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Abstract

This study was carried out to investigate contents of nitrosamine precursors such as ni-
trite and dimethylamine( DMA ) in some foods. The diazo and Cu- dithiocarbamate method
were used for determination, respectively. The major affecting factors of N-
nitrosodimethylamine( NDMA ) formation such as pH, contents of DMA and NaNO., other
chemicals, and UV-ray in beverage were investigated in vitro.

The contents of nitrite in meat sausage and meat ham were 6.44~18.66ppm and 12.85~
39.95ppm, respectively. And extremly low level was detected in a certain kind of fish sau-
sage. The contents of DMA in meat sausage, meat ham and fish sausage were 3.34~15.
85ppm, 1.20~7.10ppm and 7.38~12.28 ppm, respectively.

The optimum pH for NDMA formation in vitro was 3.0. NDMA formation was rapidly
occured at high temperature and formed above 80% within 1 hour reaction.

The formation of NDMA was increased in propotion to the concentration of DMA and the
sqgaure of the nitrite concentration. 0.1M of sodium citrate, sodium tartarate and sodium thi-
ocyanate enhanced NDMA formation. But sodium chloride did not affect. However, 0.3M of
ascorbic acid, erythobic acid, ascorbyl palmitate and propyl gallate inhibited NDMA forma-
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tion approximately 78%, 81%, 86% and 85%, respectively.

Cow milk and soybean milk inhibited 35~479% of NDMA formation but orange juice and
apple juice enhanced 15~64% of NDMA formation.

The peak in HPLC for NDMA disappeared by irradiation of UV to prior formed NDMA.
This result suggest that NDMA was destoryed by UV irradiation.

I.A &

A\ F-F4le] AT tiEe] o] AAYo]
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T 5, 1976; F3H 5, 1979), AF7F

o] 5~30ppm( AT ¥, 1990), $F+} &
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Oswald, 1980; Nrisinha®} Stephen, 1982;
Stanley %, 1988)7} & o|F 1 9Jr}.
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Z3} Cu- dithiocarbamate®]© 2 Aaks}gict.
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sl Egsln FHTE Ao S0mlz ¢ ¥
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7 R F AAFE Hzle T
EH(Na,S0,) 05gg 73l <3l
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Ao ztAR A2 N DMA-NE A
st

(3) A1gd3olA NDMA AAAH

pHe} 2o g 2384 : NDMA A4
A2l DMASF NaNO,9| ukg-of] nx]+=
pHe) 38ke =A}sl7) $)sted DMA 0.1Ms}
NaNO, 0.5M& i3 uh-g-9& HCIE pH
1.0~7.022 43t 36 CellA 3212 543t
uhs-2]71 F NDMA<®] A =Abslge
|, NDMA 2] Ael] v]2)= w2 2] 3
£ 2A317] f8Ae pH 3.022 =4 v

<S4 DMA, 0.1M3} NaNO, 0.5M$ 7}3}
I 6C, 16T, 26°C ¥ 36 CellA 1~4A12F &
ok ukg-A17] = NDMA <] yAleks FApstdct.

DMA2} NaNO., =kol oE ¢34 :
NaNO. 0.5M& 3% pH 3.0 uhg-9dej
DMAE 0.02MellA 0.16M71#] A7}ste] 36
TollA 3417 & ¥H-A|1Z1 F+ DMAS] &=
of w& NDMAS A= xAbshaled,
NaNO. Fx9 <& A7l A
DMA 0.1M$ i3 pH 3.0 uk-oe
NaNO.& 0.1MelA 08M7HA] H7}sled 36
CellA 327 F2t uhg-A17) 3 NDMA 9| A
AAee Ak

Z4E 3 EEY Hotol oF gHEY
NDMA &] Aol uj2l= 7+E 3}ehE-3 2] o4
< z4bE7] $18ke] pHE 3.0202 =43 4t
$d¢] DMA 0.1M3} NaNO. 0.5M$ 713t
% sodium citrate, sodium chloride, sodium
thiocyanate, sodium tartrate, ascorbic acid,
erythobic acid, ascorbyl palmitate % propyl
gallateE z}7b 0.1M #7}ste] 36°CellA 34
7F &k vkAlZ F NDAS] AAdRS A}
slden, 2% A#H2ge] e EAHL A
Al F=E 27 0.05MellA 0.3M7HA] A7)st
o A&A 2 Frol @& FgE zAMsIACH

