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Abstract Recently, consumers demand for healthy and fresh foods, including fresh
ginseng and ginseng sprouts has increased. However, evaluation of microbial
safety for ginseng sprouts have not been intensively conducted. The purpose of
this study was to investigate microbial contamination levels on ginseng sprouts
produced on 20 different farms and green moss used as packaging material at these
farms. Microbial contamination levels of sanitary indicator microorganisms (total
aerobic bacteria, Escherichia coli, coliform, yeasts, and molds) and foodborne
pathogens (£ coli O157:H7, Salmonella spp., Staphylococcus aureus, Listeria
monocytogenes, and Bacillus cereus) were evaluated in ginseng sprouts and green
moss. As a result, the abundance of total aerobic bacteria in ginseng sprouts and
green moss ranged from 5.52-8.08 and 5.74-9.70 log CFU/g, respectively. The
average population of yeasts and molds on ginseng sprouts and green moss were
observed to be ) 3 log CFU/g at all the farms. In particular, the average populations
of B. cereus in ginseng sprouts and green moss were 3.56 and 5.88 log CFU/g,
respectively. Foodborne pathogens were not detected in all ginseng sprouts.
However, Staphylococcus aureus was detected in 7 (41%) out of 17 green moss.
Therefore, the study findings highlight the need of developing an effective control
strategy for eliminating hazardous microorganisms, to improve the microbial
safety of ginseng sprouts.

Keywords ginseng sprout, green moss, sanitary indicator microorganisms, foodborne

pathogen, microbial contamination

1. M2

4K Panax ginseng C. A. Meyer)2 S, 5=, HIEH 5 obAlotollA] Ajuf=l= 32 Ql
CFEAIEZ A OoFE W A7/ 5AES YRR AMEEY YtHKim 5, 2008). 49 F8

AH 0l AM|ALo| E(ginsenoside)= B Rtk £7]9) oA o] =11, E3| 1-2
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= AHWJO] /HErE] ATHCho 5, 2019).

*H”‘“T'(Panax ginseng sprout) A4 F49] AL E
Mt HE HE T 57004 9F 25-409 A= A
40|t Chang &, 2020). <l4tel Bl A&
A Fejit ofuzt, Qlat £7|7HA] 2
g Aths A4S 7T ERh AR
Azto] 7hssithe Aol Slol AAol =
olt}(Jung, 2018; Kim &, 2020). &9 %5
2] 9o E2 &2 7HEA 2ojuiAY E& A
, 2EEE B Ay 870 94 feErh A
Al | o1& F7h pESE E AAE A4 =

A 871 Ul 22 7411

o 284 Ho7le a2 del &2 AJHelA
7] 2o %ol e o137t 2T & e =A
ol kil B Ea gtkChang &, 2020). Choi &
2021)9] ol wh=r AL ZAE Fol7]oA &gol
LAEE FARE A3, Al vl Hol7loA 530l
QAETt ROH o R FU, F8 FFOl= Penicillium
spp. 2.2 WEFHUT RV 2 ARl 8 F3gol7t
Penicillium spp.Z TEE 0] Hol7|o| A9 wA2H 7}
S ARG FAZHEA =Y - QoM Aol717 9l
o] Eo] WA AF= A= Eald Bt IAEE nidE
of 2= Hol|7loA ARt R WAt Hol d 7Hs/go]
Aeuz WY st fsieas EAskL, AR AgE Y
#e)7t wash.

QutR o7 ARARL. Ald & Hr o & 9 72ty
S ARA gk F2, M= 59 P2 AHE Fol
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FA $4F 3749 R QUES ZARG A, WibAE
9 ool B 4.83 @ 5.00 log CFU/g 2.@50] )
€ Ao SIS, OFY o2 JaTE LY AL
A9 719 HEBHES ANA W] 2o 4E5S Ao
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F e Ao =t IHA thBeuchat, 1996;
Gleeson®} O'Beirne, 2005). 2000 o] SolA A A
AAACZ oeFst ARAfA 5 Ald Aao] HH
Escherichia coli O157:H7, Salmonella spp., Listeria
monocytogenes 522 QIS A5 Alavt A|&H o7 w
AJ51a1 It Centers for Disease Control and Prevention,
2021). HIEAQ 435 AR AR E 201190 SLA £
coli 0104:H4° L85 MR A9 fenugreek sproutss
AFsto] 3,950 9] &AL Y6, 5375 0] AFESES
tHMuniesa &, 2012). ESH bl=oA+= 201649 £
coli O157:H7° 249 alfalfa sproutsg& dFsto] 119
9] A7t TSR, 2780] YASHAUTHCDC, 2020).
olo]] —?—ﬂ‘/}ﬂ}oﬂjﬂE M@ 4, A2 Eet do] &
AFoke AlAdH Ao disto] ndE F4= A3 +
1 QltK(Ministry of Food and Drug Safety, 2022). ¢
BABAHE 5 H&FL n=5, c=1, m=10, M=100°2.2 4
Skl ok BEGndE F
1.0x10* CFU/g ©I3}, Clostridium perfrigens= 1.0%
10% CFU/g ©l3}, Bacillus cereus= 1.0x10° CFU/g ©]
stojof Sttt Sa/monella spp. @ enterohemorrhagic
E coli 9] 3% 25 g <4dolojof shttal A= o] ot
(MFDS, 2022). T3}, o= ARAto] e w2 o] 1
A FRZEA, =2 5 tokst 7FgAEZ oz sfaksies o
T7F o]Foix] 1L ItH(Cho &, 2019). 7FEsHA] il AF
St HFA 9 59 BE 149 A Adee
1.0x10° CFU/g olstolx, tigat2 S4dolojof gk
(MFDS, 2022). oJ=f3t 87} AL B 5= 49 Al
A

