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Study on the microwave extraction technology of flavonoids
from Exochorda racemosa and the antioxidant evaluation
ZHU Ling-ling,ZHANG Guang-wen " ,YANG Ting-ting, QIU Rui-xia
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Abstract: Response surface methodology ( RSM) was used to optimize the ultrasonic extraction conditions of
lavonoids from Exochorda racemosa based on the Box-Behnken design. The factors of microwave power,time,
solid to liquid ratio, microwave temperature were analyzed and vitro antioxidant activity were measured.The results
showed that microwave power, time and temperature had significant effect on flavonoids yield. The optimum
extraction conditions were as follows :microwave power 357 W, extraction time 63 min, ratio of solid to liquid 1:26 g/mL,
microwave temperature 47 °C.Under the optimized conditions, the yield of flavonoids was 14.59 mg/g, compared
with predictive yield which was 14.67 mg/g,the relative error was 0.5%.The value of ICy, of DPPH-,-OH,and O, -
were 0.52,0.55,1.18 mg/mL.The scavenging effect of DPPH -, - OH was higher than BHT, but lower than V..The
scavenging effcct of O, + were all lower than V. and BHTConclusion: the yield of flavonoids was higher by the
methods of microwave extraction and the flavonoids in Exochorda racemosa had got certain ability to antioxidant
evaluation.

Key words: Exochorda racemosa; microwave extraction; flavonoids; response surface methodology;
Antioxidant activity
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65 CHtT, M PRI, 3 60 H i 5 45 0 5 75 T hn
HEsh P 2SS AW A R T TOOK OB, LR 2
s, IEAH R 40 , TH R 48 , S Ak gh 8 Sy b ali, 1,1
TORFEE-2 - =AH AR PE(DPPH) T —EE(Tris) ,
R = ,2,6— —RUT IEXT Iy (BHT)
LD-Y1000A /=73 J7 BEM (AR AL L ¥ 00 Uiy F 2%
B BRA T MAS— T H Rk W AU e =4}
PR UV-9600 55053606 EE T db st B )
1XES A BR 28 7l EL104 /5 F 43 8 K°F METTLER
TOLEDD A R ; SB-5200 #75 RUBIE BEds  T7IK
B 2L PR Y A
1.2 ZWAHE
1.2.1 MRS EENRI T 2 m R TrRaBsH
B3k i — A AR B ) i 3 dh ik — R S TR R R
122 PTRRAEMLEIIRE KB FREAE 105 °C T4
FAEE AT AR 0.0050 g, Jill 80% W5 fift 8 4%
Z 50 mL, Bl BB R BE Y 0.1 mg/mL (AR E &L %
Wo 530 BGZARE S A MR 2.0 (4.0 .6.0 8.0 ,10.0 mL
BT 5 125 mL F2IET, INBE 540 5% NaNO, %
W1 mL, ¥ 5] & 6 min, 15T & 43 5 10% 19
AL(NO,) 3 1 mL, 35150 E 6 min J& , B0 043
B 4% 1) NaOH 5 10 mL, JENIKE A % 25 mL, 3%
SR 15 min, 5 A 6] 5T 5 R B Y T AR HE TS TR
510 nm &b, LIZEIR/K A A2 bk, Pl e O R, I
x4 i) O TG R S W OIGRE BRRAE R
123 SEEfSEONE BRI 2 mL F 25 mL
ZEIE, IR E0CN 5% NaNO, B 1 mL, #%%)
FRE 6 min, JINEE TR 4340 10% 19 AL(NO,), k1 ml.,
FEAIHL E 6 min, I BT & 43X 4% ) NaOH ¥ W
10 mL, /KBS 25 mL, FR5)HCE 15 min f5, I
EW G ARALN (D), T BRI E o, B HAR
ANZ(2)

A =10.975¢ +0.0037 (1)
B SE =n xc xv/1000M #(2)

A SHWOCEE sn SRR R M Dy Ik} B
(g) s¢ R RABEHR BT iR BE (mg/mL) 5 V Sy i O A4 FH
(mL) ; BB & (mg/g) o
1.24 FRHEZRIIEGE T DIFRBOA T R Lk $E
TR FRICHT [A] B TR 5 A R AT AR 3R S
B ABCE AT SR8 3 YR, B R 5 ) ) S M R P I R R
EOPRiMERENFS I 3 GO
1.2.4.1  FEEREEFIXTHEBCSCR 52 FRIE BY i
R (60 H)10.00 g, #EHAE L 1:25 (g/mL) S F A
ARFLEE S 0:1 (1:0 (1:1 2:3 (1:2 1:4 (A TR L8 . TeK
LEEHRA VT 250 mL BeNffirh, 4F 45 °C ,300 W 1
TR T AT 2B 60 min,
1.2.4.2  fE YR HEBCSCR 52 FREE BY A
AR (60 H)10.00 g, #OEHA L 1:25 (g/mL) I AAAFR
el 1:1 ) 4% T8 L Te/K S BEIR &7 T 250 mL
Beir , T 45 °C, 43 3 4E 100,200 300,400,500 W
FAIARLIRE D12 #1060 min,,
1.2.4.3  FEEATE]XTHEBOCKCR 52 FRELE B9 A
AR (60 H)10.00 g, #OEHA L 1:25 (g/mL) I AAAFR

