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The Formation of N-Nitrosamine in Kimchi and Salt-fermented Fish
Under Simulated Gastric Digestion
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Dept. of Food and Nutrition, nstitute of Agricuffure & Life Science, Gyeongsang National University,
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ABSTRACT - This work was performed in order to examine the effect of nitrite, thiocyanate and ascorbic acid on
formation of N-nitrosamine(NA) in kimchi, fermented anchovy and shrimp under simulated gastric digestion, in
vitro. The contents of nitrate were 10.7~24.5 mg/kg in kimchi, 1.5~5.6 mg/kg in fermented anchovy, 1.0~2.0 mg/kg
in fermented shrimp and those of nitrite were average 0.3 mg/kg in all analyzed samples. Dimethylamine and
trimethylamine contents were 4.9~15.4 mg/kg, 0.6~0.8 mg/kg in kimchi, 3.3~4.0 mg/kg, 1.9~2.8 mg/kg in fermented
anchovy, 30.3~177.9 mg/kg, 4.4~21.3 mg/kg in fermented shrimp, respectively. The cohtents of N-nitrosodime -
thylamine(NDMA) were in the range of 0.8~6.9 pg/kg in kimchi, 0~1.2 pg/kg in fermentéd anchovy and 0~0.9 g/
kg in fermented shrimp. After simulated gastric digestion, NDMA was increased about 1.5 times in all sample. In
every nitrite added samples, the contents of NDMA were increased by 183.1 times in fermented shrimp and were
detected 192.4 ug/kg and 220.9 ug/kg when it was treated with 4 mM and 8 mM of nitrite, respectively. NDMA,
when above samples were added 8 mM nitrite and 6.4 mM thiocyanate, was increased about 1.5 times than control
samples. The formation of NDMA was inhibited by 49.9~92.4% in all samples added 12.8 mM ascorbic acid

compared with the control sample.
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Table 1. Composition of simulated saliva and gastric juice

Ingredient Contents
Saliva
Calcium(mEq/L) 3.1
Chloride(mEq/L) 15.5
Phosphate, inorganic(mEq/L) 4.8
Potassium(mEq/L) 14.1
Sodium(mEq/L) 17.4
Ammonia(mM) 35
Glucose(mg/L) 196.0
Urea(mg/L) 88.0
o-Amylase(units/ml) 100.0
Lysozyme(units/L) 670.0
pH 6.7
Gastric juice
Calcium(mEq/L) 3.6
Potassium(mEq/L) 11.6
Sodium(mEq/L) 49.0
Free HCI(mEq/L) 57.5
Total Chloride(mEq/L) 119.0
Pepsin(units/ml) 36.4
pH 20

Mool olxl= A

NA A3 #do] e <A 93e A3 $sied
Ng 25g00 ztzt 1, 4, 8mMe] FEE olENAE 7l
1719 TL3 whe] wet QEAsAZL, 8mMe] oFd
A7} thiocyanateE 2t} 1.6, 3.2, 64 mM =2 78t
o <lFa3t A2 F NAE @t obEAE I thio-
cyanate®] S HA3IGITE oI 2 HA 0] NA A/ 7
e G B {dte oFditEt thiocyanates 7}
7} §mMF} 64mM FEZ st} Az AFEYel of
2F2HARS 747F 32, 64 B 128 mMe] FEE 78R
d719h 7o) QlFAasiiA NAE #4313t

o

pH, Zhied - ol
trimethylamine(TMA)2| &

pHE pH meter(ORION, 410AHZ Z43sl9oH, A4t
2 obEAde Len Kamn 579 whgol whet g =Faisict.
DMA 2 TMAE A8 % 5g2 AHSe] 50mle iso-
propanol & 713 & FAgstd 3087 WA o
isopropanolZX 100 mlZ FHES] o3}t HHe] UF-E gas
chromatography(GC, Hewlett packard 5890 series INE &4
slgrt. ol Z&-e chromosorb 103-2 5318 ¢ 2mmx 3 m
glass columng ARE-31902H injection porti= 180°C, Z#
LEE 130°C, Aavtse f452 £9 40ml= 3IaL FID
AZ718 Ao 5= 250°CE &Rivtk. DMA H
TMAS] §3Re EFEEAS TREE Y=Y GCo +
ot A& P ozRE At

dimethylamine(DMA) -

N-Nitrosamine(NA)2| &4

Sung 5'9¢] whgel whe} oF 25g9] AlSE et Y
REZEZEZ 1.0ml9 N-nitrosodipropylamine(NDPA,
1.54 pg/kg)yS 718kl Z714AAR oA FHFE] 150 m7t
Huj7kA] FZEsr}. o] SH/HES dichloromethane(DCM
60 mle 2 33 &% thg BT 84 60°Ce F2ax
o4 Kuderna-Danish HA & ©|83t4 4mlE A7 &
AA7MA2 1m7bA F538le] gas chromatography-
thermal energy analyzer (GC-TEA)E ©]&3le] NAE &
A&tk GC-TEA EA%7e 10% Carbowax 20M/
80~100 chromosorb WHPE ZA3 ZHL AME-3tH,
He 7}29] §4:8 29 25ml, oven 2%+ 140~180°C(5°C/
min), injection port?] &% 110°C, pyrolizer &%+
550°C, interface 2%+ 200°C, AtA 4 1.9 torrE
sk 759 EFEF NS TR A s
HEE AlZke] H]W E co-injectionS T3t NAS £4 -

S

Journal of Food Hygiene and Safety, Vol 17, No. 2



96 Kyung-Ran Kim et al.

Table 2. The contents of pH, nitrate, nitrite, DMA and TMA in kimchi, fermented anchovy and shrimp

Sample No. of NO,(mg/kg) NO,(mg/kg) DMA(mg/kg) TMA(mg/kg)
samples Range Average Range Average Range Average Range Average

Kimchi 7 4.1~57 10.7~24.5 18.5 0.3~0.5 03 49~154 10.8 0.6~0.8 0.7
Fermented 6 50~58 1556 33 02~04 03 33~40 36 1928 22

anchovy
Fermented 5 68~74  1.0~2.0 1.6 0.1~0.4 03 303~1779  95.6 44213 102

shrimp

Zda} o 7E Table 3. The levels of N-nitrosamine in kimchi, fermented
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Samples Sample I}\e]:]\;e;/s[:f Recovery of

0,
source (ug/ke) NDPA(%)

Kimchi A Home made 0.8 833
B Home made 3.6 91.7
C Home made 3.6 100.0
D Home made 6.9 92.7
E Marketing 3.1 75.0
F Marketing 42 83.3
G Marketing 1.1 76.2
Fermented anchovy A  Home made <0.5 91.9
B Home made 0.7 100.0
C Home made <0.5 98.2
D Marketing 1.2 89.2
E Marketing ND* 92.6
F  Marketing ND 90.6
Fermented shrimp A  Marketing 0.8 933
B Marketing <0.5 84.4
C Marketing 0.7 89.7
D Marketing 0.9 96.3
E Marketing ND 98.3

* ND : not detected
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Fig. 2. Effects of nitrite on N-nitrosamine formation in
kimchi, fermented anchovy and shrimp under
simulated gastric digestion.
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Fig. 3. Effects of thiocyanate on N-nitrosamine formation in
kimchi, fermented anchovy and shrimp containing
8 mM nitrite under simulated gastric digestion.
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Fig. 4. Effects of ascorbic acid on N-nitrosamine formation in
kimchi, fermented anchovy and shrimp containing
8 mM nitrite and 6.4 mM thiocyanate under simulated
gastric digestion.
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