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The purpose of this study was to evaluate microbial contamination of melons in Korea. A total of 123 samples
including melon fruits, leaves, seeds, soils, and inigation water were collected from farms and markets to
detect total aerobic bacteria, coliform, Escherichia coli, and pathogenic bacteria such as Bacillus cereus,
Listeria monocytogenes, Salmonella spp., and Staphylococcus aureus. Samples were collected from Iksan and
Nonsan farms to monitor bacterial levels on pre-market melons. The total aerobic and coliform bacteria on
melon cultivation were between 0.43 and 6.65 log CFU g'l, and 0.67 and 2.91 log CFU g'l, respectively.
Bacillus cereus, a fecal coliform, was detected in soils and melon leaves from Iksan farm at 2.95, 0.73 log CFU
g”', respectively, and in soils from Nonsan farm at 3.16 log CFU g'. Market melon samples were collected to
assay bacterial load on melon being sold to consumers. The contamination levels of total aerobic bacteria in
agricultural markets, big-box retailers, and traditional markets were 4.82, 3.94, 3.99 log CFU g'l, respectively.
The numbers of coliform in melon on the markets ranged from 0.09 to 0.49 log CFU g-1. Listeria
monocytogenes, Salmonella spp., and Staphylococcus aureus were not detected in any samples. The count of
total aerobic bacteria on melon seeds ranged from 0.33 to 3.34 log CFU g'l. This study found that inmigation
water, soil, manure and various farm work activities including post-harvest processes were latent sources of
microbial contamination. These results suggest that hygienic management and monitoring of soil, water, and
agricultural material should be performed to reduce microbial contamination in melon production.
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Introduction

2T AAEE Fd A7l EH??_P A S7k2 aHR
o] Aggo] Mol wheh Yaf, =7 % HF{ 5 A
FAbEol tieh axuef o] S7F shat Qo HES H]
A, C o Al 9 Yol & FdEol Fsekar gt
o] Fo} an|RjolA Zg-S WL 9l (Pitrat et al,, 2000;
Yong, 2008).

HE (Cucumis melo 1,)& ARAFo|A = Aulj==
Hke] Ja=/d teiibe] AHER Y4l okl F
Fotrlotet Bhd 9 s A A AAA = e
It} (Kerje and Grum, 2000), YHAEHe] I1E5RF S
of wet VEREY FUE HAEor FEE, oA
2ol A oA B Al FEj= A5 AuiEar QL
T} (Lee, 2005; Yi et al., 2004), 1970\ ol =FujollA L
i HZo] AulE7] AlAte, aqfE2 AujETzE 2000
Ao Aufdzo] oF 700 haZ Z718lgch T Sof &
HlRLe] o 5 Z71= Qg aulattiel /14 A SO
£ 20073 o] F == A A 0] 1,600 hals @ 2H 2009
A ApAtEre oF sukE mw Al pitere] 27t
1 )t} (Hong, 2009),

)=l 4] 1996941 20081 71A] Kl 8271 9] AlAls4t
= ASE AL F 137 (15.9%)7F HEe] dglo s Sqly]
Qom =AE A = E coli O157:HT, Salmonella
spp., Listeria monocytogenes 51t 72 B n|AlE &
o oI5t A1=E Alal wkAlo] Z7)5)ar Q) (CDC, 2013).

B4 uEe) oPARE WS B AR 759
5 5o geid glom waksel ALy YA
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%‘HOﬂH %‘%011 1?‘& 7= EAA) (Kim et al,, 2011a;
Cha et al,, 2013), =&} & 2] (Choi et al., 2001; Oh et
al., 2011), AEiAdE] ol 3t AL (Cha et al., 2006; Zhang,
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sp7] Slote] WEFA, £k 9 oS, THA
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Materials and Methods

