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ABSTRACT

Oyster mushrooms are widely consumed for their nutritional and functional
benefits. However, contamination by pathogenic microorganisms during production
and distribution poses a food safety risk.

The monthly relative detection levels of hygienic indicator bacteria in the fruiting
bodies of Pleurotus ostreatus exhibited an increasing trend beginning in June, with
aerobic bacteria reaching their peak in September and coliforms showing the
highest detection level in October.

Among the 60 oyster mushroom samples collected from farms, Bacillus cereus was
detected in 24 (40%) and Staphylococcus aureus in one, while pathogenic E. coli, Listeria
monocytogenes, and Salmonella spp. were not detected. B cereus was consistently
detected across seasons, highlighting the need for strict hygiene throughout cultivation.

Qualitative analysis of hygiene indicator bacteria(total bacteria and coliforms) and
pathogenic microorganisms at different stages of mushroom cultivation showed that
hygiene indicator bacteria were most concentrated in the growing room, packaging
area, and cooling room. In particular, B cereus exhibited the highest contamination
levels on the walls (3.83 log CFU/m?), floors (3.82), and cultivation shelves (3.22) of
the growing room. These findings suggest a potential risk of cross-contamination
during post-harvest handling and highlight the importance of maintaining facility
cleanliness and proper hygiene management for workers.

Seven natural antimicrobial agents, including “GyunOpa,” were tested for their
activity against B cereus. When these agents, which showed antimicrobial effects
against B cereus, were applied during oyster mushroom cultivation, no phytotoxicity
was observed. Eugenol, a component of clove extract in “GyunOpa,” effectively
inhibited B cereus and S. aureus. These agents may enhance the microbial safety
of oyster mushrooms by controlling pathogenic microorganisms.

Key words: Agricultural products, Oyster mushroom, Pathogenic microorganisms, Foodborne bacteria
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1. d75%

e e 9ATE FEHAE =g &3t
A AAHoZ FExsta JQtHOh ef al, 2017). =4 AakEEe. 1990t o] % A
F3lE WAl AAAEe] o R tiE AT AT AAVE 55
HA ] Ak An7E U= FAloltHLee ef al, 2018). 2023 7|Eo 2 Ul WA
A AbeEe 154,623F 0|, o] 71&d “Elg]l= 58,879=S2 WA AAiaFe] 38%E AHA]
3= =9 WAt AVEE “EEMAY Fa AN E 2023956 42,935ES
Asbste] Aa mEhe] Ak 72.9%E AASHE AAKHSE FaF FAER AE
ZHA = AHMAFRA, 2024a).

HA 22 Il 1A AP A4 FAYo] Fol WA 201995 223 E9] H
Aol FoWAS FALE v T AAAZFOE FE3HA FHATHMAFRA, 2024b).
a8y, 2219 G4k A gkat ol AldlA gl 2H gl oW Listeriad AER QU
gted bR EAZE AZIEAL o2 I8 20230l FEFC] 12HESE FA3F]
A& A H At Lee et al, 2022).

L. monocytogenese ¢ WA FHANAE AE 75 HAdAd vABEE, =
oA e AE Atdl= 20200 v= CDC(EH FA A gAE)ol 23] Hu=a,
olo] we} W= FDA(2]F 2 9F=)¢} USDACE )+ =4t Fo|HAle] tigk 4+ Algh
2 gF 2XE FHSAJATHCDC, 2020). HoHAS FHY A¢ AY=gom ZFHo
=X AH 71#S ALstd L monocytogeness 100 CFU/g o3& FAsta gUot
(FSAL, 2006). ¥Hd, =ujollxe] sBoAle F=2 71 zeste] HAHAEEE L monocylogenesel
o3t AFm Atdle DA da, AAZMA g zE ot Wi Mxe #Y
AL mhEEo A Foh =g, “ERHAS Ze F3, AFo], FFol Y I
A2 WA A L. monocytogenes= 7 E% A ¢FktH(Yang, 2021).

