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A 45 43P 4847, 8 1T Box — Behnken Design(BBD ) " 5 7 3 xR A o 3% BURT J8] (32 BUR AL (3% BUR R 45 A& 30 An ARAZ A DT A ) i
FHERGER BRAKAREILARAL S 1(V/m) , RIHE 1.0 h, #ICRE 3 K, REEH 345, mAKAEHK 345, A UL )
28.0h. #4518  BBD @ 5 @ i RACAF 2] 6945 5 v TR B BEFR KL T LA S 2 AR T,
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Optimization of Alcohol Extraction and Water Precipitation Process of Ginkgo Biloba

Extract by the Box — Behnken Design — Response Surface Methodology
BI Yanyan'?,JIANG Jiafeng®,SUN Shaoming’ ,LIU Jian'?,GUO Tiantian'?,SUN Yan'?,ZHANG Lan'’,HAO Dawei'"

(1. State Key Laboratory of Integration and Innovation of Classic Formula and Modern Chinese Medicine ,Linyi,Shandong,China 276006; 2. Lunan
Hope Pharmaceutical Co. ,Ltd. ,Linyi,Shandong,China 276006; 3. Lunan Pharmaceutical Group Co. ,Ltd. ,Linyi,Shandong ,China 276006 )
Abstract:Objective To optimize the alcohol extraction and water precipitation process of Ginkgo biloba extract (GBE). Methods Based
on the one — factor experiment,the transfer rate of total flavonol glycosides,and terpene lactones,and the dry matter yield were taken
as comprehensive evaluation indicators, the liquid - solid ratio, extraction time, extraction times, concentration times of extraction
liquid, water addition times and cryoprecipitation time were comprehensively investigated by the Box — Behnken Design (BBD) -
response surface methodology (RSM). Results The optimal alcohol extraction and water precipitation process was as follows: the
liquid - solid ratio was 8:1 (V / m),the extraction time was 1.0 h,the extraction times were three times,the concentration times were
three times,the water addition times was three times,and the cryoprecipitation time was 28.0 h. Conclusion The optimal alcohol

extraction and water precipitation process of GBE was designed by BBD — RSM,which is scientific,reasonable,stable and feasible.

Key words: Ginkgo biloba extract; alcohol extraction and water precipitation process; BBD — RSM; transfer rate of total flavonol

glycoside;transfer rate of terpene lactonee;dry matter yield

LA I U S DA K SR 2 R A I R S O
IR AR RN — 2GR o, FE N B R R
TSN M AR IR AR —2, © IR YT O il 1M A
PRI IHRAE E PRI O R S R B2 BT 2
2020 4F R [ 24 8 (— 35 YR A i B IO i 25 vk
SR P T I 44 JBC 8 AR A A e e L 2 D TR 5
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(L5 2k 110863 — 201611, 4l )& 4 95. 6%) , B4 N iR C
S FE S (454 110864 — 201809, 41 4 94. 0% ) , 141
NS X R (HIE 54 110865 — 202108, 21 # 4 99. 8% ) ,
Y300 vl A 24 R E B ST B 5 95% B (R A,
B EL RGN AT FRA D) s B AR IR (A4l pa b
RAARA A B (ke , KIEFEEESA T ARA
) 5 USRI (kA [E 258 A A2 A FR A FDD
2 HEEHR
2.1 SREMREH &

500 g AR AV I 2504 MR FEBORHLE 8: 1(V / m) il
A 50% £ B FRIU3 YU, B 1.0 b, [BIE ) B R Ay i
PRI Ve 48 Ry B 245 48 o i 1 343, A5 o B 1 000 mL
BBy, I 3R alifbsK 9850, ER (0 ~ 10 °C) R E R UL,
I L V5, Fh0E AR i B U K BT -
2.2 DEMEBEESENE
2.2.1 @i L&ps

3% 4Y : Agilent 20RBAX EXtend — C g4 (250 mm X
4.6 mm,5 wm) ; JRshAH : HEE - 0. 4% BRI (50: 50,
VI V)5 ik : 0.8 mL/ min; & 3 4K : 360 nm; A
45 C; #EFEE .10 pl.
2.2.2 EIWH A

YU Ez X0 B 31, 30 mg, LLEZSE T IE S 30. 49 mg,
SRR R IR L 20, 57 mg, K B FRE L B 50 mL A
R o R P R R AR L R A E A IR AT L
5.0 mL, ¥ 100 mL A fIfH, 2, RIS X B 1 .

