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Oz

Dulavratotu (Arctium lappa L.), geleneksel tipta siklikla kullanilan ticari olarak onemli bir bitkidir. Mikrodalga destekli
ekstraksiyonun (MAE) sicaklik, ekstraksiyon siiresi, kat1 / solvent orani ve solvent konsantrasyonunu igeren optimum c¢alisma
kosullari, cevap ylizey metodolojisi (RSM) kullanilarak belirlendi. Dulavratotu yapragi ekstraktlarinin toplam antioksidan kapasitesi
ve toplam fenolik igerigi sirastyla CUPRAC ve Folin yontemleri ile incelenmistir. ikinci dereceden bir polinom modelinin TAC ve
TPC verimini tanimlayan en iyi model oldugu bulundu ve iki yanit i¢cin hesaplanan tiim modeller anlamli bulundu (p <0.0001). TAC
ve TPC degerlerinin sirasiyla 0.046 - 0.185 mmol TR / g DS, 0.303 - 0.722 mmol TR / g DS arasinda degistigi goriilmiistiir. En
yiikksek TAC ve TPC degerleri, X; = 90 °C, X, = 6 dak, X3 =% 21.7 ve, X4 = 0.21 g / 20 mL deney kosullar1 altinda elde edildi.
Ekstraksiyon sicakliginin, MAE'nin tiim operasyonel parametreleri arasinda en 6nemli isletim faktorii oldugu bulundu. Optimum
ekstraksiyon kosullarinda, deneysel olarak elde edilen maksimum TAC ve TPC veriminin dngoriilen degerlerine ¢ok yakin oldugu
bulundu, béylece kullanilan modelin uygunlugu ve RSM'nin ekstraksiyon kosullarini optimize etmedeki bagarist goriilmektedir. Bu

calismada optimize edilmis MAE metodu, dulavratotundan antioksidanlarini etkin ve ekonomik bir sekilde ekstraksiyonu i¢in gida ve
ila¢ endiistrisinde uygulanabilir.

Anahtar Kelimeler: Mikrodalga destekli ekstraksiyon, antioksidanlar, dulavrat otu, tepki ylizey metodolojisi.

Modelling and Optimizing Microwave-Assisted Extraction of
Antioxidants From Burdock (Arctium Lappa) Using Responce Surface
Methodology

Abstract

Burdock (Arctium lappa L.) is a commercially an important plant often used in traditional medicine. The optimum operating
conditions of microwave-assisted extraction (MAE) including temperature (X;), extraction time (X>), solvent concentration (X3) and
solid to solvent ratio (X4) were ascertained by employing response surface methodology (RSM). The total antioxidant capacity and
total phenolic content of burdock leaves extracts were investigated by CUPRAC and Folin assays respectively. A second-order
polynomial model was found to be the best model that describes TAC and TPC of yield, and all models calculated for the two
responses were found significant (p<<0.0001). It was observed that the values of TAC and TPC varied between 0.046 — 0.185 mmol TR
/ g DS, 0.303 - 0.722 mmol TR / g DS, respectively. The highest TAC and TPC values was obtained under the experimental conditions
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of X; =90 °C, X2 = 6 min, X3 = 21.7 % and, X4 = 0.21 g /20 mL. The extraction temperature was found to be the most significant
operating factor amongst all operational parameters of MAE. At optimum extraction conditions, the maximum yield of TAC and TPC
obtained experimentally were found to be very close to their predicted values as a result the suitability of the model used, and the
success of RSM in optimizing the extraction conditions were demonstrated. MAE method optimized in this study can be applied for
effectively and economically extract antioxidants from burdock in food and pharmaceutical industries.

Keywords: Microwave-assisted extraction, antioxidants, burdock, response surface methodology.

