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Dimethylamine (DMA), nitrate, nitrite, and biogenic amines (BA) are precursors of carcinogenic N-

nitrosamines. This study investigated contamination levels of DMA, nitrate, nitrite, and BA in various types of Korean
commercial kimchi such as Baechu kimchi, Kkakduki, Chonggak kimchi, Matkimchi, ripened Baechu kimchi, and
Baek kimchi. The average DMA, nitrate, and nitrite levels in Baechu kimchi were 29.7, 2,178.8, and 3.0 mg/kg,
respectively. Low levels of DMA and nitrate were detected in Kkakduki. Tryptamine, putrescine, cadaverine, tyramine,
and spermidine were detected in kimchi with exclusion of Baek kimchi and Chonggak kimchi. Tryptamine in Baek
kimchi was only present in trace amount, and spermidine was not detected in Chonggak kimchi. The average tryptamine,
putrescine, cadaverine, tyramine, and spermidine levels in Baechu kimchi were 15.0, 64.6, 18.0, 44.0, and 7.8 mg/kg,
respectively. A low level of tyramine was detected in Kkakduki. In addition, contamination of N-nitrosodimethylamine
(NDMA) was detected in Kkakduki at a level of 1.38 pg/kg. Daily exposure to NDMA in the consumer only group
was estimated using average daily Kkakduki consumption and average body weight of the total population. The estimated
daily intake of NDMA by Kkakduki was 2.31 X 10" mg/kg b.w./d. The margin of exposure to NDMA for the general
population was 259,924, Accordingly, the health risk from NDMA caused by intake of Kkakduki was considered

to be very low.
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tric, Seoul, Korea)Z Zo} #&3slgt & 23S 9 21|82
ARl ZH 7= UEZAN &% HU7HE 98 571
g Tyt F 1072 2HF7] Ul NDMA g8 481t
DMA EA

Ao ¥ DMA %2 Dyer®t Mounsey(12)9]
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copper—dithiocarbamate ¥ S $&3F Gou 5(13)2] W
How SA3sr AEstE suAk AAE 94 (Hanil
Electric)® Zo} #d3kg A% 25 goll H4~8°C) 7.5%
trichloroacetic acid(TCA, Sigma-Aldrich Co., St. Louis,
MO, USA) €945 50 mL B3 o}, vortex mixer(VM-
10, Daihan Scientific Co., Wonju, Korea)2 3%7F A 3]
&3 & Shakers(SHO-1D, Daihan Scientific Co.,
Seoul, Korea)Z 307t ¥ & (shaking) sttt ¢ &2
(3,000%g, 15 min, 4°C) 3} ¥ A5 A2 1 M NaOHE
o] &3] pH 7.08.8 B3, HE A& 33 /T2
60 mL= &% § DMA 5785 918 A 8= AHE3I3IT
AR =5 (5~125 mg/mL) DMA(Sigma-Aldrich Co.) %%
|AqE A5 6”71] TH g AR HEE 43”%"" 2 mL¢}
chloroformell =<1 5% CS; 5 mLE 4] ¥ 40% NaOH<}
NH,OH &9 0.2 mL, copper-ammonia reagent 1 mL 1
213l 30% acetic acid 1 mLE B th3 A AT} 25°CellA
1087 WA 3k 3 chloroform 5<% #3d}al 0.2 g anhy-
drous sodium sulphate(Junsei Chemical Co., Ltd., Tokyo,
Korea)& tlgh th3 440 nmolX F3 =5 433t

AA Ul old At (nitrite) 42 Seo 5(14)9] nitrite
assays WA HE AESed A A 20 g
o TF 25 mLE Yil vortex mixer(Daihan Scientific
Co)E o]&3te] 103t Ad3] 2gg & of 3o £4&
Az 2 ARSI TH A9 NOp % 100 pL 2418 Al
29 %9 100 pL Griess reagent[A : B=1:1, A: 0.1%
N-1-naphthyl ethylenediamine dihydrochloride(Sigma-
Aldrich Co.) in Hz0, B: 1% sulfanilamide(Sigma-Aldrich
Co.) in 5% HsPO41& & &3Sl H& A3t Je =
Aol 1087F HA 7 F 540 nmelld EHFEE SHES

S

=

A W Aot (nitrate) FF S5 93 #2ASHE A=
2.5 g9l TFF 22.5 mLE ¥o] vortex mixer(Daihan
Scientific Co.)Z 33t 24493 1gs & ShakerS(Dalhan
Scientific Co.)® 30%-7F 5 (shaking)s}Ht}. 1o}L- 6

#7F 95~100°Cel Al F8ste] 213 F 15% K4(Fe(CN)6)
0.5 mL9 2 M ZnSO; 1 mLE F7}gh v ol x}a}gich
oJytel Alg £ 0.4 mL, EF4HHSO, - H3POs=1:1) 3
mL 283 0.12% 2,6-dimethylphenol-acetic acid 0.4
mLE E33 T 324 nmoll A FHEE FA3STH15,16).

