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Abstract

Ultrasound-assisted extraction was used for extraction of bioactive compounds and for production of
Allium ursinum liquid extract. The experiments were carried out according to tree level, four variables, face-centered
cubic experimental design (FDC) combined with response surface methodology (RSM). Temperature (from 40 to 80
°C), ethanol concentration (from 30 to 70%), extraction time (from 40 to 80 min) and ultrasonic power (from 19.2 to
38.4 W/L) were investigated as independent variables in order to obtain the optimal conditions for extraction and to
maximize the yield of total phenols (TP), flavonoids (TF) and antioxidant activity of obtained extracts. Experimental
results were fitted to the second order polynomial model where multiple regression and analysis of variance were
used to determine the fitness of the model and optimal condition for investigated responses. The predicted values of
the TP (1.60 g GAE/100g DW), TF (0.35 g CE/100 g DW), antioxidant activity, ICsy(0.71mg/ml) and extraction
yield, Y (38.1%) were determined at the optimal conditions for ultrasound assisted extraction as: 80°C temperature,
70% ethanol, 79.8 minutes and 20.06 W/L ultrasonic power. The predicted results matched well with the
experimental results obtained using optimum extraction conditions which validated the RSM model with a good

correlation.

Keywords: ultrasound-assisted extraction, Allium ursinum, total phenols, total flavonoids, antioxidant activity,
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1. Introduction

In the recent years there has been an increase of interest for the use of natural compounds
in the prevention and treatment of various diseases such as cancer, arthritis, diabetes,
hypertension, coronary diseases, etc. Beside application in the prevention and treatment of
various diseases, the utilization of natural compounds from various sources has been increased in
the food industry. This increase is in accordance with demand to replace all synthetic and toxic
additives with natural and safe ones. As a source of health benefit compounds Allium species
have been used in the traditional medicine for many centuries thanks to its wide-spread
distribution and popularity as edible and medicinal plant. In the past few years interest for Allium
ursinum, as wild aromatic plant, is significantly growing. The potential health benefits of A.
ursinum have been attributed mainly to the sulfur containing compounds which are the most
characteristic constituents in Allium plants [1]. A. ursinum belongs to methiin/alliin- type Allium
species, which means it contains mainly a mixture of (+)-S-methyl-L-cysteine-sulfoxide
(methiin) and (+)-S-allyl-L-cysteine-sulfoxide, alliin. According to Schmitt et al. [2] and Kubec
et al. [3], by hydrolyzing these compounds, many volatile compounds are created. Compounds
like thiosulphinates and (poly) sulfides (among them allicin, methyl-allyl- or dimethyl
thiosulfinates) are responsible for A/lium specific flavor and odor. Apart of sulfur-containing
substances A. ursinum has been also reported as a good source of phenolic compounds [4]. The
leaves containe free forms of galic, ferulic and vanillic acids, and bound forms of p-coumaric,
ferulic and vanillic acids. In the bulbs free ferulic, p-hydroxybenzoic and vanillic acids, and
bound forms of pcoumaric and ferulic acids were detected [5]. As far as qualitative profile is
concerned, ramson is abundant predominantly in kaempferol derivatives (3-O-b-
neohesperidoside- 7-0O-[2-O-(trans-p-coumaroyl)]-b-D-glucopyranoside, 3-O-b-
neohesperidoside-7-O-[2-O-(trans-p-feruloyl)]-b-D-glucopyranoside, 3-O-b-neohesperidoside-7-
O-[2-O-(trans-p-coumaroyl)-b-D-glucopyranosyl]-b-D-glucopyranoside) [6-8]. Several
biological activities of A. ursinum plants and extracts, such as antioxidant [9], cytostatic [10],
antimicrobial [10] ,and antidiabetic [11] were reported. Broad spectrum of biological activities
obtained from A4. ursinum and its extracts, as well as the presence of chemical compounds with
high terapeutical potential, makes this plant potential candidate for future development of

various functional products and food supplements.
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Applied extraction method can substantially affect the quality and concentration of
targeted compounds in extract production. Extraction of herbs using ultrasound-assisted process
was recommended by various authors as a one of the most efficient, inexpensive and simplest
existing extraction systems which could be suitably operated for large-scale preparations [12],
[13]. Ultrasonic waves after interaction with subjected plant material alter its physical and
chemical properties. The use of ultrasound can enhance the extraction process by increasing the
mass transfer between the solvent and plant material. The collapse of cavitation bubbles leads to
better cell disruption through the formation of micro jets due to asymmetrical bubble collapse
near a solid surface. Cavitation effect facilitates the release of extractable compounds and
enhances the mass transport by disrupting the plant cell walls, allowing greater penetration of
solvent into the sample matrix, increasing the contact surface area between the solid and liquid
phase [14], [15]. Using ultrasound, extractions can be completed in short time with high
reproducibility, reducing the consumption of solvent, simplifying manipulation and work-up,
extraction at lower temperatures, giving higher purity of the final product, faster extraction rates

and greater yields of product [16], [17].

