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Distribution of Microorganisms in Perilla Leaf and Cultivation Area

Se-Ri Kim', Ji-Young Lee', Seo-Hyun Lee', Hyeon-Seok Ko’ Yo-Han Yoon?, Se-Hyeok Kwon*, Kyoung-Yul Ryu',
Hye-Jeong Yun', Won-1l1 Kim', Jong-Chul Yun', Doo-Ho Kim®, and Duck-Hwa Chung®*
'Microbial Safety Division, Department of Agro-Food Safety, NAAS, RDA
*Knowledge & Information Office, RDA
*Department of Food & Nutrition, Sookmyung Women's University
*Department of Statistics, Hannam University
>Administrator Office, RDA
SDivision of Applied Life Science, Gyeongsang National University

Abstract The prevalence and distribution of hazardous microorganisms were investigated from the major perilla
cultivation area at Milyang, Gyeongnam province, Korea. Aerobic plate count (APC) and coliform count of perilla leaves
were 4.82 log CFU/g and 3.85 log CFU/g, respectively. E. coli, S. aureus and B. cereus were detected in 3.0% (4/114),
7.9% (9/114) and 46.5% (53/114) of examined perilla leaves. However, E. coli O157:H7, Salmonella spp, and L.
monocytogenes were not detected. The distribution of hazardous microorganisms in perilla leaf cultivation environment
were compared and the concentration of APC and coliform counts were more than 3.0 log CFU/(mL, g, 100 cm?, hand)
from most of the samples. S. aureus were detected from irrigation water, packing table, packing vinyl, hand, and clothes.
Also, B. cereus was frequently detected from the examined samples. Especially, packing table and collection container
were contaminated with maximum 5.5 log CFU/100 cm? of B. cereus. Good Agricultural Practice (GAP) system should be
introduced to farms to enhance the safety of perilla leaves.
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Table 1. Samples for investigation of distribution of microorganisms
in perilla leaves cultivation area

Source Unit of sample ~ No. of sample
Soil 100 g 15
Ground water 1L 15
Irrigation water 1L 12
Collection container 100 cm? 15
Packing table 100 cm? 15
Water in spray 500 mL 15
Packing vinyl 100 cm? 15
Hands 1 hand 15
Clothes 100 cm? 15
Perilla leaves (Green house) 36 leaves 15
Perilla leaves (Packed) 36 leaves 129

Total 276

deoxycholate lactose agar(DLA, Difco Lab)E 15mL F= EF
a3 E3ete] 23tk 3¥3 @ wiA= drkgEs BAsY
91sted Zhzke] wiA] smLA S8k 35°C, 24417k ke
ATsIATH(12). 3 E. coli®] 582 AH 89S Al
PRtk FFEAE 3MAF Petrifilm™(3M, St. Paul, MN,
USA)—E— ol 7t FEEE 1 mly FHd] filmel HES

3 37°COlA 24417F BlF F Z71XEE 7R blue colonyiHS E.
coliz AABATh HEFdre AFAA J&FS Hole #7x3|
AR Alksiah. 3 RS A8 25 ¢S Fsle] 225mL
9] EC brothol| A 37°Col|A] 24117 S i) °k8}1 uik 1 loop
£ Fstel EMB agardll AFE3IATE o] § 37°C, 24X7F vl
T F53Y9E vep= M-S VITEK(VITEK-2  compact,
Biomerieux, France)>. 2 % T3 TH12).
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E. coli O157:H7

E. coli OI15TH7®] S5 98] A& 25g5 Fste] 225 mL9]
mEC brotholl A 37°CellA] 24A17k2] w3ttt vl 1 loopE
Fsted E coli 0157:H79] Agulx]Ql sorbitol MacConkey agar
(Difco Lab)ol =T3F & 37°Coll A 24A17F w3kt o] &
sorbitol MacConkey agar Aol F21o] @l &S #3le] EMB
agardll AHFIIL 37°C, 24417 Wi F F53E S vellE 3
22 PCR kit(Power check PCR kit, Kogene, Seoul, Korea)<}
VITEK(VITEK-2 compact)©.2 HZE FAEATHI2). o R
E. coli O157:H7 ATCC 438942 Al&-3}ith.

Salmonella spp.

