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ABSTRACT

Received: September 29,2017 The occurrence of various pathogenic microorganisms on farms is a concern if they are able to contaminate
Revised: October 26, 2017 fresh produce, which provides entry into the food supply. This study was undertaken to assess the microbiological
quality and prevalence of pathogens in Chinese cabbage cultivated soil in Korea. A total of 57 Chinese
cabbage cultivated soils were collected in 4 locations in Korea from February to August 2017. The soils were
analyzed for the presence of total aerobic bacteria, Escherichia coli, coliforms, Salmonella spp., Escherichia
coli O157:H7, Listeria monocytogenes, and Staphylococcus aureus. The total aerobic plate counts in soils
were in the range of 5.7 to 8.7 log CFU g™ The coliforms and E. coli were detected in 39 and 8 out of 57 soil
samples, respectively, in the range of 1.1 t0 6.3 log CFU g™ and 0.7 to 4.0 log CFU g™'. Salmonella spp., E. coli
0157:H7, L. monocytogenes, and S. aureus were not detected from any samples. Results from these studies
may help control the spread of bacterial species such as E. coli and Salmonella spp. through the farm environment.
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Incidence of £. coli and foodborne pathogens in soil.

Foodborne pathogen
Region n' E. coli Salmonella E. coli L. monoc- S aureus
spp. 0157:H7 ytogenes ’
I 19 3(15%) 7 ND* ND ND ND
I 17 5 (29%) ND ND ND ND
Jil§ 11 ND ND ND ND ND
v 10 ND ND ND ND ND

TNumber of samples analyzed.
TNumber and percent of positive samples.
S ND = not detected.
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Introduction

AFE WL ST SR ALTE0] w2 AN e AlslA S71ske Al Slat 917k 23732 s
et ofuat, eieieh A Q) S obrIstal Slrt. 92 o] S-SRl Ak Al Aol SRt s S of
3 ERol S 7, ZEI5HA] 2 A= A= o] BobAAL Itk (Jung et al., 2006). ¢-=futet =71 1919
THAE 4H]0) 79 AAFE A7F137.5 kg SEO2 OJulR (41.3 kg), S (52.9 kg)©ll HIo] B Holm, 4]

Q125 (133.1 kg)oll HIalA = 27 -8 553 YEFHCT (Choi and Heo, 2016). SRR 414G i} 4 5 4141
BAEC B STEEEA X A L Qi QI A= Aol Skl QlHt (Sivapalasingam et al.,
2004). 2= EglA AR wfliZo]l AHAA] 0 & Eqfo] EAflct= thefRt nl A=l leE 5] o] It (Beuchat et
al., 2001). 21570] FAbE AF= AfaLof| A & 4= Qo] e B A 4-eb -2 A4l FARES 8 & A H = g O
of 2] Aol A B rAES ok theRRt nld ol @ A 4 Ut (Kang etal., 2011). 7R A 2}E &0l 271 18
A MAES GF AASH R A s T At 2E e Sk 20 e rplEe] S5t ASEa
aks} 2 91tk (NACMCF, 1999).

