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Abstract; In order to explore the best extraction process of essential oil of Melaleuca alternifolia by green deep eutectic
solvents, four different extraction processes were compared including fresh-steam distillation extraction, dry-steam
distillation extraction, freeze thawing-steam distillation extraction and deep eutectic solvents-distillation extraction. The
effects of liquid-material ratio, distillation time, molar ratio of deep eutectic solvents, raw material drying time, water
content on extraction rate of essential oil of M. alternifolia were investigated by single factor test. Based on single-factor
tests, the quadratic regression parasitism model was established through the response surface methodology. The essential
oil of M. alternifolia was determined by gas chromatography-mass spectrometry ( GC-MS). The results were as follows:

(1) Deep eutectic solvents-distillation extraction was the best extraction processes. The optimal extraction conditions
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were determined to be molar ratio of choline chlorid to 1,3-Butanediol 1 : 3 (mol : mol), water content 52 mol, drying
time of raw materials 9 h, material-liquid ratio 1 : 5 g » mL™", distillation time 60 min, and the maximum extraction rate
of essential oil of M. alternifolia reached 4.06% , which was 383.33%, 290.38% and 497.06% higher than that of fresh-
steam distillation extraction, dry-steam distillation extraction and freeze thawing-steam distillation extraction,
respectively. Response surface methodology was proved to be applicable for extraction of essential oil from M.
alternifolia, the experimental results were in good agreement with the predicted values of the response surface
model. (2) The main components of essential oil of M. alternifolia extracted by four different extraction processes were
proved to be almost same, while the contents were signifcanthy different. (3) Alcohols and alkenes were confirmed to be
the main components in the essential oil of M. alternifolia. The extraction yield and characteristic component content of
essential oil of M. alternifolia extracted by deep eutectic solvents-distillation were indicated much higher than those by
other three processes, which including eight alcohols, nine alkenes and three other compounds, with the main
components of y-Terpinene, a-Terpinene, a-Pinene, a-Terpineol and alloaromadendrene, and the relative content of

alkenes was 45.31%, the content of Terpinen-4-ol and eucalyptol was 30.58% and 0.12%. This study provides the data

supporte for the further utilization of M. alternifolia and green extraction of natural products.
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E U G B R BUEE (Gonzalez-mas et al., 2019; B =
18, 2020) , XLEHRIC BEAATE G FREE TS Y R
FE A7 A Ry 7 R AR A B, PR, T R gk
0, B B AR OT

gl s — R [ BR 27 AR AIE S B I 40 A
WFITI s Bl A AT 2 (0 B A | it B 2B 76 ) B
P o B UAAE AT, IRILIE 5 (deep eutectic
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HONRRR) W (b, B25%Er ) ;1,3-T
TRECTTMBRIR ) e SRR (L R ER) s E ik
REBE (BTHLT)
1.2 FEMNH

ME204E-02 % #1 7 K 7 [ M55 8 — 6 F) 2 X
M) HRRAE ] DHG-9075A 8% X 1 1 46
( %) 5 Tracel300-1SQ7000 GC-MS B¢ JH 1%
(FERR R RBH A A ) 5 78 T L 2 (Gl N R
PERTT) s FW177 B B2 ML ( R4 ) |
1.3 LEHRFE
1.3.1 DES #94) & 2% Abbott 17 ¥ ( Crawford
et al., 2016) , UL IR A Az 4k 1,3-T Zf%
g G A FREEJR I 1 ¢ 3, 7E & K 50 mol 80
CARE MY S5 TR e, BRI, R 2
R, 155 DES &M,

1.3.2 EOMA #2553+ 4

y=""x 100%.

m,

K.Y EOMA $2H0R (%) ;m, i EOMA 1Y
i (g) sm, WEMETZEEBE(g) .
1.3.3 EOMA # R T L a9k Rt iy oot (1
JEBAR TP OB 25 AR5 5~ 10 em AL
JEORFEAT A B Ab B UL 1 R I L M R
JFRE30.0 ¢ 2 500 mL [BFRE T, IAE R (H,0
¢ DES)90.0 mL, & #Z&1H4 & , JFJa ¥ BEK,
A2 I 1 O DR R A5 2 W S R 2 R i UL OK
7K S 78 W ( fresh-steam distillation extraction, F-
SDE) | 18 J5 Al /K 28 R 25 18 ( dry-steam distillation
extraction, D-SDE) ( Mokhtarikhah et al., 2020) . %

