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Within antioxidants, phenolic molecules are an important category of compounds, commonly present
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The aim of this review is to provide an overview about all the necessary steps of any analytical procedure
to achieve the determination of phenolic compounds from plant matrices, paying particular attention to
the application and potential of capillary electroseparation methods. Since it is quite complicated to
establish a classification of plant food material, and to structure the current review, we will group the
different matrices as follows: fruits, vegetables, herbs, spices and medicinal plants, beverages, vegetable
oils, cereals, legumes and nuts and other matrices (including cocoa beans and bee products). At the end
of the overview, we include two sections to explain the usefulness of the data about phenols provided
by capillary electrophoresis and the newest trends.
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1. Introduction

Phytochemicals are a big group of non-nutrient substances
present in plants, which are biologically active and have an impor-
tant role in the interaction of plants with their environment as
well as reveal health promoting impacts [1]. Several compounds
included in this group are considered antioxidants, owing to
the fact that these compounds have a capacity to protect cells
and biomacromolecules [2] neutralising free radicals and, for this
reason, they may prevent against oxidative degradation and cer-
tain human diseases (cancer, inflammatory disorders, neurological
degeneration, coronary heart diseases, etc.) [3]. As a consequence,
antioxidant compounds are nowadays gaining more and more
interest and the consumption of food rich in antioxidants is increas-
ing. Vegetables, fruits and other plant matrices are some of the most
important sources of natural antioxidants [4].

Antioxidants can be classified taking into account their mech-
anism of action, although there are other possible classifications.
Bearing in mind the mechanism of action, they can be divided
into primary antioxidants, synergistic and secondary antioxidants
[5]. Some substances considered as antioxidants are ascorbate,
tocopherols, some enzymes, carotenoids and bioactive plant phe-
nols. The health benefits of fruits and vegetables are largely
due to the antioxidant vitamin content supported by a large
number of phytochemicals, some with greater antioxidant prop-
erties. Sources of tocopherols, carotenoids and ascorbic acid
are well-known and there is a great number of publications
related to their role in human health. However, plant phenols
have not been completely studied because of the complexity
of their chemical nature and the extended occurrence in plant
materials.

Phenolic compounds are one of the most important, numerous
and ubiquitous groups of compounds in the vegetable kingdom,
being synthesised by plants during normal development and in
response to different situations (stress, UV radiation, etc.) [6].
These substances are obtained from carbohydrates via the shiki-
mate pathway and phenylpropanoid metabolism [7,8] and there
are more than 8000 different known structures [3]. However, this
large range of structures possess a common structural feature: an
aromatic ring with one or more hydroxy substituents. The way
to classify these components it is not clearly established; a pos-
sible classification can be based on the number of constitutive
carbon atoms in conjunction with the structure of the basic pheno-
lic skeleton, including for instance, simple phenols, phenolic acids,
coumarins, flavonoids and stilbenes. [9] (see Fig. 1).

Phenolic compounds play an important role in plants, foods and
humans. In plants, these compounds carry out diverse functions,
such as protective agents against UV light, take part in growth
and reproduction, components of pigments, essences, flavours, etc.
In food and beverages, phenolic compounds may contribute to
the oxidative stability and organoleptic characteristics (bitterness,
flavour, astringency ...) [10]. Phenols act in human bodies pro-
viding numerous beneficial effects, due to the fact that they have
anti-microbial [11], cardioprotectives, anti-allergenics and anti-
inflamatories activities [12,13]. Since 1980, several studies have
shown that lower risk of chronic diseases was correlated with a
diet rich in fruits and vegetables [14,15].

Therefore, the determination of this family of compounds is of
special relevance. In principle, a wide range of analytical meth-
ods can be used to determine these natural compounds, but it is
important to bear in mind that the complexity of the matrix, which
generally contains these compounds, makes mandatory the use of
separative techniques with high resolving power. The most used
techniques have been chromatographic techniques (TLC, HPLC, GC),
electroseparation methodologies (MEKC, CITP, CE, CZE), combined
methods (CEC) and spectroscopic methods (MS, NMR, UV, IR, NIR)
[16].

The aim of this review is to describe the different CE meth-
ods that have been used so far to carry out the determination
of phenolic compounds in plant food matrices. Since, in general,
any analytical procedure for the determination of individual phe-
nolic compounds involves four basic steps: extraction from the
sample, analytical separation, quantification and interpretation of
generated data (achieving worth conclusions). These steps will be
explained in later sections of this article, paying particular attention
to the separation step and the different CE methodologies (coupled
to several detection systems) reported to date. In Fig. 2, a valid
scheme for any method developed for the isolation and determina-
tion of polyphenols from plant food material using CE as analytical
tool is presented.

2. Sample preparation

Although the advances in modern analytical techniques have
led to significant improvement in the quality of analysis, the impor-
tance of sample peparation should not be underestimated; isolation
of the phenolic compounds from the sample matrix is generally
necessary to succeed in any analysis. The ultimate goal when the
analyst face the sample preparation step is clear: to achieve the
preparation of a sample extract uniformly enriched in all compo-

Fig. 1. A simplified classification of phenolic compounds and representative structures belonging to benzoic acids, hydroxycinnamic acids, flavones, isoflavones, flavanones,
flavonols, flavanols, anthocyanins and tannins. Only the basic skeletons from where phenolic compounds of vegetal origin are derived are shown.
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Fig.2. Complete analytical procedure to achieve the determination of phenolic com-
pounds present in plant food material, including sample preparation, instrumental
analysis (by means of electroseparation methods) and data treatment.

nents of interest and free from interfering matrix components [17].
It covers several steps ranging from exhaustive solvent extraction
and preconcentration procedures to simple LLE or filtration [9]. The
precise procedure will depend on the nature of both the analyte
(for instance, total phenols, o-diphenols, specific phenolic classes
or individual antioxidants), and the sample (fruit or vegetable type,
or portion (skin, leaf, seed...)).

Traditional procedures include homogenisation, filtra-
tion/centrifugation, distillation, solvent and Soxhlet extraction,
among others. The introduction of SPE, supercritical fluid extrac-
tion (SFE), solid-phase microextraction, pressurized liquid or fluid
extraction (PLE), subcritical water extraction (SWE), microwave-
assisted extraction (MAE), membrane extraction and surfactant
cloud point extraction have met the increasing demand for new
and more sofisticated techniques, which can be fully automated
and consume less amount of solvent [8,18].

Isolation of phenolic compounds from fruits is further com-
plicated by the unequal distribution in various structural forms;

accumulation of soluble phenols is greater in the outer tissues
(epidermal and subepidermal layers) of the fruit than in the inner
tissues (mesocarp and pulp) [19].

Usually solid samples are first homogenised, which may be pre-
ceded by (freeze-) drying or freezing with liquid nitrogen. The next
step is the analytical isolation; to achieve that purpose, solvent
extraction, which may be followed by SPE, is still the most widely
used technique due to its ease of use and wide-ranging applicabil-
ity. In the case of liquid matrices, they are usually filtered and/or
centrifugated; afterwards the sample is either directly injected into
the separation systems or, more often, the sample undergo to LLE
or SPE procedures.

Solubility of antioxidants is governed by their chemical nature in
the plant that may vary remarkably; moreover there is a possibility
of interaction between phenols and other plant components, such
as carbohydrates and proteins. Solubility of phenolic compounds is
also affected by the polarity of the solvent(s) used; therefore it is
very difficult to develop an extraction procedure suitable to recover
all plant phenols [6].

Solvents, such as methanol, ethanol, propanol, acetone, ethyl
acetate, dimethylformamide and their combinations, have also
been used for the extraction of phenolics, often with different pro-
portions of water [8]. In those cases, the recovery of polyphenols
from the plant material under study was influenced by the extrac-
tion time, number of extraction stages, ratio of solvent-to-sample,
sample particle size, temperature, etc., and thus the analyst should
check the influence of all the mentioned parameters to assure high
recoveries.

Interesting applications can be mentioned as well for SPE
[20,21], SWE [22,23], ASE or PLE [24,23] or MAE [25].

In a number of instances, an hydrolysis step has to be included,
mainly as an aid to structural elucidation and characterisation of
phenolic glycosides and phenolic choline esters [26]. Three types of
hydrolytic treatment are used for this purpose: acidic, enzymatic
and alkaline. Hydrolysis could also be used to minimise interfer-
ences in subsequent analytical separation and to simplify the data
obtained.

An in-depth discussion about the diverse extraction systems,
which can be used to carry out the sample preparation, is beyond
the scope of this manuscript (please, check the following compre-
hensive reviews [6,8,9,17,18,27]).

3. CE methods

CE is a micro-analytical technique applicable for analyses of a
great range of analytes, above all polar and charged compounds
[28]. The electrophoretic process is a differential movement or
migration of solutes caused by the attraction or repulsion in an
electric field [29]. The term “electroseparation methods” includes a
wide variety of separation methodologies, which present different
operational characteristics and are based on different mechanisms
of separation. In general, these methods can replace chromato-
graphic methods (such as HPLC) owing to the fact that they
represent useful and powerful tools to analyse simultaneously sev-
eral kinds of analytes [3], as well as they provide some advantages
dealing with high efficiency, short analysis time, low solvent vol-
ume consumption, versatility and simplicity [15,30]. To understand
the reason of the great versatility that CE offers to the analyst,
Table 1 includes the different CE separation techniques [29,31]:

Several publications describe that CZE and MEKC are the “clas-
sical” CE modes and the most used to analyse phytochemicals in
different plant materials [30,32], and probably CZE is more widely
used for its simplicity and versatility [33]. After carrying out the
separation of the sample components (regardless the CE mode
used), the detection of the analytes has to be made. Different detec-
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Table 1
Capillary electroseparation techniques, their acronym and separation principle.
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Separation technique Acronym Separation principle
Capillary zone electrophoresis CZE Charge/size

Non-aqueous capillary electrophoresis NACE (different physicochemical properties of organic solvents)
Micellar electrokinetic chromatography MEKC Interaction hydrophobic/ionic with surfactant micelles

Capillary electrochromatography CEC

Capillary isotachophoresis CITP
Capillary isoelectric focusing CIEF
Capillary gel electrophoresis CGE
Chiral capillary electrophoresis CCE
Microemulsion electrokinetic capillary chromatography MEEKC

Mobility in a free solution and chromatographic retention
Migration capacity between tampons of different nature
Isoelectric point

Molecular size

Formation of stereospecific complex

Hydrophobicities and electrophoretic mobilities

tion systems can be coupled to CE; they can be classified in three
groups: detection based on optical techniques (fluorescence, phos-
phorescence, UV-vis absorption, chemiluminiscence [34], infrared
spectroscopy, NRM [35,36], Raman spectroscopy, refraction, etc.);
electrochemical techniques (such as conductometric [37], poten-
tiometric, amperometric [38] and voltametric detection [39]); and
other techniques like MS [38,40-42] and radiochemical techniques.

UV-vis absorption is clearly the detection tecnique most widely
used [32,38,41], although nowadays, CE coupled to MS is get-
ting more popular and affordable. MS has a great potential and
the advantages of MS detection include the capability for both
determining molecular weight and providing structural infor-
mation. In general, if a separation technique is coupled with
MS the interpretation of the analytical results can be more
straightforward.

For obtaining a good separation in CE it is necessary to opti-
mise several parameters, such as buffer type, pH and concentration,
type and dimensions of capillary, additives (type and concentra-
tion), temperature, voltage and injection mode, etc. The influence of
every parameter on the separation will be evaluated by the analyst
and will depend on the CE methodology used, the kind of phenolic
molecule under study and the matrix analysed.

In the rest of the review we will try to summarise some of the
most relevant applications in the field of capillary electrosepara-
tion methods to determine phenolic compounds from plant food
material, as well as give to the reader an idea about the useful-
ness of the data achieved and the new trends in CE analytical
separations.

4. CE analysis of plant food material

As was already mentioned, the phenolic compounds are char-
acteristic of many plants, and they are found practically in all food
of vegetable origin constituting an integral part of our diet. Never-
theless, it is not easy to establish a phenolic distribution owing to
the fact that the quantity of phenols depends on the site of their
ultimate accumulation in the fruit as well as on the type of the
fruit we wish to study. This variability in terms of distribution and
concentration is essentially due to a variety of factors such as cli-
matic conditions, genetics, and cultivation treatment. Moreover, in
the case of plant-derived food origin that have undergone a certain
technological treatment or more specifically food processing, the
qualitative and quantitative variability is intimately related to the
nature of the mentioned process.

It is really complicated to establish a classification of plant food
material, since there are several ways of doing it. For instance, there
are a culinary classification which is not the same as the botanical
distinction [43,44]. Trying to structure properly the current review
and do it easy to understand to the reader, we will divide this sec-
tion in the following parts: fruits, vegetables, herbs, spices and
medicinal plants, beverages, vegetable oils, cereals, legumes and
nuts and other matrices (including cocoa beans and bee products).

4.1. Fruits

Botanically, a fruit is a ripened ovary with seeds and any
other structure that enclose it at maturity. This definition of a
fruit means that many ‘vegetables’ are fruits (squash, tomatoes,
beans, corn) and many ‘grains’ are also fruit (rice, wheat, etc.).
Although this definition is correct, we are going to consider the
“culinary” distinction. Traditionally, “fruits” are the edible pulpy
tissue without seeds that are used as desserts or as sweet side
dish to a meal, among others, due to their sweet or tart taste
[44].

Fruits can be classified on the basis of their seeds, the harvest, the
number of ovaries and the number of flowers involved in their for-
mation, and other characteristics. The easiest classification could be
the one which is based on common characteristics, finding: citrus
fruits, pome fruits (apples and pears), stone fruits, tropical fruits,
berries and others.

All of them are rich in vitamins, minerals and water, whereas
they contain a few amount of fibre, proteins and fat. Carbohy-
drates vary in each fruit (5-20%) and the majority are sugars.
Fruits have also an important content of antioxidants, specifically,
phenolic compounds. According to Robards et al. [7], fruits are
a great source of cinnamic acids (chlorogenic, ferulic, sinapic, p-
coumaric and caffeic acids) and flavonoids (flavanols, flavonols
and anthocyanins), finding mainly the glycoside forms of these
compounds.

Paying attention to the different groups, citrus fruits are
quite rich in cinnamic acids, which are conjugated with glu-
caric, galactaric acid, some lactones and other sugars more
common. Specifically, they have a big amount of ferulic acid.
Stone fruits, such as apricots, peachs, plums, etc., have signifi-
cant amounts of kaempferol, quercetin, caffeoylquinic acids and
p-coumaroylquinic acids; whereas pome fruits contain chloro-
genic acids, caffeoylquinic acids and p-coumaroylquinic acids, but
smaller amounts of caffeoyl-, p-coumaroyl- and feruloyl-glucoses.
Anthocyanins are the predominant group of flavonoids present in
berries and the rest of phenolic compunds depend on the variety
and the family of berry fruits [45,46].

The following table (Table 2) shows some of the most relevant
articles where phenolic compounds were determined in fruits by
using CE methods. All the optimum parameters used to carry out
the analysis (instrumental and experimental variables), the extrac-
tion system used (initial amount of sample and final amount of
solvent) and the name of the compounds under study are included.

4.2. Vegetables

The term “vegetable” usually refers to the fresh edible portion of
a herbaceous plant (fruits, tubers, bulbs, leaves) consumed either
raw or cooked. Vegetables generally contain little amount of pro-
tein or fat and varying proportions of minerals, fibre, carbohydrates
or antioxidant phytochemicals, such as polyphenolic compounds.



Table 2

Summary of the most relevant articles where phenolic compounds were determined in fruits by using CE methods. The optimum parameters used to carry out the analysis (instrumental and other variables), the extraction system
used (initial amount of sample and final amount of solvent) and the name of the compounds under study are included.

References Sample Extraction Initial quantity— Final Instrumental variables Chemical variables Detected compounds
system quantity of solvent in the
extraction process ?d | VIkV] TI[°C] id. [pm]  Lep [cm] tinj [s] Type of buffer [Buffer] [mM] pH
nm
Citrus fruits Kanitsar et Orange - Fruits were hand-squeezed, 200 20 20 75 67 5 Boric acid 100 9.5 Hesperidin, sinapic acid,
al. [47] Grapefruit (dilution) centrifuged and supernatant ferulic acid, p-coumaric
diluted. Sample cleanup acid, caffeic acid
process with continuous
flow system
Wu et al. Grapefruit SLE 1gpeel-10mL99.7% EtOH - 12 Room 25 75 6 Borate 60 9.0 Hesperidin, naringin,
[48] (3 times) —» 80 wL— 1 mL (ED) temp. hesperedin, naringenin,
60 mM borate buffer rutin
80 wL pulp juice - 1 mL
60 mM borate buffer
Herrero- Orange SLE 3.5g—>4mL MeOH+1mL 295 20 25 50 40 5 Phosphate +SDS + 50+25+25+10% 7.0 Naringenin
Martinez et 12M HCl+12 mg SC+MeOH
al. [49] BHT — 10 mL MeOH
Sawalha et Orange SLE 0.2 g dried simple - 10 mL - 25 Room 50 100 5 Boric acid 200 9.5 Naringin, neohesperidin,
al. [50] MeOH — 2 mL MeOH:H,0 (MS) temp. hesperidin, narirutin
(50:50, v/v)— diluted 1:1 in
water
Tropical fruits Kofinketal.  Guarana SLE 50 mg seeds — 5 mL purified 280 18 20 75 40 3 Borate +(2- 100+12 8.5 (—)-catechin,
[51] water hydroxypropyl)- (+)-catechin,
50 mg powder v-CD (+)-epicatechin,
extract — 5 mL puriefied (—)-epicatechin
water
Fukujietal.  Abiu-roxo SLE Whole fruit— 1mL 1:1 200 30 25 50 30 5 Sodium 50+7.5% (v[v) 9.2 Chlorogenic acid, ferulic
[52] Wwild EtOH:deionized water tetraborate + MeOH acid, p-coumaric acid,
mulberry Same process described caffeic acid, gallic acid,
above +hydrolisation in 4 M protocatechuic acid
NaOH +10 mM EDTA+1%
ascorbic acid
Berries Bridle et al. Strawberries  SPE Pigments eluted 3% formic 560 25 25 75 50 2 Sodium borate 150 8.0 Cyanidin 3-glucoside,
[53] Edelberries acid in MeOH — dissolved in pelargonidin
25 mM phosphate buffer (pH 3-glucoside,
2.5)+MeOH (3:1) pelargonidin
3-rutinoside,
pelargonidin
3-succinylglucoside,
cyanidin
3-sambubioside-5-
glucoside, cyanidin
3,5-diglucoside, cyanidin
3-sambubioside
da Costa et Blackcurrant  SLE 1g powder — 25mL 520 25 20 50 70.4 4 Sodium 25+30% (v/v) 1.5 Cyanidin 3-glucoside,
al. [54] water — partitioned against phosphate + ACN cyanidin 3-rutinoside,
50 mL CHCl3, Et, 0, EtOAc delphinidin 3-glucoside
and MeOH — redissolved in
30mL water
Watson et Cranberries  SLE 5g— 20mL 95% EtOH:1.5M 525 20 27 75 48 5 Phosphoric 150+3000+50 2.11  Peonidin, cyanidin
al. [55] SPE HCI 85:15 (v/v) (3 acid +Urea +-CD

times) — 3 mL+15mL 1% HCI

in

MeOH — cartridge — elution
with 2mL 1% HCl in

MeOH — dried — 2 mL 50:50
water:MeOH

vell
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Ehala et al.
[56]

Daddkova et
al. [57]

Huang et al.
[58]

Priego
Capote et al.
[59]

Berli et al.
[60]

Bilberry
Cowberry
Cranberry
Strawberry
Blackcurrant
Redcurrant

Apple

Grape
Apple

Grape

Grape

Ultrasonic
extraction

SPE

SLE

SLE

Superheated
ethanol-
water
leaching

SLE

50¢g frozen berries — 100 mL
MeOH/H,0 (70:30)+ 1%

HCl +20 mg L-ascorbic acid
(3times) — Final amount
extracts 150 mL

(off-line preconcentration)
5mL sample solution
(ultrasonic

extraction) — 0.5 mL MeOH
0.5 g grinded

freeze-dried +ascorbic
solution (80 mg in 7.5 mL
water) — 12 mL MeOH +5 mL
6 M HCl — Neutralised with
2 g NaHCO3 — 7.5 mL MeOH
and 100 mL water — made
up to 200 mL by water

25 g fresh fruit milled and
blended — 25 mL MeOH

1-3 g milled

skins — extracting with 0.8%
HCl in different EEOH-water
mixtures

50 g skin grape

berries — 50 mL EtOH
12%+ tartaric acid

6 mg/mL+ SO,

100 pg/mL— supernatant
diluted 1:100 (v/v)

210

270

200

220
285
(Fluor.)

280

20

20

=27

25

30

25

25

30

15

15

50

75

50

50

75

39 20
67 2
40 3
56 6
50 D)

Sodium tetraborate

Boric acid + sodium
tetrabo-
rate +SDS + MeOH

Phosphate +
Heptane +
Cyclohexano +
SDS +ACN

Sodium
tetraborate + MeOH

Sodium tetraborate
+MeOH

35 93

10+10+20+15% 9.2
(v[v)

25+1.36% 2.0
(w/v)+7.66%
(w/v)+2.89%

(W[v)+2% (w/v)

50+10% (v/v) 8.4
20 +30% (v/v) 9.0

Trans-resveratrol,
cinnamic acid,
chlorogenic acid, ferulic
acid, p-coumaric acid,
quercetin, (+)-catechin,
caffeic acid

Quercetin

(+)-catechin,
(—)-epicatechin, caffeic
acid,
(—)-epigallocatechin,
gallic acid

Resveratrol,
(—)-epicatechin,
(+)-catechin,
malvidin-3-glycoside,
peonidin-3-glycoside,
cyanidin-3-glycoside,
delphinidin-3-glycoside,
kaempferol, myricetin,
quercetin

Resveratrol, catechin,
quercetin
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4.2.1. Fruit as the edible part of the vegetable

Solanaceae represents one of the largest and most diverse plant
families including vegetables (tomato, potato, capsicum, eggplant)
and commercial (tobacco) and ornamental (petunia) crops. The
plant species of Solanaceae used as food are rich in healthy com-
ponents and therefore they are also widely consumed. Tomato
consumption, either fresh or processed, is higher than that of
all other fruits and vegetables. Helmja et al. [61] have deter-
mined the phenolic composition and vitamin content of the skin
extracts of tomato, chilli pepper, eggplant and potato (the lat-
ter not being a fruit, but a tuber) by CZE with UV detection
at 210nm. The separation of polyphenols was performed in a
75cm x 75 pm i.d. fused-silica capillary (effective length 50 cm)
using 25mM sodium tetraborate (pH 9.3) as separation buffer
and 25KkV. Different phenolic acids and flavonoids were identi-
fied with the spectra of the reference compounds and by spiking
the standard solutions in the extracts: genistein, rutin, naringenin,
myricetin, quercetin and chlorogenic and caffeic acids were identi-
fied in tomato; cinnamic, chlorogenic, caffeic and ferulic acids were
detected in eggplant, and luteolin, quercetin and caffeic acid in
chilli pepper. Additionally, the antioxidative capability of the phe-
nolic compounds in the tomato skin extract was monitored and
evaluated by CZE. The electropherogram recorded 5 min after the
reaction between the free radical 2,2-diphenyl-1-picrylhydrazyl
(DPPH) and the tomato extract was compared with the electro-
pherogram of the original tomato extract. In later studies, using
the same CZE conditions, these researchers were able to identify
additional phenolic compounds: naringenin chalcone in the tomato
skin [62] and dihydroxycinnamoyl amide, cinnamic acid deriva-
tive and isomers of chlorogenic acid in the eggplant skin extract
[63]. In both extracts, the evaluation of the antioxidative capa-
bility was also carried out by HPLC-DAD-ESI-MS/MS. Due to MS
detection, HPLC proved to be advantageous over CE, enabling the
identification of a higher number of phenolic compounds in the
original extracts (16 and 10 in tomato and eggplant, respectively).
Nonetheless, the speed, resolution and low amount of sample and
reagents consumed on CE, made it an attractive method for reaction
monitoring.

The composition of tomato extracts is very complex. Simpli-
fication of the electropherograms and a higher sensitivity and
selectivity were achieved coupling CZE to ED [4] since only
electroactive analytes could be detected. Peng et al. [4] accom-
plished the quantitative analysis of ascorbic acid, naringenin, rutin,
myricetin and chlorogenic acid in the peel, pulp and seeds of three
tomato varieties. Separations were undertaken in a 80 cm x 25 pum
i.d. fused-silica capillary maintained at 20 °C, under the following
conditions: 50 mM borate (pH 8.7) running buffer; 16 kV separation
voltage; and potential of the working electrode 0.90V (vs SCE).

