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65°C A [FI 4R BRI B XoF i B T 4 IR () sy, R 7R T R
Xof 6 B T B BROR EA) B ) - LA 2 B S U 5, A R P 4R U
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Table 1 Factors and levels used in response surface analysis

K% Factor
K A FRBAT ) B R BUR HE C ZEARRS
Level A Extraction time B Extraction temperature ~ C Alcohol concentration
/min /C /%
—1 20 60 50
0 25 65 60
1 30 70 70
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AT AR EAE—E WK T B SRR R E RHE
W2 Wi , ) FH 43 6 0 BE ok TE I T U A I VR TR O
BELRRIOEE X 5 BRI RERE Y(ng/mL)
XKE M,
1.3.2 BEEELEWMNE EEREUNELEE R
BEREEH BIA 25 mL FEMHPEFE WL 1 10 g/mL
TN B W, BT 8 75 I 1 A% P 7S PRI, 18 2R
B A, # I E B S W4 mL F 10 mLA &
FEZS S TE 356 nm MARMOGEE , AR PEARvE i 41158 B IR
ERY &
1.3.3 REEA/ENE DPPH - kK. SR
FLAEEED B ek R AT A 2 mL 12X
10~* mol/L fy DHHP » Tk Z BE¥ W 1 0. 041 6 mg/mL
PRBUR LIRS HCE 30 min, KI—EWRE BB RIAE,
FE 517 nm AR OBEEE R AL R 2 mL BHl 5
2 mL DHHP « RIESI N E W IEEE A »2 mL A R
5 2 mL MBHRIRSMENOEE A3 KER , BUFIE.
L) 0.041 6 mg/mL 44 % C F AR, DHHP » &
%(%):[17(A17A3)/A2:|><1007£t':’:‘9A3:ﬁlﬁl QE’
HIZ S BE R s A, : DPPH « 4% B B IR % BE B Ay - B X
DHHP - fEF/G MW BEME. - OH B HEMTERR: S
H8 SMIRNOFF 25020 i) 75 3 3 333 , LA Fenton & i 7=
A« OH, s JRHE ) fk & H il i Fenton K 7= A4
i « OH R E K BIR ™ & 2,3- R EXHF R, BEX
510 nm b7 FFAE I UK, 38 1 2 K AR 3k -« OH frfs
W=y, Ui E « OH MIERE, 3 IKER,BFH
B, Lh0.041 6 mg/mL 442 C R X R, « OH
B = (A — Ax— Ay )/ Ao X100, Agege = Aoy —
Axx, 2 H Ay A 3 B 37°C K # 15 minfF )
FEEE s Ax FIMA RN K ¥ 15 min J5# G ; Aw h
X HRZH 37°C /K 15 min J5 FIOGEE
L4 BAESr
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M 1 BT LAE H 38 58 S e R , 7€ 356 nm 4k
P T BRI B R R SO0 , 5 6 FF 358 436 LY 3 < 00 2 LA
TRSGEAE.
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Fig. 1 Ultraviolet absorption spectrogram
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Fig. 2 The standard curve of total flavonoids of Kudzu flowers
2.3 BPNRRAR
2.3.1 OR[FEEFIN B HAL B ISR BOR I fiR
2 AT X B T AR B ERAR OCR B U A LA ) O 2 B
HARHART 7. 868 mg/g.
x2 AEBHLAFIHIREBR

Ioie=vid: 4

Concentration/(r

y=0.030 7x+0.000 4
R*=0.999 3

Table 2 Effect of the different organic solvents
AHER %t BE R
Solvent Absorbance Extraction ratio/ (mg + g~ 1)
Z.% Ethanol 1. 256 7. 868
% Methanol 0. 609 5.118
A MBE Petroleum 0.214 1. 088

