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Abbreviation

DMA  : Dimethylamine

GC-TEA : Gas chromatography-thermal energy analyzer
K-D : Kuderna - Danish

NDBA : N-nitrosodibutylamine
NDEA : N-nitrosodiethylamine
NDMA : N-nitrosodimethylamine
NMOR : N-nitrosomorphorine
NPYR : N-nitrosopyrrolidine
NPIP : N-nitrosopiperidine
NDPA : N-nitrosodipropylamine
TCA : Trichloroacetic acid
TMA : Trimethylamine

TMAO : Trimethylamine oxide



SumMary

The changes in contents of N-nitrosamines and its precursors such as TMA,
TMAO, DMA, nitrite and nitrate were determined during broiling fishes and

meats on gas range or charcoal. The following results were obtained.

1. The TMAO-N contents decreased remarkably in fishes while little changes
were detected in pork and beef-ribs and, TMA-N contents increased approxi-
mately 5 times and 4 times in squid and sea-bream, respectively.
2. The DMA-N contents in fishes increased with the highest content of 57.2
ng/kg in squid while little changes were observed in meats.
3. The nitrate-N contents in both fishes and meats decreased and their con-
tents were in the range of 2.8~7.7Tmg/kg and 4.0~6.7mg/kg respectively,
while the nitrite-N contents in fishes and meats increased and the contents
were in the range of 2.2~6.6mg/kg and 0.7~3.2mg/kg, respectively.
4. N-nitrosamines in fishes and meats were NDEA and NDMA.

In broiled fishes, the NDMA contents were in the range of 9.5~14.1ug/kg,
and the NDEA contents 1.2~2.5u¢/kg while in broiled meats the NDMA conte-
nts were in the ranges of 5.9~20.9ug/kg, and the NDEA contents 0~3.0ug/kg.



L& &

Sele] UAM He FEATIE AT QT HAAY S AR
ZAZ Ze ez 424 % N-nitroso 33-EQ nitrosamine 2} nitrosamide &
REML, W, NEZA vl BolstA LAst: ¥ RPWRoITL.

N-nitrosamine2 1863 3o xg 7= ¥ 1937¢ Fruend?t T85-Fo) NDMAE
To4% A3 LA 8ol Arke R E AVIE 2 FHA 2 230 AH
gk, 2 F 42 I7AEd Al oA e AL &+ Yoke Aol AF
%l 9l+=ul, Magee?} Barnes(1956) = N-nitrodimethylamine(NDMA)& ZFlof Fof, 7
Tol Mol MAAYE R asted A 2R Bfittel ¥ YE v, o]2 T nitroso 3%
HEST S AP M del 2Xst2 Y32, 2 FHE IS &
of o 12009 %o ©3twd T F o 80% 7 BMaEe = Uthl ¥t (Druckrey 5,
1967 ; Griciute, 1978).

B#tE N-nitrosamineo) ti3 A7 BIlE A P A2 1957Y¢ L= ol
A AT A 9= 58 bR BT tiar mMAATe Rdo] o
2 PIEZ % ¥4 dimethylamine (DMA)3} ofEol X 2FZ Y73 obUAY
o] 4X gty AJAHE NDMATE EM o]gith: Zol Ender 5 (1964) 0 &3t
2ts{x] W x| Rejolv], Karabatsos®} Taller(1964) o} s = =7} @sizict.

lo

o] A7 AEZ N-nitrosamine A 7}s4dol £ HY, T3 I
Blttol 2lolM N-nitrosamine?] 3o} 23 CI3E A= shdrt. Mirvish (
1970) & AT SV AE EMAIT o & o] &3 Aol DNAR} ot AAT G ol

Wgotel NDMAS A3AIY whel 2H phi: 3.40lvd, NDMA AAHAEE DMA X



st o} U4y sxe] MFol WAtk Kalatazise} Ridd(1966)] 4%
32 A% stAH(Fig. 1).

2HN02 N203 + HZO _______ (1)

RzNH + N20s3 R2N-NO +« NO2 - - - - (2)
RzNH + HNO2 ReN-NO + Hz0 - - - - (3)
rate = K (total amine){nitrite)?

