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Development and Collaborative Study of Rapid Identification Method of Seven Serovars
Salmonella in Feed Using Multiplex PCR
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We have developed a rapid identification method of seven serovars of Salmonella (Salmonella
enterica subsp. enterica serovar Choleraesuis (S. Choleraesuis), S. Dublin, S. Enteritidis, S.
Gallinarum, S. Hadar, S. Infantis, and S. Typhimurium) in feeds using multiplex PCR, and
conducted a collaborative study.

In the multiplex PCR method, a sample was incubated in buffered peptone water at 35~37 °C for
18~24 hours. Then, DNA extraction from the supernatant with InstaGene matrix (Bio-Rad
Laboratories; California, USA) and Ethachinmate (Nippon Gene; Tokyo, Japan) was performed.
The PCR was conducted in a reaction solution which contained the extracted DNA, seven
multiplex primer sets for detecting target-serovar (Hokkaido System Science; Sapporo, Japan) and
KOD-FX (Toyobo; Osaka, Japan). The amplicon was subsequently separated by the
electorophoresis through 2.5 w/v% agarose gel, and stained with ethidium bromide. After the
electrophoresis, the test result was examined according to the presence of the amplicons with the
identical size of the positive target serovar DNA fragment.

The seven multiplex primer sets were able to determine whether 128 Salmonella strains with 50
serovars (including 102 strains isolated from feeds) were the relevant serovars. Minimum
concentrations of Salmonella in buffered peptone water with which we could successfully identify
Salmonella serovars using multiplex PCR method ranged 10°~10° CFU/mL for almost all of eight
sample feed ingredients and seven feed samples.

A collaborative study was conducted in six laboratories, which used five sample feed ingredients
and three feed samples inoculated with Salmonella. All laboratories correctly detected the seven
serovars of Salmonella inoculated in samples.

Furthermore, a comparison between multiplex PCR method and reference method (culture
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method) was performed for 272 commercial feed samples. Excluding two samples which inhibited
PCR, 270 samples were correctly identified as negative to seven serovars. While rapid
Salmonella detection with inv4 gene was also studied, it was found further investigations were
necessary because of high false positive ratio of 4.9 % to 14.3 %.

However, the multiplex PCR method mentioned above was thus validated and established as
adequate for use in inspections of Salmonella in feed.

Key words: feeds, Salmonella Choleraesuis, Salmonella Dublin; Salmonella Enteritidis;
Salmonella Gallinarum; Salmonella Hadar; Salmonella Infantis, Salmonella Typhimurium;
multiplex PCR; rapid identification; collaborative study

F— U — K : i} ; Salmonella Choleraesuis ; Salmonella Dublin ; Salmonella Enteritidis ;
Salmonella Galinarum ; Salmonella Hadar ; Salmonella Infantis ; Salmonella
Typhimurium ; ¥ /L F 7 L v 7 A PCR ; Uk [EEE ; Il ER

1 # &

B OV NLERTIERIL, FE + FXADOPFLEXTREEIFRE 20, 72, SESLMNERESH
HZEWCEVNOBRPTEDORRKE R VELZEND, FEWMELT TRIAREEOmMND L E
ERMETH D V.

MSTATBOE N EMOKEN B L 2B 2 — (LLF TFAMIC) & 9. ) 1%, fRtORZ 2D
Ml K OB OB BT 5k S, MR O LERTOE=FY kR 1976 4F
PHEERLTEY, ZORBRIESE U CIEARIHEE Y45 18 # 1 @ 1.1 OE&RE (LT THEEE)
LWV ) EHNTWS.

REBYER TR 2T, $VEXRT DS b, Salmonella enterica subsp. enterica serovar
Gallinarum (biovar Pullorum /% OF biovar Gallinarum z&%e) (LLF [S. Galinarum) ERSEET 5. fih
OMmIER S LLFREBRICKTE T 5. ) DEEMBYIH ORIEIL, S. Choleraesuis, S. Dublin, S.
Enteritidis & O S. Typhimurium 23)& R G4R ORIEIR S L TIRE SN TWD . 2406 DN EED & R
H SN2 H BT, K OIRYERIR DR A T B R O F AJERS 1L D 72 ) O HGR R RS A LB & 72 2
D, BERIETIE, MENHATLETIC 46 HEIZZEL, BEOEE, SR O mERM £ Tk
10 HFEIREZEST 200, I0EHBTHLERXT0MEMERET 2 HERRD LT
5.

PIERT OMIER 2 HHIZFET 2 HikE LTE, vV F 7L w7 A PCR %o iikn
HENTWE PO HEDL L, BORELWORBICEEEZ KIETZERMOA TS EER
MmigH & U<, ki 5 iMmiEAIC S, Hadar X OV S. Infantis 2Nz 72 7 iR OV LT (LLF [E
TMIHER ] LWvWo. ) ZRBEICRIETE LT 74 ~v— %% LT

2T, ABFETE, fAEHR o EEmMER A2 REICRET S HEE LT, MELORBELETT
A~v—%H\Wle~vVF 7Ly 7 A PCR IEIZ L 2 GE R E 15K OFE O L 31 7 O 4 il
WCHET B HEE LT, invd RIBAZ 94 ~—%2 AW VEXR T ORBERIIEEZHET D & &
b1z, M@ K R A EM L, ST EAE~OBEH O S A BmE LD T, ol
EWETD.
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2 EERAE
21 HTIERZE
211 ARERE
Table 1 ® &Y, FAMIC THEJii L TWAHEIOE=4% 1 > ZIZB W TEEN D B S - HE
BRI N AR RS, RAMOKPESS Ehi 5 3K S i A AT S O NEAT BUE N R 2E - B i PEZE BT G 58
e E At seer (Bl ENCAFZEBRIEVE N R 2E - B0 PEZE BN #e G AT JERAE B W i A= A SR
) 2260 5 SN @EKEOF 128 £ (50 MiFHA!) ZMEHIHW . RBREKIE, REBREGE T
10 %A 3 A 2 )L T80 °C THfERFE L7=.

