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Optimization of the Extraction Process of Volatile Qil from Xianglian Hewei Soup Based on Entropy
Weight Method and Response Surface Method

ZHANG Xiufang!, ZHANG Jingyi*®, LIU Mingsong', LI Chunhua'>***(1.College of Pharmacy, Hebei University of
Traditional Chinese Medicine, Shijiazhuang 050090, China; 2.Department of Pharmacy, Hebei Provincial Hospital of
Traditional Chinese Medicine, Shijiazhuang 050000; 3.Hebei Industrial Technology Institute for Traditional Chinese Medicine
Preparation, Shijiazhuang 050090, China; 4.Hebei Technology Innovation Center of TCM Formula Preparations, Shijiazhuang
050090, China; 5.Hebei Province College Chinese Medicine Group Formulation Application Technology R&D Center,
Shijiazhuang 050090, China)

ABSTRACT: OBJECTIVE The optimal extraction process and inclusion process of volatile oil in Xianglian Hewei soup were
selected to improve the utilization rate of volatile oil. METHODS The index was based on the content of the main ingredients
patchouli alcohol, cineole, bomyl acetate and the yield of volatile oil, the GC method was used to determine the content of active
ingredients, the DX8trial designed the test plan, and the entropy weight method was used to process the experimental data, and
finally screened out the best extraction process for volatile oil. Used grinding method to clathrate volatile oil, and the inclusion
scheme was designed through orthogonal experiments, and record 3 indicators of volatile oil inclusion rate, inclusion compound
yield and inclusion compound oil rate one by one. The entropy weight method was used to perform the index Weight analysis,
calculate the comprehensive score of the three indicators according to the weight coefficient, and screen out the best inclusion
technology. RESULTS The best extraction process for volatile oil was immersion time of 1.5 h, extraction time of 8 h, and the
amount of water added of 8 times water. The best inclusion process was as follows: prepared by grinding method, B-CD-volatile
oil was 6 : 1, material liquid ratio was 6 : 1 and the grinding time was 0.5 h. CONCLUSION The best extraction process of

volatile oil selected by the experiment can increase the yield of volatile oil and the content of active ingredients in Xianglian
Hewei soup, and the best inclusion technology obtained by screening can effectively include the volatile oil in Xianglian Hewei
soup.

KEYWORDS: Xianglian Hewei soup; volatile oil; response surface methodology; orthogonal test; inclusion process
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(EAE A PP 2 050 o IS g b 24 1 5 28 B A2 PR 52
B, BATrROINR R, FEIR IR T AR B
HEEMER]

34 MV MR 2P M B ] B R 3 B T
My, WA BB B R 2 AR IR 1 Tk
B RS PE E R A . b B IR AR SRR Y
28007, Zeadiln RS AT G T IR B9 R
25, ATih 18 BREGA AL, HAF AL FEK A
JUER . WM. TSR 7 e, JERRAE
e, JFE IR, BRI, BRI s
CFREHNTRITE | RS, o R S
iz shUife . et B akish, viE Bz
PERINT, EERATP AN, AR S

SEWOTT ik e T2 I 5 Wa 8 A i T A PR
RRSRHE, ATTER A A E 25 8 2020 4 pR S HUE
Je M7 5K 28 AR A M AR TT S A 15 A MR
S IEAT I A AR A, DAL B RON
PTG FRAR , FE TR D AR AGA I 1
R L, PR H A i S s 35 A h
R P52 W o) 790 ) B AR R R PR T2, LA
L5 HFMIRG (B-CDYE 5 ORI H AT 45, IFK
MIEZSIR A S5 B, 25 H800 a5
MAEANHR, Rt HRERS T 2.

1 ##
1.1 4

Agilent 7890B S AH {4 % [ (Agilent FlH: A
F]); SPH-300A B S kA 4% . SPB-3 B4 [ 575
SIRALR PR AR RT) s 24/29 R %E
5 mL SR E 2R (P E<1.0); SQP Al
K 2 A KT (B2 R B AR AL A BR A ]
YP2002 HLA RV ECERFE A R A A
TDSA-WS 5 25 B0 HL O R WS B0 = A
HRA R A ; Milli-QReference #E 41 K RS0 (15
Millipore SAS 67120 Moisheim); DHG-9000 %!
HL B XL A (T — TR AR A FR 7D 5
DSC-60 A 22 /R A HEAL (H A B E 2wl )
ECLIPSE Ci HL T W54 H AJE ).

