J. Kor. Fish. Soc. 39(6), 441-446 A, 39(6), 441-446, 2006

V-SDE2t SPMEHO| 2§t A

I
et &

=
=] ME H|
ANEsE* - =T - H2F
Teltistn AlZeierstn

Comparison of Volatile Flavor Compounds in Meat of the
Blue Crab Using V-SDE and SPME Methods

Yong-Jun CHA*, Woo-Jin CHO and Eun-Jeong JEONG
Department of Food and Nutrition, Changwon National University, Changwon 641-773, Korea

Volatile flavor compounds in meat of the blue crab Portunus trituberculatus were compared using vacuum
simultaneous steam distillation-solvent extraction (V-SDE) and solid phase microextraction (SPME)/ gas
chromatography (GC)/ mass selective detection (MSD) methods. A total of 100 volatile flavor compounds
were identified by both methods: 77 by V-SDE and 59 by SPME. These compounds were composed of
17 aldehydes, 12 ketones, 19 alcohols, 5 esters, 4 sulfur-containing compounds, 6 nitrogen-containing
compounds, 23 aromatic compounds, 6 hydrocarbons, 2 terpenes, and 6 miscellaneous compounds. Although
more compounds were detected using V-SDE than using SPME, the levels of all groups detected, except
esters, were higher using SPME than using V-SDE. In addition to trimethylamine, aldehydes, and aromatic
compounds, the S- and N-containing compounds with low thresholds are thought to have positive roles
for flavors in the meat of the blue crab.
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2 (Portunus trituberculatusys $AR-9)e] B2 gpu] /PRI JIE AAelnk By A5 8L AA
w o) vkl ®uk ole} A AAAO 2T W xjgkSo] T Hsieh et al. (1989)3 Matiella and Hsieh (1990)°l] €] A+
NEse gzhae shuelh, SEuaddE Sadany o 7FEEAES] 84 F7149E (Chung and Cadwalla- der,
Asjol o] 27)7A A Agke] 424 10-50m Zol9] witkme)  1993)°] HuEQlE Wolth. Z2]al tiAl (king crab)Fe] 7HE
sietol A A4 ahe, Aavle 4904 62 7olm 9o ato] ol &% FRPR 24 (Hayashi et al, 1990)3% FA9 7+
27 NS ZAE Selveld A /1 2o AeEE FiHE-9] 3Ad A (Cha et al, 1993; Cha and Baek, 1995)

A9 FUEA §2E7} 20-40%°) 1, 60-80%7F AAE = o5 ATHNAEH, F2 LH|E, AE, BFSseE, ¢F,

Aol Urt (Lee et al., 2001). F33E 2 FALSEH ol FAdeH, g
oI5 Tl ie SRS AEHA A 1 Az BT Bt Aol AeE ¢ & AT
ol vla] ujf- How, HTo Sojx RiHEQ HARER Gog AFS o]L3 FgulAL HrIEAAE Ay

B 7)18e B 9 7B Az w= gy d7 53 M I VIR AT Wol rEoejop & Re
e 154 NEAAY AL 93 A7) v Pz 2 AMRHHY, o]o B At E fuel Aol o FH

A& 31 91Tk (No and Lee, 1995; Chang et al., 1989; Lee  © =A1E ©]-&3t% vacuum simultaneous steam distillation-

et al., 2001). solvent extraction (V-SDE)¥ 3} solid phase microextraction
EA0] T AFESH ATEE FAE o] &3 dEin (SPME) o= F7]4&-& Blu E43At

Az B AT (Park, 2004), £AF] 3}HA HE BA

(Lee et al, 2001)°] FL3tH, ZA S} AR IERAE &4 M= o ay

a3t Az FuA 7H5E S (Oh et al, 2001) 59 =S

Hazh o ZA (Portunus trituberculatus; 7, 500+20 g; 737, 18+2
SHE 41 o] BT Eokel A= o]# gt &nlRte FE R cm; THE) 0], 1042 cm)E THEA] ojA1AHo) A AtolglEs AL

