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RSM APPROACH FOR MODELING AND OPTIMIZATION OF MICROWAVE-
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Optimization of chokeberry (Aronia melanocarpa) microwave-assisted extraction 
(MAE) with different microwave power (300, 450, 600 W), ethanol concentration (25, 
50, 75 %) and extraction time (5, 10, 15 min) were analyzed using response surface 
methodology (RSM). The predicted maximum extractive substances yield (ESY) of 
19.2 g/100 g of the fresh plant material was obtained at the optimal condition (525 
W, 62.5%, 15 min), while 20.1 g /100 g of the fresh plant material was obtained from 
laboratory experiments. The most effective process parameter was extraction time. 
In order to rationalize the production and minimize costs, optimal economic condi-
tions have been proposed, so the extraction parameters were set as follows: 
417.5 W, 43.03%, 11.2 min. Under these conditions, the model predicts the ESY of 
16.95 g/100 g of the fresh plant material which means that it is possible to obtain 88% 
of the maximum predicted ESY, but with a significantly reduced price per unit of the 
final product. The experimental values under optimal conditions agreed with those 
predicted within a 95% confidence interval, thus indicating the suitability of RSM in 
optimizing MAE of chokeberry.
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Introduction 

Chokeberry (Aronia melanocarpa) is a bushy plant be-
longing to the Rosaceae family and originates in Canada 
and North America. It was first transferred to Germany 
and Russia, and nowadays it is cultivated in different parts 
of central Europe. It is namely consumed as a fresh fruit or 
processed in the form of juice, jam, tea, liqueur and wine 
[1]. Chokeberry was used in European and North Ameri-
can traditional folk medicine as an antisclerotic agent and 
as a medicament against high blood pressure, while native 
Americans have used chokeberry for the treatment of cold 
[1,2]. The chemical composition of berries (the extract or 
freshly pressed juice) indicates that chokeberry is a good 
source of nutrients containinga high level of polyphenols, 
namely phenolic acids, proanthocyanidins, anthocyanins, 
flavonols, and flavanones [1-5]. The contribution of the 
phenolic compound content to an intensive antioxidant 
activity has already been reported [6]. Chokeberries are 
one of the richest plant sources of anthocyanins mainly 
containing cyanidin glycosides, while phenolic acids are 
represented by chlorogenic and neochlorogenis acids 
[7]. Polyphenols of chokeberry were reported to have the 
antioxidant, antiradical [1,5,9], antimutagenic [10] and 
antiinflammatory activity [11,12]. They might also have 
blood pressure lowering properties [2], reduce total cho-
lesterol, LDL cholesterol and triglyceride level [1] which all 
contribute to significant cardioprotective effects. A great 

number of investigations indicate that the extracts of this 
plant show the antitumor activity [1,10,13-15], as well as 
the hepatoprotective [4] and gastroprotective effect [16]. At 
the same time, there is no study reporting toxic or unwant-
ed effects due to the consumption of chokeberry fruits, juice 
and extracts [14].

Actual demands concern more efficient and 
“green”extraction techniques of bioactive compounds which 
could provide a better quality of extracts, increase the yield, 
minimize the extraction time and solvent consumption and 
avoid potential chemical degradation and modification of 
bioactive compounds, so they would be suitable for even-
tual pharmaceutical or food processing use [17]. Among 
them,there are the ultrasound-assisted extraction (UAE) 
[18,19,20], microwave-assisted extraction (MAE) [6,21,22], 
and extraction with pressurized liquids (PLE) [23,24]. Com-
pared with other techniques, MAE showed advantages be-
cause it is relatively low cost, requires less extraction time, 
solvent consumption and could be labeled as “green” ac-
cording to environmental standards: natural environment 
is less impacted using reduced quantities of solvents and 
energy [6,25-27]. At the same time, MAE high extraction 
efficiency was confirmed along with increased contents of 
extracted antioxidants in the obtained extracts [24,28]. Nu-
merous investigations have confirmed the benefits of MAE: 
the extraction of polyphenolic antioxidant compounds from 
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peanut skins [21], phenolic compounds from wine lees [22], 
tomatoes [6], phenolic acids from citrus mandarin peels 
[26], bioactive compounds from pine seeds [24], antioxi-
dants from rosemary [29] or polyphenols from grape seed 
[25].

