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The volatile compounds of traditional Kyungsando squid sikhe were identified by GC-MS. The amount of o-zin-
gibirene among identified volatile compounds was 19.73 mg/kg. The major volatile compounds of sikhe were (Z)-
Di-2-propenyl disulfide, o-curcumene, methyl allyl disulfide, (E, E)-a-farnesene, pentanol, z-citral, 3-ethyl-1,2-
dithi-5-ene-B-elemene, B-elemene, acetic acid, and B-phellandrene. The volatile compounds of sikhe were compose
of 49 including hydrocarbone groups, 15 aldehydes groups, 33 alcohol groups kinds, 11 ketone and ester groups.
The fraction obtained from sikhe were tested for electron donating ability, angiotensin converting enzyme inhib-
itory activity and xanthine oxidase inhibitory activity. There were no electron donating abilities(SC;)) in hexane
and water soluble fractions. On the other hand, the angiotensin converting enzyme abilities of ethylacetate and
butanol soluble fractions were 310.64 pg/mL and 1096.49 pg/mL, respectively. Angiotensin converting enzyme
inhibitory activities(ICy,) of ethylacetate butanol soluble fractions were 1.623 mg/mL and 1.303 mg/mL, respec-
tively. Xanthine oxidase inhibitory activities(IC,,) of ethylacetate fraction and butanol soluble fractions were 3.591
mg/mL and 2.083 mg/mL, respectively.
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Table 1. Conditions of GC and GC/MS analysis for volatile flavour components

Instrument GC GC/MS
Model Hewlett-Packard II Plus Shimadzu GC/MS QP-5000
Column DB-WAX (J&W, 60 mx0.25 mm i.d., um film thickness) ~ DB-WAX (J&W, 60 mx0.25 mm i.d., um film thickness)
Detector FID FID
Carrier gas Helium (1.0 mL/min) Helium (1.0 mL/min)

Temp. program 40°C(3 min)-2°C/min-150°C-4°C/min-220°C
Detector temp. 300°C

Injector temp. 250°C

Split ratio 1:20

Ionization -

Ionization voltage -

Cathod strom -

Mass range (m/z) -

Injection volume 1L

40°C(3 min)-2°C/min- 150°C-4°C/min-220°C
250°C

1:20

Electron impact Ionization (EI)

70eV

0.8 mA

41~450

1 pL
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Fig. 1. Gas chromatogram of volatile compounds obtained
from traditional Kyungsando squid sikkhe at 7 days
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Table 2. Identifieds volatile compound in traditional Kyungsando squid sikke fermentation and storage at 5°C

Peak No. Compound Name RT* RI Area (%) mg/kg
1 Acetaldehyde 5.147 702 0.36 0.631
2 Dimethyl sulfide 5.612 749 0.06 0.104
3 2-Propanone 6.99 818 0.04 0.062
4 Ethyl formate 6.667 827 027 0478
5 2-Propenal 7.048 846 0.02 0.028
6 2-Methul-2-heptene 7.322 859 0.04 0.062
7 Ethyl acetate 8.055 891 0.92 1.608
8 2-Methylbutanal 8.776 915 0.04 0.065
9 3-Methylbutanal 8.910 919 0.24 0417
10 Propylene sulfide 9.375 931 0.02 0.031
11 Ethanol 9.717 940 07 : 1.227
12 2-Ethylfuran 10.167 952 0.17 0.297
13 Allylmethyl sulfide 10.290 955 0.52 0911
14 Pentanal 11.166 975 0.09 0.157
15 Tricyclene 12422 1002 0.07 0.124
16 o-Pinene 13.256 1019 1.16 2.026
17 Methylbenzene 14.032 1035 0.18 0.307
18 Propanol 14.192 1038 0.05 0.081
19 2-Methyl-4-Pentanal 14913 1051 0.04 0.069

20 Camphene 15.622 1064 249 4.346
21 Dimethyl disulfide 15.899 1069 0.82 1.435
22 Hexanal 16.420 1077 0.51 0.882
23 2-Methyl-2-butanal 17.011 1087 0.06 0.101
24 2-Methyl-1-propanol 17.100 1088 0.05 0.083
25 2-3-Pinene 17.890 1101 0.16 0.281
26 2-Propen-1-ol 18.295 1108 0.04 0.070
27 Sabinene 18.729 1115 0.04 0.061
28 2-Pentanol 18.926 1119 0.06 0.098
29 4-Pentenal 19.153 1123 0.02 0.027
30 P-Xylene 19.933 1135 0.03 0.052
31 Diallyl suifide 20.444 1143 0.78 1.364
32 1-Penten-3-ol 21.388 1158 0.05 0.92

