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Abstract: In order to explore the differences in volatile organic compounds (VOCs) among six different formulations of
five-spice seasoning oils, electronic nose, headspace solid phase microextraction-gas chromatography-mass spectrometry
(HS-SPME-GC-MS), and gas chromatography-ion mobility spectrometry (GC-IMS) were used in this study. The electronic
nose sensor had a strong response to alkanes, alcohols, ketones and aldehydes in VOCs, and PF6 had a strong flavor
response. HS-SPME-GC-MS identified 118 VOCs in the six formulations, including olefins, esters, ketones, alcohols,
alkanes, aldehydes, acids, phenols, ethers, and heterocyclic compounds. Anise-based PF1 had 31 VOCs, PF3 had 33, PF5
had 37, and PF6 had 46; Cinnamon-based PF2 had 47; Galangal-based PF4 had 32. Relative odor activity value (ROAV)
analysis found 14 key VOCs, with anisaldehyde, artemisia ketone, and eucalyptol (responsible for anise and camphor-like
aromas) being the major contributors. A total of 45 VOCs were identified by GC-IMS, through principal component
analysis (PCA) and partial least squares discriminant analysis (PLS-DA), 19 key VOCs differentiating the formulations
were found, such as phenethyl alcohol, 2-methyl-2-propanol, ethyl hexanoate, oxylinalool, 1-octanol, and 1-penten-3-one.
This study is helpful to provide a basis for the study of complex flavor system, and provide a reference for the development

of spice products.
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spectrometry (HS-SPME-GC-MS); gas chromatography-ion mobility spectrometry (GC-IMS); flavor substances

VHRI S — I DR AR AR T )l
HOVH IR A, BEAS S0 B3 S 5 g KR AN 1
VR JRIR I I S PP TP R IE AAR T, RS
W SOFFIMEZE LR P, LA S s AR L 12 ot
A XU, Tian 2501 730 il 28 19 2808 il 1247 XU 49 Joit
KM A2 B, AR FIAE g A liE dlAs a2 &
LN AT IS R 22, A5 T ) e il f AEAU)E A
IR ER, SR AEA I SEAE AR LE, — Uk
SRFIMVE R AR ) A6 A EABOJR AR, (et FL
XU AR A W3, H AR f R R A 4%
PG VAR — R R E R AL, v E RN E
b, WEBSUAR TR . e AR AR T, AT L
VSRS, TR | 95 ) sl 25 AP e AL,
IR TISEE BRI XURZ U HAh, PRI nT LA
FHVEREHRIE, F B AT E 2 AL AT A T i e i i, el G
TERATAI AR P B . ARR A BE b, s PRI
AR RESE It R @M A AL, WP | TN
eI AL AER . AR S — R AT & A DT S A= 5 XL
Ry PSSR T T E A HAB AR 5%
BRI R Z AT E T ERG T 2 M
BEER A SARIE, T — 2RI ZARIIK
RS R, AP FERRUELAT RN TS B, BETE 1™
AR I RRIER, N\ AR B BRAL T RH A R B 1

AR BR T R ARk SRR, AT SRR EE | 1
Zs WM EETRL, ANRIAYEC T HR T OREIR XU .
HAFVE AR S v R[]0 T RIR] il A5 13
BRI

A TR SR AN EAB R T ER 8 TR 1 Y,
WA EAT AR LN T T 2R 5 B, A EpRaRmk
T E BTN BNz o RN 22559 SR SR (3% )0T
%1€ FH (Gas chromatography-mass spectrometry, GC-
MS) ZEFIAR, Sexg 14 FhAS[FAEAGH TP OS5 FEEE . 2,
TR 5 ARENR . AR TR R . p-PATIIES | AR OTHS 45 Sk S B
RURPI T, o B AR LIS TR = H i ST AR X 5

