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Identification of Volatile Compounds of Kombu (Laminaria spp.)
and Their Odor Description

Hidehito Takahashi, Hidenobu Sumitani
Yumiko Inada and Daizo Mori

Kombu (edible Japanese kelp) is a well-known dietary source of iodine and minerals. This
is the first report to our knowledge on the identification of the volatile iodine compounds of
kombu. The materials for this experiment were three kinds of dried kelp : ‘Ma kombu’
(Laminaria japonica Areschoug), ‘Rishiri kombu' (Laminaria ochotensis Miyabe) and
‘Mitsuishi kombu’ (Laminaria angustata Kjellman). Each kombu was wild and harvested in
Hokkaido in 1999, dried in the sun on the ground. Volatiles of kombu were collected using
dynamic headspace sampling (DHS) method. In addition, volatiles were isolated by the method
of simultaneous distillation and extraction under reduced pressure (SDE). Volatiles were
identified by a capillary GC-MS. Four iodides (2-iodopropane, 1-iodopropane, 1-iodopentane
and 1-iodooctane) were isolated from each sample by DHS. In DHS, the total number of
identified volatile compounds of ‘Ma kombu', ‘Rishiri kombu' and ‘Mitsuishi kombu' were
49, 47 and 41, respectively. The odor description of volatile compounds was investigated using
GC equipped with a headspace sampler and a sniffing port. Only 1-iodooctane had the odor in
the four kinds of iodides. The odor description of 1-iodooctane was ‘like dried kombu with
laver' by GC-sniffing. The odor description of some compounds of dried ‘Ma kombu’ were
(E)-2-heptenal (almond-like), nonanal (like dried outer peel of Citrus Unshiu), (E)-2-
octenal (like dried kombu with soy sauce), (E)-2-nonenal (like kombu with sour), (E)-2-
decenal (like stock made from kombu), 1-octen-3-ol (like dried kombu), (E)-2-octen-1-ol
(like mushroom with citrus), (E)-2-nonen-1-ol (like salt-sweet preserve made of kombu).
On the other hand, both of 1-iodopropane and 2-iodopropane of all samples were not isolated
by SDE. In the SDE extracts, the total number of identified volatile compounds of ‘Ma kombu’,
‘Rishiri kombu" and ‘Mitsuishi kombu’ were 53, 53 and 48, respectively. The Log odor unit
value was calculated from the concentration and the odor threshold value. The following volatile
compounds showed the Log odor unit larger than 2 in the 'Ma kombu' ! 1-iodooctane, nonanal,
(E)-2-nonenal, (E,Z)-2,6-nonadienal, 1-octen-3-ol, (E)-2-nonen-1-ol, (E,Z)-2.6-
nonadien-1-ol, diacetyl and f -ionone. It is supposed that the aroma of 1-iodooctane is one of
the most important components of kombu aroma.

i ARLIEAESFETFESLEE Vol.49, No.d, 228~237 (2002) WAL 2ERL-LDTH 3.



132

Key words : kombu, Ma kombu (Laminaria japonica Areschoug), Rishiri kombu (Laminaria
ochotensis Miyabe), Mitsuishi kombu (Laminaria angustata Kjellman), iodine,
volatile compounds, GC-MS, GC-sniffing, odor description.

A THBEREESROBFRCRIZTERBIIOVWTRIILTwALZ S, ar 7y av s
VAR THAO%MHA L. ETOMAZBROTHRET 5.

Iy 7h0 3 v FEERIZ2A~28ng/kg!) ERE STV, kP o 3 FERIE0.008mg/ ¢
Dz, A TICE DI EOBRBFEEIIH3,00THS. BAOKAIE, BEOBERERED
BE, avE£0.36~1.02ng/ HEMLTWAY, 20OM0%IEa > 7L T7H AHKTHSY. H
ATERIYTIRIVEDOIZMBRIRETH A, HRTIVERZOBRICSLERTVLDIES
BA, FRBEBZIZ2EALSATVWAEY, 7AYHTOI Y EOHRFERIZ0.150g/ H®
Thb. IvFIZa Y 7HTIE iodotyrosine HDEFFROGBILEWE LTHFETLLEEND
A5, BB TOEBBFIERERHL SHBE W,

ITERBEOEFV)O—KEAL INL. Fhid, REICEINL2ERED I T RLEWH, M
HEOBMX L VBENSMEZTITIVENERT Shih, BEEVAR, RROEVE,
FRBEREALICLVEHAESTET - T AL ) 2, LIFLIEa Y2 BAKPICERET S
Oy EEZLRTWA., LAL, BEOKRA»CHEREI Y RLEDEMELBRETRYL
b,

BEOMBEMESICOVWTIZ, WY o7 +74Y, BRD o, ZiRY OB,
Kajiwara 59 03> 7, LY o7+ 744, oM~ OfENDH A, BRI, LI
TEPEELTVWALOWMERR LN V.

