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Abstract: Meiqingyou Green Tea is made from young pomelo fruits and green tea in Meixian, Meizhou. In this
study, the volatile components of Meiqingyou Green Tea after different treatments were analyzed and compared using gas
chromatography-ion mobility spectrometry (GC-IMS) and were effectively distinguished using principal component analysis
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(PCA). Difference maps and fingerprints of volatile components were constructed, and heatmap clustering analysis was

performed. A total of 55 volatile components were identified, including 17 alcohols, 7 ketones, 12 aldehydes, 5 terpenes,

7 esters, and 7 others. The results show that Meiqingyou Green Tea leaves wrapped in young pomelo fruits contain more

volatile substances than the original Meixian Green Tea leaves. Additionally, Meigingyou Green Tea leaves wrapped in young

pomelo fruits subjected to stress have even higher contents of volatile substances. Specifically, linalool, a-pineneol, limonene,

o-pinene, f-pinene, myrcene, and ethyl acetate are prominent among the volatile components, providing unique aromas and functions.

This study preliminarily analyzes the characteristics of aroma compounds in Meigingyou Green Tea to provide a reference basis for

subsequent research on quality determination and to promote the development of new products in Meizhou.

Key words: gas chromatography-ion mobility spectrometry (GC-IMS); volatile organic compounds; green tea; young

pomelo fruit; Meigingyou Green Tea
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Table 1 Qualitative and quantitative analysis of volatile components in three green tea samples