In this study possibility to apply UAE for the production of quality 4. ursinum extracts
was investigated. Effect of different extraction parameters (solvent concentration, extraction
temperature, extraction time and ultrasonic power) on properties of extracts was investigated and
analyzed using response surface methodology (RSM). A three levels, four variables, face central
composite design was employed to obtain the optimal conditions for the extraction of functional

components from A. ursinum.

2. Materials and methods

2.1. Plant material

Dried A4. ursinum was kindly donated by local tea factory, Fructus doo Backa Palanka,
Serbia. Before extraction material was grounded in the blender. The particle size of the grounded

material (0.325 mm) was determined using sieve sets (Erweka, Germany).
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2.2. Chemicals

1, 1-Diphenyl-2-picryl-hydrazyl-hydrate (DPPH), Folin-Ciocalteu reagent, (+)-catechin,
were purchased from Sigma (Sigma-Aldrich GmbH, Sternheim, Germany). Gallic acid was
purchased from Sigma (Sigma, St. Luis, 91 MO, USA). All other chemicals and reagents were of

analytical reagent grade.

2.3. Ultrasound-assisted extraction procedure

For ultrasound-assisted extraction sonication water bath (EUP540A, Euinstruments,
France) with fixed frequency at 40 kHz was used. According to Rodriguez et al., due to
sonication water bath use, ultrasound power was expressed as ultrasound power density W/L in
order to obtain more prcise results [18]. In experimental runs, 5 g of grounded 4. ursinum was
mixed with 25 ml of selected solvent (according to Table 1) in 100 ml flasks. Flasks with
condensers were always positioned in the same distance from the transducer without additional
agitation. Ultrasonic power, temperature and extraction time were controlled from the panel of
the instrument. After extraction, extracts were immediately filtered through the filter paper under
vacuum. Extracts were collected into glass flasks and stored at 4 °C until further analysis in the

shortest time.

2.4. Determination of total phenols content

The total phenolic content (TP) in obtained A. ursinum extracts was determined by the
Folin—Ciocalteu procedure ([19], [20] using gallic acid as a standard. Absorbance was measured
at 750 nm. Content of phenolic compounds was expressed as g of gallic acid equivalent (GAE)
on dry weigh of 4. ursinum (g GAE/100 g DW). All experiments were performed in three

replicates.
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2.5 Determination of total flavonoids content

The total flavonoids content (TF) was determined using aluminum chloride colorimetric
assay [21]. Results were expressed as g of catechin equivalents (CE) on dry weight of A. ursinum

(g CE/100 g DW). All experiments were performed in three replicates.

2.6. DPPH assay

DPPH radical scavenging assay, based on the reduction of the DPPH solution in the
presence of a proton-donating substance, has been extensively employed to evaluate the free
radical scavenging ability of varied samples [22]. The free radical scavenging activity of dry A.
ursinum extracts were determined as described by Espin et al. [23]. Different amount of A.
ursinum extract were mixed with methanol (95%) and 90 uM 2, 2-diphenyl-1-picryl-hydrazyl
(DPPH) in order to gain different final concentrations of the extract. After 60 min at room
temperature, the absorbance was measured at 515 nm and expressed as radical scavenging

capacity. Radical scavenging capacity (%RSC) was calculated by following equation:

%RSC = 100 — (Asample X 100)/Apjank (1)

where: Agmple 18 the absorbance of sample solution and Apjak 1 the absorbance of control. This
activity was also expressed as the inhibitory concentration at RSC value 50% (ICso, the

concentration of test solution required to obtain 50% of radical scavenging capacity).

2.7. Experimental design and statistical analysis

In this study a three levels, four-variable central composite face-centered design (FCD)
was employed to investigate and validate the extraction parameters affecting the extraction of A.
ursinum total phenols, total flavonoids and antioxidant activity. For the optimization of
extraction parameters design consisted of 29 experiments, including five replicates in a central

point. The parameters employed in the experimental design were in the ranges: temperature (40-
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80 °C), ethanol concentration (30- 70%), ultrasonic power (19.2- 38.4 W/L) and extraction time

(40- 80 min). Variables were coded according following equation [24]:

P )

where, X is the coded value, x; is the corresponding actual value, x, is the actual value in the
center of the domain, and Ax is the increment of x; corresponding to a variation of 1 unit of X.
The coded and original values of independent variables used in this experiment are listed in the
Table 1.

Experimental data were fitted to the following second order polynomial model (Eq. 3).
Regression coefficients were obtained to describe relationship between the responses and the

independent variables.
()

where Y is the response variable, X; and X; are independent variables and f;, fi;, and S are the

regression coefficients for intercept, linear, quadratic and interception terms respectively.

