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Formation of N-Nitrosodimethylamine and Changes in Its Precursors
during the Storage of Salted Mackerel, Scomber japonicus

Soo-Hyun Kim* and Chang-Kyung Oh**

Summary

The possibility of formation of carcinogenic N-nitrosodimethylamine and changes of their precursors
in salted mackerel, Scomber japomicus, stored at 5C were periodically investigated, and changes of
precursors between low (10%) and high (20%) salted mackerel was compared.

The results were as follow;

1) Changes of pH were in the ranges of 5.62-5.73 and 5.68-5.93 in 10% and 20% salted mackerel
during their storage, respectively.

2) Moisture changes in very low contents in compared with fresh sample.

3) Salinity gradually increased in low and high salted mackerel and salt permiation of 7 percent and
13 percent was accomplished during storage of both groups, respectively.

4) The contents of total creatinine and betaine remarckably increased at the middle of storage, while
choline contents was scarcely changed.

5 The contents of trimethylamine oxide and trimethylamine severely varied at the beginning of
storage. Changes of contents between TMAO and TMA showed, apparently, reverse relationship.

6) The contents of dimethylamine showed nearly same increasing pattern and continously increased
during storage in both groups.

7) In the low salted mackerel, N-nitrosodimethylamine was detected from 20 days of storage, while
in the high salted mackerel, it was detected from 30 day of storage.. In both salted mackerel added
sodium nitrite, the contents of NDMA were more 500 times than those in both salted mackere! without
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sodium nitrite.

In conclusion, it was found by this study that the possibility of formation of NDMA might be affected
not only by the interaction between nitrite and DMA but also by the interaction betwen nitrite and TMA,

TMAO, choline,

betaine, and creatinine in salted mackerel during storage.

No difference of the

contents of precursors and NDMA between both Samples (10% & 20% NaCl) was nearly.

N e

N-nitrosamineol| 3t o ¥+ Fround(1937) 7} %
f%8°) NDMAE Fodsigig o, Zhzzof &£4HE
doziths 2u oz o8 dFAEe 28 N-
nitrosamine& Fo o}d&g A U¢§ oy 4+
&l 9F=dc}(Craddocksl Magee, 1966;
1967: Magee, 1971: Mohr ¥, 1974: Hashimoto%}
Okaichi, 1957: Kolar, 1972).

23 amine L£AAM o R LAY Es U
e H3ggo] ofs W2 ¥ 2 A3F amined} A4
F Y2ds HYgE ¥z EE3 ez ¢
Asiz gl MdHoz Y= 2 e AiF Y=
U 3gee 539 AYgEol v A3 $E &
(2F 6%) ol 71 shvb opAAtedzt A uhgsted N-
nitrosamine-& 34 gc}(Archer %, 1971: Fiddler
5. 1972). =% M3IFE A4] ojA4bgdz 2E3A
4} 2 3}ed N-nitrosamine€ ¥4 ¢tch(Smithe} Loe-
prky, 1967: Lijinsky ¥, 1972).

$viel daslolAd ez oj¥slne g+ A
AL o]Fd nFol: iAoz Hoj4u, =4
AF =+ dFFoz de Leslo] An gled,
AFH AAgFEdoz o] Yol o|&slo 23
Ut

o f-+ o} amined ¥H37] Wl olZo]
ofA4tqd 5} 4h-g3lo] nitrosamineo] A4 sH54
o] ¥ou(Spinelli$} Koury, 1981), oJ§&dE
(Fazio 5, 1971; Crosby ¥, 1972) ¥ 935 (Fong
3} Chan, 1973)o44 N-nitrosamineo] 4 4je] &l
9 ol ol 9} ol §7}-FFEA4 N-nitrosamine 2] A
Ao} B A7 ekl AYsia o (Gruger,
1972; Matsui 5, 1980. Kim %, 1985 Sen %,
1985).

