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Study on the main components of lavender essential oil of
molecular distillation purification by HS-SPME-GC
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Abstract ; Objective : The main components of lavender essential oil ( LO) of molecular distillation purification by headspace
solid phase microextraction and gas chromatography ( HS—SPME—-GC) was studied. Methods : Based on single factor, the total
peak areas of chromatogram extraction were the indexes by central composite design response surface method to analyze 4
factors and 3 levels of response surface analysis of the extraction temperature, equilibrium time, extraction time and analysis
time of the headspace solid phase micro extraction. By the orthogonal experiment, the purity of main components of lavender
essential oil was indicator to analyze molecular distillation of distillation temperature, distillation pressure and film speed by 3
factors and 3 levels analysis. Results: The optimum extraction conditions of headspace solid phase micro extraction were
extraction temperature 70 °C , extraction time 41 min, equilibrium time 10 min, analysis time 6 min and the average of peak area
was 7750 in the optimized condition. The optimized conditions of molecular distillation were the distillation temperature of
55 °C, distillation pressure of 0.6 kPa,film speed of 320 r+min~" and the purities oflinalyl acetate, linalool , Lavandayl acetate
in lavender essential oil were 45.11% ,25.52% ,14.27% in the optimized condition. Conclusion: HS— SPME and molecular
distillation technology were applied to the enrichment and purification of volatile components of lavender essential oil.
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A7 B ENAR KA 5 4~ ) A i A JE PR, DR 2l Ak AN Sy B
TR,

T 25 FH 2% B ( Headspace solid — phase
microextraction , HS—SPME ) J&—F 387 B JC 4 77 o &b
PR A, fthy 38 ok SR FH 2 78 7 5 N 1) A 9 2T 4k 3R T
PR E AR R 2, X 44 R PR i 2H 43 33 AT 2 BURI
WA, B B R AR RO R S R R A
s o MEEECEERE BT, 58 45 AN 75 BT WL ),
fife R B | 22 4, T _EL T DA E R Y 5 a5 o AR
FH , FLAE AR T 4R A B e i AR RE S — R Rk
PE T 40T R AN O R Y RS, )iz 0 N T
VR A RN STER

Sy 7R SOPR A R ZE AR, R VT AR Ok A R i ok 19
—Fh SRR, B B 2R R BE AR SZ S R Sy
BRI R AL o Sy AR G SR AR I 5y i
SNHE, RIRIR- S Z 5/ Tis sl K4z
2| R 1Y BE &I, 3002 DU THT IR R A S T
B W T By A T RS N, A — SRS T
by A ] N R 7 N YN (T oA R A= 7 S A s s
TS B R R AR v, Ab TR B A A X AR
R ER Y, ELAS B8 BRI T, 4 i ok 2 X ek i) 45
ke b, Fir A 531 28 48 B R AR 0 3 - X B ot 42 k)
HEITAOICI 8 . A0y TR B2 A M
P B A S " S e o O He, ®
B 53T 2808 S IR T VR WS 43 A AN 349 50 g v 1 T B
o BE SR B, T HLAS S i s AT AR BIG, & H AT
R B R ) i — 20y TR A

A2 DA FE AR BORE Tl S AT SR X 5, N R AR I
Pl VAT RER ) R AT PR e h - e Y DS S L TR
S3F 2R A AL FE A FORG T, v ] HS—SPME-GC i
ARG TH PP 32 A A3 1) FE EBURN A3 BT M 2, DR B A RORY
TH 2% B S A RO T BE e Bl
1 HESHE
11 RS

FEACKHOR I MR, W T AL O R
AIRAF ;K OEE  2iJE >99.7% , Kifh & L fb
TAHRAF ] 2EEE >99.5% , K & T4
ML TAHRAF; QMR I5RENE iS5 : DC10016230,
aifE > 9% , big e AR R A R D5 kR
B it B20387, 4l i > 98% , |-y JE i Ak 4 Rk 4
A BRA ]

