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Optimization of inclusion process of mixed volatile oil of forsythia oil and
peppermint oil by colloid mill method
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Abstract: Objective To optimize the preparation of B-cyclodextrin (B-CD) inclusion compound of forsythia oil and peppermint oil
using the colloid mill method. Methods With recovery ratio and inclusion rate of volatile 0il-B-CD as evaluation indexes, the single
factor test combining Box-Behnken response surface methodology was used to study the effects of B-CD-pure water ratio,
B-CD-volatile oil ratio, and inclusion time on the inclusion process of volatile oil. Using TLC, IR spectrum, and microscopic image,
the inclusion complexes were confirmed. Results The optimum preparation conditions of inclusion compound were as follows:
B-CD-pure water ratio was 1 : 3, mixture of forsythia oil and peppermint oil-B-CD ratio was 1 : 9, and the inclusion time was 25 min.
The formation of inclusion complex was preliminary proved by TLC, IR spectrum, and microscopic image. Conclusion The method
is reasonable and feasible.
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Table 1 Effects of p-CD-water ratio on inclusion process

B-CD-/K  #Ekul/mL  B-CD/g

KL Y%  Y/%

1:2 94 750 15 7785 84.04
1:3 63 500 1.5 8049 85.20
1:4 47 375 15 69.96 83.60
1:5 38 300 15 6231 8258
1:6 31 250 15 57.03  79.92
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W % “227 WU A YR EE T, T E
B-CD 5K 123 (gt mL), GAWE 30
min, FEEMEATIHE B-CD MIBCELLL (12,
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B-CD [H#RIELAE 12 4~1: 8 I, B B-CD #kt
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BT AR D, kR REaTI S B-CD MHk
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DL E S D0 IR i far it 55 B-CD 1 HLA)
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Table 2 Effects of peppermint oil-p-CD feed ratio on

inclusion process

R M-p-CD K W/mL B-CD/g /K/IL Y% Yo/%
1:2 250 500 1.5 15.62 68.23
1:4 125 500 1.5 3558 75.45
1:6 83 500 1.5 5099 85.34
1:8 62 500 1.5 8276 89.72
1:10 50 500 1.5 81.03 89.43
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AT 5 B-CD ML 108, A ()
(10 20 30 40. 50 min) X} Y; fl Y, [F5Em0. #%
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Table 3 Effects of inclusion time on inclusion process

A4 E)/min - ¥R m/mL B-CD/g /K/L Yi/%  Yo/%
10 62 500 1.5 4532 68.34
20 62 500 1.5 73.62 88.79
30 62 500 1.5 8121 90.74
40 62 500 1.5 65.76 88.56
50 62 500 1.5 61.54 80.42
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Table 4 Design and results of Box-Behnken test design

W5 A B Cmin  Y/% YoJ/% | R¥5 A B C/min  Y/% Yo/%
1 1:30) 1:6(-1) 40(1) 4572 7123 10 1:4(1) 1:10(1) 30(0) 7631 90.11
2 1:3(0) 1:8(0) 30(0) 8482 92.18 11 1:4(1) 1:6(-1) 30(0) 39.64 74.56
3 1:3(0) 1:10(1) 40(1) 6564 89.07 12 1:2(-1) 1:10(1) 30(0) 7653 83.41
4 1:2(-1) 1:8(00) 20(-1) 7879 91.06 13 1:3(0) 1:8(0) 30(0) 8213 94.09
5 1:4(1) 1:8(0) 20(-1) 7848 9025 14 1:3(0) 1:8(0) 30(0) 8562 96.86
6 1:3(0) 1:10(1) 20(-1) 80.83 9257 15 1:3(0) 1:8(0) 30(0) 8256 96.42
7 1:2(-1) 1:8(0) 40(1) 7284 8955 16 1:2(-1) 1:6(-1) 30(00) 3736 76.52
8 1:3(0) 1:8(0) 30(0) 8493 9574 17 1:30) 1:6(-1) 20(-1) 4123 80.26
9 1:4(1) 1:8(0) 40(1) 7454 8824
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X 4 [RER 45 T IR Z amlEiS, vy XA
# A, B, C IR IAAFA 72 ¥, =84.01+
0.43 A+16.92 B—2.57 C—0.63 AB+0.5 AC—0.492
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Table 5 Variance analysis of response surface quadratic regression equation
. T Y,
ZESEAUR H 1 - -
5 A0 FAi P{a K FAa PAi
Lt 9 4748.95 85.58 <0.000 1 942.73 19.17 0.000 4
A 1 1.49 0.24 0.638 3 0.86 0.16 0.703 7
B 1 2290.29 371.44 <<0.000 1 345.71 63.27 <<0.000 1
C 1 52.99 8.59 0.0220 32.20 5.89 0.045 6
AB 1 1.56 0.25 0.6301 18.75 3.43 0.106 4
AC 1 1.01 0.16 0.697 8 0.06 0.01 09178
BC 1 96.83 15.70 0.005 4 7.65 1.40 02755
A? 1 80.49 13.05 0.008 6 57.88 10.59 0.0140
B? 1 2071.33 335.92 <<0.000 1 438.08 80.18 <<0.000 1
2 1 50.91 8.26 0.023 9 10.45 1.91 0.209 2
W 7 43.16 38.25
ERieu 3 33.43 4.58 0.087 8 23.46 2.12 02410
aliiR e 4 9.73 14.79
B 16 4792.11 980.98
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* 524« ¢ %% Chinese Traditional and Herbal Drugs % 46 % 55 4 8 201542 A