4.2.2. Tubers

In the global diet, potato is another important species of the
Solanaceae family. These carbohydrate-rich tubers are a staple food
in many places, being one of the most grown crops today, with over
100 edible varieties. Nevertheless, the sweet potato is not one of
them, belonging to a different plant family, the Convolvulaceae.

CZE coupled to UV detection [64,65] has been applied to quantify
several phenolic acids (chlorogenic acid and some of its positional
isomers, caffeic and ferulic acids) in different potato varieties, giv-
ing comparable results to those found analysing the same samples
by HPLC. Fernandes et al. [64] tested several electrophoretic con-
ditions. Chlorogenic acid isomers separation was carried out in a
fused-silica capillary (72 cm x 50 pm i.d.; effective length 50 cm)
maintained at 30°C, applying a voltage of 20kV with a 100 mM
sodium dihydrogen phosphate buffer (pH 4.44). The method was
applied as well in a preliminary study to evaluate the effect of light
on potato tubers. The results indicated that prolonged exposure to

light resulted in a significant change in the isomeric ratios and in
an increase in the total chlorogenic acid content.

As already described in the previous section [61], potato skin
has been as well analysed by CZE-UV detection, identifying cat-
echin, rutin, chlorogenic acid, quercetin and caffeic acid in the
methanol/water extract.

On the other hand, CZE coupled to ED [66] has been used for the
quantification of rutin, quercetin and chlorogenic and caffeic acids
together with vitamin C in sweet potato. In particular, the quantity
difference in the peel and pulp and the variation between fresh and
cooked sweet potato of these active compounds were investigated,
finding lower contents in the pulp and when the samples were
cooked (except for quercetin). All five analytes were well-separated
within 20 min utilizing 18 kV and a 60 mM borax running buffer
(pH 9.0) in a 75 cm x 25 pm i.d. fused-silica capillary. The applied
voltage to the working electrode was 0.95V (vs SCE).

4.2.3. Bulbs

The bulb onion (Alliaceae family) constitutes a key part of the
daily diet in most countries for its distinctive taste and flavour.
The number of studies using CE for the detection of phenolic
compounds in onion has been scarce; however, they revealed the
presence of several flavonoids.

The major flavonoids of mature onion bulb are quercetin 3,4'-
diglucoside and quercetin 4’-monoglucoside [67,68]. As could be
expected, significant differences in the levels of both flavonols
were observed between the six onion varieties analysed (including
white, red and brown bulbs); concretely, only trace amounts were
detected in the white variety [67]. Separations were performed in
a 57 cm x 75 pm uncoated fused-silica capillary (effective length
49.4 cm) at 25°C and applying a voltage of 25 kV. The buffer con-
sisted of 10 mM boric acid, 10 mM sodium tetraborate and 15 mM
EDTA dissolved in 15% v/v methanol/water (pH 10.2 adjusted with
1M hydroxide solution) and the detector was set at 280 nm. The
use of HPLC-UV and 'H NMR confirmed the identification of both
flavonols and allowed the identification of two minor isorham-
netin derivatives. Price and Rhodes [68] investigated the changes
in composition resulting from autolysis experiments during 24 h
in four different onion varieties (white, brown, hybrid pink and
red skinned). HPLC-UV was used to study the onion extracts before
autolysis, identifying 17 additional minor components (represent-
ing only 16% of the total peak area) besides the two main quercetin
derivatives mentioned. During the autolysis period, a small loss in
the total flavonol content and a significant change in the flavonols
conjugation were observed. The deglucosidation products were
studied in more detail using CE-UV.

The second most important class of flavonoids in pigmented
onion varieties are anthocyanins. Petersson et al. [69] developed
a CE-ESI-TOF-MS method for the identification of anthocyanins
employing silica capillaries coated with poly-LA 313 (polycationic
amine-coating polymer) and an MS-compatible volatile separa-
tion buffer, consisting in 15 mM formic acid (pH 1.9). A total of 10
anthocyanins, containing the aglycon ion of either cyanidin, peoni-
din, delphinidin, petunidin or malvidin, were identified. CE was
coupled to ESI-TOF-MS by a sheath-flow interface with acidified
methanol/water as sheath liquid. Positive detection was used due
to the better ionisation of the analytes in this ion mode.

4.2.4. Leaves

A validated method for the determination of quercetin was
applied to two plant species from the Brassicaceae family, white
cabbage and cauliflower [57]. Due to their four-petaled flowers,
which look like a cross, this family is also known as Cruciferae.
Typically, the flower heads of cauliflower and the leaves of cabbage
are the parts of the plant eaten. The method was based on the acid
hydrolysis of bonded quercetin in the samples followed by SPE and



Table 3

Important aspects involved in the electrophoretic determination of phenols in herbs and spices: extraction system, separation and detection optimum parameters and compounds under study.

References Sample Extraction Initial quantity— Final Instrumental variables Chemical variables Detected compounds
system quantity of solvent in the
extraction process Ag [nm]  V[kv] T[°ql id. Leg [em]  tin [S] Type of buffer [Buffer] pH
[pm] [mM]
Ibafiez et al. Rosemary SFE 60 g — unspecified 230 10 25 50 20 1 Sodium 50+20+15% 9.0 Rosmanol, carnosol, carnosol
[74] deoxycholate +boric (v/v) isomer, carnosic acid, methyl
acid-sodium carnosate
tetraborate + ACN
Saenz- SLE 150 mg — 2 mL MeOH 250 30 25 50 56 3 Disodium 50 10.1 Carnosol, carnosic acid

Lépez et tetraborate

al. [75]

Bonoli et al. SLE 1g— 10mL organic 200 30 35 50 40 3 Sodium tetraborate 20 9.0 Carnosol, carnosic acid,

[76] solvent rosmarinic acid
(MeOH/CHCl3 /isopropilic
alcohol and 1:1
MeOH:CHCls, v/v) — four
100 fold diluted extract in
isopropanol

Crego et al. SWE 1g—3.47mL 200 30 25 50 45 10 Sodium 50+10% 9.5 Carnosol, rosmarinic acid,
[77] water — freeze-drying tetraborate + ACN carnosic acid, genkwanin,
rosmanol
Herrero et PLE (SWE) 2g— 6.6mL 200 20 Room 50 67 10 Ammonium acetate 40 9.0 Isoquercetin, homoplantagenin,
al. [78] water — freeze- temp. gallocatechin, carnosic acid,
drying — 10 mg dry rosmarinic acid
extract — 1 mL water
Peng et al. SLE 2g— 10mL 70% EtOH - 16 Room 25 75 8 Borate buffer 80 9.0 Hesperetin, acacetin,

[79] (ED) temp. diosmetin, ferulic acid,
apigenin, luteolin, rosmarinic
acid, caffeic acid

Ben Sage SLE Leaf +water 1:10 w/w ratio 280 20 25 75 35 5 Borate buffer 40 9.2 Epicatechin, catechin, vanillic
Hameda acid, rosmarinic acid, caffeic
etal. [80] acid, galli acid

Baskan et al. SLE 1g— 10mL MeOH 210 28 25 50 45 5 Borate buffer 40 9.6 Carnosic acid, rosmarinic acid

[81]

Petr et al. Marjoram PSE 1g dried plant — 22 mL 200 -10 20 50 40 1800 Sodium phosphate + 50+60 25 Sinapic acid, ferulic acid,

[82] acetone — diluted in SDS coumarinic acid, caffeic acid,
water-MeOH (90:10, syringic acid, vanillic acid,
v/v) — diluted in 50 mM 4-hydroxybenzoic acid
sodium borate, pH 9.5
(electrokinetic
accumulation CE injection)

Nhujak etal.  Turmeric SLE 100 mg — 10 mL 214 -15 25 50 30 3 Phosphate 50+1.1% 25 Curcumin,

[83] EtOH — ethanolic extract 425 buffer +n- (v/v)+180+890 demethoxycurcumin,
diluted 1 mL solution octane +SDS+1- +25% (v[v) bis-demethoxycurcumin
containing 300 mg/L butanol +2-propanol
dodecylbenzene and
300 mg/L
2,4-dinitrophenyl
phthalimide

Chu et al. Dandelion SLE 2 g dried powder — 10 mL - 16 Room 25 75 8 Borate buffer 50 8.0 Diosmetin, ferulic acid,

[84] anhydrous EtOH and (AD) temp. chlorogenic acid, luteolin,

deionized water

(4:1)— 5mL in volume

3 g powder

granules — 10 mL
anhydrous EtOH and
deionized water

(4:1)— made up to 5mL in
volume

caffeic acid
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Table 3 (Continued )

References Sample Extraction Initial quantity— Final Instrumental variables Chemical variables Detected compounds
system quantity of solvent in the
extraction process Ag [nm]  V[kV] T[°C] id. Leg[em] iy [s] Type of buffer [Buffer] pH
[pm] [mM]
Fonseca et Chamomile SLE 16 g dried plant — 400 mL 337 25 25 50 25 CZE Phosphate 50+50% 2.8 Herniarin, umbelliferone,
al. [85] 1:1 MeOH:H,0 (3 3 buffer + ACN chlorogenic acid, caffeic acid,
times) — residue of CEC apigenin,
recovered fractions — 24 mL 24 apigenin-7-0-glucoside,
MeOH (solution) luteolin,
10 mL solution — 20 mL H,0 luteolin-7-0-glucoside,
(stock solution) quercetin, rutin, naringenin
2.5 g stock solution — 10 mL
1:1 MeOH:H,0
Kulomaa et Eucommia LLE Mixture of boiling Sodium dihydrogen Flavone, rutin, quercitrin,
al. [86] ulmoides water-MeOH (30:70, v/v) 220 30 25 50 80 5 phosphate 30+30 7.0 chlorogenic acid, ferulic acid,
Boiling water +disodium caffeic acid, protocatechiuc
Soxhlet 3.5 g leaves — acetone- hydrogen phosphate acid
dichloromethano
SFE 1g
powder - MeOH-water
(2:1, v[v) — extracts
collected into 3.5mL
acetone
Cheung et SLE 10g 214 20 20 50 50 5 Boric acid +SDS + 1- 50+50+4% 9.5 Geniposide, geniposidic acid,
al. [87] (bark/leaves)— 150 mL butanol pyrogallol, rutin, chlorogenic
MeOH — 0.2 g dried acid, ferulic acid, p-coumaric
bark/0.1 g dried acid, quercetin, caffeic acid,
leaves — 50 mL MeOH protocatechuic acid
Safra et al. Melissae SLE 1g dried pulverized 270/320 - Room 300 16 - MOSPO +Tris + 25+50+0.2% 8.1 Protocatechuic acid, caffeic
[88] herba plant— 50 mL temp. Hydroxyethylcellulose +40+20% acid, rosmarinic acid,
MeOH — Supernatant +boric acid + MeOH p-coumaric acid, chlorogenic
diluted with water to (for CZE) acid, ferulic acid, quercitrin,
contain 20% (v/v) MeOH (electrolyte system apigenin
for ITP-CZE in
column coupling
mode)
Chen et al. Sophora SLE 0.5 g Sophora - 12 20 25 40 6 Borate buffer 100 9.0 Daidzein, rutin, quercetin
[89] flower flower — 50 mL MeOH (ED)
Ligustrum 2 g Ligustrum and
lucidum camphor — 50 mL MeOH
Camphor Residues — washed with
laurel 20 mL MeOH
Extracts + washings — concentrated
to 40 mL— diluted to
50 mL with MeOH
Extracts diluted with
running buffer
Helmjaetal. Hop SLE (SFE as 0.7 g— 7 mL MeOH:water 210 20 Room 75 50 15 Sodium tetraborate 25 9.3 Naringin, resveratrol, catechin,
[90] well) 70:30 or temp. rutin, naringenind, chlorogenic
30 acid, quercetin, myricetin,
p-coumaric acid, caffeic acid
Arraez- SLE 2.5 g hop pellets — 30 mL - 25 Room 50 100 10 Ammonium 80 10.5  Kaempferol-3-O-rutinoside,
Roman et hexane (x3)— 30mL (MS) temp. acetate/ammonium hesperidin, rutin,
al. [91] MeOH (x3)— combination hydroxyde luteolin-7-0-glucoside,
extracts — evaporation kaempferol-3-0-glucoside,
organic quercetin-4'-0O-glucoside,
solvent — residue +2 mL chlorogenic acid
MeOH:water 50:50 v/v
Pomponio Echinacea LLE Sample solution (prepared 300 20 20 50 435 2 Sodium 40+70 9.2 p-nitrobenzoic acid, vanillic
etal. [92] in MeOH-water 70:30, tetraborate +sodium acid, caffeic acid, cichoric acid,
v/v) — diluted with water deoxycholate caftaric acid

to obtain a final
MeOH-water ratio of
10:90

8ELL
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Pomponio
etal. [93]

Wang et al.
[94]

Peng et al.
[95]

Hamoudova
etal. [96]

Segura-
Carretero
etal. [97]

Sheu et
al. [98]

Safra et al.
[99]

Vaher et al.
[100]

Yue et al.
[101]

Cistus SLE
Cortex SLE
fraxini

Honeysuckle  SLE

St. Johnis SLE
wort

Hibiscus SPE
sabdariffa L.

Artemisiae SLE
capillaris
herba

Herba SLE
Epilobi

Sweet gale SFE
Sea
buckthorn
Hiprose
Knotweed
Hippophae
rhamnoides
(sea
buckthorn)

Soxhlet
extraction

4 g— 150 mL boiling water
(3 times) — Lyophilized
residues dissolved in water

1.250g — 10 mL 80% (v/v)

MeOH — precipitated — 8 mL

80% (v/v) MeOH
Filtration residue — 5mL
80% (v/v) MeOH
Collected

solution — diluted to
25mL 80% (v/v)

MeOH — diluted with
running buffer

0.2g— 10mL 80% EtOH

0.5g— 50 mL MeOH

0.5 mL supernatant — 2 mL
IS stock solution (50 pg/mL
kaempferol in MeOH) and
diluted with water to

10 mL

25 g homogenized dried
calyces — 1L acetic acid
(15% v|v) — filtrate mixed
40 g Amberlite

XAD-2 — Amberlite
particles packed into a
glass column — washed
with deionized

water — Anthocyanins
renained absorbed on the
column — eluted with 1L
ethanol (70% v/v)-acetic
acid (1% v/v)

Red

solution — concentrated to
dryness — 2 mL water
4g— 20mL MeOH

(2 times) —

combined

extract — reduced to

5mL

1.5g—50mL

MeOH — Supernatant
diluted with water +20%
(v/v) MeOH

Unspecified

2 g air-dried

podwer — 50 mL MeOH
(with or without 5 mL 25%
(v/v) hydrochloric acid)

200

214

(ED)
270

254

270

240

270

-10 40

22 25

16 Room
temp.

Driving Room

current temp.

200mA

25 25

20 25-
26

ITP-CZE Room

driving temp.

current

50-200 mA

18 Room
temp.

15 25

50

50

25

300

50

75

300

50

50

195 1
50 15
75 8

16 =

80 20
MEKC 2
924

CZE

72.4

16 30ul
70 =

30 1

Heptane +SDS + Butan-
1-ol +Sodium
phosphate

Sodium
tetraborate + Tween
20+MeOH

Borax

MOSPO + Tris + Boric
acid

Boric
acid + ammonia

MEKC

Sodium borate +SDS
CZE

Sodium

borate +2,3,6-tri-O-
methyl-3-
ciclodextrin

MES + Tris + Boric
acid + a-

CD +HEC+MeOH

Disodium
tetraborate in water

Borate

1.36% 2.5
(w/v)+2.31%
(wW/v)+9.72%
(w/v)+50
20+64+9% 9.3
(vfv)

50 8.7

25+50+65 8.3

200 9.0
MEKC 9.82
20+20 -
CZE

25+6.75 mg/mL

25+50+30+ 831

10+0.2%+20%
(vv)

25 9.4
20 10.0

Catechin, gallocatechin

Scopoletin, rutin, esculetin,
chlorogenic acid, caffeic acid

Hyperoside, chlorogenic acid,
luteolin, caffeic acid
Quercetin, quercitrin,

chlorogenic acid, isoquercitrin,

hyperoside, rutin

Delphinidin-3-sambubioside,
cyanidin-3-sambubioside,
cyanidin-3-O-rutinoside,
delphinidin-3-0-glucoside,
cyanidin-3,5-diglucoside,
chlorogenic acid

Scopoletin, 6,7-dimethyl
esculetin, chlorogenic acid,
caffeic acid,capillaris in.

Protocatechuic acid, caffeic
acid, gentisic acid, cinnamic

acid, coumaric acid, ferulic acid

Resveratrol, catechin,
quercetin, flavone

Quercetin, kaempferol,
isorhamnetin
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Table 3 (Continued )

1140

Detected compounds

Chemical variables

Instrumental variables

Initial quantity— Final

Extraction
system

Sample

References

quantity of solvent in the
extraction process

[Buffer]
[mM]

Type of buffer

tinj [s]

Leg [em]

T[°C]

V[kv]

Aq [nm]

id
[pm]
50

Myricetin, trans-resveratrol,

9.3

20

20 Borate

35

210 16 25

265
280

10 g frozen squeezed

berries — 20 mL

SLE

Gorbatsova

catechin, quercetin, caffeic acid,

p-coumaric, gallic acid

etal.

CH30H/H,0 (70:30)
50 g raw material

[102]
Vaher et al.

Rutin, chlorogenic acid,

20 9.3

Sodium tetraborate

41

50

25

+20

SLE

quercetin, caffeic acid, gallic

acid

265

squeezed — 50% MeOH

[103]

Puerarin, daidzein, rutin

50

Borate

25 40

20

2g— 50mL 95% EtOH
Residues — 10 mL 95%

Puerariae SLE
EtOH (2 times)

Radix

Chen et al.

[104]

Puerirae
lobata

E. Hurtado-Ferndndez et al. / Journal of Pharmaceutical and Biomedical Analysis 53 (2010) 1130-1160

Extract +washings —

concentrated to 40 mL and

diluted to 50 mL with 95%

EtOH

Extracts diluted with

running buffer

Wogonin 7-0-glucuronide,

6.97

Sodium 5+15+

30 30 50 715

270

0.4 g pulverized herb

SLE

Scute-coptis

herb

Lietal.

oroxylin A-7-O-glucuronide,

50+65%

borate + sodium

couple — 10 mL 70% MeOH

(3 times) — extracts

[105]

baicalin, oroxylin A, wogonin,

baicalein

dihydrogenphos-
phate+SC+ACN

combined — addition 2 mL

IS solution (5.2 mg

umbelliferone in 1 mL 70%

MeOH) — diluted to 50 mL

with 70% MeOH
2.15 g ground

Biflavanones (GB1, GB2,

9.5

100

Borate

50 55

28.5 25

325

Garcinia SLE

Okunji et al.

GB1-glycoside, kolaflavanone)

sample — 110 mL water at

90°C

kola seed

[106]

(ASE — Dionex commercial name for PLE (Pressurized liquid extraction)).

a MECK-UV determination at 270 nm. Separations were achieved
in fused-silica capillaries of 70 cm (67 cm effective length) x 75 pm
i.d. maintained at 25 °Cand applying a voltage of 20 kV. The running
buffer consisted of 10 mM boric acid, 10mM sodium tetaborate,
20mM SDS and 15% methanol (pH 9.2). The quercetin content in
cabbage was 7 + 1 mg/kg, whereas the cauliflower samples did not
contain detectable amounts of that compound.

4.3. Herbs, spices and medicinal plants

Spices are natural and common food additives, which have been
used, throughout thousand of years, to increase or to improve the
food flavour, colour and taste, as well as to preserve the quality
of food [70,71]. Several spices possess beneficial effects on human
health, so they can be used, besides flavouring/colouring/seasoning,
like natural treatment in different diseases [72].

On the other hand, for centuries, medicinal plants have been
used to treat human health problems in many countries of Asia,
specifically in China [73]. Almost all these plants are consumed as
beverages, i.e. the leaves or other parts of the plants are mixed,
usually, with hot water for extracting the compounds which could
have beneficial properties [70,72] and people drink the infusion
originated.

The number of articles related to phenolic compounds present
in different spices or plant matrices is quite impressive, although
the percentage of papers in which electroseparation methods were
used is quite low (in most cases, HPLC was the method of choice).

The following table (Table 3) contains information about dif-
ferent important aspects involved in the determination of phenols
in these matrices, such as extraction system and separation and
detection optimum parameters, compounds under study, etc. Con-
sidering the fact that plants, herbs and spices contain very similar
compounds or closely related ones, only some examples have been
included in order to contain the size of this review.

4.4. Beverages

Since we are aware that the current review can not cover all
the developments concerning the determination of antioxidants
in all the beverages consumed nowadays, we will focus on those
beverages which could be consider more important. Therefore, we
include the following beverage samples: tea, coffee, juice, wine and
beer. In the last part belonging to this section, we include some
interesting methods developed to carry out the determination of
antioxidants in other beverages, such as cider, cognac and other
liquors. For each matrix surveyed, methods are tabulated (or at least
described in detail) in order to assist the method selection.

4.4.1. Tea

The term “tea” is referred to the plant, leaf, or beverage origi-
nated from the species Camellia sinensis. There are a lot of types of
commercial tea, but the most abundant are two: sinensis and assam-
ica [107]. One of the most significant differences between them
is the size of its leaves, being assamica leaves bigger than sinensis
leaves. Despite that the origin of this plant is the Southeast of Asia,
it is cultivated in about 30 countries in the tropical and subtropical
regions [107]. Itis consumed by a large number of people and, after
water, is one of the most important or relevant beverages [43].

Tea is an excellent natural source of antioxidants, and pheno-
lic compounds represent the most abundant group. Indeed, tea is
particularly rich in terms of flavanoids, such as flavanol monomers
(catechin, epicatechin) and flavanol gallates (epicatechin gallate,
epigallocatechin gallate) [108,109]. Apart from the mentioned ana-
lytes, tea contains as well other polyphenols to a lesser amount,
such as gallic acid, coumaric acid and caffeic acid, as well as purine
alkaloids, theobromine and caffeine [110].
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There are different types of tea according to the manufacture:
green, black, white and oolong teas. Green tea (non-fermented bev-
erage) is elaborated with young leaves which are submitted to
several processes, like withering, steaming or pan firing, drying and
grading in order to deactivate the enzymes which are responsible
for the degradation of catechins in thearubigins and theaflavins
[111]. White tea (considered non-fermented or semi-fermented
beverage) is produced using leave buds with white trichomes. In
black tea production the leaves undergo plucking, withering, mac-
eration and drying. This type of tea is fermented for several hours
and during this step occurs the oxidation of polyphenols, alter-
ing the chemical composition and changing leaf colour and aroma.
Oolong tea is a semi-fermented tea, owing to the fact that the man-
ufacture includes a short period of oxidation. There are different
methods for carrying out its production, and thus, a wide variety of
products on the basis of the catechins oxidation degree [107,108].

Liquid chromatography with UV absorbance or MS detection
has been the method selected more often for analysing pheno-
lic compounds in tea [112], but there are several publications in
which CE methods (such as CZE or MEKC) are used to determine the
compounds mentioned above. The best resolution, separation and
quantitation for catechins are usually achieved by MEKC methods,
whereas CZE methods are more rudimentary [113,114].

Table 4 summarises some of the CE methods regarding determi-
nation of phenolic compounds from tea. Information about the type
of samples used in every study, separation and detection optimum
parameters, detected compounds, etc. are included.

4.4.2. Coffee

Coffee is an alcohol-free beverage and one of the most impor-
tant natural drinks widely consumed in the world [131]. There
are many species of coffee, but as far as commercial production
is concerned, the most important are Coffea arabica (Arabica) and
Coffea canephora (Robusta) [43]. Brazil is one of the main producer
and exporter (35% world production) [132], followed by Colombia,
Indonesia, Mexico and Uganda [133].

Coffee is a natural source of antioxidants and contains plenty
of phenolic compounds, being chlorogenic acid the most abundant
[134].

Chromatographic techniques have been traditionally used for
determining these compounds in coffee samples; electrophoretic
methods only represent the 1% of total number of publications
found in the scientific literature. Risso et al. [135] developed
a method by MEKC to determine some phenolic acids, such as
chlorogenic acid (resolving two positional isomers), caffeic acid
and ferulic acid. The optimum conditions were a capillary of
22.5cm x 75 pm i.d.,, 10mM phosphate+70mM SDS+5% MeOH
like running buffer, pH 2.5, voltage applied of —17 kV, 22 °C, hydro-
dynamic injection at 25 mbar for 3s. The results obtained were
satisfactory and the method allowed the rapid and simultaneous
determination of the phenolic acids previously mentioned.

