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Abstract This study aimed to investigate the contamination sources of button
mushrooms by assessing the microbial load on the mushrooms and in the
agricultural inputs that come into contact with the mushroom. A total of 234
samples including mushrooms, compost, casing soil, and tools from A, B, C, and
D farms were tested for sanitary indicators (aerobic bacteria, coliforms, and
FBscherichia coli) and foodborne pathogens (£ coli O157:H7, Salmonella spp.,
Staphylococcus aureus, and Listeria monocytogenes). To identify the contamination
source, £ coli was isolated and analyzed using MLST (Multi-Locus Sequence
Typing). The number of aerobic bacteria remained consistent during composting
(07 log CFU/g); however, the occurrence of coliforms and £ coli was reduced to
the detection limit (1.0 log). Sa/monella spp. and L. monocytogenes were detected
in the raw material; however, they were inactivated during composing. More than
6.0 log of aerobic bacteria and 3.0 log of coliforms were observed in the casing
soil from A, B, and C farms and in the gloves from the C farm. MLST indicated
that the STs of Z coli isolated from casing soil layer and from the harvested
mushrooms were identical at ST 189. Therefore, cross contamination occurred
through the casing soil layer, and this could contribute to £ co// contamination
in mushrooms. It is necessary to practice hygiene guidelines, such as sterilization
of casing soil, worker hygiene, and facility sanitation, to minimize the potential of
microbial contamination in mushrooms.
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%5 IOl AlACA 7Hd Eol A=l = HA
o7 U AP ofde}, AAZCRE A7 Fleta
011‘Jf(\fallverde 5. 2015). otA|TE Ao A A]F-=A|qto]

ol et HAY ket o digh L27F = 9
‘:}. U 75 5 AAHO| 5AEY REEE AR EL
of M= WANA Staphylococcus aureus®} Bacillus
cereus’t} HAEHJTTL HI1EHAT(Jeon T, 2020),
2020900= =uollA ARt & oWl L
monocytogenes’t AEF 0] SEH AH7T LIS v QL
o] HAY kA7t 83t AAo|THCDC, 2020). HA

2 % 3 Rufsly] g3 F4o] HiEA AstEm, A77]
Ztol 3-8U =& FthMarcal 5, 2013). 3, HAS ¥
30U gAY 42 BHou L2 B ZE0| H|5to

oFstal, 22 9| R i% ] ol B du =
47 299 & Ao EIHT AHQin 5, 2015,
Venturini =, 2011). 3|5t ?:_“?l ol A& HAHL &3
HA] edH ﬂ?—_w’:—% %;ﬂa AAL 4= §lol(Ding &
2011), &HROIA AR WA S50 s ‘ﬂ“
AP A e “V”D L2dE Acl= Aol Fasit

FEolHAS B WAL g HiAE HEs b AR
AgSHe Zlo] 7P & EAolth Alfol=
spp. & AlS=Ale] 2dE o] itk Bt Qlo] &
o] o] o] FojR[A] ko HA9] kA 0303'*5
o 4 thAkram¥t Kwon, 2010). E3F, u]A3E9HH4
o] StHEA| or2 HEO| AR} 58 9 5 & A
o] A nFo = Qlste] HAlo] AF=Adtol 29
= 7154o] =t} uebA] ooyl A o] n|yEst
A PGS B7Iokl, LAY FAFSHo] ARl st
7ol F8sitt,

E3 ol sAREY foinE . HEE st
+ | multi-locus sequence typing(MLST)& ©o]-&3t
A2} typingHS &85t Qlth(Frosth &, 2020). MLST
= 6-7719] house-keeping gene2 F7|4 Y-S H| w5}l
AdE=S E43Fsks 71&oltt. o] 7]1&2 house-keeping
gene® ZH(450-500 bp)& PCRZE FE3t &, sanger
sequencings B9 A7IAEE ERIgE o2 7t locid] &
71 €9 BHE E3}9] allele numberE AA311, 774

