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Flavor Analysis of Fermented Laminaria japonica Based on Gas
Chromatograph-Ion Mobility Spectrometer (GC-IMS)
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Abstract: In this study, along with the addition of 4% and 6% sugar and salt, effect of lactic acid bacteria fermentation,
yeast fermentation and both of them co-fermentation on Laminaria japonica (L.japonica) were investigated, thereafter the
flavor changes of which were determined by gas chromatograph-ion mobility spectrometer (GC-IMS). The volatile organic
compounds (VOCs) of L.japonica were identified and compared before and after fermentation, the fingerprint spectra were
established, and the differences between different fermentation conditions were analyzed by principal component analysis
(PCA). According to the results of the fingerprints, there were significant differences between the VOCs in the fermented
samples under different conditions. Totally 33 VOCs were identified in the fermented samples, including aldehydes,
alcohols, ketones, carboxylic acids, esters, ethers and aromatic compounds, of which aldehydes, alcohols, and ketones were
main substances. The contents of aldehydes was the highest before fermentation, while after fermentation by yeast, the
content of certain aldehyde of low molecular weight such as hexanal, heptanal, and pentanal were significantly reduced,
which resulted in the reducing the fishy smell of L.japonica. PCA results showed that the contribution rate of the first two
main components was 86.58%, which could represent the characteristics of the samples basically. In addition, samples
under different fermentation conditions were well distinguished. According to this study, fermentation was an efficient way
to reduce the fishery smell and thus improve the flavor of L.japonica. GC-IMS technology could be effectively applied to
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distinguish different fermented samples, and had potential application value for the construction of fingerprints and

databases of VOCs of L. japonica.

Key words: Laminaria japonica; fermentation; volatile organic components (VOCs); gas chromatography-ion mobility

spectroscopy(GC-IMS); fingerprint spectrum
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M35 B PHEA PLE T GC-IMS 1531 T 441 43 55,
HATEW LA R R RS 2E ) VOCs MM ZES: .

ST BE EDWLHE LU AR A RIS T TS R T
JE =AY VOCs Ml 2E 57, X & AT 5 1y A
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2, BaxE T 33 B VOCs, ik i iy i & =4
TR, MR VOCs [ CAS =, Tl iz The Good
Scents Company Information System( http://www.
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2-BREE . IE TR TNER & G BTN AN R
TR R B SR I B TR R I, Vg R i P A8 R | 3-HH G
TRE. 2-HEE T IR, 125030 3R, T



B a2% % 12 BRILA , 45 FLT M RIS A IR KU ST - 303 -

0 147V 0 147V 0 147V 0 147V
[] “al” [ al1”

500
400
= 300
=
RE
Eé 200
100
0.5 1.0 1.5 2.0 2.5 05 1.0 1.5 2.0 2.5 05 1.0 1.5 2.0 2.5 05 1.0 1.5 2.0 2.5
RS ] (s) TR (s) AL (s) IEASIHE] (s)
0 147V 0 147V 0 147V

[] “ad-1" [] “as5-17 [] “a6-17

500
400
= 300 = 300 =
= = z
= = =
£ 200 % 200 E
100
0.5 1.0 1.5 2.0 2.5 0.5 1.0 1.5 2.0 2.5 0.5 1.0 1.5 2.0 2.5
A (5) LA I (s) LA (s)

Bl g A RERTR B9 GC-IMS 1]
Fig.1 GC-IMS spectrum of unfermented and fermented Laminaria japonica
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Fig.2 Fingerprints of fermented Laminaria japonica under the different conditions
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Table 1 Volatile compounds identified in fermented Laminaria japonica

