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Study on the chemical components of volatile oil of
Maca from different areas in Yunnan by GC-MS
and multivariate statistical analysis
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(1.Research Center for Analysis and Measurement, Kunming University of Science and Technology , Kunming 650093 , China;
2.College of Life Science , Kunming University of Science and Technology , Kunming 650032, China)

Abstract: To research the chemical components of volatile oil of maca( Lepidium meyenii)in Yunnan province, the
experiment extracted the volatile oil of maca from 8 habitats in Yunnan by simultaneous distillation — solvent
extraction ( SDE ), and then isolated, analyzed and identified it by gas chromatography - mass spectrometry
(GC-MS). Furthermore, multivariate statistical analysis methods including similarity analysis, hierarchical cluster
analysis (HCA)and principal component analysis( PCA) were applied to the components data.As a result, a total of
59 components were identified and 39 of them were common to all the tested samples.These common components
account for more than 99% of all volatile oil in every tested sample.There were some common components showed
relatively higher quantity . (isothiocyanatomethyl) —Benzene, Benzyl nitrile ,4 - Methoxybenzyl, (3 -Methoxyphenyl)
acetonitrile, Hexadecanoic acid,9,12,15-Octadecatrienoic acid, Benzaldehyde,9,12-Octadecadienoic acid, ethyl
9,12,15 - octadecatrienoate, Linoleic acid ethyl ester. The results showed that the samples from 8 habitats were
distinguished into two classes because of the differences about their components content of volatile oil though their
components of volatile oil were similar.

Key words: Maca; volatile oil; gas chromatography — mass spectrometry; principal component analysis; cluster
analysis
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Table 2 Chemical constituents of volatile oil from Maca in 8 areas of Yunnan
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Fig.1 The typical total ion chromatograms of