FEETE, BEERGTPO S HMERSOD, FOLIICLTHREZEBOFR Y HT
», ThHELLMCHT 2FERBRGYORBFEVCEELREL 255, a7, ERRET
FRICTRUMBE S TOLFEREREL, W, BALERIETWE. a2y 72RBIKET
BTAILIGEE LR L, EYECEN Hit, BREASEOMTEME LTET LA, £0O5HA,
AKFofkETTary7OFRZERSNS. FHETIE, IV TOFXADORKHEE LV MELDII,
2 DD FETHRBYR 5% 58 - R L7-.

FL4F3Iv o~y FAR=ZH 7Y v 7 (DHS &) &, ABEWET L4, #H
EEHBARICH A EHMIC S — T H A EKE AR, REPOBRERGOSAERL, AB»HE
SERMB S EWET Ao AET, BHAES, BLOMOFETEMHE SIS wETOT
WICEBTHAY. ERaY7HOULALERRTORFEILRBOLDIC DHS B AW,
DHS R B AT 28Ol EICZm» v, —F, BEEGAZHmNE (BIE SDE
E) 2, RETTEETAZILICEVERVIBETHRERER FOMBEITR, IZHAHIKLT T
ABEBNT—EDRMEETH OT, 5825 ORYOIRARCERMER T O ERNBRIZHA S
n, HRMEERSOBEIES THAY. KFEFETICBT 53 Y TOFRIRTORBILEOLO,
®IE SDE #:%fTo7:. FhFhOSERGEYE, ¥¥E¥F5)— GC-MS THE - E&%1T-
=,

oI, BBV THLALALIBFERARTOFREARDL 20, ICBVRE (GC-sniffing)
%f7o7:. BE SDE i CHESNESICBWTIE, ¥ —2=v PO (Log odor unit)
FHHEL, 2V 7OFRICHFS LTV RS EHEE L.
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1. RBHEBRURE

HEBRICOHTA2avy 78 - av7& (13#8) o) bW, ARZEHL LTI {fEbhs3
oo 7, vhbb, B ERZEWERY SEEY £/FL, HItHOAL S TERA OHEY
i2b %A~ 37 (Laminaria japonica Areschoug), HWKIZ=3 ¥ 7 X h) @ h3EkAH 0 Y,
WIEBABOLZVWY HEDI s 0H 2 HitVHEZOTHIFRAICEISESI V) a T
(Laminaria ochotensis Miyabe), V¥V 3 ¥ 7L D) HEENE L™ 20 - - Mt 25X B
A, BEFY ARV ERMICLEDbIS I YA Y3y T (Laminaria angustata Kjellman)
FABICRAL., a3y 7L ERFEBORLEE (AOK) ©2%, V) aryTEED
FTLRICFVFRVE SO LBOFRENIF, IV Iy TEANLHOEHED 1
SEHV. IR L FRIVEEORKRY CIERY 1 FHEERE SN LOTH 5.

MAMETE (B REHRY 700X 7 MBS LTHWZ, ERBIE (B SEA
D AH A (Zero-U) ¥4 FI vy FAR—AGOHES X UF GC-MS IEICHW .
AL AR5 E ELGASTAT UHQ (Elga Ltd., Lane End, UK.) 2k TR Lb 0% H
Wi,

2. DHS ZEICK2ERMERTOBELCC-MS~DEA

REZ Y TEERP S —IIRNT 5720, EBEL® OFEICHEVHFI L4 7 TEET %
PR o7, 25CE3mm - £33 3cnfE M%) L7, Tatsuka 5% OFEICE S, #%EE
30 g F EFRHL000m D~ v K AR— ZFWESF AN, 40T oEERAR P304 B RE#%,
BREEEAY 7 A %50m /mn TLSEEMH L, SO LONHBERE LTy Z7uAdH /- (1ng
/MY 7 aaiy JiEE) & 2ugiiil L7 Tenax TA & (WE5mm, & &90mm, Tenax TA 05g
FEHE) (IR AR L. BB IEEO® Tenax TA HIZFE LiETA~Y) 74 %15
SHW L7z, Tenax TA &% GC-MS OEA ICEE3E L - nshE A%EE 12 AN, GC-MS #EiC
BHEL, BBPOZEABREOTZOHI0GTHAY T LAEHKLIE, GC-MS DA% — b EEKC
MEFOIREE 1 5 M T200C F THEL THEL T % GC-MS (ZHA L7z, M8 AREEIE
() BER/EFRE FLS-3 8% Hwi.