LEH AL S 25 15~20C, 5 90% oliolA Auj=Ed, dHE AujAt
Wil A g 7] A|2E"S T3l 375 SSA7E S0 AriE L
olE g A2 wAEY ofyg thE HAEEC] WS A 2AE& AlFd
webA, =Ehe WA AR BAAd A Ee] 2d s WASHHA Al
4 B, 75 $ By 2 g AAHANA ARESE =7 7140l

N
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>

Iz
Hoyx oo

1§ MAOR T ol

s

v

>

>

atel AAT 914
o7l Bastth w3, AU A GYBLE A S YUY YR Y
Hst ol8 WA T FrHH 94 B PHel BT ATt Bastc

B ATE A9 AAsE setem el dal AT FUA vl
B9 0AEE 2] FAVAYE AW WS FHSHLA FASAT

AlEsrise ¢ 595



2. A& 3 ¥

ANE D e f3u8E 2UE T

7]_ }\]E jﬁ‘% \;H}\]- EU BH:H

2023478 20243744 237 B71AG metelMA A 748 HoE 293
10970 LEfe) A8 $USAT BANRE AR A GRET 459 TE A8
Gk BE ASE PPPHE AR usgon], ABAH F 2443 ool Ao
A5k,

. AR A FH(E 7B, ) A FE
AR ZAH(Z 7] GAF, T AZFEAS AsliA A 25ge FHst Het
2 2] 2] 4 <=(Saline, Mlcroglene South Korea) 225mLe} &3t3h 3?— 283 #d3sk o
#2sE NEs BaAYAATE ol&sto] 108 @A AT A FA T
T 4N ImLE A= EWA(GBM petrifilm, 3M, St Paul, MN, USA)ell ‘:‘—rS}OE]
kst 3 colonyE AlFstEth widzAe 7| AAFE 35ColA 48413, A+
2 35CoAA 24172 ST

fo ﬁ

ot WA, B cereus, S aureus, Salmonella spp., L. monocytogenes 733 54
Hé%*éﬂ} A+t B cereus, S aureus, Salmonella spp., L. monocytogenes 2 A&
AMA AA 25g& FH 3] TSB(Tryptic Soy Broth, MBcell, South Korea), UVMB(UVM
Modified Listeria Enrichment Broth, MBcell, South Korea) 225mL<¢} &35k & 2871
FA3% e A T TSBollA #23E AlZ+= 35T oA 24417, UVMBoA #3283t Als
= 35ColA] 48A17F viFst o DNA & 3 PCRE X8YslATt. B cereus, S aureuse)
A9 FAdo] gE AR el FHHSRE HA FHA 745 PCRE 83T

AR 2> =8 fFevdE 2 8¢ 371 2 /fdAE 73
R I

ANd D A B cereus7t A<d M w7F o= T ¥ FUAAESE T3
st7] 98l A AujALe] Fo Aol A /\l 55 ¢ 53 AT A=A e
WZAMEA, vte), HSAMEA, ve), A A, vie, s dg), dF571ED), 4
SAHA, v, vy, ASd, 770, EAAMA, bk, =8, Adbh @l%%‘("—‘%xﬂ
Wz falAE 29 Flsgel i AL ARG on, A ANBrE ® 17
2. xH A5 A FH+= swab kit(3M Pipet Swab Plus, Korea 3M, Seoul, Korea)% o] &
sto] ZF Z2AF AA- 9] 100 cm? £ w28 T8N, Y& Alse Ed A
THE AHEStY AFHSAT B A EE WANHE AJAE heiglon, AR
3 2441%F oo AP A A

I
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£ 1 e FeAd 8 598 ARS

=7 _

A4 wE oWer Wy Zj‘%] Ms  sgm A SR
Wz 15 15 0 0 0 0 0 0
=4 15 15 0 0 0 0 0 0
wfkA 15 15 15 0 0 0 0 0
=71 0 0 0 15 0 0 0 0
AJS-2] 15 15 15 0 15 0 0 15
AR 10 10 0 0 0 15 15 0
oyl 15 15 0 0 0 0 0 0
3 A 85 85 30 15 15 15 15 15

