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ojt}. Dimethylamine, trimethylamine, diethylamine 5-2 Zo|EoA #HEEA] 221} methylamine, a-
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ABSTRACT. The smelly nitro compounds were extracted from dried fishes by simultanous distiltation and
extraction, then were analyzed by GC-MS. Carbon number and order of an amine could be predicted by using re-
tention time and equivalent chain length. Anchovy, codfish, imitation crab meat, cuttle fish, file fish, pollack,
shrimp, octopus, harvest fish, and hard-shelled mussel were used for this.investigation. Various smelly nitro com-
pounds such as methylamine, acetamide, thiazole, 2-hydroxy isopropylamine, N-methyl pyrroline, piperidine, cy-
clohexylamine were identified, however, dimethylamine, trimethylamine, diethylamine were not detected. Prin-
cipal components analysis was applied to GC-MS profiles for pattern recognition of smelly nitro compounds in
dried fishes. Multivariate aspects using principal components analysis were very useful for pattern recognition of
smelly components, category similarity.
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o] 4] tyramine-2- trifluoroacetic anhydride 2. % 213}
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2} odefoj| A whglAdal heterocyclic aromatic amine-2
HPLC-UVZ ¥43ejon, Yen 42 3% E23
o] putriscine, cadaverine, tryptamine, 2-phenyl-
ethyl amine, spermidine, spermine, histamine, tyram-
ine, agmatine-3- benzoyl = 4|3}3t 3 HPLC-UVE
$£43de}. Pamis®e 49} {4 amined
dansyl chloride2 X A3}31ed fluorescence HPLC
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At o] Y& 247t Fk 27 FA £V5E
%t t}2 sodium sulfate anhydrous® 7}8}e] $3-&
A3k ch o] 2 0.2 UL E GCE F451sic).
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Table 1. Conditions of gas chromatography

Method A B
GC GC-14B DS-6200
(Shimadzu) {Donam system)
Column Crosslinked TPA modified
methyl sillcone PEG(HP-FFAP:
gum(Ultra 1;  Hewlett Packard)
Hewlett Packard} 25 m X 0.32mm X
25m X 0.32 mm X 0.52 pm
0.52pm
Temp.(*C)
Oven Program
[nitial temp. 40 40
Initial time{min) 0 0
Rate 1(°C/min) 0.5 05
Final temp. 45 45
Final time 0 0
Rate 2(°C/min) 20 20
Final temp. 150 150
Final time 5 5
[njector 200 200
Detector(FID) 200 200
Carrier gas
Flow rate
N, 0.54 mL/min 1.0 mL/min
H, 38 mL/min 45 mL/min
Air 460 mL/min 388 mL/min
Split ratio 1:67 1:60
Sample size 0.1 puL 0.1 ul
Integrator CRGA integrator D 520B integrator
(Shimadzu} (Youngin)

GC 14A 7 GCMS-QP2000A(Shimadzu)
Column: Methyl silicon capillary(CBP-1; Shimadzu)
25m X 0.22mm x (.25 um
Temp.:
Oven temp. program: 40°C(0 min)-0.5°C/min-45°C
{0 min)-150°C(5 min)
Injector temp.: 200°C
[on source temp.: 210°C
EI ionization voltage: 70 eV
Carrier gas: He(2.0 mL/min)
Sample size: 0.3 L
Vacuum pump: Rotary vane pump V-009-2(Stokes)
NIST library
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Fig. 1. Gas chromatogram of standard amines. 1: methyl-
amine, 2: dimethylamine, S: solvent, 4: trimethylamine,
5: isopropylamine, 6: diethylamine, 7: isobutylamine, 8:
triethylamine.
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A YA 75L 2T s FelEgekFig 1)
Dimethylamine®} ethylamine-&- 27}eko] zt3 X|§
71 @718 Ao|7} 2} ZA] ot AR A2 13
Ho] A2 vt B F-F Azl AolF Ro)A
E3lo] FeluA| gevky AzhE A} AR o)
42 terephthalic acid modified poly ethylene glycol
(HP-FFAP) H¥-& methylamine-& A| 23t ofgleo] &
o} o2 op=lz}t FelE R 98- A gel=ic) o)
£ ohgle] FHEHCRE FAQ PAAtTS] A
A3 g0 R Qlsl Relr} SHsA| gL & 5
et Meby vlFA R o] FAAY L A8 T
S5} Sl F3 AP BN AT
o] 3L U + UVl FFANEK), e = (0),
o| 2utg(NV), o] AFEoI(H) B} 2 GC
parameter< Table 2-As} Z3lte}.