S ATANTE] P DXAEASG ) SRR IXUBRA) BT, 344 201 Gt
T W R A . Ry . H S L R
XN 22 A5 Sl ST B, B AR SR A
WMEAEAORFIAR L, 78S WAEABTIASFAE 147 2 P XU ol
Gy & b7 THAVEE PR T A B s AR E AT —
Mk, BRI, BRI AEAE R 0 XU A AT
B8 R A, AR X A PR A TH 8 U 5405 A R ke,
(v S DY SR S ol S S E R AR E S AR I
VLR L | IR PRI TR] A1 ORI A [A] S5 DS 28 X6 T R AR
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5191-5874 10l =5 [ AH 2k %< B £F 4k ( DVB/C-WR/
PDMS/10) . 6890N-G5795B GC-MS Bt [ 1% . DB-
WAX(30 mx0.25 mm, 0.25 pm) BE4145 A 1%F: 3£
Agilent 2 &) ; FlavourSpec®GC-IMS Bt JH 1Y .
MXT-5 e REF: F85E G.AS 23F] .

1.2 SEWFE

1.2.1 ANREAT BEEWm S SR 7
7% [ SRS ) 7 KR bl 1R AS R RS VR A,
LT HF 10 g, H 30 g, B 52 10 g, FE#X 10 g, /INTET
7 40 g N PF1; \fH 20 g, BE)Z 6 g, 22 5 g, B¢
43 g, IEML 18 g, /DEI T 8 g 4 PF2; \ff 10 g, T &
5 g, H# 30 g, #EFZ 10 g, Tl 10 g, /NI 35 g
A PF3; T ¥ 22 g, 25K 11 g, KFEJE 12 g, WM 11 g,
114% 44 ¢ 2 PF4; \fA 55 g, AWM 3 g, H® 5 g,
T2 15 g, #EFZ 8 g, Wb~ 4 g, ILZS 10 g 4 PF5; /\ff
30 g, HERZ 15 g, FEML 30 g, Tl 10 g, /NHIFE 15 g
S PF6 JE A 6 AN [R5 A A BHEC U7, a3t +
KeIS¥TR, BRI 40 B FskibH &=
J® Sun 4P ARV E IS, A BECT L 30 g AR
BE A 150 g SEFAIAE 130 °C F sz, 4
8 10 min J5 B &, B E B =R S L 4000 r/min
SAFEODITAE 4 °C T AEAEF

1.2.2 HFE(E-Nose) Kl fdi L T 55 %) 6 Fh i
PRI RRFFNESEA T 5307, FL T RGERC A 18 1
FRIERAR , B AL IR i 1 AS [R) R4 22 PR o il 4y, L
RN 1 FroR . B 10 mL JEERTMAE S ECE 2] 40 mL
TiEs kAL, 2 EHEHHE 60 min, FHZESSAMERES
XL IEAS RSN HA TG G, E SN A, HLHfER
ARSI T RO TR, B 59~60 s IR ST
PHEAERE—25 5307 -

F 1 AL XN 1 ) 5 44 Bk

Table 1 Sensor corresponding response substance name
FRET AN F2 0 [N BT
S1 IE . 4R35
S2 LY
S3 B
S4 TRa)]
S5 EREWI
S6 IS
S7 FHHEREIES . IR RIS
S8 WAL=
S9 Pk, B2 E A
S10 AR TEAME
St1 Bk, — AT
S12 AL, W2
S13 JaREL RS
Si4 HE, MRS, 5545
S15 Bl ES N N
S16 ik ez
S17 R, W
S18 HIZR, TRl 2

1.2.3  Tias [ AH 4 2 3-S5 Bk A (HS-SPME-GC-

MS)HFHM ZR8 Ni S50 ()RS, K 6 FhifE
BRIMAE A4S 2 mL T 20 mL TRZSEESOHL T, FHEE Y
TR O 55 5 B, RGO AR . BUSEKRIRAT DVB/C-
WR/PDMS/10 1% 2E BUEF 4 Sk 4fi A GC-MS #E#¢ 1

