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Effects of Nitrite and Nitrate Contents of Chinese Cabbage on Formation
of N-Nitrosodimethylamine during Storage of Kimchi
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ABSTRACT Nitrite and dimethylamine (DMA) are the immediate precursors of carcinogenic N-nitrosodimethylamine
(NDMA). This study investigated the effects of nitrite and nitrate contents in Chinese cabbage on changes in NDMA,
nitrite, nitrate, and DMA contents during storage of kimchi. Contents of nitrite in Chinese cabbage 1 (HNC), Chinese
cabbage 2 (MNC), and Chinese cabbage 3 (LNC) were 47.54+1.07, 10.12+0.31, and 6.10+0.09 mg/kg, respectively.
Kimchi were assigned to one of the following three groups: kimchi used HNC (HNK), kimchi used MNC (MNK),
and kimchi used LNC (LNK). HNK had higher levels of nitrite and nitrate than those in MNK and LNK after storage
for 10 days and 20 days. DMA and NDMA contents decreased in all kimchi during the storage period. HNK had
higher NDMA content than LNK until 20 days of storage. These results suggest that the contents of nitrite and nitrate
in Chinese cabbage have significant effects on the formation of NDMA in kimchi.

Key words: Chinese cabbage, dimethylamine, kimchi, N-nitrosodimethylamine, nitrite
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AAo4 NDMA 4ol Jae MAE 7bg Fad 2l
© NDMA®] #7149l 7242 o}dAtelsh DMAS] ol
4 Zlolth. Hatel AARE ol o SUE 5 gon
= wj%s} o] WArede] P NDMA Aol 78 alo]
9 % gleh webA] ¥ AolAE B2 ] NDMA A4 991
2 sersty] Sla) WA ob AN FFol the WFE

ol gste] AXE T4, AX 4 L A F NDMA, o4
Akl A 9@ DMA 3 WElE dolr gt

VR

ObEAtY 2

MFE A TorelA A Ag 9FY AFoR T
M AR, B oA A MFE TS
A T 1, A ek 2 2w S oMt 3l opd

o (nitrite) ¥ A+ (nitrate)d] S F248-9 ) vl

A2]¢] o}@AtA f.]é% nitrite assay(G)e Hygste] A4
stk 5 Sk AXE 9A7|(HMF-3450, Hanil Elec-
tric, Seoul, Korea)Z 7t t}3 A& 20 goll 57/ 25 mL=
Y31 vortex mixer(VM-10, Daihan Scientific Co., Wonju,
Korea)E o]-&3&to] 1083t AH3s] &3 5 o33k A5
= B8 ANEE ARSI AlE 9] NO, 5%% 100 pL
8 A g 532 100 pl Griess regent[A : B=1:1, A:
0.1% N-1-naphthyl ethylenediamine dihydrochloride
(Sigma-Aldrich Co., St. Louis, MO, USA) in H.0, B: 1%
sulfanilamide(Sigma—-Aldrich Co.) in 5% H3PO,]1& & &
Gk 5 8le g dEe AL 1023 AN v
540 nmoll A FFEE 5743t NaNOzo] A& o] &

stel et

A 24
s} 717) AN FF S 9le) 2ob FAske A

-8 A )

ol
ul

g 2.5 gdl T/ 22.5 mLE €] vortex mixer(Daihan
Scientific Co.)2 3+&3F A4d3d] "3 = Shaker(SHO-
1D, Daihan Scientific Co.)® 30%7F %5 (shaking)3}$
o}, 103 607 95~100°Cell A F'ate] el & 15%
Ky(Fe(CN)e) 0.5 mLe}F 2 M ZnSOy 1 mLE 3713 T2 o3}
St Ad3E AR 89 0.4 mL, E34HHS0, - HsPOs=
1:1) 3 mL 182 O 12% 2,6-dimethylphenol-acetic acid
0.4 mLE £33t ¥ 324 nmollA FFEE SA3ATHT,
8). NaNOso] A& o] &3t A=l

(salted Chinese cabbage 1), o}dAkA ) ALk
T AL £ WFMNOE o &
Chinese cabbage 2) 12|l o} Ak 7} Ak o] H=7}

2 WF(INO)E ©]-83 A= 3(salted Chinese cab-
bage 3)& HAA Azl A&t F 4 29 FF
2.5~3.0 kg®| WIF & H|7}] FEE AAS L 2585
w3 1 ke YA (Sajo Haepyo, Seoul, Korea) 0.135
kgt & 1.2 kgs EFste] FAHor AQlh ojw dls
o] fE FEE o]BHORE °F 10%3ATh AT Heol
A 16A1ZE e B 32 Bof 33 Al sle] Ao A
FJ-/‘ O]_oﬂr,]_ x%o;] HHi‘:, Table 1;4. 71—1; HH%LB]E 71 ;2]
& AZrh FAER 2 ATl ARES dxAE %7t
F(Jeju, Korea), 7g¢l @alt @A 5 (Seoul, Korea),
Z5 A - v=(Seoul, Korea), 2F%AF 7 slek Aw
(Seoul, Korea)& #F AU B mtEA 43131, 5}
of AL FUste R e oA FY3FA T

