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Abstract

Honey and propolis are rich in phenolic compounds, which act as natural antioxidants, and are becoming increasingly popular because of
their potential role in contributing to human health. These compounds can also be used as indicators in studies into the floral and geographical
origin of the honey and propolis themselves. We present here an overview of current analytical methods for measuring polyphenols in honey and
propolis. The analytical procedure to determine individual phenolic compounds involves their extraction from the sample, analytical separation and
quantification. The techniques reviewed are based on spectrophotometry as well as analytical separation techniques such as gas chromatography,

high-pressure liquid chromatography and capillary electrophoresis.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction about interest of phenolic analysis

Quality control, nutritional value and the monitoring of haz-
ardous residues in foodstuffs have all become major topics of
public interest [1]. The effects of growing conditions, process-
ing, transport, storage, genetics and other factors concerning
chemical and biochemical components are also important issues
in food science [2]. In recent years there has been growing inter-
est in functional foods, i.e. foods that can provide not only basic
nutritional and energetic requirements but also additional phys-
iological benefits [3]. The term “functional food” was used for
the first time in Japan in the 1980s and was applied to processed
food which contained ingredients that conferred the benefits of
some physiological functions. Nowadays a functional food can
be defined as a food that produces a beneficial effect in one
or more physiological functions, increases well-being and/or
decreases the risk of suffering from a particular medical condi-
tion. The functionality of a food is usually related to some of the
ingredients that it contains and at present consumers prefer these
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ingredients to have a natural rather than synthetic origin. Thus
they are commonly extracted from plants, food by-products and
other natural sources [4].

Among the functional ingredients the group most widely
studied is the family of antioxidants. Traditionally, this kind of
compounds have played an important role in food science and
technology because of their usefulness in preserving foodstuffs
against oxidative degradation [5]. Interest in antioxidant com-
pounds has increased nowadays in the light of recent evidence
regarding the important role of antioxidants in human health. In
fact several preventative effects against different diseases such as
cancer, coronary diseases, inflammatory disorders, neurological
degeneration, aging, etc., have been related to the consumption
of antioxidants [6,7].

Phenolic compounds or polyphenols, are one of the most
important groups of compounds occurring in plants, where
they are widely distributed, comprising at least 8000 different
known structures [8]. Polyphenols are also products of the sec-
ondary metabolism of plants. These compounds are reported
to exhibit anticarcinogenic, anti-inflammatory, anti-atherogenic,
antithrombotic, immune modulating and analgesic activities,
among others and exert these functions as antioxidants [9—13].
In general, phenolic compounds can be divided into at least
10 types depending upon their basic structure: simple phe-
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nols, phenolic acids, coumarins and isocoumarins, naphtho-
quinones, xanthones, stilbenes, anthraquinones, flavonoids and
lignins. Flavonoids constitute the most important polypheno-
lic class, with more than 5000 compounds already described
[6].

Due to the importance of polyphenols in food this manuscript
reviews their analysis in different products derived from bees.
Several natural products are manufactured by bees to construct
their hives and produce honey. These include beeswax, royal
jelly, beebread, propolis and honey itself. There are no stud-
ies analysing the phenolic profile of beeswax, royal jelly and
beebread and so this review confines itself to the analysis of
polyphenols in honey and propolis.

In general, an analytical procedure for the determination
of individual phenolic compounds involves three basic steps:
extraction from the sample, analytical separation and quan-
tification. Several methods have been developed to analyse
polyphenols in honey and propolis: colorimetric reactions, thin-
layer chromatography (TLC), gas chromatography (GC), high-
performance liquid chromatography (HPLC) and lately, capil-
lary electrophoresis (CE).

2. Honey
2.1. Introduction

Honey has been used as a food since the earliest times. Only in
recent years, however, has evidence emerged of its antioxidant
capacity [14]. It is also used as a food preservative [15-17],
preventing deteriorative oxidation reactions in foods, such as
lipid oxidation in meat [18,19] and the enzymatic browning of
fruits and vegetables [20-22]. Antioxidants specifically retard
deterioration, rancidity or discoloration due to oxidation caused
by light, heat and some metals. Nevertheless, the antioxidant
activity of honey varies greatly depending on the floral source
[23,24] and external factors such as the season and environment,
and finally its processing.

Honey is reported to contain at least 181 substances [25] and
is considered as part of traditional medicine. Apitherapy has
recently become the focus of attention as a form of folk and pre-
ventive medicine for treating certain conditions and diseases as
well as promoting overall health and well being [26]. It has been
reported to be effective in gastrointestinal disorders [27,28], in
the healing of wounds and burns [29,30], as an antimicrobial
agent [28-32] and to provide gastric protection against acute
and chronic gastric lesions [33,34].

Honey is a supersaturated solution of sugars, to which the
main contributors are fructose (38%) and glucose (31%). It
also has a wide range of minor constituents, many of which
are known to have antioxidant properties [35,36]. These include
flavonoids and phenolic acids [37,38], certain enzymes (glucose
oxidase, catalase) [25], ascorbic acid [25], Maillard reaction
products [25], carotenoid-like substances [42], organic acids
[37] and amino acids and proteins [39]. The natural antioxi-
dants, especially flavonoids, exhibit a wide range of biological
effects, including antibacterial, anti-inflammatory, anti-allergic,
antithrombotic and vasodilatory actions [40].

The quality of honey is judged by its botanical or floral ori-
gin and chemical composition [37] and price of honey is based
on its quality [41]. Traditionally, the floral source of a honey
has been identified by the analysis of bee pollens present in
the honey. Tan et al. however [42] have suggested that chem-
ical approaches might be more accurate and easily undertaken
in the characterisation of the floral source of a honey [43]. The
analysis of their phenolic compounds, including flavonoids, has
been suggested [44] and this technique tends to be used to study
their floral and geographical origins. Before this, researchers
tried to use the analysis of amino acids [38,45] to comple-
ment pollen analysis in the determination of the floral origins
of honey. Even so, the analysis of phenolic compounds has
been regarded as a very promising way of studying the floral
and geographical origins of honeys [44—49]. In these studies,
the flavanone hesperetin has been used as a marker for citrus
honey [50-52], the flavonol kaempferol for rosemary honey
[50,53] and quercetin for sunflower honey [54]. Some phe-
nolic acids, such as ellagic acid in heather honey, have also
been used as floral markers [37,55,56], and the hydroxycinna-
mates (caffeic, p-coumaric and ferulic acids) in chestnut honey
[37]. Pinocembrin, pinobanksin and chrysin are the charac-
teristic flavonoids of propolis and these flavonoid compounds
have been found in most European honey samples [54]. In
some honeys, such as those derived from lavender and acacia,
no specific phenolic compounds have been found as suitable
floral markers [54]. Other possible phytochemicals markers
may be found, such as abscisic acid for heather honey [56].
Abscisic acid has also been detected in rapeseed, lime tree
and acacia honeys [54]. A study of the phenolic contents of
honey may also determine the presence of antimicrobial activity
[57,58].

