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Abstract: Objective To optimize the extraction and p-cyclodextrin (3-CD) inclusion process for the volatile oil from the classical
formula Dihuang Yinzi (M1 %5 1X-F) based on the quality by design (QbD) concept and the analytic hierarchy process-entropy weight
(AHP-entropy) method. Methods Failure mode and effects analysis (FMEA) was employed for risk identification in the volatile oil
extraction process. Heating time, material-to-liquid ratio, and soaking time were determined as the critical process parameters (CPPs),
while cinnamaldehyde content, 3-asarone content, and volatile oil extraction yield were defined as the critical quality attributes (CQAs).
On the basis of single-factor tests, the Box-Behnken design-response surface methodology (BBD-RSM) was used for process

optimization. The AHP-entropy weight method was applied to calculate a comprehensive score for the CQAs, which was then used to

RS EHER: 2025-12-24

HEEWH: EXREARPEIEETH (82274388); EZKAMRFIAREEGTH (82574905); HHRPEHEHRFHEINE (GZY-KIS-2025-110)

TEEEN: T (1996—), 5, WiLFsed, B Ay 256 FIE AR 785 W & 1P . E-mail: 1251909112@qq.com

MBIEEE: FRE (1978—), 5, BIBER, WLASI0, 705 )y 24 2580 A 8= K . E-mail: Ligg@sxtem.edu.cn
PO (1977, 5, 0%, WA, FF07 R R 25 2580 KA 5= K . E-mail: hewb@sxtem.edu.cn


mailto:Liqq@sxtcm.edu.cn

F8 B 2026F6H £57% BUY  Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 11

* 4125

establish and validate an optimized design space. The inclusion process of volatile oil was investigated using the saturated aqueous

solution method. The inclusion conditions were comprehensively optimized through orthogonal experimental design combined with

the AHP-entropy weight method for multi-index evaluation. Finally, the optimal inclusion process parameters were determined and

validated. Results The optimized volatile oil extraction process was as follows: soaking for 30 to 45 min, adding 9- to 10-fold volume

of water, and extracting for 3.0 to 3.5 h. The optimal inclusion process parameters were: inclusion time of 2.0 h, B-cyclodextrin to

volatile oil ratio of 10:1, and inclusion temperature of 30 ‘C. Conclusion The volatile oil extraction and inclusion processes

optimized based on the QbD concept and the AHP-entropy weight method can reliably ensure a stable extraction yield and consistent

content of key active components. The resulting inclusion complex exhibits excellent quality. This study provides reliable data support

and a solid process foundation for the industrial production and development of related Chinese medicinal preparations, while also

offering a feasible pathway for the modern dosage form development of classical formulas.

Key words: quality by design (QbD); AHP-entropy weight method; Dihuang Yinzi; volatile oil; inclusion; cinnamaldehyde; 3-asarone
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TS A PR AT ; DSC8500 B2 k474 & #
1, ZEE PerkinElmer 2 & .
12 WA

R AR (TTEER, fitS 2023030965). £
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Fig. 1 Fishbone diagram for risk identification of volatile oil extraction process parameters
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Table 1 Results of FMEA risk assessment
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7857 W 2 1 1 2 & BN AN R, iRAE22~25 °C,
2 2 1 1 2 ik B RE55%~60%, KB
JE 7 2 1 1 2 i%

W In#ar = 4 3 1 12 aE FREU R A AR AL AR 1 4%, B EAIG
Jn#RE 2 2 1 4 i
far i 7 =X 3 1 1 3 i

N PR E 3 2 2 12 i A — Nk, SL6 UGB
BAEAL 2 1 2 4 i

Tz 2 L A 5 3 2 30 = PREL T E0 LI 4 R AR, MR =
Ik A5 % 5 4 1 20 &
PRI 8] 5 4 1 20 &

(1) XRG4 RS PRI K% . B-
2 S 0T T I B, R A, A R R R VA
JREWRE Y AN 24.29. 22.19 pg/mL, % .

(2) AL 2% RS FREL “2.1.3” T
TSR ML 02mL, I EAE 10mL &
o, PEAIEZ 0.22 um AL UERE R, EE.

