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ABSTRACT - Mushroom consumption is gradually growing annually worldwide for many centuries. Oyster
mushrooms (Pleurotus ostreatus), button mushrooms (4Agaricus bisporus), and enokitake (Flammulina filiformis) are
mainly consumed in Korea. However, mushrooms can be contaminated with pathogenic microorganisms, such as
Listeria monocytogenes, because antibacterial treatment during mushroom cultivation and processing is insufficient.
Therefore, many cases of mushroom contamination-related foodborne illnesses and food recalls have been reported.
Three representative treatments are used to prevent microbial contamination in mushrooms: chemical, physical, and
combination treatments. Among the chemical treatments, chlorine compounds, peroxyacetic acid, and quaternary ammo-
nium compounds are commercially used and ozone and electrolyzed water has recently been used. Additionally, physical
treatments, including ultrasound, irradiation, and cold plasma, are being developed. Combination techniques include
ultraviolet/chlorine compounds, ozone/organic acid, and ultrasound/organic acid. This review describes the domestically
consumed mushroom types and their characteristics, and investigates the mushroom contamination levels. Additionally,
effective antibacterial technologies for reducing microbial contamination in mushrooms are also discussed.
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Ao D 20200 3€F 49oll= v W =Rk soln
A FEGA 33o] W= 2F|F(US. Food and Drug
Administration, FDA)S. 2 HE & HHE 2| Wk
oD, T3 20208 WA Salmonella®] L GH =41
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JLsld ZF HEH FXE B2 AR7E Ao, olo w
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Folwslez dHA de= & el (Pleurotus eryngiiy=
ARk el WA Blaste] ti7F AN Fom, 27|d=
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ol MACE 2k ofFE SZAMS YeRlH Axs)
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Table 1. Total agricultural mushroom production in Korea (Unit: ton)
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2020 g A AL B AAbES 14439302
EFR W A1(45,724E)0] 7 Bo] A=A glom,) e
2 oAl (26,128%)7 YoM A(20,493%) T2 &=
2 A2kE 3 ItK(Table 1). SAFFEG R oshd F
2 FEHARJ] AlFo Al S WAL A4 WA L] 19.1%,
L] 32.9%Z XFA|EFAL Qlom, WoluAle Aal wA
o] 6.4%, AAFEF 18.0%5 Akl Ut AldolHAle]
FEHS 59.5%=2 AdY] 2.5% SRR, oAl
o] FEFE L. monocytogenes®] HAY| oJgt Qb o] &
AR F8 53¢ w53 Aol M 2t} 35.1%, 45.6%

N oo for

Year Agaricus bisporus Pleurotus ostreatus Ganoderma iucidum Flammulina velutipes Others Total

2020 20,493 45,724 80 26,128 55,008 144,393
2019 21,913 48,327 78 31,818 50,717 152,853
2018 11,348 39,497 79 28,532 56,142 135,598
2017 10,638 53,532 97 28,535 57,088 149,890

Adapted from the ministry of Agriculture, Food and Rural Affairs statistics (2021).
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Table 2. Total forest mushroom production in Korea (Unit: kg)

Year Lentinula Tricholoma Aurz'cularla .Sarc-chon Spa}-’asszs Wolfiporia Other Total
edodes matsutake heimuer imbricatus crispa extensa

2021 17,386,026 170,353 412,098 9,940 1,861 21,045 257,356 18,562,051

2020 18,468,030 116,820 486,749 9,872 3,941 29,007 575,728 19,371,807

Adapted from survey for forest produce production (2021).

7T, 20219 AabH AT ALk 18,562,051 kgo
2 A IHA(17,386,026 kg)o] 7HE Hol] AAE (T, 1
5o 2= EoluAl (412,098 kg), £0l¥A1(170,353 kg),
A (21,045 kg), 5194 (9,940 kg), 250141 (1,861 ke)
o] Wol| Aikd o2 eI THTable 2). 71& 4hH

