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Research on the Volatile Oil Embedding Process of Jindan Fuyan Granules ZHU Liang-hui' ,WU Qian-ying"* , CHEN Wei-
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Abstract ; This study aimed to optimize the preparation process of a B-cyclodextrin (B8-CD) inclusion complex containing the
volatile oil from Jindan FuYan Granules via the saturated aqueous solution method.On the basis of single-factor experiments,
response surface methodology (RSM) was employed to investigate the effects of the temperature , stirring time , stirring speed , and
mass-volume ratio of 8-CD to volatile oil , with the comprehensive score of the inclusion rate,yield, and drug loading capacity set as
the evaluation index.Design-Expert 13 software was applied to analyze the interactions of various factors and optimize the process
parameters. Four characterization experiments, including scanning electron microscopy, thin-layer chromatography, Fourier
transform infrared spectroscopy, and ultraviolet-visible spectroscopy, were performed to verify the successful formation of the
inclusion complex. The optimal inclusion process parameters were determined as follows: experimental temperature of 30 C ,
stirring time of 2. 15 h, stirring speed of 1400 r/min, and mass-volume ratio of 8-CD to volatile oil of 6 :1.The P-value of the RSM
model was less than 0. 05, and the coefficient of determination (R*) was greater than 0. 9, indicaling favorable fitting performance
and high feasibility of the established model. A significant interaction was detected between the stirring speed and the mass-volume
ratio of B-CD to volatile oil.The four characterization experiments verified the differences between the inclusion complex and raw
materials from multiple dimensions, confirmed the successful formation of the inclusion complex, and proved the stability and
reliability of the optimized process.This study optimizes the preparation process of a 8-CD inclusion complex containing volatile oil
from Jindan FuYan Granules.The established method is stable and feasible,and can provide insights for subsequent research and
development of related industrial production.
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®1 HFEATE
Tab.1 Factors levels table
Levels
Factors
-1 0 1
A:Time/h 1.5 2 2.5
B :Speed/ ( remin") 1000 1200 1400
C: Temperature/C 30 35 40
D Material weight ratio/(g-mL™") 5:1 6:1 7:1

M . 108 P S 0 BT 5 44

Tab.2 Design and results of the response surface optimization experiment

A :Time/ B :Speed/ C; Temperature/ D: Material weight ratio/ Loading rate/ Yield/ Drug loading/ Total score
h (remin~") C (grmL™") % % %
2.0 1200 35 6:1 87.02 85.41 12. 84 72.26
2.0 1200 35 6:1 86.43 86.13 12. 65 72.24
2.0 1200 35 6:1 86.72 87.76 12. 49 71.77
2.0 1200 35 6:1 85.96 87. 14 12. 44 72.12
2.0 1200 35 6:1 85.07 88. 41 12.55 72.49
2.0 1400 35 7:1 85. 64 85.13 10. 83 70. 58
2.0 1000 35 7:1 80. 10 77.97 11.70 66. 00
2.0 1400 35 5:1 81.20 88.53 13.53 69.13
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A:Time/  BiSpeed/  C:Temperawre/  D:Material weight ratio/  Loading rate/  Yield/  Drug loading/ .
h (r-min™") 0 (grmL™) % % %
2.0 1000 35 5:1 79.79 87. 68 13. 42 68. 10
2.5 1200 40 6:1 82. 02 87.13 12.00 69. 04
1.5 1200 40 6:1 78.69 84.22 12. 04 66. 47
2.5 1200 30 6:1 88.00 87.72 12.65 72. 88
1.5 1200 30 6:1 86.23 87.57 12.56 71.76
2.0 1400 40 6:1 81.00 86. 41 11.95 68.27
2.0 1000 40 6:1 80. 15 79.13 13.21 66. 56
2.0 1400 30 6:1 87.41 89.30 12. 49 72.80
2.0 1000 30 6:1 85. 54 81.16 13.75 70.31
2.5 1200 35 7:1 83.71 80. 80 11.38 68. 66
1.5 1200 35 7:1 83.95 77. 14 13.13 68. 42
2.5 1200 35 5:1 81.72 90. 10 14. 61 69. 98
1.5 1200 35 5:1 79. 88 89.77 14.33 68.75
2.0 1200 40 7:1 79.38 74.12 12.92 65. 03
2.0 1200 30 7:1 83.80 79. 40 12.73 68.71
2.0 1200 40 5:1 74. 67 87.25 13.79 65. 01
2.0 1200 30 5:1 82.09 88. 59 14.93 69. 96
2.5 1400 35 6:1 86.21 89.51 13.28 72.29
1.5 1400 35 6:1 85.48 86.35 13.65 71.29
2.5 1000 35 6:1 82.95 80.75 14.17 68.75
1.5 1000 35 6:1 81.29 79.57 15. 04 67. 69

