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a  b  s  t  r  a  c  t

Oxidative  stress  has  a relevant  part  in the  etiology  of  several  diseases  and  metabolic  disorders,  being
reasonable  to  expect  that  antioxidant  compounds  might  have  beneficial  effects  in  health  maintenance
or  disease  prevention.  Antioxidant  compounds  might  be  isolated  and  characterized  from  different  plant
constituents,  such  as roots,  stems,  bark,  leaves,  flowers,  fruits  and  seeds,  using  proper  extraction  methods.
The Asteraceae  family  has  a  worldwide  distribution,  with  special  relevance  in the Mediterranean,  Eastern
Europe  and  Asia  Minor,  being  acknowledged  about  25  000  species  integrated  in  approximately  1000
genera.  In  addition  to the anti-inflammatory,  analgesic  and  antipyretic  potential  of some  of  these  species,
their  high  antioxidant  power,  as  proven  in research  works  with  extracts  (of  roots,  stems,  bark,  leaves,
flowers,  fruits  and  seeds)  should  be  highlighted.  Herein,  the Asteraceae  species  with  highest  potential  as
sources  of  natural  antioxidants  with  potential  uses  in  medicine  and in pharmaceutical,  cosmetic  and  food
industries  were  identified.  The  species  were  selected  based  on their  botanical  representativeness,  being
identified  the  9 most  relevant  species:  Achillea  millefolium  L.,  Acmella  oleraceae  Murr.,  Artemisia  absinthium

L.,  Bidens  pilosa  L., Carthamus  tinctorius  L., Inula  crithmoides  L., Matricaria  recutita  L.,  Otanthus  maritimus  L.
and Parthenium  hysterophorus  L.. With  the obtained  information,  it could  be concluded  that  the  bioactivity
of the  selected  Asteraceae  species  lacks  a complete  characterization,  constituting  a  research  scope  with
great  potential  to be  exploited  in  the  development  of  dietary  supplements,  bioactive  food  ingredients  or
pharmaceutical  based  products  with  application  in food industry,  dermocosmetics  or  medicine.

©  2015  Elsevier  B.V.  All  rights  reserved.
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. Introduction

In recent research, the central role of oxidative stress in the
evelopment of different pathophysiological conditions has been
idely discussed (Flora, 2009; López-Alarcón and Denicola, 2013).
nder stress, the human body produces more reactive oxygen
nd nitrogen species (ROS/RNS) than enzymatic antioxidants and
on-enzymatic antioxidants, which might lead to cell damage and
everal health problems (Carocho and Ferreira, 2013; Krishnaiah
t al., 2011). This physiological imbalance (oxidative stress) is a key
actor in the onset of several pathologies like neurodegenerative
e.g., Alzheimer’s disease) and cardiovascular diseases, inflamma-
ory diseases, some cancers and even aging (Dasari et al., 2013;
ayasena et al., 2013; Ravishankar et al., 2013).

In fact, oxidative stress is a highly complex process and its phys-
ological impact depends on different factors, such as the type of
xidant agent, the location and intensity of its production, the com-
osition and roles antioxidant compounds, or the effectiveness of
epair systems (Ďuračková, 2010). Under determined pathological
onditions, the endogenous antioxidant defenses are not suffi-
ient to balance the increased levels of cellular oxidative species
Benfeito et al., 2013). Accordingly, the administration of exoge-
ous antioxidants might improve of oxidative status, due their
ouble activity in compensating the inefficacy of the endogenous
efense systems and in the enhancement of the overall antioxidant
esponse (Berger et al., 2012; Bouayed and Bohn, 2010). Hence,
ntioxidants may  prevent different oxidative damage pathways,
ielding a useful therapeutic effect. Thereby, exogenous antioxi-
ants uptake from diet will have essential functions in redox cell
omeostasis, modulating cell functions and acting in the preven-
ion of associated diseases (Bagh et al., 2011). Hence, a diet rich in
ntioxidants compounds, naturally present in plant sources, would
e beneficial to human health. In this context, natural antioxidants
epresent a major field of research, either in the optimization of
xperimental techniques, as in their identification and characteri-
ation (Krishnaiah et al., 2011; López-Alarcón and Denicola, 2013).

The Asteraceae family includes a high number of flowering

lants, grouped in nearly 1600 genera that gather over 23,000
pecies. Some of these species, such as chamomile (Matricaria recu-
ita L.), yarrow (Achillea millefolium L.), or wormwood (Artemisia
 . . .  . . .  . . .  . .  .  . . . .  . . .  . .  . . .  . . . . .  . . . . .  .  . .  .  . . . .  .  . .  . . .  .  .  .  . .  . . . . .  . . . . .  .  .  .  .  . .  .  .  .  .  .  . 613

absinthium L.), are highly aromatic and were previously reported
as having medicinal applications (Cabral et al., 2013; Kenny et al.,
2014).

The purpose of this review is surveying the antioxidant capac-
ity from diverse species of the Asteraceae family, as evidence
of their interest and applicability as sources of natural antioxi-
dants with potential medicine and pharmaceutical applications,
or to be used in cosmetic and food industries. Thus, attention has
been dedicated to the antioxidant capacity of natural products,
emphasizing those frequently or potentially consumed by peo-
ple, as well as their botanical representativeness in the Portuguese
territory.

2. Review methodology

Relevant literature was  collected by screening the major sci-
entific databases, including SciFinder, Sciencedirect, Medline and
Google Scholar. Since these databases are updated routinely, we
are aware that the revised data is just indicative of the information
available during the preparation of this paper. Among the screened
publications, relevant references were selected considering (i) the
reported in vitro and in vivo bioactivity evaluation assays and struc-
tural elucidation of bioactive compounds isolated from this family;
(ii) species identification and information regarding the collection
conditions.

3. An overview of the assay methods used to estimate
antioxidant content

The advantageous role of antioxidants against several disorders
and diseases derived from oxidative stress has been extensively
studied, particularly their functions in the defense network in
vivo. Phenolic compounds (e.g., phenolic acids and flavonoids),
for instance, present anti-inflammatory, anti-carcinogenic, or anti-
atherosclerotic activities (among other biological effects), as result
of their antioxidant activity (Krishnaiah et al., 2011; Niki, 2010).
specific antioxidant compounds can be performed through differ-
ent assays designed for specific targets within the matrix. However,
there is not a best universal method by which antioxidant capacity
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an be assessed accurately, providing unequivocal results. In fact,
everal methods were developed and applied in different systems,
ut sometimes the produced results are inconsistent, advising
he utilization of various methods instead of a single dimension
pproach (Carocho and Ferreira, 2013; Niki, 2010).