Zhu et al. [136] investigated two stacking methods in MEKC
in an attempt to increase the amount of sample injected, as well
as to focus analytes onto a small zone; one employed a “high-
conductivity zone”, which was inserted between the sample zone
and background solution to build an unequal conductivity gradi-
ent. The other employed a “low-temperature bath”. Doing that they
were able to separate three phenolics acids (ferulic, caffeic and
chlorogenic).

Chuetal.[131] determined catechin, rutin, o-dihydroxybenzene
and ferulic, chlorogenic, caffeic, gallic and protocatechuic acids in
samples of instant coffee by CE with AD. They used a voltage of 16 kV
for the separation and 80 mM borate (pH 8.4) as running buffer.
The dimensions of capillary were 75 cm length and 25 pm i.d. The
injection was made by means of electrokinetic injection at 16 kV for
8s. The results proved that the method was accurate, reproducible

and sensitive for the analysis of natural antioxidants in coffee
samples.

4.4.3. Juice

Juice is a beverage obtained from fruits or vegetables, since it
is the liquid naturally contained in their tissues. The traditional
way to extract the juice is mechanically squeezing or macerating
fresh fruits/vegetables (without heat or solvents). The juice is com-
posed by different substances, such as amino acids, carbohydrates,
organic acids and phenolic compounds, among others.

OiSheaetal.[137] used CE with ED and employing an on-column
Nafion joint to identify chlorogenic, p-coumaric and caffeic acids in
samples of apple juice. The conditions were: 10 mM sodium borate
(pH 9.5) as running buffer, capillary of 65-70 cm effective length
and 50 wm of i.d., a effective voltage of 425V/cm (~28kV) and
detection potential of 650 mV.

Cancalon and Bryan [138] resorted to CE for the determination
of flavonoids such as didymin, hesperidin, narirutin, neohesperidin
and naringin in citrus juice, specifically this method was applied
to compare pure orange juice and pulpwash (a major adulterant
of orange juice). The capillary used had 70 cm of effective length
and 50 wm i.d. The optimum conditions were sample injection for
155, a voltage of 21 kV, 25°C of temperature and 35 mM solution
of borax at pH 9.3 as background electrolyte. The detection range
wavelength was set between 200 and 500 nm. The addition of pulp-
wash, a lower-quality juice product, by comparison with a pure
citrus juice, can be detected with this method.

Gel-Moreto et al. [139] analysed the diastereomers of naringin,
prunin, narirutin, hesperidin, neohesperidin and eriocitrin in lemon
juice. They used CCE for being a good method for the separation of
stereoisomers. The running background electrolyte was 200 mM
borate buffer with 5mM y-CD, pH 10.0. Uncotaed, fused-silica cap-
illary had an effective length of 60cm and an internal diameter
of 75 um. The separation voltage was 15kV, the detection was
carried out at 290nm and the temperature was maintained at
25°C. Finally, the samples were injected by pressure during 2s.
This method highlighted that CCE could achieve the separation of
the diastereomers, above all of eriocitrin and hesperidin. Follow-
ing the same approach, Aturki and Sinibaldi [140] determined the
aforementioned compounds (flavanone-7-0-glycosides) in citrus
juices. This type of compounds can be separated only if there was a
chiral environment. Lemon, orange and grapefruit juices were the
samples used, which were extracted by SPE. They carried out the
optimisation of different electrophoretic parameters and, finally,
the best conditions were: capillary of 50 pm i.d. x 40 cm effective
length, thermostated at 20 °C, the applied voltage was 20 kV, sam-
ples were injected by pressure (5kPa x 10s), and the background
electrolyte consisted of 20 mM of sodium tetraborate buffer pH 7.0
containing 5 mg/mL of sulfobutyl ether-3-CD. The analyses were
recorded at 205 nm, providing this wavelength the highest sen-
sitivity for these compounds. The method allowed a qualitative
analysis of the diastereomers of naringin, neohesperidin, narirutin,
eriocitrin and hesperidin contained in several citrus juices, and the
results showed good resolution in less than 10 min and high peak
efficiency.

Simé et al. [141] used a combination of MEKC and reverse-
phase liquid chromatography for analysing narirutin, hesperidin,
naringin, benzoic acid and a compound belonging to the family of
flavanones (no fully characterised). The orange juice samples were
injected at pressure (0.5 psi for 2s) and analysed in a capillary of
20 cm effective length x 50 wm i.d., using a buffer of 50 mM boric
acid/sodium tetraborate and 100 mM SDS at pH 8.0. The tempera-
ture was 25°C and the detection system was set at 280 nm. The
best results were obtained with those conditions for MEKC and
they could identify several compounds, although with LC-DAD-MS
a higher number of analytes could be detected. LC method showed



Table 4

CE methods developed to carry out the determination of phenolic compounds from tea. Information about the type of samples used in every study, separation and detection optimum parameters and detected compounds has

been included.

References Sample tea Extraction Initial Instrumental variables Chemical variables Detected compounds
system quantity — Final
quantity of solvent A VIkv]  T[°C]  id Let tinj [s]  Type of buffer [Buffer] [mM] pH
in the extraction [nm] [pm] [cm]
process
Wright et Black SLE CZE 280 CZE CZE 50 CZE 5 Boric acid + potassium 600+50 70 Theaflavin-3,3’-digallate, free
al.[115] 6g— 5mL aqueous 380 225 25 51 sulfate . theaflavin, theaflavin-3-monogallate,
MeOH theaflavin-3’-monogallate
NACE NACE NACE NACE ACN +MeOH +acetic 71v[v+25
2g— 100 pL 27.5 18.5 32 acid + ammonium v/[v+4v|v+90
ACN-MeOH-acetic acetate
acid (74.5:25:0.5,
v/[v)
Horie et al. Green SLE 250 mg — 50 mL 194 25 30 75 70 5 Sodium 20+80+50 8.4 (—)-Epigallocatechin,
[116] Oolong ACN-2% 270 tetraborate + Boric (—)-epicatechin, (—)-epigallocatechin
Black metaphosphoric acid +SDS gallate, (—)-epicatechin gallate
acid (1:1,
v/v)— diluted 10
times with water
Bonoli et al. Green SLE 100 mg — 100 mL 200 30 29 50 40 1 Potassium dihydrogen 20+50+200 7.0 (—)-Gallocatechin, (+)-catechin,
[117] water—formic acid phosphate +sodium (—)-epigallocatechin,
solution (99.7/0.3, tetraborate + SDS (—)-epigallocatechin-3-gallate,
v/[v) (—)-gallocatechingallate,
99 mL green tea (—)-epicatechingallate,
extract — 1 mL (—)-epicatechin, gallic acid
acetone
Huang et Tea beverage Direct - 200 27 30 50 40 3 MEEKC 1.36%+7.66% + 20 (—)-epigallocatechin gallate,
al. [118] Tea leave injection B Heptane + cyclohexanol 2.0%+2.89%+25 . (—)-epicatechin, (—)-epigallocatechin
SLE +ACN +SDS + phosphate
solution
1g—20mL 100°C MEKC 2.89%+2.0%+25
hot water SDS + MeOH + phosphate
solution
Stach et al. Green SLE 1.4g—400mL90°C 200 18.2 25 50 454 1 SDS +sodium phosphate 100+20+10% 2.7 (—)-epicatechin,
[109] Black hot water buffer + MeOH (v/v) (—)-epigallocatechin, (+)-catechin,
1mL— 50 wL 80 mM (—)-catechin gallate, (—)-epicatechin
HCl+20 nL AHBA gallate, (—)-epigallocatechin gallate
Arce et al. Green SLE 1.75g — 100 mL 210 20 20 75 57 10 Boric acid 150 8.5 (—)-epicatechin, (+)-catechin, gallic
[114] boiling water acid, (—)-epigallocatechin,
(—)-epigallocatechin-3-gallate,
(—)-epicatechin-3-gallate
Barroso et Green LLE 0.5% 200 30 21 50 70 - Borate-phosphate + SDS 20+25 7.0 (+)-catechin, (—)-epigallocatechin,
al. [119] Black solution — diluted (—)-epigallocatechin gallate,
1:2 with Mili-Q (—)-epicatechin, (—)-epicatechin
water gallate
Gotti et al. Green SLE 1g—60mL85°C 200 15 25 50 8.5 2 Borate-phosphate 25+90+25 25 (—)-epicatechin, (+)-catechin,
[120] hot water — diluted buffer +SDS + (—)-catechin, (—)-epigallocatechin,
1:2 with IS (syringic hydroxypropyl-3-CD (—)-epicatechin gallate,
acid) aqueous (—)-gallocatechin gallate,
solution (—)-epigallocatechin gallate
(100 pg/mL)
Kodama et Green SLE 1g—60mL 85°C 210 25 20 50 56 2 Borate + phosphate + 6- 200+20+ 6.4 -catechin, (+)-catechin,
al. [121] Oolong hot water — diluted 0-a-D-glucosyl-B3- 25+240 -catechin gallate,
Black five times with CD+SDS -epigallocatechin gallate,

purified water

-epicatechin gallate,
-epigallocatechin, (+)-epicatechin,
-epicatechin

(—
(=
(-
(-
(-
(—

(4418
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Kartsova et
al. [122]

Bonoli et al.
[123]

Zhang et al.
[124]

Larger et al.
[125]

Watanabe
etal.
[126]

Aucamp et
al. [127]

Chi et al.
[128]

Horie et al.
[129]

Nelson et al.

[130]

Green
Black

Green
Black

Jasmine
Green

Green

Black

Green
Black

Black

Chinese
herbal

Green

Green

SLE 200 mg — 20 mL hot
water

Dilution/normal 1 mg green tea
infusion (to extract — 1 mL
drink) water/formic acid
solution (99.7:0.3
v/[v)
2 g dried
leaves — 250 mL
boiling water
All
samples — diluted
two times with
destilled
water — additon of
acetone (1%, v/v)
SLE 3g— 10mL EtOH
(3times) — 20 mL
water

SLE 0.2g— 100mL
boiling
water - 5mL ACN
4g— 500 mL boiling
water
100 mL— 5mL ACN

Direct -
injection

LLE 1% (w/v) tea
solution — 0.5%
(wlv)

LLE 150 mL — 1000 L
20% 500 mM
KH,P04-250 mM
Na,B407 and 30%
EtOH

SLE 3 g— 180 mL boiling
water — diluted 10
times with 0.1%
metaphosphoric
acid

SLE 0.2g—20mL
water +L-
tryptophan
(IS)

200

200

211

278

280

200

280

280

20

30

27.5

30

15

14

15

30

20

20

29

25

25

20

25

Room
temp.

23

20

75

50

50

50

50

50

25

50

50

50

40

40

56

32

50

60

70

60

10

99

15

12

Phosphate
buffer +SDS +Urea

Potassium dihydrogen-
phosphate +sodium
tetraborate +SDS

Borate
buffer +SC +ethylene
glycol

Monosodium
dihydrogenphos-
phate +sodium
tetraborate + SDS + ACN

Phosphate +borate + SDS

Phosphate + MeOH + SDS

Potassium dihydrogen-
phosphate +sodium
tetraborate +3-CD

Borax buffer

Tetraborate

buffer +SDS +
MeOH +Urea +3-CD

25+20+10

10+8.3+66.7

10+90+40% v|v

50+50+
20+10%

25+50+25

25+6%
(v/v)+100

400+200
+0.20

20

20+110+14%
+1500+1

7.0

7.0

6.0

7.0

7.0

7.6

8.0

8.0

(+)-Catechin, (—)-epigallocatechin,
(—)-epigallocatechin gallate,
(—)-epicatechin, gallic acid,
(+)-gallocatechin gallate,
(—)-epicatechin gallate
(—)-gallocatechin, (+)-catechin,
(—)-epigallocatechin,
(—)-epigallocatechin-3-gallate,
(—)-gallocatechingallate,
(—)-epicatechingallate,
(—)-epicatechin, gallic acid

(—)-epigallocatechin,
(—)-epicatechin, (+)-catechin,
(—)-epigallocatechin gallate,
(—)-epicatechin gallate
(—)-epigallocatechin,

(+)-catechin,

(—)-epicatechin,
(—)-epigallocatechin gallate,
(—)-epicatechin gallate,

chlorogenic acid, kaempferol
derivative, diverses

flavonoids and their

glycosides

(+)-catechin, (—)-epigallocatechin,
(—)-epicatechin, (—)-epigalocatechin
gallate, (—)-gallocatechin gallate,
(—)-epicatechin gallate, (—)-catechin
gallate

(+)-catechin, (—)-epigallocatechin,
(—)-epigallocatechin gallate, gallic
acid, (—)-epicatechin, (—)-epicatechin
gallate

Kempferol, apigenin, rutin, ferulic
acid, quercetin, luteolin

)-epigallocatechin gallate,
)-epicatechin gallate,
)-epigallocatechin,
—)-epicatechin, (+)-catechin

(
(
(
(

(—)-epigallocatechin,
(—)-epicatechin, (—)-epigallocatechin
gallate, (—)-epicatechin gallate
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better peak area reproducibility than MEKC, but the later presented
the highest analysis speed. Both of them had similar analysis time
reproducibility, and could be used as complementary techniques.

Desiderio et al. [142] determined several flavanone-7-O-
glycosides in orange, lemon and grapefruit juice by isocratic
reversed-phase CEC using a 75 pm i.d. silica fused column packed
with 5um ODS silica gel. Optimum separation conditions were
found using a mixture of ammonium formate (pH 2.5)-acetonitrile
(8:2, v/v) as the mobile phase by the short-end injection mode.
Under these conditions all the investigated flavanones were
baseline-resolved within short analysis time (between 5 and
10 min).

Peng et al. [143] evaluated the analytical performance of CE
with ED for analysing phloridzin, epicatechin, chlorogenic acid and
myricetin in apple juice. The capillary used had 75cm and 25 pm
i.d., and CE was performed using a running buffer of 50 mM borate
buffer (pH 8.7) at 18 kV. The apple juice was electrokinetically
injected at 18 kV for 6s. They saw that the amounts of phenolic
compounds in different juices were not the same, because, accord-
ing with literature, the levels of phenolic compounds in juices
had an enormous dependence on the fruit varieties used and the
process to obtain the juice. CE-ED demonstrated to be a very pow-
erful technique which had high resolution and sensitivity and good
reproducibility.

Other phenolic compounds identified in juice were antho-
cyanins, which are responsible of their different colours (red,
purple, blue, yellow). Sadeckd and Polonsky [144] enclosed
several publications about determination of anthocyanins by elec-
trophoretic methods, specifically, CZE and MEKC. One of these
articles was published by Watanabe et al. [145] who identi-
fied cyanidin-3-sambubioside-5-glucoside, cyanidin-3-glucoside-
5-glucoside, cyanidin-3-sambubioside and cyanidin-3-glucoside in
elderberry juice using MEKC with SDS solution in a phosphate
buffer at pH 7.0.

4.4.4. Wine

Wine is a fermented beverage with a minimal alcohol level
(8.5-17% by volume) obtained from grape juice. There are a wide
range of varieties of grapes, such as Merlot, Pinot Noir, Caber-
net Sauvignon, Syrah, Cinsault, Rondinella, Sangiovese, Nebiolo,
Grenache, Tempranillo, Carignan, etc [43]. In spite of the different
grape varietals grown all over the world that produce hundreds
of types of wine, these may be grouped into a small list of basic
categories: red, white, sparkling, rosé and fortified wine.

Wine is considered as a rich source of flavonoids and resver-
atrol and its contents vary depending on the wine origin [146],
but it is well-known that red wine has higher amounts of phenolic
compounds than white or rosé wine.

A huge number of worth publications about wine and phenolic
compounds can be found, however, only few of them (less than 10%)
are referred to electrophoretic methods. Several articles compare
chromatographic techniques, usually HPLC, with CE. The most used
methodologies are CZE and MEKC, although CITP is also used and,
in a lesser extend, NACE.

The next table (Table 5) outlines some publications including
information about the different methodologies used, with the most
important parameters and the compounds identified in each case.

4.4.5. Beer

Beer is one the most ancient alcoholic beverages in the world. It
was consumed by Mesopotamian, Egyptians, Greeks and Romans.
Nowadays, the consumption of beer in the world continues increas-
ing, because several studies over the last years have shown the
beneficial effects of this beverage [172-174]. It is a fermented and
flavoured alcoholic drink [175] made from malted grains, hops,
yeast and water [43]. Beer components are ethanol and other alco-

hols, polyphenols, organic acids, vitamins, inorganic ions and bitter
acids, among others [144].

In literature, only about 2% of the total number of scientific
papers regarding phenolic compounds used electrophoretic meth-
ods as analytical tools.

Moane et al. [176] described the use of CE with ED and they
achieved the separation of seven phenolic acids (chlorogenic,
sinapic, ferulic, caffeic, p-coumaric, vanillic, and protocatechuic
acids) in different types of beer. To achieve that purpose, they used
the following capillary electrophoretic conditions: a running buffer
25mM sodium phosphate and 1M nitric acid pH of 7.2, a fused-
silica capillary of 65 cm length x 50 wm i.d., voltage of 25kV and
hydrodynamic injection (applying 20 psi for 30s). The described
method demonstrated to be a very useful and powerful tool in the
determination of active compounds in complex samples.

Holland et al. [177] carried out the detection of phenolic acids
by CE-ED on-capillary dual electrode system consisting of two
platinum wires. The integrated dual electrode configuration was
evaluated for direct AD in which the current response at both
electrodes was monitored, using phenols as model analytes. The
method demonstrated high effectiveness and selectivity, and good
collection efficiencies for chemically reversible compounds. The
CE separation conditions were: 25um id.x 32cm fused-silica
capillary, 20 mM phosphate, pH 7, applied voltage of 15 kV, hydro-
dynamic injection at 10 psi, for 1s.

According to Hernandez-Borges et al. [171], a beer sample was
analysed by coelectroosmotic CE method and they could identify
five phenolic compounds, particularly, salicylic, p-hydroxybenzoic,
vanillic, p-coumaric and ferulic acids. They used the following con-
ditions: 75 wm i.d. capillary with 40cm of effective length, run
potential 15 kV, temperature 20 °C, hydrodynamic injection for 2 s,
buffer formed by 125 mM borate, 49 mM phosphate, 0.002% (w/v)
hexadimethrine bromide, 2.5 mM «-CD, at pH of 7.5. The method
achieved, in less than 3.5 min, the separation of the phenolic com-
pounds with a good resolution.

4.4.6. Other beverages

In this section we include some other beverages, like cider,
cognac and other liquors; only a few papers in which phenols
were analysed in the mentioned samples can be found. Other infu-
sions/tisanes besides tea could be included, but the most part of the
plants used for doing these beverages are medicinal; therefore we
have already spoken about them in Section 4.3.

Peng et al. [143] described the use of CE with ED for the
analysis of myricetin, chlorogenic acid, (—)-epicatechin and phlo-
ridzin in cider. The fused-silica capillary had a dimension of 75 cm
length x 25 pm i.d. CE was carried out in a 50mM borate buffer
with pH of 8.7 and the separation voltage applied was 18 kV. The
injection of cider samples was electrokinetically for 6 s. The results
showed that this method was optimum to determine the com-
pounds mentioned above and each variety had the same phenolic
acid and flavonoid profile (qualitative profile), but the amount of
them was different on the basis of the fruit varieties and the process.

Panosyan et al. [178] carried out the detection of phenolic alde-
hydes, which could serve as quality and age markers of cognac.
These phenolic aldehydes (vanillin, syringaldehyde, coniferalde-
hyde and sinapaldehyde) were determined by HPCE, using a 50 mM
borate buffer with pH 9.3 and a capillary of 45 cm x 50 wm i.d. The
temperature was maintained at 20°C and the voltage was 30kV.
Detection was performed at different wavelengths: 348, 362, 404
and 422 nm. The duration of the analysis was 10 min, time enough
to obtain good separation and reasonably high detection sensitivity.

Watanabe et al. published two articles related to Japanese
liquors, such as sake and sochu. In the first one [179], the author
determined tyrosol, tryptophol and ferulic acid in different com-
mercial sake samples by MEKC, using the following conditions:



Table 5

Summarised information about different methods to determine phenolic compounds in several wine beverages.

References

Sample
wine

Extraction
system

Initial quantity — final
quantity of solvent in the
extraction process

Instrumental variables

Chemical variables

A VIkv] T[°C]
[nm]

id.
[wm]

Leg
[cm]

Qm[ﬂ

Type of buffer

[Buffer]
[mM]

pH

Detected compounds

Sdenz-
Lépez et
al. [147]

Garcia-
Viguera et
al. [148]

Andrade et
al. [149]

Andrade et
al. [150]

Gil et al.
[151]

Guadalupe
etal.
[152]

Pazourek et
al. [153]

Guetal.
[154]

Hamoudova
etal.
[155]

Red

Red

Port

White

Red

Red

Red

White
Red

Red

LLE

LLE

LLE

LLE

GPC

SPE

Direct
injection

SPE

Centrifugation — upernatant
isolated and Potassium
metabisulphite added
(amounts non specified)

5mL extracted with diethyl
ether — 0.5 mL MeOH

20mL— 0.5 mL MeOH

20 mL extracted with diethyl
ether — 1 mL MeOH

5mL— 1 mL MeOH

2mL— 500 pL 12% (v/v)
EtOH in aqueous solution
containing 6 g/L tartaric acid,
pH 3.5

2mL— 0.2 mL MeOH

1mM in ACN

Diluted with water and
directly injected (30 L)

280 25 10

280 20 30

280 20 30

280 20 30

280 20 30

280 25 10
420
520
599

305 20 25

310 20 Room
temp.