A
WAL, BEuAe A4715s AEdnme B840l

WA A2 L. monocytogenes, Escherichia coli, Salmonella
o) gleh. FNE WAE F2 sl AR5
ol WA =Z sk 255 A7t Ao A %S
L, oA = WAlS s ol&sh= F 7FEEE §l
| AFsk= 4-57F o] HAS mAE oo s Q%

o

Table 3. The case of foodborne outbreaks associated with mushrooms

A= AHIZE BaE vk doh H2 2 d7 oFdE
Aol oJgt 2552 8 HUAHFS L. monocytogenes=.
A=A 2016-20208 F=4F 58 oAl s |
= 1770 FollA 3670] A5 S84s B 3190] dd
stlom, 490] FAaL 2%e] fratsti k. 2020 114
o= wl=olA Salmonella®] LEE T4 AFoHA L
2 I8l 55%o] ZEEAL, 6ol JHg AR BIE
oHY. 2022'd 79, FDAE Pl= Aol sgojuAle] gt
Y ARE IEIom g oAl AF HA A
22 AL glo] AR/E 7FssHl et § AskE
A 225 FgstAd. 1 uhll= 2022 8ol Wit
EU rapid alert system for food and feed database®l] <]
H Staphylococcus aureus?l L GE 29| A4 WA T2
S 2 Q3 AFE AlaE BRI E HE Qlti(Table 3).

o] 9l % L. monocytogenes®| L\E oA LR <ldh
Y Z AHN7F A& BASEL U2 W, Bacillus cereusSt
E. coli, Salmonella®l ©]3t 2]F A= B ILE L TH(Table 4).

O

3

I
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Area Year Pathogen Mushroom Impatient Death
USA 2016-2020 Listeria monocytogenes Flammulina velutipes 31 4
USA 2020 Salmonella spp. Auricularia auricula-judae 6 -
Spain 2020 Stappylococcus aureus Boletus pseudocalopus Hongo 2 -
Table 4. Mushrooms recalled due to foodborne pathogen contamination
Area Year Pathogen Mushroom Reference
Listeria monocytogenes Flammulina velutipes
USA 2020 Listeria monocytogenes Sun Hong Foods, Flammulina velutipes 23)
Listeria monocytogenes Guan's Mushroom Co., Flammulina velutipes
2007 Escherichia coli Wellsley Farms, Mushroom
R 2020 Listeria monocytogenes Golden Mushroom, Flammulina velutipes (25)
2019 Listeria monocytogenes Jongilpoom, Flammulina velutipes 24)
Slovenia 2022 Listeria monocytogenes Flammulina velutipes
Holland 2022 Listeria monocytogenes Flammulina velutipes
2017 Salmonella enterica Dried mushroom
Germany 2016 Sa;n;(;z?ilsaceer;tee:jca Dried sliced Auricularia auricula-judae @6)
2013 Bacillus cereus Dried mushroom

2012 Salmonella spp.

Tuber indicum
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vj=oll A= 2007 E. coli, 20202 L. monocytogenes S-%
© 2 Q% 3719] FF AtV BN om»), Fvriel A
= L. monocytogenes®| 23 272%#22] 2]F AMd|7} B
HATt g, FHANE E coli 29 FH 7152 100
CFU/gg Z3st WAl 9 mAlAZol digh 2|8 Wao] o
F A sk T,

)
stelH 53] AAg73 e d7] EA8t= L. monocytogenes
of tigh WAle] SHEIF =T, ofd;ME9] FFolH
A Auj Aol it rAE QAT E ZARSE AT u)
A WF-2] =71 60-70°C7}F H =% 1241 7H5¢E Au ek
S 2"9AZ] &, 1% sodium hypochlorite® A3+ 3+
739l L. monocytogenes®] LFE&L 13%E YEFATPY. &
gk, AjEolmAle] ALl L. monocytogenes S HES
gelgk A3 WA Aol o] &= 7ot & T A
5870 % 207(34%)0N A PO = LpEhtThy, 1 vto
43e] oAl Au) o] Auiag F AE 29570
of tigt MEFE WY A 18.6%(55/295)04 P&
2 IO H, AFAA o] & A9 FAKA &
=, A%, 8 FANNE L monocytogenes’t HE= S
o2, mepa] WAL A 2 AR oA e dE WY
Alitg B8l HA AlFem wak RHE ANl E

