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ABSTRACT - The purposes of this study were to develop a small scale post-harvest facility, and consequently to
evaluate the effects of applying the facility along with hygiene education on the level of microbial safety in Korean
leeks production. A total of 135 samples were collected at three Korean leeks farms in Yangju, Gyeonggi province.
Food safety indicators (Aerobic plate count (APC), coliform count, and Escherichia coli) and foodborne pathogens
(E. coli O157:H7, Salmonella spp., Staphylococcus aureus, Listeria monocytogenes, and Bacillus cereus) on/in the
samples were assessed. The microbial load measured as APC with harvesting tools such as comb, chopping board, and
knife, at the farms where the small scale post-harvest facility had been operated (Farms A and B) was lower than that
at another farm having no post-harvest facility (Farm C) by 1.44~2.33 log CFU / 100 cm® Moreover, the chopping
board from Farm C was observed being contaminated with B. cereus at 6.03 log CFU / 100 cm?. The coliform counts
from the samples increased by 0.57~1.89 log CFU/g after leeks was submerged in ground water for washing. E. coli
was recovered from leeks, soil, and the ground water used in the washing process, while no E. coli O157:H7, Salmo-
nella spp., and L. monocytogenes was detected. Our results indicated that the small scale post-harvest facility devel-
oped in this study as well as the hygiene education played an important role in enhancing the level of microbial food
safety in the leeks production environment. However, a disinfection technique could be needed during the washing
step in order to prevent a potential contamination.
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Fig. 1. Models for small scale post harvest facility for korean leeks.
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Fig. 2. Flow diagram of cultivation and small scale post harvest process of Korean leeks.

Table 1. Samples for investigation of microorganisms from three Korean leeks farms

Stage Source Unit of sample No. of sample
Manure 200 g 9
Compost 200 g 9
Cultivation Irrigation water 1L 9
Soil 200 g 9
Korean leek 150 g 9
Comb 100 cm? 9
Chapping board 100 cm? 9
Knife 100 cm? 9
Gloves 1 hand 9
Packing vinyl 100 cm? 9
Post harvest Water before immersion 1L 9
Water after immersion 1L 9
Korean leek (Before sorting) 150 g 9
Korean leek (After sorting) 150 g 9
Korean leek (After immersion) 150 g 9
Total 135
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E. coli O157:H7

E. coli O157:H78] S+t S18f 3A| A &E 25 ¢ 7]
3t 225 mLe] mEC broth (Oxoid, Hampshire, UK)l 4]
37°CoNA] 24x17+2] w8 AL, glove juicet 2+ swab &
2 QA AEE 1mLE AFH S 10 mLe] mEC broth
(Oxoid, Hampshire, UK)AIA S8t} 8l 1 loopE
Hsld E. coli O157:H72] A&l =2] 2] sorbitol MacConkey
agar (SMA, Oxoid, Hampshire, UK)o| =23 & 37°C9]|
A 24X17F vl FSEAT). ©] % sorbitol MacConkey agar 7
oA Fale] el Jehs FHete]l EMB agarol FEstL
37°C, 24A17¢ w38ttt EMB agardoll A 45392 1
EllE HEhe #3819 Nutrient agar (NA, Oxoid, Hampshire,

UK A&7 5 37°C, 24417 A sl E. coli O157:
H7¢] 54L& PowerCheck™ E. coli O157:H7 Detection
Kit (Power check PCR kit, Kogen, Seoul, Korea)ZS ©]&3}
o] PCRZ 12+ &5 A3 §, PPz JHE NEE
VITEK (VITEK-2 compact, Biomerieux, 1'Etoile, France)2
2 HF FHBAGY. E2FOZ E. coli O157:HT ATCC
438945 ARE-staitt.

Salmonella spp.