200-400 25 20

254 25

75

75

75

75

75

75

75

50

50

ITP
800

CZE
300

56

50

50

50

75

56

30

30

30

ITP

CZE
16

6

Sodium
tetraborate + MeOH

Sodium borate

Sodium borate

Sodium borate

Sodium borate

Sodium
tetraborate + MeOH

Borate

Sodium

borate +sodium
phosphate +SDS
Boric acid +dibasic
phos-

phate +SDS +ACN
Water-MeOH +
MOSPO + Tris + Boric
acid + 2-HEC+ 3-CD

50+10%

100

100

100

100

50+10%

25

25+25+75

30+30+

75+15%

4:1+25+50
+15+0.2%+5

9.4

oI5

9.5

k5]

9.5

9.4

9.4

9.0

&2

85

Malvidin-3-0-(6-coumaroyl)-
glucoside,
malvidin-3-0-(6-acetyl)-glucoside,
malvidin-3-0-glucoside,
peonidin-3-0-glucoside,
malvidin-3-0-glucoside catechin
dimer, malvidin-3-0-glucoside and
pyruvic acid derivative,
petunidin-3-0-glucoside,
delphinidin-3-0-glucoside,
cyanidin-3-0-glucoside

Gallic acid, 3,4-dihydroxybenzoic
acid, 4-hydroxyphenethyl alcochol,
cis-CAFTA, catechin, vanillic acid,
trans-COUTA, caffeic acid, syringic
acid, p-coumaric, epicatechin,
myricetin, quercetin, kaempferol,
isorhamnetin

Tyrosol, epicatechin, catechin,
syringic acid, p-coumaric acid, caffeic
acid, gallic acid, 3,4-diOH-benzoic,
cis-COUTA, trans-COUTA

Tyrosol, epicatechin, syringic acid,
ferulic acid, p-coumaric acid, caffeic
acid, 3 nonidentified
hydroxycinnamic esters, gallic acid,
3,4-diOH-benzoic, cis-COUTA,
trans-COUTA, trans-CAFTA.
Epicatechin, catechin,
epigallocatechin, syringic acid,
p-coumaric acid, vanillic acid, caffeic
acid, gallic acid, cis-COUTA,
3,4-diOH-benzoic acid, trans-COUTA,
cis-CAFTA
Malvidin-3-0-(6-coumaroyl)-
glucoside,
malvidin-3-0-(6-acetyl)-glucoside,
malvidin-3-0-glucoside,
peonidin-3-0-glucoside,
malvidin-3-0-glucoside catechin
dimer; malvidin-3-0-glucoside,
pyruvic acid derivative,
petunidin-3-0-glucoside,
delphinidin-3-0-glucoside,
cyanidin-3-0-glucoside
Cis-resveratrol, trans-resveratrol

Trans-resveratrol

Cis-resveratrol, trans-resveratrol

Protocatechuic acid, gallic acid,
caffeic acid, vanillic acid, syringic
acid, ferulic acid, p-coumaric acid,
quercitrin, rutin, kaempferol,
quercetin.
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Table 5 (Continued)

References Sample Extraction Initial quantity — final Instrumental variables Chemical variables Detected compounds
wine system quantity of solvent in the
extraction process Ad Vikv]  T[°C] id. Leg tinj [s]  Type of buffer [Buffer] pH
[nm] [wm]  [cm] [mM]
Prasongsidh ~ Non - Dilution of 100 pL sample in 220 20 40 50 60 7 Sodium deoxy- 0.05+0.01 9.3 Cis-resveratrol, trans-resveratrol,
etal. specified 900 p.L buffer cholate +disodium +0.006 M quercetin, catechin, gallic acid
[156] hydrogen phos- each
phate +disodium
tetrabo-
rate + phophoric
acid
Cartoni et Red LLE 2mL— 50 pL water-MeOH 210 15 25 50 36 2-5 Hydrogencarbonate 50 8.3 Syringic acid, p-coumaric acid,

al. [157] 1:1 vanillic acid, caffeic acid,

3,4-diOH-benzoic acid, gallic acid
Vanhoenacker Red LLE 50 mL— 2.5 mL MeOH-water 280 20 25 50 65 5 Ammonium 18.75 9.3 Gallic acid, 3,4-diOH-benzoic acid,
etal. 1:1 tetraborate catechin, caffeic acid, epicatechin,

[158] p-coumaric acid, myricetin,
quercetin, kaempferol, vanillic acid,
syringic acid, trans-polydatin, ferulic
acid, rutin, cis-polydatin

Wang et al. Grape SPE 20mL— 3 mL ACN 250 16.8 Room 75 45 1 Borax 35 8.9 Myricetin, luteolin, quercetin,

[159] temp. apigenin, naringenin, kaempferol,

hesperetin, baicalein, galangin

Peng et al. Red LLE 1 mL— 2 mL buffer - 12 Room 25 70 6 Borate 100 9.2 Trans-resveratrol, epicatechin,
[160] (ED) temp. catechin

Arce et al. Red SPE 2 mL— 2 mL MeOH 280 20 20 75 67 5 Sodium borate 100 9.5 Trans-resveratrol, epicatechin,

[161] White catechin, p-coumaric, caffeic acid,
gentisic acid, quercetin, salycilic acid

Saénz- Red - Centrifugation — upernatant 599 25 10 75 46 6 Sodium 50+15% 8.4 Malvidin-3-0-glucoside,
Lépez et isolated and Potassium tetraborate + MeOH peonidin-3-0-glucoside,
al. [162] metabisulphite added petunidin-3-0-glucoside,
(amounts non specified) delphinidin-3-0-glucoside,
cyanidin-3-0-glucoside
Chu et al. Red LLE 30l —5pl 310 20 20 50 30 - Sodium 25+25+75 9.0 Trans-resveratrol
[163] 2-[(2-aminoethyl)amino]-5- borate +sodium
nitropyridine phosphate +SDS
hydrochloride
Peres et al. Red LLE 1mL— 2.5mL EtOH-water 280 25 25 75 40 3 Sodium 17 +20% Sodium Resveratrol, catechin, rutin, syringic
[164] White 60:40 v/v tetraborate + MeOH tetraborate acid, kaempferol, p-coumaric acid,
Blended range myricetin, quercetin, caffeic acid,
gallic acid
Demianova Red LLE 1mL— 2 mL MeOH 230 30 25 50 85 1.5 Malonic 5+9.6 13.5 Resveratrol, quercetin, myricetin,
etal. White acid + TBAOH in catechin, epicatechin
[146] MeOH
Rodriguez- Spanish LLE 5mL— 0.5 mL MeOH 280 20 25 75 50 2 Boric 150+50+5% 8.5 Catechin, epicatechin, quercetin,

Delgado (commer- acid + SDS + MeOH rutin, protocatechuic-aldehyde,

etal. cial, no type syringic-aldehyde, ferulic acid,

[165] specified) p-coumaric acid, vanillic acid,
myricetin, kaempferol, caffeic acid

Woraratphoka Red LLE 1mL— 1 mL EtOH (50%) 206 15 25 50 56 7 Phosphate + Borate 25+10 8.5 Resveratrol, epicatechin, catechin,
etal. White 217 rutin, quercetin, syringic acid,

[166] Blended cinnamic acid, p-coumaric acid,
gentisic acid, p-hydroxybenzoic acid,
salicylic acid, caffeic acid, gallic acid,
protocatechuic acid

Minussi et Red LLE 1mL/2mL— 100 wL 206 15 20 75 50 7 Phosphate +borate 25+10 8.8 Tyrosol, cis-resveratrol,

al. [167] Rosé buffer + 10% MeOH 217 trans-resveratrol, catechin,

White 312 epicatechin, hydroxytyrosol, sinapic

acid, epicatechin gallate, syringic
acid, o-coumaric acid, p-coumaric
acid, vanillic acid, gentisic acid,
p-hydroxybenzoic acid, salicylic acid,
caffeic acid, gallic acid,
protocatechuic acid
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Epicatechin, catechin, gentisic acid,
p-coumaric acid, caffeic acid, gallic
acid

9.5

Sodium 25

36.5

20 25 75

190

Diluted 5 times with water

Direct

Red

Pazourek et

tetraborate

injection

White
Rosé

al. [168]

5mL— 2 mL MeOH +5 mL

water

SPE
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Cis-resveratrol, trans-resveratrol

40 9.5

Sodium tetraborate

75 25

320 25

SPE 25 mL— 4 mL ACN-water
(3+7)

Red

Berzas

Nevado et

al. [169]
Dobiasova

etal.

Trans-resveratrol

25 9.5

Sodium tetraborate

36.5

20 25 75

305

2mL— 0.3 mL 100% MeOH

SPE

Red

White

[170]

Protocatechuic acid, salicylic acid,

7.5

125+49+
0.002%

Borate + phosphate
+Hexadimethrine
bromide + a-CD

15 20 75 40

280

5mL— 1 mL MeOH

SPE

Red

Hernandez-

p-hydroxybenzoic acid, vanillic acid,

Borges et
al. [171]

syringic acid, ferulic acid, sinapic acid

(wfv)+2.5

fused-silica capillary (50 um x 31.4cm) thermostated at 20°C,
potential of 15 kV, injection of samples by pressure at 350 mbar for
1s, UV detection at 280 nm. The running buffer used was 20 mM
SDS solution in 30 mM borate buffer (pH 8.5). The second article
[180] showed the application of the same method (MEKC) to deter-
mine vanillic acid, vanillin, ferulic acid and 4-vinylguaiacol in sochu
samples. The conditions were exactly the same apart from the run-
ning buffer, which in this case consisted on 25 mM SDS solution in
25 mM phosphate-50 mM borate buffer (pH 7.0).

Both of them proved to be a very useful tool for the analy-
sis of phenols in comparison with other techniques, as HPLC, and
for this reason they can be applied to routine quality control of
liquors. The major difference with other research works is the sam-
ple preparation, since in these two papers the extraction of phenolic
compounds was performed by solid-phase instead of liquid-liquid.

4.5. Vegetable oils

Among the different vegetable oils, VOO is unique because it is
obtained from the olive fruit (Olea europaea L.) solely by mechanical
means, without further treatment other than washing, filtration,
decantation, or centrifugation [181].

Its chemical composition consists of major and minor compo-
nents.

The major components, that include glycerols, represent more
than 98% of the total weight. Abundance of oleic acid, a monounsat-
urated fatty acid, is the feature that sets olive oil apart from other
vegetable oils. In particular, oleic acid (18:1 n—9) ranges from 56
to 84% of total fatty acids [182], while linoleic acid (18:2 n —6), the
major essential fatty acid and the most abundant polyunsaturate
in our diet, is present in concentrations between 3 and 21% [183].

Minor components, that amount to about 2% of the total oil
weight, include more than 230 chemical compounds, e.g., aliphatic
and triterpenic alcohols, sterols, hydrocarbons, volatile compounds
and antioxidants [ 184]. The main antioxidants of VOO are carotenes
and phenolic compounds, including lipophilic and hydrophilic phe-
nols [185]. While the lipophilic phenols, such as tocopherols, can
be found in other vegetables oils, some hydrophilic phenols of VOO
are not generally present in other oils and fats [185,186].

The phenolic fraction of VOO consists of a heterogeneous and
very complex mixture of compounds, mainly simple phenols, lig-
nans, flavonoids and secoiridoids each of which varies in chemical
properties and impacts in different ways on the quality of VOO
[184,187]. There is evidence that phenolic compounds could play a
major role in the healthy effects of VOO, besides to be responsible of
its antioxidant activity and organoleptic properties (flavour, astrin-
gency, ...) [188-190]. Therefore, the determination of this family
of compounds in olive oil is of special relevance.

So far, different analytical methods (GC, HPLC, CE) coupled to
different detectors (UV, fluorescence, MS) have been developed
to analyse olive oil phenolic compounds. Although HPLC is the
most frequent method of choice, very interesting results have been
achieved by using other analytical techniques; obviously in the
current review we focus on CE methodologies.

CE was used for the first time in 2003 for analysing extracts
from VOO by Bendini et al. [191]; they published a very interest-
ing paper in which LLE and SPE were compared and the analytical
separations were made by HPLC and CZE. Since that moment, CE
has become more and more popular in the analysis of phenols from
vegetable oils (mainly olive oils) [192,193]. Table 6 summarises the
most important applications in the field; the differences in inter-
nal diameter of the capillary and time of injection, as well as the
extraction system (the quantity of olive oil used in the extraction
protocol and the volume of solvent for redissolving the phenolic
compounds extracted) cause the differences in sensitivity among
these methods.



Table 6

Relevant examples of separation of phenolic compounds from the polar fraction of olive oil using CE methods.

References Extraction system Detected compounds in Instrumental variables Chemical variables Other relevant aspects

and amounts olive oil
Aq [nm] VI[kV] T[°C] id. Leg [cm] tin; [s] Type of Buffer [Buffer]  pH
[pm] [mM]

Bendini et al. LLE (Pirisi et al. HYTY, TY, unidentified 200 27 30 50 40 35 (0.5p.s.i) Sodium tetraborate 45 9.6 1st paper where CE is used
[191] [194]) secoiridoids compounds for the analysis of phenolic

2g—1mL compounds from oils

Bonoli et al. LLE (Pirisi et al. HYTY, TY, DHPE, CZE method of
[195] [194]) unidentified oleuropein Bendini et al.

2g—1mL aglycone derivatives [191]

Bonoli et al. LLE (Pirisi et al. HYTY, TY, VA, DAOA, Ac CZE method of

[196] [194], modified by Pin Bendini et al.
Rotondi et al. [197]) [191]
2g—05mL

Carrasco- 60g— 0.5mL 13 phenolic 210 25 25 75 50 85(0.5p.s.i) Sodium tetraborate 25 9.6 Potent extraction system
Pancorbo et acids + taxifolin which permits to detect little
al. [198] (flavanonol) quantities of phenolic acids

Buiarelli et al. 10g — non specified 5 phenolic acids 200 18 25 50 36 25 (1.5p.s.) Sodium tetraborate 40 9.2
[199] (Combination of

LLE-SPE)

Carrasco- 60g— 0.5mL [198] 13 phenolic 210 -25 25 75 50 85 (0.5p.s.i) Sodium tetraborate 50 9.6 Co-electroosmotic CE
Pancorbo et acids + taxifolin (20% 2-propanol)
al. [200] (flavanonol)

Goémez- 60g—2mL TY, Pin, Ac Pin, DOA, Lig 214/250 25 25 75 100 85(0.5p.s.i) Sodium Tetraborate 30 9.3 Use of standards obtained by
Caravacaetal. (SPE-Diol) Agl, HYTY, Ol Agl, EA semipreparative-HPLC
[201]

Carrasco- 60g—2mL 11 phenols (simple 214/MS 25 25 50 100 10s (0.5 p.s.i) NH40Ac (5% 60 9.5 1st paper in which
Pancorbo et (SPE-Diol [201]) phenols, lignans, (ESI-IT) 2-propanol) CZE-ESI-IT MS is used for the
al. [202] complex phenols and analysis of phenolic

EA) compounds from oils

Carrasco- 60g—2mL 26 compounds 200/240/ 28 22 50 40 85 (0.5p.s.i) Sodium tetraborate 45 9.3 1st paper in which flavonoids
Pancorbo et (SPE-Diol [201]) belonging to all the 280/330 are detected by CE, and 1st
al. [203] different families of method “multicomponent”

phenolic compounds for the phenols of olive oil
present in olive oil

Carrasco- 60g—2mL Applicative work using a CZE method of Carrasco-Pancorbo [203] Interesting from a
Pancorbo et (SPE-Diol [201]) method previously quantitative and applicative
al. [204] described [203] point of view

Carrasco- 60g—2mL All the phenolic MS (ESI-TOF) 30 25 50 85 10s (50 mBar) Ammonium 25 9.0 1st paper in which
Pancorbo et (SPE-Diol [201])and  compounds hydrogen carbonate CZE-ESI-TOF MS is used for
al. [205] diluted 1:10 “well-knonw” and other the analysis of phenolic

28 analytes compounds from oils. TOF
permits the “identification”
of new compounds in the
profile of the oils

Aturki et al. LLE (Pirisi et al. 7 phenolic acids and 200 22 20 75 33 (eff. packed  Combination of Mobile phase: 100 3.0 Reversed-phase capillary
[206] [194]) with minor HYTY, TY and Oleuropein lengths of 24.5  pressure and ammonium formate electrochromatography.

modifications and 23 cm) Voltage (10 buffer/water/ACN Complete method validation
2g— 0.5mL and bar x 10kV (5:65:30 v/v/v)
diluted 1:5 x 0.5 min)

Carrasco- 60g—2mL Applicative work using a CZE method of Carrasco-Pancorbo [203] Quantitative comparison of
Pancorbo et (SPE-Diol [201])and  method previously phenolic profiles of two
al. [207] diluted 1:8 described [203] PDOs and their relation to

sensorial properties with
statistical analysis

Gomez- 60g—2mL All the phenolic MS (ESI-TOF) 30 25 50 85 10s (50 mBar) NH40Ac/AcH in 25 5.0 Direct injection of the
Caravacaetal. (SPE-Diol [201])and  compounds methanol/ACN (1/1 investigated matrix

[208]

diluted 1:10 or
redissolved in 10 g
oil+10 mL
1-propanol

“well-knonw” and other
28 analytes

v[v)

introducing a plug of olive oil
directly into the capillary.
Comparison between CZE
and NACE
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Fig. 3. Comparison between HPLC and CE as analytical tools for analysing polyphenols from EVOO. The figure shows as well the evolution/improvement of the CE methods.

(A) CZE-UV analysis of an extract from an EVOO.

Peak identification numbers: 1, Lig Agl (a); 2, TY; 3, Pin; 4, Ac Pin; 5, Ol Agl (a) + DOA (a); 6, DOA (b); 7, Lig Agl (b); 8, Ol Agl (b); 9, EA (a); 10, Ol Agl (c) + Lig Agl (c) + DOA (c)
+EA (b, c); 11, HYTY; 12, DOA (d) + EA (d); 13, EA (e); 14, trans-cinnamic acid; 15, 4-hydroxyphenylacetic acid; 16, sinapinic acid; 17, gentisic acid; 18, o-coumaric acid; 19,

luteolin; and 20, apigenin.

(B) Extract Ion Electropherograms as obtained by CZE-ESI-TOF-MS of an extract from EVOO at the optimum electrophoretic and MS conditions.
(C) Base Peak Electropherogram obtained by NACE-ESI-TOF-MS after direct injection of EVOO sample inside the capillary.

All the gathered methods without MS detection used simple CZE
methodologies based on a borate run buffer at alkaline pH, since the
most efficient operative mode to separate phenolic compounds has
been found to be borate-based CZE.

In 2006, Carrasco-Pancorbo et al. [202] developed the first
CE-ESI-IT MS method offering to the analyst the chance to
study important phenolic compounds, such as phenolic alcohols
(TY, HYTY and 2-(4-hydroxyphenyl)ethyl acetate), lignans ((+)-
pinoresinol and Ac Pin), complex phenols (Lig Agl, Ol Agl, their
respective decarboxylated derivatives and several isomeric forms
of those compounds and 10-hydroxy-Ol Agl) and another phenolic
compound (EA) in extra-virgin olive oil (EVOO), using a simple SPE
before CE-ESI-MS analysis.

After showing the potential of ion trap as mass analyser,
another publication compared the capabilities of a HPLC-ESI-TOF
MS method with those of a CE-ESI-TOF-MS [205], showing that
the two methodologies were able to determine many well-known
phenolic compounds present in olive oil and provided information
about the presence and relative concentration of minor phenolic
compounds. Both CE-MS and LC-MS could determine more than 45
analytes in each run.

Aturki et al. [206] achieved the simultaneous separation of
10 phenolic compounds (protocatechuic, p-coumaric, o-coumaric,
vanillic, ferulic, caffeic and syringic acids, HYTY, TY and oleuropein)
in EVOOs by isocratic reversed-phase CEC, demonstrating that
the mentioned methodology can be successfully employed for the
separation of polar compounds with high precision, linearity and
sensitivity.

One of the most promising newest applications involved the
use of NACE-ESI-TOF-MS [208]; the authors compared the results
achieved by NACE with those obtained by CZE (with aqueous
buffers)both coupled to ESI-TOF MS. Both methods offer the chance
to study phenolic compounds from EVOO belonging to different
families by injecting methanolic extracts with efficient and fast CE
separations. Apart from that, in the case of the NACE method, the
direct injection of the investigated matrix introducing a plug of
olive oil directly into the capillary was also checked, producing very
interesting results.

In Fig. 3, a comparison of the analysis of the phenolic fraction
of an EVOO analysed by HPLC (the technique most widely used)
with the profiles achieved by three different CE methodologies are
showed. The comparison between HPLC and CE results in terms of
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analysis time is quite clear, although the truth is that nowadays the
improvement in the chemistry of LC columns and LC systems (with-
standing higher pressures) could provide shorter analysis time.
Anyway, what is more interesting about Fig. 3 is to observe the evo-
lution/improvement of the CE method. The first example (A) is the
electropherogram obtained with a simple CZE-UV method [203].
The method was quite powerful, being able to separate, identify
and quantify about 20 compounds in 6 min. The second example (B)
[205] illustrates a CZE-ESI-TOF MS separation of the polar extract
from an EVOO. TOF MS facilitated the identification of a great num-
ber of compounds. In (C), the reader can have a look at the profile
achieved when direct injection of EVOO diluted in an organic sol-
vent was introduced inside capillary and a NACE separation carried
out. Despite that analysis time is still better for aqueous CE (B),
the fact of doing direct injection of olive oil in NACE is one of the
greatest advantages that can be mentioned.

4.6. Cereals, legumes and nuts

Cereals, legumes and nuts are matrices that have been studied
together in some publications, which is why we decided to include
them in the same section.

Cereals have an important role in human nutrition, since they
constitute one of the most pivotal pillars on the diet. The term
“cereal” includes wheat, barley, maize, oats, millet, rye, sorghum,
malt and rice. Cereals are a source of phenolic acids [209] and
flavonoids in the free and conjugated forms, which are usually
located in the outside layers [210]. Maize, rice, wheat and sorghum
have been described also for containing anthocyanins [211].

Several research groups have worked in the field of the
determination of phenolic compounds from cereals by using elec-
trophoretic methods. For instance, Hernandez-Borges et al. [171]
described a rapid separation by coelectroosmotic CE of seven phe-
nolic acids (protocatechuic, salicylic, p-hydroxybenzoic, vanillic,
syringic, ferulic and sinapic acids) present in corn flour samples.
The phenols were extracted by LLE and these samples were hydro-
dynamically injected for 2s. The separation was carried out with
a fused-silica capillary of 75 wm i.d. x 40cm effective length, at
20°C, using as running buffer 125 mM borate, 49 mM phosphate,
0.002% (w/v) hexadimethrine bromide, 2.5mM «a-CD, at 7.5 pH
and applying a separation voltage of 15KkV. Finally, compounds
were detected at 280 nm by DAD. The same research group [212]
developed a CE method to determine the phenolic acids mentioned
above in gofio, a typical food produced in Canary Islands (Spain)
that consists of roasted flours, alone or mixed, of barley, wheat
and corn. In this case, they used the following conditions: 40 cm
effective length x 75 um i.d. capillary, run voltage —15kV, tem-
perature 20°C, hydrodynamic injection for 2s and detection at
280 nm. The running buffer was 125 mM borate, 48.6 mM phos-
phate, 0.002% (w/v) hexadimethrine bromide, 2.5mM «a-CD and
pH 7.5. This method proved to be reproducible and provided good
separation.

According to Vaher et al. [213], wheat is an important source
of sinapic, syringic, ferulic, p-coumaric, vanillic and caffeic acids.
The analyses were carried out at 25 °C with a fused-silica capillary
(50 pm i.d. x 52 cm effective length), using 50 mM sodium tetrab-
orate (pH 9.3) as separation buffer. Detection was made at 210 nm
and the voltage was set at 20 kV. Several wheat samples were anal-
ysed and the method demonstrated its usefulness.

Peng et al. [214] analysed the hull and flour of buckwheat by
CE-ED. They could identify (—)-epicatechin, rutin, hyperoside and
quercetin using 50 mM borate buffer with pH 8.7 and a fused-silica
capillary of 75 cm length and 25 wm i.d. Samples were injected for
6s and the separation voltage was 16 kV. The method was satisfac-
tory. A similar study was carried out by Kreft et al. [215] and they
determined rutin in seeds of buckwheat, using an uncoated cap-

illary of 50 wm i.d. x 57 cm effective length. The temperature was
maintained at 18°C and the applied voltage was 25kV. Samples
were injected for 205, the detection was carried out at 380 nm and
the running buffer was 50 mM borate and 100 mM sodium dodecyl
sulfate (pH 9.3).

Barley is other cereal which has been studied, indeed Sama-
ras et al. [216], Kvasnicka et al. [217] and Bonoli et al. [218]
paid attention to it. The first author identified ferulic, p-coumaric,
vanillic, homovanillic, and p-hydroxyphenyl-acetic acids, catechin
and 4-vinylguaiacol in barley and different types of malts. For
the CE analysis, they used a fused-silica capillary (40 cm effective
length x 50 wm i.d.), the temperature was maintained at 25 °C, the
applied voltage was 25 kV, the running buffer was formed by 50 mM
borate containing 20% methanol (pH 9.5), samples were injected for
5s and separations were monitored at 200, 280, 325 and 420 nm.
Kvasnicka et al. [217] resorted to CZE to identify p-coumaric,
caffeic, ferulic and sinapic acids, using the following conditions:
the background electrolyte was 50mM acetic acid, 95mM 6-
aminocaproic acid, 0.1% polyacrylamide, 1% polyvinylpyrrolidone
and 10% methanol; capillary of 28 cm effective length x 50 wm i.d.;
constant voltage of —30kV; temperature 30°C; detection at 230
and 315nm; and samples injection for 25s by pressure. Finally,
Bonoli et al. [218] analysed wholemeal barley flour using MEKC
but, in contrast to the previous, they determined other differ-
ent phenolic compounds besides phenolic acids. They carried out
SLE and PLE, using different mixtures of solvents and methods.
The electrophoretic conditions were: a 20mM sodium tetrabo-
rate, 5 mM potassium dihydrogen phosphate and 10 mM SDS buffer
(pH 9.0), 50 wm i.d. x 40 cm effective length capillary, voltage of
30kV, temperature 30 °C, injection for 3 s and detection at 200 nm.
Results showed that the method was efficient, reliable and suitable
to determine some flavan-3-ol compounds, proanthocyanidins,
hydrolysable tannins and hydroxycinnamic acids.

Nuts are a group of food consumed traditionally in the Mediter-
ranean area, Asia and South America. Nowadays, they are eaten
all around the world like snacks or appetizers, but they are also
included in different desserts, sauces, etc. [219]. Nuts are a great
source of energy, providing proteins, essential unsaturated fatty
acids, vitamins and minerals [220]. They also contain several com-
pounds with beneficial effects in human health, such as tannins and
polyphenols, among others [221].

Cifuentes et al. [222] was one of the first authors who identi-
fied phenolic compounds in nuts, particularly in almond peels, by
CE. They used MEKC with acidic buffers to determine procyanidins
and other compounds. The optimum conditions used for the analy-
ses were: fused-silica capillary 30 cm effective length x 50 wm i.d.,
applied voltage of 14kV, sample injection for 1.5s, temperature
25°C, detection at 200 and 280 nm, and running buffer formed
by 50 mM acetic acid/sodium acetate and 100 mM SDS (pH 5.0).
The results showed the presence of catechin and procyanidin B2 in
almond peel samples.