setide] dfude gddelddos JE

WelAl 2 gleol, Ames$} McCann(1981) o] 288
Ao g4 ol A AudAE o
83% A= AEAoomns 2EggAEo T
fFgde e AAdda ¥ £ oo

et Ee] Sl WYL F2 v E
+ ol &% uhfo] ol &=ln gl ol Salmonela
typhimurium 2]  histidine auxotroph®& o|£% Ames
(1973b) o) w4, E. oli®} tryptophan auxotroph§
o} 83t Greens} Muriel (1976) @ u}¥, Bacllus subtlis
9] recombination assay§ o] &% Kata 5 (1972) &
uld) Zo] glch  Safmonella typhimurium - o] 8% Ames
o] e el WEel HAAY 5 Ue AA 44
F 2F Z25a Un, =23 g2 A el g2 dlE
o chaf FAlell Al¥ & gle wlamA g P
oz e gl7t wi el de] o|&Hz Yo
(Ames 5, 1975: Committee 17 Appointed by
Council Environmental Mutagen Society, 1975:
McCannz} Ames, 1979), ol 4ol &isje] A g7t
A <} 5,000% ) shat@ Aol it b5 7t GE S]]
9lc} (Maron®} Ames, 1983).

ujeld L 7= 5o} 9§A33F N-nitrosaminel
A ol ooje} ATEAES HEE via - HEeslq U
SAdRe] ez AFYL BE L& AW &
AeshE Fohsle Al 230 =l QA n
Sl 488 Az AR <€ @ N-nitrosaminey
A stsAdd AFERESN] ADRUAE Hestax
2 7§ Asdgc =3¢ Ames Wil Wi
ol ulvl k] (Yahagi 5, 1977) & ol-%&3te] NDMAY
EdHol YA E At
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of et 4] Folsted dYAE2 S ¥
A4 A2E 25 HBE AAs 3.5% £F 8l
1412b &<t 7ol Asr|E ¢ ¥, & F& FEA
ol wet oM FaAH £8 20%F Holsigin
o E2 § Fe £33 10% K4 10% E9]E 6% W ol
Hot2 g 6%F Hrlsted Ao 4F 25 E
5Co YAl AgsldA 10d #2712 443
AYalol & of 7o 20l o] 25 F d2 Ao
wE AAR § ojssld 2HEAER 3

2. pH, 9= ¥ VBN &3

pHE pH meter (Fisher Model 603 Meter) 2, <
=+ o =4 (Presto-Tek Model SM-304 Salt
Meter) 2, VBN¥ Conway unit® o| &% o|gpg4t
Hoz &A43qch

3. Z creatinine, choline % betaineg|
et

4 creatinine-2 #R¥F(1978) of 4ol we} uj4Ay
3}gla, cholined Gk} #BIL (1958) o) wiol o
2t HAYPagoleadu gl oz Agijgon,
betaine-& Konosu$} Kasai(1961) 9] 4ol oie}
Dowex 50X12(H" %) <Fol2agt+x§ o/ &4 A
Hazole g Yol oz} Agsgic

4. TMAO, TMA % DMAS] H

TMAO$%} TMAE Dyer ¥ (1945 & 3¢ Has-
himotos} Okaichi (1957) o 4o =ta} Ygsigo
o}, DMA+ Kawabata 5 (1973) ol 23] 7l g Cu-
dithiocarbamate 2| "ol oz} v) A g3}

5. NDMAe| &gt

NDMA+ Howard (1969091 wid& Azy
Kawabata 5 (1978)9] o} we} F&s3led GC
(Phillips =, Pye Unicam 304 series chroma-
tograph) 2 ¥, Agsigon, egd $422
& Table 15 201 vehigich

Table 1. Recovery of NDMA form salted mackerel

Amount of NDMA added of

salted mackerel Detection* Recovery (%)
(mg/kg)
5 2.53 51.8
10 5.24 52.4
100 50.8 50.8

* Detection is average value out of 3 times experiments.