Biogenic amine 244
Biogenic amine X3¢l putrescine, spermidine, tyra—
mine, histamine, tryptamine, cadaverine(Sigma-Aldrich

Co.)& 0.1 N g4k 5] 1 mg/mL7F §A ek WiE
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el 1,7-vo}n| =3 e (diaminoheptane) X+¥ES 4
3] 2ol 0.1 N g4t =] 100 mg/mL FE2 1|5
. 72 9] biogenic amine?] A& ¢ A A= Yang
TN HHEE o ®ASGlh 2k AA 5 goll 0.1 N
HCI 156 mL& 7}ste] #2355 93] vortex 33l 30+
7F shaking 3 & Y41%2(4,000X g, 4°C, 15 min) 3} ).
e Ne Fstal 23] WEste] A Hs ®ogrt 0.1 N HCI
2 25 mLE A& FEEH o= ALEETh FEE
1.75 mLE #H3t WH 282 (1,7-diaminoheptane, 100
mg/L) 0.25 mL¢} E3}EAFIEF(46 ¢/100 mL) 0.5 mL,
1% dansyl chloride o}Al&E 89 0.8 mLE 7|8} &313)
At E3HEHL 45°CoAA 1A F=AE A F 10%
proline §9 0.5 mLE 7}3to] 2] <] dansyl chloride&
A AL, ethyl ether 5 mLE 7}8to] H ek 5 Ao AS
95l AAaFE tH(18). ¥ AT AL&3 FFEEC
T8I % ANE9t TdsA A3t Acetonitrile
0.35 mLZ A-&3F 5 0.45 pm syringe filter2 ] 3}-3}¢]
AlggHoz AMRaG L, 7784 27 Table 13 2

ct.

e H{N

NDMA £

AX 2] NDMA #4]2 A F o) kxbd A AqdEo] A}
&3 Jo 5(19)9 AdA T HHE AHEsvh & w2 se
A2 10 g& AU3] Do} 50 mL Agdol] Y WEEFE
A2 N-nitrosodipropylamine(NDPA, 1 pg/mL; Chem
Service Inc., West Chester, PA, USA) 1 mL¢} 0.1 N
NaOH(Waco, Osaka, Japan) 10 mLE ¥ ¢] vortex mix-
er(Daihan Scientific Co.)E& ©] &3} 31t X313l
olol] EXtrelut® NT(Merck, Darmstadt, Germany) 12 g<
Y31 t}A] vortex mixer(Daihan Scientific Co.)E& ©]&-3}
o 1%3F X7g & Z2ur|E o] g3t frel ZHTNA
3.0 cm, 4o] 30 cm)ell ¥ FriE & gtk 853

EAE TS 5 S Wl 250 mL FAbe Fekaas

Table 1. Operating conditions of HPLC for biogenic amines
analysis

Items Conditions
Instrument HPLC-Waters 2695
Column CapcellPak C;3 Column,

250 mX4.6 mm (ID)

Detector UV, 254 nm

Flow rate 1.0 mL/mim

Column temp. 40°C

Mobile phase A: water, B: acetonitrile

Gradient condition A : B=45:55, 0~7 min
A :B=35:65, 7~11 min
A :B=28:72, 11~15 min
A :B=25:75, 15~20 min
A :B=10:90, 20~28 min
A :B=0:100, 28 ~32 min
A : B=45:55, 30 min over

Injection volume 10 pL

=11 dichloromethane(Merck)¥ n-hexane(Thermo Fish-
er, Waltham, MA, USA)¢] 70:30(v/v) €3 10 mL=
Aldd, e B 2] @ ARaEs 23] Ao FH
Sz Ylth AlESiA dichloromethane : hexane
(70:30, v/v) & 40 mLE A8 YEZAIWS 853}
I 3 HHESE & oju] 92 32 250 mL Tvbe
Eot~a = wrol ek vhg 30°C FEACA 3~4 mL7}
HEE 3 Hd7¢E5%71(N-1000, EYELA, Tokyo, Japan)

