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Study on extraction of volatile oils from Angelicae Pubescentis Radix by deep
eutectic solvents assisted microwave steam distillation and its quality markers

LI Qian, YIN Zhuanlin, DING Xiaoqgin, JIANG Kan
State Key Laboratory of Aridland Crop Science, College of Agronomy, Gansu Agricultural University, Lanzhou 730070, China

Abstract: Objective To establish an efficient extraction method of volatile oil from Duhuo (Angelicae Pubescentis Radix, APR)
and predict its quality markers (Q-Marker). Methods In this study, steam distillation (SD), microwave assisted steam distillation
(MASD) and deep eutectic solvents (DESSs) assisted microwave steam distillation (DES-A-MSD) were employed to extract volatile
oils from APR. In addition, the Q-Marker for quality control of volatile oils from APR was predicted through network pharmacology
and molecular docking analysis. Results It was found that a deep eutectic solvent system with a molar ratio of choline chloride to
lactic acid of 1:2 was more advantageous for the extraction of volatile oils from APR by comparing DESs of different systems and
extracting methods. In addition, the yield of volatile oils by DES-A-MSD method was the highest by comparing SD with MASD
methods, and the yield of volatile oils was approximately twice of SD method. Then, the single factor method was used to optimize
the extraction conditions of the volatile oils from APR. The optimal conditions were as follow: molar ratio 1:2, microwave power 500
W, and water content 10%. The gas chromatography-mass spectrometry (GC-MS) was employed to analyze the chemical components of
the volatile oils from APR. Five main components, including B-selinene, a-selinene, a-bisabolol, osthole, 2-hydroxycyclopentade-canone,
were used as Q-Marker candidates for network pharmacology analysis. The component-target network, protein-protein interaction
network, component-target-pathway network, and target tissue distribution network were constructed to predict the Q-Marker. It was
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predicted that a-bisabol and a-selinene with high biological activity would be Q-Marker for the volatile oils of APR. Molecular
docking was used to verify the biological activity of predicted Q-Marker. Conclusion The established DES-A-MSD method could
improve the yield of volatile oils, and the predicted Q-Marker could be used to evaluate the quality of volatile oil.

Key words: Angelicae Pubescentis Radix; volatile oils; deep eutectic solvents; microwave; steam distillation; Q-Marker; network
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Fig. 1 Diagram of microwave extraction unit for volatile oil
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Table 2 Main components of volatile oils from Angelica Pubescens Radix

