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Optimization of inclusion process of Huaweishu Granules volatile oil based on the
multi-index comprehensive scoring method

WANG Guang-han, JIANG Hong, LIU Jing, ZHAO Yue, DI Zi-zhen, ZOU Gui-xin, TAO Hong-wu
Liaoning Academe of Traditional Chinese Medicine, Shenyang 110034, China

Abstract: Objective To optimize the inclusion process for the volatile oil in Huaweishu Granules. Methods Taking the ratio of
volatile oil to B-cyclodextrin, inclusion temperature, stirring speed and stirring time as the factors, the inclusion process conditions were
optimized by orthogonal test, the weight coefficients of each index were determined by entropy weight method, and the inclusion
complex was verified by thin layer chromatography. Results The inclusion rate of volatile oil obtained by stirring method was the
highest, with the ratio of B-cyclodextrin to volatile oil of 10 : 1, the inclusion temperature was 40 °C, the stirring time was 1 h, and the
stirring rate was 400 r/min. Conclusion The optimized volatile oil inclusion process is stable and feasible, with high inclusion rate of
volatile oil and yield of inclusion compound.

Key words: Huaweishu Granules; volatile oil; B-cyclodextrin; orthogonal test; inclusion; multi-index comprehensive scoring method;

entropy weight method
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2 FES5%R
2.1 #FEAHAVREE

FE I8 (A E 25 8) 2015 4 AR DY A A T S ik
CHYD B, DUk Jr &l 10 FERSIE. T
EE. AR BRE. R SR, BT 10L R
Bofirb, JRONBEIEER, UK 6 55, RIE 2 h, Ik
EihiE, HRFGE 6 h, §E 30 min, HEELR
AR 1.90 mL.
22 EAHTEEYWERNE
221 HREUE Ry KA H R i BT A R
R WA 73 Rl 1.0 mL, & 250 mL [ kS
M, IO 200 mL ZETHK R B ERE B, R
R R P2 EES, 250 mL HAAENI, 435
LR 2.01 2.5 3.01 3.5, 4.0 h AR H94% &
&2, SiRNEK 1. NERRERTLUES, SHKE
WHREL 3.0 h J&, #EAMEA TGN, DAt e 2
KA 3.0 he
222 FERMZKEEZ A RN E ORI
FIFE RN 1.0 mL, FEit 54y, 251E 250 mL [F
JEREI T, IIAZEK 200 mL MOE B RL, &
PRI R RS, F 250 mL HAEINH, FREUE
M 3.0 h, ¥ 8 30 min, THEASTIE KK R IE
KRB A R, SR WK 2. LI RR,
A T I AR A S B R 87.6%
A RS MIE RS R EA XN
B B R & X B A i /(7S E R X
FREE R X R A ).

=1 RENETEIXT & KR RIE & s B R A $2 0
Table 1 Influence of extraction time on yield of volatile oil in

aqueous solution

PLEUN ] /h PEIUE R AR/ mL B SR /%
2.0 0.81 81
25 0.86 86
3.0 0.88 88
3.5 0.88 88
4.0 0.87 87

®2 FERAHENTAREWEIRER
Table 2 Experimental results of blank recovery of volatile

oil in aqueous solution

BN S PR AR /mL SRR R AR /L [ % P34 1alficR /%

1.0 0.88 88 87.6
1.0 0.87 87
1.0 0.88 88
1.0 0.88 88

1.0 0.87 87

23 AEIBEFENELZHBEEEREZN
Y B B-PRIAS B 4 A i 1) 7 ¥ 32 A LR
KWL R WL 3 Fo7iE, Bk, RH
PR EFRE, BRARMETTENE KM EEE
iaj- AR
2.3.1  EAKEREEXN R R A ZR R MR
IR HE R RTINS FE2%, 53 7 B B-PR8 kS 20
g, it 34, &h/k 250 mL, hnHAdERE AR,
YR FERE A 40 CCHF, 43 Bk B LR A 2.0 mL,
TN B B-HMIREEANER A+, fR¥FF 40 'C, 600
r/min HEFE 2.0 h, BIUKFE 10 CLURCE 24 h, #E,
BRiE H ik BES 3 IR, BRHR 10 mL, T 40 CTU5 4
h, FRERE. S EEYS ¢ B 250 mL [H
R, IIANZRIEK 200 mL MO&E R B ER, &
PRV ROMARE S, FH 250 mL EIGENBY, PREIE
K 3.0 h, HE 30 min, IHHEAEGE. ERILEK 3,
232 EAEERNE RS RRREW 45 B-2R
RIKG 20 g, JL1F 3 4, & IN7K 250 mL, n#dE RS
IR, JIRIEREZE 40 CH, 23 HPRE S  BUE A 3
2.0 mL, I IR B-PARIRE ANV, PREF40 °C,
30 Hz HAHEMA 2.0 h, BUKFE 10 CLLNUE
24 h, JEIT, FRIEH ORGSR 3 IR, X 10 mL,
T 40 CTHM4h, MEmE. &% LR “23.17 M
OGS g, 7 HFRERE. R 3.
233 WEESIERTE AL G Fam 430 B B-HH
¥ 20 g, L3t 3 48, FIsK 250 mL, NI EEE
fie, BT, MEEEZE 40 CH, 2 3kE%
IONIE & 2.0 mL, #FEE2.0h, BUKF 10 CULT
JCE 24 h, Y, TR LBEYERE 3 I BFR 10 mL,
T40 CHJE4h, FOERE. % I “2.3.17 WM
“ORIREEEY S g, 7 FFURERE. SR IEE 3.
MIE RN AL A RS g Rl LA H, M
#=3 FEEEFEMNELZHEE RN
Table 3
inclusion rate of volatile oil
WA ERMAE%E Y% A%/ % RSD/%
R FEE 76.19 76.98 1.08
77.82
76.95
TR 5 79.51 80.02 0.73
79.88
80.66
T B 46.23

