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Abstract In this work, a simple, reliable and fast capillary
electrophoresis method was developed and partially validated
for simultaneous detection of 20 polyphenolic compounds
(presumed to be found in propolis and plant extracts) in less
than 27 min. The best results were obtained using 45 mM
tetraborate buffer with 0.9 mM sodium dodecyl sulfate (pH=
9.35) as a background electrolyte. The polyphenolic com-
pound order of elution was the following: resveratrol,
pinostrobin, acacetin, chrysin, rutin, naringenin, isoquercitrin,
umbelliferone, cinnamic acid, chlorogenic acid, galangin,
sinapic acid, syringic acid, ferulic acid, kaempferol, luteolin,
coumaric acid, quercetin, rosmarinic acid and caffeic acid.
Linearity ranges used for compound quantification were sat-
isfactory, presenting correlation coefficients between 0.997
and 0.999 for all 20 compounds. The method showed good
performance characteristics: detection and quantification
limits of 0.02 to 1.75 and 0.07 to 5.77 μg mL−1, respectively.
The relative standard deviation values for repeatability did not
exceed 4.86 % for intra-day assays and 5.07 % for inter-day
assays. The recovery assays presented results between 87.4
and 114. 2 % for Origanum sample and between 85.0 and
111.0 % for propolis sample. The results obtained from the
analysis of samples are in good correlation with literature data
and bring new information about less studied samples such us
aqueous Romanian propolis extracts and ethanolic Mentha
aquatica extract.
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Introduction

The largely studied group of phytochemicals is polyphenol, an
assembly of secondary metabolites with various chemical
structures and functions, which are produced during the phys-
iological plant growth process as a response to different forms
of environmental conditions (Naczk and Shahidi 2004). Their
biological activities have been widely studied during the last
decades, providing strong evidence of their potential health
benefits. Plants are mainly endorsed by their antioxidant prop-
erties, since they can act as free radical scavengers, electron or
hydrogen donors and strong metal chelators, having neuro-
protective effects and thus preventing the lipid peroxidation,
DNA damage, etc. (Afanasev et al. 1989; Blokhina et al.
2003; Nazari et al. 2013; Taviano et al. 2013). As a conse-
quence, radical scavenger compounds are nowadays gaining
an increasing interest and the consumption of foods rich in
antioxidants is greater than ever.

Medicinal plants, vegetables and fruits are the major source
of natural antioxidants (Giada 2012). Besides that, propolis
contains predominantly polyphenolic compounds including
flavonoids and cinnamic acid derivatives which appear to be
the main components responsible for its biological activities
(Marcucci 1995). Propolis has a long history of being used in
traditional medicine dating back to 300 BC (Ghisalberti 1979)
and has been reported to have a broad spectrum of biological
properties, namely anticancer, antioxidant, antiinflammatory,
antibiotic and antifungal activities (Choudhari et al. 2013).

Clinical experiments have indicated that several poly-
phenolic compounds, such as phenolic acids (both
hydroxybenzoic and hydroxycinnamic acids), flavonoids
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(catechin, quercetin, myricetin, kaempferol) and other
polyphenols (epigallocatechins, resveratrol), could induce
apoptosis in cancer cells (Knekt et al. 1997; Soleas et al.
2002; Darvesh and Bishayee 2013; Yu et al. 2014). An-
other aspect is that polyphenolic compounds may contrib-
ute to Alzheimer’s disease-modifying activity by reducing
the generation of amyloid-β (Aβ) peptides that are critical
for the early stage and progression of the disease (Wang
et al. 2006). Ho et al. (2013) study indicated that querce-
tin-3-O-glucuronide derivatives (from red wine and some
plants) accumulated in the brain are capable of interfering
with the generation of Aβ peptides and may lower the
relative risk for developing Alzheimer’s disease (AD)
dementia.

High-performance liquid chromatography (HPLC) is
the most selected method for separation and quantifica-
tion of individual polyphenols in fruits, plants or bev-
erages using detection systems based on spectrophotom-
etry, fluorometry and/or mass spectrometry. Liquid chro-
matography–mass spectrometry (LC–MS) technique is
considered to be the most efficient tool in the study of
polyphenolic compounds from different natural sources
(Ignat et al. 2011).

