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Health promoting and sensory properties
of phenolic compounds in food

Phenolic compounds have been extensively studied in recent years. The presence of these compounds in various
foods has been associated with sensory and health promoting properties. These products from the secondary
metabolism of plants act as defense mechanisms against environmental stress and attack by other organisms. They
are divided into different classes according to their chemical structures. The objective of this study was to describe
the different classes of phenolic compounds, the main food sources and factors of variation, besides methods for
the identification and quantification commonly used to analyze these compounds. Moreover, the role of phenolic
compounds in scavenging oxidative stress and the techniques of in vitro antioxidant evaluation are discussed. In
vivo studies to evaluate the biological effects of these compounds and their impact on chronic disease prevention
are presented as well. Finally, it was discussed the role of these compounds on the sensory quality of foods.
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Propriedades de saúde e sensoriais de compostos fenólicos em alimentos

Os compostos fenólicos têm sido extensivamente estudados nos últimos anos. A presença destes compostos em
vários alimentos tem sido associada com as propriedades de saúde e sensoriais. Estes produtos do metabolismo
secundário de plantas atuam como mecanismos de defesa vegetal contra o estresse ambiental e ataque de outros
organismos. Esses compostos são divididos em diferentes categorias de acordo com as suas estruturas químicas.
Este estudo teve como objetivo descrever as diferentes classes de compostos fenólicos, as principais fontes ali-
mentares e fatores de variação, além de métodos para a identificação e quantificação comumente usados para ana-
lisar estes compostos. Além disso, discute-se o papel de compostos fenólicos no combate ao estresse oxidativo e
as técnicas de avaliação da atividade antioxidante in vitro. Estudos in vivo para avaliar os efeitos biológicos destes
compostos e seu impacto na prevenção de doenças crônicas também são apresentados. Por fim, foi discutido o
papel desses compostos sobre a qualidade sensorial dos alimentos.

Palavras-Chave: métodos analíticos, antioxidante, propriedades de saúde, propriedades sensoriais.
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INTRODUCTION

Polyphenols are compounds of the plant secondary
metabolism that can accumulate in certain plant organs
such as leaves, fruits, roots and stems. As a large group
of bioactive chemicals, they have diverse biological
functions. Because they are essential to plant life, they
can provide defense against microbiological attacks and
make food unpalatable to predators and other herbivores
(Vogt, 2010; Bavaresco, 2003).

The consumption of fruit and vegetables, rich in
phenolic compounds, has been associated to healthy diets
and to the prevention of several chronic diseases because
of the antioxidant properties of these compounds, which
act as reducing or metal chelating agents, hydrogen
donors and singlet oxygen quenchers (Tsao & Yang,
2003). Moreover, phenolic compounds can prevent
disease through mechanisms that differ from antioxidant
function, such as cellular signaling, gene expression, and
modulation of enzymatic activity (Milenkovic et al.,
2011).

Phenolic compounds may also affect positively or
negatively the sensory characteristics of food with
impacts on color, flavor and astringency. This impact
needs to be evaluated and becomes important so that
health-promoting products could be also palatable and
largely consumed.

This paper discusses the health promoting and sensory
properties of phenolic compounds in food. For this
purpose, classes of phenolic compounds, their sources,
the methods of determination of these compounds in food
and for the determination of in vitro and in vivo
antioxidant activities are discussed, as well as the role of
these compounds in the sensory and functional properties
of food.

Classes of phenolic compounds

Phenolic compounds are secondary plant metabolites
and important determinants in the sensory and extra
nutritional quality of fruits, vegetables and other plants
(Lapornik et al., 2004; Ignat et al., 2011). According to
Flores et al. (2014), the biosynthetic pathway of
flavonoids starts with L-phenil alanine yelding cinnamic
acid by a reaction of monoxidative deamination catalysed
by phenylalanine ammonia lyase, which directs the
carbon flow from the shikimate pathway to the various
branches of the general phenylpropanoid metabolism
(Vogt, 2010).

These compounds present an aromatic ring bearing
one or more hydroxyl groups and their structures may
range from that of a simple phenolic molecule to that of
a complex high-molecular mass polymer (Balasundram
et al., 2006).

Phenolic compounds comprise a wide variety of
molecules that have a polyphenol structure (i.e. several
hydroxyl groups on aromatic rings), but also molecules
with one phenol ring, such as phenolic acids and phenolic
alcohols. Polyphenols are divided into several classes
according to the number of phenol rings and to the
structural elements that bind these rings to one another.
Although such structural diversity results in the wide ran-
ge of phenolic compounds that occur in nature, they can
basically be categorized into several classes (Balasundram
et al., 2006). They range from simple molecules (such as
phenolic acids with a single aromatic structure), biphenols
(such as ellagic acid) and flavonoids, which contains 2 to
3 aromatic rings (Ignat et al., 2011) to polyphenols
containing 12 to 16 rings. The main groups of polyphenols
are flavonoids, phenolic acids, tannins (hydrolysable and
condensed), stilbenes and lignans (Balasundram et al.,
2006; D’Archivio et al., 2007).

Flavonoids

The basic flavonoid structure is the flavan nucleus,
which consists of 15 carbon atoms arranged in three
rings (C6-C3-C6), labeled A, B, and C (Pietta, 2000;
Rice-Evans et al., 1996). Graf et al. (2005) described
that the types of flavonoids differ among each other by
the connection position of B and C rings, as well as the
degree of saturation, oxidation and hydroxylation of the
C ring. Based on the characteristics of the aglycones,
flavonoids are divided into different subclasses (Figure
1): flavonols, flavones, flavanones, isoflavones, flavanols
or flavan-3-ols, and anthocyanidins (He & Giusti, 2010;
Ignat et al., 2011). Individuals flavonoids are structurally
distinct because of different patterns of hydroxylation,
methylation and conjugation with various mono and di-
saccharides.

