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Volatile Components in Kamaboko(Seasoned Steamed Minced Fish Paste)
and Its Supporting Wooden Plate by Gas Chromatography Mass Spectrometry

Kiyoaki TATSUKA, Masae KOHAMA , Sachiko SUEKANE ‘and Daizou MORI

Sugi (Cryptomeria japonica D.Don) and white fir (Abies concolor) wood plates are commonly
used as the supporting base of the kamaboko cake. The volatiles in frozen minced fish of Alaska
pollack, kamaboko (seasoned) and its supporting wooden plate were concentrated by simultaneous
steam distillation and solvent extraction (SDE). The headspace volatiles of the steamed minced
fish and kamaboko (seasoned) were concentrated on Tenax GC by the dynamic headspace purging
method. The capillary column GLC/MS of the SDE concentrates indicated over 137 peaks of
which 113 compounds were identified or tentatively identified, and the GLC/MS of Tenax GC
concentrates indicated over 51 peaks of which 49 compounds were identified or tentatively identified.
The identified compounds in kamaboko supported on the sugi plate were sesquiterpenoids, alde-
hydes, alcohols, ketones, pyrazines, esters, furans, hydrocarbons, halogenated hydrocarbons and
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miscellaneous compounds.
nated from the sugi plate.
on the white fir plate.
fir.

These sesquiterpenoids which are constituents of essential oils origi-
No essential oil constituent was detected from the kamaboko supported
The essential oil content was 0.6% with sugi and 0.004% with white
Each component was quantitatively measured based on an internal standard (8-phenethyl

acetate) using the total ion intensity obtained by scans from mfz 20 to 250 at 1-s intervals.
Uncooked minced fish and steamed minced fish have an unpleasant fishy odor, but kamaboko

has little odor.

It is considered that the pleasant odor of kamaboko depends on a good balance

of odorous volatiles in raw materials, i.e, minced fish, mirin (sweet sake) and other flavoring

matters. In addition,
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sesquiterpenoids transferred from the sugi plate to kamaboko during
heating play an important role in improving of its flavor.

(Received December 5, 1986)
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ThizIThOMBANE CAFRPOFERS D TIFIT
BOL Th BRORECHET IO TELRAFH
NBIN AT THAV. EBHERL I ENL O
MIZOERERIITOVTIESEL OB EN D HBY,

B £ 5 (Gadus morhua) OERMHER HizoVTit
McGill B4, XBRFD & 5 (Gadus morhua) DIE
RESHHILEHITOVLTi2 Herbert 5@, Ay b v 45
PRV — A% T IEFEZ DBRRITOWTIIHRR S,

Art v EIAERTOEMARIHS B L Ehh 6B
BLEOTIFZOBEDIZOWLTIIRILRS, B Ho R
FhYEFZITOOTUIERS, FAM LA T, A7 b
Y &5 3% 50 Whiting ©7 U — 3 OEEEIE & IR
HERL S & DPERIZ OV T2 McGill DR B 5.

SGEAF Y FXSORETHHFE IV FIEC OMAER
BB A M S THE ~y VAR-Af D%
dynamic-purging #:C Tenax GC [ZiffE L, *+ &5
Yy—#7 4 GC-MSETRERITERL, ThHDK
FE®/D LOBFHEXRXD L LI, AFROFEDH O»
FEIANOBTLAECRETHEYHOA T LD T
®E&T 5.

ERMHBLUFE

1. sBiE AZBRTOE  AXr b v &5, ¥
ey b 8%, I RDA:RAB FATERIA
EESED. ARSHT v ¥ fFoktk 30 RELD
D. HREHE,TIEZ, KB(1) : AZAHT v H
HLT BE2.5%, rrAzxivEFrrIoa 1y, &
WA 3% BIUKK20% mx T B LAFHRC
1T 20 HRIZE LIt 5 A — 7 v THE 24 .
MG T i CRBRCE L sV b o, R R
iz, KB(2) : B#iff; RREME, £l (U7, -~
®, =7, TOf), PE, R BE X094, (L¥ER
BREL ANfRERL. thiE» =3, KB(3): = $#ift:
FRFEHE, B (235, 77, TOMM), TASA, &
B, 2D A, JRA, B, KR=%x, {L¥EHAkE, &
WEFEE. | A¥ (Cryptomeria japonica D. Don) ;
* 3 (Abies concolor).

