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The aim of this paper was to optimize an extraction procedure of quercetin from
green tea using central composite design. Extraction time, ethanol concentration, and
solid to liquid ratio were selected as the independent variables, while quercetin yield was
defined as a response. The impact of factors and their interactions on the quercetin yield
was studied based on the results of ANOVA test. The extraction time of 58.5 min, ethanol
concentration of 94.7 % (v/v), and solid to liquid ratio of 1:19.4 (m/v) were found as the
optimal conditions. The experimental confirmation of the proposed optimal conditions
indicated that there was a good agreement between the experimental and predicted val-
ues. In addition to quercetin, the presence of 17 bioactive compounds was confirmed in
the green tea extract using mass spectrometry method. Antioxidant, antimicrobial and
antitumor activity of the optimal extract was determined using DPPH assay, disk diffu-
sion method, and MTT assay, respectively.
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Introduction

Quercetin is one of the six subclasses of flavo-
noid compounds', which has antioxidant properties?.
Quercetin is found in many common foods including
green tea', apples, onions and berries’. Its structure
with the indicated C atoms and rings is presented in
Figure 1. Because of its interesting chemical and bi-
ological properties, quercetin has been one of the
most studied flavonoids. Quercetin is a major biofla-
vonoid in the human diet'. Reactivity of phenolic
compounds with free radical species and formation
of considerably less reactive phenoxy radicals indi- OH 0
cates the antioxidant activity of quercetin’.

Fig. 1 — Quercetin structure with indicated C-atoms and

The different methods of quercetin extraction,
such as ultrasonic®’, microwave-assisted®, solid-lig-
uid extraction at ambient temperature’, and elevated
pressure'® supercritical extraction with carbon diox-
ide!! from Bobgunnia madagascariensis, Caesal-
piniaceae', Coriundrum sativum L., Abutilon in-
dicum', Butea frondosa®, Petasites japonicus',
Euonymus alatus (Thunb.) Sieb."’, Citrus berga-
mia"® were described in the literature.

*Corresponding author: e-mail: ici_teh@yahoo.com; tel.: +381 16 247203;
fax: +381 16 242859.

rings

Solvents, such as chloroform'?, methanol, etha-
nol'" and acetone or mixtures of these and water are
used for extraction'. For identification of the extrac-
ted quercetin, preparative TLC'2, RP-HPLC!!:13.1420-22)
micellar liquid chromatography?”® and GC-MS*
were used.

A traditional approach, well known as the “One
Variable At a Time” (OVAT), is commonly applied
for investigation of the effects of extraction param-
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eters on the yield of the desired compounds. This
approach follows the effect of one extraction pa-
rameter at a time on the extraction efficiency, while
the impact of other parameters was omitted. Thus,
the OVAT approach has a disadvantage, because it
examines a narrow range of all possible combina-
tions of variables, and as a result, the actual and
detected optimum conditions are different in most
cases. Its application impacts the quality of ex-
traction results. The method of central composite
design (CCD) is applied to overcome this problem
and to combine the impact of a number of parame-
ters on the yield of extraction. The identification of
interacting variables has led to improvements in the
efficiency of the extraction and in the quality of the
extracted compounds. The main advantages of us-
ing experimental design compared with the tradi-
tional techniques are savings in money and time.
This is especially important in the phase of process
design when it is possible to estimate the combined
effect of a number of variables with a small number
of experiments by using a carefully chosen design.
The identification of interactions between factors,
as well as the effects of the variables themselves is
possible by using this technique. This is important
when the effect of one variable differs depending on
the level of another variable, and when the knowl-
edge about the process itself is limited. Modeling of
extraction®®!112° adsorption*?, synthesis®® process-
es etc., using experimental design were commonly
described in the literature. Thus, for instance, Pin-
gret et al.* optimized production of antioxidant-rich
extracts from apple pomace using ultrasound-assist-
ed extractions, while Chua et al.** optimized the ex-
traction conditions of phospholipids from palm-
pressed fiber. The effects of extraction time, pH of
solution, and weight of the sample were studied to
model and optimize a microwave-assisted natural
dye extraction from pomegranate rind by Sinha et
al’!

The optimal conditions of quercetin extraction
from some plant materials were estimated by using
experimental design''?’. Green tea was acceptable
as the plant material for the extraction study due to
the significant amount of quercetin. Thus, the ob-
jective of this paper was to model and optimize the
solid-liquid extraction of quercetin from green tea
(Camellia sinensis) using CCD, because there are
no data about extraction from this plant material
in the literature. In this investigation, extraction
time, ethanol concentration, and solid to liquid ra-
tio were chosen as the independent wvariables.
This study has an advantage over conventional ex-
traction procedures, because valid data can be ob-
tained based on a small number of experimental
runs.