Staphylococcus aureus=

237 3 9= 19 47 33 ANA @] B,
A UPE 0F 2 SRS 0F $5L BT
gat asolns Ued vlgE Bee BeAols. 1o
348 At ke 22 5 HBAEY AR Gl

A #e)7t 0jE e Bt ope}, 7% FAE Bt A4
olth, FAZFA] ARAH Hol7]9] u|PE QILE AR
AT Az Fiejol] Bad whrt Qi webA & ]
A SUolA Al D §5 S AR 2730 AREE
= Ho719] A RA D HYGBE LA RAE
ol AAA ASE ATES Aok, uE] it <t
A FEE 3t 7|x (7S uldstu} st
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2. Mz & Uy

2.1. 4gh=

2 QolHE 20219 59 LRIoNA FEEE A
FUstel AHGIAT. ARAL 57 202014 HE Ei
AR wpaloz A AL SF A B 9 48
FE BH0R ARl B 92 GAL ofdfe] 2
S Holrle] that mAE QPES 2SI AHire
e 24 WAl Basle] 2441 ool B3
31, J0] ot U= H2 Hejg ojufo] R 4185
itk 2 ATo] ASE AR AH §5, Folr] %P
% 9 B4 S Table 13 2t

ok 4 o

©)

2.2. MY & Fol7le AIYAEMZ, 22 & £80) £F

Table 1. Characteristics of ginseng sprout used in this study

2.2.1. YuiNR

ABAHEAT T GEHAle] SH2 A 9 Fol7]
(10 g2 FFHEM™, St. Paul, MN, USA)] g+ H Z
7+ 0.1% peptone water(Difco™, Detroit, MI, USA) 90
mLE 40| stomacher(BagMixer® 400, Interscience,
France)g °©]8sto] 90x3t #&3FtAtHHyun &, 2022;
Song 5, 2019). #EstE A9 1 mLE 10814 A 3]
A3}a], Aerobic Count Plate ARLE(AC, 3M™)] 1
mL¥ E30t0] 37Co|A 24-48A17F viFolQltt Axd
29] AL 3M™ Petrifilm™ Plate Reader(6499,
IM™ME ALgste] JZFE At Z429] AlgE 3
3] whE AdS AP, vE & log CFU/gl &

ek et

Farm name Washing Green moss Major characteristics
A w/o” w? Outdoor cultivation

B w/o w Microbial pesticide

C w/o w Pesticide free

D w/o w -

E w/o w Pesticide free

F w/o w Hydroponics

G w/o w Pesticide free

H w/o w Pesticide free

| w/o w -

J w/o w Hydroponics, pesticide free, chemical fertilizer free
K w w Pesticide free

L w w Natural nutricultivation
M w/o w Pesticide free

N w w/o Smart farm

0 w/o w Hydroponics

p w/o w Chemical fertilizer free
Q w/o w/o -

R w/o w Pesticide free, chemical fertilizer free
S w/o w -

T w/o w/o Hydroponics

1

w/o represent the without.
w represent the with.

o
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222 U3 ¥ EAR

A BAT & W F WS AFSAMEDS,
2022)°] &5t} 7553 o
E ARE AAYe
A 5] A5} of Esc/zencfzia coli and Coliform Plate A
ZHE(EC, 3M™)°l 1 mL¥ EF319t}. o|F 37T A
24-48AZF ¥, FEM E= H2M AT F 79
of 71x5 AT AT 4 it Ee AL E
Atk Az™E9] Adbl 3M™ Petrifilm™ Plate
ReaderGM™)E AMgato] JgE AXtstgiet. 72t
Alme 33 ¥HE S AP, v8E = log

CFU/gl 2 Yergith.
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, 2012; Song 5, 2019). YHNHFS
Jole WHOE AEE AAT & F43E AP
LE 10W% @A 8145} Yeast and Mold Plate A
HE(YM, 3M™)ofl 1 mLA EF351Att. 0]F 25T A
3-5Y HiForRa, AR 9 Fgolo] FEol] s g
F3M 9 =4 w1 F3135 7k 7 A2 FAle
2, ot Az tqi £33t ots 7 &+
2015). Z2+9] AliL