33 B-Myrcene 21.642 1162 1.34 2.339
34 o-Fenchene 22.017 1167 0.03 0.054
35 2-Heptanone 22.712 1177 0.15 0.262
36 Heptanone 22.898 1180 0.05 0.090
37 a-Limonene 24.058 1195 1.41 2.464
38 Pentanol 24.800 1206 2.81 4914
39 B-Phellandrene 24.947 1209 1.78 3.102
40 1,8-Cineol 25.091 1211 1.17 2.046
41 (E)-Phellandrene 25.199 1213 0.07 0.124
42 2-Buten-1-ol 25.275 1214 0.05 0.088
43 2-Pentyl furan 26.136 1228 0.19 0.331
44 (Z)-p-Ocimene 26.461 1232 0.08 0.144
45 r-Terpinene 27202 1243 .05 0.083
46 1,3,5-Tris(methylene) cycloheptane 27.400 1246 0.02 0.028
47 (E)-B-Ocimene 27.673 1250 0.24 0424
48 (Z)-1-Propenyl methy] disulfide 28.329 1260 0.07 0.120
49 1-Nitropropane 28.672 1265 0.06 0.110
50 p-Cymene 28.986 1269 0.11 0.185
51 Methy! allyl disulfide 29.835 1280 348 6.071
52 (E)-1-Propenyl methyl 30.179 1285 0.69 1.200
53 Isolimonene 30.968 1295 0.09 0.162
54 2-Methyl-1,6-heptadiene 31.585 1304 0.05 0.084
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Table 2. Continued

Peak No. Compound Name RT* RI Area (%) mg/kg
IS Butylbenzene 32.073 1312 2.46
55 2-Heptanol 32539 1319 0.33 0.581
56 6-Methyl-5-hepten-2-one 33.524 1334 05 0.881
57 2-Allyl-1,3-dioxolane 34.692 1351 0.09 0.158
58 Hexanol 34.790 1353 0.13 0.231
59 Dimethyl trisulfide 36.518 1377 1.22 2.133
60 (E)-3-Hexen-1-ol 36.864 1382 0.01 0.025
61 2-Nonanone 37.198 1386 0.13 0.219
62 Nonanal 37.527 1390 0.04 0.068
63 Piperitenone 37.817 1394 0.03 0.049
64 Perillene 39.050 1414 0.03 0.058
65 Dipropyl disulfide 39.841 1427 0.46 0.798
66 o-p-Dimethylstyrene 40.249 1434 0.11 0.196
67 Acetic acid 40.628 1440 1.78 3.109
68 3-Butenyl isothiocyanate 41439 1453 0.17 0297
69 Furfural 41.870 1460 0.13 0.226
70 (Z)-di-2-propeny! disulfide 42311 1466 0.64 1.113
71 6-Methyl-5-hepten-2-ol 42.621 1471 0.1 0.175
72 (E)-di-2-Propeny! disulfide 43.600 1486 8.12 14.183
73 3-Ethyl-1,2-dithi-5-ene 44.242 1496 2.55 4.445
74 o-Elemene 44333 1497 0.21 0.367
75 o-Copaene 44.537 1500 0.43 0.752
76 2-Acetylfuran 44.793 1504 0.04 0.071
77 Camphor 45.950 1522 0.28 0.498
78 2-Nonanol 46.025 1523 031 0.547
79 Diethyl mercaptole acetone 46.208 1526 0.18 0.307
80 Methyl propyl trisulfide 46.545 1531 0.05 0.092
81 (E)-2-Nonenal 46.886 1536 0.08 0.148
82 4-Methylpentyl isothiocyanate 47.060 1539 0.03 0.058
83 Linalool 47777 1550 0.81 1.413
84 (E)-B-Bergamotene 48.457 1560 0.16 0.277
85 2-Butyl-1,3-dioxolane 48.940 1567 0.25 0.433
86 (E)-B-Caryophyllene 49.257 1571 0.2 0.343
87 Dimethy! sulfoxide 49.807 1579 0.18 0.323
88 Bornyl acetate 50.187 1584 0.41 0.715
89 B-Elemene 50.608 1590 2.06 3.595
90 Methyl-2-propenyl trisulfide 50.725 1592 1.42 2.489
91 2-Undecanone 50.993 1596 0.92 1.598
92 4-Terpineol 51.326 1600 035 0.605
93 o-Pinene oxide 51.545 1604 0.14 0.247
94 B-Bisabolene 52.147 1614 0.06 0.110
95 B-Cyclocitral 52.393 1618 0.01 0.025
96 1,2-Ethanediol 52.871 1626 0.28 0.489
97 1-Hydroxy-2-propanone 53.067 1630 0.04 0.072
98 o-Humulene 53.474 1636 0.38 0.670
99 (E)-2-Decenal 53.703 1640 0.24 0411
100 Safranal 53.899 1643 0.15 0.254
101 Junipene 54.132 1647 0.25 0445
102 (E)-B-Farnesene 54.400 1652 0.1 0.168
103 Furfuryl alcohol 54.618 1655 0.09 0.161
104 Citronellyl acetate 54.907 1660 0.62 0.084
105 3-Methylbutanoic acid 55.196 1665 1.11 1.931
106 Crptone 55.583 1671 043 0.747