(RzNH : DMA, R2N-NO : NDMA)

Fig. 1. Reaction of nitrosation and equation of reaction rate

A4 B N-nitrosamineo] ATAAZT £<Ud V1= AME(Fiddler
=,1971 ; Sen =, 1972 ; Hotchkiss 5, 1985), §ul<”](Rhoades 5, 1972 ;
Brunnemmann =, 1985), 3}% % (Fan 5, 1977), 2el 2l % (Castegnaro 5,
1981) 5 27 ojHE Baly o7, T A2 WA obAA, LI
23, 330t} e BIEAE F28A HD oA WEALAY M w
2 Mutsts) AR 7|2 3t 734 ¥ N-nitrosamine-> NDMA, N-nitrosodiethyl-
amine (NDEA), N-nitrosopyrrolidine(NPYR)3} N-nitrosopiperidine(NPIP)olX 2
429 ¢L o3 thYstA T ¥ 1~10ug/kg P helth(Griciute, 1878). o]
2|3 N-nitrosamined 23otT 3} obhArGol wHgstel A4 vk A %3

o1 }(Keefer 8} Roller, 1973 ; Mirvish, 1970 ; Sen 5, 1969), 2 ¥ otE4itdd

I} wret 718 23olW MW o]l 1gotT, 3FotY, 43 YEFE MUYEX
2% Moo ArpE A4 o] ¢dd 3t (Kawabata, 1953 ; Archer &, 1971 ;



Fiddler 5, 1972 ; Lijinsky &} Singer, 1974 ; B®§ 5, 1977 ; Ishibashi &,
1984).

N-nitrosamine® TFEAQ ofUFt sittoimFol Yol FRx U2n 3l
LEZAAEY A2 ofY DMA o AT HAS] WA YA+ goul, XF
dofs| =7t e 23 9 7)o} DMAZL P1ovi(Amano o} Yamada, 1964), o #-&
HATEAN 7] MR " P DMNAs ALsIA A, Foh3cte 2 aste

t}(Spinelli 2} Koury, 1979). 3o o9 9 trimethylamine oxide(TMAO) = %4

1)

Bt siatolof chd £ )5} 2 (Hughes, 1959 ; Grontnger, 1959 ; Dyer, 1952),
B BESRTE HIAS, Aot 2ESol  UWrh(Wxk, 1970).
¥ sitoiminel ASYREA FRUAIH 48 F THAOE <& Fof TAs
FRALo o) wEASF trimethylamine(TMA)E ¥ HE ] ojm) 4339

rr

DMAS} FELUsl=5 ABA it slor}(Yamagata =, 1968). Aig LR w33
=9 betaine-e FM o UAHF o 28 Fol(jEM, 1963), cholined A ZEn)
ZAstm] o] 712 lipase %8 23]

choline 22, thA] betaine® & At3}x| 2 (Lehninger, 1982 ; Jonston S, 1983)

of 9923, phosphatidyl choline?] ¥El3

Y tobrt 3gotP e ® Fel¥cty sloitvh(Fiddler 5, 1972).

ot F-8lo} N-nitrosamine®l F& PLEHY obUALY 3 ALY Eolnt
ofxj ol ot FREHA AT (X 5, 1973 ; vhite, 1976 ; #* &, 1982), A
27 (X 5, 1973 s, 1982 ; & 5, 1990) % T8 e AZAME HFE
5] 2 9r}i(Ishiwata 5, 1975 ; Tannenbaum 5, 1976 ; Ko, 1979). ofpxZ 2] o}
A4Y 55 e s V1 F, EQR, EF 5 ¢AN whet 2o, =23
T AALER nBEYY AEol 2sto] BHE obWALYEE A SRR obUA
Aol FAZH gHel A & Yrh: RI1E SUvh(s, 1985). el A Qo] sty

Of



AFlste AEFA 492 142,10 mg/day 3}%-=lo glovi(white, 1975) HLY
HH 5348 HAHEARY FAAM LR 2% WS VA Yok A
2 3t Ach(Juhasz, 1980). =3 A4 B opUL PR AL F, ARFEFTY, clost-
ridium botulinue®} 3&JA 5& $15t AF7H3EF P I3 F s HEA
ZbEE ARl HTE I o oY Fo AAX-F2F N-nitrosamineg P94 A
7137F Yk & 5 YAt

U8 N-nitrosamineo} 3t F+ & AMRY 23 JLEF P FTA FHL
g ol 34, R 5(1982)2] 5F A2 7ol N-nitrosamine 33, & 5(1984) %
Axl 5744% N-nitrosamine “34F 2 ol 23 7, B 5(1985)8 2¢ 7+3 F
N-nitrosamine?] 4F o} 23 A7, £ 5(1985)2 Az} TR 4% 455
¢} nitrate FF utF nitrosamine FTHZ UL W3lof F3 A7, % (1988)
o] MAME Aol o3 Mt N-nitrosamine 434 A z2&o| B3 32 17
(1988) 2 ¥4 *% N-nitrosamine “34 % N-nitrosodimethylamine? &

T, & =5(1990)2 Ate)R F N-nitrosamine?] 434do)

23 A7 & (1991)8 AR  &AIZ N-nitrosamineol B3 A1y glon}
o] A &2 Y A7 vls] {2 AHolrt.

A %% N-nitrosamine 32 21H 9t Y8 A1 Ax+e AT 23
217 ARAES AT S ol %o Ty Y L] LHEHM, oFt 7 AFE
€ ZeElsho gAel sh3E Fedl g Yol A4 He Rex daA gri(
Panalaks 5, 1974 ; Iyengar &, 1976 ; Gough 5, 1977 ; Sen 5, 1979 ;
Huang 5, 1981).