9] allele numberg g5l sequence types ZA%o}

lil

_4

Ol

Salmonella

1080

£ WAlolt}, 22 sequence types 7H A9, AR AF
ol &2 #FEhe AL ol8st L9428 25k Hl

g8 Feng 5(2015)& MLST 245 E3) 719 5%
I 39 Y] AW Hstth(Feng 5, 2015).
Nakamura 5(2021)& MLST B4 Edf AEA|ZF40
A HE AR AEH E coli® 28¥E 34 71535,
A Y E Y6l AHE & lokal Barskgitk(Nakamura
5, 2021). E3H Véghova 5(2017)0] 4343t Ao A

l

MLST #4002 &5 7H3A149] 24 A=E Selstolnt
(Véghova &, 2017).
waba] B 7L obH3E offo]u Al AYALS: 95t A

T At Q3 7| 2ARE FH6, AES] @
BEE FY57] Aol FSolHA Y Aujol A FE 4t
SANA FFolHAI A HESe ARE =R
AE QULE ZAFSHYL, MLSTHE o|83to] £ colid)
BEE ZARICOH, 11 A9E HistiA} gtk

Ol

fo & Ho mR 2

2. Mz H WY

2.1. AIE iYF 2 X2
2 A= 20219 5YEE 108714 FSolHAl AJAE
57t 4714, B, C, D)E O tAE 0gret A2
£ ZAFeISItH(Table 1). A, B, C 57k 50l AL AfHl
o AMEE= HIAIE EHIS = AA A Bibsls &
7FRoH, D 57t FEolHAE HiAIE HiA] AlRAEol
A Fhste] AT HiR| o] FoZ FEto] HAS ABAtst
71 ERL A, B w7k HiAIE EHISE o 37
FUASHA] &AL, C w7k HiAl EHIS} A] 5715 U5}
S7FtE D 7oA ARESE HiA] ESE 371 = AlA
| = HiAl AR AEA LA HiRE AR5 O‘I]
D w719 #iAE A Zx5k= AldolA viA] EH]S}F 717
n8E HokE 2ARSH| ffote] EH|S 9AE ARE 35
o} 2 l+to] AR&-SHSI
OF5o|H Al Fig. 13} Zro] AJArEILH B dLoA= oF
SoHAl B HE e 94 59 IR E 5% HH
Ql{compostmg), TAF ¥i¥(colonization), EE(casing
soil) §7], ¥o|(fruiting), ¥&o|HA FE(harvesting)

4 Z(packaging)?] thAl dAZ FESIACE 2 Ao|

rir mlm rlr

O
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Table 1. Number of collected samples by button mushroom production stages, sample type, and farms

Production stages Sample type n Farms

A B C D

Raw materials (n=33)

Rice straw 6 3 - - 3
Wheat straw 6 3 - - 3
Heaped rice straw 3 - 3 - -
Heaped wheat straw 3 - - 3 -
Chicken manure 12 3 3 3 3
Liquid fertilizer 3 - - 3 -
Subtotal 33 9 6 9 9
Composting with pasteurization (n=72)
Compost stack 12 3 3 3 3
1st turned compost 12 3 3 3 3
2nd turned compost 12 3 3 3 3
3rd turned compost 12 3 3 3 3
4th turned compost 12 3 3 3 3
Pasteurized compost 12 3 3 3 3
Subtotal 72 18 18 18 18
Fruiting (n=33)
Spawn 9 - 3 3 3
Colonized bed 12 3 3 3 3
Casing soil 12 3 3 3 3
Subtotal 33 6 9 9 9
Harvesting (n=60)
Casing soil layer 12 3 3 3 3
Harvested mushroom 12 3 3 3 3
Knife 12 3 3 3 3
Basket 12 3 3 3 3
Gloves 12 3 3 3 3
Subtotal 60 15 15 15 15
Packaging (n=36)
Bench 12 3 3 3 3
Scale 12 3 3 3 3
Packaged mushrooms 12 3 3 3 3
Subtotal 36 9 9 9 9
Total (n=234) 57 57 60 60

https://www.ekosfop.or.kr 1081
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A. Medium production steps

@® Raw materials (n=33)

