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Optimization of inclusion process of Xiangguo Jianxiao Pian volatile oils based on
the information entropy method and its characterization
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Abstract: Objective To optimize the best process of 2-hydroxypropyl-p-cyclodextrin (HPCD) inclusion Xiangguo Jianxiao Pian
(XJP, FFHAEIH ) volatile oil. Methods On the basis of single factor experiments, taking inclusion rate, yield, oil content, and the
content of eucalyptol per gram of inclusion compound as indicators, and the ratio of HPCD to absolute ethanol, inclusion
temperature, and inclusion time were influencing factors. The information entropy method was used to determine the weight
coefficient of each index, then calculate the comprehensive score, the inclusion process conditions were optimized by orthogonal
experiment. The inclusion complex was verified by thin layer chromatography, ultraviolet absorption spectroscopy, Fourier infrared
spectroscopy, differential scanning calorimetry, scanning electron microscopy, X-ray diffraction, GC-MS, and investigated the factors
affecting stability of the inclusion compound. Results The best inclusion process was that the ratio of HPCD to absolute ethanol
was 12:20(g/mL), the inclusion temperature was 55 “C, and the inclusion time was 2 h. The average inclusion rate of the obtained
inclusion compound was 88.15%, the yield was 96.11%, the oil content was 7.65%, and the content of eucalyptol per gram of the
inclusion compound was 20.28 mg. The volatile oil successfully entered the HPCD cavity, and the composition of the volatile oil

remained basically unchanged before and after the inclusion, and the inclusion compound had good stability. Conclusion The
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preferred volatile oil inclusion process is stable and feasible.

Key words: Xiangguo Jianxiao Pian; volatile oil; 2-hydroxypropyl-p-cyclodextrin; eucalyptol; information entropy method,

orthogonal design; inclusion process

FRMM A (Xiangguo Jianxiao Pian, XJP) A
2GR AE S AT, SRR A (AR 250 g\
B (EFE. P 100g. KE () 70g. Fik
80 go IR E FIREGE, BAMHGEE. A
1R IVER, EnBasw, NEZH.

Wk A A AR DR R R AR T 2 N,
I A R 3545 FH IR A /K BB T IR IR
JHARSE: BTER. RS HERST, Ei6/0
JLHAAS R, BARZGEERT AR, Wik &~
A ARNLEE-3-3 (phosphatidylinositol-3-kinase,
PI3K) LK E A B (proteinkinase B, Akt) ]
RILIKN,  FEEEHIHI ARG IT w85 51
ISR, TAERRIN, Wik 2 52 F TR 97 AR E
AW FiTR H, WA SR R RS YT LLdE
I T -l S O BRI AN W T N A T B
FIARHES],

AEFEGESATSR IR BEES . HE S,
HONFZG, DUnsRmk A& E SRR 2 IR, RS
R . R TR N AT L SR WG DL &
CEHERUIINT B Bz A A B 37 80, T FL ALK
FEP N AT DA S IR T s 5 10/ SR ARE IR . 1T
WL XTP DAL BB 2K oa I, 386 AL
i, SIAEITECN ) LIE -

T kA R RT3 URAMIEAER
MRSy, BRI 2 GRS, .
R R LA o N, BAABE. Pk
U, R R 3 s 2SR N RS,
FIFERATURE . Pra /e P00, B R Ko 32 %
A L8R e kiSRS, HAPUEL. R
Wi BIRE. PR PUMIRE SR, RS R
o, RGN TT SO BRI, BT
AL ARR S, EEIMAE R Gk, LR
WEF= AT T R B3 R e — s AL S
FRHEAT Z IR AT DA RO g R R e
R RIEIT . BT, &R A
AL, TRERU3T, BN R RS REDIIR
WO AL G . WA FEAUL R F #2825 -B-H
¥ (2-hydroxypropyl-B-cyclodextrin, HPCD) &
FOR [0 XTP 455, DA RS e 1, a2k
TR SR AR

1 {EEHH
1.1 Y&

Aglient 7820A SAHEREAY, 2 E R A A
DSC-300 Z/R#EFIIA,  F R R RIS R
AF; giadiataEttiesE, il ERHCHIR
/~]; Phenom Pro 14 L T~ 2 /4% (SEM), Thermo
Scientific A ®l; X YLATHAX, HAEZ XRD
Rigaku Ultima IV; Agilent 7890a-5975¢ < i BX FH X,
£ [H Agilent A 7],