Flavonols are characterized by the presence of
unsaturation in the heterocyclic ring, an oxygen atom in
C4 and a hydroxyl group in position 3. The main
components are kaempferol, quercetin and miricetin.
Flavones differ from favonols by the absence of the
hydroxyl group. Luteolin and apigenin are the most
important phenolic compounds in this class. Flavanols
or flavan-3-ols are characterized by the presence of
saturated heterocyclic ring and hydroxyl in C3. Catechin,
epicatechin, epigalocatechin, theaflavin are among many
structures and isomers of this class. Flavanones also has
a saturated three-carbon chain but a ketone group in C4
and no hydroxyl in C3. Flavanones are present in high
concentrations only in citrus fruit, but they are also found
in tomatoes and certain aromatic plants such as mint.
The main aglycones are naringenin in grapefruit,
hesperedin in oranges, and eriodictyol in lemons (Ignat
et al., 2011).
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Isoflavonoids differ from the other groups because
the B ring is bound to C-3 in ring C instead of C-2
(Erlund, 2004). Isoflavones have structural similarities
to estrogens, i.e. hydroxyl groups in the C7 and C4,
positions, like estradiol molecule, and they are
occasionally referred to as “phytoestrogens” (Klejdus
et al., 2007; D’Archivio et al., 2007).

Anthocyanins differ from other flavonoid classes
by the oxidation state to flavilium salt. They are water-
soluble vacuolar pigments that may appear as red, purple
or blue depending on the pH (Ignat et al., 2011). When
the anthocyanidins are found in their glycoside form
(bonded to a sugar moiety), they are known as
anthocyanins (Castañeda-Ovando et al., 2009). There
is a a substantial variety of anthocyanins spread in
nature. The main differences between them are the
number of hydroxylated groups, the nature and the
number of bonded sugars to their structure, the aliphatic
or aromatic carboxylates bonded to the sugar in the
molecule and the position of these bonds (Kong et al.,
2003; Castañeda-Ovando et al., 2009). The sugars
commonly l inked to anthocyanidins are
monosaccharides (glucose, galactose, rhamnose and
arabinose), and di- or tri-saccharides formed by the
combination of the four monosaccharides (Bureau et
al., 2009). So far, there are reports of more than 600
different anthocyanins (Konczak & Zhang, 2004) and
23 anthocyanidins (Andersen & Jordheim, 2006; Kong
et al., 2003; Rein, 2005).

Non-flavonoids

As shown in Figure 2, non-flavonoids include
phenolic acids, tannins, stilbenes and lignans (Horst and

Lajolo, 2007). Phenolic acids are phenols with one
carboxylic acid functionality. When describing plant
metabolites, it refers to a distinct group of organic acids.
These naturally occurring phenolic acids contain two
distinguishing constitutive carbon frameworks: the
hydroxybenzoic and hydroxycinnamic structures
(Robbins, 2003). These compounds exist predominantly
as hydroxybenzoic and hydroxycinnamic acids that may
occur either in their free or conjugated form (Razzaghi-
Asl et al., 2013).

Hydroxybenzoic acids have the C6–C1 structure in
common. The dihydroxybenzoic acid derivatives show
an antioxidant response dependent on the relative
positions of the hydroxyl groups in the ring (Rice-Evans
et al., 1996). There are commonly four different kinds
of phenolic acids of this category: gallic, p-
hydroxybenzoic, protocatechuic, syringic and vanillic
acids, which may be present in soluble form combined
with sugars or organic acids, as well as bound fractions
of the cell walls, as in lignin (Schuster & Herrmann, 1985;
Strack, 1997; Häkkinen, 2000; Koseki et al., 2010).
Benzoic acid and salicylic acid (2-hydroxybenzoate) are
also commonly found.

Hydroxycinnamic acids are phenolic acids with C6-
C3 chain. They occur in various conjugated forms such
as esters of hydroxy acids, i. e., quinic, shikimic and
tartaric, besides derivatives of sugars. The free forms
are the result from chemical and enzymatic hydrolysis
during extraction of plant tissue (Schuster & Herrmann,
1985; Macheix et al., 1990; Naczk & Shahidi, 2004).
Caffeic, ferulic, p-coumaric and sinapic acids are
hydroxycinnamic acids widely found in food (Bravo,
1998; Macheix et al., 1990).

Figure 1. Basic structures of flavonoids.
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Gallic acid, 3,4,5-trihydroxybenzoic acid, takes part
in the formation of hydrolysable gallotannins (Haslam,
1982; Haddock et al., 1982; Strack, 1997). The product
of their dimeric condensation (hexahydroxydiphenic
acid) and the corresponding dilactone, ellagic acid, are
common metabolites of plants. Ellagic acid is
commonly present in ellagitannins, such as the analogs
of diphenics linked to glucose esters (Landete, 2011).
In nature, ellagic acid exists in the free and complexed
forms as easily hydrolysable ellagitannins (Whitley et
al., 2003).

Tannins are water-soluble phenolic compounds with
high molecular weights. They are known as
proanthocyanidins, as they may give rise to
anthocyanidins when their structures are cleaved by
oxidative cleavage. Tannins can precipitate alkaloids,
gelatin and other proteins (Bate-Smith & Swein, 1962)
and can be subdivided into hydrolysable and condensed
tannins (Porter, 1989). Proanthocyanidins (condensed
tannins) are polymeric flavonoids. According to Ignat
et al. (2011), the most widely studied condensed
tannins are based on flavanols (“)-epicatechin and (+)-
catechin, or on flavan-3,4-diol, as leucocyanidin
(Battestin et al., 2004).

