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Decoding Flavor Composition Differences of Chili Oils from Different
Pepper Varieties Based on E-nose, GC-IMS, and HS-SPME-GC-MS

ZHAO Lili', LI Yiqing">", SHI Yuting', SHI Guanying', ZHANG Le', JIANG Pengfei', WANG Mingqi’,
ZHANG Xuefeng®, XIAO Zuobing®, WANG Zhaogai"’

(1.Agricultural Products Processing Center, Henan Academy of Agricultural Sciences, Zhengzhou 450000, China;
2.School of Food Science, Henan Institute of Science and Technology, Xinxiang 453000, China;
3.Zhengzhou Xuemailon Food Flavor Co., Ltd., Zhengzhou 450000, China;
4.Henan Youyuan Food Co., Ltd., Xinxiang 453000, China;
5.School of Agriculture and Biology, Shanghai Jiao Tong University, Shanghai 200000, China)

Abstract: To systematically analyze the differences in flavor composition among five representative chili oils made from
Ningxia Yangjiaojiao, Shaanxi Qinjiao, Guizhou Mantianxing, Guizhou Denglongjia and Sichuan Erjingtiao peppers, this
study employed multi-dimensional detection techniques, including electronic nose (E-nose), headspace-solid phase mi-
croextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS), and gas chromatography-ion mobility spec-
trometry (GC-IMS). Chemometric approaches such as principal component analysis (PCA) and orthogonal partial least
squares-discrimination analysis (OPLS-DA) were applied, combined with odor activity values (OAV) to identify key differ-
ential aroma compounds. The results demonstrated that PCA based on E-nose data could effectively distinguished the five
chili oil varieties, with significant differences (P<0.05) observed in the responses of W2S and W1W sensors, indicating
notable variations in the content of alcohols, aldehydes, ketones, inorganic sulfides, and terpenes. A total of 41 and 99
volatile compounds were identified in the five chili oils via GC-IMS and HS-SPME-GC-MS, respectively. Among them, 14
key differential compounds with variable importance in projection (VIP)>1 were screened from GC-IMS, including 6 alde-
hydes, 5 ketones, 1 alcohol, 1 ester, and 1 aromatic hydrocarbon, which contributed significantly to fruity, sweet, nutty, fatty,
and pungent notes. From HS-SPME-GC-MS, 17 key differential aroma compounds with both VIP>1 and OAV>1 were
identified. Correlation analysis between sensory attributes and key differential aroma compounds revealed that (E)-2-octe-
nal, methional, anethole, 2-pentylfuran, and 5-methylfurfural were closely associated with nutty, caramelized sweet, and fat-
ty notes, hexanal, heptanal, 1-pentanol, (E)-2-hexenal, benzaldehyde, 1-octen-3-ol, and nonanal were correlated with greasy
and smoky notes, while 2,3-pentanedione, toluene, 2-ethyl-6-methylpyrazine, 3-methylbutanal, and phenylacetaldehyde
were correlated with green and pungent notes. Overall, the Sichuan Erjingtiao chili oil exhibited the best overall aroma pro-
file, characterized by typical meaty and sweet notes, primarily attributed to methional, 2-pentylfuran, and 5-methylfurfural.
The Shaanxi Qinjiao chili oil displayed the richest aroma characteristics with a strong spicy fragrance, mainly derived from
2-ethyl-6-methylpyrazine. The Guizhou Denglongjiao chili oil exhibited a unique floral aroma, largely contributed by 1-
octen-3-ol and 2,3-pentanedione. In contrast, the Guizhou Mantianxing and Ningxia Yangjiaojiao chili oils showed less dis-
tinct aroma characteristics, indicating relatively weaker sensory qualities. By elucidating the compositional differences in
aroma characteristics of chili oils from different pepper varieties, this study aims to provide a theoretical foundation for the
flavor-oriented development and quality control of high-quality chili oils.
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chromatography-mass spectrometry