Experimental
Reagents

Quercetin (Merck Chemicals Ltd., Nottingham,
United Kingdom), RPMI-1640 medium, dimethyl
sulfoxide (DMSO), sodium dodecyl sulfate (SDS),
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), L-glutamine, penicillin, streptomy-
cin, 2,2-diphenyl-1-picrylhydrazyl (Sigma Chemi-
cal Company, Saint Louis, USA), fetal bovin serum
(FBS) (Gibco BRL, New York, USA), methanol
HPLC grade (Merck, Darmstadt, Germany), formic
acid purity 99 % (Carlo Erba Reagents, Peypin,
France), methanol LC-MS grade (Avantor Perfor-
mance Materials, Inc., Deventer, Netherlands), 96 %
(v/v) ethanol (Zorka Pharma, Sabac, Serbia), and
absolute ethanol (Alkaloid AD, Skopje, FYR Mace-
donia) were used as delivered.

Carcinoma cell lines

HeLa cells (human cervix adenocarcinoma
cells), MDA-MB-361 and MDA-MB-453 cells (hu-
man breast adenocarcinoma), LS-174 cells (human
colon carcinoma) and MRC-5 cells (human embry-
onic lung fibroblast).

Plant material

The green tea (Camellia sinensis) was pur-
chased from AD Aleva (Novi Knezevac, Serbia).
The plant material was dried to a moisture content
of 6 % at room temperature in a dark place. The
samples were ground in a blender to produce a fine
powder. The average particle size was 0.4 mm.

Extraction procedure of quercetin from green tea

Extraction time, ethanol concentration, and sol-
id to liquid ratio were used as process parameters.
The values of these parameters were changed in or-
der to study their effects on the extraction yield. In
all cases, about 2 g of green tea powder was trans-
ferred into a 100-mL flask and overflowed by dif-
ferent volumes of ethanol. The extractions were
performed under reflux for the exactly defined time.
The constant extraction temperature was maintained
using boiling water bath. The extracts were evapo-
rated under reduced pressure on a rotary evaporator
after separation of the liquid phase by filtering. The
samples were then dried to constant mass in a des-
iccator.

Experimental design

The most effective variables were chosen in or-
der to plan the experiments according to CCD. CCD
were applied to study the interactions between vari-
ables, as well as to derive a response surface that
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contains curvature with respect to the individual
variables*?. Three other advantages of CCD designs
which were not used in this case, but which can be
very useful in similar experimentation are:

The ability to firstly use an efficient and bal-
anced screening design (perhaps with center points)
to estimate linear effects along with some two-way
interactions and other second-order effects. This
means that the experimenter can effectively explore
the variable space for indications of inflection
points or other optima at first stage.

CCDs then allow the addition of star and center
points sequentially around the screening design as
an orthogonal block in a separate experiment, mean-
ing that any change in the mean behavior between
the two experiments will be cancelled out and the
full second-order polynomial can be estimated ac-
curately whatever the change.

CCDs also provide the ability to test for
third-order lack-of-fit so that it is possible to dis-
cover if the second-order polynomial is an adequate
predictor of the system being studied, and if not,
e.g., how can the responses and/or variables be
transformed non-linearly to make it possible.

The levels of CCD for the studied process pa-
rameters are presented in Table 1.

Table 1 — Levels of independent variables for the CCD model

Independent Symbol Levels

variables uncoded|coded71.68| -1 | 0 | +1 |+1.68

time, min T X, 5.0 16.1 325 489 60.0
ethanol
concentration,  C, X, 200 362 60.0 83.8 100.0

%

solid to liquid X 1:10 1:16.11:25.0 1:33.91:40.0
ratio, m/v 3

In the aim to define the impact of extraction
parameters on the amount of extracted quercetin
from green tea, the experimental runs were per-
formed as presented in Table 2. The different exper-
imental conditions of each experimental run are
presented in this table. According to CCD, the num-
ber of experiments is expressed by 2f+2f+C, where
f is the number of factors and C is the number of
center points. In the present study, the values of f
and C were 3 and 2, respectively, so that 16 experi-
ments had to be conducted. The diagram of CCD
generation for three factors (extraction time, sol-
id-to-liquid ratio, ethanol concentration) is present-
ed in Figure 2.

