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Optimization by Response Surface Methodology of Ultrasound-Assisted Extraction and Antioxidant Activities of
Polysaccharides from Glechoma longituba (Nakai) Kupr.
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Abstract: In this study, we optimized the ultrasound-assisted extraction of polysaccharides from the dried aboveground
part of Glechoma longituba (Nakai) Kupr. by response surface methodology (RSM) based on central composite design
and measured the antioxidant activities of the extracted polysaccharides using 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical scavenging, 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid radical (ABTS") scavenging, Fe™* chelating
activity, ferric reducing antioxidant power (FRAP), and N,N-dimethyl-p-phenylenediamine radical scavenging methods.
The optimal extraction conditions were obtained as follows: pH, 7.2; liquid-to-solid ratio, 32:1 (mL/g); ultrasonic power,
270 W; and ultrasonic time, 8 min. Under these conditions, the yield of polysaccharides was 4.95%-5.12%. The extracted
polysaccharides exhibited powerful antioxidant activities. The DPPH radicals and ABTS - scavenging activities, Fe’"
chelating activity, FRAP value and DMPD radical scavenging capacity were (0.51 + 0.04) pmol Trolox equivalent
(TE)/mg, (0.69 + 0.04) pmol TE/mg, (0.51 + 0.29) umol EDTA-2Na equivalent (EE)/mg, (3.45 + 0.03) pmol TE/mg and
(0.17 £ 0.01) pmol TE/mg, respectively.

Key words: Glechoma longituba (Nakai) Kupr.; polysaccharides; ultrasound-assisted extraction;
response surface methodology; antioxidant activity
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Table1l Coded levels for factors used in central composite design
K e
ApH B (mL/g)  CHEEFS /W DS []/min

-2 6.0 20:1 200 6
—1 6.5 25:1 225 7

0 7.0 30:1 250 8

1 7.5 35:1 275 9

2 8.0 40:1 300 10
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LB R AE N AsAR,  HiI4E i Trolox X DPPH H H1 &%
RE AT E i 28 . T8 2 Wi ) DPPH H 25 bR Ak 71 H
B U Fhpmol Trolox 4 & E 7~ (umol Trolox/mg) -
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Fig.1  Results of single factor experiments



16 2016, Vol.37, No.04 Rtz

XL EEA

MR HUR pHAR AR, 4R 5 2 B (R R IR LI
b SRR pHAEIZ S 1 N, $RECR B3 FF, MpH{ER
FN7.00, SRR R E, B S pHAE R4 = A 0 e
ZHERIREE, KA FE (B1A) o WELEEEEE
WA R 2 BRI, i L /Ny, 3 R ] LT
DASRBOESR T Z B4 I, i A LhiA$)30: 1 (mL/g)
i, ZHRIEAFREEN (BB . HEICT A
H, U IR 250 W, ZPEIREUCR fm, KT
F250 W, FRECRBEHT R, BB RNEK, &
BREZRERICR 23 BT, b HER AL 8 min/5,
RECEBINAHEZ (K1D) . Frbl, f#EpH 6~8. Wil#H
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Table2 Central composite design with experimental values of
polysaccharide yield
K5 ApH BEILL  CEEFIThZE DS [E] YZREREEE%
1 —1 —1 —1 —1 3.16£0.18
2 1 —1 —1 —1 2.534+0.09
3 —1 1 —1 —1 3.054+0.12
4 1 1 —1 —1 2.47£0.06
5 —1 —1 1 —1 3.14£0.07
6 1 —1 1 —1 3.5540.11
7 —1 1 1 —1 4.0240.15
8 1 1 1 —1 4.38£0.09
9 —1 —1 —1 1 2.7940.05
10 1 —1 —1 1 2.6110.08
11 —1 1 —1 1 2.69+0.10
12 1 1 —1 1 2.67£0.13
13 —1 —1 1 1 2.04+0.11
14 1 —1 1 1 2.5610.05
15 —1 1 1 1 3.2440.12
16 1 1 1 1 4.11£0.21
17 -2 0 0 0 3.5940.19
18 2 0 0 0 4.45+0.18
19 0 -2 0 0 2.26%0.11
20 0 2 0 0 3.17£0.08
21 0 0 —2 0 2.7940.06
22 0 0 2 0 4.02£0.18
23 0 0 0 -2 3.8840.09
24 0 0 0 2 2.53£0.05
25 0 0 0 0 4.82+0.22
26 0 0 0 0 4.67£0.17
27 0 0 0 0 4.95+0.15
28 0 0 0 0 4.72£0.08
29 0 0 0 0 5.05+0.14
30 0 0 0 0 4.96+0.09

