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Abstract

In order to further enhance the value of comprehensive
utilization, soxhlet extraction of chlorogenic acid (CGA) from
yacon was studied in this paper. Firstly, single factor
experiment provided the extraction effects of three main
parameters of soxhlet extraction process involving syphon
time, ethanol concentration and liquid-solid rate and obtained
preliminary process parameters for higher extraction rate;
furthermore, Box-Behnken design was applied to obtain the
three optimal parameters of extraction process and formulate a
regression model fitting process parameters and extraction
rate. Results showed that the optimal soxhlet extraction
process was as follows: syphon times of 5, ethanol
concentration of 50% and liquid-solid rate of 15 mL/g, and the
predicted extraction rate was 5.21%. In the optimal process
actual extraction rate was 5.22%, which accorded well with the
predicted value of the model. The analysis of regression model
revealed that the effect of syphon time, ethanol concentration
and liquid-solid rate each other was significant, especially the
interaction of ethanol concentration and liquid-solid rate was
extremely significant. To sum up, response surface
methodology can be applied to the optimization of soxhlet
extraction process of CGA in yacon, and the optimal soxhlet
extraction process is advisable to extract CGA in yanco with
high extraction rate and further to enlighten industry production
and market-oriented utilization of CGA.

Keywords: Yanco; Chlorogenic acid (CGA); Soxhlet extraction; Box-
Behnken design

Introduction

Yacon is a species of perennial daisy originally grown in South
America, which has strong adaptation capacity and resistance to strong
light and low temperature [1]. The tuber of yacon contains quantities
of fructo-oligofructose and protein, and its functional active
compound is diverse and abundant such as amino acid, flavonoid and
polyphenols [2]. Chlorogenic acid (CGA) is a depside consisting of
caffeic acid (CA) and quinic acid (QA) [3,4]. CGA has strong capacity
to scavenge free radicals and antioxidant activity [5,6], hence it is
extensively applied to the medicine, food and daily cosmetics

industries. Currently, there are many extraction methods used for, such
as water extraction, organic solvent extraction [7] and enzymolysis
extraction [8]. Meanwhile, ultrasonic and microwave are often coupled
with conventional extraction method, which is evident to upgrade
extraction efficiency [9,10]. Additionally, ultrahigh pressure extraction
[11], supercritical fluid extraction [12], reverse micellar solution
extraction [13] and other novel advanced extraction technologies are
also available in the extraction of CGA. Novel extraction technologies
of CGA have the feature of high efficiency; however, they are deficient
with complicated operation, high energy consuming and high demand
for equipment. While soxhlet extraction is featured with good choice,
low energy consuming, simple operation and high extraction rate [14].
Currently, soxhlet extraction is extensively applied to many
natural products. However, the technology parameters of soxhlet
extraction of CGA are less reported, so that a soxhlet extractor was
used to extract CGA from yacon using Box-Behnken design.

Materials and Method

Materials

Yacon was provided by Gaozhou Fengsheng Food Co., LTD. in
China, which was transported into the laboratory at its harvest and
stored for use. Ethanol was analytic reagent, produced by Tianjin
Baishi Chemical Industry Co. LTD. in China.

All determinations were carried out in triplicate and significant
differences (p<0.05) were calculated using Duncan’s multiple range
test.

Soxhlet extraction

Dried yacon was broken down into powder, the powder of samples
was put into a filtration paper cylinder in a soxhlet extractor,
purchased from Shenzhen Kexin Glass Instrument Co. LTD. Secondly,
the whole experiment apparatus was assembled together and some
glass beads were added in flat bottom flask to avoid bumping. Next
then, 50~250 mL ethanol solution was weighed and taken into the
soxhlet extractor to carry out soxhlet extraction. At the end of soxhlet
extraction, flat bottom flask was evaporated at 50~55°C in a rotary
extractor, RE-52 rotary evaporator was provided by Shanghai Yahua
Biochemical Instrument Factory, to remove residual water and ethanol,
and dried at 60°C for 30 min to completely wipe up the influence of
impurity such as water and ethanol. Eventually, the extracts were kept
constant volume of precise 100 mL in a 100 mL volumetric flask and
test its absorbance in the wave length of 330 nm using UV-3100PC US-
VIS spectrophotometer, purchased from Shanghai Meipuda
Instrument Co. LTD. The extraction rate of CGA was obtained
according to the computation equation (1).