Table 1  Serovars of Salmonella used in this study

Serovar Numper qf strains !\Inumber of strains Serovar Numper qf strains !\Inumber of strains
uesd in this study  isolated from feed uesd in this study  isolated from feed

Agona 8 8 Livingstone 8 8
Albert 1 1 London 1 0
Amsterdam 1 1 Mbandaka 1 1
Anatum 2 2 Meleagridis 1 0
Bareilly 9 9 Menston 1 1
Blockley 1 0 Minnesota 1 1
Cerro 7 7 Montevideo 2 2
Choleraesuis 1 0 Muenster 1 1
Cubana 1 0 New port 2 2
Derby 1 1 Ohio 2 2
Dublin 1 0 Orion 1 1
Enteritidis 1 0 Oslo 1 0
Fyris 2 2 Putten 1 1
Galinarum 1 0 Rissen 1 1
Gaminara 2 2 Senftenberg 13 13
Give 1 0 Singapore 1 0
Hadar 1 0 Sofia 1 0
Havana 9 9 Tennessee 6
Heidelberg 1 0 Thompson 0
Infantis 4 4 Typhimurium 11 6
I sangi 3 3 Weltevreden 4 4
Krefeld 1 0 Wippra 1 0
Lexington 1 0 Worthington 1 0
Lille 1 0 018:z4,223-- 1 1
Liverpool 1 0 03,10:g,m,s 2 2

Totd 128 102
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R s T2\ TR U 7= SR ECRE 8 FlEH 11 A K OVBCIR A Ak 7 Fi%H 8 s oDt 19 41
ikt LTHWEZ., Zhbid, SO0 COBEECHENTLVERTBEETH L Z L 2R
L.

2)  BEMEEE

YRR 10 AEE M B R 25 FEFE E TIZ FAMIC S RB L7238 Bt D 5 B, BEEIBIC X v BTk L &
AVTZRREE 44 50 (BUR G ERE 14 53, BV MEEDEHEURE 26 53, AREADVEETEHEURE 4 550 &2 Hvie.

3) =%V 7 Ak

WL 26 4 4 A6 12 H £ TIZ FAMIC 23 ERER L 72 308F 272 5 (BB & AR 111 41, Bk
FAEHECEN 122 550 &% O PE A BHEURE 39 a0) & V7=,

213 & ¥
1) KEfF MY oA, EHBREOEAT N U AERIERHKEZH V. JKiEX, RFD230RA
(ADVANTEC #) |2 X R L7228k (IS K0211 @ 5213 (2 EFK I 7= K) , Direct-
Q 3 UV (Millipore ) 12 &L v &8 L 7@K (JS KO211 @ 5218 IZEF S - @HliK) KO
EEHIK 2 @S EZAKBE (121 °C, 15 ML L) TP L 723 ik 2 vz,

2) 7L ArN—h AT a—a FERKEH  Brain Heart Infusion Agar (Difco ) 529 l2/Kk%
% T 1000 mL & L, WK\ TIMEL TEMN L. ZhE XNV LI —FRIZIRA D L5
[220mL 7R L, AKEICHE S ECRESE2%, BEL CSrzbdnicd oL, 35-37°C
T 1 EEREE L O R A i SR

3) N—hA T a—Ta VFEXEM  Heart Infusion Agar (Difco ) 40 g %7k 1000 mL (251 %,
121 °C T 15 @ EARBE L, 2z X R VI —FRIZEN S L 91220 mL 3iE L2, K
WACHE L CRERE S Bk, iR m eI,

4 FNVTFRYAT AU N TSNV AT AT U (FEAMEEERD) 30 g & /K 1000 mL (2
WL, HRBREIZ 10mL 320 L7k, 121°C T 15 M m EAKIRE L 7e.

5) 25 mmol/L KE&{bF b U U AR AKEE{bT N U 7 A 0.1 glZ#ffiZk 100 mL # 2 TH&ED L,
121 °C T 15 Fy ] FEZ& XU L7z

6) 1 mol/L bV ABEREEKR 2-7 /-2 KX AF0-13-7 a4 —v (F{LFEH)
12.1 g (CHEHlik 60 mL 2 0%, WICHEEE 42 mL 20012 CTIEM L, HEE T pH % 7.9~8.1 ICFH#
L7-t%, FICHEMAKZIMAZT100mL & L, 121°C T 15 M &EEARKIRE L=,

7) AEHEAER ET NU ULAE 0.9 wihd b L) ICHEMAKEIMA THEMNL, 121 °C T 15
Sy RS RIR A L7z,

8) Ethachinmate =Ry v —

9) MonoFas N2 7 U 7% 7 ADNA fiti¥ > VIl Y—x L4 o 2l

10) QlAamp DNA stool QIAGEN

11) DNeasy Blood & Tissue QIAGEN #

12) MagExtractor HUyE#h U

13) InstaGene Matrix Bio-Rad Laboratories i

14) TE#E®Ei% TEpH80 =y v— il

15) 7T A4 ~— IM{EREIC 4 DORENREE TR 2 HEE S E % S. Choleraesuis i H 7
T4 ~—Fvk, S Dublln@%;ﬂﬁﬂ7 T4 ~—%v k, S EnteritidistiHH77 14 ~—%&v b,
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S.Gdlinerum #7727 4 ~—t > §, S.Hadar R 77 4 ~—% > b, S.Infantis & HH 7
SA4~—tv bk, S Typhimurium A7 I A4 ~v—ty F ) (RTIWES AT L - AT
28 E W

16) 10 uymol/L I A ~—iRAWIK 774 ~—% TE #&E# T 100 pmol/L (Z¥#fiFE L 7=, i
TEAFICH TR T T A ~— L PRAEBHMAK L ZIRA L 10umol/lL 77 4 ~—iREIHIK E L.

17) PCR#&f#jjik 2xPCR Buffer for KOD FX By 5

18) 2mmol/lL T4 F T X7 LAY K=V UERIEGH 2 mmol/L dNTPs  HyEfs

19) DNA R U 27— KODFX (1.0unit/uL)  HyEH5

20) PHMEXTRR BRI HRFRRL O 72 OREHER R & L C, MNLATBOE NRE - B EEHINR A
WFFERERE B A 92T > 540 5- & 47 S. Choleraesuis, S. Dublin, S. Gallinarum, S. Hadar
OV S. Typhimurium, JEHE K205 5 & u7- S. Enteritidis, FAMIC 23R 5 458 L 7= 8.
Infantis = LE VW -,

CIHOERREKE TN TN T LA o= T a—V g VEREMTERELEZE, G50
7oA LIEE9E L, 25 mmol/L KEE{bT) MU U AEHE 50 uL IR S 7. MBS EoHl
a7 /NI 7 ay 7 EIEMETO5 °C, 54N L-%Kkm L7z, 1 mol/lL Y AEREEE K 4
UL ZiEA L CTHFIL7=#, 10000xg C 5 4y im0yl L 72 B ARICIEEEMKZ Nz, 1
mL HIZ DNA & LT 10ug BL E&2EH T 5 & MigA o B xt A s L 7-.

