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Extraction Kkinetics of volatile components from Foeniculum vulgare by steam
distillation
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Abstract: Objective To reveal the dissolution rule of volatile oil in the extraction processfrom Foeniculum vulgare by GC-MS
analysis. Methods The volatile oil of F. vulgare was extracted by steam distillation; The volatile oil/perfume system was collected at
fixed time interval (30 min); The volatile oil part and perfume part were separated. Using N-docosane and methyl myrisate as double
internal standard, GC-MS was selected for analysis and quantification. The main components were extracted by thermography, and the
distribution regularity of components was definited. The principal components with the impact on the composition distribution were
investigated according to the physical and chemical properties of the molecular weight, melting point, boiling point, and density of the
compounds. Results The GC-MS analysis results concluded 123 volatile components. The main components were estragole,
anethole, and (R)-(+)-limonene. There were 60 and 27 endemic components in aromatic aqueous solution and volatile oil, respectively,
in which 27were common composition. The content of anethole in water was positively related to the endemic components in aromatic
water, and even had a positive correlation with anethole artemisia content and (R)-(+)-limonene content. The specific components in
the oil were positively related to the content of the main components (R)-(+)-limonene in the volatile oil. The principal component
analysis showed that the physical and chemical properties of the compounds were important factors affecting the distribution of
components; PC1 (molecular weight and positive correlation of melting point), PC2 (refractive index positive correlation), and

PC3 (water-soluble negative correlation) were the principal components that lead to differences in component distribution.
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Conclusion In the process of extracting volatile oil from F. vulgare, steam distillation is affected by the physical and chemical

properties of volatile components. Some components are specifically distributed in aromatic perfume and volatile oil system. The

endemic components of aromatic water increase the content of the main components in the water system, which may lead to

theproduction of “emulsification” during the extraction process of volatile oil and reduce the yield and quality of volatile oil.

Key words: volatile oil of Foeniculum vulgare Mill.; GC-MS; double internal standard method; steam distillation; extraction kinetics
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Fig. 1 Roadmap for extraction Kinetic study of volatile oil
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Table 1 Extraction of volatile compounds from F. vulgare by steam distillation

