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Optimization of the Polyphenolics Extraction from
Chamomile Ligulate Flowers Using Response Surface
Methodology
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Abstract Different extraction conditions may significantly influence extraction of particular compound groups. In
present study response surface methodology (RSM) based on Box-Behnken design was used to define the best combination
of extraction temperature (40-80°C), ethanol concentration (50-90%) and extraction time (30-90 min) for maximum yield of
antioxidant compounds and maximum antioxidant activity of chamomile ligulate flowers (CLF) extracts. Experimental
values of total extraction yields were in the range from 9.36 to 32.02 %. Content of phenolic compounds varied in the range
between 35.55 and 57.35 mg/g, whereas the flavonoids were detected in the range from 14.06 to 26.31 mg/g. Antioxidant
activity expressed as the 50% inhibition concentration (ICsy value) was in the range from 0.014 to 0.278 mg/mL. The
experimental results were fitted to a second order quadratic polynomial model and they have shown a good fit to the proposed
model (R*>0.90). Determined optimized conditions for maximizing yield of antioxidant compounds were withing the
experimental range. Validation of the model confirmed that experimental values agreed with those predicted, thus indicating

suitability of the used model and the RSM approach in optimizing the extraction conditions.
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1. Introduction

In last decades, focus on medicinal plant research
increased all over the world. In traditional medicine, plant
formulations and combined extracts of plants are used for the
treatment of a wide variety of diseases [1]. Plants have been
identified as source of various phytochemicals, which
possess a range of benefits to human health. Many of these
plants have been tested for their antioxidant activities, and
results have shown that some crude extracts or isolated pure
compounds from them were more effective antioxidants in
vitro than BHT or vitamin E [2-4]. Taking this into account,
medicinal plants can be regarded as a potential source of
natural antioxidants [5]. Their extraction from plant material
is very important step in the manufacture of products
enriched with phytochemicals. The knowledge on factors
influencing the process conditions is necessary to enhance
the extraction efficiency for any bioactive compound. Many
factors such as solvent composition, time of extraction,
temperature, pH, particle size, etc., may significantly
influence the solid-liquid extraction [6-13]. Response
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Surface Methodology (RSM) is a collection of statistical
and mathematical methods wuseful for developing,
improving, and optimizing processes [14]. It is effective for
optimization of complex processes because it allows
efficient and easier interpretation of experiments. Several
authors already employed RSM for the optimization of
extraction process in order to maximize yield of various
polyphenolic compounds from various sources [15-17].
Among other RSM is being used for optimization the
extraction of phenolic compounds from black and white
mulberry [18], from the extract of hawthorn
(Crataeguslaevigata) [19], Pyracantha fortuneana fruit [20].
RSM proved effective due to its ability to analyze effects of
independent variables and their mutual interactions on
investigated responses.

Matricariarecutita L., commonly known as German
chamomile, has a long history of application in herbal
medicine. For thousands of years extracts of this plant have
been used by folk healers to treat wounds, ulcers, skin
irritations, neuralgia, rheumatic pain, gastrointestinal upset,
and a vast number of other ailments [21-24]. The plant is
used in different commercially available forms such as tea,
infusion, and dietary supplements. Several studies have been
carried out in order to evaluate the antioxidative potential of
this plant. Essential oil, ethanolic extracts, and infusions of
chamomile have been tested, and all of them exhibited
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antioxidative activity [25]. This antioxidant benefit of
chamomile is associated with several groups of active
components. Among other, polyphenols from this plant
possess strong antioxidant activity.

The objective of the present study was to investigate the
effects of the extraction temperature, ethanol concentration
and extraction time on antioxidative capacity of extracts
prepared from chamomile ligulate flowers (CLF), and to
optimize the extraction parameters with a consideration of
three responses by applying RSM. Additionally, verification
of calculated optimal conditions was done.

2. Material and Methods

2.1. Chemicals and Reagents

1,1-Diphenyl-2-picryl-hydrazyl-hydrate(DPPH), Folin —
Ciocalteu reagent, chlorogenic acid and rutin were
purchased from Sigma-Aldrich (St. Louis, Missouri, USA).
Aluminium chloride hexahydrate, sodium carbonate, and
sodium acetate trihydrate were produced from Merck
(Darmstadt, Germany). All other chemicals and reagents
were analytical reagent grade.

2.2. Sample Preparation

In this study white ligulate flowers of chamomile (CLF)
were used. Flowers were produced by the Institute of Field
and Vegetable Crops, Backi Petrovac, Serbia. Plant material
was collected in spring 2011. Extraction process was done
with dry plant material. Drying was carried out in solar dryer
at temperature of 40°C and was finished when the moisture
of the plant material was approximately 12%. Ligulate
flowers were separated from other parts by sifting through
sieves and, after that, CLF were packed in paper bags and
stored in the dark at room temperature until use.