HNCE AF8-3te] Alxgk 4] HNKe} MNCE AHg-3}o]
Az 742 MCK 18]al LNCE AFg-3}e] AlZ3F 714 LNK
3ZTFo AAE 2F)E & Aol AFESISIT) A=
AX= ZrZF 400 g¥ low density polyethylene(LDPE) 2

o]—)lv

E(F 25 cmxZo] 30 cme.2 sy T4 F 1] B
Table 1. Composition of kimchi ingredients
Ingredient (g) HNK MNK LNK
Salted Chinese cabbage 1" 100 - -
Salted Chinese cabbage 27 - 100 -
Salted Chinese cabbage 3 - - 100
Red pepper powder 35 35 35
Garlic 1.4 1.4 1.4
Ginger 0.6 0.6 0.6
Green onion 2.0 2.0 2.0
Sugar 1.0 1.0 1.0
Fermented anchovy juice 2.5 2.5 2.5
Water 2.0 2.0 2.0

1)ngh nitrate and nitrite levels in Chinese cabbage 1.
Mlddle nitrate and nitrite levels in Chinese cabbage 2.
9Low nitrate and nitrite levels in Chinese cabbage 3.
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Axd AAES 54 F A% 0, 10, 20 18] 30l
AF 3] WA 7] (Hanil Electric)® Z¢kal, o] A4S pH 53
= 98 AF&skith pHE AR 10 goll 75 90 mLE
7het & tA] FAstele] A4 pH meter(Docu-pH,
Sartorius Mechatronics, Gottingen, Germany)2 5743}

At

DMA 24

Ao gf¥ DMA 332 Dyer?t Mounsey(9)2]
copper—dithiocarbamate HH s Gou S((10)9] =
Ho g =439t = AlxH AXE A 3 AF 0, 10,
20 2g)ar 304l A ko] =14 7] (Hanil Electric)® Zo}
A3} 7% 25 goll ZF 7.5% trichloroacetic acid(TCA,
Sigma-Aldrich Co.) €95 50 mL ¥ 3} v vortex mix-
er(Daihan Scientific Co.)& 3&3F ZAd3 g3
Shaker(SHO-1D, Daihan Scientific Co.)& 30&3F 25
(shaking)3}Sith. 94 #2](3,000Xg, 15 min, 4°C) 3}
B M 1 M NaOHZ pH 7.02=2 g9, BE
ARE 32 T/FT2 60 mL=E g83F & DMA SA S 3 Skis
Alaz AREs Y 245 =(5~125 mg/mL) DMA(Sig-
ma-Aldrich Co.) FF&NS A&t g7 FEHldith

NIRRT 4%4‘1‘2‘# 2 mL<} chloroformel %<1 5% CS;
5 mLE 42 % 40% NaOH<} NH,OH €9 0.2 mL, cop—
per—ammonia regent 1 mL 123 30% acetic acid 1 mL
£ Hg F A3AT) 25°CAlA 1073 3R] gk §
=S5 #3&ta 0.2 g anhydrous sodium sulphate(Junsei
Chemical Co., Ltd., Tokyo, Korea)& ©]dt & 440 nmeoll
AN FEEE SA DMAS A3 S o] &ato] A
st

o
2
o oqa
= O O
i

Hl~1

< chloroform

NDMA E4

A3 A2 10 g& AE3] 2ol 50 mL AF o] ¥
WE-EFE 2 & N-nitrosodipropylamine(Chem Service
nc., West Chester, PA, USA)(NDPA, 1 pg/mL) 1 mL
9} 0.1 N NaOH(Waco, Osaka, Japan) 10 mL& %°] vor-
tex mixer(Daihan Scientific Co.)& o]&3}o] 3&7F A&
3t o). 0] o] Extrelut NT(Merck, Darmstadt, Germany)
12 g& Y 4] vortex mixer(Daihan Scientific Co.)&