Some of the methods used to investigate the antioxidant prop-
rty of samples (diets, plant extracts, commercial antioxidants etc.)
re based on synthetic antioxidants or free radicals, while others
eed animal or plant cells. These methods might have a broad scope
f application or being specifically designed to evaluate a particular
arget, such as in the case of lipid peroxidation inhibition evalua-
ion. The required knowledge and technical skills also differ among

ethods. Basically, these assays differ from each other in terms of
eagents, substrates, experimental conditions, reaction media and
nalytical evaluation methods (Alam et al., 2013; Panda, 2012).

Considering the most recent studies (Alam et al., 2013; Niki,
010; Panda, 2012), the most commonly in vitro methods used
or the determination of antioxidant capacity are reviewed. The
ssays are based on different mechanisms, aiming to evaluate: (i)
he depletion of free radicals by antioxidants: scavenging capac-
ty assays against stable, non-biological, free radicals or against
pecific reactive oxygen species (ROS)/reactive nitrogen species
RNS); (ii) the capacity of antioxidants to reduce metal ions: ferric
educing antioxidant power (FRAP) and cupric ion reducing antiox-
dant capacity (CUPRAC); (iii) competitive methods: oxygen radical
bsorbance capacity (ORAC) and total radical trapping antioxidant
arameter (TRAP); (iv) determination of total phenolic and total
avonoid content; (v) reducing power (RP).

.1. Scavenging capacity assays against stable, non-biological,
ree radicals

Among free radical scavenging methods, 2,2-diphenyl-1-
icrylhydrazyl (DPPH•) method is more rapid, simple (i.e., not

nvolved with many steps and reagents) and inexpensive in com-
arison to other test models. On the other hand, 2,2′-azinobis(3-
thylbenzthiazoline-6-sulphonic acid) (ABTS) decolorizing assay is
pplicable for both hydrophilic and lipophilic antioxidants (Alam
t al., 2013; Panda, 2012).

.1.1. DPPH• method
DPPH• is based on the principle that a hydrogen donor might be

onsidered as an antioxidant. This widely used colorimetric assay
ses the DPPH• stable free radical, which has a strong purple color
hat changes to yellow (reduced form) in the presence of antioxi-
ants. DPPH• is soluble in organic solvents and presents a typical
bsorption band at 515 nm.  The antioxidant activity is measured
y the decrease in absorption at 515–528 nm,  which results from
eing reduced by the antioxidant in solution. The protocols used to
pply this method differ in the concentration of DPPH•, incubation
ime, reaction solvent and pH of the reaction mixture. In general,
he reaction mixture should be prepared using a ratio of 5 �l of test
ample and 95 �l of DPPH• (300 �M)  in methanol (Chetan et al.,
012). The reaction for scavenging DPPH• radical is usually car-
ied out at 37 ◦C in dark for 30 min  and the absorbance is recorded
t 517 nm.  A large decrease in the absorbance at the endpoint of
he reaction indicates strong free radical scavenging activity of the
ested compound/extract (Alam et al., 2013; Krishnaiah et al., 2011;

oon and Shibamoto, 2009; Sharma and Bhat, 2009).

.1.2. ABTS method
The ABTS assay is a colorimetric assay in which the ABTS radi-
al suffers a color decrease in the presence of antioxidants. Usually
he ABTS cation radical (ABTS

•+) is prepared in solution with potas-
ium, and the mixture is further incubated at room temperature in
he dark for 12 h. The ABTS

•+ is generated by the oxidation of ABTS
nd Products 76 (2015) 604–615

with potassium persulfate, and its reduction by hydrogen-donating
antioxidants is measured spectrophotometrically at 734 nm. The
resulting solution is often diluted with methanol to get an appro-
priate absorbance. Due to the solubility of ABTS

•+ in aqueous
and organic solvents, this decolorizing assay measures the total
antioxidant capacity in lipophilic and hydrophilic substances. In
the determination of the antioxidant activity, the effect of the
antioxidant concentration and the period taken to inhibit the rad-
ical cation’s absorption should be considered (Chetan et al., 2012;
Krishnaiah et al., 2011; Moon and Shibamoto, 2009; Niki, 2010).

3.1.3. Scavenging capacity assays against specific ROS/RNS
Free radicals are atoms, molecules or ions with unpaired elec-

trons, which are highly active in chemical reactions. In biological
systems, the free radicals are often derived from oxygen, nitrogen
and sulfur molecules (Fig. 1). These free radicals integrate groups
of molecules called ROS, RNS and reactive sulfur species (RSS). ROS,
for instance, include free radicals such as superoxide anion (O2

−•
),

hydroperoxyl radical (HO2), hydroxyl radical (HO•), nitric oxide
(NO), and other species such as hydrogen peroxide (H2O2), oxygen
singlet (1O2) and hypochlorous acid (HOCl) (Carocho and Ferreira,
2013). RNS are produced in animals, derived from the reaction of NO
with O2

−•
to form peroxynitrite (ONOO−). Additionally, ONOO− can

react with other molecules to form additional types of RNS includ-
ing nitrogen dioxide •NO2) and dinitrogen trioxide (N2O3) (Pacher
et al., 2007). RSS, on the other side, are produced from thiols to form
a disulfide that might be further oxidized to disulfide-S-monoxide
or disulfide-S-dioxide. These intermediate molecules can react with
a reduced thiol producing sulfenic or sulfinic acid (Giles et al., 2001).

3.1.4. Superoxide radical anion scavenging capacity assays
Although superoxide anion is a weak oxidant, it is the start-

ing point for the production of powerful and dangerous hydroxyl
radicals and singlet oxygen, both contributing to oxidative stress.
The superoxide anion scavenging activity can be measured after
its generation in Tris–HCl buffer, containing nitroblue tetrazolium
(NBT), 0.5 ml  NADH solution and the target sample. The reaction
is initiated through the addition of phenazine methosulfate (PMS)
solution, and further incubation at 25 ◦C for 5 min followed by mea-
suring the absorbance at 560 nm (Magalhães et al., 2008; Meyer and
Isaksen, 1995; Robak and Gryglewski, 1988).

3.1.5. Hydroxyl radical scavenging activity
Hydroxyl radical (HO•) is one of the most potent ROS species

in biological systems, being particularly active against the polyun-
saturated fatty acid moieties of cell membrane phospholipidic
layer. One of the standard methodologies (Kunchandy and Rao,
1990) used to evaluate the scavenging ability of hydroxyl radicals
consists of mixing the extract with 2-deoxy-d-ribose (in KH2PO4-
KOH buffer), ethylenediaminetetraacetic acid (EDTA), FeCl3, H2O2
and ascorbic acid and further incubation (37 ◦C, 1 h). The reac-
tion is continued through the addition of thiobarbituric acid and
trichloroacetic acid, and subsequently incubated (100 ◦C, 20 min).
After cooling, absorbance is measured at 532 nm,  against a blank
sample. Considering the high reactivity of HO•, almost all chemical
species in biological systems can be regarded as an HO• scavenger.
Actually, this activity is not performed by any specific molecule or
enzyme, which might diminish the relevance of directly evaluating
the scavenging of HO•, simply because very high concentrations of
scavenger are required to compete with adjacent molecules in vivo

or in the food matrices for any generated HO•. Hence, it is more
useful to quantify the capacity of potential antioxidants to scav-
enge the formation of its precursors and/or to capture free metal
ions related to HO• formation. The scavenger compounds with this
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ype of behavior would act as preventive antioxidants (Alam et al.,
013; Magalhães et al., 2008).