21) PCRGR  IRE MK 1 uL, PCRAEME WK 25 uL, 2mmol/L T4 F > X7 LAY F=1 &~
FelR 4 10 pL, 10 pmol/L 77 A ~—iRA %K 12 yL L O'DNA 7R U 2 7 — 8§k 1 uL % PCR
Fa—T 1KLYV OMNEEL L., ZUHORIEIZONWT, WERBGOEEZENENT T
ATy 7 WL EE (K& L5mL) 22 TR L.

22) PCR iR (FHEMERM)  2)ICB W TIREEMK 1 ub 2B xR 1 ul iR 2 TR L
b D% v,

23) TAE #&ffit S0xTAE (= v R Y —8) 20mL 2K TAR LT 1000mL & L7=.

24) 25 %7 Hnr—AKS)L Agarose LO3/TaKaRal (¥ #1734 A4H) 25 g % TAE &K 100
mL 2Nz, KIS TMEAL TR L, FVDESH 3~4 mm 2725 & 5 ZFV BRI
Liadr, b a—AORIZKIEARALRNE D EEIC T — L% LAk, HiECHE L CH
fbE¥7-.

25) ERIVKENH M FIER  6xLoadingdye X 1T 3o A

26) DNA /3 7-#~—7— 100bp DNA Ladder # 71 7 /31 Al

27) Yt RAb=F YU L 10 mg 2K 1 mLCEN L TR F VY AR AR L,
i HIRFIZ Z O R 50 uL 12 TAE #&ik 1000 mL Z 1 2 THethik & L.

214 HLEROEGE

1) 77 ay Z{EEME  Dry Thermo Unit DTU-2C % A 7 » 7 il

2) DNA EiE%EE - PE9700 % Applied Biosystems i

3) FERUKENEEE : Mupid2 XX Mupid-exU 7 K 3 2l

4) EBRIKE Y — U RE S AT A AE-6911CX Xt AE-6932GXES-U 7 h—1



22 EABHIFZCHS Vol. 44 (2019)
215 RERIIE
1) AR

EERIEORMHERE & O HIEIC Lo 7.

2) DNA filiH

DTHOLNAIEEERKRO LERK 200 L 2~A 7 aF2—7 (F& 1.5 mL) IZ AR,
13000xg C 1 syfiim v L7z, EEAEERE L. BIZ, 1 mL OABREKREZIRNL
PEERIC L0 R4, 13000xg T 143 Lot L, EEAEREZRE L.

BRI BV~ A 7 0 F 2 — 7T InstaGene Matrix 200 L e~ A s aF o —7
IR, Y& S H7-%, KIBH T 56 °C, 30 IR+ T->7-. 10 BREEH L-1%, T/
7wy ZEEFE T 100 °C, 8 /r[IMNEL - A L7, 10 BhRIFEEE L7=%%, 13000xg T 3 47 [z
Do BEL, EEAWRI00UL ZFH LA 7T 2—7 (FE15mL) (B L.

SYE U7z B AR IC 3 mol/L WEfE T R Y 7 A 3.3 uL 22 CTIRA L7=#, Ethachinmate 1 pL
ZINZC 10 BRE#E L., =& 7 —)L 250 uL =iz, 10 BRH#E L7-%, 12000xg T 5 4y
M B L=, EEARERREL, 70 vivet ¥ / —)L 1 mL Z 12 T DNA XL v k&S
L, 12000xg T 5 im0 L7, EEAEEZREL, TS L2%, @ik 20 uL %
Mz THEMNLT=H D% DNA REHER & L THW-.

3) FUBHAWKE DI

FIMIERIC-DE, PCR KGR 49 uL & PCR = —7 (&£ 200 uL) (AL, DNA #REHE
1.0 uL Z M2 TRV R, PCR UM 230EHAK & L=, 72, PCR IR (FHEMER
i) 49 pL %#3 PCR F = — 712 A%L, DNA EHE 1.0 uL Z /0 2 CRERICEAE L, HEMR
AR 2 U7z, FIFRC, BEPERTIR 1.0 pL R OPRE L7-#8HiK 1.0 pL 2550000
PCR G 49 pL # AN7=ZNZ 5D PCR T o — 722 CTRARICERIE L, BHMEXRHRTE &
Ot RiR 2 L. 7ok, AFRICB VT, HERDBHRENARIZERHC L E=4
Uy 7 TORMFMLT-.

4) PCR )i
BB, PRE MR N RURHA IR, Btk RO K OV I D A > 72 PCR F 2 — 7 %
DNA HIRZE I A4L, PCR G ZIT o7, BG4 Table2 (278 L7z,
Table 2  Reaction conditions of PCR
Therma cycler  GeneAmp System 9700
Cycle conditions 94 °C (hold for 2 min) — [ 98 °C (hold for 10 s) — 60 °C (hold for 30 s)
— 68 °C (hold for 30 s) ]x35 cycles
Mode 9600 Emulation
5) EXIKE

TAE #EMEHE XX TBE #&E K 2 AL EBRIKENZEEIZT o —A 7 V& AfL, 100 V OEE
JEC 10 53 Ttk B &2 1T - 7. PCR KIS O T L7 aBHA K, PRLFH MR RBHAR, Bt xt
HRIK fe ONFa 5k R % OV DNA 3 T~ — 1 — 4 5 nL ICERIKBIHAFREK 1 uL 2 Z2hTh
MATREGL, BROEBELZHEOT Ha—AFLDENERHO T = VIZHEAL, 100V DFE
BETTRET =) =L T V=N )LD 4~5 cm BEI§ 5 £ CEXIKE21T-72. BRI



FRPOYILERXT 7 HIERO~/LF 7Ly 7 2 PCRIEIC £ 50l R EE D BE %S K ORI 23

KT LT Ha— A7V EFAVRAIRIZAI, § 30 MR Lz, EX0kE/ 7 — ik
BV AT AT 365 nm X 312 nm D EESME A U L, PCR HEIRFEY O f 12 fesd L 7-.
6) Hl E

Bo M BRI I B W TR MRS T2 4 DO Y1 XD PCR ¥EIRAEW 3§ < TR &
, BEMERTRIKIZI VT PCR MR EM B R SN WIEE T, 220, BEHRIRIZHE W TA M
ERREH 7 74 ~—t v MZRIET 2 4 DO A X PCR HIRFEM T X TR S
%A, SRR 7 74 ~—1Cxtie T A2 v e T 0NBEEHE L. 2720, ]
LR EHA T PCR HEFEM DR SN2 WAL, PCR S ZET RN E L
TWDERNWAHDZ LD, BZlEHEIRIZOW T OHEIFTATOL R o7z,

Bo Pk R C PCR ¥R EEW) 3 1 S 4L 72 W IGA K OV Mk K © PCR H4IEEEW 3 tH S 4
7235 A121%, PCR UG IEFITITON TV WAREMENH D72, PCR i LARE O F iR &
1T-o7-.