(3) HPLC i 45 F: i k: A Zorbax Eclipse
XDB-Cig 1 (200 mmX 4.6 mm, 5 um); FzhHHHN
CMi-7K (45 2 55); fr il K 257 nm, i 30 C;
AR E N 1 mU/min; HEFEEN 10 pL.
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B }\
A
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B2 #xmER (A). BEXR&E (B). =BBH (C)
B HPLC

Fig.2 HPLC of essential oil sample (A), mixed reference
substances (B), and blank solvent (C)
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AFR (X0, WEHRIARAME NI ADE (YD), Leifilbrik
mizk, THELMERIETFE, SRSNNELE Y=
12468.0 X—3935.6, r=0.999 5, £kt N 0.10~
2429 ug/mL; B-ZFHF Y=45841.0X—2689.5, r=
0.9997, ZMEVEFEIN 0.09~22.19 pg/mL; 45 F KW
FE 7 BN B2 o Bk 2 O 2R R4

(6) FEEEHLE: B “2.1.4 (17 Wi NG &,
VI, TR “2.1.4 (3)7 TR il S i gt RE I
SE 6 UK, 1CTEAE R EEAN P-4 e B IE T AR, S
RSD 73524 0.07%7F1 0.75%, 4552 1% 7 154 2%
R AT

(7) FaEt%sg. I8 “2.1.4 (207 TRk
il 8 A I, A BIFERI )5 04 24 4. 8. 12,
24 h HERE T, 48 “2.1.4 (3)7 TR i 44
SEVETIRY, THE AR AN B-4H < Fk g T X () RSD
55> 514 0.61%71 0.57%, 14<<3%, FHIE 24h
PR IR R A R i FRE .

(8) HEEMHEE. I8 “2.1.4 (2)” W Rk
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O SRR E , THEASHE A R R B-4H
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FEG 6 13, BRORE BN -5 1 ol Vv o B A B-
YT < Bk S AF 2 TR A BRI, $% “2.1.4 (2)7
TR i R A, TR “2.0.4 (37 ik
FAF TR T, CSRIETAR, T B-4HSE RN
FERISCR K RSD fH. 255 B-4HFRE T3 A=l
%N 97.2%, RSD v 0.40%; ¢ BEM T2 ke
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JE R
2.1.5 ZEETRAUEITS CQAS i & 1o

(1) AHP EIHE EUACE R4 (WP 456
TRPR 2R B R B B s IR AHP 1~9 bRk
A RS TR S A RS, 25526 R s L5 SR T 9
PRI 26 > e 1 > B-AH S Wk, 2RI o
HRE, SR NE 2. RABERPEEHTIHE, 5
R T Z &0 WP 4350y 53.90%. 29.73%.
16.38%. Z5H R —FMEE (consistency ratio,
CR) <<0.1, FRUIHIWrH FE—FE A g imid, W
WA,

2 CQAs R 3ERE

Table 2 Priority matrix for CQAs determination
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e R 2 1 12
YER MR 3 2 1

(2) FEBLEIT R UAE B2 5 (W KA
BOEDON 5 FR PR AT 2 AL 23 Ar, i o & 4545
AT PR A — A 3R 3RAT (Py) . ddE
M EAS B (HD, RN TR . &t HE
19 BIFE R MBI 22 . R AN B-AH A1 W)° 4390l
N 37.63%. 32.24%. 30.13%.

(3) AHP-REBLEHE SR G HE REL (Wp: 4
AHP JEFBRLE TS BUE R50 Wi F1 w° 54, 1
H% CQAs T Wi, I8 Wi ANTFHEA, 1HE%
CQAs NZEE T -

Wi=WiWeIL -, Wiwye

SEE VT4 = (F8 R I $2 I3 /48 i $ 38 de K{HL X
W sssnanmon — TE P IS S B4R R BB S B KAE X W s e+ B-41
Pk £ L/ B- 4 < B 1 R A K AE X Wpmmzn) X 100
2.1.6 CPPs jullfffiit $4b77 bu], FREUHAT . 4
£, W, A EW, BETRIRPIRS, SRR
AR E, RA/KZE SRR IR Ko . 8
ZRI ST HEEL 3 Flt CPPs X A MERENE . M7