AA AL v Sep-pak florisil cartridge(Waters,
Milford, MA, USA)°l 6 mL hexanes 37|22 &4
BA1 7 3L, B4 3}E Sep-pak florisil cartridgeel 9 &
NG W3 T ATE hexane 1 mLA 33] Ho] 4& A
t}A] Sep-pak florisil cartridge®l] EIAFHt} I 3 hex—
ane 3 mLE ¥ A Ao 5% BE hexane H#
t}. o]o{A] dichloromethane : hexane(95:5, v/v) &3l
6 mLE &%3}9 Kuderna-Danish 7] Hto} AALE &
A 7IHEA AgE] 1 mLE 53 F 0.22 pm filter
(Millipore, Bedford, MA, USA)Z ]33}t t}S 48 A
T2 ALEE Y B8 AlaE GC-MS/MS®E #4819 1
717] ®2%7-& Table 29 ZtH(18).

o o
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Table 2. Operating conditions of GC/MS/MS for N-nitrosamine
analysis

Sample Conditions
Column DB-wax (30 mx<0.25 mm LD.,
0.1 um df)
Flow rate He, 2.0 mL/min
Inlet temp. 220°C
Inj. vol. 2 uL
Oven 50°C (1 min, hold)—20°C/min—120°C—
5°C/min—180°C (4 min, hold)—
25°C/min—220°C (5 min, hold)
Delay time 15 min
Transfer line 240°C
temp.
Source temp. 150°C




(

]

m

¥ o) ™3k BMDLo(benchmark does lower con-—
fidence limit) 0.06 mg/kg b.w./d& A Z A=3Fa A4k
A& o5 2o 2).

BMDL10(0.06 mg/kg b.w./d)?
g 19 A =EH(mg/kg b.w./d)

MOEY = 2)

margin of exposure, MOE): 3 54&
A= AX7t gl 45 A& E 4
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% A ET3Ee) 87H(19,20)

SH A2

7F A2 33 o) wHE(Z 9 n=3~14) A3 A7}
o ti3te] ¢ (mean)+ 3 X (standard deviation, SD)
2 BAS AL, At F H 9] 2be]i= one-way ANOVA
=2 7oA S 392138t & Duncan’s multiple range testE ©]

S35t AL HAsoH /X0.05 ol frel el o R
= A=y mE B4 £4 2 SPSS(statistical pack-
age for the social science) version 12.0 21 3(SPSS
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Table 4. Levels of nitrate in kimchi

] & NDMA 2 = A+4242

A 247

M

Table 3. Levels of dimethylamine (DMA) in kimchi

DMA (mg/kg)

Kimchi type No. of R
1 ange
samples (Min~ Max) Average

Baechu kimchi 14 123~425  29.7+8.8""
Kkakduki 5 10.1~16.9  13.742.9°
Chonggak kimchi 3 150~17.6  16.4+1.3"
Matkimchi 4 247~355  31.0+4.8°
Ripened Baechu 4 153~344 233485

kimchi
Baek kimchi 3 11.6~422  26.9+153%

"The values are expressed as the mean+SD (n=3 ~14), and the
mean with different letters are significantly different from each
other (P<0.05), as determined by Duncan’s multiple range test.

o ARg-star Qdvk. Aol S olvlF= DMA, trime-
thylamine(TMA), biogenic amines®. = oJAES UYER
Able] A=A 2 A vh4). Kang 5(21)9] KLl
oatH x| RAZZ ALS Wol ALEFF 1A o
DMA $2 % NDMA gaFo] 2718152, webd 74 v
NDMA 3 17}4 T8 €1l X*Zioﬂ g€ DMA 5

o]
2 ?EPBL% 177—.‘71:‘?](3 104.7 mg/kg)ﬂ =4 A
2), 1(1 435.6 mg/kg), B4 #1(2,129.3

mg/kg), WA X](2,248.5 mg/kg)
257 e FAUA, BLAA

T3 WAX R foA o AA il It Table
4). obA S S AR T/ 7ol §994 Abol= glla
RE AX S oAk d&e] 0.5~5.4 mg/kg uﬁ?ﬁu}
(Table 5).