1. Introduction

Burdock (Arctium lappa) is an edible plant from a member of the Asteraceace family. Burdock commonly used as a traditional
medicinal plant because of its beneficial effects related to inflammatory disorders such as arteriosclerosis, gout, hepatitis. Burdock has
anti — inflammatory, anti-mutagenic, anti-aging properties due to its rich antioxidant content (Chen et al 2004). Ionescu et al (2013)
investigated the antimicrobial activity of some hydroalcoholic extracts of burdock and reported its antimicrobial activity against the
bacterial strains of Escherichia coli and Salmonella. Ferracane et al (2010) analyzed the bioactive metabolic profile of burdock seeds,
leaves and roots by liquid chromatography coupled to elecrospray tandem mass spectrometry. Caffeic acid, arctiin, chlorogenic acid,
cynarin, luteolin and quercitrin were found in burdock extracted through sonication at room temperature for 30 min. In another study,
Lou et al (2010) performed UPLC- MS/MS analysis of burdock leaves and detect ten different active compounds such as luteolin,
caffeic acid, rutin, benzoic acid, quercetin, quercitrin, chlorogenic acid, cynarin, p-coumaric and arctiin. In literature, several studies
have been investigated the total phenolic content and free radical scavenging activity of different parts of burdock (roots, leaves and
seeds) by using varied extraction techniques. Rodriguez et al (2018) determined composition and antioxidant activity of burdock root
extracts by using classical extraction and supercritical fluid extraction. Jimenez-Zamora et al (2016) determined the antioxidant
capacity and total phenolic content of 36 plants including burdock consumed in Spain as infusion. Lin et al (1996) determined the
hydroxyl and superoxide radical scavenging activity of burdock extract by using an electron spin resonance spectrometer. Milani et al
(2011) optimized conventional and ultrasound-assisted extraction of inulin from burdock root using responce surface methodology.

RSM is a statistical analysis of data for evaluate multiple parameters and their interactions. Thus, the optimization of processing
parameters can be easily achieved, keeping the number of experiments to a minumum (Sun et al 2014). As far as is known,
optimization of microwave - assisted extraction of antioxidant compounds from burdock using RSM has not been studied in the
literature.

In this study, preparation of burdock leaves extracts for analysis was performed using MAE, which has distinct advantages over
conventional extraction methods. MAE reduced extraction time and solvent volume as compared to conventional extraction method.
The reproducibility and recovery parameters are better compared to the classical extraction method. Moreover, this method is highly
suitable for the extraction of small molecule phenolic compounds such as phenolic acids, quercetin, isoflavin and resveratrol since
these molecules are stable at microwave heating conditions up to 100° C for 20 minutes (Azwanida 2015). The maximum extraction
yield was obtained by optimization of operational parameters affecting extraction efficiency such as time and temperature using RSM.

2. Materials and Methods
2.1. Reagent and Chemicals

Chemical substances including neocuproine, methanol, ethanol, and Folin - Ciocalteu reagent copper (II) chloride, ammonium
acetate, sodium potassium tartarate (NaKC4H4Os), copper (II) sulfate, sodium hydroxide and sodium carbonate were of analytical
reagent grade, and obtained from the Merck (Darmstadt, Germany). Burdock (arctium lappa) was purchased from a commercial herb
seller (Arifoglu, Istanbul, Turkey). The burdock leaves was milled into uniform dry powder by grinder and stored at 4 °C.

2.2. Instrumentation

ETHOS - One (Milestone) extraction system was used to extraction of burdock leaves. UV - visible spectra and absorption
measurements were achieved by using Varian CARY 100 UV - Vis spectrophotometer. The MAE of antioxidants from burdock leaves
was modelled and optimized by using Design-Expert® Software Version 11 Trial.

2.3. Microwave - Assisted Extraction of Burdock

Thirty experimental MAE runs were carried out on different temperatures (50 -100 °C), solvent concentration (ethanol % in water),
extraction time (1 - 10 min) and solid to solvent ratio (g/ 20mL). In each experimental run, varying quantities sample (0.1-0.4 g) was
mixed with varying quantities 20 mL aqueous ethanol solution (0 %, 50 % , 100 % (v / v)) in an inner vessel. The microwave power
(500 - 1500 W) was automatically controlled by a system in the oven according to temperature in of the oven. Extraction of
antioxidants from burdock leaves under optimal experimental conditions was performed with using MAE system as follows: 0.21 g of
burdock leaves in 20 mL of 21.7 % aqueous ethanol solutions were added to the Teflon vessel. Burdock leaves sample in solvent was
irradiated with microwaves 3 min for heating to the 90 °C and, kept there for 6.0 min, and 5 min for cooling. The extracts cooled to
room temperature were filtered through 0.45 micron membrane filters. The extracts preserved in a refrigerator until use. Three
replicate extractions were obtained from the burdock leaves and spectrophotometric measurements of each extract were repeated three
times.
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2.4. Determination of Total Phenolic Content (TPC)

