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Abstract : The optimal-conditions for extracting oil from Aquilaria agallocha (Lour. ) Roxb. with supercritical CO, were
studied. The contents of fatty acids in refined essential oil were determined. On the basis of single factor experimental
methods, flow rate of CO, ,extraction pressure, extraction temperature, extraction time and concentration of the entrainer
on the“exiraction ratio of raw material oil were studied by orthogonal array design. Then,the obtained essential oil was
further refined by molecular separation technology. Finally, the contents of fatty acids in the essential oil were determined
by gas chromatography. Experimental results showed that the order of factors affecting extraction ratio of oil from raw ma-
terial was flow rate of CO, > extraction pressure > extraction temperature > concentration of the entrainer ethanol > extrac-
tion time. The highest extraction ratio of 3.34% in raw material oil was obtained with a flow rate of CO, of 30 L/h,ex-
traction temperature of 40 °C ,extraction pressure of 20 MPa, extraction time of 3 h and concentration of the entrainer of

80% ethanol. After molecular distillation treatment , the content was 0.935% for liquid essential oil under the distillation
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temperature of 80 “C and distillation pressure of 1 Pa. Gas chromatographic analysis revealed that there were thirty-six

kinds of fatty acids in liquid essential oil,among which the contents of palmitic acid, oleic acid and linoleic acid ranked

in the top three,and their total content accounted for 45% of the total fatty acids. The extraction method has the advanta-

ges of good selectivity, stable and reliable , which is suitable for extraction of oil from Aquilaria agallocha (Lour. ) Roxb.

Key words : supercritical CO, extraction ; extracting oil of Aquilaria agallocha (Lour. ) Roxb. ;optimization of extraction

technology ; molecular separation technology ; essential oil ; gas chromatography ; fatty acids
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Fig. 1  Effect of different flow rate of CO, on extraction ratio

of oil in A. agallocha
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Table 1  Factors and levels of orthogonal design
KT A CO, JiLhE B AEHUE g C AW D AEIRIL fH] E 2Bl
Lovel Flow rate of CO, Extraction pressure Extraction temperature Extraction time Concentration of ethanol
- (I/h) (MPa) ) (h) (%)
1 25 15 35 2.5 75
2 30 20 40 3.0 80
3 35 25 45 3.5 85
®2 EXRBHERSHN
Table 2 Results of orthogonal test and analysis
K # Factors
R . B #HUE C AR I E 2.k IR
LS A CO, vt Z;SEX ; ) ~Z;SEX{[- E D ZE R ] M{ZEE Extraction ratio
Test No. Extraction Extraction L Concentration
Flow, rate of CO, Extraction time (%)
pressure temperature (h) of ethanol
(7 (MPa) () (%)
1 1 1 1 1 1 1.50
2 1 2 1 2 2 2.41
3 1 3 1 3 3 2.03
4 1 3 2 3 3 2.33
5 1 1 2 1 1 2.13
6 1 2 2 2 2 2.75
7 1 2 3 2 2 2.57
8 1 3 3 3 3 2.41
9 1 1 3 1 1 2.22
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%3¢ 2 ( Continued Tab. 2)
X & Factors
R SN, B AHUE C BRI . E 2Rk AR
r]:iﬁé’u 7 A CO, e Eﬁ]ﬁ . % EZFHX{ME D AEHF{H] %&E Extraction ratio
Test No. . xtraction xtraction . . Concentration
Flow rate of CO, Extraction time (%)
pressure temperature (h) of ethanol
(1/R) (MPa) (C) (%)
10 2 1 1 3 2 2.53
11 2 2 1 1 3 2.93
12 2 3 1 2 1 2.39
13 2 3 2 2 1 279
14 2 1 2 3 2 2.63
15 2 2 2 1 3 2.49
16 2 2 3 1 3 3.20
17 2 3 3 2 1 2.86
18 2 1 3 3 2 2.51
19 3 1 1 2 3 2.52
20 3 2 1 3 1 2.42
21 3 3 1 1 2 2.77
22 3 3 2 1 2 2.37
23 3 1 2 2 3 1.83
24 3 2 2 3 1 2.35
25 3 2 3 3 1 2.78
26 3 3 3 1 2 3.04
27 3 1 3 2 3 2.65
K, 20.34 20.50 21.50 22.65 21.45
K, 24.33 23.91 21.66 22.76 23.57
K; 22.73 22.99 24.24 21.99 22.37
k, 2.26 2.28 2.39 2.52 2.38
k, 2.70 2.66 2.41 2.53 2.62
ks 2.53 2.55 2.69 2.44 2.49
R 0.44 0.38 0.30 0.09 0.24
£3 FESWER
Table 3 Analysis of variance
BRI H i EE ¥or
N 15 72 ' 52 - LR
T ZRIR Sum of squares deviation Degree of freedom Mean square F i E%H:
Source . < e F Sig
S; f; S;/f; ©
P IEREHY Corrected model 2.350 8 0.294 4.909 0.002
U Intercept 168. 300 1 168. 300 2812 0. 000
A 0.891 2 0.446 7.446 0.004
B 0. 680 2 0.340 5.679 0.012
C 0.524 2 0.262 4.376 0.028
E 0.255 2 0.128 2.134 0.147
%22 D Error D 0.039 18 0.020
43T Total 171.728 27
Hr1E )5 B9 58 5 Corrected total 3.428 26
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Fig. 7 The GC chromatograms of mixed reference substances (A) and liquid essential oil of A. agallocha (B)
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Note ;1. Butyric acid ;2. Caproic acid;3. Octanoic acid ;4. Decanoic acid;5. Undecylic acid ;6. Lauric acid ;7. Tridecoic acid ;8. Myristic acid ;9. Myris-

tolenic acid;10. Pentadecanoic acid;11. Pentadecenoic acid;12. Palmitic acid;13. Palmitoleic acid;14. Heptadecanoic acid;15. Heptadecenoic acid;

