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Abstract

This study investigated the possible correlation between the bacterial
communities of broccoli surface and environmental factors by classifying
broccoli from Jeju and from market based on its type of cultivation. Total
viable cell count of broccoli from Daejeong, Hallim, Jocheon, Seongsan in
Jeju has a significant difference. And the total numbers of bacteria and fungi,
E. coli and Enterobacteriaceae, Coliform 1is proportional. The number of
Listeria is the highest in Seongsan where has the highest the amount of
rainfall among 4 areas. Study did an species diversity index analysis on the
bacterial communities of broccoli surface by cultivation area. The result is
that Daejeong 1s highest and Jocheon, Seongsan, Hallim followed.
Pyrosequencing of 16S rRNA gene amplicons from Jeju broccoli samples
revealed that Gammaproteobacteria and followed by Alphaproteobacteria,
Betaproteobacteria and Deltaproteobacteria were the most abundantly
represented phyla and class. Compared with all community structure between
broccoli taken from the area, and the PC1(57.24%) results similar community
structure of bacteria on Seongsan and Hallim, Jocheon and Daejeong.
PC2(12.28%) results similar community of broccoli surface from Seongsan,
Jocheon and Hallim , but different with that from Daejeong. They result that
has a similarity about viable cell count and species diversity index between
the two groups Daejeong and Jocheon, Hallim and Seongsan. Also, Seongsan
that has the highest viable cell count is the highest amount of rainfall among
4 areas, while Jocheon that has the lowest viable cell count is the lowest
amount of sunshine. These results show that bacterial core community in
broccoli surface was mainly associated with relative humidity and soil
environment. The relationship between cultivation farming and various

environmental factors is considered in addition.
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Table 1. Address of broccoli cultivated in each region

. Dates
Region Samples Address
Sampled
Al 2014.11.01 Sangmo-ri, Daejeong-eup, Seogwipo—si
Daejeong A2-A3 2015.01.11.
Ilgwa-ri, Daejeong—eup, Seogwipo—si
A4-A6 2015.01.24.
B1 2014.11.08.
Sangdae-ri, Hallim-eup, Jeju—si
Hallim B2 2014.12.07.
B3-B5 2015.02.08. Sangmyeong-ri, Hallim-eup, Jeju-si
C1 2014.12.03.
Jocheon C2 2015.01.18. Sinchon-ri, Jocheon-eup, Jeju-si
C3-C5 2015.01.22.
D1 2014.11.17.
Goseong-ri, Seongsan—eup, Seogwipo—si
Seongsan D2 2014.12.06.
D3-D6 2014.12.29. Onpyeong-ri, Seongsan-eup, Seogwipo-si
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Figure 1. Photograph of broccoli sampling points



Table 2. Cultivation type and sampled dates of broccoli in markets

Sample Dates Sampled Sampled Store Sample Dates Sampled Sampled Store

C1 2014-11-19 Jeju Nonghyup hanaro 01 2014-11-19 Jeju Nonghyup hanaro
C2 2014-11-19 Jocheon Nonghyup hanaro 02 2014-11-19 Chorocmaeul

C3 2014-11-23 Jeju Nonghyup hanaro 03 2014-11-23 Jeju Nonghyup hanaro
C4 2014-12-09 Jeju E-Mart 04 2014-11-27 Jeju E-mart

C5 2014-12-23 Jeju Nonghyup hanaro 05 2014-12-09 Neuyoungnayoung
C6 2014-12-23 Jeju Chukhyeop hanaro 06 2014-12-23 Jeju E-mart

C7 2015-01-02 Soul Lotte mart o7 2014-12-23 Neuyoungnayoung
C8 2015-01-06 Jeju Nonghyup hanaro 08 2015-01-06 Chorocmaeul

