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Abstract : The essential oil of Australian sandalwood was extracted using hydrodistillation and supercritical CO, fluid extraction
methods.The components of the Australian sandalwood essential oil were analyzed and identified by GC-MS combined with
deconvolution and retention index techniques,and the relative contents of the oil components were determined by normalizing the
peak areas.Additionally, the antioxidant activity differences between different oils were compared based on their DPPH radical
scavenging abilities. The results showed that, compared to the traditional hydrodistillation method,the supercritical fluid extraction
yielded a higher amount of Australian sandalwood essential oil in a shorter period.The optimal conditions for this process were as
follows : extraction pressure at 25 MPa, extraction temperature at 75 °C, and an extraction duration of 4 hours, resulting in an
extraction rate of 2.23%. A total of 33 compounds were identified from the oils obtained through both hydrodistillation and
supercritical extraction methods. The primary chemical components measured by these two extraction methods were essentially
identical , containing high levels of alcohols such as nuciferol, Z-a-santalol, trans, trans-farnesol, a-bisabolol, Z-B-santalol, cis-
lanceol , Z-a-trans-Bergamotol , and B-bisabolol. The oil extracted via the supercritical method exhibited superior DPPH radical
scavenging ability compared to that extracted by hydrodistillation and demonstrated notable antioxidant capacity. This study
provides theoretical support and technical reference for the efficient extraction and deep processing of Australian sandalwood.
Key words: Australian sandalwood essential oil ; supercritical extraction; GC-MS; antioxidation ; process optimization ; component

analysis
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AR FHR S SR ERIEE N 50 °C L LA 12 °C/min
A THEZE 300 °C 445 2 min,
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HLE 7 2N B F B B ( Electron Tonization
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Tab.1 Orthogonal test factor level table for extracting

Australian sandalwood essential oil by supercritical CO,

fluid method

Factor
Level A ( Extraction B ( Extraction C( Extraction
pressure ) /MPa temperature ) /°C time) /h

1 25 65 2

2 28 70 3

3 31 75 4
w2 HIEA CO, BARMRMA AT Ly(37) IE2L

it

Tab.2 Orthogonal design table of extracting Australian

sandalwood essential oil L,(3’) by supercritical

CO, method

A(Extraction B(Extraction Extraction rate

Exif:;:wl pressure )/ temperature )/ C<$Z:;j:0n of essential
MPa < oil/%

| 25 65 2 1.72
2 25 70 3 2.01
3 )5 75 4 2.18
4 28 65 3 1.79
5 28 70 4 2.20
6 " 75 2 1.71
; 3 65 4 1.81
0 3 70 2 1.51
9 31 75 3 1.94
k, 1.97 1.77 1.65 -
K 1.90 1.91 1.91 —
ks 1.75 1.94 2.06 -
R 0.22 0.17 0.42 -
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SFE SLEEH 4 h (ARG A3 T0 5 8 35 & 1 SD k4
HU 72 h A3 HR G5 R H SFE A% T SD 4 HL
LA 18 f% RS THAS IR EE R 24 1. 64 % K
B L4y B, SFE 2% 5T 15K I B4 58 SD Ik 1)
U, R OR T NI R B, B AT AL, R
FH B I 545 BOAS A0 AT LA P 3ol 48 B0 308 A0S i, i
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Tab.3 Extraction rate and physicochemical properties of a 10 12 14 16
essential oil extracted by different extraction methods 4t i
Extraction Extraction Extraction rate of Appearance and )
method time/h  essential 0il/%  properties of essential oil :
2r 2 1 |
SFE 4 223 Transparent brown oil, soft o o %,,,i‘lf—jﬁ};j\kll-‘w N
and mellow wood fragrance. b 10 2 14 16
Transparent light yellow oily, ok t 3% Ay
SD 72 1.36 T T T T T T T T T T
with quiet wood fragrance. 4 6 8 10 12 14 16 18 20 22
t/min
£y ) - 4 ) ~ YIS N
2.2.2 Hiilig GC-MS Sy B 1 I CO, B (o) HUKER U IRE ()