.1.6. Hydrogen peroxide scavenging assay
Human beings are indirectly exposed to H2O2 via the envi-

onment (nearly 0.28 mg  kg−1 day−1) with intake mostly from leaf
rops. H2O2 may  enter into the human body through inhalation
f vapor or mist and through eye or skin contact. It is promptly
ecomposed in oxygen and water, which might produce HO• that
an initiate lipid peroxidation and cause DNA damage in the body.
he ability of plant extracts to scavenge H2O2 is usually estimated
sing a buffered (phosphate buffer) solution of H2O2 in mixture
ith the extract and subsequent evaluation of the absorbance at

30 nm (Alam et al., 2013; Panda, 2012; Ruch et al., 1989).

.1.7. Nitric oxide scavenging activity
Nitric oxide radical (NO•), acclaimed as the “molecule of the

ear” in 1992 by the Science Magazine (Koshland, 1992), has a
ey role in the modulation of diverse physiological processes. It
s known that the nitric oxide generated from sodium nitroprus-
ide in aqueous solution and physiological pH reacts with oxygen
o produce nitrite ions, which can be quantified using the Griess
eaction reagent, sodium nitroprusside (phosphate buffer), the tar-
et extract and a reference compound. A blank solution is also
repared with methanol and the solutions are incubated (25 ◦C,
0 min), and further evaluated spectrophotometrically (540 nm).
he inhibition of the generated nitrite oxide is quantified by com-
aring the absorbance values of control and test samples. Curcumin,
affeic acid, sodium nitrite, butylated hydroxyanisole (BHA), ascor-
ic acid and rutin are typically used as a positive control (Dasgupta
nd De, 2007; Magalhães et al., 2008; Panda, 2012).

.1.8. Peroxynitrite scavenging capacity assays
Peroxynitrite (ONOO−) and peroxynitrous acid (ONOOH) cause

itration or hydroxylation in aromatic compounds, particularly
n tyrosine. Under physiologic conditions, peroxynitrite might
lso produce an adduct with the CO2 dissolved in body fluids.

his adduct has been reported as inducing damages in proteins.
resently, the methods to measure ONOO− are the inhibition of
yrosine nitration and the inhibition of dihydrorhodamine-123 oxi-
ation. The electron spin resonance (ESR) spectrometry assay is
t roles according to the defense level and mode of action. Adapted from Niki (2010).

the only procedure able to detect specific free radicals involved in
autoxidation processes (Antolovich et al., 2002; Huang et al., 2005).

3.2. Capacity of antioxidants to reduce metal ions (FRAP and
CUPRAC assays)

These methods evaluate the capacity of samples to reduce ferric
or cupric ions in aqueous media. The FRAP (ferric reducing antiox-
idant power) assay, originally developed to evaluate the ability of
human plasma as antioxidant, is based on the reduction of the
ferric iron in complex with 2,4,6-tri-(2-pyridyl)-1,3,5-triazine (Fe
III-TPTZ) to the ferrous form at low pH, measuring the ability of
antioxidants as ferric iron reducing agents. FRAP values can be
obtained by comparing absorption changes (593 nm) in the test
mixture with those obtained from increasing concentrations of Fe
III and expressed as mM of Fe II equivalents kg−1 (solid samples)
or l−1 (liquid samples) of sample (Benzie and Strain, 1996, 1999;
Panda, 2012).

CUPRAC method determines the potential of a sample to reduce
the neocuproine-cupric complex (Nc–Cu II). In this case, the
complex of Nc with the reduced form of the metal presents a char-
acteristic absorption band with maximal intensity at 450 nm. Thus,
the capacity to reduce the metal complexes (generating the corre-
sponding absorption bands) along a fixed incubation time allows
determining FRAP or CUPRAC values. Nevertheless, while FRAP
assay requires an acidic pH (3.6), that is far from the physiological
pH value, CUPRAC assay is performed at pH 7.0, simulating better
the physiological conditions. In addition, CUPRAC assay differen-
tiates the reducing power of thiol-type antioxidants (Apak et al.,
2004; Güngör et al., 2011).

3.3. Peroxidation inhibition assays

Some lipid molecules, e.g., polyunsaturated fatty acids (PUFA),
or their corresponding esterified forms, and cholesterol are vul-
nerable to free radicals attack. Lipid peroxidation induces changes
in the biological membranes and produces potentially toxic
compounds. As a starting point, the �,�-unsaturated carbonylic

compounds (e.g., 4-hydroxynonenal e acroleine) resulting from
lipidic peroxidation, modify essential molecules such as proteins
and DNA, which can trigger imbalances and disease. Antioxidants
can slow this process in foods and biological systems (Blair, 2008).
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There are highly specific techniques available for the evalua-
ion of oxidation in membranes, lipids present in food, lipoproteins
nd fatty acids (FA). The antioxidant effect on lipid peroxidation
s measured by substrate loss, assays with peroxides or by deter-

ining final products (Niki, 2010). The lipid substrates that may
e used include emulsions or liposomes produced from FA or their
sterified forms. The biological systems might be erythrocytes or
solated lipoproteins (Antolovich et al., 2002).

.3.1. ˇ-Carotene discoloration assay
Carotenoids can be suffer discoloration by auto-oxidation

nduced by light, heat or ROO• (Karadag et al., 2009). �-carotene
ndergo rapid discoloration in the presence of a linoleate radi-
al. During the oxidation, an H atom is removed from the active
ethylene bis-allyl group located in the C11 position of linoleic

cid, between two double bonds. The newly formed cyclopentadi-
nyl radical attacks �-carotene unsaturated molecules to reacquire

 atoms. When �-carotene molecules lose their conjugation, the
range color lost might be followed by spectrophotometry at
70 nm (Amarowicz et al., 2004; Burda and Oleszek, 2001). The
inetic approach allows the determination of complete inhibition
ffects and provides a more accurate assessment of the efficiency
f antioxidant defenses, although the reactivity and antioxidant
apacity cannot be determined separately (Karadag et al., 2009).

The addition of a sample containing antioxidant compounds or
lant extracts has the ability to inhibit discoloration of �-carotene
Laguerre et al., 2007).

