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Abstract: To optimize the extraction conditions of flavonoids from Lycium ruthenicum by Plackett-Burnman combined
with response surface methodology and evaluate its antioxidant activity. The factors with significant influence and response
surface center were determined by investigating the effects of five factors on extraction rate based on Plackett-Burnman
design test and the steepest ascent serach experiment. Meanwhile, the extraction technology was optimized by Box-
Behnken response surface methodology. The antioxidant activity of flavonoids from Lycium ruthenicum Murr. was
evaluated by using FRAP, ABTS and DPPH, which was then compared with that of ascorbic acid in parallel. Results
indicated that the optimized process conditions were as follows: Ethanol volume fraction 51%, liquid to solid ratio 30:1,
extraction temperature 62 °C, extraction time 42 min, ultrasonic power 240 W, the extraction rate was up to 42.0974
mg/g(raw material) and the RSD with the theoretical value was 3.24%. The antioxidant activity tests revealed that the ferric
reducing capacity of flavonoids from Lycium ruthenicum Murr. was stronger than that of ascorbic acid, the IC;,0f ABTS
and DPPH radical scavenging activities of Lycium ruthenicum Murr. flavonoids were 0.0252 and 0.0272 mg/mL,
respectively, which were higher than those of ascorbic acid, and the antioxidant activity of flavonoids followed a dose-
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dependent manner at all the tested concentrations. This study would provide a theoretical basis for the further development

of Lycium ruthenicum Murr. resources and the extension its industrial production chain.
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Table 1 Parameters and fixed level of each factor in single
factor experiments

HZ ISR [ 2 K
LTERBU (%) 40, 50, 60. 70, 80, 90 50
HEHUFE] (min) 30, 40, 50, 60, 70 40
FRBUREE(C) 40. 50, 60, 70, 80, 90 70
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Table 2 Factors and levels tested in PB design

75 (SES AR (-1) R (+1)
A LBHRBU (%) 50 75
B PRI 8] (min) 25 40
C FEEURE(C) 45 70
D Wk (mL/g) 20:1 30:1
E B IR (W) 160 240
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Table 3 Factors and levels in response surface design
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Table 4 PB experimental design and results

S A B C D E TFC(mg/g)
1 +1 +1 -1 +1 -1 27.22
2 +1 +1 -1 +1 +1 27.61
3 +1 +1 +1 -1 +1 31.17
4 -1 +1 +1 +1 -1 36.35
5 -1 -1 -1 -1 -1 34.94
6 -1 -1 +1 +1 +1 41.27
7 -1 +1 -1 -1 -1 27.63
8 -1 +1 +1 -1 +1 34.87
9 -1 -1 -1 +1 +1 3534
10 +1 -1 +1 -1 -1 36.66
11 +1 -1 +1 +1 -1 36.51
12 +1 -1 -1 ! +1 32.66
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Fig.1 Results of single factor experiment
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Table 5 Variance analysis results of PB design
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Table 6 Positive and negative effects and significance

of each factor
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Table 7 Experimental design and result in steepest ascent method
LG ZEHATIM (%) R (C) PRI 8] (min) WEHE (mL/g) R (W) TFC(mg/g)
1 70 45 60 30:1 240 34.46
2 65 50 55 30:1 240 35.63
3 60 55 50 30:1 240 36.60
4 55 60 45 30:1 240 38.57
5 50 65 40 30:1 240 40.38
6 45 70 35 30:1 240 38.01
7 40 75 30 30:1 240 36.28
%8 Box-Behnken I K 4% P s S PR RS B B ASGT LU A 3, 1538 e A B 4t
Table 8 Experimental design and results in Box-Behnken H R AMIAT B IR 1 e A T 228 . LB ABU 2L
o, FHEEYVE RE L BT Yk .
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) 0 0 o 301 210 3785 HFTTIR 240 W, I T = IRESTIESC 5, S FRIBCR
2 +1 0 -1 30:1 240 37.62 R 42.0974 mg/g, 5B AIFHSTERERZE A 3.24%,
3 -l 0 3001 240 38.61 Ui ARIZ I AR I 5 | o T 25454 o
4 +1 +1 30:1 240 37.61
5 1 -1 3011 240 39.02 T -
6 -1 +1 0 30:1 240 37.32 =
7 0 0 0 30:1 240 41.11 éﬁ
8 -1 0 -1 30:1 240 38.09 S
9 -1 - 0 30:1 240 38.82 =
10 0 0 3001 240 4131
. 107" T4 T 10
11 -1 -1 30:1 240 37.62 0 Yy 0
. 1.0-1.0
12 AR 0 30:1 240 38.73 B: R HGRE A: LA
13 0 -1 +1 30:1 240 39.99
14 +1 0 +1 30:1 240 38.51 42_______..------' Ty
15 0 0 30:1 240 40.85 o 41 ' [
16 0 0 30:1 240 41.05 2 ‘3‘8‘_
17 0 0 30:1 240 40.56 g 38
& 37!
%9 Box-Behnken S50 0 22 b7 100 05 10
. R B =0
Table9 ANOVA results of Box-Behnken design 0 0.5 57 505
- : - — C: I ] A LR
JEKIE VPR EE By P8 Pl B "~
iy 31.39 9 349 5050  <0.0001 e .
A 0.24 1 024 350  0.1037 _
B 0.70 1 070  10.08  0.0156 * é.ﬁ
C 0.32 1 032 469  0.0670 £
AB 0.66 1 066 950  0.0178 * é i
AC 0.32 1 032 462  0.0686 pos ' | o
BC 3.57 1 3.57 5172 00002 x o upmm— 0.5
A 1043 11043 15109 <0.0001  *** IR =T na .
B 448 1 448 6490  <0.0001  ** C: HEHKI ] B: HEHUL L
c 8.07 1 807 11682 <0.0001  *** B2 ma R 3D &
Hs 0.48 7 0.069 Fig.2 Response surface 3D graph
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Wk 032 4 0081 2.2 ERWCEIIRE WS
M2 31.87 16 \ 7
) L 2.2.1 FRAP ®JRJ;  EEl 3 ATH0, BEE B R A AL
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R*pred=0.9040

ERNES A SV P A A R VA RTET R R BRI P S R D
R, 15d T e s B N S5 6 3ok B Wi 7 T 0 AR
S TP e H A I Z KB I 2 1 B PR IBCR A T
AN, AR A i PR BT 2R RS B
2.1.5 BRI LIGIE AT R, AR

B ity S HC A I PR A B 1 O, WO\ RE ST O, 156 1]
Ha U ¥g 5, - H RS S BRI A0 i4 5 g 5 TR
MLPR, S5 ZEHEAFN™ FiaE oY SR A AC I 8 s i ) 52
B2t RIEA—Z, (HIS G R /)N, FTRE T 2R
FIFC B RS AN [R] s ) AR 4 FIAR AN [RI B AL T 22
B 22 55, Ry A0 SRR A B A R i 3G
P



42 5 184 LA, % Plackett-Burnman BRE N DAL SR SBRIR T2 MU ERT S - 223 -
12r LAY R BE SR T I LG 2K R AR HIRGE Y

0.8

WO

04r

—— M BT
—— IR IM AR
OO 0.05 0.10 0.15 0.20
W (mg/mL)
K3 SRR SR B TR L BR A3 i g
Fig.3 Reducing power of Lycium ruthenicum Murr.
polyphenols and ascorbic acid
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Fig.5 DPPH: scavenging force of Lycium ruthenicum Murr.
polyphenols and ascorbic acid
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