C9 2015-01-23 Nawoori mart 09 2015-01-23 Chorocmaeul

C10 2015-01-23 Jeju Nonghyup hanaro 010 2015-01-23 Jeju Nonghyup hanaro



C11

C12

C13

C14

C15

C16

C17

C18

C19

C20

2015-11-01

2015-11-01

2015-11-01

2015-11-01

2015-11-01

2015-11-08

2015-11-08

2015-11-08

2015-11-08

2015-11-08

Jeju Chukhyeop hanaro

Jeju Nonghyup hanaro

Jeju E-mart

Nawoori Mart

Tamra Mart

Jeju E-mart

Nawoori Mart

Jeju Chukhyeop hanaro

Tamra Mart

Jeju Nonghyup hanaro

011

012

PF1

PF2

PF3

PF4

PF5

PF6

PF7

PF8

2015-11-01

2015-11-01

2015-11-01

2015-11-01

2015-11-01

2015-11-08

2015-11-08

2015-11-08

2015-11-08

2015-11-08

Hansalim

Hansalim

Chorocmaeul

Jeju E-mart

Jeju Nonghyup hanaro

Jeju E-mart

Hansalim

Jeju Nonghyup hanaro

Chorocmaeul

Hansalim




22. B2 FY AR 7Y 7IFHs

ne@e AR Je AFuEse AAAAE AFoR A 19 2ARYR

AR 7], 4 HdddEE

Fig 19 ()¢ 2ol BzZe 3FoloA 7t 10-13 g& Hit Z2 TS
deste] BRZe 242 3¥E 2-3F°] AL F AR F FAZF 30-40 ge]
HE2 st 3 2 ZeE "Wt Mo @il Peptone(Sigma-Aldrich) & &
W= 0.1% Buffered peptone water(BPW)Z 5-6u3] 438 & X33 A% 7]
(Powersonic420, Hwashin Technology, Korea)E ©]-&3lo] 40 KHz oA 10%

2 At

b Ae F HE A AR A sto] iAo Z=wslk= plate count method =
AdTE FAAY. F 2714 M 7 F A = TSA(Trypticase Soy
Agar, Franklin Lakes, NJ, USA)¢ PDA(Potato Dextrose Agar)E ©]-&3lo] 7zt
2y 37CAA 24-48 A7, 20T A 72-12041%F ¥l et} Salmonella= Mac
Conkey?} XLD(Xylose lysine deoxycholate agar)Z o]-&3tglew Coliform, E.
coli, Listeria, Enterobacteriaceae < ZtZ} CC(Coliform), EC(E.coli/Coliform),
EL(Environmental Listeria), EB(Enterobacteriaceae)®] ¥ E 2] &[Petrifilm,
3M, USA]S o83t} Salmonella, E. coli 2 Coliform, Listeriax= 37Tl A

24-48 N ZF wjFstal vt 5 wixelM FAdE AEAHA FR=YUE ATsdth
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25. BE2ZF 39 vAE 3 4

2.5.1 DNA &

DNA+ PowerSoil DNA Isolation Kit(MoBio Laboratories Inc., Carlsbad, CA,
USA)E o] &3t F&E3At. B2FE Alxs 20 mLE 1 mLA 20709 tubedl
Ul o] 5 10,000 rpme 2 123 AR F pelletS skl DNA
AbgEETh Al® 300 pLE skl 2 mL ¢ &
SDS(Sodium Dodecyl Sulfate)”} o3& CIA 2F(AHE A 60 T

:1m

=
2
Bol W3 AL HolFi
C

t}) 60 pLE 9o vortexsttl, 71 E&HMS head FHO| Yil FHOo R 1087
vortexsto] gl o g2 A ¥EWS 33} st HFHE 12,000 rpmell Al 30
23 dAEE - 1 4 450 pLE MES 2 mL FEE &A 9al, C2A¢F
(DNA x5 %017l s 771 771 =

A7Fsl vortex & 4TCoA 583 W& H
AE AL F5H 600 pbes sk Al 2 mL FHo| ¥l 200 uLe] C3(22+4
3 7] B FTIEE AAGEIAkE ol vortex § 4TolA 53 W B
sttt dAalielste] 600 uL & A 2 mL FRel ¥ 1200 uLe] C4(DNA7}
2 @EEdA dEtdel dds] Adets de. AEEe &GS =
§rste] Spin filter FHol Wil dAEe] & ¥ As5S AASA 500 pl
o] C5(A e 7tel DNAC ZE2 #7434

