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e

VO P AR B (Salmonella) AT EHY &
Vb sEE A RKEEENEEmEY)EE
% (Taiwan Food and Drug Administration,
TFDA) f2fft Z R &R - 15 IS [
EAIEEE AL o FEEEHE I @ - A8
EVVPIRARETE (/E4 ~ 48 h ((FF54724 h)
WNELE 28 » 2RI A - EIREE -
FEZEAR T TR - B - EEH - S0 (=
HERFAE 38 ~ 40°C ) ~ BELy ~ M&NE - i RFF4E
2~ 3 d1BEERE - HA 5% W AEH AT
H o FEUHRAE 1% AT @ -

TR T T8 KR - 19F
WIRE AT R Hi AR EHEEY5
e o M EHEACE - TRE BB (e
RoesE » BEURE R NGRS - HIEb3E
¥4 {4+ 22 (United States Environmental Pro-
tection Agency, USEPA) ¥} A &R HERE ( fE(H F
FE ] > unrestricted application) & B &
EHYRRS - PFTRARE R RS 3SMPN/4g
T EA R KBS AR B B (Thermotolerant coli-
forms) KN 103MPN/g(15) o B4 (European
Union, EU) JRZ K AT 50g HERE §1 /0 FF AR
B A 5 A% (0 MPN/50g) » & 5 36 FH AR B
(Clostridium perfringens) Rl Fy 1g HEFE R 15
e o HERRAE EH BT KE 5y
73 Bl o R A BE Y = BB R - B A
AIRE RPN A e R B 7 T ROT S, R
TR IR A HERE TR AR 8 - BIAISEEIAE 1996
FE 72 R T SBRA B EH

YOPIECE M9 7F 2008 FEFHA 108 {475 Sl
AE - A 7 £ (6.7%) IR EEEBHIRE > 3
MPN/4 g)* > 1£ 2009 FEFHEN 94 (7 e
R > 1 REIDPIRE 7 -

AFERL 2014 F 2 BUTE RS E & &
TR IR E g (T EARHEAL T e
MR IR 2 AT SE ) - A A A
T REEHEDFIRBEETHE - DPIREEZ
wEJTEA % PlIAEEIRRE (United
States Environmental Protection Agency, USE-
PA) BAZEREHEH (United States Department of
Agriculture, USDA) J57% 16827 K 5[50 & %
% (US Food and Drug Administration, USF-
DA)® S e v gk @ Bk
AR EHAAME - EVE S B
STEE ~ bR HETA R A
¥ o FEIRIERGR B EAR AT - HR AR
[E > Bl S e s ny J7AM A T 8 flig
BE S REERIRBHIT A R T 6 R
BE o BREERRBHEL T IOFIRARE 2R
TiEREEREF R LT IOFIRARE SR
% BEIE S EUR LA SR (Salmonella
O polyvalent A-I, Microgen Bioproducts Ltd,
UK) Z e fEtehs - HREEAR S
b2 R B R SR R B L P R T 40
fali o HIREREE R EZ R EAN
J7 B (116 bp) Z GG HEHE E (PCR) 574
iR © o AW SR E BT (RE 1682
TIEE R E R R Y 75 0% - HORAR 40 E
—FUR -
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TSB medium Use a blender to combine a 30g sample with 270 mL of sterile buffered

20 mL per tube llo mL per tube

[ HW [ ]

2.0g of original sample 1.0g of original sample 0.1g of original sample

in 10 mL of 3x TSB in 5 mL of 3x TSB in 10 mL of 1x TSB
Homogenization and inoculation procedure (performed in three series of five tubes)

1 mL per tube

(B)
PCR analysis and

XLD
Biochemical
Enrichment phase ‘ Positive  confirmation phsae
[mm MSRV /, l

Incubate for 24h Positive

at 36°C Determine the MPN
Incubate for 18h at

from this information
P ~
W 42C ’ ,
Incubate for (Indicates a halo) Negative

24h at 36°C

B—  OPIRRERRE 1 o (A) BEAS 5 (B) REIRE o

Fig. 1. Analytical method used to detect Salmonella contamination in compost. Sample
)(16)'

aslL

homogenization and inoculation procedure (A), and MSRV procedure (B
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FREEL G 4
— ~ HEAEBR AR TEEL H bk