A B c D
- Rice straw - Chicken manure - Chicken manure - Rice straw

- Chicken manure - Heaped rice straw - Heaped wheat straw - Chicken manure (undried)
- Wheat straw - Liquid fertilizer - Wheat straw - 209 tury

B. Mushroom cultivation and harvesting steps

A B,C,D

- 15 turned compost
ned compost

@ Composting with pasteurization (n=72)

- Deep-stacking medium - 3" turned compost
- 4" turned compost
- Pasteurized compost

® Fruiting (n=33)
B,C,D A/B,C,D

- Spawn - Colonized bed
- Casing soil

Casing soil

14
Pasteur'\zed compos

@ Harvesting (n=60) ® Packaging (n=36)
A.B,C.D

Casmg soil layer - Basket - Bench
hroom with soil - Glove

- Scale
- Packaged mushroom

arvested
mushroom

N
Packaging
mushroom

Fig. 1. A schematic model of mushroom cultivation. The button mushroom cultivation consists of medium production (composting),

mushroom production, and harvesting stages.

AgE A the o BgolH AAH Tt FholH e
E4 Az WAE ol8s) AAEEE, 1 RE B2

(rice straw), AAE(undried chicken manure), A&
(chicken manure), @2(wheat straw), 714 @& (heaped
wheat straw) 9 WA (heaped rice straw), HH|(liquid
7+ 5719 Az o] wet &9tste] Arof
T3, o] &3t HHX](deep—stacking medium)2] %7} Ak
A HEE B 60C-85C7HA] 45T W, X&2Q 57

fertilizer) 5

A HFE B3 I7|E 2T EFo 2 wixE HAYoh
(1-4™ turned compost). ©]% HF 9| v} GHAZ A
d HF60C e AA wiAE A48 HAY

o]z o] A<td HiA|(pasteurized compost)ol HA F
Hspawn)E FFoIL FAE & F, #APE A HjA
(colonized bed)o] A|Y¥E, FFTE WEHA S0
A% BE(casing soil)Z go] HAlQ A4 FAS £A
o] gfsf o]FojZict. & ATtol= WA EES] AT
HYs] EA6l7] o HEE F1L Hold HAlS 5l
(harvested mushroom)¥ A¥ ZAH HWAl(packaged
mushroom)S 25 &5t E3E 43 9 13} 3170
A HAlT HEEE B EZ(casing soil layer), F7(glove),
HFLY (basket), Z(knife), 2F4(bench), A2(scale) T
g &2 AFE s AFsto] AR ARSHAEH(Fig. 1).
ZF A 20l AF B ot 2Tk oF 200 g9 ¥=(Y
A, B4, AR, viA, S, 5E 2 HAS EoHo] A3

)

lo

=2

>1
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Skt AGAY] A2 FEolHAE 5t 5@7\}—
o2 fFsHA e, A AEHFE G| ¢
FA19] 98fjo] sigst= 0.85% B A H+E 7ot 30%
e AR Fpoblill 4 3 Ehs
by, A, AL S Hu A8 100 cm?e] @3
HEow A9 HFshtt. AFE Al ofo]AHA
dol AYA7tA] 2REeE & 24417 Yol E4519t}. 4
H Ag2e YA EA(total aerobic bacteria, total
Escherichia coli)¥} X&= NHE coli
O157:H7, Listeria monocytogenes, Salmonella spp.,
Staphylococcus aureus)® £9& o AREE At

2 2 o iy A

coliforms,

2.2. HYxEMZSY FE

ABARAAS S8 o HE, YAE, A=,
7HEE, 7P, d] 2EAEA] 1-42F FF7] ] H
A, A=t A, S, A A, BE, BEES, S8R
HA 2 24EH HAE 36k AIRE 247 25 g= FI9]
0.85% B¢ A A4 225 mLE H7loto] FA5l61%
o} Swab¥OoZ AFH AlFE= 30%7F vortexdt & AR
stolct. #AstE AgE= @A A5t petrifilmol Zt
JMEEE 1 mlA 256t APl S4e
Petrifilm™ aerobic count plate(PCA, 3M Center, St.
Paul, MN, USA)E, coliform ¥ £ coli® &A=
Petrifilm™ £ coli/coliform count plate(3M Center)