PN -2 < Tk 25 BB ME o i) ] 7 B DU ] 4 hs
EHRLE 11 8. R 60 min, 3 MSHUPI 2 NS4,
FINSHIENEERR, W “2.1.57 TRk
TR RO PRICR . RS & -4 RS R
LEEVPor . SRR 3~5 Fow, $REUTA), Ik &
LA I B0 4345 VF 3 B2 i 24 L BLSE T IR B
. Hrh, RGP ERIUNTE 4 hy JuKE 10
By RIS TA] 60 min I 70 HIE BE(E, FlJRISAH T
B o WO FESRIUN 1] (XD 3. 4. 5h, JIZKE (X))
8+ 10+ 12 %, IR E (X3) 30+ 60+ 90 min ik
IR,
2.1.7 BBD-RSM AL A I T2

(D BT 548, T “2.1.67 WS
$%§ﬁﬁy@é§%’ jﬁﬂl 3 Iﬁ CQAS (X1~ Xon X3) E/‘]

®3 REAEXRIR R LR T ZHRMm
Table 3 Effects of extraction time on volatile oil extraction

process of Dihuang Yinzi

SRS J5i 5/ (me-g ™) Rt Sh
[]/h FERERE  B-AFEE HUGR/% LN

1 2.61 2.11 0.53 48.97

2 3.43 2.33 0.76 66.46

3 4.66 3.15 0.97 86.78

4 4.81 3.66 0.97 88.74

5 4.88 3.69 0.90 86.06

FT 4 MKENMFRFEL MR T ZHZMN
Table 4 Effects of water-to-material ratio on volatile oil

extraction process of Dihuang Yinzi

KR, BUESKy(mee)  HERIE LGRE
i FERME  B-ANERE HUR/% WO

4 3.86 2.57 0.83 73.24

6 4.93 3.20 0.90 84.75

8 4.81 3.32 1.01 90.66

10 5.27 3.13 1.05 94.66

12 4.60 3.04 0.97 86.24

#*x5 IRIEMNEXMBERFEL RN T ZHR0
Table 5 Effects of soaking time on volatile oil extraction

process of Dihuang Yinzi

2 B #U/(mgg ™) BRME %A
B/min  HEREEE B-ZHERE /% o
0 2.61 1.56 0.89 66.69
30 3.07 2.67 1.03 80.10
60 5.85 3.71 0.96 94.67
90 5.12 3.38 0.96 90.07
120 4.99 3.29 0.89 84.93
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CRETVERE NV FEFR, K Design-Expert 8 {41
THE 3 T 3 AKCFSETE 17 A0 e . TR 43
Wi %, BARKNZEK &K 6.

# 6 BBD-RSM {IEZRKTE., @it HRELH
Table 6 Factor levels, design matrix and experimental
results of BBD-RSM

JR R H/(mg-g ") ERIMIR LG

Z Xi/h M Xa/mi
5 i X minT e g BR% i

1 3(-1) 8(-1)60(0) 496 2.35 0.96 85.63
2 5(+1)10(0) 60 3.69 1.99 0.99 80.24
33 12 (+1) 60 5.98 1.60 0.83  83.50
45 12 60 2.23 2.64 0.90  73.59
53 10 30(-1) 5.59 1.46 0.96  84.55
6 5 10 30 1.66 2.52 1.10  79.39
73 10 90 (+1) 2.48 2.00 0.96 74.46
8 5 10 90 1.09 1.79 0.90 65.03
9 4(0) 8 30 2.75 2.07 096 75.84
10 4 12 30 3.65 3.07 0.84  80.09
11 4 8 90 1.42 3.51 0.96 76.34
12 4 12 90 1.26 2.12 0.83 64.24
13 4 10 60 1.60 1.98 0.84 6583
14 4 10 60 1.63 1.89 0.83  64.99
15 4 10 60 1.81 2.09 0.90  69.39
16 4 10 60 1.84 1.96 0.84  66.70
17 4 10 60 1.77 1.93 0.84  66.30

R “2.0.4 (3)” TR G 41 2 5 1o &
i, %M “2.1.5” TR 71T BBD-RSM S25G
FERMEEUR . HE AR, B-AIFi S EMLA
B R H0 5N 22.96%. 49.37%. 27.67%, 1%
GV, dRIE 6.