2.3.2 AR A X R ER BRI hE 3
AT, ZEAR U B T 25 min B, i 35 R 4R R B )
FRI3E T i 2 R 24 N IRL A 25 min B S IR $R X

o wn

TN

e = = b b
o n

PREUR
Extraction ratio/(mg-g™)
G

f=}
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PEBURE) Extraction time/min
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Fig. 3 Effect of ultrasonic treatment time on

extraction ratio of total flavonoids
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Fig. 4 Effect of ultrasonic treatment temperature on
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Fig. 5 Effect of ultrasonic power on

extraction ratio of total flavonoids
2.3.5  CERMREXN S EERBCRIEmE AR 3 AL
RIS TR R B 2 A R B 34 m 2 B S 4
Ja AR R 3 R TR EON 60 YR SR BUR B R . A 4
ZEERFR ST 50 Y0 ~T0 Yo Ve Ay Wi I T 1580 ) 25 2 Y18
x3 ZEARGRSERNHR
Table 3 Effect of the different alcohol concentration on

extraction ratio of total flavonoids

ZEERR IR A Ei 3 S
Ethanol concentration/ % Absorbance A Extraction ratio/(mg * g~ 1)

40 0.239 4.919

60 1.234 9. 818

80 0.778 6. 666

100 0. 336 3.055
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8. 0.5 B SEARFIREAF T MEHE (R OHIT KL
JCRIEELE #4707 20075 s 2R — ik 2515 [m]
A F2 R Y=5.96—0.39A+0.55B—0.89C—0. 12AB—
0. 16AC—0. 10BC—1. 18A2 +-0. 92B —1. 06C* , A3 5 [ F7
ZOHERT A, AT 22 (P=0. 305 0<C0. 05) , i & 7Y
) P BN 0.000 2, BRI, 2 . BAh, R —KIH
(A\B.O),“RII( A* \B.C") WMEREWEREN
(P<<0.05), & B3 (AB,AC.BO) ¥ 45 R & A g 3
(P>0.05),
%* 4 Box-Behnken it A REMBEMELR

Table 4 The design of Box-Behnken and the response values

R = . e .
Esperisnent A ?EHRB‘J‘-IE] B ﬁmiﬂ? CZEEMLGH Y %W$ .
aurmber A Extraction B Extraction C Alcohol Y Extraction ratio
time/ min temperature/ °‘C concentration/ %  /(mg e+ g~1)
1 25 65 60 6. 407
2 30 65 70 2. 235
3 25 65 60 5. 615
4 25 70 50 7. 205
5 25 65 60 5. 825
6 25 60 70 4.638
7 30 65 50 4. 235
8 25 60 50 6. 329
9 25 70 70 5.114
10 20 65 70 3.518
11 30 70 60 6. 053
12 25 65 60 5. 878
13 20 70 60 6. 895
14 30 60 60 4.751
15 20 60 60 5.125
16 25 65 60 6. 084
17 20 65 50 4.892
x5 FESH
TRRW  HEE T Wy Fl PR EE
Source df Sum of squares Mean square F value P value Significance
A Model 9 24.18 2.69 23.07 0.000 2 »
A 1 1.25 1.25 10.69 0.013 7
B 1 2.45 2.45 21.01 0.002 5
C 1 6. 40 6. 40 54.96 0.000 1 *
AB 1 0. 055 0. 055 0.47 0.5150
AC 1 0. 098 0. 098 0.84 0.3896
BC 1 0. 040 0. 040 0.34 0.576 2
A? 1 5. 85 5.85 50.22 0.000 2
B2 1 3.59 3.59 30.79 0.000 9 * %
c 1 4.76 4.76 40. 86 0.000 4
2% Residual 7 0. 82 0.12
RN Lack of fit 3 0.46 0.15 1.69 0.3050
4lii% 2= Pure error 4 0. 36 0. 090

MASE: Cor total 16 24. 99

1 P<0. 000 1 Ak B35, fi“* * 7 Fm; P<0.05 R @3, “* ” &R ; P>0.05
FBEMRBE. TRA.

Notes: ¢ * * express very significant difference (P<C0.000 1); ¢ * ’express very
significant difference (P<C0.05) ; P>>0. 05 expresses not significant difference. The same
below.