BRI S —Fp e R = 38 UEAIH AR <
A A IR i, AN b S AN v Bl i) R 36
=, WEEERkE S SR 2 AU, IRk,
PR TE 4 3R T S AR 2 1 1K, 2023 4R 2 ik 3]
50.91 17T, Tiit 2028 4454 25 68.59 {275, B
TR T, 0 HR HURR ) RUBRARRE, e ™
w T S A AN TS 2% 5 1252 BE AZ O 3R, T
AR A IXUARTE RS A4 42 S i, XA e 28 XU B
RS E 2 HPoE R EAP sy, 2=
RIRBE AR 2o 14 25 55, AS[R] S PP AR ot
FAFI SRS B A Il 38 DX ), i B s M
MBI RFE B S B 2 E . R, BRASBATAS R ERE
FIT SRR XU A A il L 25 57, AR B T8

INFLRUARIE AL, BERE S IFORMILE . XU AE ] I ic
K UMb A Al gz il PR B

FIAT, & TR XK AT 7E 2 BUAS—E R .
Zhu SFU YT 7 TS [RIZL B0 RIS 5
JFE RV R, B RE ORI f v ) 3T R A 2K 45 2K
(85909) | LT (0, | WIFURFN EF IR E T Y, Hik = 7
IR, T HAAE fh 4 1A B Z2 AR, o B 3l T 5K
HAEU WESEAR R 14 FhEUGh T I R L S
32 b, EEANRE . MRS 0 AW E A&
B 10 A S RO A 50 B o R R
T R BRZEM IO, G5 SR PTG | Rk Y R AT
WRIR ZTiRAS o SR, A WP E 200 HE T XU 5 PR
Ak, AI3—F 7K XA ] dy B XUAAS BG4 7 R 5



- 48 - £ Tl B4

2026 4F 7 A

RE BT B R = , JEHAEZ PP
RIS Z24E AR RS 7 A EV] AN 2

R AR AT R A 110 & R, 2 AR FH AR Tk
B KRS a1 H, 7 5 (electronic nose,
E-nose) 1y —Fh Pl | AEB IR 0B E S0 dr T A,
AEAS PGHR RS S R RFE B0 2., 385 H T XU
B R AT 25 DX S RN SRS 43 A U1 SR 3 - 25 L
F41i% (gas chromatography-ion mobility spectrometry,
GC-IMS) H &5 155 R U FIPGE 43 B 1 DL, 4 )ik
JH TR B4 PR JoT A A U =171 <A €8, 135 - 5T 1 HE
JAE| iﬁiﬂi(gas chromatography-mass spectrometry, GC-
MS) W BE % 552 B 442 T PR 153 1) v 205 15 RN THE A 5
=, H GC-MS Kl i) EZEMREETE Cq~C, Z1H]
P 435 R HL & B i R LSy, T GC-IMS
Rl B 2R C~C ) ZIRIE/ NG 35 KRR
HE MR R TERSY, M E AT, e 3%
RS BRI S U, RS X e H R L 43 T
AR XK 53T, (H HHT R W R GG 2 PR
F-BeA T BT AS RIS, Pl T T FRARC XU 20 i 22
ST

Tk, AT e B HORP B M SR T
FRABUSFh— T B AR DIPTSR A . R
MUKT ZERBCRTPG )1 301 2%, 2765 R B3R o0 i
(quantitative descriptive analysis, QDA ). E-nose. GC-
IMS }2 GC-MS S Z MR, 845G 5543 i
(principal component analysis, PCA) . IE3ZwHe/N -
e 15143 HT (orthogonal partial least squares discrimi-
nant analysis, OPLS-DA) . B J#{H (odor activity
value, OAV) S EI SR EEZIeaeit Ik, BTE24E
JE AT AN [6] it A R A XU ) o 2H I S LR
PEZ A SCERM:, PUNDCE2E SShn s . AT B 78
PAIXUBRA 272 114 73 JBE e8] B SRRty AP X 3Rt JXUAR o5t JoT
FAsZ AL, LA Ao i TRk se e . AU 2 1] 8]
5 s A P R R S 5 RsTE 5.
1 MRS5S
1.1 MREEE