Oven 22| F&. HP-1 YL o434 28
X F 40°C, 80°C, 120°Ce| S0 8 FA 3l o}
9l-g wlw Has) vglc) 40°C S22 FA43
£ wW2] GC-parameter= Table 2-Bol| Yelig oo,
dimethylamine®} ethylamineo] ¥-8]%x] 23}t tri-
methyl amine2] M =38 FAHA £F=Hgr) 22
E 80°Cal A%oe HeHol 80°C o4l ti-
methylamine-& 22| 5% 2} #=Ho] 70 °C o] 8l<}
yrz) olul g kA Fel=x] R gLz}

120°Ce] A% #H=He] 90°C triethyl amine?t
of #elx A FEsAct Aol AHeE olRlS F
AL - 6°CollA 90°C7R] EE80, H{dAe] 2
o} 2B 2R FRoE BT Feel vy
BEEL A3t AR Q33 $207t 23ez
R EMzhe Aol o Addge AL A%
& 4= glc}. Methylamine, dimethylamine, trimethyl-
amine®] HF=He| AL )32 vi$ 2FI isopro-

- pylamine 9] BEY Zr|2Enr Youg 40 Col

A 45°C7A7) 0.5 C/min2 $-23l0) Fa Aty
2 Beiel £ 249 A5 2eE A 45°C
o4 150 'C71A] 20 C/min 2. 52319 F£ 719] o}
9l F-2ll Fodrt

U |HS| R&EIS}. Table 12] W As} e
ZA A HE| A2l 4598 1.10 mL/minel)A] 0.42
mL/min7t7] @347 A9 A3 0.54 mL/minyd
W sz |7l W ik #eHe] wedt
methylamine, dimethylamine, trimethylamine2 21k
214 o] 110 mL/min® o A=27} A2 QA3
o Fal7} Essic). ) A S fdo] ¥ E
oinle) sz Belsb 3 H%2y, 0.5 mL/min o]
3 Wl #ae] Roko] shex mEsA oton
|7} el = A% vehliiel Fu|AlS
%ol 1% W3ty HFF ARE 1% ek o433

Table 2. The gas chromatographic parameters of amine standards

(A)

Amines fp(min) fx'(min) o N H@10 ! m)
Air 2.36 0.00
Methylamine 4.16 1.80 0.7627 1.1333 12387500 222
Dimethylamine 4.40 2.04 0.8644 1.0588 47136490 5.30
Trimethylamine 4.52 2.16 0.9152 1'1204 25894080 9.65
Isopropylamine 478 242 1.0254 1' 5661 61144667 0.69
Diethylamine 6.15 3.79 1.6059 1' 1583 24563680 2.00
Isobutylamine 6.75 439 1.8602 1 l8 155 97111542 0.84
Triethylamine 10.33 7.97 3371 ’ 550845305 0.45
B)

Amines fx(min} tg'(min) a N H(10 " m)
Air 2.36 0.00
Methylamine 4.14 1.78 0.7542 12191 109903875 2.27
Trimethylamine 4.47 217 0.8941 1‘1336 102087480 24.49
Isopropylamine 482 2.46 1.0424 1 ) 6138 23323875 10.72
Diethylamine 6.33 3.97 1.6822 1’1 662 44629079 5.60
Iscbutylamine 6.97 4.63 1.9619 1‘ 8725 70399287 355
Tricthylamine 11.03 8.67 3.6737 ’ 144355500 1.73