It is also important to ensure that the experi-
mental runs are effectively randomized in order to
ensure that any time trends commonly present in

solid-to-liquid ratio

(1.682, 0, 0)

extraction time

ethanol concentration L

Fig. 2 — Generation of central composite design for three
factors

Table 2 — Combination of extraction parameters with experi-
mental and predicted values of response

Run ‘ C @ Y Y e
min | % [(m/V)|(g/100 g d.e.)|(g/100 g d.e.)
1 5.0 60.0 1:25.0 0.210 0.247
2 16.1 36.2 1:16.1 0.290 0.295
3 16.1 36.2 1:33.9 0.330 0.295
4 16.1 83.8 1:16.1 0.350 0.421
5 16.1 83.8 1:33.9 0.590 0.421
6 32,5 20.0 1:25.0 0.320 0.338
7 32,5 60.0 1:10.0 0.310 0.341
8 32,5 60.0 1:25.0 0.310 0.341
9 32,5 60.0 1:25.0 0.290 0.341
10 32,5  60.0 1:40.0 0.360 0.341
11 32.5 100.0 1:25.0 0.810 0.908
12 48.9 36.2 1:16.1 0.360 0.327
13 489 36.2 1:33.9 0.360 0.327
14 48.9 838 1:16.1 0.920 0.879
15 48.9 83.8 1:33.9 0.970 0.879
16 60.0 60.0 1:25.0 0.580 0.659

Y — experimental value

obs

Y . — predicted value

pre

the experimental systems are either completely ex-
cluded or at least significantly reduced with respect
to the statistical model. Statistica 8.0 (Stat Soft,
Inc., Tulsa, USA) software was used for modeling
and optimization of this process.

StatSoft Statistica 8.0 provides four different
occasions to approximate the mathematical model.
Using these effects, it is possible to model the ana-
lyzed process in different ways. A linear main effect
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and linear main effect +2 ways give a linear model,
while a linear-quadratic main effect and linear-qua-
dratic effect +2 ways give a quadratic model. The
main difference between the effects is in the inter-
actions between process parameters. Thus, the dif-
ferent polynomial models were obtained by the use
of these effects.

The obtained results for quercetin extraction
from green tea were fitted by using a second-order
polynomial equation. The full second-order polyno-
mial equation can be defined in the following way

(Eq. 1):

_ 2 2
y=aq, +a1x1 +a2x2 +a3x3 +a11x1 +a22x2 + (1)

2
+ aiy3X5 + a; XXy + a3 X X3 + ay3X5 X5

with x, x,, x, — independent variables; a, — inter-
cept; a, a,, a,, a,, a,,, d,, a,,, a,,, a,, — regression
coefficients, and y — response function. The coeffi-
cients of second-order polynomial equation were
estimated by least square regression. The three-di-
mensional and contour diagrams are commonly

used for better presentation of the obtained data.

In order to confirm the ability of the proposed
model to predict the yield of quercetin, the values
of errors and correlation coefficients were calculat-
ed. Root mean square error (RMSE) was used as
the error function. It can be calculated using the fol-

lowing formula (Eq. 2):
Z(yf’ -y )2

n

RMSE = )

with y? — desired output, y;" — actual output, and
n — number of experimental runs.

Mean squared error (MSE) and mean absolute
error (MAE) were used for further analysis of the
obtained models. Also, the cross-validated correla-
tion coefficient was used for estimation of the per-
formance of models. Actually, MSE can be calculat-
ed using the following equation (Eq. 3):

E(yf’ -y )2

n

MSE = 3)

MAE presents a mean value of the absolute dif-
ference between the predicted and experimental
values. It can be calculated in the following way

(Eq. 4):

ly? =7
n

MAE = 4

Leave-one-out is a commonly used form of
cross-validation, where each data value is left out in
turn, and a model is derived using the remainder of
the data. The predictability is conventionally char-

acterized by a cross-validated correlation coefficient
(Q%. The cross-validated correlation coefficient is
lower than the correlation coefficient (%), and can
have negative values. The cross-validated correla-
tion coefficient is calculated in the following way

(Eq. 5):

n

E(y,-’” -y )2
o 5)

E(yf’—i)z

i=1

where y is the average observed value. A model is
considered acceptable when the value of the
cross-validated correlation coefficient is higher than
0.5.

HPLC analysis of the plant extracts

The determination of quercetin content in the
green tea extracts was performed using RP-HPLC
method*. The samples for RP-HPLC analysis were
prepared by dissolving the dried plant extracts
(0.05 g) in 5 mL of 6 mol L' hydrochloric acid and
5 mL of a mobile phase. The samples were sonifi-
cated for 15 minutes. Analysis was performed using
methanol as a mobile phase with a flow rate of
1.0 mL min'. Before injecting into the column, the
mobile phase and the analyzed samples were fil-
tered through a 0.45 um millipore filter (Econofil-
ters, Agilent Technologies, Germany). The injected
volume of samples was 20 pL, while a detection
wavelength was 370 nm. The separation was carried
out at 35 °C using a ZORBAX Eclipse XDB-C ,
column (4.6x250 mm, 5 um) Agilent Technologies,
USA. Quercetin in the green tea extracts was iden-
tified based on the retention time of quercetin stan-
dard. In this study, Agilent 1100-Series HPLC sys-
tem with DAD detector and Agilent 1100-Series
autosampler was applied for this analysis. The peak
areas were integrated automatically using the Agi-
lent HPLC Data Analysis software.