¥, RiEOWE% Scheme 1 ISR L7z, £72, FMiEHBEH 794 ~—t% v MC X D8
MEEM DY A XX Table 3D EBY THY, HMEUHRER T 74 ~—ky ML, 1FEALL
BTOVILERTRF > TV DLRAEBERE T invd 2T 2774 ~—NEENLTWV5S.
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Buffered peptone water 250 mL (Roux flask)

|—add 25 g of sample
Preenrichment (37 °C, 18~24 h)

[
DNA extraction

— transfer 200 pL of supernatant to 1.5 mL of microtube
— centrifuge for 1 min at 13000xg

— remove supernatant

—add 1 mL of saline

— centrifuge for 1 min at 13000xg

—— remove supernatant

——add 200 pL of Instagene Matrix
—heat at 56 °C for 30 min

—mix for 10 s

—heat at 100 °C for 8 min

—mix for 10 s

— centrifuge for 3 min at 13000xg
—transfer 100 pL of supernatant to 1.5 mL microtube
—add 3.3 L of 3 mol/L sodium acetate
—add 1 puL of Ethachinmate and mix
—add 250 pL of ethanol

— centrifuge for 5 min at 12000xg

—— remove supernatant

—add 1 mL of 70 v/v% ethanol

— centrifuge for 5 min at 12000xg

—— remove supernatant

— evaporate to dryness

— dissolve in 20 pL of sterilized water

PCR
I
Electrophoresis (TAE buffer, 100 V)

[
I dentification

Scheme 1  Analytical procedure for Salmonella in feeds

Table 3 Amplicon size of each serovar detecting primer set?

Salmonella serovar Amplicon size/base pairs
Choleraesuis 100, 198, 305, 605
Dublin 105, 203, 296, 605
Enteritidis 101, 203, 299, 605
Gallinarum 97, 206, 301, 605
Hadar 105, 199, 303, 605
I nfantis 95, 198, 304, 605
Typhimurium 94, 196, 303, 605

a) All multiplex primer sets include common primer pair to detect
inv4 gene (amplicon size: 605 base pairs).
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216 HMERBRHEHT 74 ~—t v hOV TR TITRT DR K OV
211 ORBERE T LA v N— T 2a— g VEREM T 37 °C T 18~24 B[k L
=t BON-EEE LESEL, 25 mmol/L KER{LT R U 7 AFEHE 50 pL (CRRE S B 701,
217 O )07 N Y BRIHHIEIZ LD DNA Z4it L721%, 2.1.5 @ 375 6)IC L v Mg R o [FE
ZiTo7=.
2.1.7 DNA it 5L O RES
2.1.2 ® D)OREID 5 BktanE vy, 215 O 1) X 0 EiEEE#E L7-. S. Choleraesuis %z h
UZ MY ATA 3 EHT 37 °C T 20~24 FFfHIEE 2 L, A E O LK 2 F Vv TR RS AR
L 10°~10° CFU/mL Oz L7-. BoN-EHikd, 2.1.5 O KRR D 1) 5 7)DF 8 i
D DJ1ETDNA R L721%, 2150 3)7 5 6)IC L v MiER o FEE 21T - 7=.
1) TV EGhIHIE

B 50 uL % 3000xg T 20 4y iz OB L B Ak 2 brE L2 b 012 25 mmol/L KEE{k7 b
U AR 50 uL 2z Tl S w7, BBSE-EHRE 7 /v 7 ay ZEEM T 95 °C, 5
SEMEBVU 72 %% 5 L. L mol/L b VU RIEEEFEMEIR 4 uL 24 L CTHF L7=#%, 10000xg T
5 Jy sz 0y Bl U 7= BV A2 DNA sEHR & L CHW-. 10 ARV TIE, 20 EER
& % PR MK T 10 AR L 7=

2) 7V Y #uh Hi-Ethachinmate il 7%

DIZHEVFAR U7z 0l 0 BB 20uL 28 L~ A 71 Fa—7 (F&E15mL) I
%L, 3mol/lL KEfgJ NV w7 A 0.66 uL Z1x CTIRA L7-1%, Ethachinmate 1 pL %/l C 10
R L7z, =% /—/L 50 uL &Nz, 10 SR L7=1%, 12000xg T 5 4y 0ot L 7=
%, EBALEERE L., EBEARERELEYA 70 F2—7I12 710 VIV% =% J —/L% 1
mL 2T DNA XL v h &% L, 12000xg T 5 4y 0ol L7-%, REERKZREL,
LR U=, REEMK 20uL 22 CTHWEMA L7 D% DNA BEHR & L CTHW -,

3) MonoFas /X7 7 U 7 % /7 & DNA HitH v b VII filiHA

~Ar7uFa—7 (B5E 15 mL) [ZEHK 200 uL Z AfL, 20000xg T 2 4y im0y EE L B

AR EBRE LT, F v MRMTOBIAEFITHE DNA SEHK 23R L 7.
4) QIAamp DNA stool fifi %

~A7aFa2—7 (K& 20 mL) IZEHK 200 uL & AL, ¥ MR OFIEIZHEV DNA
AAEHR A R L 7.

5) DNeasy Blood & Tissue ffitH 74

~Afr7unFa—7 (FE 15 mL) [ZHEHK 200 uL % AfL, 5000xg T 10 4y MmOy B L B
HRAEBRE LIt, ¥ v MRS OBIAEFITHE DNA FREHK 2R L 7-.