2.2. Sample preparation

Isolation of the phenolic compounds from the sample matrix
is generally a prerequisite to any comprehensive analytic
scheme, although enhanced selectivity in the subsequent quan-
tification step may reduce the need for sample manipulation.
The ultimate goal is the preparation of a sample extract uni-
formly enriched in all components of interest and free from
interfering matrix components [59]. The extraction procedure
used in most of the studies published is a solid phase extrac-
tion consisting of the following steps. The honey samples are
mixed with five parts of water (pH 2 with HCl) until com-
pletely fluid and then filtered through cotton to remove solid
particles. The filtrate is then passed through a column of Amber-
lite XAD-2 [60]. The phenolic compounds remain in the col-
umn while sugars and other polar compounds elute with the
aqueous solvent, resulting in a flavonoid recovery of >95%
[60,61]. The column is washed with acidic water (pH 2 with
HCI) and subsequently with distilled water. The whole phe-
nolic fraction is then eluted with methanol and dried under
reduced pressure at 40°C. There is a modification to this
extraction in which the filtrate is mixed with Amberlite and
stirred with a magnetic stirrer for 10 min before filling the col-
umn.
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It is possible to carry out the next step, the clean-up, in two
different ways. In the first one, the residue obtained after the
evaporation of the methanol is resuspended in distilled water
and extracted with diethyl ether. The ether extracts are com-
bined and diethyl ether is removed by flushing with nitrogen.
The dried residue is then redissolved in methanol and filtered
[43,53,54,56,62—71]. In the second one, the residue is dissolved
in methanol and the solution passed through a Sephadex LH-
20 column. The phenolic fraction is evaporated to dryness
under reduced pressure, redissolved in methanol and filtered
[36,50,61,72,73].

Weston et al. [65] have demonstrated that phenolic acids seem
to be eluted with the sugar fractions during the fractionation of
honey on a XAD-2 column, as Ferreres et al. [74] mentioned
that sugars and polar compounds were washed with water. In
addition, by using diethyl ether, they aimed to eliminate the
non-flavonoid phenolic compounds, which contaminated the
flavonoid peaks; thus the main diethyl ether extract contents
were flavonoids.

Aljadi et al. [75,76] recover the phenolic compounds from
honey using a C18-SPE cartridge. Honey samples are pre-
pared, subjected to base hydrolysis and extracted with ethyl
acetate (liquid-liquid extraction) as described by Wahdan [77].
The fraction extracted with ethyl acetate is evaporated under
dryness, then the dry honey extract is redissolved in acid-
ified deionised water and the phenolics are adsorbed onto
preconditioned isolute C18 columns. The cartridges are pre-
conditioned by passing methanol and acidified water. The
adsorbed phenolics are then eluted from the cartridges by pass-
ing methanol-water solution 25% (v/v) at a drop wise flow rate.
The recovered fractions are combined, dried under nitrogen and
subjected to further analysis. Extraction using a SPE-C18 car-
tridge is a simple technique that employs inexpensive disposable
extraction columns and provides many advantages, such as a
reduction of solvent consumption and high recoveries of the
analytes.

Another type of solid-phase extraction for phenolic com-
pounds in honey, used by Inoue et al. [26], is a GL-Pak PLS-2
cartridge. Honey samples are dissolved in distilled water. The
sample solution is transferred into an SPE cartridge precondi-
tioned with methanol and distilled water. This is then washed
with water and eluted with methanol. The solutions are evap-
orated to dryness under a stream of nitrogen. The samples are
redissolved by adding methanol.

For the extraction of homogentisic acid from honey an aliquot
of homogenized honey is dissolved in water in screw-capped
tubes. Ethyl acetate is added to each tube and the mixture is
agitated in a rotary shaker. The phases are allowed to separate
and the organic extracts are centrifuged. After centrifugation,
anhydrous sodium sulphate is added to the combined extracts
and evaporated to dryness by a rotary evaporator. The residue is
taken up with acetone and the acid isolated by preparative TLC
using H,SO4 1072N (R=0.7) [78].

To extract a similar quantity of honey an Amberlite XAD-2
column requires more solid phase than that used in the other dif-
ferent types of SPE but more phenolic compounds are identified
than with the other types of SPE.

2.3. Spectrophotometric determination of phenolic
compounds

The colorimetric assay based on the reaction of Folin-
Ciocalteu reagent is a method widely used for the determination
of total phenols in honey [17,75,79,80]. The method consists of
calibration with a pure phenolic compound, extraction of phe-
nols from the sample and the measurement of absorbance after
the color reaction.

The main disadvantage of the colorimetric assay is its low
specificity, as the color reaction can occur with any oxidizable
phenolic hydroxy group. An interesting approach to the con-
tent of total extractable phenolic compounds in different food
samples involving the comparison of chromatographic and spec-
trophotometric methods has recently been reported, accounting
for the possible influence of other substances as interfering com-
pounds [81].

A typical protocol using the Folin-Ciocalteu method could
be as follows. Each honey sample is diluted with distilled water
and filtered. This solution is then mixed with Folin-Ciocalteu
reagent for 5 min and sodium carbonate is added. After incuba-
tion at room temperature the absorbance of the reaction mixture
is measured at 760 nm against a methanol blank. Gallic acid is
used as standard to produce the calibration curve. The mean of
three readings is used and the total phenolic content is expressed
in mg of gallic acid equivalents/100 g of honey [82]. A modi-
fication of the Folin-Ciocalteu method has been carried out by
Vinson et al. [83].

2.4. Chromatographic determination of the phenolic profile
of honey

The need for knowing the profiles and identifying individual
honey compounds requires the replacement of traditional meth-
ods by separative techniques. High-performance liquid chro-
matography (HPLC) is without doubt the most useful analytical
technique for characterizing polyphenolic compounds, though
gas chromatography and capillary electrophoresis are used in
some instances.

GC was employed in its beginnings in an attempt to facilitate
the determination of polyphenolic compounds. It has been used
to determine polyphenols in honey in some published studies
[47,52,76]. GC-MS has also been employed for the analysis of
flavonoids in honey and, in this case, the derivatization step was
unnecessary [84].

Studies with HPLC are described in Table 1, giving mobile
phases, type of elution employed, stationary phase, extraction
system, detection system used, compounds identified and several
pertinent observations. The HPLC mode most widely used has
been reversed-phase HPLC. In this case the stationary phase
consists of a non-polar octadecylsilane (C;g) bonded phase and
the mobile phase is a polar solvent.

