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Abstract

In recent years, consumers have become more interested in convenient lifestyles, leading to increased use of salted
cabbages for preparation of kimchi. This study aimed to investigate the safety of heavy metals, pesticide residues, and
foodborne pathogens in commercial salted cabbages in Seoul from August to November, 2014. The survey, which was
conducted to determine whether or not salted cabbages were prepared under the highest sanitary conditions, showed that
Seoulites are interested in purchasing hygienic and safe salted cabbages. The average amounts (range) of Pb and Cd found
in 30 salted cabbage samples were 0.007 (0.000~0.063) mg/kg and 0.004 (0.000~0.012) mg/kg, respectively. The
cabbages were analyzed for residues from 285 types of pesticides using the multiresidue method. Residues for pesticides
were not detected. Major foodborne pathogens, specifically Escherichia coli, Salmonella spp., Listeria monocytogenes,
Campylobacter jejuni, Staphylococcus aureus, Vibrio parahaemolyticus, Enterohemorrhagic Escherichia coli, Bacillus
cereus, Clostridium perfringens and Norovirus, were also not detected.
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<Table 1> Operating conditions and data acquisition parameters

for ICP-MS
Parameter Operating condition
R.F. power 1,500 W
Argon gas flow rate
Plasma 15.0 L/min
Auxiliary 0.27 L/min
Carrier 0.85 L/min
He gas flow rate 3.0 L/min
Interface cones Platinum
Acquisiton parameters Quantitative
Points/mass 3
Integration time/mass 0.1s
Total acquisition time/replicate 7.28 s
Replicate 3
Total acquisition time/sample 21.84 sec
Pb/Mass 208
Cd/Mass 112
3. 525 =4
NEE AFTE AR & a5 Al vt |,
7I=E 42 3t 259 == Water Purification System

(Milli-Q, Millipore, USA)S ©]&3l] 182 MQ o=
A5t AM8-3199.2H, PTFE (polytetrafluoroethylene) Vessel
& 1% (viv) A2t 24X7F RAS § 2R A5
AHg3ItE. A5 EAK(Electronic grade, Dong Woo Fine
Chem., Korea)s A3}, Microwave Digestion System
(MARS 5 Version 194A01, CEM, USA)S o] &3lo] 3
3l Octopole Reaction System©] -2 Inductively
Coupled Plasma-Mass Spectrometer (7500, Agilent, Japan)
£ ARESlo] <Table 1> 22 o2 #A8I91
LN JCP-MSE Multi-element standard (Agilent, USA)E
5% Aibol] FAste] ARgatdth. EFEUAFEZ Q! Peach
Leaves (NIST CRM1547)2 o|-&3l] |, 7t=§2 358
& A I A= <Table 2>} 2t}
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<Table 2> Recovery rate of element in certified reference materials (CRMs)
Certified Measured Recovery cVvY LOD" LOQ
Elements" ) .
Mean+SD? Mean+SD (o) (%0) (ngke) (ne/ke)
Pb (mg/kg) 0.87+0.03 0.79+0.02 90.8 6.3 0.036 0.108
Cd (mg/kg) 0.026+0.003 0.025+0.001 97.3 4.0 0.020 0.064

DThe CRM’s of Pb and Cd was NIST 1547 (Peach leaves)

PMean values obtained from three measurements using a closed vessel microwave digestion

ICoefficient of variation=(Standard deviation/Mean value)x100 (n=3)
YLimit of detection (LOD)=3.3xc/S, Limit of quantitation (LOQ)=10xc/S
(o: the mean standard deviation, S: the individual slope)
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<Table 3> List of target pesticides

Classification

Pesticide

Acrinathrin, Aldrin, Asulam, Azinphos-Methyl, BHC, Bifenthrin, Binapacryl, Bromacil, Bromopropylate, Bromoxynil,
Butafenacil, Captafol, Captan, Carbophenothion, Chinomethionat, Chlordane, Chloridazon, Chlorobenzilate, Chlorothalonil,
Chlorpyrifos, Chlorpyrifos-methyl, Chlorthal-dimethyl, Clomeprop, Cyanazine, Cycloprothrin, Cyflufenamid, Cyfluthrin,
Cyhalothrin, Cypermethrin, DDT, Deltamethrin, Diazinon, Dichlofluanid, Dicloran, Dicofol, Dieldrin, Diflufenican,
Dimepiperate, Dimethachlor, Dimethoate, Diniconazole, Dithiopyr, Edifenphos, Endosulfan, Endrin, EPN, Esprocarb, Ethion,
Ethoprophos, Etrimfos, Fenamidone, Fenarimol, Fenbuconazole, Fenitrothion, Fenoxanil, Fenpropathrin, Fenthion, Fenvalerate,