6) MagExtractor fili %

~AfruFa—7 (FEL15mL) ([ZHEHK 200 uL % AfL, 6000xg C 5 4y 050 BfE L E7 A

WERE LML, v RO EITHEV DNA SRR 2R L 7-.
7) InstaGene Matrix fifi 1%

~Ar7uFa—7 (5E L5 mL) IZHEIK 200 uL Z A, 13000xg T 1 4y fliE Doy i L 7=,

R EREL, AFAER 1L mL 2RI LRI X0 B, 13000xg C 1 47O 5B
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L, EEREERE L.

AR I BRI~ A 7 v F 2 — 71T InstaGene Matrix 200 L Z @ L, TR S w7214,

K¥FH T 56 °C T 30 AR Z4T - 7. INilt:, 10 PR L7=t, T A I7 a v 7 Eii

T 100 °C T 8 ArfElN#l - A L, 10 FoRIFE#R L72#, 13000xg T 1 4rfilE LaiEL, EEA

% DNA 3EHK & L THWZ.

2.1.8 R B2 UG T C O H AT HE 72 B IR O B

212 0 )OO 215 O DIC KV AMHEIEE Lz, £ EEMERE N S MY A 74 3 8%
1T 37 °C T 20~24 FEfIksE U, BIEREE O LERIEZ WV TEEAIR L 10°~10° CFU/mL @
HIRZR L7, Bon-EikZ A, 215 0 2)i% 2.1.7 ® 1)I2 X Y DNA i %247 - 721,
215D 305 B LV MiER DR E 1T - 7=,

219 invd ZFERE L Lo xR TR HE (LUT TRl EE] Ev) . )

S. Enteritidis it 77 4 ~—1t > b LS. Typhimurium BHHA 77 4 ~—% v F D&% Hu
T, 2150 )15 5k vk E T 72,

FIENE, BtExHRIRIC W T invd A 77 A ~ —IZkH5T 5 PCR ¥R ED SR S 4, 2
PRI 35N C PCR IR FEY) 3 H S L7 WS T, 2o, BEHAKRIZB W T invd R
T A ~—IZHRIGT 5 PCRIGIEFEDM SR SN 5GE1C, AT Ttk & HE L.

BE Mkt B C PCR SR FEW) D3 S v 70 WIGE S OV M IR © PCR IR FEM) 3 R i & T
BaTiX, PCR BUSNEFIZITHON TWRWATREMEN & 2 728, PCR G LARE O F iR 21T -
7.

2110 2.1.7 X ON 2.1.8 TH 7= B iR O I EE o I E

217 OBFHIBWTIE, RPN YA T4 I U BITERE L-#HKY, 21.8 OBEHIIHBWT
TR ERE R O BB ZEHBEOREICHWDEK S L.

R 2 A B E T 10™~10° 5 I PR A L 72 1%, BRE S b U LIS 10°~10° i D A FRE I 1 mL
ERFL, "—hA 7 a—Ta CEREH O ML LIBFMLED . RROKBENIEAD E TH
L2, SBIInh— A7 a—Ya VEREM 10 mL 20 LED -, FEREICRE R %2
HifE L, 35~37 °C T 18~24 Wi~ h U MAMHE L CH&E L. £HPIRESH-D 3 iR L7,

Br#%1%, 30~300 fHDOEE AL L= b U MOEHEEERD, ZORBAGRN S @ik
R Tz,

2.2 JL[EEER
2.2.1 M [E RS H R
1)  BEREI R
BERIBEIC RV VTR TRETH D 2 & 2l L R B HEL A R L O 44 100 g
FTONGF Licb o GREHAIZIERR) & 182 HRISINA R L TARBREICER L.
2) DNA ik
BRIV I LERTRETH D I L xR Lot —Ant, ARSEEHEA SR, W
RIEE AL, % I—, 72 —I— L EOKEMNT % 215 O D)XV AiHEE
e U7-. MEYEEKR O S. Typhimurium, S. Choleraesuis, S. Dublin, S. Gallinarum &% O* S. Hadar
K1HE&HEEZ N T NV AT A 38 10 mL C 35~37 °C T 18~24 Kiffi55#% L7=t%, 75 °C
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DOARBT LML BT 5 Z LIC X VPR S 72, A EERK O BB A 45 mL (12, ﬁE/ﬁéZ
SH T E IR XA AR 500 uL #RMLIEA L. AHAFIEE HE S e
Typhimurium, AKIEE AECAEEHZIE S. Choleraesuis, T3 > 2 —/L{Zi S. Dublin, 7:*7“
— 2 —)L{ZiE 8. Galinarum, KTiH29121% S. Hadar, ©— /4 II3ABERERZ Z<Eh
WL, 2150 2)IZHEVDNA REHRZ B L7=. 2 b x2820uL 7>/ Lieb o (R
B2 I39ER) % DNA filiHiR & U CARBREIZ A LTz,
B, HAEEMEEKDO ) TSNV A T A I M TORESOREREEIL, 2110 XV HEL
7.
222 PFAfFERIEE
1) Ethachinmate
2) InstaGene Matrix
3) 10umol/L 77 A ~—IREIRIK
2.1.3 D 16) L [FFRICHRHEL L 7.
4) PCR fE#EiK
5 2mmol/L TAF X7 LAY K=V VRIBAIR
6) DNA KU 2T —Fi
7)  GYEXR
2.1.3 D 20) & [FFRICHRHEL L 7.
8) WS HE R
FEHEE R D S. Enteritidis X O S. Infantis & 1 H&H%Z N 7 Y A 7 A 9 U854 10 mL T
35~37 °C T 18~24 FFfll53E L 721, 75 °C O/KIB T 1ML FIET 25 Z LI K VS E -
Lo, WOICEHAREREZK S5 mL F 2o/ Lizb o (B IFIETIR) ZIRMAEK S L
THRBEICEM L.
R, HAEEMEEKDO ) TSNV A T A I M TORESOEREEIL, 2110 XV HEL
7.
223 iraket
FRBREICB VT, BEREMAREZ 215 © 1D)IC X 0 i EE#E L2, HBERO LEAKR
45 mL ZIRINAER 500 ub EIRA L7=H D% 2.1.5 @ 2) DNA i v 72 GRUBH 2 FEE &
R 3 TR 6.4%) . DNA fhiHiikIL, =D F % 2.1.5 D 3)® DNA #lkHE & L THW 7=,
224 RBIFE
KBk o7,
225 #HEHIE
FREHZDWT, S, Enteritidis i 77 4 ~—%& > K KOS, Typhimurium i HHH 77 4 ~—
vk %ﬁﬁwf%ﬂc%ﬁ%ﬁw ®IST 5 4 SO A4 XD PCR tﬁégl IFEMNT X TR Sn-85
AT T+), invd IZxHET 25 PCR MR EY DB S NTZ5EIIE TAL, RBRHOEGAIE -
%%&%é’&é:&kbf:. FERN TA] & 7o 2R BHZ W TIE, X512 S. Choleraesuis #:H H
T4 ~—%v bk, S.DublintrHH 7oA ~—% > bk, S GdlinaumBHEHA 774 ~—% v I,
S. Hadar A 77 4 ~—t v FEOS. Infantis (R 7 7 A4 ~—t v b2 AW TRBREZITWIAE
Rl EESELZ L& LT
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2.2.6 53 S 11 1]
Rk 25411 A 20 H~ ¥Rk 25412 A 6 H
227 gtk
FRE K OKMERRHA T 74 ~—% v NMEIZ, *ET2 4 DOREH A XD PCR HEIFE
Wyin 3 R SN E, invd ISk D PCREGREIEY S S i &2 45 L=,
228 ZNiBr=E
FAMIC JRfafte AR, Rty % —, ittty ¥ —, AAdEREr ¥ —, RHEFE
A= RO v 2 — (G 6 RBR=R)