HojE

b

tlo oX ¥

Table 5& 55T WA AFAAA e PdE Q¥
AL AFAFHE BAFA Ak FEeolH A Sl
Pseudomonas, &<, A2 Z+7Z} 69, 7.5, 7.2 log
CFU/geE YEeh 1% & LAEE HATH). 1 o
Al 29 Aldg WAAME HaA mAa=Edd L
monocytogenes (1%), E. coli O157:H7 (4%), Salmonella
(7%)7t AZE o, HAA ] nAE S5 B9l
Aol A7 2 F Aes BAFH. T AlgolA
TuiEk 6557 A]RHA A F 14171(21.20%)2] S0
A L. monocytogenes?t AZEE UL, 25 FolwAle] H]&
o] 55.50%= 7FF =4 Yo, FAHSE gld 141
Mol AE 5 43709 9 FF2 10 MPN/g oo =2 1}
E}StT}. Multilocus sequencing typing A3} 180712] %A
2] FF 5 2170914 sequence type (ST)7} E2lF e
™ 235 ST83 ST87°] AmjAolet. 3k thie]
T(53.89%)°14 th¥st FR/C] FAA N e WS B
Fou, BI FF9 90% °]d-2 sulbactam/ampicillin,
amoxycillin/clavulanic acid, meropenemS X33l 16714]
o] A sl S BATH. m=o] AlFel
A AL 75%0A T o] AEHALT, 10%
oA Listeria spp.7} FHoZ ERIFAT. o= &l
¥ Listeria spp.®] 5%= AEZA] %2 MAOA, 25%= 2t
£ FEo HAleA AZE o] A2 FEfS] WA A
= LEEIH 22 AR IRAFAJTO. 2| A f
TEE 22F 402709 Ao T A= 4494 log CFU/g

e

Table 5. The contamination level of foodborne pathogen in different edible mushrooms

Year Pathogen Mushroom Positive sample (%) Reference
Flammulina velutipes 55.5(116/209)
Volvariella volvacea 11.76(2/17)
Hypsizygus marmoreus 10.12(8/79)
2018 Listeria monocytogenes IPIE (@)
Pleurotus geesteranus 8.33(1/12)
Lentinula edodes 2.88(3/104)
Pleurotus ostreatus 6.73(7/104)
Listeria spp. 10(3/28)
2016 . Lentinula edodes 36)
Coliform 75(21/28)
Boletus edulis 18.2(4/22)
Calocybe gombasa 40(8/20)
Listeria monocytogenes Hygrophorus limacinus 40(4/10)
Lactarius deliciosus 25(4/16)
2011 €0
Tuber indicum 100(6/6)
Calocybe gombasa 5(1/20)
Yersinia enterocolitica Cantharellus cibarius 4.2(1/24)
Craterellus cornucopioides 25(2/8)
2018 Escherichia coli O157:H7 Agaricus bisporus 98(49/50) (38)
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2 UERR, 12F(23.4%)00A o] AE=H A
Sk, Pseudomonas spp.”t 21.6%= 713 =& H|&Z HE
= %13(3.7-9.3 log CFU/g), L. monocytogenes= 2671
(6.5%)°] AEA HAEEANCH, 25 UHA(40%), R
WX (40%), ==+ $2HA(100%)914 =A YERS
Yersinia enterocolitica=  FAWAL] 6.5%A A AT,
olgrglo}e] ready-to-eat HA ] 735 98%l Al E. coli
O157:H7°] 7.21 log CFU/g 522 L @=o] AU, &
717 Tedd AedS ZE MAlolA ZHz} 8.07 log CFU/
g, 7.80 log CFU/g 522 HET A (Table 5).

Ao} o], MAL Au) 2 AL S oA o] HYAd M
o] o] g wet Aol Ak} =5k 3 o A 9
E Hds St e PR Q1T AF=
S detr] f1gk AR 7 dasith 53] HA
H| 53 77k StollA Auiatr] ool W3, nAdE,
stetEd Sl o o4 7FsAdol wig- A g, vk
A et 7= mAE ] AEH(biofilm)e] 7]
=2 3o, olgfg A WAl wmAE 29 4
F A Ao A APAEE =Y 7 AT A A

W) gl glo] 3 A L LS WA A )

N

1

o

>
rlo
Cuin)

718 4 e AR RIAIEIT L monocytogenes 2 log
CFU/gE &, A8, o FEje] FSolwAldd 2tz ¥
[e]
o)

3.5, 6.5 log CFU/lg Z7FeFAth?. sjolwAle] L
monocytogeness 2.73 log CFU/g HF ¥ 5°C, 10°C, 25°C

ol B3 Ay} seCoEe 7Y B Fox= Z Wiy}
HolA] AR 10°ColM = 78 F 5.15 log CFU/ge =2
°F 242 log CFU/g, 25°CollAl &= 1Y€ B3I ¥ 594 log
CFU/go. & ¢F 3.22 log CFU/gZ7}3HS ek,

