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Abstract

The aim of the study was to analyze N-nitrosamine (NA) and its precursors in serveral fermented foods which
were treated with nitrite, thiocyanate and ascorbic acid under simulated gastric digestion. Every analyzed
sample contained nitrate, with levels ranging from 0.3 to 1.3 mg/kg, but nitrite was present at very low levels
of less than 0.3 mg/kg. And other precursors of amines such as dimethylamine and trimethylamine were detected
less than 0.5 mg/kg in every samples. N—nitrosodimethylamine (NDMA) was detected in the levels of <0.5~2.7
ug/kg in soy sauce, 1.5~3.1 ng/kg in soybean paste and <0.5~ 1.8 ng/kg in beer, while NDMA levels increased
by 1.1~45 times in the fermented foods which were digested under simulated gastric conditions.
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g d71A] %3 )8 dichloromethane(DCM, 60 mL % 3)
2.2 o] YA A W xR &4 7] 1, Kuderna-Danish 3] o]
A A47tA R 1 mL7bA] 338t GC-thermal energy anal-

223} A] N-nitrosamine® A4 379

Table 1. Composition of simulated saliva and gastric juice

Ingredient Contents
Saliva
Calcium (mEg/L) 3.1
Chloride (mEq/L) 155
Phosphate, inorganic (mEa/L) 48
Potassium (mEqg/L) 14.1
Sodium (mEq/L) 17.4
Ammonia (mM) 35
Glucose (mg/L) 196.0
Urea (mg/L) 33.0
@ ~Amylase (units/mL) 100.0
Lysozyme (units/L) 670.0
pH 6.7
Gastric juice
Calcium (mEq/L) 36
Potassium (mEq/L) 116
Sodium (mEq/L) 49.0
Free HCl (mEg/L) 575
Total chloride (mEq/L) 119.0
Pepsin (units/mL) 36.4
pH 2.0

yzer(TEA)E NAS A3t el GC-TEAS 2712 10%
Carbowax 20M/80-100 chromosorb WHPZ %13 24 &
o] 45} I, injection port %+ 180°C, oven &%+ 130~
170°C(5°C/min), pyrolizer &%+ 550°C, interface <%+
200°C, ¥ -2 1 mmHg, He7t29] §-4-2 25 mL/min2.3
3Tt

Oy XE]
Abed -olAated 2 DMA L
Table 20| Jebd wle} 2o} pHe ZHAol A pH 4. .6,
& ol A pH 4.7~5.1019 3, WF= pH 3.9~449 MY =
B A —okabAl ol Ao 2 el ed], Sung 582 =
= 72 2 pHy 44~549 Helglx Bnasigdd, o=
A A3 Al o] e} o] b HAF H A
2o kg A Eo] pHYF kA o 2 et ole Y ER
231e] A pH7EF 3.48k= H(6)& 28 s 2 of 2E A Fof
A pHE NA Ao F83F AR 25"}
AaredL A\ A 0.3~09 mekg, DA 05~1.0 mg/
kg, Mol 05~1.3 mg/kgd HAHeH, opdatbd2
2E A 244 3 03 mg/kge 2 el DMA 2 TMA

Table 2. The contents of pH, nitrate, nitrite, DMA and TMA in soy sauce, soybean paste and beer (mg/kg)
Sample No. of ol Nitrate Nitrite DMA TMA
samples Range  Average Range  Average Range  Average Range  Average
Soy sauce 6 44~66 03~09 0.5 0.3 0.3 <0.5 <05 <05 <05
Soybean paste 5 47~51 05~1.0 0.7 02~04 0.3 <0.5 <05 <05 <05
Beer 6 39~44 05~1.3 09 0.2~0.3 0.3 <05 <0.5 <0.5 <05
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o) L #A4E A8 2F 05mg/ke ol st A€ 71
dd el ke AAsta ofA A o o] Fo)E)
= ol E A Foll Sl A Fdde] AT &
i o] BHAE 7] s Feleta & Ry 9}
®). =8 113 G54 &5 F A9y FFe) I 2026
mg/kgel 2t & ¥ 1 (13)¢} Sejvtetoll A Al gE = AL
9| A4k 2 opal Ak 9] dafe] 247t 1.5~1.8 mg/kg 2 0.4
~0.5 mg/kgelet L & By (14)E & o 744 F 2k 9
=S A HEE 447 71 oty A
Kwon(13)2 105 A=+ 743 F trimethylamine oxide
(TMAO)= 3 F 042 mg/kg, TMA+ 5.15 mg/kg ¥ DMA
FF-E 3.75~11.99 mg/kge] W=t 8192, Sung $(8)L
100 E-oF 415 bAoA DMAS®] #eke] 445 mg/kg o5
%A AR 7= & slg o, ol & A 2HeE T
e o318 ZH4 -9 DMAE W23 38940 &
A4 FolAtA 5o % pHe| W3t A4 A% A"

