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Abstract: In order to improve the high-value utilization of different tissues and different mint
varieties, spearmint, pepper, champagne and grapefruit were studied, and the volatile components in
different tissue parts of 4 different mint varieties were qualitatively analyzed by gas
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chromatography-ion mobility spectroscopy (GC-IMS). The results showed that a total of 433 volatile
substances were detected from the different parts of 4 different mint varieties. A total of 34 volatile
substances were qualitatively identified, and the main components were alcohols, ketones, esters,
aldehydes, olefins and heterocyclic compounds. Each variety of mint had its unique volatile
components. Among them, the unique volatile components in spearmint were 1-pentanol and
4-hydroxy-2,5-dimethyl-3(2H) furanone, both of which had higher content in SPR (spearmint part 4).
The unique volatile components in peppermint were isoamyl acetate and n-hexanol, both of which
had higher content in PPLS-3 (peppermint part 3). The unique volatile component in grapefruit mint
were 2,3-butanedione and hexanal, both of which had higher content in GPR  (grapeftruit part 4) and
GPLS-3 (grapefruit part 3). Part PLS-1 was the main volatile components part of peppermint.
Alcohol and ketone compounds were the key compounds of volatile components of peppermint
which determined the flavor of different mint varieties. This study could provide a theoretical basis for
the development and utilization of mint in medicine, flavors and fragrances, dyes, antioxidants,
condiments, tea beverages and etc., and provide an effective method for the identification mint
varieties.

Keywords: mint, tissue location, gas chromatography-ion mobility spectrometry (GC-IMS
technology), characteristics of volatile substances
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Table 1 Different part markers of four kinds of mint
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Table 2 Qualitative analysis of volatile substances in different parts of four mint varieties

L8 kAl | ST R 5 T AL AR X U AR AR

1 2- L 0591786  CeH,0 7825  165.555 1.162 6.89 5.41 3.20 2.79
2 2 B C110430  CH,0 904.1  245.115 1.258 5.61 3.14 3.38 4.82
3 LR C141786  C,H0, 6113  111.930 1.116 3.38 3.49 6.48 3.81
4 RS C110623  CsH,0 7437 148.980 1.177 2.75 5.56 3.98 4.89
5 22 [l Cl11137  CHO 10083  366.405 1.330 2.94 3.32 391 9.73
6 1-TB C71363  CHO 658.1  122.265 1.190 224 421 5.20 8.07
7 EZ N C108941  CH,0 890.3 233415 1.169 3.35 3.05 289 3670
8 P A C138863  CoHO  1069.0  473.460 1.730 1.99 3.11 6.68  38.80
9 2,3-1% 600146  CsH;0, 658.8  122.460 1.237 2.72 3.51 3.61 14.10
10 2 BN R C109080  CsHN, 860.8  210.990 1.103 3.64 2.32 396  24.10
11 iz o 78706  CyHgO 11237  603.135 1.729 223 227 10.60 6040
12 A 2T (98862 CsH{0 1081.0  498.810 1.160 5.71 347 6.35 2.64
13 1- C111875  CH0 10569  449.280 1.468 8.16 8.68 9.00 1.54
14 2- T (78933 C.H0 595.7  109.005 1.047 2.40 5.49 3.09 13.00
15 a— TR 80568  CHO 979.7  326.430 1.229 1.46 10.60 525 33.60
16 T 60128  CsHO 11198  592.605 1.655 3.30 241 393 3740
17 21 il C107879  CsH,0 677.5  127.335 1.109 9.72 424 3.11 2.94
18 a— A I B 098555  CoHgO 11689 741390 1.761 1.96 2.84 1040 2390
19 2,5 ks C123320  CGHyN, 881.8  226.590 1.484 3.22 2.03 10.80 9.56
20 1-2E -3 3391864  CgH,O 1000.0  354.120 1.631 2.26 247 857  29.00
21 2O M (2305217  CH,0 862.8 212355 1.194 2.39 2.66 10.60 9.01
22 4_%3%2;{2);;%; = 3658773 CeHi05 1080.6  498.030 1.602 1.63 3.59 15.50 23.60
23 e it 1 470826  CoHs0 10298  400.530 1.732 2.53 4.29 300 2570
24 i C108952  CHO 987.7  336.960 1.085 1.75 3.08 1510 2640
25 1% C71410  CsH,0 7189  140.010 1.264 2.16 3.62 5.12 15.00
26 it -3~ 4 7 928961  CH,0 853.8  206.115 1.241 1.34 5.72 21.80 2820
27 S €100527  CHO 9842  332.280 1.474 3.29 3.80 4.90 438
R Y
1 2=l Cl11137  CHO 1001.7  356.655 1.332 3.29 436 6.42 321
2 2— BT C110430  CH,0 903.0  244.140 1.263 2.98 6.21 4.99 3.30
3 1-Tm C71363  CHO 640.8  118.170 1.192 4.43 421 4.97 2.98
4 2- L 591786  CeH,,0 750.6  151.710 1.179 4.63 5.03 3.16 372
5 2R C141786  C,H0, 6294  115.635 1.088 3.07 4.46 371 5.54
6 2,3-1% il 600146  CsHy0, 671.7  125.775 1.286 3.84 3.36 6.07 3.60
7 b 60128  CgHO 11322 626.730 1.296 3.76 2.89 7.27 3.99
8 F5 C78706  CoHgO 11087  563.940 1216 2.63 3.77 40.10 3.03
9 Pk C138863  CoHO  1051.8  439.725 1.207 425 5.97 46.00 1.74
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. o | PREBETIE]/ | SEAS B[R]/ A5 TS AL AR X e AR AR
L& CAS 5 rFR | B

