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Effects of Temperature, pH and Salt Concentration on Formation
of N-nitrosamines during Kimchi Fermentation
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ABSTRACT — The effect of ripening temperature, pH and salinity on the formation of N-
nitrosamine (NA) during Kimchi fermentation and in vitro was studied, respectively. During
Kimchi fermentation for six weeks at cold storage temperature (4°C) and room temperature (16+
2°C), the contents of nitrite and dimethylamine (DMA) showed variation at room temperature
but no variation at cold storage temperature. The maximum generation of nitrosodimethylamine
(NDMA) resulted low content (2.69 ug/kg) at cold storage temperature but started to increase
after one week fermentation and reached to the 18-fold higher generation (49.6 ug/kg) at room
temperature. During Kimchi fermentation, no correlation was observed between the variation of
nitrite and DMA content and the generation of NDMA. However, pH showed effective relation to
NDMA generation such as the highest NDMA generation was obtained at lowest pH 4. During
in vitro test, higher temperature and lower pH resulted more NDMA generation and generation
amount was affected more by pH. Also, the salinity of Kimchi provided inhibitory effects on the
formation of NDMA. NDMA was produced 5.86 pg/kg at normal salinity (2.5%) but 90.9 ug/kg at
lower salinity (15%) after three week. The higher salinity showed lower formation of NDMA in

vitro test, too.

Key words [_] Kimchi, Nitrosamine, Nitrosodimethylamine, Ripening temperature, pH, Salinity

Afolle =it
o elsked ofang oz AakE 7
Jol AFE S BZFREE 23ollo]
A= g =A% pHYF 3~48 o
3 -nitrosamine(NA)o] AHA1E 7154l o]
AZojthP el AR7ER 2] oFol) o)A 7] 5]
NA FFE BUE EE 0¥ iso] g Ao was
i ok "AbA A AeA A& NAE N-nitrosodi-

12
]
of
o3

]

%,

M 5

—_

I3

methylamine(NDMAY o] 57, 7 3F2FS A 2 10 pgkg o]
afe) wlgoln. of & S2iiiel gl 19 AANH T

115go 2% 3 o ZAx2HE HFH == NDMAY %&
1.15 pgo} =, o=

%T
H

#Ha

A AT 60kgs 7IEoz &

" Author to whom correspondence should be addressed.

332

o AN 2HE H3EE NDMAJ 2|3 wehfy
20,0009 B33t ofolrt? =, A A= + 9l
NAS) k& vjzozA hddel &AI7F vk &
ot} 2v NAE X 87 Fox 44 AXE 4= 9
ol B AR R A 2 wel 2 YFE 5
T oAlE 4 olg Aojth gty Ao BE H4%
NAS| A erel e FE ARES

Trrgste] WAL A

2} 2k o]

s
N

I T A 1

[e] T
ol dAE & U FHFZXNE ZAE NAY BAS
FHAstgro] vigha] g Aot B A= AXEAS
%74 %, pH % 4&:3F %7} NDMA<S] A nx)&= 4
& d73lgth & A E A2 A2 o E 2504 7}
7t A B¢t opalte, dimethylamine(DMA) 2
NDMA<o} 4= 4 pHe| WglE dFslct =3 4258
o] th& A& 217t 5438k §< NDMAS] &3 3}



Effects of Temperature on Formation of NA during Kimchi Fermentation 333

E AF3G AL, in virod| A 2%, pH € AF 57} NDMA
o] Ao vl =z Fke A ekt

Mz 3 by
AN Az AL W, 1FIHE, A7, 9}, B, v,
LA, AFE L&D YA AFlA At

ax| 2019t MExEA
32 2x3 cmz Aehate] 25% AFEo] oF 417 A

ol t}e EEE 43 MY, AZ+S waring blender 2 o
A3 shAsgon, shsst 4z A chgon, st
$HE qPY 272 dusi] ASsgch 230 49

W) 1 kg, %715 20 g, vHs 20 g, A9H 25 g & W}
o 7AE B TR 200 g4 S Falol ALl Yt
E AREEe) GRS dopus] sl 2REE} 2.5%9)
AR} 15% PAE Bk B2 NS AL wBe
E@OSH AL(16+2°Cpl A 6577 27t B L AakvA
Foluiet A2 Aok AR AHEEHIT