e EM TR AT 53 B CAS %5 5 ¥
1 R 92.063 000108-88-3 C;H;
2 ECE 100.089 000066-25-1 CeH1,0
3 (1R)-2,6,6-FM [3.1.1] -2-B¢)d 136.125 007785-70-8 CioHys
4 BKAME 136.125 000555-10-2 CioHyg
5 4B T E-TIR[3.1.0]-2-C 4 136.125 028634-89-1 CioHg
6 a-IKATM 136.125 000099-83-2 CioHyg
7 ARSETNIE IR 134.110 000527-84-4 CioHy4
8 eI 136.125 005989-27-5 CioHyg
9 RA-B-FEGE 136.125 003779-61-1 CioHig
10 B-ZEiE 136.125 013877-91-3 CioHyg
11 -l 136.125 000099-85-4 CioHys
12 2-FEE-S-f T AL 3R [3.1.0] (1o,20,50)-F2 34 O 154.136 017699-16-0 CioH;50
13 1,33-=F3-T3R[2.2.1]-5F 152.120 001195-79-5 CioH,60
14 TR 142.136 000124-19-6 CoH,50
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s WEY LR X FRE  CASHis Vins
15 JRX-p-25HE-2,8-1-BE-— W 2.3k = fi% 152.120 003886-78-0  CjoH,0
16 2,6--HE(E,2)-2,4,6-=J 136.125 007216-56-0  CoHjg
17 7-FR[4.1.0], 1-H3E-4-(1-F UM 5L)- BRIt 152.120 001195-92-2  C,oH;c0
18 3-F = OB VYRR £54.1.1.0 (2,4)]- 2,7,7- = F JE- 3 f 152.120 001686-14-2  CoH;s0
20 1,7,7-=H - (15)- "3 [2.2.1]-F R 152.120 000464-48-2  C;oH;c0
21 FahE 154.136 000562-74-3  C;oH;50
22 3,6-dimethyl-2,3,3a,4,5,7a-hexahydrobenzofuran 152.120 070786-44-6 CioHi60
23 ELEM 148.089 000140-67-0  C,oH;,0
24 R-2-FIE-S-fi T E-2R L 152.120 005948-04-9  CjoH;s0
25 1,3 3-=FEE-28, (18-4h)-Z3[2.2.1]- Pl 196.146 076109-40-5  C;,H,,0
26 HEEFR 196.146 013851-11-1  C;,Hy0,
27 AWEE A 150.104 002244-16-8  C;oH,40
28 A-HEAEERHIE 136.052 000123-11-5  CgHg0,
29 WA 148.089 000104-46-1  C,oH;,0
30 HAUR 204.188 003856-25-5  C;sHy
31 184.183 000112-54-9  Cj,H,0
32 1-(1,5- S H 4O -4- R R 202.172 000644-30-4  CysHy
33 2,6- - HIFE-6-(4-F AR A E)- IR [3.1L1]-BE 204.188 017699-05-7  C,sHy,
34 VYR EE-FR PR ST 518.132 000107-50-6  C,4Hs,0,Si;
35 B-ERSE 204.188 000495-61-4  C;sHyy
36 THHEX 220.183 000128-37-0  C;sH,,0
37 BAEFAKITHE 204.188 020307-83-9  CjsHyy
38 M 222.089 000523-80-8  C,H 40,
39 HEHE 216.151 1000292-71-0  C;5H,,0
40 EERR S 242.225 000124-10-7  C;5H300,
41 Atk 310.360 000629-97-0  CyHyg
42 22 IR 6-(1,1- R £ 3)-4- B 2R T 340.240 000119-47-1  C,3H3,0,
43 EEQ-FHAEFR) L R 400.189 1000358-58-3 —
44 A-F-N-(4-WEE PR EE)- 1 H-E - 1- 2 Bk i 341.998 1000350-03-8 —
45 (18)-2,6,6-FEMA[3.1. 115 — I 136.125 007785-26-4  C,oHys
46 1-HIE-3-(1-H I ZI)-H 134.110 000535-77-3  CjoHy4
47 ()-2-KEfm 152.120 000464-49-3  C,oH;c0
48 2-FIE-TAL 296.344 001560-84-5  CyHyy
49 2,3-A-6-fiHFE-1,4- 80 R 207.028 003682-19-7  CgHsN;0,
50 LSRR RE AL R TR 296.130 003555-45-1  C;oH,50,Si;
51 4-ZR-MEBEDH[2,3-d]mEnE 207.080 028732-75-4  Cj3HgN;
52 B-URME 136.125 000127-91-3  C,oHyg
53 1-FdE4-(1-FEE IR 13- T2 136.125 000099-86-5  C;oHys
54 L-FVH 152.120 007787-20-4  C,oH;O
55 HEME 152.120 000099-48-9  CyoH;0
56 @ TLHEEE 134.110 000135-01-3  CyoHy4
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s W& 2R X FRE  CASHi% Vins iy
57 J-2-F3E-5-(1- L 2 ) -2 O Y 152.120 001197-06-4  C,oH;c0
58 1-(4- A EEIREL)-1-TR R 164.084 000121-97-1  CyH;,0,
59 1-ZBE-3-2R0R 178.074 000102-03-4  CoH;(N,0,
60 o~ LA 204.188 1000360-33-0 —
61 T 218.167 087440-60-6  C,sH,,0
62 T )\FEI LA 666.169 000556-71-8  C;3Hs400Sig
63 T HENIUEEE M 740.188 018772-36-6  C,oH010Si10
64  TNHEER AT 592.150 000556-68-3  C;6He,O4Sis
65  A-HERFE-4"-(4- W FE P RERE) 75 5B 429.103 1000234-46-1 —
