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ABSTRACT

Background: The public has increasing concerns about herbal crops owing to insufficient information on biological hazards such as
foodborne pathogens. Therefore, the objective of this study is the development of a herbal crop quality control system through mon-
itoring with biological hazard analysis. Today, it is estimated that millions of people become ill every year from food contamination.
The public demands agricultural products of stable and consistent quality. Governments have the responsibility of establishing the
standards, legislation and enforcement programs necessary to control food quality and safety. However, research on the biosafety of
herbal crop products is still insufficient. Therefore, the implementation of monitoring systems with high standards is critical for pub-
lic safety.

Methods and Results: In this study, we collected 52 samples of herbal crop products, and conducted both quantitative and qualita-
tive biological hazard analysis. With biological hazard analysis, aerobic bacteria, Staphylococcus aureus, Salmonella spp., Escheri-
chia coli, Coliforms, and Listeria spp. could be detected.

Conclusions: Herbal crops were found to be contaminated with aerobic bacteria at 3.69 + 0.32 log CFU/g. Staphylococcus aureus,
Salmonella spp., Escherichia coli, Coliforms, and Listeria spp. were not detected in any of the samples. This research suggests that
continuous monitoring of biological hazards is required to improve the quality of herbal crops.
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Aoz #dse FHo| AHA AA 25ge] 225ml 9
Buffered Peptone Water (BPW, KisanBio, Seoul,
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Table 1. The aerial parts of herbal crop for investigation of microorganism contamination.

Medicinal Samples Country Official
part Latin name Scientific name of origin compendium
Aerial part Equiseti Herba Equisetum hyemale China KHP"
Aloe Aloe barbadensis, Aloe ferox, Aloe africana, Aloe spicata Vietnam KHP
Leaf Eriobotryae Folium Eriobotrya japonica China KP?
Mori Folium Morus alba, Morus bombycis Korea KHP
Dolichoris Semen Dolichos lablab China KP
Arecae Semen Areca catechu Indonesia KP
Seed Coicis Semen Coix lacryma-jobi China KP
Alpiniae Katsumadai Semen  Alpinia katsumadai China KP
Armeniacae Semen Prunus armeniaca, Prunus mandshurica, Prunus sibirica China KP
Eucommiae Cortex Eucommia ulmoides China KHP
Bark Mori Radicis Cortex Morus alba China KHP
Albizziae Cortex Albizzia julibrissin China KHP
Phellodendri Cortex Phellodendron amurense, Phellodendron chinense China KP
Viticis Fructus Vitex rotundifolia, Vitex trifolia China KP
Chaenomelis Fructus Chaenomeles sinensis, Chaenomeles speciosa China KHP
Amomi Fructus Rotundus ~ Amomum kravanh, Amomum compactum Indonesia KP
Amomi Fructus Amomum villosum China KP
Fruit Corni Fructus Cornus officinalis Korea KP
Forsythiae Fructus Forsythia viridissima, Forsythia suspensa China KP
Arctii Fructus Arctium lappa China KP
Ponciri Fructus Immaturus  Poncirus trifoliata China KP
Carthamus tinctorius fruit ~ Carthamus tinctorius China KHP
Xanthii Fructus Xanthium strumarium China KP
Fruit peel  Citri Unshius Pericarpium  Citrus unshiu, Citrus reticulata Korea KP
Spike Prunellae Spica Prunella vulgaris China KP
Flower Chrysanthmi Flos Chrysanthemum indicum China KHP
Stem Ephedrae Herba Ephedra sinica, Ephedra intermedia, Ephedra equisetina China KP
SteT” and Sinomenii Caulis et Rhizoma Sinomenium acutum China KP
Rhizome
Tuber Asparagi Tuber Asparagus cochinchinensis China KP
Houttuyniae Herba Houttuynia cordata China KHP
Whole plant Taraxaci Herba Taraxacum platycarpum, Taraxacum officinale, China KHP