Journal of the Korean Chemical Society



GCell &% A1E FANEF UGS B chiRiy 109

ek’ B AgAME FulA f4E L10mLY
minel| 4] 0.54 mL/min8 & 50% i #}A) ] methyl-
amine 28] HFE Azlel 2&didll 4EOE,
triethylamine ) 2E SEHllA] 108U 2 ZHolz &
AFE Bof M) E A7k 2o 2 S WY
A4

REH, BXIE, S| FE. ofule] 'zl
W]l S3AI52 logghe AUA-& ehll MchFig.
2). 2#v, Fego) o} dimethylamine} ethyl-
amine, trimethylamine®} isopropylamine-2 B4t 9
2.2 A7k velgigdet. ole REIE o2y £
Azfo] 23 A¥7] 2719 Xel7k A ¥LB2
Az Abs}e] Az Abgo] BlE7] dEolzty A7
). Panlson'” $-& A|W}Ake) methyl esterd GCE
B A3}e] ECL(equivalent chain lengths)® Al4F3}iL
o 25 A7E & Ajubike] e BasE
dlag 4 qleky skt o] WS 243l £}
& Ztor} F27} o ofRle v §-§ ARk RS
8] ECLE o5 422 T3t

ECL= [(tRA - IRN)I(‘M{MJ}_ tRn)] +n

tas © 1° amine®) o 2§ AI7t
Iz, - DOn 1° amines} W F-§ A7k

fragery : D+1Q1 1° amine} w75 A[7k

109 k'

0.6
y * 0.1379x ~ 0.8530
r » 09566

0.4}

0.2}

o]
_02 A L 1 L

1 2 3 4 5 6
Carbon number

Fig. 2. Plot of log k' as function of carbon number of

amine stanards.
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ECLS T3lx whde «l2E7, trimethylamines}
isopropyl amine-2 447} 3M(r=3)Z ZAIt -
methylamine& 3%} o}zlo] 3 isopropyl amine-2 13}
opmlo] o, gimethylamineo] ©] %] §-&2€& & &
sickh. ol AR trimethyl”] (CHi)7} isopropyl-
amine?| isopropyl (CH;),CH7| 5.} FAjo] AlA|H 2
2 A ujSA AR A3} e] 2o} ) W
238ty A7, 2 e g HEg A7k 2o}
st v 3% oljle] wF-E A7k 7182
isopropylamine(tea)?2] M5 A|2ket AE EA}el)
=3 ghagr) ) o) B &Agr) )8 oful F
15} o}ulo] ot 2%} o}uiql diethylamines} = 5-5
X 2t (tages1)® trimethylamine®) = F-§- Al 7H(¢zq)2
A 22 b A4k 2 ¥F S2S5F Py,
3.162. 2 isopropyl amine2) ECL& & < e} &
Z247F 37kl A B ohe), BE Brigol e A
AbgE 4= glex], 12} of=l® ohel 23 ojnle
ECLE 7% % qlok Fig. 3, 4o A nhs} zho)
ECLo] Z7}84-& log tz, log mw.7} 713813 log
bp.E Z7HEE & 4 ek gy FAbEge 2o
U F27} o} g opul® ECLE o4l v 2§ 4|

log R, mw.
5

iog m.w.

——log 4

0.5¢
y * 0.0823x + 0.4695
r=0.9422
° 2 L ) s
1 2 3 4 5 6
ECL number

Fig. 3. Plot of log t or log m.w. as function of ECL
number of amine standards.
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tog b.p.
2.5

0.5¢ y = 0.3732x + 0.8898
r = 0.9016
0 A L =N
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Fig. 4. Plot of log b.p. as function of ECL number of
amine standards.

o2 HE] Bato} olle] AL AT 5 oS
< dglet.

TFARETAS. TFAS] 2% Ak 4=
Yol BHAR o)9je] Fabgo] Aol olAe]
2e)7h ARekA) Ratsion Aol Amel A4
PolE 3 ershalc.