Folin-Ciocalteau assay was applied to determine TPC values of the burdock leaves extract (Singleton et al 1999). The reagents
which were used in Folin - Ciocalteau assay were as follow: Lowry C reagent was freshly prepared as mixture of 50 mL Lowry A
solution (2 % Na,COs in 0.1 M NaOH) and 1 mL Lowry B solution (0.5 % CuSO4 in 1% NaKC4sH4Os). 2.5 mL of Lowry C solution,
X uL of the burdock leaves extract, and (1 - x) mL H,O were added in a test tube and allowed to stand at room temperature for ten
minutes. Finally 0.25 mL of Folin reagent was added, and absorbance was measured at 750 nm after 30 min.

2.5. Determination of Total Antioxidant Capacity (TAC)

CUPRAC assay was applied to determine TAC values of the burdock leaves (Apak et al 2004). 1 mL each of CuCl, (10 mM),
neocuproine (7.5 mM), pH = 7 ammonium acetate solution (1 M) and x mL of the burdock leaves extract were added to test tube in
this order. A cupric neocuproine complex (Cu (11) - Nc) was reduced to the cuprous chelate in the presence of burdock leaves extract.
After 30 min. absorbance of the cuprous chelate was recorded at 450 nm.

2.6. Experimental Design

Optimizing microwave-assiated extraction of antioxidants from burdock was achieve by using a face - centered composite design
(FCCD) which was applied to the independent parameters. According to equation 1; Y is the dependent variables (response), o is an
intercept term, k is the factor number, X is the independent variable and ¢ is experimental error.

Y= B+ 3B xi + X5 Bu xF + 2T ?:z Bij xix; +€ Eq. (1)

In this study, the dependent variables (Y) identify as TPC and TAC, the factor number is 4 (k) and independent variables (X)
identify as Xi: temperature, X,: time X3: ethanol concentration, X4: solid to solvent ratio. The experimental data indicated that the
most suitable model was determined as second order polynomial model for define the values of TPC and TAC as a function of
independent variables. The relation between the independent variables and response using Design-Expert program was identified by
analysis of ANOVA test.

3. Results and Discussion

According to the proposed design, thirty experiments were performed and the experimental values TAC and TPC obtained are
shown in Table 1. It was observed that the values of TAC and TPC varied between 0.046 — 0.185 mmol TR / g DS, 0.303 - 0.722
mmol TR / g DS, respectively.
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Table 1. FCCD Layout and Experimental Data

Factors Response
Run Temperature Time Ethanol Solid to TAC TPC
No °C) (min) concentration solvent ratio (mmol TR/gDS) (mmol TR /g DS)
(%,v/v) (g/20 mL)
1 75 4 50 0.25 0.154 0.702
2 75 4 50 0.40 0.165 0.718
3 75 4 50 0.25 0.149 0.675
4 75 4 20 0.25 0.197 0.738
5 75 4 50 0.25 0.145 0.694
6 50 7 20 0.1 0.095 0.482
7 100 7 20 0.1 0.185 0.722
8 100 7 20 0.4 0.178 0.723
9 50 1 20 0.1 0.084 0.45
10 75 1 50 0.25 0.165 0.722
11 100 1 20 0.4 0.171 0.712
12 50 7 20 0.4 0.075 0.411
13 50 1 20 0.4 0.069 0.396
14 50 7 80 0.1 0.065 0.391
15 75 4 50 0.25 0.152 0.699
16 50 1 80 0.4 0.046 0.303
17 50 4 50 0.25 0.093 0.488
18 100 7 80 0.1 0.162 0.708
19 75 4 80 0.25 0.135 0.687
20 75 7 50 0.25 0.181 0.719
21 50 7 80 0.4 0.047 0.328
22 100 1 80 0.1 0.154 0.708
23 100 1 80 0.4 0.143 0.701
24 100 4 50 0.25 0.167 0.717
25 75 4 50 0.25 0.147 0.708
26 50 1 80 0.1 0.055 0.358
27 75 4 50 0.25 0.159 0.713
28 100 7 80 0.4 0.148 0.704
29 75 4 50 0.1 0.145 0.709
30 100 1 20 0.1 0.171 0.716