Y| A ZHOAM 2] 2HSH 1 dF- AR Fo]
NDMA 9] Al w2 g A7) 4]
st S, 7, LARAFL, AFLE pH
3022 243 ¥ DMA 10mM=3} NaNO,
S50mM2 7}sted 36°CollA 3217kt Hh-A]
71 ¥ NDMAZ2| A& xAlstedct.

(4) NDMA©) ik #2)A9 A%
A Higt7E 349" NDMAe ml3]e 4
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%S dolry] §J3te] pHE 3022 =AY
ukg-ale] DMA 10mMz} NaNO, 50mM=<
7bsted  36°CelAM  3AZbEd WRAIA
NDMAE A7 o] H#g 207t #hejAd
(253.7nm)22 W5 ¥ NDMAS #3A
=& dFsqrt

(5) NDMA<®| A%

23719] wiyo g uhg-A]7) uhg-<dof 10N-
NaOH 50méE 7}8}3 dichloromethane 25mé
2 23 F&3ld Fe3EFeR 95
F A}3) 3143l Table 13 22 7oA
HPLCZ ¥A3ldem, NDMA #F3(Sig-
maA}, )5 )2) peak area®} wlwsle] Ast
Arct.

Table 1. Operating condition of HPLC for analysis

of NDMA
Instrument Waters Associates( USA)
Detector UV 254nm
Column 4 Bondapak Cis
Mobile phase H,0: CH,CN(95 :5)
( containig 0.2% H,HPO.)
Flow rate 1.0m¢/min.
Chart speed 0.5cm/min.
Attenuation 128
Injection size 100
m. 4 =]

1. MEZ ofEctd el &

FEFA AFAAR, ASY R &AM
4570 A|BE djoR ol S ¥4
3 A= Table 29} 2},

Al g4 A A o= 6.44 ~18.66ppm( H+ 10.

Table 2. Content of nitrite in meat and fish prod-

ucts( ppm)

Sample No.  Meat Sausage  Meat Ham  Fish Sausage

1 6.85 27.39 0.31

2 7.35 39.95 ND

3 6.44 33.15 0.24

4 14.50 3496 0.18

5 15.15 31.83 0.13

6 15.37 20.79 ND

7 8.70 12.85 ND

8 18.66 18.74 0.26

9 7.20 28.72 ND

10 7.15 23.15 0.15

11 6.71 28.28 0.12

12 13.28 32.54 ND

13 9.74 17.71 ND

14 12.51 25.26 0.19

15 10.35 30.14 0.27
Mean£SD 1066+3.82 27.03+7.06 0.12+0.11

ND : Not detected

66ppm), Al%8ell+ 12.85~39.95ppm( H
27.03ppm) o2 A% 2 opaAate jeko] &
stem, o] S MR el QY- AlRelA wlzt
A& 5 Ak

2. A ZZE DMAS| gfgt

FE5F A5, ASY P oS
4578 A 85 ez DMAY s £AM%
A= Table 33 ).

AlgAaA Aol 3.34~15.85( H 6.96ppm),
Al& 3ol 1.20~7.10ppm{ H7 3.54ppm),
A4 M A= 7.38~12.28 ppm( ¢ 10.05ppm)
o2 offaAAcA DMARZe] x4 et
st