The majority of published chromatography studies describe
the use of an elution mobile gradient phase in recognition of
the complexity of the phenolic profile. Several mobile phases
have been used but the most common are binary systems com-
prising an aqueous component and a less polar organic solvent.



Table 1

Separation of phenolic compounds of honey using HPLC methods

Column Mobile phases Elution Detection Extraction system Identified compounds Observations Reference
XTerra RP18 A: water:formic acid Gradient DAD A =285 and SPE (Amberlite p-Hydroxybenzoic acid, vanillic acid, Antioxidants of honeys [23]
(15cm x 0.39 cm, (99.5:0.5); B: methanol 340 nm XAD-2) clean-up: syringic acid, p-coumaric acid, from various floral
5 wm) extraction with cis—trans-abscisic acid, cinnamic sources
diethyl ether acid, pinobanksin, quercetin,
pinocembrin, kaempferol, chrysin,
galangin
Lichrocart RP-18 A: water:formic acid Gradient DAD A =280 and SPE (Amberlite Ellagic acid, myricetin, chalcone, Flavonoids in Apis [36]
(18.1cm x 0.4cm, (95:5); B: methanol 340 nm XAD-2) clean-up: glycoside, quercetin, luteolin, mellifera and Melipona
5 wm) Sephadex LH-20 8-methoxikaempferol, kaempferol, spp. honeys
apigenin, isorhamnetin, pinocembrin,
chrysin, genkwanin, tectochrysin
Lichrocart RP-18 A: water:formic acid Gradient DAD A =290 and SPE (Amberlite Myricetin, tricetin, quercetin, Flavonoids, phenolic [43]
(12.5cm x 0.4 cm, (95:5); B: methanol 340 nm XAD-2) clean-up: luteolin, quercetin 3-methyl ether, acids and abscisic acid in
5 wm) extraction with kaempferol, kaempferol 8-methyl Leptospermum honeys
diethyl ether ether, pinocembrin, quercetin
3,3’-dimethyl ether, isorhamnetin,
chrysin, pinobanksin, tectochrysin
Lichrocart RP-18 A: water:formic acid Grandient DAD A =290 and SPE (Amberlite Pinocembrin, pinobanksin, chrysin, Flavonoid profile of [54]
(12.5cm x 0.4 cm, (19:1, v/v); B: methanol 340 nm XAD-2) clean-up: galangin, tecthochrysin, quercetin, European unifloral honeys
5 pwm) extraction with kaempferol, 8-methoxykaempferol,
diethyl ether caffeic acid, p-coumaric acid,
cis—trans-abscisic acid, ferulic acid,
apigenin, quercetin 3,7-dimethyl
ether, quercetin 3,3’-dimethyl ether,
hesperetin
Lichrocart RP-18 A: water:formic acid Gradient DAD A =290 and SPE (Amberlite Trans—trans-abscisic acid, cis, Analysis of abscisic acid [56]
(12.5cm x 0.4 cm, (19:1, v/v); B: methanol 340 nm XAD-2) clean-up: trans-abscisic acid, pinobanksin, and flavonoids in heather
5 wm) extraction with pinocembrin, chrysin, galangin honey
diethyl ether
Lichrocart RP-18 A: water:formic acid Gradient DAD A =290 and SPE (Amberlite Pinobanksin, quercetin, luteolin, Analysis of 15 flavonoids [62]
(12.5cm x 0.4 cm, (19:1, v/v); B: methanol 340 nm XAD-2) clean-up: 8-methoxykaempferol, kaempferol, in rosemary honey
5 pm) extraction with apigenin, isorhamnetin, pinocembrin,
diethyl ether chrysin, galangin, tectochrysin
Lichrocart RP-18 A: water:formic acid Gradient DAD A =340nm SPE (Amberlite Quercetin glycoside, luteolin Flavonoids in stinglessbee [64]
(10cm x 0.4 cm, (95:5); B: methanol XAD-2) clean-up: glycoside, 8-methoxykaempferol honey
5 wm) extraction with glycoside, kaempferol glycoside,
diethyl ether quercetin, luteolin, methylated
luteolin, 8-methoxykaempferol,
isorhamnetin, genkwanin
LiChrospher 100 A: water:formic acid Gradient UV A=270nm SPE (Amberlite Caffeic acid, phenyllactic acid, Antibacterial phenolic [65]
RP-18 (95:5); B: methanol XAD-2) clean-up: methyl syringate, cinnamic acid, components of manuka
(12cm x 0.4 cm, extraction with pinobanksin, pinocembrin, chrysin, honey
5 wm) diethyl ether galangin
Lichrocart RP-18 A: water:formic acid Gradient DAD A =290 and SPE (Amberlite Myricetin, tricetin, quercetin, Flavonoids markers of [66]

(12.5cm x 0.4cm,
5 pwm)

(19:1, v/v); B: methanol

340 nm

XAD-2) clean-up:
extraction with
diethyl ether

luteolin, kaempferol

Eucalyptus honey
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Table 1 (Continued ).