The MAE extraction efficiency is largely influenced by 
the following factors,the impact of which can be individual 
and/or combined: solvent type and concentration, micro-
wave power, temperature, extraction time and solvent to 
solid ratio [6,30]. The impossibility of classical single vari-
able optimization (“one-variable-at-a-time”) to examine 
both individual and combined interaction of extraction pa-
rameters could be overcome by using mathematical mod-
eling techniques. Response surface methodology (RSM) is 
a couple of both statistical and mathematical techniques. 
It presents the method that could be applied to determine 
optimal extraction conditionsby using the effects of some 
process variables, and their interactions to identify the rela-
tionship between the response function and these variables 
[30]. RSM is used in order to estimate optimum extraction 
conditionsin the following examples: phenolic compounds 
from Morusnigra leaves [31], phenolic antioxidant from 
peanut skins [21] and from tomatoes [6], phenolic acids 
from citrus mandarin peels [26], polyphenols from grape 
seed [25], marjoram [19] and dry fruit of Andean species 
Vaccinum meridionale [32] and also bioactive compounds 
from Lycium barbarum [33].

The aim of this study was to examine MAE as a method 
convenient for the extraction of bioactive compounds from 
chokeberry, evaluation of individual and combined effects 
of principal extraction parameters (ethanol concentration, 
microwave powerand extraction time) and the optimization 
of the process parameters in order to achieve the maxi-
mum extractive substances yield (ESY)by using RSM.

Experimental

Material 
Commercially available frozen fruits of A. melanocarpa 

were obtained from “Fungo-jug” Leskovac, Serbia. The 
plant material originated from Poland and was harvested 
throughout September 2013. 

Determination of total dry matter
Frozen chokeberries were milleddirectly before MAE, 

while the determination of the total dry matter was realized 
by drying at 105 °C to constant mass. The obtained result 
was 75.97±3.2%.

Microwave assisted extraction
The MAE was performed in a microwave oven ("SAM-

SUNG", Type M1712N, Malaysia) modified according to 
the scheme given by Karabegović and coworkers [30]. The 
aim of the mechanical and electrical modification of the mi-
crowave oven was to construct an open extraction system 
under atmospheric pressure with the ability to regulate the 
power of the microwave and to ensure the effect of con-
stant-power microwaves throughout the entire extraction 

process.
The milled plant material (50 g) was subjected to MAE 

with aqueous ethanol solutions (250 cm3, 25, 50 and 75%) 
as a solvent. The extraction was carried out for 5, 10 and 
15 minutes at different microwave power (300, 450 and 
600 W). After the completion of the extractions, the liquid 
extracts were separated from the exhausted plant material 
under vacuum on the Büchner funnel through Whatman 
filter paper (No. 2) and evaporated to a dry rotary vacuum 
evaporator (800 rpm) at 40 °C.

Determination of the extractive substances yield
The evaporated extracts were dried to a constant mass 

at 105 °C. The total extractive substances yield, expressed 
as the mass of extracting substances (g) in 100 g of the 
plant material, was calculated from the weight of the ex-
tracts and the weight of the fresh plant material.

Experimental design
For determining the effect of the process parameters 

on the extractive substances yield (depended parameter, 
Y), the experiments were designed using the 33 full facto-
rial experiment design. The data of preliminary experiments 
were used to define the range of independent parameters 
(variables): microwave power (300, 450, 600W, X1), etha-
nol concentration (25, 50, 75%, X2), and extraction time (5, 
10, 15 min, X3). Each of the experiments was performed in 
triplicate. 

Response surface methodology
In order to estimate the influence of the microwave pow-

er, ethanol concentration and extraction time on the ESY 
(dependent parameter, Y) and to define the optimal combi-
nation of these process parameters, RSM was used. Ob-
tained mean values of the determined ESY were applied for 
the regression analysis. Design-Expert software was used 
in the prediction of optimal conditions and in the analysis 
of experimental data which were fitted to the second-order 
polynomial model given in equation (1):

Y= βo+ ΣβiXi+ΣβiiXi2+ΣβijXiXj.............................................(1)

where Y is the predicted response (extractive substances 
yield g/100 g of the fresh plant material), βo, βi, βii, and 
βij are regression coefficients for intercept, linear, quadratic 
and interaction terms, respectively and Xi and Xj are the 
actual levels of the independent variables.