2245 AAskE 'S A AR A S D Yo AdZE Al

ofs
ol
=}
o)
2

39 th. PCR-premix(iNtRON Biotechnology, Seongnam, Korea)oll %3 DNA
10 uLE Y31 Al7r9 16S rRNA F3dAE 523517] 93 primer(8F(5'- AGA
GTT TGA TCC TGG CTC AG -3'), 1492R(5'-GG TTA CCT TGT TAC
GAC TT-3'); 10 pmol) 2uL. ¥al SHF5 °l&3t9q HAFEFE 20 uL=2 5t
I A2 FZ7](GenePro Thermal Cycler, BIOER, Hangzhou, China)® PCR
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e

o

S 5 th DNAS 16S rRNA 872 SH2 94Tl A 283 ofv]
AL, 94Tl A 20&3F WA, 55TAA 203 T2 A7}, 72Tl A 1% 30
23 NS e 303 wHE F 72004 583 APt S E DNAE
1.5% agarose gel¥ v} (100SiZer DNA Markers, iNtRON, Korea)E ©] -8 3}¢]
100Vl A 158 5<t A7]9d53s & UVHFY7|(Gel documentation, Bio Free,

Seoul, Korea)Z DNAZ7|¢} FHAHE &2ls}3iT}.
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BAe Aguetn AR AR AU AQPelA FaAsAL FE5
%

JE DNA A8Z 16S rRNA 382 Eo]4 primer

=}

set(799f, 1115r)& ©o]&3le 16S rRNA FHAAE FZH3At. AFE3SH primer
set(799f, 1115 F% Fo dojzx B2 g9 A E(E-MI, eukaryotic
celD¥ FE=A(EMES  chloroplast) DNAZS Alelgt W wAE DNAWS AE
o7 ZEZa7)9e] A8 tHChelius MK and Triplett EW, 2001].  Primer
+ 454-pyrosequencing library A 2F8 adaptor®} A& -8 barcodeE <ol
2ol FFOEM, UF9 ARE A AT 5 A AFEATHTA,
5-CCA TCT CAT CCC TGC GTG TCT CCG ACT CAG AAC MGG ATT
AGA TAC CCK G-3’; 111br, 5'-CCA TCT CAT CCC TGC GTG TCT CCG
ACT CAG AGG GTT GCG CTC GTT G-3).

PCR wWFg&89& template DNAs, primer set (0.2 pM), 2xPCR Master mix
Solution (i-TagTM, iNtRON biotechnology, Korea)2 43¢ wE<ith. PCR WH$-
Z712 94 °CollA] 3 #3F ov|7FE & 94 °ColA  15%3F WAl 55 °CollA] 45%

A AAF, 72 °CollAd 123 TFREEe] RS 283] wHE shal 72 °Coll

X

8t Agstdth. 72+ Alg 7 F 4/ wEEAIEE wE3 QIAquick PCR

Purification Kit (Qiagen, Valencia, CA, USA)S o]-&3le] A 3513}

_13_



2.5.3 454 pyrosequencingS 3% 97|44

A S Atstu &Sty wAdE A AP FRsAT e AR
+ Picogreen(Invitrogen, Carlsbad, CA, SA)S %3] DNAYS A3t 454
pyrosequencing GS FLX Titanium(Roche 454 Life Sciences, Branford, CT,
USA)S &8l d7IA4ES At gHd @74 Ee QIME software
package v1.9.0[Caporaso JG et al, 2010]& 3] #Astt AL Hr gk
Q20 ©olstol A, 670 ©]AFe] homopolymerS 7FA 714, ambiguous base calls<
AYAY e 1 Zol7} 200 bplbase pair)Eth & AL X7]o] A AdALY.
23 Denoisers T3l 9714 E &3 AAHS &St reverse primer 971
qEde AAsG e, USEARCH(v7.0)¢] UCHIME algorithm2 %3 chimeric
sequences F7HH o2 A AT FHE A FA AUINEL 97% FEA
S 7]¥2 % open-reference clustering(SortMeRNA_SUMACLUST method)<
T3ttt Clusterings 53l AJ4kE OTUs(operational taxonomic units)2] o
X d7IMESs FF3a, PyNASTE F3l wjdd 5, FastTrees 3
phylogenetic trees T3t ATh 3ld FHEE &3kl OTU tables & T4
3lH, sequencing Y-S TASHA SF7] f8 A5 387 sequencesZ= H7IAE
S AFEs T OTU %, “chloroplast” B “unassigned” OTUE OTU table
ol 4 AAsFATE.  Greengene THlolEHo]~E  7|Wro 2 UCLUST-based
taxonomy classifierS ©|&3}o] z} OTUZS W93tk Observed_ OTUsE whgr
o7 ANE 7 tgAdAHS ¥wst o UniFrac distanceE o] -&3lo], A& 7F v