Table 2. Condition for GC analysis of N-nitrosamine

Packing material
Column
Flow rate

5% SE-30 on 80-100 mesh Chromosorb W
ImX3m i. d. glass column
Carrier gas : 30m¢/min, N,

Hydrogen : 30m¢/min
Air : 300m¢/min

Temperature

Detector port : 230C

Injector port : 200C
Column oven : 150C

Chart speed
Sensitivity

10x=/min
Attenuation : 64

Range : 10

Instrument
Detector

Pye Unicam series 304 chromatograph
Nitrogen Detector

=3i1-
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6. NDMAS| E1HOIFLA A

NDMAS] Fddol 44 HAL Amess] 3
HiAdyo] AAlwiFy g =g oliv)al Pl oa}
A4zt NDMAE 971284 Eddo| 2y g
o] o g (Ames &, 1973a, Malling, 1971), |7 1x
4 EoAHo| FF2 Salmonella typhimurium TA15359}
TA10022 NDMA®S Eddiol ¢4 ¢ slgle
o, ZY 7P HYEZ deiz NQNOE
FE48 32 sigla, AdEde] 4=§ 49
7] f1sled S4AHE Wysigich TA 15359 =}
dEdde] A=+ plate F 50-80°I90 2, TA1009]
73 % plate 3 120-200°} ¢ c}.

A3 4 23

1. pH, &2 gT % VBNe g

el 4% pHY Hie 10% F3Fo] 5.62-
5.73. 20% Q@ Eol 5.68-5.93 HHz I Hx g
Ao AR7ZE Foll t44E el (Fig. 1).
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Fig. 1. Changes of pH in salted mackerel.
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Fig.2. Changes of moisture in salted
mackere!.
0%, - 20% - Fresh

HEE 10% F3Eol A3 204 A7 Foll 5 7%0]
x, ol & MM Frlsle] AR gdrjof= of 7%
Az ¥ 57} ol Foizich b, 20% A E
< AR 2700 dF YF7 F43] Aol Ay
209 Z2) 1. 4%l =, A drlele o 13% A
E9 g8 HE7} o|FoiH ) (Fig. 3).
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Fig. 3. Changes of salinity in salted mackerel,
W0k 2% K e

VBN AA z7]el FA3 Frhsted 23 30
73 Foll A28 13.0mg/1009°0 ul&] 10% WY E
1839, 20% d3EL 1769 F-sigda, 309 o
Follt vldg F7HE 29on, Aoz VBNE
10% d35ol 20% FFFnch 33 e Y3 W
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259} 3% N-Nitrosodimethylamine A4 3 2 A3 A ¥4 W3}

¥ 23ov(Fig.4), oF9 27 FH4A 30m/
10098 &3}slx] ke Ao ol AR Al
AA #7t Ag A gdE ¢ + U

28

e

201 /
e
X
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V.B.N. (mg/100g)
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Fig. 4. Changes of V.B.N. in salted mackerel.

Z Creatinine2] 1%

2 creatinine {creatinine + creatine) & A3 =7|
of 2k st o, AR 40 B Foi HaA
of @3le] 10% o 20% I3Fol 247 55 Img/100,
66.0mg/1009 011 2.4, 40 ojFol& A A8 FL3t

A} (Fig. 5).
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Fig.5. Changes of creatinine-N in salted
mackerel,
g, e A% ¥ [resh
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AA Z7|of & creatinine ¥ P4+ JYJE
ol 2y AL Ao ZiAg X3, AR F
7loll % creatinine ¥aol Frisle AL AN oy
A S ApA] mouix] A ZsY-g2 EA 8} phospho-
- creatininee] creatine kinase2] 2t£ 03 #3350
t}2}e] creatine® 45171 =4 (Lehninger, 1982)
ojz} Aztgcl A 409 olF c}A] £ creatinine
3}apo] 45l AL creatineo] creatinine§ A A
A 33 amined} e} AF Y4 HYEz P =]
o Fole} g}

