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International Regulations of Propolis Quality:
Required Assays do not Necessarily Reflect their
Polyphenolic-Related In Vitro Activities
Raquel Bridi, Gloria Montenegro, Gabriel Nuñez-Quijada, Ady Giordano, Maria Fernanda Morán-Romero, Isaac Jara-Pezoa,
Hernán Speisky, Elias Atala, and Camilo López-Alarcón

Abstract: Propolis has been proposed as a polyphenolic-rich natural product potentially able to be used for human
consumption or even for medicinal proposes. To guarantee a minimum phenolic and flavonoid content and as consequence
of their related-biological activities, international requirements of propolis quality are commonly applied. In this work we
assessed phenolic and flavonoid contents of propolis; the antioxidant capacity (toward peroxyl radicals and hypochlorous
acid); the ability to generate nitric oxide (NO); and, finally the antimicrobial activity of 6 propolis samples from the VI
region of Chile. Our results show that the total phenolic and flavonoid content of propolis samples are not always in
agreement with their polyphenolic-associated in vitro activities. For example, P03 and P06 samples showed the lowest
(25 ± 4 GAE/g propolis) and the highest (105 ± 3 GAE/g propolis) total phenolic content, respectively. This was in
agreement with flavonoid content and their Oxygen Radical Absorbance Capacity (ORAC) activity. However, this
dependence was not observed toward HOCl, NO release and antimicrobial activity. Based on our results, we consider
that, in order to guarantee the antioxidant or antimicrobial in vitro effects, the international regulations of propolis quality
should contemplate the convenience of incorporating other simple analytical test such as ORAC or antimicrobial tests.

Keywords: antimicrobial activity, antioxidant activity, flavonoid content, international rules, nitric oxide, propolis, total
phenolic content

Practical Application: Together with the titration of polyphenols and flavonoids, it is necessary to apply other assays
to guarantee antioxidant capacity (as in the ORAC method) and antimicrobial activity of propolis samples. These assays
should be considered by authorities for including in the international regulations of propolis quality.

Introduction
Besides carrying antioxidant properties, food-containing

polyphenols are increasingly recognized for other potentially-
useful bioactivities. Among these, some polyphenols display anti-
inflammatory, vasodilating and/or platelet-aggregating inhibitory
properties (Pandey and Rizvi 2009). Nevertheless, studying the an-
tioxidant properties of natural polyphenols still accounts for most
of the food chemistry-oriented research on these compounds.
Most reported data strongly supports the existence of dependence
between the chemical structure of polyphenols and their in vitro
antioxidant capacity (Pandey and Rizvi 2009; Castro and others
2014). Among these activities, the ability of polyphenols to scav-
enge reactive species such as free radicals, as well as, hypochlorous
and nitrous acid, has been highlighted (Oldreive and others 1998;
Kumar and Pandey 2013; Perez-Cruz and others 2013; Vione
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and others 2004). In the case of the reaction with nitrous acid,
which could be present in the stomach cavity, it also produces
nitric oxide (NO; Peri and others 2005; Gago and others 2007),
ascribing to polyphenols new potential beneficial actions in gastric
environments (Rocha and others 2011).

Moreover, the well-known antioxidant activity of pure polyphe-
nols and/or their complex mixtures that many of these compounds
are also able to exert an antimicrobial action against a wide array
of microorganisms has already been reported (Cushnie and Lamb
2005; Rocha and others 2011; Barrientos and others 2013). In
fact, several flavonoids, including apigenin, galangin, flavone and
flavonol glycosides, isoflavones, flavanones, and chalcones have
shown a potent in vitro antibacterial activity (Kumar and Pandey
2013).

