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Effect of control measures on the contamination and growth
inhibition of Listeria monocytogenes in Flammulina velutipes

Ha Kyoung Lee', Ji Hye Jeon', Ji Soo Lee', Seo Young Yoon', Won Young Kim? and Ki Sun Yoon""

'Department of Food and Nutrition, Kyung Hee University, Seoul 02447, Republic of Korea
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ABSTRACT: The consumption of Flammulina velutipes mushroom imported from Korea has been associated with the cases of
listeriosis in the United States, Canada, and Australia. We investigated the effect of sanitizing the plastic wrapper (used in
packaging F. velutipes) with slightly acidic electrolyzed water (SAEW) and ultraviolet C waterproof light-emitting diode (UVC-W-
LED) on reducing the Listeria monocytogenes. Further, the effect of UVC-LED on L. monocytogenes growth in F velutipes at
different storage temperatures (2, 4, and 10°C) was determined. The combined (SAEW+UVC-W-LED) treatment for 5-10 min
reduced 99.9% of bacterial population from the contaminated plastic wrapper. In addition, the UVC-LED treatment for 3 min
reduced the L. monocytogenes concentration in F. velutipes by 0.47 log CFU/g. Moreover, the growth of L. monocytogenes in the
treated mushrooms was slower than that of the untreated (control) ones. L. monocytogenes concentration in F. velutipes increased
over 3 log CFU/g at 2°C and 10°C for 60 and 10 days, respectively. The growth of L. monocytogenes at the bottom of
mushrooms was faster than that at the top at both the temperatures. These results indicate that the combined SAEW+UVC-W-
LED treatment of plastic wrappers and the UVC-LED treatment of mushrooms can be used as potential hurdle technologies to
control the risk of L. monocytogenes in mushrooms prior to packaging at farms.
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FZo] o]FofR AL Qo] A7 o] E WA FZ

= & dg=o] =i JoH(Kim et al, 2020).
EEE 202000 =l 37 QAT 2T oAl
WA 2le% 42U Listeria monocytogenes AE= A&
o] Y& XA HJATHCDC, 2020). HZ =2 19 2 L.
monocytogenes A== 2019 Jo|HA FEH-2 22,732
HAEANA 2021d 14,404HEZ 63% FAEATH(Kati,
2021b).

oAM= BolHAlS dutor 7Hd Zefste] 4
star Q7] wEell, A7 HelHAl HFHE <2
Listeria 7+ 2% Al HiEA] gtom 53] 714
st He HolmAle FEE FEEY Fudie=
Listeria v+°| gk o] 2] 40l §le doltt. 2
Ut F49] A AYsgo R EREY F4 4 7IE
S X835l L monocytogenes?t 100 CFU/g ©]3t2 7
Z 5| o]of SITH(FSAL 2006). 2 oA 32, e},
Aj&el, Ho], FEolE e R e A-olA] ol
Aol MR L. monocytogenes?t AZ&= At (Yang, 2021).
metA] oAl Aul-g gAML monocytogenes S
FLE AAsIL 3Gl F7F AR A 5 e
7|0l st}

Listeria < ¥+ % XA ¥ L. monocytogenes=
W AFoME AE 7Fee A2toltt. oAl
A Lol fF-AE7] ol L. monocytogenes A3
A A=A B AT, e T4
7} A}t E3] Listeria 9 8 £ 1|9 &2 4(100-

= T L
1000 CFU/g) 0 2 AFES 9o 4 I Qak

=]
=

A5

o

= , AL
93 5 2APZA S g Holet 53] Yoz 43
e AE daiE B4 2 4% Bek oS Fas

THMFDS, 2019).

WolAle g}, AW, HE, MY, « 571, Zol, IJA|,
ARG (AA), S B g, 2 A0 AxTEoR
o]Foizlt}, o9} o] o] Ao oAl AxFHS
S, = B ZdRpel] ofgh wak o A ThsAd ol ul
T =o} ¢ v f8Aev) vl F8si Wi 9
T=& FolwAle kg -5 SlsiAle oAl A
X WM F F8AERE Fol FUT §E Vs AR
ool Aok A dolxe 228 ANA A=
ARl AZ WHoAAM Listeria 72 AEE0] w3, ek~
g AAQl AR 9 75 3eHE A ErE aEQ Al
2 B YcH(Lee ef al, 2021c).