5 uﬁ‘ﬁs W L4 AR et CAS# 2F X - *Bﬁfﬁ/% N
g g g
1 2067 3-FH3-TH-1-B 3-Methyl-3-buten-1-ol  C763326  CiH,, 0  0.25+0.02 — —
2 11251 2-THE 2-Butanol C78922 CH,O 093+0.02 029+0.01 036+0.01
3 227.16 2-THTE 2-methyl butanol C137326  CH,,0 — 0.11£0.00 0.08 % 0.00
4 27583 1,3-T =82 1,3-butanediol C107880  C,H,0, 0.09£0.02 0.07£0.01 0.07+0.00
521322 2-CERACE 2-Ethoxyethanol C110805  C,H,0, — 0.05+0.01 0.050.00
6 178.71 1- KM -3-B% 1-penten-3-ol C616251  CH,O 0.97%0.09 044%0.02 0.46%0.01
32656 2-TH -1-BEM 2-Hexen-1-ol M 2305217 CGHIZO 0.24 £ 0.02 — —
! 32162 2-TH -1-ED 2-Hexen-1-0l D €2305217  CH,O  0.06=0.00 0.04=0.00 0.02=0.00
27728  (E)-© -3-%B M  (E)-Hex-3-enol M 928972 cﬁleo 0.26 £0.03 — —
i 277.46  (E)-T -3-%8 D  (E)}-Hex-3-enolD  (C928972  C¢H,,0  0.07£0.01 0.04£0.00 0.050.00
w9 24328 1- KB 1-pentanol 71410 CSleo 0.1£0.01 — —
* 10 205.11 % E% Isopentyl alcohol C123513 CH,0 0.16 £0.01 — —
11 119.83 1- % B2 1-Propanol C71238 CHO  0.15+0.00 0.05+0.00 0.05+0.00
12 335.63 3-Tb -1-B 3-Hexen-1-ol 928961  C.H,,0 — 0.24+0.01 0.14%0.01
969.83 a-FNiEE M alpha-Terpineol M 98555 clongo 037+0.03 0.91+0.02 0.52+0.06
. 965.11 a-#> B D alpha-Terpineol D 98555  CyH,0 — 0.28+0.01 0.22+0.01
813.03 SHEEE M Linalool M 78706 cmHmo — 416£0.05 2.73+0.12
. 808.76 S4B D Linalool D C78706  CyH,0 — 0.73+0.01  0.3%0.02
71429 AR M Linalool oxide M C60047178 CIOngoz — 0.13£0.01 0.16%0.00
: 71334  fALFAEEE D Linalool oxide D C60047178  C,oH,,0, — 0.03£0.00 0.04 % 0.00
16 278.72 2-F K -1- % B% 2-Methyl-1-pentanol (-“:-1-(-)5306 C(,HMO — 0.3+0.01 0.41+£0.00
17 32465  3-¥HA-1-%8  3-Methyl-1-pentanol 589355  C,H,0  0.1£0.03 0.11+0.00 0.080.00
18 17839  3-%M 2-TH  3-hydroxy-2-butanone C513860 C4H802 1.6+0.50 0.33+0.09 0.22+0.01
19 108.68 2- A A 2-Propanone C67641 CHO 497+026 1.87+0.08 191+0.01
20 2771 T -Zﬁéﬂﬁ(zm- dghé‘li{r;’é r‘;;(t:lyel C3188009  CHO, 0.06+0.01 0.03+0.00 0.060.00
Fo2r 13253 2-T A 2-butanone 78933 C4H80 043+0.03 0.12+0.01 0.18%0.00
- 22 240.7 2NN cyclopentanone C120923 C,H;O — 0.09+0.01 0.09+0.01
23 16757  1-#4 -2-AE 1-Hydroxy-2- C116096  C;H,0, — 0.15+0.07 0.22+0.00
propanone
24 19169  TAFTAE Met};(yelt(i;‘)ebutyl C108101  C,H,0 — 0.03 £ 0.00 —
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&R
JP5 Hﬁ%’g/s P X AR et CAS# 5F X . # ﬁfz/% N
g g g
25 385.99 )33 Heptanal C111717 CH,O 0.13%0.02 0.02=0.00 0.01+0.00
2 261.23 TEEM hexanal M 66251 6;-1-{-,-2-(3 1.17£0.08 0.11£0.00 0.1 +0.00
261.88 TE D hexanal D 66251 CH,0 0.78+0.03 0.1£0.01 0.05+0.00
123.67 TE# D butanal D C123728 -c";ﬁ;o" 0.24+0.03 0.06+0.02 0.06+0.00
27 122.64 TB#EM butanal M C123728 CHO 059+0.07 0.12+0.04 0.1%0.00
182.62 JREEM pentanal M C110623 6;-1'{-1;6 126+0.07 0.33+0.03 0.3 +0.01
28 183.13 KBS D pentanal D C110623 CH,O 1.02%0.11 03+0.02 0.3%0.02
" 22458  2-RJ&BE5 (E)D 2-pentenal (E) D C1576870 -C";ii;o" 0.08+0.01 0.03+0.00 0.03 +0.00
Bt 2249  2-RMHEE (E)M 2-pentenal (E) M C1576870 CHO  0.36+0.06 — —
X 30 773.62 i3S n-Nonanal C124196 6;-1'{;6 0.24%0.01 0.04+0.00 0.04+0.00
31 488.02 2- & Wi (E) 2-heptenal (E) C18829555  C,H,0 0.16+0.00 — —
32 378.66 BB A R B methional (3268493  CHOS 0.12+0.02 0.06+0.00 0.08 +0.00
338.39 MBS M Furfural M 98011 6;-1'{:6; — 0.23+0.01 —
3 335.39 MBS D Furfural D 98011 CH,0, — 0.05 = 0.00 —
0 163.82  3-FATEHM 3-methylbutanal M 590863 6;-1-{-,-(;(3 1.870.10  0.54+0.03 0.55+0.00
161.42 3-FHRATED 3-methylbutanal D C590863 CH, 0 2.57%0.18 0.89=0.18 0.92+0.02
35 126 2-FH 2-AMEE 2-Methyl-2-propenal 78853 -c";ﬁ;-o" 0.19+0.06 0.16+0.04 0.19=0.00
36 261.93  3-FH 2-TH®E  3-Methyl-2-butenal  C107868 CHO 052+0.12 05+0.02 0.36*0.00
677 B-Z ¥ D beta-Ocimene D C-lu3-§-377913 C,UH,G — 0.65+0.00 0.64+0.00
3 677 B-Z ¥ M beta-Ocimene M C13877913 CoH¢ — 1.3£0.06 1.07+0.01
676.35 B-F #¥ Tri beta-Ocimene Tri C13877913 CoHyg — 1.89+0.05 2.56+0.02
673.73 B-F $)¥ Tet beta-Ocimene Tet ~ C13877913  C,Hy — 0.14%0.02 0.28+0.00
436.95 o- M M alpha-Pinene M -(-Z-é-0568 C,OH,(, — 1.85+0.02 2.11 £0.00
437.74 o=k D alpha-Pinene D 80568 C,oHy — 03+0.01 0.34+0.00
38 437.74 o-Jk b P alpha-Pinene P 80568 C,oHy — 0.23£0.01 0.41+0.00
437.25 a- M5 Tri alpha-Pinene Tri C80568 CioH — 0.13£0.00 0.21+0.00
438 a- b Tet alpha-Pinene Tet C80568 CioH — 0.62£0.02 1.06+0.00
519.13 B-H M beta-Pinene M C127913 C10H16 0.26+0.02 248+0.01 2.57+0.01
520.18 - D beta-Pinene D C127913 C,oH6 — 0.4+0.01 0.42+0.01
ff 39 5139 BN P beta-Pinene P C127913 C,oHyg — 0.48+0.02 0.69+0.01
i 516.51 S- i Tri beta-Pinene Tri C127913 C,oHy — 1.06+0.01 1.25+0.02
516.78 BT Tet beta-Pinene Tet C127913 C,oHy6 - 0.71£0.01 0.84+£0.00
637.11 A M Limonene M C138863 CoHy  247%002 178003 1.59+0.03
636.45 At D Limonene D C138863 CoHy  2.56%0.06 197+0.02 1.78+0.00
40 634.49 ATARNF P Limonene P C138863 C,oHy — 1.51£0.01 1.72+0.01
639.72 AFARH Tri Limonene Tri C138863 CoHy  056%0.02 233+0.02 2.33+0.02
639.72 AFAE M Tet Limonene Tet C138863 CoHys  05%0.01 3.94%0.05 4.01+0.06
553.41 A A M Myrcene M C123353 CmH16 0.41+0.03 1.52+0.02 1.48+0.01
553.72 AAH D Myrcene D C123353 CioHg — 1.32+0.02 1.33+0.01
41 5516 A #E4 P Myrcene P C123353 CioH — 1.36£0.01 1.75+0.01
553.37 A AEM Tri Myrcene Tri C123353 C,oHy — 0.52+0.01 0.43+0.01
554.43 P A£ M Tet Myrcene Tet C123353 C,oHy — 2.29+0.02 2.49+0.01
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7 . Xt EF /%
A5 E v ot cast  »FK :
§ Eg Yg Ng