46.68
48.05

Influence of different inclusion methods on

46.99 2.02
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(1) Hdlbrdefl: ExbEBfain s, HEE
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W FER I AR AL 7 2 R P

Y, =(X; —min{x,})/ (max{x,} —min{x,})
Xy A AR § SO F R ¥ Hr bRt
GAE e

(2) WFRAEA B IEAT IH— 1L BDTHERER T
FEbR T 55 BT H SR ME T SR ().

57,037,
i=1

(3) REIEIRN Ep: RIEE R E HIE X,
E A r .

E,=—In(l/ m); JyInf;

Y =0, HER| Inf; LR Lo Kk, XF £ Kt

SOBATISIE, ¥ H5 Uhlim /,In £, =0,
(4) W5 A bR MR B I AR, it

HHENERM E N Er, Eyy woeeee , Ene I E
THE S FRPR R
W=(1—Ej)/(m—i5j), =1, 2, =, m

242 IEXSIRNE. KPHE  WAKEREES
PR — 2 B-IIRE & B AR Bk
B A] . PR R G R R, 26 S0k 7 iE! 12,
WK IEAZ S22, DAVE R AL & 5N 524847,
B-IWIE FH B 54 R Le ) (A, g/mL). BARE
(B). BARE (O, fHi#E%E (D) NEEHEK,
TR 3 K, FIH Lo(3%) IEAZRATIE
TSI HHFRAK P LH MR 4.

243 IEXZRE HUB-MOWIKG, 4% 8%
BIZETKA, BEREIAVE AR, F IR IEAS IS e HE
R ZHE N 2K, BRRESER A R 2 mL,
RGP B b R REAR SR B B S e i e, B
VKHE 10 CLATRJCE 24 h, Hihy, & E 2R
Vel 3%, 40 CTE4h. RERE, 2 HkEER
HUEAZ A58 5 R B A 5 g0 B 250 mL [R5
A, IINIE BB R S 281K 200 mL, HEHEEAER
HERELEY, 250 mL B AEINH, FREE K 3.0
h, & 30 min, THEFERMEGREAE SRR
R, G4,

244 HEGETS DEERIEER. BEYE

T4 BERAHBAERIURARIUER n=2)

Table 4 Schedule of volatile oil inclusion orthogonal experiment and experimental results (n = 2)

LIS A B/'C C/h D/(rmin™") ERMEEERY% BEVEWRY% T Y2 AT
1 6:1() 50 (1) 2.0 (1) 800 (1) 57.04 47.15 70.77 7479 14556
2 6:1(1) 40 (2) 1.0 (2) 600 (2) 70.59 56.47 88.26 89.19  177.45
3 6:1(1) 30 (3) 0.5 (3) 400 (3) 50.46 51.84 68.44 7480 143.24
4 8:1(2) 50 (1) 1.0 (2) 400 (3) 62.39 58.01 80.10 8831  168.41
5 8:1(2) 40 (2) 0.5 (3) 800 (1) 65.23 58.23 87.08 85.50  172.58
6 8:1() 30 (3) 2.0 (1) 600 (2) 60.73 59.58 84.41 83.92 16833
7 10:1(3) 50 (1) 0.5 (3) 600 (2) 53.78 60.11 79.09 80.46  159.55
8 10:1(3) 40 (2) 2.0 (1) 400 (3) 82.22 55.96 96.40 9629  192.69
9 10:103) 30 (3) 1.0 (2) 800 (1) 59.22 59.08 86.61 7890  165.51
I 466.25 474.53 507.59 483.66 G=1493.34
15 509.33 542.73 511.38 505.34 CT=123 891.90
11J; 517.76 477.09 47537 504.34 Ss=1032.43
[2  217386.86 224227.16 256629.69 233923.33 fu=117
2 25941897 294550.61 261506.69 255365.94 S 61=937.93
M2 268072.40 22761023 225979.54 254361.81 fe1=8
R; 744 878.23 746 388.00 744 115.92 743 651.08 Se2=94.50