T3 2 Aol A3 ASaMZA], S
3 o] g A A %] 9] o}" Ak DMAS] W &
22 Fig. 1l “epi et
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Table 3. Content of DMA in meat and fish prod-

ucts( ppm)
Sample No. Meat Sausage  Meat Ham  Fish Sausage
1 14.16 541 11.80
2 747 3.86 7.38
3 15.85 7.10 10.15
4 6.57 2.85 8.62
5 5.28 3.76 9.25
6 3.34 4.12 8.12
7 5.24 2.35 10.37
8 3.93 1.20 12.28
9 4.63 3.16 9.36
10 4.27 2.32 10.65
11 4.52 2.35 9.65
12 7.96 412 11.32
13 5.83 392 12.05
14 7.15 2.74 10.28
15 8.20 3.85 9.45
Mean+SD 6.96+348 354%137 10.05+1.38
301
5y % NO,-N
20 [—i DMA-N
£
s
8 101
5
O™ Meatsmimsge | Mestham | Funsausage

Fig. 1. Average content of nitrite and DMA in
sample

3. Aol A NDMA2S| MANxZ

(1) pH <33

NDMAS$| AAdel wlxl:= uhg pHe 2%
4 ZAE7) 9%t DMA 0.1M3} NaNO,
0.5Me 3% uhg-d8 pH 1.0~7022 =
AE F 36°CellA 327 F9F w3212 A
+ Fig. 29} 7},

NDMA formed (mg/mi)

NDMA formed (mg/mi)
~N

-

NDMA¥ 7344 2712) pH 1.0~3.0¢14
Aol rsigeom, pH 3.00) NDMAAA]
9 A z7elqct vkl F4 $-2<9 pH 6.0
~7.0¢14= NDMAS AAe] F43] a3}
o] pH7} NDMAAAJe| Hojsh= F83% o
Ade & F st

4

=g

1 2 3 4 5 6
pH

Fig. 2. Effect of pH on NDMA formation

(2) Exo} A7) 43

NDMA &f Aol v]& b2} A7k
8L xAb87] 93t 0.1M DMAS<} 0.5M
NaNO.& ##% uhe-4& pH 3.028 x4
F 67, 16°C, 26°C ¥ 36°Cellx 122} <A
42175t whg- A7 A= Fig. 35} 7).

4

w

| 8T
+ 16
A 28C
0 36c

o

0 1 2 3

Time (hrs)
Fig. 3. Effect of temperature and incubation time
on NDMA formation
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Wh3-2E7h ¥obd% NDMAS A4se
Zhstdom, W 1412k oluls] 80% ol4t
o) NDMA7L 4 =le] Wgzie] Ag 7
$ Az AHEE &+ Ak

(3) o}2Ards} DMA ¥%9f %33

NDMA ¢} AA4e] v]x= NaNO.2} DMA
FE9 A3g 2ARF A= Fig 49 Fig
5ol vebi et

NaNO.9 ¥5& 0.1Mell4 0.8M7H#] 27}
A171& W 0.6M7xl= NaNO, ¥%9| AlF
o] w3l NDMA S} AAdze] 718l
DMA 2] ¥%& 0.02MdlA] 0.16M7}#] Z7}

NDMA formed (mg/mi)

N

o / .
0 0.2 0.4 0.6 08
NaNQ ; concentration (M)

Fig. 4. Effect of NaNO; concentration on NDMA
formation

’ e

NDMA formed (mg/mi)

4

0 0.04 0.08 0.12 0.18
DMA concentration (M)

Fig. 5. Effect of DMA concentration on NDMA
formation

Al Zfele 0.12M74Al= DMA 9] 5ol
vlgsto] 73t

(4) 7% 3tshgAle] o33k

0.1M DMA=9} 05M¢] NaNO,& F+3
pH 3.0¢} vh-g-Ael| 735 3shE3e 0.1M A
7}sled  NDMA  AARE =AY Ade
Table 49} 7},

Table 4. Effect of chemical agents on NDMA

fomation

Chemicals  NDMA formed( mg/m¢) Relative %
Control 3.84 100.0
Ascorbic acid 2.19 57.0
Erythobic acid 2.04 53.1
Ascorbyl plamitate 1.46 38.0
Propy! gallate 1.38 359
Sodium chloride 392 102.1
Sodium tratrate 548 1427
Sodium citrate 6.20 161.5
Sodium thiocynate 4.65 121.1