Traxacum ongolicum, Taraxacum coreanum

VKHP; Korean Herbal Pharmacopoeia, ?KP; Korean Pharmacopoeia.
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Table 2. The subterranean parts of herbal crop for investigation of microorganism contamination.
Medicinal Samples Country Official
part Latin name Scientific name of origin compendium

Rhei Undulatai Rhizoma Rheum undulatum China KHPY

Rhizome Anemarrhenae Rhizoma Anemarrhena asphodeloides China KP?
Alismatis Rhizoma Alisma orientale China KP
Cyperi Rhizoma Cyperus rotundus Korea KP
Euphorbiae Kansui Radix Euphorbia kansui China KHP
Sophorae Radix Sophora flavescens China KP
Trichosanthis Radix Trichosanthes kirilowii, Trichosanthes rosthornii Korea KP
Salviae Miltiorrhizae Radix  Salvia miltiorrhiza Korea KP
Angelicae Gigantis Radix Angelica gigas Korea KP
Codonopsis Pilosulae Radix ~ Codonopsis pilosula, Codonopsis tangshen China KP
Saposhnikoviae Radix Saposhnikovia divaricata Korea KP

Root Cynanchi Wilfordii Radix Cynanchum wilfordii Korea KHP
Angelicae Dahuricae Radix  Angelica dahurica China KP
Clematidis Radix Clematlis ma_nshu_rica, Clematis hexapetala, China KHP
Clematis chinensis

Adenophorae Remotiflori Ad . . .
Radix lenophora triphylla, Adenophora stricta China KHP
Rehmanniae Radix Rehmannia glutinosa Korea KP
Morindae Radix Morinda officinalis China KP
Polygoni Multiflori Radix Polygonum multiflorum Korea KP
Osterici seu Notopterygii Ostericum koreanum, Notopterygium incisum,
Radix et Rhizoma Notopterygium forbesii Korea kP

Eﬁ?ztoanqg Asiasari Radix et Rhizoma  Asiasarum heterotropoides, Asiasarum sieboldii China KP
Centianae Scabrae Radix Gentiana scabra, Gentiana triflora, Gentiana China Kp

et Rhizoma

manshurica

YKHP; Korean Herbal Pharmacopoeia, ?KP; Kor
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FgAES RS AR 25 LEB
s35tsl & 30TColA]

TH U

(Listeria Enrichment Broth) 225 m{ <}

TAoZ #Aslst 7 25¢S FsiA BPW 225 mlol] ¥
2477 sttt AR S v 10 L 5 F A
7} gepie] meeka 18 -24417F Mleksiein). oAlgehe
API test (bioMerieux, Marcy I’Etoile, France), Latex test
(Oxoid Ltd., Basingstoke, Hampshire, England), PCR, 16s

rRNA sequencingS F~85to] 54351t}
6. 2|~H2I0F ¥ tHER? O1572] A 2AM

kg ztEo M glzE|g|o} (Listeria spp.) 2 < 0157
EAARE FRIsH] #1314 BioSign™ Listeria 2 BioSign™
E. coli O157 Kit (Princeton BioMeditech Co., Princeton,
NJ, USA)Z o|&3lt} o]& 7|Ex= 1.7x 10Yml o] A 7
ZxH, 2FFe og AAPHI Bl Al sensitivity= Y3+
91.8%, specificity= B 94.1%, accuracy= Hit 92.7%=
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48717+ Bt MBI, vl 0.1 lE 10 me] FraserHl|A]
o] A7¥sted 35ColA] 24 - 48X 7He<t ThA] vl gslSitt. vl
T kit FE® FAVE ol&ste] wigke 2-3 W (oF
100 1) A th 5- 108 Aleloll 2745 A53igion, &
391 739= vhe] W= (7S] wi=e) AREe] ME)E
E T o, 3489 Aeole e MeEw & & Ak
(Yu et al., 2013).

g 01579] 9ol FeaES 33t AlE 25 g3
Modified E. coli broth with 0.02% NovobiocinS broth
225ml 3} 430] 37ColA 16 -24417F v, kitoll B
| FH71E ol gatod ujde 2 W= (°F 80 by AT Tk
o 5- 102 Atololl A3 #5sisitt. A7) W2 g2H
gote} s3It
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Table 3. Levels of total aerobic bacteria in aerial parts of herbal crop.

