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Using GC-IMS and SPME-GC-MS to Analysis the Flavor
Improvement of Oyster (Crassostrea gigas) Hydrolysates
Treated with Lemon Juice
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(College of Food Science and Engineering, Qingdao Engineering Research Center for Preservation Technology of Marine
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Abstract: Objects: The aim of this study was to find out the effect of lemon juice on the inhibition of lipid oxidation in
oyster and flavor improvement of oyster hydrolysates. Furthermore, the difference of characteristic aromatic compounds in
oyster hydrolysate before and after flavor improvement was clearly elucidated. Methods: The lemon juice was added to
participate to the oyster (Crassostrea gigas) hydrolysis process to ameliorate the unpleasant odor of the hydrolysates. The
volatile components in oyster hydrolysate before and after flavor improvement were analyzed by sensory evaluation, gas

chromatography ion mobility spectrometry (GC-IMS), solid phase micro-extraction gas chromatograph mass spectrometer
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(SPME-GC-MS), and the characteristic aroma of oyster hydrolysate was analyzed by combining sensory threshold and
ROAV (relative odor activity value) method. Results: The results showed that 40 kinds of volatile flavor compounds were
identified in oyster samples with different treatment methods by GC-IMS. Seven new volatile flavor compounds with
pleasent, fragrant, fruity characteristics were increased such as pinene, benzyl alcohol, linalool oxide, dodecanal, 2-
methoxyphenol, 2-heptanone and butyl acetate. In contrast, six volatile flavor compounds with fishy and unpleasent
characteristics were reduced such as (E,E)-2,4-octadienal, heptanal, nonanal, (E)-2-octenal, octanal and 1-octen-3-ol. The
results of SPME-GC-MS analysis and ROAV showed that the amount of olefins were increased from 8.37% to 42.84%. The
major volatile components of lemon such as D-limonene and f-Myrcene were detected in oyster protein hydrolysates with
adding lemon juice. In addition, the results showed that, lemon juice had positive effect on oyster hydrolysates flavor, 1-
octen-3-ol was not a key flavor compound (ROAV = 1) and the ROAV value of volatile flavor compounds with fishy and
unpleasent smell such as heptanal and (E)-2-octenal were decreased, and the overall bad flavor weakened. Conclusion:
Lemon juice participating in the hydrolysis process of oyster can effectively reduce the fishy and unpleasent smell of oyster

hydrolysate. This method is efficient, convenient and safe. This study can provide valuable reference for expanding the
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application of oyster hydrolysate and promoting the development of industrial deodorization technology.