THEAFAML BEPEZEML. SR A . ST IE
B PO 3058 W 3 VT e AR IR 5258 2 T 4 K
—ZRTM AR B e m AR A B A
w3 3R L WabRiES:  TEE DR.E A H]; Co~Csy 1IEHY
LekEprdE s 38 E Supelco 24 H]; IERR C,~C, Fr i
i EZGERE R AARFIHETA IRAE]

8890-7000E HIAH (A 3%-Br ik Ik X . HP-5MS
A VEBAE OIS (30 mx0.25 pmx0.25 um) [
ZEEEAS /N ] ; FlavourSpec 1H1-00053 GC-IMS {3 (i
& T 4335 Laboratory analytical viewer(LAV)
1 3 3KAdGEHE LI GCXIMS Library Search 1.0.3)
G.AS A Fl; WXT-5 B4 1 (15 mx0.53 mm,
0.53 pm) 32[E Restek 25 H]; A1l FEEMEHL £l
El IKA {8 B A R Al ME204E LK g

Fr-FER ARG FR 2 wl s HH-SJ6CS 7S B 25
BRI FEA Sy N T S RS IST
Fr; PEN3 fH#530 75 Win Muster Airsense Ana-
lytics A FRS ] o
1.2 SLWHE
1.2.1 FEAATALER SO A9 H B A Z A0 nf
AR (kDT b TR A 2R, A
of 40 H i #e RECRLR EE 109, K2 38U T 180 °C.,
650 r/min BRTZINHBIELER] 3 min, §E 2 h J5id
1EEH -
1.2.2 BYEITHH  SRAEERTIRHTEL (quantitative
descriptive analysis, QDA ) XA [&] S Fh BRI Y 3= 2
ARBEAT N LIBCE 0T, S BRI e 50 1 Jy Tk
AT FE38E R EE . BB 5P 10 24 /N2 Al 51
(6 AL PEF 4 2Bk, ik 20~35 2 ) Al A
/N A )32t Fnlk BRI, AR E A i B
FUZSHE . MERRFREL 1.00+0.03 g BRAIHAE S T 20 mL
TOAS R, KRR S BEA LHES 0 S e PR AR B ARG
MEAREE 2 o

FESEYVIHAE], /N A% 53 35 T A ) A bR
FESH AN RSB, JEA T 2B B RR A A 1l 32E
17801t /N B B S TR 2 8 T BRI L T
B AREITBR . AR TR . IR | HEE R . TR AE
7 A H BT R A i A TRV LA R S AR IRURAE Ay R il
IRAARDE, X LR IE YN RS AS [RIBART A R =
BN R . IR TEECE PR A 0~10 19 10 £
FREEIRTPST, ARG 0(J0) &= 10(dEH ) .
1.23 HEFESIFES  SRA PEN3 BB F 2 A
[F] o A AR 19 B R AT T . =% Liu
SER2 ) v VR S YRS vk . MERFREL 3.000 g
FEL, IEA 50 mL B0, B3, 45 °C Kok
30 min, BRI R B/DEE =R, HT S
PPEERTTE] 60 s, BUREIAIRE 1 s, BUEERTAE] 100 s, KA
J#H 400 mL/min. XA 69~71 s NEIEHITIIHT.

HL T S A T oRAERE S | AL (LR PRSI
2B SC RN TR 1O S AN A3 A A =R B - .
RIRER S ARG 10 48 A by S s
HR, AR R ARG Y57 WI1CCHRRL S
Py WIS(HESE | FEEbe) . WIW (EZib 5470
TeHURAL) . W2S (B2 | SRS ) . W2 W (A HL
AL RN T A3 ) . W3C(E AT Fb&a9) .
W3S EERESE) - WSC (eI /i G4)) . W5S
(REA) 1 WeS(E L&) -
1.2.4 SAHOE-2 TIER OIENE 2750
LU By IR VEIE MK . RS HRFRER 2.000 g B
UM AL & F 20 mL W as# B H, F 60 °C T LA
250 r/min fil #LE Ak 15 min; A 45 ik 0 25 #F B¢
200 puL. s HREEHIREE 80 °C; HFFEETIREE 80 °C,
PERERTVEVERTTE] 30 s, SEE)S TEVERTTE] 6 min.

