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Abstract ; Taking the stem and leaves of hemp as raw materials, the essential oil of hemp was obtained by water distillation ex-
traction, subcritical extraction and supercritical extraction respectively. The differences and characteristics of the essential oil
components obtained by different extraction methods were compared. The volatile components were identified and analyzed by
gas chromatography-mass spectrometry ( GC-MS) ,and the extracted components were identified and analyzed by NIST mass
spectrometry library and manual analysis. Finally, the relative percentage contents of each component of hemp essential oil un-
der the three different extraction methods were obtained according to the peak area normalization method. The components of
essential oil obtained by the three extraction methods were significantly different. A total of 154 components were identified
and 13 common components were included ,with a similarity of more than 80% . Among them,89 different components were i-
dentified by water distillation extraction method, and the highest component was cannabinoid (19.69% ). Sixty-two compo-
nents were identified by subcritical extraction. The most abundant component was celluflexdop (17.56% ). Fifty-nine species

were identified by supercritical extraction. Oleic acid had the highest content (22.50% ). The components and contents of es-

ek H 1 :2022-08-11 52 H#1:2022-12-20
ST H A B BERMIET &I H (210913009,200613051) 70 5 24 B2 5 2 R ARHIFER A2 350 H (190113004 )
* W {E1EH E-mail : weiyue2001@ 139. com



Vol. 35

R T T ORISR IO 2 B DURRZE MR A4 03 58 K LR oe 261

sential oil extracted by the three methods were different in different degrees. The essential oil obtained by water distillation

had the most kinds of components, mostly small molecular compounds such as alkanes, olefins, alcohols, aldehydes and ses-

quiterpenes , while subcritical method and supercritical method were similar to each other to a certain extent. They had 40

common components , mostly high boiling point compounds or macromolecular compounds such as acids, alcohols, esters and

phenols, but the content difference was obvious.
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Fig. 1 TIC of hemp essential oil extracted by water distillation method
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Fig. 3 TIC of hemp essential oil extracted by supercritical method
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Table 1 Comparison of essential oils from stems and leaves of hemp prepared by three methods
ik o Pk 51 BT E
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Table 2 Component identification and comparative analysis of hemp essential oil under three different extraction methods

;*N;% ty W a5 Nﬁiullir R XS 5t Relative content( % )
o. ('min) Component formula Similarity (% ) A B C
1 3.489  o-JEH a-Pinenel?!?) 80-56-8 CioHye 94 0. 07 - -
2 3.831  ZEHIE Benzaldehyde ) 100-52-7 C,Hy0 95 0.08 - -
3 3.868  Hili Glycerol 56-81-5 C,H;0, 98 - 3.51  1.32
4 3.991 BE#ERE Mushroom alcohol 2] 3391-864 CgH,0 95 0.05 - -
5 4.120  FJLBHAEE Prenylacetonel 1] 110930 CsH,,0 91 0.12 - -
6 4.206  6-FHE-5-Piks-2-E 6-methyl-5-Hepten-2-ol 1569-60-4 CgH,s0 87 0.21 - -
7 4.702  2-J3FHE 2-Bromooctane 557-35-7 CgHy, Br 83 0.08 - -
8 4.911  (+)-F#EK ( +)-Dipentene! 2] 5989-27-5 CioHyg 94 0.08 2,35  4.17
9 5.355  5-(2-HI3EP %) T4 5-Isobutylnonane 62185-53-9 Cy3 Hyg 92 0.11 - -
10 5.463 {1 Pu%E 1-Chlorotetradecane 2425-54-9 C1.HyCl 79 0.05 - -
11 5.580  y-FAil#E y-Terpinene 2 99-854 CioHyg 95 - - 0.34
12 6.349  FHEEEL Linalool %) 78-70-6 CypH;50 96 - 0.42  0.69
O H A :)
13 7.597 iii‘;ym%r;ij%ﬁilm 17865-32-6 CoH,o0,Si 91 0.11 - -
14 8.456  IE %% Dodecane 112-40-3 CpoHyg 94 0. 06 - -
15 8. 585 ;:j:;i%y’ll_ﬁ?iaml 98982979 CoH,,0 80 0.08 - -
16 9.040  2,3-T S IEWKNG 2,3-Dihydrobenzofuran 496-16-2 CgHgO 89 - 0.15 -
17 10. 015 5-F 3| P4 45g 5-Methyltetradecane 25117-32-2 CisHs, 95 0.07 - -
18 10.123  J2al-2-Z84% 3-Heptylacrolein 3913-81-3 CioH50 95 - - 0.51
19 10.421 4 ,6-—H3-HH:bi 4,6-Dimethyl-dodecane 61141-72-8 Cy4Hy 93 0.16 - -
20 10.774  JEWiFRFEE Monomethyl adipate 62791-8 C,H,,0, 93 - 0.13 -
21 11.467  XFZAHEEEBIARB p-Vinylguaiacol 7786-61-0 CyH,,0, 83 - 0.08 -
22 11.563  iF Nk Hexadecane 544763 Ci6Hyy 91 0. 06 - -
23 12. 047 T faf 4751 Piperitenone 491-09-8 CioH,0 96 0. 65 - -
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2:5% 2 ( Continued Tab. 2)