Medicinal Samples (log CFU/g) Country Part mean 4+ SD
part Latin name Mean + SD of origin
. Equiseti Herba 6.04 +0.17 China
Aerial part Aloe 3.03 £0.44 Vietnam 4.53 031
Eriobotryae Folium 4.25+0.41 China
Leaf Mori Folium 1.97 +0.09 Korea 34T £0.25
Dolichoris Semen 3.00 + 0.03 China
Arecae Semen 2.36 £ 0.33 Indonesia
Seed Coicis Semen 2.65 +0.52 China 3.30 £0.28
Alpiniae Katsumadai Semen 5.68 £0.25 China
Armeniacae Semen 2.80 + 0.25 China
Eucommiae Cortex 2.90 +0.20 China
Mori Radicis Cortex 4.50 + 0.12 China
Bark Albizziae Cortex 3.56 £ 0.31 China 3.82£0.22
Phellodendri Cortex 4.33+0.23 China
Viticis Fructus 3.64 £0.92 China
Chaenomelis Fructus 3.31+0.17 China
Amomi Fructus Rotundus 7.25+0.25 Indonesia
Amomi Fructus 3.87 £0.44 China
. Corni Fructus 1.77 £0.26 Korea
Fruit Forsythiae Fructus 3.83 £ 0.06 China 4.03£0.32
Arctii Fructus 5.36 £ 0.50 China
Ponciri Fructus Immaturus 2.82+0.14 China
Carthamus tinctorius fruit 2.66 + 0.46 China
Xanthii Fructus 4.38+0.16 China
Fruit peel Citri Unshius Pericarpium 2.69 £0.10 Korea 2.69 £0.10
Spike Prunellae Spica 3.44£0.25 China 3.44+£0.25
Flower Chrysanthmi Flos 2.46 +0.22 China 2.46 £0.22
Stem Ephedrae Herba 4.11+£0.25 China 4.11£0.25
SRtEm and Sinomenii Caulis et Rhizoma 4.37 +0.05 China 4.37 £0.05
izome
Tuber Asparagi Tuber 3.34+0.75 China 3.34+0.75
Houttuyniae Herba 6.65+ 1.19 China
Whole plant Taraxaci Herba 5.17 £0.10 China 5:91+£0.65
Total 3.81.31
1 W DA 2 50 A /1 5 FE Al Auzd 9 g A
F o 52 WY & db AER 80 AgE
1. A2H20| FE|H7 A (Forsythe, 2010; Yu et al., 2011). %‘ﬂiﬁ._& 2 Aol A 2]
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oA ==
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T34
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L
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Z37147F 5 10°-10°CFU/g B2 &84 o 97
vzt A -5 51 A, AL B Q0] T35+ o
T Bt 527-7.10log CFU/g, 53¢ X178, nivd,
3, E, AE, ALY, e FINEHEE B
22x10°-6.0x 10’CFU/ge 2 HI%o] ATt (Yu et dl,
2013). &Aool dAA7EA] Hare iiﬂ**% TE H
HjeHA| o] G BajollA 6.71 log CFU/g 7522 HAEHA