Stilbenes contain two phenyl moieties connected by
a two-carbon methylene bridge (C6-C2-C6). The most
extensively studied stilbene is resveratrol (Pandey &
Risvi, 2009, Lee & Rennaker, 2007). Several plant
species are known to produce resveratrol, such as vine
plant, peanut and berries. In grapes, resveratrol (3,5,4'-
Trihydroxystilbene) is a phytoalexin produced in huge
amount in grapevine skin in response to infection by
Bothrytis cinerea (Delmas et al., 2006).

Lignans are phytoestrogens present in seeds,
vegetable oils, cereals, legumes, fruits and vegetables
as aglycones, glycosides, esterified glycosides or as bio-
oligomers (Gerstenmeyer et al., 2013), structurally
characterized by the coupling of two phenylpropanoid
units by a bond between the β-positions in the propane
side chains (Willfor et al., 2006). The units are treated
as propylbenzene units, giving the positions 8 and 8’ to
these linked carbon atoms. They possess an enormous
structural diversity originating from various linkage
patterns (Tsopmo et al., 2013). Frequently occurring
lignans are lariciresinol, pinoresinol,
secoisolariciresinol, syringaresinol, matairesinol, 7-
hydroxymatairesinol, sesamin, sesamolin and sesamol
(Gerstenmeyer et al., 2013).

Figure 2. Basic structures of non-flavonoid phenolic compounds.



768 Lívia de Lacerda de Oliveira et al.

Rev. Ceres, Viçosa, v. 61, Suplemento, p. 764-779, nov/dez, 2014

Sources, databases and factors that influence
composition of phenolic compounds

The United States Department of Agriculture-
Agricultural Research Service have recently updated his
USDA Database for the Flavonoid Content of Selected
Foods (AgricRes Serv, 2013), a document that contains
values of 506 food items for five of six subclasses of
flavonoids: flavonols, flavones, flavanols, flavanones and
anthocyanidins. According to the database, the main
sources of flavonols are capers, licorice roots, dill weed,
onions, berries, ginger, fennel leaves, kale, watercress,
okra, peppers, parsley, safron, radish, broccoli, chia
seeds, some beans and buckwheat. Flavones are found in
sorghum, some spices and herbs such as oregano,
peppermint, celery seed, safron and dried parsley, juniper
berries, kumquats, saw-thistle, artichokes, celery,
peppers, radicchio, and vinespinach. Sources of flavanols
are apple skin, banana, some berries, red wine, Camelia
sinensis teas (black, green, white), black grapes,
nectarine, whole peaches, black diamond plums,
broadbeans and pecan nuts. Flavanones are found mainly
in citrus (orange, grapefruit, lemon kumquats) and their
juices, and the main sources of anthocyanins are berries,
grapes, red wine, cherries, currants, jambul, plum,
acerole, red cabbage, eggplant, red onions, radicchio,
radishes, pecan nut, pistachio nut, black and red beans,
and purple wheat.

Regarding non-favonoid sources, phenolic acids are
commonly found in many food (Rothwell et al., 2013),
but special attention is given in recent literature for wine
(Gonçalves et al., 2013), coffee (Marmet et al., 2014;
Baeza et al., 2014), potatoes (Narváez-Cuenca et al.,
2013), citrus (He et al., 2011), olive (Ballus et al., 2014;
Franco et al., 2014) and grains (Gallardo et al., 2006;
McCarthy, 2012). According to USDA Database for the
Proanthocyanidin Content of Selected Foods 2004
(AgricResServ, 2004), tannins are mainly found in wine,
tea, barley, sorghum, buckwheat, some beans, cacao,
nuts, cinnamon, apples, some berries and at a small extent,
some other fruits such as avocado and apricot. Soybean
and its derivatives are the most important sources of
isoflavones (Graf et al., 2005; AgricResServ, 2008).
Linseeds and sesame seeds seem to be the richest dietary
sources of lignans (Smeds et al., 2007). Strawberries
and other berries are a widely studied source of
ellagitannins and ellagic acid (Seeram et al., 2006; Pineli
et al., 2011a; b; 2012; Pinto et al., 2008, 2007). For
additional information about contents of the various clas-
ses of phenolic compounds on over 400 different food,
Phenol-Explorer is also recommended (Rothwell et al.,
2013).

The role of these metabolites is to protect plants
against biological and environmental stresses, therefore

they are synthetized in response to fungal, bacterial
infections, exposure to high radiant energy or prolonged
exposure to ultraviolet radiation (Crozier et al., 2000;
Bravo, 1998) and their production result from complex
interactions between biosynthesis, transport, storage and
degradation of these molecules (Dixon & Paiva, 1995).
Each of these processes is ruled by genes and therefore
influenced by heredity (cultivar), ontogeny
(developmental stage of the plant and fruit) and by the
environment (Robbers et al., 1996). Significant
differences in total phenolic and flavonoid composition
were found by Pinto et al. (2008) and Cordenunsi et al.
(2005) among cultivars of strawberries produced in the
state of São Paulo. Santos (2007) reports that the paths
of secondary metabolites are activated only in some par-
ticular developmental stages or periods of stress caused
by nutrient limitation or microbiological attack.

The type of farming, the attack by pests and parasites,
the cultural practices, the incidence of light and the
environment temperature are some of the important
factors in the pre-harvest phase (Dixon & Paiva, 1995).
The synthesis of flavonoids is accelerated by light.
Consequently, in plants grown in greenhouses, where UV
rays are blocked, the content of flavonoids is reduced.
Vegetables grown in Spain or South Africa contain 4-5
times more flavonoids than those grown in the UK
(Aherne & O’Brien, 2002; Burns et al., 2001; Sellappan
et al., 2002). Pineli et al. (2011a) demonstrated that the
degree of maturation influenced the phenolic content and
antioxidant activity in strawberries. Ripe fruit showed
the lowest levels of phenolics. Pineli et al. (2011b)
studied the composition of antioxidants in strawberries
at three different harvest dates (May, July and September)
and found that rainfall 30 days before harvest influenced
negatively many phenolics and antioxidant activity of
strawberries harvested in May. In July, when photoperiod
is longer and temperature is lower, at 30 days before
harvest probably led to higher antioxidant activity and
vitamin C. Increased photoperiod and temperature at the
final stage of maturation seem to increase the amount
of pigments and free ellagic acid in strawberries.