U, A A EA T, B. cereus A HEA

ARAFAH AT, dTTe A S Ad DI $d3iH, B
cereus BFEAE A HA 25ge FHstd EHAE A 94(Saline, Microgiene,
South Korea) 225mL%} &33t & 2&%F #23sdth. #2438 ANes Ea484
ATE ol &35t 108 TA sAMstdth w=4E 3Ads ZhzE 100ul? FHa& MYPA
(Mannitol Egg YolK Polymyxin Agar, MBcell, South Korea) #j=]ol] =23} 35C ol A 24
AR FRF g & FAE FEYUE ATt

ot WARNATF, B cereus, S aureus, Salmonella spp., L. monocytogenes 3354
HAAdNG, B cereus, S aureus, Salmonella spp., L. monocytogenes 2] 73/ &4

ANE DI FdeA E4sHA.

oo ©

ANE 3D e FHBE AT 2 AZAY Fd7e AL
B cereus®] RS BHHOR AAY & v AL HAdsr] st /714
A4 D HAAFEE Y T FHS ZAEIAT B Aol AHEE frEHAA
QD AAFSELS & 29 2o I A HrteE g3 #2HDisk Diffusion Test)S
AgstRom Zhzbe] FatAl= 108 3]st At A @2 TSA(Tryptic Soy
Agar, MBcell, South Korea) viA|oll B cereus ¢F5 LA =E3 &, 27 8mm
9] o]y ~=(Paper disk filter, Advantec, Tokyo, Japan)ol| Z 3|Ad A= A
gt A 9ol SE|ar 30C oA 24A17F vkttt vt £ FHolHya FHI
FA® A ¥Hzone of inhibition)e] F71E& ZA3t z+ A5 B cereuse] A7 A 3|
aRE st da8A 0] % AsEs WA HAN dAdAa HA &
Hell B Azste] o3| M §FE #FATE AR 7F FHEAE Ao FHd
sl =2 3 X3le] B cereusst S aureusE: 4 oE FHEAHS SAHIILL =

Wesgrlzd ¢ /97



By
o
r-{u:

Q gt Q1 Eugenolel] thsled B cereuset S. aureusol| o g+
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3% 2. B cereus ¥ S aureus S+ It AMEE {715 AAA
T 7 F 5
#O1}, 20z, BOOIHFA, ZOR, vlO0°|xHd, BHOO0=E, AHOH,
20, HOO2EE, #HO%, ACOeL, 200%, dOOAREL IOO0ZE,
J-OOHE], 500 79|, 201, FO0=E, o014, OO, otOO0%,
EQH, 3O, 200°], 30c°], O, uO0%, 2O, FOO%=EE,
JOOFA, dOOF&zRFA, 7OH, §0, WOZE, A0, A0

54
(36%)

NE 22E N $2E W 22E AL F2E 05 22 0 2R 29 28
(13 clee) 228 A9l 228, m2dos 228 B 225 AP F5E

dld e, vviAa 29,

A 29 4 o4 59 oF, edA A

62 AR E

3. 243 9 1
ANE D =B feRdE 2YEH

bl AMsE FAe Wokeks] 9s) 29 E 1087 AR AT
AR B4R dAEEe 48 dUE 4F £ES 2ASEHAY D, 2
sk, S8AE 98 1w AF FRA0HE Bdon, 0L b

ok HHE, 4= 0.9%=E 7HE Bk,
FEe fASAY. HFFEe 2
o]% 8¢ 16.2%, 9¥ 74.0%
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B FAEATE B WEEL
100
a0
20

kil [
G
A0
40
an
20
10
n I . FA I

28 g 43

FdE AFE G

108

F-l}l

I8 1 =g AAA A 7 3AEH dZTTe] 98 AdE dE T

A7 ALY RElnAE A B Ay % 339 2ok B4 A3 B cereuss

AA A5 607 T F 24704 HEHINoH, S aureuss & 17104 HAEHATH
vbd ) WA N+, L. monocytogenes, Salmonella spp.+<= EE Al g A HAEHHA
% Skt

3 3AIZIE =EgHAle] fein e RS A (&) 1)

71 A7l NESF HLARUNAF B cereus S aureus L monocytogenes Salmonella Spp.

G 3 i
4 ND
A 9% 3 ND ND ND ND ND
10d 3 2
9 3 i
4 ND
B 6 3 ND ND ND ND ND
94 3 ND
4% 3 ND
8¢ 3 3
C 9% 3 ND 9 ND ND ND
10d 3 ND
44 3 ND 1
D 94 3 ND ND ND ND ND
10¢ 6 3 ND
5¢ 3 3
E 9¢ 6 ND S ND ND ND
109 3 ND
& Al 60 ND 24 1 ND ND