3 BRRUEBE
31 HrikBA%E
311 HMIERBEN T 74 ~—t v OV TR TITHRT 2 RERE K OF =%
FMERBHA 7T 7 A~ —t v FOFIVERTITHT HEE R ORREZHERT L2012,
2.1.6 1T XV BRBRERE 128 Bk A IE L < HIETE 20l L7z,
ZOFERIT Table 4 © LBV, EFIMFHAIX, S. Infantis 2% 4 £k, S. Typhimurium 23 11 £, 7%
0O 5 MmIERMNS 1 E BOOMIER OEIT D220, &THE, ToMmoRBEH T2 TEET
HY, ELLHETE .

Table 4  Sensitivity and specificity of each primer sets

Salmonella Number of Number of positive results of target serovar detecting primer pair set
serovar strains tested Choleraesuis Dublin Enteritidis Gallinarum Hadar Infantis Typhimurium
Choleraesuis 1 1 0 0 0 0 0 0
Dublin 1 0 1 0 0 0 0 0
Enteritidis 1 0 0 1 0 0 0 0
Gallinarum 1 0 0 0 1 0 0 0
Hadar 1 0 0 0 0 1 0 0
Infantis 4 0 0 0 0 0 4 0
Typhimurium 11 0 0 0 0 0 0 11
Others 108 0 0 0 0 0 0 0
Sensitivity (%) 100 100 100 100 100 100 100
Specificity (%) 100 100 100 100 100 100 100

312 HhHIFIEDORRET
WOIZ, 212 O DIZENENEEMER 28N L7230 2 Hvy, 207 © 1)o7 v 71 ) Edih
BEIZE D DNA i ZBRET L7208y, AA TV X 0 HENHELWRE L OEEN D > 72729,
DNA NN ETH L Z L Nbnoie. D7z, Tvh ) ERIE TRICHENNETH -
7B E LTk, EffE L CS. Choleraesuis 7 VY, 2.1.7 2K Wi iEomst 247 - 7.
ZOFEFITFig. 1D EH Y, InstaGene Matrix & Ethachinmate % H 7=l 514 (Fig. 1 O L—
YO RN20) NEBHENES THY, 10° CFU/ML THIEWAY RSO, Zoft
FiEzwRMA L.
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1 2 3 45 6 7 8 91011121314 15 16 17 18 19 20 21 22 23

MM S E SRR - 600 bp

S bt pd bl bl s = ' 300 bp

— 200 bp
100 bp

Fig. 1  Comparison of DNA extraction methods of Salmonella Choleraesuis mixed with rice bran

a) Rice bran was incubated in pre-enrichment broth at 37 °C for 16 hours and then mixed
with Salmonella Choleaesuis. The DNAs were extracted with 8 extraction method.
Choleraesuis detecting primer set was used in PCR.

b) Lane 1, 12, 23: 100 bp Ladder. Lane 2~9: 10° CFU/mL of Salmonella Choleraesuis in pre-
enrichiment broth.  Lane 13~20: 10° CFU/mL of Salmonella Choleraesuis in pre-
enrichiment broth. Lane 10, 21: Positive control. Lane 11, 22: Negative control. Lane 2,
13: Alkali-heat treatment. Lane 3, 14: Alkali-heat treatment and Ethachinmate. Lane 4,
15: MonoFas Bacterial genom DNA extraction kit VII. Lane 5, 16: QlAamp DNA stool.
Lane 6, 17: Dneasy Blood & Tissue. Lane 7, 18: MagExtractor. Lane 8, 19: InstaGene
Matrix. Lane?9, 20: InstaGene Matrix and Ethachinmate.

3.1.3 A S A T O RTRE 72 I O Rt

218K VR AIRE 7R TR R A B L 7.

FOREFRIT Table 5 D L3610, AIHIE T T4 10°~10° CFU/ML £ TR 2 T
X, MHFATRETH 70, RIEOHMHIEIZ LY DNA 2T 22 LT, 7 U EEHE TR
R BETd - 7= S. Choleraesuis 22T % 10° CFU/ML VL E OB EE ThHILUTRETEX-. F
7o, T EFIHTEIZB W T DNA RO RE L n S TE o 2ilBHT DWW T
%, REOHHIETE DNA iR OAREZET & bt c& 7=, 7uh U ERIHIE & RiED
HECORM TR R/ EREEZ KT 5 &, 2 < OB TIERIEOMEED TN D70 EEiE
BETHLMITE 2. 228, VTR T2 LARVAEEBEREIC OV T LRFICRRZT- 72
N, BTrELIBHELHETE.
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Table 5

Minimum concentration of Salmonella to be identifiable in pre-enrichiment broth®: )

Sample

Minimum concentration of Salmonella (CFU/mL)

