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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
T™A : Trimethylamine

TMAO : Trimethylamine oxide

VBN : Volatile basic nitrogen



Summary

This study was carried out to examine possibility of formation of carci-
nogenic N-nitrosamines and changes of their precursors during the fermenta-
tion of squid, Sepiell maindroni. Also difference of organoleptic quality
between high salt-fermented squid group with 20% of salt and low salt-
fermented squid group with 10% of salt,.696 of ethanol, 6% of sorbitol and
\

0.5% of lactic acid was compared and evaluated during fermentation.

The result were as follows

1. In organoleptic test, salt-fermented squid of low salt(10%) were better
than that of high salt(20%). While high salt group showed sudden deteri-
oration of quality.after 80 days of fermentation, low salt group maintai-
ned good quality even after 140 days.

2. Changes of pH during fermentation of squid were in the ranges of 5.79~
6.07 and 6.05~6.21 in low and high salt-fermented squid respectively.
Volatile basic nitrogen(VBN) content also was rapidly increased from 12.6
mg% of original unfermented sample to 71.0mg% and 58.5mg% in high and
low salt’group respectively after 140 days of fermentation.

3. The contents of nitrite nitrogen and nitrate nitrogen during the ferment-
ation were in the ranges of 0.75~1.04mg% and 1.22~1.42rg% respectively.

4. During fermentation amounts of choline-N, betaine-N,and total creatinine-

N were gradually increased from the beginning, but showed the tendency of



decreasing after the middle period. Betaine-N especially shoyed very high
content.

. Content of trimethylamine(TMA) was continuously increased during ferment-
ation to be 20.1mg%and 14.9mg% in high and salt group respectively after
140 days of fermentation while trimethylamine oxide(TMAO) was gradually
increased from 27.9mg% of unfermented sample until the middle period of
fermentation and then start to decrease again.

. The contents of dimethylamine(DMA) was continuously increased during the
fermentation to be 19.7mg/kg and 14.9mg/kg in low and high salt group
respectively on 140 days of fermentation.

. As N-nitrosamines in salt-fermented squid, N-nitrosodimethylamine (NDMA)

only was detected. Its amount was only trace in low salt group and 3.8ppb
in high salt group on 40days of fermentation and then continuously increa-

sed to be in the range of 57.5~T4.7ppb in both groups during fermentation.



[ 4 2

rid

o BEAMELE 2T FAZ USHI Ut 494 1Y N-nitrosamined] ©

3 24 Y2 Ys 2252 et

o] 5 N-nitrosamineE& 571 wle U3 chy-Eo| YYA & vietuln ppb+E
o we xxoldT BmES 0tk YA gich(Nagee and Barnes, 1967 ;
Hildrus =, 1976 ; Fong and Walsh, 1871). 212 ©l% Z &% 2L ol ¥'K-
nitrosamine® PPHOT folshA AW & AT ohlzt Anel 4%
PyetA 2ERE MM Y AMIES, B, BERS Y BMRSD UL U
NEo| =] == AzPAN A st AT YA 2o 2dc
(Sen =, 1972, 1973, 1984 ; KX 5, 1982 ; Fazio &, 1971 ; Crosby &, 1972 ;
Pensabene =, 1974 ; Goff and Fine, 1979 ; Panalaks 5, 1974). 212 A#
(1971) %= dimethylamineo] tha %83 A E3 ciatol of A A-Z Sl AHY
Mo elue] ArAdzofA nitrosodt o] N-nitrosodimethylamines 348% =+
ojtb sbel:, Margurdt(1976)& Slule] A4z el EEMRS] obALAH 4
Fe EBsto] A3 ol :v} wheste] AAMuiolM N-nitrosamineo] 4% Jts
Mol wri 512 QYoiM olof tiF [ Pret Fo)E g5HA 2 vt

N-nitrosamine2 1863Yof 2.2 w7s|gden], 1954 Barnes 2} Mageeol
olalA] 2710l AYEYYe] s grt. ol N-nitrosodimethylamineo]l &%}
P A4ZE AYEE T A P FFEHE dodttn La8g3, ol
tha] 29 ¥ ZlolA NDMAZF H5® AR E 2o Baul 1YV Bt ke o
ot g Y5shAct.



St ke A3n T YAME ARoAA T2BAL T XY K-nitro-
samine?] Mol V2o ZAL TAY TrlEe 1959Y 0] L EsololM WY
Gz WaSe JpZogM AN TR MIE APLE o] A AE Bl g
HEz 5t Mmigol =St dimethylamine(DMA)2 gl BREHE UL of
A ERo] AtTurgste] ABAW NDMAZH @& #°d3 510l o -Folgte Aol
Ender 5 (1964)o1 2lsiM W8 ¥ yEfolri.

Magee®} Hultin(1962)-2 ¥ Zlok NDMAZY 2~5mg/kg TR A3 2 T A3,
W, BE, BiSol Yol sustady AFkA 4V ALEY FoAM Fel g
2 ospe ZNc: ok, I ¥ UL A3AEA AslA N-nitrosaminee] 7
o) ol ¢& §UANTHE AtAlo] 9135 Q2 (Craddock and Magee, 1966,1367 ;
Hashimoto =,1976 ; Kolar, 1972 ; Magee, 1971 ; Mohr 5,1974 ; Terracini 5,
1967), N-nitrosamine ©) 3% (Karabatsos and Taller, 1964) 8} 4ol gudA 2
o{st 2127) % (Heath,1962 ; Heath and Dutton,1958 ; Magee and Farber,1962 ;
Ariyoshi =,1982 ; Czygan, 1973 ; Guttenplan, 1984)¢] w3 zict.