VKL 70-5-WRS-T B3 F- 2 18 E Bk A R
2N s Agilent 6890N SAH G IEAL 38 E L HEATL 3L
4B/ E] 5100 pm PDMS ZEHSL 65 wm PDMS/DVB
FHLSL 75 pm CAR/PDMS #H{ sk (5030 pm DVB/
CAR/PDMS Z£ 53k .5 SPME #EEE FA% 15 mL 4
FEAR AR L 26 & Supelco 24 F]

12 KWHE

1.2.1 TS [EAR AR R BT 2 r9 Ak

1.2.1.1  ZECkEA BE WA 100 pm PDMS
FHEL 3k .65 wm PDMS/DVB F# H{ sk 75 um CAR/
PDMS #Hi 3k 5030 wm DVB/CAR/PDMS ZEHU Sk 7E
SAH TS B BERE O 22 Ak 3 Je A 06, 2 A0 B 45 5 R
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250,250,300 .,270 °C, & ki) [a] 43 5% 2k 0.5.0.5.1
1 ho DLJE B A FHRT 7R i 2 T 24k 30 min,
1.2.1.2  FEHIrE HABRBAGFEE 2 mL 0 FEA B
T 15 mL BT, 76 70 °C By #8oK v b S i
10 min K 3 A0 %) 25 B S 4 A TOUZS O, 4 HH 2R Bk
BEAESL 29 1 em &b, 76 70 °C 1 & BE T T8 25 W Bt
40 min , WHFZERGL S, R £ Sk, GG A SO 3%
BERE O, B U AT ST 00 B AR B — 3K, 250 °C T i
% 5 min,

1.2.1.3  GC &l 44 RGN, HP-5 B4
B (30.0 m x320 wm x0.25 wm) , FID £ #% | 41 v
A 110 °C AR5 20 min FERE TR R 250 °C, Kl #%
WS 280 C, 45k 5: 1, 808 Ny, Wi 3 N
1 mL-min~",

1.2.1.4 BARFEIEETT  AEFEBETE Y 40 min, P
rEstE] A7 10 min , f# U A [E] 2k 5 min , ZEHR 5350k
70 °C, ZEEL 3L 4352 100 pum PDMS (65 pm PDMS/
DVB., 75 pm CAR/PDMS. 50/30 pum DVB/CAR/
PDMS [ 4544 N #EAT 258, 8 i bR GC P A BObE
iR SYER A =g SR EH R - TS/

TEZEBLAS[E] 27 40 min, SEAGET[E] 2 10 min, fig K
B[] 24 5 min , 25 BRLEE 53531 24 50 .60 .70 .80 .90 °C 11y
SR 2R, i AR GC AR BB AR BORS I A9 g 1 TR
Ay R A I FE BRI

TEZFEBUREE S 70 °C |, SEAEG AT 8] 24 10 min , f# 0% A
(]2 5 min, 5B E] 4351 24 10 .20 .30 .40 .50 min [
SR T 2RI, AT b GC A R HORG TH (1 S g TG AR
A R e A I A IR [A]

TEFEBUREE S 70 °C |, ZE AT ] 24 40 min , f#E % A
[/ 5 min, SFAEGHF[E] 47 1.5 .10 .20 .30 min Y5514 T
FEHL, A A GC S A BORE YT % S 0 T R SR
B AP B ]

TEAEBURE R 70 °C |, 2L B [8] 24 40 min , S st
[/ 10 min, f# I ETE] 53532 1.2 .5 10 (15 min (¥ 5%
PR ZEIR, il o R GO H FE A BN YH 174 5 Gs T ROk
T 2 B A O A T ]
1.2.1.5 BEASEGETT LA GC Hp 3E K 50O 1 B9 2
AN B EE48 PR, FEEA R R SR g i 45 28 I, LA BUR
BE(A) FEBUTE(B) SRR E] (C) fE BT E (D) SRy
BN EIAT R LT . BABRITHEEARELEL,

F1 SRMNFKT

Table 1 Experimental factors and level
K-
A= -1 0 1
A AR (C) 60 70 80
B FEHLA] (min) 30 40 50
C -t ] (min ) 5 10 20
D f# W B 8] ( min) 2 5 10