Capillary electrophoresis (CE) has proved to be a good
alternative technique to HPLC for the investigation of
various compounds due to its good resolution, versatility
and simplicity, short analysis time and low consumption
of chemicals and samples. UV–Vis absorption is obvious-
ly the most widely used detection technique (Hurtado-
Fernández et al. 2010; Zhao et al. 2014), and even if
nowadays, CE coupled to MS is getting increased atten-
tion. For obtaining a fine separation in CE, it is necessary
to optimise several parameters, such as buffer (back-
ground electrolyte) type, concentration and pH, type and
dimensions of capillary, temperature, voltage and injec-
tion mode, etc.

For quantification of polyphenolic compounds from natu-
ral sources, the UV–Vis detection mode is adequate due to the
fact that these compounds are biologically useful in detectable
quantities and not in trace concentrations. The major contri-
bution of CE analysis compared to HPLC is the considerable
low consumption of time, reagents and samples and a much
simplified procedure.

This study introduces a simple, reliable and fast (under
27 min) CE method which was developed and partially vali-
dated for simultaneous separation of 20 polyphenolic com-
pounds (thought to be found in propolis and plant extracts).
According with previous research, only Franquet-Griell et al.
(2012) had separated 20 polyphenols by capillary zone elec-
trophoresis (CZE) from different sorts of Spanish wines. Our
methodwas developed to identify different polyphenolic com-
pounds and was successfully applied on propolis and plant
extracts.

Experimental

Reagents

Folin–Ciocalteu reagent was purchased from Sigma-Aldrich
Chemie, Steinheim, Germany, and AlCl3 from ICN Biomed-
icals, Inc., OH, USA. The caffeic acid (Sigma, C0625), quer-
cetin (Sigma, Q4951), kaempferol (BioChemika, 60010), ru-
tin (Sigma, R5143), luteolin (Fluka, 72511), ferulic acid (Al-
drich, 128708), chlorogenic acid (Aldrich, C3878), gallic acid
(Fluka, 48630), rosmarinic acid (Sigma, R4033), sinapic acid
(Sigma, D7927), resveratrol (Sigma, R5010), p-coumaric acid
(Fluka, 28200), pinostrobin (Fluka, 80614), syringic acid
(Fluka, 86230), naringenin (BioChemika, 71155), galangin
(Aldrich, 282200), acacetin (Sigma, A8206), chrysin (Al-
drich, C8010-5), isoquercitrin (Roth, 7586.1), umbelliferone
(Aldrich, H24003) and cinnamic acid (Fluka, 96340) stock
solutions, 1 mg mL−1, were prepared by dissolving in meth-
anol the appropriate amount of substance.

Sodium tetraborate and sodium phosphate were purchased
from Sigma (Germany) and sodium dodecyl sulfate from
Fluka (Switzerland).

Ultrapure water and 0.1 and 1 N sodium hydroxide solu-
tions were purchased from Agilent Technologies (Germany).
Solvents (Merck, Germany) and solutions were filtered on
0.2-μm membranes (Millipore, Bedford, MA, USA) and
degassed prior to use. Stock solutions for each standard were
stored at +4 °C. Working solutions were prepared daily by
diluting the stock solutions in background electrolyte (BGE).

Equipments and Methods

A Thermo Fisher spectrophotometer Evolution 260 Bio was
used for all spectrometric analyses. The content in total phe-
nolics of samples was quantified using the Folin–Ciocalteu
reagent solution (Woisky and Salatino 1998; Popova et al.
2004). Samples or standard solutions of gallic acid or metha-
nol as blank (0.2 mL) were transferred to a 10-mL volumetric
flask, containing 1.5 mL water, 0.8 mL Folin–Ciocalteu re-
agent and 1.2 mL 20 % sodium carbonate solution (w/v). The
volume was adjusted to 10 mL with ultrapure water. The
absorbance was measured at 760 nm after 2 h of incubation
at room temperature. Total phenolic content was estimated
using a calibration curve of standard gallic acid: y=0.0116x+
0.0392; R2=0.999 in concentration range 10–100 μg mL−1.
The total flavonoid content was established with the method
employing AlCl3 to form a complex, which was spectropho-
tometrically measured at 425 nm (Popova et al. 2004). To
0.2 mL of sample or standard solution of quercetin or meth-
anol as blank, 4 mL methanol and 0.2 mL 5 % AlCl3 (w/v)
were added and the volume was adjusted to 10 mL with water
in a volumetric flask. After 30 min, the absorbance was
measured at 425 nm. Total flavonoid content was estimated
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using a calibration curve of standard quercetin: y=0.0082x−
0.0112; R2=0.999. Every assay was carried out in triplicate.