GC &AF: 354 MXT-5 £ (15 mx0.53 mm,



5478 S 13

AXTNR , %5 T E-nose, GC-IMS Hl HS-SPME-GC-MS @A A [a] b Flssbim 59 XU 2 i 2% 5 - 49 -

0.53 um); ISR E 40 C; g2 Sai/ < (4
S 299.999% ) ; 2RI FR)T: WIL4H 2.0 mL/min,
¥ 2 min, 7£ 2~10 min ZkPEHE = 5.0 mL/min, 7E 10~
20 min 8 ¥ % 50.0 mL/min, 7E 20~30 min Z& 4
4% 100.0 mL/min, & J5 45 1L 3l, Sz TR E 2y
30 min,

IMS 2514 B F IR IR (6.5 keV) ;5 IE B FAR
EREE 9.8 cm; B NZRMEHE 500 Viem; ERE4E
IR EE 45 °C; RS 150 mL/min( &4l )E =
99.999%)

RE M RE AT (IR C,~Cy VE M AMRIT 5
¥R AL G W 0AR B8 F5 B (retention index, RI), 2%
GC-IMS Library Search {4 & 1)) 2014NIST % Ha
FEFI IMS B0HR 224 2 P 4372 P53 Fr, 8 2 Ak
G0 e I AR S T 1 S I i G AR R A TR
JfiE ok GC-IMS 4% A7 VOCal B8 Ak BRER A4 1)
Reporter Fll Gallery Plot Jfif443- A= A A PER 5314
2= S ENE TR SEE
1.2.5 Tizs EAHBOZEI-SAHARE-BUis e S
Li 25 (0 g AR s B3 A iy o RS IFR
B2 1.000 g ¢ TS, in A 5 pL 2512 2l
(0.1 mg/mI)VERNERY, %35 T 60 °C, 200 r/min
By 8% Ak 28 F S 7 5 min, §fi A 120 um DVB/CAR/
PDMS Arrow #H3k, T 60 °C T #2HL 30 min J5HL
HZEECK, 4fi A GC-MS $HAE K 5 min, [RIBTH4E
SREEEHE -

GC %5fF: HP-5MS M EF (30 m>x250 umx
0.25 pm); KN He, fHE Hii 4 1.0 mL/min; 5: 1
Sy AR = FHRART M WIiRA40 °C R4F 5 min, L
4 °C/min (YR THEZE 190 °C A&$F 2 min, 2R )5 LA
6 °C/min B FRTFHR E 230 °C, 43 5 min; PEEE T
RN 250 °C,

MS 454 EI B FU5; SR 7 U BEik
JE 230 °C; DUBRATIREE 150 °C; 32 HIEEE 250 °C; B
FIHEYERE A m/z 35~500; K2R %72 NIST 23.LIB,

il i NIST 23 #RAE1E FE AN RI %8 58 #4 & Ml
43 PEFES NIST 23 FR#fEREIE VL HLEE R TF 50 14
MRS, MRAPEIEARERS (C~C ) B S A4 BE B TE]
e SR B B AR &L P B S RL IR IS
SCHRHRAE LA P00 R #3547 LR

RI:IOOx(n+ t*_t“)

2ot R x BUA R TE]; £, A, 53]
SERIETECN n 1 n+1 Y IEMBER O B I TE] (1<t <
tn+l ) ©

LASSIR L TEAE S AR, F 2 A6 i i AR 5
PRI TR AR BEA T Lug, st a i die A

A XCxV
= A,xm

Horp: C RAMEE Y L, ng/kes A RAES

PIETIFY, mAu-s; Ag: PIARMZIETIEL, mAu-s; Co: IR
YIEiE, ng/ul; Ve NERARFR, ul; m: FE 5 R, kgo
1.2.6 FF = % M {H (odor activity value, OAV)
OAV EFeHFSIH MR ERE P e B2 ) B
(B AAEE, BIFSAh 2E HH ABSOE HE B ik 3 5
FCERME M EUAE; OAV>1 I T IA 2 X B &
AT RTINS, OAV ARIHAL
G
OAV = O_T,