Salmonella spp. ®2E 913t KFDA F4(12)0l <3t &4
 25g2 225mLe] buffered peptone waterdlA 12} S-S S
T 10mL®] Rappaport Vassiliadis R10 Broth(Difco Lab.)oll 1%}
Z7d 100 LS FEt] 37°C, 24417 73 5 724 1 loop
£ FH3lo] Aegujx]¢l XLDDifco Lab.)ol] =233t o]F 37°C
oflA] 24417t w3t AP A Salmonella spp. AR =S F
3l] PCR kit(Power check PCR kit, Kogene)2} VITEK(VITEK-
2 compact) .2 AT LI ZFOZ S Typhimurium
ATCC 133145 AHE-3ISITH
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L. monocytogenes

L. monocytogenes 42 #ElE 93l AlE 25gS 225mLY]
Listeria enrichment broth(Difco Lab.)oll & ¥ 30°CollA] 48x]7F
Hi st wiE #8100 pL FHsted oA 234 S wiAIS]
fraser broth(Difco Lab.)oll 3L 30°C, 24X} 3T o] A
=]l oxford agar(Difco Lab.)oll &4 =238} 30°C, 2447+
H Sk T2 black halo®ll brown-green®] 5ol Hol HEe
FH3le] thA] 0.6% yeast extract’} H7HE trypticase soy agardl]
HESIAL 30°C, 24A17F miFatdnh. AF 5482 PCR kit(Power
check PCR kit, Kogene)?} VITEK(VITEK-2 compact)®-Z 3}
v Q&2 CE L monocytogenes ATCC 153135 AME-3FTH(12).

S. aureus
S. aureus= BB AT AAE AABIHeH A A
- S 25g& 225mLe 10% NaCle] 7 tryptic soy
broth(Difco Lab.)o] 23 2%7} stomacheroll X &3+ 5 37°C,
16717} S3kal B8 Baird-Parker agar(Difco Lab.)oll 37°C,
24-48A17F F kst & A3 lethicinase 2H-0 2 9o
BH2 Sh(clear zone)o] Yehbe @ s FHoto] 140
ARE-SFATE g HFAES AR BAAES S8 A AeE 4
NS DASA g 5 7 siEEe]] thste] 250 ulA Baird-Parker
agar 4 plated]] HESH F 37°C, 48A17F st & AFH QA Fe)
s YelE g Al Alsh HaolA s o)ide] A
< Aldsto] NAHRA|O] HFskal 37°ColA 24A1%F
3 SRl TN AFSHTE S awreus®] TAE AF
ARl ks Hole #Fx(PAATF/5T testehT)x3] A vl
= Axtsisith. A4 9 A=A &4 3e PCR kit(Pow-
ercheck kit, Kogene)2} VITEK(VITEK-2 compacty2 AFE-3}IL
NEZOE S aureus X5 45 ATCC 259232 A3 TH(12).

B. cereus

B. cereus=. S. aureus?} 7¥o] A A} A HAAE AAE
A3, A Ar= EAY 25g8 225mLe] phosphate buffered
dilution waterol] 3. 287+ stomacherol| 4] & 3F & 37°C, 164
7+ A ks FaE aN9E MYP agar(Difco Lab.)oll 37°C,
24-48A17F g1 wjdet & EZA lethicinase 2§02 e
ol B2 Fhclear zone)o] Y= T JHe FHshe] gld
Yol ALttt AL B9 EAY 25g8 FHshe] 225mL
2] phosphate buffered dilution waterS 7}8Fe] 287} stomacherel]
A #Astsidt #dsket AN HASN & F 7} SAEE
o thate] 250 uL¥ MYP agar 4 plated] HF3 5 37°C, 482
7F e & AP FEHE veplle JEe Atk Al
ek Fae A 57 o] e HFAQA Fe ddsie] NAHIR 9
HESIaL 37°CollA 24717 weFst & PCREC o3t ER1sH
th HEHre ¥4 JEE Hole dFx(EdTF/572
testd=F)xSIA =2 AXSIATE B, cereusE AE3H] 13 PCR
Z7 Choo 5(13)2] WHO R 38319y ZAO 2= B. cereus
ATCC 10876} B. thuringenesis ATCC 297302 AME-3lt}.
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Fig. 1. Distribution of aerobic plate count on perilla leaves from
38 farms. Detection limit: <10 CFU/g
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Fig. 2. Distribution of coliform bacteria on perilla leaves from 38
farms. Detection limit: <10 CFU/g
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AEE A A3} E coli O157:H7, Salmonella spp, L&|3L L.
monocytogeness 257 BHAE FHATH

S, aureus®] 73%- 0-2.92 log CFU/g F=0]lom HEN L=
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7HE St AEAA] EAY 48.6%0M4 HEEANL, A
EoA 5 log CFU/gZHA] HEEUTE FAHEAA B. cereusS]
d g w22 2 olfE wEe Bt FF0] 7t
Sol7] wZel Bl RIMsH A&Ee B cereustt Clostrid-
ATl Brackett?} Splittsoesser(16)= XL

o >

YA EAUL VT ALFol LAY WAYAFES @
ARomE sl AAY 5 ga x
G olg Wt ohjeh Rl S FSslol
o4 Aol 7Fsstek17). mebd vt 5
of MR 09 A 4FEL MY £ Ut A
%0 P Fuss) 9

Q.