Electrophoretic separation was achieved using an Agilent
CE instrument with diode array detector (DAD) (ChemStation
software) and CE standard bare fused silica capillary (Agilent
Technologies, Germany) with an internal diameter of 50 μm
and an effective length of 72 cm. Prior to use, the capillary was
washed successively with basic solutions: 10 min with 1 N
NaOH, 10 min with 0.1 N NaOH followed by ultrapure water
for 10 min and buffer for 20 min. The capillary was flushed
between runs with 0.1 M NaOH for 1 min, H2O for 1 min and
background electrolyte for 2 min. The electrolyte was
refreshed after three consecutive runs.

Sample injection was performed using the hydrodynamic
mode (35 mbar/12 s), while the capillary was maintained at a
constant temperature of 30 °C.

The simultaneous separation of polyphenolic compounds
was obtained using 45 mM tetraborate buffer with 0.9 mM
sodium dodecyl sulfate (SDS) (pH=9.35 adjusted with 1 M
HCl) as a background electrolyte. BGE was filtered on
0.2-μm membranes (Millipore, Bedford, MA, USA) and
degassed before use. The applied voltage was 30 kV; direct
UVabsorption detection was carried out from 200 to 360 nm,
and the quantification of samples was performed at 280 nm.

Sample Preparation

The propolis sample was collected in 2012 from Dambovita
County, Romania. The sample was homogenized and frozen
at −18 °C, and an aliquot (100 g) was grounded to powder by
hand in a porcelain mortar. Ten-gram frozen propolis was
mixed with 100 mL of different solutions (distilled water;
glycine buffer 0.1 M, pH=2.5; acetate buffer 0.1 M, pH=5;
phosphate buffer 0.1 M, pH=7.4; and carbonate buffer 0.1 M,
pH=9). The suspensions were maintained for 15 min under
stirring at 70 °C and were then cooled at room temperature.
The mixtures were left for maceration for 10 days at room
temperature and then were filtered through Whatman no. 1
filter paper, adjusted to 100 mL with the same solutions, and
then filtered on 0.2-μm Millipore filters before the analysis.

The purpose of using different environments for propolis
extraction was to increase the solubility of certain compounds
(especially flavonoids) in aqueous solution. It is known that
the concentration ranges of flavonoids in extracts are limited
due to their restricted solubility, but there are some parameters
that can improve the solubility, such as temperature (Srinivas
et al. 2009, 2010), nature of the solvents (Ferreira and Pinho
2012) and the pH (Luo et al. 2012). Depending on pH, the
hydroxyl groups of polyphenols are more or less ionized and
this could influence the solubility of compounds in aqueous
solutions.

Table 1 Total flavonoids and phenolic compounds in samples

Sample Total polyphenols
(μg mL−1)

Flavonoids
(μg mL−1)

Mentha aquatica ethanolic extract 2129.1±3.3 270.2±3.1

Origanum vulgare ethanolic extract 2619.3±2.6 564.6±8.3

Propolis aqueous extract 2027.0±5.0 515.4±9.3

Propolis extract at pH 2.5 3843.1±8.6 295.9±3.5

Propolis extract at pH 4 6412.1±8.5 476.8±6.1

Propolis extract at pH 7.6 7363.2±10.0 1332.5±7.0

Propolis extract at pH 9 7748.3±17.2 2192.3±3.5

Fig. 1 Effect of sodium borate and SDS concentrations for the separation
of 20 polyphenolic compounds: 1 resveratrol, 2 pinostrobin, 3 acacetin, 4
chrysin, 5 rutin, 6 naringenin, 7 isoquercitrin, 8 umbelliferone, 9 cinnamic
acid, 10 chlorogenic acid, 11 galangin, 12 sinapic acid, 13 syringic acid,
14 ferulic acid, 15 kaempferol, 16 luteolin, 17 coumaric acid, 18 querce-
tin, 19 rosmarinic acid and 20 caffeic acid; a 45 mM borate and 0.9 mM
SDS, pH 9.35 (working conditions); b 40 mM borate and 0.9 mM SDS,
pH 9.35; c 50mMborate and 0.9 mMSDS; pH 9.35; d 45mMborate and
0.45 mM SDS, pH 9.35; e 45 mM borate and 1.35 mM SDS, pH 9.35