< YR, UVEE + log CFU/g2

2.3. MM L Fol7/9] BASOIME 22/
2.3.1. E coli 01567:H72| HAEMS 95t 22|
HEuBEY Eele AE3A nASAIER &5
o} SYFATHMEDS, 2022). £ coli 0157 H79| S+t&
sl A E= F0]7](10 g)ol modified tryptic soy
broth(Oxoid™, Basingstoke, UK) 90 mLE 7}5to] 90
27 A8 T 35T oA 24417 vttt Sl
RS cefixime-tellurite supplement(Oxoid™)& 7}
3t sorbitol MacConkey agar(Oxoid ™ol &A1 xws}o]
35COllA 24A17F viFatRitt. o]% A== ke tryptic
soy agar(TSA, Difco™)o] HE3H & 37Co)A 24417t A

Of
0y

n rok
— I'-{II

-
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#jopstol 57

mlo

AT,

2.3.2. Salmonella spp.2] HEYEME 2lst 22
Salmonella spp.2] Sa& s MEA = Ho]7](10
2)°l 90 mL9 buffered peptone water(BPW, Difco™)
£ 7Foto] 9027 ARt & 35T oA 24A17F HiFstal
o} HiYH 1 mLE #5}o] Tetrathionate broth(Oxoid™)
10 mLoll &5to] 37ColA 24417t E= vidstL, Al
o wiF 0.1 mLE Rapparot-Vassiliadis enrichment
broth(Oxoid™) 10 mLol &3 & 41.5C0A] 24417t
St #2424 SHEYd 1 loope FIshd
Xylose Lactose Tergital™ 4 agar(XLT, Oxoid™)] &
oL, 37TolA 24A17F Bttt XLT agardollAl &
24 Yeife &g A Fste] TSADifco™)o] A
ST T 37CAAA 24417t AuieFste] 54 APt

2.3.3. S. aureus® HHEEMEZ It 24

S aureus®) S Aol AHEAF L Ho]7](10 g)oll 10%
NaCl(Samchun Pure Chemicals Co.,
Korea)& 7}t TSB(Difco™) 90 mLE 7}stod 90%7t
wASSE F 35CoA|A 24 A2 wfFelTt. Sl
< CHROMagar Staph aureus(CHROMagar™, Paris,
France)o| FHAE=Z3 & 37CoA 48417 vigot3tt. o]
% CHROMagar’dolAl #8441 T A4 & =2
3to] TSA(Oxoid™)oll AET & 37C0IA 24417 A%
ofo] 578 ZPstqirt

Gyeonggi-do,

2.3.4. L. monocytogenes?| HMEME st £

L. monocytogenes?| S {5 AAF D Hol7]
(10 g)°ll 90 mLY) Listeria enrichment broth(Difco™)
£ 7Fsto] 907t #ASeE F 30T oflA] 24-48A17F vl F
Sttt Sl AS 1 mLE FIoto] A=uAQl Fraser
broth(Oxoid™) 9 mLol HE3 = 37T oA 24417 o
Fotoict. o]¢ 2o g et vigd 1 loopE F 5+
Polymycin acriflavine lithium chloride ceftazidime
aesculin mannitol agar(PALCAM, Oxoid™)ol] HZ3}
i, 37COIA 24-48A17F ¥ g5 PALCAM agar’d]
A H2A ol FEAS Uedi= Jes Fote] 9 J

https://doi.org/10.11002/kjfp.2022.29.3.509
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22 2E5t7] Y3l 0.6% yeast extract(Difco™)7} A7}
H TSA(Oxoid™)o &3t & 37T of|A 24417 Ajujgs
o 58 AP