AA| 2 A AL S0 AT AFEwtR] B. cereus”t AEE AL (Ueda, 1998) A, T SollA = of
Att, AT, B. cereus 501 ZAFEI AT (Kim et al., 2006). Jung et al. (2006)2 H|7FE AFO n|PE CHES
ZARRY A3t XA ONA S. aureust B. cereus7t 22%2 7V Ho] HEE .0, B. cereus= &AM T ol HE
ST SR Kim et al. (2004)2 54 A58 A2 = A2 nllE L @ZRAIA v, tidet, S. aureus,
Salmonella spp. ‘5°] AZE Atk H 175}ct. 12]1 Kim and Shin (2008)-2 H] HA|2] 2|4 2 & 2] Aol A
B. cereus, Campylobacter jejuni, Vibrio parahaemolyticus, S. aureus 5°| AZ%ATt1 SFATE Burnett and
Buechat (2001)2 A4t 42 A nlEe] ofs @ FE 4 A=t 1L o YeloRs B, 7hEt, W
7, AR, EEH] 55 & 5 Ao Rt SR B nldEe] AS=S o Ie 4 AR 15 Shigella spp.,
Salmonella, E. coli O157:H7, Campylobacter spp., L. monocytogenes, S. aureus, Yersinia enterocolitica, B. cereus,
Clostridium botulinum, viruses 5°] A7} {40} Zh2 A “sAbEat whisto] A5 AL W =119 77 ] &
Aol ZA gdol s A o= B sttt el nilEe] L dH Edelu BH7H a4k HEE o] Aol
A B2 Aok AlF o] EAYE 4= It (Morgan et al., 1988). Maule (2000)2 94 IAEC] B &
H]of] AR ED = AL A7l A] Hol=]o] ZHHAIE 4= QIetal SF3IT. Morgan et al. (1988)2> F=1ollA] E. coli
015701 &J§t 2| Z0] AT-5 Afal= Bl EAISH ettt ¥hof =] JIthal Sshol=tl FA] 247 9] 2t 5 175 0]
APt 8, B 50 sAH 52 Fall AFmAlte]l EGFO R FolE 4= QloH, EoF HlollA] eiEst
AEsto] L. go] WAL 4= Tt (Ibenyassine et al., 2006). 1222 ¢-2|LzollA] F4kE el o] EF viof &
Aok HYd nEe] RS Foths 22 AieHA| 52HE 2] QFAS Elsk=t] glof ulle- T a5l & A
ofe}, & A7E =ollA gl AR|= A1 Ql= il E A ERS tl o= At Alat<r, tird=t, thdtt, Salmonella
spp., E. coli O157:H7, L. monocytogenes, S. aureus 52| L vYES] B 9 @ ALE TAfoto] EQF| n|=
oH4 ¢1/g StH -2 913t 7| 2= & Algstaat =asteict.
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Materials and Methods
A AR CHA Y A0 vl QK] S 4] X142 st o m 2017 28R E 8 Q7] v
Z A EokS dto 2 129 (7Y, 3%71H197), T2 (8Y, 3571 177), MAY (59, 3%7F117), VA 2Y,

3%71107)01A & 5789 AR E AFeIATE A == AR 0] HEES 0~15 cm ol 2 AF6HAc A A
=2e Wﬂii Hytslo] Aol d e 24t 5 st A 24413 ofufio] dede HATsHEAL %Jwﬂ%* i
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(KFDA, 2008)°1| o5} A= 3iet. LRl (total aerobic bacterla)—J A 75. A SIohA HA 25 ¢ —.40}04
0.85% 214 225 mLet E§star F47] (BagMixer® 400, Interscience, Saint-Nom la Breteche Arpents,
France)ol|A] 257 A8, 1 5 Al& 1 mL-2 Petrifilm Aerobic Count Plate (3M)$]o]l 551 37°ColA|
24~48 A7t vlioFstoTt. 514 0 7 THA| 5143t § Petrifilm 1ol F4H colonyE A0t colony-forming unit
(CFU) g' o= YepAct. E=SF ot (coliform) 2 TSt (E. coli)2] A B2 Q54+ Petrifilm E.
coli/Coliform Count Plate (3M)°]] 255107 37°Cof| 4] 24~48 A7 HuljoFstAcTt. viF & 7 ] ILZ 7F blue colony & E.
coli O 2 7|35 7H red colony2} 7] S 7 blue colonyE coliform 9.0 7 7H6}od Al4=5}3Tt.