rN#; ty Wt a5 Nﬁiir RO XS5t Relative content( % )
o. ('min) Component formula Similarity (% ) A B C
24 13.538  JIZ§PH Cinerolone 17190-74-8 CioH,, 0, 80 0.11 - -
25 13.726  a-fi41# a-Caryophyllene!'*:15-2!] 6753-98-6 CysHyy 95 0.23 - -
26 14.046  B-F 1) B-Caryophyllenel!*:13:22] 8744-5 CisHyy 97 2.46 - -
10, 10-— B KE-2, 6-%0 (W FF 2L ) - 3f
27 14.245  [7.2.0]F—%% 10,10-Dimethyl-2,6-dime-  136296-38-3 CysHyy 92 0.10 - -
thylenebicyclo[ 7. 2. 0 ] undecane
28 14.359  (E)-o-F )G (E)-a-bergamotene 13474-594 C,5H,, 95 0.10 - -
29 14.572 2,6-KUT HIK W 2,6-Di-tert-butylphenol 128-39-2 C,H,0 91 - 0.08 0.07
30 14.699  FHFHLHN Geranylacetone 3796-70-1 C13Hy, 0 93 0.17 - -
31 14.871  B-HEJ B-Humulene 116-04-1 CysH,, 95 0.89 - -
32 15.396 -4 22345 y-Muurolenel'#:15] 30021-74-0 C,5Hy, 91 0.21 - -
33 15.482 @-Z##i a-Curcumene! 1% 644304 C,sHy, 93 0.24 - -
34 15.577  FFEEIREE Aclareol oxide 5153924 CigH30 80 0.15 - -
35 15.663  B-Ehsi B-Selinene 2 17066-67-0 CsHy, 93 0.28 - -
36 15.724  IF Z 14 Eicosane 112-95-8 CyoHyy 91 0.24 - -
37 15.864  a-FIflH a-Guaiene 3691-12-1 CysHyy 90 0. 40 - -
38 16.104  (Z)-fi¥1¥s (Z)-Caryophyllene 13877-93-5 CysHyy 89 0.24 - -
39 16.245 -k EE B-Eudesmol 473-154 CysHyO 83 0.03 - -
40 16.298  y-28FHkHLR y-Amorphene 6980-46-7 CysHy, 90 0.20 - -
41 16. 333 £ W Butylated hydroxytoluene 128-370 CsH,, 0 94 - 0.14 -
42 16. 489 S-F:#A s 5-Cadinene 483-76-1 CisH,, 81 0. 40 - -
43 16.811  F#Ks ( + ) -Aromadendrene!®!) 489-394 CysHyy 89 0.77 - -
44 16.894  o-4I¥% 254 a-Bisabolene!'*:1%) 25532790 CysHyy 89 0.19 - -
45 16.968  3,7(11)-MEPK 45 3,7(11)-Selinadiene 6813214 CysHy 92 0. 86 - -
46 17.357 -6 (E)-Nerolidol! 415 40716-66-3 CsHys O 93 0.95 - -
47 17.642  FiF%iE Carnationenol 913176 41-7 CisHyO 89 0.09 - -
4 a7 RDAAERRAK G YT Epitrans - gaq 0 43 C1sHp 0 80 0.22 - -
sesquisabinene hydrate'~-
49 17.953  f41% Caryophyllene oxide 1139-30-6 CysH,,0 94 2.61 - 0.07
50 18.145 fh’yzl:f:ipfn%r?jiﬁilﬁiritf »4-Trime- 6846-50-0 C1Hz0 04 86 0.39 - -
51 18.237 A (-)-Guaiol 489-86-1 CysHys O 94 0. 60 - -
52 18.310  ZRJ5H%MA Linalyl acetate 115957 CoH3NO 84 0.27 - -
53 18.428  Z{NMEE Copaborneol 21966-93-8 Cy5Hy O 89 0.98 - -