2. M KA A KRV 4 Fe-S0F
w{HT TZEE %, Pittsburgh Activated Carbon (Cal-
gon Corp., U.S.A) @B LTHER LAY ORH V.
Crwm AR TR T FE B B, Tenax GC 3
Enka nv Arnhem, Holland @ 60-80 x o, o D3 D%

FhEhAvic. CG-MS HH OBEERA R IFEMIE
T %, Fp{bR T¥ I LU Aldrich Chemical Co. @3
D% GC(FID) THIEXA~NHEM LI

3 EaRUEAOREL GC-MS AORA

(1) B&EXZ#HMmM (SDE) : Likens } Nicker-
son'!? Iz X o THEEIN Schultz B x> THRE
hi- SDE £B4FET TRV .. HEO-DEETH
FERHEP TLIT o 7oA McGill 5U2RBLIX 57
AFE=EEMIET 5 ERED bhithot. RH
100g #FrECHFA XL 3l BOEF7 7 2= AR,
Thizck®x 1 2% MT5 MEBE (P7ee 2z
V) 50ml # Atz 100ml FEOEPF7 5 A awEEL,
2RFEIERZE BT 5. RTHAMICAMELEL L
T B-phenethyl acetate DL 7 rr 2 2 v EEK (1mg/
1ml) 50 pl XFEINEEAREF LV 72 THA 750
FE=, v BEEEYHGTH 0.5ml  TRE X
LIS T CEERHA T 20~50 41 ¥ TERFEL, 34
% GC-MS iz A L.

(2) ~y FRAR=ZRAED : ELI-ARSHET HH
IV EEIXThZh# S5mom ILHFOSV-DE Y]
DiIcl, 2D 400g # 600ml BED~, FAR—AH A
HEDAIZAR, 50°C+0.1°C nERMGc 30 40Kk
B BEAohOLEEYRG-BMEERY A ¥ ARMY
BrEM® Tenax GC & (NP 5mm, £X 90mm,
Tenax GC 0.3g FIE) ¥BLTHATS. fbhoniz
ESESBRERO Tenax GC % (NRE LT -FAL) &
HMEE L, TORICH B 227 ¥ 50 mi/min DR T2
REEEFAZBRLTEHEIRN I HE L. BLAD
Tenax GC Fiizb 6 ULDEAOLDL=L ) v
CEBAGT REER (5-phenethyl acetate D Fi{L#
FER : 1mg/lml) 101 ZEALTEL. BEHAY
EZBLRFEOBREDI-DERC LILER YR LFE T
30 4}RHE L7o#8, Tenax GC &% GC-MS ¥ L1
MEBREARE TS L, GC-MS DR % — + LRI
DEEXH1HMT 2000C CRB LR EH X IR I n
<+ 757 ZHMA LU,

(3) HOMH: AFBIV = : OREMLALYAV
THR &L, TD 100g KOWT n-=v 2 v i hi
Wi e L SDE BBV T 2B MESKZ T AL,
Bk, BFAEH: GC-MS FIE st Lic. HMEEERAR
TREKTR L TRD. HHEHER AF, 0.60%;
* 3, 0.004%.



(4) HYAOBMRMMS : 29 A 20g 2K 500 ml
¥z zersz 2y eHBRE LT IR OBS
LFEKE SDE BT 2RMEREZ ML, B
K, B#EEER GC-MS JIE gt L.