Creatine#} creatinine-2 creatine kinasecl 2|#l
N-carboxyl-N-methyiglycine$ AAM wvif 3 sls|o]
N-methylglycinee 2 € % opy 4t s} Y3l &
o4 A =g #¥3lE N-nitrososarcosine§ ¥
A4 4 olch(Fiddler ¥, 1972). =% creatinine®|
FHAAZo] opdsdn F&3g& «f NDMA 3
7}€} N-nitrosamine® A44Y¢ 4 Ucix Bada
91t} (Druckery %, 1967).

3. Betaine2] B3}

Betaine #32 MA@ xylo| F43 Fadlod A
A 109 A4 10%9F 20% FFFol 247 38.67Tm/
1009 U 40.5m/100g22 A% A% vc} < 10/
100g°] Z4gtgiov, 309 A3 3 A7 41.9w/
1009 9 42.6mg/1009 22 F7h5gl 20 309 o| ol

55

Zﬁ*\\
A \\j

BT 20 3 40 5 60 70
Periods of storage ( days )
Fig.6. Changes of betaine-N in salted

mackerel,
B, - A% € fresh

Betaine-N (mg/100g)
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© & X F&4 FLAHAG (Fig. 6). AR x7]0
betaine3to] 4 slE AL FEAFr ° o|Fof
Aol = ola] AMel AL el 7)o
betaineo] TMAO, TMA 9 7|e} HF YLz 44
(4, 1985) sl wha, d ¥ Hfow ALY
4ol JA=lo] betaine2] Aol =7 o)}
AR} ¢, A F7lod betaine o] Fr}s}
+ 7€ U=AA =3 phosphatidylcholinee] choline
€ AH F435 4350 o}ake) betaine§ 2431
uf # o= (Johnston §, 1983), %7] ojfol 4] &
%3] F}43le R betaineo| dimethylglycine®}
2] methylether 59| 33 aminec 22| £¥7 S
2 AA velyr] o Felal oA (Filddler ¥,
1972).

4. Cholineg| 35t

Choline 32 A3 109 £¥ A% 504 7+
10% 3 20%2] 270+ EFofjA Aol u|&g wHlz
F7haled 509 3 Rof 27 8 43m9/1009 W 8.83
mg/100s22 HAnA§ Jehdigon], M3 509 o
Folv vjAg A4 §F 2 (Fig. 7).
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Fig.7. Changes of choline-N in salted
mackerel,

A7 7]12ke] o)A e} ute} choline §Hato] F7}3l
+ e AFYd A3+ 2dxA, %3] phosph-
atidyl cholineo] ¥#]=lo] f#2| choline§ 343>
wj Fo]2} FA ¥} (Leninger, 1982; Johnston %,

1983).

Choline?} acetylcholine& At z=HAok4 AM2F
amineql 2-dimethylaminethanol® 2| acetate
FEM o2 ¥8sln, d4 #2F aminecz ¢
% Fdsio] NDMAE 44 4 9o} (Fiddler S,
1972).

5. TMAO o TMAZS| t3

TMAOSt TMA #32 o3 271 Az F71s}
o B3 P4 ngdod, AR 209 olFel:
TAMO #3}o] 4 3la TMA ¥ako] Frhsie g4
B BAE depdigiod 339 & A Agid
(Fig. 8).

i
0 10 20 30 40 50 60 70
Periods of storage ( days )

Fig.8. Changes of TMAO-N and TMA-N in
salted mackerel,

B AN, 2RO, ¥ resn THAD-N
B AN, M RN, e Frech(INA-N)

TMAO-N & TMA-N (mg/100g)

