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Optimization on preparation of Ginkgo biloba extract-p-cyclodextrin inclusion
complex by central composite design and response surface
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Abstract: Objective To optimize the preparation of Ginkgo biloba extract-p-cyclodextrin inclusion (GBEsy-B-CD inclusion)
complex by central composite design and response surface methodology. Methods Saturated aqueous solution method was used to
prepare GBEsq-B-CD inclusion complex. The preparation was optimized by central composite design. With the mass ratio of -CD/
GBEs, inclusion time and temperature as the independent variables and with the inclusion rate as the dependent variable, the binomial
and linear equations were fitted to the data of overall desirabilities, and the resulting equation was used to produce 3-D response surface
graphs, through which optimal formulation was predicted, the best prescription process was chosen to verification test. Results It
showed that the correlation coefficient of second-order quadratic model was higher and the prediction was better (r = 0.966); The
optimum conditions for the preparation of GBEs,-B-CD inclusion complex were as follows: the mass ratio of B-CD/GBEs, 3:1,
inclusion time 6 h, inclusion temperature at 60 C. The deviation between the result of the best craft verification test and the binomial
fitting equation forecast value is 1.07%. Conclusion Central composite design and response surface methodology is successfully used
to optimize the preparation of GBEsy-B-CD inclusion complex. The optimized process is reliable, stable, and available for the industrial
production.
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SPSS V16.0 Ziit il (LE SPSS #Af 2
F]); Origin V8.0 £ % (3£[H Origin Lab A #]).
2 FHESHER
2.1 GBEs & EAER#ME"
211 AR AR L] ORGSR DU A i 5 S 24
Z15mg (7% GBEso i HM£) 2.5 mg) 100 mL
iR, F 70%ZEEEER, 40 mLAR, BRRGHB S HR
10 min, #£2 &, yEit, FIEME B S 100 mL
T, JFH T0% OEERBE R ZIE, R4, RIS
212 SFREEBIGEH HE 105 CHEgERE
F T 30 mg, KEEFRE, 100 mL EK
N 70% AREIE R, TR ERCRETAERR, BGA,
T 70%LBER R, BRA), RIS TEIREE N 0.3

mag/mL % S
213 M KMEE o alkE RO TR
SR TR T IEBOE R, E 25 mL S, 2 “AR
TR 2R 2% TR A, B A v WA ok
JETET, 75 400~600 nm HEAT KA, 455
BIRAE 510 nm A AL A RIS, HAth o3 %
ETLTHE, WL R 510 nm Ry K.
2.1.4  FRUEMZEMIEIS R RIS TN R
7% 0.0, 1.0, 2.0. 3.0, 4.0. 5.0mL, 735I%& 25 mL
SR, nZEKE 6 mL, N 5%E AR Y 1.0 mL,
FE5). BRE 6 min, I 10%AHERER % 1.0 mL,
5. FE 6 min, PRI 4%S AN 5 mL,
I 70% LR A, 4. i#E 15min. L0 5%
WAE R 2 ORI, RS- WAk (Ch
Zy L) 2010 AR —FBF S VA 5, 7E 510 nm 3
KAMTE R ACRE o DABOGRE AR, P T itk
Bt b ETZL, #3177 FE A=0.0122C—
0.006 6, r=0.999 8, FKHIF | 7 12.2~61.0 mg/L
LR R RILTS
2.1.5 FEEERL  HUE AR S AR R R TR
54y, 43 HI7E 510 nm A AR E R GRS, 45 R
JE ¢ RSD 4 0.68%.
2.1.6 FEtbikee  BEESERMNR AR, FRE
5 min Jl— KOG, JELENE 6 K, 45 RIOLE
] RSD A 0.32%, &5 SRRWIFE St H AL I 5 I []
30 min W ERE
217 HEIMERE R EIUE g RS 5
By, HECCARTEE 2R A T 1) I e OB RE
THEAFRE S rh S B ()P 28 Ay HCh 46.5%,
RSD 4 0.57%.
2.1.8  JNFERICERRE RSSO TN G 12
mg, 23NN 2 TR B R A AR
JEL“RRvE 2R I a5 IR I OB B, T
HalcE, g5 1R 98.57%, RSD
0.55%.
2.1.9 FEMIME  ORE SO R, )R
HEAREZR IR 457 TR 073, Mkl E oG, It
R AR vH ity 2 ) mh 15 380 1) [ 5 R A3 A g
T R B TR (LA TR SR HE)
2.2 GBEs-p-CD B &¥IRIHIE 5%
KR 7K 01 #% GBEso-B-CD &4 -
FREN— 5 & J5UkL 25 GBEsp il 70% 4.1 40 mL,  LL#A
KB IIE 60 CAEILTEERE, fWimE2 1
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710% L2452 G, JF € B %S 50 mL &l
SR bR UE I e R A TN IR U A
W WG E AR R0 U3 77 E B s v
ST (P TR B LA T O AR E ), A
GYh GBEsg o\ B i (L5 % (GBEsg Joh 2 i 1,
GE=MEY T GBEs & 3 Hi )i 5/GBEsq & 2 il
BWNE), JFLL GBEsy &3 Wi & K AE N
GBE-B-CD . &W & T 2 vF 545
24 EERH-MEEEm AT
241 HWERSAKVIfE  RHRFR RS
Ji A5 R R R (WA AT TP 4%, Horh B-CD
55 GBEsp [Pk i by A A IR A A T 2 5
Wi 6 5 ) LA R I e R R R . AR WD 5 4
fifi7E B-CD &5 GBEs KL HE L (XD LA [
(Xp) LA (X9 1ENFEHERFE, 31N
AXE HEIEF 9 A Xe: 12 2~5 1 1; Xp: 0.5~6 h;
X3: 40~80 C.