K % 8 UWS B sl K UM 15. 0 mL, B 28 R IILAp, K
B2 T, N 25% ER IRV W — WBE(1:4,V/ V)25 mL,
PR A R AR, 85 “COKIR MR 0. 5 h,
A A, B 2 50 mL AT, 24,3755,
i U BRI, BIAS I SR T
223 REWBHLSENE

Sy RE 2 W 2. 2. 2 50 X BR A TR T ORI
A 10 L, 32 2. 2. 130T A 4 R bR |, 43 5l i
A R SRR LA S AKX (DA
Pt 7K DT T 20T AR A 5 B R B, A 2K (2)
(3) I BB R B e R R

BERBRGFLSE=MEAZFLEZ+FREZELE+
L EBA#) x 2. 51 (1)

BHEABEFHSFE (%) = (FF ST X
WEARR) /I (BMEFTREFLEXHMRE) X
100% (2)

B SR BB A A R () = (RIUIR & 57 B B 3 4
F X RIWRMAER) | (FF EFH BTS2 < HF K
#2) X 100% (3)
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2.3 TEENESENE
2.3.1 @it &pn

3% 4Y : Agilent 20RBAX EXtend — C,g#F (250 mm X
4.6 mm,5 wm) ; i alAH  FEE - PO - 7K(25:10:65,
VIVIV);TRHE: 1.0 mL/ min; K £5 : 28 & CHEU A6
fir s IR 40 “CHERE R 10 pl.
2.3.2 WEIRHE &

HUR AT TR A X I 5 18, 25 mg, AR AT PN TS B X RS
8. 16 mg, 537 NS C % HE A 10. 09 mg, 5 P g X HR 5
21. 18 mg, K HHRE , B 100 mL 2, i B 4,
AEFS VA Vo H) 2 2 AT B AR T

K %A U B 8K T 20. 0 mLL, B 28 R ILrp, /K
TEZET I IS VAR S 2 10 mL A S S
0.5 h, U %, 45 FB5) F B s R B B IS, 0 mL
W, AT R EARAS AT 25 mL F R, 20k
Ve w , BE T, 20 UH BB S mL 56 82 2 10 mlL 5 5l
4. 5 mLK B A 0.5 h BU 04 2 AT B
PR A TR
2.3.3 &ENE

43 R B HR 2. 3. 2 10 6 R RS T 10 L A
20 wL e & HER SA W 10 WL, 32 2. 3. 1 300 F 3% 51
PRI SE | SR FHAMR PR 5, 2 % 805 A2 43 0 T B 4 K
UL FARANEE A ARA IR B ARA R CL AR
Bef &, 3 AT (4) (5) H M N BeE RS R

WENBHSE(D) = (HEFHELNBLSE X HFT
AR [ (M TEEABESZ X HHME) X100%  (4)

5 R MBS B (%) = ORILETE X N BEAF X KIT
BARAR) [ (B 6 £ MBEES &2 X A FRAR) x 100%  (5)
2.4 FTHRNE

27 2020 4F L L 24 L (DU ) )i 0831
2R T I S OV R T ) T A % e U T K DR
10 mL, & 75 & MLH, FR e B i, 100 "C/KEZE 1,105 °C
TR R R T, TR AR A A 30 min, FRAE
Fii A A% a2 (6) (7) T B FUK LR+

TFHRFE Q) =(FFEFTHRRE | HHRE) X
100% (6)
FHRAFFE(%) = (RiLkTFHRRE#FF
R IRE) x 100% (7)

2.5 BRIZERZERRE
WO 4% 2. 150N B HUOT I HEANRNRORE 41
6:1.8:1.10: 1(V/ m) A 50% Z. B, B3 WK, B Ik
LOh, 25 R WLR 1 LRG58 BB 6:1.8: 1,
10: 1(V / m)#E47 BBD Wi i VA AL BESE T2,
PRI (] 4% 2. 1 300 N $R O HeoBH R 8 1