4. HHRH  GC-MS: BB {EFE GCMS-QP
1000 (4 EEBH). »7 - BRBFANER YV 7+
r €3 Y —% 3524 HiCap-CBP 20 ({2454 PEG 20
M) B2 0.2mm, BX25m, [+ vEELE ++9 ¥
—# A : He, f83%E 30cmfsec. A7V, FHFH 40:
1. FARQEE :260°C. 5 AEE : 40°C T5 HEERRE
t%, 3°C/min € 180°C * TR, &#F. 1A+ VEBEERE:
250°C. 4+ v{L:EI 70eV, CIRRIESN X, 1 ¥V 72
YREIVTvE=7. £E: 1BHRBTEL T m/z
20-250, CI i3 mfz60-250. Bt LSS-20 54 735 Y
+—%< A5 A (NBS/NIH/EPA MASS SPECTRA
DATA BASE, 39, 750 {b&4%). BiESiermlinsgA
#%[E FLS-3.
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— 2SI L OBRFRIC Y - THEEYHEEL, S HIiciE
EHMBITOWTREELTARAARZ b Ak Kovits Dff
FREVERYE LK THHAYAEL L, EEPE
RBOLRTFTARRY P ADAN—HTIBELHTEL
L. AFXFOEMBPDOEAFTF LRV EORE!L Shieh
B DF—s2RkpEL L

6. @AFAAEEAVCEANEEECIIERRE

A4 VEBEYRAVCTHTEEE L > TERET S
BOBECOWTRI L. 1 BEROEETEORL
BE—IDEITV I ENBLR—AD TV FEEELS
WichbDERE—7A vy HELAMBREICL > TR
BEAYER L. HEEEREYE & LT f-phenethyl ace-
tate, HRALEWE LT »FEZFizg ¥ h, Kovits
DFEFEEIY TR, 2o FHEEDOR KB 2-
ethylfuran, 1-pentanol, benzaldehyde ¥ X T¥ benzene-
ethanol D 4 {LEWEFEAL. AHEXEX 10 mg/ml, £
t&Hperhth 1.25mg/ml, 2.5mg/ml, 5mg/ml,
10 mg/ml, 20 mg/m! ¥ X OF 40 mg/ml OEEIZ/ D L S
6O 7o r AR Y EREABLELO 14 % GC-
MS A LEFBEZ S5 E, 5 30 MAE L. &
BifRs 5.6%~19.8% ofifich b, FiH11.6% T
Dot SODOFEBHETEH - TIERK Lo BRI Fig. 1
AT X SIER Sy, HEBEEREIZVTRY 0.999 [
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1-Pentanot
Y=144X+0.03
7 :0.9995

H

Benzaldehyde
Y=0,72X~0.01
7 - 0.99399

Benzeneethanol.
Y=0,70X-0.03
1 0.9994

2-Ethylfuraon
Y=0,62X~0.06-
7 : 0.9990

[
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Fig.1. Calibration Curves for 1-Pentanol,
Benzaldehyde, Benzeneethanol, and 2-Ethylfuran
Obtained from the Total Ion Intensity of GC-
MS by Using f-Phenethyl Acetate as an Internal
Standard.

40(pg/pul)
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Fig.2. Total Ion Chromatograms of Volatile Components Obtained by Simultaneous Steam

Distillation Solvent Extraction (SDE). (A) Surimi, (B) Kamaboko (1), (C) Kamaboko (2),
(D)Kamaboko (3) and Woodplate (Cryptomeria japonica D.Don). (See footnotes of Table
I). Conditions : 0.2 mm x25 m WOCT fused silica capillary column Shimadzu HiCap-CBP 20
(equivalent to PEG 20 M) ; carrier gas linear velocity, 30cm/sec of helium ; split ratio 40:
1; ionization EI 70eV. Column held at 40°C for 5 min, programmed at 3°C/min to 180°C and
held. Peak numbers correspond to those in Table I.
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Table I. SDE Volatile Compounds Identified in Surimi, Kamaboko,
and Wood Plate (Cryptomeria japonica D.Don)