1.2 kA

JTREROTHL: TUAR WA A R
Al IS 200502), GENENE HE LG HY
VG EZY R AR AR A R LS
20071601), A NBHBER G4 )7 7R Wby
MG ARAF; H#H5: 200501), Ly b E

P E AR 2 2022 48 7 A5 39 5 14 1

e D5 U B B A E AT A 2 i 2020 4E AR
—HRAH K RAE o
1.3 5]

H A ZEEL L5 . MUST-20093001; & & .
98.37%) . FEMFEMELS . MUST-20101001; 54
99.48%) . LR MilE(HS . MUST-20081605; %
i 97.00%)X] B S E [ b R B AR AR i
FEHT; B-PRRIRE (L ZRIE ML 240 JeKai R
WA R IEAED R A BRA R ; B EL(EE
afi, RE 171,

2 FHAEEH#R

2.1 FERIMRITZ

210 R AR E AT
B, FREUFER/ 20 g, HoE 12g, WM 12g K
il 4 WREK 3L 118 g, T 2 000 mL AR RS,
B RO BE IS SR BEAE e, FHKZR A%
ARIULIR A4 AW, R R mg %,
2.1.2  HERIMARN S & I

2.1.2.0 RSSO EI R o i HGE A Rk
s, AERE . CRRIBINERIE R, REEARE, ik
1.63, 4.75, 11.65mg, H7E 5mL AEiE, HH
FEEZS, 19280500 0.33, 0.95, 2.33 mg-mL™!
(X R AL, A5

2.1.2.2 SRR AT & IR C2.1.17 BN J7
B, RPBGR AL, BT I & 4 oK
BN T4, 4 000 rrmin~' 5.0> 6 min, EPfS, ¥
P 2 M A P EEE S 10 mL EIRE, P
0.5 mL FHFEEE S 10 mL FHi B, A AR AR .
2.1.2.3 ARESWEENE  ZHS Hp-5 B4
ARG FE (30 mx0.25 mm, 0.25 um), FID A& ;
P THE: L1 Comin W THESE 60 CTHE
% 70 °C; L 10 C-min "W FHEEEE B 70 ‘CHHE
2140 C; L1 C-min ' W THEEE i 140 CTHE
% 153 °C,J5i847 300 CHE4F S min; JEFER . 1 pL,
SRt 10 01, AN AR, AAULE 1 mL-min!,
HERECRIEN 250 C, KRll#HEE N 260 C, %5
AWK 390 mL-min~!, SAJHE 36 mL-min!, &
WX 15 mL-min~', EREEILE 1,

2.1.2.4 LM RMFEE 41k 5 A B
Pt IR AR 0.1, 0.5, 1, 1.5, 2mL, #eksxt
MR 1, 2, 3, 4, 5mL, ZFRIeHksx
W 0.1, 05, 1, 1.5, 2mL, &T 10 mL &,
WP 2, #2215 15— R 506 R AR B,
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Fig.1 Gas chromatograms

A-reference substance; B-volatile oil sample; 1-cineole; 2-bomyl
acetate; 3—patchouli alcohol.

- “2.1.2.37 Wi N RAHEOTEAL RO S EERE , X
Fir g gl R LT AU AL FR(Y), W R AL bR (X)
HATELMERNIT, BRI IE IR 1,

F1 3HASHEAEXA

Tab.1 Linear relationships of 3 components
% EVEp¥ R? &AM /mg-mL!