Experimental data were analyzed using Design Expert software v. 9 Trial (State-Ease,
Minneapolis, Minnesota, USA). Analysis of variance (ANOVA) and response surface analysis
were used to determine the statistical significance of the model. The significances of all terms in
the polynomial were considered statistically different when p< 0.05. The adequacy of the model
was checked by accounting for the coefficient of determination (R?). The relationship between

the response and independent variables was demonstrated using a response surface plot.

3. Results and discussion

3.1. Determination of process parameters

For quality utilization of material of interest, analysis of process parameters influence and
optimization of process need to be provided. UAE is affected by several parameters, such as

ultrasonic power, solvent concentration, and extraction temperature [25]. Dominant factor which

6
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affect all extraction process, regardless on applied extraction techniques, is extraction solvent.
Extraction solvent should be selected based on the compounds targeted by the process, based on
its selectivity, safety, cost and availability. Extraction solvents as ethanol and ethanol/water
mixtures are widely recognized by a number of investigations as extraction solvent adequate for

extraction of antioxidant compounds, especially phenolic ones [26].

Application of longer extraction time than needed can induce the increase of energy and
operational costs of the process. Therefore, the extraction time should be considered carefully
because the excess of the time during UAE, with others process parameters of extraction can
influence significantly on process and quality of extracts [15]. Use of UAE is advisable for
thermolabile compounds [27]. Extraction at higher temperatures for a longer extraction time can
cause the degradation of certain extracted compounds. Therefore, for quality utilization of A.
ursinum influence of four process parameters was investigated. Those four independent variables
(temperature, solvent concentration, time of extraction and ultrasonic power) were involved in
the optimized experiment according to face centered design. Table 2 presents the experimental

design and experimental values for each response under different UAE parameters.

The regression coefficients of the intercept, linear, quadratic and interaction terms of the
model (Eq. 2) were generated for all responses using statistical approach called the method of
least squares (MLS). MLS represents a multiple regression technique used to fit a mathematical
model to a set of experimental data generating the lowest residual possible [28]. The regression
coefficients, the model for each response and the results of the analysis of variance (ANOVA)
are displayed in Table 3. According to the values coefficients of multiple determination (R?) for
TP, TF, ICso and EY (extraction yield), varying from 0.68 to 0.99. Although R? in designed
experiment was quite low for TP (0.71) and ICsy (0.68) mathematical models were statistically
acceptable due to high significant regression for the model (p,,<0.05), moderate significant

(pn<0.1) and non-significant lack of fit (p;~>0.05).
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3.2. Effects of extraction parameters on extraction yield

The yields of extractions are presented in Table 2. The regression analysis of the data
showed positive highly significant effect of linear term of temperature on total extraction yield of
A. ursinum UAE. Effects of temperature and ultrasonic power interaction, as well as quadratic
term of ethanol concentration, were significant and negative. Quadratic term of ultrasonic power
affect moderate significantly on total extraction yield of investigated process. Other teams were
insignificant. Therefore, the final predictive equation for describing the efficiency of extraction

of total extractable compounds of A. ursinum using significant terms is as follows

Y =36.6612+1.4423X, —2.0503X, X, —1.6418X7 —1.0705.X, “)

The best way to express the effects of any independent variables on the extraction yield
of targeted compounds is to generate surface response plots of the model which were done by
varying two variables in the experimental range under investigation and holding the other two
variables at its fixed level [29]. Figure 1 shows the surface plots which are presenting the
influence of investigated UAE parameters on the extraction yield. Presented plots enable us to
have better visualization of influence and interaction between each two parameters in

investigated design.

Visual analysis of surface plots is in accordance with multiple regression analysis.
Positive temperature influence on total yield can be observed in plots A, B, C (Figure 1). The
negative effect of quadratic terms of ethanol concentration and ultrasonic power can be observed
from plots D, E, F. The ethanol concentration indicates a saddle point and the highest yield is
observed at approximately 50%. Negative impact of quadratic term of ethanol concentration can
be explained by the fact that additional of water to ethanol improves extraction rate. But,
according to Spigno et al. the high water content can brought an increased concomitant

extraction of other compounds, and this can lower phenols concentrations in the extracts [30].

The negative effect of interaction between temperature and ultrasonic power may
suggest using lower ultrasonic power in combination with high temperature what will prevent the
degradation of bioactive compounds from 4. ursinum. Inclined surfaces to the side to the higher

investigated temperatures are in accordance with statement that the higher system energies could
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increase the solubility of target compounds, and consequently improve their liberation from the

sample matrix by destroying the integrity of connective and structural tissues [31].