o]-g-3te] 13t X3k & @‘Wﬂg o] &3t fre] A
(W7 3.0 cm, 4o] 30 cm)oll ¥ fEl9wdl = 2 oo
Dichloromethane(Merck, Darmstadt, Germany)¥ n-
hexane(Thermo Fisher, Waltham, MA, USA)2] 70:30(v/
v) 239 5 mLE Alg3, FEvd 2 Ay Fe 2HF
=52 23] Aol &3 & Zelo] ¥l dichloromethane
* hexane(70:30, V/V a3t 20 mLE &&3Fo] 250 mL
Tt Eehaad AL & H HEsgl), St
g ZkaFef Bl 8&98 30°C 78734 2~3 mL7}
He5 ek sFalvh AAIES 918 Sep-pak florisil
cartridge(Waters, Milford, MA, USA)°| 6 mL hexane<
TSI RR GASA o, EA5tE Sep-pak florisil
cartridge°l] ¢ EF NS Wil ZT 235 hexane 1 mLA
33] o] AL NS YA] Sep-pak florisil cartridge®l] &2}
AlZATE 21 ¥ hexane 3 mLE U SO 58 e
hexane Wt} ©]o]A] dichloromethane : hexane(95:
5, v/v) £ 6 mLZ %3} Kuderna-Danish 5=7]9l
wol A4E THAIZIHA BEs] 1 mLE 553t #48
A 82 A3 TH11). Thermal energy analyzer(GC-
TEA; Model 543, Thermo Electron Corporation, Wal-
tham, MA, USA)E #2413} o, ojuf GC-TEAY A&
Table 29} #t}. 7Z1x2] NDMA 5742 Table 29 &<
GC-TEAS #4 =z atollA 243 NDMA XFEZ
(Chem Service Inc.) 2 A]&2] GC-TEA chromatogram
ol 1 NDMA peak®] WFE A7+ Al &52] NDMA peak”}
X274 NDMAS®} co-injection & W &Y peak Aol
Al peak Fol¢} WA o] Frfst=A] QIR R FA ST
AAell g€ NDMAS] A& 527t &4
Z NDMA AgAS o] &3] At

n‘I‘“
Hr
£

Ol =4
i BTE

SAHE|

B 29 A9ES Hi(mean)+ ¥+ A (standard de-
viation, SD)Z ZAISFR AL A& 1F HH 2] 2ol one-
way ANOVAR 9148 &<13 % Duncan's multiple
Table 2. Condition for GC-TEA analysis of N-nitrosamine

Items Conditions

Instrument GC-Agilent Technology 6890 N
TEA-Thermo Orion Model 510

Column HP-Ultra 2, 25 mX0.2 mm

Carrier gas, He, 28 mL/min

flow rate

Oven temp. 60°C~200°C (for 16 min),
200°C (1 min), 200°C~270°C
(for 4 min)

Injection temp. 270°C

Pyrolyzer temp. 550°C

Analyzer pressure 35.03 psi

Split ratio 10:1

Split flow 23 mL/min

Injection volume 3 uL
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Fig. 1. Changes of pH in kimchi during storage for 30 days.
LNK, kimchi used Chinese cabbage containing low nitrate and
nitrite levels; MNK, kimchi used Chinese cabbage containing
middle nitrate and nitrite levels; HNK, kimchi used Chinese cab-
bage containing high nitrate and nitrite levels. NS: not sig-
nificant. Each value is mean+SD (n=3).
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Fig. 2. Contents of nitrite (A) and nitrate (B) in Chinese cabbage.
LNC, Chinese cabbage containing low nitrate and nitrite levels;
MNC, Chinese cabbage containing middle nitrate and nitrite lev-
els; HNC, Chinese cabbage containing high nitrate and nitrite
levels. The values are expressed as the mean+SD (n=3), and
the means with different letters above the bars are significantly
different from each other (P<0.05), as determined by Duncan's
multiple range test.
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tH(Fig. 3A). A 10¥3} 20¥0] 3%FF 7x9] opAA
gefo] zlo] = s £ Az} MNK7} LNKE T} oF7t &
sHFol AEHUAR 914 Aol §litt. 12 A% 10
Qofl = HNK7F LNKSF MNKE T} o} dAked 3ako] &4 38}
A ki o2 A A 20Ul B FHEA U
WeHFig. 3A). A% 3090+ LNK, MNK 28] 12 HNK &
T o) o R ol A gl Apolrt AL wiFell
H obAAA L £t ZotET, B A= LNK(3.35+
0.19 mg/kg)< MNK(4.36+0.56 mg/kg)< HNK(14.77+
1.15 mg/kg) A th(Fig. 3A). wiF9] o}AA4Hd H A4 <
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Fig. 3. Changes of nitrite (A) and nitrate (B) in kimchi during
storage for 30 days. Groups (LNK, MNK, and HNK) explana-
tions are the same as in Fig. 1. The values are expressed as
the mean+SD (n=3), and the means with different letters above
the bars are significantly different from each other (P<0.05),
as determined by Duncan's multiple range test.
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Fig. 4. Change of DMA in kimchi during storage for 30 days.
Groups (LNK, MNK, and HNK) explanations are the same as
in Fig. 1. The values are expressed as the mean+SD (n=3), and
the means with different letters above the bars are significantly
different from each other (P<0.05), as determined by Duncan's
multiple range test.
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