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Abstract

Volatile flavor compounds in low salt-fermented anchovy pastes by adding koji (Koji), compared with Cont-
rol, were analyzed by simultaneous steam distillation-solvent extraction/gas chromatography/mass spectr-
ometry. Volatile compounds (106) were detected in both samples during fermentation. Among these, 79 comp-
ounds were positively identified and were composed mainly of aldehydes, esters, alcohols, ketones, nitrogen-
containing compounds, aromatic hydrocarbons, and furans. Aldehydes and esters were found higher amounts
than other compounds in both samples. Alkylpyrazines, such as 2,6-dimethyipyrazine, 2-ethyl-6-methylpyra-
zine, trimethylpyrazine, 2-ethyl-3,5-dimethylpyrazine and tetramethylpyrazine, and also 2-phenylethanol were

identified only in Koji.

Key words : volatile flavor, salt-fermented anchovy, koji

INTRODUCTION

Traditionally, more than 54 of salt-fermented fish
products, such as fish paste and fish sauce, have been
consumed as an important protein and fat source in
Korean diet”. Among these, 7 kinds of fermented fish
products, including anchovy and shrimp paste, have
been favored a large amounts by consumers nowada-
vs in Korea”. However, only 2~3% of the total amo-
unts of processed fish products were fermented pro-
ducts in Korea, although no accurate statistics on the
amount of fermented fish products manufactured for
commercial purposes were present?.

Maost of fish pastes containing only 25~30% salt are
fermented for over 6 months. Therefore, much resear-
ch was attempted to reduce salt content of products
and to reduce fermentation time for the purpose of
commercial facilitation of fermented fish products™®.
On the other hand, the addition of malt powder or
cooked cereals to fermented fish was used to enhance
flavor quality of products in a certain areas in Korea”.
Kunimoto et al.® reported that Aspergilfus oryzae, wh-
ich is known as one of the most useful molds utilized
in making koji, had a reducing effect in fishy odor.
Application of koji to make sardine meal was also

attempted by Kim et al”.

As a consequence of instantized and modernized
diets, recent, demands have shifted from salt-fermen-
ted fish products in favor of more convenient seaso-
ning agents in Korea. This trend has in turn initiated
studies of fermented fish products to improve their
composition and health impact benefits. Except for a
few reports, the volatile flavor of fermented fish prod-
ucts has not been fully investigated®™. A thorough un-
derstanding of volatile flavor in fish paste is essential
if alternative products are to be successfully produc-
ed.

The objective of this study was to identify and to
compare volatile flavor components in anchovy pas-
tes by adding koji with control during fermentation.

MATERIALS AND METHODS

Materials

Anchovy, Engraulis japonica, were purchased from
a fishery joint market in Chungmu, Korea and transp-
orted in polyethylene bags 1o a laboratory within 1 hr.
A medium for koji production was prepared with T :
1:0.3 by weight ratio of cooked soybean, roasted
barley and powdered dryed anchovy, respectively.
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The mixture was incculated with Aspergilfus oryzae
{Ahlbury) cohn var. Viride Murakami, and then incub-
ated in an incubator (Hanyoung Co., Karea) at 25°C
for 3 days until molds grew throughout the materials.
The koji strain was kindly provided by Department of
Food Science and Technotogy, National Fisheries Lin-
iversity of Pusan. Low safi-fermented anchovy pasie
were prepared according to the composition shown
in Table 1. Further details are described in the previ-
ous paper'®. Samples were homogenized using a Wa-
ring blender (Waring Products Co., Winsted, CT)
before analysis. Standard flavor compounds were pur-
chased from commercial sources or were generous
gifts from Aldrich Flaver and Fragrance (Milwaukee,
Wi

Simuftaneous steam distillation-solvent extraction -
(SDE)

Homogenized fish paste (500g}), distiiled water (1.
5L and 21.7ug of mternal standard 2,4, 6-trimethyi-
pyridine TMP) were placed in 2 Lickens-Nickerson™
type SDE apparatus (Cat. No. K-523010-0000, Kon-
tes, Vineland, NJ) to extract volatile flavor compounds
into redistilied diethy! ether (100ml}. The procedure
has been described elsewhere™. Extracts were
concentrated to T.5ml under a gentle stream of nitrog-
en. Duplicate extractions were carried out for each
sample.