Kovits iridex entifi- i s
P&Zk Compound HiCap-CBP 20 Iga?i‘:)]rf;l E.sn'mated conen. (pe/Ke) V%?:tde
. Iunt 1ke means Surimid KB(1)e KB(2)! KB(@3)! (mg%)s
1 Trimethylamine 500 500 MS, RT 112 92 10 2
2 Propanal 807 807 MS,RT 7 7 103 21
3 2-Propanoneh 823 813 MS,RT 22 66 154 40
4  2-Methylpropanalb 827 816 MS,RT -1 10 - 38
5 1, 1-Dichloroethene 830 MS 41 50 242 -
6a 2-Methylfuran 8643 854 MS,RT NRx .NR NR NR
b Butanal® 8644 862 MS,RT NR NR NR NR
7 Ethyl acetated 880/ 877 MS,RT NR NR NR NR
8 2-Butanone® 9004 900 MS, RT NR NR NR NR
9  3-Methylbutanal® 9124 913 MS,RT NR NR NR NR
10 2-Ethylfuran 924 924 MS,RT 5 16 359 28
11 2,3-Butanedione 957 955  MS,RT 220 879 955 1,230
12 Pentanal 970! 961 MS,RT - - - -
13 Trichloroethene 984 MS 8 10 12 8
14 2-Methyl-2-butanol® 1,007 1,003 MS,RT 19 26 29 38
15 Trichloromethane 1,015 1,012 MS,RT 38 55 161 73
16 Tetrachloroethene 1,017 1,017 MS,RT 51 70 71 155
17 1-Propanol® ' 1,028 1,027 MS, RT - 3 22 48
18a 2-Butenal 1,031 1,032 MS,RT 38! 65! 2,267 316!
b Toluene? 1,031 1,032 MS,RT
19 4-Penten-2-one 1,038 MS - - 175 135
20 Pentenal (Isomer a) 1,044 MS - - 62 -
21a 1,4-Dioxane 1,052 1,052 MS,RT 192! 473! 506! 3971
b 2,3-Pentanedione 1,054 1,054 MS,RT
22 Hexanal® 1,076 1,076 MS,RT 25 30 563 381
23  2-Methyl-1-propanol® 1,081 1,082 MS,RT 7 6 224
24 2-Methylthiophene 1,08 1,085 MS,RT - - 126 31
25 Pentenal (Isomer b) 1,100 MS 3 33 7
26 3-Penten-2-one 1,118 1,117 MS, RT 8 16 165 151
27a Ethylbenzene 1,121 1,118 MS,RT 72! 100! 1,059! 572!
b Pentenal (Isomer c) 1,121 MS
28 p-Xylene 1,127 1,127 MS, RT 2
29a m-Xylene 1,136 1,134 MS, RT - - - -
b 1-Butanol® 1,136 1,135 MS,RT 41 56 18 39
30 1-Penten-3-0l 1,152 1,151 MS, RT 72 106 340 79
31 3-Penten-2-ol" 1,164 1,170 MS,RT 2 2 . 8
32a 2-Heptaone 1,176 1,175 MS,RT 41 gt 16! 38!
b o-Xylene 1,176 1,176 MS, RT
33 Heptanal 1,180 1,180 MS,RT 7 11 83 28
34 UKm 1,192 : 8 14 - 19
35a Pyrazine 1,200 1,195 MS, RT 5 27! - -
b 3-Methyl-1-butanol® 1,200 1,200 MS,RT - 28 777
36 (E)-2-Hexenal 1,210 1,210 MS,.RT 23 28 131 42
37a 2-Pentylfuran 1,228 MS - - 73 25
b UK 1,228 3 20 - -
38  (Z)-4-Heptenal 1,236 1,235  MS,RT 15 27 81 16
39 1-Pentanol® 1,243 1,243 MS,RT 5 8 31 40
40a Methylpyrazine 1,255 1,254 MS,RT - 86! 90! 90!
b UK 1, 255 -

41 3-Hydroxy-2-butanone? 1,270 1,269 MS,RT 97 121 107 266
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Table.I. continued

