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Ultrasound-assisted extraction is a promising technique to obtain active compounds from plants with high efficiency.)e present
study was conducted in two sections. In the first phase, the effect of solvent type (methanol, ethanol, water, and water-ethanol (50 :
50, v/v)) on inulin extraction yield from burdock roots (Arctium lappa L.) was investigated by the conventional method. )e
second phase aim was to optimize the condition of inulin and phenolic compounds including sonication time (10–40min),
sonication temperature (40–70°C), and solid/solvent ratio (1 : 20–1:40 g/ml) using response surface methodology (RSM). )e
results demonstrated that the highest inulin efficiency was extracted by water in the conventional method, which is equal to
10.32%.)e optimum conditions of ultrasound-assisted water extraction for independent variables including sonication time and
temperature as well as solid/water ratio were 36.65min, 55.48°C, and 1 : 35 g/ml, respectively, which were determined on the
maximization of inulin and total phenol content and minimization of IC50. At this optimum condition, inulin yield, phenolic
compounds, and IC50 were found to be 12.46%, 18.85mg GA/g DW, and 549.85 µg/ml, respectively. Regarding the results of this
research, ultrasound-assisted extraction can be used as an alternative to the conventional extraction methods in extracting
bioactive compounds from medicinal plants because it may improve the mass transfer, reducing the extraction time and the
solvent used.

1. Introduction

Inulin is a fructan that is not only found in many plants as a
storage carbohydrate but has also been part of human’s daily
diet for several centuries. It consists of a long chain made up
of 22–60 fructose molecules linked to each other by β
(2⟶1) bonds, with a terminal glucose molecule [1]. )e
sequence of fructose monomers in the structure of inulin
makes inulin indigestible in the human gastrointestinal tract
and does not increase blood sugar levels [2]. Another im-
portant reason to pay attention to inulin is the publication of
findings that show that inulin has beneficial effects on the
composition of the intestinal flora, mineral absorption,
blood lipid composition, and prevention of colon cancer [3].

In addition, inulin is a low-calorie fiber and has the
potential to be used in the production of fat-reducing foods.
It is used as an ingredient in foods with reduced or no sugar
and fat, such as chocolates, ice creams, and yogurt. Inulin is
in the category of water-soluble dietary fiber and is used as a
factional substance due to its probiotic and bifidogenic
properties [4]. Many food and pharmaceutical industries
have found applications for inulin in the production of
functional foods, nutritional composites, and medicines.
Inulin is naturally present in 15% of flowering plant species
such as onion, garlic, asparagus, banana, Jerusalem arti-
choke, chicory, dahlia, leek, Salsify, and burdock root and is
also produced by some bacteria and fungi. )e amount of
inulin in these plants is in the range of 1 to 20% of the weight
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of the fresh plant [2]. Among these plants, chicory roots and
artichoke from the Compositae family are outlined for inulin
production on an industrial scale due to its higher content
and stability in producing a high fructose/glucose ratio and
because of its regular growing, even inmoderate climates [1].

Burdock (Arctium lappa L.), a perennial herb in the
family of Compositae, stores most of its nutrients during the
first year. )ese nutrients are then used for the flower-
blooming process afterward. )e plant, which can be found
worldwide, has been cultivated as a vegetable for a period of
a long time in Asia [5]. )e extracts from different parts of
burdock have long been considered to be good for health.
)ey help enhance the body’s immune system and improve
metabolic functions [6]. In many countries in the Middle
East, Asia, and Europe, this plant has many medicinal uses.
Studies have shown that different parts of this plant, in-
cluding leaves, roots, and stems, have a variety of effects, and
different anti-inflammatory, antimicrobial, antidiabetic,
anticancer, and antiviral activities are known for it [7].
Burdock is traditionally used to treat diseases such as sore
throat and infections such as rashes, boils, and various skin
problems. )e dried root of 1-year-old burdock is the major
part used for different therapeutic purposes [5]. It is sug-
gested that this plant has the ability to reduce oxidative
stress, and this ability is possible by increasing the content of
glutathione and cytochrome-p450 and reducing the amount
of malondialdehyde and leads to scavenging free radicals in
the liver and kidney poisoning and shows strong
anti-inflammatory effects [8]. It has been reported that the
lyophilized extract of the leaves of burdock exhibits anti-
microbial activity against oral microorganisms and is most
effective against bacteria related to endodontic pathogens
such as Pseudomonas aeruginosa, Bacillus subtilis, Lacto-
bacillus acidophilus, and Candida albicans [6]. )e major
active ingredients isolated from this herb are inulin, arcti-
genin, tannin, trachelogenin 4, caffeic acid, arctiin, beta-
eudesmol, sitosterol-beta-D-glucopyranoside, chlorogenic
acid, lappaol, and diarctigenin [9]. Apart from these com-
pounds, burdock also contains various common nutrients
such as essential amino acids, metallic elements such as
potassium, calcium, phosphorus, magnesium, manganese,
sodium, zinc, and copper, vitamins B1, B2, C, and A, crude
fiber, phosphorus, and carotene [5].)e first basic step in the
extraction of active compounds from a plant is the extraction
method. Because of the type of chemical compound
extracted, its quality and quantity are strongly influenced by
plant organs and selected solvent systems. )erefore, it can
be said that choosing the appropriate method of extraction
can dramatically increase the extraction efficiency of active
ingredients in the plant [10]. Since plant extracts are widely
used in the pharmaceutical, food, and health industries,
extraction technologies have been evaluated to be able to
extract these chemical active ingredients from plant sources.
Conventional methods such as soaking, which has been used
for many years, have disadvantages such as (i) being very
time-consuming, (ii) consuming a large amount of solvent,
(iii) having low extraction efficiency, and (iv) not being
thermally safe and causing the decomposition of a number
of existing chemical compounds, because most of the

chemical compounds in plants are thermally unstable and
may decompose during thermal extraction and distillation
methods [11, 12].