FXS 5 8%

UTR) D% 7T CAS
SD MASD DES-A-MSD
1 (H)-FEME [(+)-limonene] CioHis 5989-27-5 1.71 0.08 0.27
2 2-FFE-5-HEIEZE (o-acetyl-p-cresol) CoH1002 1450-72-2 1.69 0.56 0.41
3 4-FECIL-2-HELTEREE (4-methylhexyl 2-methylbutanoate ) C12H240, 850309-46-5 0.32 0.12 0.41
4  BER-3-FTEg C(isoamyl heptanoate) C12H2402 109-25-1  0.20 0.10 0.41
5 12-ZT RS (1,2-dibutylcyclopentane) CisHzs  62199-52-4 2.67 1.84 2.26
6 (+)-FETEM [(+)-cyclosativene ] CisHaa  22469-52-9 0.18 0.12 0.63
7 B-MiEME (B-elemene) CisH2a  515-13-9  0.85 0.34 0.63
8 6-FILpEIL-2-FH L T RS (6-methylheptyl 2-methylbutanoate) CisH2602 117421-31-5 0.24 0.20 0.12
9 (+)-T-epi-f&F-Mkals [(+)-7-epi-sesquithujene] CisHas  159407-35-9 0.21 0.08 0.09
10 2-epi-a-HIATE (2-epi-a-funebrene) CisHzs  65354-33-8 0.23 0.29 0.10
11 B-FATM (trans-caryophyllene) CisHaa  87-44-5 049 0.35 0.10
12 (+)-p-#aAS [(+)-B-cedrene] CisHas  546-28-1  0.19 0.16 0.14
13 2-HHETH NS (octyl 2-methyl butyrate) CisH2602 29811-50-5 1.57 1.39 1.12
14 (+)-B-#aAiENE [ (+)-p-funebrene] CisHas  79120-98-2 0.34 0.27 0.21
15 f&P4a4% (sesquisabinene) CisH2a  58319-04-3 2.88 3.08 2.38
16 (1R,4R,5S)-1,8-dimethyl-4-(prop-1-en-2-yl)spiro[4.5]dec-7-ene CisHaa  729602-94-2 0.22 0.39 0.13
17  4a,8-—FHE-2-(F-1-1-2-4£)-1,2,3,4,42,5,6,7- )\ & Z [4a8-dimethyl- CisH24  103827-22-1 0.84 1.13 0.24
2-(prop-1-en-2-yl)-1,2,3,4,4a,5,6,7-octahydronaphthalene ]
18 1-FHE-4-(6-F L B -5-0-2- )R 2-1,3- 4 [ 1-methyl-4- CisHaa  451-55-8  1.08 2.01 0.29
(6-methylhept-5-en-2-yl)cyclohexa-1,3-diene ]
19 o-ZEM (a-curcumene) CisH2  644-30-4 0.95 0.99 1.10
20 B-BEMME (p-selinene) CisHas  17066-67-0 5.01 5.07 4.00
21 o MERRME Ca-selinene) CisHas  473-13-2 389 3.93 3.75
22 6,8a-_FIHL-3-(4-1-M-2-45)-1,2,3,3a,4,5,8,8a- \ & B (isodaucene) CisHz4  142878-08-8 1.26 1.45 0.51
23 (3R)-2,2,5aB,9B-VU F E-3B,9aB-F FH I +S(-1- R IFHEPE [(3R)-2,2, CisHsO 5956-09-2  0.18 0.92 0.31
5aP,9p-tetramethyl-3B,9ap-methanodecahydro-1-benzoxepin ]
24 B-I%ZiM (B-bisabolene) CisHas  495-61-4 135 3.08 1.31
25 2-epi-a-tHARHENE (2-epi-a-funebrene) CisHza  65354-33-8 1.48 1.45 0.44
26 (S)-1-ZMBiaHk-4- -2kt [(S)-1-acetoxy-4-methyl-hexane ] CoH1802 91367-59-8 1.20 1.31 1.16
27 [EMAREEE (kessane) CisHsO 3321-66-2 1.44 1.59 1.05
28 y-HiF M (y-elemene) CisHas  29873-99-2 1.23 1.32 0.14
29 BEARVEVEAEME (valencene) CisH2s  4630-07-3 0.15 1.00 1.02
30 (B)-o-#¥ it [(E)-a-bisabolene ] CisH2a  25532-79-0 1.37 1.91 1.32
31 1-epi-J%# DI (1-epi-cubenol) CisH260 19912-67-5 0.35 0.58 0.53
32 WEE (o-elemol) CisHs0O 639-99-6  0.45 0.83 0.83
33 xA-BERE [(H-trans-nerolidol ] CisH260 40716-66-3 1.30 0.92 1.14
34  T-fLFARE (T-cadinoD CisHs0 5937-11-1 0.29 0.28 0.35
35 AFrE (caryophyllene oxide) CisH240 1139-30-6 051 0.35 0.76
36 (2S,55)-2- Hi %-5-[(S)-6- H 3 P-5-4%-2- 3] —3K[3.1.0] k-2 CisHasO 145512-84-1 0.47 0.41 1.90
(trans-sesquis-abinene hydrate)
37  AfIEE (guaioD CisHsO 489-86-1  1.68 1.51 2.42
38 4-(6-FH A FE-3- I BE A I R -2-3)-3- T #-2-B [ 4-(6-methoxy- C14H1403 10444-37-8 1.82 2.15 0.98

3-methyl-2-benzofuranyl)-3-buten-2-one ]
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39 He)AEE [(-)-spathulenol ] CisH240 77171-55-2 0.94 151 0.66
40 AT FikE-2-FF (oxacyclopentadecan-2-one) CiH2602 3537-83-5 142 2.76 3.83
41 7,10,13 Jifi-+/NW =M ER (7,10,13-hexadecatrienoic acid) Ci6H2602 7561-64-0  0.19 1.51 0.12
42 2-¥2FEIR+THH (2-hydroxycyclopentade-canone) CisH2s02 4727-18-8  3.83 5.42 3.97
43 (+)-FEAIAREE (bulnesol) CisH260 22451-73-6 129 0.90 1.73
44 1-+PUEE (1-tetradecanol) CuH30 112-72-1 078 1.14 1.28
45 3% #jEE (a-bisabolol) CisH260 515-69-5 7.72 1051 6.85
46 e (-12-+ HBM-1-BF (trans-12-pentadecen-1-01) CisH30 69222-15-7 0.37 0.68 0.49
47 9,10-—F3t-123,4,56,7,8-)\A % (9,10-dimethyl-1,2,34,5,6,7,8- CieHz 42173-25-1 050 1.02 0.97