HRKARE y=14370x-8.128 6  0.9999  0.003 3~0.066 0
FEHIRE y=12022x+313.51 09991  0.095~0.475
I ki y=19 765x+13.493  0.999 8  0.023~0.460

2.1.2.5 [UERREE R fIR “2.1.2.37 TR
T 2, X ERKEREE . MRS . £ R TR i e
F1R) 5t B T TR, o T — Xof B VA TR 6
RIS R IEE R, R RSD fH(n=6), 4

HEKEEBE 1.30% . FHHE 0.40% . R IE MG
1.28%, H: RSD {H¥J<3%, FHIZALES MRS % E
RAf,

2.1.2.6 FEEMIRE BRI, &R
“2.1.2.27 TR JEEIAE 6 M SR, %
“2.1.2.37T0 R SRR 1 B, DRI
A, JFoRH RSD {H(n=6), %% N[ Fk2Em
1.53% . Filhg 1.43% . LR IEHKTR 1.28%, H RSD
{H¥<3%, RN TEREREERL,
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2.1.27 fEMAE  Bn el A TR, R
“2.1.2.37 T S S S 5 T 0,
2, 4, 6, 8, 12h #FFE, ICREIHERAL, JRK
. RSD fH(n=6), Z55 N EHAKAEE 1.44% . Kok
1.61% . ZBRIEMifE 1.55%, H RSD {H#4<3%, %
B 12 h RS E M R

2.1.2.8  JFERDICRIAE RSB RIC 9
FES RS, D E 2588 2020 ARERR, B
B oy AR A P S R 1501, 101,
0.5 1 1 ZEAAIMA B RKZERE . HoliAs . LR
TR HE S, SEAT S I, TR EROR B, 2
R 2,

®2 W ERELSER0H=9)
Tab. 2 Results of recovery by adding sample(n=9)

AR BEM SR AR, AR R/ BRER/ RSD/
mg mg mg % %

0.032 6 0.049 0 0.078 8 96.54
0.0326 0.048 9 0.079 3 97.34
0.032 6 0.048 7 0.079 0 97.21
0.032 6 0.0325 0.063 4 97.43
AMKERE  0.0326 0.032 4 0.063 4 97.54 036
0.032 6 0.0327 0.063 2 96.72
0.032 6 0.016 5 0.047 5 96.81
0.032 6 0.016 4 0.047 7 97.34
0.0326 0.016 2 0.047 5 9731
0.1120 0.167 3 0.274 6 98.32
0.1120 0.1710 0.278 6 98.43
0.1120 0.166 8 02722 97.65
0.1120 0.113 3 02197 97.52
MemkE  0.1120 0.112 6 0.2193 97.63  0.76
0.1120 0.1135 02222 98.53
0.1120 0.056 2 0.166 1 98.73
0.1120 0.057 3 0.165 1 97.53
0.1120 0.057 1 0.1629 96.34
0.388 4 0.5843 0.959 6 98.65
0.388 4 0.5853 0.961 6 98.76
0.388 4 0.583 2 0.944 9 97.25
0.388 4 03895 0.759 8 97.67
LR JERkTE  0.388 4 0.399 3 0.770 9 97.87  0.54
0.388 4 0.3872 0.762 8 98.35
0.388 4 0.1953 0.5758 98.64
0.388 4 0.197 5 05721 97.65
0.388 4 0.194 7 0.5712 97.96

203 IR B L T P R R T

2,131 RERITSER @ IS K A ] S
Bk, VEEC TR R R 3 AN
oWtk , R DX8Trial #PF, LR A& A5 3

P I IR FH 22 2022 4F 7 A 39 55 14 3



ANE RS 55 AW NAE, 12 Box-Behnken %11
3 HE 3 K 17 AR TR A TR (12
AHTERES, 5 AruiEe) . IR K
U3 3, Box-Behnken i{5 7 R 545K 3% 4,