el ANEYH AFE VZAA 74 "o, 32 AW F4HA ML
33 4@, B 9 BA AFZE Fora YA o) wiaste AFStE 52



£ Z2A Fotstdck. e ol R g AR 22 h3dved A REYER 2
PFEHo A8 FVHASE L3182 Y9, Matsui 5(1980)2 2059
o8 Tt VAR AN FRSIAE W N-nitrosaminee] 2A F7HL &
23t ovi, Kawabata 5(1980) 5 Ao T5& 7FA-E3 PR oM M A
= W ol E Tl F71¥E RIAHAL, B 5(1985)2 FulE VAP, I
=, Felo] Mo 454851 91-& wl NDMA”} 66.3~101.6ug/kg, NDEA+: 9.1~25.4
pg/kg, el NDPA: 14.3~29.6ug/kg2 3 43 Vo wial 3713ty sile
o, 8 2N 3 MY HE FE VENY R VABR M Mot S wel
I Raskdct. =3 20 PR EUQY 2ot olANYE MM F =A I
sttt 215 gti(Ito &5, 1971 ; Kawamura 5, 1971 ; @ 35, 1974 ; Mat-
sui 5, 1984 b). 4548 Al N-nitrosamine 33 Z7t= HapAz| s}AZ e A
44 #E% nitrogen oxides(NOx) 8t 2 33tgol H4E F otV A Tgst
o nitrosamine-g #343}7] wWFolatr R sttt (Matsui 5, 1980, 1984 a).
ol2{% o] % mwh-Fol Kawabata 5(1980) 3t Matsui 5 (1980)-2 NOx 3l3i-Eol A%
of X5+ EUH=ALE Y7IAY 3 BY2IM AR FE dFvlE TYE AA
JE58 3 49 oJ-Hx N-nitrosamine A341& A4 & 9rt s},
utety 2 QrAME offQ 23, &F, WIS S5 4273, WG
¥, AS5g dFvE AR A M YR e e bAEd %E MY

W2 del 519¢ w) N-nitrosamine 33} W3HE ZE 22 s Yrt.
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1. REHH

< Ao A8 A F & 19907 129 20~30Y7dol 7% ©(chicken), ¥z
Zbe) (pork-rib) & A 7Zbu](beef-rib)= Zu|$AE AFAU APolM, o5
%% (Sea-bream, Branchiostegus japonicus), <2.%}¢1(Squid, Omnatostrephes
sloani pacificus) & W3Ix](File fish, Navodon modestus)~= 73z2 & AZF
Al FEABAM FUst] ARE AZE st

7t A EE LT EXYE M HAE AEstY dfe A EAdAM, §F

7t R xEolM BRI, A E 8k BRAT L Table 1 of viehUIgic).

Table 1. Broiling method of fishes and meats

Time (min)
Sample
Gas range Charcoal

Filefish 1
Fishes t? Sea-bream 8
(dried)

Squid 2

Pork-ribs 4 8
Meats 2> Beef-ribs 3 8
{seasoned)

Chicken 30 30

{non seasoned)

1) Samples were covered with alueinue foil before broiling with gas range.
2) Samples were covered with aluminum foil before broiling with gas range
and charcoal.



2. AN

1) #2 3%

+¥e gYrtdrzYez 4 shanh

2) TMAO-N 2} TMA-N o] 33
Dyer % (1945)& “1B% WA M (1957) 2 ol whet P 3sioict.
% THA-N-Z  E3utd3 AF 9 10g€ 4% AN EL &4z R2E52D
o] & 5miE 20mlEo] uiZlde A¥HFAA FsiArt. o7l 10% E=2ET iml,
> 239 10ml, 25% KOH 2ml-F 7hsho E3hst 30°ColA 1027 Fx1A 7 ©t

Ao
T

g 0.4f
C
©
<+ 0.3
S

0.2

Absorbance
O
T

1 1

O [O 20 30 40
Concentration of TMA - N(ug/ml)

Fig. 2. Calibration curve for TMA-N determination.



127 AstA TEATH oA & YA 5 Loy FAAD ¥, 432 BY
560 FABPANLE o] ToAdt AYBA £ ¥ A TFAT
FAEFAL 0.02% WoBA Y BIALA Smist TUstel 410nmolA
ST 2Yotel MAZE Atshalrh. UYL 23D A 0% THA 1.41m0
1%GYBPAET LT 102 B kg ol RE 10, 20, 30, 40ug/ml) FE
AAe AT ¥ 2 3 SnlE el BE 2T stod YA shaAv(Fig.2).