Plant samples were extracted at different temperature (40,
60 or 80°C), using ethanol as a solvent in a different
concentration (50, 70 or 90%) and during different extraction
time (30, 60 or 90 min). Sample-solvent ratio was 1:50 (w/v)
for all experiments. Obtained liquid extracts were stored at
4°C until analysis.

2.3. Determination of Total Extraction Yield

In order to determine the the total extraction yield, certain
volume of liquid extracts were evaporated (Devarot,
Elektromedicina, Ljubljana, Slovenia) under vacuum. After
removing the solvent, drying was performed at 105°C to the
constant mass. Further calculating of total extraction yield
was done according to procedure described in
pharmacopoeia (Ph. Jug. V) [26].

2.4. Determination of Antioxidant Components

Total phenols content was determined
spectrophotometrically according to the Folin-Cicolteu
colorimetric assay [27, 28]. Chlorogenic acid was used as a
standard and the results were expressed as mg of chorogenic

acid equivalent (CAE) per g of dry plant material (mg
CAE/g). Absorbance was measured at 750 nm, using a
JANWAY 6300 VIS-spectrophotometer.

Total flavonoids content was determined by aluminium
chloride colorimetric assay [29] using rutin as a standard.
The results were expressed as mg of rutin equivalents (RE)
per g of dry plant material (mg RE/g). Absorbance was
measured at 430 nm, using a JANWAY 6300
VIS-spectrophotometer.

2.5. DPPH Assay

The capacity to scavenge the “stable” free radical
2,2-diphenil-1-picrylhydrazyl (DPPH) was monitored
according to the method of Espin [30]. Solution of 90 uM
DPPH in methanol (95%) was prepared and 1 ml was added
to 3 ml of diluted liquid extract. Absorbance was measured
60 minutes later at 515 nm. Blank was prepared using water
instead of CLF liquid extract. Radical scavenging capacity
(%RSC) was calculated by the following Eq. (1):

RSC = 100 — (Asample —Aplank ) x 100 (1)

Aplank

where A gmpic is absorbance of the sample solution and Apank
is absorbance of the blank sample. This activity was also
expressed as the 50% inhibition concentration (ICs), i.e. the
concentration of the test solution required to scavenge 50%
of the initial radical.

2.6. Experimental Design

RSM is a useful technique for developing, improving and
optimizing processes. The most extensive application of
RSM is in the industry, particularly when several input
variables influence some performance measure or quality
characteristic of the product or process. This performance
measure or quality characteristic is called the response [31].

After determining the preliminary ranges of independent
variables, Box-Behnken experimental design was adopted in
this optimization study. The extraction temperature, ethanol
concentration, and extraction time were applied as
independent variables. The range of those variables and their
levels are presented in Table 1.

Table 1. Uncoded and Coded Levels of Independent Variables Used in the
RSM Design

. Coded levels
Symbol  Independent variable N 0 N
X Temperature [°C] 40 60 80
X, Solvent concentration [%] 50 70 90
X; Time [min] 30 60 90

The behavior of the system can be described by the
following quadratic equation:

Y =8+ Z}c:1 B X; + Zf:l B ij + XX By XiX;  (2)

where Y represents the measured response; f is constant, b;,
b, by are the linear, quadratic and interactive coefficients of
the model, respectively; X; and X; are the levels of the
independent variables.
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3. Results and Discussion

3.1. Response Surface Models

During this study, the target compounds of the extraction
process were total phenols (TP) and total flavonoids (TF),
and the targeted activity was antioxidant capacity, i.e. ICs
value. Moreover, total extraction yield (EY) was also
observed. In order to explore the functional relationship
between inputs (extraction temperature, solvent
concentration and extraction time) and outputs (extraction
yield, target compounds and target activity) RSM was
applied. Obtained experimental results of EY, TP and TF
content, as well as ICs, values, are shown in Table 2.

The results of EY, TP, TF and ICs, obtained in the
experiments were 9.36-32.02%, 35.55-57.35 mg CAE/g,
14.06-26.31 mg RE/g, and 0.014-0.278 mg/ml, respectively.
The lowest values of EY, TP and TF were obtained at the
same point (temperature of 40°C, 50% of ethanol
concentration and 60 min of extraction time).