. C: & &8 me/g; OT,: iZAb-& e
FzK A {E me/g-
1.3 BEAE

T A SLIGE A R 3 IR, SLEe 4 S LIS H{E
HhRAEZEFE IR . R Excel 2010 AT IR ST
43875 SPSS 27.0 4" 1) Duncan 753547 B 351455
Hr(P<0.05); >R Origin 2022 £ il ik &l . AR A,
KM SIMCA 14.1 #4347 OPLS-DA 53475 K R
HAF (A 4.2.1) %) P {E##4TT Benjamini-Hochberg
(FDR)#ZIE, 3-FIFH Pearson 3:X4% 1E J5 iy a5 St 47
ATRRALSEIN, Rl AH OGP E SRS TAIA .
2 HERE57HR
2.1 FEGMEREERE TNESER

ASHFFE AR |yl . AR EE R | IR A
TEBR ., AEEHER . WK 7 BB E/RRE B e VT
G, MRURXFAN[A] S Ao 2545 2 BB R A =0
TP (B 1) o mTRUE S, D)1 3 S 3R RUbk
A, FLARFHR NIRRT 2R F 5, DR HAR, SR KUk
SR STMNAT IEAOMABRR . JMAEERR | AR EHBRAHXT
FEH; T HEAEMAME T RSB IS Y, B 28
TETTAR; PP e E B SRR & IRl & _ 3R
SRESE, BEARTR IR RHRAR; S 2 0TI
Vi ARERELG BT HLEM A, A7 BUSRAE XA

vk IS
‘ —e— ST
S N itk o
+— BRPEZE
HE bk - IR

12U LS
P ASTR] RIS i 0 B R AR B 14
Fig.1 Sensory odor profile of different varieties
chili oil samples

2.2 B FENREAFNFERAGH A XK 247
ASTR] St PP AR A HE, - Sl B 45 SR an & 2A B
7N, AT DR H 5 FrsUamer it 7E W2S fll W1wW 1%



- 50 - £ Tl B4

2026 4F 7 A

S ERE SR E R s, W3S T W3C 12 es 1
S I, RIS X RS | S WS oL
Wi fkd Kesas 2t G- A B U, mixd ek
FFEWEACA IR 35S . TR 1 225 PR Hrok
&, 5 FhEAHGHMEE BAE W2S Fl WIW 1&/R88 FFRB
g2, Hip )1 Z3HIZRAE W2S Fil WIW i
ma) 7 AE 4 e K, HL 5 AR A A WS 25 S (P<
0.05), BRVEZEMAE W2S | SHHEATBHE WIW _Lf
M]3 43 AL 56 A7, 3 RIS [R] St A Bfehl o iy s
e L WS TCH AL RIS S A
TEZERR, LIRbA YIRS X o AN RIS & HE
TR

A wIC —s— FEHATER
A8y o
W3S T el e W2S E“I:ﬁﬂ%
P . —a— YR A
—— THEEMA
Waw W3C
W5S & > W6S
WIS
B ST o
1.5 BATRH2 *
RHTBES
1.0
< 0.5 W= -2
N3 XA VB
s 0 ST E 2 mI=
3 TN 2.5 =3
=05 FAMEE 3
o] R -
BRE-2
-1 B3

6-5-4-3-2-101 2 3 45 6
PC1:90.76%
P2 AN [a) b v 1 R K PR (A R 32 17053 #
—HEE(B)
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component analysis two-dimensional plots (B)
of different varieties chili oil
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Table 1 E-nose responses of different varieties chili oil
FE S 2T w1C w2s W3C W6S WIS WI1W W5S W2wW W3S
BOMATEER  2.3540.07°  8.22+0.65°  1.01+0.00°  1.34+£0.02%  1.17+0.05°  1.91+0.16°  14.12+0.32° 2.29+0.05° 2.18+0.03® 0.86+0.01°
P4 2.40£0.07°  13.45£0.06° 1.01£0.00°  1.45+0.04° 1.23+0.06™ 1.74+0.03% 14.93+0.52° 2.44+0.01° 2.27+0.06° 1.03+0.02*
FONHRE  1.99+0.02°  5.81+0.17°  1.01£0.00°  1.31£0.03°  1.24+020°  1.66+0.22° 11.79£1.58" 2.06£0.01¢ 1.86+0.06° 0.89+0.00°
TERAMM 2.24£0.05°  7.35+027¢  1.01£0.00°  1.32+0.02%  1.35+0.04®  2.16+0.04* 11.10£1.05° 2.20+£0.06° 2.09+0.07°  0.83+0.03°
BePEZEtil  2.25+£0.04° 11.33+0.28° 1.02£0.00° 1.36+0.02°  1.40+£0.09°  1.82+0.02% 12.30+0.44° 2.40+0.03* 2.17+0.02®  0.91+0.02°