03,
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£ 37C, 24A17t idsto] 45 2 plated] 44 &
k2 A 2ARY] 7|Eog s t¥E dE log
colony forming unit(CFU/g) 22 YeRrHtt. &St £ coliY
A EAS Yol & AlgE 25 g Fo EH buffered
peptone water(BPW; Difco, Sparks, MD, pH 7.2)°4]
ZwA1Z1 &, EC broth(Oxoid, Basingstoke, Hampshire,
UK)olA A FFste] 7tAE BT 48 il A= g
A4 EMB agar(Oxoid, UK)ol| =&slo] & FES
Elfj= 32 VITEK(VITEK-2 compact, Biomerieux,
&4 HE A5k

Ol

France) ©]

23 BN 0N 23 ¥ =X
WY vES £ coli O157:H7, L. monocytogenes,

Salmonella spp., S. aureuss LA o AHL
AE-FHRe] Foto] AR, FAAR HH2 ot
2

E. coli O157H7= &4517] {8l 2t Al=E 25 g 550
U= BPW(Difco)olAl 123} 2+, mEC broth(Oxoid)
oA 22} F+tsto] ZFAE BT G oA A= TeiAl
CHROMagar™ 0157(CHROMagar, Paris, France)©l
Tsto] ofgoz oAlElL kS PowerCheck™ E
coli O157:H7 Detection Kit(Power Check PCR kit,
Kogen, Korea)& ©]&3lo] PCRZ 12} 891 & VITEK
(Biomerieux)< o83l 2% 57951949}, L. monocytogenes
Y Listeria enrichment broth(Oxoid)olA 1x} &+,
Frasher broth(Difco)ollA 2&} S+t & Palcam(Oxoid) Hi
o)A Belsteich. B9 Listeria spp.& CHROMagar™
Listeria(CHROMagar)ol =sto] FAJo 2 oA &= 4
22 VITEK(Biomerieux) 7]71& °o]&3to] 1A} &RIst &
PowerCheck™ LZisteria monocytogenes Detection
Kit(Power Check PCR kit, Kogen, Korea)Z & 53
sttt Salmonella spp.= BPW(Difco)oll A 1A} S+t
Rappaport Vassiliadis R10 Broth(Difco), Tetrathionate
Broth(Difco)olAl Z}2} 22} Z#3lo] xylose-lysine-
tergitol 4(Difco)oll =Tst] FAHLE ilH= HEZ
VITEK(Biomerieux) 717|192} PowerCheck™ Sa/imonella
spp. Detection Kit(Power Check PCR kit, Kogen,
Korea)& & =439 S aureus= BPW(Difco)oll Al

https://www.ekosfop.or.kr

12 34t, 10% NaCle] #7}d tryptone soya broth
(Oxoid)ollA 23+ &4 & CHROMagar™ Staph aureus
(CHROMagar)oll =sto] JAHo= JiEHe= <
VITEK(Biomerieux)& °]&3 %% 574sI3Att

2.4. Multi-locus sequence typing(MLST) 24

25 68709 £ coli 750l tH5ll SolgentAHDaejeon,
Korea)oll multi-locus sequence typing(MLST) ¥4
oFsto] AYstAtt. 7709 housekeeping gene(adk,
fumC, gyrB, icd, mdh, purA, recA)°] tgt 714G &
A A3k= MLST database®l| Y=&51o] allelic number®} ST
£ Ik} o] ZXE HEe® UPGMA(unweighted

pair group of arithmetic means) treeS ZHJotaL,

A4 710 9AH WA B

25 £ 24

HE A2 3709 543 HEC] s 3WEoR 4
P on, AN B+ HZHARE 1,}15}14]041:} *a“_ﬁ |
= BAAY ZTEIH(SPSS version 27; SPSS Inc.,
Chicago, IL, USA)9] Duncan’s multiple range tests
o]-&ste] p{0.05 FEolA 74 HolE HFSIUTH