KM GC-MS 1% 73 Mr A [l $ U7 125 B 4 18 4

R LB T T B & 1 s B 1 AR TE

PN 1~33 W ETE IS B AL S W DL ANk 4
PR BRSO eSS R IR 4 5,

4

e OB YHARL AR B o0 ) 8 8 1 I G i 1
Fig.1 Total ion flow chromatograms of essential oil

extracted from Australian sandalwood by supercritical

CO, fluid extraction (a) and steam distillation (b)
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Tab.4 Chemical components and relative contents of Australian sandalwood essential oil extracted

by different extraction methods

Category and . Molecular Retention Matching Relative content/%
serial number Compound name formula  time/min  degree Rla Rib SFE SD
(2SS
1 B-TE LA [ B-Nerolidol ] CisHyO  11.69 97 1567 1564 1.36 3.58
2 (=) -HEEE] Guaiol ] CisHyO 12,14 84 1613 1614  0.30 0.15
2-(4a,8-"Hi3-2,3.4,5,6,7-7NA-1H-Z5-2-3%)
4 TH-2-B[ 2-(4a,8-Dimethyl-2,3,4,5,6,7-hexahydro- C;sHyO 12,50 84 — — — 0. 49
1H-naphthalen-2-yl) propan-2-ol ]

5 v~ At y-Eudesmol | CisHyO  12.50 82 _ _ _ 0.52
6 B-Eii B[ B-Acorenol ] CisHyO  12.50 91 — — 0.43 —

7 S A AIREL] Bulnesol ] CisHy O 12.74 74 1675 1666 — 1.55
8 B-£1. 1% 2 [ B-Bisabolol ] CisHyO  12.79 86 1681 1679 2.34 2.44
9 Z-a- T 7 W[ Z-a-Santalol ] CisH, 0 12.88 99 1690 1684 16.71 15.73
10 a-£1 1% 2] a-Bisabolol ] CisHyO 12,94 99 1696 1697 814  10.40
11 SR -a-F A5 [ Z-a-trans-Bergamotol | CisHuO  13.01 94 1704 1698  4.06 2.48
12 Z-epi-B-1E 75 WL [ Z-epi-B-Santalol ] CsHuO 13,15 78 1719 1711  0.76 1. 50
13 J K, -4 AWK trans , trans-Farnesol | CisHyO  13.20 74 1726 1726 13.17 11. 14
14 Z-B-TE 7 [ Z-B-Santalol ] CsHu0  13.27 94 1733 1745 5.23 4.52
15 FEHMERE [ Nuciferol ] CisH, 0 13.32 88 1738 1735 19.62 28. 16
16 7-B-2 35 Wi~ 12-F% [ Z-B-Curcumen-12-ol ] CisHy O 13.59 82 1768 1761  0.19 1.26
17 [ cis-Lanceol ] CisHuO  13.63 91 1773 1766  4.76 6. 62
18 Campherene-2 , 13-diol CsHy0, 15.25 95 1962 1959  3.60 —

19 a- T 77 [ a-Santalene ] CisHy,  10.28 93 1430 1424  0.45 0.88
20 K -a-FF AN [ trans-a-Bergamotene | CisHyy  10.43 82 — — 0.11 0.21
21 (+) -epiB-H M [ (+) -epi-B-Santalene | CisHy  10.58 91 1458 1452  0.31 0.42
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Category and Molecular Retention Matching Relative content/%
K Compound name . . Rla RIb
serial number formula  time/min  degree SFE SD
22 (=) -B-TEFE M [ (-)-B-Santalene ] CysHy, 10. 71 92 1471 1463 0.36 0.55
23 v-Z2 M [ y-Curcumene ] CisHyy 10. 81 77 1480 1480 — 0.23
*K,1-(1 5—:WE—4—E‘J'§|‘TE) -4-H J£ [ Benzene
24 ] ! ’ CsH 10.91 97 1490 1486 1.1 1. 81
1-(1,5-dimethyl-4-hexenyl ) -4-methyl- | 152 ? 4 ?
25 A5 2442 [ Sesquicineole ] CisHysO  11.26 83 1524 1524 0.22 0.29
26 Dendrolasine CysHp,O0 11. 80 95 1578 1579 2.30 2.06
(=S
27 [ = IR HERE A% [ Tricycloekasantalal ] C,H ;30 9.40 83 1351 1343 — 0.22
3-((18,55,6R)-2,6- —HIFEFR[ 3. 1. 1] BE-2-4-
28 6-3%) N[ 3-((18,5S,6R) -2,6-Dimethylbicyclo C,H ;O 9. 60 78 1351 1357 — 0.38
[3. 1. 1]hept-2-en-6-yl) propanal |
ik
29 a-FEIHBR [ a-Teresantalic acid ] C,oH40, 8.48 88 1270 1271 0.18 0.05
30 K THE,y,4- - H %-[ Benzenebutanal ,y ,4-dimethyl-] C,H;sO  10.07 86 1411 1406 0.14 0.42
[IFES
31 (E) -Nuciferyl acetate Cj;Hy0,  14.20 73 1837 1838 1.03 0.52
2,6, 10-Dodecatriene , 12-acetoxy-6-hydroxymethyl-
32 T i CisH, 0 15.09 85 — — 9.32 —
2,10-dimethyl-, (E,E)- 1
LEES
33 TEUCREF R [ Dihydrojasmone | C, HO 12.43 79 — — 0.12 —
Total 96. 56 98. 58