202444 A 5 H 33455 7
Vol. 33,No. 7, April 5,2024

¥ %

China Pharmaceuticals

HFRE-
Pharmacy Articles

(VI m)MA 50% LB S8 3 0, BRI 0. 5,1.0,1. 5,
2.0 h, B3R WAL 1. 255 % )8, s B4R BU 18] O 0. 5,
1.0, 1. 5 h it BBD Wi L [ 5 L AR BEde T 22

F1 AL SRR ) GRBUREN R T Z R (%)
Tab.1 Effects of liquid — solid ratio,extraction time,and extrac-

tion times on alcohol extraction process (%)

FRRE BRMBTHSE BEAABESE THR/E
RATHE 4:1 74.36 71.56 22.50
6:1 82.36 80. 56 27.50
8:1 95.98 92.61 30. 64
10:1 93. 14 90. 52 32.98
RBEFE 0.5h 81.46 77.96 20. 45
1.0h 95.74 91.54 29.97
1.5h 93.67 88. 02 31. 12
2.0h 91. 15 86. 39 34.27
E 3 O/ & 72.86 74.02 17.78
2 89.33 85.36 23.72
3 94.37 90. 81 32. 64
4 93.56 89.55 33.95

PEURE : 42 2. 1 IR $E B 3 HE WOk L R 81 1
(V/m)IA50% B, o3BT IR 21K 3R 4K, BRIR
LOh, 253 R 1256 % 08 B HRBORECh 2 1),
3K 4 YHEAT BBD M i A AL SR T2
2.6 BBD I EEMRUREMTRIYERTE
2.6.1 FERITERRERI

R A 0 17 T 5 T B E DT DB A A R
(R) TN F (R, T YRR (R L5 TF
A3 (R ) AR B, DLVRCREEE (A) (B fa] (B) (FHUK
B(C) B HNE, MR I R T2 R E
E7KOF W3 2.,2020 4F iR i [ 25 i (—350) ) BR A P
Py 2o R E B R T A > 24% , 2 TR
T > 6% U T AP BRI R S R R R
e, B Y S v R R S N R B e A
FECYE N 40% ; T ) A R AL REORE R 20% . %
AR OTELZEATER (Ry) RIS 45 R 3.

R. = (R, / Ry, x40% + R,/ R,,,. %X 40% + R,/
Ry X 20%) % 100 (8)

*®2 BRIZEZS5KE

Tab.2 Factors and levels of alcohol extraction process

K HH AV /m) K% B(h) B#&C(R)
-1 6:1 0.5 2

0 8:1 1.0 3

1 10:1 1.5 4

K H Design — Expert v8. 0. 6 4% 35 3 i ad i g5 £k
ST ST BRI AT Ry, = — 83. 58+
28.08 A +49.24 B +19.67 C+ 1.64 AB +0.38 AC +

K3 BRIZARRITSHRBER

Tab.3 Design scheme and results of alcohol extraction process

% A B C R, R, R, R,
1 0 0 0 8633 8297 31.39 89.99
2 -1 -1 0 80.97 77.26 27.10 82.80
3 0 0 0 8874 8556 32.04 92.49
4 1 1 0 79.25 73.03 26.84  80.11
5 0 1 -1 81.16 78.41 2594 82.71
6 0 0 0 9446 91.63 30.43  96.56
7 10 1 90.00 87.02 34.56 95.10
8 0 0 0 9611 92.47 31.98 98.5I
9 0 -1 -1 93.98 89.50 30.37 95.40

10 -1 0 1 8309 80.94 29.79  86.83
11 I 0 -1 9465 90.82 29.92  95.99
12 -1 1 0 87.01 84.38 28.69 89.32
13 0 -1 1 73.44 69.73 25.55  75.51
14 1 -1 0 78.42 71.12 26.15 78.54
15 0 1 1 77.16  72.25 27.06  79.03
16 -1 0 -1 80.47 75.89 27.81 82.41
17 0 0 0 9555 91.14 31.97 97.69

