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Biological Hazard Analysis of Angelica gigas Nakai on
Production and Marketing Steps
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This study is aimed to investigate microbiological contamination of Angelica gigas Nakai. A total of 111
samples including root, soil, and irmrigation water were collected from farms and market to detect aerobic
bacteria, Bacillus cereus, coliform, Escherichia coli, Listeria monocytogenes,. Salmonella spp., and
Staphylococcus aureus. The contaminations of aerobic bacteria, coliform, and Bacillus cereus in the root
during cultivation were found 6.71 log CFU g'l, 4.13 log CFU g'l, and 3.54 log CFU g'l, respectively. The
contamination of coliform and B. cereus were detected in all steps from harvesting to processing, with the
highest count recorded from the cutting step. In marketing, the contaminations of aerobic bacterial, coliform,
and B. cereus were 5.5~6.0 log CFU g'l, 2.4~2.6 log CFU g'l, and 3.5~4.0 log CFU g'l, respectively.
Listeria monocytogenes, Salmonella spp, and Staphylococcus aureus were not detected in any of samples.
This result indicated that hygienic soil management and post harvest management should be performed to
reduce the contamination of hazard microorganisms and to produce safe agro-products.
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2 AR o Qlste] Aol digh BAlo]
Z7Fekar Av|zte] AAjgko] Walgte| met S5 9 7hg4]
F Bt JHe QiR 9 99 FARES] Av7) Skl
Uk, thEEe] oRgAES] A9 ey o atal
AgA 9 st gkt dEA gieke] dERE AREE L
S WakopUef, F o= &, SRS B {HHSE A4
|02 = it (Park et al., 2011), = 4AHgat
of &3sh= 2~3 WA 2 EAER Y B, S5 AA,
A5 53t o] g Ao e glow e &

hoewd 5o AR AGEAY AYE, A5, §
&, B Yot w3k ol Halslo] Fepy 5
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3o o9E B B A4 U 1E W Y 2
dojubA Hrt (Beuchat et al., 2001), g, WAE] =&
H eddo] sPHe® FRAEAY 2 HdE 2ol F9E
ANEE S AEE oldd Vel wom, AR A
g F 7MEEE B eHdE B odiA Listeria
monocytogenes 2t Salmonella spp. 5 AlEEa2] AEA
2 o]%zo] HuEt}t (Brak and Liang, 2008; Weis and
Seeliger, 1975). Bacillus cereus = 13 9FA Ao 2 A
B¢ R 7SR, AEHE W AE, wAkE et oluet
thefet s oA ABE 7hssk, vl fEolA S5
U A 5 Rt Aol Ales A dldte® EelE
v} 9J} (Dierck et al., 2005; Gilbert and Jennifer, 1977).
B cereus + BT Tl 2o ME 2T 4= Q=
WAZAE 7HA]aL Qlo] 2eEAY 7HEE FAkEoA =
A A L BESt] AFE AlaLo]] Hojshe AoR
A A 9ot (Kim et al,, 2006).
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Sl A ARl et e flsiaar Ate iR
ol SAEFH A At AR LTl T E|o] X3 E]
of kor}, SAE AAR 1 AT} el gl &
Aot (Choi et al., 2012; Hong et al., 2012; Yu et al_,
2009). oF&Al=o) et A B A= TSIV F
o T SR el e Q1R aE o] ghom, AEst
2 Qs aaxe] et A= mEe Aot (Kim et al,,
2008; Yu et al,, 2007), 2| = -5 SrefAfjol digt &
ol B LRI} B 48] SHA B AT of
Zesa0] AEE] okgalRe] Qb U Bauele) B
A& o] ==} (Choi et al., 2011; Lee et al., 2010).

OFGAIES RS 8 & dofvl Alx o w ¢l
sto] Fo] Zof = HHE Ht B= f-E R0 EY Hd
ol @ dE 7Fs/do] =t (Choi et al,, 2011), 53] A=
oAl 57171 &0l e AR B 2 A9, B cereus Y
L, monocytogenes 9F T2 EF AGA Aesdo L4892
AUtk FHI ToA AxRE oheket ofxe}f AR
B cereus 7} 4 log CFU g ' 4Foa ®i = v} 9}t
(Kniefel and Berger, 1994; Pafumi, 1986), 3}A|qF, =ujjo]
A= oFAI7HA] sabEel digt Ae= At 7ol A2
AEo] QUA] grom oRg-Almo] tigt WA ndEe] &
Aol haix = A7} vlgsiet,

webA, & A G Al T fEay FollA 7
2201 A E LA =S Tkl ASEs dod 4 Qe
RIS Ao RG4S w7 A 3 P sihE
RS SRt 7|2ARE g ffste] agskgin