Methods of determination of phenolic compounds

The Folin-Denis (Folin & Denis, 1912) method is
the most adopted for analysis of total phenolic
compounds in plant material. The Folin Denis or Folin
Ciocalteu reagent consists of sodium tungstate,
phosphomolybdic acid and ortho phosphoric acid. The
reduction of the phosphotungstic and phosphomolybdic
acids, resulting in a blue colored complex in alkaline
solution, occurs in the presence of phenolic compounds.
Singleton & Rossi (1965) modified this method for
analysis of phenolic compounds, as this was submitted
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to precipitation that interfered with colorimetric reading.
However, the new method is still subjected to
interference of antioxidants such as ascorbic acid and
sulfite, especially if they are in high amounts in relation
to the contents of phenolics. In addition, high
concentrations of sugars lead to the formation of reactive
reductones in the alkaline solution, particularly if heated,
and also aromatic amines can react with phenols
(Singleton, 1974). This method is very sensitive to
reduction by phenols. The number of hydroxyl and of
potentially oxidizable groups controls the intensity of
the color. The phenolic group must be in the form of
phenolate so that molibde and tungstofosfate anions can
produce oxidation (Ough & Amerine, 1988).

The analysis of total flavonoids is based on the
reaction of these compounds with aluminum chloride.
The aluminum cation form stable complexes with
flavonoids in methanol, occurring in spectrophotometric
analysis a shift to longer wavelengths and an
intensification of absorbance. Thus, it is possible to de-
termine the amount of flavonoids, avoiding the
interference of other phenolic substances, mainly
phenolic acids, which invariably come with flavonoids
in plant tissues (Schmidt & Gonzalez-Ortega, 1993).

Methods for analysis of anthocyanins require
previous extraction of anthocyanins from the food
matrix. At low pH, anthocyanins are predominantly in
the form of flavylium cation, which shows red color in
aqueous solution. The fact that the flavylium cation is
stable in acidic pH led to the use of solvents containing
mineral or organic acid in the extraction of anthocyanins
from fruit and vegetables (Macheix et al., 1990).
Quantification is based on the extinction coefficient (ε)
of the predominant monomeric anthocyanin in each food.

The method of vanillin (Broadhurst & Jones, 1978)
is specific to a limited class of phenolic compounds,
which have a single bond in the 2,3-position and hydroxyl
groups in alternating positions on the ring. In this method,
both the leucoanthocyanidins (catechins) and
proanthocyanidins (condensed tannins) react with vanillin
in the presence of HCl, to produce a red condensation
product, which is detected spectrophotometrically
(Agostini-Costa et al., 2003).

The acidified butanol method used for quantification
of proanthocyanidins was described by Porter et al.
(1986). Highly selective for the analysis of condensed
tannins, it is based on the oxidative cleavage resulting in
anthocyanidins, red in acid medium. Color development
is dependent on the solvent and is reduced by the
presence of water, and the reaction conditions need to
be strictly controlled (Agostini-Costa et al., 2003). As
commercial tannic acid and catechin do not show a
positive response to this reaction, the condensed tannin

must be purified in the laboratory to be used as standard
(Agostini-Costa et al., 2003).

Reverse phase liquid chromatography is currently
applied for the analyses of flavonoids. Comparison
between UV spectra and retention times and those of
standards are used for identification. Quantification is
done by using known concentrations of external
standards from the commercial source (Vanamala et al.,
2006, Girennavar et al. 2008,Pinto et al., 2008, Pineli
et al., 2011a, 2011b, 2012, Bautista-Ortín et al., 2014).

Liquid chromatography associated to mass
spectrometry (MS or MS/MS) methods, with ionization
techniques of electrospray ionization (ESI), and matrix-
assisted laser desorption / ionization (MALDI), and time
of flight (TOF), ion trap (IT) or quadrupole time of flight
(QTOF) techniques of mass selection, have been
developed, separately or in association to Nuclear
Magnetic Ressonance (NMR) to elucidate structures. For
example, LC-ESI-MS methods, combined or not with
DAD spectra evaluations, were applied by Tarascou et
al. (2011) and Simirgiotis et al. (2013) for fruit and by
Bajoub et al. (2015) for olive oil. Koolen et al. (2013),
Yildirim & Turker (2014) and Rodríguez-Rivera et al.
(2014) developed LC-ESI-MS/MS techniques to identify
more accurately structures of phenolics in fruit, whereas
Marmet et al. (2014) used the same method to analyse
phenolics in human plasma after the consumption of
coffee. It is also reported the use of LC-ESI-TOF-MS
by Ouni et al. (2011) to characterize phenolics of olive
oils from different geographical origins, LC-ESI-QTOF-
MS for the analysis of globe artichoke by Ibrahim et al.
(2013) and of LC-ESI-IT-TOF-MS for determination of
phenolic compounds of walnuts by Grace et al. (2014).
LC-MS and NMR were used together for the analyses of
litchi leaf by Wen et al. (2014) and of lychee pulp by Su
et al. (2014). Tannins of root bark had their structures
characterized by MALDI TOF and NMR in the study of
Abdalla et al. (2014) and for structural characterization
of phenolic compounds from cold-pressed Perilla
frutescens seed flour in the study of Zhou et al. (2014).