MEIE Ay 5 B 2 W] e

Q4 BAS QIR AlRE 20129 39 =4k 5 9

x| W2 2] Z¥2F 3 ol ARkt Bk

Sjul Y&l chgh gog 7RsAo] —S—EE 10 cm
2

of Al%ﬁ}%‘iiﬂﬁ PG 2 L EE A4
ol-gsto] sk WES o i o B9z
Bajo] Asiglon, Barsol gol WAl gvtslel
A 1 olyjo] Ao ARESIRATT (Table 1),
FEGA WE ujyE Bao] et 242 3] st
2A9] EuLE, BAEAARE 2]
Aol A 212 33te) FaolH Almg Flstel, WA
e gutelgon], £ulEA) vl ARe systot,
ATl W FAke] vl 2 AEg AR glte],
71 Al sk FHARR FE HETL 3l EE
FA |7} gle W FA1S TRIste] Algol AMgaigich

0.

CEES A= A
A
N

Az HXE| AT AR F HES Gt 22 o8
- 7v7

5to] 25 g2 AFOIAIL, B Al Ret WHEs= 44 25 ¢
I}, 25 mL2 AP o 0.1% WES 225 mLE gol &

Table 1. Samples used in this study for investigation of microorganism contamination.

Stage Sample Unit of sample No. of sample
Leaf 5S¢ 18
o Fruit 25¢g 18
Cultivation ]
Soil 25¢g 18
Irrigation water 25ml 6
Agricultural market 25g
Market Big-box retailer 25g
Traditional market 25g
Non-net 2g 18
Seed
Net 2g 18
Total 123
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EulA (Interscience, France)2 250 rpmOjlA] 287F 2
slato] A x3t NS 108 B|A Mo B 7HRElaL n|PE B
& HU AUSHIO geich e B 47 2
Zq‘j’bﬂ}oq 0.1% '\‘ﬂ ok

Ho]—Oﬂ 0.1% ‘fﬂi‘r 45 ml&
. 9 ml9 0.1% WEFE o]%s}oq 1OHH&] A< )45}
AH8SHAT.

57143 BN 2 A2 AFE 1 mlE 0.1% 7

£ %9 mLg o] gfo] 1008 SAZ o Bjusisc), 2t
Zro] 345 A|Z 1 mLE 3M Petrifilm™ aerobic count
plate (3M, USA)¢Jo]] B35} 3611C vijSf7]oll 24~48 A
2k e SFHo M, petrifilm $lof FAHE AX Heks AL
Sh3T.

= A& 1 mLE 0.1% 3
E 9 mLefl 43 345kl xﬁia A8 1 mLe} 314
= A]& 1 mL2 3M Petrifilm™ E,coli/coliform plate(3M
mlL A FZ23}o] 36+1°C of| A 24~48X| 7} vljoF 3
z,\_u]—a]_% 2 ] & 1EL__ q{qu o]:/H oi ]\—

sy

mlm r

o [e]
sl ARt} 7|22 2kl A ke ik

= T U o HTa=E

EN

HOIN OIME BN HUAUNE 45 (8 corens
L, monocytogenes, Salmonella spp., S, aureus)®] £4-&
A5l ko] AASHATE (KFDA, 2011). B cereus®]
2AS ol A Aol AEE 1 mLS 0.1% HE 10
ull % d<4: 3]4310] Mannitol Egg Yolk Polymyxin Agar
(MYP, Oxoid)o]] =83t & 30C oA 24417 vjeslict.
A E= B X120 lecithinaseE YA SH= ZESTH 3
& ATk 4 Aol Tl el s
45 811513 Choo = (2007)] HF
ol wje} PR 2% SRISHAT). 8 aureust] AEE 9
34 34l 200 ule Baird Parker Agar (BPA, Oxoid)®]|
16}1 37C ol A 24~48A17F ot 1:}2 Al =1
e s e Aol Al e TSA &
5[\——.—3]6‘]—0:] Vicedo®} Aznar (2006)2] Hl"ﬂoﬂ w2} PCRE
2% 55T}, Salmonella &S $3) A1E-89 200 ul
£ XLDagar (Oxoid)o =gt thg 37C ol A 2447t HjoF
STk, 71 FE0l 4 B YRS S B % 1
B 3 IS S42 HeISHE Kong 5 (002)2)
Ho]| whe} PCRE BRI}t L monocytogenes B2
| Z}2+e] A|2E Listeria enrichment broth (LEB, Oxoid)
of 1:99] vj&= Yol AEup oA 250 rpmO = 227 ot
A5} 31 th2- Oxford agar (OA, Oxoid)o] 200 ul & Z=a}