2.4 BORLG RN JT 2 0

iz ] Design-Expert 13 #{4%F 3 2 H i £ s
HEAT IR Z oA ILE T, 25 R L3R 3, [l A
B F=34.74,P<0. 0001, % B1i% 7 12 RS2 PR ol
PIA R g 250 R =0.9720, P #& de g R AL
R*=0.9440 , I E Z(HTE 0.2 P ; RBLITAG K F =
5.87,P=0.0514>0. 05, F B S AT A (g 2, 1t I
AR A ] R 8 T A S 3 45 S A
W AE T4 WrE] Bl R B-FR I 5
PRI B AR b S 255 1 B s — R EHE
FEY = 72.18 + 0.6013X, + 1.41X, - 2. 17X, -
0.2935X,, - 0. 0145X , X, +0. 3646X , X, — 0. 2466X , X, ~
0. 1957X, X, +0. 8853X . X,, +0. 3196X . X,, — 0. 6094X ,, -
1.14X,,—-1. 76X - —2. 82X, (R* =0.9720) , M
PRI % S B 45 SR B R R AN R ZK P I ] 5%
BB ST A AR M, (P
<0.005) , FLFEHE I ) 5 ma 800, i I ], A
R 22 B A F 5% >k 7 28 B9 BD RP4%
AR P<0.05, & 38 B R 3
HARMZE HZ AR, Ah, 4 BEEN
I P {E¥<0. 05, &R B PF 43 A7 7F 0 35 5
WA P H BT 4 28R R B A B AR LA SE 4

®3 BB 2R

Tab.3 Model fitting and variance analysis table

Source of variance SS df MS F P
Model 153.19 14 10.94  34.74 <0.0001
A-Time/h 4.34 1 4.34 13.78 0. 0023
B-Speed/r 23.96 1 23.96  76.07 <0.0001

C-Temperature/C 56.5 1 56.5 179.39 <0.0001

D-Material weight

. 4 1.03 1 1.03 3.28 0.0915
ratio/ (g-mL™")

AB 0. 0008 1 0.0008 0.0027 0.9596
AC 0.5316 1 0.5316 1.69 0.2149
AD 0.2432 1 0.2432 0.7723 0.3944
BC 0. 1533 1 0.1533 0.4866  0.4969
BD 3. 14 1 3. 14 9.95 0. 007
CD 0. 4085 1 0.4085 1.3 0.2739
A? 2.41 1 2.41 7.65 0.0152
B2 8.37 1 837 26.58 0.0001
c? 20. 02 1 20.02  63.57 <0.0001
D? 51.43 1 51.43 163.31 <0.0001
Residual 4.41 14 0.315

Deviation 4.13 10 0.4128 5.87 0.0514
Pure error 0.2814 4 0.0704

Total sum of squares 157.6 28

7 :SS(Sum of Squares) .df( Degree(s) of Freedom) ,MS( Mean
Square) \F(F-value) \P( P-value) 435 #fl, [ B 05 F
P {H,
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Fig.7 Three-dimensional response surface (a) and contour plots of the interaction (b) of each factor
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1 B B T2 26 IR 30 °C % 3 1400
r/min [F[A] 2. 15 h B-FRRIHG 5 45 4 o7 & (A ]
te6:1, #elmth T &M AT 4 IOPAT S5,
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Tab.4 Validation of inclusion complexes

Loading rate/  Yield/ Drug loading/

Serial number Total score

% % %
1 91.41 91.68 12. 42 75. 66
2 87. 81 93.43 11.71 73.72
3 90. 02 91.97 12. 19 74. 84
4 90. 16 91.24 12.31 74. 80

RS RWIUESERATEIR RSD fH

Tab.5 RSD values of each index of the verification

experiment
Indicator Average value RSD
Loading rate 89. 85% 1. 66%
Yield 92. 08% 1. 03%
Drug loading 12. 16% 2.58%
Total score 74.76 1.07

2.6 HHETBAMEE

FHECRE T Hy S BU b B Y R A9 B-30 M
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Gl WO BTy S S S R T K B S U
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fF . SR ES L R Sy 20 KV, IR ERIG, 45 R
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Fig.8 Scanning electron micrograph
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