Key words: oyster (Crassostrea gigas); lemon juice; hydrolysate; GC-IMS; volatile flavor composition
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FHA G RURERE . T2 AR SERIR SEAN P
RAEFNE A48 R PR IR B3 B W . BT GC-
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Fig.5 GC-IMS two-dimensional spectra of volatile flavor compounds of different treated oyster samples
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Table 1 Volatile flavor compounds identified of oyster samples with different treatment methods detected by GC-IMS
P2 thC AR CAS fb= A3 {RERFEEL(RT) FRERET) (s) BT ] (ms)
P (E,E)-2,4-T Rk 5910872 CyH,,0 138.2 1210.7 1069.5299 1.351
(E,E)-2,4-3 Il 30361285 CgH,,0 124.2 1111.8 889.98 1.267
(E)-2- I (2548870 C4H,,0 126.2 1066.8 808.07996 1.328
B C111717 C,H,,0 114.2 894 427.03497 1.332
T C124196 CoH,;0 1422 1098.4 865.82996 1.478
Vo C124130 CgH,0 1282 996.8 666.32996 1.82
i3 C110623 C,H,,0 86.1 691.6 168.84 1.187
LI 3913711 C,H;s0 154.3 1262.1 1162.77 1.114
FRBR S (3268493 C,H 08 104.2 906.3 452.96997 1.09
2-FE L C122781 CH 0 1202 1034.5 746.13 1.542
I C100527 C,H,0 106.1 953.2 562.38 1.146
-3 C112549 C,,H,,0 1843 1412.6 1435.864 1.2333
528 AT 60047178 CyoH;50, 170.3 1065.1 804.93 1.255
SR C104767 CeH 0 130.2 1038.7 75452997 1.415
(E)-2-FH-1-BF C18409171 CgH, O 128.2 1067.9 810.18 1.09
1- C111706 C;H,,0 116.2 967 595.98 1.256
1-3FH5-3-1 (3391864 CeH,0 128.2 923.5 491.61 1.179
(E)-2-C4fi-1-1% 928950 CeH,,0 100.2 877.7 395.43 1.168
1-C C111273 CeH,,0 102.2 8722 385.34998 0.942
2-C A (2305217 CeH,,0 100.2 853.1 352.59 1.185
23- T 513859 CH,,0, 90.1 837 327.38998 1.358
g F 98000 C,H,0, 98.1 870.1 381.465 1.379
3-F -3 T -1 (763326 C,H,,0 86.1 741.9 209.79 1.254
FH B C116096 C,H,0, 74.1 671.9 157.5 1.044
[iEES 5-FH J-3- P 556241 CeH,,0, 116.2 1029.7 736.47 1.197
3,4-C 4437518 C4H,00, 114.1 797.5 272.895 1.108
2-FR A7 930687 C(HO 96.1 926.1 497.59497 1.405
2-BER C110430 C,H,,0 114.2 873.7 388.08 1715
3-F5-2- T 513860 C,H 02 88.1 732 200.34 1.075
&S i 109524 CsH,,0, 102.5 918.7 480.68997 1.245
TR C107926 C,H,;0, 88.1 796.9 272.16 1.171
2% C64197 C,H,0, 60.1 623.4 137.34 1.148
S LR 2 R 97621 C¢H},0, 116.2 750 217.98 1.194
AR LR 97643 CsH 40, 118.1 795.7 270.69 1.146
THRMNFER 96480 C,H,0, 86.1 889.1 417.16498 1.29
LR TR C123864 C¢H,,0, 116.2 812.6 292.74 1.108
IR 2 -SRI 625865 C(H,0 96.1 717.6 187.73999 1.029
. FENJ IR 3208160 CH 0 96.1 726.4 195.29999 1.307
HoAth 2-F S BT} 90051 C;H,0, 124.1 1104.2 876.32996 1.117
T 80568 CoHyg 136.2 1043.6 764.19 1.175

Kl 7. PC1(61%) Fl PC2(28%) & fill o1 #ik & nl ik
89%, ULHHIXPAFRSTCFR TS 4 IR /15 B, PCA
ZEREA TS A RIS BRI S XU BT 32 %
Sy A5y L ELAT W ik 22 0, U6 W 4 50 20 | g i
W AT AR A B 0 A TR A R I Sy 2 (A A AE
BRZES . RGBSR BB it B E R M
FLAE—30, RIAARMFFE R GC-IMS X A [F] &b HH4H:
WA & O PR XU ) ST S T e SR BLAT nT A T

2.5 T IERIEHREERRIE SPME-GC-MS 734

53

2.5.1 $EERPEM SRS R A SPME-GC-MS

iR, AR MERS AR ICES, A AT — 1tk ki AR
X E S BT T, A A B AT S A4 R A
R 2 PR U 1053 B RFAE DL 20 FHER 2 A&l 8
AT, SRR R R A Y 56 FhigE A e XURIE S
Wy, Hodp, 2K 16 B, BT & 18 37.46%; B934 16 Fh,
AEXTE L 32.69%; BRSO B, AHXT & 10.61%; Mks
s 4 Fh, FHXT S 8.37%; HAMb &9 (eka s . Btz
J& RIS FRE . BRI 11 Bl AT SR 10.87%.
g T A B ) A s e A v HE ARSI Y 66 P A
PR AL G B, LA S EE N 4 B, AHXT S AR RE
12.13%; BEEyik /b 5 R, AHXT & FRE 16.18%; Mk
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Fig.6 Gallrey plot of volatile flavor compounds in oyster samples with different treatment methods
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JEHETIN 4 B, AEXT SR BT 34.47%; BRSEHG N 2 B,
FAXTE B TR 3.34%; HA b &4 16 Fp, AHX FrE
FiN 8.05%.