_ (m2-ml) X cxV

Extraction rate/% = XM x 100 (1)

In the equation (1), ¢ was certain concentration (ug/mL) of CA
corresponding to the absorbance of CA sample in the standard curve,
m, was the final mass (g) of the flat bottom flask and extraction, m1
was the mass (g) of flat bottom flask, V represented the volume (100
mL) of prepared testing solution of CA extraction, M was the sample
mass (g) of yacon and m was the mass of taken CA extraction to
prepare testing solution.
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Formulation of standard curve of CA

Standard sample of CA was weighed 10 mg and precisely in 100 mL 500 -
volumetric flask with absolute ethanol. Then sample solution was taken
0~6 mL to prepare 7 testing groups which were in 0~24 ug/mL. The 500
testing groups were tested in the wave length of 330 nm to obtain their
absorbances, and then a standard curve of CA was drawn where the 2 400 -
absorbance of y coordinate axis responded to the CA concentration of o a00 L
x coordinate axis. The equation of standard curve was y=0.0382x o ’ b
+0.124, R2=0.9996. - 200 L
2
o=
Single factor experiment E .
Single factor experiment was carried out to explore the effect of E 0.00 : ' L : '

syphon time, ethanol concentration and liquid-solid rate on extraction 1 2 3 4 5 6
rate of CGA. In single factor experiment, the levels of syphon time
were 1, 2, 3, 4, 5 and 6, the levels of ethanol concentration were 10%,
30%, 50%, 70% and 90%, and the levels of liquid-solid rate were 5, 10,
15, 20 and 25 mL/g, respectively.

syphon time

Figure 1: Effect of syphon times on the extraction rate of CGA..

Optimization of the technology using box-behnken design

According to single factor experiment, a Box-Behnken experimental Effect of ethanol concentration on the extraction rate of CGA: In

of 3-factor and 3 levels were devised and carried out to optimize the condition of 5 syphons and 15 mlL/g, the effect of ethanol
extraction parameters such as syphon time, ethanol concentration and concentration was shown in Figure 2. When ethanol concentration
liquid-solid rate in 3 levels, respectively, in which extraction rate of increased, the extraction rate firstly increased and then began to
CGA responded to extraction parameters (Table 1). decrease at the arrival of the peak. When ethanol concentration was
50%, the extraction rate was the highest of 5.06%. The reason for this

Factor X4 (Syphon | Xzethanol Xsliquid-solid may be that extreme ethanol concentration led to the dissolution of
time) concentration/% rate/(mL/g) massive alcohol soluble substance and CGA in yacon on contrast was
1 4 40 10 not that easy to be extracted by high ethanol concentration, which
both led to the decreasing of extraction rate of CGA. The optimal
0 5 50 15 ethanol concentration was 50%, that ethanol concentration was higher
was not always better.
1 6 60 20
Tablel: The factors and levels of experiments. 6.00 -
Data processing 500+
Each group was repeated 3 times and average value was available. In g 400
single factor experiment, the effect of soxhlet extraction technology Py e
was drawn out; technology optimization by response surface design o : i
was in the overall assistance of Design-Expert soft including E 200 A
experimental design, data analysis, building model and technology o
optimization. T 100 |
o
. 0.00 . L L 1
Results and Analysis ]
10 30 50 70 90
Single factor experiment of CGA extraction ethanol concentration/%
Effect of syphon times on the extraction rate of CGA: In the
condition of 5.0/0 ethanol cm}centratlon and 15 plL/g liquid-solid ra.te, Figure 2: Effect of ethanol concentration on the extraction rate of
the effect of different syhon times on the extraction rate was shown in CA
Figure 1. The extraction rate of CGA increased with the increasing of '
syphon time, the change of extraction rate was evident when syphon

time was in 2~4, and the extraction rate reached the top of 5.03% in

Effect of liquid-solid rate on the extraction rate of CGA: In the
5~6 syphons. Hence, the optimal syphon times were 5 times.