27loje 2303} ofWArQol g3t N-nitrosamineo] LR U
9] 1} (Keefer & Roller, 1973 ; Mirvish, 1970 ; Sen =,1969), 2 ¥ 92 ¥+
S0 o)vho) opUArY Hgshe R 2FotT W] ohzt 1307, 3aok
me 22 43U ENUEE F4% WIEUel Trir Aol gsia 2 et
(Archer =, 1971 ; Fiddler %, 1972 ; Lijinsky and Singer, 1974 ; Scanlan &,
1974 ; Ilé =, 1977 ; Kawabata, 1953 ; Ishibashi 5, 1984). 2|3 Mirvish
(1970) & DMASH oh At <o) wreofo] NDNAE %A% we) ) pht 3.4¢]0i,NDHA
o AR DHAS) ol walst obdAd sE ATl viAtltil LR
Act.



N-nitrosamine®] H7gWel EH& WAY3 b AL a3 QYR 4
st A]FQ opxlpof MPHoz e ool EAAs}w| (Ashton, 1970 ; Hada and
Ogata,1979 ; White,1976 ; Hada,1979 ; Wolff and Vasserman,1972 ; ¥ 5,1982),
ezt ATl 2 YL WAR(E 5,1982 5 X 5, 1973 5 & 55,1990
S, 1973 ; GHE S,1971 ; RE £,1972)8 7o) wEchA s v3de A
< 8~ 10mg/kg (Tannenbaun 5, 1978), 42 & 4~20ng/kg(Ishiwata 5, 1975),
sr292 20mg/kg o144 (Ko, 1979)2) cbuAre] BAPTLL 22HD gov ¥
Hoz wsrejo] To| A4 AFE AU FoAL EMA oFALA B
5

oAt 2 1Eo] 9rc}(Spiegelhalder 5, 1976 ; Tannenbaua <, 1976 ; Ko,

-
rX

1979). 23 og EAvF HE RE oz ALY U otUATYel AEel I
Moz 2% Bohe AAMIS 2 AMLE 39 7H34EA FU3D
wAEE gste] d2Ped MHID A E 25 Agol UL ehdM ¥
£% 3 gth: Ap4lolch(Meester, 1973).

ofRAteiz} 8174 N-nitrosamines] F&% VI EAQY ofU R Y +x F
2 o2 AEo) vlslAN w2 Be o] FAS: WE RRMAMN ol T
olth. TMAO: fHE MUESAOl QolM Atedz Yol ojst: 38T UM, &
ARt mESRC T EAste AY, ARG, Wil wAME Atolst 2t
T otedA 9l o v (Hughes,1959 ; Grontnger,1959 ; Dyer,1952), #k(1970)% #
Heuol ol HEANT mAR, dafm A WEAO THA0 ¥3dol U2
oi, Lee(1968) 2} Takahsahi(1935)%& 27 ojof THAO ¥ 3o] W2 betainest A
273ojo] o] =A Zojy Zolet: 2 astgitt. el oe Y THAOE MRS
e A Y LASNFN 253 BAstE Aa Aol Rzt VEAL

of olslA THAS RHE T o2& vl DMAZ o3 AjTo] LE4F THAOT

2



AA5tD THA U DMAL 27} eht 2 3Eel gith(Yamagata,1968 ; AR 35,1968
. Amano and Yamada,1964 ; Chung and Lee,1978 ; B>} %,1976 ; Takahashi, 1935
; F 5,1976).

43 Y2532 cholined 4 EuUelA 923, %3] phosphatidyl choline
o ez EApste] o] Re A7 Ze| Pl upet lipased] HEoA oA
choline2 2 v o]Z-& tiA] betaine2 ® 43} 2 (Jonston, 1983 ; Lehninger,
1982) tiitoprt 3G o}V 2R ML neeche 220} gleh(Fiddler 5,1972 ;
%, 1985). | )

U012 N-nitrosamineod 2¥ A: Ue BE BT M S(982)
WA} E 29| N-nitrosamineod 23 Aolx 5F2) wlRR S N-nitrosamine ¥
Fe 24 2ostgen), £ $(1984)2) x| Mk N-nitrosaminesl EMRTA
of 2 A, R(1985)8) v 2}3% K-nitrosaminesl g B X3, R
(1989) 8] 3=o| gk N-nitrosamine 434 % N-nitrosodimethylamine®] &Y
o] §uAlo] 2B A2 S S(1985)) #K TR Mk A A5} Nitrated
2] u} X Nitrosamine T EYL] Hzlol 2% A3, & F(1990)2 A= RF N-
nitrosamine?) A3Aol B3 A3 o] Yon], N-nitrosamine®] VI FYA 2%
AzzA % 5(1982)° Wil RAF MARFY ALY R ohUALY U
2% oz, fF 5(1973)2) YAAEZL H2JotW 3} opAAIl RE, 0](1982)
of Wxjme] ALY, opWAtY W UArorw el #4, £M(1986)2) 3o MAEM
ch Nitrosodimethylamine 23§48 Patol 23 A3 To] A2, & 5197193
b 5(1981) & 247 Kl MY _‘.‘_%°1. Hoj, Hojzl o B, A28 Ha A
3% aminel] ‘W3jo] Bsto] X% wt it

Bzte ezilele] Mk AEBMASLE = 55 Fvish %oz Ut A



Me] g oj&ElolA gtot RAe] AMzAd: 20%0l4el U Aol HIHH
v oloful= zjciEt Algio] AJ37t ojeiFta] 4 QW& oIA YUtk Aol 4
7o 24 (Shank T, 1983) A4AQ 7o A=z7 g3EH deow, oo O
25 ¥uwls] VAE D QvH(E 55,1983 ; E 5,1983 ; ¥ 5,1986 ; ¥ 5, 1986
M O5,1985 ; Mol %,1985 ; K 5,1990).
240lE Sertetoly vl 2H Yol oY E MmMol, F4o T A
W& SbAm oS ol ule FAD AW SHE betainest THAOS ol uls
%o} 4 (Lee, 1968 ; Wk} MM, 1956 ; Konosu and Kasai, 1961 ; MM, 1963),
olf % 2utz Aot £ £ 223 ¥ Mste] AL, RAR FtS
sto Bajez B2 x| AzAof BIHHIA &5 Avh(FE 5, 1987).

