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Evaluation of Flavor Quality Stability of Peppermint Essential Oils using
Gas Chromatography-Mass Spectrometry: Fingerprints in Combination

with Cluster Analysis
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Abstract: In order to evaluate the flavor quality stability of-peppermint essential oils, a quantitative analysis method based on an
optimized gas chromatography-mass spectrometry. (GC-MS)_technique was developed using the 2-methoxy-3-methylpyrazine as internal
standard. To analyze the stability of the'5 peppermint flavor samples, similarity degree and relative standard deviation were calculated and
cluster analysis (CA) was conducted. One hundred and twenty three flavor components were determined. The main volatile components were
menthol, anethol, carvone, menthone, and the others.\The similarity degrees of 2-pinene and the other 40 components were higher than 0.99.
These 40 components could be used as fingerprints.of the peppermint flavors. The results of relative standard deviation and CA showed that
there existed differences between the.5 peppermint flavor samples. The results indicated that GC-MS with CA could be used for the analysis of
flavor quality stability of peppermint flavors.
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1.3  &igfn i gt

AT A HP-Innowax i P i A 60 m>0.25
mm>0.25.pm;  BACHRA AE>99.999%; iE:
0.8 mL/min. G3ERE R : 250 C; HEREIARE: 0.2 L.
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FHEFER (1): 40 °C, 6 min; 3 “C/min % 100 C;
5 C/min % 230 °C, {R¥F 20 min. F3iikt: 20:1.
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FHEFEFE (2): 40 °C, 6 min; 3 ‘C/min £ 100 C;
3 C/min £ 230 'C, {&ff5min. 73iitl: 50:1.

FHEFEFF (3): 40 °C, 6 min; 5 C/min % 100 C;
3 °C/min #2230 'C, {&%F 10 min. 7p¥itt: 20:1.

FHEFEFE (4): 40 °C, 6 min; 5 C/min % 100 C;
3 °C/min & 230 ‘C. 43fikk: 10:1.

FHEFEFE (5): 40 °C, 6 min; 3 ‘C/min % 100 C;
5 °C/min % 230 'C, {&%F 20 min. 7p¥itt: 30:1.

THEFEFE (6): 40 °C, 6 min;.3 ‘C/min % 100 C;
5 C/min % 230 °C, {&R¥F 20 min. 73ttt 20:1,
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Fig.1 Chromatogram of peppermint flavor under optimal

temperature program
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Fig.2 Chromatogram of 2- methoxy -3- methylpyrazine used as

internal standard
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Table 1 Volatile compounds.in the 5.peppermint flavors