1.2 ##

Wik E (PP AR ORHE, ftS 202109, KA
(P B RH, fES 202109). HE GUHL AR
i, #5 202109, FrA ZM 4 = rE R 25 K5k
TR AR ST, WA O B R AR ek
Valeriana jatamansi Jones [T EARZEFMR . KRFEFH
BRI A ARKEFBIEYIARE Aucklandia lappa Decne [f]
TR, Z2RPLCEEYER Amomum tsaoko
Crevost et Lemaire [1)F 45 A 2R 525 1,8-44 12 %]
i, LB o 24 e E BT TR, it 110788-202108,
JREH 99.4%; HPCD, LM AYREAE R
A, #E5 011GS163286; /K LEE, KEET iz
e AFIER AR, #t5 202110013215 RILH,
RETCEREAI THE T, #t5 202103165 /L
G, FHHEFELTHRAR, 5 20201207; &
HlgE, AR REEEREAERAR, #5 1129M011.
2 HESHR
2.1 #FAHAVRE

PR E 24 ) 2020 SRR A5 K I E B
FEEL, AKHETTEARE 72, B e 45 A SR EL T 2R RREL
500 g WA . 200 g FEAL, 140 ¢ REAK, A8
GEAK, R 2 h, JEEUE Sh, FE 1h, A
B ITCKFRER AN, 6000 r/min 5500 (20242 4.0 cm)
10 min, BPfS, #ERMER FERMEE=SE
RIMEFY T Z5M R ED N 0.60%, SRR T
4 CIREMAAAH, SR FEBUE S R .
22 EEHMEIWE, BEF. IR, SHBENNE
22,1 FERMEWCENE B 1 mL XIP #E K,
BT 1L RS, A 400 mL /K, #%88 (HE
24 HL) 2020 R R R 0N E VA E , PREFS
3h, #E 1 h, H, AIEFAREE AR
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=[N EMMAE). HRER, HERIFETH
[ A 82.33%, RSD fH AN 1.83% (n=6).,

HU 1 mL XJP #5400, BT 1L BEREm, i

A 10 g HPCD & 400 mL 7K, FHA#EAE FZS A Rk
e, A RIS HPCD JERIFEIE (I
HPCD a4 k= B R =R E/ AR . 45
BTN, FERIMEHS A FEEN 80.67%, RSD
fHN 0.92% (n=6).
222 BEEFIE NesPE=E, BT 1LEKE
B, N 400 mL /K, HARDIRE “2.2.17
PR S e, R P R &, T
fE%, HEASRWT.

R MAE & =050 P o S ECE/GE R A
XM HPCD J5 M3 K& i [FIi %)

223 WEYUENE BAEYEI&TERE T EA
AU, HEARWT.

LA IS = 4 AW B /(HPCD J5i B+ 5 42 3 B )
224 GEVEWENE BEWHISTEREITHE
BEMEHE, TEALWT.

A G AR = A R R R AR
225 ZEEVES (20 BRRCSCEROTIEMSHEE

Z=(Y1/Yimax X 0.6+ Y2/ Yamax X 0.2+ Y3/ Vamax X 0.2) X 100
Yiv Yau Vs PRIREEHE BCREEMHE, Vimne Yamx K
Yamax AN RAAE R, RWCER MR K& R
23 XJIP EXHMEEMHIEHEER
2.3.1  HUAHEWE FREL 10 g HPCD % 50 mL kedf
o, A 20 mL K AEE, T 45 C A,
JEIZTMA 1 mL XIP 455 (Fi&E 091 g, 5K
WL 1IRED, 15545 °C, £ 900 r/min 3458 K
PidE 2h, 40 CHREIRZE T, ArhBEses 3 X,
FR T HEEEEHE, 15 XIP KM S,
2.3.2 MAUKERE FREC10 g HPCD % 50 mL &%
A, N 20 mL 4635k, T 45 C N HERA R,
JEIZM AN 1 mL XIP ¥R (5TKAEE1 1R
A, {5 45 °C, #F 900 r/min #3# FHi#E 2 h, 50 C
PR RS T8, AMERER 3 IR, iR FHEEEE
e, RIS XIP #E R M A .

