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Comparative Analysis of Essential Oil Quality and Composition
from Tissue Culture Seedlings of Thymus vulgaris L.
Using Different Extraction Methods
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Abstract. The essential oils of Thymus vulgaris were extracted by steam distillation, organic
solvent extraction and supercritical CO, extraction. The amounts, compositions and relative
contents of the essential oils extracted from the three methods were compared. The results
showed that the amount of essential oils extracted by steam distillation was 0. 21%, the main
chemical components were thymol(36. 53%) , benzene, 1-methyl-3-(1-methylethyl)-(14. 13%),
1, 4-cyclohexadiene, 1-methyl-4-( 1-methylethyl) (8.09%), and caryophyllene (4. 14%); the
amount of essential oils extracted by organic solvent extraction was 0.19%, the main
components were 1, 2-benzenedicarboxylic acid, mono ( 2-ethylhexyl) ester (55. 23%), thymol
(8.73%), and 1, 4-cyclohexadiene, 1-methyl-4-( 1-methylethyl) (5. 23%); and the amount of
essential oils extracted by supercritical CO, extraction was 0. 27%, the main components were
thymol(26. 68%), 2-propenoic acid, 3-phenyl-, methyl ester (21.55%), and benzene, 1-
methyl-3-( 1-methylethyl) (9. 69%). Based on the quality, major chemical compositions and
extraction amount of essential oils, the steam distillation was the best method to extract
essential oils from Thymus vulgaris.

Key words. Steam distillation; Organic solvent extraction; Supercritical CO, extraction;
Essential oils of Thymus; Quality and composition
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BB A& ( Thymus vulgaris L.) J& B IEEl ( Laia-
tae) @ B 7@ ( Thymus) M40, 16 FR Bk Hb 1
W BRI EA 10 2408, EEAAT
B A LA, B — R B 5 2 AR
I TR W3 R DA R TR A E
FriAe , 22 AT SR HCE A, R —28
R AR 5, ELAT T F 0 2 AN R
AR EEARIRTRL . RIRBHIE L)
KRBUEALTR, T Z R H TR K4k T
H Rt i L R s 2 45 4008 40 A ST dRGE
[E iR Rl PRy U ae e A LU RAC: 7/ BN 1 | AR -
K v e S B A AN B RN A T I ELAT SR B BT
ELPEE PR B, AT RAR 1k i A A B
GRS E AU, BA RGNS Y
PER'®ST, W e B A 4R B B A E
RV A RTREFE & R B R AR W R R, B
U 2 A B A B MR R DS b
A B NIOEM Tz, e BEPFE A
WriR A (HJ2 HETENANSCT B A R4kl 224
HTE B B R R TR DL S A S A ORI R T
2 KA B T S e SY DG TR AN ]
BT R IR 35 AR S Ol A [R]4
WO A B RS W 7ERG T AR 28 | ORGoT i DL RORG il
2 M S5 AR — BN R, X 2ERET
BB E | FRLIB LS, AF5RR K
ZEA R . A OLE R ZE UL A CO, Il 5t 2 B
e 3 ARSI B i AR, JFXT 3 Fh
D7 BRSO I BT DA RORE T Ak 2
Sy FUARXS & A TER G LR SY, DUIIRIS R e
BAERMEAS A, A E BRIk
R L K A Al 55 5 AL A ol 8 B BB R4 A T
IR EARAE

1 #MRERE

1.1 MRREEMNZE

PR %38 B A ( Thymus vulgaris L) 2155
T, R MS+NAA 0.25 mg/L +6-BA 0. 25 mg/L
AT IR ARARIGTE, HEFRIRE (25+1)°C, LR
Ji& 2000 ~ 2500 Ix, JEHJEW 12 h/d, 4K 3 4~
A, VIl EE2T, T23CTFHT, A 4°Cik