THAO-NE $12) 239 2m0% BAQE NPT sk T B BAD
the Ab71el Mol wheh AT WAL Fol, THEL MATeIM LRH THA

Fe wolA THAOY ¥ HE sttt

re

-3
)

c 2

oy
re
o
[e)

mju

b

3) Dimethylamine (DMA)-N 2] 3%

o o} A& (1974) o0 213t 7% Cu-dithiocarbamateo] 2|8t w| 483 3ty of
utet FFstAct. F E3PurAY AR o 10g2 100m YEEFALZA FH
Tomiet HA Y2 F AT 1527 FXT e 0% HFHOAIHNEALEA
10md-E H7tst: ZR4-3IM 100mEstd T EEAM 1527 ST F HER
# No.5AZ  ofzste] A|ZALE stort. ol&3lo] sty R EP AR SmlE
50miE o]l EAZTh7Iol 3 ¥ 5% CS2 34 CHCls EHE 10ml, 40% 413} L} E
B3 gRUOHEE 1:1(v/V)E E3st VT YvlelAgE 0.2m Y3 22T A
stA ELT th 20% T4 grRYeksE 3:2(vivE ERT thy 0.4g9
BaTe] 5508 Bolst VT MY ImE TSt 127 AHstA EE ATl
2 thg 0% OMEAE A I E Jlst £ 2T FEI Ao ¥2H W 7] F
x]3tch, 8135 (CHCls) & Al Zol #Iste] o 0.4g°) mMARIIERLR Y5T
¥ 435mmodM FEFEE FYstodct. AP FEY oA 50%DMA  0.64ml-F

oj¥
I
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.0
g 8
o 0-81
m -
q_
— 06t ?
O
" 8
O .
S 04f
n
(‘—)— -
a
g 0.2r
1 1 1 1 S
O | 2 3 4 5

Concentration of DMA-N(ug/ml)

Fig. 3. Calibration curve for DMA-N determination.

20% AtdztotyEAIE AT A 103 3 o oJAE 1, 2, 3, 4, Sug/mlo] 5
53 A9E AZY ¥ 2 F 5mE el T 2AE sk AAsYden g
o] F}AL Fig.33 Art.

4) obAAYAL W AL ALY FF

oAt WA(NOz -N)+ Wit Hik(1974) 8 PP & vIBFRAZA Y3t
E% ALY AW S1981)° gl webM FFsigdet. 2 A 2% 4 AR
A& Fig.4 Y Fig.5o0 viehulgict.

AAtg WA (N0s -N) & Kamm 5 (1965)2) & ALY #F 5(1972)8 ¥H=2
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Sample 10g

«— 100md, H20
+~— 5ml, saturated sodium borate solution
Homogenizing

|

Heating in water bath, at 95~100°C for 15min.

|

Cooling

«~ 2md, 10.6% potassium ferrocyanide
trihydrate solution

Standing for 30min. at room temperature

|

Making up to 200ml with water

l
Filtration

l
Taking up 10md

«—1iml, diazotized reagent
«—1ml, coupling reagent

Standing for 30min. at room temperature

+— 5g, NaCl
«— 5md, 20% TCA in benzene

Shaking for 1min.

!

Bezene layer

l
0.D. at 560nm

Fig.4. Determination procedure of nitrite-N in broiled fishes and meats.
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T

0.8

0.6

T

0.4} .

02r

Absorbance at 560nm

1 1 [ 1 1 1 I 1 1

O 2 4 S) 8 10
Concentration of NOo — N(ug/ml)

Fig. 5. Calibration curve for Nitrite-N determination.

2, 3% g3 A E 5go0 54 200mE Tt TRALe|MET AT

3 9% FolM 2352 = TETYA FHAA ohANFLT BUAX
F o] AJEAL S19 ob WA WAL FAWA whetM HFstAch.

5) N-nitrosamines® %

Howard 5(1970)2) & ALY Wil 5(1974) 8 3ol uwhetA Fig.62
Zol 24893, ©]7& Table 228 27123 GC-TEA) 2lste] 24 FPstaAct.
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Sample 100g

— 5g, K2003
— 200ml, CH2Cl2

Homogenizing for 4min.

l
Centrifuging at 3000 rpm for 10min.