ESI-MS" analysis of the optimal extract

Mass spectroscopy (MS) method was applied
in order to define the presence of other compounds
in the extract obtained under optimal conditions of
quercetin extraction. MS ion trap mass spectrometer
(Thermo Scientific LTQ XL Linear lon Trap Mass
Spectrometer) was used with Xcalibur software for
data acquisition and analysis. The sample was di-
rected to a trap mass spectrometer with an electro-
spray interface (ESI). Mass spectra were obtained
in both negative and positive modes with an ion-
source voltage of 4.95 kV, a source current of
2.61 pA, a capillary temperature of 275 °C, a ca-
pillary voltage of 50 V, a sheath gas pressure of
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137.14 KPa, and an auxiliary gas pressure of
13.93 KPa. MS? spectrums of all compounds were
obtained after effect of the different collision ener-
gies. The MS method was tuned using quercetin
standard. The concentration of methanolic solutions
of prepared samples was adjusted to 5 pg cm™ with
the addition of formic acid in order to improve ion-
ization of analyzed compounds.

Determination of antioxidant activity
(DPPH assay)

A series of different concentrations was pre-
pared from the stock solution of quercetin standard
(0.8 mg cm™) and from green tea extract (2.0 mg cm™).
The investigated samples (2.5 cm?®) were treated
with 1 cm? of the ethanolic solution of DPPH
(3-10* mol dm™), and then incubated for 20 min-
utes in the dark at room temperature. The absor-
bance of samples was measured in relation to 96 %
(v/v) ethanol at 517 nm and room temperature. The
absorbance of DPPH solution obtained by dilution
of the stock solution of DPPH (1 cm?®) with ethanol
(2.5 cm?®) was determined under the same condi-
tions. Varian Cary-100 Conc. Instrument and quartz
cuvettes (1x1 cm) were used during operation. The
inhibition of DPPH radicals is calculated using the
following equation (Eq. 6):

inhibition of DPPH radicals (%) =

=(1——AS_AB)-100 (©)
AC

where are 4, — absorbance of the samples (the sam-
ples treated by DPPH solution), 4, — absorbance of
blank (the diluted samples), 4, — absorbance of the
control solution (the diluted DPPH solution)***3.

Determination of antimicrobial activity

Gram-negative bacteria (Escherichia coli
ATCC 8739, Pseudomonas aeruginosa ATCC
9027), gram-positive bacteria (Bacillus subtilis
ATCC 6633, Staphylococcus aureus ATCC 6539),
and fungi (Candida albicans ATCC 10231, Asper-
gillus brasiliensis ATCC 16404) were used for in-
vestigation of antimicrobial activity of the extract
obtained under optimal conditions. In this study,
antibiotic agar (pH 6.5) and Sabouraud dextrose
agar (pH 5.6) were used for growth of bacteria and
fungi, respectively. The warm and tempered medi-
um was inoculated with the suspension of the inves-
tigated cells (150 pL). The suspensions were pre-
pared by dissolving the strains of the culture in the
saline solution to the average content of 108 CFU cm™.
The sterile disks (Schleicher and Schuell, Dassel,
Germany) with diameter of 12.5 mm were soaked
with the ethanolic solutions of investigated samples

(30 uL). The quercetin standard was prepared in the
concentrations of 0.2, 0.8, and 1.6 mg cm™, while
the extract concentration was 2.0 mg cm™. Ethanol
was applied as a negative control. The antimicrobial
activity of the extract was compared with gentami-
cin. The samples were treated under the same con-
ditions in order to obtain the comparative results.
Bacteria were incubated at 37 °C for 24 h, while
fungi were incubated at 25 °C for 48 h under anaer-
obic conditions. The diameters of inhibition zones
were obtained after averaging the values of three
dishes.

Determination of antitumor activity (MTT assay)

Nutrition mediums

HeLa, LS-174, MRC-5 cell lines were main-
tained in the RPMI 1640 medium supplemented
with 10 % heat-inactivated fetal bovine serum
(FBS) at 56 °C, 3 mmol dm? L-glutamine,
100 pg cm™ streptomycin, 100 TU cm™ penicillin,
and 25 mmol dm> 4-(2-hydroxyethyl)-1-pipera-
zineethanesulfonic acid (HEPES), and adjusted to
pH 7.2 with bicarbonate solution. The same medi-
um was used for MDA-MB-361 and MDA-MB-453
cell lines with the addition of 1.11 g cm™ glucose.