Cashew nut has been other matrix analysed, specifically by Cesla
et al. [223]. They used MEKC to carry out the separation of differ-
ent anacardic acids and chose MS as detector. They employed two
different methodologies, since they used bare fused-silica capil-
laries and polydimethylacrylamide-coated capillaries. Conditions
were the same for both methodologies, except the effective length
of capillaries, the applied voltage and the background electrolyte.
The temperature was maintained at 15 °C, the detection was carried
out at 214 and 305 nm, and samples were injected hydrodynam-
ically for 10s. Non-coated capillaries had an effective length of
40 cm, the voltage used with them was 20 kV and the running buffer
was formed by 40 mM borate pH 9.2 with 1M urea, 27 mM SDS
and 24% acetonitrile. On the other hand, polydimethylacrylamide-
coated capillaries had 50cm of effective length, the separation
voltage was —17.5kV and the background electrolyte was 10 mM
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phosphate, 1M urea, 20% acetonitrile, 20 mM SDS, 10mM (3-CD
and 1 mM heptakis-6-sulpho-3-CD. The best results were obtained
with polydimethylacrylamide-coated capillaries, since separation
selectivity and efficiency were better.

Gomez-Caravaca et al. [224] developed a CE method coupled
to MS for determining catechin, digalloylglucose, glansreginin
B, ferulic acid glucoside, vanillic acid glucoside, glansreginin A,
cumaroylquinic acid, chlorogenic acid, ellagic acid and ellagic acid
pentoside dimer. The optimum conditions were uncoated fused-
silica capillary 50 wm i.d. x 90 cm effective length, voltage 30kV,
running buffer 40 mM ammonium acetate/NH;3 (pH 9.5) and sam-
ple injection for 20s. The method proved to be successful, as it
allowed to identify and quantify compounds which were present
in the polar fraction of walnuts in a short analysis time (less than
15 min).

Karamac [225] resorted to CZE to separate tannin fraction of
walnut, hazelnut and almond kernels. This author employed an
uncoated silica capillary with 50 um i.d. x 40 cm effective length,
temperature 40°C, a 100 mM boric buffer (pH 8.5), a constant volt-
age of 20kV, injection for 3 s and detection at 280 nm. The results
showed that the profiles of hazelnuts and almonds were quite sim-
ilar, whereas the walnut analyses were qualitatively different. The
tannin fraction of walnut mainly consisted of hydrolysable tan-
nins, whereas condensed tannins were typical in the fractions of
hazelnuts and almonds.

Legumes are dried seeds or fruit of different plants, which have
been part of the human diet, together with the cereals, for centuries.
There are a wide range of legumes, for instance, lentils, chickpeas,
white and black beans, peas, soybean, lupin, etc. Only a few of them
have been analysed by CE and soy is, undoubtedly, the most studied.

Shihabi et al. [226] used CE to identify daidzin, genistin,
biochanin A, daidzein, genistein and coumestrol in samples of soy-
bean. To carry out the separation, they employed a capillary of
50 cm x 50 wm i.d., a running buffer formed by 200 mM borate (pH
8.6) and a voltage of 13 kV. The samples were injected for 10s by
pressure and the detector set at 254 nm. The method proved to have
good reproducibility in a short time.

The method developed by Cifuentes et al. [222] for deter-
mining procyanidins and other phenolic compounds in almond
peels, was applied to lentils, white beans and black beans. The
compounds under study were not found in white beans, while
lentils presented six compounds (procyanidin B3, procyanidin B1,
(+)-catechin, cis p-coumaric acid, trans p-coumaric acid and (-)-
epicatechin) and black beans contained five of the analytes studied
(procyanidin B1, (+)-catechin, procyanidin B2, trans p—coumaric
acid, (—)-epicatechin). This method allowed a good separation and
good reproducibility (intra- and interday) in less than 5 min.

Peng et al. [227] analysed different soy products by CE with ED.
They achieved daidzein and genistein separation using the follow-
ing conditions: capillary of 70 cm x 25 pm i.d., sample injection for
65, voltage of 12 kV and 100 mM borate buffer (pH 11.0). It proved
to be a useful qualitative method, simple and rapid.

Dinelli et al. [228] developed a CE-DAD method to identify
and quantify different flavonoids (daidzein, genistein, glycitein and
kaempferol) in soybean and three common kinds of beans. The aim
of this work was to compare the compositional changes in those
samples when they were treated with UV-B radiation. CE analy-
ses were carried out with capillaries of 75 pm i.d. x 30 cm effective
length, at 25 °C, applying a voltage of 15 kV and using 50 mM ammo-
nium acetate buffer (pH 10.5) with 20% (v/v) methanol. Samples
were injected for 10s and the electropherograms were recorded
at 214 and 260 nm. The results showed that these common beans
could be used as a potential dietary source of isoflavones.

Garcia-Villalba et al. [229] carried out a comparison between
transgenic and conventional soybean using CE-UV and CE-MS. They
identified several plant metabolites and some of them were phe-

nolic compounds, like genistein, daidzein, formononetin, kushenol
B, exiguaflavanone D, genistin, daidzin sophora-iso-flavanone D,
kushenol M, 6-methoxytaxifolin, genistein 7-O-malonylglucoside,
daidzein 7-O-malonylglucoside, naringenin 7-O-glucoside and tax-
ifolin 3-rhamnoside. To achieve that, they employed a fused-silica
capillary of 50 pmi.d. and 84 cm of effective length, a 50 mM ammo-
nium hydrogencarbonate (pH 9.0), a voltage of 28 kV. Samples were
injected for 10 s and the wavelength chose in UV-vis was 200 nm.
One of the most significant results obtained in this work was the
presence of one compound in traditional soybean that was not
found in the transgenic one.

There are other publications analysing soy and other legumes
used in different applications. For example, Micke et al. [230] used
MEKC to identify isoflavones in soy germ pharmaceutical cap-
sules, and Mellenthin and Galensa [231] resorted to CZE to analyse
polyphenols of soy, lupin and pea for determining the presence of
proteins of those legumes in meat products.

4.7. Others

As commented before, we have decided to include a section enti-
tled “Other matrices” which will enclose information about cocoa
beans and bee products.

4.7.1. Cocoa beans and products

Cocoabeans, the seeds from Theobroma cacao, are a rich source of
polyphenols, in particular flavan-3-ols (or catechins) and procyani-
dins, representing about 10% of the whole bean’s dry weight and its
derivative chocolate, especially dark chocolate [232]. Geographic
and climatic factors can affect the content of flavonoids in cocoa
beans, as well as changes in their quantities are occurring during the
chocolate and/or cocoa manufacture. Different electroseparation
techniques have been used for the analysis of phenolic compounds
in cocoa beans and its products.

A patented MEKC method [233] was applied in the separation of
cocoa procyanidin oligomers. The buffer consisted of 200 mM boric
acid and 50 mM SDS (pH 8.5 adjusted with sodium hydroxide), and
the uncoated fused-silica capillary maintained at 25 °C was 50 cm
length x 75 pmi.d. Analytes were separated in 12 min and detected
by DAD at 200 nm.

Modified MEKC methods, using SDS as a principal component
of the running buffer, were developed for the determination of
catechins and xanthines in cocoa extracts [234,235]. The separa-
tions were obtained on fused-silica capillaries of 50 wm i.d. with
a total length of 38.5cm, used in the “short-end” mode (8.5cm
of effective length). The applied voltage was maintained at 15kV
(anodic detection), the temperature at 30°C and compounds were
detected at 220 nm. Owing to the reported poor stability of cat-
echins in alkaline solutions, MEKC under acidic conditions was
preferred. As a result, the EOF was significantly suppressed, result-
ing in a fast migration of the SDS micelles into the anode and
making necessary the use of additives into the buffer to mod-
ulate selectivity. In a first study [234], three different systems
for the separation of (+)-catechin, (—)-epicatechin, caffeine, and
theobromine in four different commercial chocolate types (black
and milk) and two cocoa powder samples were optimised. 3-
[(3-cholamidopropyl)dimethylammonio]-1-propansulfonate and
taurodeoxycholic acid sodium salt were individually supplemented
to the SDS solution to obtain binary mixed micelles with varied
hydrophobicity. A further cyclodextrin-modified MEKC approach
was developed by addition of hydroxypropyl-3-cyclodextrin (HP-
[3-CD) to the SDS-based buffer. This system resulted more suitable
to analyse the cocoa samples than those based on micelles. Under
the optimum conditions (50 mM Britton-Robinson buffer at pH
2.5, 90 mM SDS, 10 mM HP-$-CD), the method was applied to
improve the extraction procedure, choosing water under sonica-
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tion for 10 min at 60°C; then it was validated and used for the
quantitative determinations.

In a subsequent study [235], (+)-catechin, (—)-epicatechin and
theobromine from different cocoa beans and commercial black
chocolate were quantified using an enantioselective CD-MEKC
method in order to evaluate the possible epimerisation of epicat-
echin during chocolate manufacture. The method conditions were
similar to those described previously from the same authors, chang-
ing the buffer composition (12 mM of HP-3-CD instead of 10) and
the extraction protocol (29% ethanol under sonication for 15 min
at 65°C). The analysis of cocoa beans showed remarkable differ-
ences in (+)-catechin and (—)-epicatechin contents depending on
the provenience and maturation degree of the beans. (—)-Catechin
was not detected in any of the analysed samples. Interestingly,
in black chocolate very small amounts of the native (+)-catechin
were found, whereas a clear peak of (—)-catechin was detected.
This results confirmed the hypothesis of an epimerisation at the
C-2 position of (—)-epicatechin probably occurring during heat pro-
cessing and storage of the beans.

Kofink et al. [236] obtained a similar conclusion regarding
(—)-epicatechin epimerisation during chocolate production; (—)-
epicatechin and small amounts of (+)-catechin were detected in
unfermented, dried, unroasted cocoa beans, while increased levels
of (—)-catechin were found in roasted cocoa beans and in commer-
cial cocoa products. The high temperature during the bean roasting
process and particularly the alkalisation of the cocoa powder were
the main factors inducing the epimerisation reaction. The enan-
tioselective separation was achieved by CCE-UV detection using
100 mM borate buffer (pH 8.5) with 12 mM (2-hydroxypropyl)-
vy-cyclodextrin as chiral selector, an applied voltage of 18 kV and
a fused-silica capillary (50 cm effective length x 75 wm i.d) main-
tained at 20°C.

Ohashi et al. [237] did not analysed the phenolic compounds
coming from cocoa, but those added as flavouring material. In
particular, the vanillin and ethylvanillin included in three types
of cocoa drinks and their metabolites 2-methoxyphenol and 2-
ethoxyphenol after the addition of the bacterium Bacillus firmus
were determined by CE-DAD. Those metabolites were responsi-
ble of off-flavours in the cocoa drinks. The running buffer system
comprised 50 mM phosphate buffer and 2 mM cetyltrimethylam-
monium hydroxide at pH 10.0 with 10% acetonitrile and sorbic acid
as the internal standard. Samples were simply diluted before their
analysis.

4.7.2. Bee products

Honeybee products have been employed since ancient times
with both domestic and medical purposes, being subjected to
extensive clinical studies during the last few decades. The phy-
tochemical composition of hive products depends on their floral
origin and thus on the geographic and climatic characteristics at
the site of collection. Such composition differences are likely to
affect the biological and clinical properties of bee products. Major
hive products are honey, propolis, royal jelly, bee pollen, bee bread
and beeswax. Among them, only the phenolic profiles of honey,
propolis and pollen have been studied by CE methods.

To make honey, bees gather the nectar from various flowers,
ingest and regurgitate it several times before being stored in the
comb. Then, considerable amounts of water are evaporated, rais-
ing honey’s sugar concentration and preventing its fermentation.
Monofloral honeys are appreciated by consumers, and their price
is often related to this floral origin. The analysing methodology to
prove the origin of monofloral honeys is not fully established. How-
ever, the study of phenolic compounds has resulted in a useful tool
for the determination of honey’s botanical and geographical origins
[238-240].

Delgado et al. [238] made the first attempt to provide an
alternative methodology based on CE for the characterisation of
honey flavonoids, comparing the separation obtained by MEKC
with that achieved by HPLC. Fourteen different flavonoids iso-
lated from honey were analysed by MEKC with UV-vis detection.
However, it was difficult to find specific experimental conditions
to separate all flavonoids in a single run, optimising three differ-
ent electrophoretic methods, depending on the flavonoid markers
sought in honey. These authors achieved the complete separation
of 13 flavonoids from honey in a single run [239] (12 of them
also included in the preceding work) by adding 10% methanol
as organic modifier to the MEKC running buffer, which consisted
of 200mM sodium borate and 50mM SDS (pH 8.0). The opti-
mised method was applied to study honey samples with different
botanical (lavender, rosemary, orange tree and heather) and geo-
graphical (Spain, Mexico and Canada) sources to asses the use
of flavonoids as possible markers for honey origins. Citrus honey
was characterised by the accumulation of hesperetin, lavender by
luteolin, rosemary by 8-methoxykaempferol and heather by some
unidentified flavonoids. Regarding geographical origin, no signifi-
cant differences were found on the honey flavonoid pattern.

A more extensive study about the use of phenolic compounds as
floral markers for honeys was carried out using CZE with UV detec-
tion at 280 nm [240]. A total of 26 phenolic compounds, including
16 phenolic acids and 10 flavonoids, together with hydroxymethyl-
furfural were analysed in 11 monofloral honey samples (heather,
lavender, acacia, rape, sunflower, rosemary, citrus, rhododendron,
thyme, chestnut-tree and calluna). The analysis were carried out
on a fused-silica capillary (50 cm x 50 pm) at 30°C using 100 mM
sodium borate buffer with 20% methanol (pH 9.5), within 18 min.
Phenolic profiles of the analysed honeys showed significant differ-
ences. Total phenolic acid content or the relative amount of one
individual phenolic acid derivative could be related to the floral
origin of the honey. The higher contents of phenolic acid deriva-
tives were found in heather honey whereas citrus and rosemary
honeys were characterised for having small amounts. On the other
hand, heather honey had a considerable amount of phenylethyl-
caffeate, while lavender honey contained m-coumaric acid as the
principal phenolic compound. In some cases, a single phenolic com-
pound was detected in only one unifloral honey type, and could be
considered as a potential floral marker. Thus, thyme honey was
characterised by the presence of rosmarinic acid, heather honey
by ellagic acid, citrus honey by hesperetin, and lavender honey by
naringenin.

Gomez-Caravaca et al. [241] studied the polyphenolic profile
of six different honeys using as well CZE with UV detection. Stan-
dard solutions of 22 phenolic compounds previously found in honey
were prepared and spiked individually in the honey extracts. Good
resolution in a satisfactory time was achieved with the devel-
oped CZE method. Nonetheless, only five phenolic compounds were
identified in the studied samples, of which two coeluted, enabling
the quantification of only three of them. Due to the problems found
with the UV detection, the use of MS was recommended and, in
fact, used in another work for the identification of phenolic com-
pounds in rosemary honey [242]. CZE and ESI-MS parameters (i.e.
running buffer composition and pH, applied voltage, sheath liquid
composition and flow rate, drying gas flow rate and temperature,
and nebulisation gas pressure) were optimised. This methodol-
ogy allowed the identification of 13 flavonoids in rosemary honey,
being one of them the flavonol kaempferol, potential floral marker
for rosemary honey.

Propolis, or bee glue, is a dark-coloured resinous substance col-
lected by honeybees from leaf buds and cracks in the bark of various
tree species and enriched with salivary and enzymatic secretions.
Bees use propolis to seal holes in their hives, make stronger the
borders of the comb or make the entrance weather-proof. It is also
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used as an “embalming” substance to cover the killed invaders that
can not be transported out of the hive. The modes of operation used
for the determination of phenolic compounds in raw propolis and
commercial propolis preparations have been CZE [243-245], MEKC
[49,246,247] and a combination of both [248,249] coupled to DAD,
with the exception of a work employing CZE-MS [250]. Besides
the well-known advantages of CE over HPLC for the characterisa-
tion of compounds (analysis time, solvent consumption, sample
quantity), CE allowed the analysis of propolis samples without any
pre-cleaning, since contaminants can be removed from the capil-
lary by rinsing with the appropriate solvents after each analysis.

Chi et al. [243] developed the first CE method to determine
the composition of a propolis sample collected in China. The elec-
trophoretic conditions were optimised using 12 phenolic standards
occurring in propolis. To achieve a good separation, 0.7 mM [3-
ciclodextrin was added to the buffer solution consisting of 25 mM
sodium dihydrogenphosphate and 25mM sodium tretraborate
at pH 10.1. Caffeic, 3,4-dimethylcaffeic and isoferulic acids and
quercetin were identified and quantified in the ethanolic extracts
of the real propolis sample.

Cao et al. [244] developed a CZE method that could separate fer-
ulic and caffeic acids, rutin, apigenin, luteolin and quercetin within
12 min with no need of incorporating additives to the buffer. The
effects of several factors such as acidity and concentration of the
background electrolite, separation voltage, injection time and UV
wavelength were investigated, being the optimum values borax
buffer with pH 9.2 and 50mM, 23kV, 12s and 262 nm, respec-
tively. The six active constituents were determined in raw propolis
and propolis capsules from China. Capsules were indeed more con-
centrated than raw propolis, except for caffeic acid that was not
detected. Rutin content increased notably more than the rest of the
ingredients.

A broad study of the levels of phenolic compounds in other
pharmaceutical products containing propolis was accomplished
using as well CZE-UV by Volpi [245]. With a buffer constituted by
30 mM of sodium tetraborate (pH 9) and applying 15kV, 15 phe-
nolic standards were separated on a uncoated fused-silica capillary
70 cm (50 cm effective length) x 50 wm i.d. within 40 min, although
not all could be identified in the samples. Commercial propolis
preparations were in the form of ethanolic, aqueous-ethanolic,
and aqueous-glycolic extracts used to prepare oral sprays, tablets,
and syrups. The aqueous-ethanolic preparation mainly contained
caffeic acid, galangin, quercetin and chrysin, whilst the ethanolic
extract was mostly composed of resveratrol, chrysin and caffeic
acid, with 12.4% and 6% of nonidentified compounds, respec-
tively. On the contrary, the aqueous-glycolic propolis preparation
contained 11% of caffeic acid and approx. 85% of nonidentified com-
pounds.

There is only one report using CZE-ESI-MS for the identifi-
cation of propolis antioxidant compounds [250]. Therefore, the
separation parameters and the MS conditions were carefully opti-
mised using directly the ethanolic extract of raw propolis. Due to
volatility requirements, the most commonly used buffers or addi-
tives for CZE-DAD were not suitable. Separation was achieved in a
90 cm x 50 pm i.d. bare fused-silica capillary with a running buffer
of 80 mM ammonium acetate/NHs3 (pH 10.5) at 30 kV. 11 flavonoids
previously reported in propolis were identified by comparing both
migration times and MS data of the peaks in the propolis extract
with those of pure standards, when available. Identification was
confirmed by the data provided by a TOF mass spectrometer, which
enabled formula generation for each mass.

The usefulness of both CZE and MEKC-DAD for the profiling
of phenolic compounds in 10 raw propolis samples was demon-
strated by Hilhorst et al. [248]. First, the samples were extracted
with water to isolate the more polar constituents, such as phenolic
acids. The extracts were subsequently analysed by CZE with borate

buffer at pH 7.0 and 9.3, and MEKC (borate, pH 9.3, 10% acetonitrile),
using 50 mM SDS as surfactant. The selectivity of both systems
differed considerably but the information obtained was similar.
The dry residues from the water extraction were extracted with
ethanol/water (70:30, v/v) and analysed by MEKC only, to enable
the identification of the more hydrophobic constituents of propolis.
In this way, pinocembrin, chrysin and galangin could be identified
in all the samples. On the basis of the recorded CZE and MECK elec-
tropherograms, samples could be clearly divided into two different
groups, probably due to their different origin.

In the later work, CZE and MEKC methods were developed
independently and the obtained results compared, being able to
identify a different number of compounds in the water extracts
using CZE or MECK. In the following investigation [249], the MEKC
method was supplemented to separate two phenolics, quercetin
and myricetin, that could not be separated by CZE. Therefore, the
combination of CZE, utilizing 100 mM borate buffer (pH 9.5) con-
taining 5% methanol under a voltage of 18 kV, and MEKGC, utilizing
0.03 M sodium borate (pH 8.5) containing 50 mM SDS under a volt-
age of —15kV, allowed the separation of 15 flavonoids, of which 12
were detected in raw propolis and 11 in the commercial propolis
products. The total contents of the identified flavonoids in raw and
commercial propolis ranged from 254 to 19147 mg/kg and from
1228 to 7985 mg/kg, respectively, suggesting that both origin and
processing were important factors affecting the flavonoid content.

MEKC itself has also being employed in the determination of
several compounds in propolis. After the systematic optimisation of
the analytical conditions of the borax buffer concentration (30 mM)
and pH (9.0), surfactant concentration (12 mM), organic modifier
(5% ethanol), applied voltage (14kV), and injection time (8s), Lu
et al. [247] established a MEKC method for the determination of
hesperetin, cinnamic and nicotinic acids in a propolis oral liquid
preparation. The method was validated in terms of linearity, repro-
ducibility and detection limits.

Propolis and other complex food samples were analysed by
a mixed MEKC-DAD method developed for the separation of 10
flavonoid aglycones [49]. The micellar system composed of 25 mM
SDS and 25 mM sodium cholate buffered at pH 7 provided the sepa-
ration of all the analytes in less than 20 min. In raw propolis, chrysin
and galangin were the flavonoids with the highest concentration,
identifying naringenin, quercetin, and kaempferol as well.

Fontana et al. [246] described a MEKC method for profiling
flavonoids and phenolcarboxilic acids from propolis collected in
different Brazilian provinces. The authors did not state clearly in
the text which compounds were identified in the samples, however
they recommended the use of CZE if the profiling of phenolics in
propolis, when it is limited only to phenolcarboxilic acids analysis.

Bee pollen is the male seed of a flower blossom collected by
honey bees on their legs as they move from flower to flower, mixed
with their digestive enzymes and some nectar, accumulating many
flavonoids and phenolic acids [251]. In the hive, pollen is used as
a protein source for the brood-rearing. To our knowledge, three
studies have been carried out in relation to the phenolic content of
pollen using CE.

Yang et al. [252] developed a MEKC-UV methodology to deter-
mine two flavonoids, isorhamnetin-3-O-neohesperidoside and
typheneoside, in pollen typhae (pollen of several species of the
genus Typhaceae, animportant traditional Chinese medicine). Later
on, the use of CZE coupled to ED [253] and MS detection [251]
allowed the identification of 13 phenolic acids and flavonoids and
10 flavonoids, respectively, in various pollen samples. The CZE-ED
method was validated in terms of repeatability, linearity, and accu-
racy and subsequently used for the analysis of the phenolic content
of honeybee-collected pollen from natural and broken pine, buck-
wheat, corn, rape, papaver, camellia, basswood, Chinese gooseberry
and mixed plant sources. The pollen samples were rich in pheno-
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Fig. 4. Why is so important to have information about the phenolic content of plant food material? Usefulness of generated data about polyphenolic content in plant food

matrices.

lic compoundss, particularly chrysin, rutin, baicalein, kaempferol,
apigenin, vanillic acid and luteolin. Rape, Chinese gooseberry and
papaver pollens contained the highest levels of the assayed com-
pounds. The authors stated that the data presented was insufficient
to identify unknown samples based on their phenolic profiles,
needing additional samples and statistical methods to indicate pos-
sible floral markers for pollen.

A CE-ESI-TOF-MS method [251] allowed the identification of
several phenolic compounds, mainly flavonoids and glucoside
derivatives, in the honeybee-collected pollen from Ranunculus peti-
olaris HKB, a medicinal plant that grows in Durango, Mexico.
The separation parameters as well as the MS conditions were
systematically investigated. The employed conditions were as
follows: 95cm x 50 pm i.d. fused-silica capillary; 80 mM ammo-
nium acetate buffer (pH 10.5); 30kV voltage; sheath liquid,
2-propanol/water 60:40 (v/v) plus 0.1% (v/v) triethylamine at
6 pL/min; ESI 4L/min at 130°C of drying gas and 0.3 bar of neb-
ulizing gas pressure; m/z 50-800 MS scan at a spectral rate of 1Hz
in the negative ion mode. Optimisation was carried out using the
real sample. The identification of compounds was done without
the use of standards due to the mass accuracy and isotopic pat-
tern provided by TOF-MS, which allowed the determination of the
elemental composition of the detected compounds.