3. RIE SDE ZEICKDERME/MS O SRR

A AE20 g % 1,500m DMBMAKE EIZ 2002 L FAK 7 5 A TIZAR, Schultz 52 O3CHE
Y OFTEICEELREEFERMHBERICNHIZ. 2 BERUE7S 2Aa30—Fo0Iciz
R 2D 7. BB RIZI00mEDF AR 7S AEALLY 2700 2 % 250m % fE
HL7Z BHFICR-10ConEREHRSEL. ZBA 77 X2DRENGTELR-2E XITHIE
Ty %ML, EERET2EMARME LA, MBERICABERL LTy 2undd ) —0
(1mg/1m¥ 7002y ViER) &2200ugifntg, WAKWET MY v 22MARE D, BALZ.
FENFY =y v BHEERE H V500 ¢ F TS, S5, X Ok+&1E) b, 8%
V) IVHDPOREAATHION FTRIELL. D3l #GC-MS (ZIEA LT

4. BRERZTOIHM, AEHIUEER

HREERTOTH  RZEILTO Y A7 ATiTo7:. GC-MS : Hewlett Packard 68903 1) —
A GC/MSD Y AF 4. # 54 . DB-Wax (J&W Scientific), & %60m, P#0.25mm, REE
025um, BFEMYUPIFYESY—HATFT A, FXUT—HA AU A, HHEE2Sen/sec. A7
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Yoy MHI20: 1. FEALNRE : 260C. 55 AREE 40T, 545 MERF#, 3 TCT/mnT200C %
THIE. VI YR77—F54 ViRE :250C. 44 1t EI: 70eV. ## : m/z10-300, 1#MH
1.58]4].

F— ¥ @B L U5 4 75 ) —H —F I3 Hewlett Packard Chemistation System < & Y {77z,

REEEE, < AAXY b E Kovits ORFRESEEDHE —HT 20 P THEL
72,

Eii, DHS T, doh LONEBEREDS 7 oaFH /) — L% Tenax TA FITHEMLT
BE, BHEEAY YA %50m / unTLEHEMMEA L, Tenax TA ICRFSN-REBEMELZLT
ko, ¥ INVERTHRLTEAERE L. BE SDE TR 7 unxt ) — L2 NEfRES
LT, BRESELZLT MERH=1), ERPOGHEEZRDL. 2EARAREHE -7 3=
AR b SI74—ICE WV ERTDOEREIToIC.

5. MEQORES LU Log Odor Unit OEH

WIE SDE £ CRESARSONT, IV T7OFRICFS LTV AT EHET A HEE L
T, Log Odor Unit Z V7., ICBVORBEEMES L > TEHETERDLPIIT—EL DR
Twa® OT, ERBESALTVAIZBVOMIELHWT Log Odor Unit ko772, 1L ED
LOVEGOEFEYNOFEENB VL ENE, BHEOROAZVRSIIOWVWTIE, ALY @
FEZHEY, BV oREERIE L.

6. GC-sniffing

AT FA 92BNy FAR—ZRECBWT, #EGORELETY, FAFBUERFTOER
B % PR DS IR R R E W LRV CIIETREE 2 5 & ) BREELAGER S h 7™
Agilent #HBA v FAR—ZXH4 Y TF—L GC kMlAafbE, E5IT, TBVWRET Y TS EM
D FH 7= 38 % v GC-sniffing 217272, 20mD~y FAR— A4 > 77 —HOFFHKIZ,
BAEZ () IFM-300DG I VH—CHiL-a > 7%#5g ML T, €790t Fr v 7%
ixd 2 ) YISTREER, ~y FAR—ZAHyFI—icEF Lz, HBEEROLIICHRELLZ. ~
y FAR—RH¥ 7T — : Agilent 7694, #+—7 ViRfE : 80T, N— 7iRE : 180C, P77
7—F 4 VIR 200C, RETEMREE 155 GC : Agilent 6890. Hih#s @ KF%A + vtk
e #35 .4 DB-Wax (J&W Scientific), £ %60m, P%0.25mm, BEFE0.25um, R U 7
Fx¥FY—ATA, FxVT—HFR AU A, FWHLOM/ nn. EALRE : 200C (V312
FR7Y v bLR). HT AR 40T, 52MEFHE, 3TCT/mT00CETHIR FrETY
— A FAOHO%EA—TYHNT2RIZHBE L, —HIZKERA + ARG, ) —HRxY—
IVHALA YR (B BIZBWRET Y77 —0D0-1 (z7—7u—ar ba—5—4) (8
L, HEMESOBRME XTICBVWRERNFEKICITZS LI C L.