66 4kt 296.344 000629-94-7  CyHyy
67 DUk 338.391 000646-31-1 CysHsg
68 ki 282.329 000112-95-8 CyoHyy
69  1-¥23k-3,5,8-= B IL-N5 I 302.079 049599-09-9  C¢H 405
70 Tk 352.407 000629-99-2  CysHs,
1 (2)-9-—F+=H 322.360 027519-02-4  Cy3Hye
72 2,530 (1,1-FFE Z.5)-1,4- 2K ) 222.162 000088-58-4  C,4H,,0,
73 Ak 366.423 000630-01-3  CyeHsy
74 R-4-CHE-5-F 2 2R P AE)-1,3- R 350.168 038274-73-6  C;sHy4F40,
75 M=k 420.470 000297-35-8  CsoHgo
76 1721-HE=AbkE 548.626 067979-79-7  CsoHgg
77 o RIEEIR LR RAD 211.136 1000335-15-7 —
78 5-FREILEH 148.089 1000342-73-8 —
79 4,5,6,7-VUEA-2- R IFMEN - Z FE-6- £ FE- O TiR-3-FR TR 253.114 329222-94-8  —
80 1,2-XU(FAAEAERE) K 222.126 017151-09-6  C;,H,,Si,
81  4-WPFHIE-1-(1-F 3L 2. 38)- SR Ui 136.125 000099-84-3  CjoH6
82 23-“&A-EHEN 120.058 000496-16-2  CgH0
83 HBLIA Ok T WA EE-RELT 188.123 017865-32-6  CoH,(0,Si
84 XPRUT LR L% 176.120 095418-58-9  Cj,H,,0
85  2-(3-L.1R-4,4,14- = W St 45 -8-J-17-12)- TN IR 430.308 1000194-01-2 —
86 N-(4-FRRHL)-ZE e A 313.171 1000293-99-1 —
87  5-FIHE-2-= PR b e k- TR 222.108 097389-69-0  Cj,H,50,Si
88  NHIEE-FF IR T HRREET 222.056 000541-05-9  C¢H;50,Si3
89  ()-FHAE 150.104 006485-40-1  C,oH,0
90  Z&JE 2-HIIEIR CUIR- 104 AR E IR 364.261 1000345-16-1 —
91  =HIEE [5-FHE-2-(1-FH 43) &Ik 222.144 055012-80-1  C;3H,,0Si
92 4-WFFRIE-1-(1-FR 3k 2 38)-XUFR[3.1.0] 2k 136.125 003387-41-5  C;oHys
93 154.136 000470-82-6  C,oH;50
94 CEERER-VERER 236.145 1000309-14-1 —
95 5-FREL-S-PAE-TAT 184.219 017312-75-3  C;3Hyg
96  Z-14-—t Sk 406.454 1000131-18-9 —
97 kR 226.266 000544-76-3  C¢Hay
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s WEY LR X FRE  CASHis Vins
98  KI-jEfTER 152.120 000089-82-7  CyoH;60
99  S5-HIHARE-F T 148.052 013391-28-1  C4Hg0,
100 7-(1-FF 3L 2. 5%)- 34 [4.1.0]- Pk 136.125 053282-47-6  C;oHe
101 [3.3.1.1(1,8).0(2,4)] PU¥p-Z&4z 134.110 1000185-58-7  —
102 4-F3E-1-(1,5-— HHE O kp)-2E 204.188 001461-02-5  C;sH,,
103 2,4- " HFE- K IFF[h]Emk 207.105 000605-67-4  CysH;3N
104 3-HE-—+—k 310.360 006418-47-9  CypHye
105 3-FI%EIE-R 136.052 000591-31-1  CgH;0,
106 2-( LB ER)-3-(FF AU RIS BRI 282.089 093103-70-9  C;;H404
107 2-F-Hkng 121.089 000622-39-9  CgH N
108 B,3,4-N-[(FEHEr) W HH 3 X[ = R I ik -8 2 % 563.177 055429-13-5  —
109  1,2,3,5,6,8a-7NE-4,7- 2 H 2E-1-(1-F 5 2. 3)-(15-cis)-Z% 204.188 000483-76-1  C;sH,,
110 N,0,0,0"-VUEk-(= FAERE S 5L)-(DL)- 5 T LI R 457.232 1000332-93-5 —
11 1,2,5-=F3ntng 109.089 000930-87-0  C;H;|N
112 3-2.3-3Fk 142.172 005881-17-4  CyoHy,
113 (H)-4-E4 136.125 029050-33-7  CjoHyg
114 =HLEE-0,0,0-=-(=F EaERIE)-REZA T 5 LR 537.237 325836-92-8  —
115 6,6-—HFE-2-TFHE-(15)- Z3[3.1.1]-F%t 136.125 018172-67-3  CjoHyg
116  D-E7f 152.120 004695-62-9  CyoH;60
117 5-5E-Z840 184.219 017312-62-8  C;3Hyg
18 =4 184.219 000629-50-5  C3Hyg
119 PIFepuyT 255.162 083015-26-3  Cy;H,NO
120 PUEfb-2-(4-F ALK IE)-2H-1,3-18 193.110 109086-77-3  C;;H;sNO,
121 4-Ff3E-4- 5 =N 280.991 024535-53-3  C;,HsCINO;S
122 =(OR-T 2 B R R ) AL A 468.189 1000366-57-5 —
123 135-FRBi=4 92.063 000544-25-2  C;Hg
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Fig. 3 Extraction characteristic chromatogram of volatile components from F vulgare
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