M=

=1~
oH

ag

NEHME 2 Aol Baadary & =9 8 o
5o HBA Slslas BAS 93 AR HHE 2019 B
A= BRI AAL, 35 AT SN FH A2
o= UAlskgich EoF ARE 374 oldeld At
fon], EE 200m Zole] BF ARE 1044 o A3t
of EFBGON, WAL oL it AL olgstel 3
Weksich. ABAL A% F710) 39 L F7), Bel 29
2 FEste] e olgste] s

3§ 713 WA R REES 24P $j5tol
AT AL 35 AR 9T G EA oA
AR WA A%, A, BF L 2 WA B P}
of B A2E Ayt

FEUAY G TR CPES 2] Slote] 4

==}

7% SAlel e T 1A, A kil
27k 3 o 39 NRE WA AW ARt B
5 mapo] ol WAAHE NPAR usigon e
2493}t (Table 1),

e sias 24 1217

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

Stage Source No. of sample
Leaf 9
Stem 9

Cultivation Root 9
Soil 9
Irrigation water 3
Raw material 9
Drying 9

Harvest and .

Post harvest Cutting ?
Sorting 9
Packaging 9
Herbal medicine shop 9

Market Retail outlet 9
Traditional markets 9

Total 111

NZo| FMHM2| EoF W ABA ARE 47 25 gL,

B= 25 mL2 Aol 0.1% EoHESs 225 mLE 3
7Vt & AEulA (Interscience, USA)E 287t H#213}5}o]
WA RS Slek Ampielos et

LM 24 AA © AR 1 LS 0.1% B3
£4 9 nilE olgjol HAK LR slHale] Bk © aM
Petrifilm™ aerobic count plate (3M, USA)ol| 1 mL 4 B3
sjick, 37°C wjab7lolA 24x17k e 5 A4 A8 et

& Agsect,

EEs & U 4 AAYE A 1 mlo|
0.1% BHHET 9 mLE 3 T & AR 3JAste] M
Petrifilm™ E,coli/coliform plate (3M, USA)] ImL & &
to] 37C oA 244171 o} B F 7|8 2 A4 et
o g Z1ZE 2 AN S e Sl

k.

2

HHEMTE 28 B cereus?] £4L 98l 83k
A& 1 mLZ 0.1% HPESE o] 85to] dAH o= 3]4
gk & MYP (Oxoid, UK)ol| =43t & 30T ofjA] 24417 uif
Fotoict, Al 3 B34 = S0 3RS 7] = gt
2 TSA|| &5=52] 51912 API 50 CHI kit (Biomerieux,
France)& ©|83lo] 43t} Bacillus groupC =2 &}l
H o= gyr B, ary HANE AEA o g FEsh= Tt
o|HE 0]83}0] Choo et al, (2007)2] ¥ ol we} Multiplex
PCRZ 43§53t

S aureus B4& $8l AAE @ AH 1 mLE 0.1% &
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HEO| ©AA o8 5]48}o] Baird—Parker agar (Oxoid,
UK) oiA] Ershgich, 1 % 37C o)A 24417k vestol =
3kl Q= -2 A2k TSAY| == E]star 37C oA
2417t BSFSIRATE. Microgen Staph Latex kit (Microgen,
URE olgalol SRS TSI, PR selel
ol thafiA= nue FHAE o= 5}% Zajo|uE o]
835}o] Vicedo and Aznar (2006)2] ¥ o] w2} PCRE &
Retsick

Salmonellz= *18{¥} 2] Q1 XLD (Oxoid, UK)o] H¥Z =
wrsjol 37COIN 24412t vkt & e SR
o #2531l IpaB RS G R sl Zeto|w o]
8310 Kong et al, (2002)9] 27| w2} PCRS 4335}
25 BIsl3A

Listeria monocytogenes— ZYZFo] Al& 25 gol| 225 mL
9] LEB (Oxoid, UK)E A7}slo] 30C oA 24A)7F vjefst
At Bl 1ml-Z Fraser Broth(Oxoid, UK) 9mLof| &
sfo] 37C oM 24X17F HeFSISAT), 2 BeFlE Oxford
agar (Oxoid, UK)oll =3te] 30C oA 24417k A] 484]
2R 7 Keke Toa] aielat &

Mcrogen

Listeria Latex kit (Microgen, UK)S ©]-8&35}0] -34S
SFolsEY AL, hiyA SRS AHA o2 ZESE 4~ ”1 I
g}o|HE 0]835}0] Aznar and Alacon (2003)2] HlHof w}
o} PORS Sato] 1% BAAL,