BE PAe wastgct

2.6 A4

—
2E 4

A= 33 wiE =2 & SPSS EARA =2 33(SPSS 12.0K for
window, SPSS Inc., Armonk, USA)S ©|&3to] Hit 3} T FAAZ YEYSIS

w EAA 94L& Duncan’s multiple test® 7 43} c}.

kil

_14_



3. 2% % &
31 %A ANF n2EY EAY AZ5S ARG F 1FHg

oA AHS BEEFet Ald BEIFE xWY FT U4 AT
Enterobacteriaceae, E. coli % Coliform, Listeria <+ Table 3-6°] YEFH AT}
ool AHTF BrIe FH VA A

CFU/mL = 7bF =stou Akl AAF3 22
fFrolHom zol7h gllom Ao AHI BEE
7F 1.69£0.87 log CFU/mLZ fFold o=z 71 S thFig 2). A3 A Gl m&
Akl A AFS BRI wdoel Hir 6.20+1.57 log

CFU/mL= 7V Btom 374 At g9k A 43S vedlth(Fig 3).

PN
T At T

s

Enterobacteriaceae= %3 Q17+ %
QXS 7MA = Coliform, E. coli 2 Salmonella 59 4°] ¥:3¥EH(Jo MJ et
al., 2011). Enterobacteriaceae™ 737tz stol A g B2 FE7F 2.96+0.76
log CFU/mL$%} 2.84+0.60 log CFU/mL=Z {-ol& o2 zfol7t gl ZHdAM=
F 157019 Alm & 1719(C31) Al=olAl 1.30+0.00 log CFU/mLZ YEFStH(Fig

4). Coliforme &3 Azt & Lo &A1l HE: A EWo 2 dX %7} 5

- =)

o) H
T:‘n‘rf)]' o ©

_

, A% SA, F okE S AFIH(Jo MJ et al, 2011).
Coliforme A4k koA A F s P27t 2894051 log CFU/mL<}
271064 log CFU/mLZ 7} ®@skom Fo#Ql Aol7k glflar zHolX =
0.74+0.61 log CFU/mLZ 7} YA WElY Enterobacteriaceae®t ¥l 53t A&
HATE E coli$t Enterobacteriaceae, Coliformz+el A= wvldlsgdoen 7z A
AWM E EF E coli®t Enterobacteriaceae, Coliform <X A4 291+0.04 log
CFU/mL, 3tgd 274+0.07 log CFU/mL, ™A 161£0.09 log CFU/mL, =%
0.09+0.29 log CFU/mL®% o= ettt Listeria 7% 44kl 2.05+0.99 log
CFU/mL=Z 7} =3 A3 skgdo] 247 1.47+0.44 log CFU/mL<} 1.26+0.44
log CFU/mL® 4o & Zol7} gidow ZHA= HEHA It
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2R A7 5 7%
o fe2el Aolrt gl oen AusmiE 2719 Ad7e FolHow H&E
ok A F=Ho] 6550 mmet 66.00 mm, - AAko] 70.75 mme}t 71.67 mm
2 AR Hzsion T 714 Al X ol HlEskd Y A A
Zxo] 70.85-76.63 mm=E Ao = Zo|7F AR AAko] 131.77 mm=E 7}
F =A dEbsa, skgo] 4575 mmE 7Y SHA YElwt e Aol 71 =
bt AR Listeria 78 78 A WEbd A oAt Ad7E 7 v

B 20 &S QEFol 340 Hla 9130 hrz 744 A e ow o

S
18
rlo
=3

coli®t Enterobacteriaceae, Coliform® ZFHEW %7} 7} gk,
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Table 3. Microbiological analysis of broccoli cultivated in Daejeong

Sample Aerobic bacteria Fungi Enterobacteriaceae Escherichia coli Coliform Listeria
All 5.46+0.34 5.50+0.43 2.39+0.00 2.37+0.00 2.28+0.00 -