Column Mobile phases Elution Detection Extraction system Identified compounds Observations Reference
Lichrocart RP-18 A: water:formic acid Gradient DAD A =340nm SPE (Amberlite Myricetin, tricetin, quercetin, Flavonoids in Eucalyptus [67]
(12.5cm x 0.4 cm, (19:1, v/v); B: methanol XAD-2) clean-up: luteolin, quercetin 3-methyl eher, Australian honeys
5 pwm) extraction with kaempferol, pinobanksin,
diethyl ether pinocembrin, chrysin
Lichrocart RP-18 A: water:formic acid Gradient DAD A =290 and SPE (Amberlite Gallic acid, chlorogenic acid, caffeic Analysis of seven [68]
(12.5cm x 0.4cm, (19:1, v/v); B: methanol 340 nm XAD-2) clean-up: acid, p-coumaric acid, o-coumaric, phenolic acids and two
5 pwm) extraction with ferulic acid, ellagic acid, abscisic acid abscisic acid isomers in
diethyl ether Eucalyptus honey
Lichrocart RP-18 A: water:formic acid Gradient DAD A =290 and SPE (Amberlite Myricetin, tricetin, quercetin, Flavonoids in Melaleuca, [69]
(12.5cm x 0.4 cm, (19:1, v/v); B: methanol 340 nm XAD-2) clean-up: luteolin, quercetin 3-methyl ether, Guioa, Lophostemon,
5 pwm) extraction with kaempferol, 8-methoxy kaempferol, Bansia and Helianthus
diethyl ether pinocembrin, quercetin 3,3’-dimethyl honeys
ether, isorhamnetin, chrysin,
pinobanksin, genkwanin
Lichrocart RP-18 A: water:formic acid Gradient DAD 1 =290 and SPE (Amberlite Myricetin, tricetin, quercetin, Quantitative analysis of [70]
(12.5cm x 0.4 cm, (19:1, v/v); B: methanol 340 nm XAD-2) clean-up: luteolin, quercetin 3-methyl ether, Flavonoids in Australian
5 wm) extraction with kaempferol, kaempferol 8-methyl Eucalyptus honeys
diethyl ether ether, pinocembrin, quercetin
3,3,/-dimethyl ether, isorhamnetin,
chrysin, pinobanksin
Lichrocart RP-18 A: water:formic acid Gradient DAD A =290 and SPE (Amberlite Gallic acid, chloroenic acid, Phenolics acids in [71]
(12.5cm x 0.4 cm, (19:1, v/v); B: methanol 340 nm XAD-2) clean-up: coumaric acid, ferulic acid, ellagic Melaleuca, Guioa,
5 wm) extraction with acid, syringic acid Lophostemon, Bansia and
diethyl ether Helianthus honeys
Cig (15cm x 0.46 cm, A: water:acetic acid Gradient DAD A =280nm Extraction with Gallic acid, caffeic acid, ferulic acid, Isolation and [76]
S wm) (99:1); B: methanol:acetic ethyl acetate and benzoic acid, cinnamic acid identification of phenolic
acid (99:1) SPE (Cy3) acids in Malaysian honey
Discovery RP Amide A: water:acetic acid Gradient and Multichannel SPE: GL-Pak Methyl syringate Identification of phenolic [26]
Cie (95.5:0.5); B: methanol: isocratic Electrochemical PLS-2 cartridge compounds in manuka
(I5cm x 0.46 cm, acetic acid (95.5:0.5) detector and mass honey
5 pm) spectrometry
Lichrocart RP-18 A: water:formic acid Gradient DAD A =290 and SPE (Amberlite Ellagic acid, pinobanksin, hesperetin, Flavonoids in Tunisian [63]
(12.5cm x 0.4cm, (19:1, v/v); B: methanol 340 nm, NMR XAD-2) clean-up: quercetin, luteolin, honeys
5 wm) extraction with 3-methylquercetin,
diethyl ether 8-methoxykaempferol, kaempferol,
apigenin, isorhamnetin, pinocembrin,
phenylethyl caffeate, pinobanksin
3-acetate, dimethylallyl caffeate,
quercetin 3,7-dimethyl ether, chrysin,
galangin, galangin 3-methyl ether,
myricetin 3,7,4',5'-methyl ether,
pinocembrin 7-methylether,
tecthochrysin
Spherisorb ODS2 Methanol/H,SO,4 102N Isocratic DAD A=292nm Extraction with Homogentisic acid Determination of [78]
(25cm x 0.46 cm, (10:90, v/v) NMR, MS ethyl acetate and homogentisic acid in

5 pwm)

TLC

strawberry-tree honey

144!
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For example, a method available for the analysis of the pheno-
lic fraction of honey is a reversed-phase HPLC using gradient
elution with an aqueous solution of formic acid and methanol as
solvents.

With regard to the detection system employed in HPLC, it
should be emphasised that UV—vis detection with a diode array
detector is undoubtedly the most common, although electro-
chemical detection systems [26,47,85-87] and mass detectors
[26,78] have been used to a lesser extent.

The most frequent wavelengths used have been 290 and
340nm. Because some phenolic compounds show several
absorption maxima, the use of simultaneous multiple UV (pho-
todiode array) is recommended for identification purposes, and
also because this detector offers chromatograms at any wave-
length accompanied by the absorption spectrum of each eluted
band. In this way the absorption spectrum can be combined
with retention parameters for the possible identification of an
unknown compound as well as to measure the purity of the elu-
tion band in question. At 290 nm it is known that all polyphenolic
compounds absorb, but nonetheless, some studies recommend
using different wavelengths to achieve maximum sensitivity,
and also, if possible, a suitable selectivity depending upon the
polyphenolic compounds contained in the honey in question.

Polyphenols are usually identified by comparing retention
times, UV spectra and chromatograms. NMR spectrometry is
often also used as a complementary technique for structural
assignment [56,63,66,78].

2.5. Electrophoretic determination of the phenolic profile

Capillary electrophoresis has also been used as an alterna-
tive technique to HPLC for the analysis of phenolic compounds
in honey. CE combines short analysis times and high separa-

1225

tion efficiency of polyphenols in honey. The use of this rapid
analytical technique, allowing a faster screening of phenolic
compounds, is highly recommended. The union of speed, res-
olution, simplicity and low operating costs make the technique
an attractive option for the development of improved methods
for determining phenolic compounds in honey.

Despite of the advantages that CE seems to have, there are
few publications dealing with the determination of polyphenols
in honey by this technique.

The operative modes used are borate-based CZE and borate-
based micellar electrokinetic chromatography (MECK) with
sodium dodecylsulfate (SDS) as micellar agent. The MECK
methods study honey flavonoids [50,88] and the CZE method
analyzes the whole polyphenolic fraction of honey [73].

A summary of optimized conditions of capillary elec-
trophoresis methods (effective length of capillary, internal diam-
eter of capillary, wavelength of detection, voltage, temperature,
injection time, buffer concentration) where honey samples are
analysed as well as the phenolic compounds studied are set out
in Table 2.

3. Propolis
3.1. Introduction

Propolis, or bee glue, is a dark-coloured resinous substance
collected by honeybees from leaf buds and cracks in the bark of
various tree species [89]. Bees may also use material actively
secreted by plants, or exuded from wounds in plants (lipophylic
material on leaves, mucilages, gums, resins, lattices, etc.). Once
collected, this material is enriched with salivary and enzymatic
secretions. The resulting substance is used by bees to seal holes
in their hives, strengthen the thin borders of the comb, exclude

Table 2
Summary of optimized conditions of capillary electrophoresis methods where honey samples are analized
Instrumental variables Experimental variables Identified compounds References
Ler (cm) id. (um) Aq (nm) V(kKV) T(°C) ftpj(s) Type of buffer [Buffer] pH
(mM)
63 70 280 20 30 2 Sodium borate/SDS +10%  200/50 8 Pinobanksin, naringenin, hesperetin, [50]
methanol 8-methoxykaempferol, myricetin, quercetin,
luteolin, eriodictyol, pinocembrin,
kaempferol, apigenin, chrysin, galangin
63 50 340 21 25 2 Boric acid/SDS 200/50 8.5 Eriodictyol, naringenin, hesperetin, [88]
pinobankin, pinocembrin, myricetin,
quercetin, kaempferol, luteolin, apigenin,
chrysin, galangin, genkwanin, tectochrysin
50 50 280 20 30 - Sodium borate +20% 100 9.5 Hydroxymethylfurfural, phenylethylcaffeate, [73]
methanol dimethylallylcaffeate, pinobanksin,

naringenin, hesperetin, cinnamic acid,
chlorogenic acid, m-coumaric acid,
quercetin, luteolin, syringic acid, ferulic acid,
pinocembrin, o-coumaric acid, kaempferol,
p-coumaric acid, apigenin, vanillic acid,
chrysin, galangin, ellagic acid, rosmarinic
acid, p-hydroxybenzoic acid, caffeic acid,
gallic acid, 2,4-dihydroxybenzoic acid

Le, effective length of capillary; i.d., internal diameter of capillary; A4, wavelength of detection; V, voltage; T, temperature; fiyj, injection time; [Buffer] buffer

concentration.
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draught and make the entrance of the hive weathertight or easier
to defend. Propolis is also used as an “embalming” substance
to cover hive invaders which the bees have killed but cannot
transport out of the hive [90].