rsi'

of

ol

] 0T ollA] 24~484171 wlofalsich, A gaate ol 24
ML 30C oA 24A17F 12} FtaSiet, 12}
£ Fraser Listeria broth 10 mLo]| &Z3}11 37°C o)A} 244
7t =0t ox} =4t vfjostoict ZuloFl 200 ulE Oxford
agaro] &= “6]— 30 C ol|A] 24~48A)7F HHOk“]-Oﬂlq- AL
ol Sl A TS 29 o F 9
2,]'?_1 39931, Aznar 9} Alarcon (2003)2]
CRz 2% SISkt

SARM RS A8 33 o vhaslel il
W R}ZLlog CFU g '2 36191, SASZZ2 T3 (ver 9.2)
< o]gsto] YEAEAS XIS & Duncan's multiple

range test= Z9f SoAS A=s)

Results and Discussion

MACHAOIA DOMERY HE HE APAA A
571379 LEHEE ZARE ATb= Fig, 13 Z} B
7178 #-2 AEAA S =4 R HEAR AR E
ofollAl 7z} 6,65, 6,50 log CFU g '& FelE]glon )
ol A= Zh2} 1,74, 0.43 log CFU g '2 AZE I}, o4t
A ol A ‘%i_‘i Tt Qlof| A F57)dwto] 242t 3,08, 4,65
log CFU g & A& 0] :=4kx]9 311, 5.08 log CFU g
Hop A HEE oy XY 7he] f-2)gk Atol= ERIE]X]
kTt (p€0.05). AR FH7d++e] HEol Al
ik fadae] TAE AH AT 4 ¢RI FAEL

>v
:LI

A Y RE 7R BAeIA SRR W el 4 o
WS AT - = B AFEE A0 ok )
Z| A

01 (Kang and Yoon, 2004), AjuictAlofAHE ¢ a
5} sh= et o| skl AYzkEth Gagliardi —(2003)
o] AtollA= AAtEA ] WE I oA F27E
0] 2.5~3.5 log CFU g ' 42202 9d=]o] 9J9lar, A
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Fig. 1. Population of total aerobic bacteria for samples collected
from melon and cultivation environment. "values with different
letters within the same column differ significantly (P<0.05).
MeantStandard Deviation.
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Boll= 4.0~5.0 log CFU g ' =08 AEEGloH, %
d2 8t A7) 3 F 2.6~3.7 log CFU g ' 72
2 99u]o] 9= Zo IRIELt AL Eokut

S Ads Aol WA Bxs| Qs AdoR AEo At
He o] xR ZEE L Ut (Yu et al, 2009). H&
olitollA] AR Ear), HE lat aPHoA] Z2F 2,91, 1.48,

)

0.67 log CFU g '& tjAgto] AEE AL, il &
oFul IHAloA] 0.7 log CFU g 'olst2 W A&E oY
W2 QlojA 2,74 log CFU g '& H|w2 &4 &%

(Table 2). ©]&3t A= Gagliardi 5 (2003)2] AG+Ax}
oF o] digwtwto] B, e Bk ofue} AR
L HH Eolu AARE T TRt 8281 Skl shkER
L A= gt s AYZHET,