Table 2. Experimental Matrix and Values of the Observed Responses

I EC’® Time EY TP TF ICso
[°C] [%0] [min] [%]  [mg/g] [mg/g] [mg/ml]
1 40(-1) 50(-1) 60(0) 27.04 5275 1826  0.071
2 80(1) 50(-1) 60(0) 32.02 5735 2094  0.066
3 40(-1)  90(1) 60(0) 9.36 35.55 14.06 0.278
4 80(1) 90(1) 60(0) 22.83 5235 2522 0.120
5 40(-1) 70(0) 30(-1) 1548 4820 19.88  0.158
6 80(1) 70(0) 30(-1) 22.00 5600 2631  0.084
7 40(-1) 7000) 90(1) 2329 4655 19.65  0.128
8 80(1) 70(0) 90(1) 31.52 5430 24.92 0.080
9 60(0) 50(-1) 30(-1) 29.26 46.75 21.41 0.085
10 60(0) 90(1) 30(-1) 1026 4195 2237  0.167
11 60(0) 50(-1) 90(1) 3146 5410 21.08  0.051
12 60(0) 90(1) 90(1) 2053 4390 1975  0.177
13 60(0) 70(0) 60(0) 2528 51.65 2240  0.095
14 60(0) 70(0) 60(0) 23.74 47.20 21.94 0.090
15 60(0) 70(0) 60(0) 2943 48.20 21.87 0.115
16 60(0) 70(0) 60(0) 28.64 4820 21.18  0.014
17 60(0) 7000) 60(0) 27.86 48.60 2320  0.107
“temperature

ethanol concentration

Correlation between antioxidant activity and polyphenolic
content (TP and TF) was confirmed with the highest value of
1Cs at the same point where TP and TF were the lowest. The
highest EY (32.02%) and TP (57.35 mg CAE/g) were
obtained under the experimental conditions of X; = 80°C, X,
=50% and X; = 60 min, whereas the highest TF (26.31 mg
RE/g) was obtained under conditions of X; = 80°C, X,=70%
and X; = 30 min. The highest antioxidant activity, e.i. the
lowest ICs, value was observed for the extract obtained with
70% ethanol at 60°C, after 60 min of extraction.

Experimental results from Table 2 were processed with

multiple linear regression using the second-order polynomial
model (Eq. (2)). The regression coefficients of the intercept,
linear, cross product and quadratic terms are presented in the
Table 3. As Joglejar and May suggested [32] good fit of the
model (R’) should be at least 0.80, which indicates the
adequacy of the applied regression model. The values of R’
and CV for EY, TP and TF were from 0.912 to 0.976 and
from 3.075 to 8.404%, respectively. Therefore, it was
suggested that quadratic model fitted well with the
experimental data.

Table 3. Regression Equation Coefficients for the Selected Responses

Regression

coegfﬁcient EY Lt TF
Po 26.99™ 4877 22.118"™

Linear
B 4.15™ 461875 3.1925™
B 7.0 -4.65 -0.03625™"
Bs 3.725 0.74375™ -0.57125™
Cross product
B2 2.1225" 3.05™" 2.12°
Bis 0.4275 -0.0125 -0.29
B 2.0175 -1.35 -0.5725"
Quadratic

B -1.99125" 2.65875 -0.48025"
B -2.18625 -1.92875™" -2.01775°
B -1.92625 -0.16625" 1.05225"
R 0.963 0.912 0.976
cr 8.404 5.007 3.075

* Significant at 10%;

™ Significant at 5%.

*** Significant at 1%.

* Coefficient of multiple determination
® Coefficient of variance [%]

Suitability of the model was also analyzed through the
ANOVA for the model. Calculated statistical parameters are
presented in Table 4. According to the p-values of the F-test
for suggested model (p<0.05) and the lack of fit (p>0.05), it
was suggested that the model is suitable for the investigated
extraction system and can relatively predict its variations.
Model equations for relationship between EY, TP and TF
and independent variables were obtained by applying
multiple regression analysis (Table 4). By applying these
equations it is possible to predict values of each response.
Antioxidant activity depending on independent variables
could not be successfully modeled by Eq.2 due to poor R’
(0.743) and high CV (21.44%). F-test applied on the model
further confirmed that the quadratic model was not
satisfactory for description of this system (p>0.05). Neither
linear nor cubic model were suitable in this case. Therefore,
relationship between ICs, value (antioxidant activity) and
extraction parameters (temperature, ethanol concentration
and extraction time) was defined basing on analysis.
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Table 4. Analysis of Variance