Finally, a new application of the non destructive Near
Infrared spectroscopy (NIR) in the study of antioxidants
content and activity, using PCA or PSLR models to
simplify or dimensionally to reduce the data set to fewer
independent parameters, helping interpretation, is
discussed by Lu et al. (2011).

Oxidative stress and methods to determine in vitro
and in vivo antioxidant activity

According to Sies (2000), oxidative stress is defined
as an imbalance between oxidants and antioxidants in
favor of the former, which may lead to damage. Under
normal circumstances, there is a balance between the



770 Lívia de Lacerda de Oliveira et al.

Rev. Ceres, Viçosa, v. 61, Suplemento, p. 764-779, nov/dez, 2014

generation or concentration of free radicals and its
removal by antioxidants (including the ability of cells to
repair oxidative damage).

Many diseases and pathological conditions are
associated with an increased generation of free radicals
or reduction of antioxidant capacity or both conditions.
Mateos et al. (2005) reported that the cytotoxicity and
mediated lipid peroxidation are associated with cellular
aging and chronic diseases. Oxidative stress cause damage
to all types of biomolecules, including DNA, proteins and
lipids. The main target of oxidative stress may vary
depending on the cell type, on the type of exposure and on
the severity of the stress (Fridovich, 1998). Therefore,
the balance between oxidants and antioxidants may be the
threshold between health and chronic disease and other
pathological conditions, such as neurological diseases,
inflammation, atherosclerosis, diabetes and carcinogenesis
(Büyükbalci & Nehir  2008; Halliwell, 2007; Rahman et
al., 2006; Vattem & Shetty, 2005).

The antioxidant potential of fruit and vegetables can
be measured in vitro by several methods. There is not a
method that can completely evaluate the total antioxidant
activity of a sample, as there are many antioxidant
mechanisms as the scavenging of radical, reductive
ability, the complexation of metal ions, among others
(Vedana, 2008). It is difficult to compare the methods,
because of the complexity and different principles of
reactions. Some antioxidants methods produce different
or even contradictory results, making it impossible any
comparison between them (Vedana, 2008; Alonso et al.,
2002.). By analyzing the in vitro antioxidant potential
of a food, the application of more than one method is
recommended (Aruoma, 2003; Capocasa et al., 2008).
Oxygen Radical Absorbancy Capacity - ORAC (Cao et
al., 1993) and Total Peroxyl Radical Trapping - TRAP
(Wayner et al., 1985; Siger et al., 2002) techniques are
based on the inhibition of peroxy-radical-induced by
oxidation, involving hydrogen donation from antioxidant
molecules. Metal reducing power by single electron
transfer methods include Ferric Reducing Antioxidant
Power- FRAP (Benzie & Strain, 1996) and Cupric-
Reducing Antioxidant Power - CUPRAC (Apak et al.,
2004). Direct free radical inhibition by single electron
transfer is the basis of 2,2-azinobis 3-
ethylbenzothiazoline-6-sulfonate, diammonium salt-
ABTS Miller & Rice-Evans, (1997), or 2,2-diphenyl-1-
picrylhydrazyl - DPPH (Brand-Willians et al., 1995)
assays. Thiobarbituric Acid Reactive Substances -
TBARS assay (Podsêdek et al., 2003) is based on
quantification of the products formed during lipid
peroxidation. Another method involves the mechanism
of oxidation and co-oxidation of beta-carotene / linoleic
acid (Miller, 1971).

Recently the USDA ORAC Database for Selected
Foods (AgricResServ, 2007) has been withdrawn from
the website of USDA’s Nutrient Data Laboratory (NDL).
There is mounting evidence that the values indicating
antioxidant capacity have no relevance to the effects of
specific bioactive compounds, including polyphenols on
human health. According to AgricResServ (2010), the
associated metabolic pathways are not completely
understood and non-antioxidant mechanisms, still
undefined, may be responsible for that.

Due to the increasing evidence that antioxidant
molecules in food have a wide range of functions, many
of which are unrelated to the ability to absorb free
radicals, in the last few years, biological activity of
phenolic compounds have attracted great attention and
health properties, such as anti-inflammatory, anti-tumour
or anti-atherogenic activities are being elucidated
(García-Lafuente et al., 2014).

Millenkovich et al. (2011) showed that regular
consumption of orange juice or purified hesperidin for
four weeks altered leukocyte gene expression in
leukocytes to an anti-inflammatory and anti-atherogenic
profile in humans, by inducing changes in expression of
3,422 genes, while hesperidin intake modulated the
expression of 1,819 genes. Many of these genes are
implicated in chemotaxis, adhesion, infiltration and lipid
transport, suggesting lower recruitment and infiltration
of circulating cells to vascular wall and lower lipid
accumulation.

García-Lafuente et al. (2014) investigated the anti-
inflammatory activity of phenolic rich extracts obtained
from red beans and white beans. They used a mouse
macrophage cell line RAW 264.7 stimulated with
lipopolysaccharide (LPS) as an in vitro model. LPS
activate macrophages to produce a variety of pro-
inflammatory cytokines such as tumour necrosis factor-
a (TNF-α). Stimulation of macrophages with LPS
induced a high production of nitric oxide (NO) by the
inducible enzyme nitric oxide synthase (iNOS). Bean
extracts were able to reduce the production of NO in
macrophages stimulated with LPS through the inhibition
of iNOS mRNA expression. Phenolic rich extracts from
beans inhibited the expression of IL-1b, IL-6 and TNF-
α genes of stimulated macrophages RAW 246.7, where
red beans show more activity than white beans. The
authors explained this difference of performance based
on an individual profile of phenolic compounds:
phenolic acids as the predominant components in white
bean extracts, whereas red bean extracts presented
mainly catechin derivatives, proanthocyanidins and
catechin glucoside.