X 5 (1986) ol oj#id, TMAOSH TMA2) ¥
Wehe A2 AP BAlF Jepdg 392, Yama-
gata 5(1968) £ TMAO+E ol § So) A5t
HE AN Bio] o} wE £53 TMAZ 39
®o slglen, Smiths} Loeppky(1967) & pH 3-6
A4 M3F amined opAid 3 FAsA WL siod
N-Nitrosamine$ 4% #gdct. TMAOL
cysteine?] 2808 TMAE AH 23 amines}
formaldehyde ¥l AFHYE2 LH=o o|Ao]
obdids 3EME ol NDMAEF ¥4Y 4 9o
(Enders} Ceh, 1976).
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6. DMAZ] H 3§}

DMAS] Wt 10% o 20% FAAEe] Ao Pe
A€ 25E o, MY 209 25 DMARgo] A&
Aoz Frhsted A o] AR 1. 18mg/kgel] w]
8 10% W 20% 932 A2 7.31mg/kg 2} 7. 33mg/
kgog 6.2¢% F-1slgich(Fig.9). DMAE o) §of 3

8

2
z 4
3
o 2]
01 T T T 1 T 1
0 10 20 30 4 50 60 70
Periods of storage ( days )
Fig.9. Changes of DMA-N in salted mackerel.

HHeA L2sle] Qg F §(1979) & 3o 44]
82 DMA #3232 0.3 ppm, {&85%E 1.9ppm, ¥
Z% A8+ 2.9ppme ¥ u3ln glonw,
(1979) & A+ 2.9] DMA%e}o] 0.49ppm<l ubd, 0
Cell 59U AR Rol= 7oll, 25CoH 54 AFFol+ 25
ol Frbsigdcke Lo ol gle o, & 4de P4
BollAe olE9 4Y A5 8o} & ppmo g el
stet

DMA<Y ofd4tedzl gE3gl € dl. NDMAE A
A8 + e APAA AFER2 A, pH 3. 4014
NDMAA 4 ] DMAS] s xof ula (Mirvish, 1970)
g, ¥ Al&e] pH~} 5.62-5.93 #4129 Fi4§
Bl oz deol NDMAS A4 7ts4L HA
Axol 2] NDMA A 4ol Ru|X+ Aoz 2
o)

& &

7. NDMAZ| ¢35}

NDMAE 10% ¥ 20% &% %ol 22 A% 20
A% 02 A7 Azsiel Ageolel 22

2.73ug/kg, 2.25p9/kg2} NDMAZ} FH&=gic}

(Fig. 10).

NDMA (ug/kg)
@
N

0 il 1 \ 1 U
0O 10 20 30 40 50 60 70
Periods of storage ( days )

Fig. 10. Changes of NDMA in salted mackerel.

Lagols} ofojga ol ol zFolY A
. NDMAZ} 0.5-4.0ppb2 Ba=l32 92 (Sen &,
1985), =§ Matsui F(1980) & zFo| A4
1.0-4.9ppb, gas 1E#EEF 6. 0-7.8ppb 5 o2 ¥ ns}
2 e b, £ ARt AAEQY AL AHY
NDMA~Z} =i odstcl

P FAEF Hde] 4= (pH 1-4) 9 vl<¥ pH
343 23 ANH o2 ofULdE HosiglE
=, NDMA 44 A=& &#A¢ A3 10% A3 40
Y A4l 1.27Tmg/ kg, 20% HFFol A 30U A=
4] 1.22mg/bgo2 Hax§ ehisl o (Fig 11),

1.5

1.25

0.757

o
(2]

Nitrated NDMA (mg/kg)
S
5

0 10 20 30 40 50 60 70
Periods of storage ( days)
Fig. 11. Changes of Nitrated NDMA in salted

mackerel.
- Y, 204 - [resh
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Anka o 2 NDMA $#3-& A3 713ko] Zolze} o
2} 7t Zrlsle Aso] Esigod, dFnFel
of oldadg A4H2z HrlsdE we oA
A3 Fol sl < 50000 o]Ate] NDMAsL A &=+

