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Changes of Volatile Components in Alaska Pollack Sik-hae
during Low-Temperature Fermentation
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Abstract

Volatile flavor compounds in Alaska pollack sik~hae during fermentation at 5°C were analyzed by liquid-liquid
continuous extraction (LLCE) and gas chromatography/mass spectrometry (GC/MS) methods. Sixty five volatile
compounds were detected in Alaska pollack sik-hae during fermentation. These compounds were composed mainly
of 11 S-~containing compounds, 13 alcohols, 13 acids, 4 aldehydes, 4 ketones, 6 terpenes, 4 aromatic compounds
and 10 miscellaneous compounds. Among these, 9 S —containing compounds (3-(methylthio)-1-propene, dimethyl
disulfide, diallyl sulfide, methylallyl disulfide, methyl-(E) -propenyl disulfide, dimethyl trisulfide, 2 diallyl disulfide
isomers and diallyl trisulfide), 2 acids (acetic acid and butanoic acid), 2 ketones (2,3-butanedione and 6-methyl-5—
hepten-2-one) and 2 esters (ethyl formate and ethyl acetate) were significantly increased during fermentation (p<
0.05), and these compounds were suspected to affect on the odor of Alaska pollack sik-hae.
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Table 1. Volatile flavor compounds in Alaska pollack sik-hae during fermentation at 5°C

Concn (ng/g)”

Compounds RV

0 day” 21 day” 43 day”
S—Containing compounds (11) 6,525.10 1,0441.30 2,1414.20
a a b
*3-(Methylthio)-1-propene 955 106'328 251'4lb 837.63
*Dimethyl disulfide 1088 558,85 1163407 246507
*Allyl alcohol 1078 87308 31766 -
*Diallyl sulfide 1132 125.31° 672.92 1,766.89°
*Methylallyl disulfide 1279 1,349.72° 2.797.84° 6,581.02°
*Methyl-(E)-propenyl disulfide 1283 81.99° 143.96 448.65°
*Dimethyl trisulfide 1373 94.25° 242 70° 853.85°
*Diallyl disulfide (isomer) 1471 2602.49° 4,146.99° 7131.37°
*Diallyl disulfide (isomer) 1479 590.19° 620.04° 1,14957°
:Dlal]yl Fnsulﬁde 1779 60.90° 8413 180.19%
Benzothiazole 1918 77.00° _a _a
Alcohols (13) 3,988.79 479783 5,235.80
*Ethanol 925 2,356.87 2,534.71° 2,622.50°
*2-Butanol 1022 65.50° - -8
*Butanol 1139 _a 237.42° 123.26°
*1-Penten-3-ol 1155 555.36° 464.12° 250.75°
*3-Methyl-1-butanol 1201 332.45° 506.76° 1,604.04°
2-Buten-1-ol 1208 29.01° 120.66™ -#
*(Z)-2-Penten-1-ol 1309 228.27° 301.94° 226.73°
3-Heptanol 1339 134.89° 13067 84.72°
*2-Heptanol 1354 88.31° 105.76° 89.63°
*Linalool 1540 61.85° 62.94° 58.84°
*2-Furanmethanol 1645 6.99° 21.88° 15.43?
*Borneol 1699 90.23 205,34 72.21°
*2-Phenylethanol 1911 39.06° 85.63° 87.69°
Acids (13) 3,271.14 1,8754.70 20,969.30
*Acetic acid 1440 172.60° 1,5718.12° 17,191.70°
Propanoic acid 1589 89.62° 268.83° 157.52°
*Isobutyric acid 1557 104.96° 212.39° 254.22°
*Butanoic acid 1625 27783 625.47% 1,862.93°
*Isovaleric acid 1665 599.92* 761.86° 770.85°
Pentanoic acid 1780 55.93° 205.37" 90.67°
*Hexanoic acid 1886 269.47° 392.93° 295.21°
Heptanoic acid 1995 41.03" 46.88° 35.70°
*Octanoic acid 2091 121.03* 166.84* 73.91%
*Nonanoic acid 2170 1,487.75° 114.88° 93.02°
*Decanoic acid 2267 39.33° 7971% -2
Undecanoic acid 2387 - 66.75° 72.94%
Dodecanoic acid 2483 11.67° 84.68 70.65°
Aldehydes (4) 706.66 70658 575.44
*(E)-2-Butenal 1023 57.48° 17.45° -2
*Hexanal 1068 381.47° 273.33%® 65.46
*Nonanal 1334 104.38° 163.38 33.17°
*Benzaldehyde 1513 163.33% 252.42° 476.81°
Ketones (4) 541935 10,195.60 8,426.65
*2,3-Butanedione 96 105.94° 318.28° 842.17°
*2.3-Pentanedione 1040 7.75° - -
*3-Hydroxy-2-butanone 1281 461827 8 877.40° 6,083.15°
*6-Methyl-5-hepten-2-one 1324 687.39" 099.93° 1,501.33"
Terpenes (6) 5,500.00 3519.32 6,499.46
* @ ~Pinene 1012 296.98° 141.69° 528.93
*Camphene 1058 1,518.91° 1,146 56 3,005.77"
*B-Phellandrene 1218 2,143.03 1,631.87* 2.866.07°
*Zingiberene 1726 1,255.62° 240.16° -2
*Curcumene 1764 -a 359.04° g 98.69"

*B~Sesquiphellandrene 1773 285.46° -° -
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Table 1. Continued
Concn (ng/g)”

C D

ompounds Rl 0 day” 21 day” 43 day”
Aromatic compounds (4) 21283 433.07 347.27
*Toluene 1032 60.56 160.35° 11558
*Ethylbenzene 1117 14.35" 48.14" 80.12°
Styrene 1238 57.21° 162.27° 101.99°
Phenol 1944 80.71° 62.31° 49 58°
Miscellaneous compounds (10) 5,796.96 7,073.43 8,391.48
Ethyl formate 848 2.93° 34.06 213.86]:
*Ethy! acetate 899 2.876.11° 3,644.73" 6,743.18
Chloroform 1004 2,242.23b 2,751.61b 730.21%
Dimethy! acetonitrile 1205 32.19° 49.73" 62.87:
Tetramethylpyrazine 1481 146.23° 205.50f1 37157
Butyrolactone 1594 67.44° 55.11° 50.91%
1,3-Cyclooctadiene 1635 431%8° 55.’94"’l 39.43°
Cyclohexyl isothiocyanate 1658 265.24° -2 -f
2-Acetylpyrrole 1915 -2 35.15° -
1-Cyano—-4,5-epithiopentane 1979 121.41% 241.60° 179.45"

D .
Retention index.

ZMean concentration (ng/g) of duplicate GC/MS analyses to 2 LLCE extracts. Concentration of each compound was calculated as a
relative content to the concentration of 1-dodecene concentration put in sample (108.3 ug/g) (factor = 1).

3a-c.

*These compounds were also detected in kimchi (14,33).
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Means having same superscipts in each row among samples are not significantly different (p<0.05). P_: Not detected.
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