2E AT 35 ol Fulel Sslgon, B AR
L log CFU g '& 3halsl9lar, SASZ 213 (ver 9.2)2 ©]
g5lo] AYEAE AL AAJSE 3 Duncan's multiple range

test S Bl FL AFHA,

my
el

Tt

HEHTHAIS] OIYE B2 A At o)A v|AY
EHyE 7\1\]-6 T A3t= Table 22]. 71—1;]. i§7]/\-1 o g
oF} Mol x| 247} 6.71, 6.32 log CFU g '& H&EIc,
9] A3} E7)o| % 22t 4.70, 4,75 log CFU g '& 3}

QlEjglon], TG A= 3,35 log CFU g '& AL,
BT _% Eoomr ““FAOM 27} 4,13 7} 8,55 log CFU g '
9] Z5903, Yk E7]0)A % 1,983} 1.83 CFU
g = %‘%ﬂ‘?\iﬂr B cereus = B} Be]of 242t 3,549}
3.41 log CFU g '2 HA&H9lon Aut E7]oA e A&
A It} L monocytogenes, Salmonella spp, H S
T Auigbdoll A HE A gt 2t
A9 ELAVE 2= Bacillus cereus 2 B, &, A 5
2go] AEh B740] We) BEsL ool AEe] Az,
AR S W 7RE 3ol 29T 29 Aol A
2 doy]= Zloz d#A Ut (Notermans and Batt,
1998; Ombui et al., 1997). & A+ BIo|A B cereus 7}
T Al B 2ok HEEo] e By FelolA A

5= Ao Itk B cereus = FHEQ] RS
of ool ABHAL EOF olx] BAIE jaEol} A%
Aol ZAfstel ABA] 2.9 7HsAlo] Sl AL o
H A ¢t} (Halverson et al,, 1993; Jensen et al,, 2003;
Stabb et al., 1994), o]H9] AFAT} oA FAHE F EY
T WA T 7to] AEAY 5= AaFY B
Z237|ADT QA 59 9 ¥40] ka1, A2E=q19] vt
AE =7} =7 SRIE %It (Hong et al., 2012; Yu et al,
2009). ESt, B cereus’} LEGE AMEO| URE BAME
L oogel A= 5 BT HEE 49 5AeAS Ao
7hs/do] FRI=IeE whabA, AuitAl oA FE "ol
2% 9P 5 B BelE Sl AlEAe el A
2 F|agpehe Zlo] Fasirtal wekErh

>,
N
uﬁ

aureus <

il

=& = X2 HAQ DME B Y +=F &
Ae] HA G ngE LdEe] sl 2ARE A= Table 3
of Jepiolct, F3571Md =8 & 71 98 oA
oA Bt 6.16 log CFU g '& AZEY, Ax, Feh A
9 22 Ao ZkzE 517, 7.01, 4,96, 5.40 log CFU
g2 FAEE Ut PHFES YRA 3,51 log CFU g '&
AEEen Ax, dd, A A 23 dAoA 4

Table 2. Populations of microorganisms in samples collected from Anegelica gigas and cultivation environment.

Sample Total aerobic count Coliform Bacillus cereus
log CFU g

Leaf 470 £ 0.14° 1.98 £ 0.77° N.D.

Stem 475 £ 0.72° 1.83 £ 0.15° N.D.

Root 6.71 £ 0.17° 4.13 + 0.13" 3.54 + 0.28

Soil 6.32 £ 0.11° 3.55 + 0.27° 3.41 £ 0.13

Irrigation water 3.35 £ 0.06° 0.35 + 0.30° N.D.

"N.D. : Not detected.

*Different superscriptive letters in a column indicate significant difference among samples at 5% level by Duncan's multiple

range test. Mean+Standard Deviation.
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Table 3. Populations of microorganisms during processing in Angelica gigas Nakai manufacture.

Sample Total aerobic count Coliform Bacillus cereus
log CFU g

Raw material 6.16 = 0.26° 3.51 + 0.30° 2.72 + 043

Drying 5.17 + 0.13° 171 £ 0.17° 2.84 + 0.04°

Cutting 7.10 + 0.40"" 3.81 + 0.02° 3.68 £ 0.25°

Sorting 496 + 0.63° 3.93 + 0.28° 256 + 0.21°

Packaging 540 + 0.49° 1.97 + 0.43° 275 £ 0.22°

"Different superscriptive letters in a column indicate significant difference among samples at 5% level by Duncan's multiple

range test. Mean+Standard Deviation.

Table 4. Populations of microorganisms in samples collected from different market place.