Bacillus cereus= ¥AS FAol= AHFYAO =
of URSIo] 9l B Sol, Wi, 71T
W 28 BRIR ol We) A, che AlEue] mx
S B3| AFES oulsl Ao oA 31E} (Halverson et
al,, 1993; Jensen et al,, 2003), A=x9} AAEA 9] n|PE
QF/g B} Aol e BlRlollA B cereus7t 3,48,
1.20 log CFU g ‘4302 A&E9lom (Kim et al., 2011b),
Park 5 (2012)-2> B Aul EFlA B cereus?t 3,41 log
CFU g 508 A=ty Husiglet, 2 ol
= ZHHH Aol AFtglo] B cereus’t EFO|A] 3 log CFU

q.]gv/] og 74 ‘_I mli oloﬂ/\-] 0.73 log
CFU g '2 AZEgon, wieel slos HEEx|
orolr}
Salmonella entencag} e yolt-e tlokst W= xA};
o] EfollA HEHo] £ AV B Aol 3l

A 58 =3 @ioi A5k 4= Qlt} (Gallegos—Robles
et al,, 2009), L, monocytogens, S enterica &} E coliO157
5 HUN YEES WE Al Eoold A4 H ol

—’F7H‘°*J B AEo] 7hs3t Ao m RIE I} (Suslow et
, 2010). L, monocytogenes= EoFo|U} EollA ¢A &
Aol B A AE% A feeR w5
o} (CDC, 2008), E3l HAAu|YEL EJfEkA ¢rtoz
o] B 2= glom ¢y Kl 59 Eg) W] JE2= 74
AFE LEALE doZ 4= 9t} (FAO/WHO, 2008).
2 AFolA, WEFLT B cereus 5= ATt THE
/d nAEo] HEHA] gol fjoflA HE-2 HlaA ok
Al A= AL Qs Aoz SRIFIeE shAlvl, Aulatrg
F B3], Ao BAYTE] 2T EofolL} Eol
22 Ao WA A2E 9 71sAo] ZATHHFEDA,
2009), ESF Aol MY S 7Ry B9k} vlbo] A
WEE BAEASS 25714 BALTAE 29w
=11, Al R 7lsAJo] = Ao ’HE QT (Jung
et al,, 2006; Hong et al,, 2012) Ukuku < (2012)2 A=)
W Foll LG ndEe] WaEHo| AT A dE
Forol oy 7HsdE sk ‘:} wheba], WE A
AlollA Eefigolut HiF] 55 o83 EYEAS S5t
B} Aok &S 2adketa, WwsE 3uE A
T Eofol Bofl A ks AuictAl oA e 18
7 Zastc w9 WEo] Yk 2 Has naEe o
o Dol A oS Eok, WA 9 A Qhiele)
Do A RFY Yol Waskn AzhEc,

Jo o

ol rﬂg

N

d=E LEE:  FedACA 2E
o] nBE LUEE 2ARE A= Table 30 VERSICE
oA SEELE YrEA dutHoZ AEEE 25
714 @& 3.7~8 log CFU g ' 4239 W& W2 oFeA]
Qo™ (Bae et al., 2011; Jung et al,, 2012), B} HXZ]|
5 AEch= 718 BEaE ot 2 jlog Hul

9t} (Jung et al., 2006). & AFNA 23714 4

FSTHAM D]2

Table 2. Levels of microbial contamination of samples collected from melon and cultivation environment.

Cul:r\:;tlon Type E. coli Coliform B. cereus L. monocytogenes S. aureus Salmonella spp.
log CFU g’

Leaf ND.  148+1.29ab" 0.73+0.64 N.D. N.D. N.D.

Iksan Fruit N.D. 0.67+0.58b N.D/} N.D. N.D. N.D.
Soil N.D. 291+1.73a  2.95+0.09 N.D. N.D. N.D.

Irrigation water N.D. N.D.c N.D. N.D. N.D. N.D.

Leaf N.D. 2.7440.63a N.D. N.D. N.D. N.D.

Nonsan Fruit N.D. 0.22+0.39b N.D. N.D. N.D. N.D.
Soil N.D. 0.67£1.15b  3.16+0.15 N.D. N.D. N.D.