2.3.5. HaYgodse 4

E. coli O157:H7 9 Salmonella spp.2 FHE+= &
g 2 Vitek GN 7t=(BioMérieux, Marcy I'Etoile,
France)E, S aureus ¥ L. monocytogenesz FRE =
2] JZ2 Vitek GP 7F=(BioMérieux)S °]-8&3t0] 1|
AE A5 FAAH(VITEK 2 compact system 60,
BioMérieux)&2 17} 57 sttt Bl 42+e] w50
8] PowerCheck™ E coli 4-plex detection kit,
PowerCheck™ Salmonella Triplex detection Kkit,
PowerCheck™ Staphylococcus aureus detection kit,
PowerCheck™ Listeria monocytogenes detection kit
(KogeneBiotech, Seoul, Korea)& ©|&3lo] thermal
cycler(C1000 touch™, Bio-Rad, Hercules, CA, USA)
2 5782 XPsttt. PCR 242 A RAF v rdo wht
A, 242 thadt 2tk £ coli O157:H79 %5
95T oA 1287t pre-denaturations APt T 95T
Al 3027t denaturation, 60C A 45%7F annealing,
72ColA 187t extension 794 32 cycleg 31,
final extensiong 72TCo|A 1083 AASFAH. £ coli
O157:H7=& AeJet & nBE2] 4%, 95TA 1027t
95CoIA  30%7t
denaturation, 60C°A 30%7t annealing, 72T OJA
30%7t extension RZNA 35 cycleZ oFil, final
extensions 72CoA 10&7F AAsFHtHKogeneBiotech).
Z+7t9] B AdulAEof| it target gene¥t amplicon
sizex= Table 29} Zth PCRoY| o3t 32 HAHEL 2%
agarose gel H7|¥52 B &Rlstct. VITEK(EE4
99%) ® PCR #A40)A B&F FPOor RAH Alge] 4%
£4g Zwsigltt ¥4, PCR A3}t /oyt VITEK A3t
&0 Fo] YASHA] Ye BF Ee AsAo] A £
AEl 3L 712 0= 16s rRNA sequencings ©]-&5
o] 2% 301513t} 16s rRNA sequencing @utLZ A
(Macrogen Inc., Seoul, Korea)ol| &JZ|5to] E48}9tt.

pre-denaturations X3t F

https://www.ekosfop.or.kr

Table 2. Target gene and amplicon size (bp) for PCR used in
this study

Foodborne pathogens Target gene Amplicon size (bp)

E coli O157:H7 VT1 (stx), VT2 (stx2) 637, 297

Salmonella spp. invA 640
S. aureus femA 264
L. monocytogenes porfA 450

ol=lst A YA HZHollA 16s rRNA FAAE SZ517]
28 27F(5'-AGA GTT TGA TCM TGG CTC AG-3")<}
1492R (5'-TAC GGY TAC CTT GTT ACG ACT T-3')
primers ARESI3th Sequencing primerZ+ 785F
(5'-GGA TTA GAT ACC CTG GTA-3")2t 907R(5'-CCG
TCA ATT CMT TTR AGT TT-3')& A&ttt 244
7148 NCBI(National Center for Biotechnology
Information)ol|Al A|&5k= BLASTI4] DNA H|o|ElH]
o] A9} H|wlo] A5/do] 99% o1l ¢ 1 XA
o= AAsith. Lot M s7tolA Figt AHol7] Algs
AeJstale 242t 33] HhE AdS AgPstar, HLgnA
o] FAHoE HEH vHE /A4 vHE S(HEE W&

b9l

2.3.6. B. cereus?| HYEA

B. cereuse 3RS Aol ARAH25 g) B o7
(10 g)°ll BPW(Difco™) 225 mLE 7Fote] 90&3+ 43t
sttt A5k APNH 1 mLE 1081%] @A 345t
Mannitol-egg yolk-polymyxin agar(Oxoid™)o]l 0.33-
0.34 mL4 3] =Esto], F FFAhol 1 mL7F =A &
T 30CA 2447 Bttt v & He FHo &
Bt gho] = 34 F=E ASstalnh

24. 5H 24

AYATE= SPSS EAZZIH(version 25, IBM
Corporation, Endicott, NY, USA)9 one-way ANOVA
£ ol-&sto] A5l ZHke] A2+t 7k9] fo4d A8
3HFE Agof| o3t Hi#gkS Duncan's multiple range

testE o183kl p(0.05 SE0IA FFelget,
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3. Zat 9 JpE

3.1. M4 X FOI7/9 HYXEMZ B2, FE0/ 8%

AR R o170l dhigt BRI BANE(LRMAIE,
7 9 ), BE, F80]9 LAEE AR Ad=
217} Table 3 & Table 49+ Zth. A4 20799 LutAl
2% $£F2 5.57-8.08 log CFU/ge]|l, B4 6.85 log
CFU/g2& HA&=9thTable 3). £3] BE w74 &
HEARto] 5.50 log CFU/g olid A&Hol 71&9 A+ 2
e}t fFARSHAY 27 =2 $F= Bt Bae 5(2011)
of h=d o] f& T MBS vBE LIS

Q >
i mﬂl
£
* ¢
o
(¢]
E
£
o[rl
1o
=
g
2
><
o
=
=

o+ 7.91-8.15 log CFU/g_
et (Jang 5, 2021). AL 164
HETHA o]sK(<1.00 log CFU/g)&E H&H
. H 571014 8% Al&914 3.95 log CFU/gY t
w2 QAT YEhTh = B7tE 3AFA 9 2R
BE 7158 dubAl# 1.0x10° CFU/g ol3t, i
/3olojof FHHMEDS, 2022). ol2|§t 71&%} Hl Wt