o, el G FE/EF FE 5.6-6.0log CFU/g
Fog2 BIHAY (Park ef al, 2012). o RUE Ho)A
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Table 4. Levels of total aerobic bacteria in subterranean parts of herbal crop.
Medicinal Samples (log CFU/g) Country Part mean + SD
part Latin name Mean + SD of origin
Rhei Undulatai Rhizoma 2.84 £0.21 China
Rhizome Ar?emarrhehae Rhizoma 3.55+0.61 China 995 + 0.43
Alismatis Rhizoma 2.67 £0.51 China
Cyperi Rhizoma 2.73+£0.37 Korea
Euphorbiae Kansui Radix 3.63 +£0.06 China
Sophorae Radix 4.04 £0.11 China
Trichosanthis Radix 3.14 £ 0.01 Korea
Salviae Miltiorrhizae Radix 3.18 £ 0.61 Korea
Angelicae Gigantis Radix 4.11+0.95 Korea
Codonopsis Pilosulae Radix 4.08 £0.16 China
Saposhnikoviae Radix 2.74+£0.14 Korea
Root Cynanchi Wilfordii Radix 2.99 +0.16 Korea 340£0.32
Angelicae Dahuricae Radix 3.18 £0.53 China
Clematidis Radix 449 +0.24 China
Adenophorae Remotiflori Radix 2.92+0.21 China
Rehmanniae Radix 3.12 £ 0.67 Korea
Morindae Radix 3.40 £ 0.38 China
Polygoni Multiflori Radix 2.54 +0.22 Korea
Osterici seu Notopterygii Radix et Rhizoma 4.98 +0.01 Korea
';f\?ztoamng Asiasari Radix et Rhizoma 4.03+0.88 China 4.53+0.42
Gentianae Scabrae Radix et Rhizoma 4.59+0.38 China
Total 3.47.35

oFgAES FoUNEH T
CFU/g W9l (4 3.64+033
o= TEA iAo R e

7.25+0.25914 1.77£0.26 log
log CFU/g)e|lem, o] Hil
A 2AeS LeRhRlth
ofERIZo| EE, AT, BMTTAPR, Aode)
# mgES Ao el ZAE et
NFEs) o Bo] YT Ba dsje] FAS
15502 vtk (Kim er al., 2005). 2%
EAQ M-S i, A, Sk s
, BlEHlEol ToE gt Mol
iAol Eah Hl/dol

rdz}, o é_& %ﬁr 7\;& o] A 7Fsde eRlE 4 9l
el ER e AFAtoltt
(Kim et al., 2008; Forsythe, 2010; Yu et al, 2011).
PAZGT A7 Abdelgte HIE Fall &4
Jer=z 207 Jgol; AAFLIE Tl & Hupd F
on, drdae A5 7Pt S3k dAddeR HE AE
o] T7HEAL Stk S=ellME HE Aol HIRE AT
= AR S7EAl o, rlsdls Ao o
SHE AaolM drde, i 0157, gzHEol, o]t

>

o)

= A}
A =2
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ol AEHAY AF5S e Al Baso] Sl
(Choi et al., 2005). WEHA 2 AAF LR AF5E Uo7
= WY mAdEe 29 FAFel dg vt Sk
Aowm Artag g A Agola wate

o] 2L 714
°of dnpar LA

Slt}h (Koseki and Isobe, 2005). ©]=t
FDA°IA+= GAP (Good Agricultural Practices)S 53t 7|

v, =2}, =gk & Aol o277 mAEe] WAk d o
< Fal =getar don, sujdMe okg2HE Qb i
9 FAAEE A Oﬂ%i Tk okgzFEe] AEA 5
84 B #AgE A37F FAEEL 9ot ofF At mH]
gk A7goltt (Hong et al., 2012).

SFEAME oA AANZA] Bt o st AfuleA o]
7 EPEM]H 4.13 log CFU/g, Si5<] JFANA g+
2 24-26log CFU/g 5502 RyE vl 9o, A

2h, SN, g2 olet e falMlES HEEA
AT (Park et al., 2012). o ZAlA A== gl
3= selective enrichment broth®} selective agar®l] B
% PCR, 16s rRNA sequencing®-2 #2139 o) thd<t,
W, S AT, ARl A ER] ekt

3. 2I2HI2I0F & &R 0157 2448
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Table 5. Result for the detection of S. aureus, Salmonella spp., E. coli and Coliforms form aerial parts of herbal crop.