! 1

CH.Clzlayer Residue
1 « 100m@, CH»Cl2
Centrifuging
|
f ]
<+——— (CH2Cl2 layer Residue
lo— 100m¢, CH2Cl2
Centrifuging
|
r 1
< CH2Cl; layer Residue

(discard)

L 4

Concentrating in vacuum to ca. 20mf (water bath, 40°C)

+— 20g, Ba(0H),
+— 20g, NaCl
«— 100md, H20

J

Steal'distillating(ca. 150mk)

1
CH2Cl2 extracting

1 +— Na2S504

Concentrated with K-D. (ca. 2mfl)

» GC-TEA

Fig.6. Schematic diagram for the preperation of test solution for GC-TEA
analysis of mixed N-nitrosamines in broiled fishes and meats.
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Table 2. Conditions for GC-TEA analysis of N-nitrosamine

GC
Type
Column
Packing material
Column temp.
Injection temp.
Carrier gas
TEA
Type
Furnace
Cold trap

Vacuum

: Perkinelmer sigma 2B

: O 3mm X 2m stainless column

: Carbowax 20M 10% on chromosorb W. (60~ 80mesh)
: 150°C

: 200°C

: Nz , 30m¢/min.

: TENT™™ Model 502A Analyzer
+ 500°C
:~130°C

: 1.8 torr

_15_



0. €% 3 %%

1. 22 Y3}

R Z 4 HEA AR 222 P93t Table 3.0 viebugich. 488 F
AR TR 18.2%, 5ol 719.56% 3 vielyteny, fF+ 2267} 61.0%
2713 2drh. 48 ¥ olEl FEUVT EF FAstPeA xEAM Rt
FtAgolA o] Yol FAstart.

Table 3. Changes of moisture contents during broiling process

— — — —

Sample Processing Content (%)
Filefish unbroiled 18.2
broiled !’ 12.5
Sea-bream unbroiled 79.1
broiled 68.1
Squid unbroiled 22.6
broiled 14.0
Chicken unbroiled 66.7
charcoal broiled 2’ 59.1
charcoal broiled (without Al-foil) 3’ 57.2
Pork-ribs unbroiled 72.3
broiled 53.6
charcoal broiled 61.1
Beef-ribs unbroiled 61.0
broiled 44.3
charcoal broiled 51.5

1) Samples were covered with aluminum foil before broiling with gas range.
2) Samples were covered with aluminum foil before broiling with charcoal.
3) Sample were broiled with charcoal.

..16_



2. TMAO-N ¥ TMA-N2] ¥}3p#i3}

o]% W S5 45MR 3 TMAO-N 2 TMA-NO| ¥ = Table 4 I Table 5%
et

o} ;oA 2 THAO-N ¥34e #8 ¥ 25 F2 stdted £Fol 132.61mg/kg2
22A o IAHE A2z FAFo] sHFATt. ojsh PV TMA-N FFLE
M Bol wsl AP ZUistodied, £l B4 M Y 28.0mg/kgol AT
7ol 45 ¥ 150.6mg/kg 23 o 5k F7HYe Rtk 2ed FIAXL PLE
60.86mg/kg 2.5 < 2vkHE 2 shoict.

Matsui %5 (1984 b)-2 Z27olE 458 1A W THAO-N:E 7% T3t THA-
N & 82% 2713 mastodch. (LUl 5(1968) 2 sl4tol7Ang ZHASHY  THAOS]

YRt Ar4AE goly THAR ¥t 3tg3, &% 110~120°ColA 7} @3

Table 4. Changes of TMA-N, TMAO-N contents of fishes during broiling

process (mg/kg, dry basis)
Sample Processing TMA-N TMAO-N
Sea-bream unbroiled 14.83 250.26
broiled * 58.31 132.61
Filefish unbroiled 101.67 25.54
broiled 60.86 22.06
Squid unbroiled 28.04 92.38
broiled 150.61 78.15

* Samples were covered with aluminum foil and broiled with gas range.

_17_



Table 5. Changes of TMA-N, TMAG-N contents in meats during broiling

process (mg/kg, dry basis)
Sample Processing i TMA-N TMAO-N
Beef-ribs unbroiled 1.54 0.77
broiled *> 2.15 0.07
charcoal broiled 2’ 1.65 0.41
Pork-ribs unbroiled 1.08 0.36
broiled | 2.37 0.43
charcoal broiled 2.57 0.76
Chicken unbroiled N.D3 N.D
charcoal broiled 1.22 0.73
charcoal broiled (without Al-foil) 2.34 0.23

1) Samples were covered with aluminum foil and broiled with gas range.

2) Samples were covered with aluminum foil and broiled with charcoal.