GC-UECD  Flonicamid, Fluazinam, Flumiclorac-pentyl, Flisulfamide, Fluthiacet-methyl, Flutolanil, Fluvalinate, Folpet, Fthalide, Heptachlor

(130) epoxide, Heptachlor, Hexachlorobenzene, Imazalil, Indanofan, Indoxacarb, Iprodione, Iprovalicarb, Lactofen, Malathion,

Mecarbam, Mefenacet, Mefenpyr-diethyl, Methidathion, Methoxychlor, Metrafenone, Myclobutanil, Nitrapyrin, Nitrothal-
isopropyl, Nonachlor, Nuarimol, Ofurace, Oxadixyl, Paclobutrazol, Parathion, Parathion-Methyl, Penconazole, Pendimethalin,
Permethrin, Phenthoate, Phosalone, Phosmet, Phosphamidone, Picolinafen, Picoxystrobin, Probenazole, Prochloraz,
Procymidone, Profenofos, Propisochlor, Propyzamide, Pyrazophos, Pyridalyl, Pyrimidifen, Quintozene, TCMTB, Tebupirimfos,
Tefluthrin, Terbutylazine, Tetradifon, Thiazopyr, Thifluzamide, Thiometon, Tolclofos-methyl, Tolyfluanid, Tralomethrin,
Triadimefon, Triflumizole, Triflumuron, Uniconazole, Vernolate, Vinclozoline, Zoxamide

Ametryn, Anilofos, Atraine, Azaconazole, Azinphos-ethyl, Bromobutide, Bromophos-methyl, Bupirimate, Cadusafos,
Chlorfenapyr, Cyanophos, Cyproconazole, Cyprodinil, Dichlorvos, Dicrotophos, Diethofencarb, Dimethenamid,

Dimethylvinphos, Diphenamid, Diphenylamine, Etoxazole, Fenazaquin, Fenobucarb, Fenothiocarb, Fenoxycarb, Fipronil,

GC(éI;)PD Fludioxonil, Flupyrazofos, Flusilazole, Fonofos, Fosthiazate, Furathiocarb, Iprobenfos, Isazofos, Isofenphos, Isofenphos-methyl,
Isoprothiolane, Isoxathion, Kresoxim-methyl, Mepronil, Metconazole, Molinate, Oxydemeton-methyl, Piperophos, Pirimicarb,
Pirimiphos-ethyl, Pirimiphos-methyl, Propazine, Prothiofos, Pyraclofos, Pyridaben, Pyriminobac-methyl, Quinalphos,
Simeconazole, Sulprofos, Tebufenpyrad, Terbufos, Tetracglorvinphos, Tolfenpyrad, Triazophos, Tribuphos, Triticonazole

GC-MSD . . . . .

®) Allidochlor, Cinmethylin, Cycloate, Diallate, Pebulate, Propachlor, Propham, Pyrifenox
Acetamiprid, Amisulbrom, Azafenidin, Azamethiphos, Azoxystrobin, Bensulide, Benzoximate, Boscalid, Chlorantraniliprole,
Chlorimuron-ethyl, Chlorobenzuron, Chlorotoluron, Chromafenozide, Cinosulfuron, Clothianidin, Cyazofamid, Cyhalofop-butyl,
Cymozanil, Dimethomorph, Ethaboxam, Ethametsulfuron-methyl, Fenhexamid, Fenpyroximate, Ferimzone, Fluacrypyrim,
Flubendiamide, Flufenacet, Flufenoxuron, Flumioxazine, Fluquinconazole, Fluridone, Forchlorfenuron, Hexaflumuron,
HPLC-DAD . . . . .
(70) Imazamox, Imazapic, Imazaquin, Imazethapyr, Imibenconazole, Isoproturon, Lufenuron, Mepanipyrim, Metamifop,

Methabenzthiazuron, Methoxyfenozide, Nitenpyram, Novaluron, Oxaziclomefon, Pentoxazone, Phenmedipham, Pyraclostrobin,