For this reason, there is a great demand for newer ex-
traction methods with a shorter time, lower solvent con-
sumption, and environmental protection. New extraction
methods such as microwave-assisted extraction, supercrit-
ical fluid extraction, and ultrasound-assisted extraction are
very fast and effective in extracting chemical compounds
from plants [13]. In recent years, ultrasound-assisted ex-
traction has been used as a new method for extracting
chemical compounds from plants, which has advantages
compared to conventional methods. )e ultrasound ex-
tractionmethod is not only a clean process but also improves
the extraction efficiency by increasing the penetration of
solvent into the plant cells via cavitation [14]. Another
advantage of the ultrasound method process is that it
provides the possibility of extracting at lower temperatures,
so it prevents the degradation of extracts [15]. Vilkhua et al.
[16] in their study showed that the extraction of flavonoids
under optimal conditions by ultrasound occurs at much
lower temperatures than using a hot water bath at 80°C.

In any extraction method, the extraction variables have
considerable effects on the extract yields of chemical com-
pounds. )e optimization of extraction variables is generally
done with a classical optimization method in which one
variable is changed at a time while the other variables are
kept constant [14]. )is classical optimization approach is
time-consuming and requires a large amount of material
[13]. Using an experimental design to optimize experimental
variables is time-saving and leads to a reduced number of
experiments which results in the use of less material and
reagent. Also, this method gives information about inter-
actions among the variables [17]. In previous works, re-
sponse surface methodology with different experimental
designs to optimize extraction parameters for the ultrasound
extraction method of plants has been widely investigated
[13, 14, 18–20].

In this study, the effect of different solvents including
water, ethanol, methanol, and water-ethanol on the amount
of inulin extraction from burdock roots under constant
ultrasound conditions was investigated, and after selecting
the desired solvent, in the next step, ultrasound-assisted
extraction parameters including temperature, time, and the
ratio of solid to solvent were optimized using response
surface methodology (RSM) with a central composite design
(CCD). )e phenolic compounds and scavenging activity of
the extracts were also investigated.

2. Materials and Methods

2.1. Materials. )e burdock roots were obtained from the
local medical plant market, Tehran, Iran. Sulfuric acid 96%,
D-nitrosalicylic acid, D-fructose, D-glucose, double sodium,
potassium tartrate, and sodium hydroxide were purchased
from Sigma-Aldrich (Darmstadt, Germany). Other chem-
icals such as 2,2-diphenyl-1-picrylhydrazyl (DPPH), meth-
anol, ethanol, and phenol crystal were prepared from Merck
Company (Germany).
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2.2. PreparationofBurdockRootsPowder. )e burdock roots
were peeled, sliced, and air-dried at 55–60°C overnight.
)en, the dried burdock roots were ground and passed
through a 50 µm sieve to achieve the same grain size. )e
prepared sample with approximately 5.2% moisture content
was stored in a dry container for further use.

2.3. Extraction byMaceration (ConventionalMethod). In the
first step, in order to select a suitable solvent for the ex-
traction of burdock root extract, the effect of different
solvents including water, ethanol, methanol, and water-
ethanol (50 : 50, v/v) on the extraction efficiency was in-
vestigated. For this purpose, the burdock root powder was
mixed with each of the mentioned solvents in a ratio of 1 :10,
and the extraction operation was performed on a hot plate
with a magnetic stirrer at 250 rpm for 24 hours at room
temperature. )e extract was then filtered under vacuum by
the Buchner funnel with a paper filter (Whatman No. 40,
UK). A rotary evaporator (LABORATA4000) at 40°C was
used to remove solvents and concentrate the extract. Finally,
the concentrated extracts were dried by a vacuum drying
oven (Model DZF-6010, China) at 50°C and were stored at
4°C until use in sealed and impermeable containers [21]. )e
extract with the highest content of inulin and phenolic
compounds was selected as the optimal solvent for the next
step.

2.4. Ultrasound-Assisted Extraction (UAE). )e process of
inulin extraction from burdock root by ultrasound treat-
ment was performed using an ultrasonic bath (ROHS
Digitals-DSA100-SK2 South Korea). )e ultrasound-assis-
ted extraction experiments were carried out at different
solid-to-liquid ratios (1 : 20–1:40 g/ml), sonication temper-
atures (40–70°C), and sonication times (10–40 minutes)
according to the designated experimental design. Burdock
root powder and water in a substance/liquid ratio of 1 :10
were placed into an Erlenmeyer flask, and subsequently, the
flask was placed into the water bath. After the completion of
the ultrasound treatment, the mixture of liquids and solids
was centrifuged at 6000 rpm for 10minutes, and the su-
pernatant was collected by filtering with a paper filter to
remove insoluble residues [22].

2.5. Experimental

2.5.1. Inulin Extraction Yield. )e extracted liquid was
centrifuged at 4500 g for 10min to remove suspended
particles. )e supernatant was diluted before determination.
Total carbohydrate was determined by the sulfuric acid
method of Dubois et al. (1956) using D (-)-glucose as
standard. Reducing sugar was determined by the dini-
trosalicylic acid method using D (-)-fructose as standard.
)e pH value was measured with a pH meter. )e inulin
content was measured with the difference between total
carbohydrates and reducing sugars. )e percentage inulin
yield (%) was evaluated based on the following equation
[23, 24]:

inulin yield �
inulin content × volume of extraction liquid

mass of burdock root powder

× 100.

(1)

2.5.2. Total Phenol Compound Measurement. Total phenol
content was measured according to the Folin–Ciocâlteu
method. First, 1.6ml of the extract was mixed with 0.2mL of
the Folin–Ciocâlteu reagent and was placed at rest for 3
minutes to react. )en, 0.2ml of sodium carbonate 10% was
added to it and after one minute was brought to 50ml with
distilled water. )e sample was kept in a dark place for 24
hours, and then, its absorbance was read at 760 nm in front
of the control. In this assay, gallic acid was used as the
standard and its standard curve was drawn. )en, using the
resulting line equation, the total phenol content of extracts
was determined [25].

2.5.3. Radical Scavenging Activity. )e efficacy of the ex-
tracts to scavenge DPPH radicals was determined using the
spectrophotometry method on the basis of bleaching of the
bluish-red or purple color of DPPH solution as a reagent,
according to Ersus and Yurdagel [26] with minor changes.
1mL of methanolic solution of the sample was poured into a
test tube, and then, 1mL of methanolic solution of DPPH
with a concentration of 0.004% was added to it. After mixing
with the vortex, the test tubes were kept in a dark place for 30
minutes, and then, their absorption was recorded at 517 nm
using a UV/Vis spectrophotometer (Model T60 UV, USA).
)e percentage of DPPH free radical quenching activity was
determined using the following equation:

DPPH scavenging effect (%) �
Abscontrol − Abssample

Abscontrol
× 100,

(2)

where Abscontrol is the absorbance value at 517 nm of the
methanolic solution of DPPH and Abssample is the absor-
bance value at 517 nm for the sample extracts.