(2) BERRESLE G Z 58 A Design-
Expert 13 %% BBD-RSM it H i S $cds 2t 4T
ZtlEAE, BRI Y=66.64—3.74 X;—2.08
Xo—4.97 X;—1.13 X\Xo—1.07 XiXs —4.09 XoX;+
7.92 X12+6.18 X22+1.30 X32. JFZ M 7 Fir,
SE R R B S (P<<0.000 1), T4k
WA EE (P=0.3981), RFHHHLE RIf. &
BRI U RS R YUE RE 7T DU 280 i [
B 5 TME < (B 45 R, 7EAIR BBD-RSM 46
PR TR, e REL R?=0.9763, HEERE
AR R?=0945 8, HHAKT 09, RIBTLREG
AR 5 BV 2 (AR A . A, HREE A R
F AR/ R AR B, HUP AR ORI i
8] (X3) >FEEUTE] (X)) >KE (X). H X3 #1

#& 7 BBD-RSM LI HES
Table 7 ANOVA results for BBD-RSM design

wEKIE CFTM AME B FE Pla

it 886.82 9 98.54 32.02 <<0.000 1
Xi 111.65 1 111.65 3628  0.0005
X 34.55 1 3455 1123  0.0122
X3 197.95 1 197.95 6433  <<0.000 1
XXz 5.10 1 510 1.66  0.2388
XX 456 1 456 148 02628
XaX3 66.76 1 66.76 2170  0.0023
X2 263.88 1 263.88 8575 <<0.000 1
X2 161.00 1 161.00 5232  0.0002
X2 7.13 1 713 232 01717
& 21.54 7 3.08

AT 10.50 3 350 127 03981
SR 7 11.04 4 2.76

MEE 908.36 16

X W EEE VR Rl R 3 (P<<0.001), #5[RZ —4E
W S T P 6 v 4 L LIS 3
2.1.8 WitwEp S E T BRI R 2 Ik
6] 57, S Design-Expert 44 i (A0 AL A6 Bt
ITEUE R AR, DG N Bbs, REFEKR
TR T Z MBI e R S HON L HUR ] 3.08 h A1
JKE 9.65 % WRIEAT[A] 31.65 min.

5T QbD H&, SHAAR TR HdE AT
AT, DLEEE TR =72.78 (85%Z5 A 140 Bt KA
Hw, TERE B2 AN 95%E A5 X (AT
o EE XX 5 XX BEZHI, FIH Design-
Expert #f4 [] Graphical Zhfg 7E I3 F P, de i 2
A THEIFIIN 95% I EFXE (a=0.05), 4
REILE 4, FEERIHTESHERN, HEFEMR
W E PRI A, ST B bR ) 23 8 oy
KR 9~10 1%, FEHUN[H] 3.0~3.5 h, 1R[] 30~
45 min.
2.1.9 WitAMIMIRIE  E B R AR
RUAT L 2500E, 2R ENE 8. 4K, Wit
IR N A AR R A LR A vEor =72.78 TR H
Frs FAEEAMO S ATEE TR AR, SR
PRI L 2K F e L TE AT, TR il T2
S E T
22 WEIRFELZHBEBEIZE
2.2.1 CQAs J¢ CPPs HffisE  ARAE SCHRBI 7T, 1460
HBURER. BER. BAYP ISR NER
MAAH CQAs, #kHEL (B-CD S5 K i & ).
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Fig.3 3D response surface plots with contour plots
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Table 8 Design space validation results
LR T Xih X/ Xymin  ZEAVES
1 R 35 9 30 87.75
2 (R 3.0 9 40 87.42
3 CEESD 5.0 6 90 70.35
4 (ZFESH 4.5 8 80 71.38
5 CEEXIED 4.0 10 45 85.96

BERE . WER R EE R CPPsP,

2.2.2

VRIZK I

(D) BEYRIH%: FRELB-CD10g, HN7/K 100
mL InPd A, A EEEA M. & 2mL 1
RS 2 mL 1) LRSI, 8K
RS 40 °C, BFEAHE 30, BG4 240,
XA A AT HIE, A 10 mL ZEEBES,
WIGAE 40 CTRM T T, EBRAREENEk
BRI, RIS,

(2) FARBCRIME : KRBT
FERM 1 mL, MIAFERMIERZEF, S8 “2.1.37
TR ERAEHREL 5.0 h, A #5134 K A AR,
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SPATIGE 3 Ko MRYEA X B R 2 B EICE .
SRR, PR HECE A 89.43%, RSD
N 1.135%.