D UM 28R AMPste] Y A ol FoixlA] g 2w, |
8] o] MZojt N-nitrosamine®] P EFAYP 2AZF otV Fo YR EAYTTOl U
%Yoz ure ofo] Zapy W ozl #ikol A 2 W AAY YA AP
obgArgde]l =4 @7el %4 % N-nitrosamine?] 434 7ts4d& AFA 3}
9ot x137ta] olof A% AE ol foix|x] §E AHelrt.

aleba] AT AQ 10%o) 9] E, ATE, WA To MMHE WL A
Al e Mo| A3} 2lekA]l whgol whety A1Y 20%E MY 2AYG 2ol A
28t} o] 59 WM EAL vl Hutst: o8 oh g RIWESMHSE =
A A4 5 29% N-nitrosamins®) AMEES 20 ¥R EUQ ALY, oA
o, choline-N, total creatinine-N, betaine-N, TMAO-N, TMA-N % DMA-N2) &%
9 pkch 5o WsjorAlal N-nitrosamine 4343 el 2AE it WItshaAct.



I.AE 9 %4
1. AYA%

1) 495

19899 124 129 AZE AN o1 ¥% AotdE 273 ol(Sepiell maindroni,
A% 1.0~1.3kg, A% 25~30cn) T A +YIBRAN UL ¥, 54 AW
Az &7 AYARE A8 sttt

2) N2o) =AY
ARE B 2gold UAH FARME AAL X, 0.dmxdm2] 2712 2
shal B2: Aeld Yo nhebd A 20%E WD ©E BIE A 0%,
2 A} 0.5%, sorbitol 8%, ethyl alcohol 8% & *7istel RA& W23t
ol8A thol MR BUL 10 To] 2ol Yol HB(17°C~21°C) R AN
S4A719 208 2712 QT 1948 7o) TYutAL R BAE AEE
At oich,

2. 449

1) 2534
A 2A7]70 £ 79| panel member® TAIste] 5 BUbk HFMEoX 25734
2 AlAjsto] AETY] EA QP SAET THSHACL

2) &%, 95, pid) &4
»

ape origAzes, 45t S A(Prost-Tek Model SH-304 salt meter)



2, pi: Etujg3 A F 10god 254 10m-E Zhstod 2Aste ¥ pH viEk(Fisher
Model 603 pH meter)3 & %3}gict.

3) A8 Av1AL

Conway unit® A}-&3h: Bk (BAMAE, 1960) 2% 3 Bstict.

) ApYUL Q hupdRLs Y
b AT A(ND )= S BT e MEAHRHA HUsx
= AN Bk S(1981)8) 0o webd P yshsteh(Fig. 1) |
YA g1 & (ND o-N) = Kamn (1956)8) *$8& A & S(1972)8) Y22
A, ZiupAT A3 Sgol S %4 200m-F tshe homogenizer2 CUHY ¥ 4
Y3oja 2282 cadniun BRAPA BFAA bYAYLE BYAVF o A
29e 90 opuargduAae) Papyol utebd Yyshart.

5) 2 creatinine-N(creatine-N + creatinine-N)2] 33

Satos} Fukuyama(1957)2) ol upety A¥sioct. F EuAY AR %} 5S¢
of 20% AlQstolME=AS o 20mdE 7}3tod homogenizerZT A UMY F oAU I
z=22a] 100m0E 5tod ¥A1¥2) (3000 rpe, 15min)3 ¥, 45 10m0-E F3te
10002 B A shich. o] 9 smiE vhAE Al¥-Zol st IN B4 ImlE ZFcl
& autoclave(121°C, 15 1bs)odA 3087 EsiA 2 ¥ J2Astdrt. 2 ¥ AY2
of 0.1N 44 2ml, IN 743 ATH& 9 1m0, m-nitrophenol 33&& Yol F A
7ttg 1% picric acid& 9 4m0-g 7sto] & E3pst IN ZHJAchE ) IntE ¥
o] 1417 A-&oAM B2A7 ¥ 520meAM FFEE FHstaAct.



Sample 10g

« 100mQ, Hs0
+« 5m@, sturated sodium borate solution

homogenizing

heatihg in water bath, at 385~100°C for 15min.

cooling

b

«— 2m0, 10.86% potassium ferrocyanide
trihydrade solution
,

standing for 30min. at room temperature

nake

<

b
up to 200ml

$
filteration

take

L 4
up 10ml

+— 1m0, diazotized reagent
« 1m@, coupling reagent

standing for 30min. at room temperature

« 5g, NaCl _
+ 5mf, 20% TCA in benzene

L 2
shaking for lmin.

L

benzene layer

0.D.

Fig. 1. Determination

“at 560na

procedure of nitrite in salt-fermented squid



6) Choline-N2] &}
el o #11(1958) 8] gl uhety P RstAct.