107 Aromadrene 55.810 1674 0.15 0254
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Table 2. Continued

T2 FeEA] Al 33 WA 3 % (2001)

Peak No. Compound Name RT* RI Area (%) mg/kg
108 (Z)-Citral 56.266 1682 2074 4791
109 Acoradiene 26.592 1687 0.1 0.180
110 [-Himachlene 56.904 1692 1.62 2.821
111 o-Terpineol 57.223 1696 1.33 2.316
112 Borneol 57.588 1703 1.42 2484
113 Germacrene D 57.858 1708 0.11 0.196
114 Heptadecane 58.058 1712 0.1 0.168
115 3-Selinene 28.193 1714 0.12 0.201
116 o-Zingibirene 58.800 1726 11.3 19.732
117 Valencene 59.787 1745 0.21 0.366
118 o-Cedrene 59.963 1748 0.57 1.002
119 (E,E)-o-Farnesene 60.480 1758 2.96 5.173
120 Geranyl acetate 60.601 1760 0.83 1.455
121 v-Cadinene 60.897 1766 0.16 0.276
122 8-Cadinene 61.071 1769 0.84 1.463
123 Methyl salicylate 61.425 1775 1.07 1.866
124 o-Curcumene 62.000 1786 5.68 9.926
125 Cuminaldehyde 62.100 1788 0.08 0.134
126 Dialiyl trisulfide 62415 1793 1.49 0.607
127 Myrtenol 62.533 1795 0.12 0.204
128 Nerol 62.533 1795 022 0.388
129 2-Tridecanone 62.701 1798 0.17 0.298
130 3-Methlbutyl decanoate 63.106 1808 0.02 0.028
131 Undecanol 63.292 1812 0.03 0.056
132 B-Cedren oxide 64.003 1892 04 0.702
133 (E)-2-Decen-1-ol 64.237 1835 0.14 0.239
134 Calamenene 64.363 1838 0.12 0.209
135 Hexanoic acid 64.771 1847 0.8 0.391
136 Geraniol 65.070 1854 0.26 0.459
137 (E)Geranyl acetone 65.347 1861 0.09 0.160
138 4,5-dehydro-isolongifolene 65.596 1867 0.33 0.573
139 3,7-Dimethyl-6-octen-1-ol acetate 65.905 1874 0.61 1.058
140 2-Methyl-2-phenlundecane 66.073 1878 0.15 0.263
141 2-Methyl-2-phenylundecane 66.073 1878 0.03 0.058
142 Phenethl alcohol 66.843 1911 0.09 0.153
143 1-Ethoxy-1-(cis-hex-3-enoxy)-cthane 67.698 1919 0.75 1.315
144 44-Dimethliricyclo6.3.2.0-(2,5)- 68.056 1929 0.05 0.080

trideca-8-en-1-ol
145 1-Cyclopenty-1-propanol 68.282 1935 0.21 0.360
146 B-Tonone 68.644 1946 0.13 0.230
147 2-Ethylhexanoic acid 68.892 1953 0.03 0.046
148 Heptanoic acid 68.947 1954 0.1 0.166
149 1-Phenyl-1,2-ethanediol 69.517 1970 0.02 0.036
150 2-Acethlpyrrole 69.623 1973 0.07 0.126
151 2-Pyrrolidinethione 70.176 1989 0.05 0.079
152 Butanenitrile 70.392 1995 0.03 0.046
153 #-Ionone epoxide 70.562 1999 0.05 0.093
154 Methl pentadcanoate 70.884 2008 0.23 0.396
155 (E)-Nerolidol 71.845 2033 0.68 1.184
156 Ethyl tetradecanoate 72.196 2043 0.44 0.773
157 Octanoic acid 72.500 2051 047 0.821
158 Elemol 73.364 2073 0.29 0.513
159 Veridiflorol 74.420 2100 0.19 0.326
160 Tetradecanol 74.930 2122 0.77 1.341
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Peak No. Compound Name RI Area (%) mg/kg
161 4-(Methylthio)-butanenitrile 75.050 2128 0.60 1.042
162 Levomenol 75.300 2138 0.03 0.045

TOTAL 97.04 165.064

RT: retention time, RI: retention index

Table 3. Electron donating abilities of traditional Kyungsando
squid sikhe extracts

Table 4. The inhibitory effects of angiotensin converting
enzyme by traditional Kyungsando squid sikhe extracts

Sample SCy* (Wg/mL) Sample IC,, (mg/mL)
Hexane extracts - Hexane extracts -
Ethylacetate extracts 310.64 Ethylacetate extracts 1.623
Butanol extracts 1,096.49 Butanol extracts 1.303

Water extracts -

Water extracts -

*SC,, notes the concentration which is required to scavenging 50% of
200 pM DPPH radicals.