25 [ [ = S R A A N 2 i A

(IR M E CQAs HINE: %1 “2.2.2(2)”
TR, BOmeERENaaY, BT RKER
o, BHMTIREGORTE CQAs, HHE AT,

B 0 = ) T R A R /R o N X
Eln[li&s)

WA EhEE =AY PR UE R R B S

WA MR = Fii A YR R/(B-CD 5 &+ 3 R i
)

223 ZEMAUEITEAE TE CQAs ZRE1VH4r

(1) AHP 3. %8 “2.1.5 (1”7 TN 5L, X
FERIME A T 21 CQAs BT B WMIEAL /4T, J:T
5> EWE R > AW E 02 HE
J¥, BESCAHRIPL IR RE . THEARRE T 2%
Febr WP 43BN 53.90%. 29.73%. 16.38%, — 3k
Ko 45 BB R, CR<0.1, it —# A, 30
WA,

(2) WikUE: #I8 “2.15 (2)” TN 5k, i
FIRGESTHE R AL & T2 1) CQAs HEAT B MIHAL 4
1, THEAS 3 0 CQAs 1) W° 43 il A& %6 32.61%.
WAEMFE 33.61% EEWEHZE 33.78%;

(3) ZEATVRsr: %R “2.15 (3)” W Rk,
¥ AHP EHUSBOEITR Wi e g5, THE &R
PREEE AU Wyo ¥ R ELA CQAs L5 A A H iy
A “21.5 3”7 R, HHEZEEWS.

224 GATZHRREFRE BB K 7 03 K i
2mL, %M “2.2.2 (1”7 W NRAYH &7k, i
It PR ARG 7 #5523 Bl CPPs X 3 B CQAs 1)
o, JRH AHP-EAUETHH LAY, ol e
CPPs FALAIRE (50 ‘C). WAME (2.0h). #%
B (B-CD S5 & mFE S, 10:1) 3 NSHrh
W2 N2, 5 I ANSEWENERTE, HTHR
AL ARG, B E LA T 2% CPPs Y . % /8 2.2.2
(D7 W R HFITHAER, BAMEE. BEWH
MEMLEEVED, ERNE 9O~11. R, L
LAV VRN RS, BABTE . Bkl AR AA TR
FEXHE R A E T 2Msem, Y 2IETHE IS
#o o, ZEETP 0 BITEE AR 2.0h, BERE
10 2 1 EHIRE 40 CHREEBIEL, 528 T .
IR B0 AR 30, 40, 50 'C, #ERHEL 8 ¢ 1.

*=9 SOaMENERFELREEIZHEN
Table 9 Effects of inclusion time on volatile oil inclusion

process of Dihuang Yinzi

AR/ BEMEE % BEF/% HSMEY% LRaHr

1.0 83.08 64.64 6.32 87.94
1.5 78.97 72.05 7.53 94.28
2.0 74.23 75.57 8.29 96.68
2.5 77.09 69.34 7.45 91.45
3.0 72.60 62.44 7.01 83.93
£10 RAL (B-CD-BRH) MHHRTREMOATE
e

Table 10 Effects of feeding ratio (B-CD-volatile oil) on

volatile oil inclusion process of Dihuang Yinzi

BRI BEMBR% BER/% THE% HGEWT

6.1 76.47 46.71 7.91 74.79
8.1 78.83 57.53 7.26 82.71
10:1 77.12 69.58 7.34 91.45
1211 78.59 67.94 5.95 88.30
14:1 84.13 67.30 4.78 87.67

11 BEEREMMERFELHRESTIZHM
Table 11 Effects of inclusion temperature on volatile oil

inclusion process of Dihuang Yinzi

BEERE/C BEMEE% BER% TME% ZEHS

30 74.44 61.81 6.76 83.63
40 71.47 72.60 7.63 94.37
50 75.15 69.49 7.53 91.04
60 74.27 62.52 6.84 84.27
70 76.55 56.15 5.97 78.68

101 121, WA 1.5, 2.0, 2.5h #TIER
W, LlE— Bk e REa s 12,
225 IERSMRHBEETE

@ DRZY a7 an BoE SRR NS E W o il o
PL CPPs 1) 3 MRRBAIRE (A, #kHk (-
CD 5¥#RMFEEL, B). f&NE (C) NEHAZE,
PL 3 Fl CQAs MIZE GV AEM PR (TFR IR
“2237 1D, Wit 3 FE 3 AKFIELRERE, 431
TR 12, $%08 “2.2.2 (3)” T K 5kl & %5256 4
MEEGE, GEMEE. GEWEIE, HiHEL
GV, SR WK 12,

