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Abstract: To investigate the effect of SOz gas pre-treatment on the extraction yield of Atractylodis Macrocephalae
Rhizoma essential oil and polysaccharides, as well as the quality, single factor experiments and response surface
methodology were used to optimize the pre-treatment process, GC-MS was used to analyze the changes in the
chemical composition of the essential oil, and antioxidant experiments were used to evaluate the changes in the
biological activity of the essential oil and polysaccharides. The results showed that the optimal pre-treatment
conditions were: SO; dosage of 2.0%, 47 °C, and pre-treatment time 58 min. At this time, the extraction yield of
essential oils and polysaccharides increased by 27.5% and 29.9%, respectively. The results of essential oil
extraction kinetics showed that the extraction efficiency was significantly improved after pre-treatment. The
scanning electron microscope (SEM) results showed that many pores appeared on the surface of Atractylodis

Macrocephalae Rhizoma after pre-treatment, which confirmed that pre-treatment could contribute to extract



essential oils and polysaccharides. GM-MS analysis showed that pre-treatment only had slight effect on the
chemical composition of Atractylodis Macrocephalae Rhizoma essential oil. Essential oils only have little effect on
DPPH and ABTS radical scavenging ability, which was consistent with the results of GC-MS analysis. In addition,
pre-treatment had no significant effect on the ABTS free radical scavenging ability of polysaccharides. These
results indicated that SO gas pre-treatment could significantly improve the extraction efficiency of Atractylodis
Macrocephalae Rhizoma essential oil and polysaccharides, had no obvious effect on their biological activity, and
could be used to extract Atractylodis Macrocephalae Rhizoma essential oil and polysaccharides.
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R A R, RE LR R DRI, WAEAE 100 mL. AARZHERIGE (V) R
A3 () AT,

xX X

= x 100% (2)

X, C: AARZHERE (mg/mL) ; D: WiBMEE: v 84 (mL) ;5 m: AARH
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Table 1 Response surface factors and level analysis
K K% Factor
Level X1 (g/100 g) X, (°C) X; (min)
-1 1.0 40 30

0 2.0 50 60
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Fig. 1 Effect of SO; dosage on the extraction yield of essential oil
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Fig. 3 Effect of pre-treatment time on the extraction yield of essential oil
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WAETHE, @A T EEER TR AR MR () 5 SO HE ()« BUEEIRE (X))
AITRAL R[] (X3) MIEIEJTFEN: Y= 0.868 + 0.0212X7 + 0.0163X> - 0.0025X; - 0.0225X1.X; -
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Table 2 Design and results of response surface experiment

PR

éﬁ% No. X] Xz X3
Extraction yield (%)
1 1 50 30 0.74
2 1 60 60 0.78
3 2 50 60 0.85
4 2 40 30 0.76
5 2 50 60 0.86
6 1 50 90 0.75
7 2 50 60 0.87
8 3 60 60 0.77
9 1 40 60 0.71
10 2 40 90 0.79
11 2 60 30 0.83
12 3 40 60 0.79
13 2 50 60 0.88
14 3 50 30 0.81
15 3 50 90 0.78
16 2 60 90 0.80
17 2 50 60 0.88

KR BRI B AR 5 20 in g 3 B . ALK P AE< 0.000 1, d BIAERL )3 o7
S, R SR UTH ) FAEN 0.539 2 F1 P{H 0.6804 (>0.05) , FIZEAZ ST,
[ AR g R (RY N 0.977 5, RPFZHAAGRENSGHFEE N, HE5i50645



RIS TERETF . thah, WEE R2E (0.948 5) T R, 3 WITRNEL 5 WEIE 2 1] 45 4R
SEAHSCHERY . T R2 4 0.871 0, SIS R?ZE/INT 0.2, KU RT5E. WK 3
HE T DRI, % B 3O ARSI BRI N . SO F & () >IRE () >
(X3 o XFFRE X0 R X FIZRMET, X2 Xo2 R X2 i R IR LA 2 XoXa AT XoXs RHE LA

HDAAE R B3 (P<0.05) , mHAhRENALEE (P>0.05).
R 3 EIERTTE T
Table 3 Analysis of variance of regression model

HHE ¥y F18 P1E
Variance Sum of
Freedom Mean square F-value P-value
source squares
B8 Model 0414 9 0.0046 33.72 <0.0001
Xi 0.0036 1 0.0036 26.48 0.0013
X 0.0021 1 0.0021 15.48 0.0056
X3 0.0001 1 0.0001 0.3665 0.564
XX 0.002 1 0.002 14.84 0.0063
XiXs 0.0004 1 0.0004 2.93 0.1306
XX 0.0009 1 0.0009 6.6 0.0371
X’ 0.0179 1 0.0179 131.4 <0.0001
X’ 0.0068 1 0.0068 50 0.0002
X3 0.0045 1 0.0045 33.1 0.0007
W2
.001 .0001
Residual 0.00 7 0.000
AT
. .0001 5392 6804
Lack of fit 0.0003 3 0.000 0.539 0.680
0.0007 4 0.0002
Pure error
Job
0.0424 16
Cor total