240 20155 52341

Pk 101 (9 212 2T JE/K Z R A W T 250 mlL
B HR , 7E 45 °C ,300 W B fi o 3R 43 B L 30 ,
40 .50 .60 .70 min,

1.2.4.4 BT PR ECICR OS2 BRI BS A0
K (60 H)10.00 g, f#R}#E kL 1:10,1:15 ,1:20,1:25 |
1:30(g/mL) 53 B In AR FLEL A 1:1 (9 208 2.8 . TG
IKOBERA R T 250 mL BE)f P, 78 45 °C ,300 W
A T3 H2 B 60 min,

1.2.4.5  $& U B2 BUSCR 52 e BRI RS A
B3R (60 H)10.00 g, FHeb g b 1:25 (g/mL) JIT AR FR
oA 1:1 2 BR 41K L JG/K Z BER & 3T 250 mL
B , 43 HI7E 35 .40 45 50 55 °C ,300 W [ Uy
N HEEL 60 min,
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Table 1  Four factors and three levels of
central composite experiment factor level table
EN
AP X, B R X, SR X, RRR L X, SRR
(W) (min)  (gml)  (C)
-1 200 50 1:20 40
0 300 60 1:25 45
400 70 1:30 50

1.2.6  HESH PRSI E YR TT RIS s R
Wi 7 THT 925 A 1) B9 e A R BB 20 R A R ) ) R R
PR HUB A AR IT 28 Sevage 35 (IE T BE: 05 =1:5) JIit
HEE, R 3 W B AB-8 KALRHIE JZHTAE, F)
1 90% 1) £ BB EA TR, WACHE PR I, 2 A 00 35 5t
ORI S A B 91.45% ;5 iE ZE TR AR F 1A A

B ARAG AR o
1.2.6.1 75k DPPH-fE hlE  AEIHEE(0.2.0.4

0.6.0.8.1.0,.1.2 mg/mL) ££ & % #% 2 mL, fill A
0.2 mmol/L. DPPH Z B 2 mL, Jf-LL 2 mL Y JG/K
AR B, DIZRIBOKAE S e, IR T #E %
30 min,517 nm P M WOGIE, DLV, BHT fE24
PHPEZHE . 3 IROPAT SRR BT HIME .

R (% ) = 1= (A=A ) /Ao X 100

TE Ay : FE SR W + DPPH (W SGRE S A, - BE
IR + SR G BE S A, ZEIE K + DPPH - 1
FERE
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(0.2,0.4,0.6,0.8,1.0,1.2 mg/mL) £ % # 2 mL, 4K
whn A 2.0 mL 6 mmol/L Y FeSO, ¥ ¥k, 2.0 mL
6 mmol/L ) H,0, ¥, ¥ 2], X % 10 min, i A
2.0 mL 6 mmol/L. 17K 1512 & B ¥ WK, ¥ 5, I L
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1.2.7 G348 FH Microsoft office Excel A2 XF 4%
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Fig.1 Standard cure of rutin
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Fig.2 Effect of solvent on

yield of total flavonoids from Exochorda racemosa
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Fig.3 Effect of microwave power on

yield of total flavonoids from Exochorda racemosa
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Fig4 Effect of time on yield of
total flavonoids from Exochorda racemosa
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i & 6 TTRN, SRR BE IR F 45 °C B, S ETERE 4
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R R BT T3 B A 280 R AR X e /D B 2, H
EITT 0, i BE o i B s 2R iy sz i e 28 . DRI e PR iE
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2.3.1 Box—Behnken S IT45 R MRHs AN FE L
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Fig.6 Effect of temperature on yield of

total flavonoids from Exochorda racemosa

P8R ] Design Expert 8.0.6 #K{F 34T Z I0 1TS54
AT, A5 2 LS B ER PR B (Y) S BAR BRI 298 ik
[\l J5 F2

Y = 14.45200 + 0.23000X, + 0.70083X, -
0.036667X, +0.24083X, + 0.45000X,X, —0.21500X, X,
+ 0.40000X,X, + 0.17750X,X; + 0.16000X,X, -
0.067500X,X, —0.25850X,> — 1.43225X,> — 0.41350X,’
—-0.37475X,”