Ol

Salmonella spp.2| HMEX BM Salmonella spp. 2] 7384 EA4-2 21557 W (KFDA, 2008)]l &Jsf] HA]=]
At AA| 25 g2 FI5}H] buffered pepton water (BPW, Difco, USA) 225 mL o] B4 %] BatH stomacher bag®]] &
o] 47| (BagMixer® 400, Interscience) S ©|-85}0] 287 7435} 5 ThS 37°COll A 24417t Fot vl oksiet. Zt
%l ol ImL-2 Rappaport-Vassiliadis broth (Difco, USA) 9 mLol| 180 42°Cof|A] 24 A7 F2t v RS SATE 22 S+t
HjQFE oB-2- Xylose lysine desoxycholate agar (XLD, Difco, USA)oll &4 TSI, 37°COf|A] 24 A7 B2 HlQF

SFAL} BiF & 24 E]= colony+= latex agglutination test (Microgen Bioproducts, UK) 2 215111, S48 ¢Jsl|
colony S TSAO| Althet &, API kit (API 20E)2} PowerCheck ™ Salmonella spp. Detection Kit (Power check PCR
kit, Kogen, Korea)S 0]3-0}04 PCR (Biorad, USA)Z @15}, PCR FEg0ll4 DNA 5 uL primer+= 10 pM 5=
2 2% 37 olal 3aF Bt SRR 2 988320 pL2 ZEokith E3FPCR thermal cycler®] Bhg- 2712
95°CollA] 1027t predenaturation= AAISE 5, 95°Col 4] 3027 denaturation, 60°COll 4] 307} primer annealing,
72°COf|A] 3027t extension®] 71 0 2 35 cycle= 4~} final extension= 72°COllA| 1027+ AAISHTE. PCR
of] &Rt SEAYFE22.0% agarose gel 1171950l 2lal &5t

E. coli O157:H72| BE™ BEM [ coli 0157:H79] /34 42 215570 W (KFDA, 2008)°] 2]of AA]
et AA 25 g2 $151 novobiocin antimicrobic supplement (Bacto™ Oxford antimicrobic supplement, Difco)
£ 37I3F EC Medium, Modified (mEC, Difco, USA) 225 mL7} 5¢13)+= HwH stomacher bag®l g0l 27|
(BagMixer® 400, Interscience)S o]-&sto] 287F FAH 5 42°Co)|A] 24A17t ot wjoksile}, Sde A
Sorbitol MacConkey agar (SMAC, Difco)ol] €41 2613117, 37°C oA 24417+ 52t viFsHITt. viQF & o &=
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colony+ latex agglutination test (Microgen Bioproducts, UK) 2 215137, 42 ¢35l colonyS TSA] Alth
£ ©]-851%] PCR (Biorad, USA) 2 Z}R15}3Ith PCR ¥F&-Jl4 DNA 5 uL primer+= 10 pM g2 243 715t 32}
Hit SF52 ZF 9Ee-8988 20 uL2 245ttt T3S PCR thermal cycler?] B8 2712 95°Co|A] 1027
predenaturation= A A|FS, 95°C |4 3027} denaturation, 60°COJ|A4] 3027} primer annealing, 72°COf|A4] 3027t
extension®] 27102 35 cycleS 4¥3Y5}1L, final extension= 72°COYA| 10E7F AA51TE. PCROY| 2Jgt S-Z 84

=2 2.0% agarose gel 7150l o) &l

L. monocytogenes2| BMEX BM L. monocytogenes®| /32 B2 21257 HIH (KFDA, 2008)°f| 2Jaf] A
A=At HA| 25 g& Fok] UVM (University of Vermont Medium)-Modified Listeria (Difco, USA) 225 mLO|
E0]gl= HH5 stomacher bagol] Yol #27] (BagMixer® 400, Interscience) S ©]-85t0] 287 #43} 3 o1&
37°Cof|A 24 A7 F{t uldstATt. St ol 1 mL-2 Fraser Listeria broth (Difco, USA) 9 mLoJ| ‘22 5 37°Coj|A|
24A17F B2t wjoFslct. 22} ZtE B2 antimicrobic supplement (Bacto™ Oxford antimicrobic supplement,
Difco)E 37} Oxford agar base (OAB, Difco)ol| 2141 U511, 37°CoNA] 24417 B2 vis ATt viF 5 o]
A== colony S TSAC] Althg &, API kit (API Listeria)®} PowerCheck™ Listeria monocytogenes Detection Kit
(Power check PCR kit, Kogen, Korea)E ©]-851% PCR (Biorad, USA)Z €15t} PCR HESollA] DNA 5 uL
primeri= 10 pM &= 248 7ol 32} Bt S22 HF-8HS 20 L= 245kt T2t PCR thermal
cycler®] W8 272 95°Coll 4] 1027F predenaturation= A AIgH 5, 95°Cof|4] 3027}t denaturation, 60°Cll4] 30
%7} primer annealing, 72°Cll4] 3027} extension 2] 2719 2 35 cycle= =335}, final extension= 72°COfA] 10