(2) IEAZ RIS S5 R 5 HHR s iRYEER 12 H
BWMHTEE R, SHBER R F X SR AV IR 32 IR
g A5} B (B >4 A i (8] (C) > Al B (AD o
I ARG g tH I B B Ak T 2N AR
30 C. #EHE 10 0 1. SARTE 2.0 he 77250 M4
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x12 EXAERITSE
Table 12 Orthogonal experimental design and results for

inclusion process

wE UEY BaR M Ga

F5 A/C B C/h
D) BF% % %

1 30(1) 8:1(1)1.5(1) (1) 83.66 52.60 622 73.94
2 30(1)10:1(2)20(2) (2) 81.54 7737 172 93.59
3 .30(1)12:1(3)253) (3) 7999 7436 656 87.12
4 40(2) 8:1(1)2.0(2) (3) 8362 5242 623 76.20
5 40(2)10:1(2)253) (1) 79.12 7282 750 89.51
6 40(2)12:1(33)15(1) (2) 7428 7334 656 81.42
7 50(3) 8:1(1)25() (2) 8541 5469 637 74.19
8 50(3)10:1(2)1.5(1) (3 79.11 7448 7.66 88.63
9 50(3)12:1(3)20(2) (1) 7508 7473 6.85 87.81
K1 8488 7478 81.33 83.75
K> 8238 90.58 85.87 83.07
K; 8354 8545 83.61 83.98
R 250 1580 454 091

RUVENR 13, G5 Rt BRY], SR SR A
B E R (P<<0.01), A& T8 RS0 5%
(P<<0.05), M TR 52 M ARGk 21 8% 3 VK1
(P>0.05).

22.6 GWAELZMEIE %8 “22.57 BUF €
M RO e B A L2807 3 LT 200 IE, s
RIE 140 3 HOAILREIR, 3 Fh CQAs K&k
PEITH RSD $<3%, n] ILiZAAF T~ IR &M,
AR LG MRA LB E, WIS, &Y

R 13 EXRWHEDN
Table 13 ANOVA results for orthogonal design

WEKE BEVHM BHE ¥WHF O OFH O REMH
A 9.20 2 460 821

B 389.60 2 194.80 347.78 P<<0.01
C 30.63 2 1532 2734 P<0.05
D (%) 1.12 2 0.56

F0_05(2, 2): 19.00 F0_01(2, 2):99000

x14 BEIZHIERE n=3)
Table 14 Process validation experiment for volatile oil

inclusion (n = 3)

. BER  BEME BAW ity
% ME/ % BR1% W

1 72.36 7.47 78.35 94.03

2 73.78 7.60 79.22 95.51

3 75.64 7.77 79.18 97.01
EE 73.93 7.61 78.92 95.52
RSD/% 2.23 1.97 0.62 1.56

AL EREIT.
227 BEYFRIE

(1) BB WE: 75 40 {5258 F W B-CD.
YIEIREY R BEMIEE, ERNE 5. vH, B-
CD 2HUR4 s MEREMIEAY B-CD MHik, H
2 1 B A0 e i s 0 W) SR B A 2 AN B ) 4]

R, SRIMEEAR. SEEERENOEME
TE R
oy b 5 .}i

%ﬁmmw S aawm

E 5 p-CD. ¥BERAY). BEYHNEMNEE (X40)
Fig. 5 B-CD, physical mixture, photomicrographs of
inclusion complex (x 40)

(2) Z#I T 43 HERRFRE B-CD. #5122
HEEM& 5mg, B Tatint, HZREME
IAGEAT M WD AN E AR E 40
mL/mln, FHEIEZ 10 C/min, FHETEHE 25~500

o ACSRIFAF RIS RS R AR i 2k . 2530
IEI 6 iz, WEYIH B-CD M K IR (270 'C)H
el B-CD FRIKZ) 30 C. AL AT RE 2 RN K
Mo HE N B-CD ks, §20T 1 B-CD HIHERE M,
M B P IR R 230,

100

80

60

TG/%

40
20

0

50 200 350 500
7/°C
Ele #%im (A &Y (B). B-CD(C) HHAESHHA
%[E

Fig. 6 Thermogravimetric (TG) analysis curves of volatile
oil (A), inclusion complex (B), and p-CD (C)

