
5.0%10'/g BL U 6.7X10%/g) iM%, S[@EKVTH
OO%ZEEAZ ) » 7TRY, 4CBXIU I0C THRELL.
HERIER T &, 28>z ehEngHt 7L
y¥—MELA0L, PBS ZHWTIERL - 10 {SEREAH
i 0.1 ml %, r-PALCAM &l (1/100) i< Rinzpk,

35°C, AEMIE®LA HWALLY ZAF)TERN IO
= —AH#L, 280FEE%E re-L. monocytogenes BEEL
ELf Fh® a9 ) EEE rr-L. monocytogenes B
2EUERBUL, 10 SEBEBHE 0.1 ml 2 TSA FiiH
I ZEifBkk, 35°C, 20 L T ohic28D o
=—HOEHEE L. S5 pH # — % — (HM60G, #
fFs—r—4—) ZH0T, FEMHEAL 10HEICT L
v ¥ — Bk O i o pH @A RIE L 7z,
4. HEYRESNLEF22URRENOU T 7 2ED
VittE L. monocylogenes MR
(1) Y77 €y it L. monocytogenes @i > FH
NDZ2F7 YT 2@kEREN%E, 35°C, 24~T72 WM
T 3 REEARESEER, 3 (1) L[EBC 2 BKRES OMREK
L, EEERELL

20 HEAEE

BeEME b U oA (FDREESE, 4. EIT, KM Na &30
9), AT b Y o A (RDGHEEE, BRE 70%. LIF, LBk Na
Ligd), 7Y v (ADEHEE ), ¥ rvv (o—3-—
# b4~ FM-80, %5/ 30mPa-s, Bi7 5 L{LH8L.7%,
g 2 A ) ZER L.

(3) BMAERMERNFY =2 E#IC) 77 ¥ ¥ Vit
4k L. monocytogenes % H:fE L 7= BE 0 BEHAE

3 (2) &EBICHB L bk, SEREYHE (B

#BAT : 0.2% KM Na, 05% 7 ) &, 0.2% &l Na+05%
7Y v, 3% $L.BENa, 3% P8 Na+0.2% Ke#E Na,
005% % F 4>, 01% + 4 ) @MU 7 Mt iRk
WEEM L 56, & b IRk, ERKIC*
b EMA BRI, ¥R 1gico & I ml OFERR
(FEsids) #mA Tk, MekmiclmL TERL /-
7, SEMEAMBERKE, KBS ) O Ak
(Fots3E) & & O'HERR (FkEdE) T pH 6.0 Ic L /2.
COBEYEANEERE 0g &+ 20 20g EHEF
YSICAN, V7 vEYYEEY 27 TRIRE IR
(JCM 7671 & JCM 7679 DA, M MAF 54x10°%/g) %
MR, SEERVWTROOEEM 2 Y » 7 THY, 107C,
6 HMREL. 3 (2) LREMNC LT, MDA, (2 -
Bk 6 BEICEBENTEL, */EERKBE L6 HEIC
T vy - oEREO pH @EMEL: 21, A
MV T blEBRICHREINEL /2.

4) # b4 BEENELTF + 4 > - B Na RS
%29 VE&lic) 7 7 ¥ E &~ CifHE L. monocyto-
genes % HEH L 7[R o BT

DI EAMAbRE (RACEAE : 0.05% + + 4>, 01%

b4 v, 005% F b4~ +02% K5l Na, 0.1% + F 4~ +
02% BFfE Na) Va9 ) EHICY 7 » v E v it
o 27 TEEREH (JCM 7671 & JCM 7679 DRHA,
TARIRE 6.7X10°/g) 28k, (3) LEMICREL, rr-L.
monocytogenes ¥, HREE XU pH @2HEL /.
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Table 1 Growth of rifampicin-resistant L. monocytogenes in the presence of bacteria associated with cucumber on
the modified Listeria-selective media containing rifampicin (50pg/ml) and the specified supplement at

different concentrations

Basal Culture Concentration of The number of

Culture period

Growth of bacteria Black colony formation

medium specified rr-L. monocylogenes until counting associated with due to the bacteria
supplement colonies formed (/plate) rr-L. monocylogenes cucumber' associated with
and the rate of colonies cucumber other than
colony formation (%) rr-L.monocytogenes
BHI agar — 53 (100%) 2 days - —
r-MOX* 1/1 (as directed) 43 ( 81%) 3 days Strongly inhibited Negative
r-MOX* 1/ 10 48 ( 91%) 2 days Slightly inhibited Negative
r-PALCAM?® 1/ 10 50 ( 94%) 2 days Strongly inhibited Negative
r-PALCAM® 1/100 54 (102%) 2 days Strongly inhibited Negative

Rifampicin-resistant (rr-) L. monocylogenes (pretreated with 50pg/ml refampicin) with cucumber-associated bacteria (not
pretreated with refampicin) were plated at the concentrations shown on each kind of agar plate other than BHI agar
plates. On the BHI agar plates, only rr-L. monocylogenes was plated. Data are presented as the means of duplicate
cultures. The results shown are representative of three independent experiments.