Gas chromatography / mass spectromeiry (GC / MS)

A 4yl aliguot from each SDE extract was injected
into an HP 5790GC /59708 mass selective detector
{MSD) (Hewlett Packard Co., Palo Alto, CA) by spiit-
less mode(155° C injector temperature ; 30s vaive
delay). Separation of volatile compenents was achie-
ved on a fused silica capillary column (Supelcowax
10 5 60m long x0.25mm 1D 0.25um film thickne-

Table 1. Formulas of ingredients for salt-fermented anchovy
(C;,i‘)).\l

Salt Sorbitol Lactic acid Alcochol Glucose Koji

Control 15 ] 0.5 5

Koji 15 & 0.5 3 5 10

» Ratio {w/w%) to the raw anchovy, except v/wY% in case of
lactic acid and alcohol

35 ; Supelco, Inc, Beliefonte, PA}. The linear velocity
of the helium carrier was 25.7cm/s. Oven tempera-
ture was programmed from 40°C to 175°C at a rate
of 2°C/min with initial and final hold times at 5 and
30min, respectively; it was further increased to 195° C
at a rate of 5°C and maintained at 195°C for 25min.
Electron ionization energy was set at 70eV. Mass ran-
ge was 33~300a.m.u., electron multiplier voltage
was 2000V, and scan rate was 1.6/s. Other details of
GC/MSD procedure have been described by Cha et
al."”. Duplicate analyses were performed on each
SDE extract.

Compound identification

Volatile compounds were identified by matching
retention indices (R}, calculated according to Van den
Dool and Kraiz'®, and mass spectra of samples with
those of authentic standards. Tentative identifications
were based on the standard MS library data™,

Relative abundance and peak areas of co-eluting
compounds

The relative abundance of each compound was
expressed by the ratio of its total ion peak area to that
of the internal standard. The peak area of a co-eluted
compounds was calculated as described by Hites and
Biemann'™ to minimize chromatographic interferen-
ce.

RESULTS AND DISCUSSION

Two types of low salt~fermented anchovy pastes,
such as those made with koji (Koji) and without koji
(Control) were examined for volatife flavor compon-
ents during fermentation to assess the commercial fe-
asibility of Koji. Total ion chromatograms of the vola-
tile components in Control and Koji after 30 days of
fermentation are shown in Fig. 1 and 2, respectively.
One hundred and six of volatite compounds were iso-
lated (Table 2}, inciuding 30 aldehydes, 7 ketones, 18
alcohols, 7 nitrogen—containing compounds, 23 est-
ers, 5 aromatic hydrocarbons, 5 furans, and 11 misc-
elfaneous compounds during fermentation. Among
these, 79 compounds were positively identified. As
shown in Table 2, however, a total of 87 compounds
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Fig. 1. Total ion chromatogram of volatile components in low salted anchovy paste (Control) after 30days of fermentation.

Peak numbers correspond to those listed in Table 2.
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Fig. 2. Total ion chromatogram of volatile components in low salted anchovy paste by adding koji(Koji) after 30days of
fermentation.
Peak numbers correspond o those listed in Table 2,
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Tabie 2. Changes of velatile flavor components in low salted anchovy paste by adding koji during fermentation