5. Usefulness of generated data

After having a look at the previous sections of the current
review, it seems quite clear that the determination of phenolic
compounds is awaking a lot of interest from researchers, indeed
phrases like the following one can be read quite often nowadays:
“Widely distributed in the plant kingdom and abundant in our
diet, plant phenols are today among the most talked about classes
of phytochemicals”. To answer the question of “why are pheno-
lic compounds so interesting?” we can summarise several issues
which have been studied in-depth during the last decade [254]:

- The levels and chemical structure of antioxidant phenols in dif-
ferent plant foods, aromatic plants and various plant materials.

- The probable role of plant phenols in the prevention of various
diseases associated with oxidative stress, such as cardiovascular
and neurodegenerative diseases and cancer.

- The ability of plant phenols to modulate the activity of enzymes,
a biological action not yet understood.

- The ability of certain classes of plant phenols such as flavonoids
(also called polyphenols) to bind to proteins.

- The stabilization of edible oils, protection from formation of off-
flavours and stabilization of flavours.

- The anti-microbial activity.

- The bitter-tasting and the pungency of phenols.

- The preparation of food supplements.

From our point of view, the development and validation of
methodologies for the determination of polyphenols are required.
These methods could give us comprehensive information about the
composition of the sample under study.

Having detailed information about the phenolic compounds
which are present in an extract from plant food material, we could
understand better the properties of that extract. All the compounds
present in a particular sample will be responsible of its character-
istics (antioxidant activity, anticancer activity, etc); therefore, it is
not enough to have an idea about the major components of the
sample, but about all the minor components as well.

Producing detailed data about the phenolic composition of a
sample could help to refine the existing databases. Reliable data on
the nutrient composition of foods consumed by people are critical
in many areas — health assessment, the formulation of appropri-
ate institutional and therapeutic diets, nutrition education, food
and nutrition training, epidemiological research on relationships
between diet and disease, plant breeding, nutrition labeling, food
regulations, consumer protection, and agricultural goods and prod-
ucts, as well as for a variety of applications in trade, research,
development, and assistance.

It is well-know that phenolic compounds appear to offer
promising chances as chemical “markers” in biosystematic stud-
ies of plants. Essentially, the generally agreed requirements for
a chemical character to be in use in taxonomy are as follows:
chemical complexity and structural variation, physiological sta-
bility, widespread distribution and easy and rapid detection, and
phenolic compounds match up well to these criteria.

All these areas of interest and the ones included in Fig. 4 try
to point out the importance of the determination of this kind of
analytes. CE methods can obviously help a lot in these areas giving
complementary information to that achieved by other analytical
platforms, such as HPLC or GC coupled to different detectors, and
NMR, among others.

6. New trends and perspectives

Despite the very interesting results achieved so far about the
antioxidant phenolic compounds from plant food material by cap-
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illary electroseparation methods, there is no doubt about the fact
that more potent CE methods will be developed in the near future
giving answer to the necessity of the analyst to face complicated
problems. It is expected that nanotechnology will play a main role
in the evolution of CE, improving its results in terms of analysis
time, selectivity, sensitivity, etc. Indeed, in the last 10 years CE
has already undergone several transformations related to minia-
turisation and undoubtedly, nowadays the use of minidevices is
significantly increasing.

In that respect, Wang et al. [255] developed a pressurised CEC
method with gradient elution to analyse different flavonoids in
several corn samples; Polasek et al. [256] demonstrated that the
addition of molybdate to the CE background electrolyte affect the
selectivity of separation of polyhydric phenols; and Dong and et al.
[257] used CZE with an electrode modified with vitamin By5.

CE microchips constitute the first group or generation of
-TAS (micrototal analysis systems) or lab-on-a-chip in the minia-
turisation scene of food analysis [258]. This type of analytical
technologies can be coupled to different detection systems [259],
such as ED, laser induced fluorescence (LIF), MS, UV, surface plas-
mon resonance (SPR) sensor or chemical luminiscence (CL) [260].

This new methodology has been applied in several areas, like
bioanalytical and clinical analyses, and environmental and food
applications among others [258]. It allows the separation and
detection of DNA, proteins and peptides, amino acids, nitroaro-
matics, carbohydrates, hydrazines and antioxidants (catechols and
phenols) [261]. Several authors has developed CE-microchip meth-
ods to identify phenolic compounds in food samples, such as green
tea[262], wine [263], pears and apples [264] and a commercial food
sample (Country Gravy Mix) [265].

Novel nanomaterials with unique mechanical, geometrical,
chemical and/or electronic properties will enlarge the potential of
this technology for CE analysis, including microchip-CE, on-column
concentration and clean-up applications.

Apart from the use of minidevices, microchips and novel
nanomaterials, the use of MS as detection system is becoming
mandatory. The number of applications of CE-MS in the analy-
sis of phenolic compounds from plant food material is constantly
increasing, showing the potential of this coupling and the different
performance of the developed methods depending on the ionisa-
tion source and the mass analyser used. ESI is still one of the most
versatile ionisation methods and is the natural method of choice for
the detection of ions separated by CE. The trend is to use more and
more sophisticated analysers, being triple-quadrupole (QQQ), TOF,
quadrupole-time of flight (Q-TOF), fourier transform ion cyclotron
resonance (FT-ICR), orbitrap (OT) and ion trap-orbitrap (IT-OT)
those more powerful regarding the m/z range that can be covered,
the mass accuracy and the achievable resolution. It is expected that
new technological advances, as well as novel instrument configu-
rations would make this technique more robust and useful for plant
matrices analysis.

One of the most important limitations of CE is its sensitiv-
ity, which could be overcome using two different approaches:
improving the on-line preconcentration strategies or using new
CE interfaces. Both sheath liquid and sheathless interfaces have
been proven to enable the coupling of CE with ESI-MS. For sev-
eral reasons, the first category has been the most popular to date,
however it is commonly acknowledged that such interfaces have
much lower sensitivity than sheathless one. From our point of view,
it is very likely that new and improved sheathless interfaces will
be developed soon.

The fact of being nowadays in the omics era is relevant and
has some influence in the food analysis as well. Terms such as
genomics, transcriptomics, proteomics and metabolomics are quite
used in science; however, another term should be defined, since it
is getting more attention by the scientific community: Foodomics.

It can be defined as a discipline that studies the Food and Nutri-
tion domains through the application of omics technologies [266].
Thus, Foodomics would cover, for instance, the metabolomic study
of foods toward compounds profiling, or new investigations on food
functions via nutrigenomics or nutrigenetics approaches. In other
words, it means that the application of omics technologies can be
very helpful to carry out the comprehensive characterisation of
food and even to understand the possible role of that foodstuff
in the human health. Using this approach to study, for instance,
plant food material, will result in a plethora of data that can be
overwhelming in its abundance. For meaningful interpretation, the
appropriate statistical tools must be employed to manipulate the
large raw data sets in order to provide a useful, understandable,
and workable format. Different multidimensional and multivariate
statistical analyses and pattern recognition programs have been
developed to distill the large amounts of data in an effort to inter-
pret the complex information achieved from the measurements.
Improvements are also expected in this field in the near future.

Meaningful interpretations of omic data are often limited by
poor spatial and temporal resolution of the acquired data sets, and
one way to remedy this is to limit the complexity of the samples
being studied. An alternative approach is to implement multidi-
mensional systems that may be classified in various ways. For
example, based on the type of displacement used, such systems
are either simultaneous or sequential. The latter is achieved using
two or more separation processes, which occur in different media,
under different conditions (for example LC-GC). Such processes
may be conducted either on-line or off-line, and we expect that
CE will be more used in this kind of bidimensional systems.

References

[1] M.Schreiner, S. Huyskens-Keil, Phytochemicals in fruit and vegetables: health
promotion and postharvest elicitors, Crit. Rev. Plant Sci. 25 (2006) 267-278.

[2] K. Helmja, M. Vaher, T. Piissa, K. Kamsol, A. Orav, M. Kaljurand, Bioactive
components of the hop strobilus, J. Chromatogr. A 1155 (2007) 222-229.

[3] M. Herrero, E. Ibafiez, A. Cifuentes, Analysis of natural antioxidants by capil-
lary electromigration methods, J. Sep. Sci. 28 (2005) 883-897.

[4] Y. Peng, Y. Zhang, ]. Ye, Determination of phenolic compounds and ascor-
bic acid in different fractions of tomato by capillary electrophoresis with
electrochemical detection, J. Agric. Food Chem. 56 (2008) 1838-1844.

[5] D.Rajalakhmi,S. Narasimham, in: D.L. Madhavi, S.S. Deshpande, D.K. Salunkhe
(Eds.), Food Antioxidants, Marcel Dekker, New York, 1996, pp. 65-158.

[6] M. Naczk, F. Shahidi, Extraction and analysis of phenolics in food, ]J. Chro-
matogr. A 1054 (2004) 95-111.

[7] K. Robards, P.D. Prenzler, G. Tucker, P. Swatsitang, W. Glover, Phenolic com-
pounds and their role in oxidative processes in fruits, Food Chem. 66 (1999)
401-436.

[8] K. Robards, Strategies for the determination of bioactive phenols in plants,
fruits and vegetables, . Chromatogr. A 1000 (2003) 657-691.

[9] M. Antolovich, P. Prenzler, K. Robards, D. Ryan, Sample preparation in the
determination of phenolic compounds in fruits, Analyst 125(2000) 989-1009.

[10] F. Shahidi, M. Naczk, Phenolics in Food and Nutraceuticals: Sources, Applica-
tions and Health Effects, CRC Press, Boca Ratén (FL), 2004.

[11] R. Puupponen-Pimid, L. Nohynek, S. Hartmann-Schmidlin, M. Kihkénen,
M. Heinonen, K. Mddttd-Riihinen, K.-M. Oksman-Caldentey, Berry phenolics
selectively inhibit the growth of intestinal pathogens, J. Appl. Microbiol. 98
(2005) 991-1000.

[12] A.E. Rotelli, T. Guardia, A.O. Judrez, N.E. de la Rocha, L.E. Pelzer, Comparative
study of flavonoids in experimental models of inflammation, Pharmacol. Res.
48 (2003) 601-606.

[13] M. Mamani-Matsuda, T. Kauss, A. Al-Kharrat, J. Rambert, F. Fawaz, D.
Thiolat, D. Moynet, S. Coves, D. Malvy, M.D. Mossalayi, Therapeutic and
preventive properties of quercetin in experimental arthritis correlate with
decreased macrophage inflammatory mediators, Biochem. Pharmacol. 72
(2006) 1304-1310.

[14] P.M. Kris-Etherton, K.D. Hecker, A. Bonanome, S.M. Coval, A.E. Binkoski, A.E.
Hilpert, A.E. Griel, T.D. Etherton, Bioactive compounds in foods: their role in
the prevention of cardiovascular disease and cancer, Am. J. Med. 113 (2002)
71-88.

[15] A. Cifuentes, Recent advances in the application of capillary electromigration
methods for food analysis, Electrophoresis 27 (2006) 283-303.

[16] G. Stecher, C.W. Huck, W.M. Stoggl, G.K. Bonn, Phytoanalysis: a challenge in
phytomics, TrAC 22 (2003) 1-14.

[17] D. Tura, K. Robards, Simple handling strategies for the determination of bio-
phenols in food and planst, J. Chromatogr. A. 975 (2002) 71-93.



1156 E. Hurtado-Ferndndez et al. / Journal of Pharmaceutical and Biomedical Analysis 53 (2010) 1130-1160

[18] E. Ibafiez, A. Cifuentes, New analytical techniques in food science, Crit. Rev.
Food Sci. 41 (2001) 413-450.

[19] M.L. Bengoechea, A.l. Sancho, B. Bartolomé, I. Estrella, C. Gomez-Cordovés,
M.T. Hernandez, Phenolic composition of industrially manufactured purees
and concentrates from peach and apple fruits, J. Agric. Food Chem. 45 (1997)
4071-4075.

[20] R. Mateos, J.L. Espartero, M. Trujillo, J.J. Rios, M. Le6n-Camacho, F. Alcudia, A.
Cert, Determination of phenols, flavones, and lignans in virgin olive oils by
solid-phase extraction and high-performance liquid chromatography with
diode array ultraviolet detection, J. Agric. Food Chem. 49 (2001) 2185-2192.

[21] T. Madhujith, M. Izydorczyk, F. Shahidi, Antioxidant properties of pearled
barley fractions, J. Agric. Food Chem. 54 (2006) 3283-3289.

[22] M. Herrero, A. Cifuentes, E. Ibafiez, Sub- and supercritical fluid extraction
of functional ingredients from different natural sources: plants, food-by-
products, algae and microalgae - a review, Food Chem. 98 (2006) 136-148.

[23] J.K.Monrad, L.R. Howard, ].W. King, K. Srinivas, A. Mauromoustakos, Subcriti-
cal solvent extraction of anthocyanins from dried red Grape Pomace, J. Agric.
Food Chem. 58 (2010) 2862-2868.

[24] H. Wijngaard, N. Brunton, The optimization of extraction of antioxidants
from Apple Pomace by pressurized liquids, J. Agric. Food Chem. 57 (2009)
10625-10631.

[25] T.S. Ballard, P. Mallikarjunan, K.Q. Zhou, S. O’'Keefe, Microwave-assisted
extraction of phenolic antioxidant compounds from peanut skins, Food Chem.
120(2010) 1185-1192.

[26] K.R. Markham, Techniques of Flavonoid Identification, Academic Press, Lon-
don (UK), 1982, pp. 1-112.

[27] R. Tsao, Z. Deng, Separation procedures for naturally occurring antioxidant
phytochemicals, J. Chromatogr. B 812 (2004) 85-99.

[28] R. Ramautar, A. Demirci, GJ. de Jong, Capillary electrophoresis in
metabolomics, TrAC 25 (2006) 455-466.

[29] A. Fernandez Gutiérrez, A. Segura Carretero, A. Carrasco, Pancorbo, Funda-
mentos tedricos y modos de separacion, in: A. Fernandez Gutiérrez, A. Segura
Carretero (Eds.), Electroforesis capilar: Aproximacién segtn la técnica de
deteccidn, Editorial Universidad de Granada, 2005, pp. 11-54.

[30] L.Suntornsuk, Capillary electrophoresis of phytochemical substances, J. Phar-
maceut. Biomed. 27 (2002) 679-698.

[31] J. Lindeberg, Capillary electrophoresis in food analysis, Food Chem. 55 (1996)
73-94.

[32] P. Ja¢, M. Polasek, M. PospiSilova, Recent trends in the determination of
polyphenols by electromigration methods, J. Pharmaceut. Biomed. 40 (2006)
805-814.

[33] P. Li, S.P. Li, Y.T. Wang, Optimization of CZE for analysis of phytochemical
bioactive compounds, Electrophoresis 27 (2006) 4808-4819.

[34] H.L Jiang, Y.Z. He, H.Z. Zhao, Y.Y. Hu, Determination of chlorogenic acid and
rutin in cigarettes by an improved capillary electrophoresis indirect chemi-
luminiscence system, Anal. Chim. Acta 512 (2004) 111-119.

[35] N. Wu, T.L. Peck, A.G. Webb, R.L. Magin, J.V. Sweedler, Nanoliter volume
sample cells for '"H NMR: application to online detection in capillary elec-
trophoresis, ]. Am. Chem. Soc. 116 (1994) 7929-7930.

[36] K. Albert, Direct on-line coupling of capillary electrophoresis and H-1 NMR
spectroscopy, Angew. Chem. 34 (1995) 641-642.

[37] P. Kubaii, D. Stérbova, V. Kubai, Separation of phenolic acids by capillary
electrophoresis with indirect contactless conductometric detection, Elec-
trophoresis 27 (2006) 1368-1375.

[38] L. Geiser, J.L. Veuthey, Non-aqueous capillary electrophoresis 2005-2008,
Electrophoresis 30 (2009) 36-49.

[39] L.A.Holand, A.M. Leigh, Amperometric and voltametric detection for capillary
electrophoresis, Electrophoresis 23 (2002) 3649-3658.

[40] C.Simé, C. Barbas, A. Cifuentes, Capillary electrophoresis-mass spectrometry
in food analysis, Electrophoresis 26 (2005) 1306-1318.

[41] C.D. Stalikas, Extraction, separation, and detection methods for phenolic acids
and flavonoids, J. Sep. Sci. 30 (2007) 3268-3295.

[42] ]J. Herndndez-Borges, T.M. Borges-Miquel, M.A. Rodriguez-Delgado, A.
Cifuentes, Sample teatments prior to capillary electrophoresis-mass spec-
trometry, ]. Chromatogr. A 1153 (2007) 214-226.

[43] A. Crozier, T. Yokota, L.B. Jaganath, S.C. Marks, M. Saltmarsh, M.N. Clifford,
Secondary metabolites in fruits, vegetables, beverages and other plant-based
dietary components, in: A. Crozier, M.N. Clifford, H. Ashihara (Eds.), Plant
Secondary Metabolites: Occurrence, Structure and Role in the Human Diet,
Blackwell Publishing, Oxford (UK), 2006, pp. 208-302.

[44] J.A.T. Pennington, R.A. Fisher, Classification of fruits and vegetables, ]. Food
Comp. Anal. 22S (2009) S23-S31.

[45] R. Puupponen-Pimid, L. Nohynek, S. Hartmann-Schmidlin, M. Kdhkénen,
M. Heinonen, K. Mditta-Riihinen, K.M. Oksman-Caldentey, Berry phenolics
selectively inhibit the growth of intestinal pathogens, J. Appl. Microbiol. 98
(2005) 991-1000.

[46] M.N. Clifford, Chlorogenic acids and other cinnamates: nature, occurrence
and dietary burden, J. Sci. Food Agric. 79 (1999) 362-372.

[47] K. Kanitsar, L. Arce, A. Rios, M. Valcarcel, Determination of phenolic con-
stituents in citrus samples by on-line coupling of a flow system with capillary
electrophoresis, Electrophoresis 22 (2001) 1553-1565.

[48] T. Wu, Y. Guan, ]. Ye, Determination of flavonoids and ascorbic acid in
grapefruit peel and juice by capillary electrophoresis with electrochemical
detection, Food Chem. 100 (2007) 1573-1579.

[49] JM. Herrero-Martinez, F.Z. Oumada, M. Rosés, E. Bosch, C. Rafols,
Determination of flavonoid aglycones in several food samples by

mixed micellar electrokinetic chromatography, J. Sep. Sci. 30 (2007)
2493-2500.

[50] S.M.S. Sawalha, D. Arrdez-Roman, A. Segura-Carretero, A. Fernandez-
Gutiérrez, Quantification of main phenolic compounds in sweet and bitter
orange peel using CE-MS/MS, Food Chem. 116 (2009) 567-574.

[51] M. Kofink, M. Papagiannopoulos, R. Galensa, Enantioseparation of catechin
and epicatechin in plant food by chiral capillary electrophoresis, Eur. Food
Res. Technol. 225 (2007) 569-577.

[52] T.S. Fukuji, F.G. Tonin, M.F.M. Tavares, Optimization of a method for deter-
mination of phenolic acids in exotic fruits by capillary electrophoresis, J.
Pharmceut. Biomed. 51 (2010) 430-438.

[53] P. Bridle, C. Garcia-Viguera, Analysis of anthocyanins in strawberries and
eldelberries. A comparison of capillary zone electrophoresis and HPLC, Food
Chem. 59 (1997) 299-304.

[54] C.T.da Costa, B.C. Nelson, S.A. Margolis, D. Horton, Separation of blackcurrant
anthocyanins by capillary zone electrophoresis, J. Chromatogr. A 799 (1998)
321-327.

[55] D.J. Watson, A.A. Bushway, R.J. Bushway, Separation of peonidin and cyani-
ding, two anthocyanidins, in cranberries by capillary electrophoresis, ]. Liq.
Chromatogr. R. T. 27 (2004) 113-121.

[56] S. Ehala, M. Vaher, M. Kaljurand, Characterisation of phenolic profiles of
Northern European berries by capillary electrophoresis and determination
of their antioxidant activity, J. Agric. Food Chem. 53 (2005) 6484-6490.

[57] E. Dadakova, E. Prochdzkova, M. KfiZek, Application of micellar electroki-
netic capillary chromatography for quantitative analysis of quercetin in plant
materials, Electrophoresis 22 (2001) 1573-1578.

[58] H.Y. Huang, W.C. Lien, Analyses of phenolic compounds by microemulsion
electrokinetic chromatography, Electrophoresis 26 (2005) 3134-3140.

[59] F. Priego Capote, J.M. Luque Rodriguez, M.D. Luque de Castro, Determination
of phenolic compounds in grape skin by capillary electrophoresis with simul-
taneous dual fluorescence and diode array absorption detection after dynamic
superheated liquid leaching, ]J. Chromatogr. A 1139 (2007) 301-307.

[60] F. Berli, ]. DiAngelo, B. Cavagnaro, R. Bottini, R. Wuilloud, M.F. Silva, Phenolic
composition in grape (Vitis vinifera L. cv. Malbec) ripened with different solar
UV-B radiation levels by capillary zone electrophoresis, J. Agric. Food Chem.
56 (2008) 2892-2898.

[61] K. Helmja, M. Vaher, ]. GorbatSova, M. Kaljurand, Characterisation of bioac-
tive compounds contained in vegetables of the Solanaceae family by capillary
electrophoresis, Proc. Estonian Acad. Sci. Chem. 56 (2007) 172-186.

[62] K.Helmja, M. Vaher, T. Piissa, P. Raudsepp, M. Kaljurand, Evaluation of antiox-
idative capability of the tomato (Solanum lycopersicum) skin constituents
by capillary electrophoresis and high-performance liquid chromatography,
Electrophoresis 29 (2008) 3980-3988.

[63] K. Helmja, M. Vaher, T. Piissa, M. Kaljurand, Analysis of the stable free
radical scavenging capability of artificial polyphenol mixtures and plant
extracts by capillary electrophoresis and liquid chromatography-diode
array detection-tandem mass spectrometry, J. Chromatogr. A 1216 (2009)
2417-2423.

[64] J.B. Fernandes, D.W. Griffiths, H. Bain, F.A.N. Fernandes, The development
and evaluation of capillary electrophoretic methods for the determination
of the major phenolic constituents of potato (Solanum tuberosum) tubers,
Phytochem. Anal. 7 (1996) 253-258.

[65] F. Kvasnicka, J. Copiikoval, R. Seviik, ]. Kraitkai, A. Syntytsia, M. Voldriich,
Determination of phenolic acids by capillary zone electrophoresis and HPLC,
Cent. Eur. J. Chem. 6 (2008) 410-418.

[66] Y.Guan, T. Wu, M. Lin, ]. Ye, Determination of pharmacologically active ingre-
dients in sweet potato (Ipomoea batatas L.) by capillary electrophoresis with
electrochemical detection, J. Agric. Food Chem. 54 (2006) 24-28.

[67] D. Caridi, V.C. Trenerry, S. Rochfort, S. Duong, D. Laugher, R. Jones, Profiling
and quantifying quercetin glucosides in onion (Allium cepa L.) varieties using
capillary zone electrophoresis and high performance liquid chromatography,
Food Chem. 105 (2007) 691-699.

[68] K.R. Price, M.J.C. Rhodes, Analysis of the major flavonol glycosides present
in four varieties of onion (Allium cepa) and changes in composition resulting
from autolysis, ]. Sci. Food Agric. 74 (1997) 331-339.

[69] E.V. Petersson, A. Puerta, ]. Bergquist, C. Turner, Analysis of anthocyanins in
red onion using capillary electrophoresis-time of flight-mass spectrometry,
Electrophoresis 29 (2008) 2723-2730.

[70] B. Shan, Y.Z. Cai, M. Sun, H. Corke, Antioxidant capacity of 26 spice extracts
and characterisation of their phenolic constituents, J. Agric. Food Chem. 53
(2005) 7749-7759.

[71] K. Srinivasan, Spices as influencers of body metabolism: an overview of three
decades of research, Food Res. Int. 38 (2005) 77-86.

[72] K.Srinivasan, Role of spices beyond food flavouring: nutraceuticals with mul-
tiple health effects, Food Rev. Int. 21 (2005) 167-188.

[73] Y.Zhang, ]. Chen, X.M. Ma, Y.P. Shi, Simultaneous determination of flavonoids
in Ixeridium gracile by micellar electrokinetic chromatography, J. Pharmaceut.
Biomed. 45 (2007) 742-746.

[74] E. Ibafiez, A. Cifuentes, A.L. Crego, F.J. Seforans, S. Cavero, G. Reglero,
Combined use of supercritical fluid extraction, micellar electrokinetic chro-
matography, and reverse phase high performance liquid chromatography for
the analysis of antioxidants from rosemary (Rosmarinus officinalis L.), ]. Agric.
Food Chem. 48 (2000) 4060-4065.

[75] R. Sdenz-Lépez, P. Fernandez-Zurbano, M.T. Tena, Capillary electrophoretic
separation of phenolic diterpenes from rosemary, J. Chromatogr. A953 (2002)
251-256.