Treatment of the cell lines

The samples were dissolved in DMSO to the
concentration of 100 mg cm>. After that, the sam-
ples were diluted in the nutrition medium to the ad-
equate concentrations. The cells were seeded into
96-well microtiter plates (Nunc, Nalgene, Den-
mark). The initial population density of HeLa cells,
MDA-MB-361 cells, MDA-MB-453 cells, LS-174
cells and MRC-5 cells was 2,000 cells, 7,000 cells,
3,000 cells, 7,000 cells and 5,000 cells per well in
100 pL medium, respectively. The nutrition medium
was used as a blank sample. After twenty-four hours
of seeding, the five different concentrations of in-
vestigated extract were added to 96-well plates. The
final concentrations of the extract applied to target
cells were 400, 200, 100, 50, and 25 pg cm>. Cells
were grown in a humidified atmosphere of 5 % CO,
in air at 37 °C.

Determination of cell survival

The effect of the extract on the cancer cell sur-
vival was determined by the microculture tetrazoli-
um test (MTT) according to Mosmann®® with modi-
fication by Ohno and Abe®” 72 h after addition of
the compounds. After incubation, 20 pL of MTT
solution (5 mg MTT cm™ PBS) was added to each
well, and then another 100 pL of SDS solution
(10 %) was added after 4 h. Absorbance was mea-
sured in ELISA reader at 570 nm. Antiproliferative



108 I. M. SAVIC et al., Optimization of Quercetin Extraction..., Chem. Biochem. Eng. Q., 30 (1) 103115 (2016)

effect of the investigated quercetin standard and
green tea extract was compared with a control group
of malignant cells. The cancer cell survival is calcu-
lated in the following way (Eq. 7):
A, — A
S (%) =—"1—L-100 (7)
_AB

where are 4, — absorbance of the blank, 4, — absor-
bance of the treated cells, and 4 . — absorbance of

C

the control. IC,, concentration is defined as the con-
centration of the substance that inhibits 50 % of cell

survival in comparison to the control panel.

Results and discussion

The extraction process plays a major role in the
isolation of these bioactive compounds. There are
several extraction techniques for isolation of com-
pounds. The selection of extraction operating condi-
tions requires experience. In this study, the tech-
nique under reflux was chosen for extraction of
quercetin. After application of fractional factorial
design, the significant variables (extraction time,
ethanol concentration, solid to liquid ratio) were
used for further optimization using CCD.

For describing the extraction procedure, a sec-
ond-order polynomial equation was applied. As de-
scribed below, X, was found to be inactive with re-
spect to the quercetin response. This equation in
terms of coded variables can be presented in the
following way (Eq. 8):

Y =0.341+0.123X, +0.040X] +

8
+0.169X, +0.100X; +0.106X, X, ®)
In this equation, all significant terms are pre-
sented. The significance of equation terms was esti-
mated using ANOVA test, and based on the Fisher
distribution (F-test) and p-value. The role of ANO-
VA test is to compare variation due to deviation
from mean value. In Table 3, statistical results are
presented. The mathematical relations for calcula-
tion of ANOVA test (SS, MS, F-value, R*, R*, o) are
very often used in literature®!%. Correlation coeffi-
cient is 0.920 that indicates a solid performance of
the proposed CCD model. This model is adequate,
because Lack of Fit value was insignificant.

Pareto chart of the standardized effects can
identify a factor and interaction effects, which are
important in the process optimization study. It pres-
ents absolute values of effects and a reference line.
The effects with values higher than the reference
line can be observed as significant. From Figure 3,
it can be concluded that the factors X, X, )(22 and
interaction X X are significant terms of the equa-
tion. All terms have positive effects on the response

Table 3 — ANOVA test for the CCD model
| ss Ja| ms | £ |
()Varl (L) 0.204817 1 0.204817 29.58294 0.000285
Varl (Q)
(2)Var2 (L) 0.392138 1 0.392138 56.63887 0.000020
Var2 (Q)
IL by 2L
Lack of Fit 0.069035 9 0.007671 38.353

0.017613 1 0.017613  2.54399 0.141799
0.111629 1 0.111629 16.12324 0.002457
0.090313 1 0.090313 13.04438 0.004755
0.124713
Error 0.069235 10 0.006923
Pure Error  0.000200 1 0.000200

Total SS 0.869400 15

Var 1 — extraction time
Var 2 — ethanol concentration
Var 3 — solid to liquid ratio

(2)Var2(L) 52588

Standardized Effect Estimate (Absolute Value)

Fig. 3 — Pareto chart of standardized effect

of the model. The increase in any factor can lead to
the increase in quercetin yield from tea. The impact
of solid to liquid ratio was excluded from the equa-
tion. Therefore, this factor does not have a signifi-
cant effect on the increase of quercetin amount in
the extracts.