3.3. Effects of extraction parameters on total phenols content

Figure 2 shows the surface plots which are presenting the influence of investigated UAE
parameters on the extraction of TP from A. ursinum. Presented plots enable us to have better
visualization of influence and interaction between each two parameters in investigated design.
The efficiency of TP extraction, in design varied from 0.92 to 1.44 g GAE/100 g DW. The
lowest TP was obtained using 50% ethanol as extraction solvent, at the highest temperature and
for the lowest extraction time, while ultrasonic power was 28.8 W/L. Using same extraction
solvent (50% ethanol) at same extraction temperature (80 °C) and ultrasonic power (28.8 W/L)
the highest yield of TP was achieved. But, in this case extraction time was much higher (80 min).
In accordance with p-values the regression coefficients terms with significant effect are
presented in Eq. 5. Various process factor affecting the efficiency of TP extraction from A.

ursinum. Among them, the most dominant is the effect of temperature.

Y =1.2643+0.0314X, +0.0569X, X, +0.1476X, X, -0.1072X, X, -0.528X, > (5)

In equation describing extraction of TP from A. ursinum it can be seen that the linear
term of time have a moderate positive impact on extraction of TP, meaning that with the increase
of the extraction time extraction of TP from investigated material will be slightly increased.
Interaction between time and ethanol concentration is characterized with moderate significance
to, therefore it will have the same moderate effect on the increase of TP extraction. According to
the same equation interactions between temperature and extraction time and temperature and
ultrasonic power had highly significant influence on TP extraction. The effect of temperature and
time interaction was positive, what means that increase of parameters which are elements of
these interactions will increase the extraction of TP from A. ursinum. Unlike this interaction,
interaction of temperature with ultrasonic power will affect significantly, but negatively,
meaning that in interaction these two parameters could decrease extraction of TP from A.

ursinum. Significant but negative effect of quadratic term of temperature, causing decrease of TP

9
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extraction, can be explained by possible degradation, at higher temperatures, of certain thermo

sensitive phenolic constituents presented in investigated 4. ursinum.

From a visual analysis of surface plots (A, B and C) the influence of temperature is also
noticeable. Interaction between temperature and time leads to the higher TP content. Influence of
interaction of these two factors could be explained with multiple effect of temperature on mass-
transfer process such as improved diffusion, degradation of the plant matrix and improvement of
solvent penetration during the time [32]. Thus, as it has obvious from the equation above, if the
thermo sensitive compounds are present in the material of investigation the effect of temperature
could be revers. The influence of extraction time best represents plot B with a positive slope to
greater time extraction. Significant negative influence between temperature and ultrasonic power

in observed in Figure 2. Plot C.

3.4. Effects of extraction parameters on total flavonoids content

Compared with the results obtained using conventional maceration, results obtained by
UAE provide higher values of TF. The same observation was made by Gitin et al. [4], but

different extraction parameters were set.

The coefficient of determination for this method (R%) was verv high. 0.99. which implies
an adequate correlation between the model and the experimental results for the chosen
parameters. Efficiency of TF extraction from A. ursinum oscillated from 0.09 to 0.40 g CE/100 g
DW, as it is presented in Table 2. The lowest TF was obtained using 30% ethanol as extraction
solvent at the temperature of 60 °C and ultrasonic power of 38.4 W/L, while extraction time was

set for 60 minutes.

Based on the p-value from the Table 3. effects of investigated process parameters on

extraction of TF from A. ursinum can be presented by the following equation:

Y =0.13+0.1398X, —0.0074.X, +0.1031.X (6)

10
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The ANOVA results (Table 3) are showing that solvent concentration has dominant
effect on the extraction of TF from A. ursinum. Its linear term impacted highly significant and
positive on the TF yield. The same case was with quadratic terms of ethanol concentration. This
imply that increase of ethanol concentration leads to increase of TF extraction from A4. ursinum
in investigated range. Results indicate that the solvent employed is important when tailoring an
ultrasonic extraction. There is noted sharper flavonoids content rise started from approximately
50% ethanol concentration (A, D, E). High increase of flavonoid extraction with increase of
ethanol concentration in ethanol/water mixture might be due to the solvent which provides the
most suitable polarity for extraction of 4. ursinum flavonoids [33]. It has been reported that the
polarity of solvent used in extraction directly affects not only the quantity of TF, but also the
composition of polyphenolic and flavonoids compounds [34]. According to the Table 3 time has
a moderate significant and negative influence (p<0.0 5) which can be noted also by observing
plots (Figure 4). Although the other process variables were insignificant on TF some conclusion
may be done. From the plot analysis, it was found that we can obtain similar yields of using
shorter time of extraction. Plots C, E, F indicate that prolonged sonication did not result in
further improvements of extraction efficiency, therefore medium strength should be enough to
obtained desirable yield. This implicate that we can use mild conditions (time, ultrasonic power

and temperature) to gain similar yield, but saving time and energy.