2014 ~ 2016 4R > FHEEEIEZ ML
i BB EA B AR Y 2 AT SRR - s
H 520825 kg L8485 LIEH & & HIfE
AE (fm H 4R 5% 5-09) » —REHERE (v H 4R5k
5-10) - FEEHERE (50 H4R9E 5-11) ARG HE
USRS 212 {4 -

U DA - ER BUHE AE LS A %6 S 15 ~ 20
cm ZHEAE 200 g 0 RFELSTER 5 HE (40 g/ 3 ) >
FHHES5HEZE6.0g JEER 300 g2 53HT

B o 43 EH -
Z - BTESHT

(—) RE & LAHUEE 2 300¢g
B b A &H 270 mL 5 B 4% 8 6 B R
(buffered dilution water) 2 ;& & ¥ (500 mL
= A SEIP ) - LSS 1% (ECO Blender I,
VWR, USA) #'8 2 min > #§BEI9E > 10
BRI L B 10 BRI EEARK 20 mL
BREPEEA 10 mL 2 3 B RS2 HREH
'S H7 K I 2 1% &= R (Tryptic soy broth, TSB,
BD, USA) r&KalEd » 58 - HH
10 & iR Ag R H L 10 mL BEFE Y L6 5
mL 7 3 % TSB & g=E » 35 &= -
5 HE 10 fEMmEE R P H L mL SR E
454 10 mL 2 1 f% TSB BrgiaE T » 3£5
i -

(=) St a A Bl (—)
SERCIEETE BRI 0 BRI 36C 0 24 ho

FEARBASE K RGIERE - BF
B TSB B & /e E > HU 30 uL HE B
= 2F [E B8 RV g 82 & KL (modified semi-
solid Rappaport-Vassiliadis, MSRV, OXOID,
England) | » =00 TAFELY 1 h» BB A 42°C
B&E18h LeEM - HHHAKKR
20mm K H AL RRE - A EEELS
T EEE RS 24 h 18 > HETEES/NR
20mm Zpa i o QI4EEIE 2 48 h - HHE
SEEATZR/ NS 20mm > B[] E Byfatt o DA
SERENSE- 2N dE-PEY . = STk
FIARHEHE R B = EERE IR B AL (Xylose ly-
sine desoxycholate agar, XLD, NEOGEN, USA)
E > A 36CHE 24 h > BIEFTPEETS
EREEFRObLE G - FE
MSRV Kz XLD JHlak & Ryl PE e #ET T
B A AL 2 PCR #7E » fRagé% PCR KL
HEE Ry P g > AIAIE R 2 45258 > AT A
P HERE - R D PTERAR I 2 e E S
(MPN)™ o

= ~ W

HY ODgy, = 0.3 Z K ( THIGE &y 1.0 x
10° CFU/mL) - &K /751 #ifE 107 % 107 1% -
FEHL 107 FRFESAR 2 BER 8 ISR
FLE & 5 2.3 x 10° CFU/mL - & 10° & 107
Wil B (107~ 10° ~ 10" CFU JbFRARE
/mL) 73 HUAIAERE 2 e - A S
L3 DA 270 mL MRl EnR - DLBE %
5’8 2 min o FLAA{EHER K PCR # E #E1T
W



(—) At s

B XLD Bk EHRED /'\F'EJEETE'%ZA
HE (Wil eatEE AR a0 )
— BRI [E] B AR T A A 4 R B R A Y =
HHE £5 5% 2= KL (Triple sugar iron agar, TSI, BD,
USA) i &t j % 38 352 %5 &L (Lysine iron agar,
LIA, BD, USA) 4} ] 55 & Bk o R 223 8 K
(Urea broth, BD, USA) - /B 2 B2 fd & 2 TSI
Ko LIA flAEFERLY 36° CES& 24 h - TSI B3
BAKREBHEEBEG - HRIOFIRARERERS M
[ZFE - LIA SR RE R TRH R DRI
BRE G R E - REZERFLLE > AL
VOPERAR R PR SE