R4 BRIZHEDHER

Tab.4 Results of analysis of variance of alcohol extraction process

FERR AWE Fis  HH X P1A
HEA 9  935.02 103.89 56.81 <0.000 1
A 1 77.56  77.56  42.42  0.0003
B 1 266.00 266.00 145.46 <0.000 1
C 1 14.04  14.04  7.68  0.0276
AB 1 10.76  10.76  5.88  0.0457
AC 1 2.36 2.36 1.29  0.2937
BC 1 4.43  4.43  2.42  0.1635
A2 1 226.07 226.07 123.63 <0.000 1
B 1 214.80 214.80 117.46 <0.000 1
c 1 64.70  64.70 35.38  0.0006
#*E 7 12.80  1.83
% IR 3 6.42  2.14 134 0.3797
Wig £ 4 6.39  1.60
BEE 16 947.82

2.11 BC - 1.83 42 -28.57 B> -3.92 C*,R*= 0.986 5.
ERAAL P < 0. 000 1, K WIEEEE T 20 REA) ] 5 4% 2%
RAUT P =0.379 7 > 0. 05, R AU L, TR 8% 45
SRR, ARG B, S A4 T, Al T Xl T
AT (R T AN 04T s IR AL B, A2, B2, C2 /Y P
{H¥/NF0. 01, 2 C A HII AB ) P{EI/NVT0. 05,3
WX B T2 LR B TESY (R ) BT i 3 S TE LR 4.
2.6.2 FHAEGwLEEM

K H Design — Expert v8. 0. 6 #4122 il 25 K £ 58 H.
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VEFAXT B T 28 A PFo0 (R o) 52 M0 114 55 e 2 IR ) i
T CEL D) o BT A AT, VOB EE (A) 5 B2 B TA] (B)
B FH %) 45 1R 42 52 I P A (RO, Lo 7 I 0 2 65 e i
T 24 R BA B BAE M SR T 228 515
(R ) SR8 8 25 s IR L B AR L C Rl oRHEE (A) 5
FEHORE(C) BRI R (B) 5B (COFE I 45
LRI, Ho 0w 1 T3 B 3728, W& I RS EAR
FHE W B T 225G P00 (R 52 A 1.2 o n] L, %)
ZEA VAT (R ) 520 B ME D/ IN 28 KA IR Sy B8 B 2
(C) < JEHUH(B) < R (A) .
2.6.3 KR

AL TS B B T2 Bk 8. 5501
(V/Iim), $2HC1. 23 h, $EH3. 26 1K, 45 5 i % R s 4%
RN 95.91%, i A N R 50 92. 45% , T ) i %
RK 32.54% , LEA VY 9 98. T4 LA AR R S B s
O K BESE T2 R L 8: 1 (V/ m)  $EHL 3K,
FRR 1. 0 ho 3L T2, e 3 LBt 45 ek BV
}397.81,RSD } 0.67% (n = 3) , 5 T {H 98. 74 FEA
—3.
2.7 KRNIZREEAZRKE

WA AEH e 2. V00T Ab B 7 3, SR BO e 4 1135
245 345 A4 oK AEER 345 R DR ] 24. 0 h 473K
B, G R R S LR TR SRR AR AT Bk 245 3 4% .
4 £% 14T BBD M i TSR AL KT T2

TR AR $22 2. 1300 T AR By % | $ O MR 4 5 5k
345 VR LR ] 24. 0 b, 43 B INOK 1A% 245 3 4% 4 5 i

PEIU ] / b
L5

PERCEL

GRS
= 4.0

LAY

A7, 2 R DR 5 555 18 R MK A 245 |
3% 445 AT BBD M by A PR K DT T2
x5 IREBH NKEHGLTREIX AT I ZHZMm (%)
Tab.5 Effects of concentration times,water addition times,and

cryoprecipitation time on water precipitation process (%)

