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Effects of Main Raw Material and Jeot-Kal (Fermented Fish Sauce)
on Formation of N-nitrosamines During Kimchi Fermentation

Jun-Hwan Kim and Hyo-Sun Shin’
Department of Food Science and Technology, Dongguk University, Seoul 100-715, Korea

ABSTRACT - The effects of kind of vegetables and of the kind and amounts of fermented
fish sauce on the formation of nitrosamine (NA) during kimchi fermentation were investigated.
Kimchies made of Chinese cabbage, cucumber, and radish with fermented shrimp, anchovy and
liquid sauces were fermented at 4°C for 6 weeks and the changes in the content of nitrate, ni-
trite, trimethylamine (TMA), dimethylamine (DMA) and NA were studied. Nitrate content in
kimchies made of Chinese cabbage, cucumber, and radish increased at the initial period of fer-
mentation, but it decreased at the later period. Nitrite was not detected at the later period of
kimchi fermentation. Overall, there have not been great changes in the contents of nitrite and
nitrate. However, there have been considrable changes in the contents of TMA and DMA as fer-
mentation progressed. Only nitrosodimethylamine (NDMA) at the level of 0.5~10.3 pg/kg was
formed in three kinds of kimchies. More NDMA was formed in radish and cucumber kimchies
than in Chinese cabbage kimchi. The pH was lowered faster in radish and cucumber kimchies
than in Chinese cabbage kimchi. More NDMA was formed in Chinese cabbage kimchi made
with fermented shrimp sauce than those with anchovy or liquid sauces. Shrimp sauce con-
tained higher amount of DMA than anchovy and liquid sauces. The contents of NDMA tended
to increase as the amount of shrimp sauce increased. The kind and amount of fermented fish
sauce used for kimchi preparation may be an important factor affecting the formation of

NDMA.
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2x5= Savele 7 g g Aol AE ubg Aoy}
WA FAm A2l Aol B Fislol Ao
o ol 71 £AE ofAMd o R HEE vhsAe) )
an, gAle] g AR s Aol 280
o] o], e HAi: %A% pHY} 3~47k7] £
T di=% #A A& nitrosamine(NA)YO] A E 7h54do] &
e NFoz dyach aelste) YAzl AR 2
%_ "H.ii:é{ NA 94 /(1.71 xlo] X]A}-Oi o].xl)\}oﬂ =1 2_10}
nlo] Fhabul 712 =AE o] AR o) ek sl B3 o
7 ol ol ol Hut b9 wg #ell 14 %e) NAS
#aat YA59F Nael 4ol 29 ARzt 2H

' Author to whom correspondence should be addressed.

ER
#are) A7
nAE }@ el

R 2ol upel vhar zpolrt glon)
g2 ANG Y gas A Frhste
ZF2 ol ol SYgA wwo] AL}
ﬁ;‘s&v ?g.e.ni NALE #e] 4=z
3 ek 1eiu PAF) NAS) 3
vgkolut A9l wpet AEE T ke
o BHAzA utat MAHE 7HsAe] flemm
27) 9tk A 508 ARE AMES A Algete] o
72z A 5.5 nitrosodimethylamine(NDMA)S & & <)
(0.05~2 ug/kg)el AE=AL, n1tr0§odnethylamme(NDEA)
3} nitrosopyrrolidine{NPYR) A& A&7 &tk 3
Aot & uk e ARG ARSI e PR A A7

3 A

r

o



334 Formation of N-nitrosamines During Kimchi Fermentation

& AHEEER) ga HE AA|GA B wEke|7)= dhy
NAZE & o] 44 =ddtn B3t 53] Kim 52
Seel 572 UYEZ A3} 59| ZAjo|A NDMAS}H total
N-nitroso compound(NOC)2] 3rako] Z7lEduky B3
gt o2 d AP S YA ARG Z HA] AgF
AEH 4% AT Aol wet RS NAZL
44y EE AE 5 A& JEiET. we 2R
S4% NAS) A4 2 oAleg FHaE e e F
23 At A 2 AP e AR U8 A
2ok HPe) RS B B2 AT FHAAL
AAG 2 ofzA, trimethylamineg(TMA)Z}  dimethy-
lamine(DMA) 3} 18}9} NAS] A4 %9} 2 5} <
Falsict.

Tz 3 2y

M=
ARe) F AR AxEHE, L0], )%t ¥ARY 1
2717, 47, 3§, obs, AB19A, 947, B

NgAde) AN AN PUsted ALg Bt

x| 719t NE=A

HFE 2x3em HPEAR, LolE SemE A2 31 th
Al 22 458 25% LaEol oF 4x7E Ik
FEE 43 Alon, B¢ 2x2x2emB Aastd o3
Bo Holx] ¥3 HUXE TE o AF-E& Atttk AR
2 Waring blender2 T35} whfslg o, w3121, Q9]
A, FAAdE S AHESIRY. vhea A
A chilon, Be} B Age 272 ddaiit o
A}t 2o FAF} RASE Table 13 22 wlgu] &0
2 328 9

Table 1. The recipe for the preparation of Kimchies

Kind of Kimchi ;
Chinese Cucumber Radish

Raw_material cabbage

Salted chinese cabbage 1 kg - -
Salted cucumber - 1 kg -
Radish - - 1 kg
Red pepper powder 20 g 20 g 20 g
Ginger 10 g 10 g 10 g
Green onion 20g 20 g 20 g
Garlic 20 g 20 g 20g
Firmented shrimp sauce 25 g 25 ¢ 25 g
Leek - 100 g -
Salt - - 10 g
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Table 2. Operating parameter of GC-TEA for determin-
ation of N-nitrosamines in Kimchi

Gas chromatograph Thermal energy analyzer

Hewlett Packard 5890-11 Thermedics TEA™ 502A

Column: 6ftx 1/8” stainless steel Vacuum: 0.4 mmHg
column

Packing material: 10% carbowax Furnace temp.: 500°C
20M+5% KOH

Column temp.: 170°C Oxygen flow: 20 m//min

Injector temp.: 200°C Freezing temp.: -10°C

Carrier gas flow: N, 40 m//min  Attenuation: 64~ 128
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Table 3. Contents of nitrate, nitrite, TMA, DMA and
NDMA in raw materials used for the preparat-
ion of Kimchi

Constituent Nitrate  Nitrite DMA
(NON) (NON) TMA Pl

&Zﬁm (mgkg) (mg/ke) mg/kg) (mgkg) (Hekg)
Chinese cabbage 139.2 0.4 - - -
Cucumber 8.4 0.9 - - -
Radish 64.0 ND - - -
Leek 42.8 6.2 - - -
Red pepper powder  10.8 1.5 - - -
Ginger 69.6 6.3 - - -
Green onion 98.2 ND - - -
Garlic 63.4 29 - - -

Fermented shrimp 4.8 2.1 936 2355 28
sauce

Fermented anchovy 4.2 0.3 12.1 365 ND
sauce

Fermented fish 2.0 04 819 799 ND

ND =not detected, TMA = trimethylamine, DMA = dimethy-
lamine, NDMA = nitrosodimethylamine
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Fig. 1. Changes of nitrate content during Kimchies fer-
mentation at 4°C.
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Fig. 2. Changes of nitrite content during Kimchies fer-
mentation at 4°C.
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Fig. 3. Changes of TMA content during Kimchies fer-
mentation at 4°C.
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Fig. 4. Changes of DMA content during Kimchies fer-
mentation at 4°C.
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Fig. 5. Changes of NDMA content during Kimchies fer-
mentation at 4°C.
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Fig. 6. Changes of pH during Kimchies fermentation at
4°C.
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