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Abstract The free radical scavenging activity and reducing
power of 16 phenolic compounds including four
hydroxycinnamic acid derivatives namely ferulic acid, caffeic
acid, sinapic acid and p-coumaric acid, benzoic acid and its
derivatives namely protocatechuic acid, gallic acid and
vanillic acid, benzene derivatives namely vanillin, vanillyl
alcohol, veratryl alcohol, veratraldehyde, pyrogallol, guaiacol
and two synthetic antioxidants, butylated hydroxy anisole
(BHA) and propyl gallate were evaluated using 1,1-
Diphenyl-2-picrylhydrazyl radical (DPPH•), 2,2′-Azinobis-3-
ethylbenzothiazoline-6-sulfonic acid radical (ABTS+•),
Hydroxyl radical (•OH) and Superoxide radical (O2

•-) scav-
enging assays and reduction potential assay. By virtue of their
hydrogen donating ability, phenolic compounds with multiple
hydroxyl groups such as protocatechuic acid, pyrogallol,
caffeic acid, gallic acid and propyl gallate exhibited higher
free radical scavenging activity especially against DPPH•

and O2
•-. The hydroxylated cinnamates such as ferulic acid

and caffeic acid were in general better scavengers than their
benzoic acid counter parts such as vanillic acid and
protocatechuic acid. All the phenolic compounds tested exhib-
ited more than 85 % scavenging due to the high reactivity of
the hydroxyl radical. Phenolic compounds with multiple

hydroxyl groups also exhibited high redox potential.
Exploring the radical scavenging and reducing properties of
antioxidants especially those which are found naturally in
plant sources are of great interest due to their protective roles
in biological systems.
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Abbreviations
Prot Protocatechuic acid
Guai Guaiacol
Caff Caffeic acid
Feru Ferulic acid
Coum p-Coumaric acid
Gall Gallic acid
Vaci Vanillic acid
Sina Sinapinic acid
Prop Propyl gallate
Veald Veratraldehyde
BHA Butylated hydroxy anisole
Veal Veratryl alcohol
Valc Vanillyl Alcohol
Pyro Pyrogallol
Benz Benzoic acid
Vani Vanillin

Introduction

The protective effects of diets, rich in vegetables, fruits and
cereals against various forms of cancer and cardiovascular
diseases (De Ancos et al. 2000; Nicodemus et al. 2001) have
been attributed, in large to the antioxidant nutrients and plant
phenolics such as flavonoids, benzoic acid derivatives and
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phenylpropanoids (Lin et al. 2014; Pacifico et al. 2014;
Hermann 1989). In addition to t2he free radical scavenging
capacity (Lucini et al. 2015; Heo et al. 2014) plant phenolics
have multiple biological activities including vasodilatory, an-
ticarcinogenic, anti-inflammatory, antibacterial, immune stim-
ulating, anti-allergic, antiviral and estrogenic effects (Heo
et al. 2014; Crozier et al. 2009; Kumbulainen and Salonen
1999). There are different mechanisms of antioxidative action,
for example, radical scavenging, recombination of radicals,
chelation of transition metal ions, or electron transfer with
formation of stable products (Haseloff et al. 1990).

The current tendency is to replace synthetic phenols like
Butylated hydroxyanisole (BHA), Butylated hydroxyl toluene
(BHT) etc. with phenolic compounds extracted from natural
sources with comparable antioxidant power and better safety
attributes (Moure et al. 2001). The antioxidant power of
caffeic acid for example was well substantiated scientifically
(Yanishlieva and Marinova 1995) and was found to have bet-
ter stabilizing effect than BHA on the thermal oxidation of cod
liver oil (Leonardis and Macciola 2003).