FAREAE
S BEBE I 43 1AL HP6890GC/5975MSD ( 26
HI/NE), W G1701BA-B.0 1. 00 ChemStation
Ay RGP s BT AR BRI O ke oy ikl
Ab, AR bt
1.2 rEHMHE
1.2.1 KEBESZBIRNEEEHRENTD)
BTHE 20~30 g, #fg, & T 1L B
Hr, Bh1i10(m/ V) IR BUIM A ZE K, PRIFHE0H
3~4 h, FAEMAIECRAEE, 1T 2 mL Agi-
lent BESIHHT, BA 4°C VKA TR AR,
1.2.2 BAHBAZENERNEESERES D)
BEH AR 10 g InA 100 mL IEC ke, %
N BE D ZEF s, A 150 r/min
JEE 18°CHYFE IR LA H 20 h, i 3Ef8 Biswe, b
TR ATl 28 AR RTINS, ek 78 &
PGREE R Ry 32°C, T 28 1R 45 V) 2 ~3 mLET,
B, MIEC ez, GIFEC kR
W, SR FAARPE R
1.2.3 CO, Bl RERKIRINA BERF B (KM
FREL 50 g A B AR AZEIE, FFHlR %
SRR E IR E EW TR, FTHE
FEEMERN T 2500, Ja% CO, i, TEIMAEHL,
FEPT LN B/ ES 10 MPa, 4B iE %
50°C; B I JEJ1 5 MPa, 4 & i 50°C;
CO, BT 17 24 MPa, i 40°C, ¥t 25 L/min,
ZEUFA] 4 h J5 AR BCH) 3 B E ISR
1.3 GC/MS S &
1.3.1 @&y
ik kE . HP-5MS, 5% 4% F 3 B8 fifk 4 Joe 9 1
A PERYIEFE (30 mx0. 25 mm x0. 25 ym) , kL
Fi B2, 250°C, % Jh . ) & il BE 50°C
(5 min), Li8°C/min Fhilk# R I+ & 150°C (frF
10 min), 10°CH+ % 250°C ({45 8 min), # <.
EAER, FERTHE 8.12 Psi, Wi 1 mL/min, 43
Wk 37 11,
1.3.2 FRi%&EH
R, 280°C, . EI, HTRERE.
70 eV, BT IRIEE 250°C, PUMLATIRE 130°C, M
W ARERE, BrE . SCAN, %
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FER . 3 min, FH5ER, 35~550 amu,
1.4 SBWFE

FH HP-5MS o436 (0 135 73 25 S5 AF A TR Ak
W AR o B 5, ARG HETT GC/MS 438, 3K
PRGN AY S TR IR (TIC) o A HIZALAS A e
(1) Nist 2008 i EHATRIZR, XTI A (35 1
TN TR RN ARG 2, AR5 T AR — 357545

oIy E oy
2 RS

2.1 FEHEERALE

KK AVERIZERC, CO, @ik
WO B E O R AR 0k 0.21%,
0.19%., 0.27%, HKzZEEMEERY E BAE&
KGN T R, RIRE CERIFRE T 2 T
IECBE; A ML AU B A A T AL Al 4K
I, BEWEAEWR,; W CO, MG A AT & 1
FREMAEE W TIECE, SHMMEL AR
wWYI(ERD.
2.2 FEMULERSHEE

KA TR 5 ( GC-MS) 4307 3 FEEUT
PRORESR, BB 58 M A (£ 2), H
Foal L, ARREFEBOT 0 BLAAS hA AF l r
PLBHERT S A BRI . WAL= R B0 R R
IKFESFEBDARIOGE 37 F, AL BGE U
20 Ffi, CO, il A A BUL A B 20 Ff, AL
SEROYFPSORTE, 3 PRI VA RS I 2 g 2
E . SEBEY . b, N APLR (BF)
R, (R A BT s ORI i Ak & 0 20 L AEAE
—EMZES, NEZEERRE, KEIEML
PEIUPRE A B K 4 b2 MR O A L
My (36.53%) ., [H] < € %8 (14.13%) . # i M

(8. 00%) ML M (4. 14%) ; AP ZE BN B
Tk £ 22 E BRI N 1, 2-08 Z HI fiR-FR.-2-
I IR (55.22%) . H HLE (8. 73%) . WA
(5.28%) , 2-HVAE -5 (4. 05%) | &R A 5L e
(3.96%) ; CO, il 5t A Btk 26 B A ARGl iy
FEA A WA T B (26.68%) , 3-AF-2-TH M
fiz-FfE (21.55%) . [HSEAEkE (9. 69%) , 1E+75
(3.06%) FIff &4 (3. 04%) . DL F45HEM], 3 Ff
RO AR B RS il 0 £ B F s BB — 2 1
25, BRCERCKM 4 Rl sy iR A B, i A
P LA R = —
3 it