Control

Koji

Fermentation time

Fermentation time

o Compoe e e oday 1302y 30day day 13day 30day
Mean area**  Mean area™*  Mean area*™* Mean area™* Mean area®™*  Mean area***
ratio S.D. ratio  5.D. ratic  S.D. ratio $.D. ratio  S.D.  ratio S.o.
Aldehydes (303
3 Butanal 858 6.26  3.46
& 2-Methylbutanal 857 3.3 2.25% 1270 8.06
7 3-Methylbutanal 900  11.63 873 71.03 3394 3306 1914 1446 19.08 3454 38.51 96.00 45.14
10 Pentanal 971 413 1.89 12.82 4.44 400 204 205 1.02 450 404 375 Q.50
15 (E}-2-Butenal 1043 365 296 106 031
18 Hexanal 1078 18.00 8.55 §2.86 2810 1244 685 10.90¢ 1310 925 585 15.00 4.76
12 2-Methyl-(E}-2-butena! 1095 476  1.83 1.08 017 3.25 C.50
21 (E)-2-Pentenal 1125 275 1.04 1613 5.07 4.00 1.83 1.70 1.36 367 3.602 4.50 0.58
26 2-MethylHF)-2-pentenal 1155 088 0.25
30 Heptanal 1181 4.25 2.02 2066 426 2.31 1.28 2.58 1.65 196 075 2.75 0.96
32 {E)-2-Hexenal 1214 6.25 3.18 21.65 7.10 6.50 1.73 3.51 213 1.83 1.45 4,50 1.00
36 (Z)-4-Heptenal 1240 4.13 1.93 696 1.63 2.06 136 173 079 1.33 047 2.25 0.50
38 Octanal 1287 765 3.46 1.44 1.05 046 0.39 1.27 0.63 1.25 ¢.50
42 (E}-2-Heptenal 1323 0.88 0.25 415 275 1.94 205 0.84 0.32 1.04 0.67 1.00 0.00
49 Nonanal 1392 990 4.37
51 (E)-2-Octenal 1429 2.38 1.4% 1484 530 233 1.44 1.87 034 292 217 3.25 .96
59 (F,E)-2 4-Heptadienal 1463 1650 10.78 1776 1232 1456 532 463 1.38 754 477 13.00 4.83
61 Benzaldehyde 1523 211 710 2025 6.45 338 1.28 1504 964 1275 9.03
64 (E)-2-Nonenal 154¢ 2.00 1.15 18.18 6.3 306 .97 2.63 i1 3.50 1.00
67 {E,Z)-2,6-Nonadienal 1582 6.00 2.71 17.93 7.31 769 244 2.05 1.41 396 206 5.00 Q.00
68 (E,E)-2,4-Octadienal* 1586 3.00 1.78 734 253 4.31 121 1.39 0.71 2.42 1.26 3.75 1.26
74 {E}-2-Decenal 1639 2.50 1.00 1765 5.39 1.86 0.63
75 Phenylacetaldehyde 1642 734 20 0.25 3.23 209 081 7.00 1.83 850 0.58
83 2-Undecenal* 1746 1.63 1.1% 1213 425 0.94 013 114 050 200 082 1.50 0.58
85 (E,E)-2,4-Decadienal 1806 4.25 260 1191 4,06 4.69 1.38 155 1.77 396 2.06 6.50 1.29
86 2-Chlorobenzaldehyde* 1813 064 049 158 0.50 1.50 .58
93 Tetradecanal* 1918 31.75  31.84 11,53 8.53 494 2.07 6.03 3.00 1229 258 175 3.30
94 alpha-Ethylidene-
phenylacetaldehyde* 1928 108 094
9§ Pentadecanal® 2021 7.00 3.83 338 161 1.00 0.00 1.50 0.58
100 Hexadecanal® 2128 145.75 40,15 86.87 7316 2494 1414 14.19 5.22 3896 1537 4525 26.00
Ketones(7)
28 2-Heptanone 1177 0.87 0.46
48 2-Nonaone 1389 2.38 0.95 6.53 299 1.50  0.58 1.52 (.42 133 047 1.75 0.50
62 1-{2-Furanyl)~ethanone* 1534 6.13 10.59
66 (Eb)-3-5- 1567 385 193 696 252 331 085 174 098 133 047 300 082
Octadien-2-gne*
69 2-Undecanone 1593 2.25 0.29 562 0.87 1.44 1.05 1.34 055 225 1.26 2.00 0.82
88 Ceranylacetone 1850 07t 020 213 1.3 250 1.29%
97 Pentadecanone* 2mz2 313 3.97 051 016 213 1.31 100 0.00
Alcohols(18)
25 Butano! 1139 0.49 0.16
27 1-Penten-3-ol 1156 2700 1294 76.74 1649 3125 1050 1454 1097 1500 6.22  21.50 1.73
31 3-Methyi-1-hutanol 1204 088 025 643 446 1454 486 23.00 6.27
37 Pentanol 1246 1.38 0.48 483 354 119  0.55 081 036 125 050 2.25 1.89
39 (&)-2-Penten-1-ol 1310 200 (.82 1.28 053 169 1.03
40 (E)-2-Penten-1-oi 1318 5.75 3.69 6.1 1.81 244 148 254 118
45 Hexano! 1351 1.30 0.57 1.21 Q.25 1.50 Q.58
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Retention