AZwelr 5 wAMd xpobd A= (Slightly acidic
electrolyzed water; SAEW) 2-6% AR AT AH7|E
gz QoA A7EsEl dojAl= 84S EahH pH
5-6.5, FEYAFE 10-30 ppmeE e AHES 7ty
U] A FEt ¥Rk ohg} ulojy e g} E
< Zow HyEiY. H2 FAY dxs
nad zpotd At 8o AlAJo] 2] Hg o7 ThsEA &

ATk A A AAH SR AEFNAF FH, 577 T
ofg] okl AA ARE I o FjolAe AEE
dAZEA SAEWS] 79 AlFel w2t 20-70 ppm ARE-S
&1-8-3kaL ATHMFDS, 2020).

UV-LED (Ultra Violet Light Emitting Diode)® #-%
ol Ga (ZF), P (%), As (M&2)E AEZ 3t
THEolxl WHEA| R el Wlal o]l Aar, 7RAEA
S AREE] Wil Aol Fsisttt. UVC-LED=
200-280 nm G 8] Aol vpgo e HZ wiE AT
o w2 Aok, dua)ie) e AAH A E
M L. monocytogenes, S. aureus, FZEZA Nt A
2 AFA FAE a7t Ao FE7IE AR &
0] H= Aoz A=A (Lee ef al, 2021a, 2021b).
E3] UVC W4 EE(Ultraviolet C waterproof light
emitting diodes; 275 nm)-< M| 3} ZALE FA|o 3
T AT A Aol EA MH S B AR S o
AFE5dS 29 Al F Jde el 2 F 7] wEel
FhHE TR T Al BEE FE wAe9S HAEE
Aol F L3It (Banach et al, 2015; Huang et al, 2018).
UVC-W-LED+= AlF3 A5 AlF ol ARg-shs A&
Al ZALE]Z] wjizol] AAFRE QI3 WAk AS WA
Aok, FHZ A= A LA L monocytogenes,
aureus®] 3] UVC-W-LED -8t A7t a3t
102 & ARS UEsen, o3 FH4% Blud
A FAE= Aoz AT (Kim et al, 2021).
E3 UVC-W-LED®| ZAME AlFoe FEdd ol
$i+ T WA ATE 7ol APdste AE RIStk
(Jeon et al, 2021). A £ Aol = oAl ALk}
A 7 & 4 A A 2ot 24K (SAEW), UVC-
LED, UVC-Waterproof LED W3 2|& L. monocytogenes
WAL HYR] F Ao g AFE T WF 2 FEE
sJolmAlel bl fgol 7]odstarx} 519l

e

Foe 22y

N

M= 3 S8

=

Ao M= SR E R FAE (KCCM, Seoul, Korea)
AN BF e L monocytogenes (KCCM 40307, 43155)
¥THT5 2} Tryptic Soy Broth (TSB, MB Cell, Seoul,
Korea)oll BIFsH & glycerol©] 20%7}F = =5 7Fstod -
80°CollAl W& HASI L. Rt 455 Zhzh Aol A
53 5, 0.6% yeast extract’} EH TSB 10 mlel L.
monocytogenes 10 ul HE3k] 24 A7+ 52 36°CSF 140
rpmol|A] i F(VS-8480, Vision, Daejeon, Korea) 3+ <
ZE|dste] ¥ 0.1% HES(Difco” Peptone Water,
Becton Dickinson and Company, MD, USA) & 23] &2
o whe} 100 3]4ste] Aol ARE-3HA



AXLF0| 0|tk XOIPALMS(SAEW)RE UVC-
waterproof LED H&x2|

2 ARE 95k {A= oA AT B A A AR
A9 AR F AAG1x13.5 em)E AF F7181 B2 A
A F XA F ARSI AlF AdxE AA|CAM = L
monocytogenes’} SHAEA] &2 AL Il & A2 13
St A FEA L. monocytogenes NN H02 HAS
71 8 L. monocytogenes ZYE|E 459 HF s=7t
3.5log CFUmI7} E|%=% 3]Aate] 34 0.2 ml¥ HA]
4 TH(7x7 ecm)oll BF L. monocytogenes?t WAL
Holl F-2=A] 3171 8 FUHI=](VS-1400LSNM Vision
Scientific, Bucheon, Korea) Stol|A] 45871 AZAIZIT}
AZ¢2 30 ppm SAEWE F7449 7|83 Z(BC-120,
Cosmic Round Korea Co., Seongnam, Korea)olA A4
ste] ARSI AR A5S 93 ZEiRlE S 2" &
71(32.5%17.5x15 cm) ¥Z%ol UVC-W-LED % RE&
(BlueLumi Co., Ltd., Gyeonggi-do, Korea)2 “2}s}o]
30 ppm SAEWE 3 L @o} 2d¥ AAE 5, 1027+ Al
23T,