Propolis has been used extensively in folk medicine since it
possesses various biological activities such as antiseptic, anti-
fungal, antibacterial, antiviral, anti-inflammatory, anaesthetic
and antioxidant properties [89,91,92] among others. It can
increase the body’s natural resistance to infections and lower
blood pressure and cholesterol levels. Applied externally, propo-
lis relieves various types of dermatitis. In addition, it is used in
mouthwashes and toothpastes to prevent caries and treat gingivi-
tis and stomatitis [93] and it is claimed to be useful in cosmetics
and as a constituent of health foods [94].

The plant origin of propolis determines its chemical diver-
sity. Bee glue’s chemical composition depends on the species
of local flora present at the site of collection and thus in the
geographic and climatic characteristics at the site [95]. In the
world’s temperate zones the dominant propolis source is the
bud exudate of poplar (Populus) [90,96] whereas in the tropi-
cal regions there are no poplars and bees have to find different
plant sources for bee glue. In spite of possible differences in
composition due to the different plant sources, most propolis
samples share considerable similarity in their overall chemical
nature. It is made up of 50% resin (composed of flavonoids and
related phenolic acids), 30% wax, 10% essential oils, 5% pollen
and 5% other organic compounds [97]. Polyphenols (including
flavonoids, phenolic acids and their esters), due to their proven
ability to inhibit specific enzymes, to simulate some hormones
and neurotransmitters and to scavenge free radicals, are con-
sidered to be the main pharmacologically active molecules in
propolis [98].

More than 180 compounds, mainly polyphenols, have been
identified as constituents of propolis [94]. As mentioned already,
the concentration of phenolic compounds may vary substantially
according to the origin of the samples and such differences are
likely to affect its biological activities and consequently its clin-
ical properties [99]. Therefore the assay of these components is
of great importance.

3.2. Sample preparation

Propolis cannot be used as a raw material; it must be purified
by extraction with solvents. This process should remove the inert
material and preserve the polyphenolic fractions. Extraction
with ethanol is particularly suitable to obtain dewaxed propo-
lis extracts rich in polyphenolic components [100] and this is
the most commonly used solvent, especially at concentrations
of 70% [101-108] and 80% [109—-114], although other concen-
trations have also been used, such as 95% [115] and absolute
ethanol [116,117]. Compared with absolute ethanol, extraction
with aqueous ethanol results in wax-free tinctures, containing
higher amounts of phenolic substances [118]. Park and Ikegaki
[119] used various concentrations of ethanol as solvent and mea-
sured the absorption spectra of the different extracts. The 80%
ethanolic extract showed highest absorption at 290 nm, which
means that the highest concentration of flavonoids (especially of

kaempferide, acacetin and isorhamnetin) was liberated from the
propolis when using this solvent. With other ethanol concentra-
tions, however, it is possible to extract higher quantities of other
flavonoids, for example, with 60% ethanol the most extracted
compounds were isosakuranetin, quercetin and kaempferol; and
with 70% ethanol, pinocembrin and sakuranetin.

Extraction with pure water [101,119,120] (these extracts are
likely to contain phenolic acids which are very soluble in water),
methanol [62,63,100,121], hexane and acetone [122,123] and
chloroform [124] has also been used.

The analysis of raw propolis is more frequent than the anal-
ysis of commercial propolis preparations [100,114,121,125].
The preparation of crude propolis begins by dehydrating the
sample so that the dried propolis (cooled) can be ground into
a fine powder. Then, in one procedure, a weighted sample
is dissolved in the solvent (the most frequently used pro-
portion is 1:10, w/v) and left for 24h at room temperature
[63,105,107,108,111,114,117,126]. It is then filtered and the
procedure repeated several times [103,104,106,121] as succes-
sive extractions ensure the complete recovery of the phenolics.
Alternatively, the sample is dissolved by shaking at 70 °C for
30min [112,113,119]. After dissolution the insoluble portion
is separated by filtration and the solvent is then evaporated
to dryness under reduced pressure [63,103,104,107,108] and
redissolved. Instead of this, the mixture can be centrifuged to
obtain the supernatants [111,112,114,115,119,121,126], which
can then be directly used for analysis.

It must be stressed that, as in any analytical study, sampling
is extremely important, because this procedure determines the
final result.

3.3. Spectrophotometric determination of phenolic
compounds

The increasing use of propolis preparations in medicine
requires the development of suitable approaches for the quan-
titative determination of their active components. Rapid spec-
trophotometric methods are assumed to be especially useful for
the routine control of propolis [111,118,127,128]. These meth-
ods are aimed at the determination of either total flavonoids and
total phenolics [118,127] or total flavanones/dihydroflavonols
and total flavones/flavonols [128].

Popova et al. [106] pointed out that the quantification of the
active compounds within groups with the same or close chemi-
cal structures correlates better with their biological activity and
is more informative than the quantification of individual com-
ponents. They assume, therefore, that this is a correct approach
to characterising and standardising propolis preparations. Other
advantages are its simplicity, good repeatability and acceptable
accuracy.

Quantitative determinations of flavonoids in propolis are
conducted by two colorimetric methods [129]. The aluminium
chloride method is used to determine the flavone and flavonol
content; it is based on the formation of a complex between the
aluminium ion AI(IIT) and the carbonyl and hydroxyl groups
of the flavonoid. The test solution, methanol and aluminium
chloride in methanol (w/v) are mixed and left for 30 min. The
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absorbance is then measured at 425 nm [106,127]. To quantify
flavanones and dihydroflavonols the 2,4-dinitrophenylhydrazine
(DNP) method is used. This is based upon the interaction of
these compounds with DNP in acidic media to form coloured
phenylhydrazones. The test solution and DNP solution diluted
with methanol are heated at 50 °C for 50 min in a water bath.
After cooling to room temperature, the mixture is diluted with
potassium hydroxide in methanol (w/v). The resulting solution
is diluted with methanol. Absorbance is measured at 486 nm
[128,129]. The sum of flavonoid contents determined by the
above two methods closely represents the real content of total
flavonoids [129].