P IO AE 7K™ it XU P R SR — 2
Y. BESSEEBAR, ARy ol 5 H A 5y
reAs B A XU EE SRR, DRI, R B AE R B AT Xk
PPN SRASRTE SRy O S SR L ) WA RN
P . BRI . S . (B)-2-2F0TE . (E,E)-2,4-P¢ i
FHXF B M 1.12%. 2.49%. 4.36%. 3.70%. 7.24%
Sr IR RER 0.60%. 0.67%. 1.15%. 0.83%. 0.75%.
LG P BRI | TR RN AT S rh AN RS DT PR
AR AR, S A T R R ) SRR R
(E.E)-2,4-28 &I HLAT iR XU A XS A RIS VIR, S22 30
TR S A=A 1, Lakriad T A BT J5 AH XT3 B A
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Fig.8 Relative amount of different types of volatile flavor

compounds in oyster hydrolysis solution and oyster hydrolysis
solution with lemon juice
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Table 2  Analysis of volatile flavor compounds in oyster hydrolysate and oyster hydrolysate with lemon juice

2 SRFFAERST SRR YELLAFR PEg R IE] (min)  1#(%) 2#(%)
it ES e NDIATS E G pentanal 433 113 0.76
Rk A e RSO R CE hexanal 6.573 1.12 0.60
_ (B)-2-1 /i 2-pentenal, (E)- 7.801 138 0.69
R R BT Ak PR heptanal 9.112 249 0.67
A BRI (E)-2-CL ) 2-hexenal, (E)- 10.065 0.89 3.32
_ (Z)-4-Pelims 4-heptenal, (Z)- 10.67 193 028
FHR, B RIR it octanal 11.817 436 115
ik Ay, BRI (Z)-2-Pelsis 2-heptenal,(Z)- 12.73 0.00 039
W& WEE.RE. WE B nonanal 14.448 1.16  0.57
TR | AR (B)-2- Ml 2-octenal, (E)- 15311 3.70  0.83
IR, Rk (E,E)-2,4-B5 I 2,4-heptadienal, (E,E)- 16.197 724 075
BN RN N i L decanal 16.95 0.00 0.16
Fa U S IR benzaldehyde 17.563 243 436
FSE YIS (B)-T-Hi 2-nonenal, (E)- 17.756 113 235
B 2HR HIMIER (E,Z)-2,6-T i 2,6-nonadienal, (E,Z)- 18.33 429 131
— (E)-2-2% s 2-decenal, (E)- 20.125 0.75  0.00
HEE, kR RE WK benzeneacetaldehyde 20.145 320 241
- 3-ZHE-IEHIE benzaldehyde, 3-ethyl- 21.455 0.00 0.39
AETIR KT HEREC lilac aldehyde C 21.72 0.00 4.13
EIREZUAAY TG A (E,E)-2,4-2 "I 2,4-dodecadienal, (E,E) 23.467 026 0.12
NRWGT . BT . AR5 . Whim T PR e tetradecanal 29.235 0.00  0.09
i3 TRk 1-J3 -3 1-penten-3-one 8.872 3.81 030
- 1,6-3F —45-3- 1,6-octadien-3-ol 10.998 1.15  0.00
- 2. H - BRI b PR cyclopentanepropanol, 2-methylene- 11.31 0.65  0.00
_ (Z)-2-T%J-1-T 2-penten-1-ol, (Z)- 12.554 0.70  0.42
AL ZE R N <R IEC R 1-Hexanol 13.42 0.00 0.63
JRBR | 7RSI 1-2FJ5-3 - 1-octen-3-ol 15.805 1034 1.65
TRFIT A 1-Pi 1-heptanol 15.904 0.56  0.62
- S F-1,2- M2 R 1,2-cyclooctanediol, trans- 16.038 0.96  0.00
- 3,7- = Ek-1,6-T- - 3 -1 3,7-dimethyl-1,6-octadien-3-ol 18.011 124 415
- LI 4-ethylcyclohexanol 17.81 0.00  0.00
- (Z)-2-"F4f- 1B 2-octen-1-ol, (Z)- 19.47 0.18 033
_ 2-FR U1 Zc(yflr?l}:}f;ﬁtie(ﬁyf)m;glnysm 20.641 036  0.00
- 3,7- W K- 1,6-T- -3 1,6-nonadien-3-ol, 3,7-dimethyl- 20.775 0.42  0.00
- - CH-1-2 3-cyclohexene-1-ethanol 20913 3.06  0.00
- 2,4-%% T Jf5-1-B 2,4-decadien-1-ol 20.955 0.00 1.12
- 3-FC-1-H A 3-cyclohexene-1-methanol 21.207 462 0.00