Mujic´ et al. (2011) examined the ability of chestnut
extracts to alleviate oxidative stress and to protect
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insulin-secreting pancreatic Rin-5F cells against STZ-
induced toxic mechanisms. STZ is a diabetogenic agent
streptozotocin (STZ). The STZ treatment significantly
increased the level of lipid peroxidation. Lipid
peroxidation was 2.1 to 3 times lower in cells treated
with extracts of chestnut. The chestnut extracts increased
cell viability by protecting DNA from oxidative damage
and by enhancing the natural antioxidant system.
Moreover, the chestnut extracts had a significant impact
on the cell’s redox-status and were capable of inhibiting
lipid peroxidation.

Ding et al. (2014) also studied the effect on
phenolics in diabetes. Diabetic peripheral neuropathy
(DPN) is the most common and problematic
complication of type 2 diabetes mellitus. Recent findings
reveal an important role of endoplasmic reticulum stress
in the development of DPN and identify a potential new
therapeutic target. Schwann cells (SC), the myelinating
cells in peripheral nervous system, are highly susceptible
to endoplasmic reticulum homeostasis. The study was
performed in rats made type 2 diabetic with low-dose of
streptozotocin and a high-carbohydrate/high-fat diet and
in rat SC cultured in serum from type 2 diabetic rats.
Diabetic rats showed a typical characteristic of type 2
diabetics and reducing nerve conduction velocity in
sciatic/tibial nerves. The administration of grape seed
proanthocyanidins significantly decreased the low-
density lipoprotein level and increased nerve conduction
velocity in diabetic rats. Moreover, grape seed
proanthocyanidins or their metabolites partially
prevented cell injury, and endoplasmic reticulum stress
in animal and cell culture models. Prophylactic grape
seed proanthocyanidins treatment might have auxiliary
preventive potential for DPN partially by alleviating
endoplasmic reticulum stress. After a 16-week
treatment, the score of beta-cell function and the
abnormal oral glucose tolerance of diabetic rats were
partially reversed by grape seed proanthocyanidins
treatment. In another work, the efficacious effect of grape
seed proanthocyanidins was also manifested in the
amelioration of pancreatic damage and endoplasmic
reticulum (ER) dilatation by microscopic analyses.
Moreover, grape seed proanthocyanidins treatment
increased normal insulin content and decreased the
number of apoptotic cells in diabetic islets (Ding et al.,
2013).

Noratto et al. (2014) investigated the inhibition of
tumor growth and anti-metastatic effects of peach
polyphenolics in vivo using a xenograft model and
MDA-MB-435 breast cancer cells. Results showed that
tumor growth and lung metastasis were inhibited in
vivo by peach polyphenolics in a dose range of 0.8–1.6
mg/day, and these effects were mediated by the

inhibition of metalloproteinases (MMP) gene
expression. MMP plays a key role in the development
of breast cancer metastasis, vascular endothelial growth
factor (VEGF) and the transmembrane protein E-
cadherin, the main component of the adherent cell–cell
junction of epithelial cells. Peach extracts contain a
mixture of polyphenolics such as chlorogenic acid,
neo-chlorogenic acid, cyaniding 3β-glucoside,
quercetin 3β-rutinoside, quercetin 3β-glucoside and
catechin derivatives (Noratto et al., 2009).

Leem et al. (2014) investigated the effect of naringin,
a major flavonoid in grapefruit and citrus fruits, on the
degeneration of the nigrostriatal dopaminergic
projection in a neurotoxin model of Parkinson’s disease
in rat brains. The potential underlying mechanisms
focusing on the induction of glia-derived neurotrophic
factor (GDNF), well known as an important neurotrophic
factor involved in the survival of adult dopaminergic
neurons. To investigate tumor necrosis factor-α (TNF-
α) expression, rats received injections of 1-Methyl-4-
phenylpyridinium (MPP+), a neurotoxin, which causes
permanent symptoms of Parkinson’s disease by
destroying the nigrostriatal dopaminergic projection. The
rats received naringin one day before injection and
continued daily until 6 days. The results demonstrated
that naringin could increase the level of GDNF in
dopaminergic neurons, contributing to neuroprotection.
Moreover, naringin could attenuate the level of tumor
necrosis factor-α in microglia increased by MPP+-
induced neurotoxicity. These results indicate that
naringin could impart to dopaminergic neurons the
important ability to produce GDNF as a therapeutic agent
against Parkinson’s disease with anti-inflammatory
effects, suggesting that naringin is a beneficial natural
product for the prevention of dopaminergic degeneration
in the adult brain.

Sensory impact of the health promoting phenolic
compounds

It is well known that polyphenolics, apart from
possessing valuable biological properties, impart a high
sensory activity to foods (Troszyñska et al., 2011).
Flavonoid phenols had been indicated as the main
responsible for the taste of bitterness and the tactile
sensation of astringency in beverages such as tea, cider,
and red wine, as well as in several types of fruits, nuts,
and chocolate. Excluding the caffeine bitterness in tea,
the bitterness and astringency of tea and red wine are
mainly given by the flavanols. Although the mechanisms
through which bitter taste perception occurs are not well
understood, they are the focus of intense research, and
those mechanisms involve activating distinct human
bitter taste receptors (Soares et al., 2013).
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Astringency can be elicited by several substances
such as multivalent metallic cations (particularly
aluminium salts), dehydrating agents (ethanol), mineral
and organic acid and plant phenolic compounds.
Polyphenolic compounds form complexes with salivary
proteins, playing a role in the sensation of astringency,
due to delubrication of oral surfaces (Condelli et al.,
2006). For astringency, the molecular weight seems to
be important for its perception and the interactions of
tannins with salivary proteins result in the perception of
astringency (El Gharras, 2009). This polyphenol-salivary
protein interaction may form a layer that acts as a water
barrier and produces a mouth-drying sensation (Fontoin
et al., 2008). Astringency increases and bitterness
decreases with the mean degree of polymerization
(Lesschaeve & Noble, 2005). Consequently, the
astringency decrease during wine aging might be related
to acid-catalysed process that lead to lower molecular-
weight compounds (El Gharras, 2009). The rise quality
with time is frequently reported for wines, where time-
dependent changes in phenolic profiles are observed
(Weber et al., 2013).