The antioxidant activity of phenolic compound is reason-
ably related to their structure, the substitutions on the aromatic
ring and the structure of the side chain (Shahidi and
Wanasundara 1992). The structure-antioxidant activity rela-
tionship (SAR) approach is considered to be useful for food,
cosmetic and pharmaceutical applications as it provides evi-
dence about the potency of natural phenolic constituents
(Bountagkidou et al. 2010). Bilto et al. (2012), Sivakumar
et al. (2011), Bountagkidou et al. (2010), Natella et al.
(1999) and Torres de Pinedo et al. (2007) studied the SAR
of flavonoids, chalcone derivatives, hydroxybenzaldehydes,
benzoic and cinnamic acids and phenolic based antioxidants
respectively employing different antioxidant assay methods.
Cai et al. (2006) studied the SAR of phenolic antioxidants
from Chinese medicinal plants using ABTS and DPPH
radical scavenging assays. Kikuzaki et al. (2002) reported
the scavenging ability of hydroxycinnamic acids towards
DPPH radical. However, their studies were focused on ferulic
acid related compounds, its alkyl esters and gallic acid esters.
Zhang et al. (2006) compared the free radical scavenging ac-
tivity of hydroxycinnamic acids namely caffeic, ferulic and
sinapic acid. But they employed the oxygen radical absor-
bance capacity (ORAC) and lipid peroxide inhibition capacity
(LPIC) assays. Pino et al. (2006) evaluated the capacity of
hydoxycinnamic acids to trap peroxyl radicals by using oxy-
gen radical absorbance capacity (ORAC) indexes. Haseloff
et al. (1990) studied the in vitro hydroxyl radical scavenging
activity of benzoic acid esters and propyl gallate. In some
cases there has been discrepancy in the findings obtained from
different studies due to the differences in the assay conditions
and assay methods followed. Investigations on the SAR will
improve the understanding of the relationship between anti-
oxidant activity and chemical structure of many representative

phenolic compounds found naturally in plant sources. In this
study, we have attempted to evaluate the free radical
quenching capacity using ABTS, DPPH, Hydroxyl and
Superoxide radical as well as the reducing power of 16 phe-
nolic compounds including the aldehyde and alcohol deriva-
tives of benzene which are often reported to be co-extracted
with the corresponding acids from natural sources (Robbins
2003), derivatives of benzoic acid, hydroxycinnamic acid and
phenol and tried to compare them with synthetic antioxidants
like BHA and propyl gallate.

Materials and methods

Chemicals

1,1-Diphenyl-2-picrylhydrazyl (DPPH•), 2,2′-Azinobis-3-
ethylbenzothiazoline-6-sulfonic acid (ABTS), Phenazine
methosulphate (PMS), β-Nicotinamide adenine dinucleotide
(NADH), 3,4-Dihydroxy cinnamic acid (Caffeic acid), 4-
Hydroxy cinnamic acid (p-Coumaric acid), 3,5 Dimethoxy-
4-hydroxy cinnamic acid (Sinapic acid), 4-Hydroxy-3-
methoxy cinnamic acid (Ferulic acid), 3,4-Dimethoxy benzyl
alcohol (Veratryl alcohol) and 3,4-Dihydroxy benzoic acid
(Protocatechuic acid) were obtained from Sigma (MO,USA).
4-Hydroxy 3-methoxy benzaldehyde (Vanillin) was pur-
chased from Sigma Aldrich Chemical Co. (Milwaukee, WI).
4-Hydroxy 3-methoxy benzyl alcohol (Vanillyl alcohol) was
purchased from Lancaster, Morecambe, UK and 1, 2, 3-
Trihydroxybenzene (Pyrogallol) from BDH, Lab Supplies,
Poole, UK. Butylated hydroxyanisole, n-Propyl 3, 4, 5 trihy-
droxy benzoate (Propyl gallate) and Benzoic acid were pur-
chased from SD Fine Chemicals (India). Thiobarbituric acid
(TBA) and 3,4 Dimethoxy benzaldehyde (Veratraldehyde)
were obtained from CDH (India), while Deoxyribose,
Nitroblue tetrazolium (NBT), Trichloroacetic acid (TCA),
Pottasium persulphate, 2-Methoxy phenol (Guaiacol), 4-
hydroxy 3-methoxy benzoic acid (Vanillic acid) and Gallic
acid were purchased from Sisco Research Lab (India). All
the other chemicals used were of standard analytical grade.

Evaluation of free radical scavenging property
and reducing power

DPPH free radical scavenging assay

The antioxidant activity of 16 phenolic compounds were
assessed based on their ability to scavenge DPPH• using the
method of Brand-Williams et al. (1995). The method was
slightly modified as reported by Mathew and Abraham
(2006). Methanolic solutions (0.1 ml) of the standard
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compounds were used at a concentration of 15 μM and added
to 2.9 ml of 60 μM DPPH▪. DPPH• gets reduced and the
resulting decrease in absorbance at 517 nm was recorded up
to 30 min. The concentration of DPPH▪ scavenged was deter-
mined using a calibration curve derived by linear regression.
The percentage of DPPH▪ scavenged was calculated using the
formula % Scavenging=(DPPH▪)T=0/(DPPH

▪)T x100 where
(DPPH•)T=0 is the concentration at zero time (initial concen-
tration) and (DPPH▪)T refers to the concentration of the radical
at respective time intervals.