- (E,Z)-3,6-F —Jfs-1-F% 3,6-nonadien-1-ol, (E,Z)- 22.185 2.19 497
_ (E)-2-C 4 1-B 2-hexen-1-ol, (E) 22.998 0.00 225
- (E)-3,7-—-H1-2,6-3¢ —Hi-1-F2 2,6-octadien-1-ol, 3,7-dimethyl-, acetate, (E)- 22.403 043 0.00
_ (2)-3,7-—H2,6-%¢ " #5-1-B%  2,6-octadien-1-ol, 3,7-dimethyl-, (Z)- 23.221 202 0.00
- 1-FR - 2- P A - 1t 1-cyclopentyl-2-propen-1-ol 23.645 0.00 0.07
il - 2,3-J 2,3-pentanedione 6.154 030 0.10
- 2,5-C 2,5-hexanedione 7.85 0.00 0.68
- 4- TP L3 - e -2- 3-penten-2-one, 4-methyl- 7.858 144  0.00
- 23 2-octanone 9.115 0.00 0.07
- 6- 1 52 Bl 6-methyl-2-heptanone 10.559 0.00 0.10
IR 3-3ER 3-octanone 10.917 0.00 1.85
- 5-FJE-5- -3 5-hepten-3-one, 5-methyl- 12.794 2.64  0.00
- 2,5-F 2,5-octanedione 12.805 0.00 0.34
- 6-FJE-5- -2 5-hepten-2-one, 6-methyl- 13.082 0.53 034
R HIEHS 2-T-fi 2-nonanone 14.329 0.96 0.74
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k2
el ARRHERT L&A PR BRIl (min) 1#(%) 2#(%)
LALHIIS 3,5-F -2 3,5-octadien-2-one 17.365 2.18  0.00
HEEER 2-—r 2-undecanone 19.139 0.00 2.46
- 2-F - -0 -3- T 1-nonen-3-one, 2-methyl- 20.563 0.38  0.00
iR 2 - IR 2-pentyl-cyclohexanone 21.64 0.00 0.34
_ 2-FR - 1 2-cyclohexen-1-one, 2-methyl-5-(1-methylethenyl)-, (R)- 22 1.20 0.00
- BIA(3.3.1) Fhi-2,6- —Fill bicyclo(3.3.1)nonane-2,6-dione 26.15 098 0.25
fis - PR TR acrylic acid, 5,7-octadien-1-yl ester 7 0.00 0.09
- R C g formic acid, hexyl ester 10.925 0.00 022
A BB RS 2,3 - BA R A I T geranyl acetate, 2,3-epoxy- 17.315 0.55 0.00
- 6 - T4z P iR 6-nonynoic acid, methyl ester 19.41 0.40  0.00
FTHR, e B I o LR TR diethyl-acetic acid 21.416 0.71 0.24
[icd - MR malonic acid 12.936 220 0.00
- ] propanoic acid 18.09 0.00 0.13
- FR octanoic Acid 28.085 0.00 0.08
- TR nonanoic acid 29.865 0.00 0.15
- (=] 1 fumaric acid, ethyl 2-methylallyl ester 37.62 0.00 0.14
- N F LR tetradecanoic acid 40.05 029 0.54
Tk - =T trichloromethane 5.247 0.00 0.31
- PAGIE"SZN iY== octamethyl cyclotetrasiloxane 4.739 1.85 0.74
ke - o-TRIT 1R-a-pinene 5.096 1.16  2.00
- KA s S-phellandrene 7.276 136 0.00
- B-IRN S-pinene 8.878 356 0.00
EPN TSRS A ke f-myrcene 9.514 0.00 21.37
B, MG, A s D-FigH D-limonene 9.717 0.00 10.61
UM EAETR 2 (+)-4-carene 11.797 229 491
- 1,3-255-2- 5k 1,3- P 0 1,3-heptadiene, 3-ethyl-2-methyl- 14.975 0.00 0.17
- 2,5,5-=H3 2O 2,5,5-trimethyl-2-Hexene, 16.04 0.00 0.96
- 3,5,5-=H3 2O 3,5,5-trimethyl-2-Hexene 16.65 0.00 2.76
- 2,5,5- = H3E-1-CU M 1-hexene, 2,5,5-trimethyl- 22.655 0.00 0.06
Huz - 6- = H-2- (Z)-6-tridecen-4-yne 11.245 0.51 0.11
- -T2 3-dodecyne 23.865 1.79  1.19
- L2k 1,11-dodecadiyne 27.56 0.16 0.11
AR - 2,3- Sk 2,3-dihydrofuran 5.637 0.00 0.16
T EIHERER 2- LI 2-pentyl-Furan 10.24 0.00 226
- 2 -2-(2- M ) W g trans-2-(2-Pentenyl) furan 12.283 1.97 1.58
O HUE. EHF 2-Z HIE G furan, 2-ethyl- 14.739 0.44  0.00