Salmonella spp. &&= 273 Fsto] A
o} 45 HE3 A AlE= 25 ¢S 225 mLe] buffered
peptone water®l| glove juice® 3} swabH O 2 A FH 3 A=
= 1mLS 233k 10 mLe] buffered peptone waterol| 4]
Za3stith 123} S48 5 10 mLe] Rappaport Vassiliadis
R10 Broth (Difco, MD, USA)®l 12} 7! 100 uLE A
Fate] 37°C, 24217 WFT F & 1 loopE F e A
gufx]2]l XLD (Oxoid, Hampshire, UK)ol =23}t o]
F- 37°Col A 24x17F wiFste] AP AR Salmonella spp.
oA gS F3ke] NA (Oxoid, Hampshire, UK)oll &3
T 37°C, 24A17F AW gAY 542 PowerCheck™
Salmonella spp. Detection Kit (Power check PCR Kkit,
Kogen, Seoul, Korea)E ©|&3}lo] PCRZ 12} &<l A
T, o2 J4lE= A= VITEK (VITEK-2 compact,
Biomerieux, I'Etoile, France)>.2 % 433 THY. Egt
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L. monocytogenes
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YA =@t 30°C, 24~48A17F w8k T2 black halo
| brown-green®] 5°]/3& Bl & FHste] tHA] 0.6%
yeast extract’} 7} trypticase soy agarell HE3laL 30°C,
24X 7F vttt HE 542 PowerCheck™ Listeria
monocytogenes Detection Kit (Power check PCR kit, Kogen,
Seoul, Korea)E ©|&3}o] PCRE 13} &S A3z 5 <
o= o]AEE A|BE VITEK (VITEK-2 compact, Bio-
merieux, I'Etoile, France)2. 2 & FA43IF o xS
=2 L. monocytogenes ATCC 153138 AFE-3FATHY.

S. aureus

S. aureusi= 8733 A7 A S A8t o AL
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Table 2. Populations of microorganisms in the samples collected
from post harvest facility (Unit : log CFU/mL, 100 cm?)

Microorganisms
Sample Farm
APC Coliform B. cereus
A 498+1.06%0 1.49+131°  NDJ»
Comb B 485+0.60° 224+224" 1.66+1.44°
C  653+0.68 3.02+0.87° 2.50+0.34°
Chann A 4.14+078 130+1.18% N.D.
b@(l)l;r;éng B 4.58+044° 3.024+022° 223+0.19°
C  648+0.60° 3.26+0.84 6.03+0.70°
A 526+1.13° 2.89+048 1.51+133°
Knife B 452+1.89" 4.5241.89° 2.92+0.55
C  6.68+0.11° 4.14+0.58 229+2.29°
o A N.D.c N.D.? N.D.?
\ﬁ‘;rer:i;’;e B 167+015° ND? N.D.?
C 2224003  ND? N.D.?
. A 494+0.14° 253+0.12> N.D:?
?ﬁfrrait‘: B 379+047 156+0.03  N.DS
ersio C  6.09+0.06° 3.48%0.02" 1.00+1.82°
A 569+050° 2.39+£2.07° 2.57+225
Gloves B 6.04+0.50° 1.83+258  N.D.S
C  732+0.71° 4.02+0.80° 5.50+0.36"
A 1.08+187°  ND.: N.D.*
Packing vinyl B 0.90 + 0.85* N.D.* N.D.?
C  173+£044  ND2: N.D.*

PN.D.: Not detected (Detection limit: irrigation water: < 1 CFU/
mL, other samples: < 10 CFU / 100 cm?)

DValues on the same column followed by different letters are sig-
nificantly different (P < 0.05)
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Log CFU/g
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Fig. 3. Populations of microorganisms in the Korean leeks according to post harvest processes.

ANTHP <0.05). Bl, &, =rfe] A F35 A Ad A
2E7HA, B)2] Uuklg4 Q@ H5EL 4.14~5.26 log CFU /
100 cm® ol oy FE5 AHZAd vAXE7H0)9
AL-E 6.48~6.68 log CFU /100 cm*0] T}, A& =
g 3 YA AR%57HA, B A9E 1.30~3.02 log
CFU /100 cm® oo 85 XAl vt
(©)2] 7% 3.02~4.14 log CFU/ 100 cm*E 53] 2] A
A A F7e vE] o =4 HEEATE B cereus®
T AAAE AA] F7keE B AR EF7F 7Re] zpel 7t
URnoew 53 Tuke] A A7kl 1.00 log CFU/
100 cm?0] &}, B &71ll4 2.23 log CFU / 100 cm?¢1H] whal
C =71M e 6.03 log CFU /100 cm®2 5717ke] 914 A
glol wel B cereus?] LG50l Zpolvt A VERSTE
L3 C E7Fe] ZoA S aureus’t ZEF U THdata not
shown). Kim'"5 o] Fagt A7} o] FARA] =
EAY 8 & A W] EFHANME A+
7} Bt 4.94 log CFU /100 cm®RA 3L TS 2.52 log
CFU /100 cm?, B. cereus= 2.00 log CFU /100 cm* W &
A9} HS2E ol o)9h e FEF A
A vAEAE A= w7 FEF AHEAlA
g3 A Bt mAE QEE F UHE &
do] ASS & F AUtk wEbA A FEF ATA
A URe ST 98 wES ST Aea]de] 9