3.5. Effects of extraction parameters on antioxidant activity of obtained extracts

During cavitation, hydroxyl radicals can be produced and these sonochemically generated
radicals can react with easily oxidable food compounds. Depending on the process and the
matrix, the chemical effects of acoustic cavitation may be either beneficial or detrimental [35].
The experimental data (Table 2) showing the antioxidant activity of extracts obtained by UAE
under investigated setup of extraction parameters. Antioxidant activity of A. ursinum extracts
was in the range from 0.71 to 1.12 mg/ml. Practically, a lower ICsy value corresponds to stronger
antioxidant activity of tested samples [36]. Thus, the best antioxidant results were obtained in run
11 (0.71 mg/ml) in extract obtained using 30% ethanol at temperature of 60 °C, ultrasonic power

of 28.8 W/L during 40 minutes of extraction.

11
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The results of regression analysis indicated that the main extraction parameters affecting
the antioxidant activity of analyzing extracts are linear terms of temperature and ethanol
concentration, and an interaction term between temperature and ultrasonic power. The final
equation describing the effects of process parameters (within investigated range) on antioxidant

activity of obtained A. ursinum extracts is as following:
Y =0.9100—-0.0839.X, +0.0567.X, +0.1547.X, X, (7)

Effect of ultrasonic power is highly significant in interaction with temperature, which is
visible from plot C (Fig. 4). Higher ultrasonic power could have damaged more cell walls,
releasing more antioxidants, including phenolic compounds to the solvents. But, in the same time
it could lead to the degradation of certain sensitive constituents present in A. wursinum. An
increase in temperature increases target compound solubility, solvent diffusion rate and mass
transfer [37], but, as like ultrasonic power, higher temperatures could lead to the degradation of
thermo sensitive compounds present in 4. ursinum. In this case, as ultrasonic power temperature
interaction effect highly significant and positive on response characterizing antioxidant activity
(ICs0) it can be concluded that their increase will lead to increase of ICsy therefore it will
decrease antioxidant activity of extracts. Couse of this decrease could be temperature and
ultrasonic power caused degradation of A. wursinum sensitive compounds with antioxidant
properties. According to negative temperature slope on the plots A, B, C (Figure 4) it can be
concluded that with increasing temperature, as ICsg is decreasing, antioxidant activity is rising.
This is in accordance with equation 7 and results present in Table 3, which are showing highly
significant effect of linear term of temperature indicating that increase of temperature will lead to
decrease of ICs, thus increase of obtained extract antioxidant activity. Therefore, if the target of
investigated process is the production of 4. ursinum extracts with highest antioxidant properties

higher temperatures at lower ultrasonic power should be applied.

3.6. Optimization of the extraction process

The aim of this study was to maximize extraction yield of compounds within extraction

parameters. Based on the experimental results and statistical analysis, numerical optimizations

12
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have been conducted in order to establish the optimum level of independent variables with
desirable response of goals. In the current study, for all responses only one optimal condition
was obtained: 80 °C temperature, 70% ethanol, 79.8 minutes and ultrasonic power of 20.06 W/L.
Determination of optimal conditions and predicted values was based on desirability function,
D=0.878. In order to verify predictive mathematical model of the investigated process
experimental confirmation of obtained was performed on estimated optimal conditions. Predicted
and the observed values are presented in Table 4. The predicted results matched well with the
experimental results obtained at optimal extraction conditions which were validated by the RSM

model with as good correlation.

13
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4. Conclusions

Optimization of UAE of 4. ursinum was performed by varying different solid-liquid
extraction process parameters and using RSM as mathematical tool for extraction process
optimization. The second-order polynomial model provided adequate mathematical description
of UAE of targeted responses: TP, TF, extraction yield and antioxidant activity. Therefore,
optimization of extraction conditions in order to provide maximum yields for each observed
response (TP, TF, antioxidant activity and extraction yield) was successfully performed.
Generally, obtained results and statistical analysis qualify UAE as appropriate extraction
technique for extraction of antioxidant compounds, such are TP and TF, from medicinal plant
such is A. ursinum. The most dominant effect on the extraction process of 4. ursinum was the
effect of extraction temperature followed by concentration of ethanol in extraction solvent.
Statistical and graphical analysis showed that the temperature has notable influence on each
targeted response, except on the TF extraction. Temperature had dominant effect, sole or in
interaction, on extraction of TP from A. ursinum. Temperature ultrasonic power interaction leads
to decrease of TP extraction, probably due to degradation of certain sensitive constituents of A.
ursinum as may be gallic and vanillic acid. In the cases of temperature interaction with time the
efficiency of TP extraction increases, what leads to the conclusion that for efficient extraction of
TP from A. ursinum higher temperatures and lower ultrasonic power should be applied. Ethanol
concentration played most important role in extraction of flavonoid compounds from A. ursinum,
probably due to the adequate polarity of extracting bioactive compounds. In the case of

flavonoids extraction from A. ursinum ultrasonic power and temperature had no influence.

Acknowledgements: The study was supported by Fructus d.o.0., Backa Palanka, Serbia
and Visegrad/V4EaP Scholarship 51400735.

