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Abstract. This text was mainly studied the response surface optimization of ultrasonic assisted extraction of
flavonoids from Brucea javanica. The optimum extraction process conditions were obtained by color reaction to
prove the presence of flavonoids and by response surface simulation and quantification, the optimum condition was:
ethanol concentration was 90%, the ratio of liquid to solid was 10:1, and the extraction time was 2h, the total

extraction rate was the largest, up to about 1.43%.

1 INTRODUCTION

Brucea javanica is the mature seed of Brucea
javanica (Simaroubaceae), also known as Hazelnut,
Sophora flavescens and so on. It is mainly in China's
Guangdong and Guangxi provinces, and is rich in
resources. The main chemical constituents from Brucea
javanica are bitter lignans, flavonoids, triterpenoids and
alkaloids. These ingredients are great of using in the field
of medicine and human health. Many researchers have
studied the chemical constituents of Brucea Javanical'#,
With the continuous development of plant extraction
technology, various chemical components in Brucea

Javanica are extracted by people for scientific researchl-7,

Especially, the anti-cancer effect of Brucea javanica oil
has been paid more attention®'3], and the anti-cancer

effect of Brucea javanica oil has been extensively studied.

It is reported that flavonoids have anti-inflammatory and
analgesic effects. In this study, flavonoids were extracted
from Brucea javanica, hoping to provide references for
further processing and utilization of traditional Chinese
medicinel4],

2 MATERIALS AND METHODS

2.1 Materials

Brucea javanica was bought from the local
supermarket. Anhydrous ethanol, sodium nitrite,
aluminum sulfate, sodium hydroxide were bought from
Beijing North Chemical Fine Chemicals Co., Ltd. Rutin,
saffron red, o-phenol, disodium hydrogen phosphate,
sodium dihydrogen phosphate, and sodium dihydrogen
phosphate were bought from National drug group
chemical reagents Co., Ltd. All the reagents were
analytically pure.

a Corresponding author: Haoxiaoliang1980@163.com

2.2 Instruments

Dfy-400 swing high-speed universal mill (Wenling
Linda machinery manufacturing co., LTD); 00000792-1
electronic balance (Zhuji chaoze equalizer equipment co.,
LTD); Kg-250b ultrasonic cleaner (Kunshan ultrasonic
instrument co., LTD); ReactlR 15 type infrared analyzer
(German mettler company); 1100 chromatographic
analyzer (Agilent company).

2.3 Experimental

2.3.1 Extraction procedure of flavonoids

Brucea javanica was smashed with mill grinding, the
powder weight was 1.00 g, a certain volume fraction of
ethanol solution was added, and adjusting the ratio of
liquid to solid, put triangular flask which contained the
extraction sloution into ultrasonic cleaner, set
temperature as 50 °C, set power as 400 W. After
extraction, the extraction liquid was filtered by filter

paper.

2.3.2 Drawing of standard curve of rutin

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).
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Figure 1. Standard curve of rutin.

2.3.3 Calculation of flavonoids content

The flavonoids content C% was calculated

according to the formula (1).
c(e6)=—2*_100%
100x AxW )
X:Content of flavonoids (mg/ml)
V:Extract volume (ml)
A:Sampling volume (ml)
W:Sample weight(g)

2.3.4 Color analysis identification

The above extracted liquid of Brucea javanica was
taken as sample, and color analysis was carried out by
UV lamp irradiation, ammonia reaction, and sodium
hydroxide reaction.

3 RESULTS AND DISSCUSSION
3.1 Single factor experiment

3.1.1 Effect of ratio of liquid to solid on the extraction
effect of flavonoids
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Figure 2. Effect of ratio of liquid to solid on the extraction
effect of flavonoids.

As shown in Figure 2, with the increase of ratio of
liquid to solid, flavonoids extraction rate in Brucea
javanica was first increased and then showed a gentle
trend. When the ratio of liquid to solid was too low, the
sample could not be completely immersed in the solvent,
the extraction was incomplete, and the extraction rate was
low. When the ratio was higher than 20:1, the curve
showed a gentle trend, indicating that this volume of
solvent had reached the extraction effect, which led to
waste of solvent. So when the extraction temperature was

50 °C, the ultrasonic power was 400 W, the ethanol
concentration was 70%, extraction time was 2 h,
flavonoids extraction rate was better.

3.1.2 Effect of ultrasonic time on the extraction
effect of flavonoids
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Figure 3. Effect of ultrasonic time on the extraction rate of
flavonoids.

As shown in Figure 3, with the increase of ultrasonic
time, the extraction rate of flavonoids became higher.
After 2h, the extraction rate of flavonoids decreased
slightly, the reason was that the ultrasonic time was too
long, caused the instrument temperature more than 50 C,
depressed flavonoids material degeneration. After 2h, the
flavonoids in the sample had been fully extracted, and the
further time would only increase the energy consumption.
So when the temperature was 50 °‘C , ethanol
concentration was 70%, ultrasonic time was 2 h,
flavonoids extraction rate was better.