JRCEY LERTEE M ethyl acetate M Cl41786  C,H,0, 1.02+0.07 034%0.04 0.26+0.00
141.51 LEATEE D cthyl acetate D Cl41786  C,JH,0, 0.89+0.06 0.59+0.04 0.26=0.01

43 1086.2 5-F MBS delta-octalactone C698760  CgH,,0, — 0.87£0.04 0.51+0.02

s 44 947.72 y-F A B gamma-octalactone C104507 C¢H,,0, — 0.18£0.01 0.16+0.01
£ 45 205.33 1 BR T B Butyl formate C592847  C.H,,0, — 0.51£0.03 0.44+0.01
46  117.88 B 8L F B methyl acetate C79209 CHO, 05+0.02 0.14£0.01 0.16+0.00

47 37851 TEAE M Propyl butyrate M C105668  C,H,,0, 0.34+0.04 0.08=0.00 0.09:0.00

48 585.84 T B 5 %S 3-Methylbutyl C106274  CH,0, 032%0.04 0.05+0.01 0.05%0.01

butyrate
49 690.13 T AR AR Butyl sulfide 544401 CH,S — 04+0.01 0.53%0.01
50 740.03 2-BAH-5- T HheEwy 2-formyl-5- C13679704  C,H,0S — 0.03+0.00 0.03 % 0.00
methylthiophene

5 M7 2 TEA R M 2-acetylfuran M C1192627  CH,0, — 0.71£0.01 0.77 £0.00
439.12  2-TBEAkwH D 2-Acetylfuran D C1192627  CH,0, — 0.48%0.01 0.59 0.00

i 52 806.56 F A B Isomenthone C491076  C,H,0 — 0.19+£0.01 0.2%0.01
53 138.76 w9 S ok v Tetrahydrofurane C109999 CHO 031007 023+0.07 0.25%0.00

54 75228 2 =TR-5-L4 2,3-dimethyl-3- C15707343  CyH,N, — 0.18+0.01 0.22+0.00

i ethylpyrazine

G 1358 %M acetic acid M C64197 CH,0, 61.79+7.04 32.77+1.16 33.89+0.97
139.47 T8 D acetic acid D C64197 CHO, 599+1.67 17.33%1.09 16.66 +0.37

E: MREH M. D Triv Tet. PRI AR =AM AR, K, Z R4k, WK, ZRIK,

EERAL G YRR R RS Y, H AT
RN T R r P U R S A i 8 A T TR
U, K BA i m s ok RE<"". T
Ak FE [ 2 5 5 HELZELA: H 11 PR &, T R A
Ae B SEAG 14 Fhe o, 1--3- B a- A
By JIREEON ERRREIR Y . o-FATHAE BAT AR
] A MG A R s D7 BRI B AR IR A )2 )
WIRAL AR 22—, BATRELNAER, SRR,
WA — LA R RE Y, D7 TR Y B AP
R, TMAE Eg Al oAy, Hy it E] DL 57 A
Wk B Al T SR MRy . DIERT TR IERR S
R R LR R BE P AR H,0, Fi55 5 05 I S,
HEEE H0, LRI, 57 iz (& B = e s
TR A4l SO R 2 H,0, & R
I, K 8 WA Yg 05 R & A Ng 5
%, HIM AT AR R R A A 1 4 2R A 2 L0,
AT 5 A 5 i

MRS 7 Bl AR Yg AT Ng P
ZH Ak B 2H 1) R R M i A e TR AL
BAE A -2- WE-32H)- PRI A L 2- T B 3R IR
1-F23E-2-A R . LR T RS . b5, Ng
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Fig.9 Chord diagram of the distribution of volatile substances

in three green tea samples
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