UL K 283 7% 18 (freeze thawing-steam distillation

R1 BRI Z&H

Table 1  Factors of extraction process
By T - EIUA R B G .
BB 2 B kI BEIRIN ] UK AL 4 P
. Extraction Material to liquid ratio Extraction time . ", .
Extraction process a . Processing conditions of raw materials
solvent (g+mL") (min)
F-SDE H,0 1:3 44 —
D-SDE H,0 1:3 44 TH#£.38C 4 h
Dry: 38 C 4 h
FT-SDE H,0 1:3 44 % :4%NaCl ,—20 °C |19 h; Z iR 1A f#
Freeze: 4%NaCl,—20 °C .19 h;dissolve at room temperature
DES-DE DES 1:3 44 FI#:38 C 4 h
Dry: 38 C 4 h

7. 49%NaCl N BhF]
Note: 4% NaCl is additives.

extraction, FT-SDE) (5K 75 55,2010 ) F1 I 3 475 %5 71
7% 18 (deep eutectic solvents-distillation extraction
DES-DE) 4 Ff T. 2542 B EOMA , it 8] ¥4 44 min,
PR T e = S R, B R R AE-S
C R IREBRAKS, B EOMA, FRE A,

1.3.4 DES-DE 425 EOMA # £ B % £ %  AHF5
HEET R L ZRIM BT ] DES BE R [b | JEORHT
S [E] A1 DES &K & 5 > %= XF EOMA $2 R Y
AT

1.3.4.1 BHE ELXT EOMA REBCR A 78 72 1F I
(6] 44 min GAALMHBE AN 1,3-T —FEEE/RIL 1 = 3,
DES 7Kt 50 mol  JEkF T4 4 h 1y &4 F, LUK
WHHN1:3.1:51:10.1:20 g+ mL'¥ERAE
T WFS0RHR L X EOMA 32 BUR A4 5200

1.3.4.2 ZE1WH X EOMA $#2BCR Ry sm e 44k
JEBLAT 1,3-T B BER L 1 3 Bhikk 1 : 5 ¢ -
mL" DES %7K 50 mol JUEHT 4 4 h 54T,
PAZEIE I [A] 30 .45 .60 90,120 min K728 & %1}
FERBT A X EOMA HEEUR B 52

1.3.4.3 DES FE/R LX) EOMA 42 BRI 152
PEEFIE] 60 min RHE L 15 g« mL" JFORT 4 4
h, DES %7K 50 mol 5514, LG ALIRARAL 1,
3-T EEEERHAr 2 s 1111213,
1:4.1: 5 R, BFRCE /R X EOMA 2 HX
RIKFE

1.3.4.4 J5URFT BRI A6 EOMA 2GR0 78
ZENEIHE] 60 min BFMEIL 1 - 5 g - mL" S AL H T
A1,3-T ZEEEEJREE 1 2 3 DES & /K4 50 mol 1
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AR LAEURT R ] 2 4.6 .8 10,12 h {72
i, AT SRR A ) X EOMA $2BCR B 520
1.3.4.5 DES &K EXF EOMA R BCRAEN 752
TEHAE] 60 min B 125 g - mL" JFORH 48 A
6] 8 h FALAHBE AN 1,3-T EEEEJR I 1 ¢ 3 (4%
°F , LA DES & 7K 84 30,40 .50 .60 .70 mol /K
At WFSE DES /K S X EOMA $2 ORI 2 m
1.3.5 EOMA 2R E&AHteA 76 PR 2 3256 45 R 1Y
Fehih it B L A BBD it R
M) S TG Ak 5 3 7 v, DA BE R TG (A) | 1 8 B[]
(B) \EKHE(C) =i K 3= o | A8 &, 2 R
CY) Rgma WA, b = B3R =K1 A i o [T iR A T
AN TS S R o o TS N v e s = I O
%2,

xR 2 MMEEIRIESHEZRERKER

Table 2 Factors and levels of response surface methodology

R K Level

S Gy
Factor Code

-1 0 +1
JEEIR L A 1:1 1:3 1:5
Molar ratio (mol : mol)
Tk st ] B 4 8 12
Drying time (h)
KA C 40 50 60