Kovits index Identifi- Estimated concn, (ug/kg)® Wood

Peak HiCap-CBP 20 ~ late
No. Compound Tanb  Ike means Surimi® KB(1)* KB(2)* KB®3)f (rIrJlg %8
87a UK 1,722 - - - 145
b a-Muurolene(CsHy )" 1,722 MS - 102 816 - 26.8
88 Naphtalene 1,727 MS 8 6 - -
89 UK 1,730 8 7 37 -
9 UK 1,746 10 - 31 -
91 d-Cadinene(C;sHo )" 1,754 MS - 930 644 - 106.6
92  y-Cadinene(CsH, )" 1,777 MsS - 167 60 - 55
93 2,4-Decadienal 1, 800 MS - - 78 12
94a UK 1,828 14 - -
b Calamenene(C,sH,,)" 1,828 MS - 127 89 - 10.9
95 UK 1,871 - 67 - -
9%  CysHy0n 1,885 MS - 1,128 1,937 - 481
97  Benzeneethanol 1,902 1,900 MS,RT - - - 167
R At Lo 1,%09 MSRT - 8 9 W
99  Cy5H,0On 1,918 MS - 44 - ~ 0.7
100a 2-Etylhexanoic acid 1,938 1,937 MS,RT 71 - - -
b CysH,yeOn 1,938 MS - 1,546 2,803 ~ 550
101 CysHpOn 1,980 MS - 51 - - 1.0
102 Phenol 1,988 1,990  MS,RT 30 31 -
103 CisHpeOm 2,015 MS - 54 - ~ 1.6
104 CysHp0n 2,031 MS - 107 155 - 171
105  Ethyl tetradecanoate 2,046 2,044 MS, RT - - - 24
106  CisHy0On 2,054 MS - 334 393 - 52,6
107 CisHyOn 2, 062 MS - 787 855 ~ 126.3
108 CysHyeOn 2,073 MS - 134 103 - 2.8
109 UK 2,128 29 12 133 -
110 CisHpeOn 2,159 MS - 86 116 - 4.7
111 CysHpeOn 2,176 MS - 158 169 - 191
112 CyHpOn 2,190 MS - 254 231 - 3.2
113 UK 2,199 52 6 - -
1142 UK 2,210 106 - - 23
b CjHp0n 2,210 MS - 222 122 - 3.6
115 CysHo0n 2,218 MS - 333 428 - 17.3
116 Cj5HpOn 2,239 MS - 109 121 - 6.8
117 UK 2,263 - - - 126
118 CysHpOn 2,267 MS - 146 108 - 119
Total amount of sesquiterpenoids 0 7,328 9,495 0 601.6
Total amount of volatiles 2,184 11,606 20,243 7,024

* Estimations were carried out by internal standard method (I.S.=g-phenetyl acetate) without con-
sideration of extraction yields. ® Kovats index of unknown. ¢ Kovats index of authentic sample.

4 Cold storage minced fish (Alaska pollack). ¢ Kamaboko (1) with wood plate of sugi (Cryptomeria
japonica D.Don) was prepared from the minced fish in our laboratory. f Kamaboko (2) with wood
plate of sugi (Cryptomeria japonica D.Don) and Kamaboko (3) with wood plate of white fir (Abies
concolor) were obtained from market, respectively. € Estimated concentration in wood plate of sugi
(Cryptomeria japonica D.Don). P Compounds identified in mirin (sweet sake) by GC-MS. i.; Not
detected. ) These values were obtained by Tenax GC headspace method. * NR, Peak not resolved
from the solvent peak. ! Peak not resolved each other (response factor=1). ™ UK, Unknown peak
(response factor=1). » Sesquiterpenoids.
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Table I. continued

Kovats index  1dentifi- Estimated conecn, s
Il:Ieoak Compound HiCap-CBP 20 cation - - o (glke) vlgl(?;::;l

. fun® ke means Surimi?® KB(1)® KB(2)f KB(3)! (mg%)¥
42 Cyclohexanone 1,278 1,278 MS, RT 13 31 7 9
43 1-Hydroxy-2-propanone® 1,284 1,282 MS,RT 27 313 120 195
44 2-Ethoxyethyl acetate 1,291 1,290 MS,RT - 6 26 -
45 UK 1,300 5 10 128 12
46 (Z)-2-Penten-1-o0l 1,304 1,303 MS,RT 14 17 14 4
47a (E)-2-Penten-1-ol 1,312 1,309 MS,RT 27 86! 230 88!