3. Zat & u&

3.1. Hfx] Ebjs} 2E & O/4= Hsf

Fig. 2+ 4329 5704 g&olHAl HiA] Euist 4 F
S5 AR ot YRR FA | (total aerobic bacteria,
coliform, Escherichia coli)®] ¥3+E ZAFSH Z3}olth
=8|35} 77gofA 80T ool i go] WA | ol 1-4
2; FR7] g wiA] @ AbtE s oA ARk 7 A
g Aoz Aot o, ok 7 log CFU/g o1& Aot
o} 4302 H47] 3 #jA Y ARHAlE = F71FY o R

of wa} A, B} C, DY 94 X}OV} Tﬂr(p<0 05).
I8y 11 &ol= 0.76 log CFU/g $220]911, B A (8]
st & WA Aujatol A HA wiRE 6064 71E 0]&3!

of 4AI7F o)A A A ) AE T 43 WAl = &
T 292 Ato]7k YATHp»0.05). E3, coliformt £
coli® 3%, 371F9 IHo] §i= A, B w704+ 3%
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Fig. 2. The number of indicator bacteria samples collected from each production process of 4 button mushroom farms. * Different
capital letters indicate significant differences (p¢0.05) of coliform at composting with pasteurization step; different lower case letters
show significant differences (p{0.05) of £ coli at composting with pasteurization step.

FA7] WA FE At #jR o o]27]714], coliform T
E. coli7t A%A o= AEHAHFig. 2). SHAR 3715
Aol Sl C, D 7k= 33k HA7] #iA[oA coliform
9 £ coli7t B5 & A olst= FAE o HEHA ¢
et

Table 2:= A, B, C, D &7tollA AFeE 2 AlZo]A E.
coli, L. monocytogenes, Salmonella spp., S. aureus
o] A4 B7radoltt. Fu|gt I F F7] o] gl
A, B 5719 A% 42 FF7] wWiRolA E. col’t HEH
g Hhsf, 371%<00] I C, D 5719 431 HR7] vjA|9]
Me E. coli7t AEHA] &ot 87159 Aldo] fle &7t
Hoh 37159 Aol e 57V B840 % E colis
AEAZE Ao R YBT3, HiA Y] AL At
oANA coliform¥t £ coli+ 3715 o15-<t #A gl B
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5719 coliform= A|9|stal FERMHA olstzE 4o}

E3 WA A= M= Saimonella spp.Y] S C,
7ke] E3uiA|ek D w719 13 H47] g wiR| oA A&
AtHdata not shown). L. monocytogenes= A &7+
HiA] Ae(E, 94), A, 13}, 23 F37] ¥iA|, C &
7Fe] 714 94, ], SR oM HEEI oW, EH|S} 1}
L& o FF BRI A= YA HIBE(E coli O157:H7,
S aureus, Salmonella spp., L. monocytogenes) 25 A
57 dAtHTable 2).

olifel AiE SN HH EH|3F Y Foll UvtAl+
= §A7F F4, coliform, £ coli, Salmonella spp.}
L. monocytogenes= FAEAY AEEA ok=dl, 1
olf= ¥R I F 2Lt A5l wEr 1A Al

Uert S71eaL, B vdEe AFEEY] fEes 4

At
D

=
[$]
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Table 2. Detection of £ coli L. monocytogenes, Salmonella spp., and S. aureus in samples collected from each production process
of button mushroom in farm A, B, C and D. Salmonella spp. was detected in the deep-stacking medium (Farm C, D), 1st and

2nd turned compost (Farm D). Salmonella spp. was negative in the other samples. S. aureus was negative in all samples

