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Optimization of extraction technology and inclusion process of volatile oil for
Qingxiangrukang Granules based on Box-Behnken and PCA-G1-entropy method
and orthogonal design
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Abstract: Objective To optimize the extraction technology and inclusion process of volatile oil for Qingxiangrukang Granules
(QG). Methods Box-Behnken was used to optimize the extraction technology of volatile oil in QG. With yield of inclusion
compound and inclusion rate of volatile oil-B-CD as evaluation indexes, and with volatile oil-pure water ratio, f-CD-volatile oil ratio,
and inclusion time as investigate factors, the optimal inclusion technology for volatile oil of QG was ensured based on
PCA-G1-entropy method and orthogonal design and by using colloid milling. Results The optimum extraction technology of
volatile oil were as follows: extracting time was 6 h, liquid-material ratio was 10, immersion was 0 h. The optimal inclusion
technology for volatile oil were as follows: pure water-volatile oil ratio was 1 : 80, B-CD-volatile oil ratio was 6 g, and the inclusion
time was 30 min. Under such condition, there was no significant difference between verification groups of three batches. Conclusion
This optimal extraction technology and inclusion process is stable and workable and can provide experimental basis for industrial
production of QG.
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BIRRAPEAL AR IR K BRI 45 1)
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HEW. BRS TR, B TR
th, HAHEAL R R A BARME . i B-CD 7EH
P R B F AT LA SR 2 M R e v, PR A
Vi A= R FE R T 25270
1 UES5HH

BT-125D 73ir R, FERIER AL A
FRA T XL-250 WHZLRARES , i M il 2 U s o5 T s
GZX-9070MBE LG X T4, Hilgistll A
FRAFBEIT %4 s BH-15 PR, J3 &R K6
AR AF; ZDHW JHEEME, Jbai Mk
AR AF; 1T ZI)RESEEEE, RS TT BT 24l 15
HHNEER AT . JHGMIT T FHAH R
BRI PR 2R R 30 B DY )1 4 2
W AT, EPY)AE B 2R B o R AR
MWEATRZINSEE, WS (CPEZ) 2015 FFhk
HE, MENEERYHEED A Angelica

sinensis (Oliv.) Diels TR . A ATHRRHS B
JEHEYISEL Cyperus rotundus L. HITIEMRZE. H K
N R JE Y Citrus reticulata Blanco M H:
ARG AT R A R BRSO S IR o P
HNEHERIATZ B4 PE Paeonia suffruticosa Andr.
TR . B-CD, hARFT AFEM THRAH] .
2 FEEER
2.1 EFEEHENTIZMR

T Ik SCHR A TR GG AT RN, RN R TR IR I 2
SO DR A IR R] L 7K & DA R SR ) 4
ARSI A R W A VPN TR R » 75 SRR I [A] |
Ik DA R B HURE () %o 45 A i i s e, R A
Box-Behnken M 37 1 [y A0 3% H A AR U T 20
2.1.1 MK ERIHESE R EIRZHM 3 4y, &
939 g, 010 fFEAKRZIEEIE O S, MR K
K, SRR 195.79%. 191.92%. 186.49%,
BN 191.4%. HEERTTH, 29K R, ik
G AT [ I #ad A2 R 25 PB4 SOk B, ORAIE S IR
FIHEAT, B8 1 IRTREUS RSN 2 £ 7K DAAN 2
2R ROK &
2.1.2  HHELR

(1) BRI R0 A SR B RE A . FRE ok
Zikt 6 1y, By 195 g, 30N 10 fFEIK IR 0.
2. 4, 6+ 10, 12 h, Z37$2H 8 h, THEFER MK
o 45 AR BcE 5 BN 0.86.0.88.0.88.0.88
0.88. 0.88 mL. HH&EHRAIAI, KM 2 h ZHE
LN ss, (H R HE R ISR R

(2) IR B RIS IR0 FRELZH 6
3, 4y 195 g, R 0h, A0 6. 7. 8. 9. 10.
12 58K, B S h, HEERME. 4
FE R MICE 43798 0.80+ 0.85. 0.88. 0.88. 0.89.
0.89 mL. FHZEEATI, I 6~8 f5EMIZK, KM
i 2EUH N R, 8~12 FFREMK, X
TSRS AN B B