Mii—3—CL 4 Bt (928961 CeH O 836.1 194.610 1.249 4.58 3.82 9.03 2.44

11 e -y (470826 CioHys0 1031.3 403.065 1.730 4.83 4.78 26.60 1.83
12 I LT (98862 CsHO 1 077.0 490.230 1.158 2.14 3.52 13.60 5.72
13 1 I -3-BF (€3391864  CgH,0 955.9 297.375 1.608 2.52 6.20 26.70 2.47
14 T C123728 C.HO 604.1 110.565 1.113 3.94 6.74 3.06 3.69
15 1—2F C111875 CsH 0 1 059.9 455.130 1.469 9.85 9.12 1.49 8.64
16 i3 C110623 CsH,00 695.8 132.600 1.175 6.46 4.79 2.41 451
17 2— il C107879 CsH,00 677.5 127.335 1.113 6.17 5.95 2.10 5.16
18 2— H1 Bk g (109080 CsHgN, 800.7 174.525 1.390 6.20 5.79 2.13 5.08
19 2-T Hi C78933 C,HO 589.1 107.835 1.043 6.39 2.44 11.50 2.88
20 1EC B C111273 CeH .0 879.3 224.640 1.331 7.93 1.32 25.80 12.80
21 KM (100425 CsHg 886.5 230.295 1.041 6.01 2.17 14.70 3.28
22 LR 5 I g C123922 C;H,,0 880.1 225.225 1.292 3.56 1.72 44.80 8.62
23 o—HA Il P (98555 CioHis0 1215.0 919.815 1.236 2.44 7.81 17.50 2.47
24 IR (108952 CeHeO 981.1 328.185 1.085 1.91 9.65 34.10 2.90
25 7 H C100527 C:HO 982.9 330.525 1.471 2.70 10.00 10.60 2.30
26 a—JR M (80568 CioHi0 915.7 255.645 1.232 10.30 12.30 17.50 1.31

A 3 A

1 2-C i C591786 CeH 0 798.0 173.160 1.187 3.78 5.85 3.51 3.58

2 2R C110430 CH,0 906.7 247.455 1.260 3.11 3.37 5.18 5.30

3 T C123728 C,HO 612.3 112.125 1.116 3.96 423 2.63 7.69

4 % g C100527 CHO 923.3 262.860 1.473 3.79 3.45 4.25 4.75
5 2—F [l C111137 CsH,0 1 009.2 367.770 1.330 2.28 2.92 7.49 11.70