FRBAE LERABEHSE BANRSHE FHRFE

RS 1 74. 46 73.28 74.38
2 80. 82 79. 00 79. 04

3 90. 97 88. 44 88. 61

4 86. 19 84. 94 83.89
kA1 79.33 79. 16 76. 00
2 83.07 81.51 80. 84

3 93.42 91. 12 86. 85

4 86. 69 85.33 83.36

ARHE 12.0h 82.97 80. 06 83.73
24.0h 91. 68 90. 69 85. 94

36.0h 88. 54 87.74 82. 50

48.0h 85. 00 83.55 79. 11

A UTHTIE] < 442 2. 1 300 F AR By 1, $2 O vk 40 15 4K
345, KA 3 A%, 438 U0 12.0,24.0,36.0,48.0 h
ATV, 45 R WK 5 LRG58, TR ER e U [H]
12.0,24.0,36. 0 h #£47 BBD Wi b/ 11 A ALK DT T2
2.8 BBD MM EEMRHAKITIZ
2.8.1 FERITEREZERMN

HE % BBD W 1 17 3 152 1 B 7 DR A i 2 2 T
BE 5 R R (Y)) (SN BRE RS R (V) T W 45 %
(Y3) IZRG VT3 (Vo) S i {8, DL 4 BORE Ve 4 475 4%

B

LA

3.5

3.0
0.9
0.7 . 2.5
0.5 - SRome 2.0
6:1 7:1 8:1 9:1 10:1 6:1 7:1 8:

Rt

0.9
FEUTE] / b

7:1
0705601 WO

A

5 7:1 N
2.06:1 WORHLL

4.0 -2

0.9
PR ] / b

5 .
24004507

C

PRI/

AL RFHE - FRIREFE OB, kb - REBORH C RIRAETR - JRIORHK
EF1 SEEXHEEAXMBRIZEAESZNNESERE SN &EE

A. Liquid - solid ratio — extraction time B. Liquid — solid ratio — extraction times C. Extraction time — exiraction times

Fig.1 Contour and response surface plots of the effects of interaction of various factors on the comprehensive score of alcohol

extraction process
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(D) JNAKAEE(E) A ViRt ] (F) %5 AE R
By B8 M 40% ,40% , 20% , P AL AR A - B 7K T
TEFAK ORI (Y,  RE 5K ILES,
TR SRR,
Ve = (V1 Yy X40% + Y, 1 Y, X 40% + Y,/ Yy, X
20%) x 100 (9)
r6 KMNIEZEREZESKE

Tab. 6 Factors and levels of water precipitation process

& H#E D) HEEME) A& F(h)
-1 2 2 12.0
0 3 3 24.0
1 4 4 36.0

®7 KRIZHRZTERBER

Tab.7 Design scheme and results of water precipitation process

A% D E F Y, Y, Y, Y,
1 0 -1 -1 81.64 78.17 78.74 86.84
2 1 0 1 84.25 81.26 79.93 89.57
3 -1 -1 0 70.46 67.01 66.27 74.37
4 1 1 0 80.55 76.49 74.48 84.67
5 -1 1 0 76.60 72.00 67.05 79.34
6 0 1 1 87.25 85.37 81.29 92.96
7 0 0 0 93.56 91.52 87.19 99.67
8 0 1 -1 84.07 82.14 83.27 90.64
9 0 0 0 92.01 90.77 86.72 98.58
10 0 0 0 93.86 89.32 88.06 99.04
11 0 0 0 91.99 90.81 87.24 98.71
12 0 0 0 90.28 88.35 85.85 96.59
13 -1 0 -1 73.94 69.95 73.53 78.78
14 0 -1 1 86.53 84.29 77.69 91.36
15 -1 0 1 74.68 70.53 69.96 78.54
16 1 -1 0 78.00 73.40 70.21 81.27
17 1 0 -1 79.45 75.11 77.60 84.31

K H Design — Expert v8. 0. 6 #{F X} % 7 120 56 2 ¥in
AT NS, ST R AR 5 Y, = - 96. 80 +
80.79 D + 36.87 E + 0.78 F — 0.39 DE + 0. 11 DF -
0.05EF -13.13 D> -5.48 E2 - 0.02 F2,R? = 0.992 4,
ZERAAL P < 0. 000 1,2 BIKUT T ZB0RL ] 51 8 3%
PAUTH P = 0.492 7 > 0. 05, F B I IR &45 LR g 25 4%
RN, ARG B2, G B 4T, A T XKL
T EGEAVES (Vo) TR 047 [N DLE,F, D2, E2,
F21 PAEI4/NT 0. 01, 2 HI0 DF () PAE/NT0. 05, 3R W]
XU T LR AT (V) F 20 5 25 TE LR 8
2.8.2 FH&EEwNEEMT