2 E AHXZFE WolHACE TXRY s 24

L. monocytogenes ZYHIY 5= 1 ml& A& 7A=xH 371
o] A Z+z} 3log CFU/ml, 2log CFU/ml, 1 log
CFU/ml FEo2 AARHS AAHcz o9/ # L
monocytogenes 3R F-2HS 913l FMA] Qbol|A] 4534
Az F WA s A ATl AT T
oAl At GEolA Al oAl 28 g5
Al x| oA T2 02 AfF st QHE HAFHORE
OJHAlS A & FRIMIA] QoM 3AZF B & Q9 E
AR A oA SR L. monocytogenes A°] 71’3
A BHATE. 3A17F § sHolAle] 225 ml 0.1% FE=ETE
Hol 2% &% #43st ¥ 1mlE PALCAM agar
(PALCAM Agar Base, Oxoid, Hampshire, England)el
B3] 36°CollA 48417 vi%k & L. monocytogenes =
2UE ATkt

.

HO|HA F2|Y L. monocytogenes BEEN EM

oAl wBEsHs FHE54 AY A oA
UE (OIS LEETE =2 AL Ielst & AT
o M= oA -2 L. monocytogenes2] YESS
AT Ao AREEE WolHAS oA dF
GollA] wro} ARG om F-MIA] QoA FE o
S (25 g, 14 cm)& oFRFE(20 g, 4 cm)o 2 AT
o] AES FHISIATE. ToMAl SIF-E34 o} Al
o] Z7]%=7} 2-25log CFU/go]l HEZE 343 L
monocytogenes ZYE|YD 45 100 ul H53 & 27 MAP
tray (225x170%30 mm, GB 30, HyperVac, Korea), PET
container (92x50 mm, Modenpack, Seoul, Korea)ol] Eo}

b N n

1l
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2}2~¢ ] (Clean wrap, Gimhae, Korea)2 AM&-3lo]
& F717F BV xS RE Y dHE Y 2E
$ 2, 10°CollA Z42 maeiqint. 7F 250l what A7k
PAS FaL AR oA A RE EE 0.1% HE
4 225 ml (SIF-5), 180 ml (o} F-3)=}F 4] stomacher
(Interscience, Paris, France)Z 2% &<t #3283} 3 o
HZ 108] 3435l PALCAM Agarol] 53t 3 36°Cell
Al 48A17F vkt A % 9 AR WSl e L

monocytogenes X == ATttt

o Sl

N

¢

L. monocytogenes MZSE £/8t UVC-LED X{2|

YoMl S HE L monocytogenes® A7SE 1%
UVC-LED ZAIEHE BEA4317] 98] e sET9]
g tHEHFENA 3 SolmAls SHWIA| QhollA -
TH O 25 g (4x14 cm)¥] Akst & MAP trayol] 23
skt oAl FwHe| %715 %7 2-2.5 log CFU/go)
== 81438t L monocytogenes 200 plE HE3Ho
UVC-LED #g] ZAe]l ARS8t UVC-LED XA
$3l & 107] EE (Bluelumi, Yongin-si, Korea)2 4%
chamber (500x400%520 mm, HA-811H, Incheon, Korea)
of Adx]3te] 27l bar-type electronic printed circuit
boards (PCBs)oll 44335+, UVC-LED chip3} A5 7F
o] AgE 6cmE A3l 37 FF RARE AR
(Treatment)®} UVC-LEDE FA}SHA] 92 A= (Control)
£ Hla AT A AE & AR 25g8 Eetd
0.1% 3= 225 ml9} 4 stomacherZ 2% 59+ 2
sletsitt. o] % 1071 3]43te] PALCAM agarell 53t
T 36°Coll A 48A17F w5l UVC-LED FAle| u}
E L. monocytogenes X173} E3=E SIS