The equation with coded values was converted
into the empirical equation with actual values. This
polynomial equation can be presented in the follow-
ing way (Eq. 9):

Y =0.341+0.2457 +0.0797% +

5 )
+0.339C, +0.199C +0.2137C,

The functionalities between a quercetin yield
and process variables are presented in Figures 4—6.
The effect of extraction time and ethanol concentra-
tion on the quercetin yield at solid to liquid ratio of
1:25 (m/v) is presented in Figure 4. A strong inter-
action between these process parameters is clearly
visible. These parameters almost have an equal con-
tribution to increasing quercetin yield. A positive
effect of extraction time on the amount of quercetin
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Fig. 4 — Effect of extraction time and ethanol concentration
on the quercetin yield for solid to liquid ratio of
1:25 (m/v)

in the extract is noticed at higher ethanol concentra-
tions, while at lower concentrations there is almost
no effect. The change of ethanol concentration has a
significant impact on the amount of quercetin in the
extracts only after long extraction times. The in-
crease in ethanol concentration also shows a posi-
tive effect on the observed response.

The interaction between the extraction time and
solid to liquid ratio at the ethanol concentration of
60 % (v/v) for the proposed model is presented in
Figure 5. The solid to liquid ratio had no significant
effect on quercetin yield. The increase in extraction
time increased the extraction yield.

The impact of ethanol concentration and solid
to liquid ratio on the amount of quercetin at the ex-

Fig. 5— Effect of extraction time and solid to liquid ratio
on the quercetin yield for ethanol concentration of
60 % (v/v)

<
o

Y,g/100gd.e.
e
o

2
a

10 20

Fig. 6 — Effect of ethanol concentration and solid to liquid
ratio on the quercetin yield for extraction time of
32.5 min

traction time of 32.5 minutes is presented in Figure
6. The amount of quercetin does not change with
increasing solid to liquid ratio. The graph indicates
that ethanol concentration had a significant effect
on the change in the quercetin amount in the ex-
tract. The quercetin yield significantly increased
when the concentrations were higher than 80 %
(v/v). This was expected, because quercetin is a fla-
vonoid poorly soluble in water, but better soluble in
alcoholic solutions®.

The calculated values of correlation coeffi-
cients (R* and Q?) are the same, and their values are
0.9204. Agreement of correlation coefficient and
cross-validated correlation coefficient indicates the
validity of the proposed model. RMSE, MSE and
MAE are 0.0658, 0.0043 and 0.0525, respectively.
Even the largest error is still acceptable for the pro-
posed model.

In Figure 7, a normal probability plot is pre-
sented. The normal probability plot is basically a
plot of the ordered observations from a sample
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15

/- v 05

2.0

25 .01

30

0.15 0.10 0.05 0.00 0.05 0.10 0.15 0.20

Residual

Fig. 7 — Normal probability plot of raw residuals
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against the corresponding percentage points from
the standard normal distribution. Thus, the obtained
plot indicates that the residuals follow a normal dis-
tribution, because the points follow a straight line
with minimum deviations.

Optimization of quercetin extraction

The optimal conditions of quercetin extraction
from green tea correspond with an extraction time
of 58.5 minutes, an ethanol concentration of 94.7 %
(v/v), and a solid to liquid ratio of 1:19.4 (m/v) ac-
cording to the numerical optimization. Under these
conditions, the predicted value of quercetin yield is
1.34 g/100 g d.e., while the experimental value is
1.36 g/100 g d.e. Based on the experimental confir-
mation of the predicted value, the proposed optimal
conditions can be accepted for quercetin extraction.
Unlike the results of this research, a quercetin yield
of' 42.9 mg/100 g d.e. was obtained using supercrit-
ical CO, extraction at a pressure of 392 bar, tem-
perature of 50 °C, and a static extraction time of
30 minutes, and a dynamic extraction time of 60
minutes from white “Vinho Verde” grape!'. Dopi-
co-Garcia et al.”® obtained a quercetin amount of

0.95 mg/100 g d.e. using 5 % methanol (pH 2) at a
temperature of 40 °C from biomass Hypericum spe-
cies. Thus, the advantages of our study are shorter
extraction time, simpler extraction technique, and
adequate choice of plant material for quercetin ex-
traction.

MS analysis

In addition to quercetin, extraction of the bio-
active compounds (gallic acid, (-)-gallocatechin,
3-O-caffeoylquinic acid, theobromine, 5-O-galloyl-
quinic acid, (+)-catechin, caffeine, (-)-epigallocate-
chin-3-gallate, 4-p-coumaroylquinic acid, (-)-epica-
techin-3-gallate, quercetin-3-O-rutinoside, quercetin-
-3-galactoside, kampferol-3-O-glucoside, apigenin
glycoside, theaflavin-3,3’-digallate, thaflavin-3-gal-
late, kaempferol-rhamnose-hexose-rhamnose) was
confirmed for optimal extraction conditions based
on mass fragmentation patterns***>. The mass spec-
tral characteristics of the identified compounds in
the optimal extract of green tea are presented in Ta-
ble 4, and their structural formulas are given in Fig-
ure 8.