TE: VA WRREREG 240 AT T A SR ARG W 2317

XPFARSIRFENATRS N, AHFB S AN RIS BT 2% 7
Sy E R . APETTIRIRIS - -3-EE (R
1 pg/kg) AR E&EH 10.34% FFEHN 1.65%, 1-1547%-
3-ME (I {H 358.1 png/kg) AHXT & B 3.81% &R
0.30%. LA, 1-=Fkn-3-I HoAg AR | #5280,
T B AR H Bl A R SR K ™ b A R R SR SR
W HEWTZ PRS0 B2 B T b ik
VEFIID I T s o AR T R 4 S A SN, v T

A R AN B XU, BRI B AR B ek
ARA]RE SRS S IR MR AN SE R AR WA 26, D12
H 2 BRI H L ( C5~C ) — A T SRy ARSI BTk 55
TR KR, AT IR S T 3-8 (R
T XTI 1.85%) AR RRIER U5y 2-+—
B (FHAE ST AT & 2.46%) o IE SIS 2
g — S E B HE R P E IR B4y, AT IR S H

T (o AT ERAYETENER) | D-Fr460a R 2, A%

7, A0 |

B A AT B9 B SO AR %

£ M 0.00%. 0.00%. 2.29% 43 % - F+~ 21.37%.
10.61%. 4.91%, MHER XS BTk T 4 APk 5
FA L GTENEM . Allegrone 43P FI| FH SPME-GC-

MS AR FLAE T PUFDAS[E] 54 R 00 e A s v 45 e
Yoo i, BT, A S 54%~68.8%,
Ut B 2 A5 TS R I VA A s T i TR B N A s ke oy &
P TR [ TR T BT B IR sEE k E
AEAHR 3, ATXEAS B XU B SV E o
iR 24 o 2 ph P AN R 1 3l 2o iR b B v A= B, 38

TG PR N A G, HHEBS T BEH ?ﬁumﬁﬁﬁﬁ'ﬁf‘ﬁ
A, — R R MRS P A T PR
MRS 5T, AHXT & BEEAIR, X AR R DTk A .
PR A ) Jo A K2 ot — P B (B e v %) L AH T 2 &
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Table 3  Analysis of key volatile flavor compounds in oyster hydrolysate and oyster hydrolysate with lemon juice

