X LA

mO e, R, BT, OB R, M I
(BRPOITIE R B bt TR B IR b2t , BRPG Wi 710062)

CATEARCA Bk, SR 6 75 30 Al B vk R BB Bz o (9 BT, 7 PP DRI 20 Al B e v TE A I i 4
Wk T 24 4R FEMUR B R B b P R I B T 240 AR LE 1:30(g/mL) . &I ET ) 50min. &
REAAFR Y B0 45% o RATE A3 06 I I B s i % 2, 926 mTIA H 3.56% . FRMEZ S 3 Wil Bk DPPH H 2%
Fl < OH [ 1Cs0 4331 4y 0.855ug/mL A1 132.18pg/mL; R I o] LLA H AR & s i A0 B A R BRI R By, AL T BHT.
BRI AEABCR s R ERCRE: bisdb

Optimization of Ultrasonic-Assisted Extraction and Antioxidant Activity of Total Flavonoids from
Zanthoxylum bungeanum Maxim Fruit Peel

GAO Ya-ni, TIAN Cheng-rui*, KANG Yu-xin, HAO Guo, ZHOU Rui
(College of Food Engineering and Nutritional Science, Shaanxi Normal University, Xi’an 710062, China)

Abstract: With the aim of developing an ultrasonic-assisted procedure for the extraction of total flavonoids from Zanthoxylum
bungeanum Maxim fruit peel, we performed an orthogonal array design based on one-factor-at-a-time experiments to determine
optimal extraction conditions. A 45% ethanol/water solution was found to be the best solvent for total flavonoids and the optimal
solid-to-solvent ratio was 1:30 (g/mL). An extraction duration of 50 min was found to be optimum. Under these conditions, the
yield of total flavonoids was spectrometrically determined to be 3.56%. The 1Cso values of the obtained extract for scavenging
DPPH and hydroxyl free radicals were 0.855 u g/mL and 132.18 u g/mL, respectively. Moreover, the total flavonoids extracted
from Zanthoxylum bungeanum Maxim fruit peel possessed stronger reducing power than BHT.

Key words : ultrasonic-assisted extraction; Zanthoxylum bungeanum Maxim fruit peel; total flavonoids; orthogonal
array design; antioxidant activity
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Fig.1 Effect of extraction time on extraction rate of total flavonoids
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Fig.2 Effect of extraction temperature on extraction rate of total
flavonoids
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Fig.3 Effect of ultrasonic treatment power on extraction rate of total
flavonoids
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Fig.4 Effect of ethanol concentration on extraction rate of total
flavonoids
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Fig.5 Effect of solid-to-solvent on extraction rate of total flavonoids
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Table 1 Factors and their coded levels for quadratic regression
orthogonal rotary combination design
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Table 2 Quadratic regression orthogonal rotary combination design
protocol and corresponding results
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12 0 1.682 0 2.43
13 0 0 — 1.682 2.74
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Table 3 Analysis of variance for the experimental results of quadratic

7K X FHE(g/mD) Yo BT /min %o LI B 5L 1% regression orthogonal rotary combination design
—1.682 1:17 33 33 ARKIE VIR RN ¥ 75 F1H P {H
-1 1:20 40 40 X1 1.3026 1 1.3026 33.4612 0.0001
0 1:25 50 50 X2 0.0054 1 0.0054 0.139 0.7153
1 1:30 60 60 Xa 0.0444 1 0.0444 1.1417 0.3047
1.682 1:33 67 67 X2 0.0054 1 0.0054 0.1381 0.7162
X2 1.4931 1 1.4931 38.3548 0.0001
Xa? 0.1996 1 0.1996 5.128 0.0413
222 IRTEFERIAL A v R R XiXe 0.0113 1 0.0113 0.289 0.5999
, . XiXs 0.2312 1 0.2312 5.9392 0.0299
| 2 NS W
2221 o Eﬁﬁm}%i‘%ﬁ% ) . . X2Xs 0.0338 1 0.0338 0.8683 0.3684
iR 2 g8 8, # S AL O S5 I 1S R 5 R ElE! 3.3177 9 0.3686 F.=9.46973 0.001
oo BREUIS ). L EEARAR 2 H 3 PR 2 ) B R A AR T 4 0.5061 13 0.0389
Y = 3.28949 + 0.30883X: — 0.01990X: + 0.05705Xs — KL 0.372 5 00744 F=4.4385  0.0141
2 0.1341 8 0.0168
0.01839X:2— 0.30654X22 — 0.11209X3?2 — 0.03750X:1 X2 — S 3.8238 2
0.17000X:Xs — 0.06500X2Xs. H13E 3 T Z= /047 ar%a, |0l
IR R AL R B Fo > Foosem, 25 @3, MIAM 2222 BRERMNH

K5 Fo > Foowoas, Z 5, UEHIE LI e
[l R RE Y . 7F o= 0.10 BEAKFHRA BETS,
LIS IIEETE A : Y = 3.28949 + 0.30883%: — 0.30654%2 —
0.11209X:? — 0.17000X 1 Xz

Hi1E 6 AT, ARk KA, SR IR TR AT
WE AR AR 23 O AE AU I BT 75 19 58 ke 350 e 189 K
Wb S AR B A R L I G R — B T BT
B BlIE—E RN, ARETRGE. HEHHE R

IS4
w



X LA

86iltl=

2012, Vol. 33, No. 18 81

BEAOSK, AE T Z RO PR AR, R I £ )
SRR H 1 R Y

40 ¢
351
3.0
g 25
< 20F =X
EE 150 %
o
10t ?
05}
oo 1 1 1 1
-1682 -1 0 1 1.682

El6 BPIZEMNSH A
Fig.6 Single-factor analysis of the effects of three extraction conditions
on extraction rate of total flavonoids
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Fig.7 Response surface plot showing the interaction effect of solid-to-
solvent ratio and ethanol concentration on extraction rate of total
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Table 4 Frequency distribution of three variables from 30 programs
resulting in > 3.03% extraction rate of total flavonoids

Xt X Xs
BRI g M BE M Bk
— 1682 0 0 2 0.067 8 0.267
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Fig.8 Comparison of scavenging effects of total flavonoids and BHT
at various concentrations on DPPH free radicals
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Fig.9 Comparison of scavenging effects of total flavonoids and BHT
at various concentrations on hydroxyl free radicals
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Fig.10 Comparison of reducing power of total flavonoids and BHT at
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