(3) PRI [A]6 4 R I SC R (P R . FRE 2444
6 1, % 195g, In10 &K, R 0h, F3l$HEH
2. 4. 5. 6. 7. 8 h, IME#ERME. 45RIER
HIUsCE > 54 0.564 0.87 0.89. 0.89. 0.90- 0.90 mL .
FHEE ST A, REUNEIAE 2~4 h, $ERIMIE 2
BN, 4~8h, HERIMEERMA .
2.1.3 Box-Behnken M [HAEAIE KM I HEE T 2
PURIITE] CADL /K A5 3 (B) $2HURE] (C)
N, UFERMUCE (Y NN RS,
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Box-Behnken Wi 5 AL MBI EL 2. K&
KPR 1, T 2R R IEK 1, T E
T 2.

K F Design-Expert #3847 2 Ik 2 T2 0 (A
FHE, BRI EIETFEN Y=0.8742.500X 104 A+
8.750X 1073 B+0.17 C+7.500X 1073 AB—2.500 X

Fx1 BERERKEET. RRIZIRFRRER
Table 1 Factor level design, experimental scheme and results of extraction technology
WS Ah B Ch YmL|ik®S5 Ah B/AF Ch YmL |45 Ah  BMff Ch YmL
1 2(0) 10(0) 4@ 0.88 7 2(0) 12(+1) 2(=1) 0.56 13 4(+1) 12(+1) 4(0) 0.88
2 0(-1) 10(0) 6(+1) 0.89 8 2(0) 10(0) 40 0.86 14 2(0) 12(+1) 6(+1) 0.89
3 2(0) 10(0) 4@ 087 9 2 (0) 8(-1) 2(-1) 0.3 15 2(0) 10(0) 4@ 0.87
4 0(-1) 12(+1) 4(0) 0.86 10 20) 10(0) 4@ 0.88 16 4(+1) 10(0) 2(1) 0.56
5 0(-1) 1000) 2(-1) 0.5 11 2 (0) 8(-1) 6(+1) 0.88 17 4(+1) 8(1) 40 085
6 0(-1) 8(1) 4(0) 0.86 12 4(+1) 10(00) 6(+1) 0.89
R2 BRMERIZHEESR
Table 2 Variance analysis of extraction technology
KIR BHETIIM BEE F 1 Pa K BEFIM AW F1ii P1iH
B 032 9 824.190  <<0.000 1 | A? 4.211X107 1 0.097 0.765 0
A 5.000X 1073 1 1.150 0.3196 | B? 3.042X 1074 1 6.980 0.0333
B 6.125X 1074 1 14.060 0.0072 | C? 0.093 1 2131.020 <<0.000 1
C 0.23 1 5288.480  <<0.0001 | #&Z%= 3.050X 1074 7
AB 2.250X 107 1 5.160 0.0573 | KM  2.500X10°° 3 0.120 0.944 2
AC 2.500X 107 1 0.570 0.4735 | 4R 2.800X107* 4
BC 1.000X 107 1 2.300 0.173 6 | &A1 0.320 16
10° AC—5.000X 102 BC—1.000X 103 A2—8.500X  2.2.2 HAEYMHI%  FRECE R B-FAHIKE, JFE

103 B>—0.15C?, r=0.998 9, ZFHHRLIRI T K 47
1 2 W, AR 5 L R R 2 1 (P<<0.000 1),
C. CPAHE R e BA M2 /20 (P<<0.000 1),
AB. AC. BC. R ALE (P>0.05), i
AT L 1o B AT A, SRR E T ZNIR 0 0 h,
7K &~ 10 £, $2H2 6 h, ¥R M WE N 0.891 25
mL. 85X FTfE T 207 3 #LIGUEatas, 45585 7
79 0.89. 0.88. 0.89 mL, 1ty 0.886 67 mL, 5
TIOMME 0.891 25 mL #2ifr, FEIZ T IEFE AT,
22 EBAHFBEKNEEIZHR

2 J8 B KA 77 rh R B BB B I O A
K, BRI T A RA PSR KR, X 55 A /KA T A
HLEWHR.
221 FHEKPEMERESE BN RER
()75 A K ) S B AT 4L L 1 950 g 2544, N
A 10 5 ERK, 12 0h, B 6h, BIFEK, I
W5 F/KE &N 300 mL, 05 He A A A
i, SiRNEK 3. AR AT KNSR ECE N
0.439%, R 58 K AR P2 4 AR IR R AMIC T
0.35%.