Unlike astringency, bitterness is a taste induced by
a large range of molecules, including organic
molecules, peptides, inorganic ions and salts. It has been
suggested that bitter receptors could operate as
heteromeric receptors in order to accommodate the
diversity (Fontoin et al., 2008). Studies suggested that
some polyphenols could be responsible for the
bitterness of fruits, vegetables, and derived products
even if they are present in very low concentrations (So-
ares et al., 2013).

Flavor and color are the most important factors for
the selection of processed fruit derivatives by
consumers. In the literature, it is stated that sweetness
and bitterness are mutually suppressed in mixtures (Birch
& Ogunmoyela, 1980; Calvino et al., 1990) and
astringency and bitterness tend to be perceived as
negative attributes (Lesschaeve & Noble, 2005). Health
promoting benefits do not seem to be enough to change
consumers’ preferences for vegetables. Cox et al.,
(2012) found that sensory characteristics, rather than
health benefit information, need to be addressed in order
to increase the popularity of Brassica vegetables. Only
for responses to one vegetable (the least liked Brussels
sprouts) did the health information have a small influence.

Therefore, the study of the sensory properties of
polyphenolic compounds is an important subject that
reflects on consumers’ food choices. On the other hand,
although bitterness in foods is usually unpleasant, there
are some food products such as red wine and beer in
which a sensory characteristic is desired (Soares et al.,
2013).

Particular structures are reported to be related to
polyphenols’ sensory properties, including pigments
(yellow, orange, red and blue) and to several compounds
involved in food flavor. Many polyphenol pigments in
plants are very reactive anthocyanins, yellow flavanols and
flavones (El Gharras, 2009). Proanthocyanidins may play
a role as co-pigments and react with anthocyanins to form
new red pigments (Cadot et al., 2012). Loss or
stabilization of color and increases in the the range of
available hues are resulted by the conversion of
anthocyanins to other compounds during food processing.
Besides bitterness and astringency, some volatile
polyphenols (for instance, vanillin and eugenol) are strong
odorants (El Gharras, 2009). Four phenolic compounds
(guaiacol, p-cresol, creosol and 2-phenylethanol) have a
high odor-impact in Vanilla planifolia flavor (Dignum et
al., 2004). In addition, phenolic compounds (guaiacol,
creosol, p-vinyl guaiacol) were identified as key
components of Tahitian vanilla flavor bringing some
“smoky” notes (Brunschwig et al., 2012).

Phenolic compounds may have desired and undesired
sensory properties, guiding the industrial application and
food development (Laaksonen et al., 2011).
Anthocyanins and flavonols can be extracted easily and
safely from skin fractions of berries with aqueous
ethanol. To some extent, these compounds may be added
to the juice without significantly altering the sensory
characteristics of it (Laaksonen et al., 2010).

The pectinolytic and hemi-cellulolytic enzymes used
in blackcurrant juice production were found to increase
juice yield and concentration of phenolic compounds,
especially anthocyanins. Maximizing the phenolic
content of the juice may contribute to negative sensory
characteristics such as astringency. Therefore, it is
important to control and to optimize the processing
conditions (Laaksonen et al., 2012). When adding
phenolic compounds using vegetal extracts in typical
Spanish dry fermented sausages, sensory analyses
showed no important differences between control and
cocoa added products, while grape seed addition gave
these products abnormal sensory profiles, demonstrating
that it is possible to produce dry fermented sausages with
antioxidants from vegetable extracts without affecting
their sensory properties, depending on phenolic
structures (Ribas-Agustí et al., 2014).

In rye grain fractions, the high phytochemical,
especially phenolic content of the bran fraction, not only
contributes to intense and bitter flavor but also protects
it against rancidity formation during storage. It was
proposed that the flavor profile and stability of certain
rye products can be controlled by processing, which
opens possibilities for flavor design. For example,
enrichment of rye endosperm flour with rye compounds
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or fractions with antioxidant activity but with mild flavor
in order to produce stable rye products without intense
and bitter flavor (Nordlund et al., 2013).

During thawing of fruits, oxidation of phenolic
compounds takes place and is negatively correlated with
the acceptance level of fruits (Blanda et al., 2008). The
higher the phenolic content of fruits after thawing, the
higher the acceptance level. However, in a study
comparing different pre-treating processes of
strawberries, samples with the highest phenolic content
were also the most pleasant ones (Blanda et al., 2009).

Agcam et al. (2014) studied the influence of a new
technology on orange juice processing (pulsed electric
fields, PEF, as an alternative to heat pasteurization) and
found a better preservation of phenolic compounds and
related this to the preservation of sensory properties.
Virgin olive oil is unique among edible vegetable oils
because it is consumed without any refining process that
would eliminate its natural flavor, inherent part from
which the bitter taste is from (Inarejos-Garcia et al.,
2009). Bitterness is a characteristic sensory property
of virgin olive oil, related to the presence of phenolic
compounds (García-Mesa et al., 2008). In virgin olive
oils, the sensory characteristics of bitterness and
pungency are due to the activation of taste receptors and
trigeminal nerve endings associated with taste buds in
fungiform papillae, sensitive to chemical stimuli, all
related to the presence of phenolic compounds. Phenolic
compounds in extra-virgin olive oil are mainly aglycones
and other derivatives. During the storage, the total
phenols content decreases and, consequently, the typical
bitter taste and pungent note of fresh extra-virgin olive
oil decrease in intensity (Esti et al., 2009). In addition,
depending on the type of phenols present, rather than on
the total phenol content, the intensity of bitterness of
olive oils, regarded as a key acceptability attribute, can
be extremely variable (high or low) (Favati et al., 2013).