IC50 indicates the concentration of the extract that
causes 50% inhibition in the radical capacity and its value is
obtained by plotting different values of DPPH scavenging in
terms of different concentrations of the extracts and cal-
culating the regression line equation.

2.6. Experimental Design and Statistical Analysis.
Response surface methodology (RSM) was used to estimate
the effect of independent variables on the inulin extraction
yield (%), polyphenol content (mg GA/g DW), and IC50
(µg/ml). )ree extraction variables considered for this re-
search were X1 (sonication time), X2 (sonication temper-
ature), and X3 (solvent: solid) for the ultrasound-assisted
extraction method. A Face Central Composite Design was
employed for designing the experimental data. Experimental
data were modeled using the Design-Expert software version
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6.01 (Stat-Ease Inc., Minneapolis, MN, USA) and three-
dimensional representations of the response surface gen-
erated by the model. Experimental data were fitted to a
quadratic polynomial model. )e model proposed for the
response (Y) was as follows:

Y � b0 + b1x1 + b2x2 + b3x3 + b11x
2
1 + b22x

2
2 + b33x

2
3

+ b12x1x2 + b13x1x3 + b23x2x3 + ε.
(3)

)e coefficients of the polynomial model were repre-
sented by b0 (constant term), b1, b2, and b3 (linear effects),
b11, b22, and b33 (quadratic effects), and b12, b13, and b23
(interaction effects). )e significant terms in the model were
found by the analysis of variance (ANOVA) for each re-
sponse. )e adequacy of the model was checked accounting
to R2 and adjusted R2. )e numerical and graphical opti-
mization technique of the Design-Expert software was used
for simultaneous optimization of themultiple responses.)e
desired amounts for each variable and response were chosen.
All the independent variables were kept within the available
range while the responses were either maximized or mini-
mized [17, 23].

3. Results and Discussion

3.1. Phase 1: Selection of the Extraction Solvent byMaceration
Method

3.1.1. Inulin Extraction Yield. Figure 1 shows a comparison
of the average extraction yield of inulin by different sol-
vents with the maceration method. )e results of ANONA
showed that the solvent type has a significant effect on the
efficiency of inulin extraction from the burdock root.
According to the results, it was found that the highest
inulin extraction efficiency belonged to water solvent,
which was equal to 10.32%. )e lowest inulin extraction
efficiency was observed in methanol solvent which was
2.55%. Inulin and oligofructose are soluble dietary fibers
that increase the possibility of extracting these compounds
from plant sources by increasing the degree of polarity of
the solvent [27]. In this research, among the studied sol-
vents, water has the highest degree of polarity, so it showed
the highest inulin extraction efficiency. As can be seen, the
polarity of the solvent was reduced by adding ethanol to the
water, so the extraction efficiency was significantly reduced
to 5.12% (p< 0.05).

In a similar study, Predes et al. [28] investigated the
antioxidant and antimicrobial effect of burdock root extract
and reported that the highest extraction efficiencies were
obtained in water solvent and then water-ethanol solvent,
respectively, and the lowest efficiency belonged to
dichloromethane solvent. Martono et al. [27] and Milani
et al. [23] also used water solvent to optimize inulin ex-
traction conditions from Gembili (Dioscorea esculenta L.)
and burdock root because it showed the highest extraction
yield which is consistent with the results of this study.
Ferracane et al. [29] also attributed the higher inulin ex-
traction efficiency in the aqueous extract of burdock roots to
the higher solubility of inulin in water than ethanol.

3.1.2. Total Polyphenol Content. )e results of the effect of
the different solvents on the extraction of phenolic com-
pounds from the burdock roots extract are shown in Fig-
ure 2. According to the results of ANOVA, the type of
solvent had a significant effect on the amount of this pa-
rameter (p< 0.05). As can be seen, the highest amount of
phenolic compounds was measured in the extract of water-
ethanol solvent (50 : 50, v/v) which was equal to 17.22mg
GA/g DW. )e amount of phenolic compounds was mea-
sured in the aqueous extract with a rate of 16.38mg GA/g
DW, although lower than the water-ethanol solvent, but this
difference was not statistically significant (p> 0.05). Also,
according to the results (Figure 2), the amount of phenolic
compounds in the extract of pure methanol and ethanol
solvent was measured (14.85 and 13.5mgGA/g DW, re-
spectively), which was significantly lower than water and
water-ethanol solvents.

Phenols are compounds that comprise one or more
hydroxyl groups (polar section) attached to an aromatic
chain (nonpolar section) and this structure distinguishes
phenolic compounds based on their polarity. )erefore, the
solubility of phenolic compounds in a solvent can be
explained by this spatial structure and the intermolecular
force (mainly hydrogen bonding) that occurs between them
and the solvent [30]. )e use of water as an extraction
solvent creates a highly polar environment that is suitable for
the extraction of high-polarity bioactive compounds. While
the water-ethanol solvent is suitable for the extraction of
bioactive compounds with a wide range of polarity, this is
due to the relatively polar environment created by the ad-
dition of organic solvents to water [31]. On the other hand,
water is needed for the swelling of plant tissue cells, so with
the presence of appropriate amounts of water in organic
solvents, the permeability of the cell wall increases and can
be easily broken by processes such as ultrasound, but in a
pure organic solvent such as ethanol, there is no water
available for cell swelling, so inmost cases, the combination of
water with ethanol or methanol will be effective. It is reported
that ethanol and methanol solvents mixed with water have a
greater ability to extract phenolic compounds due to their
higher polarity than their pure alcoholic solvent [32].

In this study, the water showed a greater ability to extract
phenolic compounds due to its high polarity than ethanol
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Figure 1: Comparison of mean inulin extraction yield by different
solvents in maceration method.
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and methanol solvents, and although the addition of ethanol
resulted in higher solvent efficiency in the extraction of these
compounds, this difference was not considerable. )is is
probably due to the greater polarity of the phenolic com-
pounds in burdock roots extract, which is more soluble in
water and water-ethanol mixtures; therefore, it can be said
that the nature of phenolic compounds in the plant deter-
mines the effectiveness of the solvent in the extraction of
phenolic compounds.