However, despite �-carotene is often used as a target com-
ound, the discoloration may  occur at 470 nm by different ways,
hich might difficult the interpretation of results (Prior et al.,

005).

.3.2. Thiobarbituric acid reactive substances (TBARS) assay
TBARS assay is widely used for the detection of lipid oxidation.

his method measures the malondialdehyde (MDA) formed from
nsaturated FA cleavage upon oxidation of a lipid substrate. The for-
ation of MDA  from FA with less than three double bonds occurs

hrough the secondary oxidation of primary carbonyl compounds
Fernández et al., 1997). MDA  reacts with thiobarbituric acid (TBA),
orming a pink pigment (TBARS) which is measured spectropho-
ometrically at 532 nm (Ng et al., 2000). The procedure involves
wo distinct steps: the substrate is oxidized after addition of tran-
ition metal (such as iron or copper) ion, or a free radical; then the
xtent of the oxidation is defined by the addition of TBA and the
pectrophotometric measurement of the product. The oxidation is
nhibited by the addition of an antioxidant, whereby the decrease
n absorbance can be measured. Results are typically quantified in
erms of oxidation inhibition percentage (Antolovich et al., 2002).

.3.3. Hemolysis inhibition assay
The erythrocytes are vulnerable to lipid peroxidation due to its

igh content of polyunsaturated lipids, the large supply of oxygen
nd the presence of transition metals (Zhu et al., 2002). When the
rythrocytes are subjected to oxidative stress, free radicals lead
o formation of hemolytic pores in the cell membrane. This injury
esults in a potassium leakage to the extracellular environment and
onsequent hemolysis (Bureau et al., 2005). Since lipid peroxidation
s a chain reaction of free radicals, and considering that a free radi-
al can induce up to twenty propagation reactions, the membrane
f red blood cells is readily damaged. In the presence of antioxidant
ompounds, they react with the ROO• chain propagators, stopping
eroxidation and thereby inhibiting hemolysis (Dai et al., 2006).
The azo compound 2,2′-azobis(2-methylpropionamidine) dihy-
rochloride (AAPH, sometimes also abbreviated as ABAP) can be
ecompose at physiological temperature to produce alkyl radicals,

nitiating lipid peroxidation. Once the AAPH is water-soluble and
nd Products 76 (2015) 604–615

the rate of free radical generation can be controlled, it has been
extensively used as free radicals initiator in biological studies (Dai
et al., 2006; Niki et al., 1988).

The use of erythrocytes as a model systems has been applied
extensively to study oxidative damage in biological membranes
(Mabile et al., 2001), as the inhibition of hemolysis may  be spec-
trophotometrically monitored at 540 nm (Ng et al., 2000).

3.4. Competitive methods (ORAC and TRAP assays)

These methodologies evaluate the ability to inhibit the depletion
of a target molecule (usually monitored by UV-visible absorption
or fluorescence spectroscopy) mediated by peroxyl radicals. Usu-
ally, AAPH is employed as peroxyl radical (ROO•) source, generating
these radicals at a known rate in the first hours of incubation in
aqueous media (López-Alarcón and Denicola, 2013).

The ORAC assay uses beta-phycoerythrin (�-PE) or fluorescein
as an oxidizable protein substrate (target molecule) and AAPH as
a peroxyl radical generator or a Cu2+-H2O2 system as a hydroxyl
radical generator. This assay is based in measuring the decrease in
fluorescence in the presence of free radical scavengers (Trolox is a
commonly used standard control). To date, it is the only method
based in a complete free radical reaction that uses an area-under-
the-curve (AUC) technique for quantification. This approach allows
combining the inhibition percentage and the duration of inhibition
of the free radical’s action into a single quantity. The assay has been
used in many recent studies of plants (Alam et al., 2013; Krishnaiah
et al., 2011; Panda, 2012; Prior et al., 2003).

In recent years, TRAP is the most widely used in vivo method
for measuring total antioxidant capacity of plasma or serum. This
method uses peroxyl radicals generated from AAPH and peroxidiz-
able materials present in plasma or other biological fluids. After
adding AAPH to the plasma, the oxidation is monitored by mea-
suring the oxygen consumed during the reaction. Throughout an
induction period, this oxidation is inhibited by the antioxidants in
the plasma. In this assay, the rate of peroxidation induced by AAPH
is monitored through the decrease in the fluorescence of the pro-
tein R-phycoerythrin (R-PE) (Badarinath et al., 2010; Huang et al.,
2005; Niki, 2010).

3.5. Determination of total phenolic and total flavonoid content

The amount of total phenolic content can be determined by
Folin-Ciocalteu reagent (FCR) method. The exact chemical nature
of the FCR is not known, but it is generally accepted that it contains
complexes of fosfomolibdic/fosfotungstic acid. The chemical reac-
tion is based on the electron transfer in alkaline conditions from
phenolic compounds and other molybdenum reducing species,
originating blue complexes that might be measured spectropho-
tometrically (Magalhães et al., 2008). The sample solution is mixed
with the FCR (previously diluted) and allowed to stand (3 min,
25 ◦C) before a saturated sodium carbonate solution is added. The
mixed solution is kept (120 min) in the dark before the absorbance
is measured (725 nm). Gallic acid is used as a standard for the cali-
bration curve and the total phenolics content is expressed as gallic
acid equivalents (MacDonald-Wicks et al., 2006; Panda, 2012).
Despite its wide use, the FCR method presents some limitations,
such as the possibility of using different standards besides gal-
lic acid, the fact that the final absorbance is proportional to the
number of HO• groups (depending also on the molecule struc-
ture) and mainly because the reagent might be reduced by other

compounds than phenolics (e.g., ascorbic acid, reducing sugars).
Furthermore, it is limited to hydrophilic antioxidants. Usually, the
identification and quantification of phenolic compounds should be
achieved through chromatographic techniques in association with
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Fig. 2. Basic chemical structures of common classes of flavonoids. (1) Flavones;
(2)  flavanones; (3) isoflavones; (4) flavonols; (5) flavanols; (6) flavanonols; (7)
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(M. recutita L.), yarrow (A. millefolium L.), or wormwood (Artemisia
absinthium L.). Different types of biological activities were previ-
soflavones.

ass spectrometry or nuclear magnetic resonance (Karadag et al.,
009).