T [Jl— SN PR A AR ) 2253 12 (P<0.05)
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PO 3R SR A A al il 85 v - =t R )
KA FH/FSMEY, 65 (B)-2-FMlE . Pk
fig . 2- P HEERIR | 5-FF EORRIE . TR AR . LA, B
P R LA AR AR A BB N4 i BT, B H: OAV
ik 7471.40, JE SN R (797) ) 9 %, SEMAT
FEMN(530.80) 14 14 1%, J& IR SHMOM B A ..
PR AR £ 5 P SR SR IR 2- 3G B IR g (25.86) 2 F S
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Table2 OAV analysis of volatile components in different varieties of chili oil
[ {EET OAV
WA LEWAR CAS FSAHE — — e
" (mg/kg) FONBERA DU IRA SFLEZ: FONTEEM  TEEMAMR
(E)-2-3¢ -
2-Octenal, (E)- o 2548-87-0  0.004 B TR 603.4442.21  627.33+£27.20 456.14+20.41 498.39+15.30  399.39+9.15
Benzaldehyde — ZRHIEE 100-52-7 0.06 AL RO 11.21£0.50 8.10+0.50 10.80:£0.44 15.64+1.06 7.59+0.50
Butanal, 3- . B RS,
utanal, 3= 5 e TRE 500-863  0.013 , B 22341+11.14 207334771  361.0848.85 224.82+14.55 124.49+15.30
methyl- 1S
Acetophenone A<M 98-86-2 5.629 RE ., IS - - - 0.02:£0.00 -
Ethanone, 1-(4- 1-(4- A1 122-00-9 1.99 . RO, 0.09+0.01 0.07+0.00 0.1120.00 0.20+0.05
methylphenyl)- Z£3Et) 2, e : PERRIR : ’ : ’ : ’ ’ ’
(E)-2-C e e
2-Hexenal, (E)- o, 6728-26-3 0424 TR WH{AW 1.15+£0.36 0.810.10 0.56+0.03 0.95+0.14 0.57+0.09
- A BBk A
Benzeneacetal- e e 105981 g0s3 X 136.8745.25  181.8243.63  227.35:5.81 63374422  9531+3.48
dehyde SR
Heptanal B 111-71-7 0.5 THAR | PR 1.07+0.08 0.85+0.02 0.75+0.12 1.40+0.09 0.86+0.11
B g e Y
Hexanal (RS 66-25-1 0.075 bi %H 45.8542.35 34.20+0.61 24.86+2.76  49.77+2.11 30.16+6.91
Nonanal T 124-19-6 0.15 R, AR 34.33+1.03 37.18%0.17  22.7540.37  41.1742.07  22.78+0.70
) FEEE . MR
Methional ~ HBRIENEE  3268-49-3  0.0002 7 F097.00486.80 7471.40+263.33 - 530.80+42.00 -
)3 KSR, SR
T 230 600-14-6  0.0003 MBI HEHHAN - 1983.30+£167.82 1762.43+32.24 - 2072.59+12.44
Pentanedione pra
iR
1-Octen-3-0l  1-¥i-3-BE 3391-86-4  0.034 S 38.15+4.00 29.6142.98 19.19+5.41 42.79+2.80 -
LB (T R A
1-Pentanol 1- )G 71-41-0 0.47  BEAETTERMARER  1.77+0.32 - - 1.57+0.38 -
5 A
WY
Pyrazine, gk 109.08-0 27 KRR AN - - 0.05+0.00 - -
methyl-
§ ) T Tk,
Furan, 2-pentyl- 2-/ZEE0EMG  3777-69-3 0.1 e 1521+0.54  25.86+1.10 19.2942.61 14.55+0.77 10.74+0.57
4-7 I3k e
4-Vinylphenol ;@L 2628-17-3 14.7 2 B - - 0.0420.01 - -
Toluene GiFS 108-88-3 0.33 AR 0.69+0.05 0.64+0.02 1.15£0.07 0.4120.02 0.35+0.23
2-Furancarboxa- —
) FERE RIS R,
Idehyde, 5-  S-HUEHERY  620-02-0 1.11 " %;4 ® 5.41+0.08 32.30+0.12 21.50+0.37 10.91+0.28 14.85+0.22
methyl-
5-Hydroxymet-  5-2H % e g
; -47- AR . fap - .05+0. .07+0. - .020.
hylfurfural . 67-47-0 1000 fig . FEH HEAR 0.05+0.00 0.07+0.01 0.02+0.01
s N
Ethanone, 1-(2-  1-(2-BkPR ﬁﬁ%ik%%/i\ 1%
furanyl)- stz m 1192627 10 FONELY YN 0.18+0.00 0.35+0.01 0.30+0.01 0.2440.02 0.2240.01
w4
Pyrazine, 2- 2-Z3&-6-H1 IR KT mI]
. -03- — - + — —
thyl-6-methyl- AL 13925-03-6  0.04 R 10.27+3.98
1H-Pyrrole-2-  1H-MEIE-2- i R4
-20.. , — — .02+0. - .0120.!
carboxaldehyde T 1003-29-8 65 s 0.02+0.00 0.01:0.00
Tetradecane ke 629-59-4 1 ToRk 0.08+0.02 0.08+0.03 0.30+0.11 - -
Ethanone, 1-  1-(1H-MEI-
(1H-pyrrol-2-  2-3%) 1072-83-9  58.58525 BBk, WK 0.060.01 0.07+0.01 0.09+0.01 0.100.00 0.09+0.01
yb)- ZT
2-Propanone,  2-PIFH, 1- A
N -09- NWESY iE - - - .66=£0. -
-hydroxy- Fort 116-09-6 10 0.66+0.01
S TSR H Wi
Anethole T 75 A 104-46-1 0.014 = fﬁ e 5.98+1.66 9.76+3.51 - - -