Pyrazolate, Pyribenzoxim, Pyributicarb, Pyridate, Pyrimethanil, Pyriproxyfen, Pyroquilon, Quinoclamine, Rimsulfuron,
Spirodiclofen, Tebufenozide, Teflubenzuron, Thenychlor, Thiacloprid, Thiamethoxam, Tiadinil, Tribenuron-methyl, Tricyclazole,

Trifloxystrobin, XMC

HPLC-FLD Aldicarb, Bendiocarb, Butocarboxim, Carbaryl, Carbofuran, Ethiofencarb, Isoprocarb, Methiocarb, Methomyl, Metolcarb,

(15) Oxamyl, Promecarb, Propoxur, Thiodicarb, Trimethacerb

F AFE B UEFHREAY A2HE ol
sttt 59 EFEZ-2 Dr Ehrensforfer GmbH (Augsburg,
Germany), Chem service (West Chester, USA), Sigma-
Aldrich (St. Louis, USA), Honeywell (Wunstorfer, Germany)
S AHEetR o FE8E oMHEYELJT & Bakers,
U.S.A), BAGl= oFHE3} F4HKanto Chemical, Japan)
< ARESIsiTh. BAS A F2(SPE) 7EERIX]= Florisil
Cartridge 1 GM (Agilent Technologies, USA)S AF&-3}
©m™ SUPELCO VISIPREP™ vacuum manifold (Sigma-
Aldrich, USA)E ©]&3ato] FAlo o8 A 855 AASkiTh
1217171 GC-uECD (HP 6890, Agilent, USA), GC-NPD
(HP 7890, Agilent, USA), GC-MSD (HP 5973, Agilent,
USA), HPLC-DAD (1100, Agilent, USA), HPLC-FLD
(2695, Waters, USA)E Al&-3lo] <Table 3>3} 7ol 285%

& BAFGon, BHZAL <Table 4, 559 7).
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Biosystems, USAYE AF8-3131.01, 2Z2jo|ui= <Table 7>} Tt
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<Table 4> Analytical conditions of GC-uECD, GC-NPD and GC-MSD

Instrument GC-uECD GC-NPD GC-MSD
DB-1701 DB-1701
Col (30 mx0.32 mmx0.25 pm) (30 mx0.32 mmx0.25 pm) HP-5MS
oumn DB-5 DB-5 (30 mx0.32 mmx0.25 pm)
(30 mx0.32 mmx0.25 pum) (30 mx0.32 mmx0.25 pm)
N, (1.4 mL/min)
Gas flow N, (1.2 mL/min) Air (120 mL/min) He (1 mL/min)

Injection temperature 230°C

Detector temperature

0,
(Interface temperature) 80°C

150°C (1 min)—>12°C/min—
240°C (2 min)—>10°C/min—
280°C (13.5 min)

Oven temperature

H, (3 mL/min)

210°C 230°C

325°C (280°C)

110°C (1 min)—>15°C/min—

200°C (8 min)—10°C/min—
260°C (8 min)

100°C (2 min)—>10°C/min—
320°C (5 min)

<Table 5> Analytical conditions of HPLC-FLD and HPLC-DAD

Instrument HPLC-FLD HPLC-DAD
Column Waters Carbamate analysis Zobax Eclipse XDB-C-18
(5.0 pmx3.9x150 mm) (5.0 pmx4.6x150 mm)
Detector Scanning fluorescence detector Diode array detector
Wavelength 340, 445 nm 200, 254 nm
Flow rate 0.8 mL/min 1.0 mL/min
Injection volume 1.0 L 1.0 pL
. A: Acetonitrile A: Acetonitrile
Mobile phase B: Methanol B: Water
Time (min) A (%) B (%) Time (min) A (%) B (%)
0 30 70 0 27 73
2 40 60 3 36 64
4 50 50 8 90 10
Gradient program 5 60 40 12 90 10
6 70 30 14 67.5 325
10 70 30 15 45 55
13 50 5 16 27 73
15 30 70
m, Az g 1 AU o) ol f7 AR AT 5 Q7] WEA7} 7}
A B9k, 7 R0 R Qe Wi, i Y Fl]

>.
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<Table 6> Enrichment media, Isolation media and Identification methods corresponding to pathogens

Pathogen Enrichment media

Isolation media Identification methods

E. coli EC Medium (Difco)

Peptone water (Bacto)
Rappaport vassiliadis broth (Difco)

UVM-modified Listeria enrichment broth (Difco)
Fraser Listeria enrichment broth (Difco)

Salmonella spp.