3) Not detected

THAZ3 A 2} 3174 DMA, EH L3I =8 AAste Wgol VY2 YT 2=
o Zo whet 2ol
AR T Aoyt YA, REFRTL YIFFo] E3lvt Wt TMA U DMAE |
o] A%t stPem HFF nj223W, AZZIY 52 heme TAWo)
THAOS] F-#8lof vlxl: A¥o] =v] 1552 heme BUZE A 53] TMAZ ©
o] MMty ¥ 7 stgdct. A 5(1968)% TMAOSR} TMAS) 3}¢3t: M2 W
BE Y AR 2 AZ el R 51917, Yamagata 5 (1968) X TMAO= A E A

o]t} (Hughes, 1953). Tokunaga (1975)+t TMAO2] 9G-¥3)

rlr

-

-~

Aol faol o3l WELEZ TNAZ R RSt

-18-



3 ol B 3 530 THAOZE ol Eslslo] TMA U DMAR A4S Aoz
ok, SFAME THAO-N + 2% faE ddvd #M F 2Z3vt ALY
o) s3] 2wl e © 7] 0.43~0.76mg/kg, 0.23~0.73mg/kg 2.2 Z7H3hict.
THA-N 32 1.65~2.57mg/kg2 3 #R Y& 92 712 Ed zEdAM:
atol £ gllch., Zevl SR M F THA U THAO, F JgotTel F7iste
H3%e 29+, Fiddler £(1972)3} Ito S(1971)2 43¢5 F #AAEY beta-
ine, choline 5o ol sl 3FotN ez ¥al¥ch 218k, Turkki(1978)
+ |72 choline 332 ZAtsto] x| oj7i4dol 0.86~1.05mg/8, +¥F 2%¥
oA 0.82mg/g, ©tol 3.42mg/8 WEE 3ol i shdrt. uheby 43R F
3ol e AL 43ARF H3EQ cholineo] oA &3l FalxElo 3gotY 2

4YT Aoz 3L

O v A—-

rlu

3. DMA-N2] W3}
F Y 59 £% F DNA-N V- Table 6 R Table T 3 ZAr}.

ol 52| DHA-N 332 48 Tol vish M ¥ UAx, &F, 23 2% F
Ztstgded, of 3 23 oiv) 57.22mg/kg 22 45 Vol wlstel ot 11¥l FotstY
T, S72 DMA-N 332 48M T ¥, JtA 8 sEdM FRY VHI QAT
Table 7).

DHAE §5% 3o £ FAasHol YR vsl stolfal thgoex Fyglst

wXxol glov, UNE PFo] YL oF2 TElSoA 20.29mg/kg, 273
S0l 5.750g/kg, T YYSAM 2.7~6.8mg% 3 N IE A (H, 1978:
Tokunaga, 1975), & 5(1979)2 2 5olE 0°Col 59 AHFA Ao 7w,

-19-



25°CoAlA 59 %A 2580 Fvh3tct R 2%t 9th. Kawamura 5 (1971 a, b)2
AE Zo 230t FxoM 48 Fol Holt 30.6mg/kg 2R AR 2.39),
TS0l 24.3mg/kg LR 10vl, Hoj2l+ 48.6mg/kg o3 8w, vl 21.6mg/kg S
2 2.6u), Ax]27]E 0.5mg/kgo 3 2.9uk, 237 E 0.2Tmg/kg2o 3 3ul F7H¥

sstgleny, Matsui 5(1984 b)2 P24l E ¢Fvlw XU AM R

ulo

tde 4% 54.8mg/kg o2 1.49) Foh3tch shgdeh. Ito S(1871)2 HE L2

of

Ex 7hEolM 2gotT el Fote BFEU Y TMAO, betaine, cholineo] 9lof 4%
B Zol Eolslo] THARH DMAE A%t : ¥em, HA(TClol w7] wlEof 7}
A 7te] W TMAOZ} 5iElol DNAS A4sted 2 A5+ HAMLER Q3o
DMAZ} Zra3teh 8 Qir.

+ AYAM 458 3 DMA-N HFol FIF olf v ¥ wiakde] FrAA o

Table 6. Changes of DMA-N contents in fishes during broiling process
(mg/kg, dry basis)

Sample Processing DMA-N
Sea-bream unbroiled 1.44
broiled * 1.57
Filefish unbroiled 5.74
broiled 7.20
Squid unbroiled 5.17
broiled 57.22

* Samples were covered with aluminum foil and broiled with gas range.
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Table 7. Changes of DMA-N contents in meats during broiling process
(ng/kg, dry basis)

— ——

Sample Processing DMA-N
Beef-ribs unbroiled 0.26
broiled t? 0.18

charcoal broiled 2° 0.21

Pork-ribs unbroiled 0.36
broiled 0.22

charcoal bolied 0.26

Chicken unbroiled 0.60
charcoal broiled 0.24

charcoal broiled (without Al- foil) 0.02

1) Samples were covered with aluminum foil and broiled with gas range.
2) Samples were covered with aluminum foil and broiled with charcoal.

gh TMAO 9 TMAZF E3lxl o] DMASL S7to] %2 vV A2z L

4. Nitrate-N G Nitrite-N &} 23}

F R ST R AU AL Y ohAANY P HA V3£ Table 8 ¥
Table 9 &t th. o 72) 45/ ¥ UG YL+ 4.40~7.66mg/kgo) QT AR ¥
2.79~4.39mg/kg 22 FA AT &50] 4.39mg/kg 2T KM ol wiste <
1.79} Z}Ast .