Fig. 2 Comparison of electropherograms obtained at different pH levels
of BGE (45 mM sodium borate with 0.9 mM SDS); a pH=9.25, b pH=
9.3, c pH=9.35 (working condition), d pH=9.4, e pH=9.45
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The plants (Mentha aquatica and Origanum from
Plafar Company) were dried for 1 week at room tem-
perature (RT) and finely grinded with a Grindomix
GM200 grinder. The extraction was made at RT, during
7 days, with a mixture of ethanol/water (70 % (v/v)) in
1:10 ratio (w/v). After that, the extracts were centrifuged
for 15 min at 5000 rpm and supernatants were collect-
ed, adjusted to 10 mL and filtered (0.2 μm Millipore;
Bedford, MA, USA). Samples were diluted (where nec-
essary) in BGE.

Results and Discussions

Total Polyphenols and Flavonoids

The results obtained from total polyphenol and flavonoid
analysis in samples are presented in Table 1. All the
samples contained important concentrations of polyphe-
nols (between 2027.0±5.0 and 7748.3±17.2) and flavo-
noids (between 270.2±3.1 and 2192.3±3.5), respectively.
It could be noticed that the concentrations for these com-
pounds in the propolis extracts in accordance with pH
increase were increasing.

Method Development

Several CE methods were considered for polyphenolic
compound separation (McGhie and Markham 1994;
Markham and McGhie 1996; Petr et al. 2008; Fukuji
et al. 2010; Ballus et al. 2012, 2014; Franquet-Griell
et al. 2012). In CZE, the analytes are separated inside a
narrow bore capillary containing only a buffer solution
across which a voltage is applied creating an electric field.
In general, the migration of charged compounds in CZE is
based on two major components, namely the electro-
osmotic flow (EOF) and the electrophoretic mobility of
the analytes. These parameters are influenced by buffer
(background electrolyte) type, concentration and pH, cap-
illary type and dimensions, temperature, voltage and in-
jection mode, etc.

Several BGEs were examined for polyphenolic compound
separation (e.g. phosphate, borate) individually or combined
with different surfactants (SDS). Our CE method belongs to
CZE category with direct UV detection. The anionic surfac-
tant, SDS, improves the separation but was found under
critical concentration level for the standard micellar chroma-
tography. The procedure based on tetraborate buffer at alka-
line pHwas assessed for the best separation of 20 compounds.
Tetraborate concentration, SDS concentration and pH value

Table 2 Performance characteristics of the method for polyphenolic compounds separation

Compound tR (min) The linear regression
equations (μg mL−1)

R2 Linearity range
of response
(μg mL−1)

LoD
(μg mL−1)

LoQ
(μg mL−1)