Production stages Farm A Farm B

Farm C

Farm D

Sample type E. coli L. monocytogenes E. coli L. monocytogenes  E. coli

L. monocytogenes

E. coli

L. monocytogenes

Raw materials

Rice straw +9(3/3) +(2/3) 2 - -2 - ND  ND
Chicken manure ND ND +1/3) ND +(3/3) ND ND ND
Chicken manure (undried) - - - - - - ND ND
Wheat straw +3/3)  +H2/3) - - - - +2/3) ND
Heaped wheat straw - - - - +3/3)  +2/3) - -
Heaped rice straw - - ND ND - - - -
Liquid fertilizer - - - - +3/3)  +2/3) - -
Composting
Deep-stacking medium +3/3)  +(2/3) +3/3) ND +2/3)  +2/3) +3/3) ND
1st turned compost +3/3)  +(2/3) +3/3) ND ND ND +3/3) ND
2nd turned compost ND +2/3) ND ND ND ND ND ND
3rd turned compost +3/3) ND ND ND ND ND +(1/3) ND
4th turned compost +3/3) ND +3/3) ND ND ND ND ND
Pasteurization
Pasteurized compost ND ND ND ND ND ND ND ND
Fruiting
Spawn - - ND ND ND ND ND ND
Colonized bed ND ND ND ND ND ND ND ND
Casing sail ND ND ND ND ND ND +2/3) ND
Harvesting
Casing sail layer +2/3)  ND ND  ND +1/3) ND +1/3) ND
Harvested mushroom +1/3)  ND ND  ND +2/3) ND ND ND
Knife ND ND ND ND ND ND ND ND
Basket ND ND - - ND ND ND ND
Glove +2/3) ND ND ND +3/3) ND +1/3) ND
Packaging
Bench ND ND ND ND ND ND ND ND
Scale - - ND ND - ND ND ND
Packaged mushroom ND ND ND ND ND ND ND

U+, positive detection.
2~ no sample.
IND, not detected sample.

Hot. Meng 5(2020)9] Z3}o] w2 EH|9] 57|14 ¥&
Al 5 A0 2 918 &4 EH|oA Limnochordaceae

https://www.ekosfop.or.kr

o) &ote 284 9 4 714 Aatol FAISH 571

Sttty BHaskich E3E Chandna 5(2013), Lee &
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(2017)0] Eiigt Ao w2 Eu|sh oA I
Gol ofs At wiA|e] BE §Ey vlgEe] A=A
Hisielet. mEbA Eu)eh g2 3715 57 AEHA
o FF0] FFE vIAA AR nlE 29 e
SPAA fsf Aol AFEEE HEes Tarvt AgdE A
= ddEd

32 Mo ¥ 3 HE F O/4E Haf

HASl el 9 53t A F HE A=A AR
ANlat9] FF4 WSS Fig. 290, £ coli @ HEA vAd=
9] B/ A= Table 20 Yetdich. WA Auf & o &
Ao A LubMlt, coliform, £ coli 9] WSS HH UHIA|
= S04 1-4 log 919 Aolet 52 UEL,
A ORI} BEE= IS AX AE viAL &
ARGE 2220l Qitt, &Y coliformollA 3715 AH| o
ol w2t 2ol Yeilty. 37159 A7t gl= A, B &
7F9] coliform& Fwto] wAF W HiZ|o|A THA] 5 log
CFU/g o1} AE= A, T4 JE T FAE I9717)
A 4 159 ol Higslr] hiiEol AR AdigolA S
0| AAEA ZTt =] A | HiAoA A& Tt

A A #iZ] oA coliformo] HEEA] k& Z0& Ko}
371 39 AlA0] coliform EIA 02 APHA7|E= F o
2 WU oy Aste ¥ o HHg g 2715
Aldo] EH|5} 3y o] % Aul T@A|9] LAFEoE FFE

nxE= Aoz et Meng 5(2018)9] 7ol 2H
EHe7} AP A F2ANA 1A o= /4o ¥
Sot It 5 WA #ol EEH Proreobacteria®)
ek,

HEE= AAAE 3HA7IL HAZ AR5H #A9]
2 9 FEE 3FS 502 FAP H HjA] flo] Folu
HERAE Y= 1S Woket|, HSERY AMHE &
1 B EHAE AUHA 02 AtA Y glo] ARSE7] wizo]
ke gFolHAe] 2HZHQ o Ylog AgE 4= 9]