HESHAE IE AFS HVI A HEFIE 7189 GAFY aglE vidR Ao gol wE Azhye] A¥ds Suts)
AT ot AR E A A o A SFE &
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Vacuum simultaneous steam distillation-solvent ex-
traction (V-SDE)OI| 2|Et =4

V-SDE® € Chung and Cadwallader (1994)2] ®#el ope}
SDEF2% oA M A 5= artifact formationg g £0]7]
98 Lickens-Nickerson SDE#X] (Cat. No. K-523010-0000,
Konte, Vineland, NJ, USA)oll RFekgle A x]|sta], SDEAA]
9] U-joint-5-2} @l ko] £ 213WEE F2AAZ L,
H3}A 24 cold trap2 FFFE e} SDE X7kl X5k
A9 FE2o] YL Adsch AR A E= FAS
Fo A7 (FLE), )l FEstet] ARE FES
Az AuA AAS SFARES HASAT A5 (450 g)9
W5 E 5 A (cyclohexanone 141.08 xg)S V-SDE (Vacuum-
SDE) AX|oll Y. $Z8v|2+ 100 mLe] A5 73 diethyl
etherS A&k 7493} (540-580 torr)oll A 2,54 7HE < &
st Th AHA 8 AFHE Cha (1995)2) Wl wgtom, Alg

EELRIE LR L

Solid phase microextraction (SPME) #i0i 2|5t £

SPME*}X] (manual type, Supelco Inc., Bellefonte, PA, USA)
=2 AMg-dtg e, F34 fibers polydimethylsiloxane/divinyl-
benzene (PDMS/DVB) fiber (65 #m coating thickness)S AH8-3}
Ak #AE A8 ¥ol 1M A% A vk AES Eehin
AG e Fsle] B8 AIRZ Yt AR 30 g3 RE
ZEZ4 cyclohexanone 47.03 #g< 100 mL-§ headspace glass
vial (Supelco.Inc., USA)l Y31 aluminum crimp seal (20 mm,
open center)¥} polytetrafluoroethylene (PTFE)/silicone septum
(60 mils) 2.2 WE-F Z 40Tl A 3087} fiberE viald] ol A
=E2AA LA 3FES FEAAAG AAT 242 Kim
et al. (2005)0 Wk, A R FE2& A7 T 35Y
g3ttt

GC/MSD A, =& 2 co-eluting S22 HRHAH

R RS HP 6890 GC/5973 mass selective detector
(MSD, Hewlett-packard Co., Palo Alto, CA, USA)E #2413}%]
t}. A4 column Supelcowax 10 capillary column (60 mx
0.25 mm 1.d.x0.25 #m film thickness, Supelco Inc., USA)E A}
£33t e, 297 Ql Hedl A4S+ 1.0 em/sec, Electron
multiplier voltage= 1500 VEH.21, 71€} X}A| 3+ GC/MSDE4]
Z71& Cha et al. (2000) 5] Wl mich 24 3L sitE
o] A9 5L retention index (RI) & standard MS library
data (Wiley 275K, Hewlett-Packard Co., USA)ol| £}3}5.0™,
guty 35tEe] e YREFEAS o83ty AuH
steko 2 BHAMS}AAL (factor=1, ng/g), co-eluting 3}3E-2] 3]
A+ Hites and Biemann (1970)8] o] wat @21 2 dish
ZE4rt.