It is possible to determine the total flavonoid content with
the Folin-Ciocalteu method, which is the most widely used
for the spectrophotometric quantification of total phenolics
[130]. Briefly, the test solution, distilled water, Folin-Ciocalteu
reagent and sodium carbonate solution are mixed. The sample
is left for incubation and the absorbance is measured at 760 nm
[106,117].

3.4. Chromatographic determination of the phenolic profile
of propolis

The complete characterization of propolis activity involves
both qualitative and quantitative chemical analysis. Chromato-
graphic techniques such as fine chromatography, gas and, in
particular, HPLC provide the profile and identification of the
individual phenolic compounds. They are discussed in this sec-
tion. Special attention is given to detection systems, due to their
importance in the characterization of polyphenolic compounds.
Detection is routinely achieved by ultraviolet absorption, often
involving a photodiode array detector. Coupled techniques, par-
ticularly mass spectroscopy, are being used increasingly for
routine work.

3.4.1. Thin-layer chromatography

In TLC, the choice of stationary phase as well as a suitable
solvent depends upon the polyphenolic structures being studied.

A classical stationary phase of silica gel (precoated
plates) is widely used [108-113,131,132] to separate more
apolar flavonoids such as flavonols and isoflavonoids
[81]. Samples are eluted with different mobile phases:
ethanol/water (55:45, v/v) [110,112], petroleum ether/ethyl
acetate (70:30) [108], petroleum ether/acetone/formic acid
(35:10:5) [132], chloroform/ethyl acetate (60:40) [113],
toluene/chloroform/acetone (40:25:35) [111], n-hexane/ethyl
acetate/acetic acid (31:14:5) [111,132,133] or (60:40:3) [111]
and chloroform/methanol/formic acid (44.1:3:2.35) [131].

Medic-Saric et al. [133] used two-dimensional TLC with
densitometric evaluation with n-hexane/ethyl acetate/glacial
acetic acid (31:14:5, nu/nu) (System A) and chloro-
form/methanol/formic acid (44:3.5:2.5) (System B) as mobile
phases.

Visualization is performed in short- and long-wavelength UV
light and in some cases spraying with different reagents. A com-
mon wavelength is 366 nm [108,110,112,132].

3.4.2. Gas chromatography

GC determines phenolic compounds both qualitatively and
quantitatively. It is usually necessary, however, to derivatize
the compounds to make them suitable for GC analysis. During
the last 10 years GC has been extensively employed by several
researchers [103—105,108,124,134—147]. An alternative is high-
temperature, high-resolution gas chromatography (HT-HRGC)
[107,112,122,123,148], which is an established technique for
separating complex mixtures and identifying high-molecular-
weight compounds that do not elute when analysed on ordinary
GC columns.

GC coupled with mass spectrometer (MS) is the method most
widely used, since MS allows the acquisition of molecular mass
data and structural information together with the identification of
compounds. Propolis, however, contains components that are not
volatile enough for direct GC—MS analysis even upon derivatiza-
tion or HT-GC-MS [116]. Table 3 shows some GC temperature
ranges used, characteristics of the column employed, analysis
time, detection system, type of derivatization, compounds iden-
tified and several observations about a few notable published
works.

3.4.3. Liquid chromatography and high-performance liquid
chromatography

High-performance liquid chromatography (HPLC) currently
represents the most popular and reliable analytical technique for
the characterization of polyphenolic compounds, as witnessed
by the number of papers published on the subject. HPLC coupled
to MS, and even to nuclear magnetic resonance spectroscopy
(RMN), has improved the analysis of non-volatile species and
allows us to establish definitive structures [149].

Electrospray ionisation (ESI) [150] permits the direct ioni-
sation and transference of molecules to mass spectrometers and
has extended the applicability of MS for a variety of new classes
of molecules with thermal instability, high polarity and high
mass.

Mirodikawa et al. [120] have established a suitable LC-MS
method for the determination of the chemical constituents and
therefore the quality of propolis.

Several authors have analysed polyphenolic com-
pounds in propolis of diverse origins using dif-
ferent HPLC  methods  with different extraction
systems and coupling diverse detector  systems

[62,63,100,106,109,110,112,113,115,117,119,126,134,146,151-157].

Table 4 summarises the information provided by some repre-
sentative papers and gives the characteristics of the column
employed, the mobile phases, the type of elution employed, the
detection and extraction systems used, compounds identified
and several pertinent observations.

3.5. Capillary electrophoresis analysis of phenolic
compound in propolis

Because of the previously mentioned characteristics of cap-
illary electrophoresis, this technique could well prove to be an
interesting choice for the analysis of phenolic compounds. Nev-
ertheless, to our knowledge, there are few reports about its use



Table 3

GC conditions for determination of phenolic compounds in propolis

Temperature range (°C)  Column Analysis Detection  Derivatization Identified compounds Observations Reference
time (min)

85-310 DBI1 column (30m x 0.32 mm i.d.) 85 MS Pyridine + BSTFA Pinostrobin chalcone, hexamethoxy flavone, Composition and activities of ~ [103,104]
pinostrobin, pinocembrin, pinobanksin, Egyptian propolis
pinobanksin 3-acetate, chrysin, galangin,
naringenin, dihydrocinnamic acid, cinnamic
acid, p-coumaric acid, isoferulic acid, ferulic
acid, caffeic acid

100-310 HP5-MS capillary column 42 MS Pyridine + BSTFA Pinocembrin, pinobanksin, pinobanksin Composition of European [105]
(23m x 0.25mm i.d.), 0.5 mm film O-acetate, chrysin, galangin, pentenyl propolis
thickness caffeates, benzyl caffeates, phenethyl
caffeate
100-310 HP5-MS capillary column 42 MS Pyridine + BSTFA Cinnamic acid, benzyl cinnamate, cinnamyl Composition and antibacterial ~ [108]
(23m x 0.25mm i.d.), 0.5 pm film cinnamate, pinocembrin, pinobanksin, activity of Turkish propolis
thickness pinobanksin 3-acetate, chrysin, galangin, TLC analysis too
phenylethyl caffeate, cinnamyl caffeate,
vanillin, p-coumaric acid, ferulic acid,
caffeic acid, dehydroabietic acid
50-285 HP1 methyl silicone capillary 55 MS Methylation Cinnamic acid, vanillin, ethyl cinnamate, Major organic constituents in ~ [134]
column (25 m x 0.25 mm i.d.) vanillic acid, p-coumaric acid, ferulic acid, New Zealand propolis. HPLC
ethyl ferulate, 3-methylbut-2-enyl ferulate, analysis too
3-methylbut-3-enyl ferulate
40-390 Borosilicate capillary column 54 MS BSTFA Ethyl hydrocinnamate, hydrocinnamic acid, Composition and [107]
(20mm x 0.3 mm i.d.) coated with inositol, cinnamic acid, ferulic acid, caffeic microbicidal activity of
PS-086* (df=0.1 um) connected to a acid, pinostrobin Brazilian and Bulgarian
2 m piece of 0.25 mm i.d., propolis
high-temperature fused silica (which
served as an interface)