HAT, MY O % 22 A K ZER K
W TRFIZEEL, ER IR B CO, AR H, W e i R
AU ORI R U 2 6 RS T B4 B 43 2 B RN
FERER, MKZE IR H ROy &MY
KR R Ok . ARk, EINAR 24438
BT PR AR Sk AR R K R
RO AR AT TS sk R A
IRFER BRI T AR E B, MY HEE, %
THEAE, WhKE R 4 RS, T
THREM B RS A 22 5 BTLOE Y R IK
FERFRNBTE AL HUT B B E A& ( Thymus Proxi-
mus Serg.) A&IMIERF GC-MS %bHE il 11k 2 1 43
AT T /B, HAE MR 0.16%, FE A
SPNEEE p-RAEAER | y-IE . AT, A
WF5E A T 0 e A SR B A B vk, SR
TOKFER R AHLE R ZEBUL R CO, Mk 7
I 3 PRI, SRR RAKZER R
AR A AR, HARCE R 0.21%, FE
#1845 9 HLES (36. 53% ) ([l AEkR (14. 13%) |

x1 SHERAEMBEEHFHMELERALR

Table 1 The physical properties of the essential oil extracted by three extraction methods
ik FLECR (%) A IECUBErA i
Methods Extraction ratio Appearance n-hexane solubility
IKARFEmMECD) 0 21 R A LR
Steam distillation ' Light yellow transparent Completely dissolved
AHHUERFEREE (D) 0. 19 & A i
Organic solvent extraction ‘ Golden yellow transparent Completely dissolved
CO, MG Ak (1) 0. 27 R R AL HA TG AEY

Supercritical CO,, extraction

Light yellow with reddish

Partly dissolved
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Table 2 Components of essential oil extracted from three extraction methods

2= Ny T A AFX pawtEsrait Relative content (%)
No. Compound name Molecular I 1 m
formula

| 2TEIJ§__€-5-( -5 N3 W[ 3. 1. 0]2-CL 4 CooHye 0. 301 B _

Bicyclo[ 3. 1. 0] hex-2-ene, 2-methyl-5-( 1-methylethyl) -

2 1R-a-JEfi 1S-. alpha. -Pinene CioHis 0.234 1. 221 -

3 I Camphene CioHie 0.317 - -

4 Hi Glycerin C3HgO, - - 1.434

5 HEREEE  1-Octen-3-ol CgH160 0. 637 - -

6 IECAR Hexanoic acid CeH1,0, - - 2.338

7  B-UEMi Dbeta-Pinene CioHie 1.384 - -

8 3-¥f 3-Octanol CgH O 0.173 - -

9  (+)-4-ER  (+)-4-Carene CioHis 1. 062 0. 551 -
10 [Al4x4E%E:  Benzene,1-methyl-3-( 1-methylethyl) - CioHis 14.13 3. 691 9. 691
11 FM  Limonene CioHys 0. 285 0.843 -
12 F¥EE Eucalyptol CioHsO 0.535 - -
13 MM 1,4-Cyclohexadiene, 1-methyl-4-( 1-methylethyl) - CioHig 8. 094 5.227 -
14 FAJMEE  Terpineol, cis-beta- CioH10 0.97 - 1.014
15 Pz Heptanoic acid C,H,0, - - 1.087
16 2-F%EL-ZKEy  Phenol,2-methoxy- C,Hg 0, - 4. 046 1. 479
17 3,7-"W3E-1,6-F -3 1,6-Octadien-3-ol,3, 7-dimethyl- CioHis0 2.217 - 1.311
18  #fixi Camphor CyoH160O 0. 856 - 1
19 JEM§ Borneol CyoH4gO 2.179 1.3 2.521
oy (R)-A-TIEA-(1-5EP3E) -BFF -1 CoHLO 0,768 _ B