Irrigation water N.D. N.D.c N.D. N.D. N.D. N.D.

" Values with different letters within the same column differ significantly (P<0.05). Mean+Standard Deviation.
¥ N.D. : Viable cell was not detected with detection limit at < 1 log CFU g
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Table 3. Populations of microorganisms in melons collected from different market place.

Total aerobic

Sampling Site bacteri E. coli Coliform  B. cereus L. monocytogenes S. aureus  Salmonella spp.
acteria
log CFU g'
Agricultural market  4.8240.54a"  N.D. 021 N.D. N.D. N.D. N.D.
Big-box retailer 3.94+0.42b N.D. 0.49 N.D. N.D. N.D. N.D.
Traditional market 3.99+0.58b N.D. 0.09 N.D. N.D. N.D. N.D.

" Values with different letters within the same column differ significantly (P<0.05). Mean+Standard Deviation.
¥ N.D. : Viable cell was not detected with detection limit at < 1 log CFU g

Table 4. Microbial population of sample collected from melon seeds on the market.

Cultivar Total aerobic ) .
. E. coli Coliform B. cereus L. monocytogenes
Type Name bacteria
log CFU g’1

Superseji 1.56+0.24ef’ ND} N.D. N.D. N.D.
Monered907 2.5940.05bcd N.D. N.D. N.D. N.D.
Net Eolsdaebak 3.1340.05ab N.D. N.D. N.D. N.D.
SSonata 2.07+0.10de N.D. N.D. N.D. N.D.
Eolsimpact 1.594+0.11ef N.D. N.D. N.D. N.D.
Eolskingseuta 2.3740.01cd N.D. N.D. N.D. N.D.
Asia hwanggeum 0.33+0.58g N.D. N.D. N.D. N.D.
Sweet home 1.05+0.95f N.D. N.D. N.D. N.D.
Non- Baggeum melon 3.34+0.03a N.D. N.D. N.D. N.D.
net Numberone 2.2140.04d N.D. N.D. N.D. N.D.
Horunstar 2.87+0.04abc N.D. N.D. N.D. N.D.
Manruhomrun 2.674+0.03bcd N.D. N.D. N.D. N.D.

" values with different letters within the same column differ significantly (P<0.05). Mean+Standard Deviation.
* N.D. : Viable cell was not detected with detection limit at < 1 log CFU g"l.

3.94~4.82 log CFU g '2 Hlw3] WA A&=glon )
Aol whet ol 29l Aol IRt (p40.05). it
HutES} FAREAY, AAdolA ZH2E et 0,49, 0.21,
0.09 log CFU g '& ZZ&Eo] Yu 5 (2009)0] Hi1gt m}p
27}, @7)of 22 A7 Hat 24 3.1~5.0 log CFU
gl $F W} Ul XS 04 $20 Rt B T4
HPulEol| A F1QUet AlRolA] thitto] XL 2.6 log
CFU g ‘o8 AZF oL} 187) AR % 47§9) AlRo|AgE
AZE]o] B+ 2 9e0] WA ZAERITE Penteado®} Leitao
(2004) > HE3} S=Hk Ipgof| L monocytogenesE 2 log
CFU g ' 202 HE3 F 10~30C &= 2olA 4=
2 4] HES 2AR A3} 2% o 9log CFU g™, 7 log
CFU g ' 208 Z718l= A2 golalgity, B ahal
< et 358 A1 A Gt ool T 54
< 7R AL 9o, 8 T AAarolM A7 I T /5
o] E|a1 Q1= Aot} (Kim et al., 2011a), L, monocytogens
wo] W2 ofdE - 5T A A= AY&o] 7t
2 A= Q¥4 o] =t} Ukuku (2006)= HEFHO|A