Resveratrol 9.14±0.12 y=0.775x−0.202 0.998 2.5–50 0.06 0.19

Pinostrobin 10.10±0.19 y=0.489x+2.680 0.997 5.0–50 1.75 5.77

Acacetin 10.68±0.12 y=1.512x−0.366 0.999 2.5–50 0.02 0.08

Chrysin 11.01±0.18 y=1.771x+1.089 0.999 2.5–50 0.12 0.41

Rutin 12.01±0.15 y=0.477x+0.178 0.999 2.5–50 0.12 0.39

Naringenin 12.39±0.18 y=0.476x+0.576 0.998 2.5–50 1.64 5.40

Isoquercitrin 13.16±0.19 y=0.879x−0.459 0.999 2.5–50 0.09 0.31

Umbelliferone 13.56±0.19 y=0.322x+0.904 0.998 2.5–50 0.98 3.25

Cinnamic acid 13.86±0.21 y=1.857x+1.653 0.999 2.5–50 0.09 0.29

Chlorogenic acid 14.42±0.25 y=0.806x+0.287 0.999 2.5–50 0.47 1.55

Galangin 14.72±0.22 y=0.377x+0.514 0.999 2.5–50 0.40 1.32

Sinapic acid 15.04±0.25 y=1.226x−0.549 0.999 2.5–50 0.03 0.10

Syringic acid 16.36±0.36 y=0.782x−0.592 0.999 2.5–50 1.16 3.84

Ferulic acid 16.66±0.32 y=1.114x+0.295 0.998 2.5–50 0.08 0.27

Kaempferol 16.89±0.33 y=2.965x−3.679 0.998 2.5–50 0.08 0.25

Luteolin 17.83±0.34 y=2.012x−0.037 0.998 2.5–50 0.03 0.09

Coumaric acid 18.75±0.22 y=2.034x+0.253 0.998 2.5–50 0.08 0.27

Quercetol 19.82±0.21 y=1.541x−2.855 0.998 2.5–50 0.02 0.07

Rosmarinic acid 22.65±0.50 y=0.763x+2.665 0.998 2.5–50 1.03 3.40

Caffeic acid 26.80±0.68 y=1.287x+3.051 0.999 2.5–50 0.37 1.24
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were slightly varied in order to improve the separation in the
shortest possible time.

Effect of Concentration of BGE and Anionic Surfactant

Figure 1 presents the results for simultaneous separation of 20
polyphenolic compounds in three different migration buffers
(40–50 mM) at the same value of pH and SDS.

With the increasing of the buffer concentration (EOF re-
duced), the resolution increases but the migration time also
increases (Whatley 2001). However, it can be seen that at
50 mM concentration, the migration time increased and the
peaks resolution decreased compared to concentration of BGE
considered the most efficient.

The effect of SDS concentrations was studied within the
domain 0.45–1.35 mM. The buffer concentration of sodium
tetraborate was maintained at 45 mM and pH 9.35. As shown
in Fig. 1(d), at 0.45 mM SDS concentration, the migration
time increased and pinostrobin could not be separated, while
at a higher concentration of SDS (Fig. 1(e)), it was observed
that peaks resolution decreases along with increasing migra-
tion times. Therefore, the most suitable concentration of SDS
was considered to be 0.9 mM (Fig. 1(a)).

Effect of pH of BGE

Buffer pH is a very important parameter for its effect on zeta
potential (ζ), the EOF as well as the overall charge of all the
analytes, which affect the migration time and the separation of
the analytes. The experiments were performed, varying the pH
from 9.25 to 9.45 while preserving the other conditions. As
presented in Fig. 2, the best result for the separation of 20
polyphenolic compounds at different pH values was obtained
at pH 9.35 (Fig. 2(c)), respectively, the elution of all com-
pounds including pinostrobin (see peak 2 in Fig. 2(c)) and the
shortest runtime.

Other Operating Conditions

The 72-cm-length capillary was used for separation, and the
highest 30 kV voltage was applied for reducing the runtime to
~27 min.

The addition of organic solvent in the BGEwas also tested,
and a small amount of organic solvent (methanol, acetonitrile)
was added, leading to a decrease in resolution. Hydrodynamic
injection time (5–15 s) was also studied in order to increase
sensitivity. An injection time of 12 s (35 mbar) was selected
for a good resolution.

Validation of the Electrophoretic Procedure

The main parameters used in the validation of the methodol-
ogy are the following: the selectivity, linearity, precision,

accuracy (recovery), limit of detection and limit of quantifi-
cation. The results are presented in Tables 2, 3 and 4. Limit of
detection (LoD) and limit of quantification (LoQ) used to
assess sensitivity were estimated using a signal-to-noise ratio
of 3 and 10, respectively. Detection limits for the samples
resulted between 0.02 μg mL−1 for quercetin and acacetin and
1.75 μg mL−1 for pinostrobin. Linearity ranges used for
compound quantification were satisfactory, presenting corre-
lation coefficients (r2) between 0.997 and 0.999 for all 20
compounds (Table 2).

The repeatability of the method was studied by repeated
injections of the polyphenol mixtures (standards) five
times in the same day (intra-day precision), whereas the
reproducibility assimilated to inter-day precision was
assessed by triplicate injections in three different days
(Table 3). The results are reported in terms of relative
standard deviation (RSD). The RSD values for repeatabil-
ity did not exceed 4.86 % for intra-day assays and 5.07 %
for inter-day assays. Quantification limits were maintained
between 0.07 μg mL−1 for quercetin and 5.77 μg mL−1 for
pinostrobin.