(1) A1 524A 24
Zaobgd 25 o 3ge P44 ALRFBo A, o7l 254 0nlE
s}sbo] water bath(60~65°C)olM 4417 2 &stgict. o FE4E AT A
10% Wxog 2324 MEY A¢ T3t 100mFl JeFgetazo 3%
2 mees Yastqrt.
(2) Choline-N8| 3%
Florisil(Sigma %, 100~200mesh)-& %A RAAT ¥ vitgo FHAA

22]23 (25cm X S0.75cn) ol 22cm EolF FWeh2, AESA 25mE 4dA ¥
apa) 7ith, of7)of vher& 15ml,10% ofAlE 10ml, ammonium reineckate 2% Smlg
Az Tejud g W24 1mlE 39Sl ammonium reineckate-® A7) 2| Zic}.
O ol E 10mE sty 25EHE K& choline reineckate® 10md-g o)
24 ’3%‘%?}_’:2"1 35t s526melM 2 5E FH%aAt.

7) Betaine-No| 4%

Konosu 9} Kasai(1961)2) #jof utetr 3stdct.

(1) A128A2 =4

23tubg2t AR o 10ged 20% ATQstobd = g domlE Vhehed 152 2
A3 A7DF 10% A Dot =4 4A0mdE ¢ Jhstel FUMAAF ol A7 T
=AM 100m0T B3 PA-Ee] (4000 rpw, 10min)stgith. 43 A% ARk AH
=2 43 NEsio] Azl MEA S AT ¥,3 VAL A7 (40~50°C) . 25ml



7t HER 5%t AR EALE shgicth.
(2) Betaine-N2} 4%

Dowex 508 % 12(H+ form, 200~400mesh) 4217} 273 % 375+ 423 (60cn
x @0.9m)ol A|Z-&A4 10m0F 7t ¥ IN G ZM AT 0mee] SEF &
siule betaineo] MSEE $2A% 2ot o 20mE FHAT ¥ ol RE A
Amberite IRA-400(0H-forn, 100~2001esh)°] 2% 4223 (10cm x @1.4cm) ol
= 5}A]71A prolined M7stgich. o] A SmiE Fste] 1587 BFIAN ¥
7 % ammonium reineckate€ 9} 5mE % AMovA =44 ML ¥ 2*]’3 ¢ ":3
2} 2ojA] wx)AZith. ojul A4 ¥ betaine reineckate Z%-& glass filterolA
= F 0% ofdELR NojuaiA 25mE Y&ste 525medM FFEE FA
Att.

8) Trimethylamine oxide-N(TMAO) o} Trimethylamine-N(THA)2] 43

Dyer *(1945)-& AL KA @i (1957) 2 Pgol wtety PPsack. 5 &
ol AR o 10g& 4% A Fot =AY 232 o A SmlE 20md
Bo| utAYE A Y2} stort. 7l 10% E2UD 1ml, Y5 EFL 10mL,
25%K0H 2ml-& Zhshe] E3tst 3 30°CoAA 1027 4/ Vchg 187 AsA T
olct. o]Z& AbeohM 5Eol4} FAAY ¥, 45 BYEAFVE 0.5 F+%
AmpERo] Sol9t A2l 7% A TEUrh. o ¥4 ¥F A& 0.02%
D)= NA. Baasd 500 X35l 410moAN FFEE FYste THAZE AL
L -1o

THAOL $12) 2329 2m0F uhAYLE AlYBof Aot 22% FodM QAT o
& E@o) dol whela) THAE B Fol, BEF THIARAA VR THAR
& wlolA THAOS] 2¥-& At&shadrh

—_13 —



9) Dimethylamine-N(DMA)S] %%

A% o H(1974)o0 2% 7A% Cu-dithiocarbamatey 22 B F3taAtt. F =
stupge AE o 0% 100mEo]l BEIetAol FH4 5met YA ¥ 2
ysistn 1587 Gastgen, o] R g ZR4EA 100mIste] F TFAM 15E
2 A% F WA WSAT i3t AZALE Bttt

o) AR 5mlE 50m0Eol FAZTIZiol T ¥ S o CHCl BM(5% CS -
in CHCL o) 10m0, ¥7elAlel 0.200% W2 227 AstA TEche MAQY Intd
sbsted 127 ZAstA EgUrt. 2 thy 30% otMEALEA ImlE state) 420
o o] ey wrka WAVCh sHAR(CHCL 5)F AWBOl Astel o 0.4g

o BARANIERLT YAT ¥ 435moAd FTTE FAsHA

10) N-nitrosamines® 33
Howard = (1969)°] -2 ALY Wi S(1974)8 2ol nteby Fig. 28t 3
o] 228t9 2, o7& Table 18] =723 GC-TEAY olsto] #A st gdct.

Table 1. Conditions for GC-TEA analysis of N-nitrosamine

_-__—___———__—_—_——————____——_-'————————_'——————__—_——
GC

Type : Perkinelmer sigma 2B

Column . @33 X 2m stainless column

Packing material : Carbowax 20M 10% on chromosorb ¥. (60~ 80mesh)
Column temp. : 150°C
Injection temp. : 200°C

Carrier gas : Nz, 30ml/min.
TEA
Type :  TEM™ Model 502A Analyzer
Furnance : 500°C
Cold trap + -130°C
Vacuum : 1.8 torr.




Sample 100g

- 58, llcoﬂ
+« 200mQ, CH:Cls:

Homogenizing for 4min

l
Centrifuging at 3000 r.p.s for 10min

Cﬂ.cf; layer Regidue
' l.- 100m¢, CHyCla
Centrﬁfuging
CﬂgClallayer Re;idue
lt- 100m¢, CH:Cl:
Centrﬁfuging
CH.Clgligyer Re;idue
(discard)
COnceﬁirating in vacuum(to ca 20mf)
+ 20g, Ba(0H)2 .
+ 20g, NaCl
« 100ml, Hz0
Steam distillation(ca 150m2)
CHaClJ’extract
+ Naz304
Concentrated with K-D.(ca 2mf) + GC-TEA

Fig. 2. Scheme for the preparation of test solution for GC-TEA analysis
of mixed N-nitrosamines in salt-fermented squid.