K H Design — Expert v8. 0. 6 342 i 25 [N & 22 H.
VEFXI KL T 25 A 0E3 (Y ) 5 M0 4 255 1 2 PRI 0] i
T (L 2) o L 2 A AT, YR 4 f5 85 (D) 5 % LA [a]

RS KMIZHEDWER

Tab.8 Results of analysis of variance of water precipitation

process
FERR B®E Fil  HF Fia PiE
BEA 9 1096.20 121.80 92.50 <0.000 1
D 1 103.61 103.61  78.68 <0.000 1
E 1 23.70  23.70 18.00  0.0038
F 1 17.58 17.58 13.35  0.008 1
DE 1 0.62 0.62  0.47 0.5159
DF 1 7.56  7.56  5.74  0.0477
EF 1 1.21 1.21 0.92  0.3697
D? 1 725.63 725.63 551.05 <0.000 1
E? 1 126.34 126.34 95.94 <0.000 1
F? 1 28.25 28.25 21.45  0.0024
2% 7 9.22 1.32

KPR 3 3.86 1.29  0.96 0.4927
whig £ 4 5.36 1.34

BB E 16 1105.42

(F) A FH A A5 e 2 5 W1 Sl MR TR0, L g o T 3% 28 e
I, 5 Y, 2R B HLAT AR ag B, XK DT T 2025
HVFAr (Vo) B SE MR B 3 5 i K12 BAIET 2 C AT, vk
A5 EC(D) 5 Uit ] (F) Jin/K A5 (E) 5% BURT i)
(F)VEFH 0 55 e 4R S T [P, L) B T 3 3 P-4 , 2 A
BB BT, KT LA (Vo) B IRAR
2 ] UL XK U T 225G 10 (V) I S2 I /N 2R
WA T (F) < IZKAEE(E) < HERfEE0(D) o
2.8.3 WiFRE

i Ao A5 A 43 A A5 B O Ak A K T T 20k TR A A A
3. 1548, oK A5% 3. 144% , Itk 16] 27. 73 h, 45 5L i
i B 2 B8 2R 92. 96% , i 2K P TR %5 74 R 4 90. 87%,
T A 30 87. 21% , L75VF 530 99. 15,256 BUAR K
SEBRAE B K KT T2 R e i A5 55 3 4%, K A
BOh 345 UL R A 28. 0 ho #RE4L T2, 52 1% 3 L 56
RS , 255 PF 4 4 98. 94, RSD 4 0. 82%(n = 3) , 5T
MI{H 99. 15 FEA—EF,
3 Tt
3.1 BBD R EAIBIRIERE

H A, 56 TARA LI IR T 209 2 LR
B B O P R AT, AR AR B T2 (AN 4
AT o ARSI T LR B T B B8 38 i 28 N R 5 R I
TY AT R R L5 A % 548 b , i 2k BBD i 3 1R 5 25 G
SR TR B (B AR R L T 2 B A Xk
DR 25 Ay e AR 20 45 AR 7 1) B A o
3.2 REAERIERE

A AR MR I S B B iE R £, Wl
BRBR B R IR TN R AR A R Oy ks (BN
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Tk AEEL /A L T4y WULHFR] / h P AN
4.0 2 : 36.0 -
3.5 30.0
3.0 24.0
2.5 18.0
2.0 12.0

2.0

LEATESY

255
DK T 2.02.0 O WAHEAL A5

A

VL] / h

18.0
12.02.0

—3.0
2.5
TR A& %

18.0
12.02.0
C

2.5
AR 5 VUL / h

AR R - AeRAER B RGEAEAL - AUUHTR G AnRAREL - AIUETR
B2 FERZBMEMAXNKALZEEITHHMENESLE SR EE

A. Concentration times — water addition times B. Concentration times — cryoprecipitation time C. Water addition times — cryoprecipitation time

Fig.2 Contour and response surface plots of the effects of interaction of various factors on the comprehensive score of water

precipitation process
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