4A=/(o/mL)
M5 ARG AT IE)/min b4 RSD%  COS 6
1 2 3 4 5

1 5.5467 FIR, 2.1 1.9 16 16 2.3 15.224 0.761
2 5.5696 o3 122 135 20.0 16.8 16.6 19.205  0.733
3 6.2849 FTE 3.2 3.3 31 31 3.2 2,505 0.585
4 8.8756 2,4- T Hit 4.7 3.7 5.2 4.4 47 11.810 0578
5 9.3232 2-T R 4.7 45 5.0 4.4 47 4.810 0.589
6 10.147 FLER, 45 47 6.0 47 45 13426  0.606
7 10.3515 B 305.2 160.3 290.3 60.6 60.4 67.881  0.968
8 13.9297 2-FH 113659 109944  13080.7 122451 124489  7.005 1.000
9 14.1957 a-Aa ks 205.2 204.6 250.1 214.0 227.3 8.651 0.990
10 15.58 2:FATE LB 1799.6 1822.2 43329 19592 36048 43820  1.000
1 18.1528 LA 9482.1 92740 121650 100410 99375 11335  1.000
12 18.8937 At 2283.7 2249.8 29251 46851 24357 35159  1.000
13 20.2986 3-% 101.1 148.6 199.6 166.1 172.1 23155  0.953
14 21.1668 aRES 3841.2 3868.4 5508.4 41420 41785 15984  1.000
15 21.3826 p-2 b 137.9 132.3 169.5 145.9 146.1 9.688 0.948
16 21.7836 3-LAFE(AF TXK) 115 11.6 12.3 8.0 8.3 19.697  0.611
17 21.9169 B 45 Atk M 640.9 630.1 852.3 669.8 700.4 12.897  0.997
18 23.0192 AN 54367.7  51816.2 35.3 55025.1 574814  56.047  0.837
19 23.0337 W45 3 M 26730.8 26061 260489 32050.2 114746 62020  1.000
20 23.427 tertih & 64406.5  66780.8  20776.1 669753 115937.1  50.292  1.000
21 23.8158 SR = e 84.4 79.1 99.8 84.1 89.3 8.971 0.835
22 25.2878 GAMMA-# &8 Avid ks 3230.9 3206.7 1366.8 34180 34965 30234  1.000
HTR
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23 25.5891 BXCALT $h¥ 109.4 106.9 114.3 113.9 125.6 6.282 0.884
24 25.71 3-F5A 66.5 64.2 82.0 63.8 73.1 11026  0.728
25 26.562 KATELE 4977.8 4967.8 53580 53239 53368 3.876 1.000
26 26.9083 2-F 3L T BR-2-F A T By 50.4 440 61.4 55.4 52.5 12132 0571
27 27.0941 4- s 3515 335.9 344.4 3737 397.3 6.892 0.986
28 27.3931 B 446 420 52.8 56.0 50.9 11749 0529
29 27.6284 RER-2-F AT B 54.3 51.8 53.6 49.6 53.7 3.627 0.565
30 29.129 3-F IR OB 144.2 139.5 179.1 156.5 152.6 9.947 0.915
31 29.8711 ETE 49.9 52.4 76.7 55.0 60.7 18140  0.567
32 30.799 T B A B 2915.1 2891.1 3868.2 30772 81393 12580 1.000
33 31.1596 vt % 95.2 108.9 119.9 116.1 114.7 8.679 0.826
34 31.4377 3-FEF 1694.4 1649.2 21460 17569  1786.1 . 10912 | 0.999
35 31.6829 TR 26.7 27.1 40.0 30.7 30.6 17.333°  0.345
36 33.3374 24-ZFHRRTH 1147 111.0 123.7 1171 122.3 4.494 0.826
37 33.3693 A X BN AEEE 90.7 96.5 108(7 1193 108.1 10.706  0.783
38 33.4562 KB B 279.9 2779 142.2 97.1 115.8 48957  0.872
39 33.6377 ()-A-ZEE bty 141.0 140.5 83.9 176.8 154.8 24627  0.844
40 34.063 IR X KAAR 518.8 490.7 613.7 5345 551.0 8.484 0.990
41 34.373 A5 B 50514.9 < 49169.4 710488, 536654 587263 15650  1.000
42 34.4595 BEBAF B 94.7 85.5 90.3 81.0 82.0 6.647 0.698
43 34.6403 PALHE A M 1768.0 1506,6° 15914 ~ 14280 147838 8.569 0.999
44 34.7468 2-THATHE 306.2 262.6 381.4 336.5 307.4 13730  0.970
45 34.8031 A5 Bl 53.9 1974.4 252.9 13.8 21.7 183532  0.163
46 34.8711 5%t B BS 92541 898.9 1135.9 995.6 1020.8 9.350 0.997
47 34.9447 ATk 52304 5731.3 6656.6  4908.7 5639.9 11.722 1.000
48 35.2339 AAN-3 5t 105.2 94.1 159.9 153.3 102.6 25219  0.801
49 35.3636 1,3-— &% 421.0 3258 344.1 308.7 319.7 13076  0.973
50 35.54 754 BR 183117  19006.1  20075.1 18013.6  18654.8  4.241 1.000
51 36.0397 U3k 3 W 1189.2 1180.9 1380.5 11500  1158.3 7.896 0.998
52 36.2026 LB A B 757.7 766.4 362.4 316.3 3115 47226 0.980
53 36,3512 H 4535 b 568.3 215 52.8 20.4 21.1 176.620  0.126
54 36.5432 R 10250.3 99255 133541 10647.9 108251  12.375  1.000
55 36.7197 FeX KA 121.3 145.8 142.5 136.2 138.0 6.909 0.840
56 36.8477 1-¥8 349.4 341.0 401.9 335.4 378.9 7.799 0.974
57 36.9225 LB S 2788.8 28300 80917 37481 36589 52288  1.000
58 37.2467 LR TR A S 187326 180186 247400 19379.2 197017 13249  1.000
59 37.5183 S B 9949.3 6586.5 54537 90827 45357 32628  1.000
60 37.6507 i Bt 1262.9 1527.0 1612.9 16473 14988 9.986 0.998
61 37.9977 1,2-A =B 477261 475202 617542 597347  48063.6 13491  1.000
62 38.0845 BETA- SR A7#;ES 134.8 1734 158.4 144.3 156.5 9,575 0.859
63 38.0986 LAEMEA M 94.3 122.7 100.8 120.4 124.4 12.374  0.759