Flavonoids are ubiquitous in plants and contribute to the
ensorial qualities of foods (Harborne and Williams, 2000).
hese phytochemicals are usually classified as dietetic antiox-
dants because the HO• groups near �-conjugated electron
ystems promptly give hydrogen to ROS and RNS (Milbury et al.,
006). Flavonoids are subdivided in different classes such as
avones, flavanones, isoflavones, flavonols, flavanols, flavanonols
nd isoflavones (Fig. 2), with flavan-3-ols and anthocyanins as the
ajor classes among plants (Robards and Antolovich, 1997). Their

ntioxidant activity depends on their chemical structure, partic-
larly on the HO• groups position in the molecule. Besides their
apacity to donate hydrogen or electrons to free radicals, chelation
f metal ions and inhibition of enzymes responsible for free radi-

al generation, flavonoids (especially isoflavones) might exert their
ffects via different mechanisms such as the modulation of cellu-
nd Products 76 (2015) 604–615 609

lar signaling pathways, mitochondrial interactions and changes in
genetic expression (Hernandez-Montes et al., 2006).

Flavonoids are often determined following a colorimetric assay,
in which the sample is mixed with a reagent containing aluminum
chloride and sodium nitrite, producing a flavonoid-aluminum
complex with a rosaceous color in alkaline medium (Zhishen
et al., 1999). The aluminum cation forms stable complexes with
flavonoids, causing a shift to higher wavelenghts (bathocromic).
Phenolic acids, even those forming complexes with aluminium
chloride, absorb in much lower wavelelenghts, thereby avoiding
interferences in the obtained absorbances. Quercetin or catechin
can be used as a positive control. The flavonoid content is usu-
ally expressed in terms of standard equivalent (mg  g−1 of extracted
compound) (Denni and Mammen, 2012; Ordoñez et al., 2006).

3.6. Comparison among different antioxidant activity evaluation
methods

Any given antioxidant activity evaluation method should
include an oxidation initiator, an adequate substrate and the exact
definition of the reaction endpoint. Initiators might be an increase
in temperature or in the partial pressure of oxygen, addition of
metal catalyzers, exposure to light to promote photo-induced oxi-
dation or shaking to promote contact among reagents (Karadag
et al., 2009). The evaluation of the antioxidant activity in biologi-
cal matrices in influenced by different factors such as antioxidants’
partition coefficients among aqueous and lipidic phases, oxidation
conditions and physical state of the oxidizable substrate (Frankel
and Meyer, 2000). In conclusion, a standard antioxidant activity
evaluation method should: (i) measure the potentially occurring
chemical transformations; (ii) use a free radical source with biolog-
ical relevance; (iii) achievable using simple technological methods;
(iv) have a well-known reaction time and mechanism; (v) be attain-
able with equipment commonly available in the laboratory; (vi)
have good reproducibility among assays; (vii) be adaptable to
hydrophilic and lipophilic antioxidants; (viii) be applicable to dif-
ferent types of free radicals (Prior et al., 2005).

4. Antioxidant potential of Asteraceae species with
botanical relevance

Some researchers propose that two-thirds of the world’s plant
species have medicinal value (Krishnaiah et al., 2011). This poten-
tial biological activity is often related to their great antioxidant
capacity. Therefore, medicinal plants used in folk medicine are
raising increasing interest for their potential application in phar-
maceutical, food and nutraceutical fields. In addition, the so called
phytomedicines are playing a progressively higher role in human
health care system. Considering the social demands related to
health and nutrition, medicinal plants emerge as a strong alter-
native to synthetic products, used both in traditional medicine and
in food and pharmaceutical products, due to their nutritional prop-
erties and bioactivity. Due to their high range of application, it is
useful to elucidate their mechanisms of action, in order to develop
better medicinal products. Plants contain a high diversity of free
radical scavenging molecules, such as phenolic compounds, nitro-
gen compounds, vitamins, terpenoids, among others (Chetan et al.,
2012; Phillipson, 2007).

The Asteraceae family consists of approximately 1000 genera,
which comprise over 25,000 species of flowering plants, some with
wide uses for medicinal purposes, as in the case of chamomile
ously reported in several Asteraceae species throughout the world
(Table 1). Despite the relatively high number of studies reporting
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Table 1
Bioactivity screening assays performed using Asteraceae species from different geographic locations.

Species Assays Origin Authors

Achillea beibersteni Phenols content; antioxidant activity Saudi Arabia Shahat et al. (2014)
Achillea fragrantissima Phenols content; antioxidant activity Saudi Arabia Shahat et al. (2014)
Achillea millefolium Anxiolytic activity Brazil Baretta et al. (2012)

Antimicrobial and antioxidant activitites Turkey Candan et al. (2003)
Vasoprotective activity Italy Dall’Acqua et al. (2011)
Phytochemicals, antioxidant and antitumor activities Portugal Dias et al. (2013)
Phenols content; antioxidant activity Iran Gharibi et al. (2013)
Antiulcerogenic and antioxidant activities Brazil Potrich et al. (2010)
Hypotensive effects Brazil Souza et al. (2011)
Phenolic compounds; antioxidant activity Italy Vitalini et al. (2011)
Antioxidant activity and modulation of mitochondria respiration Lithuania Trumbeckaite et al. (2011)

Acmella oleraceae Phytochemicals and antioxidant activity Sri Lanka Abeysiri et al. (2013)
Ageratum conyzoides Analgesic potential; antioxidant activity Bangladesh Dewan et al. (2013)
Ageratum houstonianum Antioxidant activity India Tennyson et al. (2012)
Ambrosia artemisiifolia Antioxidant activity Serbia Maksimović (2008)
Anthemis deserti Phenols content; antioxidant activity Saudi Arabia Shahat et al. (2014)
Arctium minus Antimicrobial and antioxidant activitites Ireland Kenny et al. (2014)
Artemisia absinthium Hepatoprotective activity China Amat et al. (2010)

Phytochemicals, antifungal and antiparasitic activities Spain Bailen et al. (2013)
Neuroprotective activity India Bora and Sharma (2010)
Antioxidant activity Serbia Canadanovic-Brunet et al. (2005)
Antifeedant, antiparasitic and antioxidant activities Spain Gonzalez-Coloma et al. (2012)
Phenolic compounds; antioxidant activity Australia Lee et al. (2013)
Anti-venom activity Turkey Nalbantsoy et al. (2013)
Antitumor activity India Shafi et al. (2012)
Anthelmintic activity India Tariq et al. (2009)

Artemisia monosperma Phenols content; antioxidant activity Saudi Arabia Shahat et al. (2014)
Bidens pilosa Antioxidant and immunomodulatory activities Cuba Abajo et al. (2004)

Antidiabetic activity Taiwan Chien et al. (2009)
Antioxidant and antimicrobial activities Japan Deba et al. (2008)
Anti-hypertensive activity Cameroon Dimo et al. (2002)
Anti-hyperglycemic activity Taiwan Hsu et al. (2009)
Antitumor activity Brazil Kviecinski et al. (2008)
Immunosuppressive and anti-inflammatory Brazil Pereira et al. (1999)
Antimalarial activity Brazil Oliveira et al. (2004)
Antioxidant activity Taiwan Yang et al. (2006)