A4 168(80%)°NIA DRHAIF 7|0l Z3Folal, 47
0%)°lA gt 7152 2ot g ﬂ%‘ﬂ HE9|

v
f~
i
X

.l

o

o 1o P~ rE 1o WU mu N
>,
Hu
=2
O,

Table 3. Populations (log CFU/g) of total aerobic bacteria, £ cofi coliform, yeasts, and mold in ginseng sprout produced by different farm

Farm name Populations (log CFU/g)"

Total aerobic bacteria £ colf Coliform Yeasts Mold
A 6.48+1.35%? <1.00% 0.33:0.58° 4.24+0,05°%1 4.6110.14%
B 7.1540.27°% <1.00° 4,530,264 5.08+0.00% 4.15£0.11°
C 7.1240.13%% <1.00° 4.65+0.14%T 5.250.10° 4.35:0.07%
D 7.78+0.47% <1.00° 6.30£0.79%" 3.5040.28> 5.49:0.15'
E 8.08:0.08' 1.2312.14° 7.08£0.09 5.18£0.00% 4.74+0.06%
F 6.9310.16% <1.00° 2.34+1.28° 4.48+0.00°%" 5.05:0.38%
G 7.79+0.50%f <1.00° 2.5043,50° 4.48t0,00% 5.38:0.08°
H 7.09£0.21%% 3.95:0.31° 4.94+0.16°" 5.070.16% 4.62+0.30"
[ 6.5510.32 1.10£1.91° 4.49+0,07°ef0 3.15£0.21% 5.5140.11°
J 5.7440.26® <1.00° 4.59+0.9g°e N 1.5042.12 5.1440.26°
K 7.880.02°f <1.00° 6.71£0.10" 3.87+0. 120 5.1740.12¢f
L 6.9310.31% <1.00° 6.280.77%" 3.00£0.00° 5.4140.04°'
M 5.6240.15° <1.00° 3.89+0.290f 3.65:0.07° 5.180.00
N 5.5240.05° <1.00° <1.00° 3.39:0.12° 4.35:0.07®
0 6.50+0.68" 0.67+1.15° 4.84+0.22°" 5.13+0.07" 4.20+0.35°
P 6.8910.35% <1.00° 2.97+2 28 3.1540.21% 5.2240.06
Q 6.44+0.53% <1.00° 4.14+0.40%10 3.2440.34% 5.080.00%
R 5.5740.52° <1.00° 2.42+1.41% 3.66+0.26°% 5.1340.07¢
S 7.40£0.22% <1.00° 5.35:0.35" 5.00£0.00° 5.30£0.00°"
T 7.6140.18% <1.00° 7.03£0.15 4.0140.150f 4.4710.05%
Average 6.850.34 0.350.28 4.274¢0.72 3.99:0.22 4.94+0.12

"Data represent meantstandard deviations of three measurements.

2Values with the different letters in the same column are significantly different (p<0.05).

9The detection limit was <1.00 log CFU/g.
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Table 4. Populations (log CFU/g) of total aerobic bacteria, £ coli, coliform, yeast, and molds in green moss

Farm name Populations (log CFU/g)"

Total aerobic bacteria  £. coli Coliform Yeasts Molds
A 5.74+0.22° 19542 23% 2.54+2 23 5.29+0.05' 4.980.39%f
B 9.70£0.25¢ <1.00% 6.55£0,17% 6.1210.14" 3.84+0.09°
C 9.6140.11* <1.00° 6.83+0.13% 6.01£0.05%" 5.220.06°"
D 9.38:0.32' <1.00° 3.8610.36° 5.180.00" 5.130.07¢
E 9.580.11% <1.00° 7.36£0.07° 5.35+0.04% 4.77+0.03°%
F 8.9140.05°' <1.00° 3.5040.28° 5.0240.09°" 4.52+0,05%¢%
G 8.90+0.15°% 3.673.18" 5.60£2.01%¢ 5.34+0.121 4.3310.21%
H 9.04£0.04%" 1.9043.29% 6.810.25% 5.08£0.00%" 3.99+0.97
| 7.3410.05° 3.4312.98% 6.3210,12% 3.15:0.21° 5.10:0.21°
J 8.0440.00° 5.90£0.00° 6.23t0.00% 4.48t0.00% 5.4810.00
K 8.980.02%" <1.00° 7.05£0.04% 4.22+1.04% 4.6410.45>
L 9.2040.00" <1.00° 7.73+0.00° 3.3540.49 5.2240.37°
M 7.6740.13° <1.00° 6.010.15% 3.69+0.12°* 5.1740.12¢
0 8.7240.13° 3.11£2.71%¢ 6.201.12% 5.99+0.06" 4.29+0,02°
P 7.1810.06° <1.00° 3.72:0.12% 4.42+0.08% 5.40£0.11°
R 7.7310.10° <1.00° 5.05+1.00% 3.90+0.08> 5.38:0.00
S 8.770.18" <1.00° 6.93:0.05 4.450.08% 4.13+0.07%°
Average 8.5040.11 1.23+1.37 5.78+0.70 4.77+0.16 4.80+0.19

"Data represent meantstandard deviations of three measurements.