#=3 HKBRRITEEAF

Tab. 3 Level of experimental design factors

VIS TS ARWEE/M B ikE/AE  C SREUE T/
-1 1.0 8 4
0 1.5 10 6
1 2.0 12 8
% 4 Box-Behnken I 7R 54 £
Tab. 4 Box-Behnken test scheme and results
K% & it/mg-mL~! BRI A
3 0P O hcem mant Zmoowm BROES 1 M
1 1010 4 0.025 0.336 0.058 1.70 0.866
2 1512 8 0.019 0.375 0.051 1.85 0.817
3 15 8 4 0.024 0.363 0.055 1.50 0.588
4 10 10 8 0.026 0.291 0.059 1.60 0.848
5 20 8 6 0.021 0.344 0.054 1.70 0.812
6 20 10 4 0.023 0.356 0.047 1.50 0.657
7 2012 6 0.020 0.393 0.058 1.80 0.855
8§ 1510 6 0.022 0.344 0.061 1.80 0.861
9 1510 6 0.023 0.354 0.068 1.35 0.831
10 1.5 8 8 0.022 0.347 0.063 2.00 0.957
11 1510 6 0.020 0.381 0.056 1.75 0.833
12 1.5 10 6 0.015 0.399 0.067 1.30 0.745
13 2.0 10 8 0.019 0.378 0.190 2.00 0.868
14 1.0 12 6 0.023 0.414 0.225 1.70 0.874
15 1.5 10 6 0.024 0.339 0.240 1.70 0.893
16 1.0 8 6 0.021 0.344 0.209 1.30 0.793
17 1.5 12 4 0.021 0.456 0.211 1.50 0.817

2.1.3.2  JEALEX SR ARACE REO LR BV M
MR ARAEA RN “2.1.3.17 TR 45 LT
25 B ROy B AT AR L, ST A R
WEARFE (P>, DL 2 ARG 24 K2)FIA(3),
AR H A Wi, 55 4 SIEM R

H=[0.998 5, 0.994 8, 0.997 5, 0.997 1], 4 MEM
FEAR AL R wi=[0.169 1, 02125,
0.2856, 0.332 8],

Pijinj/(inj) (D
Jj=1

Hi:—l/lnnxzn:[} xInF, (2)
Jj=1

Wi=(-H,)/Y.(1-H,) (3)

i=1

N 3 M=(F & i 32 BUR /5 & il B2 B
B e X WA REF B/ H KRR E ma)X
W - (CRETHIRS 7 S R THDRG 757 22 man) X WsH( LRI NI/
LTRIEIGHE ma)* Wy, HHAMZEER M), IERE
% 4, ¥ M (EHF A DX8Trial B, TR I THI %
(RS 3T , 38T MBS Ay Tl U400 R 7 [
(22, T S SR A R BT 2 AR I 1) ML
2.1.3.3 MAEGFERMBELES FZ0HT &
DX8Trial K {4X%F M 172 el Gt , 1R3IxHE
BT (A) . K (B), $2EATH](C)3 AN AEH ) —
WL FE A y=—0.83-0.38A+0.20B+0.27C—
0.009 618AB+0.057AC—0.023BC+0.032A2—
0.001 783B?-0.007 696C2, J5 2253 b e b k4%

WS,

Hie 5 nl AL, AREaiRl P=0.045 5<0.05,
F o, ST P=0.501 1>0.05, BEM A
B3, RMEBRESIA[EE, K Pc<Pp<Pa, 3
REMLEA T M B ARE R C>B>A ., — KT
C R, Z kWi BC A3 R:=0.830 9, Ryugi=
0.613 4, F/RIZAIIT] LLUFRE 61.34%00 W {E A8
ABI81 0 4=0.10/0.12=83.33%, < B Wi o7 (i (1) 28 4k
A 83.33% IR TUrik A s, X BIRIPIA AR A
U, Al S BRSO A 4 AN A T R

2.1.3.4 MRS RO T 48 DX8Trial B4 3#T,
] 54552 R 2R G 2 T BB 25 S04 MO =4

M 17 TP i 7 T P 1 A2 A 2 T S 455

[3.926
| 0.967
0.244
L 1.70

[ 0.054
0.058
0.067
L 0.061

P:_

& 2

4.420
0.864
0.185
1.85

0.060
0.051
0.051
0.066

4.274
0.933
0.237
1.50

3.426
0.994
0.252
1.60

0.058
0.055
0.065
0.053

0.048
0.059
0.070
0.057

4.052
0.914
0.203
1.70

0.056
0.054
0.056
0.061

4.199
0.784
0.228
1.50

0.057
0.047
0.063
0.053

4.633
0.984
0.200
1.80

0.063
0.058
0.055
0.064

JR 48 VF A48 47 R T (XY 0 18 52 KB T (Pi)nn

4.053
1.029
0.213
1.80

0.056
0.061
0.058
0.064

4.179
1.140
0.231
1.35

0.057
0.068
0.064
0.048

4.095
1.057
0.218
2.00

4.489
0.950
0.197
1.75

0.056
0.063
0.060
0.071

0.061
0.056
0.054
0.062

Fig. 2 Original evaluation index matrix(Xij)m» and probability matrix(Pij)mn
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4.704
1.128
0.152
1.30

