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Fig. 1 Three-dimensional spectrum, two-dimensional
spectrum and difference comparison map of volatile
compounds in Thymus mongolicus Ronn. from

different regions
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Fig.2 Types and content of volatile compounds in Thymus mongolicus Ronn. from different regions
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Fig. 4 PCA score plot, OPLS-DA score plot, permutation test and VIP of volatile compounds in

Thymus mongolicus Ronn. from different origins
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5% A 4 e WELE B/ 0AV
K CAS X A }
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1 R 89-83-8  HIAR FHE BN 0.188  501.26+8.37°  706.94+8.93"  689.19+9. 41°

2-H A -3 o e e 168 527. 87+ 82 793. 05+ 118 511. 71+
2 Gt 24683-00-9 ER it 0. 000 038 3 135, 82° 457 43° 859, 78"
3 i i —M 464-49-3  THE HEIFW ALK 1.36 3.94+0. 07" 2.78+0. 08 3.1320. 06"
4 K LE-M 122-78-1 KU THFS JKRIME 0.0063  396.90+3. 13>  277.56+3.44°  529.25+3.77°
5 y-FAhE-M 99-85-4 VNSRS 1 2.16=0. 10° 3.06+0. 04° 4.35£0. 12°
6 a-MAHE-M 99-86-5 ARA ¥yt M AR 0. 085 25.56+0. 68° 37.92+0. 72 54.43+1. 53"
7 1-FH-3-FE-M 3391-86-4 %ﬂ%ﬁﬁgﬁﬂ 0.001 5 3 819.86+84. 00" 3 523.60+12.98" 2 921.52+94. 09°
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12 FCE-D 66-25-1 & S JKEBK  0.005 240.06+12.2"  349.71+4.17" 64.33+4.25°
13 (5] % 123-38-6  HIPES HESH 0.0151  286.95+18.46°  247.22+6.33"  157.73£10. 10°
14 TR 75-18-3 B B I 0.000 12 7 295. 13+329. 117 19 623. 3+541. 88" 7 609. 78+141. 76"

Iy A Iy
15 S5 THE 78-84-2 ﬁ%*ﬁm* 0.001 5 2 063.77+98.20" 1 373.31+45. 13" 2 142. 15+86. 14
2 LA R
16 ETEE-D 71-36-3 FARTLIS 0.459 2 13.93+0. 56 10. 9420. 07" 13.79+0. 57°
17 L 123-51-3 BWLRBBEE FERLE 0.004 686.26+7. 13 168.01+2.48°  186.27+7.02"
—_FA —

18 23_ ]%I@Iﬁ]%—D 513-86-0 pagliil SRS 0.014  437.57+20.25"  295.80+2.95"  175.64%19. 43¢

i TR/ NG F R ER/R 22 55 8 35 (P<0. 05)



<20 -

Ba50 202648 A 5415 41

RN 5. 73 ne/g.5.29 wg/g Fl 4.38 pe/g.
SGEEANE T EE-D R 22N A MR E, &Y
e F R AR & (2,75 pg/g.6.40 pg/g)
B TR E (0. 75 pg/g.6.33 ng/g) IRZ.

PS5 ) S AN R0 i 7 R Ak R R
Wi e O (L o TIER AL G, ELE RS E
TSN FEERRT H R AR, 32—
THE-D FORERG-M 16 2 g A B A o & s,
TR 6.13 we/g F15.35 we/g, HHE R Y LS &
[ 2. 51% F1 2. 19% , Tif & 3 25 52 30 B I ok F 073 7k
R, J5 3 R R R

A 4 — M3 Je R A S5 0 i i I 4 AL il
R r= Al A SRR RER, TR T
Fii-D EASRELA SRR g B0k 1) R B
HORRX & (7. 20 pg/g) B, B EYEZE
B0 BRI SRR, 25 5 BE, 5 HoAh
YR A 5 RETE BRI A RS TR ELA
T IR A AR S (2. 35 pe/g) B R T A
X,M==~rABERF 0.8 we) 5 A8 HF
(0.91 pg/g) TREZES.

HIAEAE Y FERM G ER L L
TR R N BT A ML AL & W 2 — i 8 22 1 KUK AL &
Yy, BA BRI B Rk . 2T AU -3 - Tkl
W-D TE R H B A PAHXT SR, R 6.40 pe/g,
R B MY 2. 62% , S Ak A Wy R ]
{H H LA TR AW 5 v BT B A 1 2 Sy 45
bR X5 e e O R PR I, o R W R
) 38.56% ~ 46. 16% , AT F E H & i &, H 0AV
(706. 94) B, X A LA AR XU BA R BTk

25 LR 18 P B R KU T S
RS G YRR L, W5 58
R IEEEMBEA GV R T B HEARR S E R
PEZE SR R R R o A UG, K5
SRR = M A R AE RUBR 3 B 04 A X i,
5 PG5 4 AT AN TE] P2 A B R AR XUBR
PN S RATES, oM A B & hEEE
(14.88 wg/g) . il 25 (11.48 pg/g) 1 2% 3 2%
(6.40 pg/g) LG PAHXS & w8, P IE TEE-D
1-Fi-3-BE-M 3-F2 3 -2-THl-D FEi-M 2