The experimental design, regression coefficient calcu-
lations and a graphical analysis of experimental data (re-
sponse surfaces and contour plots) were performed by 
using the statistical software Design Expert (Trial version 
7.0.0, STAT-EASE Inc.).The analysis of variance (ANOVA) 
was applied in order to estimate the adequacy and statisti-
cal significance of the fitted model, as well as regression 
coefficients and individual independent parameters and 
their interactions.
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Results and discussion

The influence of extraction parameters on the extractive 
substances yield
ESY in chokeberry extracts obtained by MAE largely 

depends on the extraction conditions, which is illustrated 
by the results shown in Figure 1. 

Figure 1. The extractive substances yield from chokeberry ob-
tained under different microwave power, extraction time and 
ethanol concentration by the microwave assisted extraction

By increasing the microwave power and extraction 
time, as well as the changes in the concentration of 
ethanol, the extraction yield varies from 11.1 to 20.3 g/ 
100 g of the fresh plant material. These values are in 
agreement with the results of some authors stating that 
chokeberry ESY of 14.2% can be obtained by using 70% 
ethanol, at the temperature of 70 °C, after 3 hours of 
the extraction time and in the ratio of solvents and the 

plant material 1:10 [34]. In the investigation of Wangen-
steen and associates, four different cultivated types of 
aronia were examined: "Moscow", "Hugin", "Nero" and  
A. prunifolia and ESY with the 80% boiling ethanol solu-
tion were in the range from 9.4 to 19.7% [35].

The solvent system used for the extraction is a sub-
stantial factor affecting the extraction yield from the plant 
matrix.Hence the plant material is a complex mixture of 
different classes of phenolic compounds,actual investi-
gations deal with the extractive efficiency of numerous 
solvents, but methanol, acetone and their water mixtures 
are the most often used for the phenolic compounds ex-
traction (according to phenols solubility and polarity of 
the solvent) [36]. In case of MAE, a chosen solvent needs 
to have the ability to absorb the microwave energy, too 
[37]. Methanol and acetone are appropriate extragents, 
but they are not suitable for food and pharmaceutical ap-
plication because of their toxicity. Therefore, ethanol has 
been frequently used as more suitable for the reasons 
considering the environmental impact and safe food pro-
duction [38].Irrespective of the applied microwave power 
and the duration of the extraction, with the increase in 
the concentration of the ethanolic solution from 25% to 
50%, ESY increases and reaches the maximum value of 
20.3 g/100 g of the fresh plant material (600 W, 15 min). 
Further increase in the concentration of the ethanolic so-
lution to 75% causes a decrease in EYS for about 1% 
(when the extraction time is 10 min) and 10% (when the 
extraction time is 15 min). The tendency to increase the 
extraction yield by increasing the ethanol concentration 
to a certain maximum, and a subsequent decline in the 
yield value by the continuing increase of the ethanol con-
centration was confirmed in the MAE of ginseng [39]and 
the plant Limnophila aromatic [40].