3.1.3 Effect of ethanol concentration on the
extraction effect of flavonoids
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Figure 4. Effect of ethanol concentration on the extraction
rate of flavonoids.

With the increase of ethanol concentration, the
extraction rate of flavonoids increased first and then
decreased (see Figure 4). It might be that if the
ethanolconcentration was different and the polarity was
different. After the ethanol concentration was over 70%,
the extraction rate began to decline greatly, and the
dissolution of flavonoids was reduced, while some
impurities were increased, leading to the reduction of the
extraction rate. So when extraction temperature was
50 °C, ultrasonic time was 2 h, the ethanol concentration
was 70%, flavonoids extraction rate was better.
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3.2 Experimental results of response surface

The Box Behnken model by software Design Expert
8.0.6 was used to design the response surface experiment.
The design parameter contained the ratio of liquid to

solid, ultrasonic time and ethanol concentration.
Table 1. Response surface factor and level table.

Ratio of liquid to  Ethanol

Code solid (A) concentration (B) Time (C)
-1 10:1 50 1
0 20:1 70 2
1 30:1 90 3

Table 2. Design and the results of the response surface.

o SN o Te78 Scen
B)
1 -1 -1 0 1.32
2 1 -1 0 0.99
3 -1 1 0 1.35
4 1 1 0 1.01
5 -1 0 -1 1.10
6 1 0 -1 0.45
7 -1 0 1 0.95
8 1 0 1 0.56
9 0 -1 -1 0.41
10 0 1 -1 0.83
11 0 -1 1 1.11
12 0 1 1 0.82
13 0 0 0 0.57
14 0 0 0 1.10
15 0 0 0 1.02
16 0 0 0 1.01
17 0 0 0 1.01

The multiple

obtained:

Y=0.94-0.21A+0.023B+0.081C-2.5x10x AB+0.065AC-
0.18BC+0.099A2+0.13B2-0.28C>.

By the Design Expert 8.0.6 software analysis, the
optimum condition for flavonoids was: the extraction
temperature was 50 C, ultrasonic power was 400 W,
ratio of liquid to solid was 10:1, ethanol concentration
was 90%, ultrasonic time was 2 h, under the condition,

regression equation model

the flavonoid extraction rate could reach to 1.43%.
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Figure 5. Interaction between ultrasonic time and ethanol
concentration on fIavonQids extraction rate.
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Figure 6. Interaction of ratio of liquid to solid and ethanol
concentration on flavonoids extraction rate.

Table 3. Variance analysis of the response surface results.

Source

of Sum

of

Mean

; Freedom F value P value
variance squares square
Model 0.97 9 0.11 2.88 0.0887
A 0.37 1 0.37 9.72 0.0169
C 4.050x 1073 1 4'2?3)( 0.11 0.7524
AB 0.053 1 0.053 1.40 0.2746
2.500 X 6.649
-5
AC 2.500% 10 1 10° %104 0.9801
BC 0.017 1 0.017 0.45 0.5241
A? 0.13 1 0.13 3.35 0.1098
B? 0.041 1 0.041 1.10 0.3296
C? 0.067 1 0.067 1.79 0.2225
Residual 0.32 1 0.32 8.53 0.0223
Unintended 0.26 7 0.038
term
Pure error 0.085 3 0.028 0.63 0.6327
Total
deviation 0.18 4
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Figure 7. Interaction between ultrasonic time and ratio of liquid
to solid on flavonoids extraction rate.

It could be seen from Figure 5, 6 and 7 that three
factors ethanol concentration, ultrasonic time, ratio of
liquid to solid had the influence on the extraction rate.
The best extraction rate could be achieved by seeking the
optimal experimental conditions.

3.3 Color reaction result

Figure 8. Color reaction under ultraviolet light.

A few drops of sample solution were put on the filter
paper and irradiated by ultraviolet lamp. yellow-green
fluorescence could be seen, it appeared that the extraction
solution contained flavonoids.

Figure 9. Ammonia water color reaction.

A few drops of sample solution were taken and
dripped on the filter paper for air drying. Ammonia
solution was poured into the small beaker. The filter
paper was smoked on the small beaker for 1min, yellow-
green fluorescence appeared.

Figure 10. Sodium hydroxide color reaction.
2ml sample solution and 2 ml 5% sodium hydroxide
solution were added to observe the color change.
Flavonoids would be yellow, orange or red when
dissolved in alkaline solution. The result suggested that it

might contain both a small amount of flavonoids and a
small amount of flavonols.

Conclusions

This experiment mainly studied the effects of
various factors on the extraction rate of flavonoids from
Brucea javanica, providing some theoretical basis for its
extraction in the food and drug industry. The results
showed that for Brucea javanica extraction, when
extraction temperature was 50 ‘C, the ultrasonic power
was 400 W, the ratio of liquid to solid was 10:1, ethanol
concentration was 90%, ultrasonic time was 2 h, the
extraction rate could reach to 1.43%. By color reaction it
could be known that the flavonoids extracted from the
Brucea javanica were mainly flavonols.
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