Nalues with the different letters in the same column are significantly different (p¢0.05).

9The detection limit was <1.00 log CFU/g.

S7HlA TREQL, 2 £52 0.33-7.08 log CFU/g,
B QATE 4.27 log CFU/golit. &2 9 #3ol=
HE 7l AEEH0I, B4 e
4.94 log CFU/goldtt. E3H AM&st] 549 K, L
N 5719 A9 dutAl#9 ¥ 4Z0] 5.52-7.88 log
CFU/ge = HA&H ] *1]14 T 7S AF vE A4
gt 83k= mHgk Ao s WA vhH, WA *ﬂi*
4 83 & vES Z*Po} 23, Y=

°F 2.00 log CFU/g°l A=A, A=A %Oﬂﬁi% oF
1.50 log CFU/gol 4% Aoz HAEJHShim 5,
2015). wHekA 7W°1W% AEAS Aoz HFH o] Ao
gét %i 55] Al Ak H“ﬂﬂigzﬂ_i KA Eat=d s

717t 3.99 %

_1

https://www.ekosfop.or.kr

=0} At} Yu S(2007)°14E EZ e AlFSH Q14H4d
)9 YutA#9] B 2PEE= 2.30-3.78 log CFU/g2
2 Aol v AiHe R A AEHU. Shim &
(2013)2 AlZoll F&E= G748, BA(157) 2 &4t
(158)& o= nAE QLAEE A=t Y5
#9 Wit Q8= 247 4.83, 3.90 ¥ 1.71 log CFU/g
O % Ui Ajgbitel] vl dutAld LdEE tha W2
Aog WA E3 FFS RE A RN A=

A A, hAFTY 2P 42 5.00 log CFU/g,

HiARS- 330 log CFU/g, 4R 0.09 log CFU/glo.2 A
S5t 25ttt Kwon 5(1999)0] w2 Ak

H
o] AubAlFL 4.61 log CFU/g, w2 3.20 log
AEEo] 2 dF AoE oAt 25 @
2 FFolnt. o]t A= 7t vE 2P Aol A
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v 717k, 7F8 34 75 5ol 93t AR Almdrh 7
Toll A ARESE AR B, WAl B St THEA A
A Y ALt SE3 7H 340] glo] 8 & Ht
2 {557 fZol LA=TF AR =2 A0E Hel
o webA H7HE A F SR MR VIES 5
A717] A= AR nE el 2o)7] wi
of, 2¥o] H 7Fs4o] = HE, &5 59 HHHEt
SEER

AaAE 3270l AREE 17789 Fol7lol et ARkl
Q¥ $£2L 5.74-9.70 log CFU/golal, Hat 8.50 log
CFU/go 2 AZHSItHTable 4). 53] tiFE s7HolA
AHE FQ1 Fo]719] YukAlte] 7.00 log CFU/g o1 4
50| £2 29 24L& EAt. FFE 8H(47%)
oA HEEAL, B 2¥%E+= 1.23 log CFU/go|H.
e AF He 57l HEEHSIL, B9 LHE=
5.78 log CFU/ge|3ith. BE 3 30|29 ol Bt
QAET}F 742 4.77 9 4.80 log CFU/go&2 QA=7} H]
WA =A W= Al Hlsh Aol7lofA =2 H
e A7t #EE AL Hol7]9] & go] =ot v
e HAo] i or fefsthy] ged Aol Choi &
(2021)9] 9+ Ao W2 Fol719] FFo] LILE
AL S W Penicillium spp.(35%), Aspergillus spp.
(25%) ¥ Fusarium spp.(20%) 5°] TZE At Ho]7]

A

g A
6 1 ef i

ef I

o def ef cdef T dIef

-] = cdef cdef cdefedef]

L | [cde T T T

O 4 cd ¢ be

ilcj) ab be ab a

a

2 i
0

ABCDEFGHI JKLMNOPQRST
Farm name

of gt LAt hAE ok, A ] 55
| Hol7lo] oiek MAARIBEY] 0AE 2 A7E
L ggolth ¥ A7 AR mRo] 2 uf At
29l o] &2 Hol7lo] A% WAOFS WA
s St Belst R Aow AZhEL, me Aukt
o715 AT B4 Ei 7140 e Aol t

fu

o719 A= 27 5ol B3t F7HAQ A7 22T A

3.2 Murst & FH0[7/9 FEE0YE 23

AR 2 Hol7ofl sl 452 HAGRBE(E coli
0O157:H7, Salmonella spp., S. aureus, L. monocytogenes)
o] RAEE FARIH. TS, AR HEANA AHiE]
= AEAA0]7] 2ol B cereusell Hig HEFEAS A
AlstSiTh. AEAIA 450 B dnES BF HEY
A] 2¥tHdata not shown). Shim 5(2013)2] Lo =
A 4 oA B SA] BEAVIE QRS AR 2,
E. coli O157:H7, Salmonella spp., L. monocytogenes,
S aureuse AEEA AT HUSIIE A4S B
cereus Q@ +F2 1.63-5.13 log CFU/ge|, Hd @
T+ 3.56 log CFU/g 2= HAEH U (Fig. 1(A)).
I g dFote AAHYAERY s 1= 72
cereus’t 1.0x10° CFU/g ©]stojof gtthMFDS, 2022).