S .Choleraesuis

S .Dublin

S .Enteritidis

S .Gallinarum S .Hadar

S .Infantis

Method A Method B

Method A Method A Method B

Method A Method A

Corn gluten meal

Rice bran 1

Rice bran 2

Rapeseed meal

Brewers grains

Meat bone meal 1

Meat bone meal 2

Chicken meal

Fether meal

Fish meal 1

Fish meal 2

Molasses adsorption
feed

Mixed feed

Formula feed for
layers

Formula feed for
broirers

Formula feed for
finishing beef cattle 1

Formula feed for
finishing beef cattle 2

Formula feed for
dairy cattle
Formula feed for
finishing pigs

1.9x10°

NT

1.9x10°

1.9x10"

1.9x10"

NT

1.9x10"

1.9x10*

1.9x10*

NT

1.9x10°

1.9x10°

1.9x10°

NT

1.9x10°

1.9x10°

1.5x10°

NT

1.3x10°

1.5x10°

1.4x10°

NT

1.6x10"

3.0x10"

1.3x10°

NT

1.6x10°

1.6x10°

1.4x10°

1.6x10°

1.4x10°

NT

1.6x10°

1.4x10°

1.3x10°

4,0x10°

NT

4.0x10°

4,0x10"

4,0x10"

NT

4.0x10"

4,0x10°

4,0x10°

NT

4,0x10"

4,0x10°

NT

4,0x10°

NT

8.8x10"

8.8x10*

NT

8.8x10"

8.8x10"

8.8x10"

NT

8.8x10"

8.8x10"

8.8x10"

NT

8.8x10"

8.8x10"

8.8x10"

8.8x10"

8.8x10"

NT

8.8x10"

8.8x10"

6.5x10”

NT

6.3x10°

6.5x10°

6.5x10"

NT

7.6x10"

3.6x10°

1.1x10°

NT

1.2x10°

1.5¢10°

8.7x10°

1.5¢10°

6.5x10°

NT

1.2x10°

8.7x10°

1.1x10"

9.6x10"

NT

9.6x10°

9.6x10°

9.6x10"

9.6x10"

NT

9.6x10"

9.6x10"

9.6x10"

NT

9.6x10°

9.6x10"

9.6x10°

9.6x10"

NT

9.6x10"

9.6x10°

6.0x10°
NT
6.0x10"
6.0x10°
6.0x10°
6.0x10°
NT
6.0x10°
6.0x10°
>6,0x10°
NT
6.0x10°
>6.0x10°
6.0x10°
6.0x10°
6.0x10°
NT
6.0x10°

6.0x10°

9,0x10°

NT

9.0x10°

9.0x10°

9.0x10°

NT

9.0x10°

9.0x10°

9.0x10°

NT

9.0x10°

9.0x10°

9.0x10°

9.0x10°

9.0x10°

NT

9.0x10°

9.0x10*

S . Typhimurium
Method A Method A Method B
11x10°  6.0x10°
11x10°  NT
NT 5.9x10"
11x10°  6.0x10°
11x10°  7.9x10"
1.1x10° NT
NT 1.1x10°
11x10°  2.9x10°
11x10"  6.9x10°
1.1x10" NT
NT 11x10°
11x10°  16x10°
11x10°  8.8x10°
11x10°  1.6x10°
11x10°  7.9x10°
1.1x10° NT
NT 1.0x10"
11x10°  8.8x10"
11x10°  6.9x10"

9.0x10°

a) Each sample was mixed with Salmonella after incubation in buffered peptone water at 37 °C for 16 hours.
DNA extracts were performed with alkali-heat treatment (Method A) or combination of InstaGene Matrix
and Ethachinmate (M ethod B) and then multiplex PCR was performed.

b) Each value represents the minimum concentration of Salmonella with positive result.
that the sample was not tested; "U" indicates that the serovar of Sa/monella inoculated in the sample was
not identified; and underline indicates that the result was in the case of 10-fold diluted DNA extract.

314 BHMERCEHI 9 2 i A o g F 1 D
FEMERZRHICFRET D2 ZEIFTHEHETH L, SEFICHLERXTREENLTNDEINE D

MEFRICHET D ELEETHD. £ 2T, 219 OREMmHEICLDY

"NT" indicates

AR ZATV, A
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B 7T 74 ~—Fy MZEENTWD invd I 74 ~—I12 X % invd OHEIEZ RS 5
LT, YAEXTORMICEHTE RV DR L

212 D DY IVE I T OBERE 44 S AEHERICH W, Zhb okl EEMBERITE F
nTwny, F7o, REHIEMHBRTEINTZ O TH L7120, HBHEEICIVED T LERT
DA DI Z R LT,

TOHE K HVE TITBREOEME 2% 2, 213 D 15)DOHh s 2FHEDO 774 ~—t& v FZEIR L
AnwsZ bt L, —DIEEEVRROBTHELZSISEIT IR BE NI &5 S, Enteritidis
A7 74 ~—ty N, &9 — DXl EIZEE O OBEHINH 5 Z &5 S, Typhimurium
MHH7T 74 ~—ty FZEIRLT.

ZORERIT Table6 D LBV, BRIETHERGMEE Lot B LT RO BEFOT T4 ~—+&
v N T imvA BEETHoTmON 16 A THY, MO T T4 ~—ty FTimdBEETHo7mDIT 1
MOBTHoT., BRIETHKDCTEMEL RS 2150 bl DT T4 ~—% v kT invd &t
THoTlDN 23 R THY, S. Enteritidis A7 7 4 ~—t& > FDO A invd B 1 &, S.
Typhimurium B 77 A4 ~—% >~ b DI invd BN 38 TH - 7.

BE L R OHGE R L T & bk & HE S =il BEHIRGFHRICY LT X7 B3R LT,
HDOWITHHATRERIREICE TYLER T BHE L TW R W AREMES R S fu7e.