In comparison with our results, Horng et al. [33] in-
dicated that the content of total polyphenols in burdock
extract obtained by reflux extraction for three hours reached
48.4mg GA/g. However, our results were higher compared
to the results of Ferracane et al. [29] who used a mixture of
methanol/water (70 : 30, v/v) at room temperature to extract
phenolic compounds from the burdock seeds, roots, and
leaves and showed that the highest and lowest contents of
these compounds were measured in the seeds and roots of
the plant, which were equal to 45.76 and 2.87 g GA/100 g,
respectively. )ese researchers expressed that the amount of
total phenolic compounds in the burdock seed extracts was
very high when compared to that found in other medicinal
plants. For example, Cai et al. [34] reported that phenolic
contents on methanol extracts of 112 traditional Chinese
medicinal plants (whole plants, seeds, leaves, roots, stems, and
flowers) ranged from 0.22 to 50.3 g GA equivalent/100 g DW.

It was demonstrated that the content of total phenols in
the burdock roots was lower in comparison with the seeds
and leaves content, but the amount of inulin in the roots of
the plant is considerably higher than seeds and leaves, and
since the main purpose of this study was inulin extraction,
the roots were used. However, according to the inulin ex-
traction yield as well as phenolic compounds, water was
selected as the extraction solvent among the studied solvents,
and in the next stage, the inulin ultrasound-assisted water
extraction conditions were optimized.

3.2. Phase 2: Optimization of Ultrasound-Assisted Extraction
Condition

3.2.1. Inulin Yield. )e results of ANOVA of the effect of the
independent variables on the inulin extraction efficiency of
burdock roots extract are given in Table 1. As can be seen,

the effect of all three variables includes sonication time and
temperature as well as solvent/solid ratio on inulin ex-
traction efficiency was significant (p< 0.05). Figure 3(a)
shows the simultaneous effect of sonication time and
temperature on inulin efficiency. )e amount of inulin
extracted by the treatments ranged from 4.65 to 13.48%.
According to the results, time had a significant effect on
extraction efficiency so that with increasing time from 10 to
40 minutes, extraction efficiency was upward and the
maximum value was obtained in 40 minutes. As regards the
fact that the linear effect of time was greater than its qua-
dratic effect (Table 1), less curvature can be seen in the
diagram. However, in the case of sonication temperature, the
quadratic effect was much higher than linear, so more
curvature was expected.)e results were that with increasing
temperature from 40 to 55°C, the extraction efficiency in-
creased, but with increasing temperature up to 70°C, the
amount of inulin extracted was decreasing (Figure 3(a)). It
can be deduced from Figure 3(b) that the relationship be-
tween inulin extraction efficiency and water/solid ratio is
linear, which is confirmed by the significant linear effect and
the nonsignificance of the quadratic effect of this inde-
pendent variable (Table 1).

)e results showed that, with increasing the water/solid
ratio, especially at higher times of the ultrasound process,
inulin extraction increased due to the increase of solvent
penetration into the root cell walls. On the other hand, with
increasing the amount of water consumed, the extraction
efficiency increases due to the increase of diffusion phe-
nomenon andmore movement of inulin from the root cell to
the solvent [23].

Ultrasonic waves pass through the solvent and produce
cavitation bubbles to increase the rate of mass transfer. As a
result, inulin can be easily released through cell walls and
increase extraction performance. It has also been proven that
high shear forces increase the mass transfer of the extractive
material [35]. In addition, the cavitation process near the
solvent-solid interface sends a fast-moving stream of solvent
through the cavity at the surface [36]. )e increase in yield
with increasing sonication temperature is also due to the
improved mass transfer caused by the increase in inulin
solubility and the decrease in solvent viscosity. It is also
stated that the increase in extraction efficiency of polysac-
charides is due to the strong effect of temperature during
extraction on the mass transfer of water-soluble polysac-
charides in the cell walls [37].

However, the results of this study showed that as the
temperature approaches 70°C, the efficiency decreases
considerably, which may be attributed to the degradation of
inulin into free sugar (monosaccharides). Furthermore,
increasing the extraction temperature may lead to increased
solvent volatility, energy loss, and increased extraction of
impurities with inulin [23]. )e amount of inulin obtained
from aqueous extraction of burdock roots by ultrasound in
this study is consistent with the findings of Cao et al. [38]
who reported that the inulin content of Korean origin plants
was 9% dw. It was also demonstrated that the efficiency of
the inulin extraction process from the burdock roots of
Iranian origin using high-intensity ultrasound irradiation
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Figure 2: Comparison of mean phenolic compounds of extracts
obtained from different solvents in the maceration method.
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was equal to 12% [39]. However, there are also some con-
tradictory reports about the quantity of inulin in burdock
roots. For example, Bagaoutdinova et al. [40] reported that
the amount of inulin extracted from burdock roots of
Russian origin was 30%, and according to Petkova et al.’s
[41] findings, the highest amount of inulin measured in
methanolic and aqueous extracts of burdock roots collected
from Bulgaria was 4%. Olennikov and Tankhaeva [42] also
measured the inulin content of the burdock root extracts
equal to 4.7–5.2% DW.

)e researchers also compared the ultrasound and mi-
crowave techniques to extract dietary fiber with prebiotic
properties (including inulin and fructooligosaccharide)
from the burdock roots with two solvents of water and

ethanol 70% concluding that ultrasound-assisted water ex-
traction is a more efficient technique [41]. )e diversity of
inulin content can be explained by the geographical origin of
A. lappa, cold weather conditions, and storage conditions
[43]. Research has shown that the carbohydrate metabolism
stored in the A. lappa depends approximately on temper-
ature and other physiological factors [41].

)e predicted model to estimate the amount of inulin
extracted with respect to regression coefficients was obtained
as equation (4), which due to the significance of the model
(p< 0.0001) and R2 � 0.997 and Adj-R2 � 0.992 and non-
significance lack of fit of the model (p � 0.086), it can be
concluded that the model has the adequacy to estimate the
desired response. )e high value of the polynomial model

Table 1: Table of ANOVA for the experimental variables as linear, quadratic, and interaction terms of each response variable.