Medicinal Samples S. Salmonella E. . Coliforms E. coli Listeria
part aureus spp- coli O157 spp.
Aerial Equiseti Herba ND" ND ND ND ND ND
erial part
Aloe ND ND ND ND ND ND
Leaf Eriobotryae Folium ND ND ND ND ND ND
Mori Folium ND ND ND ND ND ND
Dolichoris Semen ND ND ND ND ND ND
Arecae Semen ND ND ND ND ND ND
Seed Coicis Semen ND ND ND ND ND ND
Alpiniae Katsumadai Semen ND ND ND ND ND ND
Armeniacae Semen ND ND ND ND ND ND
Eucommiae Cortex ND ND ND ND ND ND
Bark Mori Radicis Cortex ND ND ND ND ND ND
Albizziae Cortex ND ND ND ND ND ND
Phellodendri Cortex ND ND ND ND ND ND
Viticis Fructus ND ND ND ND ND ND
Chaenomelis Fructus ND ND ND ND ND ND
Amomi Fructus Rotundus ND ND ND ND ND ND
Amomi Fructus ND ND ND ND ND ND
Fruit Corni Fructus ND ND ND ND ND ND
Forsythiae Fructus ND ND ND ND ND ND
Arctii Fructus ND ND ND ND ND ND
Ponciri Fructus Immaturus ND ND ND ND ND ND
Carthamus tinctorius fruit ND ND ND ND ND ND
Xanthii Fructus ND ND ND ND ND ND
Fruit peel Citri Unshius Pericarpium ND ND ND ND ND ND
Spike Prunellae Spica ND ND ND ND ND ND
Flower Chrysanthmi Flos ND ND ND ND ND ND
Stem Ephedrae Herba ND ND ND ND ND ND
Stemand i enii Caulis et Rhizoma ND ND ND ND ND ND
Rhizome
Tuber Asparagi Tuber ND ND ND ND ND ND
Whole plant Houttuyniae Herba ND ND ND ND ND ND
Taraxaci Herba ND ND ND ND ND ND
Total (%) 0 0 0 0 0 0
ND; Not Detected.
giHgjols EYolu S0l &8 HHE Ass 9 2 JE
wolH, i+ 0157 10 Axe] #o=2% 3 49 n)=re] gt ¢ 71E ASE A dAgA] FARE| ogh
dorim Wi A wiE B RS 7l o8] o 255 ARZE 7P B ZleR HiEoe] ot (Yu er dl,
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Table 6. Result for the detection of S. aureus, Salmonella spp., E. coli and Coliforms form subterranean parts of herbal crop.

Medicinal Samples S. Salmonella E. . Coliforms E. coli Listeria
part aureus spp- coli O157 spp.
Rhei Undulatai Rhizoma ND" ND ND ND ND ND
Rhizome Anemarrhenae Rhizoma ND ND ND ND ND ND
Alismatis Rhizoma ND ND ND ND ND ND
Cyperi Rhizoma ND ND ND ND ND ND
Euphorbiae Kansui Radix ND ND ND ND ND ND
Sophorae Radix ND ND ND ND ND ND
Trichosanthis Radix ND ND ND ND ND ND
Salviae Miltiorrhizae Radix ND ND ND ND ND ND
Angelicae Gigantis Radix ND ND ND ND ND ND
Codonopsis Pilosulae Radix ND ND ND ND ND ND
Root Saposhnikoviae Radix ND ND ND ND ND ND
Cynanchi Wilfordii Radix ND ND ND ND ND ND
Angelicae Dahuricae Radix ND ND ND ND ND ND
Clematidis Radix ND ND ND ND ND ND
Adenophorae Remotiflori Radix ND ND ND ND ND ND
Rehmanniae Radix ND ND ND ND ND ND
Morindae Radix ND ND ND ND ND ND
Polygoni Multiflori Radix ND ND ND ND ND ND
Osterici seu Notopterygii Radix et Rhizoma ~ ND ND ND ND ND ND
Eﬁgoanqg Asiasari Radix et Rhizoma ND ND ND ND ND ND
GCentianae Scabrae Radix et Rhizoma ND ND ND ND ND ND
Total (%) 0 0 0 0 0 0
ND; Not Detected.
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