BUEsM5 &K, ¥ TR EG, AR F
WEEE CEEH AP 5 um, ¥%3E 2 825 r/min), WS
BUKFER AT, B0, WiE, BEWT 40 C
a. LIEE N EC RS NPy i

AW = LS R B/ (B- PR I &+ 5 &K
15 0 i )
223 FERMAA R E

(D HERWMEE: HHENEEYE 500 mL
B, IONZEEIK 300 mL, SEREE KM E 2% 5
[V A S 2 [ 24 42015 4 Ji DY 838 ) 2204
HVEERME, EUE RN .

D R 2 A [ 2R 5 = %R 1 mL,
& 500 mL ke, HIIANZETEKE 300 mL, #% BiR
BAEREAT, #ARTHEZEAECERN 91% 91%-
93%, RSDE N 1.3% (n=3),

2 [ i = W A R BRI N i
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fih b, THEHEERMEEREALDT.
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Fig. 1 3D response surface and contour plots for interaction effect of each factor on response value

x=3 PRER n=3)
Table 3 Results of bench scale (n = 3)

ikt /g P55 7K /mL F5F Kt /mL PR MR % SEHIREL R Y%
1950 300 8.64 0.443
1950 300 8.70 0.446 0.439
1950 300 8.34 0.428
2.2.4 TFTERRIAH A TRAL

(1) SEBEIEH) PCA: PCA ZAHEANERFFR T
BEBMERT, NZ2NMEE (Jabn) ZRIFAHE
KANTF, FIHRAEREAE, KERPZA IR
H OB EAM KNS E TR ik, 8
it SPSS Statistics 21.0 F A, xSRI E A AT 404,
SR WK 4. BEEMTTEMEN 95.332%>80%, i
NERSY . FEREAT EBRU, A 245k
A RMIBCE, ST Gl EMIR B I AR E .

4 EXHEE PCA WHIES SREELR

Table 4 Eigenvalues and contribution rate of PCA

Epgy RHEE S STRE% SBTTRRAR/ %
1 1.907 95.332 95.332
2 0.093 4.668 100.000

(2) GUVEEMMAL: Gl LA Ry 5 2 1
I AR R AR bR R AR, B BRI
RALERS, BARBRRINE

© HENIEIRIRTF R AR

@ LHL HARBIRIE X1 5 X, EEVEREE
Z LGy AR AR

@ HEZXGWM T nEARE, W m
PRI GLERUEN W N

Wm=(l+iﬁ}’,)‘1

@ MBE W, A58 m—1, m—2, =, 3, 2
MNFRFR A E 5 A XN W1 =roves k=m, m—1,
ey 3,02, H, Wie NS k— 1 NP RRRR) G
ERE; o AER (SRS 4 B EIRAE
Wi NE k NP TRARIN G VR .

B W7 ONPEIERR I G1 B E M R 1)
G=1, 2, =, m), W w7 R W= (W, Wy =,
W)

(3) WBGEBE MR B2 RGN
iy WIRIERRIE BN, ZIE ARG B
K, FELRE VPO T VR B R K, B R
. R, AT CLAE BT S AR AR AL
BB BRUTT

OXF VI EAR AT PR A . & Xy G=1,
2, comy j=1, 2, =, n) NE i NERGTHIE
J TR AR IR D HR

yij:)([j/ixf

A3 B BRI AR BE A Y= {yy} moen

Q@ REUGE(E ¢



¢ $ % Chinese Traditional and Herbal Drugs 25 50 % 25 153 201948 A 3635 -

ei=—k i Vi lnyy

AA k=1Inm, H#E m BMESE, kK NEE,
O E IR bR E R 2L
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(4) HABE M E
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225 QAAEMTZHR BIOAIERA, FHEK
K EE . TH-B-FRIRE L . BIFEE I A A 2L A
BT IR R, A SEI R A 75 A KT
&, RIS BI 75 B KT EARA, ERIWE
XF 75 &K R B-AARIS L (AD. FFE KK
(B). WHEERIE] (C) HATEEW Y, EH Lk 3
NEHRE, S 3 MKFIAT Lo(3Y) 1EAZRR.
HTEER (X0 NEECEBRNELEER, 1
A, WAL, R E A EA T A
W EE AR ISR () fERESFHRIRAEE
=6 HEZRKE,