e VHE R A 5 IEP ) (pg/kg) ROAV 2R R A Sy H{H (ng/kg) ROAV
(E.Z)-2,6-T "It 0.01 100 (E,2)-2,6-F "It 0.01 100
(B)-TJhims 0.08 3.29 (B)-LHim 0.08 2242
PSR FRE 0.7 2.03 g 0.70 1.76
13705315 1 1.85 L 0.10 1.22
At 14 1.17
(E)-2-Z& It 0.35 0.50 1= 4-3-J 1 0.96
(E)-2-2F4E 3 0.29 D-Frig# 10 0.81
BRI 1.1 0.25 R 4 0.46
PR 3 0.19 T 1.1 0.40
K 4 0.19 (Z)-2-BfE 0.80 0.37
. (EE)-2,4-BE I 154 0.11 +—fi 55 0.34
IR 2- 8 Bk g 6.00 0.29
(E)-2- 4l 3.00 0.21
PR 3.00 0.17
1 -BRE 3.00 0.16
2-7T- 1l 5.00 0.11
(WA LS 4.50 0.10

AR, X IRUBR DTHR R BE AN, RIS 8 538 A 4AIK
A IR, S X AR ™ A — e 5 i, KA T
JE S B T P AR 2 T, B 2,3- S KR R 2-
SRS (RIS s 2- LSk (5 4. i
Fr | ) AT BB P A H
2.5.2 KHEHERMERBRICG T 456 188 B (E
XoF 2 2 A T £ TR Sy AGE T G R A R A o Tt A R 114
YRR IS HEAT O3 AT X5 L, B 52 A A XU
PG IRIEEEE(OAV ) MR R IRIGEEH(OAV )
Wi, AR AT HAD XK BT ROAV {5, K5
PR A J55 A TP XK T 5 5% 3. 4t mnmffve ik
R S XK B TR AT (E,Z) -2,6-T- " Jils (5% 2 &
S B « (B) - (I8 17 A 38 IR | =
(Ao R ) BN 129 0 -3-15 (fa PR IR | 25 SR ),
ROVA {EH43514 100, 3.29. 2.03 1 1.85, &Mt x|
RSP A IRk . SRR i (B ) -2- Ml . B
% . (E,E)-2,4-5¢ —J& I, ROAV {H 41 514 0.29,
0.19. 0.11, MM LA LR F R T . ZROEERY
ROAV {EH43 514 0.25. 0.19, % M5 M i 7k i T2 8 <,
WRAFAE AT B | o IR AS I A =2, 2245 5 ek
BRI Ee—E.

P T AR A B S, S XU B 43 HP o 1 (I
B, BAURER) 19 ROAV 1H RN 1.76, 1-3F45-3-BEA
PR A B IR o B, (B,Z)-2,6- T a4 h
ROAV {H&E KIS, (B) -/ ROAV 1H TR
22.42, KERRUR BTG T HA I ks
FHEHEAT . WA . AT ARG I 3S IS, ROAV (H 53
117 F1 122, B RBR B4 TP G T 6 R R
HHPRIET . B BT RS R R L&
Yy, f4E D-Frigks Gt . A w . AriER=) . (Z2)-
2-BEHEIE CE ey . JSW RN « B (MHE s
) 28 FEIG (SRS A | 1 -BEE (R E Ty

FR) | 2- T FER T IR E); TIREGER ., I
FOIRE R RO (IR E 21 )ROAV H
BT, ATRER T O I TR T & BAT M R AURAEIE
PR e P XU Bl 53 B R IR | e e R 1) PP T () -2-
AT ROAV H FRE. BLBAFTASE TS it s it
R A AR BLAT R AR o (BT EE sk AR R
FHSE TP B A 1 T 35 v KUY SR FH B -5 RO S5 1
MR TT L, PRI X 1-S5075-3 Bs . ToRE . BRI
BRAE S4B, Al RESE AT AN BRI R4 A 1 it
AR A AR PN A A S5
3 ZEip
TE AP PR B Aot R v S i A2 - il
AN FIRRWTIR I A AL, BRAIK TBARS 1H, (HANZS 5200
TR BB BT, 12 I E AT B (B EE . AN SCSh
4 GC-IMS F1 SPME-GC-MS 5 AR X8 v i IR BT
Ji A S e A TR A 2 P XU A 5 1 B K XU 4 It
ARAIEAT T PN HT o IR INFAGE T SE B A M B T
RS BACSE: B4 J R A —, — T n] e o o oo A
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