Carthamus tinctorius Several biological activities Several origins Zhou et al. (2014)
Centaurea nigra Antimicrobial and antioxidant activitites Ireland Kenny et al. (2014)
Centaurea paniculata Phytochemicals; antioxidant activity Portugal Barros et al. (2010)
Centaurea scabiosa Antimicrobial and antioxidant activitites Ireland Kenny et al. (2014)
Chicorium intybus Antioxidant activity Poland Rozpądek et al. (2014)
Cirsium arvense Antimicrobial and antioxidant activitites Ireland Kenny et al. (2014)
Cirsium palustre Antimicrobial and antioxidant activitites Ireland Kenny et al. (2014)
Cirsium vulgare Antimicrobial and antioxidant activitites Ireland Kenny et al. (2014)
Echinacea purpurea Antimicrobial Portugal Martins et al. (2015)
Eriocephalus spp. Enzymatic inhibition; antioxidant activity South-Africa Njenga and Viljoen (2006)
Helichrysum spp. Antimicrobial and antioxidant activitites Turkey Albayrak et al. (2010)
Helichrysum stoechas Phytochemicals; antioxidant activity Portugal Barros et al. (2010)
Inula crithmoïdes Antioxidant, anticlastogenic and antimutagenic activities Egypt Abdel-Wahhab et al. (2008)

Antimicrobial and antioxidant activitites Tunisia Jallali et al. (2014)
Herbicidal activity Tunisia Omezzine et al. (2011)

Lychnophora passerina Flavonoids content; antioxidant activity Brazil Chicaro et al. (2004)
Matricaria recutita Phytochemicals; antioxidant activity Portugal Barros et al. (2010)

Neuroprotective activity India Chandrashekhar et al. (2010)
Anti-allergic activity India Chandrashekhar et al. (2011)
Phytochemicals, antioxidant activity, cytotoxicity Portugal Guimarães et al. (2013)
Antimicrobial activity Iran Jamalian et al. (2012)
Several biological activities Several countries McKay and Blumberg (2006)
Antioxidant activity Portugal Martins et al. (2015)
Antidiarrheal and antioxidant activities Tunisia Sebai et al. (2014)

Mikania cordifolia Analgesic potential; antioxidant activity Bangladesh Dewan et al. (2013)
Otanthus maritimus Antimicrobial and cytotoxicity activies Portugal Cabral et al. (2013)

Repellency agains insects Greece Tsoukatou et al. (2000)
Parthenium
hysterophorus

Cytotoxic activity India Das et al. (2007)
Antioxidant activity India Krishnaveni (2013)
Antioxidant activity India Kumar et al. (2013)
Antibacterial, antioxidant, and cytotoxic activities India Kumar et al. (2014)
Antifungal activity India Rajiv et al. (2013)
Antioxidant activity Pakistan UdDin et al. (2015)

Picris cyanocarpa Phenols content; antioxidant activity Saudi Arabia Shahat et al. (2014)
Pulicaria crispa Phenols content; antioxidant activity Saudi Arabia Shahat et al. (2014)
Rhantarium epapposum Phenols content; antioxidant activity Saudi Arabia Shahat et al. (2014)
Sonchus asper Antimicrobial and antioxidant activitites Ireland Kenny et al. (2014)
Taraxacum officinale Antimicrobial and antioxidant activitites Ireland Kenny et al. (2014)
Taraxacum sect. Ruderalia Phenols content; antioxidant activity Portugal Dias et al. (2014)
Vernonia spp. Medicinal properties Several countries Toyang and Verpoorte (2013)
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heir biological potential, Portuguese species were scarcely inves-
igated and the species with highest potential will be the primary
ocus of attention in the next section. Considering this subject, the
resent review is especially dedicated to the in vitro antioxidant
roperties of extracts from the stems, roots, bark, leaves, flowers,
ruits and seeds of the Asteraceae species with botanical relevance
n Portugal.

.1. Achillea millefolium L.

A. millefolium L., commonly known as yarrow (milefólio or erva-
arpinteira) is widespread in mountain meadows, pathways, crop
elds and home gardens. Its infusion and alcoholic extracts are
idely used to treat digestive problems, diabetes, hepato-biliary
iseases and amenorrhea, being also consumed for its antitu-
or, antimicrobial, anti-inflammatory and antioxidant properties,

mong others. When consumed in the form of a decoction, it is
ainly used for digestive and intestinal disorders, besides being

xternally used for skin and mucosa inflammations (Baretta et al.,
012; Gharibi et al., 2013; Potrich et al., 2010).

In a recent scientific study (Dias et al., 2013), wild and commer-
ial samples of A. millefolium L. were chemically characterized for
heir macronutrients, sugars, organic acids, FA and tocopherols. In
ddition, the in vitro antioxidant properties (free radicals scaveng-
ng activity, reducing power and lipid peroxidation inhibition) and
he antitumor potential (against breast, lung, cervical and hepato-
ellular carcinoma cell lines) of their methanolic extracts, infusions
nd decoctions were evaluated and correlated to the corresponding
henolic profiles. In general, commercial yarrow presented lower
C50 (half-maximal effective concentration) values (higher antiox-
dant activity). Concerning the extract type, decoctions showed
he highest DPPH• scavenging activity (0.25 ± 0.01 mg ml−1), �-
arotene bleaching inhibition (0.18 ± 0.03 mg.ml−1) and TBARS
nhibition (0.04 ± 0.01 mg  ml−1), while infusions presented the
ighest reducing power (0.12 ± 0.01 mg  ml−1) (Dias et al., 2013).

The major antioxidant compounds found in A. millefolium are
avonoids like apigenin and quercetin, and phenolic acids (e.g.,
affeoylquinic acid), which are known to act as reducing agents,
ydrogen donators or singlet oxygen quenchers against reactive
pecies involved in oxidative stress. The phytochemical profile of A.
illefolium showed also relevant contents in organic acids (mainly

xalic, quinic, and citric), FA (with linoleic and palmitic acids as
he major ones) and tocopherols (specially, �-tocopherol) (Benedek
t al., 2007; Dias et al., 2013; Gharibi et al., 2013; Vitalini et al.,
011).

.2. Acmella oleraceae Murr.

A. oleraceae Murr. (also known as Spilanthes acmella) is a ther-
peutically important annual or short-lived perennial medicinal
erb with yellow, non-fragrant flowers (Abeysiri et al., 2013). It
as been widely used in Ayurveda and folk systems of medicine as
n anti-inflammatory, antiseptic and anesthetic drug since historic
imes. In traditional medicine, flowers have been chewed to relieve
oothache and infection of throat and to paralyze the tongue (Dias
t al., 2012; Leng et al., 2011).