o AE B-IIBIRERE R AN R — B, ik
AR, WABORMLEY, #SR AT IK E
Wfibr. W GI-EPGESRIMASHELE 5, K
FARCPR BRI KA R WK 6, TR
W 7. LA ZE% N AR,
Z=0.814 3 Xi/Xmax+0.1857 Yi/Yinax
I £ SR A EDW T mT N, Semads R el A
HI A C>A>B, Haai g K. By
ZOHERL, AL C BERAFRZEYW, HEWD
Br A3 B-FAWIRS 6 & 48 Kol i B i T2 RN
A;BoCy, BIFETF &K KL 1180, J5& K
TFEEFHER WA 6 g B-RMIAS, HFESE 4 30 min,
WS VBB KA PR o B, 20, HDE, 40 CTAR
RIS .
XA HEAT 3 AR, S5 R N B E R
x5 HENE
Table 5 Weight value of indices

Ry W W,
X 0.8 0.522 9 0.8143
Y 0.2 0.477 1 0.1857
EXRBIIRER

Table 6 Factor level, design and results of orthogonal test

IRt A/(mL-g™") B/(mL-mL™) C/min D (% H) X% Y% VA
1 1:4(1) 1: 60(1) 15 (1) (1) 42.11 49.72 54.32
2 1:4(1) 1: 80(2) 30 (2) @) 60.59 7271 78.41
3 1:4(1) 1:100(3) 45 (3) 3) 57.51 59.81 72.45
4 1:6(2) 1: 60(1) 30 (2) 3) 78.57 86.45 100.00
5 1:6(2) 1: 802 45 (3) (1) 74.46 78.04 93.93
6 1:6(2) 1:100(3) 15 (1) @) 54.95 66.56 71.25
7 1:803) 1: 60(1) 45 (3) @) 66.76 86.34 87.74
8 1:803) 1: 802 15 (1) 3) 55.97 66.36 72.26
9 1:8(3) 1:100(3) 30 (2) (1) 65.22 75.18 83.74
Ki 205.18 242.06 197.83 231.99
K> 265.18 244.60 262.15 237.40
K 243.74 227.44 254.12 244.71
R 60.00 17.16 64.32 12.72
KT AESHK WA 79.59%. 77.92%- 78.36%, HMEHA 78.62%,
Table 7 Analysis of variance RSD 1N 1.1%; WHEZRSRIN 76.97% 75.9%-
TEKIE BETHM EAME E FHE &R 76.2%, MEN 76.36%, RSD 17 0.72%. 4iRE
A 616.283 2 308142 22.68 HiZEAE LEEHE. 7. AT E KA 5 A K
B 57.185 2 28.593 210 K% AR DL B-PRIDRE IO U5, AR 40 BT Y 52
C 818.901 2 409451 30.14 &% REER, WA E KPR 1280, #K
D (%) 27.167 2 13.584 HHIREE 7 0.35%11, 1000 g 25 EUE K5 i

Foos(2,2)=19.00 Fy01(2,2)=99.00

75 A 7K N B LN 280 mL, R ISCEE 75 7 K B 75 1
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RNEHIER) 28%, 5 F/KHH-B- IR LL A 1 16,
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3 e
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WM 5 B R AT BN, DABA LR 259 24 380 I H
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UK E R GTRAGE . ALK R PCA N
Gl iEHR A — 2 FIAUK I, R Gl IRBUE 5%
B4 6 0 2B IRAGE AT AL - G1Z &% AHP
AT S — R IR B0, 5 AHP ML EA
AR, O EER IS s, TR S
IR IX — B IR 7 VL AT 4 A TR, ff 2 AL .

BEDRIG &SRR —F R, HarE A
WG AT B S5, T B-AORS i T oo #
TE, MEE, IWmESEDRIH & ey
ZAIR o FERAE = & BARHI R, R B %
W B, TR, BRSHE M 24 h JFoRE
JEF o KPP IR S0 A R R, A A |
FEASBFAR I ROR o TR B-F RS X 4 & i it

TG, WA DA X — Rl L, B RE T DASE 254
Rk, W] DL 29 R 25 38 L

AR B ES & R EY), RS m A
AERMFEIN, T HEREREE, %S R
b WOmIE R T A KA =, [RIE XEDNZ T 2
AR AT ENN, ML TR, ik
&R &4 R, o LAE R AR = B AT HE .
SE 3k
[1] EEA. MEES s RABEER M (9] 5w

BT 2215 L CH, 2019, 19(2): 93-95.