(3) Aot BUbs R S R
BEDHIRBEE R M A, B-CD KYIHEIREY)
W, IR BRI £E 200~400
nm PTG B AT, g5 R ILE 7. B B-CD
ANELE IR H L4 A A s FEIROMSC U6, TP VR
BT DL Z IR s B IS A AR O 1
B2, R RMPEFUF AR A& R R &
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3
o R PRI E K
n— ALE YR BRI K
Rl . —a— YEREY
—o— BEY
% ————— p-CD
g 1. . . ——— AN
0 N ;’ ——— iR
200 250 300 350 400
Alnm

7 RN IEE
Fig.7 UV absorption spectrum

AP, ATAIHE IR FHE R C S B-CD AR E
MEEY), AT ERES,
3 g

B IR FAE ST B R, BITR0AY), (HA7
TEIG B #E7 AV S o) . AR 28 42 7 BAR
FIFIFERM (Fe RN AL ZILR, HHELAN
Ji 8 A28 HIRURL R SR A . SR AE [ B[]
I BEAL R S R T, R R E R W
G K TR R sz 3k, B i K i Bk o 1
AFAE 258U I B 32 4 AR 24, R, A3
— BRI RS B R T2 R, 2
SEPIZE M AT CE SR BIERAZ AL

EEXT IR T 28R, At 2545 A i FiAE
FARER S % E 2 AR E S EpR EiZ
AU AT 7T 5 0 BT RS VAR AT S BT ik 7, HAK
OFETIEH GC-MS SFHAN K& i s oA T 4 1
FEHT 5 %8, R A IR FLR AR ZE A AR AR
e R N SR E s YW E P N R N
BHEIE R, EMRMESHARRHTE LA E,
(BT J KRR R AT AR AR & A7 1E A,
I X AR A A B L2824, il
P R 718125271,

FHECZ T, [ P FEAZAR IR 78 h, By B R
WIREE T2, @E MR E5Eg &%
B R PKESREM. I EEEARK
1, K% H A R TR IR T R R v . iR AR e
PE R R A P A AT PR R8301 . AR ATE T H A4k A&
UF. BEHARSAG, EERGESHGE L E SR
HIEFAR DT, AT .

AT R B P& 3 7 AR 7 A0 1 S bR
ok, TERGEAE AR, NS HT XD
B304, FIFH QbD BENTEMS TR, Rt

Py 7 b B R R B B S A ) T2 AR
Fo AT E Haia F o B e s U N 4 A
(failure mode & effect analysis, FMEA) R4 A%
KRBT Z b B9 AR KU, JE RS 52 CPPs 5
CQAs. fERKZRRIIEA E, 51N AHP-RIALEK
FEREMEBT, IR AR S Z R R R
MEZMEE, ARk TESRBUTER )RR,
FEAEEENATE T EHNSHTIE . RITEX
F BBD-RSM 347 @ ANEAY,  fe & DAL T Sy
FAil, M T REA R E AR TE R0
8] EFXHE R ZE R ARae R, 1k HEAE
A PR BB I AT e AR S #2547 B-CD
WE, FREd R IR, e T HL IR TR
MEEMRERMS. RAZRAMENE. B0
W OB E AT, BIE TSI I
e 7 ALG T2 n] S5 P Y A e

AW T — BN RS FH . s mi g g
S BIEMGEGVEHIR SRR RAETTVE, BT
JE RIS B A T2 e A R OR B o B v M 1 o 1)
R ESaAREN, BEUCE 7HERMER R4
FEH AR K ) (AR Y, A E TR AL T
B EIHIF” e SR E, s T
T AR SRR IR, B, AREERE I
FERMPEEL CQAs CHE S L B-2H-F K HOZ L2
RSy, (HH R FHERMA— N ERME R, Hf
F A AR N B T R R A3 AR R BE A T PP e R
SR AT A B SR E - o i 16 FH S AR R m) o AT RO, B
ATH AR AT I A A R, K R AR SR U
N EESIbRE 2 . Hk, TERAIITESLE
ML TERR,  HOBOR 2 AR R ol AR P R AR )
TR Fdt— P I0UE, 5 St 70N Oy AR
BRI A 1 OB S F ) AR B A o

g b, AT T R R I R AL D)
SERATH T ESHS sikdE, ORISR
oy & e T s it 7T S, BRI
TR oAb A = 7 G s S Rf S
T2 HER
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