2.3.3 WHEEEE FREL 10 g HPCD £, InA 2.5
mL 20357K, BEEESMPIR, ZEMMA 1 mL XIP 44K
M5 TKAEE L D 1IRED, RS20 BE 45 min, 45 C
TR, AmERSER 3 IR, ElR N EREERE,
BI45 XIP £ KB &Y.

2.3.4 HFEVE FREL 10 g HPCD £ 50 mL BEFR A,

BN 20 mL 265K, &8 AR, BN 1 mL XJP
HERMCGTKEE 1 1IRED, B (B 100 W)
1 h, 50 CURERA T, Aok 3 X, =ik
THEZREERE, IR XIPERMEAEY.
4 P A LU R R 1,
24 BERSIEEREXIPEZELHEEYHEIE
JE I SR PR 10-20, 3% HPCD 54 & 115
M. HPCD 5Tk OB R 2R B4
TREE S AL ) LA R 35 R el A s [R) R 34T B
2SR, PRSI it S ah /LK 2~6.
2.5 XIPELHBEYP 1L.8-BRHESEMNESE
pfEhvi
251 k&AM BAHEH: Agilent 19091J-413 HP-5

x1 4MBEFENLER (X£s,n=3)

Table 1 Comparison of four inclusion methods (X £ s, n=3)
BETE BERY%  WE%  SFE% SETS
BREIIE  82.2340.72 93.37+0.55 7.3520.08 84.42+0.57
MRK L 26.86+1.89 81.554+8.76 2.75+0.32 38.54+2.24
T B v 51.6611.24 81.00+£3.63 5.321+0.06 58.641+1.48
iRt 39.6742.58 81.39+12.07 4.07+0.67 48.94%3.15

& 2 HPCD S5TKZEHREFRLLILZRAITSHFIT
(X£s,n=3)
Table 2 Effect of (hydroxypropyl-p-cyclodextrin)-(absolute
ethanol) ratio on comprehensive score (X £ s, n=3)
HPC]{ 5K CEE .
s R AR
4:20 67.15£1.79 87.081+6.24 6.431£0.43 71.791+4.50
6:20 77.82£2.39 81.37£12.89 7.98+1.23 79.96+2.46
8:20 75931 1.55 93.53+3.27 6.77£0.33 7043+ 1.14
82.23+0.72 93.37£0.55 7.3510.08 84.42+0.57
74.031£2.60 82.11£7.23 7.52%0.44 76.93+2.59

R SR Y% A

* 3 HPCD 5% MHIFERRLLIEA TSI

(X£s,n=3)

Table 3 Effect of (hydroxypropyl-p-cyclodextrin)-(volatile

oils) ratio on comprehensive score (X +s,n=3)

HPCD il BER%

(R LL

4:1 63.1412.50 93.74+£4.44 12.4810.99 79.36%2.39

701 73.74+1.50 88.23£1.02 9.62+0.20 81.06+1.30

101 82.23£0.72 93.371£0.55 7.351+0.08 84.42£0.57
1
1

Weskie  EIES LEEWD

131 81.14£0.93 87.85£2.73 6.04%0.13 80.65%0.99
16 : 79.341+1.98 90.80£3.65 4.70+0.29 78.10+1.25
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x4 BEBREMNEZEITIHFME (Xts,n=3)
Table 4 Effect of inclusion temperature on comprehensive
score (Xxs,n=3)
BEEETC BaF%  WR%  SHME% ZEFY
25 77.27+£1.89 89.83+2.76 7.18+0.34 80.15+1.42
35 78.101£1.24 93.61+1.13 6.96+0.19 81.16+0.88
45 82.231+0.72 93.37£0.55 7.35£0.08 84.42+0.57
55 87.1913.12 90.86£5.79 8.00£0.30 88.161+2.86
65 72.31+£1.89 81.18+1.85 7.43+0.29 75.74+1.52
%£5 QAREMESTHNEE (Xt5,n=3)
Table 5 Effect of inclusion time on comprehensive score
(X£s,n=3)
WEREA SR % % HilE%  GEED
0.5 73.14%1.24 88.791+0.45 6.87+0.09 76.76 £ 1.03
1.0 75.62+1.24 92.64+2.07 6.81+0.26 79.10£0.79
2.0 82.23+0.72 93.37+0.55 7.354+0.08 84.42+0.57
3.0 74.79+2.58 91.23+3.81 6.8410.05 78.30+2.42
4.0 73.25+1.43 84.661+1.24 7.22+0.21 76.49£1.11
RO BHLEEMEATHNEM (Xts,n=3)
Table 6 Effect of stirring speed on comprehensive score
(Xxs,n=3)