B
g (B)
. ghi
h h
fl' fl' 9 o o ghoef L=
6 _Ae'_ ?L Illcdlljvf
b be I

2 T M
0 2 a
G 4 B
o
s}
-

2,

0

ABCDEFGHI JKLMOPRS

Farm name

Fig. 1. Populations (log CFU/g) of Bacillus cereus group on ginseng sprouts (A) and green moss (B). N, Q, and T farms for green
moss not tested. Values represent the meantSD (n=3). Mean with different letters above a bar are significantly different at p¢0.05.
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ol 71&3} Bl ustd AT 148(70%)NA B. cereus
71&0] 2otz A0 WAET SHATE 2 A=
AEAES] EHo] "ot Qe & 59 olEdE Hold F A
2 37 glo] BA5H37] ti2o] Eqfol 7] ExE|o] 9]
= B cereus LYETT A=A U2 oz Azt
Shim 5(2013)9] AtollAl= =Hol F-& 5 4, WA
9 A B, cereus®] L ¥E+= 74 0.58-3.73, 0.50-
2.50 ¥ 0.50 log CFU/g 0| ittal 513, o=
AT FAEAY tha W 220l Qle o]E et R F:
9 AJoliz, A4 28 & AA 2 o] glo] HiE /-5
7] Wzoll B cereus7t BlIA £ FEOE HEH=
Ao & Helth I8y AlFste §58 K, L ¥ N 5719
B. cereus 2LJE7} 4.00 log CFU/g o402 AEE| 0
A%, 8 E An[EAAY F7HERl BE7t oS A
02 AIRH B cereuse EGO| A BERxH AHCoR
A Aao) A ¥I¥s] AEHHCarlin 5, 2000). Kim &

(2012)°] W2 £ coli 2 LBH AENA At Ao
A E. coli7} 4.00 log CFU/g o4 AEE o] L8H A&
oA 2 HegndEol AH olgd 4 okl Hilst
ot S Al 717, AEY S5, AEY PR 85 T
9] ztojo] QJgt Zo & Helch I HFEE sTloA A&
= A&7 EAgs7] A7bA] AARESEL QltKPark G,
2020). AA F7HIA A AEY p8E LEEE X
ARE A3 S aureus’t TEEIHunpublished data).
wEha] JES] nE 2 H2 FAREY @ E JIF 1]
A $oug FEO ABH w7t R8T A0E A
o

Table 5= Aol7lo] Hgt LGB EY LAdEE =
ARt Adtoltt, 11 A}, E coli O157:H7, Salmonella
spp., L. monocytogenes= HEFA XX, S aureus
Tk Fol7] 7H(41%)°14 HE=UT F 571 4%, PCR
A S aureus ¥, VITEK 23 S aureusz E4=

Table 5. Identification of foodborne pathogens isolated from green moss

Farm name Number of repeat detected as positive sample/number of total repeat (detection rate, %)
E. coli 0157:H7 Salmonella spp. S. aureus L. monocytogenes

A ND” ND 1/3(33.3) ND
B ND ND 1/3(33.3) ND
C ND ND ND ND
D ND ND ND ND
E ND ND ND ND
F ND ND 2/3(66.6) ND
G ND ND 1/3(33.3) ND
H ND ND ND ND
I ND ND ND ND
J ND ND ND ND
K ND ND ND ND
L ND ND 1/1(100) ND
M ND ND 1/2(50) ND
0] ND ND ND ND
P ND ND ND ND
R ND ND ND ND
S ND ND 2/3(66.6) ND

1

ND, represents the not detected.