Biological properties of A. oleraceae mainly depend on N-
lkylamides, specially on spilanthol, the principal bioactive
ompound which showed important bioactivities such as antioxi-
ant, anti-inflammatory, or diuretic activity and oral health care (it
as traditionally been used for the treatment of toothache (Boonen
t al., 2010). Other important phytochemicals in this species include

lkaloids, flavonoids, saponins, steroid glycosides and tannins,
hich were all detected in the three main parts (leaf, stem and
ower) of A. oleraceae. The phenolic contents were significantly
igher in leaves and flowers while the lowest value was  observed
nd Products 76 (2015) 604–615 611

in stems (leaf: 7.59 ± 1.26; flower: 5.34 ± 0.75; stem: 1.65 ± 0.35,
results in mg  of gallic acid equivalents g−1 dry matter). The total
antioxidant capacity (TAC, in mg  trolox equivalents g−1 dry mat-
ter) was  also significantly different among leaf (5.29 ± 0.85), stem
(3.42 ± 0.59) and flower (1.42 ± 0.40). The reported results repre-
sent the scientific validation of the potential use of leaves and
flowers in traditional systems of medicine (Abeysiri et al., 2013;
Shanthi and Amudha, 2010).

4.3. Artemisia absinthium L.

A. absinthium L., commonly known as wormwood (Citronela-
maior in Portugal) grows as a perennial herb with fibrous roots
on non-cultivated, arid ground or rocky slopes and at the edge
of footpaths and fields. The plant is recognized by its charac-
teristic odor which makes it useful for making biological sprays
against pests. It is used in companion planting to prevent weeds’
growing, since its roots secrete substances that inhibit the growth
of surrounding plants, besides having repellant activity against
insect larvae. It is commonly used as an ingredient in the spirit
absinthe, and as a flavoring agent in some other spirits and wines.
A. absinthium has been used as herbal medicine throughout Europe,
Middle East, North Africa, and Asia. Their health effects include
anti-helminthic, choleretic, antiseptic, balsamic, depurative, diges-
tive, diuretic and emmenagogue activities, having also been used in
treating leukemia and sclerosis (Canadanovic-Brunet et al., 2005).
Recently, the aerial part of A. absinthium has shown anti-snake
venom activity, while other species of the genus Artemisia exhibited
antimalarial and anticancer activities, among other prominent bio-
logical effects (Canadanovic-Brunet et al., 2005; Nalbantsoy et al.,
2013; Shafi et al., 2012; Sharopov et al., 2012).

Besides the bioactivity evaluation assays, different phytochem-
icals were also characterized (Bailen et al., 2013; Lee et al., 2013).
The phenolic compounds in the wormwood leaves extract were
identified and salicylic acid was the dominant phenolic compound
(≈14400.45 �g g−1 DW), followed by myricetin (≈1086.55 �g g−1

DW), caffeic acid (≈80 �g g−1 DW), gallic acid (≈64 �g g−1 DW)
and ferulic acid (54 �g g−1 DW). Other detected compounds were
quercetin and kaempferol (flavonols), ferulic acid and o-coumaric
acid (hydroxycinnamic acids), gallic acid, vanillic acid, �-resorcylic
acid and protocatechuic acid (hydroxybenzoic acids). Therefore, the
content of total phenolic compounds in the extracts might explain
their high antioxidant activities, especially in aqueous extracts,
which accounted for the highest antioxidant activity, as evaluated
through DPPH• scavenging activity, reducing power and Folin-
Ciocalteu assays (Lee et al., 2013).

4.4. Bidens pilosa L.

Bidens pilosa,  commonly known as “hairy beggar ticks,” “sticks
tights,” and “Spanish needles” is widely distributed in subtropical
and tropical regions and presents typical yellow flowers. The plant
is used in folk medicine for its anti-inflammatory, antiseptic, liver-
protective, anti-hypoglycemic and blood-pressure lowering effects.
It has been widely used in Taiwan as a traditional medicine, being
also the major ingredient of an herbal infusion that is believed to
prevent inflammation and cancer (Dimo et al., 2002; Yang et al.,
2006).

The major bioactive components found in Bidens pilosa con-
tributing to its antioxidant activity are phenylpropanoid glucosides,
polyacetylenes, diterpenes, flavonoids and flavone glycosides. In
addition, forty-four compounds, including the major terpenes

�-caryophyllene (10.9% and 5.1% in the leaves and flowers,
respectively) and �-cadinene (7.82% and 6.13% in the leaves and
flowers, respectively) were identified in the yellowish essential
oils obtained from its fresh leaves and flowers (Krishnaiah et al.,
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011). These essential oils were reported as having the capac-
ty to reduce the stable free radical DPPH• to the corresponding
iphenylpicrylhydrazine with IC50 values of 57 and 50 �g ml−1,
espectively, revealing that the flowers of B. pilosa have an antioxi-
ant activity that is similar to that of typical synthetic antioxidants
Deba et al., 2008).

.5. Carthamus tinctorius L.

In Portugal, Carthamus tinctorius L. (commonly known as saf-
ower) is particularly abundant in the South (Especially in Alentejo
rovince), where it its leaves are used to extract colorants with
pplication in cooking and dyeing machinery, while the seeds
re used for cheese manufacture. Regarding its biological activity,
. tinctorius has gradually been investigated due to its medici-
al value and health care properties, besides having a wide use

n traditional Chinese medicine. In addition, safflower has been
sed as an herbal medicine in Korea for the promotion of bone
ormation and in the treatment of osteoporosis and rheumatism.
hese properties are probably related to the serotonin deriva-
ives, which were identified as the major phenolic constituents of
efatted safflower seeds. These compounds have been reported for
heir strong antioxidant activity and biological effects on plasma
nd liver lipid status, viability and growth of cancer cell lines or
broblasts and cellular pro-inflammatory cytokine or melanin pro-
uction (Bae et al., 2002; Cho et al., 2004). Among the identified
erivatives, the serotonin alkaloids (e.g., N-feruloylseretonin and
-p-cumaroylserotonin) are potent inhibitors of melanin produc-

ion suggesting its potential use as inhibitors of melanogenesis.
ther phenolic compounds include the quinochalcones responsi-
le for the yellow and red floral pigments and different flavonoid
lycosides, which, as widely recognized, are closely related to the
ntioxidant activity. The quinochalcones and flavonoids, the major
ntioxidants present in flowers of C. tinctorius (aqueous extracts),
ave been assessed in several studies for their ability to scavenge
OS (O2

•− HO•, 1O2) and DPPH• (Zhou et al., 2014).

.6. Inula crithmoïdes L.