Table 3. Mutagenicity of N-nitrosodimethylamine*

Aoz vol, olydado] Exg AE3) P 4AY
AfolE 94 4802 o B2 NDMAZH A4%
olgslo) o 534 e b4 tol AW AWl ¥
o % 4 ek

(Number of revertants/plate)

Concentration Strain
S-9
(zg/plate) TA 1535 TA 100

0.1 + 83 92

0.2 + 179 209

0.5 + 167 256

1.0 + 142 2,353

10.0 + 60 1,253
100.0 + - 545

* Spontaneous revertants were subtracted.

8. NDMAg| Eito|7ild #3

NQNO& 4441d sitg= 3lod NDMAS §4
Hol g4 & Hedge o, HAYAA TA1535 H]
8 TAI00 #3014 Y4 ¥& FAHolYA4& vyl
o} (Table 3).

TA100o4 42 §d¥o| {42 10ppm (10#9/plate)
oA 236002 Ads 28 FAHl R Y4 & 4
Efiisl 2, 100ppm (10¢g/plate} |42l oM
NDMA7} #3ol #5344 4o 9§yl
A4ste Aoz g TAI5350 A4+ 2.0ppm
(0.2ug/plate) ol 4 1792 EdHo|g4§ et iyl
o1} TA100o0 wl3) Abds] Jebod

A 8

ofg| 4FolA ol ezl 2T U AM3IF ol =
£ 4T 42U E S$YEA Aiatge] o W4
=|o}x] &= N-nitrosamine& A3 P49 cjAto] s
2 Ut

2 A7 5CA AR dFnGolodd W4 N
-nitrosamine2] A4z oj2] HFEUU DMA-N,
TMA-N, TMAO-N, betaine-N, choline-N 9 %

creatinine?] #H&& 10Y F712 =43l &4,
Ames2] EFHY Y] HHA olufuiy
+ o] £3le] NDMAS] §ddol Y §4& FA3
e}

& ATy dg FAE st &3 7o

1) pHE 10% % 20% W3 &cl 22 5 62-5 7354
5.68-5.932 2 N-nitrosamine 444 3 pHyt} ¥
< gelohA watsiglch #E2 FAEA v R4
e oz Adsigich dEv 44 AP 209 A
FEo) 5.7 H 11.4%01%in, o] ¥ A Frhsio
A3 ol e 242 7% W 13%2] J AR} o] Fof
Ak V.B.N. & AZz7|o A3 F7hsigled
vt og V.B.N. € 10%7} 20% 93 F 2o} %43k
e U HaE Bgoy, olfe9 27 ¥sxa
30mg/1009 & 23}z Yt ez vol AFZ
Auboll AH Pall7) A=zl YA€ & 4 U
c}.

2) % creatinine-N# betaine-N 52| s4F 48
g AgEL AR Fole A Foksigied, A
& F7) olRolt 4 ¢ W, choline-Nt A 33
of =34 A4 Frhsigch

3) TMAO-Ns} TMA-N @& A3 &7)of #s
7} Aslgled, daiyez TMAO-N& F7isia
TMA-N+ F4ste 4A4884§ 29
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25o] o A}F N-Nitrosodimethylamine 44 % 2 AFE3F2 H3}

4) DMA-N #2 A3 Fel AL Frisigd e,
10%3 20% FFE 7] zbol: Aol ¢isic

5) NDMA+ 10% 2 20% d3%Fo| 27 A4 20
9 3090 A4l e Hesdon 1 Y I3 @
obch. ubed, opdabed AMrbel A, wiYsHF vy
of 500w W& ¥} wistE nglon, diMAoz A
A7 FR 234 F7hsiadc

6) Eddelfyt A& plated 1pg(10ppm) 2]
NDMA & A7Hg TA100 FFel4 713 4 el
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