ST
BUERORS

ke Gl G

(rmin™")
500 79.34+1.24 89.284+2.82 7.41+0.30 81.76+0.92
700  76.0311.89 92.124+1.89 6.88+0.03 79.38 +-1.69
900 82.2340.72 93.3740.55 7.35+0.08 84.42+0.57
1100  76.4441.89 91.934+1.30 6.94+0.23 79.69+1.46
1300 76.86+1.24 91.38+4.49 7.014+0.27 79.96+1.33

(30 mX 320 pum X 0.25 pum), FID & #%; #EEE iR
B 200 C, IR 250 C, FERLL 60 CA
IR, &% 4 min, PL 5 C/min FERTHE SR
100 'C, A7, AR 1 L.

252 WRE SR B B 18- FO0 IR IE
B, MG ETGK QBRI i 2 5 R
814.5. 407.3. 203.4. 162.9. 81.5. 40.7. 16.3 pg/mL
X HE VT

253 AR EIHS B 05 g BAEY, A
20 mL /K ZEF, #7430 min J5, #ME, i 0.22 um
JEk, EPAR A A

254 TJRMEEL SR 18-kt 5 I A
W AR E A R (B 0.5 ¢ HPCD
AN 20 mL /K ZEE, #7530 min J5, #ME, o
0.22 pm 3£k, RIS AL MIERD AT L8

gt g R BRI S IE T 1,8-F RIS BT,
HPCD X HAGM T, RZINENE L&Y+
18-k SRR AT 4T, HARG R WK 1.

1,845 2K

t/min
1 HRSER A, L8R ENBRIAER B) NEH
HiXmER (C) B GC
Fig. 1 GC of sample solution (A), eucalyptol reference
substance (B), and blank sample solution (C)

255 ZRMERARFEE O “2.527 TR ECH xR
VAT, 1% “2.5.17 TR E, SRE
7 1,8-FH 2 AE 16.3~814.5 pg/mL ZEPEX% R BIF,
R FEN y=2876.680 7 x—2.168 5, r=1.000 0.
2.5.6 FESEEHEE HU 18- R AR RIAT, o
0.22 um JERE S, % “2.5.17 WAl &SR 6
B, SR ER, 1,8-F RIS AR RSD N 1.72%,
RIS L R IF

257 HEEMWFER PATHIS 6 MBI, 1%
“2.5.17 WG IFHERE, S5RER XIP R
aYrh 18-tz R i E > RSD M 0.86%, H£H
FITEEEE R

258 fawtEs PRSI, 2T RS e
0. 1. 2. 4. 6. 8. 12, 24h % “2.5.17 HWifhifs
RERE, SR ER 1,8-Mn R IETH A RSD N
1.83%, R MIAAE 24 h WA E I RIF.
259 fOFEEWCEER  BEEY 96, Sl
ik, By EFEIRER 1,8-FeH 20 IR A& 3
Uy, $%HR “2.537 T, 1% “2.5.17 D
AR, T 18- R INFEEIR . &
RER L8R . R EIRE TR R
SN 99.43%. 95.98%. 98.12%, RSD 73 %HiN
1.71%- 0.57%- 0.57%.

2.6 EXREME XIPZELHEAWHIELE
2.6.1 IEZRIGH R, KFHMHE SRR
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I4E I, W1 HPCD S & )i AR Bidt
FERORIG R N, B2 HPCD 54 & i 15
AR 10 11, HFEEE A 900 t/min B 255 1F
SydeE, s = . 1P HPCD 50K LBERIR

AR (XD BEEE () DUREARHE (X3)
EREMEZE, EAER (YD, ]E (). &l
K (Y3 RAEYH 1,8-HMHREE (Yo NiE,
AT Lo(3HIEAC IR, SR NEK 7.