2] REXK, BT, REE. HEM YT =B RS
JCAH R 1 32 2 0 1 T4 M3 JE AR A A (9], R
24,2019, 50(1): 111-119.

[3] #HWR, Z& 2 8 £ HERALAGX SR
[, FEZER, 2019, 36(2): 127-130.

[4] 5 B, EIRmE, IKEKE, . HEDHERNS R
AR ] AT ST, 2009, 32(2):
130-134.

[5] B3&E, AER, & Y, % [E5Es s &
AR ER (1. FEZ, 2016, 47Q1):
3905-3911.

[6] Fang L, Xiao X F, Liu C X, et al. Recent advance in
studies on Angelica sinensis [J]. Chin Herb Med, 2012,
4(1): 12-25.

(7]
(8]
(9]
[10]
(1]
[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

iRES, RER, F52H, & YPERMTRITRE
[7]. BRI L, 2018, 37(2): 25-29.

M 40, XkE, ZkE. HEIHY RAEERTR
HERE [7]. ThEZY, 2001, 32(11): 93-95.

LA, WER. HRGHELERMA 1. H2E
EE[E 24, 2003, 14(6): 374-375.

Bwes, BREE. UMM AIN B ERT AR 0]
24, 1990,12(11): 45.

R EERHE R E R 225 By [J]. RIREZY
R EL T2, 2019, 6(7): 70.

W, BET. MR R R AR AR [J].
H 24544, 2003, 26(1): 65-68.

WYL, B NI, BB, % FMbESR S R EAE
MRt (1], AILREEZB %W, 2014, 36(3):
491-492.

TIaMy, SR, ol Xk, ST AR AR A I
HOERE LA [T, 2B, 2019, 42(1):
49-56.

fRFIR, TR, 45 5%, % FH. BEEERImMPLR.
BUR. BAER SSRGS (3] AR,
2005, 27(3): 137.

XIE W, ERGE, dem. FHE R MAEP R [J).
R E 2R R 22 253, 1989, 20(1): 48-50.

MiANIe, ik B, FREE, 5. LS ABEE A MR
BERE [ W RHECR R BEERR, 2012, 30(2):
157-158.

SR A R & = 3 O AT YN | TR P U B v
[7]. WRAEGEZ, 2016, 12(16): 63-64.

BHOWN, BAUKE, REHE S5 HPHE. RS AT
LR IR AR ZY KBRS I T 8 ) B 7 [9]. TR 24,
2016, 47(15): 2676-2683.

s, RE. PR R 3 B P R B I 2 3
EFIE AR (1], ZBIEZY, 2014, 18(4): 589-592.

Zs 7. UPLC-Q-OrbitrapHRMS %54 £ i E
J5 MA@ R BE S S P PR T [J]. 52, 2018, 49(19):
4552-4560.

AL, WRENN, ok, & HAEMBUETE AR E
MR EIEM T IR A 7] ARG A3, 2007,
31(4): 56-60.

HET, JlgR, R8M, % BETHAULNZ B s
WH TR R4k T8 [1]. 2, 2016, 47(7):
1118-1125.

4= Ay, WiEEE, BBk, % R AT RIMIRI /AR
1) R ke pids (3], AR Z A&, 2006, 21(3):
179-180.

HOPEE, EEE B OIS RORTE TP AR
IR HETSE [J]. BEEE4EIR, 2010, 16(24): 3793-3796.
ME, BEK, L B, % KEKRSRNE-R-HH
ARSI FAELIBHIF (1] hEZ, 2019,
50(2): 352-363.

An L N, Dang Y J, Hu C H, et al. Physicochemical
properties and gastric mucosa irritation of cantharidin-
hydroxypropyl-p-cyclodextrin inclusion complex [J].
Chin Herb Med, 2012, 4(3): 224-229.

IREZR, M), kKR, ETHH-GL IEMRHEGTN
B K SEAE W T [J]. Bl R AL, 2008, 26(6):
1210-1220.