b 2,5-Dimethylpyrazine 1,312 1,311 MS,RT -
48 N, N-Dimethylformamide 1,315 1,314 MS,RT 56 63 - 24
49 (Z)-2-Heptenal 1,316 MS - - 50 44
50  2,6-Dimethylpyrazine 1,319 MS - 19 - -
51 UK 1,328 10 33 48 34
52a 6-Methyl-5-hepten-2-one 1,332 1,332 MS,RT 2 26! 40! 24}

b Ethyl lactateh 1,332 1,332 MS,RT -
53 UK 1,337 22 6 - 19
54 1-Hexanol® 1,346 1,346 MS,RT 6 16 27 23
55 2-Ethyl-5-methylpyrazine 1,378 Ms - 10 56 -
56a Nonanal 1,389 1,389 MS,RT 39 69! 119 33t

b 2-Butoxyethanol® 1,390 1,391 MS,RT -
57 2,3,5-Trimethylpyrazine 1.395 MS - 35 120 42
58 (E)-2-Octenal 1,422 1,422 MS, RT 12 12 119 60
59 Acetic acid® 1,431 1,435 MS,RT 12 30 - 27
60 3-Ethyl-2, 5-dimethylpyrazin 1, 438 MS - - 26 -
61 1-Octen-3-ol 1, 444 MS 19 20 98 35
62 1-Heptanol 1,449 1,449 MS, RT 12 8 - 16
63  2-Furanocarboxyaldehydeh 1,452 1,451 MS,RT - 64 42 102
64a 2,4-Heptadienal (Isomer) 1, 456 MS 9 273! 95 13

b a-Copaene (C;sHy )" 1, 456 MS - - - 3.6
65 UK 1,478 17 24 49 22
66a (E, E)-2,4-Heptadienal 1,484 1,482 MS,RT 227 235! 319 55

b UK 1,484 - -
67  CuHyn 1,488 MS - 11 - - 2.0
68 Benzaldehydeh 1,510 1,510 MS,RT 16 36 89 32
69 (£)-2-Nonenal 1,529 1,527 MS,RT 10 5 97 16
70 CHae® 1,536 MS - 157 53 - 0.9
71 UK 1,553 14 15 9 5
72 (E, E)-3,5-Octadien-2-one 1,562 MS 7 11 38 8
73 UK 1,572 - 17 13 8
74 (E,Z)-2,6-Nonadienal 1,579 MS 39 29 174 30
75 UK 1,592 18 18 - 6
76  B-Caryophyllene(CisHy)® 1,594 1,593  MS,RT - 17 44 - 72
77 UK 1, 600 12 7 46 2
78 UK 1,613 9 14 - 12
79 CyHgn 1,628 MS - 41 37 - 3.0
80 (E)-2-Decenal 1,637 MS 23 - 29 12
81 2-Furanmethanol® 1,648 1,648 MS, RT 3 53 67 45
82 a-Elemene (C;sH, )" 1,657 MS - 134 80 - 11. 2
83 a-Humulene(CisHy )" 1, 665 MS - 39 63 - 7.3
84 UK 1,675 24 25 69 20
85  y-Humulene(C;sHy )" 1,682 Ms - 1 - - 2.2
86a UK 1,709 - - - 44

b ﬁ-Cubebene(CnHzO“ 1,709 MS - 99 68 - 14.6
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Fig.3. Total Ion Chromatogram of Volatile Components Obtained by

SDE from Wood Plate of White Fir (Abies concolor). A peak with
arrow is isobutylbenzene (2. 7mg%) identified by MS and Kovéts
index. Measurement conditions are same as that of Fig.2.
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Kamaboko (3).

Total Ion Chromatogram of Headspace Volatile Components Obtained by Tenax
(A) Surimi, (B) Kamaboko (1),
Peak numbers correspond to those in Table II.