L. monocytogenes

C. jejuni Bolton broth (Oxoid)

EMB agar (BBL)

XLD agar (Oxoid)

Oxford agar (Oxoid)

Modified campy blood free agar

API 20E (Biomerieux), VITEK

API 20E (Biomerieux), VITEK

API Lis (Biomerieux), VITEK

API campy (Biomerieux), VITEK

S. aureus

V. parahaemolyticus
EHEC

B. cereus

C. perfringens

10% TSB (Bacto)
Alkaline peptone water (Bacto)
mTSB (Oxoid)

Cooked meat medium (Difco)

(Oxoid)

Baird-Parker agar (Difco)
TCBS agar (Difco)
BCIG agar (Oxoid)
MYP agar (Oxoid)

TSC agar (Difco)

API Staph (Biomerieux), VITEK
API 20E (Biomerieux), VITEK
API 20E (Biomerieux), VITEK
API 50CH (Biomerieux), VITEK
API 20E (Biomerieux), VITEK

<Table 7> Norovirus PCR Primer Sequencing

Genogroup Primer Sequence (5'—>3") Application
GI-FIM CTG CCC GAA TTY GTA AAT GAT GAT One-step RT PCR
I GI-RIM CCA ACC CAR CCA TTR TAC ATY TG One-step RT PCR/Semi-nested PCR/Sequencing
GI-F2 ATG ATG ATG GCG TCT AAG GAC GC Semi-nested PCR/Sequencing
GII-FIM GGG AGG GCG ATC GCA ATC T One-step RT PCR
I GII-RIM CCR CCI GCA TRI CCR TTR TAC AT One-step RT PCR/Semi-nested PCR/Sequencing
GII-F3M TTG TGA ATG AAG ATG GCG TCG ART Semi-nested PCR/Sequencing

<Table 8> Purchase location in salted cabbage

Purchase location No. of choice (%) it
Producing district 15 (34)
Nonghyup/Hanaro club 10 (23) 2. 255
Major supermarket 10 (23) &= 3
Internet 6 (14) 220 g
= IR )
Traditional market 24 _
+ g _ﬁ_a
Coner shop 1 =
=99
DMultiple selection = -
o xS

A A, 2vAEe] 87E

FTEA7I7] flsiMe daE

Ni

I
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UeRlltk<Table 9>. o]+
Fol #4871E T ¢ 03 mgkg, 7
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[ rs

1 J

Misgiving about
hygienic conditions
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Lack of manufactured
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Low quality Et cetera
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<Figure 1> Dissatisfaction factor in salted cabbages
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<Table 9> Concentration of heavy metals in salted cabbages

Elements Min Max Mean SD
Pb (mg/kg) ND" 0.063 0.007 0.015
Cd (mghkg)  ND 0.012 0.004 0.004

PND: not detected

<Table 10> The prevalence of foodborne pathogens in salted

cabbages
. Result No. of
Test bacteria (CFU/g) detection
Escherichia coli NDV 0
Salmonella spp. ND 0
Listeria monocytogenes ND 0
Campylobacter jejuni ND 0
Staphylococcus aureus ND 0
Vibrio parahaemolyticus ND 0
EHEC ND 0
Bacillus cereus 0 0
Clostridium perfringens 0 0
Norovirus ND 0

DND: not detected

Y F590 sl FAITIE 2855 (HFA 1365, A=A

57, A 87F, Ae A 2HA 55)0] BRERE &

AduiFe] AT A7FE ®7] 9181 Escherichia col,
Salmonella spp., Listeria monocytogenes, Campylobacter
Jejuni, Staphylococcus aureus, Vibrio parahaemolyticus,
Enterohemorrhagic Escherichia coli, Bacillus cereus, Clostridium
perfringens$t 2 T8 ASEwd ALH AT T
T2 9212l Noroviruse] 2.9 AHE A% 2 45,
BT ASEHA ot s o R g5k 4945 UERN
T<Table 10>, o]= A5 A5 % 7HKim et al.
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Salmonella spp., Listeria monocytogenes, Campylobacter

m
il

i
32

Jejuni, Staphylococcus aureus, Vibrio parahaemolyticus,

Enterohemorrhagic  Escherichia  coli, Bacillus  cereus,

Clostridium perfiringens, Norovirus 25 FHE %A ¢o} <t
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