Table 4 — Mass spectral characteristics of the identified compounds in the optimal extract of green tea

Compounds Collision energy (eV) [M-H] (m/z) MS? (m/z)
quercetin 15 301 273,257,179, 151
gallic acid 19 169 125
(-)-gallocatechin 20 305 261, 221, 219, 179, 165, 137, 125
3-O-caffeoylquinic acid 30 353 191, 179, 173, 135
theobromine 16 181* 163, 138, 108
5-O-galloylquinic acid 25 343 191, 169
(+)-catechin 20 289 245, 205
caffeine 24 195* 138, 110
(-)-epigallocatechin-3-gallate 20 457 331, 305, 169
4-p-coumaroylquinic acid 30 337 191, 173, 163
(-)-epicatechin-3-gallate 25 441 331, 289, 169
quercetin-3-O-rutinoside 25 609 463, 301
quercetin-3-galactoside 20 463 301
kaempferol-3-O-glucoside 23 447 285
apigenin glycoside 22 563 503, 473, 443, 353
theaflavin-3,3’-digallate 20 867 823, 715, 697, 545, 327
theaflavin-3-gallate 24 715 697, 577, 563, 545, 407
kaempferol-rhamnose-hexose-rhamnose 23 739 593, 431, 285

+ positive ion mode [M+H]*
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Antioxidant activity of quercetin
and green tea extract

Quercetin belongs to the group of bioflavo-
noids with the strongest antioxidant activity. Three
functional groups present in the quercetin structure
are responsible for its ability to “scavenge” DPPH
radicals. Among these groups are (1) the ortho-cat-
echol group in the B ring with high stability of for-
mation of the radicals, (2) the conjugation in B ring
with 4-oxo group and 2,3-double bond, which pro-
vides the delocalization of electrons from B ring,
and (3) the 3- and 5-OH groups with 4-oxo group,
which allow delocalization of the electrons from
4-oxo group to both substituents (Figure 1). These
functional groups provide higher delocalization of
electrons and higher stability to the aroxyl radicals.

In this paper, DPPH assay was applied for de-
termination of antioxidant activity of the standard
and green tea extract due to availability of DPPH
reagent and accuracy of the method. The ability of
quercetin standard and extract to scavenge free
DPPH radicals is presented graphically in Figure 9.

Yimilaz et al.*® investigated the antioxidant ac-
tivity of catechin, epicatechin and gallic acid by
ORAC method. They found that the activity de-
creases from catechin, epicatechin to gallic acid.
Stewart et al.* estimated the antioxidant potential
of catechin, 3-O-caffeoylquinic acid, flavonols and
theaflavins. Using the trolox equivalent antioxidant
capacity (TEAC) method, it is confirmed that about
30 % of the green tea activity originates from
(-)-epigallocatechin-3-gallate. Theaflavins retain
the antioxidant capacity similar to monomers of
(-)-epicatechin, while the conjugated flavonols have
insignificant antioxidant activity. Seeram et al.*
confirmed the antioxidant activity of catechin and
caffeine using the ORAC and TEAC methods. In
addition, caffeine and its metabolic products, such
as theobromine and xanthine, show antioxidant
properties*. Toku and collaborators*’” confirmed that
quercetin and its monoglucoside have also an anti-
oxidant activity.

Antimicrobial activity of quercetin
and green tea extract

The antimicrobial activity of the extract and

1004 quercetin was investigated using the disk diffusion
—e—= - method. Ethanol (96 %, v/v) was used for control in
i 80 4 order to analyze the effect of this solvent on micro-
3 bial growth, while gentamicin was used as the refer-
g ol 1 ent sample. Based on the obtained results (Table 5),
§ it can be seen that the fungi strains C. albicans and
S ol A. brasiliensis) remain resistant to the effect of
g + standard, extract, antibiotic, and solvent. The inhib-
3 . itory activity of antibiotic was not only noticed on
£ —mM— green tea extract
| . -
0l ) @~ quercefin standard Table 5 — Antimicrobial activity of quercetin standard, green
tea, and the solvent
0 o5 10 15 20 Micro- | Quercetin standard |Green tea| Genta- Ethanol
¢, mgem® organism Cl1 | 2 | C3 | extract | micin ano
. . . . E. coli
Fig. 9 — Antioxidant act 4 d t tract _
1g niioxidant ac. lVl[y ofquerce mnan ea extrac ATCC 8739 ++ e e A -
P aeruginosa
_ _ _ . ATCC 9027 AR - -
The increase in quercetin concentration (0.003 B subiili
RN . subtilis _ _ _
- 0.800 mg cm™), i.e. green tea extract concentra- ATCC 6633 + +++
tion (0.031 — 2.000 mg cm™) causes an increase in
the inhibition of DPPH radicals. The highest values 8. aureus = = e ++ -
e . . ATCC 6539
of inhibition of DPPH radicals for quercetin stan-
dard (92.83 %) and green tea extract (92.99 ¢ C. albicans _ _ _ _
( ) & ( /) ATCC 10231

were achieved at 0.05 and 0.5 mg cm3, respective-
ly. The calculated EC, | value for quercetin standard
(EC,, = 10.4 mg cm™) is lower than the values for
the extract (EC,; = 106.6 mg cm™). These results
indicate that quercetin has a better antioxidant ac-
tivity than the extract. This is expected due to dif-
ferent antioxidant capacity of the compounds in the
extract.

