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Optimization of the Extraction Process for Flavonoids
from Yam Bulbil and Their Antioxidant Activities

MAO Yu LONG Yuan—chun DENG Ze-yuan ZHANG Bing LI Hong-yan'

(' State Key Laboratory of Nanchang University Nanchang 330047 China)

Abstract: On the basis of single factor experiments the influence of ratio of liquid volume of ethanol the power and time of

microwave method on the yield of the flavonoids were studied. The parameters of microwave— exiraction of the flavonoids was

further optimized by the response surface methodology. The antioxidant activity was also studied.The optimal conditions were

material —to—liquid ratio of 30: 1 mL/g ethanol concentration of 40% microwave power of 320 W and irradiation time of 37 s.
The rate of flavonoids was 6.95 mg QE/g DW which was just 0.7% far from the predicted value of 6.90 mg QE/g DW.It was
shown that the model had good regression and high fitting degree which could be used to predict the yield of the flavonoids.The

flavonoids extracted from Yam bulbil showed the same or even greater DPPH ABTS antioxidant activity and ferric reducing

antioxidant power than V.
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1
Table 1

Coded values and factors of response surface

analysis of microwave extraction of flavonoids from Yam bulbil

1
1.1
( Dioscorea opposita) ;
11— —2—
(DPPH) 2 2— - (3- - —6-
) ( ABTS) . N o
722G
; TQ—400Y
; DGG-9140A
; GRBOF20CN2L.—-B8( RO)
1.2
1.2.1 60 C
60 o
1.2.2
10 g
50% 10 mLL o
1.2.3
1.2.3.1
30% ~40% ~50% ~60% ~70% ~80%
30:1 mL/g
400 W 40 s o
1.2.3.2
15:1.20:1.25:1.30:1.35: 1.
40:1 mL/g 70% 400 W
40 s o
1.2.33
320.400.480.560 W
70% 30:1 mL/g 40 s
1.2.34
70% 30: 1 mL/g
400 W 10.20.
30.40 s o
1.2.4 Box —
Behnken
1.
1.2.5
1.2.5.1 0.1 mg/mL
0.5.1.2.2.5.3.4.4.5 mL
5% 0.3 mL
6 min 10% 0.3 mL
6 min 4% 4 mL
10 mL 15 min 510 nm

174

-1 0 1
A (%) 20 40 60
B (mL/g) 20:1 30:1 40:1
C (W) 320 400 480
D (s) 20 30 40
8 o
1.2.5.2 1.0 mL
5%
0.3 mL 1.2.5.1.
1.2.5.3
CxV, xV,
(mg QE/g DW) =TT Wxv
:C
W mg; Vl
mlL; V, mlL; V
ml..
1.2.6
1.2.6.1 10 ¢
o 6.25.12.5.25.50.100 mg
10 mL 0.625.1.25.2.5.5.10 mg/mL
1.2.6.2 DPPH
Brand—Williams W Zimmer AR
DPPH A 96
100 pL DPPH (0.065 mmol /L) 20 pL
30 min
517 nm ( 0.7
) o
DPPH
(%) =( 1—%1) x 100
DAL DPPH
Aj Ac DPPH
o (1Cs)
c (Ve ICy) =V IC, =
0.046 mgemL ™',
1.2.6.3 ABTS
5 mL 7.4 mmol/L ABTS 88 pL
2.6 mmolL./L K,S,0O, 12 h ABTS
- ABTS 80%
734 nm 1.4 96
200 pL ABTS 20 pL
6 min 734 nm B

(%) =(1—%) x 100



CA ABTS
A. Ac
o 1C,, o
V. IC,, =0.067 mg*mL™',

ABTS

1.2.6.4
96 10 pL
300 pL.  ferric—=TPTZ (300 mmol /L
(031 ¢g +1.6 mL +
100 mL. pH3.6) .10 mmol/L TPTZ 40 mmol/L
20 mmol/L FeCl, *6H,0 10:1:1
) 30 min 595 nm
0 V. ( L-ascorbic
acid AAE) pmol AAE/g
( wmol AAE/g DW) .
V. Ly =7.0874X
+0.4718( R* =0.9978) ( X V.
y pmol AAE /g ) o

1.3

mmol /L

+ Design —

Expert 8.0 °

2

2.1
© Y = 4.3489X + 0.0379 R’

=0.9991.