RRERBLUER

1. DHS &I &P IV JDERMEMS

DHS H:CHifE L ERERsORERE% Table 112K L. 3EEOIy 7wl bd
sfigoayFLeWhrMESh. $¥4bb, 2-iodopropane, 1-iodopropane, 1-
iodopentane, 1-iodooctane 25¥tE Lzt a > 7Hh LML TWwH I L 2R L.

<ar 7Tk, 403 ELEY, REFOTLFEF, BEEOTVa—V, THEO
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Table 1 Volatile compounds collected from dried Ma kombu (Laminaria japonica Areschoug), dried
Rishiri kombu (Laminaria ochotensis Miyabe) and dried Mitsuishi kombu (Laminaria
angustata Kjellman) by DHS

Concentration, ug-kg~

106

Peak KI°
Ho; TP pBag) Ma kombu Rishiri kombu  Mitsuishi kombu
lodides
2 2-Jodopropane 900 15.2 8.8 1:8
4 1-lodopropane 961 6.8 8.0 1.4
7 1-lodopentane 1160 1.5 0.6 1.8
24 l-lodooctane 1485 4.0 1.4 1.1
27.5 18.8 5.6
Aldehydes

1 2-Methylpropanal 810 Tr 3.9 8.3
3 3-Methylbutanal 918 13.2 9.6 19.4
5 Hexanal 1083 12.8 17.8 5.4

9 Heptanal 1187 3.1 2.0 =
16 (E)-2-Heptenal 1327 21.8 60.5 3.6
19 Nonanal 1398 18.3 25.4 4.6
21 (E)-2-Octenal 1434 4.2 6.1 3.7
28 Benzaldehyde 1530 18.4 18.0 15.0

29 (E)-2-Nonenal 1543 111 9.8 —

33 (E, Z)-2,6-Nonadienal 1594 4.1 8 | ==
36 B-Cyclocitral 1634 5.4 5.9 5.8

38 (E)-2-Decenal 1650 1.4 5.2 —
113.8 165.3 62.8

Alcohols

6 Butanol 1148 i3 1% 2.2
8 1-Penten-3-ol 1163 9.2 7.6 6.7
12 Pentanol 1255 2.5 3.4 0.8

18 Hexanol 1357 3T 1.6 —
20 2-Butoxyethanol 1408 8.7 9.5 40.2
23 1-Octen-3-ol 1455 281.0 149 .4 39.1
25 2-Ethyl-1-hexanol 1495 2.9 3.6 4.2
31 Octanol 1564 3.8 14.8 0.9
35 (E)-2-Octenol 1620 24.6 7.6 4.2

40 Nonanol 1667 15.3 — =

44 (E)-2-Nonen-1-ol 1722 179.3 1.4 —

46 (E, Z)-2, 6-Nonadien-1-ol 1776 8.0 = —
49 Benzyl alcohol 1888 2.8 1.0 1.7
540.5 201.1 100.0

Acids

22 Acetic acid 1 445 534.2 334.6 402.6
30 Propanoic acid 1545 18.9 17.1 18.8
32 Isobutyric acid 1 571 3:2 14.2 8.7
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Table 1 continued

Concentration, pg-kg™'"
Pﬁzk Compounds (DBI-(‘x'ax)
= Ma kombu Rishiri kombu  Mitsuishi kombu
41 Isovaleric acid 1674 6.4 50.6 23.3
42 2-Methylbutyric acid 1675 2.9 10.2 6.6
45 Pentanoic acid 1750 2.5 1.0 1.6
47 Hexanoic acid 1853 7T 6.8 6.2
575.8 434.5 467.8
Ketones
13 3-Octanone 1258 32.9 8.3 |
14 Acetoin 1289 6.3 7.0 4.2
15 Acetol 1303 39.8 36.8 26.2
17 2-Methyl-2-hepten-6-one 1340 6.1 2.6 4.3
39 Acetophenone 1662 6.6 3.8 11.6
48 (E)-Geranyl acetone 1 863 2.7 0.8 2.0
50 B-lonone 1954 6.4 5.8 7.2
100.8 65,1 62.6
Lactones
37 7r-Butyrolactone 1 640 11.7 5.0 4.2
52 y-Nonalactone 2044 8.8 Tr 1.5
20.5 5.0 5.7
Hydrocarbons
10 Limonene 1200 0.7 0.5 0.4
26 Pentadecane 1502 155.3 82.6 80.1
156.0 83.1 80.5
Miscellaneous
11 2-Pentylfuran 1234 6.2 4.0 12.8
51 Phenol 2015 2.7 2.8 3.5
8.9 6.8 16.3
Unknowns