Al2 5.50+0.27 6.74+0.10 - - -

Al3 4.57+0.33 4.32+0.08 1.62+0.00 - 2.10£0.00 1.56+0.00
A21 - 2.93+0.21 - - - -

A22 2.58+0.28 2.58+0.71 - - - -

A23 2.73+0.49 2.58+0.71 - - - -

A31 3.06+0.28 4.38+0.34 - 1.08+0.00 1.38+0.00 1.48+0.00
A32 3.12+0.49 3.44+0.35 2.28+0.00 1.73£0.00 1.98+0.00 1.86+0.00
A33 2.62+0.00 3.43+0.07 - - 0.78+0.00 0.78+0.00
A4l 2.30+0.00 2.65+0.91 1.18+0.00 1.30£0.00 1.18+0.00 1.78+0.00
A42 2.74+0.00 2.55+0.53 1.40+0.00 - - 1.00+0.00
A43 2.52+1.04 2.21£0.64 1.74+0.00 1.00£0.00 1.18%0.00 1.81+0.00
A5l 2.48+0.25 2.95+1.10 1.48+0.00 1.40£0.00 1.30£0.00 1.81+0.00
Ab2 2.12+0.60 3.05+0.84 1.60£0.00 1.18%0.00 1.48+0.00 1.65+0.00
AB3 2.26+0.79 3.05+0.81 1.65+0.00 1.60£0.00 1.65+0.00 1.78+0.00
A61 2.12+0.60 2.96+0.58 1.88+0.00 1.74+0.00 1.78+0.00 0.70+0.00
A62 2.55+0.78 2.54+0.00 1.74+0.00 1.65+0.00 1.74+0.00 1.93+0.00
A63 2.41+0.57 2.66+0.51 1.65+0.00 1.74+0.00 1.81+0.00 1.00£0.00

—! Not detected.
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Table 4. Microbiological analysis of broccoli cultivated in Hallim

Sample Aerobic bacteria Fungi Enterobacteriaceae Escherichia coli Coliform Listeria
B11 4.30+0.49 4.76+0.07 2.19+0.26 4.23+0.00 4.28+0.00 1.08+0.00
B12 2.93+0.84 4.22+0.04 1.73£0.00 1.26+0.00 2.10+0.00 1.08+0.00
B13 3.76x0.14 3.90+0.16 2.89%0.00 2.79%0.34 2.52+0.00 0.78+0.00
B21 5.94£0.22 6.20+0.12 3.32+0.00 3.58+0.00 3.58+0.00 1.30+0.00
B22 5.61£0.12 6.88+0.22 2.72+0.25 2.81+0.00 3.58+0.00 1.88+0.00
B23 3.68+0.14 6.45+0.13 3.85+0.00 2.19+0.00 2.27+0.00 0.70+0.00
B31 4.04+0.44 4.92+0.25 2.78+0.00 2.90+0.00 2.85+0.00 1.65+0.00
B32 5.54+0.46 6.33+0.37 3.08+0.00 2.95+0.00 2.60+0.00 -

B33 5.59+0.09 7.23+0.33 2.86+0.00 2.95+0.00 2.70+0.00 -

B41 5.51+0.18 5.66+0.05 2.30+0.00 2.29%0.00 2.13+0.00 0.70+0.00
B42 6.58+0.17 6.04+0.19 2.00+0.00 2.16+0.00 2.23%0.00 1.00+0.00
B43 7.20+0.35 7.32+0.15 - 2.08+0.00 1.95+0.00 -

B51 6.46+0.22 5.36+0.35 3.26+0.00 2.85+0.00 2.78+0.00 1.48£0.00
B52 5.64£0.08 5.80+0.19 3.34+0.00 2.85+0.00 2.60+0.00 1.54+0.00
B53 7.92+0.33 7.27+0.32 3.45+0.00 2.90+0.00 2.49+0.00 1.98+0.00

—! Not detected.
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Table 5.Microbiological analysis of broccoli cultivated in Jocheon

Sample Aerobic bacteria Fungi Enterobacteriaceae Escherichia coli Coliform Listeria
C11 1.30£0.00 0.70+0.00 - - - -
C12 1.59£0.16 1.00+0.00 - - - -
C13 1.65%0.07 0.70+0.00 - - - -
C21 2.15+0.35 1.65+0.00 - - 0.00£0.00 -
C22 2.26+0.31 1.65+0.00 - - - -
C23 1.65+0.07 1.18+0.00 - - - -
C31 2.92+0.87 3.12+0.16 1.30£0.00 1.30£0.00 1.18+0.00 -
C32 2.79+0.48 2.18+0.26 - - - -
C33 2.75+0.17 2.37+0.30 - - - -
C41 1.70+0.11 2.49+0.58 - 0.78+0.00 0.30+0.00

C42 1.79£0.29 2.34+0.06 - 0.60£0.00 0.00+0.00

C43 0.85+0.21 1.39+0.86 - - - -
C51 1.10£0.28 1.60+0.00 - - - -
C52 1.19£0.16 1.74+0.37 - - - -
C53 0.60+0.00 0.60+0.00 - - - -