ABTS radical cation decolorisation assay

Radical scavenging ability of the phenolic compounds were
evaluated against ABTS+• and measured spectrophotometri-
cally at 734 nm (Re et al. 1999). The ABTS+• solution was
prepared by reaction of aqueous solution of ABTS (7 mM)
with potassium persulfate as an oxidizing agent (final concen-
tration of 2.45 mM). Methanolic solutions of the standard
compounds were used at a concentration of 10 μM and added
to ABTS+• diluted to an absorbance of 0.7±0.05. The radical
scavenging capacity was calculated using the formula

% Scavenging ¼ AB0−AB1ð Þ=AB0x 100½ �

where AB0 is the absorbance of the control and AB1 is the
absorbance in the presence of the test sample. All assays were
carried out in triplicate.

Hydroxyl (OH•) radical scavenging activity

The hydroxyl radicals were generated by the deoxyribose
method (Halliwell et al. 1987) modified according to
Mathew and Abraham (2006). The reaction mixture contain-
ing the standard compounds (25 μM), deoxyribose
(3.75 mM), H2O2 (1 mM), Potassium phosphate buffer
(20 mM, pH 7.4), FeCl3 (0.1 mM), EDTA (0.1 mM) and
Ascorbic acid (0.1 mM) were incubated in a water bath at
37±0.5 °C for 1 h. This was then followed by the addition
of 1 ml of TBA (1 %w/v) and 1 ml of TCA (2.8 %w/v) and
subjected to heating in a water bath at 100 °C for 20 min. The
extent of deoxyribose degradation was determined from the
absorbance of the resulting solution at 532 nm and measured
using the formula

% Inhibition ¼ AB0−AB1ð Þ=AB0x 100½ �

where AB0 is the absorbance of the control and AB1 is the
absorbance in the presence of the test sample. All assays were
carried out in triplicate.

Superoxide anion scavenging activity

Superoxide radicals were generated by adding PMS (50 μM)
to Tris–HCl buffer (pH 8.0) containing NBT (50 μM) and
NADH (78 μM) and incubating at 25 °C for 5 min (Mathew
and Abraham 2006). Standard compounds were added to the
reaction mixture at a concentration of 15 μM. The absorbance
recorded at 560 nm was a measure of the reduction of NBT
and the radical scavenging activity was calculated as in the
case of hydroxyl radical.

Reductive potential

The ability of the compounds to reduce ferricyanide complex
to ferrous form were determined at a concentration of 500 μM
according to the method reported by Mathew and Abraham
(2006). The standard compounds in 1 ml of distilled water
were mixed with phosphate buffer (pH 6.6) and potassium
ferricyanide (1 %w/v) and incubated at 50 °C for 20 min.
Trichloroacetic acid (10 %w/v) was added to the mixture,
and centrifuged for 10 min at 1000g. The upper layer of solu-
tion (2.5 ml) was mixed with distilled water (2.5 ml) and
FeCl3 (0.5 ml, 0.1 %w/v), and the absorbance was measured
at 700 nm in a spectrophotometer. Higher absorbance of the
reaction mixture indicated greater reductive potential. In the
reductive potential assay, an easily reduced oxidant (Fe3+) is
used in stoichiometric excess and the phenolic compounds are
supposed to act as reductants (Gul et al. 2011).

Statistical analyses

The statistical analyses of the data were performed using
Microsoft excel 2003 and SPSS 16. The one way analysis of
variance (ANOVA) and the significance of differences be-
tween sample means were calculated by Duncan’s multiple
range test using SPSS for Windows, IBM SPSS Statistics
16, Chicago, IL. P values≤0.05 were regarded as significant.