(250 “CHPEATFEAL, 7E 80 °C MYIBIRAK B IR FE
i, BESSEATRSTE] 2R 15 min, ZEASTE]24 30 min, 4R
JE G ZE U A 4ESL B J5 57 B4E A GC-MS HE#¢
I, F 250 °C f# % 5 min., R DB-WAX &%
FE (920 30 mx0.25 mm, 0.25 pm) 53 B ¥E & ik &
Y, BERE IR EE 250 °C; R0 101 A3 imas st
HA MK (99.99%); i 1.5 mL/min; FHREFRT:
IR 60 °C, DA 5 °C/min FHEEZE 70 °C, £AFF 10 min,
L 3 °C/min FHEZ 95 °C, £44F 7 min, LA 3 °C/min T}
HE 120 °C, 1534F 6 min, F-LL 3 °C/min FHELZE 140 °C,
13+ 6 min, F%)5 L 10 °C/min FFEZE 210 °C, {5+
3 min. T3S AL B (ED B0 fL B

70 eV; BT IRIRRE 230 C; fEHZRIEE 250 °C; i
FARYER m/z 30~450; FEFAILER 1 min. 38T HEXT BT
&, R NIST 17 bruEigZER: 22, A a VB O B8 i
[EFBT RS  DASE B S0 4 8, IR A T RIS

— A A K RS B AR A

I TR ROAV, 1 2 B S BT XA it XUR 11
TTHk.

ROAV,= (C,/T,) x(T,,,/Cy..) x 100

. C, Bonfb &Y A BRI E 48 T, 38
AW A BT TRE; Ty, 2 Cyan S8R XTHE S
RUARBTER S R A S 00 S E FIAE X E oS i
1.2.4 SAHM-B TS (GC-IMS)KN 2B Zheng
SEU BT RIS, TOZS SRR A5 MERFRER 1.5 ¢
FHAFVEBE, 28 A 20 mL Tizs #ERER P &S, 70 «C
FAF T E 20 min, BELELH 500 r/min; FEAEETIE
S 85 °C; AT 500 pL.

GC 25 4 : MXT-59E # M= 2 3% 4 (15 mx
0.53 mm, 1 um) ; #E¥& 60 °C; 43#7BJ1E] 30 min; 28/
N, (ZEJEE =99.999% ) ; 2"t : 0~2 min, 2 mL/min;
2~10 min, 2~10 mL/min; 10~20 min, 10~100 mL/min;
20~30 min, 100~150 mL/min,

