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1 em? 60 C
( 6 ) .
1.3.2

o

(5 pm 100 A 4.6 mm x

* -Thermo Fisher

250 mm) 30 C V(1% ):V( ) =68:
32 1.0 mL/min 20.0 pL
283 nm o
Iy =23.73x +9.017 2( ¥
x R =0.997 7).,
1.3.3
(GA) HE
Folin— GA
. GA 1y =0.103 9x +
0.002 9( y 760 nm x
R*=0.999 5).
1.3.4
1.3.4.1
lg
(0.20% - 40%  60% - 80~ 100% ) -
(200.300.400.500.600.700 W) - (1.2.4.
6.8 min) (1:10.1:20.1:30.1:40.1:50(g:
mL) o 1g
30 min 1:30(g: mL) .
1.3.4.2
N A.B.C 3
-1.0.1 3 o
Design Expert3 3 Box-Behnken Design
(BBD)
o 1.

Table 1 Coded values and corresponding actual
values of the optimization parameters used in

response surface analysis

A( B( )/ c( )
)/ % W (gt mL)
-1 50 500 1:20
0 60 600 1:30
1 70 700 1:40

268 | 2017 Vol. 43 No. 3 (Total 351)

1.3.5
1.3.5.1 FRAP *
: 0.05 g Trolox
25 mL o 0.1
mg/mL 0.50.80.100.150,
200 pL Trolox 4.9 mL
FRAP 10 min 593 nm
Ty =0.023 5x +0.004 ( y
593 nm x
Trolox R =0.998 6) .
0. 1 mL 4.9 ml. FRAP
10 min
593 nm
Trolox o
1.3.5.2 DPPH %
: Trolox 4 mL
DPPH 517 nm
Trolox o y =
2.934x -0.367( y  DPPH x
Trolox R* = 0.999 1).
1100 pL 4 mL. DPPH
10 min 517 nm
Trolox o
1.3.5.3 ABTS *
140 mmol /L
7 mmol /L. ABTS
440 nL.  ABTS 25 mL 12 ~16 h
ABTS (0.7 =
0.002) 0.05 g Trolox
25ml. o Trolox
3.9 mL ABTS” 734 nm
o 2y =0.038 5x +0.002 3( y
ABTS " - x
Trolox R* =0.999 1).
3.95 mL ABTS” 50 pL
10 min 734 nm
Trolox o
1.4
3 «
+ 7 o DesignExpert 8.0
(ANOVA) SPSS 20.0.0
Duncan 0.05



2
2.1
2. 1.1
1 600 W.
min 1:30(g: mL)
60% 14.28 mg/g
60%
392 ng/g 80%
35 _
;XIAO %
90% o
80%
36 -38
60% o
~ 18.001 1400.00
og =
£ 15.00¢ 1. 1=
. 360.00 £
s 132000 b0
£ v00r -
- 1280.00 @
gg 6.00r éﬁ
3.00k —a— T —a— S 1240.00 =
B o bgp00
CK 0 20 40 60 80 100
LEEERS B %
1
Fig. 1  Effect of ethanol concentration on the yield
of naringin and total phenolics from Shatian pomelo
white white layer.
2.1.2

(P <0.05).

Tk ThR W

CK 200 300 400 500 600 700

Fig. 2 Effect of microvave power on the yield of

naringin and total phenolics from Shatian pomelo white

white layer.
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Fig. 3  Effect of microvave treatment time on the yield of

naringin and total phenolics from Shatian pomelo white layer.

e 14.00p —a— R —e— S 7450.00
£ 1320} 42000
[
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4
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e
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it st ) /min
3

3
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600 W 2 min
© 1:40(g: mL)
3
;XIAO
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&
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% 11.80 340.00
i | —a ity —m—iamy
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4

Fig. 4 Effect of solid-to-solvent ratio on the yield of naringin

270

BB [ug(GA) - g7 HER ]
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and total phenolics from Shatian pomelo white layer.
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1:30(g: mL) -
2.2
(4). (B).