Results and discussion

The 16 compounds studied differ in the pattern of hydroxyl-
ation, methoxylation and substituents on their aromatic ring
(Fig. 1). The phenolic compounds differed in their abilities to
react with and quench OH•, O2

•+, ABTS•+ and DPPH• and
reducing power. Monophenols were found to be less efficient
than the polyphenols and the number and position of hydroxyl
and methoxy groups in the phenolic rings determined the rad-
ical scavenging potential. The aldehyde and alcohol deriva-
tives of benzene in general showed lower antioxidant activity
than the benzoic acid derivatives which in turn exhibited low-
er activity than the hydroxycinnamic acid derivatives. In the
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DPPH radical scavenging assay, the phenolic compounds with
multiple hydroxyl groups namely protocatechuic acid, pyro-
gallol, caffeic acid, gallic acid and propyl gallate exhibited
higher scavenging capacity than the synthetic antioxidant
BHA. A similar pattern was observed in the superoxide radi-
cal scavenging and redox potential capacity as well. However,
BHA exhibited negligible superoxide radical scavenging ca-
pacity under the assay conditions.

DPPH▪ scavenging activity

Phenolic compounds which possess antioxidant property
can quench DPPH• by providing hydrogen atoms or by
electron donation, via a free-radical attack on the DPPH
molecule and converting them to a colorless/bleached
product (i.e., 2, 2-diphenyl-1-hydrazine, or a substituted
analogous hydrazine) a stable diamagnetic molecule
(Matthaus 2002) which result in decrease in the absor-
bance at 517 nm. The DPPH• scavenging efficiency of

the phenolic compounds were in the order: Caff > Prot
> Gall > Prop > Pyro > BHA > Sina > Feru > Valc > Guai
> Vaci > Coum > Benz > Veald > Vani > Veal (Fig. 2a)
with negligible activity for vanillin and veratryl alcohol at
the concentration studied. Vanillin was found to be a poor
scavenger of DPPH• and exhibited lower activity than its
acid analogue, vanillic acid. The presence of –CHO moi-
ety instead of a –COOH moiety was found to hinder the
activity under the assay conditions (Bountagkidou et al.
2010). Caffeic acid scavenged 89.4 % of DPPH• while
veratryl alcohol scavenged only 0.38 % of the DPPH• at
15 μM. From the above order of scavenging efficiency
exhibited by the different compounds it can be concluded
that the hydroxylated cinnamates in general are more ef-
fective than their benzoic acid counterparts (ferulic acid
>vanillic acid; caffeic acid > protocatechuic acid). This
can be explained in terms of the bulky -CH=CH-COOH
group, which increases the activity by stabilizing the re-
sultant phenoxy radicals (Yamagami et al. 2005). The
double bond also participates in stabilizing the radicals
of cinnamic acid derivatives by resonance (Cuvelier
et al. 1992; Natella et al. 1999). Moreover, the electron
withdrawing properties of the carboxylate group in
benzoic acid has a negative influence on its H-donating
ability and thereby on its scavenging ability. Vanillic acid
therefore has a lower antioxidant activity than ferulic acid
due to the adjacency of the carboxylate groups to the
phenyl ring. The presence of –CH=CH-COOH groups in
cinnamic acid ensures greater hydrogen donating ability
and subsequent radical stabilization than the COO− group
in benzoic acid derivatives. Brand Williams et al. (1995)
and von Gadow et al. (1997) had shown that p-coumaric
acid and vanillic acid react poorly with DPPH• and their
hydrogen donating ability was reported to be lower than
that of ferulic acid and BHA. Sinapic acid with methoxy
groups at meta positions and hydroxyl group in para po-
sition had higher scavenging activity (50.4 %) than ferulic
acid (39.5 %) with a single methoxy substitution at meta
position. Electron delocalization and electron donation of
an unshared pair of electrons from OCH3 in the p-orbital
stabilizes the phenoxyl radical (Velkov et al. 2007). More
electron-donating substituents facilitate phenoxyl radical
formation, and hydroxyl group substituents should be ef-
fective in stabilizing the resultant phenoxyl radicals.

Gallic acid and propyl gallate exhibited high DPPH▪

scavenging activities (88.5 and 88.1 % respectively)
which can be attributed to the multiple hydroxyl substitu-
tion pattern which is commonly regarded as important for
the radical scavenging activities of phenolic acids (Cai
et al. 2006). The presence of electron donating or high
electron density hydroxyl group at meta and para posi-
tions of gallic acid attributes to the high scavenging abil-
ity of gallic acid (Jing et al. 2012). Vanillyl alcohol
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Fig. 1 Structure of the phenolic compounds assayed for free radical
scavenging
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exhibited higher scavenging activity (38.9 %) than
verat ry l a lcohol (0 .38 %) due to para-hydroxy
substitution.