AlRQ| MAE|
g 79 &7 k4

A Aeksta 22 kel FH45 Y11 waring blenderE v}

e b 4 e] AZZ AZ23 1 AE A& DMA, NA

pHe] EMAIEZ ALE8lt). o] Ao AR

AAE-E (6000 rpm, 302)3t] 1 AR ARG of Ak ¥

Agolog 39t

mlﬁ
32
s

25, pH 2
vitro A8

2129} pH7} NDMA®] Ao u]x]i= dgkg oolry]
Ast] pHE 4,5, 602 22t 2 FHF 200 mie] 2
M opitedgols 2 M DMA 442 7tz 4 miY 713 &
AL WHALE@AC)S A2(1622°Cl A 4847 45
Z NDMAZS] AAl 2k =434},

A, 23557t NDMAS] AlAlo| WX gk oo}

H7] 935t 0, 1, 2, 3, 4% 2384 200 mlol] 2 M o} FAH

43 2M DMA €48 7zt amiy 713 3 AL Y
Aoz ol Ao 4847k A& T NDMAS A ke
ZA4 3kt

232557 NDMAQ| MM O|X|= in

Sy

S} AN e diazoo] Weh WAAIZL ThHE Speciropho-

tometer(Hewlett Packard, 8452A, USA)"2 540 nmol|A| &
BEE F4% AR kg® mgTE HERIH. DMAE
Gas Chromatograph(GC, Hewlett Packard, 5890-1I, USA)=
w7 AR st AR kg mgrE JERIAT NAE A

82 o2 st Z5H38 AL dichloromethane .2 23]
%2317 Kudema-Danish evaporator2 £33t Z& Gas
Chromatograph-Thermal Eenergy Analyzer(GC-TEAYE
199} e 204 He] AT} pHE pHEIEHOrion
EA 940, Orion Research Inc., USA)Z &4 61},

2 ¥ 1g

SH2ET| AXNSHE KA DMAS] BE
pHE Eislol niE 8

NG AL YILEsh e 677 MR S48
o SHadgel B WAE 29T A e 1) 3,

Ae GFesd S48 23 HAdgs) gRe 44

rSL'
oY _]

=z A48 & %" 273 A HE = 0.5 mg/kg o5t T35
HaEAT A2l A H$- ofdAE e e 35
HAA = MA B sttt 47 A0 6.5 mgkgo 2 F4
& F71H o] 657 AR ALY R FEOE FAHUE,
olwf wjFZ 2o mHo| WAl o] PAFo] Lo
E7h5 3k
¢, AAE AL WL Ee Ao 657 LA $4
A DMAS) 3apisie %235& A3 Fig. 29 2.
AL WA2EAqAM A% A9-= 22 2F DMA7} 2.2
mgkg 0 2 3T/ AL 22 FFEOF oMY gntaly
7“\5]9147P 4FRRE Z718le] 65 Aol 4.06 mg/kg o
HUZ A=A, G2 Tua 24 ot ¢

0

Of

—e—Cold temp.

6 4 —o—Room temp.

Nitrite {(mg/kg)

~
.

0

0 ) 2 s s 5 6
Fermentation period (wks.)

Fig. 1. Changes of nitrite content during fermentation of

Chinese cabbage Kimchi at cold (4°C) and room

(16+2°C) temperature.
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Fig. 2. Chanres of DMA content during fermenation of
chinese cabbage Kimchi at cold (4°C) and room
(16+2°C) temperature.
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Fig. 3. Changes of pH during fermentation of Chinese
cabbage Kimchi at cold (4°C) and room (16+2°C)
temperature.
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Fig. 4. Changes of NDMA content during fermentation of
Chinese cabbage Kimchi at cold (4°C) and room
(16+2°C) temperature.
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Fig. 5. Relationship between pH change and NDMA for-
mation in chinese cabbage Kimchi during ferma-
tion at room (16+2°C) temperature.

Table 1. Effects of temperature and pH on NDMA for-
mation in distilled water with nitrite and DMA®

(unit: pg/kg)
pH
Temp. 6 3 4
Cold temp. (4°C) 3.15 6.73 322
Room temp. (14~18°C) 4.29 12.11 85.9

*Final concentrations of nitrite and DMA were 4 mM and
content of NDMA formed with nitrite and DMA was det-
ermined after 48 hours of addition.
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Fig. 6. Effects of salt concentration on NDMA contents in

Chinese cabbage Kimchi during fermentation at

4°C.

Table 2. Effects of salt concentration on NDMA forma-
tion in salted water with nitrite and DMA

Conc. of salt (%)

1.0 2.0 3.0 4.0
Amounts

NDMA (ug/kg)

2423 862 702 542 455
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