Source DF
Inulin yield Total phenols IC50

Mean square p value Mean square p value Mean square p value
Model 9 9.20 p< 0.0001 17.83 0.0025 2.78×105 p< 0.0001
Linear
b1 1 59.19 p< 0.0001 43.90 0.0011 4.51× 105 p< 0.0001
b2 1 2.68 0.0001 14.91 0.012 29804.6 0.0139
b3 1 4.55 p< 0.0001 25.49 0.0037 4.21× 105 p< 0.0001
Quadratic
b11 1 4.40 0.008 46.07 0.001 6.72×105 p< 0.0001
b22 1 9.77 p< 0.0001 30.89 0.0024 1.03×106 p< 0.0001
b33 1 0.064 0.092 0.55 0.483 459.38 0.664
Interaction
b12 1 0.64 0.001 0.30 0.60 2751 0.311
b13 1 0.15 0.0029 14.54 0.019 36 0.902
b23 1 0.34 0.0041 12.36 0.038 9506.25 0.041
Lack of fit 3 0.022 0.086 1.60 0.061 3661 0.092
Pure error 2 0.0026 0.018 226.23
R2 — 0.997 0.971 0. 995
R2 adjusted — 0.992 0.918 0.988
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Figure 3: Response surface for the effect of (a) sonication time and sonication temperature (water/solid� 1 : 30 g/ml) and (b) sonication
time and water/solid ratio (sonication temperature� 55°C) on the yield of inulin.
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determinant coefficient indicates that 99.7% of the variability
in the response could be explained by the second-order
polynomial prediction equation.

inulin � −15.574 − 0.197x1 + 0.77x2 + 0.228x3

+ 0.00177x1x2 + 0.0013x1x3 − 0.00195x2x3

+ 0.00485x
2
1 − 0.00722x

2
2 − 0.00131x

2
3.

(4)

3.2.2. Total Polyphenol Content. According to the ANOVA
results (Table 1), the linear effect of sonication time (x1) and
temperature (x2) as well as solid/solvent ratio (x3) on the
extraction rate of polyphenol compounds was significant
(p< 0.05). Also, quadratic effects (except the effect of solid/
solvent ratio, x32) and interactions (except the effect of time
and temperature, x12) on the amount of this variable were
significant (p< 0.05). Figure 4 shows the response surface
plots of the effects of water/solid and sonication time and
sonication temperature on the polyphenol content. Among
the studied samples, the total phenolic content ranged be-
tween 8.5 and 20.25mg GA/g for the ultrasound-assisted
extract obtained with water. As can be observed, the soni-
cation temperature and time play a quadratic effect on the
response, which means that by applying ultrasound waves
for 10–25 minutes at a temperature of 40 to 55°C, the ex-
traction rate of these compounds increased. However, with
increasing sonication temperature from 55 to 70°C, espe-
cially for more than 30 minutes, the amount of phenolic
compounds measured decreased (Figure 4(a)). While the
effect of the water/solid ratio was linear, and with increasing
solvent content, the amount of phenolic compounds
extracted showed a significant increase (Figure 4(b)).

With regard to the calculated regression coefficients, the
predicted model was obtained as in equation (5) to estimate
the phenolic compounds. According to the explanation
coefficient (R2 � 0.971) presented in Table 1, it is clear that
the model with 97.1% efficiency and error less than 3% has
the ability to estimate the response. As previously explained,
a suitable model must have a high explanation coefficient (R2

& Adj-R2 >0.80) and nonsignificance lack of fit of the model
(p � 0.061), which is true as

polyphenol � −39.11 + 0.884x1 + 1.516x2 − 0.192x3

− 0.00122x1x2

+0.00413x1x3 + 0.000633x2x3 − 0.0157x
2
1

− 0.0128x
2
2 + 0.00387x

2
3.

(5)

In general, increasing the temperature can accelerate the
swelling of raw materials, softening, and rupture of plant
tissue, weaken the phenol-protein and phenol-polysaccha-
ride interactions, increase the solubility of the extracted
compounds and the solvent diffusion rate, and reduce the
viscosity and surface tension. As a result, with a gradual
increase in temperature, the mass transfer of phenolic
compounds from the burdock roots improved [44]. )e
increasing trend of phenolic compounds in the early times of
extraction is due to the high concentration gradient of

phenolic compounds between the solvent and the cell walls,
which accelerates the extraction process. )e most release of
bioactive compounds occurs at a specific time, and then at
higher times, due to the presence of these compounds in less
accessible parts of the plant cell and also decrease in the
concentration gradient of these substances, the rate of
phenolic compound release decreases [45]. )erefore, with
increase in the solvent ratio, the concentration gradient
increases, which leads to an increase in the amount of
phenolic compounds extracted. Some previous studies have
reported this initial upward trend and then a decrease in the
antioxidant activity of plant extracts [45, 46].

Generally, the cavitation produced in the solvent during
the extraction process by ultrasound can increase the ex-
traction of phenolic compounds compared to the submerged
method, and the properties of the solvent such as vapor
pressure, surface tension, and viscosity can affect the in-
tensity of cavitation [47].)e effect of solvent vapor pressure
on the ultrasound process can be related to the production of
cavitation bubbles. Solvents with lower vapor pressures
produce a small number of cavitation bubbles that require
higher energy to decompose, so plant tissue is destroyed
more severely during the extraction process. Low viscosity
solvents are also more effective because ultrasonic energy
overcomes the intermolecular force of the liquid more easily.
Also, the low viscosity solvent easily penetrates into plant
tissues due to its low density and high diffusion coefficient
[46, 47].