%_

-
mi%'

A

oo 2 ool N ot My
e
m{n

7FedS wiAlE 4 glth

© AAlA 2HIZAR] olofAE g BT e

S FHEAL o]F Alold § e WS EAsh=s B0
sehal AyZhE
U MY F D|YE 2%

EA9 AR T nAE BXE Al A A

7ol tiste] YA FAEH R AES B 2 4
Fh= Table 2, 3 B 49 Atk ApidAlelAN 7PE 7]Ee] He B
Ft EolA mAES ARSI WA Askret dlEe] A
<, dwbAlEFE 22 210 log CFUML, 4.67 log CFU/ML &
FolA L NAFTS 0.84 log CFU/ML, 240 log CFU/MLOZ

22y Jebstt}. B. cereust S, aureus®] 739+=, E 2] W&
oA S, aureus’t 7AEF| 3L (Data was not shown), 43-2] &7
INEGANA B, cereus= HEEJOHW 1 $52 1.00 log CFU/
mLo] 3Rttt 3 EdolMEs dutAld47) 6.62 log CFU/g, T
At 4.53 log CFU/ge 2 272t YEIR O™ B cereuss 0-
3.80 log CFU/gS=E 57FFe] thas xtol7} St o2 A E"ok
I BollA famAE HES FElste olfre °lE ANEE F
ste] ZE=R o8 rhsslr] wiioltt. Solomon 5(17)9] 04?-01] A
EFS AAHOE E coliz LGNNI HFE AAS W E
coli= oot system T3l ZHEE Eoi9br] 7R FE7HA] o] FE
T BT AN AAHeE ANEFE E coli
O157:H7& 29X F Aol AESHFHY AlA ol E coli
0157:H7°] T4 tH18). Norman® Wang(19)2] Aol = <

AE AL AL 3kE AR A HYA m|AEe A
28 TP Basn Qo] EYs WHgFE E4Y

Z
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gl et vAdE f—ﬂ@ QA= AL A3, Akl
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F7F 2] AJFEoA 3.00 log CFU/100 cm? o]0 2 AZE
AT WA A$ 2719 1EE A Lg AFolM BF AE

ek e} #8879 dwMla4E= oF 5.00 log CFU/100
em®J 2 hAFES 22t 2.52 log CFU/I00 en?, 3.22 log CFU/
100 em*Z E} A|8ol| Hlal] =Qkth S 5309 FrtelA] 2R &
gg719F ZAYANA B cereus’t AEEYCH 2 FES F7}
o gt thi 2|7t YRy HAL 550 log CFU/100 cm? 4=
7R AZEALE S aweuse A 571 TR AESENoH
I $58 1.07 log CFU/100 cm®©]{THData not shown). 37T
e vd, 4, AT 5 U AFZ o]FoA] dlen o
£ A5 Aol golakx] Zal 8 Ed gA SR e
EHO] U= AAECIUT. ¥yt opg #8719 = 7
4 Foll Aazgol A9 o]FAR L YA ¥ o] HAES
HIES ofg] 7] e bl =250 des Ay IIT ¢
ARATE ~75H%£8 o] RET Al G4 el Aol
U] 7 T EAYY] FH FAE Y8 ES Axst=r
o] W AMEEE EolA i+t °l AEH o] EAY R 1A
E Mot S#¥t). 2E|aL oo XA A IWAlFFrt
2.86-4.03 log CFU/100 cm’ *Z_i AZEYT D Bt A

Table 2. Number of aerobic plate count from different samples collected from 5 perilla leaves farms

(Unit : log CFU/mL, g, 100 cm?, hand)

Perilla leaves farm

Stage Sample Average+S.D."
g P A C D E £

Ground water N.D2 3.04£044 2224008 227070 298003  2.10+1.19
Cultivation Irrigation water 5.57+0.09 4.81+£0.19 NS 4.67+0.16 3.65+0.03 4.67+0.72
Soil 6.67£0.05 6214066  7.034040  628+029  6.90+034  6.62+0.48
Collection container 595:038  595£046 4374080 3512038  491+039  4.94+1.06
Harvest & Packing table 633006  595£022 4384045 4544023 4945085  5.23+0.89
Packing Packing vinyl 3274120 4.03+044 286208 3312010  2.89+045  3.27+1.03
Water in spray 1854039  427£0.07 4294096  3.62¢1.14  334%027  3.48+1.10
. Hands 4624050  606£041  729¢021 375029  627£0.65  5.73+130
mployees Clothes 5.85+0.17 476081 3554018 320£1.13 401072 427+1.14
Perillal Perilla leaves (Green house) ~ 3.87+0.44 5.46+0.20 4.73+£0.90 4.60+0.17 4.45+0.87 4.62+0.73
Craleaves  perilla leaves (Packed) 480£0.60 6412035  536£040 5332020  5.14=0.11 5.41+0.65