7P AHF 3™, A=A 33), AHALE 34, A4 2
A) Y Al AF 648 Ao 2 NAS 2413 A& Table
37 2ol & 17319 A8 % NAE NDMATe) A&sg e
o, NDPA 9] 3482 82.4~100.2% (% T 95.0%) ch. 7H3
% NDMAS] gk A9 2ol A 1.1~2.7 ug/kg, A4
737l A <05~2.7 ng/kgol K, 4L Al HA XA 16
~24ug/kg, A2 DA NA 15~3.1 ug/kg & A &=t
HFol Al <05~1.8 ng/kgS) M Z H3t 1.0 ng/kge ND-
MA~Z} €=l

Kwon(13)-2 559 A4 7-3 & NAE 243 A3
NDMA, N-nitrosodiethylamine(NDEA), N-nitrosopiperidine

Table 3. The levels of N-nitrosamine in soy sauce, soybean
paste and beer

Sample Sample  Detected NDMA Recovery of
source (ng/kg) NDPA (%)
A  Home-made <05 82.4
B Home-made 15 96.3
Soy C Home-made 2.7 926
sauce D Marketing 2.1 96.8
E Marketing 2.7 979
F  Marketing 1.1 86.0
A Home-made 3.1 97.8
Soybean B Home-made 15 97.2
paste C Home-made 2.8 91.7
D Marketing 1.6 100.2
E Marketing 24 978
A Marketing <05 93.3
B Marketing 0.6 84.4
Beer C Marketing 0.7 39.7
D Marketing 1.2 96.3
E Marketing 1.8 98.3
F Marketing 1.3 97.8

(NPIP) 2 N-nitrosopyrolidine(NPYR)o] &=z, 3
o] 7} B-& NA+ NDMAEH &A% ~59 ng/kge] 4l
gdoix v wstgich 2o $4 5 NDMA % Wste
24 30l 2.7 ng/kg, 54 60l 85 ng/kg® 4 30d
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H34 45 2 AR Aoz RE e oA Y
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AAEE A 29 XS DA Z 7] Wl Ee) 5H20).
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Fig. 1. N-nitrosamine formation in soy sauce, soybean paste
and beer under simulated gastric digestion.
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Fig. 2. Effect of nitrite on N-nitrosamine formation in soy sauce,
soybean paste and beer under simulated gastric digestion.
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a2 3)7] dFolzty 1&s9drh Sung 5(18)2 25 mL
o] WZo) 0.2 g9 obAArA-E 713}ed 27°Coll A 3AIZE A A A
71 3 NAS #43 A7 NDMA, NPYR % N-nitrosomor-
phorine(NMOR)e] &5 %125, 27l 4] NDMA*2| 3
2o 1.0 ug/kg o3t Y ERASHA 7] Fofl = 816857
ng/kgo 2 F74= %o, NPYR % NMOR-& tf &<l 4
A3 7AEE A dgront Aol A Zh2t 42~47 ng/ke, 3~
5 ng/kgel A& cka Bsbylch
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9] ol& A} ES 424N sodium thiocyanated 100 mM
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NDMAZ}F A gcky shed el & Aoz vl 23
2 vhepyget.

8 mMe] obA ke 7 6.4 mM} thiocyanates 71k 2k
2} 57w W3 A Zo) ascorbic acidE 3.2, 64 % 12.8 mM
E5 R slatel AFAHAL F NA A4S EAY 25
ascorbic acid®] $ =7} Z7F2 4% NDMA 442 A=A
t}(Fig. 4). 12.8 mM<] ascorbic acids # 7+ 73 FH7H+
(25.8 ng/kg)ell BI# W= 32.6%, ZHA-E 74.3%7F A=
o, = 92.3% A=A
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Fig. 3. Effect of thiocyanate on N-nitrosamine formation in
soy sauce, soybean paste and beer containing 8 mM nitrite
under simulated gastric digestion.
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Fig. 4. Effect of ascorbic acid on N-nitrosamine formation in
soy sauce, soybean paste and beer containing 8 mM nitrite
and 6.4 mM thiocyanate under simulated gastric digestion.
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