FOE SRS R WFR2 R, ST Design-
Expert 8.0 #Hr, @ 7 W Yoo Wk mE 52
Y=4.86+0.104+0.25B+0.31C—0.26D+0.034B+

0.224C+0.104D+0.29BC+0.07BD—0.17CD—0.264°—
0.58B°—0.41C*—0.46D°,

£3 PLEARRBRERFEMNE
Analysis of variance (ANOVA) of the results of central
composite design
SRR TR HEE By Fi§ Pl ZERE
ieit) 24.43 14 1.74 3192 <0.0001
ApH 0.25 0.25 465 00477 &
Bifg [ Lt 1.54 1.54 28.09 <0.0001  #*
CHEFE I3 2.36 2.36 4323 <0.0001  #*
Dt & i (7] 1.65 1.65 30.16  <0.0001

Table 3

1
1
1
1
AB 0.016 1 0016 030 05935
AC 0.80 1 0.80 1457 0.0017 sk
AD 0.17 1 0.17 3.04 01018
BC 1.36 1 136 2494  0.0002 o
BD 0.086 1 0.086 1.57 02300
CD 0.45 1 0.45 827 00115 &
A 1.80 1 1.80  32.87 <0.0001  **
B 9.30 1 930  170.09 <0.0001
c 4.60 1 4.60 8423 <0.0001
D? 5.80 1 580  106.04 <0.0001  **
Bk 7 0.82 15 0.055
ES 0.71 10 0.071 3.18  0.1070 AREE
17 0.11 5 0.022
syl 25.25 29

s ZRRRE (P<00D) ; «ZFEZE (P<0.05) .

AR P E R BRN0.967 5, KRIEJG thE 23
RiN0.937 20 @I KRS AT Oy 2 00T, 45 R8T
Fah, ZBAREE (P<0.0001) , KPR EE
(P>0.1) , UiBAREIENABEA BRAR 4F oL & 52 FR . AB.
ADRIBDIUA TR (P>0.05) , 513 T AR
MBR. Ft, FEARIRAN: Y=4.8610.104+0.25B+
0.31C—0.26D+0.224C+0.29BC—0.17CD—0.264>—
0.588°—0.41C*—0.46D",

2222  BIFSREG SR

R EE RS, H4=0.47. B=0.39.
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N 1A]7.68 minf}, R 2 IR & s, 185.09%.
NTHAETE, B T N: pH 7.2, WIEEL
32:1 (mL/g) . HEADA270 W, & 75 K [4]8 min.
FXRACH T #4750, 153 2 80 1R IR
4.95%~5.12% 2 8], ULHIZ T2 A e v 5E, X AEr= sk
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AR G R KBER PR E 2R T2, 1§
BT Z O 8pH 7.2 WIEHE33:1 (mL/g)  $EHUE
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Fig.2 Interactive effects of extraction parameters on the

yield of polysaccharides
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2pH 7.0~7.5. B IIF260~280 Wi, £ HEHEHR A
m (E2a) , MpHEMEFIhEM LIRS G, SRR
R R XATRER R pHEAE BN, B2 &
PR, ZREBAGEL: WpHEEE, AR
N, ZREE IR, 8 RIS R SR £ B 1 4
H, BIEEECR G R EEA, #0088
SAERy, RIMEA K. WE2biiw, 4pH 7.2, #
FEITA]7.68 minff, 22 W H H 5 b A4 R ] LG FRE 7 T oK
P BT 2SRRI, WE L3201 (mL/g) « BBEIhER
260~280 Wi, AR|&H KA, BG40 — 2 1)
A . anE2cHaN, pHAE A E L4 Hl A 7.2
32:1 (mL/g) B, A DpZ AR KPR B2
PEPEECR SR PEm, BHEHRIRE LA RS, 4l

2.3.1 DPPHH H#:iHERRRE

Trolox7£2.5~80 umol/LiK 5 # W 5DPPH A H
FEWEBR R & 7 Ny=0.002 9x—0.016 4, RE R
R*}0.954 5, 45 K& ¥ £ BEDPPH H 25 bk
RN PR ELRTEZ HDPPHH B ERRAE TN
(0.51%0.04) pmol Trolox/mg.