US.D.: Standard deviation

IN.D.: Not detected (Detection limit: ground water and irrigation water: < CFU/mL, other samples: <10 CFU/g, 100 cm?, hand)

IN.S.: Not sampled
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Table 3. Number of coliform bacteria from different samples collected from 5 perilla leaves farms

(Unit : log CFU/mL, g, 100 cm?, hand)

Perilla leaves farm

Stage Sample Average+S.D."
g P A B C D E £

Ground water N.D.? 0.77+0.69 0.64+0.19 0.85+£0.74 1.95+0.80 0.84+0.82
Cultivation Irrigation water 0.70+0.61 1.99+0.67 NS 3414038 3494002  2.40+127
Soil 546£0.63  4.64+0.65 4184035  4.03:0.14 436043 4.53+0.66
Collection container N.D.? 3.42+0.38 2.59+0.84 2.09+1.83 4.49+0.02 2.52+1.73
Harvest & Packing table N.D2 5374035 34240.19  2.67+0.79  4.64+1.11 3.2042.00
Packing Packing vinyl 1.2242.12 3.16+0.93 1.38+1.34 1.51+0.89 2.50+0.71 1.95+1.35
Water in spray 1.13+1.95 3.87+0.10 3.24+1.17 0.30+0.52 1.15+0.58 1.94+1.68
o Hands 4374033 5204023 3.56+0.11 2.6540.86  4.90£029  4.26+£0.97
mployees Clothes N.D.? 3.64+0.04  3.23£0.40 N.D.? 2.49+0.67 1.8741.65
Perilla | Perilla leaves (Green house)  3.36+0.06 4.44+0.84 3.79+1.47 2.61+0.72 2.77+£0.47 3.39+1.00
Criialeaves  perilla leaves (Packed) 4.00+0.61 5412030 4224077 3234025  428+0.15  4.23+0.83

YS.D.: Standard deviation

IN.D.: Not detected (Detection limit: ground water and irrigation water: < CFU/mL, other samples: <10 CFU/g, 100 cm?, hand)

IN.S.: Not sampled

Table 4. Detection of B. cereus strains from different samples collected from 5 perilla leaves farms

(Unit : log CFU/mL, g, 100 cm?, hand)

Irrigation Collection Packing

Packing Perilla leaves Perilla leaves

Farm water Soil container table vinyl Hand Clothes (house) (packed)
A 0.20+0.17 N.D.? 5.50+£0.10  2.94+2.56 N.D.? 0.57+0.99  3.93£0.90  0.74+1.05 1.52+1.38
B 0.26+0.45 1.73+1.61 2.84+0.61 1.72+£1.49 N.D.? 0.33£0.58  0.90+1.56 N.D.? 0.49+0.85
C N.S.D 1.64+2.85  2.5740.39  1.70+1.49 N.D.? N.D.? 0.83+1.43  0.77+0.68  0.77+0.68
D 0.63£0.55  2.38+0.33 1.74+0.18  2.92+0.28  2.18+0.66 N.D.? 0.87+0.81 N.D.? 1.28+1.44
E 0.33£0.58  3.80+0.23 1.98+1.72  0.53+0.92 N.D.? N.D.? 2.34+2.02 N.D.? 1.49+0.50

UN.S.: Not sampled

IN.D.: Not detected (Detection limit: ground water and irrigation water: <I CFU/mL, other samples: <10 CFU/g, 100 cm? hand)

cereus®t S auwreus= AEE o] EAA S #AE7} A
T AATE ol#fst A ] 2H2 FDAREI
= Bl R TSI vl Baela 79l
Aoz AZFRATHY).
2] HAAle] & S AL o] L#;:F® T4l
tide] Hol & ALl At HrF Ax), ZdRle] FollA] A
WA #5427t 5.73 log CFU/and®] 422 JEePRa, #1729
log CFU/Mhand7HA] HE= At a2 5783 9] 80%°l4
249 log CFU/hand, 100 cm? o] 22 ZAZEew D w7k &

Ax}e] £=ollM S aureus’t 1.0 log CFU/hand”} ZAEH AT 53
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