To predict the yield of TAC and TPC a second - order polynomial model was generated by using a multiple nonlinear regression
analysis of the experimental data. The adapted quadratic models for TAC and TPC are given in Egs. (2) — (3), respectively.

TAC = - 0.300759 + 0.010473X; - 0.003319X; - 0.000437X3 + 0.212680X4 + 0.000005X;X; + 0.000001X;X5 + 0.000500XX4 -

0.00000972X,X;3 - 0.00333X,X4 - 0.000139X3X4 - 0.000059X,2 + 0.000713X52 - 0.00000064X5? - 0.514620X 4> Eq. (2)
TPC = - 0.769553 + 0.034239X; + 0.014332X; - 0.001115X3 - 0.060750X4 - 0.000071X;X> + 0.000026X,X3 + 0.003817X:Xy -
0.00000208X,X;3 - 0.002361X,X4 - 0.000014X3X4 - 0.000200X52 - 0.000758X,% - 0.000016X3% - 0.614425X 4> Eq. (3)

The temperature was found to be the most significant operating factor on the extraction efficiency amongst the other factors due to
its the highest F-value (751.65) and the smaller p-value (< 0.0001). Table 2 shows results of the analysis of variance (ANOVA) which
demonstrated the significance and adequacy of developed quadratic models for TAC and TPC. All of the models were found
meaningful and adequate to show the correlation between the response and parameters with low p-value (< 0.0001 for TAC and TPC)
from the ANOVA. The determination coefficient (R?) showing the model's compatibility with the experimental data and the adjusted
determination coefficient (Adj. R?) were compatible with each other (the difference is less than 0.2). The predicted R? of 0.8569 and
0.9515 reasonably agree with the adjusted R? of 0.9244 and 0.9735 for TAC and TPC, respectively. The adequate precision which
evaluate the signal to noise ratio and is desired to be greater than 4 were found to be 16.032 and 25.278 for TAC and TPC,
respectively.
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Table 2. ANOVA for the Effect of Independent Variables on the Yield of TAC and TPC Using a Quadratic Response Surface Model

TPC TAC
Source
Model Lack of Pure Model Lack of | Pure
fit error fit error
Degree of freedom 14 10 5 14 10 5
Sum of squares 0.6282 0.0078 0.0009 0.0573 0.0022 | 0.0001
Mean square 0.0449 0.0008 0.0002 0.0041 0.0002 | 0.0003
F value 77.22 4.42 26.33 8.47
P value <0.0001 0.0573 <0.0001 | 0.0147

The 3D response surface plots as a function of temperature shown in Figures 1 - 3 demonstrate the effect of parameters on TAC and
TPC values. In the literature, the antioxidant activity of burdock extracts were determined by using different solvents such as water,
ethanol, methanol, chloroform and n-hexane (Duh 1998). Among the solvents used for extraction, water showed the strongest
antioxidant activity compared to extracts prepared with other solvents. In this study the ethanol - water binary solvent mixture
preferred as an extraction solvent for the extraction process due to its health compatibility, environmentally suitability and low cost.

The usage of aqueous mixtures of alcohols as solvents for the extraction of antioxidants is also known to be more effective than the
corresponding single component solvent system and improves the extraction rate (Spingo et al 2007, Alonso et al 1991). Simic et al.
(2016) emphasized that ethanol-water binary solvent mixture is widely used for pharmaceutical and food production due to its low
toxicity, environmentally suitability, high extraction yield and health compatibility. Also as shown in Figure 1, the yields of TAC and
TPC increased when ethanol percentage in water decreased up to a certain value. 21.17 % ethanol concentration showed the greatest
efficiency in the extraction of antioxidants from efficiency burdock leaves.