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442 2( Continued Tab.2)
B Wt a5 Nﬁiir RO XS5t Relative content( % )
No. ('min) Component formula Similarity (% ) A B C
54 18.551  FRALUERES 1T (-)-Humulene epoxide 1T 19888-34.7 CysH,, 0 95 1.19 - -
55 18.583 %3 Curcumol 4871970 €5 Hys 0 83 - 0.19 -
56 18.655  JENEE (-)-Cubenol 21284220 €5 Hy O 80 0.15 - -
57 18.735  FRHIEL Cyclopropanemethanol 54999632 CHy 0, 80 0.36 - -
S8 18.788  y-keMYHEL ( + ) -y-Eudesmol 117066-77-0 CysHy O 93 0.62 - -
59 18.938 ;ﬁilﬂ tﬁiflutii; J: iﬁﬁratem 58319-054 Ci5Hy 0 85 0.52 - -
60  19.058  B-FifiUEH: B-Caryophyllenol 32214-88-3 CysH,, 0 84 1.90 - -
61 19. 145 £ —4EE L Caryophylladienol 11 19431-79-9 C;sH,, 0 95 1.34 - -
62 19.221  T-FLAARE T-cadinol 5937-11-1 €5 Hy O 81 0.53 - -
63 19.324  RULEABIENEEE (E)-Valerenyl isovalerate  101527-75-7 CaoHsy 0, 80 0.49 - -
64 19.520  B-frfil A B-Guaiene 88-84-6 CysHy, 80 1.78 - -
65  19.604  FARFEME Germacrone 6902916 CsHp0 84 2.80 - -
66 19.818  SEArAIAAEE Bulnesol 22451736 CysHy O 90 0.28 - -
67  19.840 3535 ar-Turmerone 532650 €5 Hy 0 89 - 0.11  0.17
68  19.898 ‘(‘i;) 51;&%‘%@?{2&?;;31?1@; * 81968-629 C1sHy O 84 2.41 - _
69 20133  a-£TBZ5EE a-Bisabolol 515-69-5 C15Hy0 97 9.07 0.18 0.15
70 20.355  2-+ Tk 2-Pentadecanone 2345280 C,5sHy0 85 0.13 - -
71 20.475  FEARN Juniper camphor 47304-1 C15Hy0 83 0.05 - -
72 20.648  @EAFH 2 B Glepidotin B 87440-60-6 C5sH,0 80 - 0.15 -
73 21,055  iFRELUEMEIRARAE Methyl myristate 124-107 C15Hy 0, 89 - 0.08 -
74 21799  AERER Myristic acid 544638 €4 Hys0, 94 - 0.09 0.10
75 22.053 & FRCEEZ R Cyclohexylacetic acid 5202217 € Hig 05 84 - 0.11 -
76 22.510  FSntMEE Dehydrovomifoliol 39763-332 Cy3Hyg 05 80 - 0.23 -
77 22.829  Hi% Phytane 638-36-8 CaoHy 89 - 0.11 -
78 23.456 ¥ H Neophytadiene 504-96-1 Cao Hig 96 - 0.28 -
79 23.444  Hif Fitone 502-69-2 CgH360 94 1.51 0.11  0.09
80 23.950 AP HIFR "5 T Diisobutyl phthalate 84-69-5 CH,0, 97 0.89 - -
81 24.328 fifﬁﬂffi f 357, 11, 15-Temamethyl-2- 5 60¢ 537 CyHypO 85 - 0.11 -
82 24.782  A5HEVNARH S Palmitoleic acid methyl ester 1120-25-8 C,,H,,0, 97 - 0.59  0.35
83 oa.ss0 OWIETIEAL,2-HRR T Ti 8-Methyl- 89-18-9 CpH3, 0, 83 0.10 - -