Y=15.19 -0.594 - 0.44B - 0.59C +0.314B -
0.21AC -0.3BC -0.294” - 1. 52B” -0.22C*

0.01
=0.928 1
P>0.05
4
AC B
BZ
2

Table 2 Experimental design and results for response

surface analysis

3, P<

R2

A B

(mg-g™!
1 -1 -1 0 14.55
2 1 -1 0 12.48
3 -1 1 0 13. 66
4 1 1 0 12. 82
5 -1 0 -1 15.32
6 1 0 -1 14. 85
7 -1 0 1 14.93
8 1 0 1 13.62
9 0 -1 -1 14. 67
10 0 1 -1 13.77
11 0 -1 1 13.73
12 0 1 1 11. 64
13 0 0 0 15.25
14 0 0 0 14.98
15 0 0 0 14. 88
16 0 0 0 15.28
17 0 0 0 15. 55




3
Table 3 Analysis of variance for the developed

regression mod

F P
18.70 9 2.08 10. 04 0. 003
1.45 7 0.21
1.17 3 0.39 5.53 0. 066
0.28 4 0. 070
20. 15 16
4

Table 4 Regression coefficients and statistical

significant in the developed regression model

F P
A(
) 15.12 1 2.75 0.16 13.29 0.0082 * *
B(

) -0.59 1 1.57 0.16 7.57 0.0284 *
Cc( ) -0.44 1 2.75 0.16 13.29 0.0082 * *%
AB -0.59 1 0.38 0.23 1.83 0.218 4
AC 0.31 1 0.18 0.23 0.85 0.3865
BC -0.21 1 0.35 0.23 1.71 0.2321
A? -0.30 1 0.36  0.22 1.73 0.2299
B? -0.26 1 9.72  0.22 46.96 0.0002 * *
c? -1.49 1 0.20 0.22 0.95 0.3612

s (P <0.05); * *. (P<0.01).
o 5A
(P <0.05)
; 5B
; 5C
o Design — Expert 8.0
51.91% . 586.75 W, 1:20(g: mL)
3 15.685 7 mg/g.
52% e-

Mk H 8 g« g)

MEHEE (mg - g HEf)

7
~ 30 © 50\)
20 ‘f(\w"\)()

W &= g - ¢ KN

Fig. 5 Effect of response surface on: (A) microwave
power level and ethanol concentration; (B) microwave power
level and solid<+o—solvent ratio; (C) ethanol concentration
and solid-to-solvent ratioon naringin yield from Shatian

pomelo white layer

( : : 1:30(g mL) ; 60% ;
600 W)
587 W 1:20(g: mL)
3 15.581 6 mg/g.
2.3
2.3.1
6
40%  60%
2.3.2
7
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Fig. 6 Effect of ethanol concentration on antioxidant
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Fig. 7 Effect of microwave power on antioxidant

activities of extracts.
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Fig. 8 Effect of microwave treatment time on

antioxidant activities of extracts.
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Fig. 9  Effect of solid<4o-solvent ratio on antioxidant
activities of extracts.
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Fig. 10 Correlation between the antioxidant

activities and phenolic content
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Effect of microwave-assisted extraction on the yield of naringin and
antioxidant activities of extracts from Shatian pomelo white layer

LI Nan-nan MA Ya-gin' LI Shen ZHANG Zhen

(Citrus Research Institute Southwest University Chongqing 400712 China)

ABSTRACT Microwave-assisted extraction of naringin from Shatian pomelo white layer using was optimized by re-
sponse surface methodology(RSM. The antioxidant activity of extracts were analyzed in vitro. On the basis of the sin—
glefactor experiment results use extracting volume ratio microwave power and solid-to-solvent ratio as the indexes
based on central composite experimental design of the Box-Behnken a second order quadratic equation for extraction
of naringin was established. The optimal extraction conditions for naringiin from Shatian pomelo white layer were: ex—
traction solvent 52% aqueous ethanol; microwave power 587 W; soliddiquid ratio 1: 20 (g: mL). Furthermore the
result indicated that appropriate microwave treatment can significantly influence antioxidant activities of extracts ac—
cording to the results from DPPH FRAP and ABTS.

Key words Shatian pomelo white layer; naringin; microwave extraction; antioxidant activities
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