50-285 CBP5 column (30m x 0.25 mm i.d.) 55 MS Methylation Coumaric acid, ferulic acid, pinobanksin, Propolis and plant resins [112]
kaempferol, apigenin, isosakuranetin, HPLC and TLC analysis too
pinocembrin, dimethylallyl caffeic acid,
pinobanksin 3-acetate, chrysin, galangin,
kaempferide, tectochrysin

40-390 Glass column (22 m x 0.2 mm i.d.) 54 FID MS Trimethylsilylation: Inositol, p-cinnamic acid, ferulic acid, Flavonoids in acetone no [122]

coated with PS-086? bis (trimethylsilyl)- isoferulic acid, caffeic acid derivatizated, derivatization
trifluoro acetamide of methanol extract
(BSTFA)
40-380° Fused silica capillary 55 FID MS No Hydrocinnamic acid, vanillin, cinnamic acid, =~ Hexane and acetone crude [123]
(10m x 0.3 mm i.d.) coated with benzyl cinnamate, naringenin extracts
0.1 wm film of Silaren-30¢ 3',4'-dimethoxy, betuleol, kaempferid
40-3709 50

2 15% phenyl, 85% methyl polysiloxane.

b Program A.

¢ 30% diphenylpolysiloxane, 40% sildiphenylene ether, 30% dimethyl polysiloxane.

4 Program B.

8¢l
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Table 4

HPLC conditions for determination of phenolic compounds in propolis

Column Mobile phase Elution  Detection Extraction system Identified compounds Observation References
LiChrocart RP-18 A: water:formic acid Gradient DAD A=290,340nm In MeOH for 2 h at room Pinobanksin, quercetin, Flavonoids in rosemary [62]
(12.5cm x 0.4 cm, 5 um) (19:1, v/v); B: temperature 8-methoxykaempferol, kaempferol, nectar, honey and propolis
methanol apigenin, isorhamnetin, quercetin
3,3’-dimethyl ether, pinocembrin,
quercetin 7,3'-dimethyl ether,
chrysin, galangin, techtochrysin
LiChrocart RP-18 A: water:formic acid Gradient DAD A=290,340nm In MeOH for 24h at room Pinobanksin, pinocembrin, Phenolics in Tunisian honey [63]
(12.5cm x 0.4cm, 5 wm) (19:1, v/v); B: temperature, evaporated and  phenylethyl caffeate, pinobanksin and propolis
methanol redissolved in MeOH 3-acetate, dimethylallyl caffeate,
chrysin, galangin, myricetin
3,7,4',5'-methyl ether, pinocembrin
7-methyl ether
Spherisorb ODS-2 Methanol:water Isocratic UV, EIMS, NMR In a Soxhlet apparatus with Myricetin 3,7,4’,5'-methyl ether, One fraction of the [63]
(25cm x 0.7cm, 5 pm) (58:42, v/v) MeOH, centrifuged, pachypodol chromatographed sample is
evaporated, clean-up purified by semipreparative
HPLC
Symmetry C;g column A:30mM NaH;PO4  Gradient PAD A =265, 290, Commercial preparations 3,4-Dihydroxy-cinnamic acid, Quality control of [100]
(22cm x 0.46 cm, 5 pm) (pH 3); B: acetonitrile 360 nm diluted in MeOH 4-hydroxy-cinnamic acid, commercial propolis APCI
3-hydroxy-cinnamic acid, quercetin,  mass spectra obtained
kaempferol, galangin, naringenin,
pinocembrin, chrysin
Intersil 5 ODS-2 column A: water: acetic acid Gradient UV A=290nm In 70% EtOH for 24 h at Flavones and flavonols, flavanones Active constituents of [106]
(25cm x 0.46cmi.d.) with  (95:5, v/v); B: room temperature (x2) and dihydroflavonols and total poplar-type propolis;
a Chromosphere ODS methanol phenolics (caffeic acid, p-coumaric verification of the
guard column acid, ferulic acid, kaempferol, spectrophotometric
(lcm x 0.3cmi.d.) pinocembrin, phenethyl caffeate, quantification results.
isopentyl caffeate, chrysin, galangin,
pinostrobin, benzyl caffeate)
YMC Pack ODS-A (RP) Acetic Isocratic DAD A=254nm In 80% EtOH for 30 min at Quercetin, kaempferol, apigenin, Antimicrobial activity of [110]
acid:methanol:water 70°C, centrifuged isorhamnetin, rhamnetin, Brazilian propolis; TLC
(5:75:60, v/viv) pinocembrin, sakuranetin, analysis too
isosakuranetin, chrysin, acacetin,
galangin, kaempferide, tectochrysin
YMC Pack ODS-A RP-18 A: water; B: methanol Gradient DAD A =268 nm In 80% EtOH for 30 min at Coumaric acid, ferulic acid, Botanical origin and [112]
(25cm x 0.46 cm, 5 pm) 70°C, centrifuged pinobanksin, kaempferol, apigenin, composition of Brazilian
isosakuranetin, pinocembrin, propolis; TLC, GC analysis
dimethylallyl caffeic acid, too
pinobanksin 3-acetate, chrysin,
galangin, kaempferide, techtochrysin
ODS column (25cm x 0.4cm  A: Hy0:0.1% H3PO4; Gradient UV A=254nm Aqueous-ethanolic extract Evidenced the presence of phenolic Antibacterial activity of [113]
id., 5 pum) B: CH3CN:0.1% and partition between compounds by the intense Brazilian propolis. TLC
H3;PO4 inmiscible solvents fluorescence analysis too
Superspher 100 RP-18 A: Methanol:acetic Gradient UV A=254nm In 95% EtOH for 7 days at Pinocembrin, galangin Activity against [115]