Sodium chloridet= NDMA A Aol 33k&
u]=x)z] 29k} sodiumcitrate, sodium tar-
trate ¥ sodium thiocyanatet= NDMA A4
+ 21~62% A= F7MF-c}. 22y ascor-
bic acid®} erythobic acide= NDMAAAIE
43~47% A A3}, ascorbyl palmi-
tate2} propyl gallatex= 62~64% X A3j
atodch.

e A8 el o7 ¥ xApsh7] 9
ste] AsiAle =2 0.05MelA 0.3M M7}
st NDMA 2] A4 A#&-g AR A=
Fig. 65 Zch AsAY sx7t Sl =
2} NDMA2] AAE Zasigen, 0.3M 3

7}A] ascorbic acide 78%, erythobic acid+
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60 1

40
B Ascorbic acid
+ Erythobic acid
* Ascorbyl paimitate
[0 Propy! gallate

204

A

0 0.1 02
Inhibitors concentration (M)

Fig. 6. Effect of inhibitor concentration on NDMA

formation

81%, ascorbyl palmitates= 86% ZLg8]i
propyl gallatex 85% A= ANEAINE }e}
Bt

(5) AAAF- 4%

UH- AAAFe] NDMAY Aol vz
ke A7) st S, i, 2ARAF
£ R AFAE pH 30202 =-J F
DMA 10mM#} NaNO. 50mMe 7}3te] 36
CeollA 321745 4821270 & NDMAS] A
Aekg z2AHE A= Table 59 z2c}.

S+ NDMA R4& 35%, FHe 47%
Ax Atk 22y eaAxFLeE 16%,
AFAE 64% AE NDMA A4S F71H4)
Zct.

Table 5. Effect of liquid foods on NDMA formation

Foods  NDMA  formed( g/ Relative %
mg)
Control 39.03 100.0
Cow milk 24.45 65.2
Soybean milk 20.69 53.0
Orange juice 44.75 1147
Apple juice 63.86 163.6

0.3

4. X2l M mgte| dE

o)Al 185371 A9 NDMA »X= %3
B ZARE7] 9%t pHE 3058 24F
Hk-2-alo]] DMA 10mM3} NaNO, 50mM-$&
7}k 36°ColA 3A17H6<t uks-A|1 NDMA
£ WA AR 2087 WA F
HPLCZ NDMAS®] peak& #33}4c).

Fig. 7oA Rz ule} o] zejAd Histell
2lsj 4] NDMA <2 HPLC peak”} 2tz A
22 Bo} zp9)de NDMAE #dlsh= 7o
2 A=A

Before After
S .
0 5 0 0 5 10
Retention time (min) Retention time (min)

Fig. 7. HPLC chromatograms of NDMA before
and after UV irradiation

2

V. 31
Nitrosamine-> o}AArdst A|2F o}xle]
whg-ste] AAEE 2T UGERRA ook
T AFUe sk Aoz deA gled,
A E-g 53t ATFEAS AFHY 4%
o] A 2N AA- 7o) =
£ 93 nitrosamined] WA 7FsAe] &

& A% ARIIEES o%71TE dialed
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NDMA ¢ A7-Z3ql opdArdst DMA S &
23s ZA3le 2FJle] NDMANA 74
7 el AA THEAdE AR, A
ol 4 NDMA ] Aol 43S n|Ae &
A3} 2k A Mgtell 23 NDMAS| &3}
£ #Fsisch

Al ZE opalAbgle] ke AlS4AIRI7} 6.
44~18.66ppm( HF 10.66ppm), A5d 12.
85~39.95ppm( HF 27.03ppm)2=2 AF A
7HEE olAANIEES AR AoE At
A1, AgaARe AEEH R WA v]Fte)
A& 5] oA EFS AMEEA] 42 e
2 A7E9c. $2velelMe AlEW obEAt
g9 Feke ASaAx # P& 70ppm, ©]
S4MA= 50ppm °lEE FAIFE e,
E Ao A7 ARl FAIA ol A
239 A8+ ot