In the MAE of anthocyanins from blackberry fruit, 
the effect of the ethanol concentration on the extraction 
yield was examined by varying this value in the range 
from 0 to 100%. The obtained results indicate thatthe 
increase of this process parameter up to 40% contrib-
utes to the increase in the extraction yield, too (which at 
this value reaches its maximum). Further increase of the 
ethanol concentration results in a decrease in the extrac-
tion yield, and this drastically after reaching the value 
of 80% [41].The increase in the proportion of ethanol in 
the aqueous solution to 80% (v/v) increased the yield 
of flavonolignane silbinin, while further increase resulted 
in a decrease in the extraction yield of this compound 
in the MAE of the Silybummarianum. The authors’ ex-
planation was that the presence of a certain amount of 
water can improve the mass transfer process by increas-
ing the relative polarity of the solvent, thereby increasing 
its dissolution power. Also, efficient swelling of the plant 
material is ensured, which increases the surface for the 
interaction between solvents and soluble substances. 
But a higher proportion of water in this binary dissolution 
system can cause the increased thermal stress in terms 
of accelerated solvent warming due to more efficient ab-
sorption of water by microwaves [42].
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In the case of MAE of chokeberry, ESY enhancement 
was achieved by the increase of the microwave power 
with the maximum value at 600 W (15 min). Karabegović 
and coworkers accomplished the similar observation 
with the MAE of cherry laurel fruit, the yield of which in-
creased by increasing the microwave power (300-600 W) 
and the extraction time (10-30 min) [43]. In our investiga-
tion, the increase in the microwave power from 300 W to 
600 W had the greatest effect on the extraction yield at 
the extraction time of 5 min (increasement of 1.52 times), 
while this trend is less pronounced in the extraction time 
of 10 min and 15 min with the increase of 7.6% and 3.9%, 
respectively. Dhobi and associates examined the effect 
of the microwave power on the extractive substances 
yield with the conclusion that the extraction efficiency 
was improved by increasing the power of the microwave 
(from 200-800 W) during a shorter extraction time, and a 
significant increase in the yield was found by engaging 
the power of 600 W [42]. This effect of the microwave 
power on the extraction yield is explained by the fact that 
a higher power of microwaves accelerates the extraction 
because direct effects of the microwave energy on bio-
molecules (ionic conduction and dipole rotation) are in 
function of this process parameter. Higher power causes 
a better distribution of the microwave energy (total vol-
ume) within the solvent and plant material, thereby gen-
erating more intense molecular motion and heating. Gen-
erally, the higher the power of the microwave, the faster 
and the more electromagnetic energy is transferred to the 

extraction system making the extraction more efficient. An 
increase in power from 100 to 400 W (at constant values 
of other extraction parameters) caused an increase in 
ESY in the MAE of the blackberry fruit. The maximum 
yield was reached at about 400 W, but the further in-
crease in the microwave power influenced the reduction 
of the extractive yield [41].

With the prolongation of the extraction process (5 
to 15 min) there was the increase of ESY, irrespective 
of other extraction parameters values. The increase in 
extraction time has the most pronounced effect in the 
case of the extraction with 50% ethanol solution, in the 
sense of increasing ESY from 22.9% (prolonging the 
MAE time of 5-15 min). Otherwise, the higher value of 
the microwave power contributed to the yield increase of 
1.15 times at the 10 minute extraction duration and 1.12 
when the extraction time was 15 minutes. With a shorter 
exposure to microwaves, a trend of decreasing yields 
was observed with an increase in power from 450 W to 
600 W, by approximately 14%. The yield of the extractive 
substances was increased by the longer duration of the 
MAE of flavonolignan – silybinin and after reaching the 
maximum further increase in the extraction time did not 
improve the efficiency of the process[42]. The increase 
in the extraction time to 3 min (in the interval of testing 
from 1 to 9 min) influenced the growth of the yield of 
extractive substances in the MAE of anthocyanins from 
the blackberry, while by prolonging the duration of the 
process, the yield of the extraction decreased [41].

Table 1. Experimental design matrix and results
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RSM modeling and optimization
The influence of three process parameters of extrac-

tion (independent variables) on ESY of chokeberry ob-
tained by MAE was analyzed using RSM. The process 
parameters, their coded and uncoded values, as well as 
the experimentally obtained and predicted (by the devel-
oped model) ESY values (dependent variable-response) 
are presented in Table 1. ESY was in the range of 11.1 
to 20.3 g of extractive substances (ES)/100 g of the fresh 
plant material.

By using a multiple non-linear regression analysis of the 
experimental data obtained with 33 design experiments, a 

quadratic polynomial equation was proposed fordescribing 
the influence of independent variable on ESY:

YESY=16.94+0.57X1+1.21X2+1.97X3+0.067X1X2+0.13X1X3-
-0.75X2X3-0.81X1

2-0.59X2
2-0.14X3

2 .............................(2)

The statistical significance of the model, the extrac-
tion parameters (independent variable), the interaction 
between the extraction parameters and the deviation 
from the model was verified using F-test and p-values. 
The analysis of variance (ANOVA) for the proposed 
quadratic modelis given in Table 2.