16. Stearic acid;17. Elaidic acid;18. Oleic acid;19. Trans-linoleic acid;20. Linoleic acid;21. Arachidic acid;22. Gamma linolenic acid;23. a-Linole-

nic acid ;24. Heneicosanoic acid ;25. Eicosadienoic acid ;26. Behenic acid ;27. Carbonium;28. Erucic acid;29. Docosenoic acid;30. Arachidonic acid;

31. Tricosanoic acid;32. Docosadienoic acid;33. Tetracosanoic acid ;34. Eicosapentaenoic acid ;35. Tetracosenoic acid ;36. Docosahexaenoic acid.



Vol. 30 W H 55 I CO, FEIITRIN T2 Mk K IR iR 143 43 17
R4 HWEREHHPERRARMESENE(% ,v,n=3)
Table 4  Composition and contents of fatty acids in liquid essential oil of A. agallocha (% ,x,n =3)
G =14 b A 2L R o L G = T4 foh =y
e Hnﬂm’ﬁ&ﬁ‘.ﬁ ERA e Hnﬂﬁ&ﬁ{ﬁ ERA e Ry R Fh 2 EA
N Type of Contents N Type of Contents N Type of Contents
o fatty acids (%) o fatty acids (%) o fatty acids (%)
T A AR TR IRTR
. .3 .
! Butyric acid 1.839 13 Palmitoleic acid 1334 25 Eicosadienoic acid 0.719
iR TLaRIR —+TRR
2 Caproic acid 0.749 14 Heptadecanoic acid 3.411 2 Behenic acid 4.976
3 R 0.258 15 LB g6 27 == 1.007
Octanoic acid Heptadecenoic acid Carbonium
ZETR T ARTR IFR
4 Decanoic acid 11 16 Stearic acid 3.405 28 Erucic aeid 0.$25
+— SR Sy i ) S
.173 . .
5 Undecylic acid 117 17 Elaidic acid 1.392 2 Docosenoic acid 0364
FRERR Rl TEAE DUAR TR
6 Lauric acid 1068 18 Oleic acid 14.31 39 Arachidonic acid 0.493
+=m W AT =R
7 Tridecoic acid 2.669 19 Trans-linoleic acid 0.643 4 Tricosanoic acid 0.916
A SR MR T TR TR
8 Myristic acid 1.664 20 Linoleic acid Ao % Docosadienoic acid 2.458
PR 2 S Vil R EA R Zhpummg
? Myristolenic acid 2779 21 Arachidic acid 3 33 Tetracosanoic acid 0.279
10 -l‘ﬂﬁb(ﬂg . 0.429 22 . 'y-ﬂ[lﬁi@a . 1.875 34 . ~+Wk£ﬁ@& . 2.472
Pentadecanoic acid Gamma linolenic acid Eicosapentaenoic acid
11 BB 1.100 23 i O 3.785 35 L
Pentadecenoicacid «-Linolenic acid Tetracosenoic acid
12 P 16.21 2 "G | 0. 695 36 —PEBONIBRR s

Palmitic acid

Heneicosanoic acid

Docosahexaenoic acid

TE - R PR R AR A TUEAR i T BT o5 Ll

Note ; The data in the table refers to the proportion’in liquid essential oil of A. agallocha.
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HUERE 60 °C, I AJe5 51 80% 2 A f AER B T
AT MDA AR BCR (0 =3) K (3.77

+0.21) % , X ALEE AT IS AR AR T A 56, 45
H Levene J7 Z MK 36 F =0. 036, P =0. 855 >
0. 05, YA REAS Iy 25 A0 % 5 04T 07 25 e PERG B0 A, e
=3.356, i df =8, WEKIAMEAR P =0.010 <
0.05, YLIAMIG A CO, MG FHi ik R134a BiFl 7
BAERUUE M PCR B S . iR
PRI AT BB I I S A4 R134a 76 V0 25 I S A5 B 3
LB A CO, HAT I (i IR BE, SR BT & Y
AE 1 T B
3.2 MEEDNYENREMEENGE
RS TS B U SR U DU R AT i
RIS ARARAFTE R R S AR5, Ttk — 2B T
BRER SR AAb R, BURE DR 2 U Zoad BEAL A B . 30
T I WA AR B U0 1 b S G E e, ARBIFSE iF
17 W TR ARG . 25 R0 YR i 45
C LB T Rt 21818 2% 1 X R4 F
FERAMA T HER AR B REE JFHRET R
BB TR 1A, S B DUA A A B B ALY
KIS E AL R ) — EE R R, 8w Ak
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DU PP A B0 ] S AR TR TR ) €5 gt i A
NG, RIS R 22 . iR AR B E AL 45
CHRAM T RERBEFE | REATIEAL, N5 S22 1 2%
Rt .
3.3 RiEKRERBHPIEHEBRAS SN

ABIFFER A AT AR U A i rp
A 36 TR , Forb S8 HERT =0 AR TR 73] 2
PR TR Tk R A I 3ok PR, JFG 5 e SR o T TR Y
45% . FHYIRFEE IRNIIR & 16 2 18 Ak i 71,
WARHER (CBRAR IR ) iR | 7 il I FH A G R . e IR
TR -1 14 B Ak DR IR T B8 A, A BEAS T SE
JE T 0 32 E I RE A D RE IR L, A AR N A )i T
RO R B b4 A AT, e L BT HfE
A EA 20% ~50% o 7350, IR N i T REHE B IR
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