Source Sum of squares D;%:Z?Jf Mean square F-value p-value
Extraction yield
Model 745.6842 9 82.8538 20.17047 0.0003
Residual 28.75375 7 4.107679
Lack of fit 5.83415 3 1.944717 0.339398 0.7993
Pure error 22.9196 4 5.7299
Total 774.4379 16
Model equation Y=26.99 +4.15X,— 7.1X,+ 3.725X; - 1.99125X,7 - 2.18625X,7 - 1.92625X5°+ 2.1225X,.X,+ 0.4275X,X; + 2.0175X,X;
Total phenolics content
Model 435.9102 9 48.43447 8.034415 0.0059
Residual 42.19863 7 6.028375
Lack of fit 30.76063 3 10.25354 3.585781 0.1246
Pure error 11.438 4 2.8595
Total 478.1088 16
Model equation Y=148.77+4.61875X,— 4.65X,+ 0.74375X; +2.65875X,> - 1.92875X,” - 0.16625X5*+ 3.05X,X; - 0.0125X,X; - 1.35X.X;
Total flavonoids content
Model 1259112 9 13.99013 32.19129 <0.0001
Residual 3.042155 7 0.434594
Lack of fit 0.818875 3 0.272958 0.491091 0.7073
Pure error 2.22328 4 0.55582
Total 128.9533 16
Model equation Y=22.118 + 3.1925X, - 0.03625X;- 0.57125X; -0.48025X,” - 2.01775X,°+ 1.05225X+ 2.12X,X; - 0.29X,X; - 0.5725XX;

3.2. Effects of Temperature, Solvent Concentration and
Extraction Time on Investigated Response
Parameters

In case model equation for EY, linear terms of temperature
and ethanol concentration have significant influence
(»<0.01). Temperature exhibited positive influence which
could be explained with heat influence on softening of the
plant tissues and increasing diffusivity of the extraction
solvent into cells. Elevated temperature also reduces solvent
viscosity and surface tension and hence to promote the
extraction of soluble compounds [33]. Negative effect of
ethanol concentration was also expected due to decrease in
polarity for higher ethanol concentrations. Lower ethanol
concentration contribute to higher EY, however these were
not in direct correlation with antioxidant activity of obtained
extracts.

Since most of the compounds in the plant material are
hydrophilic, extracts obtained with lower ethanol
concentrations will have high content of concomitant
compounds which does not possess high antioxidant
capacity. Interaction between temperature and ethanol
concentration showed significant influence on the EY.
Positive effect could be explained with the moderate polarity
and modified physical properties (viscosity and surface
tension) of the extraction solvent at elevated temperatures.
These changes increase its capacity for extraction. Quadratic
term of temperature exhibited negative effects which suggest
that EY will reach the saddle point at certain temperature
which the yield starts to decrease. Lower EY at very high

temperature is probably due to degradation of extractable
compounds and possible formation of aggregates.

Efficiency of extraction process is influenced by multiple
parameters. The best way of expressing the effects of
different extraction parameters on polyphenolic compounds
content and antioxidant activity was to generate response
surfaces of the model [18]. The 3D response surface plots are
the graphical representations of regression equations. They
provide a method to visualize the relationship between
responses and experimental levels of each variable and the
type of interactions between two test variables. The shapes of
the plots indicate whether the mutual interactions between
the variables are significant or not [34]. Figure 1A shows the
3D surface plots of the interactive effects of the independent
variables corresponding to the extraction yields (EY). It can
be seen that increase in solvent concentration leads to
reduction of EY. On the other hand EY increasing with
temperature up to about 75°C. Further increase of
temperature leads to reduction of EY. The same situation can
be observed with the extraction time. The yields increase
with time, but after 65 minutes of extraction, amount of
extracted matters decreases.

In general terms, the extraction efficiency of phenolic
compounds is a function of several process variables. Many
authors reported the influence of different variables on the
extraction of phenols. Among others, the most important
factors influencing the recovery of phenols from plant
material are solvent type, temperature and contact time. The
positive or negative effects of each variable on the mass
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transfer phenomenon is specific and it is not always obvious
[35]. In presented research and derived modellinear and
cross product term of temperature (p<0.01) had significant
influence on phenol extraction.

However, cross product term of ethanol concentration
showed negative effect. On the other hand linear term and
quadratic term of extraction time showed significant
influence (0.01<p< 0.05). Influence of parameters on TP
content was visualized by the chart (Figure 1B). From the
chart it is obvious that increase in ethanol concentration up to
approximately 60% leads to higher yields for TP, while
further increase of solvent concentration causes the decrease
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of the output value. Considering the fact that the extraction
efficiency of the phenolic compounds decreases when using
90% ethanol, due to the number of hydroxyl groups in
phenols that are rather hydrophilic, and as such generally
more soluble in water-ethanol solutions, those results were
expected. In terms of temperature influence, figure 1B shows
that with extraction temperature the yield of TP increased.
This result is supported with a claim that temperature
generally shows positive effects on extraction of antioxidant
compounds. Also, a linear increase of TP with extraction
time could be observed.
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All linear terms of process variables had highly significant
influence on TF (p<0.01). Temperature effect was once

again positive, while other two variables had negative effects.