F =2 3 AT, B4R Y p <0.0001 , 158 BH 2 A Y
Bt =5, RGO I AR 5 4% S 6 DRI 3R =2 ) A T i 35 g 2k
PEARSGE . BIH HeE 2R =0.9677 , 156 BA W [/ (B A8
AT 96.77 % AR T Fr 12 A 3% 19 22 Ak s B RUAE IE &%
R, =0.9353 , i i A5 1 il 2 Wit 93.53 % Mg 137 {71 Y
AR, PRI 2 ASE B 405 AR BE A, [R) I 2R 4B U
Z (p>0.05) , Wt — 2B [\ 5 2 7T DA Ay H g
RS DRI 2R 5 e AR 2 T8 19 L5 OC &R, £ BT A
7 U5 T 2 A 11 B A IO B IR T S g A A g i T —
-GS R
233 mp st Sk 3R 3 24 h AT LR
R T A X, SRERIN [E] X, REBURE X, 1 P Y
/INT 0.0, Td B 3 = A4~ PR 2% X6 2 1R 4 EBC 14 52 i)
ST IS E MR IR - X, > X, > X, o S2H I
XoF A B T HE R Y R R MO W 2, AR I
X, XG0T X7 e R B A LA At S S

EH 2 3 AN, JUT Bk PR 23 X i 8 {8 52 Wl 5 55 YT
S PREBUNTE] > PEIBOREE > S D13 > BHIREL 5 T80
DA 5 PRI 8] f e 2 3 50B HE O 3 5
PRI BE IR B ) 5 RE R L A0 B ] 5 IR RE ORI
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e SO IR A TAE R AN B 3
2$2  Box—Behnken SZH5 1 fr 45

Table 2 Experiment design and

results of Box—Behnken

g X, X x, o x,  SHEERE
(me/e)
1 1 1 0 0 13.73
2 1 0 0 1 14.34
3 -1 0 0 1 13.74
4 0 0 -1 -1 13.43
5 0 1 0 -1 12.73
6 0 0 0 0 14.43
7 0 -1 1 0 11.67
8 0 1 -1 0 13.22
9 -1 0 -1 0 13.19
10 -1 0 1 0 13.35
11 0 0 1 -1 13.61
12 1 0 -1 0 14.31
13 0 0 0 0 14.56
14 0 0 -1 1 14.15
15 0 1 1 0 13.58
16 0 0 0 0 14.43
17 -1 -1 0 0 12.18
18 1 0 1 0 13.61
19 -1 0 0 13.47
20 0 -1 -1 0 12.02
21 0 0 0 0 14.28
22 0 0 1 1 14.06
23 0 -1 0 1 11.91
24 0 0 0 0 14.56
25 1 -1 0 0 12.26
26 0 0 1 13.5
27 -1 0 0 -1 13.41
28 1 0 0 -1 13.85
29 0 -1 0 -1 11.78

Fh U4 U 53T 45 21 1 BY A 25 TR 2516 A ) i AR T
PRECT 254518 ik T %5 357 W, $2HET[E] 62.7 min,
B 1:26 o/mL, FEHUGREE 47 °C , HLS AL H U
A 14.67 mg/ g,

234 FIESCL MR YR ST BRIE O I Tk T 3R
357 W, HRHAHA] 63 min, Rl bL 1:26 g/mL, $ UG
BE AT CHEAT 3 ROPATERE:, BCP-H1E , 15 2 1 RS A L
BRI D 14.59 me/g, 5 FINE R 20T, iU &
PEAY . TS 45 FL U0 IE T AT AR AR A % 1 A e, 158 B g
R T 253 FH 080l $2 B 1 R A B TR 2Pk 5 T2 4%
fE R [ VA 53T FLS AL .