% ND: Not Detected
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B cereuse EY 9 FAEANA E

e HYAH mAER IdHA g =A
HAglel FES HAEHE 4

T2’ W= B cereusd L 7EL A A
1,000 CFU ol3t= AHstz ot S aureuss %L%gj‘\_ =
HEHQ AFsdo= AAAC d8 X35t FF4E A A A
edd g Ak WA B AFeMe B cereust AEEC] %Y A C E §7HE
FTHCE o AR g A dRs Ao R FA5= Zlo] 8 AoE waEth

A 2> e FardE 2 8 B/ 2 #fYAEE 73

AN DA B cereus7t HEFHAJY A, C, E F7Fel tidh “eleliA AnjaAE
AR FEAT D B cereuse] BEHEA Ads F 49 2o AAAAZTAEY
S7IAAFS B3 dTS FEOASY, A, dudeA  =A  YEETh
S71AAIFS S ASH, #5757 2, A5 vy, dud bigelA 77 8.31,
7.79, 7.42, 718 log CFUM’s=2.2 &4 Yelyth taddde AS5A b, 757
Zhd ASA ik, oiA WA A 27 4.97, 4.73, 4.25, 3.69 log CFU/mM*&¢2 2
=4 UElgt. B cereuse= =2 ASAMEA 3.83, #lY 3.82, ASU 3.22 log
CFU/m?), ZAA(HA 0.89, vt=t 1.53 log CFU/M?), #57] Z'2(0.42 log CFU/m?) 2
v k4l uleh(1.65 log CFU/MA)oN A A Z= 2t

LeteHAl AEAE felirds AAdEA Ade % 59 2o 24 2
WA WA, S aureus, L. monocytogenes, Salmonella spp.s= EE Al RolA
AEHA ol I8 #HAA mHAEC o A4 #E HHe 3 Ao
UEls o a8y B cereuse ASA BHAIA27), ASA wrg(1271), ASU127),
7FE71970), AS4A w8 61), d¥4d #AG), AWd mbe6r), @A
vureH670), WA wgG6x), F8206x), 234 utgG), £8 Avdz), 7334
g 27), #57] 2907), 234 dAQHA)e £o7 HEHU

Aol WA Au 874 21L& 25 15~20T, % 5% ooz 7 |4AF

B cereuh F3719) A4S Dot 53 HFAe| FEYAE A A7),
WA AR, 2 Fol &4 Y2 FA0l AT Hldo) Hnz, )2 A4
A 97t o Ao war, B34 WG AR e suel Aol

AEH A=, ]—‘E% t‘&

| el A AT M7 FHAHARA Aol WA
shan, Wuy) A5 A F4

WLO] H52 AAZ FaHe] yehd A 324

2
—i}ll-‘o{mr é".:

90wt Asdel AMARE Alde FaATN7] fHeAe AT 4 9 A=
HeE s, WA 3 Fole g AL AAst Ald F4E Ha3)
sfof It =, Wdrle FU1HA FaTE o] FojAok jth
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o

% 4. e WA AN A QA TAT 2 B cereus AEEEA Aw)
(F+$): log CFU/m?)

o ST|AAH 121 B B cereus
A
=+ - + - + -
;g%%_ﬂ Ao Eﬁg—i—ﬁ?j_i} A Eﬁg—i—%ﬂ_ﬂ A
y7ral ER 237+13 352 0.17+0.6  2.52 ND -
k Ea=) 416+13  6.02 ND - 1.26+18  4.22
e A 1.93+1.7  4.22 ND - ND -
ST mg 563+15 850 ND - 047+12  3.52
R 285+13 461 ND - ND -
Wk wpgt 436+15  6.96 0.62+13 367 1.65+2.1  4.52
wjoFy  2.15+14 356 ND - ND -
#F7 e 779+34 1115 47341 909  042+16  6.30
ER 6.45+0.7 7.9 207+18 447  3.83+28 656