E. Hurtado-Ferndndez et al. / Journal of Pharmaceutical and Biomedical Analysis 53 (2010) 1130-1160 1157

[76] M.Bonoli, M. Pelillo, G. Lercker, Fast separation and determination of carnosic
acid ans rosmarinic acid in different rosemary (Rosmarinus officinalis) extracts
by capillary zone electrophoresis with ultra violet-diode array detection,
Chromatographia 57 (2003) 505-512.

[77] A.L.Crego, E.Ibéfiez, E. Garcia, R. Rodriguez de Pablos, F.J. Sefiorans, G. Reglero,
A. Cifuentes, Capillary electrophoresis separation of rosemary antioxidants
from subcritical water extracts, Eur. Food Res. Technol. 219 (2004) 549-555.

[78] M. Herrero, D. Arrdez-Roman, A. Segura, E. Kenndler, B. Gius, M.A. Raggi, E.
Ibafiez, A. Cifuentes, Pressurized liquid extraction-capillary electrophoresis-
mass spectrometry for the analysis of polar antioxidants in rosemary extracts,
J. Chromatogr. A 1084 (2005) 54-62.

[79] Y. Peng,]. Yuan, F. Liuy, . Ye, Determination of active components in rosemary
by capillary electrophoresis with electrochemical detection, J. Pharmaceut.
Biomed. 39 (2005) 431-437.

[80] A. Ben Hameda, D. GajdoSov4, J. Havel, Analysis of Salvia officinalis plant
extracts by capillary electrophoresis, J. Sep. Sci. 29 (2006) 1188-1192.

[81] S.Baskan, N.Oztekin, F.B. Erim, Determination of carnosic acid and rosmarinic
acid in sage by capillary electrophoresis, Food Chem. 101 (2007) 1748-1752.

[82] J.Petr, K. Vitkova, V.Ranc,]. Znaleziona, V. Maier, R. Knob, J. Sev&ik, Determina-
tion of some phenolic acids in Majorana hortensis by capillary electrophoresis
with online electrokinetic preconcentration, J. Agric. Food Chem. 56 (2008)
3940-3944.

[83] T.Nhujak, W. Saisuwan, M. Srisa-art, A. Petsom, Microemulsion electrokinetic
chromatography for separation and analysis of curcuminoids in turmeric
samples, J. Sep. Sci. 29 (2006) 666-676.

[84] Q. Chu, M. Lin, ]. Ye, Determination of polyphenols in dandelion by capillary
zone electrophoresis with amperometric detection, Am. Lab. 38 (2006) 20-24.

[85] F.N. Fonseca, M.F.M. Tavares, C. Horvath, Capillary electrochromatography of
selected phenolic compounds of Chamomilla recutita, J. Chromatogr. A 1154
(2007) 390-399.

[86] A.Kulomaa, H. Sirén, M.L. Riekkola, Identification of antioxidative compounds
in plant beverages by capillary electrophoresis with the marker index tec-
nique, J. Chromatogr. A 781 (1997) 523-532.

[87] H.Y.Cheung, W.P. Lai, M.S. Cheung, F.M. Leung, D.]. Hood, W.F. Fong, Rapid and
simultaneous analysis of some bioactive components in Eucommia ulmoides
by capillary electrophoresis, J. Chromatogr. A 989 (2003) 303-310.

[88] J. Safra, M. Pospisilova, J. Honegr, J. Spilkovd, Determination of selected
antioxidants in Melissae herba by isotachophoresis and capillary zone elec-
trophoresis in the column-coupling configuration, J. Chromatogr. A 1171
(2007) 124-132.

[89] G.Chen, H.Zhang,].Ye, Determination of rutin and quercetin in plants by cap-
illary electrophoresis with electrochemical detection, Anal. Chim. Acta 423
(2000) 69-76.

[90] K. Helmja, M. Vaher, T. Piissa, K. Kamsol, A. Orav, M. Kaljurand, Bioactive
components of the hop strobilus: comparison of different extraction methods
by capillary electrophoretic and chromatographic methods, . Chromatogr. A
1155 (2007) 222-229.

[91] D. Arrdez-Roman, S. Cortacero-Ramirez, A. Segura-Carretero, J.A. Martin-
Lagos Contreras, A. Ferndndez-Gutiérrez, Characterisation of the methanolic
extract of hops using capillary electrophoresis-electrospray ionization-mass
spectrometry, Electrophoresis 27 (2006) 2197-2207.

[92] R. Pomponio, R. Gotti, M. Hudaib, V. Cavrini, Analysis of phenolic acids by
micellar electrokinetic chromatography: application to Echinacea purpurea
plant extracts, J. Chromatogr. A 945 (2002) 239-247.

[93] R. Pomponio, R. Gotti, N.A. Santagati, C. Cavrini, Analysis of catechins in
extracts of Cistus species by microemulsion electrokinetic chromatography,
J. Chromatogr. A 990 (2003) 215-223.

[94] X.K. Wang, Y.Z. He, L.L. Qian, Determination of polyphenol components in
herbal medecines by micellar electrokinetic capillary chromatography with
Tween 20, Talanta 74 (2007) 1-6.

[95] Y. Peng, F. Liu, ]. Ye, Determination of phenolic acids and flavones in Lonicera
Jjaponica Thumb. by capillary electrophoresis with electrochemical detection,
Electroanalysis 17 (2005) 356-362.

[96] R.Hamoudova, M. Pospisilova, J. Spilkova, Analysis of selected constituents in
methanolic extracts of Hypericum perforatum collected in different localities
by capillary ITP-CZE, Electrophoresis 27 (2006) 4820-4826.

[97] A. Segura-Carretero, M.A. Puertas-Mejia, S. Cortacero-Ramirez, R. Beltran,
C. Alonso-Villaverde, ]. Joven, G. Dinelli, A. Fernandez-Gutiérrez, Selective
extraction, separation, and identification of anthocyanins from Hibiscus
sabdariffa L. using solid phase extraction-capillary electrophoresis-mass spec-
trometry (time-of-flight/ion trap), Electrophoresis 29 (2008) 2852-2861.

[98] SJ. Sheu, C.L. Chieh, W.C. Weng, Capillary electrophoretic determination of
the constituents of Artemisiae Capillaris herba, J. Chromatogr. A 911 (2001)
285-293.

[99] J. Safra, M. Pospi3ilova, J. Spilkova, Determination of phenolic acids in Herba
epilobi by ITP-CE in the column-coupling configuration, Chromatographia 64
(2006) 37-43.

[100] M. Vaher, M. Koel, Separation of polyphenolic compounds extracted from
plant matrices using capillary electrophoresis, ]J. Chromatogr. A 990 (2003)
225-230.

[101] M.E. Yue, T.F. Jiang, Y.P. Shi, Fast determination of flavonoids in Hippophae
rhamnoides and its medicinal preparation by capillary zone electrophoresis
using dimethyl-B-cyclodextrin as modifier, Talanta 62 (2004) 695-699.

[102] J. Gorbatsova, T. Lougas, R. Vokk, M. Kaljurand, Comparison of the contents
of various antioxidants of sea buckthorn berries using CE, Electrophoresis 28
(2007) 4136-4142.

[103] M. Vaher, S. Ehala, M. Kaljurand, On-column capillary electrophoretic mon-
itoring of rapid reaction kinetics for determination of the antioxidative
potential of various bioactive phenols, Electrophoresis 26 (2005) 990-1000.

[104] G.Chen,].Zhang,]. Ye, Determination of puerarin, daidzein and rutin in Puer-
aria lobata (Wild.) Ohwi by capillary electrophoresis with electrochemical
detection, J. Chromatogr. A 923 (2001) 255-262.

[105] K.L. Li, SJ. Sheu, Determination of flavonoids and alkaloids in the scute-
coptis herb couple by capillary electrophoresis, Anal. Chim. Acta 313 (1995)
113-120.

[106] C.O. Okunji, T.A. Ware, R.P. Hicks, M.M. Iwu, DJ. Skanchy, Capillary elec-
trophoresis determination of biflavanones from Garcinia kola in three
traditional African medicinal formulations, Planta Med. 68 (2002) 440-444.

[107] H.N. Graham, Green tea composition, consumption, and polyphenol chem-
istry, Prev. Med. 21 (1992) 334-350.

[108] E. Gonzalez de Mejia, M.V. Ramirez-Mares, S. Puangpraphant, Bioactive com-
ponents of tea: cancer, inflammation and behavior, Brain Behav. Immun. 23
(2009) 721-731.

[109] D. Stach, OJ. Schmitz, Decrease in concentration of free catechins in tea over
time determined by micellar electrokinetic chromatography, J. Chromatogr.
A 924 (2001) 519-522.

[110] G.Rusak, D. Komes, S. Liki¢, D. Horzi¢, M. Kova¢, Phenolic content and antiox-
idative capacity of green and white tea extracts depending on extraction
conditions and the solvent used, Food Chem. 110 (2008) 852-858.

[111] T. Gallina Toschi, A. Bordoni, S. Hrelia, A. Bendini, G. Lercker, P.L. Biagi, The
protective role of different green tea extracts after oxidative damage is related
to their catechin composition, . Agric. Food Chem. 48 (2000) 3973-3978.

[112] M. Pelillo, M. Bonoli, B. Biguzzi, A. Bendini, T. Gallina Toschi, G. Lercker, An
investigation in the use of HPLC with UV and MS-electrospray detection for
the quantification of tea catechins, Food Chem. 87 (2004) 465-470.

[113] ].J. Dalluge, B.C. Nelson, Determination of tea catechins, J. Chromatogr. A 881
(2000) 411-424.

[114] L. Arce, A. Rios, M. Valcércel, Determination of anti-carcinogenic polyphenols
present in green tea using capillary electrophoresis coupled to a flow injection
system, J. Chromatogr. A 827 (1998) 113-120.

[115] L.P. Wright, ].P. Aucamp, Z. Apostolides, Analysis of black tea theaflavins by
non-aqueous capillary electrophoresis, J. Chromatogr. A919 (2001) 205-213.

[116] H. Horie, K. Kohata, Application of capillary electrophoresis to tea quality
estimation, J. Chromatogr. A 802 (1998) 219-223.

[117] M. Bonoli, M. Pelillo, T. Gallina Toschi, G. Lercker, Analysis of green tea cat-
echins: comparative study between HPLC and HPCE, Food Chem. 81 (2003)
631-638.

[118] H.Y. Huang, W.C. Lien, C.W. Chiu, Comparison of microemulsion electroki-
netic chromatography and micellar electrokinetic chromatography methods
for the analysis of phenolic compounds, . Sep. Sci. 28 (2005) 973-981.

[119] M.B. Barroso, G. van de, Werken, Determination of green and black tea com-
position by capillary electrophoresis, ]. High Resol. Chromatogr. 22 (1999)
225-230.

[120] R. Gotti, S. Furlanetto, S. Lanteri, S. Olmo, A. Ragaini, V. Cavrini, Differentia-
tion of green tea samples by chiral CD-MEKC analysis of catechins content,
Electrophoresis 30 (2009) 2922-2930.

[121] S.Kodama, A. Yamamoto, A. Matsunaga, H. Yanai, Direct enantioseparation of
catechin and epicatechin in tea drinks by 6-0-a-D-glucosyl-B-cyclodextrin-
modified micellar electrokinetic chromatography, Electrophoresis 25 (2004)
2892-2898.

[122] L.A.Kartsova, O.V. Ganzha, Electrophoretic separation of tea flavonoids in the
modes of capillary (zone) electrophoresis and micellar electrokinetic chro-
matography, Russ. J. Appl. Chem. 79 (2006) 1110-1114.

[123] M. Bonoli, P. Colabufalo, M. Pelillo, T. Gallina Toschi, G. Lercker, Fast determi-
nation of catechins and xanthines in tea beverages by micellar electrokinetic
chromatography, J. Agric. Food Chem. 51 (2003) 1141-1147.

[124] H. Zhang, L. Zhou, X. Chen, Improving sensitivity by large-volume sample
stacking combined with sweeping without polarity switching by capillary
electrophoresis coupled to photodiode array ultraviolet detection, Elec-
trophoresis 29 (2008) 1556-1564.

[125] PJ.Larger, A.D.Jones, C. Dacombe, Separation of tea polyphenols using micel-
lar electrokinetic chromatography with diode array detection, J. Chromatogr.
A 799 (1998) 309-320.

[126] T. Watanabe, R. Nishiyama, A. Yamamoto, S. Nagai, S. Terabe, Simultaneous
analysis of individual catechins, caffeine, and ascorbic acid in commercial
canned green and black teas by micellar electrokinetic chromatography, Anal.
Sci. 14 (1998) 435-438.

[127] J.P. Aucamp, Y. Hara, Z. Apostolides, Simultaneous analysis of tea catechins,
caffeine, gallic acid, theanine and ascorbic acid by micellar electrokinetic
capillary chromatography, ]. Chromatogr. A 876 (2000) 235-242.

[128] L. Chi, Z. Li, S. Dong, P. He, Q. Wang, Y. Fang, Simultaneous determination
of flavonoids and phenolic acids in Chinese herbal tea by beta-cyclodextrin
based capillary zone electrophoresis, Microchim. Acta 167 (2009) 179-185.

[129] H. Horie, T. Mukai, K. Kohata, Simultaneous determination of qualitatively
important components in green tea infusions using capillary electrophoresis,
J. Chromatogr. A 758 (1997) 332-335.

[130] B.C. Nelson, J.B. Thomas, S.A. Wise, ].J. Dalluge, The separation of green tea
catechins by micellar electrokinetic chromatography, J. Microcolumn. Sep.
10(1998) 671-679.

[131] Q.Chu, M. Lin, X. Yu,]. Ye, Study on extraction efficiency of natural antioxidant
in coffee by capillary electrophoresis with amperometric detection, Eur. Food
Res. Technol. 226 (2008) 1373-1378.



1158 E. Hurtado-Ferndndez et al. / Journal of Pharmaceutical and Biomedical Analysis 53 (2010) 1130-1160

[132] G.S. Duarte, A.A. Pereira, A. Farah, Chlorogenic acids and other relevant com-
pounds in Brazilian coffees processed by semi-dry and wet post-harvesting
methods, Food Chem. 118 (2010) 851-855.

[133] K.C. Willson, Coffee, Cocoa and Tea, CABI Publishing, Wallingford, UK, 1999.

[134] R.M. Alonso-Salces, F. Serra, F. Reniero, K. Héberger, Botanical and geograph-
ical characterisation of green coffee (Coffea arabica and Coffea canephora):
chemometric evaluation of phenolic and methylxanthine contents, J. Agric.
Food Chem. 57 (2009) 4224-4235.

[135] E.M. Risso, R.G. Péres, J. Amaya-Farfan, Determination of phenolic acids in
coffee by micellar electrokinetic chromatography, Food Chem. 105 (2007)
1578-1582.

[136] J. Zhu, S. Qi, J. Li, X. Chen, Low-temperature bath/high-conductivity
zone/stacking micellar electrokinetic chromatography for the analysis of phe-
nolic acids in coffee drink, . Chromatogr. A 1212 (2008) 137-144.

[137] TJ.O'Shea,R.D.Greenhagen, S.M. Lunte, C.E. Lunte, M.R. Smyth, D.M. Radzik, N.
Watanabe, Capillary electrophoresis with electrochemical detection employ-
ing an on-column Nafion joint, J. Chromatogr. 593 (1992) 305-312.

[138] P.F.Cancalon, C.R. Bryan, Use of capillary electrophoresis for monitoring citrus
juice composition, J. Chromatogr. A 652 (1993) 555-561.

[139] N. Gel-Moreto, R. Streich, R. Galensa, Chiral separation of six diastereomeric
flavanone-7-0-glycosides by capillary electrophoresis and analysis of lemon
juice, J. Chromatogr. A 925 (2001) 279-289.

[140] Z. Aturki, M. Sinibaldi, Separation of diastereomers of flavanone-7-0-
glycosides by capillary electrophoresis using sulfobutyl ether-B-cyclodextrin
as the selector, J. Sep. Sci. 26 (2003) 844-850.

[141] C.Sim6, E. Ibafiez, FJ. Sefiorans, C. Barbas, G. Reglero, A. Cifuentes, Analysis of
antioxidants from orange juice obtained by countercurrent supercritical fluid
extraction, using micellar electrokinetic chromatography and reverse-phase
liquid chromatography, J. Agric. Food Chem. 50 (2002) 6648-6652.

[142] C. Desiderio, A. De Rossi, M. Sinibaldi, Analysis of flavanone-7-0-glycosides
in citrus juices by short-end capillary electrochromatography, . Chromatogr.
A 1081 (2005) 99-104.

[143] Y. Peng, F. Liu, Y. Peng, J. Ye, Determination of polyphenols in apple juice and
cider by capillary electrophoresis with electrochemical detection, Food Chem.
92 (2005) 169-175.

[144] ]. Sadecka, ]. Polonsky, Electrophoretic methods in the analysis of beverages,
J. Chromatogr. A 880 (2000) 243-279.

[145] T. Watanabe, A. Yamamoto, S. Nagai, S. Terabe, Analysis of elderberry pig-
ments in comercial food samples by micellar electrokinetic chromatography,
Anal. Sci. 14 (1998) 839-844.

[146] Z.Demianova, H. Sirén, R. Kuldvee, M.L. Riekkola, Nonaqueous capillary elec-
trophoretic separation of polyphenolic compounds in wine using coated
capillaries at high pH in methanol, Electrophoresis 24 (2003) 4264-4271.

[147] R. Sdenz-Lopez, P. Ferndndez-Zurbano, M.T. Tena, Analysis of aged red wine
pigments by capillary zone electrophoresis, J. Chromatogr. A 1052 (2004)
191-197.

[148] C. Garcia-Viguera, P. Bridle, Analysis of non-coloured phenolic compounds
in red wines. A comparison of high-performance liquid chromatography and
capillary zone electrophoresis, Food Chem. 54 (1995) 349-352.

[149] P. Andrade, R. Seabra, M. Ferreira, F. Ferreres, C. Garcia-Viguera, Analysis of
non-coloured phenolics in port wines by capillary zone electrophoresis, Z.
Lebensm. Unters. Forsch. A 206 (1998) 161-164.

[150] P. Andrade, B.M. Oliveira, R.M. Seabra, M.A. Ferreira, F. Ferreres, C. Garcia-
Viguera, Analysis of phenolic compounds in Spanish Albrarifio and Portuguese
Alvarinho and Loureiro wines by capillary zone electrophoresis and high-
performance liquid chromatography, Electrophoresis 22 (2001) 1568-1572.

[151] M.L Gil, C. Garcia-Viguera, P. Bridle, F.A. Tomas-Barberan, Analysis of phe-
nolic compounds in Spanish red wines by capillary zone electrophoresis, Z.
Lebensm. Unters. Forsch. A 200 (1995) 278-281.

[152] Z. Guadalupe, A. Soldevilla, M.P. Sdenz-Navajas, B. Ayestaran, Analysis of
polymeric phenolics in red wines using different techniques combined with
gel permeation chromatography fractionation, J. Chromatogr. A 1112 (2006)
112-120.

[153] J. Pazourek, D. Gajdo3ova, M. Spanild, M. Farkova, K. Novotn4, ]. Havel, Analy-
sis of polyphenols in wines: correlation between total polyphenolic content
and antioxidant potential from photometric measurements. Prediction of
cultivars and vintage from capillary zone electrophoresis fingerprints using
artificial neural network, J. Chromatogr. A 1081 (2005) 48-54.

[154] X. Gu, Q. Chu, M. OiDwyer, M. Zeece, Analysis of resveratrol in wine by capil-
lary electrophoresis, J. Chromatogr. A 881 (2000) 471-481.

[155] R. Hamoudova, M. Urbanek, M. PospiSilova, M. Polasek, Assay of phenolic
compounds in red wine by on-line combination of capillary isotachophoresis
with capillary zone electrophoresis, J. Chromatogr. A 1032 (2004) 281-287.

[156] B.C.Prasongsidh, G.R. Skurray, Capillary electrophoresis analysis of trans- and
cis-resveratrol, quercetin, catechin and gallic acid in wine, Food Chem. 62
(1998) 355-358.

[157] G. Cartoni, F. Coccioli, R. Jasionowska, Capillary electrophoretic separation of
phenolic acids, J. Chromatogr. A 709 (1995) 209-214.

[158] G. Vanhoenacker, A. De Villiers, K. Lazou, D. De Keukeleire, P. Sandra, Com-
parison of high-performance liquid chromatography-mass spectroscopy and
capillary electrophoresis—mass spectroscopy for the analysis of phenolic com-
pounds in diethyl ether extracts of red wines, Chromatographia 54 (2001)
309-315.

[159] S.P. Wang, KJ. Huang, Determination of flavonoids by high-performance liq-
uid chromatography and capillary electrophoresis, J. Chromatogr. A 1032
(2004) 273-279.

[160] Y. Peng, Q. Chuy, F. Liu, ]. Ye, Determination of phenolic constituents of bio-
logical interest in red wine by capillary electrophoresis with electrochemical
detection, J. Agric. Food Chem. 52 (2004) 153-156.

[161] L. Arce, M.T. Tena, A. Rios, M. Valcarcel, Determination of trans-resveratrol
and other polyphenols in wines by a continuous flow sample clean-up system
followed by capillary electrophoresis separation, Anal. Chim. Acta 359 (1998)
27-38.

[162] R. Sédenz-Lopez, P. Fernandez-Zurbano, M.T. Tena, Development and val-
idation of a capillary zone electrophoresis method for the quantitative
determination of anthocyanins in wine, J. Chromatogr. A 990 (2003) 247-258.

[163] Q. Chu, M. OiDwyer, M.G. Zeece, Direct analysis of resveratrol in wine by
micellar electrokinetic capillary electrophoresis, J. Agric. Food Chem. 46
(1998) 509-513.

[164] R.G. Peres, G.A. Micke, M.F.M. Tavares, D.B. Rodriguez-Amaya, Multivari-
ant optimization, validation and application of capillary electrophoresis for
simultaneous determination of polyphenols and phenolic acids in Brazilian
wines, J. Sep. Sci. 32 (2009) 3822-3828.

[165] M.A. Rodriguez-Delgado, M.L. Pérez, R. Corbella, G. Gonzélez, F.J. Garcia,
Montelongo, Optimization of the separation of phenolic compounds by micel-
lar electrokinetic capillary chromatography, J. Chromatogr. A 871 (2000)
427-438.

[166] J. Woraratphoka, K.O. Intarapichet, K. Indrapichate, Phenolic compounds and
antioxidative properties of selected wines from the northeast of Thailand,
Food Chem. 104 (2007) 1485-1490.

[167] R.C. Minussi, M. Rossi, L. Bologna, L. Cordi, D. Rotilio, G.M. Pastore, N. Durdn,
Phenolic compounds and total antioxidant potential of comercial wines, Food
Chem. 82 (2003) 409-416.

[168] J. Pazourek, G. Gonzélez, A.L. Revilla, J. Havel, Separation of polyphenols in
Canary Islands wine by capillary zone electrophoresis without preconcentra-
tion, J. Chromatogr. A 874 (2000) 111-119.

[169] ].J. Berzas Nevado, A.M. Contento Salcedo, G. Castafieda, Pefialvo, Simulta-
neous determination of cis- and trans-resveratrol in wines by capillary zone
electrophoresis, Analyst 124 (1999) 61-66.

[170] Z. Dobia3ova, J. Pazourek, ]J. Havel, Simultaneous determination of trans-
resveratrol and sorbic acid in wine by capillary zone electrophoresis,
Electrophoresis 23 (2002) 263-267.

[171] ]J. Hernidndez-Borges, T. Borges-Miquel, G. Gonzilez-Hernidndez, M.A.
Rodriguez-Delgado, Rapid separation of antioxidant in food samples by
coelectroosmotic CE, Chromatographia 62 (2005) 271-276.

[172] E.B. Rimm, C. Moats, Alcohol and coronary heart disease: drinking patterns
and mediators of effect, Anals Epidemiol. 17 (2007) S3-S7.

[173] E.B.Rimm, A. Klatsky, D. Grobbee, M.]. Stampfer, Review of moderate alcohol
consumption and reduced risk of coronary heart disease: is the effect due to
beer, wine or spirits? Br. Med. J. 312 (1996) 731-736.

[174] TJ. Cleophas, Wine, beer and spirits and the risk of myocardial infarction: a
systematic review, Biomed. Pharmacother. 53 (1999) 417-423.

[175] S. Cortacero-Ramirez, M. Hernaiz-Bermddez de Castro, A. Segura-Carretero,
C. Cruces-Blanco, A. Fernandez-Gutiérrez, Analysis of beer componets by cap-
illary electrophoretic methods, TrAC 22 (2003) 440-455.