Vanillin, at a concentration of 1 mM was shown to exhibit
22.9 % DPPH▪ scavenging activity (Kumar et al. 2002) which
is comparable to the results obtained in this study (Fig. 2a).
The antioxidant activity of phenolic acids and their esters
depend partly on the number of hydroxyl groups in the
molecule (Dziedzic and Hudson 1983) which explains the
high DPPH• scavenging activity of caffeic acid, gallic
acid, protocatechuic acid, propyl gallate and pyrogallol
with two to three hydroxyl groups. Substitution with a
hydroxyl group was found to be more effective
(Marinova and Yanishlieva 1992) than methoxy group
(Protocatechuic acid > vanillic acid; caffeic acid > ferulic
acid). Kikuzaki et al. (2002) also have reported similar
order of scavenging ability towards DPPH radicals:

caffeic acid > sinapic acid > ferulic acid > p-coumaric
acid.

Time profile studies (Fig. 2b) showed that propyl gal-
l a t e , py roga l lo l , ga l l i c ac id , ca f f e i c ac id and
protocatechuic acid exhibit a faster reaction rate especially
in the first 5 min compared to vanillyl alcohol, ferulic
acid, BHA and sinapic acid with intermediate reaction
rate. Veratryl alcohol, vanillin, veratralaldehyde, benzoic
acid, guaiacol, vanillic acid and p-coumaric acid exhibited
much slower radical quenching reaction. In most of the
cases, the phenolic compounds exhibited two phases in
their interaction with the radical, the first phase being
rapid (first 5 min) followed by a slower phase in the next
25 min to approach steady state condition.

ABTS+• scavenging activity

In the ABTS+• scavenging assay, the efficiency of scav-
enging was in the order: Pyro > Gall > Feru > Prop >
Caff > BHA > Guai > Prot > Valc > Sina > Coum >
Vaci. Veald, Van, Benz and Veal exhibited low scaveng-
ing activity (Fig. 3a). Pyrogallol scavenged 99 % of
ABTS+• while veratraldehyde scavenged only 0.85 %
of the radical at 10 μM. The trihydroxybenzoic acid de-
rivatives, gallic acid and propyl gallate showed very
good scavenging activity. For phenolic acids, it was
demonstrated that compounds presenting a pyrogallol
unit (three hydroxyl groups on the phenol ring) exhibited
higher antioxidant properties than those presenting a cat-
echol unit (two hydroxyl groups on the phenolic ring)
(Siquet et al. 2006). Ferulic acid is more effective than
p-coumaric acid due to the presence of the OCH3 group
in position ortho to the hydroxyl group. The electron
donating methoxy group in ferulic acid allows increased
stabilization of the resulting aryloxy radical through
electron delocalization after hydrogen donation by the
hydroxyl group (Pokorny 1987). However caffeic acid
exhibited lower scavenging than ferulic acid. This result
is consistent with the finding obtained in previous study
where caffeic acid was reported to have lower activity
than ferulic acid (Cai et al. 2006). Ortho-substitution
with electron donating alkyl group in BHA and electron
donating methoxy group in Guaiacol increases the sta-
bility of the aryloxy radical and in turn its antioxidant
potential as well (Rice Evans et al. 1996).

The compounds exhibited a biphasic behavior with a
rapid interactive phase with the radical in the first 1 min
followed by a relatively slower phase (Fig. 3b).
According to Nenadis et al. (2004) ABTS+• assay may
give an indication of the presence of antioxidants in a
certain system but structure activity relationship (SARs)
cannot be readily inferred.

Fig. 2 a DPPH radical scavenging activity of the phenolic compounds.
Bars with different letters are significantly different at p≤0.05. b Time
profile studies of the DPPH radical scavenging activity of phenolic
compounds
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Hydroxyl radical scavenging

Hydroxyl radicals are the most destructive reactive oxygen
species in food and biological systems. Due to their relatively
short in vivo half-life, they can induce oxidative damage to
almost all important biomolecules, including polyunsaturated
fatty acids, nucleic acids, amino acids and proteins (Lipinski
2011).