= =
ZHS| #UN BIIME o DEY

273 e

2SS A 82 ko] V-SDER ¥ SPMEY 9|3 ¥4
7| E-S& GC/MSDE FAF AT Table 13} 2o F
10159] 324 33Eo] AEEHAEH, olFolA 94719 3t
FEo] BFEFA] RIANA positivedt Al F4H 005, =]
= MS library data (Wiley 275.K, Hewlett-Packard Co., USA)l|
o] AAA o FAHUT 2 BN wEbd B2
zpol 2 B, V-SDES} SPMERH 93] 53 E dES
aE2dg BEsle By 43 =F (V-SDE, 17%; SPME,
33, AEFH (10%, 63), 427 (17F, 10%), A2=HEF (3
Z,3%), SFIFET ¢F, 19), TR AA=F (47, 39),
WESAFER (138, 22F), B3FaH (3F, 5%), =24
FU0FE, 2%) 2 7ESFEF L, 3322 FAHJUT
V-SDER A & 77%9] 3gEo| ZAEH U, SPMEH o
ME 58%F0] A& V-SDEHAME 7l2REAES] &
Ao] o] HEH uldo) SPMEH|A = e E o
9 o] A=A ol ILPAYEHL Tenax TA™
(Chrompack, Raritan, NJ, USA)S &3 A7l Dynamic headspace
sampling (DHS)H ] £ A3} (Matiella and Hsieh, 1990;
Hsieh et al, 1989)$} wi-¢- ®¥l&3h oS 23T

A9 &ud= 3FE (17%) V-SDEH A 806.8 ng/g
o] AZE Qe o] 3-methylbutanal, hexadecanal ¥ octade-
canal®] &hgko] ulw A FUW wbHe], SPMEWHA A=
nonanal, benzaldehyde, decanal 5 3% 9] 3}g&E ko] ZAEH S
31, FEACME 34884 ng/gC 2 444 AT wsich 3-
Methylbutanal- & 2FH L 7 E EFZA 714 9
o}u] = 4ke] Strecker degradation¥H-3- = v A-E3HHQ F3)
o os] WAETk deA] AT (Cha et al, 1999a). SPMEH |
b e gEes AET onmle B EE A
7YA1™ (Arctander, 1969), benzaldehydetw @EE=3F, HLAF
W nAG P T Jon, BAKY FRE PR
2 B35 QY (Chung and Cadwallader, 1993). oj2 3t
straight chain®] alkanalo]\} alkenalFv 1% B3 3294k
Akg}el) 9%k Aole} FA Fr} (Karahadian and Lindsay, 1989).

AEFE SPMEHNA 589 659 sihEFo] 1159
A&5 V-SDEHoIART 4] J= €At} o]FolA 2-
nonanone®] 7}3 B (6313 ng/g)e] AEHUR, 1 &
2,3-butanedione, 2-octanone, 6-methyl-5-hepten-2-one, aceto-
phenone 2 2-undecanone 5°] BT} 53] 2,3-butanedione
W 93 3ng/g)St A3 BE FE 7HA AL glof, EX A
A aroma-activeJELE BT O (Cha et al,
1999a; Cha et al., 1999b), actophenone™ Aj-$-A oA E/SFaF
S A E E2AZ <alA T (Cha et al, 1999b). AEFEZ
)3 2o} mpR R 2 A ke g dFoln, TR
AME EEe £/ APl 73tk BauFE vt
(Cha et al., 1992).

Aate] 2313 RAHER GH A SERE V-SDEH A
ZHE BAT FEe AR, SPMERE A 2-ethyl-1-
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Table 1. Volatile flavor compounds in blue crab meat by V-SDE and SPME method"