B3] DRI X2 Nl dlet A=K 28
nAE 09 918 Fol7] gk 7P dnkAQl W
HAL 2 WAL AL 8 sEol shehA AsAlE AL
= Zlolw FAAMZ Ee FF AlFo] 2 ol&H
stama] AMele Al AgolMe] w5, A2 A7
, pH, A PAE Fo] aEAe] It Bl IF
nE = dvke AE desiof stk AFGA A AL
He 3leH amAle dubF o g Aksd ) waksl
=A2 g 23 A=A E chlorine compounds}
peroxyacetic acid (PAA)7} tEZ o], valslA] A=A 2
quaternary ammonium compounds (QACs)7} AR&E T,
Sodium hypochlorite (NaClO), chlorine dioxide (ClO,)}
chlorine (Cl)= 7P¢ o] ARgEe= T4 As5AE =
] hypochlorous acid (HOCl)3} T}Z reactive chlorine
species (RCS)S A1 34, 50-200 ppme] &% H <ol
A AZ AES gYs] Ed 238 AT 3 3EE
o] AdE F Utks FAZE SAFTH. e WAL
100 mg/L NaCIOE 1&7F A2s A3} L. monocytogenes,
E. coli O157:H7 <} S. Typhimurium©] Z}Z} 1.94, 1.42,
1.86 log CFU/g 7+223}ITHTable 6). PAAS Al E£u}S 3}
3l " a3E U §2 pH "7 Hol b Aol =
3 FAkEo] Athe Aol JomS L monocytogenes,
E. coli O157:H73} Salmonella A 7}3}ol| & 342 o] T}490,
= 100-400 ppm®| FEZE AF W A%l AMEHE
QACE 1% A Aol FHlx & IARE

oo

ol rlo

1 o
®

koo o rfo

Table 6. Control of foodborne pathogens in mushroom by the combination of chemical treatments

Treatment Reduction
Pathogen Reference
Food Condition g (log CFU/g)
Plewrorus NaClo, Listeria monocytogenes 1.94
Chlorine compound 100 mg/L, Escherichia coli O157:H7 1.42 (53)
ostreatus | mi
min Salmonella typhimurium 1.86
toarions Gaseous ozone, Listeria monocytogenes 2.80
& 53 mg/L, Escherichia coli O157:H7 3.41 (52)
bisporus 60 mi
min Salmonella spp. 3.61
Ozone —
Plewromus Aqueous ozone, Listeria monocytogenes 1.06
5 mg/L, Escherichia coli O157:H7 0.75 (53)
ostreatus 3 mi
min Salmonella typhimurium 1.03
Plewrorus Low concentration Listeria monocytogenes 1.94
Electrolyzed water ostreatis electrolyzed water,  Escherichia coli O157:H7 1.42 (53)

5 mg/L, 3 min

Salmonella typhimurium 1.86




292 Hyunji Song et al.

QACE A 842 FA%THE o] glout, £
galie Earh om #4090 BAZ 9 5 ATk,

A2 A % @3 AT ITE A AeAAS
WA stel eE} ANFE ol gF AR 25
o LT} eEe Aso] Fol Ak Balslo]

oEo] FA Bete itk FEolwAlel 5.3
mg/Le] 2ES 60t &< M-S Wl L. monocytogenes,
E. coli O157:H73} Salmonella7} Z¥Z} 2.80, 3.41, 3.61 log
CFU/g o]}\]- 71—_/;\_Q04r4_52) ;q OH/‘L /“E%;}_ Zﬂl"—EQ] 0:1
SHFEE(0.2% Ol o})a Hof A71EslE Bl A= &
SAE B, 945 A DNAE 33t AlZ o
= J‘rﬂﬂgi’ﬁ 2ZhgHn. dalere AME 9 fFad
A Sl wel 73 sl (strong acid electrolyzed
water, pH 2.2-2.7, 20-60 mg/L available chlorine), 2F3H
A8 4=(slightly acidic electrolyzed water, pH 2.7-5.0, 10-
60 mg/L available chlorine), ©]4Hd A& <=(low concentration
electrolyzed water, pH 5.0-6.5, 10-80 mg/L available chlorine)
2 SR A At vt ik e
AR Aol DA shs dartas HASE & A A
Hatthe S 2ttt ¢, Ao vikd HallrE
5 mg/Le] FE= et Ale 3&87F A 43 L
monocytogenes, E. coli O157:H7 2 S. Typhimurium7} Z}2}
1.94, 1425} 186 log CFUJg 7+2:3ke] 743k As)2ee] &
w Bl F zpol7t gle AoE RIS (Table 6).
HAS WA E edEe] AzstE flaixde WAl ZHA