The hydroxyl radical scavenging efficiency of the tested
compounds were found to be in the order Sina > Pyro >
Coum > Veald = Veal = Gall > Caff > Guai > Prop > BHA
> Prot > Valc > Vaci > Vani = Benz (Fig. 4). Even the
hydroxybenzoates are effective hydroxyl radical scavengers
(Grootveld and Halliwell 1986) due to their propensity of
hydroxylation and the high reactivity of the hydroxyl

radical. The increase of methoxy groups substantially
increased the antioxidant activity of the compounds by
further stabilising the phenoxyl radical. Our studies
confirmed that the antioxidant efficiency of monophenols
are strongly enhanced by the introduction of a second
hydroxy group and is increased by one or two methoxy
substitutions in positions ortho to the OH group as in the
case of sinapic acid. Liu and Mori (1993) showed that vanillic
acid has superoxide and hydroxyl radical scavenging activi-
ties, which assist in terminating lipid peroxidation. Vanillyl
alcohol has been shown to play a critical role in the free radical
scavenging activities of Gastrodia, a traditional Chinese herb
(Hsieh et al. 2000).

Superoxide radical scavenging

In this method, the superoxide anion reduces the yellow
dye (NBT) to produce the blue formazan which is mea-
sured spectrophotometrically at 560 nm. The redox po-
tentials of hydroxycinnamic acid derivatives are lower
than that of oxy-radicals such as the hydroxyl radical
E7 = 1.9 V, superoxide radical anion E7 = 0.94 V
(Wardman 1989) which means that they are excellent
scavengers of these oxy radicals. Compounds that pos-
sess more than one hydroxyl group in their aromatic ring
like propyl gallate, gallic acid, caffeic acid, pyrogallol
and protocatechuic acid exhibited stronger inhibitory po-
tency than monohydroxyl substituents like p-coumaric
acid and ferulic acid (Fig. 5). The O2

− radical scavenging
efficiency of the compounds was in the order: Prop >
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Gall > Caff > Pyro > Vani > Prot > Guai > Feru > Benz
> Sina > Valc > Vaci > Veald > Veal. BHA exhibited
negligible activity. Torres de Pinedo et al. (2007) report-
ed that monophenolic compounds such as vanillyl alco-
hol exhibited better radical inhibition capacity than
ve r a t r y l a l c oho l w i t h bo t h hyd r oxy l g r oup s
methoxylated. Protocatechuic acid and ferulic acid iden-
tified as active components in Pleurotus tuber, an edible
mushroom has been reported to exhibit antioxidant and
antiangiogenic properties (Lin et al. 2014).

Reducing Power

In this assay, the yellow color of the test solution changes to
various shades of green and blue, depending on the reducing
power of each compound. The presence of reductants causes
the reduction of the Fe3+/ferricyanide complex to the ferrous
form. Therefore, measuring the formation of Perl’s Prussian
blue at 700 nm helps to monitor the Fe2+concentration. The
reducing potential of the compounds was found to be in the
order: Prop > Gall > Caff > Pyro > Prot > Sina > BHA > Valc
> Feru > Guai > Vaci > Coum. Veal, Van, Veald and Benz
exhibited very low reducing power (Fig. 6). The redox poten-
tials of hydroxycinnamic acid derivatives are dependent on
the electron donating property of the substituents in the ben-
zene ring (Teixeira et al. 2013). Propyl gallate and gallic acid
are very strong reducing agents, owing to the presence of three
hydroxyl groups. The antioxidant efficiency of monophenols
is increased substantially by one or two methoxy substitutions
at the o-position relative to the hydroxyl (Vafiadis and
Bakalbassis 2003; Cuvelier et al. 1992) which explains the
reducing power in the order Sina > Feru > Coum.

Conclusion

In conclusion the results obtained in the present study
have shown that out of the sixteen compounds studied
except vanillin and benzoic acid most of the compounds
can effectively scavenge free radicals of one type or the
other including superoxide anion, hydroxyl radical and
other free radicals under in vitro conditions. The basic
structural organization of the phenolics determines the
antioxidant activity. The substituents on the phenyl ring
and the conjugated carbon skeleton play an important role
in the antioxidant property of the phenolic compounds.
Most of these phenolic compounds are active components
in fruits, vegetables, medicinal plants and spices and serve
as nutraceuticals and functional food components.
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