27H 1519k PORO] S5t ZEALAE-© 2.0% agarose gel 717]35]] o5 Silatart,

S. aureus®| HEH 2N S aureus®] %32 ZAE AEE H (KFDA, 2008)°1 2Jsf| A A= 1et. 244 25
g2 #5191 10% NaClo] H7Fe tryptic soy broth (TSB, Difco, USA) 225 mLO| B4 %] H% stomacher bag®]] &
o} 47| (BagMixer™ 400, Interscience) S ©]-&5}0] 287 43}t T} 37°Coll 4] 2417 52t HjoFslo] WA
S 7HAES. aureusE SwotSATE St WIS B2 ego yolk 7} 3471 Baird Paker agar (BPA, Difco, USA)°f| 241
TSI, 37°CollA 24A17F &k = Ik vl & HAM colonyE AlS=SHLO™, tryptic soy agar (TSA,
Difco)oll A5 7HE colonyS API kit (API Staph, Bio-merieux, France)2} PowerCheck™ Staphylococcus
aureus Detection Kit (Power check PCR kit, Kogen, Korea) = ©]-851 PCR (Biorad, USA)Z 21531} PCR ¥t
-3°l41 DNA 5 pL primer+= 10 pM 52 248 7ol 32 Bt S-75= 28 TH6-892 20 pL=E 285k
E3F PCR thermal cycler®] WkEg 272 95°Cof|A 1027t predenaturation= AAIRE §, 95°CoA 30%7F
denaturation, 60°Cll4] 30Z7} primer annealing, 72°Coll4] 30%7} extension®] O =2 35 cycle= Yo},
final extension-= 72°COfA] 1027F AA5HITE. PCRO| &J3h -2 A AAE-2 2.0% agarose gel 117|950 2Jsf 221

sisiek

S M2l FAE e 2ysol tishA= SPSS SAIAE] 2= 17 version 112 AR5 SARZASIAH. &
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ARAL ANOVA I2 T3] Tukey's test O p < 0.050] S3ell 4 EASH fo)e AFshaic

Results and Discussion

HiE i EQ S| bt Mot iR, thEe| 22 470 X oo uiSAul £ ZH2to]] gt Ayt
Ald=E ZAVsE AT (Table 1), [ 2] Eoko] ARt Ald4= 4 5.7 log CFU g, 3|t 8.7 log CFU g, B 6.9
logCFU g, TA]Y B2 2]46.31og CFU g, [t 7.71og CFU g, B 6.8 log CFU g, A EAXL %]4-6.0
log CFU g, 2|t 8.2 log CFU g, B+# 7.1 log CFU g, VA9 E9k 2|4 5.8 log CFU g, 2|t} 7.1 log CFU g,
1t 6.3 log CFU g'o|3ith Ee] YNl AR G-2fst Zol7} §13itt (p > 0.05).