UVC-LED ZA} X2|2| L. monocytogenes 24%&+ 5k 2

HolMAle] LHHE L monocytogenes®] UVC-LEDZE
FAF F, 2, 4, 10°C #2504 UVC-LEDY| =4
L. monocytogenes®] A7 545 A7) 9 4@
233 Th. HolWA L 25 g(4x16 cm)¥] FaHoR F
Awlz] QtollA Aedste] MAP trayoll skt L
monocytogenes ZTE| 4t #F5 3|4 3le] WA FH
200 pl FFst 271% =7} 1.5-2 log CFU/g H=5 3f
o] UVC-LED chamberol|A 38 <t AL & zHz} 2,
10°Co] BAsigit. z2F By 2o weh 2d3 A7k
UVC-LED 2] #(Control)-F(Treatment) A& 25 g<
#Z3ek & 5498 PALCAM HAAguj=|o] Rt
T 36°CellA 48417F uijgste] 2, 4, 10°C Z4242] izl
UVC-LED 3% ZAP} oAl L. monocytogenes *3
ol v A= FIFS A5k

~

E

=

S| 24

B Aol A= Statistical Analysis System SAS 9.4



81 oJap - AAF - oA - &AE - HLF - &71A
(SAS Institute Inc., Cary, NC, USA)Z AF&-3}o] 3ukE-3}
A3 A diste] FA BA4S Xt p<0.05 F
oA FA QAH L. monocytogenesS M EI=
Duncan’s multiple range testol] 28] A=A,
UVC-LED ZApl| wh& #3138} a3 24 32 ttest=
ARE-St] o4 A ST

E= L i =

X Mo 0ofiHdXior
waterproof LED Hgtx{2| 3}

WolHAS A of the] S-S FIIA7]IAL HAL &
ARE WAL Y BhEE FEE FAXA ol
WA S-S FXIsl7] flaf Al Edolre 2R S
ARE-3IAL Stk ey AR HAlE 7 = 2S AlE A
5 glo] AARE-3taL o] BAJ L. monocytogenes 9 72
HAg mAEe] LAENS S WA He] Adlo] ¥
o}, web B AFME L monocytogenes®] L9E A
A& MAs7] 93 UVC waterproof-LED (WEE)E
F213E 8719 30 ppm SAEWE Hol L 9E AR S 5E,
1027+ AR Al st Azsl 235 18I thFig. 1).
BAFHE] 27] L¥EE 3.45 log CFU/mINA] 30 ppm
SAEW ¢} UVC-W-LEDE W§Ag|ste] 5, 1027+ =
=38 X 29=7t zH2F 0.51 log CFU/mI, 0.12 log
CFU/ml 2 7+43te] 105 A2 Al 3 log (99.9%) ©1/3<]
A7EE Felsn). Ha Aol dd Ay} e
X2 Zo % 30 ppm SAEW, 0.5% Frl=4ka)
UVC-W-LEDE ®W3 A2t 43} L. monocytogenes 2
S. aureuss ZU 2.63 log A3}t A7l &37F HAE
AHKim et al, 2021). T=3F UVC-W-LED7} §-2He A2 <=
AMe AEEA WAF(E coli OISTHT), Salmonella,

28 (SAEW)2F  UVC-

4.0 -
a
3.0 -
=0
= 2.0
& 2.0 1
o0
(=]
=)
1.0 - b
1 i
0.0 T T =L

0 5 10

Time (min)

Fig. 1. Reduction effect of L. monocytogenes on plastic
wrapper by combined treatment with SAEW and UVC-W-
LED.,; *° mean values in each bar with different letter are
significantly different by Duncan’s multiple range test
(p<0.05).

lo,

Bacillus cereus 5°| AFE3t= A& dRls=l,
TFo wet s ApdskEdl Zbolrt S ERIEH
ot AEEAE tidstel 7P mEA APE (4) shlem
1 HE old Salmonella (15 30%), 2AFE B. cereus (3
H)7F APd s thJeon et al, 2021). B8+ FolmiAle] A
2 E E AAY S P8 s At 3% &
ol 3-57H(FALT 0.5%9] 75 1A17) 27 M ES
A AL ZAH AR o]E2-H FAS Mol &
7Azxste AAREshE W o] AAEJATHRDA, 2018). 2
A AAE T3 2HE FA &=l 30 ppm #AHIA}
o} Akl UVC-W-LEDE W3AE e = L
monocytogenes?] LEEE FHU 99.9%(3 log °IX Ha
ot AEst AlA A MF-Amd] &8 TS &