27 UK 1511 3.6 1.0 —
34 UK 1614 18.5 8.2 4.8
43 UK 1692 17.) 1.8 1.1
39.2 11.0 5.9
Total 1583.0 990.7 807.2

2Experimental Kovats indices. ”Concentrations were calculated from absorbed weight of each compound
on Tenax TA (He 50 m!//min, 1.5 h) and sample weight (30g). Tr trace. — Not detected.
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B, THEOY MY, ZOM6 BAOEFIBGHRETE . )2 ) 32 TTIIEEHTRS S,
IVA VAT TREFBGVFEETEZ, WTFhoa 74 acetic acid BEFRD Eh -
7z. ¥ 3 27Tl acetic acid 122KV T 1-octen-3-ol, (E)-2-nonen-1-ol OiEENE» -7,

DHS ETCOAMETE, WIE SDE ETHIETE 2h ool E, 2-iodopropane, 1-
iodopropane % & L HE1TH 372572, DHS RGBS MR TR T 2R E L, RE
SDE #iIZAB LA o O KEREF L 2HRUETEZHRET L0, A—KFTH->TDH
HESNDBER, 2208ETREE7.

2. WE SDE ZEICKDIAVTDEFREMEM S

#UE SDE i Tl U 7= 8RR 77 O [F] 45 B 35 & UF Log odor unit # Table 2 (2R L7z, Log
odor unit i, REDRE L BESERWMRICHZ2 LOMRBICT-TEY, HCEFTLHEIC
FTELRWT A, AR TR TI Y 7OBRRIFS LTV ARG OHEEEIT- 7.

WIE SDE £ Tl&, 1-iodopentane & 1-iodooctane ® 2203 v FLEWEFRELL. 2-
iodopropane & 1-iodopropane (XL S A -7:. WIE SDE T l-iodopentane & 1-
iodooctane ZAFE SNz &b, KG{FTICBWTY, 3oz 7wiFhhrbbay
FEEYIRRET LI LPHL N E B o7z

TIAYTTIR, 2HEEOIYRILEY, BEEOTVFE F, IBEEOT V-, 2HEO
B, THEOr by, FOMIBFOEESRSHFEETE. ¥32 7T, Log odor unit 7%
1 Eod oz, 37ELEWTIX 1-iodooctane (2.2) @ 1 K%, 7N7Fk FETIE hexanal
(1.8), heptanal (1.2), (E)-2-heptenal (1.3), nonanal (2.1), (E)-2-octenal (1.9), (E)-2-
nonenal (3.4), (E, Z)-2,6-nonadienal (3.1), f -cyclocitral (1.3), (E)-2-decenal (1.7),
(E, E)-2,4-decadienal (1.3) ®1084%, 73—V Titl-octen-3-0l (3.6), (E)-2-
octen-1-ol (1.5), (E)-2-nonen-1-ol (2.3), (E, Z)-2,6-nonadien-1-ol (2.4) ® 4 K%, *
F ¥ ¥ T diacetyl (8.1), fB -ionone (4.6) ® 2 K45, F > HZibAKFE Tt limonene
(15) @ 1WADOEEI8ETTH 7.

)2 a»7TH 1-iodopentane & 1-iodooctane ® 2 FEfiD A v FL&WErRAELL. £h
DS OB 513518558 F %E T & 72, Log odor unit?% 1 LLE® $ ? i3, 1-iodooctane (2.0),
hexanal (2.2), heptanal (1.3), (E)-2-heptenal (1.7), nonanal (2.3), (E)-2-octenal (2.2),
(E)-2-nonenal (2.4), (E, Z)-2,6-nonadienal (2.5), f -cyclocitral (1.4), (E)-2-decenal
(2.2), (E, E)-2/4-nonadienal (3.0), (E, E)-2,4-decadienal (1.6), 1-octen-3-ol (3.2),
(E)-2-octen-1-ol (1.1), diacetyl (6.9), f -ionone (4.7), limonene (1.1) D171 -7,

IVA4 Y3 »7TH 1-iodopentane & 1-iodooctane @ 2 D I v FELEWERE L.
NS DB PR 31346 7 A3 R £ T & /2. Log odor unit 451 M @D b ?iE, hexanal (1.7),
(E)-2-heptenal (1.2), nonanal (1.4), (E)-2-octenal (1.5), (E)-2-nonenal (1.9), 8-
cyclocitral (1.4), (E)-2-decenal (1.1), (E, E)-2,4-decadienal (1.2), 1-octen-3-ol (2.7),
diacetyl (6.9), g -ionone (5.0), limonene (1.3) DEEH2MTTH - 7=,