47l R o] Eofol| A tidd-S 1 A EOF 1947 5 1342 (68%)°lA, 1A EF 17418 5 15412 (88%)
of| A, MAIY EF 11A1E F 9AIR (82%)°1A, VA EF 1047 F 24 & (20%) 014 AEEISITH (Table 2). 1]
o EFO] didw AEE0] 7P B30, VA E4] tid AE-&0] 7P 2olth VA H 2] Al=2i5 A7
7P 2572 ALl 250 PR s VA|Y EG thidwit AE-&0] 7P Wkt Azt e
A ABE O] AEe] FFE PIAE 810 % 2k, F, pH, FIAEZH 37 5ol Al 5Hl=T (Hill and Sobsey,

2001) o] & L =] ol 8 FFS A= 8912 25 2fal STt (Tiquia, 2005). Ishii et al. (2006)+=
=

EolA tigatto] o g, 7 Bt 257 -2 A-gof EX w2 1k 8 HEEAL EHEE ok sholetl &
#]9] EQFollA, Z1 M =2.4~5.5 log CFU g, Wt 3.9 log CFU g 5%

Aot Attt tidte] 749 1
o2 VR, T2 EolA, He=2.8~6.3 log CFU g, B3t 4.6 log CFU g =0 &2 LERTE T3 MA|<
oFol| A, M9=12.4-5.5log CFU g, B 4.7 log CFU g &0 2 Uelton V2|9 ESfolA], H9=1.1~1.4

Table 1. Population of total aerobic bacteria in soil.

. N Total aerobic bacteria (Log CFU g™)
Region n — -
Mean (minimum - maximum)
I 19 6.9+0.89°T (5.7-8.7)
I 17 6.8+0.42* (6.3-7.7)
I 11 7.1+£0.77* (6.0 - 8.2)
v 10 6.3+0.36"(5.8-7.1)

"Number of samples analyzed.
TMeans with the same letter within a column are not significantly different at P> 0.05.

Table 2. Incidence of coliforms in soil.

, N N Coliforms (Log CFU g™)
Region n Number of positive samples (%) — -
Mean (minimum - maximum)
I 19 13 (68) 3.9+1.16"T (2.4 -5.5)
I 17 15 (88) 4.6 +1.09"(2.8-6.3)
Ir 11 9(82) 47+1.10"(2.4-5.5)
v 10 2 (20) 13+£021°(1.1-1.4)

"Number of samples analyzed.
TMeans with the same letter within a column are not significantly different at P> 0.05.
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log CFU g, ®+# 1.3 log CFU g <=0l 8iet. WA EFe] w47 7P =001, VAo EFe] diatwi
7} 7V ke VAo o7 7R B At AL B 2k o s mesith oidd-2 =
w2offoto] ZEALk AbS Aok 13 2/ 9] oS WHEA| e Tte A A Sk A o0& didiwto] AEEH HY
“Jo] Q= frafmgEat \’411*4—4 EA 7Fs/3= oJrlstal Qlet

7+ 2|9 EollA] tit-S 1 A 1942 % 3A1& (15%)°1A, TAIH 1748 Z 5415 (29%)°4 AEE3L
II, VA EdofA= A8 HAEEA] 43t} (Table 3). 2] -9 [ A EdofA, H9+=0.7-4.0 log CFU g/,
B3t 2.0 log CFU g 520 2 YERST, TR EYfA], H$=2.1~3.0log CFU g', Byt 2.4 log CFU g 50
2 LFERTE Ishii et al. (2006)2 EFolA] ti&to] 3.0 log CFU g 7HA] HEE] 11, 25°C ofst B4 30 o4
AZESE 4= ekl 5HILt. T3 E. coli 0157:H7+= EGOlA= 1309 B9F AAES 4 Qlrkal H 151t (Maule,
2000). tird=t Eoll Qe ES 4 AL P AEa @ HAIE 750 Lo B R @ S Apdsh= 5] HA
El b R RSk o

Table 3. Incidence of £ coli in soil.

. + Number of positive E. coli (Log CFU g
Region n o — -
samples (%) Mean (minimum-maximum)
I 19 3 (15%) 2.0+ 1.22°T (0.7-4.0)
I 17 5(29%) 2.4+0.16* (2.1-3.0)
Ir 11 0(0) -
v 10 0 (0) -

"Number of samples analyzed.
TMeans with the same letter within a column are not significantly different at P> 0.05.