nonyl butyl benzene-1,2-dicarboxylate
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2:5% 2 ( Continued Tab. 2)

rN#; ty Wy a5 Nﬁiir ity AR Relative content(4%)
o. ('min) Component formula Similarity (% ) A B C
84  24.950  [Rt-3LJEHTNER (E,E)-Famesyl acetone 1117-52-8 Ci5HypO 92 0.23 - -
85  25.193  FihE AR S Methyl palmitate 112-39-0 Cp,Hy, 0, 97 - 1.86  1.34
86  25.503  FhiEiMER Palmitoleic acid 373499 C16Hzp 0, 95 - 0.41 2.36
87  25.493  HAi¥EE Isophytol 505-32-8 CyoHypO 94 0. 06 - -
88  25.810 4RI HE2 T Dibutyl phthalate 84742 CiHy, 0, 97 2.02 - -
89  25.940  HHEER Palmitic acid 57-103 Ci6H3p 0, 94 - 3.61  4.05
90 26.117  9-F/NRMGIR LT Ethyl 9-hexadecenoate 54546224 C,sH;,0, 95 - - 0.38
91  26.519 KRR Z. M5 Palmitic acid ethyl ester 628-97-7 C15His 0, 95 - 0.17  0.48
92 27.082  FFIILIREEE Geranyl linalool 1113219 CyoHs O 89 0.10 - -
03 28000 WHCIIFCH 4233-18-5 CyoHyp 80 0. 43 - -

Cyclohexylidedecyclohexane
10,12-Z A Fifk — i

32- C,sH,,0 - -
4 28.168 10, 12-Pentacosadiynoic acid 66990-32-7 BT 82 0-11
95 28.261  FMAZHER Methyl linoleate 112-630 CyH;3,0, 96 0.51 8.66  1.40
96 28.381 a-VJBRR F /iE Methyl linolenate 301-00-8 CioH;,0, 93 0.39
97 28.514 Sz 2R g Elaidic acid methy lester 1937-62-8 CioH30, 96 - - 3. 66
B L - = = B _n il ~v-Palmi-
o8 28465 O I —BEEA2(3H) - IRIGHH y-Palmi 730-46-1 C16Hs00, 86 0. 10 - -
tolactone
T TR L R 8,11, 14- =I5 TR 8
s 1L, , C,.H,. 0 _ -
» 28.523 11,14-Docosatrienoic acid methyl ester 36847020 BT 87 7.94
_ 7 1= _ -11-
100 28,610 \LT/AEAEE Methyl (£)-Octadec-11 52380-33-3 CyoHyg 0, 95 - 0.38  0.19
enoate
101 28.607  Hi#iE Phytol 150-86-7 CaoHyO 97 8.54 2,42 0.53
102 28.977  FEASHEFiE Methyl stearate 112-61-8 CioHy0, 97 - 0.48 0.6l
103 29.214  TGiffR Linoleic acid 60-33-3 CisHy, 0, 94 - 6.51 7.68
104 29.312  (Z)9-FNEEEEE cis-9-Hexadecenal 56219-04-6 CiHy0 89 - 6.41 -
./: > N -1 "‘. = - =] £ » -
105 29339 (Z)AAUE T L HSE2 Oxacyclo 123693 C6Has 0, 93 0.26 - -
heptadec-8-en-2-one
106 29.380 i Oleic acid 112-80-1 CygH,, 0, 92 - - 22.50
N 7 =3 atdic act -
107 29. 485 zW{H]ﬁgqaﬁa Linolelaidic acid methyl es 566974 €y Hy 0, 9 0.16 B B
108 29.648  WilifiR 4B Oleic acid 112-80-1 CpoHye 0, 96 - 0.87 1.30
109  29.767  HERZEE Ethyl linoleate 544354 CyoHizg 0, 94 - 0.61 2.92
110 30. 287 + /& Z B Ethyl oleate 111-62-6 Cy0Hyy O, 92 - - 0.17
111 30.962 X BikH 2 Ethyl stearate 111615 CysHy, 0 80 - - 0.27