Alcohol-free beers have a complex mixture of
phenolic compounds extracted from malt and hops which
is responsible for beer flavor and stability. The final
content of phenolic components of beer depends on the
raw materials and the brewing process as well. Highly
flavor-active phenols may be appreciated in certain beers
and in others they may be regarded as distasteful.
Therefore, some studies try to find rapid analytical
methods for the quality control department of beer
producers to evaluate phenolic compounds that may
adversely affect beer flavor and stability, what is of
practical interest (Alonso García et al., 2004).

Phenolic compounds are secondary metabolites
naturally present in wine grapes and/or produced during
wine making process (Kelebek et al., 2010). Phenolic
compounds are very important quality parameters of

wines because of their impact on color, flavor and health
properties, and together with polysaccharides, they
contribute to the chemical stability and sensory
perception of the products. Usually, the wines of greater
commercial value, with the best visual and gustatory
scores, coincided with higher levels of the phenolic
parameters (Fanzone et al., 2012).

Wine consumption has mostly a hedonic objective,
which implies that wine sensory properties play an
outstanding role on wine quality perception and the
importance of both volatile and non-volatile molecules
in wine sensory properties has been especially
demonstrated in works dealing with sensory interactions.
These studies have shown that sensory properties of wine
are the result of the perceptual interactions between
sense modalities and/or interactions between wine
molecules. More specifically, it has been demonstrated
that wine astringency is driven by polymeric
proanthocyanins and by certain phenolic acids and there
are extremely complex interactions between non-volatile
compounds on the in-mouth sensory perception. Also
remarkable is the sweetness x astringent interaction and
the matrix-dependence of the sensory responses elicited
by flavonols (Sáenz-Navajas et al., 2012).

Phenolic compounds are one of the most important
wine quality parameters. Amongst others, phenolic
compounds have been reported as a relevant criterion
for vintage differentiation, for Bordeaux Carbernet-
Sauvignon and Merlot wines. For both wines, phenolic
compounds were positively correlated with astringency
(Chira et al., 2011). The intensity of perceived
astringency is an important determinant of consumer
response to red wine (Condelli et al., 2006). Studies
addressing acceptance of astringency indicate that this
is perceived as a negative attribute. On the other hand,
this sensation enhances the complexity and palate-length
of high quality wines.

Cadot et al. (2012) evaluated the relationship
between the sensory profile of wines and the ripening
stage of the grapes (harvest date) and the extraction time
(duration of maceration). Astringency, bitterness, color
intensity and alcohol significantly increased with ripening
and astringency and color intensity increased with
maceration time. Authors reported that the high impact
of harvest date on the sensory profiles could be due to
changes in anthocyanin and sugar contents, but also to
an evolution of proanthocyanidins. In this study, authors
confirmed the importance of phenolic compounds for
typicality of wines.

Another important point relating wine flavor and
phenolic compounds is the strain of the yeast used to
ferment the must. Locally-selected yeast can affect the
fermentation and influence the volatile and phenolic
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profile of white wines (Carrascosa et al., 2012).
Changes in the phenolic composition in grape seeds
during ripening follow changes in tannic intensity and
astringency which tend to be reduced as the maturity
degree increases while hardness of the seed shows a
contrary trend (Ferrer-Gallego et al., 2010).

The color of red wines is one of the most important
characteristics and it is the first attribute assessed by
consumers during the tasting. The color of wine reflects
some of its virtues and defects, its age and whether it
has been submitted to a specific aging process (Marquez
et al., 2014). The kind of aging (in new barrels or with
oak chips) leads to significant differences in phenolic
composition (Ortega-Heras et al., 2010). During the
storage time, reactions may alter the color but also
reduce astringency and bitterness, thereby leading to
softer tasting wines. The storage of sweet red wines in
bottle for a year caused the degradation of monomeric
anthocyanins and the completely disappearance of most
of them between 6 and 9 months. The decrease in the
contents of these compounds was a result of various gra-
dual reactions leading to more stable oligomers and
polymers, and other yielding anthocyanin derivatives such
as pyranoanthocyanins and methylmethine-mediated
condensation adducts. These changes in anthocyanin
compounds caused the red color of the young wines to
evolve to browner hues as storage time increased
(Marquez et al., 2014).

Phenolic compounds also have a variable impact on
the volatility of aroma compounds and their sensory
perception. In addition, the polarity of phenolic and volatile
compounds as well as their spatial conformation
influenced the interaction strength. The aroma-polyphenol
interactions that could occur in wine appear to be complex
and specific of the non-volatile matrix composition.
Regarding anthocyanins, phenol-based flavor compounds
(vanillin, syringaldehyde) led to interactions through
copigmentation (Lorrain et al., 2013).

CONCLUSION

Studies with phenolic compounds have increasingly
advanced in depth and complexity with regard to the
elucidation of chemical structures by the application of
more solid and modern techniques. These advances allow
better understanding of plant metabolism and the pro-
cesses of synthesis and degradation of the compounds
due to genetics, pre and post-harvest, culinary and in-
dustrial factors. The comprehension of the biological
mechanisms involved in the preventive action of these
compounds on many chronic diseases must be elucidated
to demonstrate their wide range of functions, many of
which unrelated to the ability to absorb free radicals.

These studies may affect legislation and regulation of
the health claims of phenolics-rich and antioxidants food.
Finally, understanding the sensory impact of these
substances is essential for strategies that aims at
increasing the consumption of phenolic-rich fruit and
vegetables, since color, bitterness and astringency,
properties associated with these compounds, are sensory
attributes that may affect the acceptance of food.
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