condition of 5 syphons and 50% ethanol concentration, the effect of
liquid-solid rate was shown in Figure 3. The extraction rate was lowest
when liquid-solid rate was 5 mL/g, increasing to 15 mL/g made the
extraction rate reach the top of 5.00%, and then the extraction rate
began to decrease. The reason for this may be that liquid-solid rate had
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positive effect on the mass transfer driving force, but if liquid-solid rate
was extremely high solution temperature was lower, which decreased
solute diffusion and extraction rate. Hence, that liquid-solid rate was
higher was not always better, the optimal liquid-solid rate was 15
mL/g. Single factor experiment was carried out to change syphon time,
ethanol concentration and liquid-solid rate, and preliminary
conclusion was obtained that syphon time of 5, ethanol concentration
of 50% and liquid-solid rate of 15 mL/g were the optimal technology
parameters of soxhlet extraction of CGA.

change of independent variables [15]. Statistical optimization not only
allows quick screening of large experimental domain, but also reflects
the role of each of the components. RSM has already been successfully
applied in extraction optimization of many natural active compounds
such as total carotenoids [16] and antioxidant compounds [17].
Design-Expert soft presented a response surface design of 3-factor and
3-level, and the optimization of soxhlet extraction of CGA was carried
out according to the design. The experimental combinations and their
data of extraction rate were listed out in Table 2.

6.00

500

400 +

3.00

200 o

100

|:| |:||:|_ Il i i ]
5 10 15 20 25

liguid-solid rate/{mL/g)

extraction rate/%

Figure 3: Effect of the ratio of liquid-solid on the extraction rate of
CGA.

Extraction optimization of CGA using box-behnken design

The response surface methodology (RSM) is in essence a statistical
methodology absorbing many advantages of mathematical procedures
that can be used to study the relationship between one or more
responses and a number of independent variables. In addition to
analyzing the effect of independent variables, the optimization
methodology generates a mathematical model that accurately
describes the overall process that response value responds to the

Fa X1 (Syphon X,  (ethanol X3 (Liquid- Y(extraction
cto time) concentration solid rate)/%
r )% rate)/(mL/g)

1 4 40 15 3.67

2 6 40 15 4.48

3 4 60 15 3.77

4 6 60 15 4.38

5 4 50 10 3.60

6 6 50 10 4.12

7 4 50 20 3.50

8 6 50 20 4.23

9 5 40 10 3.41

10 5 40 10 4.12

11 5 60 20 4.02

12 5 60 20 435

13 5 50 15 5.15

14 5 50 15 5.15

15 5 50 15 5.15

Table 2: The project and extraction rate of response surface
methodology experiment

Resource Sum of square Freedom degree Mean square F value Prob>F Siginificant
Model 5.51 9 0.61 408.30 <0.0001 "
X4 0.89 1 0.89 594.74 <0.0001 -
Xo 2.000E-004 1 2.000E-004 0.13 0.7298

X3 0.003 1 0.003 1.88 0.2290

X4Xa 0.01 1 0.01 6.67 0.0492 .
X4X3 0.011 1 0.011 7.36 0.0421 .
XoX3 0.48 1 0.48 317.75 <0.0001 -
X42 0.82 1 5.82 549.20 <0.0001 -
Xo? 1.37 1 1.37 915.71 <0.0001 -
X32 2.50 1 2.50 1665.41 <0.0001 -
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Residual error 0.007 5 0.001

Lack of fit 0.007 3 0.002 74.25 0.0754
Pure error 6.667E-005 2 3.333E-005

Total error 5.51 14

R2=99.88%

Notice: ‘meant significant (Prob<0.05), “meant extremely significant (Prob<0.01).

Table 3: Analysis results of variance of the experiment

Design-Expert soft was used to carry out regression analysis and
present a regression equation which was
Y=-36.55875+5.14708X,+0.73858X,+1.27525X3-0.00500X, X,+0.0105
0X,X;3-0.006900X,X3-0.47208X ;2-0.00610X,2-0.032883X 2.

The significance test was also carried out in Table 3. In testing
results, P o4 was lower than 0.0001 and P 1, of 4t wWas 0.0754,
indicating that the difference between actual value and academic value
was insignificant. R, was equal to 99.88%, indicating that the model
could really reflect the effect of syphon time, ethanol concentration
and liquid-solid rate on the extraction rate.