<ar 7)) ary 7Tk 1-iodooctane @ Log odor unit 252 ETHAB I b, o>
TOFZIIH LT 1-iodooctane (ZF 5 LTV AHL D LRI S,

~ary7E) Py arToF) omEvE Log odor unit THET A &, (E)-2-nonenalk: (E,
Z)-2,6-nonadienal TIEX 2> 7OEH) )3y 7LY# 1 K& o7, (E)-2-decenal Tl
V) ar7oEPH05KEN -7, (E, E)-24-nonadienal (X, V) 3V a2 ¥ 7 T3.0/5 o748
RAYTTRER SN L7, ThoE, V) ar7¥var7ih~SHF0ars0bhsH
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Table 2 Volatile compounds extracted from dried Ma kombu (Laminaria japonica Areschoug), dried
Rishiri kombu (Laminaria ochotensis Miyabe), and dried Mitsuishi kombu (Laminaria
angustata Kjellman) by SDE

K Odor Ma kombu Rishiri kombu Mitsuishi kombu
Peak threshold
No. aiRpounds ‘5\],3‘.5;} (ppb in Eé;ﬁfg CE‘(;)Dgl' %}é:ggt c%c?ogr Ecétx;"g;t gfgr
water) (yg.kg') unit® (ug-kg™') unit  (ug-kg') unit
lodides

10 1-lodopentane 1160 1000 68.7 =12 6.3 -—1.4 95.6 —1.0

30 I-lodooctane 1485 0.2 35.4 2.2 19.4 2.0 Tr

94.1 55.7 95.6

Aldehydes

2 Pentanal 977 94.3 110.1 48.2

6 Crotonaldehyde 1038 43.0 148.5 35.2
7 Hexanal 1082 4.5 305.2 1.8 712.5 2.2 217.9 L7
13 Heptanal 1185 3 48.6 1.2 66.5 1.3 6.9 0.4
15 (E)-2-Hexenal 1219 17 20.0 0.1 43 .4 0.4 31.4 0.3
22 (E)-2-Heptenal 1328 13 272.9 13 633.4 1.7 214.6 1.2
25 Nonanal 1399 i 112.4 21 211.5 2.3 22.5 1.4
26 (E)-2-Octenal 1436 ¥ 248.2 1.9 435.7 2.2 104.8 1.5
29 (E, E)-2,4-Heptadienal 1471 780¢ 19.3 —1.6 174.1 —0:F 25.5 =1..5
35 Benzaldehyde 1529 350" 82.9 —0.6 79.7 —0.6 50.5 —0.8
36 (E)-2-Nonenal 1 542 1.3 3292.8 3.4 292.8 2.4 93.1 1.9

38 (E Z)-2,6-Nonadienal 1592 0.1 123.9 3.1 34.5 2.5 Tr
43 B-Cyclocitral 1634 5 109.3 L3 121.9 1.4 123.6 1.4
44 (E)-2-Decenal 1 650 17® 937.5 1.7 2694.7 2.2 198.7 1.1

47 (E. E)-24-Nonadienal 1708 0.1 — 102.6 3.0 =
52 (E, E)-24-Decadienal 1820 10¢ 204.2 1.3 437.6 1.6 146.0 1.2

5914.5 6299.5 1318.9

Alcohols

3 tert-Amyl alcohol 1017 43.0 72.5 188.4

9 Butanol 1148 500° Tr Tr Tr
11 1-Penten-3-ol 1162 400° 57.9 —0.8 77.0 ~0.7 86.0 —0.7

12 3-Penten-2-ol 1181 154.5 82.7 210.2
17 Pentanol 1255 4 000° 33X —&ul 77.0 —=1.7 17.4 —2.4

23 Hexanol 1 355 2 500° 58.0 —1.6 32.2 -1.9 =
28 1-Octen-3-ol 1454 1© 3928.3 3.6 1552.6 3.2 545.2 2.7
32 2-Ethyl-1-hexanol 1495 300 39.8 —0.9 4.5 —0.8 43.8 —0.8
37 Octanol 1 563 110° 73.6 —0.2 307.0 0.4 37.4 —:5
41 (E)-2-Octen-1-ol 1619 20 620.4 1.5 230.8 1.1 116.6 0.8