https://www.ekosfop.or.kr
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O} AFsAo] 98%E 16s rRNA sequencings F7H0&2
A&Pstqict. AT 02 16s rRNA sequencing A¥HATEA
9% = HEH S aureus strains STAS8 (LC189114.1),
FQXIII(MF144454.1), DSM20231(CP011526.1), DSM20231T
(LN681573.1), ATCC 12600(L36472.1), NBRC 100910
(NR_113956.1), S argenteus MSHR1132(FR821777.2)
2 BEAE9T G 5719 B, PCR 23 S aureus ¥4,
VITEK 23} S aureusz2 BAEOY, tha e A4
(91%)= Ho] 16s rRNA sequencings F7H4 02 I3y
st9ct. 16s rRNA sequencing ZAIHAEA 99%), S
aureus strain STA1(LC189107.1), FQXIII(MF144454.1),
DSM20231(CP011526.1), DSM20231T (LN681573.1),
ATCC 12600(1.36472.1), NBRC 100910(NR_113956.1),
S. argenteus MSHR1132(FR821777.2)& £A4=] F %
7ket AR A3E Bk o]4"E F € G 5719 49,
16s rRNA sequencingA &2 A5%4(99%) score
(bit)E Eo]i, VITEK ¥ PCR 27t 25 S aureus®
AU 2o F 9 G 57F] Hol7loA S aureus?}
HEE Aos WAk ¥, A, B, L M %2 S 5719
7% VITEKAFE4 99%)3+ PCR AXol M % S aureus
BAEo] 16s rRNA sequencings A3YsHA] LSkch.
Jo1719] S. aureus &2 FAHTT 48 7Y, 2
SHA] 55k 2 ol AR Qs LAE S ACE
FAEY. £8 A5 YRIFL S aureus= F71, EY
S ol g x5k, AR 559 HE ol AA
5tal Qlof AlFo] dA 2dE 4 Utk HARES] B4, 7
3 5 Bt o] AdAE F9ll olFoiA7] HZel, A
Aol RIS ASE WA o] 585 HShim 5,
2013). webA] 2GR ZHRIY HEol tiet s &
o M= HE HAslote], MR AEARS YA 2
T 4 AEF dfoF & Aolth. Hol79] B. cereus &
A $E2 4.10-6.87 log CFU/goll, B¢ A=+
5.88 log CFU/g 28 AEHAH(Fig. 1(B)). ol=iet
A= AR08 Hol7]9] B cereus 2B 0| A%
Aol Hlgf Eths AS Hoth Ho7le viE JH=E 5
7t FFEI, Y 2 H B9 B9 RS HE2
BHE ZFE7] gigo] £ gl =ob AtiF o g nAY
& H4o] o] fjFoz dotEnt AR7IA] A

it

Wi
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AR T} PGS SRAZ17] SIRE 71 Aol et A+
2 0 &2 49%lo] Qltt. Chang 5(2020)°A= &
ol7] glo] A4S E2tAE &7](polypropylene, PP)9
o} barrier filmAta E3+& 20 cc/day/m?)o2 XX
3 714 2E8% 0, Z 18% CO,) Al Fgo] AL oA
sto] F5 S4o] S-S gRlsteit). o] Q9= Kim &
(2011)9] AolAxE= A& QA& 2-phenylethyl alcohol

E5(100 pL/L, 4A17h5te] PP 8712 23S o
UubAlate] S24]0] AAE UL, 229 Hrrt =A FAIs
of Aol F7leke AR Uesth weba] A4t
AR A S A7) sl A o2 5 #e
719 7ido] Z93% Aog Azt

2 A4 Z2AE Sl EH, Aol A= HddnAY
o] AEEA fo} HHA HolME IA ST 2
opd Ao = wetEth SHAR Fol7]oA S aureus’t A
S0l w2t AR e 29 WA A AR Ash= AHd
oA o]o] tgt Aol BT AoE WEHT

il

oo
]
bl

N

2 AqoM= g 15 5 AR E 2o AR
go]719] A AT F BAGBE LAEE A
At & AFE AsiA 57 2039 AHEAH207) 2
ol71(177)e YA EAIFH (LRI, o+, ),
2R 9 $PolE AXTEHOE ASlaL, 4359 Y
AuAE(L. coli O157:H7, Salmonella spp., S. aureus,
L. monocytogenes)& 338E, B cereuse TR
A AT 1 A}, A4 E Hol7]9] dRtAlTES
7¥7} 5.52-8.08 ¥ 5.74-9.70 log CFU/go& w2 &%
o= e, tiwZ ZH2 0.33-7.08 € 2.54-7.36
log CFU/gl = TEEU. A& Hol7]9] ar ¢
F0l9] 2 £ Ht 3.99 log CFU/g oldolqitt.
M4 B, cereus 28 52 1.63-5.13 log CFU/g2
2 oa g4t 591 Hol7Y B. cereus 2H FEE
4.10-6.87 log CFU/go.2 Aj&4to] vlel @=7} =9
ok ERL Aol A s HeAduAdEe] AEEHA Lokt
HtH | o7l ME S aureus’t 7 57H41%)ONA HEE

Aoy, S aureuss AT BAGUFES HEHA &

o |
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e w2 @7 sk vinol ¥ W, ) 23
ol A= ol71e] S o) Hore sloz e
U, olo] that Af4lo] Washch Ek, A
B 7580 G ARHS BHAOD FUAT 4 9
L ABEAZY Aol 1% Aol e 27449 A7t
gastohy Azad.

2o 2

BEES 5E 1%3 Y7127 ATAAEARE:
PJ01579002)€] AI4el] 23 o]Fol2l Fio]n ofef ZALE
uict.
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