IMS 2514 EERLAE K E 5 om; & N &
400 V/em; EEFL <. N,( 4l fFF =99.999%) ; it ik
150 mL/min; IMS VR 45 °C. FR4H s = REM Bt
AT =UROPATEE S .
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Fig.1 Principal component analysis (a) and radar response map
(b) of electronic nose flavor in seasoning oil
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Fig.2 Composition of flavor compounds in different
formulations of five spice seasoning oils
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Fig.3 Upset diagram of five spice seasoning oils
with different formulas
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THARTE R N KA T AR E AR A RO A AU A AR
BN A IR A P
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LS R T A A R VOCs, i FH AN A
SYAIT ISR A A T B 3 HR ARSI 38 R 4- M P EE
PRk (s i ), A T g A, X5 iR g R —
., PF1 5 PF4 RTINS (LFRKE ), HPF
PC YA AAG I ) AT A s, D R A/ \ A
Y VOCs, AT 5 &N T 7N B g R R vl 284 7 B kX
Sy HF A RRAGJEEOR b R B — R
kL, PRI E IV E TR A, ra By #E N 1T,
PR ALE T TC T v B0 A 381), L XU A Sk L
A AR, HARX &S5 3 b glAHSE, Hoh PF2 #
A R S N s v, JOTASE I 2] (g T e PRI A A A X
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Fig.4 Heat map of flavor compounds in different formulas of five spice seasoning oil
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e, ISR e vh 22 vOCs 2507, Hidh 3L
SRR R 32, o TR T 2 kAR Stk X
PREBE 5L AL R 25 44, P B S AR L, — 2k
VOCs UN/INETER, FEAEERBR I Aok HH 52w asn
/N VIR SR, SR, FEFRSrHL 7 (PF2 1 PF6) H,
JUESIINT /NI, AN Z /N . T RE
SR — 7T, /NI AR B TS A/ N A A X D 5
— 7T, FERIVERL R b, SRA PR AR /N iy 5 ] (1) 45 2
PRI, DT AT /N I BB AR BE A R R
g DL, AR N e B AR A i R
] PAZS RS M i /N R S I
MHE S F2E VOCs MR IBEETE , PF4 K
) AR, SR F] 10.80%, Feit-yiils B AR i
B
ARG, JAL, a-FATHEES L-o-FATHEES51
1£ PF2. PF5. PF6 Wikt , PO [RIREERALL T #imi &
U0 RAEEELE PE2 5 PF6 HRoR i 3], S A4S AN &
BARCINT 1%), A0 H T HAR BEEAR, Ptk
RRBR TR, I FNRFIIEFHIMERY, s
AR BT AT A Y, — M BB RBAR, HAT IR AP,
D= PR TS 2 6 BRI 5 IR R IR A9 e W R, A T
£ PF3. PF5. PF6 gk th, A B BE R RAFAET T
. AT P, B EBR L /NEIAIRP, AR, 5-
FA LRI ZERS PF1 . PF6 AL 7 WP gioaGin 5], HL
HHEEE . SR L E ASREVE RHIER . iR
JBR AR AR, SRR BT AN A, B2y ot 3= 28
SR T B Wi B AL AN SE P AE RN, AE PRI P & BN
=, FLEMEA S, BB ARG A, 22Xt
b USRS 4 B AR, W7 S5 ey = H A XUk 42 5t (Can
WIS | P2 S5 A A A XU B A T2 s HLAB A3
W, Hoh & A EALE PF1 5 PR3 WhfEre, TS H M
b S B ) o S DR B o i oy SRS A S R S K
TR AR B, XeH R vl XU RS B . B MRPE . A

[SeE=X
B,

BB VAR IS, I 20 HAT i b
HE Sy SR m IS, 7T B S I AR B HeEAIURTA A
W JRAS AL T AR S A 2%, (R Tl
FAEAC Nz, HILEi & esh . o-JRM 22
EVE AR, BEARE T P b, HAh s e
ekl A E, AHEE A TEIRINEE . A EHP,
TEAERZ | OSSR o . e si b i
IR 2R . LIRS AR HAT S LA 4FE,
TR B IAAT YRR, 15 2 PR 5 R s X e By 1Y
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Table 2 ROAVs of volatile compounds in flavored oils
e CASE S F XU R 15 30 PF1 PF2 PF3 PF4 PF5 PF6 U
1 470-82-6 Fient v 0.0046 - - - 681.4400  1.6781 152317 Fehi
2 97-53-0 TEm 0.0060 - 2.8103 - - - 12776 TEER
3 123-11-5 NG 0.0001 - 2301.7329  223.8011 - 7152919  2643.1761  /\fA. A1k
4 57194-69-1 e PR A P 0.0500 45787 100.0000 59276  100.0000  4.2337 39.6108 R
5 109-52-4 1E R 0.0016 - - 1.0575 - 0.3271 - RE
6 2244-16-8 AR 0.0230 - 12754 0.5640 - - 1.8789 BT IR
7 99-83-2 VNG 0.0400 0.6675 0.7618 - - - 5.1591 kLS
8 4180-23-8 G 0.0150 - 353.5148 - - 100.0000  2.8108 HEES
9 123-35-3 HEEM 0.0012 4.9855 21.8390 - - - - ERENE SR
10 3856-25-5 o-JRM 0.0140 - - 1.0150 - - - UNIELS
11 555-10-2 BRI 0.0360 1.0949 6.8677 - - - - MRS
12 4192-77-2 AR LR 0.1650 - - - 2.2059 0.0285 - LN
13 104-46-1 [y 0.0570 1.8423 - 10.4937 22515 - 100.0000 HEES
14 140-67-0 ik 0.0060 100.0000  191.7772  100.0000 - 20.0821 2342676  KEEEHFS