Elevated temperature modifies polarity of the solvent and
increases the solubility of flavonoid compounds in the
extraction solvent [36]. Although, linear effects of ethanol
concentration and extraction time were significant, they were
still minor comparing to the temperature. These effects
suggested that less polar solvent (90% ethanol) would not be
suitable as 50% or 70% ecthanol. Prolonged extraction time
could lead to degradation of some flavonoid compounds due
to prolonged exposure to environment factors such as light
and oxygen [33, 37]. Reduction in extraction time could be
significant for technological aspect of the process because it
can result in time and cost saving [38]. Temperature-ethanol
concentration and temperature-time interaction showed
significant cross product effects. Positive effect of
temperature-ethanol concentration represented interactive
influence between variables where temperature improves
solvent properties and increases affinity to desirable group of
compounds. However, temperature-extraction time
interaction suggests that elevated temperature could produce
undesirable effects which probably come from chemical
modifications of compounds present in crude extracts.
Quadratic terms of all three variables had significant
influence. The negative quadratic effect of extraction time
confirmed the deceleration in the extraction yield, as Fick’s
second law of diffusion predicts a final equilibrium between
the solute concentrations in the solid matrix and in the bulk
solution after a certain time [15].The relationships between
independent variables and TF were illustrated in
three-dimensional graphs (Figure 1C). As it can be seen from
the figure the amount of TF increased linearly with of
temperature. With the increase of ethanol concentration up to
approximately 75% increase of the TF was observed, while
further increase caused the decrease of the output value. This
indicated that there is a saddle point near 75% ethanol
concentration.

The polarity of the solvent plays important role in the
selective extraction of different flavonoid families.
Furthermore, TF content decreased with the extraction time
up to about 50 min, after that total flavonoid amount
increased. Influence of independent variables on ICs, value
is presented in Figure 2.

Increase of the extraction temperature caused the decrease
of the ICs, value (increase of the antioxidant activity). This
result is in accordance with previous reports which suggested
that extraction yield of thermally stable antioxidants at
elevated temperatures was high [16]. Antioxidant activity
decreased with the increase of ethanol concentration (Fig 2),
indicating that 50% ethanol is a good solvent for most of
antioxidants from CLF. On the other hand, extraction time
did not show any significant influence on the antioxidant
activity. Interaction between independent variables on the
antioxidant activity is more complex, but the cross product
and quadratic terms could not be determined due to
inconsistency between Eq. (2) and experimental results.

3.3. Verification of Experiments

The final step in this research was the verification of
suitability of the defined model equation. By using RSM
total extraction yield (EY) and antioxidant compounds (TP,
TF) were optimized. Optimized system was developed for
each of response Results of optimized parameters, predicted
and observed values are reported in Table 5. All experiments
were done at triplicate.

Table 5. Comparison of Predicted and Experimental Values for the
Response Variables

EY TP TF

Temperature [°C] 67.4 79.8 79.2

COHC;;EZE‘;L » 518 544 76.4

Extraction time [min] 75.6 90 312
Predicted values 32.78+2.99 57.65£5.94 | 27.14+1.30
Obtained values 29.93+0.86 54.16+1.25 | 23.49+0.76

The model has shown good prediction for two of three
output variables (EY, TP), however, observed values of TF
were bellow expected. The good correlation between
predicted and observed values confirmed that the response
model was suitable for the intended optimization.

4. Conclusions

High yield of extraction process is very important goal,
especially for large-scale industrial  applications.
Considering the great role of antioxidants, there is increasing
number of studies oriented towards the production of
antioxidant-rich products. Polyphenolic compounds are
recognized as one of the most important antioxidants. In
order to produce extracts with high level of total phenols,
total flavonoids and antioxidant activity, extraction of
chamomile ligulate flowers (CLF) was successfully
optimized by response surface methodology (RSM). Optimal
extraction parameters defined by this approach for all target
compounds were validated. In two of three cases,
experimental results were close to the predicted calculated,
confirming the validity and adequacy of the proposed models.
Considering the fact that this is the first report on optimizing
extraction technology of antioxidant compounds of CLF,
these results can be useful for developing new CLF-based
products.
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