®7 EXABEARKFRER

Table 7 Orthogonal experimental factor-levels and results

T X X2/C Xs/h Xa(IRZE) Y1/% Y2/% Y3/% Ya/(mg-g ) LEEVES
1 8:20(1) 45 (1) 1(1) (1) 7593 9796  6.52 17.16 90.79
2 8:20(1) 55 (2) 2(2) ) 80.58 9624  7.04 19.39 94.84
3 8:20(1) 65 (3) 3(3) 3) 7438 9177  6.82 18.26 89.40
4 10 : 20 (2) 45 (1) 2(2) 3) 76.86 9450  6.84 17.85 91.07
5 10 120 (2) 55(2) 3(3) (1) 80.58 9560  7.09 19.50 94.79
6 10 : 20 (2) 65 (3) 1(1) ) 76.86 9826  6.58 17.03 91.28
7 12 120 (3) 45 (1) 3(3) ) 82.64 9471 7.34 20.10 96.24
8 12 120 (3) 55 (2) 1(1) 3) 86.77 9533  7.66 20.45 98.97
9 12 120 (3) 65 (3) 2(2) (1) 82.64  91.66  7.58 19.79 95.30

Ki 275.03 278.10  281.04 280.88
K> 277.14 288.60  281.21 282.36
K3 290.51 27598  280.43 279.44
R 15.48 12.62 0.78 2.92
2.6.2 A5 BIBALE E S FEARUE R AT InP; f&1ER 0,

(1) B RIREIRAERE: A m NP mie,
n MM TRPR, B RIBHARFRE Y=(4i)mxn, F
WAy RER N TERR RS i AN IUH VEIME, m AIE
LRI (m=9), n NN TEIE (n=4).

(2) JRIAHARFE AR EACAL TR . T PR $E AR
BN —, SRR AL R R R AT FR AR AR AL Ak
B, R IRBIRFERE Y= (Ay)mxn FACAFREA
FEFE B=(Xj)mxno IEAZHIGHEER, WK, S
B RAEYH 18-t & & &SN IERTEAR, FaifE
XN Xy= (45— Aijmin) (Aijmax— Ajmin)»  FeH Xy
B HEALER .

(3) PR AERE D — AL B AT IR R IA
—ARAL R, AR BAEFERE B= (X mxn F AR

DXy, i Py RORES jANMERR R (AN RORE
x, Ho<sP;<l.
(4) HERIEEME (HD: S 7 AR
Hy, WWHARWT.
H==_ (PyXInP;)/lnm
i=1

L P=01, InP; EE S i P=0 I, ¥ PyX

BEFR, WE, FMELCED T 18175
SRS B H 2y 5N 0.866 6. 0.871 8. 0.953 5.
0.936 2.

(5) IHHEBRIFNZER R (g) KRR
(Wp: gitFARN g=1—H; WitHEHARXKN W=
gl 2 ag, T o<w<l.

AR, R, SRS 18-t
SR g /5N 0.133 4. 0.1282. 0.046 5. 0.063 8,
Wi 558 0358 6. 0.344 7. 0.125 1. 0.171 5.

(6) ZZEAVEN I : LGV =(V1/Yimax X
0.358 64 Y2/ Yamax X 0.344 7+ Y3/Vamax X 0.125 1+
Ya/Yamax X 0.171 5)X 100,

2,63 RGN HER S T ESMERATH, K
+=8 HENH

Table 8 Analysis table of variance

W& WZEThm @ B Fi

wEE

Xi 46.982 2 2 234911 33.058 1 P<<0.05
X 30.445 4 2 152227 214223 P<0.05
X 0.1122 2 00561 0.0789
Xo(B%) 14212 2 07106 1.0000

Foes(2,2)=19.00
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R LEA TR RN X >X0> X5, Hf X,

X MERETERA BEMEREN (P<0.05), &HET
29 HPCD 54 i i & A& R 9 10 & 1, HPCD
5K OB REARL N 12 120, G&5RE
55 °C, H&WE 20, HEFEFEHE 900 r/min.