Table 2. Analysis of variance (ANOVA) for quadratic model 

ap < 0.01 very significant; 0.01≤ p < 0.05 significant; p ≥ 0.05 not significant

A small p-value (p<0.0001) and a large F-value point 
to the significance of the model developed for optimizing 
the operational conditions of chokeberry MAE in order to 
achieve the maximum ESY. Small p-values of individual 
extraction parameters, their squares or interactions indi-
cate the statistical significance of the parameters in the 
context of their effect on response. All individual factors 
are statistically significant, as well as the interaction of 
the microwave power and extraction time. Extraction 
time is the most important factor on the ESY (F=53.71 
and p<0.0001), which agrees with the value of the co-
efficient for X3=31.97 in the regression equation of the 
polynomial. The coefficient absolute value of any mem-
ber of the polynomial equation directly points to the ex-
tent of its influence on the response, while the sign of 
the coefficient (positive or negative) shows this influence 
orientation [44]. Namely, if the coefficient value of the 
member of the polynomial is greater, than its impact on 
the response is higher, and the positive sign of the coeffi-
cient means that the factor increases the response value.

The value of the coefficient of determination R2=0.9013 
suggests that the model is adequate and that 90.13% of 
the variation in the response values could be explained 

by the model.The value of R2 adj=0.8409 is greater than 
0.75 which suggests that the values of the fitted model 
are reliable and confirm the statistical significance of the 
model. The coefficient of variation CV = 7.11% is rela-
tively small and as this value is less than 10%, it means 
that the fit model is reliable and reprodu-cible to optimize 
the ESY of chokeberry MAE.

The regression equation, namely the response func-
tion (its geometric interpretation is the response surface) 
is graphically represented by three-dimensional response 
surface plots and as two-dimensional contour surface 
plots (using the statistical software Design-Expert). In 
this way, the visualization of the relations between the 
response and each independent variable (factor), or be-
tween the response and the interaction of any two param-
eters examined (the interaction of the two-process param-
eters at the same time when the third parameter is fixed), 
was performed. This approach enables the determination 
of optimum values of independent variable, on which the 
dependent variable will have a maximum response [43]. 
The influence of extraction parameters (the concentration 
of ethanol, the microwave power and extraction time) on 
ESY in chokeberry extracts is shown in Figure 2.
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Figure 2. 3D response surface plots and two-dimensional plots for the extractive substances yield as a function of the microwave 
power, ethanol concentration and extraction time of 5 min (a, d), 10 min (b,e) and 15 min (c,f)
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By analyzing graphs in Figure 2., there is a conclu-
sion that irrespective of the microwave power and etha-
nol concentration, ESY increases with the increase in 
the extraction time from 5 to 15 min. At the same time, 
irrespective of time, by increasing the concentration of 
ethanol and the microwave power,the ESY increases, 
but in the case of the ethanolic concentration effect, after 
reaching the maximum value, the ESY decreases slight-
ly. The microwave power has a greater influence on the 
increase of the ESY, comparing to the ethanol concen-
tration. Also, the increase in the microwave power has 
the most pronounced effect on the ESY at the shorter 
extraction time (5 min). 

The proposed model predicted that the maximum 
ESY could be obtained at the microwave power at 525 W, 
the ethanol concentration at 62.5% after the extraction 
time of 15 min, in the amount of 19.02 g ES/100 g of the 
fresh plant material, while the maximum experimentally 
obtained yield value was 20.1 g of ES / 100 g of the fresh 
plant material.