MR s, FARER 5 ANKT,
A E-a. —1. 0. 1. a 2 HER. WTF=HEHE
A ST a=1.682, AUR{E 2 [F] 5 SEBR RV E ) 2L
BRI RR, R L, TR EH MR 2,
242 ARG RAELEE, N SPSS 16.0 Ziil
BAf, DAEYRHEEE AR E, B-CD 15 GBEs
IFCE R b A I A A Sy B AR, it
172 e PE oA — I R, B g SR
REASCRE (r) AT I 355 BT 2 n il
S ITFEN Y=53.352+3.345 X,+3.624 X,+0.207
X3 (r=0.726, 0.05<P<<0.10), —ikKZ Ik 7 F¢
h Y=—47.019+17.801 X;+12.680 X,+2.677 X3—
2.966 X°—1.477 X,°—0.021 X3*+0.194 X;X,+0.020
X1X3 (r=0.966, 0.05<P<<0.10). W[4, —Ii=Hl
G rm T2 oagkrkmE, BAE R, TR
O — T AUl S AR Ay F A
2.4.3  FOVHEPLA ST VAN AR BT RS
TR TR, N OriginV8.0 B4y il 2l & b5 5

F1 FRERZKEMRBEREFIREYEE (n=3)
Table 1 Code value and physical practice of independent
variables levels (n=3)

K %
Xy X, X3
—1.682 0.500 0.500 40.000
-1 1.412 1.615 48.109
0 2.750 3.250 60.000
1 4.088 4.885 71.891
1.682 5.000 6.000 80.000

*2 ERRitRRER
Table 2 Central composite design and results

L] Xy X, X3 BLE %
1 -1 -1 -1 73.80
2 1 -1 -1 75.63
3 -1 1 -1 81.82
4 1 1 -1 88.39
5 -1 -1 1 76.60
6 1 -1 1 82.71
7 -1 1 1 87.62
8 1 1 1 92.43
9 —1.682 0 0 68.38

10 1.682 0 0 93.24
1 0 —1.682 0 72.92
12 0 1.682 0 96.35
13 0 0 —-1.682 83.23
14 0 0 1.682 91.50
15 0 0 0 95.18
16 0 0 0 93.95
17 0 0 0 95.32
18 0 0 0 95.61
19 0 0 0 96.14
20 0 0 0 94.26

SO IR 2 A AR = 4ROV TR 4 v
B A 1A B AR SR D SUED, A 8 HE R
BT 2K, 4558 LI 1. %0 GBEsy-B-CD 1.4
WG ST EE . B-CD 5 GBEs HIHEL
il 31 1~5 1, B4 NEY 5.5~6 h A4
N 60~62.5 C.

244 FACATT LEWAE 55 % R DA A
PN HIEE, B GBEse-B-CD & Wittt &
A0 B-CD 5 GBE ByHE IR L 3 ¢ 1, A
6] 4 6 h AL AR TR 60 °Co fa R BN L
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Fig. 1 3D-Response surface and 2D-contour map of various factor effects on inclusion rate

FAFEE 3 Ui, RIS S IME R T LEBOT
W (2= CPRIIME — SEHED / TiIIME X 100%),
SR LA 3o TN, TRNAEL S SIAE 1 250 1.07%
T 2%), UEWIFTAS2 130G 75 FE T LU M4
T P& BRSO R AR S R .
%*3 WIEREER (n=3)
Table 3 Results of verification test (n=3)

T H B 2%
S 1 93.62
520 2 94.23
S 3 94.18
EME 94.01
THE 95.03
i 72 1.07
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H i A 46T GBEso (KB SIS R B,
A AR AR R 1 B PR 0 A B 2 R
4y, Bl GBEse s s MA™, #ig B, B-CD 7Efidy
GBEsp " oh 3 Wi il 43 A RIS, B n] BEAEAE [R) I Ao &
HoAh B o A B0 o AR ST SEBR 2R 1) 4& B-CD X
GBEsy SR AT A MBS, B TaAE
FHTT 516 R 25 A RS 73 A8 Ak, DT 52 2 PR A7
LA T B AT HE— D IR AT

FE RIS LAl & T EIE 1, ARSLE
KH R AT S AR L, TAERE R Bk
AL M BCERT UG, X FEAS B EA B AR G R
B, PONE T FLSAE, S5 A AR . AEXS
TSR ANEAZ WU, AR st s 2 s
HEER, BEMN, FES THRRERREGTTT.

ALK R ek g A v AL GBE-
B-CD w&WMii & 12, ik — Il & i = 4k

SN, IR E B IR ) o T X TR See 45 2R
AW AL, S ik i et T 2Ve i 9E, HAE
SRV F N R AN, IR T2 RE W 5, A8
a0 A, I i AT T RAE RIS,
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