Table 3 Precision results for the CE separation method

Compound Intra-
assay
Precisiona

(%, n=5)

Inter-assay
Precisiona

(%, n=2×5)

Inter-assay
Precisionb

(%, n=2×5)

Inter-assay
Precisionc

(%, n=2×5)

Resveratrol 3.51 4.14 2.91 2.51

Pinostrobin 2.36 2.07 2.82 3.04

Acacetin 3.35 4.35 3.72 2.43

Chrysin 1.15 2.25 1.32 1.59

Rutin 2.06 3.57 1.05 1.31

Naringenin 3.81 5.07 4.15 5.52

Isoquercitrin 4.82 3.17 2.29 2.08

Umbelliferone 4.02 5.64 4.62 4.61

Cinnamic acid 2.55 3.48 3.19 2.06

Chlorogenic acid 4.86 4.72 2.37 2.50

Galangin 4.35 4.27 2.37 3.34

Sinapic acid 2.34 5.46 3.21 3.87

Syringic acid 3.87 3.61 2.09 3.06

Ferulic acid 3.60 3.69 3.34 2.52

Kaempferol 2.70 4.73 3.21 2.39

Luteolin 5.28 4.95 3.19 2.95

Coumaric acid 4.59 4.91 3.82 2.51

Quercetol 4.40 4.05 4.35 2.74

Rosmarinic acid 3.94 5.34 3.88 3.69

Caffeic acid 4.45 4.81 5.12 3.74

a Standard concentration, 10 μg mL−1

b Standard concentration, 17 μg mL−1

c Standard concentration, 23 μg mL−1
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In order to verify the applicability of the proposed method
for various types of polyphenolic extracts, the recovery tests
were performed for an ethanolic sample of Origanum vulgare
(diluted 20 times) and an aqueous sample of propolis (diluted
50 times) spiked with known concentrations of standard solu-
tions (Table 4). The results of the recovery assays were be-
tween 87.4 and 114, 2 % for O. vulgare sample and between
85.0 and 111.0 % for propolis sample. Regarding all valida-
tion parameters, the method complies with validation require-
ments and it is suitable for the analysis of selected samples.

Sample Analysis

Different plant and propolis extracts (see “Sample
Preparation”) were analyzed for polyphenolic compounds
using the CE method validated above. The results obtained
were compared with other literature data (Table 5). Generally,
our method showed a higher accuracy than most CE methods
presented in Table 5. Also, the time of analysis is short for the
separation of 20 compounds and the peaks are completely
separated (Fig. 1(a)).

Table 4 Recovery values (%) of
polyphenols in test samples:
Origanum vulgare and propolis
extracts

Recovery values expressed as
((average observed concentra-
tion)/(nominal concentration))×
100
aDiluted 20 times
bDiluted 50 times

Compound Spiked concentration

Origanum vulgarea Propolisb

10 μg mL−1 15 μg mL−1 10 μg mL−1 15 μg mL−1

Recovery (%)

Resveratrol 99.8±3.2 96.4±2.2 102.5±4.3 100.0±3.9

Pinostrobin 108.6±2.9 114.2±2.3 106.0±3.8 106.0±4.8

Acacetin 112.5±3.4 107.0±4.7 97.7±3.0 85.0±5.7

Chrysin 98.6±1.7 101.7±2.7 89.0±4.7 96.0±3.7

Rutin 94.4±2.7 100.5±4.0 99.0±3.6 90.0±3.9

Naringenin 92.7±3.0 95.4±4.7 91.5±2.9 94.0±4.9

Isoquercitrin 94.6±4.0 95.0±2.5 97.4±4.8 97.0±2.5

Umbelliferone 100.9±2.5 101.0±3.3 98.0±3.0 93.7±3.7

Cinnamic acid 96.8±2.8 98.0±2.0 90.7±4.3 96.0±3.8

Chlorogenic acid 98.7±2.6 102.0±3.4 87.8±3.5 92.8±2.6

Galangin 96.3±2.6 103.4±3.6 105.7±4.4 111.0±5.0

Sinapic acid 109.9±1.9 94.4±3.8 109.0±4.6 97.0±3.8

Syringic acid 96.0±2.6 105.0±2.5 106.5±2.4 93.0±4.6

Ferulic acid 87.4±3.6 89.4±2.5 92.0±4.0 91.0±3.8

Kaempferol 110.0±3.5 95.6±3.7 93.0±4.6 96.0±2.4

Luteolin 105.6±2.5 111.0±2.7 103.0±4.0 98.0±4.8

Coumaric acid 115.4±4.0 105.6±3.6 100.0±2.7 103.0±5.8

Quercetol 88.2±3.0 88.7±3.4 91.0±3.9 98.0±2.9

Rosmarinic acid 90.0±2.5 89.0±2.7 103.0±2.9 98.0±4.5

Caffeic acid 92.7±2.6 87.5±3.4 87.0±5.6 89.0±5.6

Table 5 Overview of related
chromatographic and electropho-
retic methods for polyphenolic
compounds quantification