NETE

o o
2

~

HA[2240| Wo|HA0] O|X|= Q&

FH AgellA] FekE AR A RHollA L. innocua
o] AFEEO M e Fo® HIHATH(Lee ef dl,
2021c). & AFelx = HoHAS 2HdE AAE AYS
o] @R L HE L monocytogenes?t HolHA O Z A
ol AFS Myt A= HWoHAS AR
= AA AF 1 3 log CFU/m, 2 log CFU/m, 1 log
CFU/ml 75222 L. monocytogenes 353t F 3A|17F &<t
Ao W] & oAl o= ol L. monocytogenes
Fg ¥R A7 Aa= the Table 1 # 2t 3 log
CFU/ml AEE A7 AAZHE olHAlo] HF o
A% 7+ 371 log CFU/mL, 2 log CFU/mISIALE 2.13
log CFU/ml, 1 log CFU/ml°|A= 1.83 log CFU/ml&
7] LATES AR FES BT mEb 2 AY
= T3 LHE AAENE HoHAoR WAL ks
gRlst o AR AN AX ] FHE F7]H o=
AlH-mshs Aol agHe Al

>

o
é’é‘

Ho|HAl F2|H L. monocytogenes & S

olwAle] pH7F 6.61, Aw7F 09091 A& e uj
oML L. monocytogenes®t 72 1 P A
ol wl-g- 2 Algolth. & AFolAs HolwAle of
AEo] ARkl i+t 9 QA= =Y A
< Wrgste] oAl FE L monocytogenes A7l

Table 1. Effect of transfer of L. monocytogenes from plastic
wrapper to E velutipes according to the contamination level

Contamination level ~Contact time Final contamination level”

(Log CFU/ml) (h) (Log CFU/ml)
3.00 3 3.7140.25
2.00 2.1340.49
1.00 1.83+0.07

* Meanststandard deviation
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Fig. 2. Growth curves of L. monocytogenes on different parts of E velutipes at 2 and 10°C.

2ol 7t AEA] HlaL AT AollA = oAl S

oFIFE-E (2 F) L. monocytogenesE 2-2.5 log
CFU/g 502 LAAA ZHehiE fS o]&ste] vyl
THEHE 24T T FE& FoAl fE58ol 2°Cd
Az = WAEe] A% 8=t 10°CdS st
o] ztzhe] 2ol so|MAloA L. monocytogenesS]

I=R=E-)
T

AR (EF)> 2.35log
Al 60Y A F SRS 4.79 log CFU/g, ol
6.05 log CFU/g7HA S21sh= Z1& &R1skith(Fig. 2A).
T HolmAle] f52x9l 2°ColA 60Y EF A% Al
F-jol AAglol =¥ 3 log CFU/g ol Aers 39l
sttt ol9} & A= 2°CollA L. monocytogenes=
n)-- =g A et 60 7kl 71 83 olA AlEH o
2 2T AE A5 5 Ak wepA v=, fHe AR
slo] wl HolmAS AlMHAELRE BFIL Utk
e xS o) &8 oAl A% L monocytogenes
o] S Auix7|Z AN WA sl Wte] B ash,
ARl 23] WA Y FHA L= slojof s,

ST PA]

)
0, O
~

E

e

4

)

e
o
o o
= ol

=

=

o

m}&
L2

o

Ao

o

e

o

N

N

)

b

12

o A

il

A Al QIRELS 464 log CFU/g, OFAY-ELS 6.45 log
CFU/g7HA] A47sk3ith(Fig. 2B). 109 A717F &<t of
AL E)NA L L. monocytogenes 737FE©
o} 20 WE A& SIS meba] 7PgellA 2ol
< Bag o BEs det Bastes At
Holl M Ba7|7hs QA 4 g ZoE Add
monocytogenes= S H71d o2 LM RS
NM L& Ag7o] 2 o] FojA | & AFAR sPolAle o
g (EE) B B ol 29E] dE sl
o e ol LAHUS AFolle off FEelA 4