2.6.4 IRUESCES  H%ME “2.6.37 W E M HRAE T
2 CPATHIE 3 0 XIP #ERMEEY), BT ZN
FREL 12 g HPCD £ 50 mL 5E#RH, I 20 mL 57K
LW, T 55 CTRHFHAEM, JFZRNA 1.2 mL XJP
PERM (S5TKCEE 1 1IRAD, 7% 55 C, £
900 r/min [IFEHE FHEHE 2 h, 40 CIUEIRYE T15,

FEEES 3 X, FiR MEREERE, BIfF. sL
e R WK 9, filfF AT A% 88.15%,
WA 96.11%, FIHZEN 7.65%, CEVIT 1,8-#%
MRS N 20.28 mg/g, LG 1F N 99.67, RSD
15K 0.36%, RWZTERE.

F9 WNELIER
Table 9 Results of verification test

. B H W SR 18-k &R/ PPN
% % % (mg-g™") %
1 87.81 9449 7.75 20.45 99.26 0.36
2 87.81 97.85 7.49 20.33 99.91
3 88.84 96.01 7.72 20.06 99.84

FHME 88.15 96.11  7.65 20.28 99.67

RSD/

27 BEYRRIE

271 #HEMAE (TLC bt % HPCD. 1,8-f%
RN, GEERERM . BEYEYEREG
¥ (1.2 mL ¥R N 12 g HPCD H#fBE 20 min)
HE4T TLC 204, Hrf HPCD. &Y IR A
M “2.537 WUEATACEE, 1,8-Fmt R, R
W BLA S I R W BOE B To 7K L BERRE . TR
IRFESIE SRR T R R G EER b,
PLIE Cbe-BERL .88 (17 @ 3) AT, JBIF, B
H, BT, WELL S% & EIEmRER, T 105 CTH
HLJE BT 5 BT . 5L 2, Wl L HPCD £
BoRHBEE, RN, SEFERNERN. BEY K&
MEIRAEMT B L —3, W& 18-t
%, RWBATEER M 2B R R AT
272 CHRAMRUCERE X HPCD. R0 BE5Y
SN EIR G AT AN 43 #r, B HPCD.
WEY. MEREY. HERIMIERE T K OREEE.
B B ORFE AT R AN RO A A, Y

200~400 nm. S5 ILAE 3, R VIEIEAS YT
300 nm b F KM, TEAY). HPCD HR LK
AN, H A RIS AR AR, R A D .

1-HPCD 2-18-#&M & 3-¥ERM  4-BEBEHERM  S-B4
Y 6-WHERE
1-HPCD

inclusion 5-inclusion compounds  6-physical mixture

El2 #& TLCE
Fig.2 TLC of samples

2-eucalyptol ~ 3-volatile oils  4-volatile oils after

200 250 300 350 400
t/min

a-fERI b-YEREY) &Y d-HPCD
a-volatile oils  b-physical mixture c-inclusion compounds d-HPCD
B3 SIMRUIE
Fig. 3 UV absorption spectrum

2.7.3 (HEMHLAMERE (FTIR) 7087 BUHPCD. %)
HIRGY) . WEMRIERMER, WK 5RMLHIL
[ B, 7E 4000~400 cm™! AT FTIR 4047, 45
T 4, 0] F0%E R IMAE 3 453.51.2 926.84.1 677.87
em ™ AR PIRFER I, HAEFRSUX 1 155.53~
669.20 e FEAE 2 ARSI, T ELE 0 2 929.62.
1 669.48 cm™' AbWR WU IR 2085, BT Kl O &
N HPCD e, SEHLINESZ . HPCD.
YIFIR AL B A 3 3 40 AN U B AR AL, (H
NAFAENZE R, W HPCD 7 2 362.42 cm™ AbR I1
BREN W, (AER G B AW I AR R A i
R VB G AEW 5 WAE 2 925.43.2 929.62
em ! 2 1673.67. 1 669.48 con™! A AEAERFAE WL Wi e
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4000 3000 2000 1000
viem™!

a-HPCD b-¥JEREY &Y d-4EKRM

a-HPCD  b-physical mixture c-inclusion compounds d-volatile oils
B4 #& FTIR 4R
Fig. 4 FTIR result of samples

HIETY . VAL, TP TaaUX K A
E—E 2N, RUZFHNAFRIS .