lo & rjg

¢

BFEe FPANE d 198 5 drkn e,
=9 N A4 Blo] A ARl Frrel A

S, A9 BE7HY dwtHEF LEFTES 747 5.69,
6.04 log CFU/hand 7202 C 5712 ZA$-E 7.32 log
CFU/hand At i+ A9t BE7He] A$E= 239,
1.83 log CFU/hand =50l o1 C&71e] ZA$-E 4.02 log
CFU/hand2 35X 2|AA AX] F7tel Hlal] tha =4
AZHAT. T3 B cereuse] L9FFE 742 257, B4
Z, 5.50 log CFU/hand= 1489l th gt &2 Q1 w53} €]

Az me o)z BT So] A-iAbe] S0y B
2ol WAE odEs} B ARl e Brhe Ade o
£ A7AEe] AFANINE ASH o2 nuED 9o
B ARel FEF AQe Ui FagloR ofFolx]
3 glo} AR fol o@ AAFe MAE 2ol o
AFER gd Bele vws] AFela Basjty, 5

JAre] Eoluf gitel ot FAER WALAL oY
7] A E AYAE e @ F71H9 g
o] Faaly 2 A Ty 28 Ny A== W9t
7te] #go] WAootk wak IS 2= wAEH= A
T A7l ogk o HdS dele Fag Wyelzt A

GFRFE AAE PSRN Askrel] A
g2 T B8 9N AASRD AeAYE B9e AN
s JFRFE FA] A A5 BA ol A

Aol 7 £ mAE 2AEE FARIY. 1 A3
Table 2014 K= npe} 7ro] HA|slr] xe| Astre] o
WA FE 242 0~2.22 log CFU/MLOE @ F45=0] ¢
s vl A $9] EollXe 22 4.94, 3.79, 6.09 log
CFU/mLO]A . gt a2 AA|s17] A2 A5
Me AEFA FUAAT YEFFE JAAT $9 Ede
Z+2} 2.53, 1.56, 3.48 log CFU/mL7t A& =AY}, B. cereus
AR Fo] EolA ASF BE7tM e BEHE HAoY C
7FlAE 1.00 log CFU/mI®] AZE Ao Csrte] 94
B3 AR F BN E coli7t &5 A tHdata not
shown).

o2 off rir

T35 g dAY JUYEF nAE LIS FA
3 A3KFig. 3), QuHlFFE 58 Fo| v o]&H A

A Fol oF 1.34, 1.05, 0.89 log CFU/go] ZF4a=3Hd] Hlal]
A Foll= ol AAA T zfol7t STk Egh thg
o] 79+ F& T Hjg] o]&F AA Fof| oF 2.96, 1.38,
034 Aoy FA T ode 23]y oEd AA F
o "3} 1.89, 0.57, 0.60 log CFU/go] S7}8IRTE. B. cereus
£ A, B 37MIME A dAE AZSE Zasoy
C 57l 48 $ol 3.44log CFU/g, o] &2 A7 5 248
log CFU/g, FA| % 2.50 log CFU/g2 YEFSH. %3 B &
7he] 48k A5 T} ol B AA T T, CF
A F FEFFAA E colivt AEHJT. 75 4
AutA|F9} E. coli A& An)
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Table 3. Populations of microorganisms in irrigation water, soil,
compost and Korean leek during the cultivation stage (Unit : log
CFU/mL, g)

Microorganisms
Sample Farm
APC Coliform B. cereus
o A 059+026° N.D N.D.?
I”‘Lgi“r"“ B 141+0452 ND:? N.D.
ate C  091+£019°  NDZ? N.D.
A 7.24+022° N.D.? 3.42+0.16°
Manure B 7.95+0.21° N.D.? 4.28 +0.08"
C  7.10+023" 142+124* 3.71+0.06°
A 6.82+0.03° N.D.? 0.77 £ 1.33%
Compost B 4.49+0.61° N.D.? N.D.
C  436+0.32° N.D.:? 2.97 +0.19
A 657+0.19° 1.89+130° 4.17+0.23"
Soil B 732+0.11° 2.10+0.38 4.28+0.23"
C  647+038 1.16+1.04* 4.23+0.09"
A 6.04+033" 3.09+£0.82* 2.65+0.51°
Koreanleek B 6.59+0.68 3.69+0.51° 2.50+0.11°
C  579+0.05 1.43+023" 2.76+0.29"