[176] S. Moane, S. Park, C.E. Lunte, M.R. Smyth, Detection of phenolic acids in bev-
erages by capillary electrophoresis with electrochemical detection, Analyst
123(1998) 1931-1936.

[177] LA. Holland, N. Murray Harmony, S.M. Lunte, Characterisation of
an integrated on-capillary dual electrode for capillary electrophoresis-
electrochemistry, Electroanalysis 11 (1999) 327-330.

[178] A.G. Panosyan, G. Mamikonyan, M. Torosyan, A. Abramyan, A. Oganesyan,
E.S. Gabrielyan, A. Grigoryants, S. Mkhitaryan, B.V. Lapin, Determination of
phenolic aldehydes in cognacs and wines by capillary electrophoresis: new
cognac quality markers, J. Anal. Chem. 57 (2002) 356-361.

[179] T. Watanabe, A. Yamamoto, S. Nagai, S. Terabe, Simultaneous analy-
sis of tyrosol, tryptophol and ferulic acid in commercial sake samples
by micellar electrokinetic chromatography, J. Chromatogr. A 825 (1998)
102-106.

[180] T. Watanabe, A. Yamamoto, S. Nagai, S. Terabe, Micellar electrokinetic chro-
matography as an alternative to high-performance liquid chromatography for
separation and determination of phenolic compounds in Japanese spirituous
liquor, J. Chromatogr. A 793 (1998) 409-413.

[181] Commission Regulation 1513/2001, 23th July, Off. J. Eur. Commun. L201
(2001) 4-7.

[182] ].B. Rossell, Woodhead Publishing Limited, CRC Press, Boca Raton, Boston,
New York Washington, DC, 2001.

[183] F.Visioli, C. Galli, Olive oil phenols and their potential effects on human health,
J. Agric. Food Chem. 46 (1998) 4292-4296.

[184] M. Servili, G. Montedoro, Contribution of olive oil to virgin olive oil quality,
Eur. ]. Lipid Sci. Technol. 104 (2002) 602-613.

[185] D. Boskou, Olive oil composition, in: Olive Oil Chemistry and Technology,
AOCS Press, Champaing, IL (USA), 1996, pp. 52-83.

[186] F. Shahidi, Natural antioxidants: an overview, in: F. Shahidi (Ed.), Natural
Antioxidants: Chemistry, Health Effects and Applications, AOCS Press, Cham-
paing, IL (USA), 1996, pp. 97-149.

[187] R.W.Owen, W. Mier, A. Giacosa, W.E. Hull, B. Spiegelhalder, H. Bartsch, Pheno-
lic compounds and squalene in olive oils: the concentration and antioxidant
potential of total phenols, simple phenols, secoiridoids, lignans and squalene,
Food Chem. Toxicol. 38 (2000) 647-659.

[188] S.Cicerole, X.A. Conlan, AJJ. Sinclair, R.S.J. Keast, Chemistry and health of olive
oil phenolics, Crit. Rev. Food Sci. 49 (2009) 218-236.



E. Hurtado-Ferndndez et al. / Journal of Pharmaceutical and Biomedical Analysis 53 (2010) 1130-1160 1159

[189] J.A. Menéndez, A. Vazquez-Martin, C. Oliveras-Ferraros, R. Garcia-Villalba, A.
Carrasco-Pancorbo, A. Fernandez-Gutiérrez, A. Segura-Carretero, Extra-virgin
olive oil polyphenols inhibit HER2 (erbB-2)-induced malignant transforma-
tion in human breast epithelial cells: Relationship between the chemical
structures of extra-virgin olive oil secoiridoids and lignans and their
inhibitory activities on the tyrosine kinase activity of HER2, Int. J. Oncol. 34
(2009) 43-51.

[190] L. Cerretani, M.D. Salvador, A. Bendini, G. Fregapane, Relationship between
sensory evaluation performed by Italian and Spanish official panels and
volatile and phenolic profiles of virgin olive oils, Chem. Percept. 1 (2008)
258-267.

[191] A. Bendini, M. Bonoli, L. Cerretani, B. Biguzzi, G. Lercker, T. Gallina, Toschi,
Liquid-liquid and solid-phase extractions of phenols from virgin olive oil and
their separation by chromatographic and electrophoretic methods, J. Chro-
matogr. A 985 (2003) 425-433.

[192] A. Carrasco-Pancorbo, L. Cerretani, A. Bendini, A. Segura-Carretero, T. Gallina-
Toschi, A. Ferndndez-Gutiérrez, Analytical determination of polyphenols in
olive ails, J. Sep. Sci. 28 (2005) 837-858.

[193] A. Bendini, L. Cerretani, A. Carrasco-Pancorbo, A.M. Gémez-Caravaca, A.
Segura-Carretero, A. Ferndndez-Gutiérrez, G. Lercker, Phenolic molecules in
virgin olive oil: a survey of their sensory properties, antioxidant activity and
analytical methods. An overview of the last decade, Molecules 12 (2007)
1679-1719.

[194] E.M. Pirisi, P. Cabras, C. Falqui Cao, M. Migliorini, M. Muggelli, Pheno-
lic compounds in virgin olive oil. 2. Reappraisal of the extraction, HPLC
separation, and quantification procedures, J. Agric. Food Chem. 48 (2000)
1191-1196.

[195] M. Bonoli, M. Montanucci, T. Gallina-Toschi, G. Lercker, Fast separation and
determination of tyrosol, hydroxytyrosol and other phenolic compounds in
extra-virgin olive oil by capillary zone electrophoresis with ultraviolet-diode
array detection, J. Chromatogr. A 1011 (2003) 163-172.

[196] M. Bonoli, A. Bendini, L. Cerretani, G. Lercker, T. Gallina, Toschi, Qualitative
and semiquantitative analysis of phenolic compounds in extra virgin olive
oils as a function of the ripening degree of olive fruits by different analytical
techniques, J. Agric. Food Chem. 52 (2004) 7026-7032.

[197] A. Rotondi, A. Bendini, L. Cerretani, M. Mari, G. Lercker, T. Gallina, Toschi,
Effect of olive ripening degree on the oxidative stability and organoleptic
properties of Cv. Nostrana di Brisighella extra virgin olive oil, J. Agric. Food
Chem. 52 (2004) 3649-3654.

[198] A. Carrasco Pancorbo, C. Cruces-Blanco, A. Segura Carretero, A. Ferndndez,
Gutiérrez, Sensitive determination of phenolic acids in extra-virgin olive oil
by capillary zone electrophoresis, J. Agric. Food Chem. 52 (2004) 6687-6693.

[199] F. Buiarelli, S. Di Berardino, F. Coccioli, R. Jasionowska, M.V. Russo, Determi-
nation of phenolic acids in olive oil by capillary electrophoresis, Ann. Chim.
94 (2004) 699-705.

[200] A. Carrasco-Pancorbo, A. Segura-Carretero, A. Fernandez-Gutiérrez, Co-
electroosmotic capillary electrophoresis determination of phenolic acids in
comercial olive oil, ]. Sep. Sci. 28 (2005) 925-934.

[201] A.M. Gémez-Caravaca, A. Carrasco-Pancorbo, B. Cafiabate-Diaz, A. Segura-
Carretero, A. Fernandez-Gutiérrez, Electrophoretic identification and quan-
titation of compounds in the polyphenolic fraction of extra-virgin olive oil,
Electrophoresis 26 (2005) 3538-3551.

[202] A. Carrasco-Pancorbo, D. Arrdez-Roman, A. Segura-Carretero, A. Fernandez-
Gutiérrez, Capillary electrophoresis-electrospray ionization-mass spectrom-
etry method to determine the phenolic fraction of extra-virgin olive oil,
Electrophoresis 27 (2006) 2182-2196.

[203] A. Carrasco-Pancorbo, A.M. Gémez-Caravaca, L. Cerretani, A. Bendini, A.
Segura-Carretero, A. Ferndndez-Gutiérrez, A simple and rapid electrophoretic
method to characterize simple phenols, lignans, complex phenols, phenolic
acids, and flavonoids in extravirgin olive oil, J. Sep. Sci. 29 (2006) 2221-2233.

[204] A. Carrasco-Pancorbo, A.M. Gémez-Caravaca, L. Cerretani, A. Bendini, A.
Segura-Carretero, A. Fernandez-Gutiérrez, Rapid quantification of the phe-
nolic fraction of Spanish virgin olive oils by capillary electrophoresis with UV
detection, J. Agric. Food Chem. 54 (2006) 7984-7991.

[205] A. Carrasco-Pancorbo, C. Neusii§, M. Pelzing, A. Segura-Carretero, A.
Fernandez-Gutiérrez, CE- and HPLC-TOF-MS for the characterisation of phe-
nolic compounds in olive oil, Electrophoresis 28 (2007) 806-821.

[206] Z. Aturki, S. Fanali, G. DiOrazio, A. Rocco, C. Rosati, Analysis of the phenolic
compounds in extra virgin olive oil by using reversed-phase capillary elec-
trochromatography, Electrophoresis 29 (2008) 1643-1650.

[207] A. Carrasco-Pancorbo, A.M. Gémez-Caravaca, A. Segura-Carretero, L. Cerre-
tani, A. Bendini, A. Ferndndez-Gutiérrez, Use of capillary electrophoresis with
UV detection to compare the phenoic profiles of extra-virgin olive oils belong-
ing to Spanish and Italian PDOs and their relation to sensorial properties, J.
Sci. Food Agric. 89 (2009) 2144-2155.

[208] AM. Gomez-Caravaca, A. Carrasco-Pancorbo, A. Segura-Carretero, A.
Fernandez-Gutiérrez, NACE-ESI-TOF MS to reveal phenolic compounds from
olive oil: introducing enriched olive oil directly inside capillary, Electrophore-
sis 30 (2009) 3099-3109.

[209] M.P. Kdhkonen, A.l. Hopia, H.J. Vuorela, ].P. Rauha, K. Pihlaja, T.S. Kujala, M.
Heinonen, Antioxidant activity of plant extracts containing phenolic com-
pounds, J. Agric. Food Chem. 47 (1999) 3954-3962.

[210] M. Naczk, F. Shahidi, Phenolics in cereals, fruits and vegetables: occurrence,
extraction and analysis, ]. Pharmaceut. Biomed. 41 (2006) 1523-1542.

[211] M.T. Escribano-Bailén, C. Santos-Buelga, ].C. Rivas-Gonzalo, Anthocyanins in
cereals, ]. Chromatogr. A 1054 (2004) 129-141.

[212] J. Hernandez-Borges, G. Gonzdlez-Herndndez, T. Borges-Miquel, M.A.
Rodriguez-Delgado, Determination of antioxidants in edible grain derivatives
from the Canary Islands by capillary electrophoresis, Food Chem. 91 (2005)
105-111.

[213] M. Vaher, K. Matso, T. Levandi, K. Helmja, M. Kaljurand, Phenolic compounds
and the antioxidant activity of the bran, flour and whole grain of different
wheat varieties, Procedia Chem. 2 (2010) 76-82.

[214] Y.Peng,F.Liy,].Ye, Determination of phenolic compounds in the hull and flour
of buckwheat (Fagopyrum esculentum Moench) by capillary electrophoresis
with electrochemical detection, Anal. Lett. 37 (2004) 2789-2803.

[215] S. Kreft, M. Knapp, 1. Kreft, Extraction of rutin from buckwheat (Fagopyrum
esculentum Moench) seeds and determination by capillary electrophoresis, J.
Agric. Food Chem. 47 (1999) 4649-4652.

[216] T.S. Samaras, P.A. Camburn, S.X. Chandra, M.H. Gordon, J.M. Ames, Antioxi-
dant properties of kilned and roasted malts, J. Agric. Food Chem. 53 (2005)
8068-8074.

[217] F.Kvasnicka, J. Copikova, R. Sev¢ik, ]. Kratka, A. Syntytsia, M. Voldfich, Deter-
mination of phenolic acids by capillary zone electrophoresis and HPLC, Cent.
Eur. J. Chem. 6 (2008) 410-418.

[218] M. Bonoli, E. Marconi, M.F. Caboni, Free and bound phenolic compounds in
barley (Hordeum vulgare L.) flours. Evaluation of the extraction capability of
different solvent mixtures and pressurized liquid methods by micellar elec-
trokinetic chromatography and spectrophotometry, J. Chromatogr. A 1057
(2004) 1-12.

[219] M.L. Dreher, C.V. Maher, P. Kearney, The traditional and emerging role of nuts
in healthful diets, Nutr. Rev. 54 (1996) 241-245.

[220] C. Cannella, S. Dernini, Walnut: insights and nutritional value, Acta Hortic.
705 (2006) 547-549.

[221] E.B. Feldman, The scientific evidence for a beneficial health relation-
ship between walnuts and coronary heart disease, J. Nutr. 132 (2002)
10625-1101S.

[222] A. Cifuentes, B. Bartolomé, C. Gémez-Cordovés, Fast determination of
procyanidins and other phenolic compounds in food samples by micellar elec-
trokinetic chromatography using acidic buffers, Electrophoresis 22 (2001)
1561-1567.

[223] P. Cesla, L. Blomberg, M. Hamberg, P. Jandera, Characterisation of anacardic
acids by micellar electrokinetic chromatpgraphy and mass spectrometry, J.
Chromatogr. A 1115 (2006) 253-259.

[224] AM. Gémez-Caravaca, V. Verardo, A. Segura-Carretero, M.F. Caboni, A.
Fernandez-Gutiérrez, Development of a rapid method to determine phenolic
and other polar compounds in walnut by capillary electrophoresis-
electrospray ionization time-of-flight mass spectrometry, J. Chromatogr. A
1209 (2008) 238-245.

[225] M. Karamaé, In-vitro study on the efficacy of tannin fractions of edible nuts as
antioxidants, Eur. J. Lipid Sci. Technol. 111 (2009) 1063-1071.

[226] Z.K. Shihabi, T. Kute, L.L. Garcia, M. Hinsdale, Analysis of isoflavones by capil-
lary electrophoresis, J. Chromatogr. A 680 (1994) 181-185.

[227] Y. Peng, Q. Chu, F. Liu, ]. Ye, Determination of isoflavones in soy products
by capillary electrophoresis with electrochemical detection, Food Chem. 87
(2004) 135-139.

[228] G. Dinelli, I. Aloisio, A. Bonetti, . Marotti, A. Cifuentes, Compositional changes
induced by UV-B radiation treatment of common bean and soybean seedlings
monitored by capillary electrophoresis with diode array detection, ]. Sep. Sci.
30(2007) 604-611.

[229] R. Garcia-Villalba, C. Ledn, G. Dinelli, A. Segura-Carretero, A. Fernandez-
Gutiérrez, V. Garcia-Canas, A. Cifuentes, Comparative metabolomic study of
transgenic versus conventional soybean using capillary electrophoresis-time-
of-flight mass spectrometry, J. Chromatogr. A 1195 (2008) 164-173.

[230] G.A. Micke, N.M. Fujiya, F.G. Tonin, A.C. de Oliveira Costa, M.F.M. Tavares,
Method development and validation for isoflavones in soy germ pharmaceu-
tical capsules using micellar electrokinetic chromatography, J. Pharmaceut.
Biomed. 41 (2006) 1625-1632.

[231] O. Mellenthin, R. Galensa, Analysis of polyphenols using capillary zone elec-
trophoresis and HPLC: detection of soy, lupin and pea protein in meat
products, J. Agric. Food Chem. 47 (1999) 594-602.

[232] M. Rusconi, A. Conti, Theobroma cacao L., the food of the Gods: a scientific
approach beyond myths and claims, Pharmacol. Res. 61 (2010) 5-13.

[233] LJ. Romanczyk, ].F. Hammerstone, M.M. Buck, L.S. Post, G.G. Cipolla, C.A. Mic-
celand, J.A. Mundt, H.H. Schmitz, Cocoa extract compounds and methods for
making and using the same, Patent Cooperation Treaty (PCT) WO 97/36497,
Mars Inco., USA, 1997.

[234] R. Gotti, ]. Fiori, F. Mancini, V. Cavrini, Modified micellar electrokinetic
chromatography in the analysis of catechins and xanthines in chocolate, Elec-
trophoresis 25 (2004) 3282-3291.

[235] R. Gotti, S. Furlanetto, S. Pinzauti, V. Cavrini, Analysis of catechins in
Theobroma cacao beans by cyclodextrin-modified micellar electrokinetic
chromatography, J. Chromatogr. A 1112 (2006) 345-352.

[236] M. Kofink, M. Papagiannopoulos, R. Galensa, (—)-Catechin in cocoa and
chocolate: occurrence and analy sis of an atypical flavan-3-ol enantiomer,
Molecules 12 (2007) 1274-1288.

[237] M. Ohashi, H. Omae, M. Hashida, Y. Sowa, S. Imai, Determination of vanillin
and related flavour compounds in cocoa drink by capillary electrophoresis, J.
Chromatogr. A 1138 (2007) 262-267.

[238] C. Delgado, F.A. Tomas-Barberan, T. Talou, A. Gaset, Capillary electrophoresis
as an alternative to HPLC for determination of honey flavonoids, Chro-
matographia 38 (1994) 71-78.



1160 E. Hurtado-Ferndndez et al. / Journal of Pharmaceutical and Biomedical Analysis 53 (2010) 1130-1160

[239] F. Ferreres, M.A. Blazquez, M.I. Gil, F.A. Tomas-Barberan, Separation of honey
flavonoids by micellar electrokinetic capillary chromatography, J. Chro-
matogr. A 669 (1994) 268-274.

[240] P. Andrade, F. Ferreres, M.I. Gil, F.A. Tomas-Barberan, Determination of phe-
nolic compounds in honeys with different floral origin by capillary zone
electrophoresis, Food Chem. 60 (1997) 79-84.

[241] A.M.Gémez-Caravaca, A. Segura-Carretero, A. Fernandez-Gutiérrez, Problems
of quantitative and qualitative estimation of polyphenols in honey by capil-
lary electrophoresis with UV-vis detection, Agro Food Industry Hi-Tech 17
(2006) 68-71.

[242] D. Arrdez-Roman, A.M. Gémez-Caravaca, M. G6mez-Romero, A. Segura-
Carretero, A. Fernandez-Gutiérrez, Identification of phenolic compounds in
rosemary honey using solid-phase extraction by capillary electrophoresis-
electrospray ionization-mass spectrometry, J. Pharm. Biomed. Anal. 41 (2006)
1648-1656.

[243] H. Chi, AK. Hsieh, C.L. Ng, HK. Lee, S.F.Y. Li, Determination of components
in propolis by capillary electrophoresis and photodiode array detection, ].
Chromatogr. A 680 (1994) 593-597.

[244] Y.H.Cao,Y.Wang, Q. Yuan, Analysis of flavonoids and phenolic acid in propolis
by capillary electrophoresis, Chromatographia 59 (2004) 135-140.

[245] N. Volpi, Separation of flavonoids and phenolic acids from propolis by capil-
lary zone electrophoresis, Electrophoresis 25 (2004) 1872-1878.

[246] J.D. Fontana, M. Passos, M.H.R. dos Santos, C.K. Fontana, B.H. Oliveira, L.
Schause, R. Pontarolo, M.A. Barbirato, M.A. Ruggiero, F.M. Lancas, Pro-
filing propolis flavonoids by means of micellar electrokinetic capillary
chromatography, capillary gas chromatography and bactericidal action, Chro-
matographia 52 (2000) 147-151.

[247] Y. Lu, C. Wu, Z. Yuan, Determination of hesperetin, cinnamic acid and nico-
tinic acid in propolis with micellar electrokinetic capillary chromatography,
Fitoterapia 75 (2004) 267-276.

[248] M. Hilhorst, G.W. Somsen, G.J. de Jong, Potential of capillary electrophore-
sis for the profiling of propolis, HRC J. High Resolut. Chromatogr. 21 (1998)
608-612.

[249] S.H. Fu, M.H. Yang, H.M. Wen, ].C. Chern, Analysis of flavonoids in propolis by
capillary electrophoresis, J. Food Drug Anal. 13 (2005) 43-50.

[250] M. Gémez-Romero, D. Arrdez-Roman, R. Moreno-Torres, P. Garcia-Salas, A.
Segura-Carretero, A. Fernandez-Gutiérrez, Antioxidant compounds of propo-
lis determined by capillary electrophoresis-mass spectrometry, J. Sep. Sci. 30
(2007) 595-603.

[251] D. Arrdez-Roman, G. Zurek, C. BiBmann, N. Almaraz-Abarca, R. Quirantes,
A. Segura-Carretero, A. Fernandez-Gutiérrez, Identification of phenolic com-
pounds from pollen extracts using capillary electrophoresis-electrospray
time-of-flight mass spectrometry, Anal. Bioanal. Chem. 389 (2007)
1909-1917.

[252] Y. Yang, S. Wang, S. Zhang, Determination of flavonoids in pollen tryphae
(Puhuang) by HPCE and HPLC, China J. Chin. Mater. Med. 24 (1999) 682-684.

[253] Q. Chuy, X. Tian, L. Jiang, J. Ye, Application of capillary electrophoresis to study
phenolic profiles of honeybee-collected pollen, J. Agric. Food Chem. 55 (2007)
8864-8869.

[254] D.Boskou, Sources of natural antioxidants, Trends Food Sci. Technol. 17 (2006)
505-512.

[255] S. Wang, L. Jia, D. Chen, Pressurized CEC with gradient elution for separation
of flavonoids from corn, J. Sep. Sci. 32 (2009) 388-393.

[256] M. Polasek, I. Petriska, M. Pospisilova, L. Jahodat, Use of molybdate as novel
complex-forming selector in the analysis of polyhydric phenols by capillary
zone electrophoresis, Talanta 69 (2006) 192-198.

[257] S.Dong, L. Chi, P. He, Q. Wang, Y. Fang, Simultaneous determination of antiox-
idants at a chemically modified electrode with vitamin By, by capillary zone
electrophoresis coupled with amperometric detection, Talanta 80 (2009)
809-814.

[258] A. Escarpa, M.C. Gonzalez, A. Gonzalez Crevillén, A . Blasco, CE microchips:
an opened gate to food analysis, Electrophoresis 28 (2007) 1002-1011.

[259] K. Uchiyama, H. Nakajima, T. Hobo, Detection methods for microchip separa-
tions, Anal. Bioanal. Chem. 379 (2004) 375-382.

[260] K.Tsukagoshi, T.Saito, R. Nakajima, Analysis of antioxidants by microchip cap-
illary electrophoresis with chemiluminescence detection base don luminol
reaction, Talanta 77 (2008) 514-517.

[261] V. Garcia-Canas, A. Cifuentes, Recent advances in the application of capil-
lary electromigration methods for food analysis, Electrophoresis 29 (2008)
294-309.

[262] RW. Hompesch, C.D. Garcia, DJ. Weiss, ].M. Vivanco, C.S. Henry,
Analysis of natural flavonoids by microchip-micellar electrokinetic chro-
matography with pulsed amperometric detection, Analyst 130 (2005)
694-700.

[263] M.Scampicchio, ]. Wang, S. Mannino, M.P. Chatrathi, Microchip capillary elec-
trophoresis with amperometric detection for rapid separation and detection
of phenolic acids, ]J. Chromatogr. A 1049 (2004) 189-194.

[264] Al].Blasco, 1. Barrigas, M.C. Gonzalez, A. Escarpa, Fast and simultaneous detec-
tion of prominent natural antioxidants using analytical microsystems for
capillary electrophoresis with a glassy carbdn electrode: a new Gateway to
food environments, Electrophoresis 26 (2005) 4664-4673.

[265] Y. Ding, M.F. Mora, C.D. Garcia, Analysis of alkyl gallates and nordihydrogua-
iaretic acid using plastic capillary electrophoresis-microchips, Anal. Chim.
Acta 561 (2006) 126-132.

[266] M. Herrero, V. Garcia-Cafias, C. Simé, A. Cifuentes, Recent advances in the
application of capillary electromigration methods for food analysis and
Foodomics, Electrophoresis 31 (2010) 205-228.



	Application and potential of capillary electroseparation methods to determine antioxidant phenolic compounds from plant fo...
	Introduction
	Sample preparation
	CE methods
	CE analysis of plant food material
	Fruits
	Vegetables
	Fruit as the edible part of the vegetable
	Tubers
	Bulbs
	Leaves

	Herbs, spices and medicinal plants
	Beverages
	Tea
	Coffee
	Juice
	Wine
	Beer
	Other beverages

	Vegetable oils
	Cereals, legumes and nuts
	Others
	Cocoa beans and products
	Bee products


	Usefulness of generated data
	New trends and perspectives
	References