g2 A% 3 V]Ee] AR IA Fn FHAT
(EW<! P_Z\.EE]O}, W7o, dnka, %%E, 5d, 1
2#Ql FolA= ¢ < A4
ste] Algstal itk 2~ E]O}oﬂ’ﬂ —rv4 7‘”}3 -871%
2 A& F 4,500 ppm, 9& ¥ 3,500 ppme]i, vjF=
2,500 ppme]tH10). & A5 A= wFE FARE st
T W FA A, A, F23 A 2 WA A6 g8 A4t
Aol e 2,500 ppmBE T} G, A= T

91 3,500 ppm E=+ 4,500 ppmH.t} Sk} F7F 2
A 27719 AR o] W AL AR

[

Nitrate (mg/kg)

Kimchi type No. of samples

Range (Min~ Max)

Average

Baechu kimchi 14
Kkakduki 5
Chonggak kimchi 3
Matkimchi 4
Ripened Baechu kimchi 4
Baek kimchi 3

2,178.8+564.8""
1,435.6+108.2°
3,104.7+1078.6"
2,129.3+£185.5™
2,446.7£287.8"
2,248.5+409.6°

1,324.3~3,294.1
1,266.0 ~1,552.2
1,875.7~3,894.1
1,887.5~2,332.5
2,177.2~2,766.9
1,839.0~2,658.1

UThe values are expressed as the meantSD (n=3~14), and the mean with different letters are significantly different from each

other (P<0.05), as determined by Duncan’s multiple range test.
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Table 5. Levels of nitrite in kimchi

Nitrite (mg/kg)

Kimchi type No. of Range
1
samples (Min ~ Max) Average

Baechu kimchi 14 0.7~5.4 3.0£1.6™"
Kkakduki 5 0.8~54 3.0+1.7
Chonggak kimchi 3 1.5~5.2 2.7+2.1
Matkimchi 4 14~2.1 1.7+£0.3
Ripened Baechu 4 1.0~3.5 2.2+1.1

kimchi
Baek kimchi 3 0.5~2.7 1.6£1.1

UNS: not significant.

ol Amor dof A E7E A Y A §
ol 1L Ao A Fitdo] Wol AAENY] Witelet A7t
fr) AZA 2R AAUER] 19 A28 &2k (ac-
ceptable daily intake, ADI)2 3.7 mg/kg A5 2 2(22),
A& 55 kg HHAE 7H Abgro]l AV EES AEH7HE
2 203.5 mg oJstE Wi A Q5o E o FdFS T
A et 2005 BAFAIMER 5% AR A3
719] A 191 1Y A AFFelA w529 1 1‘:"
AF %S 90.3 g/dolth. kA Fuiat w53 X 9

2 ke 2,178.8 mg/kgol L HA(90.3 g)& 3}

B
= F A

s ANl B 1967 mgol 2 ANHEF A3
|

3

v
(

Mo o@ my N g

t:;j =]
A
TVE 7]F o2 o)lE &S H|ulslH 55 kg A V&=
UEF ADIO 0.978jo] 22 HA A F sl x ojH
W) e ATt 51311% at-oll A el A
FF, A5 T U TR AFeE AA9S
T ReBR(23) ZAk S-S E0l
o & Zeolt}. Kang &
Fo] 3t 5, o' ol
A3 o} A o] =2 )
5 7 550}‘41 skl
kST ghego] A &
# NDMA *M,oﬂ %046}9171 ot
ol& ik o] ZAol OiL AE FHrE o]
olr 7] 93] = 2l
Y] o}@ Aty Eeks »
ikl o] At S 3.0 mg/kgo]ﬂi kel 9]
AFHZFA 90.3 goll g ol & A2 0.27 mgold
A7ME A o} EAUEF ] ADIE 0.06 mg/kg 2 2(22)
55 kg WIS 71 Abgre] ol A ERS AEHIIER
3.3 mg olat® HA It el Ut S wAA
Fethe ol mebA A E F8 sk A
A e 0.27 mgo| B olE %S
FH7HE 7153 vlalsbd 55 kg Abe
ADI9] 0.08¥]¢] ofditAS AX=Z

o&‘: = ¥ o

1_\_ /\Z]

‘Hil

212} )
=

e

SEL S EE R
g 3 QAo v A ot g

A W Ao SAn YR o opAigow A
g 4= 9l o}" 27 DMAE NDMAE A4 st A4 A
ol AFEHo|th(21). NDMAE Z&Esh w2 d =2 e A
A7) WFell FAk4, oAk 1E]la DMAE A7hsbst v
HE U3t AfEo] A gEofof g Aol