B ECRatE &OHE Sy, R HIE T &OCHE S 2 REHE, OB E 72 o TR B0 E
RUKBYOFER L T 5 &, invd ICxHSET 2 HIEEY O RREN -T2, i S
DNA ENDRholcZ ENFINE LTEZLRTE. ZOZ D, KHEOME ] DNA ZifuH
MHIE TR L, invd L1358 72 % DNA Z HiE U 723888 H R OB 0 18 % 7 23k HEBR 5
VLT 9T o 72 o REME DS RIB S Tz,

—J, S. Enteritidis it 77 4 ~—+t& v M LT, S. Typhimurium fxHH 77 4 ~—t
v NCHBEBMEN LY 2R S, 2L, AR OREEMOIE2NT, S, Typhimurium # Hi A~
S ~—%tv k& S Enteitidis faHH 754 ~—ty FTIEHWE 4 S OF 74 ~—xtDHH
invA IZXIST D774 ~—PUSNDOT T4 ~—N8In->TEY, FFRMEIZENAEUZAREED
RN

¥, BERIE TR & CHIE Shy, R RR A TR &flE S 1REHE, B BRI & 52
fE L7223, EbL L HEELHESR, BEER o7, ZoZ Enn, YR TIZT LER
TNRRIEL T2, HHWVTREH O LVERTEEDBE TH -T2 /RN E 2 bz,

LLEOFERN G, MRS, HB8EERV—EELEZRLTEY, ROV LERT %2R
HIZAZ V== 755Kk L THVAEREEZ DRI,
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Table 6 Relative accuracy of multiplex PCR method
compared to reference method (culture method) 2

Enteritidis detecting primer set Typhimurium detecting primer set
invA positive invA negative invA positive invA negative
Reference method Pasitive 16 1 16 1
(Culture) Negative 1 26 3 24
Agreement 42 40
Accuracy (%)b) 95.5 90.9

a) All samples in this table had been once determined Salmonella-positive by the reference method.
All samples were re-tested using reference method because of long term storage.
b) Accuracy: percentage of the results consistent with reference method

3.2 JL[AEEAER
AR R OVHGE R H 5 O B FHUR E 2 RGE T 572, 2212 kv hFEIRBRE FhE L 7.
ZTOFERIL Table 7 D LBV, REZHOWTE, &2 TOTI74~—%y hTETORRENM
EHAZE L RECTX. F77, RERHEICOWTIE, ABOREEEERKIZ S, Infantis % I
ML=t 0% S. Hadar A7 74 ~—+% v hTvILF 7L v 7 A PCR 47 - 1T, 6
B 1 RBREOL invd [BYEL e o7, FAE R T REEREHISOWTIE, £ TORBRENET
DTI7A4~—ky hCIELLHETEZ. 20 invd ABRHOIRERO —20%, S EEM L 72 HiE
T 5 10° CFUIML 78 S. Hadar B 7 7 4 ~—t v FOBETR%Z TEIS Z N EZ N
1E7y, FEMEABRE TO DNA O RN E - 7272012, B FER B OMIEED NS b/
Moo REMENRZ X vl LxL, HE T 25 S Hadar Z3MN L7 BHZ DWW TIEi c & ¢
Wiz bk, 72, S Typhimurium #2774 ~—+t& » K & S. EnteritidisiRiHH 77 4 ~—& >~
NaeRAI ) == THT 74 ~—ky NeTHZELEEZBELLZ D, FALEXRT OB - 2
PEHIEIIIEZ2 W EE 2 BTz,
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33 FERABHZILDE=HV IR

AER ORE R HEO R AW EEN 2O LT 57912, FAMIC 2%EHE L TV 5 fEko v
TRTOE=HL Y U ZICBWTE#RE & T L OARELROHREBHEIC L 2R B b1TV, Rk
L U7, BN 212 0 )& V.

T DORERIL Table 8 © L3510, B ETIEHEUEF 272 miH 4 S8 0 VE R T B &HE S L7203,
ZDHHLEEMFAINCK =5 b DT RhoT.

ARIETIEBE 272 D 5 HF F I — )b 1 SR OBEFEWE SR 1 5T PCR Bl OFHLE G
BTN, ZFOFEEITK 0.7 K<, ARETEM L HEIEEE o510 % 7RG R &%
WCHWDDIZKEIZZ2WEE B, 728, PCR MLEDKIN L LTk, DNA i3+ 5Bz,
PCR Ktz ET DS % o iCRETE R oAl E 2 iz, HED 21 il
270 RUTHOVWTIE, RETH EFHEMBFEHICHE YT OV VERTIIFE LRV EELHES .

UM HEICEI LT, S Hadar B 794 ~—1F v b 2RO THARMEIZERD b io Tz
B, BTCOTI7A4~—ty NTHBEERBDLNTZ 0D, BEROIMFVPMLETHDLHESZZD
Nz, 1BGYERRO BT HIR & LT, JER O DNA 2R Sz, invd L5725 DNA 233
FRRPIZHIE SN2, HOWITRHEEEZBR T OV LER T BEIERREEIZEL TWiRho
T2 eI E N,
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4 F&®H
FARH POV LERT T IMIFEFMUO~ LT T Ly 7 A PCRIZ K ZBEFEEEIZOWT, fBHoHr 2

WNOBEHORI B EZRFTLIZE A, UTFTORBENELN, BHAAETHY, TOHaHMEN R

TEo. Fo, BEBRHEICOWTHRFTLIER, SORIMFVPLETHDLZ EnbhroT.

1) FMERBEH 7 Z A4 ~—t >y FOVILERXTITHT 2 EE KR ORI, 7T 100 %TH
> 7.

2) BIHEE RIS O DNA fillHHiE, InstaGeneMatrix & Ethachinmate % F V7=l HVE D B & ) &
NDRGTh-oT-.

3) —HERUEAZBRE, VLR T ORI AT IR 10°~10° CFU/ML ThHAUEAEIZ LY
[FIEFRETH 7.

4) EFEFRBROMGE, 2 TCoO7I94~v—ty FTETORBRENMIFEHEZ ELLFETE-.

5) EEIE AW EE L OB ORER, PCRLENRD bl 2 MEbrE, 270 A4 TOME
IOV T EEMIERICHEY T 5PV EX T IHAHE LRV EE L CHES Rz, SRER AW
TiX, S. Hadar A7 74 ~—t& v MZBWTERENRRO LI, 2 To7 74 ~v—kv MZ
BWTHBEBHERRD T,
¥, ARIEIE, SHadar KO S.Infantis % Br\ )N 7 BEBUR BLIR O A T o 2 5 il o Vs [/ & 15

LT, ERE 274 6 A 16 B AT THEIEM T I S s 9.

Bl i
KHFZE 24T DY 72 0 Bk Z 40 L T 720 i db B RS, BEMOKBES B 1 3K S A B Je OVE
SEAFZERA TS IE N R - AL PE EHTR A A SR AR Eh i R AR A ST P QNS AR ST R LB S
R A2 15 > 7 [ENEAF R TE N B - B 5 E L E N R A W S0 B A B A i AR B P O BKEE TE A
SAECEH OB AR LET.
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