Control

Koji

Fermentation time

Fermentation time

Ne. by class index Oday 13day 30day Oday 13day 30day
Mean area**  Mean area***  Mean area®™  Mean area™*  Mean area***  Mean area***
ratio s.0D. ratio S.0. ratio  S.0. ratio S.D. ratic 5D, ratio 5.0,
53 1-Octen-3-o! 1449 5.75 2.72 1144 344 588 232 515 073 950 370 1425  3.56
54 Heptanol 1454 279 085 350 289 175 050 208 1.07 4.25 3.86
58 2-Ethyl-1-hexanol 1484 8.25 5.68 793 245 4463 250 283 067 567 3168 6.75 2.06
65 Octanol 1552 088 0.25
71 (E)-2-Octen-1-0l 1608 100 0.00
82 Decanol 1744 4.25 3.84 128 053 1.13 0.25 0.52 023 158 096 1.75 0.50
89 Benzylalcohol 1874 1.00 0.41 170 1.01 1.69 1.55 0.48 0.43
92 2-Phenviethano! 1907 03% 009 133 047 1.25 050
96 Dedecanol 1971 250 1.08
103 Pentadecanol 2299 250 300
105 Hexadecanol 2376 5.00 297
N-Containing compounds (7)
33 2,4-Dimethylpyridine* 1216 570 3.6
41 2,6-Dimethylpyrazine 1320 200 .82 300 0482
46 2.4,6-Trimethylpyridine
(1.5.)%* 1363 1.00 0.00 106 2.00 .00 GO0 1.00 000 1.6 0.00 1.00  0.00
47 2-Ethyl-6-methyl- 1384 113 025 100 090
pyrazine
50 Trimethylpyrazine 1400 253 D80 550 173 650 1.73
55 2-Etyl3 S-dimethyl- 696 333 850 4.0
pyrazing
57 Tetramethylpyrazine 1471 6.73 6,19 2542 B63 3600 497
Esters(23)
4 Ethyl acetate 867 358.7% 287.26 59.93 47.85 219.56 14022 125.51108.38 302.88 17230 313.00 121.58
9 Ethyl-2-methylpropancate 956 348 218 3079 2099 3950 569
13 Ethyl butanoate 1031 478 234 219 254 2.82 1.50 15.38 382 40.50 11.56
16 Ethyl-2-methylbu-
‘anoate® 1047 380 258 7450 2629 19500 4199
17 Byl Smethylou e, 975 751 4333 2175 10100 19.34
tanoate
22 Ethyl pentanoate 1130 144 072 165 120 288 155 2.25 0.50
35 Ethyl hexanoate 1230 1.63 0.75 1002 332 430 354 1.59 047 446 352 (1125 7.27
43 Ethyl heptanoate 1333 1.00 041 1.84  1.09 131 047 1.03 053 146 042 2.25 0.50
44 [Ethyl-2-hydrox- 1344 102.00 5073 2273 735 4894 3696 2973 19.22 3338 2361 2825 457
ypropanoate*
52 Ethyl octancate 1435 1.63 0.75 4.68 2.55 231 1.60 366 046 7.00 271 11.25 056
&3 Ethyl nonanoate 1535 200 1.58 456 697 118 056 1.58 0.50 275 0.96
73 Ethyl decanoate 1633 175 1.19 34 176 369 (99 3.03 1482 842 5310 1225 206
78 Ethyi-3-{Z-furyil~
pr‘;panoate,”’ 1674 1119 264
81 Ethyl undecanoate* 1736 37.88 6512 3.21 1.31 1.31 047 1.28 071 588 312 450 0.58
84 Fthyl phenylacetate* 1784 9.00 453 2487 888 606 188 670 409 3846 1839 7075 11.70
87 Ethyl dodecancate* 1840 75.63 5426 10178 3221 69.50 3376 23.54 676 121.58 4948 14600 31.84
90 Methyl-2,8-dimethylun- o0, 088 065 496 208 425 320
decanoate*
95 Lthyl tridecanoate® 1839 10.00 7.93 11.73 5.72 775 287 3.54 146 1583 6,69 1275 9.44
99 Ethyi tetradecanoate® 2049 252,75 28257 1360.67 411.40 £53.63 360.60 221.38 75.72 643.71 274.33 119425 363.60
101 Ethy! pentadecancate* 2143 4875 1646 11558 79.22 3213 975 1413 580 58.04 1249 8550 5331
102 Ethyl hexadecanopate* 2255 10463  72.35 143264 700.63 32688 271.93 21930 77.94 46942 172,43 21575 60.29
104 Ethyi heptadecanoate* 2357 19.13 1.0 1068 1169 9.3 224 062 1638 991 2150 370