S1a=s 7.42+1.0 9.20 4.97+1.7 6.74 3.82+2.8 6.59
A4 dj Sy 6.94+1.0 8.53 4.25+25 6.79 1.04x2.2 5.52
Ay S 8.31t1.2 10.06 3.14+2.3 7.23 3.22+£2.8 6.52
74571 0.60+0.9 2.95 0.07+0.3 1.01 0.07+0.2 0.84
B A 470x14 5.90 1.29+1.7 4.01 0.89£1.9 5.52
G1a=s 7.02+2.2 8.94 3.02+24 5.75 1.53£2.7 6.52
° Tz 519+14 8.15 1.64+2.1 4.23 0.35x1.1 3.52
Ak 6.98+1.4 8.88 1.29£2.1 5.00 0.58+1.8 5.82
EER = A 6.89+1.5 10.18 3.69+29 7.13 0.73+1.9 6.00
v}t 7.18+1.7 10.77 3.59+3.3 8.26 0.25%+1.0 3.82

3 ND: Not Detected

qudE g8 MAS A doll F2& ¥V A8 A2Q2~4C)e2 B
st FFtolth. oy AoA 9

PAZARE D=} Fe olFE M
A7) Fol whehol WoA i, A MG FYOR AW ¥ oddo] fYUH
A%z FHAL £¢ 4% F 03 BWo 248 Awel dWd WE 7 &@
FRA B2 AAZ Ao} AF W=} ZYE Ao PerAT

E4AEe A% BANA o] ed® WAl £ % mF ARAN A &
Ut 2 NAAE Bl o%de] FE Aol Erh EF 2R vl Ay F
Folzl WAl M7A7), WA 5 ThFE FarEel EASY AYASY we FYom
AYAE AR F4 sbsAol Atk wekd £F F F/1H v s A
47 AR E FA wA AL WA oF S}

A7) B TG AWOIHE B 0F FEo] FARAL, ol Ay =7 wE
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A8 S BRIl i A9dAe] Q1 $Fo] Ao AZhEnk 7] B B cereusrt
429 A AY =L AR FL a1 o WAAYS AT 0F AE P
A7) A AY STE A F FA AAS AHSD L5} Bk

ANePsh AFA AL QAAE Aws Gl Azl Adew wi 1%
ou, HYAe] £3 A, 3] F RR U4 52 F3) A%d sbsiol gons
A AR A Ak D &% sbgel Basith m@ MY WEE FYHE 3
Mol o3} Axge MXstel 0P 9% Frlo fUL AAF Ao} ek

3 5. =W Al AuiaAE feinAdE A4 ES A (&9l 7)
AH NEF g}% ?_; B cereus S aureus L monocytogenes Salmonela spp.
-
Bz ;}fl ig ND NE? ND ND ND
>
CET I R < ND ND ND
B A 15 ND
LIS R 12 15 ND 6 ND ND ND
Hi o 15 ND
57l A 15 ND 2 ND ND ND
A 15 12
Lli=s 15 12
Asd w8 15 ND 6 ND ND ND
A5 15 12
7t571 15 9
=5 10 2
= Ia=1 10 5
3L R}FA] B
XA 517} 15 ND 5 ND ND ND
Qs 15 4
A 15 6
oy npeH 15 ND 6 ND ND ND
< Al 275 ND 94 ND ND ND

% ND: Not Detected

<AF 3D ZeHg 7
B, cereusel ™3 ’% Sy
oz fAa3k4k
(zone of inhibition) X]%O] 15mm o] A2
O3, A=O0OFA,
AO & 7F

HERE AA =
O0O=E,
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[y

mm

e f5dA 75 =
9% B4 B/ AT ® L
SR ekgkon], Letelne] A% 9 FPAE Fold YT VA g Ao

sl = et

E 6 AE A7IEPAA 7E BT B LuklnA okl B T 2 A% 54

O =

AR RAR AFA DA gge]l  TE s

TE Jgeesr om  @m  om  om Sy @
A3} 5 25.3 13.5 94 65.1 31.1 172.3
A= Ao 2 24.1 13.1 10.1 64.6 26.9 168.4
nlojujo]al 2 22.7 13.1 11.2 68.7 27.2 171.5
U ElEE z 23.6 11.6 10.7 62.4 22.3 158.9
A e 2 23.8 10.3 9.9 56.4 28.8 161.4
HEAZ = % 22.9 11.7 10.5 60.9 214 159.0
Az z 24.4 11.3 9.8 60.1 22.2 166.8