Sample Total aerobic count Coliform Bacillus cereus
log CFU g'1

Herbal medicine shop 50 = 0.74 1.6 £ 0.91 2.5 + 036

Retail outlet 4.8 + 0.26 1.7 £ 1.0 2.9 + 0.30

Traditional markets 4.6 £ 042 1.6 £ 1.04 3.0 £ 0.21

1.71, 3.81, 3,93, 1.97 log CFU g ' 4250 & 3Holg|Qict
Bacillus cereus= Y =20|4 2.72 log CFU g '& AZE L
Ak AN B cereus®] FE7} 3.68 log CFU g
FEOF ZUFIAT L A W 27 S| o A 3RSt
2 A4, 48 & Az Fof 33737 titol
FolH o= fadh= A B oY, B cereus7} A2t}
Fotgt g oA A& 7Hsdlth= Kim et al, (2006)9] A
Tof o] Az o dio] WSk it Aot A &
F571 3w thdt, B cereus®] D=7t SUIRE olf+=
Adagel g9 A4 Sol T HEeR Az
o}, okgAE2 Al B4 EFlA 19 ol A==
7457F Wi, zHpe|vt got S S Egolt 29H
HE 5= AASH| fA gt e Al-E sl HA
A} ofo] aZelt 5 #8489 e, FH At 59
7hs/do] qlo] thE9] sTtollA= Al Glo] Bk AIA
Ao|t} (Choi et al, 2011), A= = & 9
St BjFAzY 35C Ufele] 9Fdx WAl &
Z At g & pejabyo] 4ukEH o] ThEA|
SHbEo] Hek 9l 27; 2}Qfo] o] Rojzih, okgAE
7Hs B4 o sAkE ok AEA s ade] dis)
7497 wot A%, 71y, -5 g0l f18HEevt
o} (Mckee, 1995). 53], 8+ & 7|7} 35C W<}
o] Az WAA FESE ART} o] FR|A] FAY EFR
AHLRoll A AAAE F A =Y 24 sl =k
kA, 8 & SES Az I A1 Al Al
152 Bl HEEY Q= B ¥ 4s) st <f
Asits A4S 913t 8 & ndE o A% 71& 7
o] HQsjrt,

o
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o 1

REWE S 0/4= 2= AIuiE, A, oA
L=

oA -85 FHE Ast] vdE LHEE 2ARE
AT}, 2571972 H 4.6~5.0 log CFU g ' 42502,
TS Hk 1.6~1.7log CFU g 02 HAZE 1, B
cereus’= 2.5~3.0 log CFU g '& % =3t §5 A4

of mt mAES] 2P ol F2Ql Zol 7} e A] o
UTHTable 4), oAt Ail=, oAl Falmet oFxo
B cereus?} 5 log CFU g ' 42202 AZE|Qrs Ayt &
the 27 SIS B cereus= A1 RS} oF29] 3 log
CFU g ' Hol2 esje] slebh 22k #13d 3¢
Ao] 29150 56 log CFU g 714 S4I51] 4558
dor|= Aoz FBHTt (Makee, 1995). GO AL 4n
oA Tzl AR AR} oFxo|A B cereus 7}
25g & 4 log CFU g '& #H&EX| Y=g AL ik
(European Commission, 2004), & A4y}, £ coli A%
o] AZsHA7E 1 log CFU g ' nlylo@ mE A|Fof|A]
HAEEA FUANE A 3 7Hs, 5y Foll 2dE 7t
7301 Stk feuet A HAE FeinlE o
71291 ZA|4+4> 5log CFU g ', B cereus 3 log CFU g '}
o] ofx fej7]Eel 2AS] G s LddE
uj

S FolAe sk Tefl= dulEal Q7] wize]
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moy opjek, A 9lsiase] the @t Basin
gkt

oful Q15 ATH= obgAlRol Thet MBI Sls ek
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1220 ME - A - o3 - 8

NFYL ARE Bg 15T A0 Y2Ec
o (o] ]
=Li i |

A, SR 15 55 TACIA 1Sl o9
A ears AT e, EoF 4 Il 23S 111
7Hel A BT} YA u) #A}ﬂoﬂ/ﬂ S 714+t B cereus,
coliform, E, coli, Z, monocytogenes, Salmonella spp., 2}
S aureuss ZA1517] $18) 2xIskalet. Aabgols B
o] Bie]of| A ARtNlat== 6.71 log CFU g FEOR AE
EQom, AT 4,13 log CFU g ', B cereus= 3,54
log CFU g ' =202 slolE|gie). SegtollA] 7hg TA71A]
e 7hs oA ittt B cereus®] 28-S €4l
o qdglen, Aok vl A DV&%E@‘Eﬂ =7 &<l

=t fF F2 A YEtAlEeE 5.6~6.0
log CFU g ', A2 2.4~2.6 log CFU g ', B cereus
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oAl L, monocytogenes, Salmonella spp., S aureusv
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