3-Cyclohexen-1-ol , 4-methyl-1-( 1-methylethyl) -, (R) -
a,a,4- = H-3-3F O - 1-%

CioH1s0 - -
21 3-Cyclohexene-1-methanol , alpha, alpha, 4-trimethyl- 1othe 0.29
2-HAESE-4-H3-1-(1- R ) -5 0.993
C1HcO
22 Benzene , 2-methoxy-4-methyl-1-( 1-methylethyl) - nihe 2.22 1.668
_ h%_ _ L_O_ = ) e
oy MAMAMIL2- (157 % CiHeO  3.351 - -
Benzene, 1-methoxy-4-methyl-2-( 1-methylethyl) -
24 (Z)-3,7-—WH-2 6-¢ " MlE 2,6-Octadienal,3,7-dimethyl-, (Z)- CioH160 4.4 - -
25  1-43-2,4-—H3-FE  Benzene,1-ethyl-2,4-dimethyl- CioHyg - - 1.121
26 3,7-"HIk-2 6-F " 2,6-Octadienal,3,7-dimethyl- CyoH4O 5. 208 - -
27  HEB Thymol CioH1.0O 36. 53 8. 731 26. 682
28 S EHE Phenol,2-methyl-5-( 1-methylethyl) - CioH140 2. 566 3.828 2.622
29 [EEER T HEEE  Phenol,5-methyl-2-( 1-methylethyl) -, acetate Ci,H60, 0. 596 3.96 -
30 T4 Eugenol CioH120, 0.33 - -
31 3-FEIL-2-NKMR-HE  2-Propenoic acid,3-phenyl-, methyl ester CioH400, - - 21.546
1-H JE-1- L 3k-2,4- S IR CbE (WL 1)
32  Cyclohexane, 1-ethenyl-1-methyl-2,4-bis( 1-methylethenyl)-, [ 1S- CisHyy 0.215 - -
(1. alpha, 2. beta,4. beta) |-
33 Ak Caryophyllene CisHoy 4.14 1. 487 2. 257
1,2,4 N4, T (1R ) 2%
34 ,2,4a,5,6,8a-7N# -4, FHE-1-( #W%)? CisHas 0. 264 B B
Naphthalene,1,2,4a,5,6,8a-hexahydro-4,7-dimethyl-1-( 1-methylethyl) -
[s-(E,E) J-1-FL-5-T F 3&-8-(1-5F 4L ) -1,6-FR 58 0
35 ) CisHyy 1. 042 - -
1,6-Cyclodecadiene, 1-methyl-5-methylene-8-( 1-methylethyl)-, [ s-(E,E) ]-
[1aR-(1a. a,4a,4a.p,7b.al-1a,2,3,4,4a,5,6,7b-+4%1k-1,1,4,
36 7- P E-AH- AT e] B CicHo 0.956 B _

1H-Cycloprop[ e ] azulene,1a,2,3,4,4a,5,6,7b-octahydro-1,1,4,
7-tetramethyl-, [ 1aR-( 1a.alpha,4.alpha,4a.beta,7b.alpha) ]-
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gk2
e Ny A AT HXIES A Relative content (%)
No Compound name Molecular
’ P formula I I I
57 1.2.48,5,6,8a- %4, 7-ZHIHEA-(1-5F I 2E) 2% C..H 0. 345 - -
Naphthalene, 1,2,4a,5,6,8a-hexahydro-4, 7-dimethyl-1-( 1-methylethyl) - Rl )
(1S-cis)-1,2,3,5,6,8a-7N &4, 7- H B-1-(1-F N3k ) -2
38 Naphthalene,1,2,3,5,6,8a-hexahydro-4, 7-dimethyl-1-( 1-methylethy!) -, C5Hay 0.515 - -
(1S-cis) -
1-5-1,7- 2 - 4- R N 3E-2 7-2R %8
; ; CysHysO - -
39 1-Hydroxy-1, 7-dimethyl-4-isopropyl-2, 7-cyclodecadiene 15726 0.322
40 Ak Caryophyllene oxide CysH0 O 1. 069 - -
41 WZRHEE  Methylselenoacetate C;Hs0Se - _ 1.335
1,2,3,4,4a,5,6,7-/\4-a,a,4a,8- P JL-2-ZE F it
42 2-Naphthalenemethanol,1,2,3,4,4a,5,6,7-octahydro-alpha, Ci5Hy60 1. 005 - -
alpha,4a,8-tetramethyl-, (2R-cis) -
43 (+)-Epi-BIRMEEK TR (+)-Epi-bicyclosesquiphellandrene CisHos 0.384 - -
44 a-ft¥AEE  alpha-Cadinol Cy5HosO 0. 386 - -
45 3-(4-F2Fe-3-F AR ORI ) -2- TR R - P Tl Cy1H,04 _ _ 1.163
2-Propenoic acid, 3-(4-hydroxy-3-methoxyphenyl) -, methyl ester
46 SR "HR_TH: Dibutyl phthalate Ci6H204 0.172 0. 926 -
47 1E+/5 n-Hexadecanoic acid Ci6H3,05 - 2.223 3. 056
48  H4EE  Phytol CaoHypO 0. 253 0.984 -
49 1-fit-LEE  1-Heptatriacotanol Cy,Hy60 - - 1.19
50 (Z,7)-9,12-1A\B: M 9,12-Octadecadienoic acid(Z,Z)- C1aH0, - 149 5 gea
51 (Z,2,2)-9,12,15-F )\l =Jihz CHoO _ 2.896 _
9,12, 15-Octadecatrienoic acid, (Z,Z,2)- 18702
52  7-FTkHE  7-Pentadecyne CisHag - 1.279 -
53 fi%M Squalene CaoHso - - 3.045
2,2/ RERL-6-( 1,1- T L 20 ) -4-F1 BLK )
; : Cp3H30 - -
54 Phenol,2,2'-methylenebis[ 6-( 1, 1-dimethylethyl) -4-methyl- 2l 2165
- FE-2-HI BE-N-(1-I N3 235 ) -1, 2- PR P o Y ik e
55 . Cy3H,NO - 0. 404 -
Cyclopropane carboxamide, 2-cyclopropyl-2-methyl-N-( 1-cyclopropylethyl) -
1, 2- 8 Z I R-1R-2- £ HE O L P
’ CigH0 - -
56 1,2-Benzenedicarboxylic acid,mono( 2-ethylhexyl) ester 167224 55.22
57  #%# unkown - - 2.619
58 & unkown - - 3.936