oldAtY WA 45| ¥ 2.17~6.58mg/kg 23 FIstRdom, o F &30t
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4.3ng/kg 2.3 < 3w} F7HE Hgdch. 79 P ALYF Y4+ M T 5.38

~6.33mg/kgol A3, B F A EIN xFAM BF FAste WFE 2o,

R 5(1985) A1gg Mubstel 9% £ FhSste AFdds ALY Qo
rtmisioi s sk, ATAP 104 AR 32 obUAY Wieh WYY 2T
EAY 4 47 EUE~3.4mg/kg, 1.0~31.Tag/kge] H et shoirt. Fongsd
Chan (1977)% 5% 8 A% ol 5 ALY AL+ 6~40mg/kg, oAU A=
t 1~4mg/kg oleh S, F 5(1982) AVRAF ALY BaUFE 0.74
~13.81mg/kg o1 obAAY WAL 2% FEEHALW ALA F obALA-NY
3tape z=of uwlel 2tolrt Wi stodch. T3 Matsui (1984 b)2 P24
T hagolM st wl AR T AEEA GAT oHULY Wt M ¥

Table 8. Changes of nitrate-N and nitrite-N contents in fishes during

broiling process (mg/kg, dry basis)

Sample Processing Nitrate-N Nitrite-N
Sea-bream unbroiled 7.66 5.26

broilied * 4.39 6.58
Filefish unbroiled 4.40 1.10

broiled 3.54 2.117
Squid unbroiled 4.78 1.29

broiled 2.79 4.30

* Samples were covered with aluminum foil and broiled with gas range.
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Table 9. Changes of nitrate-N and nitrte-N contents in meats during

broiling process (mg/kg, dry basis)

Sample Processing Nitrate-N Nitrite-N
Beef-ribs unbroiled 6.33 0.90
broiled *’ 4.40 3.18
charcoal broiled 2> 4.92 0.70
Pork-ribs unbroiled 8.66 1.08
broiled 5.17 2.16
charcoal broiled 6.68 1.54
Chicken unbroiled 5.38 1.28
charcoal broiled 3.95 1.97
charcoal broiled (without Al-foil) 4.34 2.39

1) Samples were covered with aluminum foil and broiled with gas range.
2) Samples were covered with aluminum foil and broiled with charcoal.
1.03mg/kg 22 =2A F7HgE 219l

T AYAM olf W S5 B8R F ALY A ALY T ohWLY LY
T2 371 A ol ALY ART R 3 vHFo o) oY
23 PP AR YA, SRoAM ALY WAL ¥ M REt
Zt2golM o Y2 AdFE UG ol AlFE uhd M AR

3 g4BAol A% Ao ozt W

32

C}.

L=
o o
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5. N-nitrosamine o] ¥ 393}

A% % F5F 458 5 N-nitrosamines®] 31331+ Table 10 Y Table 11 3}
2t

2t Al ENAM E®  N-nitroso 3}31-E-S NDMASH NDEAo] Zith(Fig.7). 454
o] 2] 33 o] F oA NDMAZ} 8.0~41.6ug/kg, NDEA: 2.0~8.3ug/kgol P =
F+ NDMAZL 20.2~26.7ug/kg, NDEA: 3.0~3.4ug/kg-& ‘iEbUIGITE. o] 58 <
FulE TAR M AR 2N HRsEA. W N-nitrosamine -2 of
FolM 3wl SFAME & ezt Aaste HE & 4 AYJ. 2 %
Zt2gg viadde w2 2tole QAT xEAM F Y ¥ UFE 29t

Matsui 5(1980)2 A17& 4FvlE TYE #M 4585t A ol NDMARES #
ol 3.4ug/kg, TAIZt 3.Tug/kg, WAL 14.3ug/kg, ol 2.5ug/kgolzt

Table 10. Changes of N-nitrosamine contents in fishes during broiling

process (ug/kg, dry basis)
Sample Processing NDMA NDEA
File-fish unbroiled 10.26 1.96
broiled * 9.49 1.60
Sea-breanm unbroiled 41.63 8.13
broiled 14.11 2.51
Squid unbroiled 8.01 2.20
broiled 9.77 1.16

* Samples were covered with aluminum foil and broiled with gas range.
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NDMA

NDEA

//NPP

NDBA

NDMA

NDPA
[/~ _NPYR
4 NDEA
NMOR
'y 1 A I A A ' 1 I I
0 10 20 (min) O 10 20 (min)
Standard Sample
Fig. 7. Gas chromatograms of N-nitrosamines in authentic and

broiled fishes, meats with GC-TEA.
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Table 11. Changes of N-ntrosamine contents in meats during broiling

process (ug/kg, dry basis)
Sample Processing NDMA NDEA
Beef-ribs unbroiled 26.67 3.33
broiled 7.72 1.26
charcoal broiled 2> 3.49 1.44
Pork-ribs unbroiled 20.22 3.35
broiled 20.30 3.02
charcoal broiled 14.59 N.D3
Chicken unbroiled 21.92 3.0
charcoal broiled 5.87 1.22
charcoal broiled (without Al-foil) 14.05 1.87

1) Samples were covered with aluminum foil and broiled with gas range.