R B 2 1) 1) 1 AR Vi B B g i R 1T 3D BN 4 Fiows . B 4 BRI SR T S0 H
B XD BERE (X)) RIS (X)) X AR R (V) FIMEAER . N
11 3D Elrh, Bl 4a , EMARECREE SOs FI &3 hAE B2 528 = S B N N B, SO HI &% v
oy il TR o T AL B, 53R 3 PR — B B da~de h, B da BEEEM R AT
K 4c Fl4b, 533 gs R —3.
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Fig. 4 3D response surface plot of the influence of independent variables on the extraction yield of essential oils
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Fig.5 Effect of pre-treatment on the extraction yield of polysaccharides
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Note: A: Unpretreated, direct extraction; B: Pretreated, direct extraction; C: Unpretreated, consecutive extraction;

D: Pretreated, consecutive extraction.
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Fig. 6 SEM images of Atractylodis Macrocephalae Rhizoma before and after pre-treatment
W AL B: RAEEL C. D: TGS
Note: A,B:Unpretreated; C,D: Pretreated.
2.5 BAREHERE 1 FrhZ
AL FRANFIAL R A ARG IR IR I 8] 5C R WA 7 B, 3 1 0r R i an A (5)
i 6) FR:

Y, =0.738[1—exp(—0.37¢)] (R2=0.9971)  (5)

Y, =0.903[1 —exp(-0.701£)] (R2=0.9979)  (6)

HAL (5) MAK (6) W, MHXREH RHKT 099, RHPMEHIEN = AXFTE
FARSMIERGERE . 230 (5) M (6) Wz =i —%, RYAAREZE SO, Fib 2l
Jei s HR ARG Y B AR - AL PR , P I F AS I RS2 HCR A 0.738%4 =5 51 0.903%,
He i PO A% 3 7 8 Kan AN 0.37 32551 0.701, 2R B, SO 78 TRUAL BH IR o 240 O BE (1 BIOR (45K ik
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Fig. 7 Extraction kinetics curves of essential oil from Atractylodis Macrocephalae Rhizoma
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Fig. 8 Total ion chromatograms of Atractylodis Macrocephalae Rhizoma essential oil
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Table 4 Chemical components of Atractylodis Macrocephalae Rhizoma essential oil
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5 (mi Compound Molecular kb HAbTH
No. n) formula Pretreated Unpretreated
1 12.86 (+)-Dipentene CioHis 5989-27-5 0.16 0.18
2 1318 (-)-Silphinene CisHos 74284-57-4 0.10 0.11
3 13.95 Modephene CisHas 68269-87-4 0.29 0.29
4 14.10 Berkheyaradulene CisHa 65372-78-3 0.49 0.5
5 1422 S-S E % p-Elemene CisHas 515-13-9 0.05 0.05
6 1443 Mt )% Cyperene CisHos 2387-78-2 0.4 0.49
7 14.63 p-Isocomene CisHa 71596-72-0 0.21 0.26
8  14.81 p-Ai7TH p-Caryophyllene CisHas 87-44-5 1.21 1.16
9  14.99 f1#7)4% Caryophyllene CisHa 17627-40-6 1.29 1.35
10 1575 a-Acoradiene CisHos 28400-13-7 0.62 0.61
11 16.24 y-Bisabolene CisHas 495-62-5 0.4 0.38
12 16.32 p-3¥E)F p-Curcumene CisHas 451-56-9 0.09 0.11
13 16.41 y-Muurolene CisHas 30021-74-0 0.41 0.16
14 16.55 Eremophilene CisHos 10219-75-7 0.26 0.31
15  16.68 f-Selinene CisHos 17066-67-0 2.78 2.81
16 16.76 Zingiberene CisHas 495-60-3 0.29 0.23
17 17.04 o-Farnesene CisHos 502-61-4 0.06 -
18 17.64 (+)-Calarene CisHos 17334-55-3 0.22 0.20
19  17.78 Sesquisabinen CisHa 58319-04-3 0.41 0.38
20 1833 FLE M Valencene CisHa 4630-07-3 7.05 7.21
21 1850 Selina-3,7(11)-diene CisHas 6813-21-4 0.15 0.16
(3R,8aR)-5,8a-Dimethyl-3-(prop
22 1870  -l-en-2-yl)-1,2,3,7,8,8a-hexahy CisHx 193615-07-5 0.83 0.84
dronaphthalene
23 1926  KIREMH B Germacrene B CisHzs 15423-57-1 13.43 12.14
24 19.46 S-Vetivenen CisHa 27840-40-0 1.51 1.47
25 20.00 Caryophyllene oxide Ci5H240 1139-30-6 0.11 0.14
26  20.86 Humulene epoxide II Ci5sH240 19888-34-7 0.11 0.21
27 2145 ¥4 EE Spathulenol Ci5sH20 6750-60-3 1.38 1.25
28 2249 AW Atractylon CisH200 6989-21-5 54.66 54.46
29 2311 Juniper camphor Ci5H260 473-04-1 0.05 0.06
30 2333 Isospathulenol CisHuO  88395-46-4 0.05 0.13
1,1,2,5-Tetramethyldecahydro-1 1212211.43.
31 2347 H-cyclopropale] Ci5H2602 5 0.26 0.32
azulene-2,5-diol
32 2386 i)l Cyperenone CisH20 3466-15-7 221 2.03
33 2435 B-Oplopenone CisHuO  28305-60-4 0.11 0.17
4,8a-Dimethyl-6-(prop-1-en-2-y
34 2447 1)-1,2,3,5,6,7.8,8a-octahydronap ~ CisHuO  726134-57-2 0.17 0.19
hthalen-2-ol
35 24.68 4(15),5,10(14)-Germacratrien-1-  CisHO  81968-62-9 0.28 0.34
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Fig. 9 The antioxidant capacity of Atractylodis Macrocephalac Rhizoma essential oil
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