Water content ( mol)

1.3.6 EOMA &% 2 #7

1.3.6.1 4 @i FE . TG-5MS i+ (30 mx
0.25 mm,0.25 pm) , FHiR T .50 C IR+ 1 min,
PL10 C - min” JF & 250 °C,1£4F 9 min, #HW
H.1.0 mL - min™ | PEFESE 1 WL AN IERE
1.3.6.2 k&5 Wi B 7R B FHEdE 70
eV fEHILR IR 250 °C 3 B F IR 300 °C; i &
AT 50~500 m - 2", JEFAEIR 4 min,

2 HREH4H

2.1 EOMA 2L T Z k%

EOMA B T2 b 25 i 1, ME 1
ATLLE R 0 7 R0 25 1 A L b T2 X T
EOMA BRI E , i 2.85%, MTREH M 1,3-T
TR B L A S b, R A TR OR (B RS AL AR,
2020) ,JE Y DES 1K 2K B35/ T 4 i BE 1 5

B (AAE R, 2018 FL 75 ,2020) , BT LLA] X
L i AR RS TR B A REORR R, TR I AR SR
DES-DE MEH T 20, 47— A it o

3.5
3.0 1
2.5 1

HH

2.0 1
1.5 1

H

1.0 1

H

I
L

HRHFE Extraction rate (%)

0.5 1

0.0

F-SDE D-SDE FT-SDE DES-DE
R TZE B Comparison of extraction process
K1 RERTZ R

Fig. 1 Comparison of extraction process

22 BEERXWER

2.2.1 #hg st EOMA 3B E§ Hwm  Z5R K 2
Fis , BHR L AE 1 2 5 B, EOMA 2 BUR e, M
2.48% . BB A ¥ 50 F 5 AN W7 3G K, i IR 3 3 U
INGECRAERRR R 12 5 IR DA 34T K B
FH Bt Ok LU B4 e JH A B 4 1 3 i A A X 3
2, JT LA RDRS i A8 808 o3 At DT 5 34 HOR
TR (X 24 %,2018), b, & R W
H1:5,

3 -
S 1
S 1 1 I
[}
g24 |1
o
8
g
&
o1
@ I
m
0 . : . :
13 1:5 1:10 1:20

B Material-liquid ratio (grmL™)

Bl 2 BHE X EOMA $&HCR 152
Fig. 2 Effects of material-liquid ratio on
extraction rate of EOMA

2.2.2 EMBAt A 2 EOMA 42 IR £ 8 %k 4551
& 3 s, Bl 7€ W 1R 30, EOMA $12 BU 3%
FFF,60 min B, HEBCR R, M 2.91% , B 5 B H



766 OO0 M W

42 %

KRR, WIZETRES, Rk b 5 ¥ & 41 43 Pt 1
PEBCRAN W I, 24 2818 i AR I 60 min B A% i
A BN FE R B, BOB IR IR T B (k2
W4 ,2019) , KL, B AEZE AT E] 24 60 min,

1 $
— i/ \
2 4 i/i

B Extraction rate (%)

30 60 90 120
Bf[A] Time (min)

& 3 ZEIEETAIXT EOMA 45 5K (14 5% 1

Fig. 3 Effects of distillation time on extraction rate of EOMA

2.2.3 DES J& R b3t EOMA 42 ECE e %oh 4510
Kl 4 iR, BE#E HBD FE/R L3 K, EOMA 2 EUR I
F+, >4 HBA 1 HBD FE/REEA 1 3 P ER HUAR R iy,
H2.91% , ZJG $E RN R, AT REIA o HBD BE /R L
HIK, 5 HBA &5 & /AN 2 IR IIR R TR,
JIF AR FRE M, UL, e R R 100 3,