HFR 2R CAS IR AR TR ERFEHRI =
2
NI Propanal 123-38-6 kg, U8+, kG, o5 513.6
TR Pentanal 110-62-3 T, T, I 6915 ?iﬁ:
689.9 ZRIK
. BN
au Hexanal 66.25-1 K, T, TS, B, H, O, BT, Ak 7ol -
788.7 “RE
B Heptanal 111-71-7 T, A, 755, TR, IR, AR2h, MR, IR, SRk 898.8
957.4 Bk
- 2. .55 £, T, B, T, 3
S k-2 (E)-2-heptenal 18829-55-5 il K, R, T, SRk 0557 e
R Benzaldehyde 100-52-7 AT, IR, R, BRAR, Wk 954.6
Vi Octanal 124-13-0 P, WA, MR, 5, A A, 75 5 1004.9
3-HIFETE 3-methylbutanal 590-86-3 SRR BET), R, TR, KW, Y5587, F 65, A7, R 644.3
S -2- (E)-2-pentenal 1576-87-0 I, TR, R GER) 747.1
2-HIFE T 2-methylbutanal 96-17-3 R, Y55y, AT AL, o, WO, ki, 22 2R AR I 649.2
[2S
) f
1A I-propanol 71238 SR, 8%, 2, WY, WK, B, A S0k 2006 A
529.2 TRIE
532.6 LI
2- P - -63- WK, B0k, ARk
Ji 2-propanol 67-63-0 RS, 2R, R S36.1 —Bik
622.9 BIEEN
2-H L I - -83- lid T
i 2-methylpropanol 78-83-1 TEBR, TR, R 6216 — Bl
1T 1-butanol 71-36-3 ZemEih, Sk, ARE, R 656.8
2T 2methyllbuanol 123513 Jemeih, TN, TORY, MU, 112240, Sk (A, WP Zzgj _22';5




%424 55 124 BRBEE , 45 FET AR R A0 A BRI KR 4T - 305 -
Hk1
Bk 2 Fr CAS%S IR AR TR EAFE SR E
ke J-pentanol o R KR T K [, W A, ok, w000 TH
760 ZRIK
Eom I-hexanol 111-27-3 LR, 1, ZemEh, i, Ok, AR, WOk, 7 so64 B
866.6 TR
143t 1-octen-3-ol 3391-86-4 O, R, PR, I, A 984.2
2,3-T B 2,3-butanediol 513-85-9 SRR, W, B, AR 789.1
T B 1-heptanol 111-70-6 R, LS, VT, R, A, A, SRR GERRIAE£E) 976.9
Fik
2- T 2-butanone 78-93-3 YORL, TR, IR, SReR 2908 %M:
589 TRIE
3- 1% 3-pentanone 96-22-0 PHE, TR :zi: jf;jzjs
31 3-octanone 106-68-3 Ok, BEaE, N, TS, O, R Y 990.1
2- 2-heptanone 110-43-0 TSR, S0k, T, S, A, U 877 Mk
887.2 TRIE
2-3F 2-octanone 111-13-7 ek, FH N0, R, TR, B, WSO, W T 1006.3
2, 3- % 2,3-pentanedione 600-14-6 B, R, B, AR, T 692
bodivd
[].73 Propionic acid 79-09-4 ., R, L A 737.1
TR Butanoic acid 107-92-6 FLbah, T, B, Rk 848.9
B8
R PR P g Methyl benzoate 93-58-3 193, FEM A 1088
LIRS Isoamyl acetate 123-92-2 FHUR, &£, W0, R0k () 875.1
LB Bthyl acetate W17se  SURCHD, B O AR, FOK, o, i, e e 000 T
608.3 it 37N
LB HEE  Ethylene glycol dimethyl ether ~ 110-71-4 666.3
FEHALE Y
N Styrene 100-42-5 Aok, 08, 7, 2k 899
51 3 R B IE VOCs 28 7Y R 5 5 4] Wiy 2 19 74 7l 5
- 2 § PCA 455 Bor, 55— s MeE — iy Bt o1
;f Lr o 3 BRI IR 2 86%, < HH 1L B RFAE IXUBR I 15 B Gt
% 0 Lo A2, BAFEMAIRE ST B] B IX 5, GC-
S w’ o IMS 434 S 3211, S H 53 W7 AS ] 42 12 4% R i 4
=T, 5 B MEATH U LT T X 53 R WA . R0 %
b WA PR T B FTATIY . (H T GC-IMS F A4
-2 - 0 1 e, T BEESHT, IMS B 5 A5 5835, 7843 VOCs

PC1 (66.36%)
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Fig.3 Principal component analysis of fermented Laminaria
Jjaponica under the different conditions
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B B RRAIG; FE SRS A SRR, W R AN [F) A 1
FA R A Xk B 25 S B ., PRl T AR R AR

ToitT vk, AP Joik e ey vOCs HpRTE
Wy It ml H A T Be AT I ik, = 5 VT R T R Y
VOCs $HaE .

ASIH S I HRGTAS [F] R A & A R o gy AU
RIS M), 32 B & IR 2 KA ATy R R . ATy £ XL
BRI O T 7=, 3XCAET I R vty 7= i ) R4
T B, SRR 2 PIRER R T, R R Tty
7 R T A R 2 B

52 30k
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