From the aspect of the industrial application or eco-
nomic acceptability of the production, the optimization 
of extraction process parameters was carried out with 
the additional criterion: simultaneous minimization of the 
extraction time, energy and solvent consumption with  
maximization of the response value (ESY). According to 
the modified criteria, the optimization of the extraction 
process based on the cost-effectiveness proposed eco-
nomic conditions as follows: 43.03% ethanol concentra-
tion, 417.5 W microwave power and the extraction time 
of 11.2 min, which will result with the ESY of 16.95 g/100 
g fresh plant material. In the extract obtained under the 
proposed economic conditions, the ESY would be 16.5% 
lower. However, the extract could be produced 25% fast-
er with engaged 30% less microwave power and with 
approximately 25% less ethanol consumption in compar-
ison with the proposed optimal condition of MAE. In this 
way, the cost of the final product (extract) still containing 
a considerable amount of bioactive compounds would 
be significantly reduced by reducingthe energy and sol-
vent consumption.

Conclusions

In the present study, the effects of process param-
eters on ESY of chokeberry MAE were examined. Great-
est ESY can be achieved by the longest duration of the 
extraction and at the highest microwave power, but the 
most influencing factor is the extraction time. In order 
to determine optimal and economic process parameters 
that will ensure the maximum yield of the microwave 
extraction, the RMS method was applied. Optimal pro-
posed conditions proposed by the statistical model were: 
extraction time of 15 min, microwave power of 525 W 
and ethanol concentration of 62.5%.The application of 
such conditions would result in the ESY of 19.2 g ES/100 
g fresh plant material. Predicted economic conditions 
that would reduce production costs while simultaneously 

retaining the relatively high ESY were: 417.5 W micro-
wavepower, 11.2 min of the extraction time and 43.03% 
ethanol concentration. According to these parameters 
values, the extraction yield would be 16.95 g/100 g fresh 
plant material. Based on the value of R2, p-value, F-val-
ue and others statistical indicators, it can be concluded 
that the proposed RMS model is adequate, reliable and 
statistically significant, and can be successfully applied 
in the modeling and optimization of the chokeberry mi-
crowave assisted extraction.
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PRIMENA METODE ODZIVNIH POVRŠINA ZA MODELOVANJE I 
OPTIMIZACIJU MIKROTALASNE EKSTRAKCIJE ARONIJE

Valentina M. Simić1, Saša S. Stojičević2, Dragan T. Veličković3, Nada Č. Nikolić2, 
Miodrag M. Lazić2, Ivana T. Karabegović2

1Visoka tehničko-tehnološka škola strukovnih studija, Kruševac, Srbija
2Univerzitet u Nišu, Tehnološki fakultet, Leskovac, Srbija
3Visoka poljoprivredno-prehrambena škola strukovnih studija,  Prokuplje, Srbija

Optimizacija mikrotalasne ekstrakcije aronije (Aronia melanocarpa) izvedene pri 
različitim vrednostima mikrotalasne snage (300, 450, 600 W), koncentracije etano-
la (25, 50, 75%) i ekstrakcionog vremena (5, 10, 15 min) je izvršena primenom 
metode odzivnih površina (RSM). Predviđeni maksimalni prinos ekstraktivnih sup-
stanci (ESY) od 19,2 g/100 g svežeg biljnog materijala ostvaren je pripredloženim 
optimalnim uslovima ekstrakcije (525 W; 62,5%; 15 min), dok je eksperimentalno 
dobijena vrednost iznosila 20,1 g/100 g svežeg biljnog materijala. Najuticajniji 
ekstrakcioni parameter bilo je ekstrakciono vreme. U cilju racionalizacije i mini-
miziranja troškova proizvodnje predloženi su optimalni ekonomski uslovi tako da 
su ekstrakcioni parametric imali sledeće vrednosti: 417,15 W; 43,03%; 11,2 min. 
Pod ovim uslovima model predviđa ESY od 16,95 g/100 g svežeg biljnog materija-
la, što znači da je moguće dobiti 88% od makimalno mogućeg ESY uz značajano 
nižu cenu koštanja po jedinici finalnog proizvoda. Eksperimentalno dobijene vred-
nosti pod optimalnim uslovima u saglasnosti su sa predviđenim vrednostima u 
interval pouzdanosti od 95% što ukazuje na adekvatnost RSM pri optimizaciji mik-
rotalasne ekstrakcije aronije. 

Ključne reči: aronija, mikrotalasna ek-
strakcija, metoda odzivnih površina, opti-
mizacija
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