4 -
S
2 37
£ \
g 3
227 \
=
3] !/
% —
&
bl
0 T T v v v v
2:1 1:1 1:2 1:3 1:4 1:5

&R Molar ratio (mol:mol)

Kl 4 DES BE/RHLXT EOMA $2 B 30
Fig. 4 Effects of deep eutectic solvent (DES) molar

ratio on extraction rate of EOMA

2.2.4 BATFEEETE 2 EOMA 32 BE e #wh 4

WE S FrR , B RN E] 34, EOMA $2 1K
BAW BT, Y TR E Y 8 h Af PR HOCR e, R
4.75% , T4 it )it 8 h, EOMA $2 R F [, &
M JE7ERT 8 h it F sk & K oy, TR
i [R5 2 SRk FH 2R 44 K, EOMA. 2 H

ARG, Z e A TR ] R EOR A RO
K, FEARBCR TR, UL, SREETHRIEY 8 h,

RN Extraction rate (%)
[y}

2 4 6 8 0 12
T-Jitt ] Drying time (h)
Bl 5 U AR R 6T EOMA 46 B (1) 52 1]
Fig. 5 Effects of raw material drying time
on extraction rate of EOMA

2.2.5 DES &K &3 EOMA # IR E W Hh 455
WK 6 i, EOMA [ #2 B bl % DES & 7K & 1
AT B0, 24 KA 50 mol B $EBCR
K 4.75%, FEIRFZESIKEX] DES (K R 185
AR, A HK AT DES Kl B REAIG , At $2 BUR
PRE, M E kT 50 mol S, 1A ZORS BE (R
K, AT RE S O T (R SR W2, DT 6 6 43 T
ity R, B A EUER IR T B (Dai et al.,
2015) .

. ,//\/,

20 30 40 50 60 70
47Kk & Water content (mol)

Kl 6 DES %7Kk X EOMA 42 R (1 52 i

Fig. 6 Effects of water content of DES on
extraction rate of EOMA

$EHGE Extraction rate (%)

2.3 MR AR E RS

23.1 B @A ERR S RAT E5H W
B LD RSB AE R FUEE R L (A) TR (B) |
FORE (C) R0 Ak 2 %, DL IR O (A
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(Y) ,A45 BBD BEit 5 B A ma 17 1 23 B , 45 28 4
KIPIR,

R3 MEERTATRERER
Table 3 Design and results of the response surface
methodology (RSM) and Box-Behnken

K Z Factor
HL I 322
e n TﬁtHX}:
o oo C &k Extraction

Test ABE/RIL B T4 u

ber : . . Water rate
number Molar ratio  Drying time (%)

. content
(mol : mol) (h) (mol)

1 -1 0 -1 1.87

2 -1 0 1 2.25

3 1 1 0 2.30

4 0 1 -1 2.32

3 -1 -1 0 1.29

6 -1 1 0 2.05

7 0 0 0 3.91

8 0 1 1 2.99

9 1 0 1 2.38

10 1 -1 0 1.44

1 0 0 0 3.90

12 0 0 0 436

13 0 -1 -1 1.68

14 0 -1 1 2.09

15 I 0 -1 1.49

FI H] Design-Expert 45 {14 XF 52 56 B 48 i 47 91
B, A5 3] Wk Z2 50 6] 9 77 72

R=4.06+0.0194+0.39B+0.29C+0.0254B +
0.13AC+0.065BC-1.284°-1.01B*-0.78C",

AP R ONIRBCR A B FC 43 5] K X I BE IR
FE TR IS D DB K B Y G

2% 4 AOBCE P 0 ALY P {H R 0.000 5, B
IR (P<0.01) ; < BII5 P {8 }0.838 7, 45 3
ANEBE(P>0.05) , RPUUA RO R4, s
RHEUR*=0.984 6,CV 1 8.18%<10% , HE EL 52 H1 ).
W ASAS Y | AT R IS AR A A e 107 T ) AR Ak A M
H (Adeq Precision) & 16.619, K F 4, 3/ #i
B