T —" FTR LB W AR B S TCA AR PR A B 8L s Rl R S B B 15 400 RIb S0 AR PR A B

RS AFFIBOT S BQRADES A9 AL & P20 K
FRR 5 4
Tab.5 Types and relative contents of compounds
extracted from Australian sandalwood essential oil by

different extraction methods

Relative content Number of compounds

Category SFE SD SFE SD
S 80. 82% 90. 54% 15 15
LGES 4. 94% 6. 46% 7 8
S 0. 00% 0. 60% 0 2
(72 0.33% 0.47% 2 2
[liES 10. 35% 0.52% 2 1
Tif 2 0.12% 0. 00% 1 0
B 96. 56% 98. 58% 27 28

A 1 ATAL IG5 CO, $EEE (E 1a) K
AR (B 1h) ARA5 10 €035 06 780 1 HL e A
H I BUIEAS AL, R AS ] 2 307 AR A5 1 SR ARDRS
THFESL 28 GC-MS %56 1Y o3 Ay 33 A, Hor
SFE 721 SD 32 [t 75 1) 1 ARG Tl 43 1) 28 2 th 27
Tl 28 PG W, 4 A 1 8 B i ol o A%
H AT AR 96. 56% (98. 58% ; I M43 77 I -
FHERE(15) Z-a-HEEE(9) A, RA-E&H W

BE(11) X 3 Fifb &Y & R 7E 10% DL 1 H ¥
SFE 1 SD k& HEmr 3 My, E—2 ¥k
4 5T, bR R R U 95 A 3 A ARG
TP T B3 Sy ks oK 2R R AR IR T
FW A AT A, o LIk #] 90. 54% , M Y
GRS CO, $EMUE I EEI Y 5 Hh 80. 82%,
HAbIRE T RISy, SD YA AT Al
B SFE ik, TEERRY I, ok A F SFE Rk
Py o EG U] 5 R ok B F SD i, Hoh SFE
BRI 10, 35% , X A BE S IR A €O,
TARIEPEPE SR AR | 5545 A o6 it
PR R IS SR B SR USSR A N SD 353K
PR

FLAR I 50, 3 7 2 IO 3R A5 1 4
AR B AT A 22 B, Ho 45 B-R AL A
(=) -MBIEE B2 2 | Z-a M B -2 2Y
B -a- TR Z-epi BRI EE 2, -
E R | Z-B-1E T B A A B | Z-B-22 18 Mi-12-
B R BT oM I R - BRI L (+) -
epi-B-TAM | (—) B F M A, 1-(1,5- " 3E-
4-C L) -4-H AL A5 2 | dendrolasine -8
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IR KT HE,y,4- W3- (E)-nuciferyl acetate
LAY, I ELFRP R U B i e 1A ko
A O 1 B RERE , AR A SFE i1 SD 541
SR 19. 62% \28. 16% ; FHUK 5 558 R RRAE L3
Z-a- AL 1% W5 E 1R W RP O 75 BT A 1 43 AR
Xt B AN 16.71% (15.73% 5 73 4h, 8 &
4.52% ~13. 17% 1) a-20 % 250 X, R -5
X | Z-B-TE A W AT B WA R A B 43, 1 Ry
E A3 A ASE HE 18 190 5 4 DG A o SCAS R 7 S AR 75
H N EF R E, SD B S A R AR
Pt y-HE B 2-(4a,8- 2,3 .4,5.6,7-/N4A-
1H-2Z5-2-35) N -2-F% 3-( (1S,5S,6R)-2,6- " F %
TUIR[ 3.1 1] BE-2-H-6-3E ) NS | y-32 WU R =
WM A G SO, XS R A B R
0.22% ~1. 55% Z 8] ; T SFE 7 " 25 5 5 W) 32
%k campherene-2, 13-diol , 2, 6, 10-dodecatriene ,
12-acetoxy-6-hydroxymethyl-2, 10-dimethyl-, (E, E)-
5 1 G S R JE A3, 3% PR B Ak #
3.60% .9.32%,
2.2.3  FARHES T BN