— 15 —



L339 1%

1. &34

442 792 panel member’t ZEAAT A} @ M40 ¥AE Table 204
vhepu gict.

44 409 7HxE A9 10% 7L 0% 2% ¥2% Y4B F2UM AF
7o) 2 FAL aol: & 4 gt of AT A9 10%8 H4gFE P
o] a2 dAE =% 4 At e 0% FE 4 0dREE AR 2
oz z=rlste] 80AMZR] olojR e 2 Fox T Wl 14072 F2%
o gastedtt. AlY 20%7AME 44 60U 809 A A3 78wy
HAE A7 gdojM Y BUL FAL Yok ¥ & AAL 443 1009 R
g8l A%, v, A, %, IYAse 2E VAN FET SHRET 34
& Hojglow =3 12094 HE: MBMAE -W5 QoiM RAIA TEECL
237ty ct.

AzH ez 10%M4 A YHEE Yol AZE ute] 2ol RAME ¢+
uyolat 2 P gitt.

rir
rln

b4

r%

2. ¥, 9%, pll—l o 3}

Ao} 443 £¥, A5, pi) W3tE Table 3 thepuiget. A 447
73 Apgae A 20%727h 63.0~64.3%,10% 7} 65.7~86. 5% AtolodM
A% Asae vgen, A 10%77 0% 2~3% © ge &FeUVE

— 16 —



Table 2. Scores aggregate of sensory test by panel member during the
fermentation of salted squid.

__—_———_______—_—————_—__—__._'.—_—__——_————————__——_—_—__

item
days sample subtotal
texture flavor color taste overall
20 H * 25 24 217 24 24 124
L 217 22 26 23 24 122
40 H 26 217 26 25 27 131
L 25 26 27 26 26 130
60 H 27 26 26 25 25 Co129
L 29 31 28 28 29 145
80 H 26 26 24 24 25 125
L 3 29 30 29 30 149
100 H 20 19 20 21 21 101
L 25 25 30 26 25 131
120 H 16 14 17 17 15 19
L 25 25 30 26 25 131
140 i 17 15 16 14 15 71
L 23 26 29 24 25 127
#H: 20% salt

L : 10% salt + 0.5% lactic acid + 8% sorbitol + 6% ethanol

AEE A9 20%72AM 13.5~14.0%, 10% 7N 6.6~7.0% Aol A&
zolgth.

4% pit A9 20% 704 6.05~6.21, 10% 1A 5.79~86.07 Aro]oAA e
s 2oon 10%77 20% 22t o7 WA vhebdch. 10% 37 0% 20 2
3 U A4 HE 4T E 10%T YHY R 3% wEolzhy AR

Mirvish(1970) % dimethylamine 3} ofWAto] W33} NDMA-E 34 ¥wle] pHE

-_17 —



Table 3. Changes of salinity, moisture and pH during the fermentation of
salted squid

(%)
_——
Fermentation days
sample
0 20 40 60 80 100 120 140
pl L* 5.79 5.98 5.80 6.01 6.04 6.00 6.07 6.05
H 6.11 6.15 6.05 8.10 6.20 6.12 6.15 6.21
salinity L 8.8 6.6 6.7 . 6.8 7.0 6.9 6.8 6.7
H 13.7 14.0 13.9 13.8 13.9 13.6 13.5 13.8
moisture L 66.0 66.1 65.9 66.4 866.5 66.3 65.9 65.1
H 63.5 63.9 63.0 63.4 63.7 64.3 63.7 64.0

: 20% salt
. 10% salt + 0.5% lactic acid + 6% sobitol + 6% ethanol

3.4 22 shgied, & A¥AM AR pistE UYL Hol7t g

3. g ALe] v

2R 442 HYYLZI WAL H2be Fig. 33 Aok 447173 2%
Qare N2 AJAEoAM 12.6mg% A2t MY 20% 7t 10%F 25 S0 T
of wpel 248 Zvbske AL vehue] 44 60Ut 10% 7 40.9mg%,
20% 2 45.5mg% =M 20 Pt o 4~4.59 F7} pdew 2 ol FAL F
3 RS tha g 2opue 29k, PAPLIZE W%TOF 0% Y
zr173%0] How &4 140Uoh: 20% 7 T1.0mg% E A R Rch 5.6m, 10%
T+ 58.5mg% = 4.6u0 E7hs}gict.

+ =(1976)C YR 443, HF F196)= AMeH 443, # 5(1979)
2 oMo] W% 443 LAYV ALY A4 Fohcn 2astgen, R
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a0}

VBN (mg/100q)

o—o salt 0%

20 a—a  salt 20%

A '] N 'l A

S 30 40 60 80 100 120 140
Fermentation days

Fig. 3. Changes of VBN during the fermentation of salted squid
(mousture and salt free basis)

(1987) = 2% stneyae Mz % Fvidd 28 AazeM e 7l AL
4% 27t A4 R FINAFT AT, THAOE o] S3MESlol NH 5, THA, DNAS
o) fagdrIst AAEY] Aol At

4. AN PEA 9 opuArRULY B3

W 4471703 ohAANRAAE A 10% oM 0.75~0.94ng/kg, 20% -AM
0.77~1.04ng/kg AtolofA vhg 223 Wby 2ASE 2 W3l k.

AP At 10% oM 1.22~1.39mg/ke, 20% oA 1.29~1.42mg/kg2 %
AR A LS B 443 24T WAV 2ATHFiE. ).