—! Not detected.
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Table 6.. Microbiological analysis of broccoli cultivated in Seongsan

Sample Aerobic bacteria Fungi Enterobacteriaceae Escherichia coli Coliform Listeria
D11 5.94£0.22 6.20+0.12 3.40+0.00 3.98+0.00 3.58+0.00 1.38+0.00
D12 5.61£0.12 6.88+0.22 2.80+0.25 2.89%0.00 2.82+0.00 1.95+0.00
D13 3.68+0.14 6.45+0.13 3.92+0.00 2.27+0.00 2.27+0.02 0.78+0.00
D21 4.52+0.36 6.20+0.12 3.32+0.00 3.90+0.00 3.51+0.00 1.30+0.00
D22 5.61£0.12 6.88+0.22 2.72+0.25 2.81+0.00 2.74+0.00 1.88+0.00
D23 3.68+0.14 6.45+0.13 3.85+0.00 2.27+0.00 2.19+0.02 0.70+0.00
D31 5.16+0.20 5.49+0.23 3.04+0.00 - - 3.53£0.00
D32 4.35+0.17 4.80+0.14 - - - 3.45+0.00
D33 8.89+0.27 9.25+0.77 - - - -

D41 2.87+0.18 4.82+0.23 - - -

D42 2.99+0.02 4.18+0.01 1.90£0.00 1.90+0.00 - 3.38£0.00
D43 2.70+0.43 4.01£0.01 - - - -

D51 4.18+0.45 4.99+0.02 3.40+0.00 3.41+0.00 2.54%0.00 -

D52 2.77+0.10 4.72+0.03 2.37+0.00 2.11+0.00 - -

D53 3.60+0.07 5.64+0.05 1.40+0.00 - 3.08+0.00 1.40£0.00
D61 7.31+0.23 7.24+0.51 - - 0.00+0.00 2.95+0.00
D62 8.96+0.39 9.44+0.53 - - 0.00£0.00 2.27+0.00
D63 7.46+0.21 7.93+0.45 3.40+0.00 3.41+0.00 3.28+0.00 1.74+0.00

—! Not detected.
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Figure 2. Levels of Fumgi(log CFU/ mL) of broccoli cultivated in each region
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Figure 3. Levels of Aerobic bacteria(log CFU/ mL) of broccoli cultivated in
each region
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Figure 4. Levels of Enterobacteriaceae(log CFU/ mL) of broccoli cultivated in

each region
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Figure 5. Levels of Escherichia(log CFU/ mlL) coli of broccoli cultivated in
each region
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Figure 6. Levels of Coliform(log CFU/ mL) of broccoli cultivated in each
region
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Figure 7. Levels of Listeriallog CFU/ mL) of broccoli cultivated in each
region
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Table 7. Weather of broccoli cultivated in each region

Mean Relative Precipitation Sunshine
Region Dates Sampled Month
Temperature(C) Humidity (%) (mm) (hr)
2014.10 20.1 68 52.6 237.7
2014.11 15.0 67 96.1 211.2
Daejeong 2014.11.01-2015.01.24 2014.12 7.7 64 54.1 194.5
2015.01 8.4 63 30.6 197.4
Average 12.80+5.87° 65.50+2.38° 70.85+8.60" 210.20+£19.73°
2014.10 19.0 75 37.7 2477.2
2014.11 14.1 70 52.3 185.3
Hallim 2014.11.08-2015.02.08 2014.12 7.1 68 34.1 124.8
2015.01 6.9 70 58.9 140.2
Average 11.78+5.87 70.75+2.99 45.75+11.78° 174.38+54.92
2014.11 13.9 68 100.3 117.5
Jocheon 2014.12.03-2015.01.22 201412 o b4 472 62.2
2015.01 7.4 66 82.4 94.2
Average 9.53+3.78" 66.00+2.00" 76.63+27.02°" 91.30+27.76"
2014.10 18.8 74 203.9 213.3
2014.11 13.3 71 114.6 183.4
Seongsan 2014.11.17-2014.12.29
2014.12 59 70 76.8 150.8
Average 12.67+6.47° 71.67£2.08° 131.77+65.27° 182.50+£31.26°
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Figure 8. Levels of mean temperature('C) of broccoli cultivated in each region
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Figure 9. Levels of precipitation(mm) of broccoli cultivated in each region
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Figure 10. Levels of sunshin(hr) of broccoli cultivated in each region
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Figure 11. Levels of relative humidity of broccoli cultivated in each region
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o2 Aujg BRFe= FoHd Aol7t gldth(Fig 12). Choi