Number of polyphenolic
compounds

Analysis time (min) LoD (mg L−1) Technique References

14 70 0.002–0.159 HPLC Anastasiadi et al. (2010)

6 60 – HPLC Kiss et al. (2011)

17 22 0.003–0.063 HPLC Mišan et al. (2011)

16 19 0.06–0.41 CZE Ballus et al. (2012)

20 25 0.3–2.6 CZE Franquet-Griell et al. (2012)

17 19 0.6–2.5 CZE Ballus et al. (2014)

20 27 0.02–1.75 CZE Present work
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The content of polyphenolic compounds found in analyzed
samples is shown in Table 6, and electropherograms of two

samples are presented in Fig. 3. Due to the presence of other
components in propolis and plant extracts, the method of

Table 6 Analytical results for polyphenols in samples

Compound Mentha aquaticaa

(μg mL−1)
Origanum vulgarea

(μg mL−1)
P1b (μg mL−1) P2c (μg mL−1) P3d (μg mL−1) P4e (μg mL−1) P5f (μg mL−1)

Resveratrol nd nd nd nd nd nd nd

Pinostrobin nd nd 4.2±1.4 7.4±0.8 7.8±0.5 19.5±1.5 23.6±2.6

Acacetin nd nd 3.5±0.2 1.8±0.1 6.9±1.4 11.4±1.5 12.7±2.5

Chrysin nd nd 371.3±5.4 31.4±1.5 95.9.±3.2 368.5±18.4 719.5±23.4

Rutin 19.4±1.4 24.9±2.7 15.7±1.4 19.7±2.5 15.9±2.6 27.7±2.6 35.7±2.8

Naringenin 16.7±4.8 31.0±2.0 49.2±3.0 41.6±3.7 46.9±3.3 123.7±8.4 780.3±37.3

Isoquercitrin 3.3±0.5 nd 29.3±2.2 71.5±6.3 65.3±4.4 66.3±4.6 26.8±2.3

Umbelliferone nd nd nd nd nd nd nd

Cinnamic acid 6.2±0.4 1.5±0.05 129.2±4.3 132.9±4.4 306.5±8.5 657.3±17.4 1012.3±24.4

Chlorogenic acid 5.3±0.3 8.5±0.5 7.6±0.4 8.6±0.5 9.4±0.6 10.5±0.5 12.5±1.4

Galangin nd nd 42.9±2.2 113.4±6.4 148.9±8.6 120.6±7.5 156.1±11.5

Sinapic acid nd 3.2±0.2 nd nd nd nd nd

Syringic acid nd 15.0±2.2 9.7±1.7 18.8±2.3 32.6±3.8 34.4±4.8 45.9±6.4

Ferulic acid 5.5±0.6 nd 36.4±3.3 48.9±5.4 149.7±8.3 416.6±24.4 357.8±17.5

Kaempferol 2.2±0.2 nd 6.8±0.6 9.3±1.5 29.0±3.0 4.4±0.6 5.0±0.6

Luteolin nd 1.9±0.2 14.8±2.3 11.9±4.7 28.2±5.3 16.2±4.5 19.3±4.3

Coumaric acid nd nd 160.3±9.5 249.7±17.4 543.5±28.4 939.3±58.8 649.9±35.5

Quercetin 6.4±1.5 12.7±2.2 1.9±0.1 3.8±0.4 9.6±1.5 30.9±5.2 36.4±6.4

Rosmarinic acid 67.8±4.2 1998.5±92.5 nd nd nd nd nd

Caffeic acid 49.9±4.3 73.7±6.4 455.6±36.3 1475.3±75.2 3401.3±187.5 4456.5±243.4 2208.2±123.4

Samples were analyzed in triplicate (mean±SD)

nd not detected
a Ethanolic extract
b Propolis aqueous extract
c Propolis extract at pH 2.5
d Propolis extract at pH 4
e Propolis extract at pH 7.6
f Propolis extract at pH 9
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Fig. 3 Electropherograms of a
Origanum sample and b propolis
sample (pH 9); 2 pinostrobin, 3
acacetin, 4 chrysin, 5 rutin, 6
naringenin, 7 isoquercitrin, 9
cinnamic acid, 10 chlorogenic
acid, 11 galangin, 12 sinapic acid,
13 syringic acid, 14 ferulic acid,
15 kaempferol, 16 luteolin, 17
coumaric acid, 18 quercetin, 19
rosmarinic acid and 20 caffeic
acid
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standard additions was used for the identification of polyphe-
nols in samples, comparing their migration time with the
migration times obtained for standard polyphenols.

