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Optimization of extraction technology of polysaccharides from Ginkgo bi-
loba L. fruit( Ginkgo biloba seed) and antibacterial activity
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(1. Department of Life Science, Yuncheng University/Shanxi Key Laboratory of Characteristic Agro-Products Processing , Yuncheng 044000, China; 2.Insti-
tute of Agro-Products Processing, Shanxi Academy of Agricultural Sciences, Taiyuan 030031, China)

Abstract: Ginkgo biloba seed was used as raw material, the conditions of extracting polysaccharides were optimized
based on response surface method (RSM) , and the antibacterial activity was studied. The yield of polysaccharide was used
as the index, single factor tests and RSM were performed to study the effects of liquid-to-solid ratio, extraction temperature
and extraction time on polysaccharide yield. The mathematical model of polysaccharides extraction was established, and the
optimum extraction conditons were obtained. The antibacterial activity and minimum inhibitory concentration of polysaccha-

rides were analyzed by Oxford cup method and double dilution method. The results showed that the optimum extraction con-

ditons were as follows ; liquid-to-solid ratio 45 : 1(ml/g) ,
4% B #9:2020-05-18 extraction temperature 95 °C and extraction time 3.0 h.
EETUE : 11764 75 % 24 KR G1F 50 H (201910865 ) 5 1L 74 45 Under the optimum extraction conditions, the yield of poly-
“13317 TARE S 2= R H (098-091704 ) 5 iz 3 2% e 1 1
FHIFIE 235 H (YQ-2017010) 5 328 302 Bt 24 BL £ BT 5%
T H (XK-2018001 ,XK-2019034) 5 ¢4/ i i T 1L 1545
RS S IR B 5 LG A B R s

saccharide was 19.67%. The results of antibacterial test
indicated that polysaccharide from Ginkgo biloba seed
showed the strongest antimicrobial activity against Bacillus

subtilis, and the minimum inhibitory concentration was

H (201903D211006)
VEBR A : RIFE(1980-) , L, INVEITHEA L, @02, ERHFT 2.50 mg/ml. The polysaccharide from Ginkgo biloba seed
F7 1 S ITE MR A B HAAOC & L (E-mail) whviolet@ also had strong antibacterial activity against Escherichia co-

163.com li. When the mass concentration of polysaccharide was
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15.00 mg/ml, the antibacterial diameter was 2. 25 cm. But the polysaccharide has no inhibitory activity against fungi and

has no broad-spectrum antimicrobial activity.

Key words: Ginkgo biloba L. fruit( Ginkgo biloba seed) ; polysaccharide; response surface method; antibacterial activity
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ATE AT 2 PP A [ KIAT 5 ( Escherichia co-
i) & oA B BRI ( Staphylococcus aureus) ]l 3 F
HW [ @R YLK A # R B ( Torulaspora  del-
brueckii) & KT ( Mucor rouxianus) . BAR%E ( Rhi-
zopus nigricans) ] FH 12 32 B B i AR W 5 R TR 5K
Ky ARl o3 4h 2 MhAn iR [ B 2F FEAT R ( Bacillus
subtilis) | 2% AR PP 9 TR ( Pseudomonas aeruginosa ) ]
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i JCoK Bt Uk P — AT — 1 VR T H— R T 2
B Bl R TP R BE Oy £, HorP, Sevag WM EE H
T ER A% g ¢ 18 ml AR LEREHL 2208 58 70 52 1
F2EIEK T 4 000 r/min .0 10 min J5 B ;8
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HEFTEE R E AK 5 40 AT TRTER R 1 AR P 22 [ L ik |
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TR TR R, . UK AT e 45 B TAR Bk
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IR T TR 2, 15 A AR, A FH
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Table 1 Factors and levels of response surface method ( RSM)

S

KF xy WORHEE xy BRERMIE] xRN
(ml:g) (h) (C)
-1 35:1 2.0 75
0 451 3.0 85
1 55:1 4.0 95

(2) $BR T 1 S e /NIRRT T i R BE ( MIC) 1) 53
Mo A EAR RS T I R 15 PR 0, 2 159 vk
SyBTiR/ M BT EE A TP AR TR T A
FEHES R A AR K545 0.2 ml A [R) Jo 2 9 B o J
(1) S RO A A= AR o, DL TR R B TE i K PR 28
FXTIE, T(4£1) CUKFTIHEIT 4 h P LS,
PR T 37 CH5F% 24 h B 5 T 28 CHEFR 72 h,
WEE A5 35 5 ML B 7 0 A= R A 00 5238 Xkl
SRR EAR, DL R AR (MH B HR=3.3
em) ARG 22 W VA VR B vk BE VR O MIC™ B4
RIEE 3 Ik,