112 31.743 A6 D47 R FR R Methyl arachidonate 2566-894 C, H34 0, 91 - - 0.15
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2:5% 2 ( Continued Tab. 2)

B Wy a5 Nﬁiir ity AR Relative content(4%)
No. ('min) Component formula Similarity (% ) A B C
113 32,100 JhR4H/K H g 2 ,3-Epoxypropyl oleate 5431334 Cy Hy O 84 - 0.22  0.29
114 32.082 AW Cannabidivarol 24274484 CoHys 0, 84 7.05 0.23 0.24
115 32.528 AR /K H Mg Glycidyl palmitate 7501442 C1oH360;4 84 - - 0.24
116 32.867  A°-PUS K3 A°-Tetrahydrocannabivarin 31262-37-0 C1oHy60, 80 0.11 1.18  1.16
117 33.154  FEARRH G Methyl arachidate 1120-28-1 Cy H, 0, 80 - 0.56 -
118 33.243 KRR Cannabibinol 67920-00-7 C,, Hy0, 89 1.13 - -
119 33.932  KJRIFE Cannabicyclol 21366-63-2 Cyy H0 0, 96 1.38 - 0.18
120 34.290 KR Cannabivarol 3374521-0 CioH,, 0, 83 - 0.42  0.30
121 35.004  FBR_J§# Cannabidiol 13956-29-1 Cyy Hyy 0, 97 19. 69 7.86  8.71
122 35119  FBREAJ5UH Cannabichromene 20675-51-8 Cy Hy 0, 98 2.78 .79  1.80
123 35.476  KJjRFF LA Cannabicoumaronone 70474974 Cy Hyg 05 87 0.29 - -
124 36.009  EyHERAAK H MR Glycidyl linoleate 24305-63-3 Cypy Hy6 04 90 - 0.47 1.36
s 36,064 be EIC’??L R B exo-Tetrahydrocannabinol 27179.98.8 Gy Hay 0, %6 0.08 ~ ~
126 36.259 A Panaxadiol 19666-76-3 C, Hy,0, 80 - 0.16 -
127 36.765  A°-PUSE KRR (-)-A°-trans-THC 1902-08-3 Gy, Hy0, 95 4.00 5.90  6.62
128 37.317 ﬁfﬂﬁlijﬁ M2 — 5 B Bis (2-ethylhexyl) 117817 CyyHig O, 97 - - 289
129 37.335  AFPE_HEZ —1F3EHE Celluflexdop 117-840 CyyHy Oy 97 - 17.56 -
130 37.543 8-+ Nfif 5-Eicosalactone 110071-67-5 CyH330, 86 - - 0.22
131 37.523  3-HI%E | ki 3-Methyl-pentacosane 6902-54-1 CyeHyy 77 0.13 - -
132 37.749  FJKiiEH Cannabigerol 2808-33-5 Cy, Hy,0, 87 0.13 - -
133 37.990 n-+ SRR 2 B n-Nonadecylcyclohexane 22349-03-7 Cys Hyg 80 - 0.09 -
134 37.912  KJKE Cannabinol 521-35-7 Cyy Hyg 0, 96 3.04 1.84  2.09
135 39.070  fA4%%% Squalane 111013 CyoHgs 86 0.03 0.59  0.37
136 39.658  HuhHUIMERES Glyceryl 111-03-5 Cy Hyy O, 91 - 0.35 -
137 40.997  FFIRWERE cis-13-Docosenoamide 112-84-5 Cy, Hy3NO 91 - 0.26  0.51
138 41.600  [Zff% K Squalene 111024 CyoHso 93 0.17 0.53  0.52
139 44.920 -4 y-Tocopherol 54284 Cps Hys 0, 84 - 0.07 -
140 45.846  JIH[EEE Cholesterol 57-88-5 Cyy Hy6O 90 - - 1.38
141 47.279 329§ R 22-Dihydrobrassicasterol 4651-51-8 CyHygO 85 - 1.08  1.24
142 47.687 T Stigmasterol 8348-7 CyyHg0 90 - 0.75 0.7