TE: =R AR

T2 A 2 1) SIE Y 22 PP TR 3 APk S e e 2 ™), i
5- HH BRI (32.30) L[R]3~ I S Boht o 3= 55 11
CARMEER W A, 2,348 R A U I ) A%
(1983.30) . Bk VH Z 4 (1762.43) Fl 5° EH “F A

(2072.59) BUHIHAE Sy L 2 B J 89 OAV, HiZEZE
38 b M R A A AR I S5 it e o 5 A SR R 19 AR BLAE
A, SR R W AR RO, ZERRPE 2
FROHARCAE S T 2 G G o 2-2 5k-6-H JLnik g



5478 S 13

XTI , 28 2T E-nose. GC-IMS Hl HS-SPME-GC-MS f#Af ARl i Rlasbstim 04 UK 2E i 2% 5 - 57 -

(10.27), X 5] F HoAh o Fp 9 SR R b &4, 32
FLMK T Z2 A0 R | s A ] v AR E . BN
REFET T (BE)-2-C G (1.15) 0OAV = A pu-A4~
raA, BT FIRE R LE LR, 5 R
I A G R ASRANE SR e R (B) -2-2 it . 3-FH 3%
TERIR R DTHR AR T A . AR AR IR, w1
IR P AREE AN 2 R B R SR DI L 23t
IR IR A 5-FF AT Dok ) PR A AN, BIE P 22 ARURT
SN R B RRER U2 2,3- 80 0 . 2-25E-6-
FH LI FIT (B ) -2- CU7S T BT MR AG IR R T AN B R 7,
ST AN T A A R S S OE H 1-25045-3-
AN 2,38 Fi STMR A AT A B o
2.6 REERMSXBEFRESUESYEXMES T