<>2i
oo
mlo
N

kg HEE X WAl Ao APeA 5o 9
il fsit), ofdA;M =] FFolHAl Afuf ek
L Al 572 —“E’—E]E
4] HE F PAA A5A9 QAC &
A& 5E7F A2 A3 L monocytogenesPJ AEdro] 4
log CFU/g, 4.0 log CFU/g 7429 37} A< 3l o}
AT, =g WAL Al Al AREEE 719 3R PVC,
low density polyethylene (LDPE), PET, Z&}2~¥, A&
T2l 100°Ce] ko] Afo R 637 77t A e A
© 180
A

. monocytogenes

B
L. innocua®) Eo] 2.5-3 log CFU/g ZHAstgl o,
% A A FH2EelA 64 log CFU/gOld 7t
ATk

HA 2] OPFE X3 XY - SN W FEHT &

HA] mAE 2H9S Eol7] 9% B4 ME=Ee
ultrasound, 1rrad1at10n 7% ol BrrENeH, olgg &
22 A7l 7l 55t AsAld vlE) A 2 o
g @Al ”7] ool Ad AF7E S7kstaL Tt o]
ultrasound= AA| A o] §&HA FE|H ] Yo
FAd 7} Ao Fole Folil gt Y, A fAls)
o G ol theFgh A FolA ARgE = P TH
710 tP. Ultrasound= t 2] AHA S =3l V@E
AEZH S 917 3tal DNAE 33 P& Alo] a3& W
0. A ATl e FEFE 32-40 kHzol M 1027F
2] Al S. Typhimurium7} 1.5 log CFU/g 743tSaL, Ab

FlF HU O{N

Table 7. Control of foodborne pathogens in mushroom by the combination of chemical and physical treatments

Treatment Path Reduction Rei
athogen eference
Mushroom Condition ¢ (log CFU/g)
70% Ethanol, Bacillus cereus 4.95
504 mWs/em® UV Staphylococcus aureus 4.10
Bacillus cereus 3.72
Pleurotus ostreatus 2000 ppm Hgoﬁ- (60, 64)
uv 504 mWs/em” UV Staphylococcus aureus 2.75
200 ppm NaClO, Bacillus cereus 3.55
504 mWs/cm’ UV Staphylococcus aureus 3.33
. . 3% H,0, . . .

Agaricus bisporus 45 mWs/em> UV Escherichia coli O157:H7 0.87 (59)
3 ppm Ozone, Listeria monocytogenes 1.33

Ozone Flammulina velutipes L (61)
1% Citric acid Escherichia coli O157:H7 2.26

3% Malic acid,
Ultrasound Pleurotus ostreatus 0.1% Nisin, Listeria monocytogenes 5.08 ©)
40 kHz Ultrasound

3% Lactic acid, Listeria monocytogenes 5.00

Ultrasound Flammulina velutipes 0.1% Nisin, o ) (62)
40 kHz Ultrasound Escherichia coli O157:H7 5.00

LED Flammulina velutipes 405 nm LED, Escherichia coli O157:H7 4.60 (63)

3% Lactic acid
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ol 170 kHzellA 1082 A 2] Al E. coli O157:H7°] 1.52
log CFU/g 723tk B EQeby, T3k, A3k wAl
< 4°CollA 2199 AF717HE<t UV-C (45-315 mWs/em?® )
39S W, E coli O157:HTZ & 3714 mAE
7} Z+z} 0.46-1.13 log CFU/g, 0.63-0.89 log CFU/g %+
259,

oleo = MM WS Adst aAE STV
sl sheha a=mAlek 2lA A 7les HEste] A
St A= RAEST B cereusSt S aureusE: FE =
el Aol 70% oleh&3} 504 mWs/em? UV, 2000 ppm
H,0,9F 504 mWs/cm® UV, 200 ppm NaClO=} 504 mWs/cm®
UVE 717} W82l Wl B. cereus= 4.95, 3.72, 3.55
log CFU/g, S. aureus= 4.10, 2.75, 3.33 log CFU/g2] A
7+ a3s Jerlilem 70% e 504 mWs/em? UV
E AYsiae o 7H & 235 BRI, B3 3 ppm
ozone¥} 1% citric acidE L. monocytogenesSt E. coli
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