# S(1982)& A RARY ALYULS oAt A A L] g AA A
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4t o—e 10%, Nitrite-N
"—_‘ 20°/°’
3l o—o 10%, Nitrate-N

oH—104 200/0,

Nitrate-N & nitrite-N(mg/kg)

'y i F

0 20 40 60 80 100 120 140
‘ Fermentation days

Fig. 4. Changes of nitrate-N and nitrite-N during the fermentation of
salted squid(moisture and salt free basis)

i A abz] MolA 4.60~6.84mg/kg, BF7I RN 2.13~13.8mg/kg, Yx| R
0.74~21.3ng/kgo] 2 opAAYR WAL 2| Hol §74~0.08ng/ke, A1-4-3ed 0.08
~0.260g/kg, BEVIHol B %~0.90mg/kg, HxIH ol 0.32~0.90mg/kg olztL
2 osteln, X S(1973)& AR, AR, BAYNR, 9BITHRA 4.2~17.2
ag/kgo] A YAl EHAU~0.8ng/kgs) oA A YAT BAYTE 2 2s}Act.
Fong3} Chan(1973)-& 5% il MEMchol 6~40mg/kgel AP 22t 1~4ng/ke
o] ofuAtG AT 2t stA, HIK A dF N 17~40mg/kgB 52 AL
a7t ochn shglth. HK(1985) Ald& It 9% EE Th3hE AUEA
£ Avde el gobmsicta A2, MK AY 107 AR2 hYLAAL
of WAt AR EHY A3 27 EUR~3.4mg/kg, 1.0~31.Tg/kg2) WHED
staich.



ag) 2 & £(1990)& A2l 2% K-nitrosamine Agrjof B Aol ALY
Ax AARAM 4.00g/kgol T R0l 44%F A& AL 44 65901 2.6mg/ké
og AR obANYAAE AAEAM FFRT Rl 44 289 ¥ed=
£33 ebAch soAct.

2 AYME ke 2% vz & RA gy A0 Yol vig HE
o) gict. |

5. % creatinine-N2] '3}

& creatinine WAL 32 1.25mg% AN 10% 78 20% 7 25 440l 1%
of ujzty BWspA St 4 80273 oh 20% 77+ 1.5mg% ,10% 7t 1.49m¢%
x ﬂl"lﬂli‘l“ﬂ xol &4 120972 FA8) Aastel 0%t 0.75mg%,
10% 27t 0.73mg% 2 R 28k qct(Fie. 5)

Creatininee FMEWe &3l thBLE TASHE creatin Rl EHE
A Fiddler £(1972)2 olgo°l otAA Y wt53}o N-nitrososacosined *4d¥
A grpa 238k, Druckery 5(1967) % creatinine?] ¥l “343&ol otAY
93 ':3%3}0;1 N-nitrosamined 3™ 4 Ari: stgict.

Lee(1968)= Z2Soist 250 A K2l creatinine L7t 2¥3 72X
217} 314.2mg% 2} 330.8mg% A.oml VR Fol 2 W3kE AT shgct. el
i (1985)-2 27| &30l creatinined &7t &% 71E2% 50.2ng% A 2W, 7t
3 9 AR AqYe R A shgch. R(1989)E 15 93 A3 42
ARolA 55.3mg% QT ol M 40Mol 2 2AF Ve F MM a
2 stttk 2gel el ool uist e A2 elach. |



2t o—o saolt 10%
a——=  sqlt 20%

Total creatinine-N(mg/i00g)

A il 1

O 20 40 60 80 100 120 140
Fermentation days

Fig. 5. Changes of total creatinine-N during the fermentation of
salted squid(moisture and salt free basis)

6. Choline-N2| D3}

Choline A2 Wzt: 2 13.Tag% AM A9 10% 28k 200% T 55 449 20
dof o7+ 27 Fol 44 809 7tAl 79 W glglent 2% 44 1204 %
2] thAl ZASIAR O F 44 M0gAE A B F2F Waoh gigen, 2
Aoz 2ol WPz 2 Aol gsAcH(Fie. 6)

H(1985) e Fwel JhE R ARE QAL AL P choline %
betainee Z7}¥tia stgiem, Jonston 5 (1983) 3 Ishibashi 5(1984)8) 23
ojMs o] Dx1Ho| choline2 T ¥ L o] 2ol ThAl betaine2 Arsie & thA
33 o™ 9 7t AT HAYER ¥ Ao aysiged & AYAN 4
o] At ZE @o] 228 o] betaine 2T 2} L7} A BB 1 L ¢

o AT WME 44320 betaine ¥RAE 2 YT WIAA 28R A
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Choline-N (mg/100g)
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&—=an salt 20%

Y i 1

o 20 40 60 80 100 120 140
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Fig. 6. Changes of choline-N during the fermentation of salted
squid(moisture and salt free basis)

7. Betaine-N2] 3}

4412 betaineR A W2l Fig. 7ol vhebdrh. 44 6047tAlE A9 10%
29} 0% 25 SO 2obg 2 oed oWl betaine Y+ 20% 77t 133.1
g%, 10% 2 126.4mg% 24 3} 2x1% vehddet. ey 44 80y ¥EE Tt
A Akl 1400hE 2o Gt ¥ ke RoAM 0% 116.2mg%,10%
a7 18.2mg%dond, AMHLE 10% 77 20%Rch oha 2N - WY
& et At

Lee(1968)= betaineo] THAOSH %7 2Hol58 V& Ued 34T AU+
she O stabs ulge ErhD shaich.  Mokel JEME(1956) & WkMASH AN <4
2820 betaineo] e} sk, Konosus} Kasaia(1961) 430 FArEEY