Alalel 7isd

AT A5 DPPH) 34: sty 5 498k free radical
rRog 7] 71l A A A7 2 el ol
AEEAu, 228 Wol5g YT free radical®] A
HZ Agolyolet BElRe FriE|AA SEE, AP,
2, 87l Bk okt o S e oY %
Jolo} H YT o]]Ft free radical®d] £AFE ¢
olry] 95t A= rrEQAS] Ao WEE FEES
o) 123 sl AL 7 BEYES AAFATE FHT
I Table 3914 RE wh o] 200puM DPPH radical&
50% AT =H Bad SC, ghel A EFFEAME
7 JeRbA egton, o HolAHIO|EFS 310.64 ug/
mL, PEEEL 109649 ug/mLoZ YER} o EolAElolE
Z|A T2 free radical 27% S EHCE /9 27 B
& 359 w23t capsaicino] AU A@AA 7k wiolZ22
Zo xde] HisE AA I AaE v|Fo
olEa7] Agelr HErE: FEE AtEdS Zie o
%9) dhhs 259 capsaicind] ©FF Zow Azt o]
3 capsaicin®] Ao A AAhrre} ofE A-E zhe

oX -z rlo
lo #o U

s

b

oy
o,
3

o

o

Ao sl ALH] A7h ZivhEn
ACEAS| &3} Zdw ntear)As|e] 2t £98 ACE A

=

HEAE A8t AI=E Table 404 B ule)l 2o nlE
AT Azd Asje AHsjaxe Wty ERYEIE
A G35 HolR gktor o HolMH o] ESAAE IC,,
7} 1.623 mg/mL, FE&-Zor= 1.303 mg/mLe] A3 TIAE
VERH AT
A Aoz e EAVL oIHA e I8 A

S 93kl o] 54 mhe] g HIhF
3 A7) AE FAAER He] o7 jlom, 53] o] §
FHTE AA 7] Y3t 2 AsAY Aol g =¥
A U Ao} ol¥ TEe: NI Ay A%
A 3 Bt 2 FAME A5 renin-
angiotensinZ} 8] EAd3lol] 2]t Q]le] M FQaA] HHY.
ACE AafjAle dul A% Zof] Ao Hojg]e] 2S¢y

L
M

o b

Table 5. The inhibitory effects of xanthine oxidase by
traditional Kyungsando squid sikhe extracts

Sample IC,, (mg/mL)
Hexane extracts -
Ethylacetate extracts 3.592
Butanol extracts 2.083
‘Water extracts -

2} T}, whelr] angiotensin I, decapeptide=FH
73 BPA4A angiotensin I1, octapeptide® A4 8H=
Sol hE A7e A4l gebxd x =

A =Rl A% wlEar] AslENE o
=ZEE0] At 7|9E & AoR A7EA.
Xanthine oxidase A3: Xanthine oxidase$} xanthine,
hypoxanthines} 7+ 7]A3te] w2 dutzel vz A4
koo 2 <A ¢tk Xanthine oxidase cytochrome ¢ Wh&
Aol 24 == superoxide anion radicaldl| ¥k AR M+=
ol EAd) o3 A AA7E JAE 7S, 5 xanthine
oxidase®] @Ae] AslEE 4% T BR A fvZ &
AR o T2 Ve "ok £33 dode
210l B4l 44+ hypoxanthine¥ xanthine®*] xanthine
oxidase?] W@ AtslElo] @Ato]l EHw Q4F A &9l
xanthine oxidase:= Mo%} FeZ -3l flatoprotein®]th. &
abo] HA o] Z7iEE v S0 st B B A
TzAd A5 o0] BES FUEY By opet Al HA
go] AgARS dod)7|e ) o]He arke AAYsh=
xanthine oxidaseo| thet B4As)5-& ST 23 Table 5
oA WEPt A3} 7ol xanthine oxidase?| €4E 50% A8l
e BE IC,e JdolHC)|ESS 3.591 mymL, FEHE
22 2083 mg/mLE WENTH

Kim S00] B w3 s|£F F5EF9] xanthine oxidase A
g 2hgo) A ¥el WEkS #EE0] 400 ppm FEONA 53.1%
= el oFo] Ao As)gx Akl Wbtk wet
A 2 Arde mes FEES A5t xanthine oxide
A7) ae FEE et
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