2) Samples were covered with aluminum foil and broiled with charcoal.

3) Not detected.

shoict. BR S(1985)-2 2wl HAPz], AXE, Feho] WolA HMsIAE o,
NDMA: 66.3~101.6u¢g/kg, NDEAZ} 9.1~25.4ug/kg, 2] NDPA- 14.3~29.6
ug/kgolet st D, #BEY 3 71 AL FTE VIR VAR A HR
stl-& miet: R.shgich. Matsuis (1980, 1984 a)& oi%-& #MMstt Sl
N-nitrosamineo] 34 E = olf& FAFPA|, 7tAE, 4% 44 #E¥  NOx(
nitrogen oxides)ut ethylnitrite & Z-& 313hgo] A& F°| aminedt A ¥
23Fe] N-nitrosamine-& A34Jst7] wjgolet stA, £33 N203, N204 9} 2
nitros} 7t~ % aminez} %+-%3}o N-nitrosamine-& 34 3trp shgct.

Spiegelhalder -5(1980)2 W oA 2] NDMAARAI X Mo} PzAl w2 ZFdol 28s3)
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3712 %E NoxE 3Ashr) wigojet shgdrt. 2212 ¥ RKe] 3 N-nitrosami-
ne Aol 23 Jtd-2E 9} FtIATHL] EFAAM FFF2E 2 E5F 22
7} g2 7o] Z4& N-nitrosamine 332 Z7i3tck 2 X st 9ch(Matsui 5,
1984 a ; AKX 5, 1985)

2+ AYolM A4 N-nitroso 3H3Y-E-S NDMA, NDEAO| X, SAFA Uel
&5 NPYR, B 5(1985)0] Zv] £HR 3 ZE3 NDPAL HEEHA Adsdct.

e RIgdd At o FE AMIY tA Q44 AYE T nitrodt Tt
7} AE 0] ofna wgste] QA N-nitrosamine® F7HAA RoE FH ¥

P2 Aot o] off U FHE AFviE TAT A HAT A

N-nitrosamine ¥ %ol FAEJ=W, o]RAL 714 P44 BEE T NOx #H¥Eol
Fulg TYZ Q6 ATE AE F oY WA P @Y Hoex
theich, el KoM AEMR Y W2 amine AR 7 Y ¥
N-nitrosamineo] ZEE AdEd 2 olf% FYs) Wt X2, ot ME
HzA F¢F Y FL 7l o2 HY gl Yozt 2EXM oo UY H
U HES 2771 deojok AT

ol4e A:}E Fis ¥u LFviy LUE M MY DS o= BEY
N-nitrosamine®) ¥%4-& A2 AW+ Ad3, A Rvict o= 8 Aol A
ot FtAEF EAM ¥ Aol AU

e

o

ne

rg
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V.E K

ojZ e} &%2 4448 % N-nitrosaminez} o VITEHUQY TMAO, TMA, DMA,
nitrate R nitrited) ¥HAqHz2 22 st thg P2 AHAE Furt.

1. TMAO-N2 48 = ofFolM =27 Hastgden, FJdAdME FRI
Qloith. THA-N-S A8 ¥ 2% ol7t 59k, &Eol 4vl F7H3g R th.
ME R W Fol AN FAI Pt Qlolrt.

2. DNA-N2 vld % ofjf oM 2% F7} stglvd olF 2737} 57.2mg/kg 2 =
73 lo] 271 sholth. &RojME AR Y ¥ ST V5 Afdh

3. Nitrate-N-2 o} % 3 S3oiM 458 ¥ P2 RAEdW 2 ¥IFT 2.8~
ng/kg % 4.0~6.7mg/kgo] gtt.

Nitrite-N2& o] & 9 SHolx 488 Hof visl 37t stA+dl, 2 3L 2.2

r
rg
Yot

N
N

4o
Ju
=

~6.6mg/kg R 0.7~3.2mg/kgo) irt.
4. ojz2 9 S3olM 7%= N-nitrosamine-= NDEASH NDMAo] Qitt.
JE48 ¥ o] 2 o] NDMAL 9.5~14.1pg/kg, NDEAL 1.2~2.5ug/kg, S &< NDMAZ}
5.9~20.9ug/kg, NDEA 7} 0.0~3.0u8/kg 22 o5 % 7oA E2F Fashyd
Act.
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