1

Fig.1 Standard curve of rutin

2.2

2.2.1

40% o

40%

40% o

222 3

2

Fig.2 Effect of ethanol concentration on yield of flavonoids

30:1 mL/go
3
Fig.3 Effect of liquid—solid ratio on yield of flavonoids
223
4 °
320 W 4.59 mg QE/g
DW
400 W o 400 W
o 400 W o
4

Fig4 Effect of microwave power on yield of flavonoids

224
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2
Table 2 Experimental design and results of response surface

analysis of microwave—assisted extraction of flavonoids

30 s o
A B ¢ D (mg QE/g DW)
1 -1 -1 0 0 5.48
2 1 -1 0 0 5.16
3 -1 1 0 0 5.33
4 1 1 0 0 6.45
5 0 0 -1 -1 5.45
6 0 0 1 -1 6.69
7 0 0 -1 1 6.95
8 0 0 1 1 425
9 -1 0 0 -1 5.47
5 10 1 0 0 -1 5.64
Fig.5 Effect of microwave treatment time 11 -1 0 0 >.27
12 1 0 0 1 5.86
on extraction capacity of flavonoids 13 0 _1 1 0 6.10
2.3 14 0 1 -1 0 5.66
2.3.1 15 0 -1 1 0 3.77
16 0 1 1 0 6.35
Design — Expert 8.0 Box — 17 -1 0 -1 0 5.65
Benhnken 18 1 0 -1 0 5.38
7 o4 19 -1 0 1 0 4.65
20 1 0 1 0 5.73
$25~27 21 0 -1 0 -1 5.78
. ((mg 2 0 1 0 -1 5.55
QE/g DW) 23 0 -1 0 1 5.01
2, 24 0 1 0 1 6.18
2.3.2 25 0 0 0 0 7.09
Y 26 0 0 0 0 6.82
: 27 0 0 0 0 6.51
Y = 6.81 + 0.20A + 0.35B — 0.31C — 0.090D + 3
0.36AB + 0.34AC + 0.10AD + 0.75BC + 0.35BD - Table 3 Analysis of variance table
0.98CD-0.72A% -0.63B> —0.65C*> —0.47D> 7 >
15.22 14 1.09 1453 <0.0001
s s A 0.47 1 0.47 6.25 0.0279
> o B 1.50 1 1.50 1998  0.0008
3 p <0.0001 C 1.17 1 1.17 1566  0.0019
0.6430 D 0.098 1 0.098 130 02759
o B AB 0.52 1 0.52 6.94  0.0218
c A AC 0.45 1 0.45 6.06  0.0299
D AD 0.044 1 0.044 059 04576
: AD AB. AC BC 227 1 227 30.38 0.0001
BD BGC  CD ; BD 0.49 1 0.49 6.59  0.0246
i CD 3.87 1 3.87 5177  <0.0001
R(dej) =0.8793 > 0.80 A’ 2.78 1 2.78 37.08 <0.0001
(CV)  479% B? 2.10 1 2.10 2801  0.0002
c? 225 1 225 30.12  0.0001
233 6~ 11 ’ D’ 1.16 1 1.16 1552 0.0020
0.90 12 0.075
0.73 10 0.073 0.87  0.6430
0.17 2 0.084
° 16.12 26
6 'R?=0.9442 R, =0.8792 C.V. =4.79% .p <0.01
1 p <0.05 :p>0.05 .
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6

Fig.6 Interaction effect and contour on yield of flavonoids between etnanol concentration and liquid—solidratio

7

Fig.7 Interaction effect and contour on yield of flavonoids between ethanol concentration and microwave power

8

Fig.8 Interaction effect and contour on yield of flavonoids between etnanol concentetnanol and microwavec treatment time

9

Fig.9 Interaction effect and contour on yield of flavonoids between liquid-solidratio and microwave power
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10

Fig.10 Interaction effect and contour on yield of flavonoids between liquid—solidratio and microwave treatment time

11

Fig.11 Interaction effect and contour on yield of flavonoids between microwave treatment time and ultrasonic power

9

10

11
40.11%; :30.07:1 mL/g; 1335 W,

137.63 so
6.90 mg QE/g DW,
234
40% 30: 1 mL/g
320 W 37 s
6.95 mg QE/g

DW 6.90 mg QE/g DW 0.7% -

178

10

246 mg/g $
5.49 mg/g o
38 s o
2.4
2.4.1 DPPH
DPPH IC,,
=0.050 mgemlL ™' V.(0.046 mgemlL™")
DPPH
0.04 mg/mlL 202.52% * .
2.4.2 ABTS
ABTS ICy,
=0.055 mg*mL "' V.(0.067 mgemL™")
ABTS .
2.4.3 Fe’*
Fe'* 9.63 mmol AAE/g
DW( g Vg 5.68 mmol V) 1.70
vV, .
3
> > > °
; 40%
30:1 mL/g 320 W 37 so

6.95 mg QE/g DW.
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Fig.12  Antioxidant test
° DPPH.ABTS.FRAP
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