Sof FFolHAL oF 208 HFO] S 7]
= e AN E e |H AR, L A

59 ot &4 240 sl FsolHAe] B 2

A A 7L 7L ok &8 3 5 AT
A Zo A ARXEA|HO] HSE Fig. 29} Table 3 YU
witk. Coliform C, D &712] oA W oA HEEA]
AUAT BEES 92 & S804 HF3t HESH H
AojlAl B5 coliformo] HEEAck(Fig. 2). £ A, C
5719 AgrollA Z¥zr 2.09+1.49 log CFU/g, 4.15+
0.74 log CFU/g9 coliform®] A&EAtHTable 3). &
EZ E coli7t &9 A, C, D B7olAe 83 BiA
I FHIME E coli F3E UEFHTHFig. 2, Table 2
and 3).

FETA Y 2 FEolHAY dRtd = BF 5
log CFU/g olst2 Y| 579 Uuthld ¥ coliform =

L R P AP B uta e

d

e o rﬂl\i i
O
)
b
<>
1o
(i
K
> o
)\

Table 3. The number of indicator bacteria in samples collected from harvest and packing environments of four button mushroom

farms

Environmental swabs Total aerobic bacteria Total coliforms E. coli
A B c D A ( (®

Knife 6.360.15 1.50£0.4 5.46:0.53 2.801.21 ND? ND ND

Basket 2.48+1.76 -0 5.38:0.79 2.73:0.34 ND ND ND

Glove 5.99+0.35 3.04£0.06 8.05+0.42 4.26+0.68 2.09£1.49 4.15£0.74 0.98£1.39

Bench 5.22+0.20 1.79£0.39 2.83:0.39 2.03+0.85 ND ND ND

Scale - 2.91x0.08 3.29+0.1 1.580.52 - ND ND

Packaged mushroom 5.03+0.26 3.64+0.36 4.28+0.79 3.69+0.22 ND ND ND

Data were expressed as the log CFU/g (meanststandard errors).

U~ not contained step.

IND, not detected sample. The coliform and £ coliF-negative farms are not shown in the table.
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pakels

:rq - A

fa

A1E9 tE d5EA9 SH¥tHTable 2 and 3).
oA BIZFE R E A EY nAE ASEA = YRtAl
6 log CFU/g gk, coliform 3 log CFU/g 1%k, £ coli 1
log CFU/g ujqteg HAs}al It Ministry of Education,
2021). & A+ A= 58 9 24 HAlo] #5184
of AgetAAIT, LALT} Hw A =2 HEof gt wat
QAR ofyzt, FEoIHA vl & AF ©A
AlolA HAsHA] 3t Ao QIS WAk
Uetdith, oets] BEO] A3 At 5 2
9] 98¢ 7} o|Fojxof & Aot

T

3.3. MLSTZ 0/83t E. coli LFF = 24

FLolHA AL DA LAFZE FHo17] Yol &
2% E coli 6845 WF2=E 7709 house keeping
gene®] tiet MLST #4Z &3 UPGMA dendrogram=
TA5FAtHFig. 3). ST Y&+ MLST Ato|E(http://mlst.
warwick.ac.uk/mlst/)°llA allele sequenceS H|ulo}]

Bojsieirh(Fig. 3). #4 A7 A, B, C, D 571 479,

=

(A) (B)

1st turned compost
Deep-stacking medium (ST 212)

Wheat straw (ST 10565)
3rd turned compost (ST 2773)
4th turned compost (ST 443)

5,8, 759 AROIA £ coli7t AEHATk. A 571 A
2% 1, 3% 57 iiAet 9ae) ARt vEd fAk
e Btk E3E A 719 ST WAL BEZ0] §
Aft Ao Uehdeh TeLh ST Mse AA8HA] ettt

E. colfe BEEZONA 2 AH ZAow FHHH. D 57}
oAl £2H £ colie AxtE WX} SRt FARE
g Bojon, ST ¥ Fet 68322 YA|5H9ch Lis
(2016)0ll =W, A 117] B4k IFolA EejE FLet
ST 98 7 Salmonella #F+ 73 TAE HXA
Atolof] WA @ o] ¥R S-2 UERHT Y Hskgint. o]
2ol 4z E v g 9 BEO =] Sl= v E0]
HiZ] 2 B Ao WAL AR AoE WHET

2 AFY 2HE FHo| EH FEolHAA

9

Riul

3

r4th turned compost (ST 409)

Harvested mushroom (ST 11285)

Casing soil layer (ST 48)

Glove (ST 1463)
Rice straw (ST 457)

0.01?216

? ?