A Aok ARk F Al 7 691 log
CFU/g¥ 7.04 log CFU/g2 & {42l ztol= gl AB/E BT Bea YM et
al.201D 9] AFelME 71 5ok dubey] 5o F Ao A 75
gk A3 fejAl Aolrt gl ZAE dERRTh 9|2 Park WJ et

al.(2014)ANAM = F715 3 dubAu] FFdA F E7|A Ate v 2 Ay

o\-[‘HU

M

71 &5 6.76+20.69 log CFU/g, dubAlu] %3 6.90+1.36 log CFU/gZ <

Fol7F glsith W2 M Oliveira et al.(2010)2] ATl A = FF2 &7]
A M e gyt Al 45 567208 log CFU/g, +71% A8 A5 6.35£0.7
log CFU/g® fr71& Al Z5F7F o4z =2 x5 Yoy 37 49

23t 4=, EnterobacteriaceaeTx < A= EGE

2
o,

Enterobacteriaceae®} Coliform, E. coli % A =HH Zrol] fF212 <0 Zfo]7}
A th. Park WH et al.(2014)9] AollM%= f7]E 5ok vkl 459 o
ot g vla Ay 7242y 77]%F 351202.25 log CFU/g, €xHAIE] 3.92+2.51 log
CFU/g= 92l Apol7} WebuA] &Skth. Listeria v #71% BzZd7}
1.90£0.97 log CFU/mL, dxtsy 2237t 1.03+0.61 log CFU/mL= 914 <

2 7% 22297 o =4 JeEbgth Avik M et al.(2004)2 L ukRb] 5

BFEY 71 AFolA didTe] o #el AEHAYA Hisidt wiie
Loncarevic et al.(2005)2 AWtz o=z Aujs A3l {75 FFolA i
ol ¥ AA HEHJYa Btk Jung KS et al.(2011)2 715 EHH] <}

714 vz HAES Hustde=d, MR HH ¢ f71E "5 T 5714
M = 7FE Hu7F fFod ez 509-968 g CFU/g=Z #7132 Hl=
3.16-7.09+0.61 log CFU/gR.t} =4 Yelgtial skt

BE A 8AA Salmonella= FAZE%A X%, Salmonellas B4 &%, &
, Ao, FAFE, AEY EAFTF 9FS o [Jacobsen et

%
al., 2012], §H] & 7tS5Exet Aol dvkar ¢de Xt Franz E et al., 2005].
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Table 8. Microbiological analysis of conventional broccoli

Sample Aerobic bacteria Fungi Enterobacteriaceae Escherichia coli Coliform Listeria
C1 3.90£0.15 4.76+0.07 - 2.53%£0.03 1.68+0.00 -

C2 3.56+0.20 4.22+0.04 1.20+0.00 2.77+0.21 3.47+0.63 1.08+ 0.00
C3 4.77+0.27 4.90£0.16 1.46+0.61 2.47+0.14 2.74+0.00 -

C4 5.73£0.67 3.52+0.37 - 3.62%0.00 3.58+0.00 0.30+ 0.00
Ch 8.45+0.07 8.16+0.66 2.60£0.00 - 1.78+0.00 1.95+ 0.00
C6 8.25%0.69 8.54+0.09 2.52+0.00 1.30+0.00 1.18+0.00 2.38+ 0.00
C7 5.08+0.68 6.66+0.43 2.90+0.00 - 3.36+0.00 1.98+ 0.00
C8 6.73£0.56 8.14+0.38 2.90+0.00 - 3.94+0.00 3.64+ 0.00
(O] 4.30+0.66 5.09£0.12 2.41+0.00 - 2.43%£0.00 2.16+ 0.00
C10 3.16+£0.23 4.93+0.69 2.95+0.00 2.70+£0.00 2.85%0.00 1.74+ 0.00
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C11