Among the studied extraction parameters, time and solid to solvent ratio had the lowest impact on the yields of TAC and TPC.
Figure 2 shows that there was no significant change on the yield of TAC and TPC with increasing solid to solvent ratio. The yields of
TAC and TPC increased slightly with solid to solvent ratio up to 0.21 g/20 mL solvent. The decrease in the extraction yield after a
certain solid to solvent ratio is proper with the basis of mass transfer because when a lower solid to solvent ratio is used, the pushing
force is expected to be higher (Ilbay et al 2014).

In general, prolonged extraction times increase the extraction efficiency of bioactive compounds because of time required for the
solvent to penetrate the solid sample, dissolve the soluble components in the sample, and release the solvent from the sample with the
dissolved components (Gan and Latiff 2011, Lee et al 2006, Fan et al 2008). However, long extraction times are not economically
feasible and need to be optimized. In this study, it was observed that there was no significant change in the efficiency of TAC and TPC
with increasing extraction time (Figure 3) and the extraction time of 6 minutes was sufficient for maximum extraction efficiency. The
extraction time of 6 minutes was sufficient for getting the maximum yield of TAC and TPC.

The most important parameters that need to be optimized to reduce the energy cost of the extraction process are temperature and time
(Spingo et al 2007). The continuous increase in TAC and TPC values of the extracts as a function of temperature can be seen from
Figures 1-3. This can be clarified by the enhancing the solubility of solute and the diffusion coefficient with increase of temperature as
mentioned in many studies (Shi et al 2003), In this study, it was observed that the highest efficiency for the extraction of antioxidants
from burdock leaves in the range of 80 - 90 °C. In order to prevent structural degradation of phenolics, optimization studies were
performed at maximum 100 degrees Celsius (Spingo et al 2007, Dent et al 2013, Naczk et al 2004).
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Figure 1. The 3D Surface Plot for the (a) TAC and (b) TPC of the Burdock Leaves Extract As A Function of Temperature To Solvent
Concentration (Solid to solvent ratio = 0.25 g / 20 mL and extraction time = 4 min)
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Figure 2. The 3D Surface Plot for the (a) TAC and (b) TPC of the Burdock Leaves Extract As A Function Of Temperature To Solid To
Solvent Ratio (Solvent concentration= 50 % and extraction time = 4 min)
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Figure 3. The 3D Surface Plot for the (a) TAC and (b) TPC of the Burdock Leaves Extract As A Function of Temperature to Extraction
time (Solvent concentration= 50 % and solid to solvent ratio = 0.25 g / 20 mL)

The optimum MAE conditions for the highest yields of TAC (0.197 mmol TR / g - DS) and TPC (0.722 mmol TR / g - DS) were
obtained as follows: 21 % ethanol aqueous solution (v / v), 90 °C, 6.0 min, and 0.21 g/20 mL. The predicted values are compatible
with experimental values obtained at optimum extraction conditions. The predicted values for TAC and TPC were calculated as 0.194
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mmol TR / g — DS and 0.75 mmol TR / g — DS, respectively. As a result, the design model was considered to be reliable and accurate
for determining TAC and TPC of burdock leaves extracts obtained using microwave assisted extraction.

4. Conclusion

Modelling and optimizing microwave-assisted extraction of antioxidants from burdock (arctium lappa) using responce surface
methodology is the first time in the literature. Response surface methodology was successfully used for the design of experiments,
modeling and optimization of the extraction of antioxidant compounds which is the most important step in the determination of the
antioxidant capacity of burdock. The optimum extraction conditions for getting the maximum yield of TAC and TPC were
determined. The extraction temperature was found to be the most significant operating factor on the MAE of antioxidants from
burdock.

These experimental conditions allow a fast, quantitative and maximum extraction of antioxidants from burdock. MAE method
optimized in this study can be an important alternative method which can be applied for effectively and economically extract
antioxidants from burdock in food and pharmaceutical industries in the future.
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