( —2) PCR 4#t

P YERE AL TSB SR HETT 36 C 1Y
E24h 1% Hl ImL EK > DASATI4H (Tissue
& cell genomic DNA purification kit, Gen-
eMark, Taiwan) %5 HY Z4 552 DNA - & /D
FIRAREERYFELA (invA » 116 bp) 2 H—4
5| + ¥} (invasion (invA) > invA-F (5°-CAAC-
GTTTCCTGCGGTACTGT-3")/invA-R (5°-
CCCGAACGTGGCGATAATT -3°), 116 bp) °
PCR 7 JE % A & ' 10 mM Tris-HCI (pH
8.3) » 50 mM KCl > 1.5 mM MgCl, » 0.2 mM
dANTP > 0.25 mM JE &5 F#f > 2.5 U Taq
£l > 10 ng #EH DNA » $£ 25 yL » PCR
JEGH: R 95°C > 3min > 94C > 30s: 58C
3055 72°C > 30s: 35 {EEEE - FH72C » 5
min « PCR ZEY)2L 1.5% BAEER 100 v EEE
> #EFT 30 min Bk SEE
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i e

— ~ W
SRR B 22 20 PTG B R 2

e - 4B (R—) K PCREEE ([E
=) &ERBURER KRR H & R 23 CFU/30 g
(%93 CFU/4g) - =] A FERL PP RARE
BRI 3 MPN/4 g - R BIA (LA
Je PCR i 7E hn St =~ R L 25 ] 1682 1Y
MPN J57AMHE -

iy B Tk

2014 £ 2016 4F[H > A T E&E S
FHERE (& B 4R5E 5-09) ~ —RRHERE (& H
Gm5 5-10) ~ FETEHEAD (fHE4RTE 5-11) K&
SEBOER - 4212 4 BRI PPIRAE

F— ~ HARAFDPI AR E (Salmonella) 4
{LiE 5 B2 PCR EEBM DTSR

Table 1. Performance test results confirming

the ability of biochemical and PCR

methods to detect Salmonella in

compost
CFU/30 g  Culture method " PCR method *
2300 + +
230 + +
23 + +
Blank — —

Y: method was modified from USEPA 1682"°.

2. method was modified from TFDA, “Methods of Test
for Food Microorganisms -- Test of Salmonella™®.

+: detected; — not detected.
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M 1 2 3 4 5 6 7

8 P N B M

<«— 116 bp

B = - & 30g HEFERNEEX2PPIRRE PCR EERAR © MR 116 bp FRHHIR -
Fig. 2. Use PCR to detect Salmonella DNA (116 bp). For this, DNA samples were extracted from

spiked composts.

171 ~2: SERINEIE2E s {73~4:23 CFU/30g : f75~6:230 CFU/30g : 177 ~8:2300 CFU/30g: P :
[5 3% VD FAEC B Salmonella enterica subsp. enterica (BCRC10744) 840 ¢ N W4 KIGARE 0157 ¢

H7 (BCRC 15377) ¥184H ; B : 255 » M : 100bp Ladder fZ5E (PROTech, 1/4) »

Lanes land 2: control (i.e. compost with no salmonella); lanes 3 and 4: 23 CFU salmonella added; lanes
5 and 6: 230 CFU salmonella added; lanes 7 and 8: 2300 CFU salmonella added; P: Positive, DNA from
Salmonella enterica subsp. enterica (BCRC 10744); N: Negative, DNA from Enterohemorrhagic E. coli
O157:H7; B: blank; M: marker (Bio-100 DNA Ladder). Electrophores was performed on 1.5 % agarose gel.

(£7) BRI R EACR 2 B
HEREL » FA SR DF AR 2 50 -

o

2014 ££ 2 2016 £ > HUEE E H B HERL
KRS HBERE > 5k 212 1 > SRR LD
EARE - B R sl e A (5 AR 2 B A 4
E - D OPIRIFE 255 - FEARY
HEm L E TR ERE - B
AEMERCIEZETR 12 23 OPIRARE T T 7
& o Bt HLAE 2002 FEARERHEAT R 7 T
STAHEAC & HAE ARG R EEARGIRE

SRRy 10~ 10° CFU/g® « 7E 4 {3 L T Mg
ERH S FTRARE » i g 1 R T
R TR 5 (-0 A 2 (Rt © - EBIfE
1996 FE 5 H 72 RG> A
EHVFIRE - MR TR ETZATR
[ R B IS R R iR E R &L (55°C » 3d >

i SR, BF FE ME 5 )% (Aerated static piles) 5 E
55°C » 15d » HEfE )% (Windrow systems))"” o