C12

C13

C14

C15

C16

C17

C18

C19

C20

6.57+0.12

4.33+0.04

3.00+£0.00

2.37+0.26

4.52+0.19

4.38+0.03

4.23+0.08

4.55+0.00

3.91+£0.37

5.36+0.09

7.02+0.43

4.52+0.19

3.68+0.03

2.54+0.14

4.31+0.19

4.65+0.06

5.56+0.06

4.63+0.39

5.34+0.08

5.36+0.17

3.28+0.11

1.70+0.74

1.29+0.83

0.70+£0.00

2.44+0.99

2.85+0.00

2.20+0.00

3.32+0.00

2.08+0.00

3.32+0.00

3.32+0.00

1.90+0.00

1.74+0.00

3.38+0.00

1.40+0.00

2.08+0.00

3.41+0.00

1.54+0.00

2.48+0.00

3.20+0.00

2.22+0.00

1.88+0.00

0.70+0.00

3.15+0.00

2.85+0.00

2.20+0.00

3.32+0.00

2.08+0.00

3.32+0.00

—: Not detected.
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Table 10. Microbiological analysis of organic and pesticide—free broccoli

Sample Aerobic bacteria Fungi Enterobacteriaceae Escherichia coli Coliform Listeria
01 3.72+0.34 3.95+0.09 2.08+0.00 - 2.90£0.00 2.02+0.00
02 5.19+£0.42 5.17+0.13 2.18+0.00 2.32+0.21 2.08+0.00 1.3240.00
03 2.62%0.00 3.91+0.25 0.65+0.61 0.78+0.00 1.23+0.11 -

04 3.03£0.00 3.98+0.28 - 3.41+£0.00 3.30+£0.00 0.70+0.00
05 2.56+0.00 4.25+0.24 2.26+0.00 2.67%0.15 2.62%0.18 1.3240.00
06 8.00£0.12 8.39+0.22 1.85+0.00 - - 0.70+0.00
o7 7.77£0.94 7.97+0.06 1.00+0.00 3.20£0.00 3.04+0.00 0.70+0.00
08 2.50£0.28 3.75+0.06 - 0.70+0.00 0.70+£0.00 1.00£0.00
09 4.90+0.11 4.89+0.22 3.04+0.00 3.04+0.00 3.04+0.00 0.70+0.00
010 2.70+£0.00 4.23+0.10 1.88+0.00 2.08+0.00 2.10+£0.00 1.88+0.00
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011

012

PF1

PF2

PEF3

PF4

PF5

PF6

PE7

PEF8

6.48+0.61

5.75+0.56

4.25+0.57

5.48+0.09

4.42+0.08

2.33+0.10

5.36+0.29

4.76+0.24

4.94+0.21

5.16+£0.08

7.5510.44

6.2810.43

4.5510.15

6.2510.68

4.60£0.13

2.39+0.14

5.84+0.17

4.79+0.12

5.28+0.14

5.17+0.24

3.28+0.23

3.37+0.05

3.13+£0.25

3.26+0.03

1.41+0.57

1.95+0.00

2.06+0.00

3.52+0.00

2.60+0.00

2.78+0.00

3.39+0.00

3.45+0.00

1.30+0.00

3.32+0.00

1.70+0.00

1.65+0.00

2.10+£0.00

3.43+0.00

2.70+0.00

2.70+0.00

3.44+0.00

3.41+0.00

1.60+0.00

1.60+0.00

1.65+0.00

2.19+0.00

1.74+0.00

3.52+0.00

2.78+0.00

2.60+0.00

0.70£0.00

1.00+0.00

1.60+0.00

1.60+0.00

1.18+0.00

2.5910.00

3.32+0.00

—: Not detected.
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Figure 12. Levels of Aerobic bacteria(a) and Fungi(b)(log CFU/ mL) of
broccoli cultivated in each region
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32. TN AFHF =2 ¥HY A= L3 £4
321. 2227 R4 "AEY T HIH AF

Aol Aol AFEst7] flel AFSHAXNES 4709 &, 22709 %, F
66T-Goll A BRI S FH3sA . OTU(Operational Taxonomic Units)&k Al %
TR 7IEGE dVIMYE 97% oY FAEE 7o = F(f, Species)s,
95% F+9 FAIEE 7|+o 2 £(E, Genus) o2 EHE @Yot Park SH

et al,, 2014]. 227 X9 "AE S 97% T4 OTUE &7/ - ¥WH

ol
-

oX
o

o AGER Y FH e AE9 Observed OTUsE wlg oz A3 A9 1+ ek
sty o A 9 (Fig. 13) A SolA AFAT BeEee] OTUs7 7H =
ow, geolA AT BRI 7HE WA vEbet OTUs7F =4 Yersk
= A MAES 7t &, o] B2 Zo®E ol FHIATeE As 9
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