2.4.2 [EIFMEAIMGIL AR EI(AB.AC,BO) X4 5#
A 2.2 (P>0. 05) , U1 Bh F sh i 4k 7 1 %o [a] )9 4
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H1L, LI R B2 (P=0.305 0<C0.05), il # P<<
0. 000 1, e BB AU AR, t5 =& 5 T 0 (B 5 S B =2 B) B A &
FE IR e (RE =0. 963 6), {5 M L 22. 896, 7T L) FH H A
U XeF P I vk B TR A e S T R AT 4 A AN B 5 7 B
BEH Y I R AKETE B 4% I R XS R mHE T R 2
FEARFR A4 C> R BURE B>1REUTE A,

2.4.3 man;hEE ST NF AL i e 5 R
F) AC A2 B35 i V45 1o 4 L e iz it T A T 6 A m]
TE— 8 B PR EUR BT, i 7 8 35 T B2 B 3 A2 2 i ]
Je 2 BEVR FE RE A, % B 7E — 8 B[] Y 1R PR e 1 s sk
ZIN, WL B T D FF R R i, R 2 MR R E
JIT T R P 2 RE 7 AR A A A e 7 B, {EL T 4T3,
LRARNRAET KW EZ RTINS,

70.00

C: MRS 4L

Alcohol concentration/%

50.00 -
20.00 22.00 24.00 26.00 28.00 30.00

ASZBURE) Extraction time/min

Alcohol concentration/%

®6 KEIZEIM ABMBC EHMRHLER

Table 6 The optimization results of excluding AB and BC

TRKW  HRE  PHM ¥ Fa P BFH
Source df  Sum of squares Mean square F value P value Significance
K7 Model 7 24.08 3.44 34.03 <C0.000 1
A 1 1.25 1.25 12.31  0.006 6
B 1 2.45 2.45 24.20  0.000 8
c 1 6. 40 6. 40 63.31 <<0.000 1
AC 1 0. 098 0. 098 0.97  0.350 7
A2 1 5.85 5.85 57.85 <<0.000 1
B 1 3.59 3.59 35.46  0.000 2
[ 1 4.76 4.76 47.07 <<0.000 1
52 Residual 9 0.91 0.10
S Lack of fit 5 0. 55 0.11 123 0.4336
42 Pure error 4 0.36 0. 090
BASR Cor total 16 24.99

R,

SRR
Extration ratio of total flavonoids/(mg-g™)

i 60.00 24.00
C:ZRHMEBIY Y 5500 22.00

ASRIRIE]

50.00 20.00 Extraction time/min

Bo6 ZERESREMEZEMMAETMRNENESZEMAELEE

Fig. 6 Response surface plot and contour plot for alternate effect of alcohol concentration and

extraction time on extraction ratio of total flavonoids
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BUAA 42 B 8] 24. 30 min, $2BUR BE 70°C | Z BRIk
55.91% LM, HE B AR EUE 7. 649 mg/g. A
TH— U B R BRI R E T,
255 SERR BRI 8 2 % [R) B, 8 B B R T 2R
S PREAT E] 24. 30 min, 2EUEE 70°C . L EEA R HK
60%0,1E % 2514 T #E47 3 WK B, A 5 T 4R BU R
7. 608 mg/ g, WUk 44 5 5 I B 22 58/, Ui B R 7 A
BB BUS L BB B T A ST,

2.5 AEEPUAE LM E

2.5.1 75Fk DPPH - W B 7 AT 50, G Bx
DPPH - 5877 b4 BOR vk BE A3 i 38 hn , etk w115
FFEHR Y=25.281X—12. 185 (R =0.988 5), 544 % C
W WERR DPPH « BIBE 1A LL , ZEAE RIVR BE T B e 16 B
T2 EOE X DPPH « HVERREE 3R T4 R C .
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Fig. 7 Scavenging activity of extract solution from
Kudzu flowers against DPPH ¢
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ZeMERNFFE R Y=10. 731X—7. 377(R*=0.992 9),
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Fig. 8 Scavenging activity of extract solution from