DPPH [ £ 5:38 Bk B8 702 8 F 1444 P A0 v M Fie
by, ZHEBETEFRDPPH H M2 & R A e TR s (i 7.
Thetsrimuangs:™' )\ ELT# Lentinus polychrous Lév.[{TH 22
ey BTEEF IR, TR SRR T 28, JRERT
3 Bt Z W& DPPH H BB BRAE /T, KL B 224K 2 B (1)
TEFRAE S 5R, 1£0.131 pmol Trolox/mg. P, #EERHE
Z PEIYDPPH H 2475 B Re /18 251 T Lentinus polychrous
Lév. M2k Z 0, XA R ERE L Mt ftE £
[ 7% BRDPPH [ FH 2%
232  ABTS /&5 6E

Y Trolox K JE1E1.25~40 pmol/Lii [ N 5ABTS e
BRI TR Ny =0.008 9x+0.031 2, #iE RER
40972 3, KIS HEER T ZFEABTS "ol RN I
WEIE TR, BREREZEABTS «ERAE AN
(0.6940.04) pmol Trolox/mg.

Mateos-AparicioZE™ & X 110.05 mol/L NaOH.
1 mol/L KOHF14 mol/L KOH A M B ) 2. BE R 5
PR3 F 2 H50.05SMSF (0.05 mol/L NaOH & -
0.05 mol/L NaOHH[ &M ZHE) « IMSF (1 mol/L KOH
W 1 mol/L KOHW ¥ EZHE) + 4MSF (4 mol/L
KOH W+ 4 mol/L KOHA[ V&L HE) , XTABTS i
BRAE ST BEAT MY, 3 R 2 REIIABTS "l Bk it 1140 5N
(0.07840.005) . (0.06840.007) . (0.06340.004)
umol Trolox/mg, Hi A KIEEL B LB ABTS "o B it
HRT GBI L. B TiERABTS e J 31
MR, P DA B 5 2 Bl 0K S R AR B 2 e R de it
HEZIHT.
233 FBEN

- TIRETGEN (7.8, 15.6. 31.3. 62.5. 125,
250 umol/L) , EDTA [IFe*" B4 /1 5K i B4 1tk %
% (y=0.003 7x+0.073 6, R*40.9379) , izt
T REE R AR 2 Fe T B A 1N (0.51£0.29)
pmol EDTA/mg.
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— RS R INFe’ . Cu'. PbYT. CoTAEREARAEE
PE4L (reactive oxygen species, ROS) 74z, HrfiFe®”
e ECGRIE AT, B8 S BUIR B A A P AR
JEME R RE S Fe” B 562 nm ik K A A7 WIS (i Fe® ' -
FEMIEEEY, UMAPUEAA A G, % WO6
559, JEAE—EE N RLIER AR, TR BRAE S
FeH’E&ﬁﬁ[ZG]o

Jiang ChangxingZ " [ 7 W, R FH i 75 4l B 2
IR (Ficus microcarpa) <A L HETE3.6 mg/mL
i, Fe’ A #ik81.3% . YuanZs ™ Sk rh$R L 7R 5
% ¥ (mulberry leaves polysaccharides, MLP) , Ff¥
MLP#EAT 73 B 2iidl, 159 2P Fh 261 2 $EMLP-3afIMLP-
3b, XFX3 FhZHEMF B AT T IE, R4 R
WIE N4.0 mg/mLit, EATH Fe® #4551 892.96%-
51.33%. 87.76% .

KT LR AR NI E A6 RS EER, (HHH
FOEUE LN FE T & A B A B B an B2 [F]: —OH.
—SH. —COOH. —PO;H,,» C=0. —NR,. —S—#lI
—O0—, FHRETENONRE, MeAGEREARIY,
XM B A R LB AR X — 5B DR, S
LA FS T LR Oy B R iR Thaell, H
BARRIE A R ELE T 3 — 2D 9T
234 FRAP{H

PUEA T - =t =0V B: (Fe' -TPTZ) E&Y
R I TR (Fe*™) , B AAES593 nm
WAL, OGRS, U TR

Trolox £ — &M EVEHI A (5~160 pmol/L) , FRAP
ESHIRERIEL, 2t Ay=0.001 4x+0.004 5,
YoE ZRERH0.997 9. HILL, MTHIEERE ZHEMIFRAP N
(3.4540.03) pmol Trolox/mg.

ZHEREPH IEFe B4k AFe™ ™, Horf—AN R B2 AR
Her, HAEEERA KEES—O0H" . Gémez-
OrdéfiezZ R UCK A /K #40K. 0.1 mol/L HCIZ A
2 mol/L KOHFRHEH, M & LB Mastocarpus stellatus
RS EI4 B2, M4 P2 HEFRAPE, 15351
ARSI 5y, 90.045 pmol Trolox/mg. FrbA, %
BR B V8 JE P T e 0 B TR 4L Mastocarpus
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