e R RN Y, SRR IR T SCHR 2,514 B https://www.vef-online.nl i KU 4 o



- 310 -

1 Tl B

Frd, 5 R, B N S AR IET A AU PR Y
BB AE PF2 A RTE] A E> [] > e E fi >
= PR > H AR IR >p-/K > T 5 By>44 e 7 )7
P, e 8 A, Hoh KTHIEFERY ROAV (EE = T HAbA)
T, AT IRETATRER) /N AR PF2 Ay 287
AEBY; AE PF3 AP RTHT i P> i 1T 7 k> 7T
PRI TE PR >a- TR, 36 6 A, /Sl L AV (IR EI%
HETT B9 2 T8 PF4 Hp Ay =i pa A P>
17 A B> S AR LR, 36 4 A, bR il
ROAV {H fie vy, FE2EAEIZBC 7+ 12 BRI iR 5 7
PF5 A e R JaT 7 P> [T A > 5 88 Jig > 0 e A A > A
e, He 5 R, DT ET AT B9\ L AR TR
P TT 1 FEEESE; 76 PF6 H: KTy > B >y
T > MO X PR A P>l P8 > 7 > T 7 > A T

Fig.5

0.0[V]

Measurement run (s) [min]

Measurement run (s) [min]

A XU A 520
2.3 GC-IMS ¥t R &AM HXRRLS R4

PF2
[+][PF2-1]

PF3
[+][PF3-1]

PF4
[+][PF4-1]

PF5
[+][PF5-1]

PF6
[+][PF6-1]

0.9;6[V] PF1
[+][PF1-1]

1000
[16:40]

800
[13:20]

600
[10:00]

400
[06:40]

200
[03:20]

e

B
10 4 6 8

10 4 6 8

10 4 6 8 10 4 6 8
Drift time (ms)

5 AFEFET AR VOCs () GC-IMS 4% R
GC-IMS two-dimensional spectra of volatile compounds in different formulations of five spice seasoning oils
001 20v]  PFI PF2 PF3 PF4 PF5 PF6
[+][PF1-1] [+][PF2-1] [+][PF3-1] [+][PF4-1] [+][PF5-1] [+][PF6-1]
L ' ' h R
| \ Iy |
1000 |
[16:40] L | | - | 9
! |
800
[13:20] ' ' " | ihs ' ‘.
! 1 | {
AT Wi g f et
600 ! ! [ 3 I 1
[10:00] | vt .;.; = ‘H- ——
400 ; b ige
[06:40] 5 i
200 : ‘
[03:20] S ;i o w o iR
4 6 8 10 4 6 8 10 4 6 8 10 4 6 8 10 4 6 8 10 4 6 8 10

Drift time (ms)

El 6 AR L& EWM VOCs i GC-IMS 22 2% K

Fig.6 GC-IMS differential spectra of volatile compounds in different formulations of five spice seasoning oils

2026 4 4 A

TR EA> T Ay, 2L 9 A, iZET RSN A
70K FHIETT UL, B PF4 SRIUCHRRRIR, HAYHC 71y
RIS CET ) B IRUIAR, Ji PR] e DR Ty 5 P AR B v ki
B XU BRIELAER, T ELAFXS & B, 20 ROAV (ELB 3
D i, B A B A ST R A TR i B 23 XL
MR T2 G 2- 1 BENLIgE | 2- 2L PEAL AL 1
IXUAR (LA 5, ARDRT S FRAEG, DAL M2z Sk s A 1)

2.3.1 VOCs 88 EliE 54T GC-IMS fE 2 —FhdE
B [m] 43 M7 O v, MR A A B8 BsF ) AN RS B ) )
VOCsPY, - BLA P K | 2558 B RE S . GC-
IMS FRAS A% AN &l 5 s, Hodr KSR R R it
Femstia), T B AR PR RN B ], 41T (T LR 3R A