45 Nonanol 1 666 34" 240.7 0.8 — —

48 (E)-2-Nonen-1-ol 1722 30 5652.9 2.3 34.9 0.1 =

49 (E, Z)-2,6-Nonadien-1-ol 1774 1 239.7 2.4 — —

61 Dodecanol 1973 292.3 245.2 165.8

63 Tridecanol 2077 243.0 134.5 105.2

65 Tetradecanol 2178 173.2 104.8 104.2

66 Hexadecanol 2 383 207.2 102.2 167.6

67 Octadecanol 2590 152.8 49.9 89.8

12210.4 3 147.8 1877.6

Acids

54 Hexanoic acid 1853 3 000¢ 136.6 —1.3 111.5 —1.4 82:1. —1.6

64 Nonanoic acid 2175 }33.3 124.1 150.9

268.9 235.6 233.0
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Odor Ma kombu Rishiri kombu Mitsuishi kombu
Peak KI* threshold
Compounds (DB- S Extract Log Extract Log Extract Log
No. Wax) (PPbin  Conecn’ odor Concn.  odor Concn.  odor
water) (ug.kg') unit® (eg-kg ") unit  (eg-kg™!) unit
Ether
42  Diethylene glycol monoethyl ether 1629 883.4 815.5 679.1
883.4 815.5 679.1
Ketones
1 Diacetyl 975 0.00002' 254.8 8.1 168.7 6.9 159.3 6.9
8 2, 3-Hexanedione 1128 54.7 123.8 80.2
18 3-Octanone 1258 70 439.7 0.8 44 .2 —0.2 3r.2 —0.3
19  Acetoin 1289 800/ 105.6 —0.9 322.6 —0.4 152.1. =0.7
20 Acetol 1305 10000 380.2 —1.4 307.8° —1.8 167.9 -—1.8
55 (E)- Geranylacetone 1862 60° 66.1 0.0 37.3 -—0.2 52.4 -—0.1
58 pB-lonone 1952 0.007° 254.6 4.6 390.2 4.7 664.3 5.0
1565.7 1394.6 1313.4
Lactone
62 r-Nonalactone 2042 272.5 29.6 25.3
272.5 29.6 25.3
Hydrocarbons
14 Limonene 1199 10/ 289.6 1.5 121.5 1.0 206.0 1.3
33 Pentadecane 1500 673.9 352.9 340.0
963.5 474 4 546.0
Miscellaneous
4 Trichloromethane 1018 327.9 306.1 319.2
5 1-Chloro-3-methyl-2-butene 1036 = 3s.9 —
16 2-Pentylfuran 1232 86.2 44.8 89.8
24 2, 4,6-Trimethyl pyridine 1381 — 20.9 —
27 Tribromomethane 1447 101.6 - —
51 N, N-Dibutylformamide 1789 259.9 178.0 146.0
59 Quinoline 1 956 127.9 223.2 85.2
903.5 806.7 640.2
Unknowns
21 UK 1314 21.3 21.2 67.2
31 UK 1491 186.2 138.5 —
34 UK 1515 67.6 94 .8 76.1
39 UK 1611 232.5 379.9 2752
40 UK 1615 319.0 104.6 29.1
46 UK 1692 421 .4 45.5 44.9
50 UK 1780 IT7.1 215.5 188.6
53 UK 1841 224.2 39.9 88.9
56 UK 1874 639.4 497.6 396.1
57 UK 1893 532.2 379.4 318.4
60 UK 1962 464.6 423.3 268.5
3285.5 2340.2 1753.0
Total 26352.0 15599.6 8482.1

¢ Experimental Kovéts indices.
standard method (IS=cyclohexanol) without response correction.
odor threshold in water solution. “ BUTTERY et al (1969)*

(1990).3 * TamURA et al (1995).'® *Nacy et al. (1990).*" ‘PavrasTio el al (1972)3"

(1972)* Tr trace. — Not detected.

? Concentrations were calculated from total ion intensity by internal
“Log of concentration divided by
“BUTTERY ef al. (1988)* /BUTTERY et al.

/BUTTERY et al.
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HEaHTLEW) ZLICEED LS LW, w327 Tl32.30 (E)-2-nonen-1-ol i3 )
I 7TIH01T, FALL240 (E Z)-2,6-nonadien-1-ol &V V) a2 ¥ 7 TCIdMREEI LG o
7z

3. GC-sniffing ICLDEBIVITOERICESLTVIRESTDER

Wka Y 72 EE L LT GC-sniffing # LML, £ORKHRIE Table 3IT/RLL. FE WD
FENESE, w3 TI6ES, V) A TU4S, I VA arTIEaGTholz.