©

8 140

> 120

o

R=

% 100t

@® o—eo salt 10%
?L a—a  salt 20%

55 45 60 80 100 120 140
Fermentation days

Fig. 7. Changes of betaine-N during the fermentation of salted
squid(moisture and salt free basis)

betained 22 4% ZAzolM 23 oo 68.3ng% , Folol 98.2mg%, tiilol 96.8
%, WAl T6.50% T B Fol BAVTHR stk el M) E
6381 2o %) betaine AL B LAshol Hi¥-2ol 100m% VF kL WAL
o & A¥ED T YAV

o F(076)E AeHE EEMAN B Aol MEH 44% betained
A5 443 el U ZoltTih TR Folt ThA UAVTLT AAZ M
(1985)2 298] 712 2 BZoA betaine Y27t LUINA Zs}%ct 2 sholtd,
o)2jst ¥ape Jonston(1983)8] 2.8} Zel, 71-3% cholines) Arsiol 243
oz Mwsty 9o Bilinski(1961) & betaine& 4 AR st delt cholineol
32 7387 olahz sk

o gyole) egelRFolE the MEAMSH v 2okA betained el Yol
vjs viotitf betaineol 33 W 23 ot A7t 5 S2lol N-nitrosa-



pined) AYH? M31eAUel ¥ 5 gtk RIAwR 2ol & W, 2o RNAN
N-pitrosamine®] A4 W 4413 THAO, TMA, DMA 5o o}V %2 wilos 2 9

g vy AR APV,

8. TMAO-N % TMA-N2] '3}

THAD R A 443 £UsHA Bvhttel AY 0%FE 44 0093 809 73 of
N~41mg% T P73 e UPAE U F 2 F 44 1409 AN A4 2T
54 Astel 220 WwI} w43 27.6m% o, 220%+E %4 s0dx 4
M.5mg% T NIAE UERR 3 44 1209 HE 48] Fasto 1404 M=
20.50g% 2 F23tich(Fig. 8)

™A R4 32 1.3g%old 10%78 20% 3 2% 4ol 1dd )zt
A4 Zopst: ARE 2D 44 140gMel 20%TE 20.1mg% E 16541, 10%
2E 14.9mg% 2 11.591 27} stem 44 1209 ol ¥ REE 0%37H 0%
nr} 2173 PAA & %ch(Fig. 9)

Yamagata 5(1968)2 MEH ZAstE THAOE X <53 25t BY
HAU Mol w3 mAe os FASHA THAR BUSH, A 3ol A7 DHALE
formaldehydes. 3174 A1 ¥t shgth. AN 5(1968)2 TMAOSH THA o) ¥
= M7 e Aty vhepdcke e, B3 FOIB)E AR &4
Z TMAOE At TMAY: Z7hsh: %4 vehadck spoich.  Takahashi(1935)
L g ojgo} THA AA7} 5.1mg%, THAO A7 70.0mg% QAT 2ol VY2
Folt 717} 30.0mgst 7.3mg2 37 Y AAPrhn 2 Istgc.

S X AYME 443 tiEe] TIAE ASHIA Z7HE 90 THAOE 4
staje} T 28]8 44 80Q7hx] LU ZsiPary vtepdoza ke RI2Ed
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TMAO-N (mg/A00g)

Fig. 5.

TMA-N (mg/100g)

Fig. 6.

50t

40}

30

20 o——o salt 10%
| a—-a  salt 20%

5540 60 80 100 120 140
Fermentation days

Or—\\

Changes of TMAO-N during the fermentation of salted
squid(moisture and salt free basis)

20} o—e salt 10%
o—a  salt 20%

0 20 30 60 80 100 120 140
Fermentation days

Changes of TNA-N during the fermentation of salted
squid(moisture and salt free basis)
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L 23 R GAE xol: A, R(1985)E I A ABF L F
sbshe ®apol TialM, betaineo] ¥sislo] TMAOR ®cha 37A, Fiddler
S(1972) % betaineo] ¥#15io] THAOS 8] 3F ofW& WArh: 22T ¥ 3.
2 Ay 5 betained Y47t 4% 2315 0] THAOR 434351 917] Wil 44
C0gztx] THAOZH £Ts| 2R, 0¥ 44 WA Rxste VAL betaine
of G)aid AA4SE A0S ShrthE esle THA % DHAZS) Aol 283 H
vpoty] WEolet A7Rch. '

9. DMA-NS] 93

242 DA AL Ve S 1.1ng/kgoAM M9 10% 8 20%+ 25 %4
o] Muso upebM 44 14092HA ALt Bbshe WYE 2Aom, $4 80
g ANE 0%t 0%FECHT 2 3RS 2T 2 ¥ 0%FE O
gums 2sp7ue erdgdont, 0%3E 44 1009 e oy FAY 377
e el 4 1409 o= 20% 7 19.7ng/kg 2. F 10% 2 13.3mg/kg 2tt
o omg/kg T & UBE 2oAcHFig. 10).

favamura = (1971) SFRARSE MM QoD A2F obtel YUY 57t
Sol, AoAolol 12.1mg/ke, B2 Wolol 86.8a/ke, AYrHBoiol 51.3ng/keol
ot Rk, F =(1971)E WAxIR 4% DNAZ} 232 B.2] 6.6mg/kg oA
£4% ASA Bvtetol 44 1098 Fobt 44.3m/kg2E 7R 2283
o, el fE S(1973)2 %3S Nitrosamineod B PTolM 632 RAF
£xa21.80me/ke®) 23 obMol WEHgewd, wal WA VA7l Yot
7}7} 21.80+0.64ng/kg, 10.48+1.31ng/kgol A2, AL+ oAM= 0.15~5.60mg/ke
o] 9T o] AA Bz EHY~19.40mg/kg2E 4~10u] =7}t 2 s}



n
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o—eo salt 0%
IS | a—-a salt 20%