1.2.2 FEARFORSIMAEIL T 22 r1e ik

1.2.2.1 L8774k JHE AR H 30 mL 19 F0 A RS
THIECRE A BERE R, I 5 I e B R S0 26 A&
¢, MRG0 BT J7 58, T 4 7% 1 il 2 AN ¥4 il 2
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(5 C), REXRBNEEMS, &P InABEA, LA
PRI R, TS B, W E R IE ST, R K
s e, VT EURNR R (2 /3 s) , FF R B RS ,
WG T, FFUR 5 T 281 R . M e s, FHR W
MEFLHL 2 mL 48 43, B T WA i A, 76 A5 R B R
70 °C , Z£ BT [E] 25 40 min, SEA5ESE] 24 10 min, fi# 0%
MBI A7 5 min A4 N HEATAREL
1.22.2 HREZEZL MR 30 mL 3K SRS,
(EZEAR R J1 o0 0.5 kPa, B 5458 24 320 remin ™' Z&1%
IR SA 45 50 .55 .60 .65 CHF AT 4liflb, DL 3 A BOkS
WP RSy 20 TR IS RE TR L 5 AR A £ TR 7 K R
BB 32 o S5 BB AR, F 9T 280 IR B X FE AR B
wali b T 2 B se i

HEAR B B 30 mL 3K RO I, 78 28 IR E N
55 °C , T %3 4 320 remin ', 281K S 0.3 .04 .
0.5.0.6 0.7 kPa B 47 4lifl , DAFE AR S5 7 v 2 2 A
Sy BRI R TG | Y AR I RN 2, R FE AR RS 1Y & 4 A
SN EEFERR , W 58 FE A I X B A MOk wh alifk T2
[ER=A

WERM 2 B 30 mL FE K RORS I, 7E 2R IR IR R N
55 °C ,ZEME K F1 4 0.5 kPa, i JlE %% 33 >4 280 300 .
320,340,360 r min ' B FEAT A4k, DAFEAR SORS i i 2
LIRSy 1R 55 W g | 5 A I RN 2, 1 3 A B R 1Y) 43
T PSR TR b, W A TR G B A R T 4l Ak
T A5
1.2.2.3  IEACSEEG BT @ AR FE ST, pe B R
Femalife T 2A M FRMRIRIE (A) ZEIBE S (B) (Hi
FESH (C) RPEEEN R, DA RIS AElE Oy kel | 2, iR 7
AR LG T Sy o B g AE AR, R L, (3°) IEAS SR
AT KPR IFE 2,

#2 HEKF
Table 2 Factor and levels

. K
A= 1 2 3
A ZEIBIRE(C) 50 55 60
B 718 1 (kPa) 0.4 0.5 0.6
C FEEEHE (romin ") 300 320 340
1.3 HIFEAIE

K %44 SPSS 16.0 , Origin8 1 Design — Expert
V8.0.6 X Thl A [E]AH 13 2 B 14 25 B4 #E A 7 op PR 38 52
g RS PT AL BE, BRI R SR Y A 3 Ik, A
SPSS 16.0 Xt 73 Z= 18 0 280 45 F AT B T A LA
K-

2 HERGHW

21 TEERMENERTZHML

2.1.1  FRREREFEZLE

2111 ZEBCGK X SO E A A SE M A A S 2R
3R N AE SRR I AL S W AR P B R A T R
B, B FH B 15 U 2 R 04 A5 BUET YE X AR 5L 3T 2
B AHIE AT B RO T 5 R W AR B A B AT 4E H
AL BEA HR0E , PR, A SE 86 43 A7 LR T PUFPAS [F) 288
TR (14 ] AR e 2 T A BS0T A G TR 4 ) T A
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Fig.1 Effects of fiber type on the peak area