P
-z
Z e

o
T
ol I~ N M hE

v
-

2 i

b

[o

o] WEA &Y S IRlstrt. webr] A=A FAIAEY
o ¥5g AA F AFATFS AxT F Aok FHelAM =
o}z HolmAlell QHE L. monocytogenes®] &3+ 215
5 Alale BAERA] GUATE L monocytogenes?t ¥
CEME S 58S T o] Bolwle] A

[o

% A YFXEE 10°CAlA 4°CE We Uets 3

T dE AR ALRH

2 AgtellA oA A AES L. monocytogenes
9} L. monocytogenes ¥=dF(KCCM 40307, 43155)
o] g 5L 10°CollA vlagh A3t sHolmAlolx HE
L. monocytogenes 52 &= & AFoA AMSSH R
T Tot Al YXekith(Data not shown). wEA] &
AT A] K3y so|HANA L. monocytogenes 35S
AAFAE A oMol QHE L monocytogenes Y
F 58S dSsket A ¢ dS AR A EETH

L. monocytogenes XZ3tE 28 UVC-LED (Light-
emiting diodes) Z=A} S}

oAl 8 £ x4 Aol 3E 79 shtE UVC-
LED ZAlo| W2 L. monocytogenes A7}t &3 AT+E
YA}, Holw Ao L. monocytogeness 2.5-3 log
CFU/g 9977 UVC-LEDS| 3% ZA} & 047 log
CFU/g 7ashes A8 gRlskith(Table 2). UVC-LED
AL AEle 27] Q9= wt 2 53l JIFE e

Table 2. Treatment effect of UVC-LED for reduction of L.
monocytogenes in F velutipes

Treatment Treatment time Mean® Log reduction
(min) (Log CFU/g)  (Log CFU/g)
Control 0 2.76+0.34
0.47+0.06*
Treatment 3 2.29+0.28

* Meanststandard deviation, n=4
* Significant difference between control and treatment was observed
by t-test (p<0.05).
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Fig. 3. Effect of UVC-LED treatment on the growth behavior of L. monocytogenes at 2, 4, and 10°C.

2 Zolxjo] A oAl L. monocytogenes 7t
WA O HE FES IHE o, UVC-LED A} A
o= 7|0E 4 Utk Aotd G,
S, G 5 AldEef A ol UVC-LED A S
) FEEA thgdo] 0.47-0.61 log CFU/g, S. aureus=
0.44-0.46 log CFU/g H9IZ WY 255 #2] T/
A del whEt A 7hst @3l zpolrt o 58] FEIA
W 2 Oy 240l B 23t e AR g
o1E Qi 3k UVC-LEDE 31 A9 A+ 37} 3L
= M 7HE AE e R ¥ I e o U
W AP ste] ARgsIRS o wAE A st gt S
shel A7 BArE Eh(Kim, 2022).

AL
lo,
kol

<

k
an)

> Mg

¢

L

HO[HMOIM UVC-LED XAl X2|e| R8 2 L.
monocytogenes % 54

sjol Aol L. monocytogenessS St FFOZ 2 YPA]
%1 ¥ UVC-LEDE Agjsiole o A33t a7} S71st
= AL RIS wEbA] B Ao A= solH Al L.
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Astgort 2 o]F UVC-LEDE Agshx &e &
(control)Z} 2|8t (treatment)| A ZH2} 4.75, 3.98 log
CFU/g7HA] A7ste] A7 309 whol] 25 2 log CFU/g
o1’} L. monocytogenes i+ 7t S7F3IAth(Fig. 3A).
4°C Ags 75 8U7MAE UVC-LED Aol Jglo]
Z71EEE FASIHS Y L o]F control#} treatment]
A B o 77 AR Srbshe RS E)lskith. 4°C
A= 309 § UVC-LEDE AZsHA 99ke o 5.15
log CFU/g, A2]3t0S W 4.37 log CFU/g7HA 43RS
3139 = o= UVC-LED AR ue} 27] 2
Arrt gaste] Aol A== 2oz AdHT(Fig.
3B). 10°Coll & B 1YA%E controlZ} treatment &
FollA L. monocytogenes ¥ 57F S7Fhs AEFS B
o™, 6 log CFU/g ©|’¢ 57F7} control group< 9
(6.06 log CFU/g), treatment group= HZ T 15¥(6.26
log CFU/g) o] %ol SR1=omn 1 o]F T o]} 235t
A eal A o 5 F-A5FItHFig. 3C).
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