c g R V-SDE? SPME?
empounas Mean® s.D.Y Mean® s.D.”Y
Aldehydes (17) 806.8 3,488.4
2-Methylbutanal 907 38.7 0.8 7 -
3-Methylbutanal 912 253.0 2.4 - -
Heptanal 1,191 31.8 1.8 - -
(E)-2-hexenal 1,226 10.3 0.6 - -
Octanal 1,300 26.7 3.6 - -
Nonanal 1,404 10.6 0.2 1,998.7 66.2
(E,E)-2,4-Heptadineal 1,505 12.9 0.1 - -
Decanal 1,507 8.9 0.4 466.8 25.4
Benzaldehyde 1,540 50.6 14 1,022.9 29.0
(E,E)-2,6-Nonadienal 1,598 7.6 1.1 - -
Phenylacetaldehyde 1,651 34.5 1.4 - -
(E)-Citral 1,744 4.2 0.1 - -
(E,E)-2,4-Decadienal 1,825 12.2 0.3 - -
Tetradecanal® 1,931 17.9 0.7 - -
Hexadecanal* 2,144 141.6 23 - -
Heptadecanal™ 2,249 33.2 0.9 - -
Octadecanal® 2,353 112.0 39 - -
Ketones (12) 430.1 1,630.4
2,3-Butanedione 977 79.2 21 - -
3-Penten-2-one 1,131 23.1 1 - -
2-Heptanone 1,187 14.1 0.4 - -
2-Octanone 1,299 14.2 0.6 426.6 9.3
6-Methyl-5-hepten-2-one 1,345 12.8 14 172.7 9.1
2-Nonanone 1,402 228.1 8.2 631.3 14.2
Fenchone 1,405 - - 164.1 9.6
2-Decannone 1,501 11.2 0.5 - -
(E,E)-3,5-Octadien-2-one 1,582 8.4 0.3 - -
2-Undecanone 1,607 20.7 0.6 111.2 2.6
Acetophenone 1,660 - - 124.5 6.8
Geranylacetone 1,863 18.2 0.6 - -
Alcohols (19) 301.0 2,5254
2-Methylpropanol <900 5.6 0.5 - -
Propanol 1,036 6.2 0.5 - -
Butanol 1,144 14.8 0.7 - -
1-Penten-3-oi 1,160 29.0 0.9 - -
3-Methyl-1-butanol 1,206 39.5 21 - -
Pentanol 1,251 55.1 2.6 - -
(E)-2-Penten-1-ol 1,323 13.1 04 - -
Hexanol ) 1,354 41 04 - -
1-Octen-3-ol 1,452 28.4 1.0 461.5 25.1
Heptanol 1,457 3.8 0.5 237.3 12.9
6-Methyl-5-hepten-2-ol 1,465 3.5 0.1 47 .1 1.1
(56Z)-1,5-Octadien-3-ol 1,489 17.2 0.9 98.7 3.0
2-Ethyl-1-hexanol 1,491 16.8 1.0 846.8 33.7
2-Nonanol 1,520 9.0 0.3 96.8 3.1
Linalool 1,549 - ' - 2255 5.6
Octanol 1,559 226 0.7 224.2 12.2
Nonanol 1,653 - - 126.9 6.9
Benzylaicohol 1,888 17.4 0.6 160.6 8.3
Dodecanol 1,968 15.0 1.0 - -
Esters (5) 1,656.4 431.7
Ethyl formate <900 218.1 3.4 - -
Ethyl acetate <900 1,402.9 28.4 - -
(2)-3-Hexenyl butanoate 1,439 354 3.8 218.8 13.9
Isoborny! acetate 1,596 - - 154.0 7.2
Benzyl acetate 1,738 - - 58.9 3.8
S-containing compounds (4) 139.6 157.2
Dimethyl disulfide 1,076 40.9 3.6 - -
Diethyl disulfide 1,222 32.3 0.8 - -
2-Acetylthiazole 1,654 52.0 3.2 -

Benzothiazole 1,978 14.5 05 157.2 8.7
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Table 1. Continued