2.1.1.2 ASHCR R0 S T AR A SR 7 8RR R 2R
HRC e i B S 5 ) 2R IR B R DRI ER . AR IR B X
HS—-SPME {452 Wi H A7 X R0, Ui B2 ik iy, al finpke
o3 ¥z By, 4 VAT A AR S3 Br 0 A VR R S R
PR 53 TE 2R B2 RARAIG , T30 J23 6 - AT 4 100 R oA e 0/
MmisZNE HS—SPME (1) R, &l 2 n] DAFE i, Bl
HIRERI T, W B i T, Y ASIOREE S 70 C
P, BT ARSI FYg sk s 1T AR O, Bl A IRLRE B9 Ak 2k B T),
W B S g T R AR B ARG S 50 SC R,
(RSN SN ETTR A 4 NS S I V538 5 (9 I A B B R A £ 2
AL W) 0 4% o T i BE e v I, A4 RSk 1 I R 2k
AR ZE X AT RE St TR EETH R, FER Y AN TR
FE , KA, S BT SRR L, BB BRI
L 70 CAE g

6.0
5.84
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Fig.2 Effects of extraction temperature on the peak area

2.1.1.3 AU [A]6E e i AL R FE IR S e AR O
B 1% PRl 3R S A 8 FE Bk I R 9 45 IC AR B RE L 1Y
AR R T A PR AR i A RS I RE A, 2R IRCKI T
T A, 2 RS R B L A P, 2 30 S 4567 i 3 R gt A HL 2%
1 ABAET Z AT 2R Bk h i) B S R E s e
FETE— LA 5C 22, T DA TE 432 03 - 455 B 3t AT L 58 il
WG AE . I 3 AT LA Y, BEAE B TR] Y SE R, T R
B ETE, YA EET [E] 2 40 min By R4 17 AL )
e, B A B (A ) B, B TR AR AT T R RS, T RE SR
PR T 2R IR [A) SE G 2 S B AR 0K T8 A 2H 45 B IR %
FECEIUEE ST REAR, W B v o B FIRPRIER ik
JH 40 min VER A0 55
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6. 4: Table 3  Results of central composite design
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Fig.3 Effects of extraction time on the peak area
2.1.1.4 P a0 i AL RS 1A 4wl L)
i, Bl VA0 S TA) Y E S I B R T T, 2SR
Ak 1a] 2y 10 min i, A5 A4 08 TR 21 5 K, B
s T) P 2P 232 SiE 4, e B 52 T [ B 35, T R D
W BER By I TR 4 bk =2, BT LA ith
At TR S . HPEIT R DY 1 min B, P45 % 06
TR /0N, AT SR P T A8 1] R, 1R 22 (% A 1k
WA IR, S EOR MR R, B8 ER R, %
10 min /529 Rt ki

72
s 7.04 \I\i
Z 6.8
=
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2
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Fig4 Effects of equilibrium time on the peak area
2,115 fig W sk )k S g AR B s A RS Al R
i, Bl A P 1] B E A I B T B T, 2 i
W RS TE] 2 S maine B 9000 45 4 S 0 v ALk 38 e RS, B
P 0] Fg e 2 S, WO o 52 S vl /N IS T e R e, AT
A i T 2ROk IR )2 v W B R 4 R B L - E
i e 25, B Ta] s, IR e Y 2% I B 2 A A, DT
o F2 53 0 B BRI, BB BIRPIER 2 5 min fF
SR R
6.64j
6.62 4
g6.60'
S(, 6.58:
i 6.56:
% 6.54 ]
X 6.52
6.50 1
6.48
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fiE L ] 8] (min)
Bl S i G sk ) Xof sk s 1y AR A 52 Wi