16,70
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Contral

Koji

Fermentation time

Fermentation time

Peak Compound name Retention - =
No. $ class index Oday 13day 30day Oday 13day 30day
Mean area***  Mean area®**  Mean area***  Mean area***  Mean area*™*  Mean area***
ratio S.0. ratioc 5.0, raio  S.0. ratio  §.0D. ratio S.C. ratie S.C.
166 Ethyi ocladecanoate® 2456 29.00 1334 3583 3506 2256 636 469 2,40 2554 1285 6200 41.86
Aromatic hydrocarbons{5}
14 Toluene 1037 13.31 4.80 3187 2.19 3.00 1.83
20 Ethylbenzene 1119 220 1.05 119 0.55 1.33 047 1.00 0.00
23 p-Xylene 1132 2.61 1.34 1.50 071
24 mXylene 1134 458 2.73 0.53 0.15 225 1.26 2.50 1.2%
26 o-Xylene 1178 277 1.70 169  1.55 2.38 1.1t 1.25% 0.50
Furans(5)
8 Z-Ethylifuran 440 130.75 5117 2.30 129 50.00 43.42
12 2-PropyMuran 1024 9.69 330 106 033
34 2-Pentylfurap 1227 2.25 1.19 2683  9.29 569 217 402 318  6.25 5.19 6.25 1.50
56 Furfural 1466 1.88 0.63 468  2.55 250 178 2.24 (052 1258 440 1850 3.00
76 Furfurylalcohol 1656 11,75 5.27 .80 040 681 241 224 1.92 2946 1348 4950 6.19
Miscellaneous compounds {11}
1 Octane 812 48.79 1368 400 242 513 258 17.00 4497
2 1,2-Dimethyicyclo- 5
hexane™ 8§27 4.49 .48 944 10.56
5 Nonane 891 15.83 14.53 9.06 604 10.88 684 2500 2140
11 Decane 1002 543 203 319 197 3.50 1.73
60 Pentadecane 1501 4038  27.90 332 1.4% 1650 99§ 709 226 1242 576 1525 5.38
70 Hexadecane 1598 2.50 1.47 7.54 257 2.44 1.78 099 047 396 537 1.75 0.50
72 3,3.-D.|n.1etnyi~1 24— 1618 050 036
trithioiane* :
77 2,6,10,14-tetram- ) )
ethylpentadecane 1667 9.38 5.50 2.84 1.58 4.31 4.03 2.67 136 10.71 030 1675 1127
79 Feptadecane 1698 8438 7300 53823 16650 29475 104.65 59.13 18.66 282,08 14653 41525 80.02
80 Heptadecene 1717 i3.00 797
G1 Nonadecane 1899 046 023 183 145 00 000

*Compound tentatively identified by MS data only, ** LS. & internal standard
**¥ pean are ratio © Compound peak area/1.3. peak area from the average of 2 SDE extractions, and 2 injections of each extract
5.0. : Standard deviation, Control and Xeji correspond to those expressed in Table 1

were detected in Controf and 88 compounds in Koji.
Twenty-nine aldehydes were identified in the Con-
trol and 24 in the Koil (Table 2). The amounts of the
aldehydes increased with a fermentation period in
Koji, while the amounts of aldehydes in Control incr-
eased the most in 13 days. Some of aidehydes, such
as 3-methvibutanai, pentanal, hexanal, {F)-2-pente-
nal, heptanal and (E)-2-hexenal, were a large amoun-
ts in both samples during fermentation. However, cer-
tain other aidehydes, such as butanal, 2-methylbuta-
nai, 2-methyl-(E}-2-butena!, nonanal and (E)-2-dec-
enal, were identified only in Control. These straight-