volatile oil components of Maca in 8 areas of Yunnan

s PR TR i (pg/g)
w5 fea s fer s 1;Ié(ml: )H s1 2 3 s M/Zs 6 57 8
1 WA RS (iisothiocyanatomethyl ) —Benzene 13.64 312.283 573.876 227.298 1317.73 794.16 1909.7 1723.7  2064.681
2 KNG Benzyl nitrile 943 571.28 712.067 1277.094 32.772 46.884 148.599  30.266 37.988
3 4— AR LN L SR i AU T 4-Methoxybenzyl isothiocyanate 17.87 22.264 32.305 12.646 224.507 59.955 209.835 192313 207474
4 3-HEIR NG (3—Methoxyphenyl ) acetonitrile 13.73 44.441 40.627 74.942 44.762 21.948 86.594 43.151 108.944
5 FrAE R Hexadecanoic acid 23.63 28.092  66.064 23483  21.495 4.534 42837  20.844 27411
6 9,12,15-+ )\ =45 R 9,12 ,15-0ctadecatrienoic acid 25.88 13.017 27.288 10.072 8.059 1.469 26.93 14.45 13.423
7 I Benzaldehyde 6.08 19.021 20.758 28.334 8.304 7.664 11.552 6.31 7.354
8 9,12- W iR 9,12-0ctadecadienoic acid 25.79 10.561 34.929 6.493 4.133 0.518 24.65 8.069 7.256
9 ? ’1%71571“/,\@% ethyl 9,12, 15-octadecatrienoate 26.19 9.212 9.474 5.408 10.1 2777 14.21 12.474 9.628
=R e :
10 EHR 2T Linoleic acid ethyl ester 26.11 13.239 8.79 7.153 7.672 1.739 12.086 6.623 7.449
11 FENETR 2T Hexadecanoic acid, ethyl ester 23.99 6.407 4.558 4.7 4.285 1.041 4.705 3.325 3.643
12 3— AR LR 3—methoxy—Benzaldehyde 10.58 4757 3.801 6.612 2.556 2.531 3.35 2.1 2.269
13 T it Benzyl Alcohol 7.44 5.453 7.703 4.105 2.108 1.174 3.744 1.816 1.312
14 S AR T 6,10, 14~ trimethyl-5,9, 23.01 2284  3.448 1639 0424 1934 1733 2706 0913
13-Pentadecatrien—2—-one
15 TR 2, Fig Ethyl Oleate 26.24 3.205 1.012 2.789 0.954 0.066 0.907 0.789 0.952
16 iR Hexanoic acid 6.45 1.373 1.745 2.793 - - 1.691 0.064 0.267
17 9, 12— W3R T s methyl ester 9, 25.29 1011 2015 0756 0448 0319  1.627 1477  1.186
12-Octadecadienoic acid
18 W R  H s Benzeneacetic acid, ethyl ester 20.86 0.417 0.451 0.223 3.253 1.496 1.473 0.763 0.39
19 ok Hexanal 3.44 1.106 0.776 1.552 1.064 0.413 0.894 0.643 1.857
20 SIE TR 9,12,15-Octadecatrie 2538 0614 159 055 0361 038 139 204 1042
oic acid,, methyl ester
21 Tz Butanoic acid 3.25 0.682 2.82 0.944 0.33 - 0.192 - -
22 B Furfural 3.92 1.287 1.207 1.273 0.458 0.766 1.124 0.754 0.633
23 =57 3—methyl-Butanoic acid 4 0.327 0.668 2.211 - - 0.124 - -
24 A} 52 5 iR Tetradecanoic acid 20.55 0.827 1.902 0.829 0.213 - 0.698 0.177 0.158
25 YR Octanoic Acid 9.99 0.388 0.776 1.054 - - 0.49 - -
26 2— I8 I R 2-pentyl-Furan 6.62 0.587 0.491 0912 0.754 0.316 0.58 0.561 1.175
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27 FEHE R R T Hexadecanoic acid, methyl ester 23.06 0.606 1.247 0.561 0.195 0.31 0.714 0.858 0.736
28 3-FRR-2- M 3-hydroxy—2—Butanone 2.49 0.395 2.229 0.595 0.059 0.243 0.621 0.251 0.139
29 K Benzeneacetaldehyde 7.64 0.462 0.616 0.966 0.322 0.4 0.717 0.393 0.524
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31 SRR Benzyl isocyanate 9.13 0.141 0.317 0.134 0.507 0.299 0.996 0.566 0.679
32 2-HH TR 2—-methyl-Butanoic acid 412 0.263 0.256 0.773 - - 0.4 - -
33 T Nonanoic acid 11.71 0.305 0.403 0.366 - - 0.327 - -
34 gl NN S Guaiol 17.75 - - - - 0.198 - - 0.458
35 H ke Dodecanoic acid 16.84 0.281 0.447 0.212 - - - - -
36 1-2K3-1, 2R ¢ 1-phenyl-1,2-Propanedione 10.04 0.206 0.449 0.623 0.043 0.057 0.371 0.386 0.153
37 7 AT Tk 2-ethoxy—1,2-diphenyl-Ethanone ~ 11.07 0.274 0.091 0.946 0.085 0.131 0.141 0.333 0.27
38 JR Heptanoic acid 8.19 0.139 0.217 0.45 - - 0.288 - -
39 2- 2-Octenal 7.88 0.423 0.384 0.416 0.12 0.169 0.192 0.12 0.207
40 2-WAEKE-4- ZIRIETRT 2-Methoxy—4-vinylphenol 12.6 0.221 0.376 0.149 0.225 0.149 0.243 0.284 0.324
41 KT Phenylethyl Alcohol 8.97 0.352 0.429 0.465 0.116 0.06 0.16 0.08 0.071
) B 1-methoxy—4- 12.09 - - 0201 0219 - - - -
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44 RRLENE Benzenepropanenitrile 11.32 0.165 0.189 0.221 0.047 0.165 0.09 0.222 0.207
45 G Indole 12.27 0.144 0.199 0.253 0.188 0.089 0.215 0.084 0.074
46 PR Cinnamaldehyde 11.86 0.144 0.162 0.249 - 0.026 - - -
47 3- PR FE TN 3— (' methylthio ) — Propanal 5.08 - - 0.065 0.071 0.238 - 0.228 0.098
48 %R Pentanoic acid 4.62 0.088 0.14 0.221 - - 0.058 - -
49 3,53 -2 3,5-0ctadien—2-one 8.55 0.176 0.15 0.186 0.034 0.038 0.08 0.055 0.224
50 PEE Heptanal 4.99 0.083 0.09 0.11 0.109 0.065 0.096 0.098 0.177
51 1- i 1-Hexanol 444 0.13 0.101 0.201 0.045 0.038 0.17 0.058 0.076
2-hydroxy—3—methyl-2—
52 AL FR A R Y EroXy =S mery 7.31 0094 0176 0074 - - 0.048 - -
Cyclopenten—1-one
53 TRAL R Butylated Hydroxytoluene 15.95 0.065 0.122 0.106 - 0.102 0.109 0.089 0.071
54 2— B 2-Heptanone 4.81 0.13 0.116 0.203 0.057 0.031 0.08 0.033 0.09
55 3- -2~ 3—Penten—2-one 2.77 0.038 0.075 0.11 0.03 0.05 0.141 0.106 0.166
56 24— FE T 2 ,4-Heptadienal 6.99 0.103 0.082 0.132 0.016 0.028 0.048 0.106 0.068
57 FF i gk methyl—Pyrazine 3.79 0.175 0.103 0.03 - 0.02 0.014 0.042 0.074
58 2- LTk e EmE 2- Acetylthiazole 7.15 0.079 0.083 0.093 - 0.027 0.011 - -
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Fig2 The stacked charts of main volatile oil
components of Maca in 8 areas of Yunnan
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Fig.3 The Hierarchical cluster analysis of
Maca in 8 areas of Yunnan
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Table 3 Pearson correlation coefficient matrix about volatile oil components of Maca in 8 areas of Yunnan

S1 S2 S3 S4 S5 S6 S7 S8
S1 1.000 0.982 0.946 0.483 0.516 0.532 0.479 0.481
S2 0.982 1.000 0.871 0.630 0.661 0.674 0.628 0.630
S3 0.946 0.871 1.000 0.177 0.213 0.231 0.172 0.174
sS4 0.483 0.630 0.177 1.000 0.995 0.997 0.998 0.997
S5 0.516 0.661 0.213 0.995 1.000 0.999 0.998 0.998
S6 0.532 0.674 0.231 0.997 0.999 1.000 0.998 0.998
S7 0.479 0.628 0.172 0.998 0.998 0.998 1.000 1.000
S8 0.481 0.630 0.174 0.997 0.998 0.998 1.000 1.000
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Fig4 The loading plot of principal components
analysis ( PCA ) about volatile oil components of

Maca in 8 areas of Yunnan
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