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Abstract: Cyclodextrins are cyclic oligosaccharides possessing hydrophobic cavity, the cavity size and the inner hydrophobicity are
suitable for encapsulating a variety of guests, which could improve the solubility of hydrophobic drug and protect the natural medicine. Some
binding compounds could decrease S-cyclodextrin solubility in water, which limits its applications. In this study, the S-cyclodextrin-maleate
(CDM) was prepared to improve solubility of S-cyclodextrin for application to food and drug industries. A response surface methodology was
used to obtain a mathematical model that described the process and the optimal parameters were determined: the maleic acid 4.327 mmol,
solid-to-liquid ratio 0.408, reaction temperature 109.462 C and ethanol concentration 48.213%. Under these optimum conditions, the

esterification rate could be up to 40.977+2.032%, which was closed to the predicted value (40.71%). Moreover, the obtained product was

characterized and identified by IR and MS.
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CDM Bt 1)l & R YMC-AQ-C18 (250%4.6
mm) %A, FEAH A 4 0.01 mol/L ZFR/KIEW, B
RNTIKCEE, SFFEGENL, ik 1.2 mL/min; AR
210 nm; A 35 °C; #HFEE 10 pL.
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Table 1 The coded values and corresponding actual values of
the optimization parameters
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-1 1 03 100 30
LB 0 3 0.45 110 45
1 5 0.6 120 60
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Fig.1 The HPLC chromatograms of monoethyl maleinate and
CDM
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+4.46X,X, —11.57X] —7.40X; —5.78X; —4.49X;
BUHJTFESER T e, F R, Wk 3 Pos, #%
1A p<0.0001, JKIFITF{EHN 1.55, p=0.3568, ik
ARG RO, BRI ATERELT: e R R N
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Table 2 Box-Behnken central composite experimental design
setting in coded form of the independent variables (X3, X5, X3,
X,) and predicted and experimental values

BEE X, - % ];EXUaction yield/%
SFEME FmMa
1 1 0.3 110 45 3.95 2.73
2 5 0.3 110 45 31.44 3551
3 1 0.6 110 45 1.93 3.85
4 5 0.6 110 45 18.55 25.76
5 3 045 100 30 24.03 29.11
6 3 045 120 30 17.37 22.64
7 3 045 100 60 19.02 19.74
8 3 045 120 60 30.19 3111
9 1 045 110 30 6.46 9.86
10 5 045 110 30 31.67 30.33
11 1 045 110 60 3.48 3.54
12 5 045 110 60 4244 36.75
13 3 0.3 100 45 21.34 24.79
14 3 0.6 100 45 23.08 18.25
15 3 0.3 120 45 2248 25.02
16 3 0.6 120 45 28.66 2292
17 1 045 100 45 1.88 -0.062
18 5 045 100 45 37.24 34.77
19 1 045 120 45 11.12 9.88
20 5 045 120 45 31.50 29.73
21 3 0.3 110 30 34.82 26.05
22 3 0.6 110 30 26.11 22.47
23 3 0.3 110 60 26.40 26.34
24 3 0.6 110 60 16.22 21.82
25 3 045 110 45 36.31 35.93
26 3 045 110 45 38.46 35.93
27 3 045 110 45 41.16 35.93
28 3 045 110 45 35.78 35.93
29 3 0.45 110 45 27.93 35.93

E: FAUEAT EERRIE PTG 2 R FURME AR ARAFR
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Table 3 ANOVA for the effects amounts of maleic acid (Xy), solid-to-liquid ratio (X,), reaction temperature (Xs) and ethanol concen-

tsolid-to-liquid ration (X4) on synthesis of CDM using predicted polynomial models

B a

F1& P& BHEME

IR 75 A )4 ¥ 75 Aa s
= AR 3646.40 14 260.46 7.63 <0.0003 o
X 224224 1 224224 65.65 <0.0001 ko
X, 55.89 1 55.89 1.64 0.2216 *
X; 18.08 1 18.08 0.53 0.4788
X, 0.61 1 0.61 0.018 0.8958
X, X 29.56 1 29.56 0.87 0.3679
X, X; 56.11 1 56.11 1.64 0.2208
X, X, 4725 1 4725 1.38 0.2591
X, X; 4.93 1 4.93 0.14 0.7098
X; X, 0.54 1 0.54 0.016 0.9014
X; X, 79.57 1 79.57 2.33 0.1492
X7 867.58 1 867.58 25.40 0.0002 ok
X7 355.24 1 335.24 10.40 0.0061 ok
X5 216.93 1 21693 6.35 0.0245 *
X7 131.01 1 131.01 3.84 0.0704
*RE 478.15 14 34.15
KR 380.15 10 38.01 1.55 0.3568 AREER
HiRE 98.00 4 24.50
&hE 4124.55 28
R’ 0.8848
Adj.R? 0.7681
Pred R 0.4320
M 8.758
E: UHRGE p<0.05, *ERT p<0.01, ***E R p<0.001.
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Fig.2 Response surface (3D) and Contour plots showing the

effect of amounts of maleic acid (X,), solid-to-liquid ratio (Xy),
reaction temperature (Xs) and ethanol concen-tsolid-to-liquid
ration (X,) on synthesis of CDM.
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N 40.977+2.032%, X SHEIS TG 40.71%3%0
XHRZE 0.656%). Ktk RHI BBD s &Kt
AR RIN L2258, #EmTsE, RAEX.
R4 RPN EER
Table 4 Comparison between the predicted value and observed
value for the response variables

FmMa LI
IRT ¥ =88 E/mmol  4.3273 4
P37 0.4085 0.4
BB ) C 109.462 109.5
TBEIRE /Y% 48213 48
BEALE /% 40.71 40.977+2.032 (n=3)
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Fig.3 The FT-IR sepctra of monoethyl maleinate, #-cyclodextrin
and CDM
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Fig.4 The mass spectra of CDM
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Fig.5 The molecular structure of CDM
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