=L FEEI= CtYst 72| ZX| L biogenic amines =44
SR MAAE ALle & Aol A Ead AA F

o tryptamine, putrescine, cadav-—
2N Aie

e ]

T8 biogenic amines
erine, tyramine 18] 1l spermidine®] il
Table 63} 2t} 1A T/l W& tryptamine
B 072 (32.3 mg/kg)7t 22 X(7.3 mg/kg), =4
(5.5 mg/kg), WA (tr) B} fFo]A o= Eokom, w5
A(15.0 mg/kg)St ZH571(14.2 mg/kg) BLotE 9 2p+=
gl ot vt ey MR 9| tryptamine FEFE =4
Z(tr) AEF A Putrescine 332 527 %](110.3 mg/
kg)7b T2 A1(10.7 mg/kg)et M 2(20.7 mg/kg) K.t}
froldo g Eokom, wi542(64.6 mg/ke), Z4H771(30.3
mg/kg) 283 AR (72.1 mg/kg) Bt EA8HE #9]7
Zpol= UAA W E U}k Cadaverine FF-S Ao F57
of what fro]# Apol 7t gllom shEke] W9l= ND~85.7
mg/kgel A3, MFHA U 52 18.0 mg/kgelATE Ty-
ramine< Z571(4.8 mg/kg)oll A 714 A& ko] B FH
1, o] B A(78.0 mg/kg) Kt FroH o g v o)
TH AARGE FRA T {-oF zpol= flA
W tyramine 32 44.0 mg/kge] AT}, Sper-
AR N = AEEHA &k WA ol A
AzERom wFAA A= 2 §Fol] 7.8

ok wFF A
midine< &7t
=9 g
mg/kge] A},

Cho (112 =2t w54 A W tryptamine %]
12.3 mg/kgelet Bauatgle & A Ao w74 )
SFR T oFgE kAR H 2k FFEo| o,
putrescine 4% 69.7 mg/kgl 2 (11) ¥ AF+ Ao} &
ARg o2 FAE AT Cho (11D Uit sl =3 4]
U] cadaverine®} tyramine $FgFo] Z+z} 15.2, 49.4 mg/kg
o HusEd # A5 Aot FARRE BEFES Bl
g2 Aol Fulat 2 F54E w5214 Wl spermidine ]
sheks A% A9 12.07 11.9 mg/kgoel=d(11) &
A A3t wiF2 A W spermidine FR = F 3kt

ANz 7bg-z2d T HloEdor AYHE FEE9
tryptamine, putrescine, cadaverine, tyramine 1|1l
spermidine®] 3F=9l 1¥ =&o| 212} 102, 287, 61, 58,
237 ng/kg b.w./de]al HA S ol H HaH Tk

tryptamine

(24). Biogenic amines®l| T3l ¢bd7]F& 3] ~E BMDL o
36, 920 ug/kg b.w./d°] il T}E biogenic amines®] 7|
St 7ol §lo] S|B9 Qb 7] =&3)o] Frtsh

& W MOE7} &5

54 2d=do] ofyu

100 ol ol ahieh. WAl 4

A =E Rt 7]Eo]l A 9
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&, biogenic amines? L AEE FAEATH wWiF=AA W
DMA, Ax4), opdited gk 242 29.7, 2,178.8, 3.0
mg/kgolAth. AR E7F FAA 27712 DMAC 24k
gheFo] 71 w9kl Tryptamine, putrescine, cadaver—
ine, tyramine, spermidineo] Mz e} FAAAE A g
EAE AA W AEH A 93X W tryptamine©] ©X]
ZF EA313 spermidined FZAA A A= HEHA
gk}, ¥ X W tryptamine, putrescine, cadaverine,
tyramine, spermidine®] %2 77} 15.0, 64.6, 18.0,
44.0, 78 mg/kg® ATt Z4-57] W tyramine?] ¥eFo] Wk

2
2

t}. Z+5%7] U] NDMAQ] 9 9%2 235195, 1 B 3k
< 1.38 ng/kgol itk 2771 1 Hat AFHAFY AT

A% 2] *Mﬁ%l NDMA 9115558 A58 25 71
3

SAY(KE1501-3)9]) ¢
TH] A4S wol 3o, oo A=Y},
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