140 B YNZHNOIGD

120

XS R/ (ngg?)
2 & 2

&
S

33
(=}

0

o
Y
%5
A5 REZHE2ZEFAERKY RGNS E

Fig.5 Relative contents of characteristic flavor compounds

in Thymus mongolicus Ronn. from different origins

AR 353 T JENE0E-D NI SR tb S A xt
B e A s VTR AR (132,90 pe/g) |
(30,93 pg/g) BT AR (2. 35 wg/g) L& Wl A
R, P AR (Z) -2-CmEE L (E) -2-
CAEE IECEE-D W BEB A Bk - M = T
il AR A RIS (11,26 pg/g) TR
(7.20 pe/g) P A PAEXT & s , Hrp a-FATh A -
M y-FAMR-M 5 T S R T R -D MR L -
M i TR M, X SRR AR A ) BT AR R
SHME R U T 45 M A B R R XU
2.5 AEFHEEERTRESRSN

AT R 758 B 10 A% I8 XA [R] 7 3 77 LA
PR 5T A o A E AT LA, SR K 6, i
6a) AT, 4577 M T FL A v 1 G R A IR R AR AR (H
il R (B 22 5, FErh WW e g i 1 (1 22 53 1]
B, T AR v P AR X v T A
P, FLB A G e AR R, A ARSI
6b) AIH1, PC1 Al PC2 Y RATTIRR Ny 97. 3% , 3R W]
HeatuskemER FEEE, TR 3 4~
Ho T A R AR R R

FL 7 AR08 1 i L T A5 SR AR B S B IR 5T
R JERS DU) (RWR BE AR AIE | 7T W7 FH 7 o 42 ) AR
WALE YRR o R T B ITR [E] 7
T Z A ER 22 5, 0 1 HL AR TR vy TR L DRl L B 5
ANFEAR IR SRR v R [B1R TR [0k T E 3 A [m]
WRHEATINE , 25 R LI 7, M 7a) ATAL, 3 77 4
AHRESERYA R EZS, TR A BF R,



WRiEH, % 3T GC-IMS 5 & F R B oy R [ 7= 3 8 B A& 5 AE XUk 4y T 0 A 21 -
W1
S ws e p 5 04 02 0 02 04
7 —— HN = GD WIS wW2S 106
—~ N e HN W3s
3 g 104
W2w W3C ol w3w
X 40.2
21F wiwes
S L — W5C
3 0 5c—10
& 1C
w2s wes o - 1-02
2
7 -3t 4-04
WI1wW = Ws5C 4 I ! I I | L L L
-5 -4 -3 -2 -1 0 1 2 3 4
Ww1S PC1 (69.4%)
a)FRIEE b)PCAK
B6 FRF#%EEELTHREABRPCAHE
Fig. 6 Radar chart and PCA score plot of electronic nose data for Thymus mongolicus Ronn. from different origins
—-REF :ZEB 20 —0‘.4 —(?.2 0 0.I2 014 O.‘6 0.8
Mk YN * GD e VLR IR
» 150 ° HN 106
“ YN
1o B 104
R FRE
s SR FRYEFTIR [EIBR 0.2
2 4 : i 0
‘ S SR
(]
R & =S5r -0.2
10} 0.4
\ -15F -0.6
IR , : RpEEIRER L ) . 1 g
e -2 -1 0 1 2 3
PR Gk PC1 (77.3%)
a)HikE b)PCAK]
B7 ARAFELAEELTEFTARAPCAH

Fig. 7 Radar chart and PCA score plot of electronic tongue data for Thymus mongolicus Ronn. from different origins

SR LR RO R R A A T O e 7 A K
A B IR R e R, = A B A R
i 7 {8 H . BB 7h) T, PCL ORI PC2 7 25 Biiko%
G3R 77.3% 1 20. 3% , RALTTHR R 97. 6%, 14
PC1 Fl PC2 JEAGLE T RS T A 15 8., BES S ik
3 AN Ml E B R A BRI 3 A MR A
Yo AE R 40 A HER &, n] LA AT
FER 225 Horh TR 5 /R B O, BT
Tk 2 SRR, 5 FHEIRESR -3

A AR R YRS S TR 4R
HEAT A OGS IR0 T WAL AR 25 SR IR 8,
Hox FORZEFR R (P<0.05) , ¢ FR2Em 0 #H
(P<0.01), HE 8 Al A, ABEEW B-IRME-M,
(2)-2-C il (E)-2-C B AR5 W5S

M We6S HEIEM L, 5 WIC W3C il W5C ¥ £ 1
G, 2-HASE-3- 5 T IR -D il -M 2T
i OE T EE-D Al EE S WI1C ,W3C Fl W5C ¥ 2
EAASE, 5 WSS Fl WeS B fitioe, Hirp 2-H4
H-3-FTHEME-D 5 W5C 2R BFEMK, 5
W5S 2R FEFAE, W2S W2W Fl W3S 5 2-HI 4
B3-S THMEE-D Fifixi-M 35 -2-TH-D
T |1 - -3 - -M 5 R B ARG, 5 H A
Y S A GO AR G Herb  BEIR -M 55 W3S
BEREFEME, WIS H WIW 5(E) -2-C Rk,
(Z)-2-C M fn — W B 34 S TEAH G, WIS 5 1E
CRE-D 5 EEAHX, 5RO -M 2 3% M
Ko FERMEY BN AL A5 A 5 ma) Ho A AR, K
FERL BT R - AR IR AR R R s B HE



22 .