0.064
0.067
0.041
0.046

4.459
0.965
0.190
2.00

0.061
0.057
0.052
0.071

4.883
0.983
0.225
1.70

0.066
0.058
0.062
0.061

3.998
1.132
0.240
1.70

0.055
0.067
0.066
0.061

4.052
1.142
0.209
1.30

0.056
0.068
0.057
0.046
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Tab.5 Analysis of variance and significance test

JIZERIR CFOrM AME ¥r F P BEM

LY 0.1 9  0.011 3.82 00455 WE
A-RIRE 2.22x10° 1 222x103  0.75 04145
B-hkKE  5.72x103 1 572103 1.94  0.2065
C-H2HUF ] 0.017 1 0.017 583  0.0465 WFE
AB 3.70x104 1 3.70x104  0.13  0.7337

AC 0.013 1 0.013 443 0.0733

BC 0.034 1 0.034 1148  0.0116 B%F
A2 2.68x104 1 2.68x104  0.091 0.7718

B2 2.14x104 1 2.14x10%  0.073 0.795 4

Cc? 3.99x103 1 3.99x103 135 0.283 1

52 0.021 7 2.95x1073

ERu 8.53x103 3 2.84x103 094 05011 AEFE
R 25 0.012 4 3.03x1073

B2 0.12 16

Wi P 52 HAE S5, mE 3 TS, BC BBENS AR
B AB. AC kK, Uil BC W32 BAE %, 5
25 1SS R —5

LEE1BAM

e oaas v I

8 ' i
ro 12 A
1.1
1.0
§ 0.9
o 0.8
o 0.7
3@ 0.6
05

(o]

1’6 1.8
AR /A

11
Bk &S 12> ! 5

C:HR I ] /h
3 BB & A A (M) R e HY e R

Fig. 3 Response surface diagram of influencing factors on
integrated index(M)
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2.1.3.5 FAETZ%uE MY DX8Trial H47r#ris
PR EM B A RETZ 2 1.5,
Ik h 8 f5K, HREXAFIA] 8 ho SRATHAERECT
23 APPATIRE, FIEME B R IMEE A e
35k 0.927, 0.932, 0.939, FI{E K 0.933,
BRIFOMAE 0.930 fmr, HAHZE<1%, RIABIRIT
W R4, FRESE, ZHFETHTEENS Y
OFE-aTHE7 3

22 B-HMIKEEAETZ

221 HERMEARBCRHNE % R T EH
F R AMBE, B 1 mL R, AR,
TaE R, PREICE A T AR R T N
RGN, A S WA U M P TIE 3
2, ARSI = AT I A & /45 i A
H)*x100%, THEAE R MZS [ Dl 6])

2.2.2 RIS REE  a A b SCEkt K
S, AR LG S AW . FRBGE
i B-CD Tk, IMA—ERAZEIEAK, HFEYY
Ao BUHEROMAE S &, RN C DK G EE=
121 LGN A CBEgs ik, S8 AT, IR
—ANJ7 S ERE B ], EUKAE A 24 h 5
g, R A S RO K CEERE T, BRERPAA
MIFERIN, 40 )CEZSTH: 4 h, B THREEY, K
il AYNER, BIENTREEYRA
R B HT, N 100 mL Z818/K, $RECEIF K ihiz
s IR N FERG I, Y AT A S T 1S 4
K. N AR AR s
Y& R =1 A W & T A ) T >
100%; HEYIATFE=t5 Y i iE/(B-CD A&+
FERIMIMA ) > 100%; FERIME G HR= 59 %
K/ (P R M A B <2 [ D) x100% .
2.2.3  WEGESS A IEL IR S T4
22310 IEAZEG BT A A A 5 SRk U
2L, WECT B-CD © &M . WORH L AT i
B 3 ANHE R, XN RERER 3 4K
PHTIEASIRE, 538 9 4R %, HRiRK )y
FATIRE, WERRTE PR EE . R ARALEAL
BERBZEARS M VERER, g RERE T
210 TEATIRIG I KO R 25 R L% 6~7,