In comparison with our results, Petkova et al. [41] by
investigating the effect of pressure liquid extraction and
ultrasonic irradiation frequency on the extraction rate of
phenolic content and inulin from burdock roots reported
that the use of water as extraction solvent and 45 kHz fre-
quency showed the highest extraction efficiency of poly-
phenol compounds which was equal to 18.16mg GA/g dw.
)e use of ethanol/water (70 : 30, v/v) with a frequency of
35 kHz led to the extraction of phenolic compounds with a
rate of 17.74mg GA/g dw, which is not statistically signif-
icant (p> 0.05). In another study, by evaluation, the phe-
nolic compound extraction process from citrus peel
indicated that the use of ultrasound has significantly in-
creased the yield extraction of phenolic compounds com-
pared to the maceration method. )ey also stated that, with
increasing ultrasound temperature and time, there was an
increase in the amount of phenolic compounds extracted
from citrus peel; however, a decreasing trend was observed
in the amount of phenolic compounds extracted at higher
times and temperatures (temperatures above 40°C). )ese
researchers attributed this to the thermal decomposition and
polymerization reactions of phenolic compounds with each
other [44]. Heidari Majd et al. [47] revealed that, with in-
creasing ultrasound temperature and time and decreasing
pH, the rate of extraction of phenolic compounds increases,
and the best efficiency was obtained in 35–55 minutes,
35–45°C, and pH� 6–6.5. A study was performed on the
effect of using high-power ultrasound on oil extraction from
ground olive seeds. It was found that, in the presence of these
waves, cell walls and plant tissues were destroyed and more
antioxidant compounds (polyphenols and tocopherols) and
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pigments (chlorophyll and carotenoids) entered the oil and
increased the nutritional value [48].

Kongkiatpaiboon and Gritsanapan [49] also studied the
extraction of alkaloid pesticides as didehydrostemofoline
from the extract of Stemona collinsiae roots by five different
extraction methods (high-power ultrasound, reflux, Soxhlet,
soaking, and infiltration) with 70% ethanol. )e results
showed that ultrasound and reflux have the highest effi-
ciency in the extraction of this pesticide.)ey also concluded
that increasing heat or ultrasonic energy during the ex-
traction process can reduce extraction time and help in-
crease efficiency. )erefore, based on the results of the
present study and the findings of other researchers, it can be
concluded that increasing the temperature increases the
diffusion coefficient of the solvent, and increasing the time
also increases the mass transfer time. On the other hand, in a
constant amount of solvent, the reason for the decrease in
the amount of phenolic compounds extraction is due to the
saturation of the solvent at higher temperatures and times, as
well as the thermal decomposition of phenolic compounds at
higher temperatures over time.

3.2.3. Antioxidant Activity (IC50). )e antioxidant activity
of the burdock roots extract was determined as the IC50.)e
IC50 is a concentration of the extract that inhibits 50% of the
DPPH free radicals in the reaction medium. It is known that
the smaller the value of this index, the higher the antiradical
and antioxidant activity of extracts [50]. )e influence of
independent variables on the IC50 has been shown in the
response surface (Figure 5). With regard to the coefficient of
the independent variables in Table 1, sonication time and
following water/solid ratio have a main effect on the anti-
oxidant’s changes of burdock root extract (p< 0.05). )e
results demonstrated that the phenolic compound content
and thus free radical scavenging activity of DPPH at all

temperatures increased to a maximum with increasing
process time up to 25 minutes, which means that IC50 is
reduced. In the period between 25 and 30 minutes, the
amount of IC50 decreased slightly or remained constant.
However, with increasing the extraction time in the range of
30 to 40 minutes, the extraction efficiency of phenolic
compounds and thus the antioxidant activity of extract had
an increasing trend at temperatures of 40 and 55°C, but at
70°C, a significant decrease in the antioxidant activity of the
extract was observed; as a result, the IC50 index increased.
However, the ratio of solvent to solid at all temperatures and
times had a positive effect on the extraction of phenolic
compounds and increased antioxidant activity of the extract,
which confirmed the significance of the linear coefficients
(Table 1) and the noncurvature of the response surface plots
(Figure 5). In fact, by increasing the amount of solvent due to
the effect of the concentration gradient of polyphenols
between the solvent and the burdock root, a higher phenolic
content is extracted, which leads to enhanced scavenging
activity of the extract and decreased IC50 index [30].
Moreover, at the beginning of the extraction process, the high
phenolic content at the surface of the particles is in contact
with the solvent and accelerates the release of these phenolic
compounds and thus reduces IC50 [47]. Furthermore, the
reason for the higher antioxidant activity in the first 20
minutes of the extraction process may be the fact that in the
early times, simple phenolics with more hydroxyl groups and
consequently more antioxidant activity were extracted [41].

Two important and effective phenomena in ultrasound
are the effect of cavitation and temperature. Cavitation is
affected by the bursting of bubbles and heat by swelling and
destruction of the cellular structure, thereby increasing the
mass transfer of intracellular material to the solvent [51]. In
this study, at the beginning of the extraction process at lower
temperatures, the effect of heat was negligible, and as a
result, the extraction performance was lower. Gradually,
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Figure 4: Response surface for the effect of (a) water/solid ratio and sonication time (sonication temperature� 55°C) and (b) sonication
temperature and water/solid ratio (sonication time� 25°C) on the amount of phenolic compounds.
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with increasing temperature, both effects were equally
dominant and their beneficial combined effect caused rel-
atively higher extraction performance of phenolic com-
pounds and increased antioxidant activity. However, with
increasing extraction time, especially at higher temperatures,
some of the extracted heat-sensitive compounds were
destroyed, which led to a decrease in the antioxidant activity
of the extract. In addition, high ultrasound temperatures
have a negative effect on cavitation intensity. At higher
ultrasonic temperatures, due to the lower surface tension,
the vapor pressure of the solvent increases and causes more
solvent vapors to enter a large number of cavitation bubbles;
as a result, these bubbles disintegrate with less intensity and
the cavitation intensity decreases [51].

In a recent study, Fan et al. [50] investigated the anti-
oxidant activity (IC50) of burdock root extracts obtained by
a process of ultrahigh-pressure extraction, and the result was
0.309mg/ml. )ese researchers attributed the increase of
free radical scavenging of the extracts to the increase in the
amount of phenolic compounds in them and stated that
there is a linear relationship between the amount of phenolic
compounds and the free radical scavenging activity, which is
consistent with the results of this study. Rodriguez et al. [52]
also performed the extraction of burdock roots using su-
percritical CO2 (scCO2) with methanol as cosolvent and
indicated that the extract with the highest antioxidant ac-
tivity (IC50� 0.13mg/mL) was obtained when the extraction
was carried out at 15MPa and 333.15K with a solvent/solid
ratio of 4 :1, which was the highest value compared to other
extraction conditions (p< 0.05). In this regard, Ferracane
et al. [29] indicated that burdock roots contain quinic acid,
chlorogenic acids, and ester of caffeic acid, which are re-
sponsible for the antioxidant properties of root extracts. Liu
et al. [53] also demonstrated that caffeoylquinic acids and
lignans are responsible for the antioxidant activity of

burdock roots. )erefore, phenolic compounds inflated the
antioxidant activity of obtained burdock extracts.