14



12
13

14
15

16
17

18
19

20
21

22
23
24

25
26

27
28

29
30
31

5. References:

[1]

[2]

[3]

[4]

[3]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

K. Schmid, Spray drying of protein precipitates and Evaluation of the Nano Spray Dryer
B-90, Nano. (2011).

B. Schmitt, H. Schulz, J. Storsberg, M. Keusgen, Chemical characterization of Allium
ursinum L. depending on harvesting time., J. Agric. Food Chem. 53 (2005) 7288-7294.

R. Kubec, M. Svobodova, J. Velisek, Distribution of S -Alk(en)ylcysteine Sulfoxides in
Some Allium Species. Identification of a New Flavor Precursor: S -Ethylcysteine
Sulfoxide (Ethiin), J. Agric. Food Chem. 48 (2000) 428—433.

L. Gitin, R. Dinica, R. Parnavel, The influence of extraction method on the apparent
content of bioactive compounds in Romanian Allium spp. leaves, Not. Bot. Horti Agrobot.
Cluj-Napoca. 40 (2012) 93-97.

L. Djurdjevic, A. Dinic, P. Pavlovic, M. Mitrovic, B. Karadzic, V. Tesevic, Allelopathic
potential of Allium ursinum L., Biochem. Syst. Ecol. 32 (2004) 533-544.

A. Carotenuto, E. Fattorusso, V. Lanzotti, S. Magno, V. De Feo, C. Cicala, The flavonoids
of Allium neapolitanum, Phytochemistry. 44 (1997) 949-957.

H. Wu, S. Dushenkov, C.-T. Ho, S. Sang, Novel acetylated flavonoid glycosides from the
leaves of Allium ursinum, Food Chem. 115 (2009) 592-595.

J. Oszmianski, J. Kolniak-Ostek, a. Wojdyto, Characterization and content of flavonol
derivatives of Allium ursinum L. plant, J. Agric. Food Chem. 61 (2013) 176—84.

D. gtajner, B.M. Popovi¢, J. Canadanovi¢-Brunet, M. §tajner, Antioxidant and scavenger
activities of Allium ursinum, Fitoterapia. 79 (2008) 303—-305.

D. Sobolewska, Z. Janeczko, W. Kisiel, I. Podolak, A. Galanty, D. Trojanowska, Steroidal
glycosides from the underground parts of Allium ursinum L. and their cytostatic and
antimicrobial activity, Acta Pol. Pharm. - Drug Res. 63 (2006) 219-223.

D. Sobolewska, 1. Podolak, J. Makowska-Was, Allium ursinum: botanical, phytochemical
and pharmacological overview, Phytochem. Rev. (2013) 1-17.

A. Khoddami, M. a. Wilkes, T.H. Roberts, Techniques for analysis of plant phenolic
compounds, Molecules. 18 (2013) 2328-2375. doi:10.3390/molecules18022328.

M. Ramié, S. Vidovi¢, Z. Zekovi¢, J. Vladi¢, A. Cvejin, B. Pavli¢, Modeling and

optimization of ultrasound-assisted extraction of polyphenolic compounds from Aronia
melanocarpa by-products from filter-tea factory, Ultrason. Sonochem. 23 (2015) 360-368.

15



10
11

12
13

14
15
16

17
18
19

20
21
22

23
24
25

26
27

28
29
30

31
32

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

M. A. Rostagno, M. Palma, C.G. Barroso, Ultrasound-assisted extraction of soy
isoflavones, J. Chromatogr. A. 1012 (2003) 119-128.

L. Wang, C.L. Weller, Recent advances in extraction of nutraceuticals from plants, Trends
Food Sci. Technol. 17 (2006) 300-312.

M. Vinatoru, An overview of the ultrasonically assisted extraction of bioactive principles
from herbs, Ultrason. Sonochem. 8 (2001) 303-313.

F. Chemat, Zill-E-Huma, M.K. Khan, Applications of ultrasound in food technology:
Processing, preservation and extraction, Ultrason. Sonochem. 18 (2011) 813-835.

0. Rodriguez, J. V. Santacatalina, S. Simal, J. V. Garcia-Perez, A. Femenia, C. Rosselld,
Influence of power ultrasound application on drying kinetics of apple and its antioxidant
and microstructural properties, J. Food Eng. 129 (2014) 21-29.

V.L. Singleton, J.A.J. Rossi, Colorimetry of total phenolics with phosphomolybdic-
phosphotungstic acid reagents., Am. J. Enol. Vitic. 16 (1965) 144-58.

M.P. Kdhkonen, A.l. Hopia, H.J. Vuorela, J.P. Rauha, K. Pihlaja, T.S. Kujala, et al.,
Antioxidant activity of plant extracts containing phenolic compounds., J. Agric. Food
Chem. 47 (1999) 3954-3962.

J.B. Harborne, Methods in plant biochemistry. Volume 1. Plant phenolics., (1989).
http://www.cabdirect.org/abstracts/19910304248.html;jsessionid=5043A20A321AB10257
E37F1AD97D2B56 (accessed May 18, 2015).