2 RS0

21 BARKBLERSH

2.1.1 Atk G R SBA RO n  WEHILE
S SO L DG B R R 2 — R MR LA 1R 4
TEFR 3 Y IEIAFH a ATA AROH n H
HoOBARBSBLL IS ml 1 g 25 ml: 1 g,
35ml:1g45ml: 1 gfl55ml: 1 gk L S7%
WOKIRAIAI)E, T 90 CKBEHE 5.0 h, WA 1
FI7R , A R RO} LU 3 KM B2 =, 20k oy
45 ml @ 1 g B, WS, 0 18.48% , &= T
WORHEE A 35 ml = 1 g BHAYZ B3R (P<0.05) ; bl
WORH ARSI, 2R A AR B2 BTt
Y HLE A AR 2, k238 ok} X 2 i &2
BRI AS K, I FLI 700 0 18 R S e K
T 30 B e s 67 Ao B £ B DUTE AR, 48 I, BB % 45
ml 1 g (JRRHL AT S 225
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Fig.1 Effects of liquid-to-solid ratio on the yield of polysaccha-

rides from Ginkgo biloba seed
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Fig.2 Effects of extraction time on the yield of polysaccharides

from Ginkgo biloba seed
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Fig.3 Effects of extraction temperature on the yield of polysac-

charides from Ginkgo biloba seed
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4 Fim iR 1 IRIE, FER B I Z B3 3R 18. 41%),
FEREIRBE 2R FETHZHEERY
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22 MNEREBEIZREERSH
221 WA E S R E45H G N
BIGZE B (3 2) , FH Design Expert 34X 2 #if5%
AT B EH A, @ SL BB AL, Y= 19.21+
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Fig.4 Effects of extraction times on the yield of polysaccharides

from Ginkgo biloba seed

x2 MEBPOLCASHKBETEER
Table 2 Response surface central composite design and experimen-

tal results

e wr LhR
vy WORHE  xy BHERTE xR (%)
1 0 0 0 19.20
2 1 1 0 16.00
3 0 0 0 18.78
4 0 0 0 19.85
5 1 -1 0 15.77
6 1 0 1 18.37
7 -1 0 -1 12.20
8 0 -1 -1 12.90
9 0 0 0 19.12
10 -1 -1 0 13.60
11 -1 1 0 16.38
12 0 -1 1 18.00
13 -1 0 1 19.50
14 0 0 0 19.12
15 1 0 -1 14.40
16 0 1 -1 13.20
17 0 1 1 18.89

£3 DRRBAFELWEREURBRER

Table 3 Variance analysis and significance test results of regression

model
75 SR A Ryl ¥y Fi4 Pa
[ A5 A 111.26 13.91 92.30 <0.000 1
x, 1.02 1.02 6.76 0.031 6
X, 2.22 2.22 14.70 0.005 0
X 60.75 60.75 403.18 <0.000 1
x| %y 1.62 1.62 10.75 0.011 2
X X 2.77 2.77 18.40 0.002 7
o 12.23 12.23 81.19 <0.000 1
3 18.10 18.10 120.12 <0.000 1
X2 8.19 8.19 54.34 <0.000 1
B2 1.21 0.15
FAU 0.59 0.15 0.97 0.510 0
ol 0.61 0.15
S 112.47

X HHCRHEE o, AR BRI 8],y AR PR EE

222 AARZXREZNAORSBEEGY A H
2 3 A, AR I AR A 58 ELI o, (VBB
L 5 BRI TA] 19 52 H) AR TR MR S 3 o, oo (OB G
SRR 0 22 B ) A FH 52 e A 3 R 6
728 5 AE FH w7 8 34

2.2.2.1 WORHE SRR A R sEm RS A
DIF Y SRS AL 0 /K (85 C) AL N 35
ml: 1 g~40 ml : 1 g, BEE IR FE ] A9 28 K, 2 0
RS G218 TE o Ja W R IR Y WOk L S 40
ml : 1 g~55ml @ 1 i, BfE =R ] A ZE 4, 220
TR T Y e T S R Y B IR B B a] Dy
2.0 h B, BB OB LG N TS K, 20515 R S 3 e
ST Ja SR AR B SR R ) ZE K &
3.0 h B, Z2 0545 S bl 2 OB b i 3 R S B i 2 Y
FTHR RS M 2R S ROk KR
PERF IR I7E O ZKSERRHIT