WoR, Yo B B-CD HBOBME 3G N s muas g n s 2218
WD, BRI TR PR3 o 2 R
2.4.3  EMEAINE A T AL RIGAE  FEAR K
AT H-B-CD WA LEMNARGE S Y, HH
i, BN AR Yy, [ R B S REFESE R 3R
X T2 AR AT AR R 52 0 PR 252 55 i
KK 1 2 P ED BEA XIS T 552, 7L
S ) 1 [ 4SS R 43 A () JE A, I Design-Expert
8.0.5b BAEXS Yy Ml Yo 2 A ik T REK AR, #5345
BT 2444 B-CD H5/KMELHI 1 1 3.10, %7
farih s B-CD LB 10 8.74, WAHE . 24.46
min, Y,k 88.6%, Y, A1k 96.5%.

ARSLIG IO R 4 R T T () e &4
HATYUE o A 7 (S BRigAE, G RIE& B IE N
B-CD LKLl A 1 2 3, w5 B-CD 1)Lk
Bl 109, AN 25 min. %I T 24T
RS, CPATERE 3 IR RSP E
A 91.87% 95.23%- 90.36% (HI{H N 92.49%,
RSD 4 2.7%), WHEFRMKIKA 86.04%. 88.07%H
82.97% (1t k 85.69%, RSD Hj 3.0%), )5k
KAt 5 S TR LR, W=D 4.2%A1 3.2%.

i 2 = (S — F3D0EL )/ o0 {7
25 EWERHESYE TLC £3

KA BESEG AEPE SRS 15 B-CD 11
IKEEBAE I FES, 25 AT I 1Y) SRV E R
b 3 FIEEAMEE (60~90 C) Wik AY, T
B, UL R A, K #E 20 min, BRI
WAERFER 4 WA UE) PHRBUER M Z
RERAE AR 50 23 AL 2 uL Rk 5 Ffoe i,
o NAE B AT T R —RERS G AR b, DA ik
(60~90 C) -B&ME 4ME (17 @ 3) AREFFH, AT
JEIT 12 em, HUH, BT, WL 5% HEE-TiR &
BERW, (E 105 CINAABE ST WL. &5 F
3FRN, FESh 1A BEAL UEIH MR AR A
FEAh 2 FORESh 4 JCBEAT, VLIS ATl B-CD
EWHI G FESY 3 RTRES 5 ZEAR A B A A1
R EUCEL PRI BRE 55T, 00 ) 5 e P A e 568 9 i 3 1)
BT o
2.6 EWEEHEESYA IR X5

W B-CD T Ry 442 A Yt 2 X 98 i 4 R vl
B-CD H&W) (L) #EahsrmkH KBr
Fe Pkl il o 3 AMISEAAL 2l EAT IR 494,
O 5E £t G 4 000~400 cm™', 73 HEER 4

em ', FHIREL 30 k. sELE R 4. HIE 4 7]
A1, 1F 3 000~2 800 cm ', B-CD A 1 AN, 4%
R 3 AW, WA (SamBvER) B3
AL, (R 53 Z4FR B2 55 T4 & s 76 1 800~1 600
em ', B-CD RHE R HEL 1 ANEcl, T 44
(LATTRDE) HIL 2 AN, SRIER TS, BLi
ST 5 2 W -B-CD AL A Ml 46 8 A o

»

.
’

P

oy ’
m-ﬁ“ ‘

1 2 3 4 5

-OEY CRUEE)  2-p-CD HI/KIEH 3-EMMA 4-B61% Gk
B S-BAY GBSO THRBUIE RN
2-B-CD aqueous solution

1-inclusion (not washing) 3-forsythia

peppermint oil  4-inclusion (washing) 5-volatile oil extracted from

inclusion (washing)

B3 HEEILE
Fig.3 TLC
B-CD
5 J,//\W
%/W\/

4000 3000 2000 1000
1

v/iem

4 IR A#E
Fig. 4 IR scanning spectra

27 ERERHESYNERHES

H B-CD. JEFHH ff h-p-CD AW 4
W5 B-CD WIRAYI KRG, B> Sy i £
WP b, S LR T BT PR AR
Hi &l 5 R R 54, B-CD (TR 4 1B W] 4%
ARGE T TE AT A B-CD (IR & % &
SRR M T B-CD (IR, Ripk—H; 5



WE3]

Chinese Traditional and Herbal Drugs 35 465 543§ 201542 A

* 525

AT AN B-CD IR A
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Fig. 5 Microscopic images (10 x 10)
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