W. Chen, W.-P. Wang, H.-S. Zhang, Q. Huang, Optimization of ultrasonic-assisted
extraction of water-soluble polysaccharides from Boletus edulis mycelia using response
surface methodology, Carbohydr. Polym. 87 (2012) 614—619.

J.C. Espin, C. Soler-Rivas, H.J. Wichers, Characterization of the Total Free Radical
Scavenger Capacity of Vegetable Oils and Oil Fractions Using 2,2-Diphenyl-1-
picrylhydrazyl Radical, J. Agric. Food Chem. 48 (2000) 648—656.

D. Bas, I.H. Boyaci, Modeling and optimization I: Usability of response surface
methodology, J. Food Eng. 78 (2007) 836—845.

C.-H. Kuo, B.-Y. Chen, Y.-C. Liu, C.-M.J. Chang, T.-S. Deng, J.-H. Chen, et al.,
Optimized ultrasound-assisted extraction of phenolic compounds from Polygonum

cuspidatum., Molecules. 19 (2013) 67-77.

M. Naczk, F. Shahidi, Extraction and analysis of phenolics in food, J. Chromatogr. A.
1054 (2004) 95-111. doi:10.1016/j.chroma.2004.08.059.

16



12
13
14

15
16
17

18
19
20

21
22
23
24

25
26

27
28
29
30

31
32
33

34

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

M. Romdhane, Investigation in solid—liquid extraction: influence of ultrasound, Chem.
Eng. J. 87 (2002) 11-19. doi:10.1016/S1385-8947(01)00206-6.

M.A. Bezerra, R.E. Santelli, E.P. Oliveira, L.S. Villar, L. a. Escaleira, Response surface
methodology (RSM) as a tool for optimization in analytical chemistry, Talanta. 76 (2008)
965-977.

G. Zhang, L. He, M. Hu, Optimized ultrasonic-assisted extraction of flavonoids from
Prunella vulgaris L. and evaluation of antioxidant activities in vitro, Innov. Food Sci.
Emerg. Technol. 12 (2011) 18-25.

G. Spigno, L. Tramelli, D.M. De Faveri, Effects of extraction time, temperature and
solvent on concentration and antioxidant activity of grape marc phenolics, J. Food Eng. 81
(2007) 200-208.

S.-S. Teh, E.J. Birch, Effect of ultrasonic treatment on the polyphenol content and
antioxidant capacity of extract from defatted hemp, flax and canola seed cakes, Ultrason.
Sonochem. 21 (2014) 346-353.

M. Salisova, S. Toma, T.J. Mason, Comparison of conventional and ultrasonically assisted
extractions of pharmaceutically active compounds from Salvia officinalis., Ultrason.
Sonochem. 4 (1997) 131-134.

J. Azmir, I.S.M. Zaidul, M.M. Rahman, K.M. Sharif, A. Mohamed, F. Sahena, et al.,
Techniques for extraction of bioactive compounds from plant materials: A review, J. Food
Eng. 117 (2013) 426-436.

V.P. Valdramidis, A.H. Geeraerd, B.K. Tiwari, P.J. Cullen, A. Kondjoyan, J.F. Van Impe,
Estimating the efficacy of mild heating processes taking into account microbial non-

linearities: A case study on the thermisation of a food simulant, Food Control. 22 (2011)
137-142.

A.C. Soria, M. Villamiel, Effect of ultrasound on the technological properties and
bioactivity of food: A review, Trends Food Sci. Technol. 21 (2010) 323-331.

M. Kozarski, A. Klaus, M. Niksic, D. Jakovljevic, J.P.F.G. Helsper, L.J.L.D. Van
Griensven, Antioxidative and immunomodulating activities of polysaccharide extracts of

the medicinal mushrooms Agaricus bisporus, Agaricus brasiliensis, Ganoderma lucidum
and Phellinus linteus, Food Chem. 129 (2011) 1667—-1675.

K. Ghafoor, Y.H. Choi, J.Y. Jeon, I.LH. Jo, Optimization of ultrasound-assisted extraction
of phenolic compounds, antioxidants, and anthocyanins from grape (Vitis vinifera) seeds.,
J. Agric. Food Chem. 57 (2009) 4988—4994.