£ 2008 5 & 108 (- pH mmHEAL - HFH 7
fF (6.7%) PR EEEHIRE (&4 g A
H 2 PR & /D 3 MPN B fir )™ - 1
2009 4 XA 94 Fpg MR - a1 4
EVPIRE - B 28% BYHEAE KGR E BEE
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3T 2014 ~ 2016 FHEHEHEEZEEEMENE - 1 212 FHIERDPI KRR 2 &

Table 2. Results of Salmonella in 212 composts samples collected from markets and from

between 2014 and 2016

Sampling year Sample number Positive ratio (%)
2014 0 (0/100)
2015 0 (0/70)
2016 0(0/42)
Total (3 years) 212 0(0/212)

HRE - 6% HYHERL &AM ME R IBIRE -
A GHERE B (Fecal streptococci) fi H % By
100% > & 58 % B A% B (Clostridium perfrin-
gens) TR Ry 70% © 11 47 {475 i 21y
B A 22 i 7 o 7 HRAE 2006 4F H A
T 28 RTHEHENE » SFATA AL TR
EYDPIRARE + B4 R ERERE (Staphy-
lococcus aureus) ¥R B 17% » HE &I
10° CFU/g L | 2 » 43 Dl E &k R Bl E
e i B A2 4 o HEHI R AT RE IR R
B P HE A S TR K AR K
H A HERE TR IR 2R A & o Rl
Pt Be RERAEA TSR A - HEREBLE R T AT 1E
HEE N &8 H NS ERK 60 £
70°C LA » 4R —EEHERE @ TR
o HATHERISR I » SRR ETHERE
RITEES AR R B 78 B« 1 3 A Y R
KEBEHE AaFREREE " A4
R A TR TOF S, SRR IR E 1R
HERE PR - WA HERR FEYE AN -
H AT 2 B R SR PR R R & &
HEATRRE By 4R 0 R L 2 AT S fE T
A s R R Y R R A - DU B R E T -

It

A T7E AT A A b e g
e~ HERE R R IR - AF XLD PR
JiE 2 &% > A A MALDI-TOF & 5% 77
#T (Bruker Daltonics, BioTyper software) ZcHY
X PCR AT A LA MER B 5 Rl DFIEAR
o KRR E G LUK B i 237 XLD B
LS ELTERL AT 0 SV {H R 2.051 (SV {H
> 2.0 S ETEERY ) - &5 IR HL PCR 73 HT B4
{B7E—20 SR R FIRARE » I A]
i MALDI-TOF '# 5% 73 #f7 7] 5 PCR 73 #7 B¢
AALEE R ERT IS ] BT bR R R R
FEEM RAEE SRR E 2 -
FHRR il =] 15 e i B i B B & 1T
i Z g MEARH] -

%

A HTBR L R gt &M
(103 E£F} -10.4.1- 22 -P1 > 104 f2F} -10.13.2-
g _P1 > 105 AR -10.11.2- & -P1) o A E 45
{2 MALDI-TOF Hi R E R EERY
0 EAE R EZNE 18 £ R R £ 0 B
BURVINEFESR T - GELLEEH -

&

gkkll
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7 P3O AR E (Salmonella) - HU H
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ol o B R S 1021951187 SR
fEIE -
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Detection of Salmonella in Composts from Taiwan

Shu-Chuan Chen', Chi-Chu Lo

Abstract

Chen, S. C., and Lo, C. C. 2017. Detection of Salmonella in Composts from Taiwan. Taiwan
Pestic. Sci. 2: 75-84.

Salmonella infection was the 4th most common food illness in Taiwan. Salmonella
has been found in composts in many countries, and some reports have suggested
that the incidence of Salmonella infection is related to compost contamination.
Therefore, in this study, we analyzed Salmonella contamination in manure compost
in Taiwan using a procedure that was modified from USEPA method 1682. Results of
performance test showed that the minimum detection limit of this procedure was 23
CFU/30g (3 CFU/4g). We also collected and analyzed composts samples from markets
between 2014 and 2016. None of these samples were found to be contaminated with
Salmonella.

Key words: Salmonella, Xylose lysine desoxycholate agar (XLD), Tryptic soy broth
(TSB), polymerase chain reaction (PCR).
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