The significance test also revealed that syphon time had significant
interaction on the extraction rate with ethanol concentration and
liquid-solid rate respectively; furthermore, the interaction of ethanol
concentration and liquid-solid rate was extremely significant. The

response surface plots reflecting the interactions of syphon times,
ethanol concentration and liquid-solid rate each other were shown in
Figure 3. In Figure 3, extraction rate firstly increased and then kept
steady with the increasing of syphon times in certain ethanol
concentration and liquid-solid rate. In different conditions of ethanol
concentration and liquid-solid rate, the effect of syphon times changed
a lot. Meanwhile, extraction rate firstly increased and then decreased
with the increasing of ethanol concentration in certain syphon time
and liquid-solid rate and, effect of ethanol concentration changed a lot
in different conditions of syphon time and liquid-solid rate. In the
same way, extraction rate firstly increased and then decreased with the
increasing of liquid-solid rate in certain syphon times and ethanol
concentration, the effect of liquid-solid rate also changed a lot in
different conditions of syphon times and ethanol concentration Figure

Figure 4: Response surface plot of extracting chlorogenic acid from yanco. a) Interaction of syphon times and ethanol concentration; b)
Interaction of syphon times and solution-sample rate; c) Interaction of ethanol concentration and solution-sample rate.

According to the model, Design-Expert soft presented the optimal
extraction parameters of soxhlet extraction. When Y was the highest,
X; was equal to 5.32, X, was 50.41 and X3 was 15.33, in another word,
syphon time should be 5.32, ethanol concentration should be 50.41%
and liquid-solid rate should be 15.33 mL/g, in the condition the
extraction rate was the highest of 5.21%. For the convenience, syphon
time was 5, ethanol concentration was 50.41% and liquid-solid rate
was set 15.33 mL/g, which were as the optimal extraction condition. In
order to verify the precise, 3 verification experiments were carried out
in the optimal condition and the extraction rate values were 5.22%,
5.21% and 5.23%, whose average value of 5.22% was close to the
academic value. Hence, response surface methodology was feasible to

optimize soxhlet extraction of CGA; the optimal extraction technology
was valuable in actual application.

Discussion

As a a physiological active compound of phenylpropanoids in many
plants formulating through shikimic acid pathway in the process of
aerobic respiration, chlorogenic acid (CGA) is increasingly marching
into daily chemical and food industries. Current study has used many
extraction technologies to get CGA, but soxhlet extraction is less
applied to extract CGA. Traditional technology spends much time and
vitality, and its extraction rate is low, while novel advanced technology
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is faced with complicated operation, high demand for instrument and
high cost. Compared with technologies above, soxhlet extraction in the
study is universally applied that takes advantage of solvent reflux and
siphon principle to make solid extracted constantly by pure solution,
soxhlet extraction has good choice, low energy consumption and high
extraction rate. Hence, Chlorogenic acid in yacon was extracted by
soxhlet extraction; the influence and optimal condition of extraction
technology were explored. Soxnlet extraction was determined that its
optimal extraction technology by response surface methodology
included syphon time of 5, ethanol concentration of 5 and liquid-solid
rate of 15.33 mL/g, and the extraction rate was 5.21%, which was
evidently higher than the extraction rate [11] of yacon CGA in
ethanol/salt aqueous two-phase system and similar with the extraction
rate of CA using ultrasonic assistance extraction [13]. Hence, it was
simple and efficient to extract CGA using soxhlet extraction, and it
could support something valuable to learn for the development of
Chlorogenic acid in yacon.

Conclusion

Chlorogenic acid (CGA) is a physiological active compound of
phenylpropanoids in many plants formulating through shikimic acid
pathway in the process of aerobic respiration, which was proved
evident medicine value and medical care function. In the study,
Chlorogenic acid (CGA) in yacon was extracted by soxhlet extraction,
single factor experiment and response surface design was in assistance
to construct secondary multiple regression equation where extraction
rate responded to extraction parameters.

Y=-36.55875+5.14708X,+0.73858X,+1.27525X3-0.00500X ;X ,+0.01
050X 1X;-0.006900X,X3-0.47208X ,2-0.00610X,2-0.032883X52. Soxnlet
extraction was determined that its optimal extraction technology
included syphon time of 5, ethanol concentration of 50.41% and
liquid-solid rate of 15.33 mL/g, and the extraction rate was 5.21%
which had little error of 0.01% with actual value of verification
experiment. Hence, response surface methodology could apply to the
optimization of soxhlet extraction of Chlorogenic acid (CGA) in
yacon, obtained model was reliable and extraction rate in the optimal
technology was high. Meanwhile, ethanol concentration and liquid-
solid rate were extremely significant to affect extraction rate, the
interaction of syphon time and ethanol concentration was significant
and that of syphon liquid-solid rate was also significant.
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