Fig.5 Effects of parse time on the peak area

B s A B C

( x10%)
1 -1 -1 0 0 6.43
2 -1 0 0 1 6.91
3 0 -1 -1 0 7.05
4 0 1 0 -1 7.20
5 0 -1 1 0 6.91
6 0 1 1 0 6.51
7 0 0 0 0 7.61
8 -1 0 0 -1 6.79
9 0 0 0 0 7.89
10 1 0 0 1 6.91
11 -1 0 1 0 6.36
12 0 -1 0 1 6.95
13 0 -1 0 -1 6.52
14 0 0 1 1 7.31
15 0 0 0 0 7.85
16 0 1 0 1 7.20
17 -1 0 -1 0 7.15
18 1 0 -1 0 7.00
19 0 0 0 0 7.70
20 0 0 0 0 7.71
21 -1 1 0 0 6.97
22 1 0 1 0 6.81
23 1 1 0 0 6.81
24 0 1 -1 0 7.11
25 1 -1 0 0 6.70
26 0 0 1 -1 6.79
27 0 0 -1 -1 7.39
28 0 0 -1 1 6.99
29 1 0 0 -1 6.98

2.1.3 WA TSI XFER 3 th AR AT 2 o0 ik (E
LA B AR Y( x10°) =7.05 +0.05A +0.1B
—0.17C +0.05D-0.11AB +0.15AC—-0.048 AD—- 0.12BC
—0.11BD + 0.23CD — 0.55A> — 0.49B’ — 0.36C* —
0.29D°,r =0.9209 .,
F]H Design—Expert. V8.0.6 Z{4F:XT F iR UG T7 FE
AT R B 2 PER IS RN 225007, 25 R ANER 4 PR
R34 AlHN, R KW CD W p H N
0.0134 , %f 925645 HE 52 I i 35, A° (B .C* \D” 11 p {E /]
F0.0001 , XF 242k e m A H i 3%, B .C 1 p {E 5
A 0.0454 F1 0.0032, Xt 5 46 45 s ne I 2, 3R 4
TN, SR AU FAE SR 0.2128 , K+ 0.05, 52 i 55,
VI o G R LR AR, TR E R R H
0.9209 , i, BH ma B B 19 A8 fb A7 92.09% >k 5 F T i
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AR
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Table 4  Analysis of variance for regression model
KU CFmM AmE M5 FAg p i
Al 428E+06 14 3.06E+05 11.56  <0.0001
A 28910.08 1 28910.08 1.09 0.3133
B 1.28E +05 1 128E+05 4.83 0.0454
C 3.34E +05 1 334E+05 12.63 0.0032
D 28324.08 1 28324.08 1.07 0.3181
AB 47961 1 47961 1.81 0.1993
AC 90300.25 1 90300.25 342 0.0858
AD 9216 1 9216 0.35 0.5642
BC 52441 1 52441 1.98 0.1807
BD 46010.25 1 46010.25 1.74 0.2082
CD 2.12E+05 1 2.12E+05  8.01 0.0134
A’ 1.99E + 06 1 1.99E +06 7536  <0.0001
B’ 1.54E + 06 1 1.54E +06 5824  <0.0001
C>  841E+05 1 841E+05 31.83  <0.0001
D>  5.44F +05 1 5.44E +05 2058 0.0005
22 3.0E +05 14 26426.25
ST 3.16E +05 10 31616.03 2.35 0.2128
AR 53807.2 4 13451.8

BFl 4.65E+06 28

A4 Design Expert V8.0.6 45 1 Xt 552 5 45 L E 4 7
RGAIHT 15 5 T2 [ A R B0 i AR I T 5 2
0 AEURLIE 69.96 °C AEIU ] 41.44 min - il
10.47 min fEULH ] 5.81 min, FHITEIL T 2 F 442
S A A ORI T AR 1 S U TET AR K 7780.3 . AR
SEBR AT T2 2 B AT 16 T, 45 51 10 2 [ 40 0
HR R R B T 0 4 P 2R < 26 O 70 °C 48 L
(] 41 min SPAGRTTE] 10 min S#UZAT] 6 min.