(12.5cm x 0.4 cm, 4 wm)

acid, 1 M (50:50); B:
Methanol:acetic acid,
1M (40:60); C:
acetonitrile

room temperature,
centrifuged, evaporated and
redissolved

Streptococcus pyogenes of
Italian propolis
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Table 4 (Continued).
Column Mobile phase Elution  Detection Extraction system Identified compounds Observation References
YMC Pack ODS-A (RP) Acetic Isocratic DAD A =254nm In 10-95% EtOH for 30 min  Isosakuranetin, sakuranetin, Evaluation of the preparations [119]
acid:methanol:water at 70 °C, centrifuged; in water quercetin, kaempferol, to see which have maximum
(5:75:60, v/viv) too pinocembrinm, kaempferide, absorption
acacetin, isorhamnetin
Capcell Pak ACR 120 Ci3 A: 0.1% formic Gradient PAD A=195-650nm In EtOH for 24 h at room Caffeic acid, p-coumaric acid, Antioxidant activity of [126]
column (25c¢m x 0.2cm acid:water; B: 0.08% MS (ESI) temperature, centrifuged 3,4-dimethoxycinnamic acid, propolis of various
id., 5 pum) formic quercetin, pinobansin 5-methyl ether, ~geographic origins
acid:acetonitrile apigenin, kaempferol, pinobanksin,
cinnamylideneacetic acid, chrysin,
pinocembrin, galangin, pinobanksin
3-acetate, phenethyl caffeate,
tectochrysin, artepillin C
Capcell Pak ACR 120 Ci3 A: 0.1% formic Gradient PDA A=195-650nm In EtOH for 24 h at room Caffeic acid, p-coumaric acid, Antioxidant activity of [117]
column (25 cm x 0.2 cm acid:water; B: 0.1% MS (ESI) temperature, centrifuged 3,4-dimethoxycinnamic acid, propolis from Korea;
id., 5 pm) formic pinobansin 5-methyl ether, apigenin,  colorimetric measurements
acid:acetonitrile kaempferol, pinobanksin, t00
cinnamylideneacetic acid, chrysin,
pinocembrin, galangin, pinobanksin
3-acetate, phenethyl caffeate,
cinnamy] caffeate, tectochrysin
LiChrospher 100 RP-18 (1) A: formic acid; B:  Gradient PAD A =268 nm Samples supplied as ethanolic Cinnamic acid, pinobanksin, Major organic constituents in ~ [135]
(11.9cm x 0.4cm, 5 wm) methanol; (2) A’: tinctures pinocembrin, pinobanksin 3-acetate, =~ New Zealand propolis;
H3PO4 (pH 2.0); B': 1,1’-dimethylallylcaffeic acid, GC-MS analysis too
MeCN chrysin, galangin, pinocembrin
7-methyl ether, chrysin 7-methyl
ether, galangin 7-methyl ether
YMC PACK ODS column 0.1% trifluoroacetic Isocratic UV, MS, 2D NMR In EtOH for 12 h at room Isonymphaeol-B, nymphaeol-A, New prenylflavonoid isolated  [149]
(25cm x 2cm) acid in CH3CN:H,O temperature, concentrated nymphaeol-B, nymphaeol-C from propolis from Okinawa;
(6:4) structure determined; extract
previously chromatographed
Chromsep RP-18 A: methanol; B: Gradient UV A=310nm - Chrysin and others Establishing ideal conditions  [155]

(25cm x 0.46cm id.,
5 pm)

water:acetonitrile
(97.5:2.5, vIv)

for analysis

0€cl
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Table 5
CE conditions for determination of phenolic compounds in propolis
Instrumental variables Experimental variables Identified compounds References
Les (cm)  id. (wm)  Ag (nm) V(V) T(CC) tpnj(s) Type of buffer [Buffer] pH
(mM)
56 50 200 (DAD) 30 25 2 (a) Sodium phosphate 25 (a)7 (a) 3,4-Dimethoxycinnamic acid, [102]
p-coumaric acid, cinnamic acid,
benzoic acid
(b) Sodium borate (b) 9.3  (b) Methyl p-hydroxybenzoate,
propyl p-hydroxybenzoate,
p-coumaric acid, cinnamic acid,
benzoic acid
50 75 214 18 25 4 Borate + 0.5%MeOH 100 9.5 Rutin, chrysin, myricetin, [114]
kaempferol, hesperetin, daidzein,
genistein, apigenin, quercitrin,
luteolin, galangin
50 75 262 23 25 12 H3;BO3-Na;B407 40-60 9.2 Rutin, ferulic acid, apigenin, luteolin, [121]
quercetin, caffeic acid
50 50 254 15 25 - Sodium tetraborate 30 9 Pinocembrin, acacetin, chrysin, [125]
catechin, naringenin, galangin,
luteolin, kaempferol, apigenin,
myricetin, quercetin, cinnamic acid,
caffeic acid, resveratrol
56 50 200 (DAD) 30 25 2 Borate/SDS + 10% 25/50 9.3 Pinocembrin, chrysin, galangin [102]
(v/v) acetonitrile
50 75 214 —15 25 4 Sodium borate/SDS 30/50 8.5 Unsatisfactory conditions in the [114]
separation of some flavonoids
55 50 214 14 - 8 Borax/SDS +5% (v/v) 30/12 9 Hesperetin, cinnamic acid, nicotinic [158]

EtOH

acid

Le, effective length of capillary; i.d., internal diameter of capillary; A4, wavelength of detection; V, voltage; T, temperature; fiyj, injection time; [Buffer] buffer

concentration.

with propolis and so far its applications are basically on the
determination of flavonoids.

Different modes of operation are applicable with CE. Cap-
illary zone electrophoresis (CZE) [102,114,121,125] is based
on differences in the electrophoretic mobility of compounds
caused by their charge and size. Micellar electrokinetic chro-
matography (MEKC) [102,114,141,158], in which surfactants
such as sodium dodecyl sulphate (SDS) are added to the sepa-
ration buffer, is also capable of separating neutral compounds.

The effects of some of the variables, such as buffer pH, buffer
concentration, separation voltage and injection time, are studied
in order to optimize the analytical conditions [114,121,158]. A
summary of the optimized conditions of CE methods is provided
in Table 5.

As flavonoids are weakly acidic their separation requires
a buffer of pH> 10 to be successful. Chi et al. [99] deter-
mined flavonoids and phenolic acids in propolis by CZE using a
buffer with pH 10.1. Nonetheless, important flavonoids such as
myricetin and quercetin, for instance, may decompose in such
an alkaline medium [50]. Therefore, if possible MEKC is used
for the determination of flavonoids in natural samples [102].

4. Conclusions

The quality of honey and propolis depends on its chemi-
cal composition and floral origin. Their polyphenolic content is
strongly affected by the floral, geographical origin and climatic
characteristic of the site. For this reasons, the identification and

quantification of the polyphenols of honey and propolis are of
great interest.

Furthermore, they have a very important antioxidant capacity
that is provided by polyphenols such as flavonoids and pheno-
lic acids. These antioxidants report beneficial effects in human
health. It has been commented that consumption of these bee
products contributes to the treatment of stomach ulcer, sore
throat and wounds and burns. Numerous studies have proven
their versatile pharmacological activities: antibacterial, antifun-
gal, antiviral, anti-inflammatory, hepatoprotective, antioxidant,
antitumor, etc.

As a result, many analytical procedures have been carried
out directed towards the determination of the complete phenolic
profile of honey and propolis. The techniques employed in the
last years have been GC, HPLC and CE, mainly combined with
diode array detection and mass spectrometry
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