octahydroanthracene)
48 y-EHRERHEE (methyl y-linolenate) CigH302 16326-32-2 0.86 0.72 0.53
49 Y HIEE (eremophilone) CisH20 562-23-2 0.38 0.35 0.53
50 JPRREE [(92,122)-octadeca-9,12-dien-1-ol ] CisH3:O 506-43-4  0.45 0.52 0.51
51 +—(BK))4 (heneicosene) CoiHsz  1599-68-4  0.97 1.37 1.43
52 (2)-2-H %:-6-(4- L3 O-3-4-1-55) Be-2,6- —J-1-F% (cis-lanceol) CisH2O 10067-28-4 0.26 0.38 0.34
53 3k (phenanthrene) CuHio  85-01-8 0.41 0.59 0.34
54 ¥R-+FLAMEE (cyclopentadecanolide) C1sH2802 106-02-5 053 0.70 0.82
55 (1R,3aR,5aR,9aS)-1,4,4,7-PU Fi %-1,2,3,3a,4,52,8,9- )\ A L I CisH240 104188-25-2 0.82 0.70 1.52

F[c]ZEHmE {(1R,3aR,5aR,9aS)-1,4,4,7-tetramethyl-

1,2,3,3a,4,5a,8,9-octahydrocyclopenta[c]benzofuran}
56 1-ZME5E 4,6,8- = HZEB (1l-acetyl-4,6,8-trimethylazulene) CisH160 834-97-9 092 2.06 0.75
57 (2)-F A -Lk-8-J-2-F (oxacycloheptadec-8-en-2-one) C16H2802 123-69-3 0.17 0.27 0.25
58 1-+7\kiliE (1-hexadecanol) CisH340 36653-82-4 0.58 0.88 1.00
59 ¥ +-bki-2-Fd (hexadecanolactone) Ci16H3002 109-29-5 1.05 1.24 1.81
60 (Z)-18-octadec-9-enolide CisHz202 80060-76-0 0.55 0.57 0.90
61 AFAEER (palmitic acid) Ci6H3202 57-10-3 1.82 247 1.89
62 FENEER LG (ethyl palmitate) C18H3602 628-97-7 0.16 0.20 0.44
63 (E)-4-(6- 7 4 =-3- P L DR Jf: Ik hpg -2-58) T7-3-Ji-2- [ 3-buten-2- C1sH1403 10444-37-8 1.42 3.24 0.22

one,4-(6-methoxy-3-methyl-2-benzofuranyl) ]
64 WK T3 C(osthole) CisHi60s 484-12-8  2.84 3.70 3.59
65 R WiER [(9E,11E)-9,11-octadecadienoic acid ] CisH3202 544-71-8 0.67 1.60 0.53
66 IETL1+PU%E (tetrapentacontane) Cs4Huo  5856-66-6  0.53 0.37 0.46
67 #57Jé& (selinidin) CioH2005 19427-82-8 0.31 0.92 0.54
68 = TERESEE (citronellyl 2-methyl butyrate) CisH2802 85409-36-5 0.29 0.16 0.13
69 2-H13E-5-(6-F 3 Pi-5-4-2-3E) 3 [3.1.0] . hi-2-BF CisHs0 58319-05-4 2.89 223 2.53

[ (2)-sesquisabinene hydrate ]
70 B-¥%ZjlE (B-bisabolol) CisHs0O 15352-77-9 2.89 2.23 3.54
71 WIHERFFEE (methyl linoleate) Ci9H3402 112-63-0 0.84 0.18 0.17
72 2-HETIRA i (dihydrojatamansin) CioH2205 2221-62-7  0.53 0.13 0.12
73 (1R,3S,45)-1,3-— F HE-3-(4- H L K -3- M- 1- 55)-2- S A —3h CisH240 211237-38-6 1.05 1.13 0.85

[2.2.2]%-5-1% {(1R,3S,45)-1,3-dimethyl-3-(4-methylpent-

3-en-1-yl)-2-oxabicyclo[2.2.2]oct-5-ene}
At 83.52 97.92 80.60
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