64 38.1543 E gy 4548.2 42118 44631 40849  4376.8 4.334 1.000
65 38.4078 T At 8313.9 36750 33761 43763  7079.6  41.082  1.000
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BELER
66 38.4297 4-15 Su B 715.6 726.9 802.3 697.4 7134 5.631 0.993
67 38.4803 Fs & e 9.7 123 9.4 122 12.4 13458  0.816
68 38.4821 A S 6.0 5.8 5.9 5.8 5.8 1.836 0.944
69 38.6396 IR KARA M 690.0 252.5 328.0 2705 255.5 52.148  0.959
70 39.0223 Ry 28836 205738 31869  25022.6 166274 74260  1.000
71 39.5797 AT 111553.8  111980.0 49479.9 58669.9 401937 46727  1.000
72 39.6335 e 90.9 97.9 169.5 128.8 127.7 25307  0.758
73 39.6427 I, sy ks 19.4 28.6 23.0 26.6 28.1 15485  0.468
74 39.8072 ¥t AR 6924.8 6555.9 8460.8 67934 92988  15.862:  1.000
75 39.9513 R UAZ A3 e 55.8 45.9 444 48.2 11843 184211 0.356
76 40.1667 FREEE 593.6 3736 717.6 398.2 396.2 30.772.. 0980
77 40.2976 ZAKXE A 4915 1618.6 381.4 288.6 299.9 91.943 | 0973
78 40.535 M 622.0 570.1 974.6 627.2 625.7 24014°  0.990
79 40.7241 F XA 33.6 173.1 82.4 334 305 86.734  0.260
80 40.8154 A AN B 3199.3 399.5 6055.1 82583 /33341 61560  0.995
81 40.8901 AN BE 46.1 63.9 67.5 60.6 61.3 13653  0.429
82 40.9165 B XN B 715 374 39.5 72.9 738 31913 0372
83 41.0011 Jehs 137.9 131.3 179.1 1384 141.8 13.063  0.823
84 41.0429 RAC® LAE (A54) 2717 155.0 142.0 109.7 106.4 42965  0.804
85 41.2826 gamma- . 1 B 5946.0 2870.8 38545 - 80453 29986 34493  1.000
86 41,3654 P AR 252.6 895.8 13518 1064.8 317 77438  0.599
87 41.4869 LR ALY 9.7 847.0 657.0 802.7 4471 54.064  0.908
88 41,5573 R FATHN 3683 358.5 394.3 34.7 385.3 49821 0625
89 41,7289 A4k 2 by 244 25.0 50.4 917.7 25.8 190.018  0.123
2 41.9026 YRR 3988:6 1974.9 5645.1  4397.6 45141 32635  1.000
91 420774 PR 10039.7 / 17102.4 196826 162094 138562 23672  1.000
92 42,1181 7 7 B 739833 668826 913055 46637.8 762089 22914  1.000
93 42.1575 16-— &8s 568.3 567.4 553.8 565.6 572.2 1.229 0.986
%4 42,1948 KB 652.5 651.4 635.8 649.4 657.0 1.229 0.990
95 42216 Ls A F 55 123.1 104.9 162.7 74.2 127.7 27.353  0.706
9% 42,4457 TAARAM 429.4 440.8 1161.8 462.1 481.7 53.331  0.982
97 42,5853 FULALAN 145.2 76.9 194.1 127.8 136.4 30,799  0.745
98 42.626 CE A P Bs 170.5 100.7 203.7 99.6 163.5 31105 0.780
99 42.9888 3 AR TR 21.0 20.4 235.1 26.9 29.0 141864  0.158
100 43,0559 KApe T B 78.6 28.6 29.0 79.5 84.1 47587  0.284
101 43.1907 Eoigics 155 25.3 26.8 25.3 25.6 19558  0.536
102 43,2637 MBI B 357.8 97.6 103.1 92.5 93.6 78447  0.692
103 44,1487 R 498572  80320.2 1152254 86780.4 572649  33.295  1.000
104 44.3267 AR F REE 28.4 69.4 110.4 75.8 80.3 40376  0.360
105 44,3355 RAE2488H 65.0 65.4 87.6 69.2 69.2 13.116 0.474
106 44.3729 RARA T EAEAAH 38.0 58.9 106.3 52.7 58.7 40.862  0.361
107 44.4433 P XL 56.4 52.8 70.7 54.0 56.0 12496  0.391
108 44,6862 N XA B 276.8 2728 354.0 282.2 291.2 11.335  0.944
BTR
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109 449116 Aot B R BE4EES P2 241.0 239.2 240.6 236.4 249.0 1.945 0.918
110 45.0183 RYBE 13.7 29.1 428 15.2 143 55.459 0.536
111 45.8175 RKUBE 84.6 82.9 122.7 92.0 82.7 18.351 0.582
112 46.1506 ik A5 B 11.8 123 34.0 29.1 16.8 48.851 0.606
113 46.3485 * EATARBE 70.1 73.8 1174 83.7 84.7 21.738 0.529
114 46.6354 F AR 4104 431.6 591.8 463.2 465.5 14.928 0.975
115 47.6974 B B P2 4294 364.4 649.0 496.1 452.5 22.292 0.973
116 48.1328 R XA ES 374 439 82.3 53.9 63.1 31.388 0.331
117 48.4813 * FAAK T B 2410.0 2402.5 3321.4 5174.9 5239.4 38.207 0.999
118 49.4872 “ita T A8 12211 115.0 146.3 128.8 138.6 9.607 0.715
119 50.1842 BB 1315 1313 175.0 157.6 155.9 12.468 0.764
120 50.9901 TAE 3662.3 3664.8 5030.0 20.8 41135 58.068 0.377
121 51.0604 bE2EE (BEED) 12734.0 125214 165389 172496 137479 15.088 1.000
122 53.1888 A 40.3 36.5 825.6 55.0 60.5 170.871 0.204
123 54.2563 AT 1 By 88.7 88.4 13219 57.8 1055 28.979 0.469
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Fig.3 Dendrogram of cluster analysis for the 5 peppermint
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