The genus Inula includes more than 100 species, being mainly
ound in Europe, Africa, and Asia. In some locations, I. crithmoïdes
s an important constituent of the human diet. Young leaves are
aten raw or cooked and the fleshy leaves and young shots are pick-
ed and used as a relish in salads. The flowering branches of Inula
pecies are used in traditional medicine for treatment of bronchitis,
uberculosis, anemia, malaria, urinary tract diseases, and also as an
stringent (Abdel-Wahhab et al., 2008; Fontana et al., 2014).

The described bioactivity might be related with the high levels
f phenolic compounds, characteristic of the Asteraceae family, as
hose detected in the acetonic extracts of I. crithmoïdes. Regard-
ng its antioxidant activity, this species showed high potential as

 DPPH• scavenger (IC50 = 12.8 �g ml−1) and as a ferric reducing
gent (EC50 = 0.90 mg  ml−1 in the FRAP assay) (Jallali et al., 2014).

.7. Matricaria recutita L.

M.  recutita L. is an herbaceous plant indigenous to Europe and
estern Asia. Several products derived from chamomile are com-
ercially available as soaps, detergents, fragrances, lotions, hair

roducts, baked goods, confectionery, beverages and infusions. The
onsumption of chamomile’ infusions is estimated in more than one
illion cups per day (Maschi et al., 2008; McKay and Blumberg,
006).
The main pharmacological effects are determined by the bio-

ogically active constituents, which include sesquiterpenic and
henolic compounds. Sesquiterpenic compounds such as �-
nd Products 76 (2015) 604–615

bisabolol, bisabolol oxides A and B, chamazulene and farnesene,
and phenolic compounds (namely apigenin, quercetin, patuletin,
and luteolin, and their glucosides, and the coumarins herniarin
and umbelliferone), are considered to be the major bioactive com-
pounds of chamomile. Sesquiterpenic compounds are widely found
in the essential oils of several plants and fruits, providing a pro-
fuse spectrum of aromas, mostly perceived as very pleasant (Barros
et al., 2010; Guimarães et al., 2013; McKay and Blumberg, 2006;
Salamon, 2007; Srivastava et al., 2010).

Several biological effects have been attributed to M.  recutita L.,
such as anti-microbial, antioxidant, anti-malarial, anti-mutagenic,
anti-platelet, anti-cancer, anti-inflammatory, anti-genotoxic, anti-
spasmolytic, sedative and hypocholesterolemic. Furthermore, it
has interesting gastrointestinal, hepatic and topical properties.
Some of its common uses include flatulent nervous dyspepsia,
travel sickness, nasal catarrh, restlessness, gastro-intestinal dis-
orders associated with nervous irritability, hemorrhoids, mastitis,
leg ulcer, renal colic, nausea, constipation, expulsion of parasitic
worms, stomach complaints and skin diseases. The essential oil
of chamomile revealed anti-inflammatory, anti-bacterial, antimy-
cotic, and ulcer-protective properties (Guimarães et al., 2013;
McKay and Blumberg, 2006; Petronilho et al., 2012). The antioxi-
dant activity of M. recutita has been object of several studies, either
its whole extracts, or isolated compounds such as chamazulene,
nerolidol and �-bisabolol, particularly its scavenging activity by
DPPH• and TBARS formation inhibition (Petronilho et al., 2012;
Roby et al., 2013).

4.8. Otanthus maritimus L.

Otanthus maritimus L. is the only species of the monotypic genus
Otanthus. This species lives on maritime sands along the coasts of
South and West Europe, northwards to South-East Ireland. The use
of O. maritimus has been reported in traditional medicine, specifi-
cally in the treatment of toothache, asthmatic bronchitis, dysentery
and bladder inflammation (Cabral et al., 2013; Tsoukatou et al.,
2000).

Different studies report the isolation of several components
from the aerial parts of O. maritimus:  flavonoids, sesquiterpene
lactones, monoterpenes, lignanes and amides. The roots contain
fatty acid amides, acetylene derivatives and sesquiterpenes. Over
30 compounds have been identified in essential oils, with a primary
emphasis on chrysanthenone (40.4–57.2%), filifolone (12.2–15.5%),
cis-chrysantenyl acetate (10.1–11.2%) and �-pinene (6.7–7.2%)
with anti-fungal and anti-inflammatory activity. Chrysanthenone,
the main compound of O. maritimus essential oil, is a rare bicyclic
monoterpene ketone with a slightly oily-floral aroma suitable for
aromatic industry, being found only in members of the Asteraceae
family (Cabral et al., 2013; Muselli et al., 2007; Ruiu et al., 2013).

4.9. Parthenium hysterophorus L.

Parthenium hysterophorus,  also known as congress grass, is an
invasive weed with high dissemination in India, but which can
be found all over the world. All parts of the plant are used in
traditional medicine as bitter tonic, febrifuge, emmenagogue, anti-
dysenteric and treatment of many infectious and degenerative
diseases (Kumar et al., 2013; Reddy et al., 2011).

Recent studies have identified and quantified the major bioac-
tive compounds present in flowers and roots extracts of P.
hysterophorus:  flavonoids, terpenoids, alkaloids and cardiac glyco-

sides. The total phenolic content was also assessed in the same
extracts, which showed a high scavenging capacity against HO•

and ability to protect the lipid membrane from peroxidation. Fur-
thermore, P. hysterophorus has been reported for its potential to
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eutralize the free radical induced oxidative damage, antibacterial
ctivity and cytotoxic potential (Kumar et al., 2013, 2014).

. Conclusion

The Asteraceae family has a worldwide distribution with high
epresentation in the Portuguese territory. In recent years, the sci-
ntific community, food, pharmaceutical and cosmetic industries
ave shown an increasing interest in the study and application of
lants extracts, in the development of new and improved func-
ional, preventive or curative products, especially those dedicated
o solve the specific demands of recurrent illnesses. A common
nderlying mechanism of these ailments is the production (or exac-
rbation of production) of reactive species in the human body,
hich is directly or indirectly related to cardiovascular and neu-

odegenerative, cancer, aging, eye problems, among others. The
ioactive compounds produced by plants, such as those belonging
o Asteraceae family, and their recurrent use in traditional medicine
oosted the development of applied studies to attest their benefi-
ial properties, namely their high bioactivity levels.

Although many Asteraceae species were already studied for dif-
erent properties, the species with higher relevance are still scarcely
tudied, justifying further exploration of their potential bioactivity,
llowing to improve the knowledge on the use of their extracts for
edicine, pharmaceutical, food and cosmetic industry. The work

eported herein, highlights the plants with highest potential to be
urther studied, especially concerning their most relevant bioac-
ive properties and important bioactive compounds that could
e purified following top-of-the-art methodologies. The acquired
nowledge could be used in extension applications, such as the
ncorporation of extracts/isolated compounds in different product
ypes, in response to the growing interest of such resources, as well
s the importance of contributing to the sustainable development
f a country with such an high biodiversity.
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