214 FAET ERIESE B2 mL (A SORT I,
SERRE I T2 AR EAT AR, AL 3 U, 405 SR A IV TR
RS Hy 7795 7747 (7708 , 52 IRAE 5 F5 0 8L 1 X
250 0.28% , F WL KB AR T 2R 1T A7

22 EXRER/HALIZHMRML

221 LA A SO AL T2 R
2201 FE R O A BRI 4 e T2 1
W FEFEMRIE J1 M 0.5 kPa, T A 320 ¢ min !
ik FR T 6 T 81, 2 i % R 16 RN 2. 1 76 4 5 1 1 4l
Wit 4 TR RE 0 T 8 T G, T 545 A8 T 14 4 B2 J2 T
Ths, 35 Ja DA Ay s 5 A U 0 35 T 2 L2 10 T
AR 3E AT 43 v, DT (o 2, 56 35 43 196 il 2. 1R 4
ACHE IR (9 P 42 A B AR, o T kA 201 43 i T 441 43
HATI4NES , PEI 55 °C AR R rhu

2212 50 FE J1 % A ORI 46k T8 B
W AEFEMRLIE K S5 °C , i O 320 1 - min
bt ph P 7 AT, S R T 0 R L
SR AR LR, B T8, SRS | 2 35 R T A 2,
R A B 5 14 40 B 43 1) 76 25 0 T 1 4 0.4.0.5 Fl
0.6 kPa I}, IEF I fB . P/ 0.5 kPa /g bt i1,
22,03 A g o A A R I 4k T2 1 B

200 20184 50241
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5 S
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—— LRI M
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FL6  Z ARl B Xk = b 32 240 Sy 4l 1 5
Fig.6 Effects of distillation temperature

on the purity of three main components

45
0] E—?///\i///i
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230 —— I 1

5 —— LR H A

= 25
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is{ * . ) 3
10 v = : : :

0.3 0.4 0.6 0.7

0.5
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P72 T o0k = b 32 24 o3 2l A
Fig.7 Effects of distillation pressure
on the purity of three main components
W A R Sy T AR IR AR T R ) — SR,
(EZSIBIELE g 55 °C, 281K 120 0.5 kPa ), i &1 8
AT, RS R TR BE A W) B4 L % Ty, 4R B T
A AN EI AL 4 T 320 ¢ min I, HAEEE LR
A B4 5 17T 75 A T AR 2 TR T K 5 iR ) 4 R ol A 1)
R T T S, BARER 22, B LLIE

320 r-min "YER L S

45
40 4 /’\,/’i

=1 —— LI
< 301 —— J5 A

= Fr

£ 25

—— LR AT
20 4 - h

15 I__/__;_/L\s

10 .

280 300 320 340 360
I 34 (remin )
B8 il A T Xk = A 2H -l P 1) 52 Wi
Fig.8 Effects of wiper speed

on the purity of three main components

222 IEARSEEEEIR FEARGURS 4l TR IESS
SLHRAE R WK S

BT AT EE A SR FHFE B oA s, 1138 AT 15 454>
PRI 258 X6 TE A2 52 50 14 48 b 152 1) 119 =2 ORI AR U2 A
>C > B, LA A,BCy (BRI R SLH AT LUA
o, S B T s ), X 3 = A 43 11 2 5 ) O
ST, T ) 2t S A, 7 2K il A I L 457 B 19 ) [
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Table 5 L, (3")orthogonal experiment design and result analysis
o N ; . CHERG  GRORUE WK
2 (% ) (%) 2 (% )
1 1 1 1 42.97 25.25 10.42
2 1 2 2 42.70 22.19 14.74
3 1 3 3 45.12 18.27 13.98
4 2 1 2 43.20 21.48 12.55
5 2 2 3 44.90 22.10 12.66
6 2 3 1 41.61 23.78 15.21
7 3 1 3 39.82 25.52 12.21
8 3 2 1 40.88 26.50 9.76
9 3 3 2 38.50 33.07 8.06
HWE 1 43.40 42.00 41.82
g 2 43.54 42.83 4147
PIfES3 39.73 41.74 43.28 LR 55 R lR B B
22 3.86 1.08 1.813
(UWIES A, B, G
HiE 1 21.90 24.08 25.18
a2 2245 23.60 25.58
g 3 28.36 25.04 21.96 5 g AT
ez 6.46 1.44 3.62
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