! The number of simultaneously inoculated bacteria associated with cucumber : 3.4 X 107/plate

*r-MOX and ‘r-PALCAM : Each medium was supplemented with 50 g/ml rifampicin.

5. #EHEHT

Fig. 2 8L U Fig. 3 IcndERIcBWT, &4+ v7) v
FHICH Y 3 EEREX OB CiucZi) oFSfio
#£%, BREAGIERDH FHMTHEEEEL, HKith
# 7 b SPSS version 13.5 (SPSS, Chicago, 1) ZHW
T Tukey HSDikic & 0 He#e L 72 (f7R/KHEEZ 0.05 8%
). FERlicEVTIE, BUdF2vIREERAVTEC
15-7: 3E0#EHE L ERORIEI RO S 6, R&RMLL
DERLI.

EBERSLUER

. FaOUMBEEEETS L monocytogenes O
EHAEICH T 5 B OBMEFER

MOX i35 & O S o 0 RIiIRA 2 HE B, HiEo
1/5, 1/10, 1/100 @i L 7= PALCAM Keibst 5 fisfioik
Hitlc L. monocytogenes JCM 7671 - ¥ = 9 1) (fEERASH
W (BEREPEEL : L. monocytogenes 30/plate, # = 7 U %
B 2.5 10%/plate) % eiR¥BEKL, L. monocytogenes B¥L
DREERA . £OFER, WTholEt b+ 2 v U (EE
%, L. monocytogenes &[albficiSii 2 B EEI 45+
o ) {(FEE CUF, EhReks oY HER okEz
i < MME4 5 < EBRUHETH O, L. monocytogenes ® 3
o=—Z2¥5, HETICERHEES - (F-5%KIB
). BHREls - o) (FREORMIL, 16S rRNA gene
DEERT|OMITIC X D, Microbacterium testaceum, Micro-
bacterium arborescens, Sanguibacter keddieii, Intrasporan-
giaceae D 4 Fi (\F'h & Micrococcineae I[ZI®T %) Liff
FEahi (F— 7 &5,

2. FaOUMMBERFETIVU I VEL VKL
monocytogenes DEEEE ICEH 1 2 HH LM OE
220 ]

1 DFERM S, FEHINZ S0ug/ml ) 7 » v E v v EERMN
(r- &30 L9 § .29 ) (HEED 2 o0=—-KEH
HlEaEEbic, V77 v E v vttt L. monocytogenes
(rr-L. monocytogenes & Kit) = ANAINCEELT, +a
9 ) (I EEEE T O rr-L. monocytogenes BEENES 5
FHik&#Ei L1 (Table 1),

rr-L. monocytogenes @ 3 o = —JEk#EIE, F29 Yt
MR 34X 10" /plate DIBG, HALLT TR
PALCAM Kt (1/100, F&5iE&3R08) O SUERMMAL =04
SRR E£EMNN IR, UTREED EhTuvik,
AR | TRIRE LS 5 - R BF 2 o ) [REC/
DF 29 Y FEEOEFELMIBIL 72 (Table 1),

r-PALCAM $#ll (1/1 8LV 1/5) ic2LTIRERIT LA
Mot TOBEHE, AIH1IOY 7 7 ¥ E v 28RN
PALCAM 4t (1/1 8 & T1/5) 2BV T, L. mono-
cytogenes HIMEEHE BREERF O 0 0 = — AR H BHI agar
EHBLTEVEEHS - 110 TH 5. {ETERAEE
wmel, V77 vy ry0a%ERENL: -PALCAM B
#h, r-MOX E&ith, r-TSA' L0 r-BHI agar Tl, * =
9 ) (HEBEOLEFHIED SN, rr-L. monocytogenes BEEL
ZIEMICEHET 5 C EAHRLD - fo (F— 2 RIGHD.

PLEORER» SREINCHM L T, rPALCAM it
(1/100) 75 rr-L. monocytogenes O EEMIFEIC K LE L T
W3 &L £

ISVIINE Y —k—Y, RE—IY—-EY, RIPE
DOENMTRAPKENM LGSO L. monocytogenes DT
EFRITIcBVLT, Y77 v Y v ELEO L mono-