o Z(FAE) 2 23.6 10.5 9.0 61.1 224 164.0

2od
i
i
Ho

ol NEQAA 7E3S AR 3 wjeE=Z A5t B cereuset S aureusol
s A oA &9E Hrre 2y, O 1T Fo dF E4S e
TOF Y] Fo AR RN FFFESEE TAH don, ZFFEE FH
GRS Eugenololth, F7HH o2 B cereusol 3k FHSAS Hrslr] 9 &
Eugenol(24% s%)& w4 o2 txasii s a3 A B cereusst S aureusol
tls) zb7: 13.4mm, 12.0mm 27)2) WSS FASFATHIH 3). o] 520042 A+

Ol

¢
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NHE A wehks FEE0] 5% FxoNA S aureusoll thsl 17mm =719 A &3S
A3y B ustitk Cu 52023 A NV(Syzygium aromaticum ol A 23+ Eugenol
Aol B cereus B 1 ZA] thel FE S S-S Holw, Ao MEE &4
o]l B+ %, DNA 2 55 &3 B340 443 dAdsS Aot 1

F

%k v Aok =3 Zhang 5(2024)2 Eugenol F=&°] 652 B cereus ool tsl<]
T A A 2 A4 I e Raskith
B AFNHE FF(Clove oD =8 &4 A8l Eugenole] B cereuset S aureus®)

AL ERAOE AAT 5 YL FUST oI AAE 4F HAA Fus
FAVIAE AT A% Y FRA AW olgH TAZ B8P F AL Qo=
Mtk 35 AFAgAE B8 AL 4§ J1AS 0% FANOE B,
Sopd 874 wdeMe] G BB FFsel mehwAel MAE AR T

N7 bo] mhEE ojop & Aol

134

125
12.0
12.0

115

11.0
B. cereus S. aureus

19 3. Eugenol(24% &%) B cereus R S. aureus®] ASANE A&
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S 28 ALY RN 2AE i
T3]3

FeH F8 Ayt vt 2ok

N3 D =EE fFavAdE ZUEE

7h e AL AR Ao A o] AR FA T tiE € A HE e 685 H F
7Vele AdE BYon, 3714 Al 9o, AT 10€0 47 HuAE
YERATH

. e ALY FEPAE A B4 A, AA AS 600 F B cereuss 247,
S aureus= 173914 A&E= Ao

AN 2> e FANAE 2F a9 Hr 9 FUARE 79

7} ANE DA B cereus7t HAZEHUY A, C, E 710 thdk =elglW A e
AE AAAAZEMT L B cereus BEFEA A 74N HY dAZAATS T2
ASA, A a4 Uelhgton, B cereuss -S4 4 3.83, Bid
3.82, A 3.22 log CFU/MY), =444 0.89, #le 1.53 log CFU/MY), #F7]
22042 log CFU/m?) 2wkl uek1.65 log CFUMA)NA F2 AZ5 At

U, WA AedAE felin|aE AA B4 Aek AA AR 27570 F B cereuss
ASA 7571 F 514, A 501 F 167, dWiA 3071 F 127, w457
% 67, WA 307 F 5dA HEHAU

ANE 3D =8 A E A7l A

7} e WA F8 AuiAA SA0A AEH B cereusd) tid 4 AL HUt
7] Y8l 1 sdAA 2@ HAAFESE 53FS U E gad FAHS 3
gt A3, "HFOF AN A Fog i FAdo] FRAHJT E=9h, “ER WA A A
of £5 A2l Ax} ofslirt BAEA gow, BE EXHY FFAE fo

FEFE HAA] Fe Ao=Z AU
. #OIe] =8 &< Eugenol4% %)= A= f2a S4HHS 3%
Ay, B cereus$t S aureusel tid Z+Zb 13.4mm, 12.0mm =Z7]e] A KA 5SS
PAaste] F 77 S aRHoE AT F AS5S Il

F

[e:
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