6 KO/ C60128 CsH,00 1132.0 626.145 1.299 3.28 2.84 3.07 58.90

7 5 1 et C78706 CioH 50 1116.1 582.855 1.217 2.52 2.15 7.99 76.70

8 T A ds C138863 CioHi0 1 068.0 471.315 1.637 1.86 2.83 11.70 44.20

9 1 43— (€3391864  CgH,0 989.3 339.105 1.597 3.16 1.76 12.40 29.40

10 e i P C470826 CioHs0 1 071.0 477.555 1.294 2.15 2.88 7.08 21.40
11 1 C111875 CsH 50 1 061.1 457.470 1.467 20.90 16.00 28.40 1.17
12 LR LT C141786 C,H;0, 633.8 116.610 1.324 3.53 2.62 3.81 13.90
13 AN C108941 CeH,0 890.6 233.610 1.471 2.50 2.49 10.90 9.33
14 FU) (108952 CeHsO 984.8 333.060 1.085 2.58 2.14 10.10 21.70
15 a—JR NG C80568 CioH160 968.8 312.585 1.235 2.33 2.35 10.50 19.80
16 i3 — % 47 st (928961 CeH 0 837.7 195.580 1.251 221 2.23 14.20 33.20
17 oAl (98555 CioHys0 1170.8 748.215 1.220 2.00 2.44 16.20 34.50
18 TR T R C108838 CoH;50 978.7 325.065 1.326 1.95 3.17 8.41 19.20
19 1-T B C71363 C,H,00 665.0 124.020 1.194 1.93 3.69 6.37 18.40
20 2— H Bk e (109080 CsHgN» 813.4 181.350 1.391 1.81 3.82 10.70 10.90
21 2-T Hi C78933 C,HO 588.0 107.640 1.049 1.83 3.99 7.99 12.80
22 R C100425 CsHg 868.2 216.255 1.422 1.36 6.21 18.80 20.10

2 A 3
1 LR LR C141786 C,H;0, 610.3 111.735 1.086 3.63 3.27 4.54 5.04
2 1-T B C71363 C,H,00 671.7 125.775 1.189 2.70 4.41 4.28 592
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3 27 C111137 CsH 0 988.5
4 TR C123728 C,H;0 608.2
5 2,3-T —fi (C431038 C:HeO, 545.3
6 2,3— 13 ] €600146 CsHs0, 676.0
7 Fr s C138863 CioH;0 10727
8 a—FA il st C98555 CioH 50 1216.2
9 RO C60128 CsH 00 11332
10 Jy i C78706 CioH 50 1 091.5
11 23 1] C107879 CsH,0 697.7
12 2-C. R C591786 CeH 0 808.8
13 2- PR C110430 C:H 0 902.5
14 T C110623 CsH ;00 738.0
15 % g C100527 C:HO 919.0
16 2- O (€2305217  CGeH,,0 855.8
17 12 C111875 CsH 50 1 060.3
18 2- T M C78933 C:HsO 590.2
19 KL C98862 CsHsO 1 043.7
20 2,5-— I Bkt g8 C123320 CeHsN, 912.3
21 MiT—3—C 4 Bt €928961 CeH 20 851.5
22 C C66251 CeH,O 796.5
23 TR M C80568 CioH ;0 985.6
24 RO C100425 CsHs 882.1
25 1—F i -3 (C3391864  CgH,O 984.0
26 TR C108952 CeHgO 996.1

22 4AMMETARSDMABTELEYRLN GC-
IMS 15 4L B3 5 #r

2210 B2 AHE A RE AL 6 E LM R o
M1 AT B 22 A A P OR WAL R AR B )
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o SPLS-1 #R A rp FZ AL 4G 1-T B 2-C I B 2
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B R T D5 R i e, RO R OB 5 I
TR, SPLS-3 F i v 2B R OV, Y 5 i
52— O EE 2,5 BEmE e DR 2R 1-SEEE R
R S MK, SPR B E B AL 21l 22

A5 TR ALAE X U A AR
338.130 1.741 1.96 4.90 5.64 9.32
111.345 1.117 3.71 3.66 2.60 13.90
101.010 1.183 5.13 2.60 2.81 15.50
126.945 1.287 4.07 1.86 6.84 14.50
481.065 1.728 2.34 2.36 8.16 37.00
925.080 1.301 2.49 2.51 5.84 34.70
629.655 1.293 2.49 2.57 5.95 24.40
522.405 1.725 2.73 2.72 4.41 25.50
133.185 1.111 4.42 5.13 6.12 2.41
178.815 1.188 6.59 3.93 4.96 2.55
243.750 1.263 5.85 5.27 232 4.79
146.835 1.173 3.26 6.08 3.29 4.44
258.765 1.473 451 6.49 1.89 10.50
207.480 1.173 6.71 8.70 1.71 6.63
455.910 1.467 6.43 242 10.90 2.95
108.030 1.047 4.06 2.03 5.75 11.60
424.710 1.181 2.95 2.13 7.55 17.10
252.525 1.504 2.26 2.69 11.40 10.30
204.555 1.234 2.38 2.39 7.65 31.50
172.380 1.571 2.24 2.44 14.20 13.50
334.230 1.299 2.16 2.60 10.10 19.00
226.785 1.405 2.14 224 20.40 26.60
332.085 1.580 1.83 4.49 5.62 19.20
348.660 1.086 1.87 3.88 7.89 12.50
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Fig. 1 Schematic diagram of GalleryPlot of volatile compounds in different parts of spearmint
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Fig. 2 Schematic diagram of GalleryPlot of volatile compounds in different parts of pepper mint
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Fig. 3 Schematic diagram of GalleryPlot of volatile compounds in different parts of champagne mint
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Fig. 4 Schematic diagram of GalleryPlot of volatile compounds in different parts of grapefruit mint
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