A
o
T

Salmonella spp. & AYH 2 JFP o AIHZ 8= 3
Yto] 23] A AEA] o Helto] WEZRH| 2
785 Algs WA SR do] okl skelnh 2011 ml=ro]
A WEo]| @ HE g|AHolR QIgE AlFE AR FRet
L5 g 287150l A 14778 9] SRR} Ayl AL, 337
o] APYAPE HarE|Qlt}t (CDC, 2011), oA 5%
HA2o|A B cereus 5 T2 WU UYES HEEA &
of HlAE QAZHOA st ekt shA|gE W
5 Z FARElA B vAEe] gt AlF= ARl
7} Z7K5ka 9o B g (FAO/WHO, 2008), =Y A=

EXolM DjdE 2EZE HeE T4 vE 24
T2 Table 40f| YeRH vie} o] S37)149-& Al 2lshale
2= YA nAEe] AEEA ddtrh EFA M 5
7Vt el wheh #2291 Ao 7h BRIEA] i3k
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om (£0.05), RARRE A& 5 oFAoRE FAeA] 0,33
log CFU g & 7P @2 0 Qeg nglon dirur 3
Aol 3,13 log CFU g ' 2 7V & 2A=S Bych &
aptk FAWIA E coliOl57:HT Salmonalla spp. ©] A=
23 AREA S04 B creus’t A% B} 9} (Portnoy
et al,, 1976)., 3t Taormina 5 (1999)2 A&+ £xlof B
cereus’t LAEO] & A5 Uotshks ol 7 log CFU
&' 47 FArRiT Basieln el AxEAl
WY DR SRS A s, NS, e,
Sulu} 9 W2 22} So||\A Salmonella spp. & E coli 2]
QAL 3}o] 319t} (Elviss et al,, 2013). =WHollA Yun &
(2011)2 T2} vl Aol A B cereus?t Z4ZF 1,692} 2.5
log CFU g 502 2 =o] Q= 2& RIskict. =
WollA A= B2FAtA HHd nldEo] I
AUAIRE, WEFAL P FolA HEE ngEe =&
7FeAdo]l £A5HE 2 (Bankole et al,, 2005), 2114
HAn A E LGEA] Bes F=osljof gttt FA7t
Folsh A e dn| el dd B, HE o s,
H ol =2 A9 A F AR L g e zA
2F25E 4~ QIth (Werner et al,, 2007; Winthrop et al,,
2003). AU FAAE T5 o] 8 Ae vES A
Hog Aol & 4 YorZ (Park et al,, 2009; Yun et
al,, 2011), =oAL FAFS] mAE Aer A7t 2t
Eojof & o= Yzt

Mzt ofN mit

N

Abstract

AuALt fETANA AEL] ndE slaas =
AFsE7] ffsto] A& ik S Aol YAIgE HE AulA|
oA B Wi, AEAIE ATk Aol «1xE
HFLE, SAEAR, A= f-EE = EET Al
HEAE Axdsto] PRI #AE 35 (F271/d%t, Coliform,
E coli)i} YA u|BE 4% (B cereus, I, monocytogenes,
Salmonella spp., S aureus)S H-43}3Tt,

HE b 5 T30 1wt e 242} 0,43~6.65,
0.67~2.91 log CFU g ' 42502 HAZE|Uc} Bacillus cereus
= o] o o] ok} W2 QloflA] 747k 2,95, 0,73 log CFU
g ' OF AFFHUIL, =4 0] Eofof|A] 316 log CFU g
2 H=HA AR, diEntE, dgAPelA Wad]
2357172 72t 4,82, 3,949} 3.99 log CFU g '& &9l

At} 53¢ WEANA dftwt2 0.09~0.49 log CFU
g HRon, dujatio] wel $57) 4w ) gt
ol frolZ Q] Atol7F W] ittt BE ARl Listeria
monocytognes, Salmonells spp., Staphylococcus aureus+=
AEHA et AE FAe] FE7]4d7t 0.33~38.34 log
CFU g ' o]l g, B, 7M5e) 43k

2 EIRF R 59 Bl MA@ AAH U
o EoF, & 7 5ARlel o $1akeleh mU)
A3k BE RS glste] Sawolor T Hlow
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