)e predicted model to estimate the amount of IC50
with respect to regression coefficients was obtained as in
equation (6). Based on the results presented in Table 1, the
predicted model is statistically significant (p< 0.0001), and
its coefficient includes the R2 and Adj-R2 with values of
0.995% and 0.988%, respectively, which were appropriate
and confirm the adequacy of the model in predicting the
response. As mentioned before, in a suitable model, the lack
of fit should not be significant, where in the case of this
model, this coefficient was equal to 0.092, which is not
significant (p< 0.05).

IC50 � 9115.05 − 103.63x1 − 241.12x2 − 11.28x3 − 0.116x1x2

−0.020x1x3 − 0.325x2x3 + 1.89x
2
1 + 2.34x

2
2 + 0.112x

2
3.

(6)

3.3. Optimization. )e optimum condition for ultrasound-
assisted extraction of inulin from burdock root is deter-
mined to obtain maximum inulin content and polyphenol
compounds with minimum IC50 using numerical optimi-
zation of Design-Expert software. )is optimum condition
with the desirability of 90% is tabulated in Table 2 which
provides the highest value of inulin content� 12.46% and
total phenol� 18.85mg GA/g DW with the lowest
IC50� 549.85 µg/ml. In the aqueous extraction method of
inulin by maceration method, the extraction efficiency was
10.32% after 24 hours at ambient temperature, and the
maximum extraction rate of phenolic compounds was
16.38mg GA/g DW, which is lower than the maximum
measured amount of these compounds in the ultrasonic
method. )erefore, by comparing the results of the
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Figure 5: Response surface for the effect of (a) sonication time and water/solid ratio (sonication temperature� 55°C) and (b) water/solid
ratio and sonication temperature (sonication time� 25°C) on the antioxidant activity of the extracts.
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optimization phase (ultrasound-assisted extraction) with the
conventional method, we can understand the positive role of
ultrasound frequency in increasing the extraction efficiency
of inulin and other bioactive substances from burdock roots
and reducing the extraction time as well as saving energy
consumption.

4. Conclusion

Burdock root contains significant amounts of inulin and
phenolic compounds with antioxidant properties that can
be extracted by efficient methods and used in food and
pharmaceutical industries. )e results of this study
showed that the polarity of the solvent has a significant
effect on the extraction efficiency of bioactive compounds
from the burdock root so that, among the solvents studied
by the maceration extraction method, water had the
highest extraction efficiency in terms of inulin content.
Regarding the extraction of polyphenolic compounds,
although water showed lower efficiency than water-eth-
anol solvent, this difference was not statistically signifi-
cant. )erefore, water was selected as an effective solvent,
and following that, a central composite design was used to
optimize extraction parameters in an ultrasound bath for
the extraction of inulin and polyphenol compounds.
According to the results, the highest extraction of inulin
and phenolic compounds and the highest antioxidant
activity were obtained in the first 25 minutes of the ul-
trasound extraction. )e amount of these compounds
remained unchanged in a short period, and then with
increasing extraction time, they were exposed to thermal
degradation and reduced, especially at higher sonication
temperatures. )e optimum conditions for ultrasound-
assisted extraction of inulin were sonication time-
� 36.65 min, sonication temperature � 55.48°C, and wa-
ter/solid � 1 : 35 g/ml. Regarding the optimization results,
among the studied factors, sonication time and water/
solid ratio variables are the most effective factors on
inulin extraction efficiency, and the effect of the soni-
cation temperature factor was less than the other two
factors. Generally, the results of this study confirm the
high efficiency and shortening of the extraction time of
the ultrasound-assisted extraction compared to the
conventional method for extracting inulin as a prebiotic
compound and other bioactive compounds from the
burdock root.
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and C. N. Aguilar, “Ultrasound-assisted extraction of poly-
phenols from native plants in theMexican desert,”Ultrasonics
Sonochemistry, vol. 22, pp. 474–481, 2015.

[21] N. N. Azwanida, “A review on the extraction methods use in
medicinal plants, principle, strength and limitation,” Me-
dicinal and Aromatic Plants, vol. 4, no. 3, pp. 1–6, 2015.

[22] L. Yang, P. Yin, F. Hang et al., “Optimization of ultrasonic-
assisted extraction by response surface methodology with
maximal phenolic yield and antioxidant activity from Acer
truncatum leaves,” Peer-reviewed Version Available at Mol-
ecules, vol. 22, no. 232, pp. 232–251, 2017.

[23] E. Milani, A. Koocheki, and Q. A. Golimovahhed, “Extraction
of inulin from Burdock root (Arctium lappa) using high
intensity ultrasound,” International Journal of Food Science &
Technology, vol. 46, no. 8, pp. 1699–1704, 2011.

[24] H. Frouzanmehr and S. Abbasi, “Optimization of inulin ex-
traction from Helianthus tuberous with or without ultrasonic
technique by using Response surface methodology,” in Pro-
ceedings of the 17th Conference of Food Science, vol. 310, Iran,
May 2007.

[25] J. Huang and L. Yang, “Microencapsulation of anthocyanin
from fruits of Berberis kaschgarica Rupr,” Food Science,
vol. 32, no. 16, pp. 16–21, 2011.

[26] S. Ersus and U. Yurdagel, “Microencapsulation of anthocy-
anin pigments of black carrot (Daucus carota L.) by spray
drier,” Journal of Food Engineering, vol. 80, no. 3, pp. 805–812,
2007.

[27] Y. Martono, S. A. Apriliyani, C. A. Riyanto, and
M. L. Kusmita, “Optimization of conventional and ultrasound
assisted extraction of inulin from gembili tubers (Dioscorea
esculenta L.) using response surface methodology (RSM),”
IOP Conf. Series: Materials Science and Engineering, vol. 509,
Article ID 12154, 2019.

[28] F. S. Predes, A. L. T. G. Ruiz, J. E. Carvalho, M. A. Foglio, and
H. Dolder, “Antioxidative and in vitro aqntiproliferative
activity of Arctium lappa root extracts,” BMC Complementary
and Alternative Medicine, vol. 11, no. 25, pp. 11–25, 2011.