0.00?608

0.01?824 0.02?432 0.0%804

0.00?608

3rd turned compost (ST 215)
4‘ E 1st turned compost (ST 6777)

Deep-stacking medium (ST 46)

Chicken manure (ST 1266)

0.01"1216 0.01?824 0.02?432 0.0%804

(C) (D)

Heaped wheat straw (ST 1081)
Casing soil (ST 2539)
Liquid fertilizer (ST 4173)
Chicken manure (*)

Harvested mushroom (ST 189)
Casing soil layer (ST 189)
Deep-stacking medium (ST 1081)

Glove (ST 1737)

0.01?216

? ?

0.00?608 0.01?824 0.02?432 0.0%804

0.00?608

Pasteurized compost (ST 683)
Deep-stacking medium (ST 683)
Casing soil (ST 164)
1st turned compost (ST 348)
3rd turned compost (ST 226)
{Wheat straw (ST 7290)
2nd turned compost (ST 4628)

0.01?824

0.011216

‘ 0.02?432

0.0%804

Fig. 3. UPGMA tree and STs of the isolated £ coli from production process of button mushroom by production stage in farm A,
B, C, and D. ‘The allele value is identified, but the ST value is not assigned.
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nAES AEHA EuoH, du 9 HiRdA HEH
Salmonella spp.9} Listeria monocytogenes= E)H|3} 1}
oA ds] APEEAAL, E coli O157:H73 S, aureus
T3 HEEA| ot A oA IA ST 52 of
d A0E wotHE shARE ESESE HH|3 B AR
Hix], QG HES}F AT FEolHA nFeHS o
Z 7157301 Utk wEbA FARE FSolHAS s ¢
SfA= Eust Bl 3715 AldS ZEa, AR 2
AA=o AT, BEES At A 5o o]Fo|Hof
d A0w HZEHY B3 98 Fe 29EH SEEREY

WAL GE A7) o) AR Tz A oo
3 Fokg o] Yo, o] o2 WAL Fol

WA s A iRt w52
gag Ao Atz

S E3} 9lA7jo]

Qof

>

2 As FEoIHA AuolA Ry 2 7417}}]
nBES 09 ARE melsty] sl sttt £
£ floto] oAl Ay HFEshe A& 2344
sto] AR EA T} BAGPBES AL

H E coliE o2 MLSTE £45t] L¥AH=
SIQITE 1 Ax, HiA] EH|SF BAE AR Fol|l= IRl
S F9Hoz 7HastA] ¢k 7.3040.47 log CFU/g
Z& §A%H v, coliform¥t £ coli= EH|3F U A
1S AXNEA AFE A olstz HFastltt. ghH, HA
o] WS Rkl A AsH7] flsto] HiA] flof H7sh=
Zoly o719t & BEE AmolA LRHAIAE 6 log
CFU/g, coliform; 3 log CFU/g& 2I}5FFL}. ESH &
o 9 2AGARM= Al 571 AR A HE 1 e
A B2 FSo|MAoNA £ coli7t EEE AL E2H 68
w39 E coli®] MLST &4 A3}, £33 FEolHA9
A HEH E coli Y FAA fiElo] BEEZoA EH £
coli7t TUR ALE Y, FFolHAle ndE oHd
ol 7HE TS 7A= AL BER P9 A &
SolHAl9] HAEE FIAI7] feiM = BE a7l
QlolTHE], AAAA QJMTHE] So] o3t Alxo] W Q3
Ao & Azt

S

mlm —g“ mlo r
HE e > r&
i)

1%
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