HH 725 F (BRI, 5 PR35 % 42 B 52w o B
(PRI SC(HKE) >SA(BERIL) . k4 7]
HLHE B.CAY B CPIYs2 M 8. 3% (P<0.01)

M A AB AC BC HYSZIRAN 3 iZ AT iE H .
232 E X AR S FHRERZHEAEH
g Ry 2R, |7 K 8 R 9 A3l R 3 A4
ERE S Tl B i L AT ES S

VTR S N NS SOl VR (ER A
KW ESF,2019) o 4047 7 & 8 &1 9, FEIR
AR st ) o 7 g TR BE K, 2 EOVE O W L R
IR PGB 7K e 7 TR 3 R A OR AS HAR TR
W FK S TG R e R T R 2%, 22
HAERAASRE, X 52008 R 08 R —50

Rt — A 45 R MR YR Design-Expert 3K
P FEE JK LU | 4% BsF 8] 05 7K 1 58 B AR 5% )
T R ECT 2 B R A 1 2 3,04, st [a]
8.81 h, & /KHE M 51.99 mol, 76 I 45 148 F 455 4 15 il
HIFEIORA 4.13% , 454 290 % L PR, 18 1F 4510 5
IREER 1 3, THREIEIN 9 h, /K &N 52 mol, $2
R 4.06% , 5 TNAEAH 2 0.07% , 3L 50 5 #i
HEA BAF A M TR SRR G 25
2.4 GC-MS {3t EOMA B % &

ffi | GC-MS X%} DES-DE 5 F-SDE #& Ht f%
EOMA H§ it #E47 B 53 53 # , #IIH NIST J5i 3% 2 — it
SALIRALRE 2R, B 22 25 AL o 24 Bk, Hoar B 45 21 L 3%
5, HZ 5 aJ %1, DES-DE 5 F-SDE #& B 45 it &
BN A KREGHETA] (0 & 45 2 5% . DES-DE $#2 Ui
EOMA mhfs2ks 8 Ff J@fa2s o A A i 54 3 Fh,
LA REAE A 53408 Eh 945 -4 - 1R 30.58% , K
BER 0.12% , FE Lo N y-H M (10.78% ) ¥
WM (10.06%) | a-JR % (9.59%) . a-F i1 B
(7.94%) FMW I (4.52%) , il 240 & 1+
S K, N 45.31%, F-DES £ A EOMA
OBESE 6 Bl MR E Y 9 B HALL G 5
T, o R AE 2H 0 05 S I -4 1 5 R 24.12% K
Iyl A A, B A v T (13.91%) |
- THIEE (13.36% ) AN (5.47%) , Ho i ie 2k
AR B> R 31.73%  BEE AN SRR, N
47.03%, FT-SDE $2HU[) EOMA i [52% 5 Fh I
R 6 B HAAL AW 4 B, A RRAE L 43 HA T U -
4-FER 1.97 % Ko AR A, 322 8 4 R LR
B (20.06% ) B-HE M BE(17.49%) | (+) -3
(17.24%) , HrPIm G S MR S i | o 24.95%
RS M X B AR, N 29.44% , D-SDE 41 B
EOMA 1 B2 4 Fp Mde 2 7 #p HAbfb &9 2
T, HA R 20 20 WA I A5 -4-BE K 4.67 % | K -3
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Table 4 Variance analysis results of extraction rate response surface fitting regression equation

Tr 2R SEIr R A A = Fig PE .
Source of variance Sum of square  Degree of freedom Variance F value P value Significance
] JI A 7Y 12.56 9 1.40 35.55 0.000 5 o
Regression model
0.002 813 1 0.002 813 0.072 0.799 6
B 1.25 1 1.25 31.81 0.002 4 wok
C 0.69 1 0.69 17.59 0.008 5 Hk
AB 0.002 5 1 0.002 5 0.064 0.810 8
AC 0.065 1 0.065 1.66 0.254 4
BC 0.017 1 0.017 0.43 0.540 6
A? 6.05 1 6.05 154.07 < 0.000 1 ok
B 3.74 1 3.74 95.44 0.000 2 o
c? 2.24 1 2.24 57.19 0.000 6 ok
52 Residual 0.20 5 0.039
AU Lack of fit 0.058 3 0.019 0.28 0.838 7
4li iR 2% Pure error 0.14 2 0.069
A1 Total 12.75 14

H. o« FREREE, P<0.05; == FREFWEFH P<0.01; R®=0.984 6, Adj R°= 0.956 9, Pre R*=0.902 7,
Note: * indicates significant differences, P<0.05; #*#* indicates extremely significant differences, P<0.01; R*=0.984 6, Adj R =
0.956 9, Pre R>=0.902 7.