(C) Kamaboko (2) and (D)
(See footnotes of Table

I and Fig.2.).
Table II. Headspace Volatile Compounds Identified in Steamed Surimi and Kamaboko
Qeak Compound .. Estimated amount (pzg/Kg)*
No. Surimi® KB (1)¢ KB (2)¢ KB (3)¢
2 Propanal -° 0.6 -
4 2-Methylpropanalf 2.9 1. 1.4 4.9
6a 2-Methylfuran - - 3.2¢ 1.18
b Butanalf 0.6 -
7 Ethyl acetatef - - 9.2 10.0
8 2-Butanonef - - 0.9 0.3
9 3-Methylbutanalf 23.7 9.8 10.9 37.2
10 2-Ethylfuran - - 1.3 0.3
12 Pentanal - 1.4 3.7 2.3
15 Trichloromethane - B 0.6 1.0
17 1-Propanolf - - - 1.0
18b Toluene - - 35.2 5.0
21b 2, 3-Pentanedione - - 2.9 0.2



Tabel II. continued

Peak Estimated amount (ug/kg)®
No. Compound Surimi® KB (D° KB (2)° KB (3)¢
22 Hexanalf - 0.4 20.3 19. 30
23 2-Methyl-1-propanolf - 0.3 -
24 2-Methylthiophene - - 3.9 0.9
28 p-Xylene - - 0.8 1.9
29a m-Xylene 0.6 0.8 0.4 1.5
30 1-Penten-3-ol 0.6 1.1 4.7 1.6
32a 2-Heptaone - - - 1. 48
b o-Xylene - - -
33 Heptanal : - - 1.5 0.5
35b 3-Methyl-1-butanolf - - 0.7 9.9
38 (Z)-4-Heptenal - - 0.3 -
39 1-Pentanolf - - 0.2 0-4
47b 2,5-Dimethylpyrazine - - 0.5 0.3
52a 6-Methyl-5-hepten-2-one - - 0.2 -
54 1-Hexanolf - - 0.2 0.6
56 a Nonanal - - 0.4 0.4
61 1-Octen-3-o0l - - 0.6 -
64b a-Copaene(CsH,,)! - 3.1 7.5 -
65 Unknown - - 0.9 0.5
66 b Unknown 3.7 -9 - -
67 CysHay ! - 1.8 2.4 -
68 Benzaldehyde - - 0.5 -
70 CysHa, ! - 2.0 3.7 -
76 B-Caryophyllene(CsH, )t - 6.3 6.5 -
79 CysHy, ! - - 1.5
82 a-Elemene(Cy;Hy ! - 2.3 5.4 -
83 a-Humulene(CsH,)! - 4.6 4.3 -
85 y-Humulene(CsHy,)! - 1.6 1.1 -
86 b B-Cubebene(C sH,, )t - 6.4 6.0 -
87hb a-Muurolene(CsHy)! - 14.8 11. 4 -
91 8-Cadinene(C,;H,)! - 33.1 25.8 -
92 r-Cadinene(C sHyy)! - 0.9 1.3 -
94b Calamenene(C;sH,,)! - 5.2 2.6 -
96 C,sHy0! - 5.5 4.3
98 2, 6-Di-tert-butyl-4-methylphenol - 0.8 0.8 1.6
100 b C,sHpgO' - 1.4 3.0 -
106 C,sHy601 - 1.0 0.4 -
107 C,sH,:0! - 0.7 0.6 -
Total amount of sesquiterpenoids 0 90.7 87.8 0
Total amount of volatiles 32.1 109.5 194.6 104-1

@ Headspace volatile of steamed minced fish and Kamaboko (400 g, 5mm cube cut) were concentrated
by purging with a stream of nitrogen (50 ml/min for 2 hr) onto Tenax GC, respectively. Estimations
were carried out by internal standard method (I.S.=f-phenethyl acetate) without consideration of
recovery. P Steamed minced fish (Alaska pollack). ¢ Kamaboko (1) with wood plate (Cryptomeria
japonica D.Don) was prepared from the minced fish in our laboratory. ¢ Kamaboko (2) with wood
plate (Cryptomeria japonica D.Don) and Kamaboko (3) with wood plate (Abies concolor) were ob-
tained from market, respectively. ¢ -, Not detected. f Compounds identified in mirin (sweet sake)
by GC-MS. & Peak not resolved each other (response facter=1). " Peak not resolved, hexanal and
2-methyl-1-propanol (response factor=1). ! Sesuquiterpenoids.
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