Hoi@e| I=0EyY

1052] A F FAFH F234el 9 z29}
E13)L Fig. 59} v}, 3 2rieye] 2t imA
¥& GC-MSZ )% 23 methylamine, acet-
amide, 2-hydroxy isopropylamine, thiazole, piperidine,
N-methyl pyrroline, isoamyl cyanide F-¢] FA =%
th 0|5 AASFEEL A7 ] 4% @
A golebz A4 4 qleich

Aol guicl 42 ofd AasES THdhe A
& & 7 Ul 2 AR Holxe) &
3 ol #8h 2L AadgEo] AEHA o4
t}. Gruger' 5& o] & o] Fold methylamie, di-
methylamine, trimethylamine, diethyl aminec} 73&%]
et B w3leict Coho salmon flesholl )= methy-
lamineo] 0.54 pg/ge] ZE=AR, dimethylamine-2-
3.4 pg/gel, trimethylamine2 4.8 ng/go], diethyl am-
ine2 0.07 pg/ge]l ZHEH At w3 2% Sable-
fish flesholl 41 = methylamine] ¥3¥o] 0.8 ug/go] =,

dimethylamine-> 7] &5 2| ¢t trimethyl amine~>
1164 pg/go] &=k Zetrt & g4 Ao
£ W3 GC-FID, GC-MSel] 2% A2 d2| 2
A4 methylaminedto] Z&SEHgon, W7¥,
Box, Hox, oA, FoIX, 53, 54, X
A gl RAFHcke ol ¥e] AE=A &
stet.

Fye By

7] 712 Ao el If¥ FAi HYE-F GC-
MSE2 243} peak area§ A 2|3} Table 35 2t}
o] data® A WU MVSAP(multivariate sta-
tistical analysis program)ol]l {]¥3}e] FAAE 4L
APt TR} Hid O 25k AG8A
£ A3} scree graphie Fig. 65 7hc}. 770¢] Wgke
238 7 Y 243 F AlZaast Aot
el A7 o] 76.93% )0 A 3337 8 -
A7) £ 90.75%01 L A32Agk ol F FAL F
23] Zole] MATAIFE ATZHRIAAR A2l R
A& Bola 9le}. o] AWML A2 EE AIFHE
AR 7} o] ARE A3 FAALEDT ¥

AFAAE A2PAEL] ARAAE =AY
PCA plote Fig. 78 Zc}. 7747 HAE F Boiv}
U 7] 671A] 7o E]l 2], i, A, 24,
Z, A9} ARo) & $AdE] EE 5 gl
ol Eojel acetamide®} cyclohexyl amine?] peak
area?} t}& F o Soll vjsk =27] o Fole} A}
B F A2l A B Ats 2y AIFAAESY
FE= vt dd HE, 23 e vl o
& Bdg o o At o] 2 AA ofl R A5
5 N-methylpymolin®] ¥efe] B3I H3jgict ot
2 7] o} A4aRghee FAAEERE A4
¥ 24 S Ao B YA EQl 24 #iEe
g Y 5 i, Ao Fe] I e 914
o v~ i3t A3 =5 + ok

i =
A F JAA TS GCEA I chi=k 4 2
# of33 e AES Uit
1, op219] GC A=A 8E columnd HP-12
£, 40 °C(0 min)-0.5 °C/min-45 “C(0 min)-20 °C/min-
150 °C(5 min)®| -2 L=, #7142 F4-L 0.54
mL/min .2 A3 A - 713 3 a2cte 3y
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Harvest [ish flard-atelied aasset
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. %{Aﬂ 4 . |’: " 0 ‘ . " v » ) U 1; . “
Limin} Lmin) Ll imia}
s
feitation crab aeat Cuttle fish Octapys Shriap
ll N | Jx N ____,IJ:LL Ml oo
) ] 2 " . . [ n " 20 . . " " » ] et ——0 -
te{min} himin) slmbay € (miay
Filelish Pollach
|
)
|
|
P . S, — L\\L___.
Fig. 5. Gas chromatograms of the extracts of various dried-fishes.
Table 3. Peak area(TIC) of nitrocompounds in various dried fishes
Anchovy Codfish  Crab meat Cuttle fish File fish Pollack Shrimp
Methylamine 1824962 - - - - - 2724407
Acetamide - - - - - 10801094 -
Thiazole - - - - 34770 - -
2-Hydroxyisopropylamine - 152460 - 2324511 - 2426713 2583374
N-methyl pyrroline - 153970 57151 1519472 58327 1990176 1571253
Piperidine - - - - 1091427 -
Cyclohexylamine - - - - 12495253 2485332
o] o3} afst }pE di5Y 5 lew ofgle ECLo |