274 % on A&k (differential scanning
calorimetry, DSC) 734t % HPCD. # A& 4R
EW. R BEYEET DSC afr, BN
ISR (ALO) HW AT A, H—Hiah
IOAGFII T, ARG 25~400 °C, FHEMEFF
910 C/min, JU5E T NA TR ILE 5, HPCD,
FER M AE 56.5+ 49.0 TG R FAIE, HyH
RSP RHE R FAE R IAE 55.3 "CAb, IR FFIENL
HRUEE () SO AT B A FH T4 R Hh — LA R 5 ()
fE1E, HRYBIREY RS E L. mas
YIWTE 83.4 CRILH 1 AMRFEM H g, B AR INAE
RIMAE 141.6 CAERIRFER Fg,  HIL R E AR,

W, RUPER ORI, HHERFEEAE —
—— ypenr 1 Xy -

5000X

100 200 300 400
R/ C
a-HPCD b-WHEEY) o8&V d-iEKRMH

a-HPCD  b-physical mixture ~c-inclusion compounds ~d-volatile oils
E5 ERIAMEBRER

Fig. 5 Differential scanning calormetry result
SEMTRTE. HhAh, BEYIBRTE 326.4~364.1 Chts5
HPCD fffE— & Z i, HRBEHRIES
HPCD AH{LH) DSC B, WERIEEY DIk,
2.7.5 SEM W% HU&E=E HPCD. ¥ERAY. £
aY), BEAPEEEREE TR R, 3T 500X
5000 X {54 Fi@iE SEM W SAE IS . 4550
K 6, HPCD Njm P25 DERIRGER, HRE MY A
L A /N FLIR P ERR A R BLH 5 HPCD
LRI IESR, (E4RFRE: HPCD /)N, HEM AT fE 2
TWESEUR A T2 DR G BIR, (BRI AR
4. BAEYNENHS HPCD. YERAY L
ANFERTESE, JEA P2 DECIRGE M ok, B RhE
B FE . SGiE HeREE .
2.7.6 X HHEEATHE (XRD) 404 HUHPCD. 4

{22

El 6 #raiAfmEiRg
Fig. 6 SEM result of samples
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BEY . BAYHT XRD K, S2ib 44y Cu 48
CHEJE 40 KV, HL 40 mA), BHEAH 0.02°28, H
G 10°~80°, FHIHEE 2°/min. 45K WA 7,

HPCD. WEIRAY) BAWIIIE 14°~22. 5[ 14t
U, (BALEWIRTFIERE, 3 % XRD EEMALL, ¥
RIUNTC R BEWTE 22.5°~27°RIHE
HPCD N[EMIEE . RFBEHERMGE, HmA
P FF AR R A T 2 O

277 HERMAERTE A S AT

JEHE R 100 uL, IIATK CEEMREE 5 mL, #2
5], 1022 um BESk, MR FARI, KSR
DL 8. A FH HP R R R 2B AF 5T O AE R [1)
CHHZGROUEIE TR, DO RS AR T

YERED

HPCD

fl

10 30 50 70
20/°)

B 7 #a X SHERITHER
Fig. 7 XRD result of samples

4 D 20 28 36 44
t/min

E8 BAH. FEEFELHM GC-MSER
Fig. 8 GC-MS results of volatile oil before and after

inclusion

FHLEE, BLEAT. JEHERM GC-MS FRECEHEAHA
2N 0.979. 0.979, KA FEHERMAHEL, 1M
BAR e SR 2 T TR E T HR &
VIR R P R AT

GC %M J&W 122-5532 3 (30 m X
250 umX<0.25 pm), FEIE 40 C C(REF 1 min), LA
5 C/min FIEFTHEZE 180 C (f£#F 2 min), Ll
8 “C/min [ FTHE S 250 'C ({REF 5 min), #EkE
CHEAE 230 C, A RNEAA, AHHGE 1 mL/min;
ULt 40 D1, HEFEE 1 pL, EFLER 4 min.