BS540 2026458 H 4541 % 4y

I
iy B

i
2-HERE-3-BTHMEE-D
P -M
a- A -M
B-IRME-M
BEix-M
3-#E-2-THI-D
HEKZEE-M
(E)-2-C1EE o
(2)-2-CIwmE
IEE#-D

e
=
¥
=

°° 0000000
00°0000° 00 }=
000000
00000:-

00 000 2
00
%?
SO
|
[LEP
A TES
|§§ 5
Rl ©
o)

-

|l
H
b
i
oo

0000 0000000600

0000000°-00000 00:°00

® 00 o0
® 000000
o & ozyx

o0 O -0°
o 0000000°-00000°00°0¢

PR
SRR EE-D
WIC
W5S
W3C
W6S
WsC
WIS
WIW
W2S
W2W
W3S
U

00 000000000

00 O Oo

°000 ©
000000000000y~

-0
0090000

FRPEIR
S

o000
00000200

.H+
FEIZFIF

#
#
[l
[a]
¥
H
I3

Tﬁﬁ

® 0 4

0000
0000 o

o @
0000 0000000y ¥
A
%@U%
2 =
=
v}

Oy

9000000°00000:=>
000000090900 =0
0000000°000:=
00000000°00:=

9000000-°0=°"
=
(95}

0000000
o0 ©
°9=3
®=
090=_
00t
00 o@=s:
D00 00003
000 o00:F
L =

00000z ¥

0000
0000
L L e

o
e
el

0
Bl
g

od
000y
L L N

A8 wFAELHFEEAHRYAALERLE

Fig. 8 Correlation heatmap between electronic sensory responses and characteristic aroma compounds
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and climatic conditions
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Analysis of characteristic flavor compounds in Thymus mongolicus Ronn. from
different origins based on GC-IMS and electronic senses

CHEN Haoran' ,FENG Wenning”, LIU Wei®, WANG Liusheng”, LI Xinyan',LI Yuanyuan',ZHAO Mingqin'
1. College of Tobacco ,Henan Agricultural University , Zhengzhou 450046, China ;
2. Technology Center,China Tobacco Hebei Industrial Co.,Lid.,Shijiazhuang 050051, China

Abstract ; [ Objective ] To elucidate the flavor differences of Thymus mongolicus Ronn. from different origins and
identify their key aroma compounds. [ Methods ] Gas chromatography-ion mobility spectrometry ( GC-IMS )
combined with electronic nose and electronic tongue was used to analyze the volatile compounds in Thymus
mongolicus Ronn. samples from three origins: Luoyang ( Henan ), Kunming ( Yunnan ), and Guangzhou
(Guangdong). Odor activity values ( OAV) were then employed to screen the characteristic aroma compounds.
[ Results] A total of 101 compounds were identified, predominantly alcohols (23), aldehydes (19), and ketones
(19). Both the number and total content of volatile compounds in Thymus mongolicus Ronn. from Henan and
Guangdong were higher than those from Yunnan. Significant differences in the contents of characteristic aroma
compounds were observed among samples from different origins. Eighteen common characteristic aroma compounds
meeting both VIP>1 and OAV =1 were identified, notably thymol, ( Z)-2-hexenal, methyl isovalerate-D, and
(£ )-2-hexenal. Yunnan samples showed higher relative contents of alcohols, ketones, and heterocyclic
compounds, with a relatively balanced aroma; Henan samples had the highest contents of phenols, aldehydes, and
sulfur-containing compounds, accompanied by pronounced bitterness and astringency; Guangdong samples were
rich in alkenes and esters, exhibiting prominent umami and saltiness. Geographical and climatic conditions
significantly influenced the contents of characteristic flavor compounds. A significant positive correlation was found
between latitude and ( E')-2-hexenal, whereas a significant negative correlation was observed between latitude and
isobutyraldehyde. In addition, higher temperatures promoted the accumulation of methyl isovalerate-D.
[ Conclusion ] GC-IMS combined with electronic sensory techniques can rapidly discriminate Thymus mongolicus
Ronn. from different origins, offering a valuable reference for the traceability and further application of its
characteristic flavor compounds.

Key words: Thymus mongolicus Ronn. ; gas chromatography-ion mobility spectrometry ( GC-IMS ) ; electronic nose;

electronic tongue ;volatile compounds ;odor activity value (OAV)
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