2222 WAL SESEREZTEN  BIE 6 AT
DIE Y ERSEI R 0 KF- (3.0 h) RN 35
ml : 1 g~55 ml : 1 g, Fifi 5 ¥ 4 1 B8 1) T i, 220
PR R B IR PEIR T 75~ 95 C LR Y
AR XS Z2 AR SR S M AN B S | Y IR P T AR
BEE WO LIS R, 205 250 T = Ja WA FAIR, 2SR
PR E R R, SRR
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Fig.5 Effects of interaction between liquid-to-solid ratio and extraction time on the yield of polysaccharides from Ginkgo biloba seed
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Fig.6 Effects of interaction between liquid-to-solid ratio and extraction temperature on the yield of polysaccharides from Ginkgo biloba

seed

2.2.3 AR @R IEIERX S 15 H Design-Expert
7.0 B FE B 2 WA R AR K AT 15 5
2R RIS AR OB 43,31 ml ¢ 1
g, REWITE] 3. 15 h, @A 95 C M4
SRS TG K 20. 66% , 454 BRI, X i
PEFRIS IR B S A A T IR 2L 19 B AR IR A AR A A T
WORHEE 45 ml = 1 g, 3Z4EMFE] 3.0 h, IR LR 95
C,EMAEM T 2 3 Wi E I RS , 2152
19. 67%+0.39% , 5 FIAE ( 20. 66% ) [] 14 1% 26 48
AN, OB ALK 5 25 R A T 95% T A X (]
(19.61%~21.70%) , < W JIr 15 [B] 5 A5 7Y m] D) 35
LG R 2 B iR SRS
2.3 HMEFEES

W 4 i, R 20 Al R 2R AT B (B, sub-
ilis ) ARG PR fc i, XY PSR 208 R N 0. 15

mg/mlfsf , HANEE B HAERIIA (1.9540. 12) cm; ffi#
PR 2 WE T T A A W88 o, A 7 e A
HER(P<0.05) , foe/IMINE TR AL 2. 50 mg/ml,
FI IR X KT (E. coli ) BOAME TG Pk 0 |, 24
P2 B R 5.00 mg/ml At 105 B EL A2 h
2.25 em, MR, FURZHE SR MR AL I ( P. aerug-
inosa) & ORI FIERE (S. aureus ) WA — & W 1]
PERL, M PR ZHE BUER L 10,00 mg/mlf, H7H
el EARIIZ 70 1. 60 em, A5 [) )0 2 11 2R 22 0%
XFER B A f B B2 R (T delbrueckii ) | &[G E %
(M.rouxianus) . SEAR %5 ( R. nigricans) =485 B ( P.
purpurogenum ) BA M EF (A. niger) VDT IH 1§ 7 55
( P.camemberti ) 6 Fh EL B 94N 16 PR, & B0 AR 24
XFik 6 A EL G YA B B R RS . PR
I, AR A BA T ISR s
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Table 4 Antibacterial activity of polysaccharides
B FERZHIITLE VA T PRSI R
WE (mg/ml) (cm) W (mg/ml) (em)
LA A B ( Pseudomonas aeruginosa) 10.00 1.63+0.05a | KK B ( Escherichia coli) 10.00 2.61+0.01a
5.00 1.48+0.12ab 5.00 2.25+0.03b
2.50 1.2420.11b 2.50 2.05+0.10bc
1.25 1.02+0.04b 1.25 1.75+0.04¢
0.60 0.52+0.10¢ 0.60 1.58+0.15¢d
0.30 od 0.30 1.28+0.22d
0.15 od 0.15 Oe
0 od 0 O
S ORI ( Staphylococeus aureus ) 10.00 1.57+0.10a | {5 SEAEFTER ( Bacillus subtilis ) 10.00 =4.0a
5.00 1.48+0.16a 5.00 3.38+0.10b
2.50 1.29+0.11ab 250 3.25+0.12bc
1.25 1.08+0.10b 1.25 2.9520.11c
0.60 0.66+0.14c 0.60 2.58+0.13d
0.30 od 0.30 2.48+0.10d
0.15 0d 0.15 1.95+0.12¢
0 od 0 of

[7i)— KBRS [7] 1 2 20 o e J5E 0 R 410 T ol AR i I T AN RN B 30 BAT 325 59 (P<0.01)

3 488

SR FH R 7 T A3 BT 6] PR Z R4 T 2007
PeAL IR S (SR 2R PR 0 [l AR A 25 SR
WORHEE IR HR R SR B R X R 2 MR R
HO R E R, S5 RN RA K SR DA E
RLBEPBUR e SR R 45 ml = 1 g, 37
PERFIA] 3.0 h, IZHEIRE 95 °C , FEML A T SR 2 h
R HA19. 67%+0. 39% , 5 FMME IR 225N,

TR IGAE R R, R AT R I A T
PR X 2 [C PP TR (43 08 0 AT A BRI A 5 2E 6L AT
P == OB A T8 ( R IGAT IR SRR R 0 ) 24
AAE P, bR A B 2R T 400 I
/M TR BN 2. 50 mg/ml | X R AT & LA 5
SRS PE, 45 R 2B BT W B2 10. 00 mg/ml
i, IR B AR LM 2. 61 em , 7EAHIR] AR EE (10. 00
mg/ml) ST, AR M Sk e (B PR M B L 4 o (0
RBP4 1.50~1. 60 em, MeAM, T
FISR M B LT e iliE o, A A T3

A
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