2.4 HBEREMRENEES T

FHE 7 BT LLFE H, B W5 3 0, Ve L RS A
B LA K BHT X7 DPPH - 1474 BRAE 77 S £ M3
Forp Vo Xt DPPH - (%) 5 B 25058 e 49, 11 BY A 39 TR o)
DPPH - (74 BRECR 47 T BHT, 2k BEIAF] 1.2 mg/mL
b, 1B A% 25 R X DPPH - (1935 5k R 15 5194.23% , V.
LK BHT 451k 95.79% ,41.21% ., HE T LLE H,
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Table 3 Analysis of variance( ANOVA ) for regression equation
T KR 5 A A ¥5 FAH p1E e
FEETRY 2.29 14 0.151 2991 <0.0001 e o
X, 0.63 1 0.63 12.55 0.0033 -
X, 5.89 1 0.589 116.49 <0.0001 e o
X, 0.06 1 0.02 0.32 0.5812
X, 0.70 1 0.70 13.76 0.0023 -
X, X, 8.100E-003 1 8.100E-003 0.16 0.6951
X, X, 0.18 1 0.18 3.65 0.0766
X, X, 6.400E-003 1 6.40E-003 0.13 0.7274
X, X, 0.13 1 0.13 2.49 0.1368
X,X, 0.10 1 0.10 2.02 0.1767
X,X, 0.018 1 0.018 0.36 0.5580
X,” 0.43 1 0.43 8.57 0.0110 *
X,? 13.31 1 13.31 262.98 <0.0001 e o
X,? 1.11 1 1.11 21.92 0.0004 .
X, 0.91 1 0.91 18.00 0.0008 i
T = 0.071 14 0.051
AL 0.065 10 0.065 4.86 0.0706
Ui 0.0054 4 0.013
RN 2.19 28
R =0.9677 R, =0.9353

W oew ZERWEE p<00]; + 2R EE p<0.05,

=35 % DPPH - (& BREE 71 R/NWUF 2y - Ve > H BS 1
Wil > BHT, B3 4 7] LA H S 8 8 X DPPH - 11
1C & 0.52 mg/mlL,

100

80

60

iR (%)

40

20 1 1
0.2 0.4 0.6 0.8 1

W JE (mg/mL)
7 %t DPPH (75 BRACR
Fig.7 Scavenging capacity of V.,
total flavonoids, BHT for DPPH -

Fh EI8 W AR H , 1 A AR S S IR 0 552 1 ey S )3
SRR Ny, 5 Ve AR e, BV ER L A2 BHT
HOTH BRSO 22, W 1.2 mg/mL B, =35 i3
B4R 94.07% .85.35% .75.36% , Xf - OH [ 15
BRAE 1 I/ INIUF Sy - Ve > I ESME B > BHT, h 3k 4
] LU R B A 1Cs (B 0.55 mg/mlL,

F 9 BT LLAE HY, 1 A A AL A X I 4 Ak A
FEBY T BR AR I8 e IR T Ve A S BHT, 24 ¥k B2 oy
1.2 mg/mL I, W& B R AL Jy 51.02% , B, Ve LA
BHT B35 ER 3K 95.41% ,89.15% , W UL, £ 8 il %)
A L A I EERITEBRBE DA R . = FE XS AL A
FLIHEBREE 1 K /NIF A2 Ve > BHT > P9 B9 #F 35 Fi .

HER 4 AT LUA Y, S B 4k A i R 16, (B8

1.18 mg/mlL,
100
80
S
¥ 60
&
HT
40
20 1 1 1 1 ]
0.2 0.4 0.6 0.8 1 1.2
e (mg/mL)
K8 xf-OH HYTEERACR
Fig.8 Scavenging capacity of V.,
total flavonoids, BHT for -OH
4 FHSHEE B IR ALEE ) 165, (H
Table 4 ICy, values of total flavonoids
in Exochorda racemos
KRB 1G5 f
F 5k MW7
(R*) (mg/mL)
DPPH - Y =66.69X =15.08 0.9930 0.52
-OH Y =57.32X +18.33 0.9922 0.55
0, - Y =21.66X =24.39 0.9810 1.18

ZE L RTIR N 1Cs fH WT LLUA H, RS A S 5 IR o)
=R R 2R WS BR BE I AN R G 32 D R 26 fE
BXS E LT BRAE ) S g AT 0 R
B A7 EE SRR TS PE R SR
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Fig9 Scavenging capacity of V.,
total flavonoids,BHT for O, -
3 Hit

T 1o B 22 5286 1 Box— Behnken #1020 & 52 5
LA B i) 57 T 4T Xot Ak 102 e B 4 B E S A 25 R 2 Ak
BRBCT. AT AR, 45 i AR T2 5440 - Tkt
Ty% 357 W, E2EATR] 63 min, 8} H 1:26 g/mL, $2
BURE 47 °C, BTN P2 ECE N 14.59 mg/ g, ITF45%]]
MR 2N R AR B IR Z It R 22
FSETR () [e] U AR Sy B 285, Kb S8 LRI 4

F1 RS M A B T i R =Rl 1 El 2 0 5 55 0 2
DPPH- > -OH > O, -, %} DPPH L) &% OH [ i 3t4G 1R
BT BRI X i A4 B E R Y B BE T I BLAIR
I H, fE—E R Y, 5 = Fp B B3RS BRRUR S
B TR v R B R AR S R

S 3 Hk
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