415 E T

PE , & FT GC-MS Fl GC-IMS FHr AR By A MR R & P 25 57

<311 -

—Ab W B T (RIP) , RIP PR ¢ 254836 VOCs,
AR ARG R M A3 B e I, R B A (0
N, B e R LLAT (6 B s, H IR AT g, R 4
VOCs TEIF R B 18] 2 4.0~8.0 ms A% B4 B 6] 200~
800 s MJFEIBIN . LA — MR S S X B AT 2 i 2
T, BRI R VOCs ¥ BEFRXT w52 22 WIAH
XTAR, 7EE] 6 TR I, PF6 ) VOCs s BB (0, % A=
TS AN, D H VOCs e S %5 HoA AR o T
o TE T 4EENE L XT VOCs S 3R T BAR Y 500 &

Tue Jun 25 21:44:206 GNTHE:00 2024

P, FFHBE R 1F A EAE ) N B A2 il R TR 2 %]
W, aniEl 7 Fros, LEIEEAS TR ZH 8] XUkt & 4 ) 22
5o B TR PR T S S0, BRSIREAS
[FIRE S P — VOCs HIfE S I% . RIRIBIEIEFIRA
[RIBHREE, A R BR A & &, LR B 15
P GE etk 15838 45 Ak &, Horh—Fh S
TR (2- VAR SE-4- LGRS, RS HATAIT
PO B ) TR AN [) PR RS i) 1] i A5 40 1 55— R
=, B rink 3 s,

JRE ;. ] ' B [+] PFI-1
0 . = & ' i1 [+] PF1-2
- . i‘ A e [+ PFI-3
0 0 =l ) = i el [+] PF2-1
0 0 HOhDe - u [+] PF2-2
8 : 3I9 > 08 " ot [+] PF2-3
) - | g Q6 ; : i [+] PF3-1
0 . b 1 06 A ' er:1 [+] PF3-2
0 A i 0 Ll - 0o _‘P_“" 9 it [+] PF3-3
A 0 g 0 o -1 [ vl [+] PF4-1
&1 37 Bobasisoole-sin gl
" 0 x D O B solle 0 ol [+] PF4-3
0 : : Gsgeaqdd Q%; D A i [+] PF5-1
: . ; 2o a=0 000505 vD 4 el [+] PF5-2
0 # i 1 . g 60OH B 70 5 i/ [+] PF5-3
VY oo og 0 al-Ne aog o B9hH D A o . s o B¢ [+] PF6-1
P oo oa :- oG goa 0 BP0 D & o > glion™ Al HPF()-z
O -l.-., D ..-‘. 0 a8 BYh D 5 = =, |..‘_ ori) [+]PF6-3
00000 ooof0 00 Q080001 0og ADDPLOG DA 0[]0 =a s == S SRR
D303 Lm0 D Lol Ko b I e D ELl o (0 B3 BIEEIEIE T BB LoD LIPILI— 00 [ BIbIRIE b
i S0 gﬁgﬁa;&g- P e B L LR T e T LT O e o8k won: s e
| bt Qe QE_I—' ] g‘q = @ ot o gaa ot z o+ Cut-Off [mV]: 0
S a0 B Bl Beota o BB e ekl B ek o+ 8 S B ek Pk ek ut-Off [mV]:
B L Reh Re R AR RS TR e R e PRI TR S0 PEEERE
I—'ﬁ_g; S LA PR ge5 I—‘E § “'3 © H'_‘.'i'_‘i | ;m ® »—ngn—tm [t
=Y s S l—:»—]mEl—n—l B P eI e BERE eaE BEATE
HEEEEERY Bretid B A0E] Resirieetdyeatic
Bgfgiahaens oFfbal & BopSC BRR U5TER ComRod
SAkotaa o FLES 8 £ £5 58 SigTHEs
L=k -] & | =] el 1] Hg gl—n E =
B =S S = ) =R
[l 8 [ B B B s E W m E o]
4= a e e B BEa ®oa
22 "3 8 = ¢ z gBg  d
B & g = 8
& = B
B
]
=,
[
Bl 7 ORIEEC ) A PR VOCs ) GC-IMS #8480l 1