Kudzu flowers against + OH
3 Hig
A8 Ao B DR 2R 3R, ) R o O T 2 G A P R B 4R
HOR L A B R A BB T2, N T el I AR A,
AR B2 A L. K E LB A R R T B R Y A
AR R B BN ] 24. 30 min JRBUREE 70°C 2. Bfk
FRAIEL 6020, FEML AR T, B B4R LR IX 7. 608 mg/ g,
Wy o7 TR A7 325 BT AR AL 4R B T 278 2% 5 i Y 3R & B BU(E
T0 Fl A 4R 2 doe (AR AR A B X AR
X T A B T e A A 0 D S 5 R R B T &
ATE LR , 7T 25 e AL Y IR & BT R A A 4R 4L B i 4K
. B B AL SIS Y S A A

SE Lk
(1] R4, XEE, 20, BN UR st RLI]. B2 %7, 2005, 23
(12) :2273-2274.
[2] FR=Z,fh3&, PMIE. BN RELT]. P E 24, 2005,36(12):
1905-1906.
[3] W&,z XMEH, 5 BEAREY PR ERS’REHNALE
I E (1], FaACHLI 24,2009, 29(6) : 1259-1263.
(4] ZEubmk, R, 403K, BRE I RG] &8 R¥EER
CARBFERR) ,2006,27(3) :114-116.
(51 ZB3CHE, XUZ. We BE T 4 00 AL S0 e B R B I e p R R T 2%
1], & RAk#,2010,31(8) : 137-142.
(6] ERHF, PR PR BBMAALREPIFF RN T LRI
B SIF & ,2007,28(12) :96-100.
(7] 3805, MR, 55, & 8 R 2 R R 57 5 09 ) S 187 2 41 L i
R B E A, 2008,8(2) : 24-29.
(8] =ER, A RBBOT 540 M. Jbat . B552F H R, 2000.
(9] FEAGRK, T AR TR BB B BE 38 454 i 2 1 % A AR 5 (0. B
R ,2006(5) :56-60.
[10] FLAEEL. B0k A BT 1Y 48 B ol Ak & T AL T P B 9T (D], B R .
TR K 2%,2009.
[11] Ay SChe. e ShHT A0t BE B 58 AR AR B AR = 46 (D, 22N . 1
Al K2, 2007,
[12] SMIRNOFF N,CUMBES Q J. Hydroxyl radical scavenging activity of
compatible solutes [J]. Phytochemistry,1989,28(4) :1057-1060.
[13] &R B, M, HE,%. H0./F h R F REEAT NN ME 5
TRHELT] FE K2R (A RBHERRD 2002, 24(4) :302-305.
[14] &R 3% ik, 22450, 45, PR IFE-F&+ EALERW H0,/Fe2t 7=
AR A B L] Y5 £ Y YRR, 1996, 23(6) :553-555.

— LB
Total Flavonoids Extraction of Kudzu Flowers and Antioxidant Activity

HE Wenbing"? ,LIU Huan!?,XIA Guanghui'’? ,ZHANG Ji*
(1. Research Center of Changbai Mountain Food Engineering, Tonghua Normal University, Tonghua ,Jilin 134000; 2. Department of Pharmaceutics
and Food Science, Tonghua Normal University, Tonghua ,Jilin 134000)

Abstract ; Taking Kudzu flowers as materials,based on one-factor-at-a-time experiments, response surface methodology was
used to optimize the ultrasonic-assisted extraction of total flavonoila from Kudzu flowers wildly growing in Changbai
Mountain. At the same time, the scavenging free radical capacity on ¢ OH and DPPH + with total flavonoids was
evaluated. The results showed that the optimal extraction conditions as follow, extraction time was 24.30 minutes,
extraction temperature was 70°C , ethanol concentration was 60%. Under these conditions,the actual extraction yield of
total flavonoids was 7. 608 mg/g. Extracted total flavonoids had higher scavenging capacity on * OH and DPPH ¢ than a
certain concentration solution of vitamin C. The conclusion showed that flavonoids of Kudzu flowers had a potential which
could be exploid antioxidant.

Keywords : Kudzu flowers;total flavonoids;extraction process;response surface method
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