YN.D.: Not detected (Detection limit: irrigation water: < 1 CFU/
mL, other samples: < 10 CFU/g)
PValues on the same column followed by different letters are
significantly different (P < 0.05)

Qo Joppzm WA Ao

= Jensen'5 o AT+AAe} F

coli O15THTE HES A5 =

& 2] 2.0log CFU/ml°o] 7HZ5

coli O15THTZ LEHA &2 FF5 M90S o

oA E. coli O157:H7°] HEH ATk B35 T
=

St Johnston®” 53} Ailes?’"5-9] AF+ZAe] =W £
AHTE 78 S A, 2 HAE vl sLkEoA
Aot g =78 FolatAl S7kste A2
el odE 78 5 A $He A= kA
AHARN dFE 7E F S BAasdn dEEF
nAE kA FRE YIME AEA A T

oy o 10 2 i ool FH o2 Mok mom

TYEF MupA 2] vPdE 2E

FIFF 7 F =2 AT E coli®] 2
Adg TR JEEF YA Fre A 5 oA
ERAEE AT FFF A T vidE
SHEE AwkH oz Al F7k 2k 2]zt f1%ATK(Table 3).

FEFFY A Aol AHEE= HHo dvkAltTE
4.36~7.95 log CFU/g, W<+ 0~1.42 log CFU/ge| ™
B. cereuse 0.59~4.28 log CFU/go|Sith. EH|& £/l u}
2} HBES e dgFEe] ztolrt o WA ES

AZHA Btk #NEFe dv#T= 0.59~1.41 log
CFU/mLSE ARbAF7E wtom fajn o] AEH
A gfol FAe] gL gRE ATt EFe] Ut
HFFE 647732 log CFU/go AL, A7 1.16~2.10
log CFU/go| 2™ B. cereus= 4.17~4.23 log CFU/g®]
o} 3k B 571 ENA E. coli7t HZEF A tH(data not
shown). G Y32 79 AubA| 4= 5.79~6.59 log CFU/
g, T 1.43~3.69 log CFU/gO| 2™ B. cereuse 2.50~
2.76 log CFU/gol A th. GT-Follr e HEEHA] FAA T
EAA E coli7t AEE 2 AF ZAHZE vFo] E o
e AuieEAle] BT HEC o QA=A
2 FAHE
st B Ao X = E coli 919 B0 =2 f3lA
4 AEHA ZUA T Solomon?52] Ao W2 &
E. coli O15T:H7 58] AF5wo] AZHH o
siAlo]l B Foll AT of 2HEo] Qb
Foa B8 Oliveria® 5o W2 L. innocua
T EG A F AF 7171 95 St AS A
VRO L. innocuaz LFE EFol| o]t A
ANNZ L innocua’7t BN BEY F HeH5d2 2
o) & & AL Flsktl. Solomon* 52 Liu®
NME EYS C9HO R E coliz LINT|L
ARe Wl E colivc FHE FEYE olUz} root
system= 3 FAEZ UYHZ Sojeir] 7HRESI7EA] o]
ot mEtA BES F nAES &
of ogt Zt==
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Listeria monocytogenes, Bacillus cereusys ZAFSISTH 1
A3 Y, 2, wrk 5 F85 AgA A ARgske %
PE=T9 dikildT LETES TEF Aerd AXF
7HA, B)ellA ot A A1 WA A F7HC) Bt 1.44~
233 log CFU/ 100cm* A= @oth. 53] Erto] 49 A%
7Fell A 1.00 log CFU / 100cm?©] 3}, B &7}l A4 2.23 log
CFU /100 cm*1d] R3] C &7FellA= 6.03 log CFU /100
em’E F7Fe] 1A el wet B cereus®] L ATE
o] Zpol7} A yebskth g A ko] A g FET
FolA HA A B digddo] 0.57~1.89 log CFU/g]
S7FIAT. E. colic QETFF, AT F Ak, EY
oA AEHULH, E coli O157:H7, Salmonella spp., L.
monocytogenes= HZEE A FSkth. wEbA B A9
IE Fote] 2t 8 5 AAAE A9 fAwS
st w7 Wl A @79 S /A st
A olgt AEn), osh HEo] fafr| Y=ol o7 4
EAMALE AR dslr] fleiM e g ol o
smdES Ast & e A, 25 71e] s

ESlo] o o= AlgHT

=]

L

Ko Ho o\ o o m
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