EY 3o HAY 0|82 B2X 77O Bl LA Y nES HESH] fI6te] ZF Al=E selective
enrichment broth®} selective agar©l| 4] BiQFstal, HiQF 5 selective agaroll A 2]4=]+= colony+= PCR 2 13 A1k
471 A BN Salmonella spp., E. coli O157:H7, S. aureus, L. monocytogenes ‘o< A=A &Q¥T} (Table 4).

A S Et-2 B Ao = HEFR] LFA]TE Catherine et al. (2014)2 h”ﬂ/ﬂ Salmonella spp., Clostridium
perfringens, B. cereus2F -2 189/ =0l HEE U o] A RS EY WE S5t AHes 2 AN
2 4= oAl st ASES Ao 7= H e e Ao 1= R Q’]T—i }L%Q NS BES 5 k= HAL
(Unc and Goss, 2004)2} EQFOIM T 130 B2 S = Itk (Maule, 2000). Welshimer (1960)-2 L. monocytogenes
7HEFOIA 67 S AED = kL 0?9&3’—, You et al. (2006)-2 F/d RAYEO] 7HS4E E[H]7F M B
A FAEE 4= QItkal SHAALE Islam et al. (2005)2 E. coli O157:HTZ2 2% EHIE EF U W) E. coli
O157:H70| AHAO 2 A 5= Ukl SIUILE. coli O157T:HTE L FH EFolA o] F-& A5 Hal5 55
o] §l0 = o]5H 4= Itt(Solomon et al., 2002). TePA] Ee] EAoh= B vl =2 A7 I &L 4= L 2}
SR OIFY 4 o u R SARERE QIS AF5 ALE o] YoiAe e/ nldEe] Bt EAI6HA] s
Teshe Zo] Fasith nEsHA o & QFdt B 2712 fleliile PRt 715 B9} AHE AR Sh= o]

7 £ HHolct, AR f-2uet 7SR ElH| e HH| oA Salmonella®} E. coli 0157:H7 -2 /] vAd&Eof
St 7150] QIR FAE ok of s AH|REe] T o] AR AT Q= FA-S 1 BSHH Salmonella®} E. coli O157:H7
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Table 4. Incidence of foodborne pathogens in soil.

. + Foodborne pathogen
Region n
Salmonella spp. E. coli O15T:H7 L. monocytogenes S. aureus
I 19 NDT ND ND ND
I 17 ND ND ND ND
11 ND ND ND ND
v 10 ND ND ND ND

"Number of samples analyzed.
TND = not detected.

Conclusions

2 @ FufolA gol £M5lT ke v Al ok thto et A<, P, TR, Sabmonella
spp., E. coli O157:H7, L. monocytogenes, S. aureus 52| L nES] B 9 © AL 5 ZAfsto] EQFO] n| &
o QR4 Sh B Sl 12 AR 2 ARSI stsick. 47) 0] Wil Eogel et et AlaE 2}
St A} 129 B9k Uut Mt 5.7~8.7 log CFU g, TA|Y E%L 6.3~7.7 log CFU g, MMA|Y B4
6.0~8.2 log CFU ¢!, VA2 EOkS 58-7.1 log CFU g 011t} 47 2]<10] EokollA] thd-e 1 2o EoF 194]
=5 13A12 (68%)°01A4, T2 ESF 17A1R 5 15412 (88%)°lA, A ESF 1143 5 9A| = (82%)°llA, IVA]
o EF10ARE F 247 (20%) 14 HEF A 2 1A 1947 F- 3412 (15%)°14, TAH 1747 5 54]
2 (29%)01A AEFA, M VA B He] 2252 okeh. 47) 2|2 EFNA Salmonella spp., E.
coli O157:H7, S. aureus, L. monocytogenes o< A=%A] Gt HYA 022 EQFo|u EJH]of| A ZFAITHAYE
S UL AES LAAE o HE FARE R QIRFAFE AILE Afsh] fiste] B ] niAlEo] Bkl EA)
S1A] R 5 PEfok= Zlo] Fa skt 1217 floiA = S50 Fa3t ElH|e ul S Aitel= o] 2410 W ot
NI FA ]
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