2. ojl®] ECLE 319 M ¥&
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Fig, 6. Scree graph.
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Fig. 7. PCA plot.
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3. o}FolA ZE=E dimethylamine, trimethyl-
amine, diethylamine 5-& 710 E-lj4] 73& =]~ kst
2} GC-MSE Zlojgrle} M2 o JxjA4 £
A23HELS Y 5 ek EA A& methy-
lamineo], -+ X<A & 2-hydroxy isopropylamine,
N-methyl pyrroline¢], StitollX{+ N-methyl pyrroline
o], 24X 2-hydroxy isopropylamine, N-methyl
pymrolineo], 3] o)l X)3= thiazole, N-methyl pyrroline
o], H-ooll x|+ acetamide, 2-hydroxy isopropylamine,

N-methyl pymoline, piperidine, cyclohexylaminee], Aj
$-oll A1+= methylamine, 2-hydroxy isopropylamine, N-
methyl pyrroline, cyclo hexylaminee] 7335}, =
) $3, Fof, W FollM & A& A wstet

4. GC-MSZ ¥A43 Zioj gl ¢4 Ar8ghe
] peak area§ data® FAE £AET, Holr} b2
A e FHEE FE 4 5 U, 3 xe oWk
o] JA i) vlsqg & & ek FAE A4
of 23 el &2 PAAR A4 {FAE AL
et

el 8 E #

1. Gruger, E. H. Ir. J. Agr. Food Chem. 1972, 20,
781-785.

2. Slemr, J.; Beyermann, K. J. Chromatogr. 1984,
283, 241~250.

3. $MES; B rE; i h; Bk HE Bull. Korean Fish.
Soc. 1981, 14, 7~14.

4. Yen, G.; Hsieh, C. J. Food Sci. 1991, 56, 158~160.

5. B¥FE Bull Environ. Sci. 1981, 2, 35~41.

6. Pfundstein, B.; Tricker, A. R.; Preussmann, R. J.
Chromatogr. 1991, 539, 141-148.

7. Sen, N. P. J. Food Sci. 1969, 34, 22-26.

8. Strauszkiewicz, W. F. Ir.; Bond, J. F. 4ssoc. Off
Anal. Chem. 1981, 64, 584-591.

9. Capella, P.; Homning, E. C. Anal Chem. 1966, 38,
316~321.

10. Abjul-Rashid, M. K.; Riley, J. P.; Fitzsimons, M.
F.; Wolff, G. A. Analyrica Chenmtica Acta 1991,
252, 223~226.

11, ANRTHk; K BHERA; ZEMR J. Korean Soc. Food
Nutr. 1990, 19, 547-554.

12. Gao, C; Krull, 1. S. J. Chromatogr. Sci. 1990, 28,
102~108.

13. Tbe, A.; Saito, K.; Nakazato, M.; Kikuchi, Y. J. As-
soc. Off. Anal. Chem. 1991, 74, 695~698.

14. Gross, G. A.; Gruter, A. J. Chromatogr. 1992, 592,
271~278.

15. Parris, N. J. Agric. Food. Chem. 1984, 32, 829~
831.

16. Grob, R. L. Modern Practice of Gas Chro-
matography; Wiley: 1977; pp 292-295.

17. Paulson, D. R.; Saranto, J. R.; Forman, W. A. J.
Chem. Edu. 1974, 51, 406~407.

18. Cacho, J.; Ferreira, V. Analytica Chemica Acta
1992, 264, 311~317.

Journal of the Korean Chemical Society