c o R V-SDE® SPME®
empounds Mean® sDn? Mean® sD?
N-containing compounds (6) 46.1 483.8
Pyridine 1,184 175 0.7 - -
Methylpyrazine 1,271 71 0.4 - -
2,5-Dimethylpyrazine 1,333 52 0.4 238.7 5.6
2-Ethyl-3,5-dimethylpyrazine 1,468 - - 75.1 3.6
1H-Pyrrole 1,527 16.3 0.9 - -
2-Acetyl-3-methylpyrazine 1,632 - - 170.1 3.5
Aromatic compounds (23) 268.1 10,743.0
Toluene 1,041 319 1.2 165.0 .38
Ethylbenzene 1,132 9.2 0.5 477 1 19.9
p-Xylene 1,139 41 0.1 609.3 27.0
m-Xylene 1,146 19.1 0.8 996.0 48.9
o-Xylene 1,179 - - 391.3 18.2
Propylbenzene 1,217 13.0 0.7 198.7 1.6
C3-Alkylbenzene (isomer)™ 1,233 53 0.9 1,715.1 80.8
C3-Alkylbenzene (isomer)* 1,240 - - 299.4 16.2
Styrene 1,266 36.6 0.6 2,200.0 111.6
C4-Alkylbenzene (isomer)* 1,270 - - 420.1 204
C3-Alkylbenzene (isomer)* 1,290 57 0.8 291.3 15.2
a-Methylstyrene™® 1,340 207 0.6 196.9 10.7
C3-Alkylbenzene (isomer)® 1,348 7.5 0.3 247.6 7.7
C4-Alkylbenzene (isomer)* 1,355 - - 288.6 14.6
C4-Alkylbenzene (isomer)* 1,362 - - 68.6 25
C3-Alkylbenzene (isomer)* 1,407 - - 3117 8.6
C4-Alkylbenzene (isomer)* 1,432 - - 255.3 2.3
C4-Alkylbenzene (isomer)* 1,498 - - 109.3 5.9
Naphthalene 1,763 223 11 976.4 224
2-Methylnaphthalene 1,871 - - 236.0 9.8
1-Methylnaphthalene 1,908 - - 494 26
Phenol 2,019 86.8 10.2 57.0 1.1
4-Methylphenol 2,094 59 0.3 - -
Hydrocarbons (6) 138.1 14,802.7
Dodecane 1,199 - - 9454 452
Tridecane 1,298 - - 2,705.7 90.1
Tetradecane 1,400 - - 656.1 16.9
Pentadecane 1,500 4.9 0.2 - -
2,6,10,14-Tetramethylpentane 1,668 89.1 2.0 1859 1.3
1,3-Cyclooctadiene ™ 1,688 154 0.4 84.2 3.4
Terpenes (2) 14.3 5,112.7
Limonene 1,203 143 1.0 4,766.2 160.0
y-terpinene 1,235 - - 346.6 18.9
Miscellaneous compounds (6) 258.0 8,726.6
Trimethylamine <900 - - 8,464.4 183.1
2-Pentylfuran 1,238 7.5 0.4 - -
1H-Indene* 1,497 299 1.6 728 4.0
N,N-Dimethyl-1-dodecanamine ™ 1,589 242 1.1 - -
v -Decalactone 2,154 271 20 189.4 5.0
1H-indole 2,468 169.2 4.1 - -

“Concentration (ng/g) of each compound was calculated as a relative content to cyclohexanone put in sample by extraction
method (V-SDE: 141.08 g and SPME: 47.03 ug)(factor=1). _
PRetention index on Supelcowax 10™ (60 m lengthx0.25 mm i.dx0.25 m film thickness, Supelco Inc., USA) column.
¥Vaccum simultaneous steam distillation-solvent extraction.
“Solid phase microextraction
®Mean cncentration (ng/g) of 2 V-SDE extraction, and 2 injections of each extract.
Mean concentration (ng/g) of 3 SPME extraction, and 1 injections of each extract.
®Standard deviation (V-SDE: n=4 and SPME: n=3).
Not detected.
*These compounds were tentatively identified by MS Library data (Wiley 275.K, Hewlett-Packard Co., USA).
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hexanol, 1-octen-3-ol, linalool, octanol & benzylalcohol 52
2oz woth SR AZEE L 92 /A EE Be
Bheko) EANELA] e 3 AFo] Pride A AFE VA
A gEctar 3Rk (Heath and Reineccius, 1986).

| AH EFHE RI 1400 o] o)Al 359 V-SDER ol A 7
=3 whgo] o]FoAE SPMEWOIA 3Fo] HAEHIAUTH
BYsk my BAHTES JHAE ethyl acetate’} 7 B-&
ek (1,402.9 ng/g)e]l AZEH AT (Arctander, 1969). Cha et
al. (1997)2 FAAANA Aeage] dzel277t G&5T
3 }AEF 2 Aol ZA FdFS G e, £
A A esterd] WA 7]d=o] 3k F&FL 1R AA
XS AR AAHAUY