143 48.422  y-23H§ Clionasterol 83476 CyHso O 89 - 5.24 6.71
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2:5% 2 ( Continued Tab. 2)

;JN;% ty Wt a5 Nﬁi{ir RO XS5t Relative content( % )
o. ('min) Component formula Similarity (% ) A B C
144 48.633 T Isofucosterol 481-14-1 CyyH,g0 88 - - 0.72
145  48.881  B-F WA B-Amyrin 559-70-6 CyoHs00 90 - 0.64 0.78
146 49.144  B-F4 4 B-Amyron 638-97-1 CyHs0 82 - - 0.12
147 49.444 o-FWHE a-Amyrin 638-95-9 C3Hs50O 93 - 0.26  0.30
148 49.478 %7 168 Antioxidant 168 31570-044 CypHez O5P 90 4.01 - -
149 50.097  B-FMEEE LR B-Amyrin acetate 1616-93-9 C3,Hs, 0, 95 - 0.75 0.86
150 50.374 ij:ﬁeﬁiiﬁje?y%wrtanol 1449-09-8 Cy, Hs, 0 84 - 0.29 0.29
151 50.617 o« FWIEREL RN a-Amyrenyl acetate 863-76-3 C3,Hs, 0, 90 - 0.33  0.41
152 50.759  FEAKEL Friedelal 5085-72-3 C3H5, 0 81 - - 0.19
153 51.063  JoHili Friedeline 559-74-0 CyoHsy0 92 - 0.61 0.64
154 53254 O/ VAR e HE Rl 36078-10-1 C3Hsg 0, 81 - 0.38 0.19

9-Octadecenoic acid,dodecyl ester

TE: A KZRIRTE B IR 53k C ol IR P15 5 — oM

Note : A ; Water distillation method ; B ; Subcritical method ; C; Supercritical method; — : Not detected.

3 it SR

AR B0 20 0 KA G A A ik, IRA5 3 Fho
BRI GC-MS BB i (ig &, 1545 ik
A3 TR)SE B G (0 43 18, 4 T K B I HER B L AT A
JE a3 RO R RO Bk TR AS A DURRAS T 4
43T GC-MS %32 43 #7 FELFCAF 5T, 45 5 e 9L
SR TR I A e 154 Ay, HE A
13 ANHAT 143, FRRLEE S 78 80% LA I, Horfk 7648
AR Fc £, ik 89 Fh, 2 Wi ke |
s R Al 2 AN AL A W Ay, T I
SR S5 AE B BT ARG il 28 A8 B — 2 B AR
Pk, Z R W2 WRE, By 2 a5 mn i Sk A sk
STREY, HaA 40 AN ILE G (HE g2 50 5,
WA, MR , R , KRR 4

FARIKZRIE LA R B 2 e £, (1
JE R, I B & v sk R SR S
FHNERREOT A BRI E R . X Ak
IR, oK BBV R — a2 LA RS T (35 &)
AT, K &SRR 25 TR RE IR 21 100 °C L PR,
b PR SO o N = I | I N 5% e 2.
IR AN, 25 B 9t 2% o ) LB A AR TR
PIE YR S L S T R N R S e /) 2
FEEUE Sk, Dt , 5 K Z8 4R T ARG AL 2 Ry
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R 32 0 i S R 55 T TS A MR 4k
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PRI B R ST, (] IRt 2 3 i — 26 /N I3
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RUACHCTBE, BAT R e PR35 W TR 5 SE B PR A
GF TR AT B R IR I ML R B T BB, B 1% 4, B
KA, Ty BACLL Sy, TR b A1 BE AR AR A
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%

DUBRRE T2 DUBRAE A A P9 B89 — R 32 A PR AR AR
7, Horh 5 — L 20 73 HATVRR 6 25 AT RS A
{EL, 2 T HA B AT BORBHE RN, B s, 7 &,
AT LAY 51 4, 3w LA AL, BUA A, B B
LA S o PR, AR G088 T o Jis 303 A DURARS il
AT P R PRI s A — o sy B A B A 4R U
AR PHAIGARTE , Sy 1t — 25 % P 5 o WF S DURRAR il
(H77) BHDIRER M S B A =%, d o iR
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