17



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Figure Caption

Figure 1 Response surface plots showing the combined effects of the extraction parameters on

extraction yield

Figure 1 Response surface plots showing the combined effects of the extraction parameters on

extraction yield of total flavonoids

Figure 2 Response surface plots showing the combined effects of the extraction parameters on

extraction yield of antioxidant activity

Figure 3 Response surface plots showing the combined effects of the extraction parameters on

extraction yield of antioxidant activity
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Tables

Table 1 Experimental domain of face-centered design (FCD)

Independent variable

Factor levels

-1 0 1
Temperature, X, [°C] 40 60 80
Ethanol concentration, X , [%] 30 50 70
Extraction time, X ; [min] 40 60 80
Ultrasonic power, X , [W/L] 19.2 28.8 38.4

Table 2 Face-centered central composite cube design of the three-levels and four-variables and
observed responses under different experimental conditions

Independent variables Investigated responses
Run Ethanol Extraction  Ultrasonic TP TF
order Temlzerature concentration time power EY [%] [g GAE/100g [g CE/100g 1Cso

°cl [%] [min] [W/L] DW] DW] (mg/m)
1 0 0 0 0 37.67 1.2711 0.1195 0.8644
2 0 0 1 -1 33.93 1.2508 0.1082 0.9882
3 1 0 1 0 41.42 1.4417 0.1329 0.7649
4 -1 0 1 0 34.95 1.1453 0.1219 1.0301
5 0 1 0 -1 34.73 1.2767 0.3527 0.8653
6 1 -1 0 0 35.13 1.1621 0.0942 0.8268
7 0 0 0 0 35.62 1.2879 0.1331 0.9000
8 0 -1 0 1 33.34 1.1576 0.0901 0.8841
9 0 0 0 0 36.50 1.2576 0.1381 0.8333
10 1 1 0 0 35.74 1.3306 0.3613 0.8723
11 0 -1 -1 0 34.27 1.2441 0.0931 0.7121
12 1 0 0 1 33.71 1.0992 0.1447 1.1166
13 0 0 0 0 36.88 1.2890 0.1288 0.9107
14 -1 -1 0 0 36.18 1.2261 0.0910 1.0352
15 0 -1 1 0 36.77 1.2419 0.0966 0.8282
16 0 1 0 1 34.33 1.2115 0.3481 0.9953
17 0 0 -1 1 34.64 1.3070 0.1393 0.9266
18 -1 0 0 -1 34.15 1.0756 0.1326 1.1256
19 0 -1 0 -1 34.88 1.1958 0.0920 0.8399
20 1 0 0 -1 39.50 1.3261 0.1502 0.7330
21 0 0 1 1 36.64 1.1992 0.1103 0.8115
22 1 0 -1 0 38.85 0.9240 0.1425 0.7710
23 0 1 -1 0 34.23 1.2879 0.4006 1.0773
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24 0 1 1 0 34.65 1.2958 0.3771 1.0000
25 0 0 -1 -1 34.41 1.2160 0.1294 0.9525
26 -1 0 0 1 36.56 1.2778 0.1044 0.8903
27 -1 1 0 0 32.00 1.1666 0.3950 0.9974
28 -1 0 -1 0 33.19 1.2183 0.1312 1.0135
29 0 0 0 0 36.63 1.2160 0.1309 0.8239
standard deviation 1.98 0.09 0.10 0.11

Table 3 Estimated coefficients of the fitted second-order polynomial model for TP, TF, ICso and
Y and analysis of variance ANOVA of the investigated syste

Regression coefficient

Term EY TP TF ICsp

Intercept
BO 36.6612 1.2643 0.1301 0.9100
Linear
[31 1.4423* 0.0145 0.0042 -0.0840*
[32 -0.4076 0.0284 0.1398* 0.0568**
B3 0.7304 0.0314%** -0.0074*** -0.0025
[34 -0.1976 -0.0074 -0.0023 0.0100
Interaction

. 1.1955 0.0569*** -0.0092 0.0208
B13 0.2019 0.1476* -0.0001 -0.0057
[314 -2.0503** -0.1072* 0.0057 0.1547*
B23 -0.5194 0.0025 -0.0068 -0.0483
[324 0.2851 -0.0067 -0.0007 0.0215

» 0.6211 -0.0356 -0.0019 -0.0377
Quadratic

. 0.2511 -0.0528%** 0.0044 0.0448
Bzz -1.6418** -0.0024 0.1031* 0.0144
B33 -0.1791 0.0055 0.0000 0.0072
1344 -1.0705%** 0.0278 0.0004 0.0388
R 0.7398 0.7880 0.9911 0.6864
cv’ 4.0895 5.0200 8.2188 8.5588
pm-value 0.0300 0.0098 <0.0001 0.0056
py-value d 0.0659 0.0570 0.0566 0.0677
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*p<0.01 4 coefficient of multiple determination
**0.01< p<0.05 ® coefficient of variance [%]
*#%0.05< p<0.1 ‘probability of F value for the model

d probability of F value for the lack of fi

Table 4 Estimated predicted and observed values and confidence

Response Predicted Mean ~ 95% PIlow Observed value  95% PI high
TP [g GAE/100 DW] 1.60 1.37 1.61 1.83
TF [g CE/100 g DW] 0.35 0.30 0.41 0.41
€, [mg/ml} 0.71 0.44 0.73 0.98
EY [%] 38.07 32.68 36.70 43.47
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