A. brasiliensis
ATCC 16404

Without antimicrobial activity (-), inhibition zone <15 mm.
Weak antimicrobial activity (+), inhibition zone of 15-16 mm.
Moderate antimicrobial activity (++), inhibition zone of
17-19 mm. High antimicrobial activity (+++), inhibition zone
of 20-22 mm. Strong antimicrobial activity (++++), inhibition
zone >23 mm. The standard deviation of +0.5 mm.
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the strain of P. aeruginosa. The quercetin standard
at the concentration of 1.6 mg cm™ had the highest
antimicrobial activity on the strain of . coli com-
pared with the extract. The green tea extract and
quercetin showed approximately the same activity
in bacteria P. aeruginosa. The inhibition of B. sub-
tilis growth was only noticed in the case of green
tea extract and antibiotic. S. aureus remained resis-
tant against ethanol. The quercetin concentration of
1.6 mg cm showed the highest activity.

For the compounds identified in the green tea
extract obtained under optimal conditions using the
MS method, the data confirm that they have antimi-
crobial activity. The studies showed that gallocate-
chins and their derivates are directly responsible for
antibacterial activity of green tea extract*s. Polyphe-
nols, especially (-)-epigallocatechin-3-gallate and
(-)-epicatechin-3-gallate have a broad spectrum of
action on gram-positive and gram-negative bacteria.
Friedman et al.* investigated the antimicrobial ac-
tion of theaflavin. They noticed that alkaloids (caf-
feine and theobromine) have the ability to affect
pathogenic microorganisms including insects, bac-
teria, fungi, and viruses®.

In vitro antitumor activity of quercetin
and green tea extract

Tumor cell lines (MDA-MB-361, MDA-
MB-453, HeLa, LS-174) were treated with different
concentrations of quercetin standard and green tea
extract in order to investigate antiproliferative ef-
fects. The colorimetric method based on the use of
tetrazolium salt was applied for this study. The con-
centration of samples that inhibit the growth and
survival of human tumor cell lines are presented in
Table 6. These results were compared with the re-
sults obtained for the healthy MRC-5 cells.

It was noticed that quercetin and green tea ex-
tract have cytotoxic activity on the estrogen-depen-
dent (MDA-MB-361) and estrogen-independent
(MDA-MB-453) breast cancer cell lines. The green
tea extract has shown activity on the HeLa and
LS-174 cancer cell lines at concentrations of
47.41+0.03 and 78.12+0.02 pg cm, respectively.
In this case, the quercetin concentration that showed
activity was 44.07+0.34 ug cm in HeLa cells, and
24.28+1.31 umol dm™ in LS-174 cells. Unlike the

Table 6 —IC,, values of quercetin standard and green tea extract

antiproliferative activity of quercetin, the activity of
extract was higher in HeLa cancer cells than in hu-
man colon cancer cells. The effect of green tea ex-
tract and quercetin was not noticed in MRC-5 can-
cer cells at concentrations lower than 200 pg cm™,
i.e. 60 pg cm, respectively.

Conclusion

In this study, the extraction procedure of quer-
cetin from green tea was investigated, modeled, and
optimized by using CCD. The obtained experimen-
tal data were fitted by a reduced second-order poly-
nomial equation that excluded the inactive variable
completely. Optimal conditions were achieved us-
ing a numerical optimization. The extraction time of
58.5 minutes, the ethanol concentration of 94.7 %
(v/v), and the solid to liquid ratio of 1:19.4 (m/v)
were selected as the optimal conditions. A good
agreement between experimental and predicted val-
ues at these conditions indicates that the model is
adequately designed. Using this procedure, the
amount of extracted quercetin is higher than with
other described procedures. In addition to quercetin,
the other seventeen compounds were identified in
the optimal extract of green tea using MS analysis.
The identified compounds in the extract belong to
the polyphenolic compounds and purine alkaloids.
The values of inhibition of DPPH radicals for quer-
cetin and green tea extract are over 90 %, indicating
a very high antioxidant activity. The extract and
quercetin showed antimicrobial activity against the
strains of E. coli, P. aeruginosa and S. aureus. The
highest anti-proliferative activity was noticed for
quercetin on the human breast cancer cell line
(MDA-MB-361), while the lowest activity was no-
ticed for green tea extract on the same tumor cell
line. Based on the anti-proliferative results, the ex-
tract and quercetin can be used for tumor treatment
without damage to healthy cells.
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