1REVE Bdtraction rate (%)
1REVE Bxtraction rate (%)

13.06 ) 5.02
62.41 13.06

57.41

. 706
7.06
C: &7k Water content (mol) 4. 41 06 B: FIERFiE) Drying time (h)

7.06 202 A: BEE/REE Molar ratio

B: F42AFIE] Drying time (h) 5.06 = 1.02 (mol: mol) 41.41
B 7 BEIR HAN T M B R 52 B AT G 1 B3 A 5 i
Fig. 7 Effects of interaction between molar ratio B9 Fr K AN A 8] A2 FAE FH X 2 BUCR 1 52 i)
and drying time on extraction rate Fig. 9 Effects of interaction between water content

and drying time on extraction rate

ARAEH, FERT AL T )20 (30.83% ) B-1%
MBE(18.41% ) TG (12.64%) , Ho I & 2 A
e, o 29.61% , FERM X FEE R, N
61.95% , ik DES-DE £ BT 15 1Y ¢ Ak 28 23 #4 h
f-a-BE Y m THAM T Z . B DES M35 %
FLaK K, 3T g 6% % I8 Bt 1 T J2 A0 9 40 i 2% 1T
AR YR G5 I DL TR B B AR b e A R
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Fig. 8 Effects of interaction between molar ratio and ZHE I, T H, £k B R R N T A SE 56
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Table 5 Main components and comparison of Melaleuca alternifolia
B ; X & Bt
[E3=) Retention  {£&4) CAS & T Relative content ( %)
. N Molecular
No. time Compound CAS number formula
('min) DES-DE F-SDE FT-SDE D-SDE

1 5490  a-JEK a-Pinene 80-56-8 C, H, 9.59 0.28 — 1.17
2 6.391 12/ Sabinene 3387-41-5 ¢, H, 2.05 0.19 — —
3 6.725  1,4-FM% 1,4-Cineole 470-67-7 €, H,:0 — 4.35 0.6 6.04
4 6.800 FA T M a-Terpinene 99-86-5 CoHy 10.06 5.47 1.06 2.54
5 6.820  D-FFEEHKE D-limonene 5989-27-5 CoHie 0.84 0.19 — —
6 7.191  y-FA3HHS y-Terpinene 99-85-4 C,H, 10.78 13.91 1.66 5.36
7 9.007 SEAM I Terpinolene 586-62-9 C,oH 1.72 1.39 — —
8 9.384 FA T 5 -4-B% Terpinen-4-ol 562-74-3 C,oH,,0 30.58 24.12 1.97 4.67
9 9.619  4-RFHIEPE Cuminaldehyde 122-03-2 C,H,0 — 4.55 — —
10 10.075  A&HMEE Eucalyptol 470-82-6 C,H,0 0.12 — — —
11 10.391 i HUE) Thymol 89-83-8 C,H,,0 — 2.88 7.71 —
12 11.275  a-FAJHEE a-Terpineol 98-55-5 CH,0 7.94 13.36 0.81 —
13 11.476 M Cyclohrxene 514-95-4 C,oH 3.33 — — —
14 12.017 WIZ L Bicyclogermacrene 24703-35-3 CsH,, 2.96 3.99 20.06 —
15 12.452  B-KMJ% B-Longipinene 41432-70-6 ¢, H,, 2.42 — — —
16 12.415 (=) -5BIWU(-) -Tsoledene 95910-36-4 C, H,, — 1.86 12.3 2.54
17 12.86 F WK Alloaromadendrene 25246-27-9 CsH,, 4.52 — 5.95 12.64
18 12,900  (+)-FE R 22469-52-9 C 1, — 3.43 1.76 4.12