Sj 254.470 506.098 127.418 49.945

fe2=9
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HERMAERITS (V) =ERMEAERHERMOE
K X 100X 0.564 5

AAEPECERIT (Ya) =1 R i IS A i [ET Ui
F g AH X 100X 0.435 5
245 HRRMBEASEZRESRAOEWS T M
A AT A R AL B E T2 AsBoCaDa,s
BN B-¥AMRE SR MEER] 10 11 (g/mL), BEE
JZ 40 C, FEFERA 1.0 h, HEHHEZF 600 r/min.
24.6 EXZRIBETTESH MERBEEER
RIS B 7KV 8 AT 7 200, 7 2504
RIS,

MITESITEERAT G, A BIER (B-HHFE
H5¥ERMEED . B Kz (BARE SR E S
RHAEAWEEMRZW; C CRERED X4 R
GRAFEELTW; D KR (R R
G R ITCEEVER . DR AR 77 2 20 B 45 SR
TE AR MIE RS TEHARSECN AsBCoD;, B
B-P MK HHE R ML B 10 11, BAEE N
40 ‘C, BAREA 1.0 h, HiFEEFESE 400 t/min,
25 BEMBEIZWIE

T B IEHE iR A IR A SIS B I AR
%, MR MAE T 2T HORIESLE . /Y B-31
WIS SR ELE N 10 0 1, BARE N 40 C,
HIFEY 1.0 h, HEHEEZE 400 r/min. % Bk T 208
LATIAIESLES, AT 3 Ik, 1 BIZREVF0 7 aA
96.05. 95.86~ 96.13. 45K, Frit T2
JE AT
2.6 IEXiMB-CD BEVNEERGBIZLER
2.6.1 BEYHYEPMEZEEN S HEE

®5 EAHEGAEXRRAEDNER
Table 5 Results of variance analysis of volatile oil inclusion

orthogonal experimental data

HERR  BYEFAHEM BHE FE F 18
A 254.470 2 127.235 12.118
B 506.098 2 253.049  24.100
C 127.418 2 63.700  6.068
D 49.945 2 24972 2378
R Se2 94.500 9 10.500

F0A05(2, 9):426 F0_01(2, 9):802

WRH % AW 0.2 g, INEERR S 5 mL,
AL EE 10 min, fENFER 15 #ERIMEAYHHR
AR I £ BUERIMELEY 0.2 g, INESER LB
5 mL, AL 10 min, 1EAFRES 2; BUFERIM 1
T, INESER B8 5 mL, fENFER 35 B IAXTHEZ
¥0.5g, NZEE20mL, AL 10 min, L,
JEVRIET, FRIEINEERR 2.8 1 mL {5 M, 1Ext
AR .. RAERE G ((hEZH#) 2015
SERGE ] 05020, WRH B 4 RS S uls 45
BT R G #ER L, LLIE O -BS R L BR (4 -
D NRITH, I, B, BT, BEERAMELT (365
nm) N,

2,62 WEYHTESEZEENICT A Gyt
BRI S B “2.6.17 TR A-S YA
TIRAE RS 15 FE R AL A W AR b AT ) 4% -
B “2.6.17 TUT (45 i A & AR b Vs T E R
i 2 BRI 1, DB 206 S mL, 1EAFES
3; BUTEENMIEZHM 0.5 g, INZEE20 mL, #BE
AbEE 10 min, 38T, JERFET, FRIEIN £ B 1 mL
AR, AR X IR R E ik ((
2580 2015 SEAGEN 0502), WRE_EIR 4 Fhig
% 5uL, Al E—fER G 2R, LA k-
BERR O W6 (9 @ 1) REFA, I, HU, BT,
MDA 1% 75 SRR BR VAT, N B 5 Y €075 BT o
2,63 4R RS EEYRBUR PRI
W —fr BABE A, U EA RSP R E S G
5. SRIE 1.

1 2 3 4 1 2 3 4
1| JTER
1-B-CD  2-#%3 B-CD BEH  3-48 Kkl 4-XTREH
1-B-CD  2-volatile oil B-CD inculsion complex 3-volatile
oil 4-reference drug

E1 S&¥h&LME TLC

Fig. 1 TLC plots of various herbs in inclusion complex
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