MFESARE 43T, SFE 325 F1 SD 200K il %
K AR IR 5 SD BRI A R4 R T 1
I SFE A5 M &R Z M B X nl fE 5 H:
% EAL A0 220 G, BRI — e
Ll = e e T e W S W X 2 e
BRGSO SD ek Il B2 A
SFE A5 = 2 10% , R SD 925 K & bk 52 2E
T HAIERAZ  FR A B2 P i A R AR, BE
B AR AR F S, T SFE 2 H R4 A X
B SD B 2 10% , — EFRE FWARIE T
HORFE AN M B R A A8 A T
TR K AR Aot i S H OB e
I, PRI _E IR AR F Mok i KA Bk
S R 13 A 7 it LB R 365 R 4 FH U A%, X X T
Je SR AT K AN [ AR B H O 5 1 BT — 5
N A E AT S
2.3 PrAALIEEN

F P 2 TR T A BT B A 14 T ARDHS il
DPPH H 13 175 BR A8 ) o ik g 55, KT
Xt BR Y Trolox 15 BRECAEL , 15 2 Bifi 25 FF O Jo i vk 3
(R, PR IRAEAS I 19 DPPH [ H 223 B R A
—EVR L P B Tk g, Hoh SFE 1A
K R T BR SRS = T SD ik UK i, v
BB i R 82. 58% , ¥ B s it — 4 5 A %

GraphPad Prism 3 it — 2 #l & 115515 3] SFE
TEMRDRS I 1C,fH M 0. 11 g/mL, 3K 2L #FF I
7R I S A B P e 2 — P B 3 T R RRORG T 42
By ik

100

—=— SEFIL UK

80F —o— SDIE VBRI
6ol —+— Trolox

“ //

20+ H/./'\o

0
0.0

DPPH H M35 B2/ %

0.2 0.4

WRBE /(g mL)

B2 WA R Trolox XF DPPH H i 3L
THBRIEH]

Fig.2 Scavenging effect of Australian sandalwood

essential oil and Trolox on DPPH radical

3 %ig

AHFFE R IE AZ IR I % I L CO, HEEUR
REORS T T2 e TR AR B e i T2 4%
PFRZERUE 7 25 MPa FEBURE 75 °C A HU [A]
4 h TERCARAE T MURBRS T A A Ih ol 2. 23%  7F
RS IE AR T, 8 I 5 It 1A BE 8 A IR
JEE 2R AT v 255 i MR A A v i BRI
A AT IR AR B G 00 R A | REA SRS Th R
M RIRATT A W, [FIEF , AW 5EE— 20 LX) T
i CO, $& B AN /K 28 SR 10 1 W P 42 U 5C
R A3 1 5 R O, He 5 33 iy, Horh
FHERE  Z-a- M F B R, -4 B W, a-2T
B2 7B AT R R - AT
B-LT 8 2 Tt A T SRR A 0 AR G i e b 2
o7 FiR e, FEDUSE AR AL S50 v RARAE il B %
DPPH [ FH %35 bR 6 14555 , (BT B4 W e i bt
SR AT JH R I A B AR T T B
F 1 3L AE 700 T /K ZE 18 4 B SRARDRS il , 48 7R
fe 48 B e — B 3 ] AR 7 S 40 S P A B
BOAR L AHIFST 25 5 T Ay WA ) e 5 B B RS TR
I TR ARG T BEE LR R 2% A Bk o)
HAEFR Tl A it — 22 R H

S
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