(+) -Cylosativene
19 14.123  a-BER ik a-Cubebene 17699-14-8 C, H,, — 5.01 2.22 1.24
20 14758  WEHEEE (-) -Globulol 489-41-8 €, H,0 2.4 5.47 8.62 8.04
21 15.401  £4E A T2 [ 1aR-( laalpha, 552-02-3 C, H, 0 0.28 0.37 0.55 30.83

4beta, 4abeta, 7alpha, 7abeta,

7halpha) ]-decahydro-1, 1, 4, 7-

tetramethyl-1H-cycloprop [ e ]

azulen-4-ol
22 17.425  W4EEL3,7,11,5-Tetramethyl-2- 102608-53-7 C,,H,,0 1.16 — — —

hexadecen-1-ol
23 18.110  13-+-EHe-1-BE 56554-77-9 C,,H,,0 2.52 — — —

13-Heptadecyn-1-ol
24 18.577 M@ (-)-Guaiol 489-86-1 €, H,,0 — 2.23 — —
25 19.122 Bk [ B-Eudesmol 473-15-4 CsH, 0 — 1.48 17.49 18.41
26 19.618  (+)-K B (+)-Epicubenol 19912-67-5 €, H,,0 — 5.47 17.24 2.4
27 21.700 1-Bdbe 1-Heptacosene 15306-27-1 C,, Hy, 0.84 — — —
28 22.610  HEARR 2-F3-1-H BN TR 14251-39-9 C,H,,0, 4.26 — — —

Stearic acid 2-hydroxy-1-

methylpropyl ester
29 27.580  2-FJE-1-FoS bR 2490-48-4 C,,H,,0 1.63 — — —

1-Hexadecanol , 2-methyl-

I “—"FRARM

Note: “

” means not detected.
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52 mol, 7E M 514 F EOMA (1 $#2HUR K4.06%
It F-SDE .D-SDE F1 FT-SDE 43 %Il 42 & 17 383.33% .
290.38% F1 497.06% , 3t 3 W] 1 Wie) [ TR0 A A4 1) A7
B DES-DE #2221 m &k, it GC-MS
X PO R T2 HE S B EOMA #E47 7 4307, K il
FEW T REAME B E A 2R, FEMA TR
R Y, Gl ki) DES /& 2K B b
FkF EOMA 9375 fiff B #0 2 T1% e i K s 371, TRkt
i3k DES-DE 2B EOMA 2 B FI4AE 40 43 &
HAE T IHAM T, BRI 8 Fh s 9 F
HAA LA 3 Ty = ZRLS> K y-P T I P T
TR o= Fi THH B N A R 0 | L o e 2 Ak & A
X i R R, 0 45.31% 5 FRAE 2 3 H8 Tl O -4- T
oM 30.58% , KM IMEE R 0.12%

H AT, AS [ SCHk i 38 /Y 50 T 28 iR
RS2 FHBK, HULZESE(2000) 857K 7S
MR, KM R 1%, A B9 DES-
DE 7> 3.06% ; XI| LZ255 (2019 ) XA [R] BG4 | T
PO 0 B T R T R AT T SR ERA T IR 5K
BRI RN 2 T FRORG T B B 530 4.52% 1 3.25%
Hd GC-MS M A5 5] 15 Fha] 4y, Ho v i Fin g o
KM 53 408 T -4 B 5 53 0l o 38.34% Fil 38.
06% , ¥ H-IMEE 23 51~ 0.97% 1 1.36% , Hi 4 BUR
5 DES-DE 2 BCRA UL, 3 ARG M4 o th— 5, 2
4y A DES-DE /b 5, 2545 (1995) K H
IKFETRZEMRIR LSS & GC/MS/DS 43 #r, 15 3] 25 Fh
W, ARBTG5 40 4 155 (2019) SR T2 -,
FHETE /BT e T Bk E T 2R, 45 3 13
FhZH 53, Ltk DES-DE 7> | A 1 s -4 -1 R e - 3 12 AH
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B SRR I i 2 0 R
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