[29] R. Ferracane, G. Graziani, M. Gallo, V. Fogliano, and
A. Ritieni, “Metabolic profile of the bioactive compounds of
burdock (Arctium lappa) seeds, roots and leaves,” Journal of
Pharmaceutical and Biomedical Analysis, vol. 51, no. 2,
pp. 399–404, 2010.

[30] C.M. Galanakis, V. Goulas, S. Tsakona, G. A.Manganaris, and
V. Gekas, “A knowledge base for the recovery of natural
phenols with different solvents,” International Journal of Food
Properties, vol. 16, no. 2, pp. 382–396, 2013.

[31] A. Ghasemzadeh, H. Jaafar, A. Juraimi, and A. Tayebi-Mei-
gooni, “Comparative evaluation of different extraction
techniques and solvents for the assay of phytochemicals and
antioxidant activity of hashemi rice bran,” Molecules, vol. 20,
no. 6, pp. 10822–10838, 2015.

[32] B. Sultana, F. Anwar, and M. Ashraf, “Effect of extraction
solvent/technique on the antioxidant activity of selected
medicinal plant extracts,” Molecules, vol. 14, no. 6,
pp. 2167–2180, 2009.

[33] C. T. Horng, M. L. Tsai, C. W. Hsueh, S. Y. Hsu, H. Y. Wang,
and F. A. Chen, “Antioxidant activity of Arctium lappa L. and
its effect on biochemical parameters in exercised rats,” Asian
Journal of Chemistry, vol. 25, no. 4, pp. 1970–1974, 2013.

[34] Y. Cai, Q. Luo, M. Sun, and H. Corke, “Antioxidant activity
and phenolic compounds of 112 traditional Chinese medic-
inal plants associated with anticancer,” Life Sciences, vol. 74,
no. 17, pp. 2157–2184, 2004.

[35] J.-B. Ji, X.-H. Lu, M.-Q. Cai, and Z.-C. Xu, “Improvement of
leaching process of Geniposide with ultrasound,” Ultrasonics
Sonochemistry, vol. 13, no. 5, pp. 455–462, 2006.

[36] H. Zhang, K. Chen, P. Zhang, X. Zhang, Z. Wang, and J. Xue,
“Synthesis of acetylation burdock fructooligosaccharide
(BFO),” Earth Environ. Sci, vol. 108, no. 4, Article ID 42085,
2018.

[37] Y. Wu, S. W. Cui, J. Tang, and X. Gu, “Optimization of
extraction process of crude polysaccharides from boat-fruited
sterculia seeds by response surface methodology,” Food
Chemistry, vol. 105, no. 4, pp. 1599–1605, 2007.

[38] T. L. Cao, S. Y. Yang, and K. B. Song, “Development of
burdock root inulin/chitosan blend films containing oregano
and thyme essential oils,” International Journal of Molecular
Sciences, vol. 19, no. 1, pp. 131–143, 2018.

[39] E. Milani, F. Hosseini, E. Zaerzadeh, Q. A. Golimovahhed,
and A. Tavakkoli, “Optimization of inulin extraction from
burdock tuber by using response surface methodology
(RSM),” Journal of Medicinal Plants, vol. 11, no. 41,
pp. 149–158, 2012.

[40] I. Bagaoutdinova, P. Fedoseyeva, and F. Okoneshnikova,
“Fructose-containing carbohydrates in plants of different
families. Localization and content,” Chemistry of Renewable
Plant Resourses, vol. 2, no. 13–16, 2001.

[41] N. Petkova, I. Ivanov, D. Mihaylova, and A. Lante, “Effect of
pressure liquid extraction and ultrasonic irradiation fre-
quency on inulin, phenolic content and antioxidant activity in

Journal of Food Quality 11



burdock (Arctium lappa L.) roots,” Acta Scientiarum Polo-
norum Hortorum Cultus, vol. 19, no. 3, pp. 125–133, 2020.

[42] D. N. Olennikov and L.M. Tankhaev, “A quantitative assay for
total fructans in burdock (Arctium spp.) roots,” Russian
Journal of Bioorganic Chemistry, vol. 37, no. 7, pp. 893–898,
2011.

[43] N. Petkova, L. Ivanova, G. Filova, I. Ivanov, and P. Denev,
“Antioxidants and carbohydrate content in infusions and
microwave extracts from eight medicinal plants,” Journal of
Applied Pharmaceutical Science, vol. 7, no. 10, pp. 55–61, 2017.

[44] M. Ya-Qin and C. Jian-Chu, “Simultaneous extraction of
phenolic compound of citrus peel extracts: effect of ultra-
sound,” Journal of Ultrasonics Sonochemistry, vol. 16, no. 1,
pp. 57–62, 2009.

[45] Y. Tao, Z. Zhang, and D.-W. Sun, “Kinetic modeling of ul-
trasound-assisted extraction of phenolic compounds from
grape marc: influence of acoustic energy density and tem-
perature,” Ultrasonics Sonochemistry, vol. 21, no. 4,
pp. 1461–1469, 2014.

[46] C. D. Portto, E. Porretto, and D. Decorti, “Comparison of
ultrasound-assisted extrac-tion with conventional extraction
methods of oil and polyphenols from grape (Vitis vinifera L.)
seeds,” Ultrason Sonochem.vol. 20, pp. 1076–1080, 2013.

[47] M. Heydari Majd, A. Rajaei, D. Salar Bashi, S. A. Mortazavi,
and S. Bolourian, “Optimization of ultrasonic-assisted ex-
traction of phenolic compounds from bovine pennyroyal
(Phlomidoschema parviflorum) leaves using response surface
methodology,” Industrial Crops and Products, vol. 57,
pp. 195–202, 2014.
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“Kinetics, composition and antioxidant activity of burdock
(Arctium lappa) root extracts obtained with supercritical CO2
and co-solvent,” @e Journal of Supercritical Fluids, vol. 135,
pp. 25–33, 2018.

[53] J. Liu, Y.-Z. Cai, R. N. S. Wong et al., “Comparative analysis of
caffeoylquinic acids and lignans in roots and seeds among
various burdock (Arctium lappa) genotypes with high anti-
oxidant activity,” Journal of Agricultural and Food Chemistry,
vol. 60, no. 16, pp. 4067–4075, 2012.

12 Journal of Food Quality