A9 DMAS ke M-S 334~
15.89ppm( 3 6.96ppm), AS3d 1.20~7.
10ppm( HF 3.54ppm) L] A8&EAA 7.
38~12.28ppm( & 10.05ppm)Lo2 oK
AR} A F AHFE FHT AS2MA
o §FeFo] ket

Fa 5(1976)0] siAtelF2] DMAS &
#o] 2~70ppmelehs R Xche w@gtev
PR F(1973)e] o1F71EFl 5~20ppm
2% B3oke ket

AEUe) NDMA S 3eke =A87] 993t
o HPLCE ol43led EAE Axstgey
NDMA 9] #=¥e] ppb 59 SviFesx
Mg 3hrlele @ gen Adae AR
A £2 Axe] NDMA7} ZAESchks ApARE
galstadct.

NDMA < A#g Fak 5457 H3iA

' 2o st & GCEY 71717} AHe-H
oo} & 7o 2 = Adch

Tanimura(1971 )+ 7159 434 DMA
7} NDMAZ A== g PAgo] 1.1%
2l Bwatgon, £ A AH-F AER
2l AAE 5 9de NDMAY FAze 0.
013~0.174ppm( FF 0.075ppm)elslct.

A|gPH oA NDMAS AL 7MiM =
A4 st 24 pHe 3082 <zt
ulolA A" 7lsAdel =itk 3 pH
6.0 olitdlxl= NDMA<® AAde] 343 7t
&3t} pH7} AlFWielAd NDMA A4S o
A= F23 8959 2 AZRE A

NDMA 2] Aol vl= 229 A7He] 4
g oo} B Ay, T FolATE WA
o] Z7}3tela, Hks- 1412k ool 80% olA
¢ NDMA~7} AAs]e] whg 2] A%y
AS A7 el AAEE 4 ¢ dden,
Abgtel AlFshke $4E] e #HFE2&
AZre] WFH 2~4A7k) HE  FAetE
NDMA AT7EAS A3E 7245 fAdedA 2
235 AR e fdEch

opAlatgd o] x| 23t NDMAS W%
2 NaNO, ¥%9] #|Fl vzt F713HA
=4}, o)== Mirvish(1975)9 Ruse} dx3}
k.

g3 DMA<Q] Fxo 23 NDMA2 AA
ZFe dA FE7xE DMASY FZel vl A
22 Z7}sled o] uk3-2 second order reac-
tiong W2 72 Azt

0.1M DMAs} 0.5M NaNO. & %% pH
3.04) uhg-do) U4 G Y F U=
7+E 3RS 0.1M Hrisled NDMAS
Ak zAs| £ 23}, sodium chloridew
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W odgkg wx)x| Wskevh, sodium thioc-
yanate, sodium tartrate, sodium citratex
NDMA ¢ QAL A A1z{1, ascorbic acid,
erythobic acid, acorbyl palmitate, propyl
gallatet= 43~64% A= NDMA AA& A
#)5}2ic}. Thiocyanater AFEe] gldFo) &
A5ty Yol A nitrosationg 3127 A
o2 B us=e] ¢lew(Boyland, 1972), 34t
3}41 E#R9) ascorbic acid, erythobic acid,
ascorbyl palmitate 3! propyl gallatew
NDMA 9] A& Asziden, ol 343}
A BAde] AAA R o)A ukg-3l7]
9l ez AztEgc}.

NDMA AAE Aslshe A&
T2 0.06MellA 0.3M7FA] F71A171-8 o,
NDMA 2] AA-e Az} 7tasziden 0.3M &
7}A] ascorbic acid= 78%, erythobic acid+
81%, ascorbyl palmitate= 86%, propyl
gallatee 85% 9 AHAIAE ehliddedl
o]+ Keki $(1974)9 ¥.19} f-A3l4dch.

NDMA 9| Aol vlx= A% YAAF
deg ol & A, i oF 35%, T~
of 47% A= NDMAS A& A&stdct.
a2t 2AAFE 239
NDMA AAE& 317,

Nrshinha 5(1985)2 model system&- ©]
43 Aol e AqARF2e}
NDMA A& A2} 100% AMslistdct 31
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