A BB EL B TR 230 C, BT
fERE 70 eV, TURGATIRIE 150 °C, HHBhn# 290 C,
R E VG E m/z 50~600, JFiEAZARMEZE : NIST
11,
2.7.8 BEYIFERE MR R R 5
(1) FRRE: KSR 3 a9, & 1.0
g, BT, E T4MeEERes, Wik
FEN 60 C, T5 0. 5. 10 REUEE, M E74h
MCE 9 ARk, FRlE AR 1,8k
&, THE L8t Rk E., WEMES 5K
B, A8y AR, TOHE AR AR 7E58 10 KA,
BEYNZE, ARUIERM . £ 10 RIS, 4
SLEEYIT 18- WK FE N 29.55%, 45 RN
LG VMEAEIN N IRE S il FAREE R 10,

(2) EERES: FEERRE 3 a9, R 1.0
g, BTHEMY, HE T Mg, 5o
FEHN 90%, T45 0. 5. 10 KREUEE, WEm Yot

T

0d

10d

IS

RIS R
E9 S&¥sII

Fig. 9 Inclusion compound appearance
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*10 =Rl
Table 10 High temperature test
18- & /(mg-g™)

i/d 1 . 3 FTyn BRE/%
0 2059 2059 2059 20.59 0
5 15.95 16.13 16.15 16.08 21.88
10 1424 14.58 14.69 14.50 29.55

M CE 9 Rk, FFMEREYTR 1,815
UEE, UM LSRR R R 5 ORI, B
EVEERNEPIRY), £58 10 K, BEW4EE
N FE OB HORY): 7255 5. 10 REJTEHERIM A
o EZE 10 RIS, GEYTH 18-FHRIKEN
31.75%, SRS EEIN G TR, Bk
PRI 11,
(3) 5RGIAES: KRR 3 &9, Bh 1.0
g, B TR, WE T2 ek, wWEN
SEC 4500 Ix, THE 0. 5. 10 REUFE, WERGEY
AR (B9 Jmk, FRIE SR 18-
RIS, T L8R BURAR. 725 10 K,
BEMI BN, ToHE R Uk AE S 10 KI,
AP 18-FH AR AN 21.80%, 45 Rkt
MR A PSRN, (B REEGALPE, H
RER IR 12,
*x11 =ERE
Table 11 High humidity test
1,8-#zH 2 /(mg-g™")

td 1 N 3 v PR 2/ %
0 2059 2059 2059 20.59 0

5 1642 1608 1637 16.29 20.86
10 1404 1440 13.71 14.05 31.75

#*12 AW
Table 12 Strong light test

1,8-F% & /(mg-g ™)

td 1 > 3 T B R /%
0 2059 2059 2059  20.59 0

5 1705 1749  17.04 17.19 16.84
10 1608 16.14 16.07 16.10 21.80

3 Wig

XJIP G RS S A @ AT SUN LI -
I RASE A AT 20 T FLAE R oy, i i 3
MR A ARA . BRI R — e A EAER .
BRI B AR E, G orfil, 8 L K

—EMFER I AR . AAYRIREATE
BTSN, BERAGYIEEN—FS
2. HiE A LEOLBONME, GHAKE
WL, WFEEVER, VAR, AR EEVER, A
TR PO . BV WA AR 4R DA K O A AR
HPCD KAFE i, TERCERMER, s aa9n—
FhOTE . AL A3 03 T AR IS0 B
RS, nIRES YN 74 R AT HPCD 4y [a) 3 i
JLEA KR,

& RBGE S — PR IRA T, HR R AR
PEFRPR VPN 2 R, ARYE S a5 K78 S R P o S Bk (1)
&R E R E STV, AR Z Ta bR VR R
R EMIRBGE, A5 EREGE R 0k S IR (1)
TN, ERIRHE B4 BTN 23240, K
AR, H T8 BB BOE 5 B A8 I W5 ) &
XJP Kk HPCD W&t T 28 FEL 12 g
HPCD % 50 mL &, B 20 mL oK 48, T
55 CRNPLFRAEAR, JEIZWMA 1.2 mL XJIP K
(5TKOEE 1 1IRED, fREF S5 C, £ 900 r/min
MG FHEEE 2 h, 40 CUUEIRYE T8, A ks
B3, EiR THEZREERE. SN a S
ITZPRAE, WAF T REMRIER. MR RS
R, BAYINSEDE. KR, KERAF. Z 12
i e, HAFHRERD, EEFESTLT K
KA, RJa skt — PR 78 = S R SRR -

RBAR FIAEHHFE ARG EF SR

SE MR
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