2232 WAGENE ST I “2.1.3.27 WIR Y
AN, WRAER 7 M TE AR, TR
TR (XY PR HE A (P, ARG AT
#| H=[0.9862, 0.9996, 0.9956], W=[0.743 38,

o E AR FH 22 2022 4F 7 A4S 39 B4 14 1



0.020 4, 0.235 8], JRURHHRE:FIMERAE G WK 4,

Fo EXHBRERKAFX
Tab. 6 Orthogonal factor level table
Sk S
¥ 5 — ——
A(B-CD : #%ih) B(BEHL) C(RITHE I H])

1 6: 2: 1.5

2 8: 4: 1

3 10 : 6: 0.5

Fz71 EXRRERX
Tab. 7 Orthogonal test results table

2234 GAETZRIERE 23 L IMEES
% 1mL, BTN RESS T 2T 3 4°F
i, RIS RINE 9 iR, =FHM RSD H4r
WA 1.82%, 0.49%, 0.13%, 14<2%, FHAIKEK:
WEMEE TERE T, HFHEEMRLT.
#z9 ERXWMEATIZRIERE

Tab. 9 Verification test of volatile oil inclusion process

i LEY @aY HEMm o
£ oA B C R R AR
5 % % %
1 1 1 1 7.22  89.00 52.94 0.7924
2 1 2 2 9.42 8343 64.71 0.7917
3 1 3 3 11.93 83.86 82.35 0.998 7
4 2 1 2 724 8444 64.71 0.5059
5 2 2 3 6.45 86.11 58.82 0.5905
6 2 3 1 6.66 83.44 58.82 0.6028
7 3 1 3 6.86 79.45 70.59 0.6485
8 3 2 1 6.10 89.36 70.59 0.4532
9 3 3 2 5.19 7882 5294 0.4933
K, 2.583 1.947 1.848
K, 1.699 1.835 1.791
K5 1.595 2.095 2.238
R 0.329300 0.086 446 0.148 896
[722 942 1193 724 645 6.66 6.86 6.10 5.19
X=1 89.00 83.43 83.86 84.44 86.11 83.44 79.45 89.36 78.82
L 52.94 64.71 82.35 64.71 58.82 58.82 70.59 70.59 52.94
r0.108 0.140 0.178 0.108 0.096 0.099 0.102 0.091 0.077
P=4 0.117 0.110 0.111 0.111 0.114 0.110 0.105 0.118 0.104
L 0.092 0.112 0.143 0.112 0.102 0.102 0.122 0.122 0.092

Fig. 4 Original evaluation index matrix(X;)m» and probability
matrix(Pi)mn

2233 IERRAEEIR T SER kR 7 Bl
EHWA TR A I T 20 AiBsCs, B B-CD : %
=61, BHEH 6: 1, BIEREN 0.5h, H
8 HEMMEEREM, Fa>19, P<0.05, HE A
XL S RA B E W Fe<l9. Fc<19,
P>0.05, B, C XISZ507C W & HERZm .
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Tab. 8 Variance analysis of orthogonal test

W B2¥orm AmE ¥l FE FlAME 85N
A 0.20 200 010 4242 19 P<0.05
B 0.01 200 001 244 19 -
C 0.04 200 002 850 19 -

P E AR 2 2022 48 7 A5 39 5 14 1
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3 12.24 84.75 82.14
M 11.90 84.66 82.03
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Fig. 5 Thin-layer chromatogram
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Fig. 6 Results of Differential Scanning Calorimetry

A-volatile oil; B-B-CD and volatile oil inclusion complex; C—p-CD and
volatile oil physical mixture.
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