The composition of propolis depends on the vegetation of
the area from where it is collected (Marcucci 1995). Propolis
from temperate zones (Europe, Asia, North America, etc.)
contains usually phenolic compounds, including some flavo-
noids, aromatic acids and their esters originated mainly from
the poplar buds (Populus spp.) exudates, which appear to be
the principal source of propolis (Tomas-Barberan et al. 1993;
Bankova et al. 2000). Looking at the results obtained in our
study on aqueous Romanian propolis extracts (Table 6), the
major components were flavonoids (chrysin, pinostrobin,
quercetin, naringenin, galangin) and phenolic acids (caffeic,
coumaric, ferulic, cinnamic). These results are in accordance
with data of other authors: Kujumgiev et al. (1999), Uzel et al.
(2005), Kalogeropoulos et al. (2009), Mărghita et al. (2013)
who found flavonoids and phenolic acid esters as main con-
stituents in Bulgarian, Anatolian, Greek and Romanian prop-
olis samples, respectively.

Results indicated that the content of polyphenols in prop-
olis extracts varies, the highest concentrations of flavonoids
being found in propolis extract at pH 9, while the highest
concentrations of caffeic, coumaric and ferulic acids were
found in propolis extract at pH 7.6 (Table 6). The 0.1 M
carbonate buffer, pH=9, was the most efficient environment
for polyphenol extraction from propolis. Chrysin, considered
as the reference flavonoid in poplar propolis, which was
reported in high amounts in Romanian propolis samples
(1.6 mg/g propolis, Mărghita et al. 2013), was found in our
samples in higher amounts, ~3.7 mg/g in neutral environment
and 7.2 mg/g in alkaline environment (pH=9), respectively.
Generally, in propolis extracts, all the representative peaks
were identified (Fig. 3(b)).

Concerning the sample of Origanum, rosmarinic acid
was representatively found, in accordance with other stud-
ies from Romania (Cioanca et al. 2013; Danila et al. 2011)
and with other studies on O. vulgare. Our results regarding
polyphenol composition of O. vulgare ethanolic extract are
similar to those reported in Lithuania (Radušienė et al.
2008), India (Hithamani and Ramalakshmi 2013) and
Greece (Grevsen et al. 2009). As could be observed in
Fig. 3(a), some unidentified signals appear in Origanum
sample which could be attributed to hispidulin, apigenin,
diosmetin, herbacetin, eriodictyol, taxifolin or carnosic
acid as other studies previously reported (Cavero et al.
2006; Skoula et al. 2008).

The sample ofM. aquatica presented the same compounds
previously reported in the literature (Mišan et al. 2011), name-
ly rosmarinic acid, quercetin, naringenin, caffeic acid,
chlorogenic acid and other compounds such as rutin and
ferulic acid found by HPLC-DAD-MS in our previous study
(Teodor et al. 2014, submitted manuscript). In addition,

cinnamic acid, isoquercitrin and kaempferol were identified
using CE method in the M. aquatica sample.

All the analytical data obtained by capillary electrophoresis
method were situated in the concentration range obtained by
spectrophotometric methods.

Conclusions

Capillary electrophoresis is a good alternative technique to
HPLC for the investigation of various compounds due to its
good resolution, versatility, simplicity, short analysis time and
low consumption of chemicals and samples. This simple,
reliable and fast CE method developed and partially validated
for simultaneous detection of 20 polyphenolic compounds run
in less than 27 min.

The method was experimentally improved with a BGE
consisting of sodium tetraborate and SDS and is well suited
for separation of polyphenolic compounds in propolis and
plant extracts.

Regarding all the validation parameters, the method com-
plies with validation requirements and it is suitable for the
analysis of selected samples. The results obtained from the
analysis of samples are in correlation with other literature data
and bring new information about less studied samples such as
Romanian propolis and M. aquatica.
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