chain afkanals ang alkenals might have been due to
oxidation of polyunsaturated fatty acids”'?. Two
branched aldehydes, particularly, 2-methylbutanai
and 3-methylbutanal, were known to be originated
from Strecker or microbiological degradation of ami-
ne acids™. Cha et al*® reported that anchovy paste
contains a high proportion of w-3 fatty acids(18 : 3,
2015, 22:5, 22 1 6y and -6 fatty acids(18: 1,
23 1 4) which are susceptible to lipid oxidation. In
particular, Cs and Cs series of short~chain carbonyls
and alcohols have been known to derive from @-3
and -6 series fatty acids by action of lipoxygenase
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in fish*"?. Ho et al.* reported that some aldehydes
which do not contribute 1o good flavor could act as
important flavor precursors of the good aroma, such
as heterocyclic compounds. Two aldehydes, benzald-
ehyde and phenylacetaldehyde, were identified in ali
of Koji, while those in Control were identified after 13
days. These compounds were known to have sweet,
almond-like odor and penetrating aroma in many
cooked foods™.

Some of ketones, such as 2-nonanone, (E,£)-3,5-
octadien-2-one and 2-undecanone, were detected a
larger amounts than other ketones in Control compa-
red with Koji. Generally, lower aroma threshold val-
ues of volatile ketones was known greatly to contribu-
te to overall fresh fish-like odors™. These ketones
may be produced by thermal oxidation/degradation
of polyunsaturated fatty acids®”. In particular, 3,5-oct-
adien-2-one, contributing a fatty-fruity odor, may pl-
ay a significant role in samples.

Among 18 alcohols detected, 14 compounds were
identified in Control and 13 in Koji. The amount of
alcohols detected, however, was lower than those of
aldehydes in both samples. Two alcohols, 3~methyl-
1-butanol and 2-phenylethanol, which are known to
have suppressive effect an fishy odor*®, were detec-
ted only in Koji except 3-methyl~1-butano! in Cont-
rol after 30 days. Kunimoto ef al¥ reported that Koji
made from Aspergillus oryzae had a reducing effect
in content of trimethylamine which do mainly contr-
ibute to fishy odor. However, alcohois may not con-
tribute to the overall flavor of anchovy pastes bec-
ause of their high threshold values™.

Five alkylpyrazines were detected only in Koji. 1t is
suggested that these pyrazines might be produced by
adding koji. Tetramethylpyrazine was in highest con-
centration, followed by 2—ethyl-3,5-dimethylpyraz-
ine, trimethylpyrazine, and 2,6~dimethylpyrazine.
Macleod and Ames® reported that a lot of alkylpys-
azines, having nutty, roasted, and toasted aroma, we-
re identified in soybeans, which was used as one of
medium ingredients for making kaji in this study. Ge-
neralfly, heterocyclic compounds, such as pyrazines
and pyridines, were reported to be formed by Mail-
lard and pyrolysis reaction through Strecker degrad-
ations in heat processed foods™. Further research is

needed to determine origin of pyrazines whether co-
me from enzymic action of A. oryzae or from medi-
um of koji.

A large number of esters were identified in both
samples. Esters, in particular ethylacetate, ethyldodec-
anoate, ethyltetradecanoate, ethylpentanoate and eth-
yihexadecanoate, were a high amounts in both sam-
ples during fermentation. Esters may have arose from
the esterification of various alcohals and carboxylic
acids that were formed from microbial decomposition
of lipid and protein in fermented fish pastes. Cha and
Cadwallader” reported that over 20 ester compounds
were detected in Korean fermented fish pastes. In par-
ticular, even carbon number ethyl esters from butano-
ate to hexadecanoate, having a sweet odor {fruity or
florah), have been found in many cheeses®™", Howev-
er, more research is needed to determine the sensory
role of esters in fermented fish pastes in future.

Among 5 aromatic hydrocarbons detected, 5 com-
pounds were found in Controi and 4 in Koji. These
compounds were slightly decreased and also detected
in small amounts during fermentation in both sam-
ples.

Five: furans, which are known to have burnt, sweet,
bitter and coconut flavor in some foods®, were found
in both samples. Among these, 2-ethylfuran and 2-
pentylfuran were the most amounts in Control, while
2-ethylfuran, furfurylalcohol and furfural were in
Koji.

Alkanes were the major volatile compounds among
the miscellansous compounds. However, alkanes
may not contribute to the characteristics flavor of fer-
mented anchovy pastes because of their high thres-
hold values. Sulfur containing compound, 3,5-dimet-
hyl-1,2,4~trithiolane, which is known to have onion-
like odor in boiled Antarctic krills*, was only detect-
ed in Koji.
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