1-iodooctane &, ¥ 7, V¥J)ary7s, IvL4aAry7TOVWTRAOI L TIZBVTY,
MRayTLEEEDbE L) RFRTH .

(E)-2-octenal i v 7 ix H b7 L ) 2EFMT, (E)-2-nonenal |ZEEM % U
7ravTROEAT, (E)-2-decenal i3 v 7HHD LS 2E M CThH 7. 1-octen-3-ol (F§
B THOEMTH 7. (E)-2-nonen-1-olix 2 ¥ 7OMEMHROFNTHo /2.

L SBHOEFERD nonanol & F 27 ) OFEMD (E, Z)-2,6-nonadien-1-o0l (I I ¥ TDHA
THRENE, vary 7)) ary7F7ERRY, IV 3T TR, BREFFLIZTO
EF#MD (E)-2-nonenal, hEBHOFHAD (E Z)-2,6-nonadienal, I > 7 DMHEAREHRD
(E)-2-nonen-1-ol 2SR S Nz h o7z,

EBFER LD, 1-iodooctane X2 ¥ TOFERICKHT 2HFERFO—2LERE SN,

Table 3 Potent aroma compounds and the odor description from GC -sniffing

of dried kombu

Peak No* Compounds Odor description
lodide
24 1-lodooctane Dried kombu with laver
Aldehydes
16 (E)-2-Heptenal Almond, Sweet
19 Nonanal Dried outer peel of Citrus Unshiu
21 (E)-2-Octenal Dried kombu with soy sauce
29 (E)-2-Nonenal Kombu with sour
33 (E, Z)-2, 6-Nonadienal Powdered flour
36 B-Cyclocitral Hey
38 (E)-2-Decenal Stock made from kombu, Rice cracker
Alcohols
23 1-Octen-3-ol Dried kombu
31 Octanol Orange-like
35 (E)-2-Octen-1-ol Mushroom with citrus
40 Nonanol Petal-like
44 (E)-2-Nonen-1-ol Salt-sweet preserve made of kombu
46 (E, Z)-2, 6-Nonadien-1-ol Cucumis sativus, Seaweed
Acid
22 Acetic acid Sour, Vinegar
Ketone
50 B-lonone Sweet

“The peak numbers correspoud to the numbers in Table 1.
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Iy TEREL TSRS o BRERAMA (B BRICREHLHITET.

= #

ar7iE, AVEOLEHEBKIFETHLY, TOHBEEIYELEYERELLHREIRO %
v, lEERART > TORBE®RGSTH S~ 2 7 (Laminaria japonica Areschoug), ') ¥
) a2~ 7 (Laminaria ochotensis Miyabe), X7 A ¥ 37 (Laminaria angustata Kjellman)
ERBLL, TROLLEIRMEUERFTRIAF I v sy FAR—-2H 7Y ¥ 7§ (DHS
) T, KoHF T CHEET LSRRI ERARMEE (BE SDE &) THKL, ¥r+E7
) — GC-MS THzZEL7.

DHS #7T, 3fifioary7vihs» 5L 1-iodopropane, 2-iodopropane, 1-iodopentane,
1-iodooctane R L T A T L AL 7. WE SDE T, 3oy 7uwihrbd
1-iodopentane & 1-iodooctane ZEF L TWA I L MR L. EMa v THir izt L
I BRKGEETOI 766 I TRLEYIHRELTWELEILAFHLN LR ST,

BT Y 728 S GC-sniffing DR, 1-iodooctane DAFRA MR SNz, 3RO
YTWEFRIZBWT L 1-iodooctane (& “HRa T EEEESH bR LI LEFR Thot.
W~ 3 > 70 GC-sniffing (2T, nonanol X{EF Sk, (E)-2-octenal (38282 » 7 L EMm%E
bbEizL %, (E)-2-nonenal |\ EEEBE% U2 > 7#, (E)-2-decenal 133 > 7 HHit#k,
1-octen-3-ol 382 > 74k, (E)-2-nonen-1-ol ¥ 3 » 7O i#E#Hk, (E, Z)-2,6-nonadien-
1-ol iZF 2DV ROFMNTH o7z,

#IE SDE i CHE SN, a3y 7OHEUETOI L, ¥ —a2=y bodE»2U LD
b DL, 1-iodooctane, nonanal, (E)-2-nonenal, (E, Z)-2,6-nonadienal, 1-octen-3-ol,
(E)-2-nonen-1-ol, (E, Z)-2,6-nonadien-1-ol, diacetyl, f -ionone Ta& —7:.

1-iodooctane (23 ¥ 7OFEXI N T H2HFGHTO—2 L RSN D.
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