JYRVERE A0 FYATE 229 PAS 3
B8 230] AFHAC, FFe ThE FFEF Hlstel
o) oprh 2@}t dimethyl disulfide (3733 Fbaht
2-acetylthiazole (A% ) HX|7} 27+ 12, 10 ng/gC 2
ol ZAle] Fr|ARe] A 7198 R AGHUAY
(Cha et. al. 1999b). 3 SPMEY ol 4= benzothiazoleT+]
A& Ed, ol XA =FTL 7HAE B4R
WS AT (Cha et al, 19992). 3] A3 3B BX
A A g gtolr)ieate) Fhankg Fol AT 4
2 ¢t} (Verellotti et al., 1989).

=235 FALIALET (62)NA 4% 9] pyrazineF7F TH
=gt} o] Al 2-ethyl-3,5-dimethylpyrazine (7 ZAHL
238 G271 0.04 ng/g . & - Yol EA Y £ ol
A NAF Ao BZE QM Cha et al. (19993, 1999b)%
B2 A QAN wl-g AuEA F7) g Barsd
th 283 acetyl”)7} B pyrazineFe A E F2I 22
748 S 7FA L 9l ol E pyrazineF7F £ & £
ATS & AOZ WZHATH Cha et al. (1992, 1993) A
2 kA 2L AFY FargelA & g ALE R
heterocyclic3}3HE0] £ g 71zl ot stgEd, B A3
M G217} e gt e daAsgtEe] A% U
Bof| positivedtAl 71 Ao g Azt MY e WS
FFE 23%)°0] 2ASY IR E FHHAA=SH, V-
SDEH M go] A2 v, SPMER A€ Bl
= the-o= Feko] Wkl Toluene, m-xylene, styrene,
naphthalene, phenol 52| 33HEF7F V-SDEHAA =& &F
0]9]a, SPME®W ol A& styrene, naphthalene, C3, Cs-alkylben-
zeneH 7} IH-E-S XA 5Tt YW O 2 phenolS T T
%%éﬂ@%o%ﬁ¥“?4wﬂﬂHLﬂﬁﬂbVlEﬂ

A FHI o), X453 HF T FAAFAAE

%’101/‘1“ ol B EXZF¢ BE4E H1HYT QU (Cha et al.,
1993; Matiella and Hsieh, 1990).

8l F= SPMEH A oS-
a2y A E R akane{ <
%o IR 2 VHEE FE S

1@
&

ge ggol HeHA,
T ERECEY

Ao g 7]t = A} (Cha

and Cadwallader, 1998).

B 2 2 20 A& limonene (AEH3)°] SPMER oA A
Z AT =Y) o)l dutdo g A& essential oil 2HF
S o)A, Hoalze 23t EFAEY ZHFZHE V]
olgl Ao & FAE AT (Cha and Cadwallader, 1995). 712]3L
]E}g}z}“’ & % trimethylamine (A4 ‘@Al)o] SPMEH <l A
gdEdzE 7Pg we ¢ (84644 ng/g)0] HEHA=H,
ol A 717—} o] a3 FeAsIFER &elAd U
(Cha et al, 1993). &% Josephson and Lindsay (1986)=
trimethylamine®] &X|7} vl Wo} &-& Al &l FoF St
Eolgtn Bilstth

2AS] U4 HES V-SDEHY SPMEH o2 A%
A%, gdERTHE £43HE Ao] 78R FE3 B
upga & Aoz WztE e, 53] SPMEY A= V-SDE
Wol| A AR EHA] B3 trimethylamine©) 22 #F A F AU}
283 2AS9) S4%9 AR AV B §F, L
FFEFIL W T2 AR FRHIJLH, 7]
trimethylamine, U131 =5, AEF 2 ISR B

g ez 7 EHU

N

Al Al
B AF7e s|dsaty nhglnlo] 22144 9 affute] 2.3
ZA2AATE 78 AL (FHADYHNE p-2004-05)°0 230
FAHASUS

2o 23
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