T 1 KR,

L. AHUEFIZEIG . COL MG AT “ "

Notes: I . Ssteam distillation; II. Organic solvent extraction; Ill. Supercritical CO, extraction;

FATHI (8. 09% ) FIA AT 4 (4. 14%) , 5 REZHOC
T BRI, HR e R, £%
e B R —3K

7 ALV 700 A BOR A AR b A5 078 HILV 570 n 2
fik . 1 CBEAEXS JF B A BMEBE B AL, AR
FACE L HER, A PR BOE S, %
RZEBGERIEZ AT, (ARSI
ARG, R AN UK 28 S8 I8 7E 5
ARSI LI, KZERZRIBILR IO A0
W 37 A, A ML I ZE 02 1 E B A A T R S

ARAKGIF

-"indicates not detected.

204, HHHE EBAS W0 kA TR,
Hpsmh Em R Z M 1, 2-8 T R-H-2-
KT KEWE (55.216%) ., H Wk A & @ B
(8.731%) , X ATRERH T A HLEF 54 b iy 3
YR oy R A T AR RN, — 7 IR T H 28 4,
I EA BT eE Y.

Il A CO, A2 Bk W2 — P AR $2 0L, 43 85
Wai N — IR A, HT AR, mhetkom, #
Bk, JoiERE I EEARTAA TR AP AL
A TERE S AR B T AR L CO, AEHRL
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AR WA B HOR  IF T EAS LA
MRAEMSE. CO, 2 Mk J7. 256 MPa; i JE.
40°C; BflE]: 4 h; Jar: 25 L/min, HARBOKS 0
TR RIS 4. 22%, ARSEE R, CO, ik
A O A O E LA RS A T A P A O ik
R 2, SRS AR TIECKT
WEARY BT, X LIRS AT e 2 Ae 7 . BRI a
fBZEARI BT, T L] GE A A 107 254 o TR R L
ARG ARG, IR TR g o)
—J71fi, CO,IlfE R ARG —IRERAK, 477
BUA T .
MAEIMATFHR T, CO, MG AAEBILHE ISR
HEN 0. 27%, {EAGMTE AR, AFFit—%
LR RIH, [RIEHA 7= A & 5 A AL R A0
WA /D ORI BRI K ZE RIS TR
0.21%, fEuhifiam, e, —FRI0 kiR I
PRI A o B ARG T 2 BLAE 2= il L
X5 R Z 8T | B A A2 o A —
T EUKZE R IR B O L ) R
ik 36.53%, AT ML I A HGE (8. 73%) il CO,
AR L AE B (26. 68% ) 4> B T 318. 39% Al
36.91%, Pt /KZE AL R B A7 Hh B O O}
HARENESr . 28 IR, AP RA | K
AR ORI B LA SORS T B B 2R o 2 A R
SRS, KRR ZERIE R A B T B
Jiide
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