Fig.7 GC-IMS fingerprint spectra of volatile compounds in different formulations of five spice seasoning oils
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Table 3 Qualitative analysis of volatile compounds in five spice seasoning oil by GC-IMS

5 YER YR TP Iy {RERFEEL TREREFE] (s) IR (E] (ms)
1 3-HER AR 2 e 148.2 1096.4 545.349 1.21338
2 RS T T 130.2 853.8 260.316 1.27095
3 R-2- T IR LTk 114.1 850.5 258.293 1.55711
4 [(iES TR 116.2 815.7 237.727 1.20491
5 ZERC TR 144.2 1009.3 405.901 1.37206
6 R 102.1 714.4 184.366 1.15843
7 ZRH TR 74.1 516.7 122.223 1.19639
8 Frh 136.2 1028.8 433.528 1.21431
9 iy ees a1 i 136.2 1020.5 421.508 1.21431
10 3-EE 136.2 1011.4 408.675 1.29873
11 23T 128.2 991 382.323 1.33984
12 ik 1-2F4fi-3 - 126.2 977.7 367.529 1.26095
13 1-134%5-3 -1 84.1 669.1 165.918 1.31312
14 335 3-4,5- " H -2 (SH) -IR IR 128.1 1109.4 569.982 1.21434
15 3-FL R 116.2 945.7 334.242 1.26206
16 L 3-HETR 102.1 888.8 282.989 1.22051
ik N

17 []i7 74.1 691.2 173.717 1.26331
18 LR 60.1 589.1 141.329 1.05457
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g3
5 FER YR AR 2 iriniiy {RERFEEL PRERRFE] (s) IR (E] (ms)

19 PRIEERE 132.2 1255.9 936.646 1.23498
20 3-FH i P 104.2 905.9 297.128 1.08127
21 [l S R 114.2 905.5 296.728 133106
22 2-HIET 86.1 676.3 168.36 1.1615

23 2-F BE2- R I 70.1 569.9 135.99 1.21553
24 2-5 T -3 F AR Rk 166.2 1180.9 726.31 1.31153
25 2-FH ik 94.1 835.5 249.19 1.09146
26 LR FH Sz 94.1 797.5 227.612 1.4081

27 2-ZH-6-F Bk 122.2 990.6 381.861 1.2054
28 2,6- LN 108.1 919.5 309.277 1.13207
29 S 2-F - 3- F R ki 128.2 950.8 339.328 1.09984
30 2-Z BRI 110.1 879.3 276.634 1.11157
31 [liEs 4-FP LR ik 122.2 1004.6 399.429 1.11762
32 2-F A Be-4- IR R T} 150.2 1322.6 1174.382 1.21448
33 e 2-F A I -4- MR B (R 1K) 150.2 1322.6 1174.382 1.75781
34 2,6- PR 1222 1106.6 564.475 1.12873
35 4-F SR 108.1 1067.3 494.141 1.13034
36 (+) -o-FATHEE 154.3 1192.5 755.453 1.21545
37 AT RREE 170.3 1055.3 474.291 1.25308
38 2-CUBE 102.2 817.5 238.738 1.28534
39 2-1H Mg FY it 98.1 832.6 247.504 1.35815
40 . BT 1222 1117.3 585.28 1.29651

S _—

41 pagiaic 1543 1096.8 545.983 1.70206
42 FH B 122.2 1058.7 479.872 1.56206
43 2 130.2 1003.9 398.504 1.44428
44 13 130.2 1060.2 482.334 1.46483
45 2-HIBE-2- N B 74.1 538 127.562 1.14672
46 HoAth Bt S Stk 146.3 1075.6 508.261 1.63017
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Fig.8 GC-IMS principal component analysis of volatile
compounds in different formulations of five spice seasoning oils
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