SRR E RRFRE 5 S A S Z 1811
SR, AT 25 AR R S E B R T T A
FMESHT, I T & PEBTIE S AT B AR
LA SRS EN (E 9) o I IAER HZ IR RIS
2, ARPRAT AR R R M S XA S i T
LI, BB IS8 ET, TER H—1~1, Hp
R AOATRIR AR SC, B O AFRIRMAESC, W2k
LR S FRIA (T P<0.05, " P<0.01, ™" P<0.001), DI
5 T T i P T B a N B s S T B A TV S SR e < 278 )
Jig . 2- IR AN 5-FF RGeS AR AR | IR IR

B bR AR W S5 IE AR S, T 5 A H R AR B A o

(P<0.05), FHAUFASCH: T RBYR T s fb &4l i Ak
IS i A= T AR A AT sl a5 A R 0 AR AR
SN (B)-2-2EJa5 T ST AR R 22 il 35 IEAH DGR Ui .
1 -5 AR B A ARy AR 22 S S8 TE AR S (B)-2-C8
SRR Ph IR 52 ol 2B T A DG T I SR A2 W 251
FHSEM:, 5o R A T R A s A G

i RIS ST, UM G W) 5 B E a8 M mT ) 4
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Fig.9 Clustered heat map of correlation between odor intensity
and the content of key differential aroma compounds

MERIE, ERAFETME . 1-3605-3-1 SR,
(B)-2-CUATE . 1-3G . LI . DI LA i SRR A e
FEOR . ISR HE A S R L 13- BT
J D) 5 AR BB A SR SRy — /NS U L (B)-2- VT L 1-1%
s 55 B R TR TR Ak =9, S R SR S — /N
5B TG (B)-2- i . B RIS . AN . 2-
PRI | 5-FP SRR 5 R IR | AR EHIAR AN A5 R
EEMEAT, 22 ST E SN SRR s AU 1
BLGTRRA Sy o 5 =2004% 2,31 Fld . 2K, 2-2.3:%-
6-F LNk | 3-FF LTS | 2R O S AT R . S5
BB @SR o —2.
3 hHt54Ee

AL N T 5 . GC-IMS #1 HS-SPME-
GC-MS $i R, 454 PCA. OPLS-DA | JIMF %L
JCGE AT T I AT S B T X T E SR ML BV
R BTG R R | BT AL, U 3 5 Rt ER
PEBARIH A RLX Sy B S5 LT g 1R, ANH]
i PSRRI R 1E UK A7 76 B i 25 5, HL7E L T 5
W2S Fl WIW fLIERE8 LRI B 3225 (P<0.05) .
BE—2E 83T GC-IMS Fll GC-MS 7 H FP sk - 43
FNEETE H 41 FhAT 99 Fhig R EIL G, GC-IMS i
BeH 14 Fh VIP>1 19822 L5, GC-MS fifi ik
17 F VIP>1 H OAV>1 19X S HFESAEY .
Hodp, APt b 3 e R /A GY, £
TALFE (B)-2- 05T . 3-FH LTI . R 1 . 2R |
U T S-FP RS | 2- )3, Aot It
FEE AR DR IR KB . A AT
NG LSS 2, HiA ok 3-FR L T (BE)-2-¢
SIS . 2R FH S | TR UK DTRRBE 5, S5 i AR
FRIE XSRS b G0 eAh, il %) Eb ks & 30,
DU = FH) SRR A AT RIE B, ELELAT LY
18 PR B R, S U5 1 H B B D T | 2- ALk ieg
T 5 - FF ROBEPRE P8 A5 A DT AR [ P 22 AROBIRROID B Uy

2-7,F-6-H LN SeIH AT ZERRE &, HoAA IR 4E
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FRESASEE ), FEBH 3 B S DA 855 . RN
5P BT AR B IR SRS A IR, A
SURRIERAE, SASSCEE R34

ASHIGE LTI 7R T AN [F] SRR 8 AU 2 %,
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