DMA-N (ma/kg)

1 I

0 20 40 60 80 100 120 130
Fermentation days

Fig. 10. Changes of DMA-N during the fermentation of salted
squid(moisture and salt free basis)

grt. £ AUAME 440l wetA A&stel AZH Zotstgom, A 10%77
0% 2t 27gel HE o 4RE 10%7ol WU MHHES IVLR A

10. N-nitrosamine?) 434 2 &A%l W 3}

2 Ao 2o RFAME NDNATe] 2] & = Arh(Fig. 11). a8 &
4 2ol AEHA et 44 095EH 4 10% 2ol Y, 20% 7oA
A 3.8u8/kgol AEE7) A, £4 60dAE 10% ol 40.1pg/ke, 20%
oAM 49.6ug/kgS R 4% FUtsideni, 44 100d 140l A A TN
61.2ug/kg 2} 59.5ug/kg A ATAM T4.Tug/kg 2t 65.3ug/kgol A& H AL, oA



NDMA NDMA
NDEA
NDBA .
NDPA NPIP
/CZ:NPYR
NMOR
1 1 |1 1 ] |1 1 1 1 Il .
0 10 20 (min) O 0 20 (min)
Standard Sample

Fig. 11. Gas chromatograms of N-nitrosamines in authentic and
salt-fermented squid with GC-TEA.

2 Aagres Rrke IAYTAM % T~12u8/kg BE UT ol A& Act

(Fig. 12).
Matsui 5(1980)-2 Sz dokM UL 2052 M o HEAE 7t3E2 N-

nitrosamined A% 2zt 2AAAEE AT 15FAME T ~5.0u8/ke 2
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o—eo salt 10%
150} a—a  salt 20%

50t

NDMA (ug/kg)

A 1

S35 40 60 80 100 120 130
Fermentation days

Fig. 12. Changes of NDMA contents during the fermentation of
salted squid(moisture and salt free basis)

NDMAE Zastglon), 22 273} 5AAE AME 15.0~84.0ug/kg®) NDNAZL 3
2593,0024 712 AL AN AR 3.6~313.1ug/kg2) NDMASH 2.4~7.2
ug/kge) NPYRO) 7 gitt mastglet. 2@l Nakamura®} Usuki(1973)+& M
o] futfisausage Y 2BelRolA EH A~ 10ug/ke] NDMAZ HESNU, R T
(1982)2 5% #ilk ®72 %2 N-nitrosamined 2 stod NDMAZF TR 1.10
ug/kg, Dx1 Aol 0.85u8/kg, A5l 0.75u8/ke, Hojuy Rl £ Polnd, NDEA
L AojuBRAME EAE0IAR 28 RAAL 2H o] FEEATET L2}
ojrt. Fongs} Chan(1973)& 9% ol % 9% sht} o) 2 of 0.05mg/kg2] NDMASE
Hastdeon, [%(1985)& 28l A3 NDMAS g oM AEEA dgert 19
o gol 19.5ug/keol AEH AR, 2097 Moz gol 41.8ug/kgel, 2@l
2 3097 MAEolE 83.1g/kg2E 37 shAC: B 23t

2 gyop: pivt NDMA 434 207 pHQ 3.48b& WL atol7t YAEWUE ¥l



2% & P8 A A4H ARad, o RRAE UL betaines} THAO
4wy B ohleh 44 DNAG DA 37l FUUeEA H U S
Nt MR A5 gohz 22, of 2& AR AT HILAA FF
R P TAE P E IS L BN i e S g
o3 7R,



N. & ¢

2 o2 oMojo] A9 20% % WietE 2GS 4D 10%A &vE,
Be WA 55 W MAYIE kel 2PoiRE AZY F.olww F9M7I

wa piHe EFAL ulZ, W7 kgl olsh ofg@ N-nitrosamines) Aol

o} 443 1o H2EUTE WILE LAttt P WS LAt

|

254 23 49 0%70 0%t AT Bl vigten, 24
2x a4 809 ol Fol: WATAMe Ehol A8 At Y MUAT
A 1409 ZAAE AAEAHY ELE SR AAT.

9. 4432 pit M4 P37t 5.79~6.07, TAFF7t 6.06~6.21 Atojodr 2sH&
welony, LAY UL E BAR) 12.6m% AN 543 I8 FoHHA S
A 1409E IAYTE T1.08%, MU GTE 58.508% At

3. ohAATRYAE 440% 0.75~1.04mg/kg Atololx HaE 2gev, ALY

2% 1.22~1.4208/kg Apololxl Wsksiet, |

4. 443 choline-N, betaine-N, & creatinine-N¥%-& PAMH 22 §4 2%
¥ futshA Zvhsiglem 27| ol Fol thAl AastE ol Art. K3l beta-
ine-N %3 e gttt

5. Trimethylamine(THA)& 443 A4stel Zvhste] 54 10l 24U
20.1ng/%, A1 G27F 14.98g/% 2274, trimethylamine oxide(TMAO)& "3+l
TohM 27.90% AT ol &4 F7I7hal BVsHA Fohsirizt 2 ol Felt
chA] FFAstoict.

8. Dimethylamine(DNA) & 4413 A43te] Z7tstden] %4 140ddls 24HAF



= 19.7mg/kg, MAAFE 13.2mg/kgol Att.

7. 2R N-nitrosamine2 3+ S-nitrosodinethylaline(NDHA) wo] EHY
oo @ A

M a0gMe] Ad el EYB, YT 3.8ppbe] FoT YHAL

-1
iy o

&
£4% A& 3718t 57.5~174.Tppbol o] Z3it}.
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