Taking into account the wide range of biological activities
attributed to polyphenols, many researchers have focused on
the search for polyphenolic-rich natural sources. In this context,
propolis has been proposed as a natural product potentially able to
be used for human consumption or even for medicinal proposes
(Toreti and others 2013). The chemical composition of propolis
depends on the local flora; approximately, 50% of raw propolis is ac-
counted for in the resin fraction (polyphenolic fraction), 30% wax,
10% essential oils, 5% pollen, and 5% of organic and inorganic
compounds (Kosalec and others 2004; Montenegro and others
2004). Considering the chemical diversity of propolis, international
rules have been developed to guarantee a minimum content of
total phenolic compounds and flavonoids given that even in similar
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geographical areas propolis shows different chemical compositions.
Among the most cited rules are the ones applied by countries such
as Russia (RSFSR-317-RST-77), Bulgaria (25 72483-84 ON),
Argentina (Argentine Food Code, Joint Resolution 94/2008 and
357/2008, IRAM-INTA 15935-2), Cuba (Resolution 932-88),
and Brazil (Standards Technical Regulations for Securing Identity
and Quality of Propolis; 1999; 2001; Montenegro and others
2004; Hernández and others 2005). These rules have established
as assays, to determine the total phenolic and flavonoid contents,
the Folin–Ciocalteu (FC) and the Al(OH)3-based methodologies,
respectively. Nevertheless, previous reports suggest that the FC
index does not always adequately reflect the in vitro scavenging and
antimicrobial activities of complex samples (Alarcon and others
2008; Cabral and others 2012; Perez-Cruz and others 2013). For
such reasons, this work addressed the actual existence (or not)
of a direct relationship between the total phenolic and flavonoid
contents of various propolis samples (obtained from the VI region
of Chile) with such in vitro activities. Propolis samples were first
characterized in terms of their botanical origin; polyphenolic
profile; and, total phenolic and flavonoid content. The antiox-
idant activity was determined employing different experimental
approaches (that is, scavenging activity toward peroxyl radicals and
hypochlorous acid, and NO production assays) and the antimi-
crobial activity of the samples assayed toward Streptococcus pyogenes,
Staphylococcus aureus, Escherichia coli, and Pseudomonas aeruginosa.

Materials and Methods

Chemicals
6-Hydroxy-2,5,8-tetramethylchroman-2-carboxylic acid (Trol-

ox), pyrogallol-sulfonephthalein (PGR), fluorescein disodium salt
(FL), 2,2’-Azo-bis(2-amidinopropane) dihydrochloride (AAPH),
2,2-diphenyl-1-picrylhydrazyl (DPPH) and all the antioxidants
studied were purchased from Sigma-Aldrich (St. Louis, Mo.,
U.S.A.). FC, aluminium chloride, sodium nitrite, potassium io-
dide, sodium chloride, hydrochloridric acid, disodium hydrogen
phosphate dihydrate, and sodium phosphate monobasic reagent
were supplied by Merck (Darmstadt, Germany). Solvents were of
High Performance Liquid Chromatography (HPLC) grade. Water
was purified in a Milli-Q system (Synergy, Millipore R©, Darmstadt,
Germany).

Ethanolic extracts preparation (EEP)
Six propolis samples from the VI region of Chile were provided

as raw material by the beekeepers association (Apiunisexta A.G)
collected in late spring/early summer, and stored at –20 °C in
the dark until use. Propolis ethanolic extracts (EEP, 21 mg/mL)
were prepared by adding 20 mL of 70% ethanol to 1.5 g of raw
propolis previously milled. The suspension was heated to 50 to
60 °C for 30 min under agitation and then filtered. This procedure
was repeated twice for each sample, and the collected extracts were
combined to a final volume of 70.0 mL. EEP stored at –20 °C in
the dark until use (Silva and others 2011).

Botanical analysis of propolis
The botanical analysis was determined according to the method-

ology described by Montenegro and others (1992). Subsequently,
they were counted and identified plant structures (pollen grains,
trichomes, and vessels). The identification was made by com-
paring the different structures with relevant literature (Heusser
1971; Montenegro 1984; Erdtman 1986), with photographs and
permanent preparations available in the Laboratory of Botany

(Department of Plant Sciences, Faculty of Agronomy and Forest
Engineering, Pontifı́cia Univ. Católica de Chile, Santiago, Chile),
and the proportion of each of the total structures counted were
estimated.

Total Phenolics Determination
The total phenolics content (TP) was determined according to

the FC method (Singleton and Rossi 1965; Singleton and others
1999). A diluted solution of EEP (50 µg/mL in ethanol) was mixed
with 2.5 mL of the FC reagent 1:10 (v/v) and 2.0 mL of a solution
of Na2CO3. After 60 minutes, the absorbance of the resulting blue
solution was measured at 760 nm using an Agilent 8453 UV-visible
spectrophotometer (Palo Alto, Calif., U.S.A.). Quantification was
done by linear regression from a calibration curve constructed
from gallic acid (5 to 50 µM). Results are expressed as milligrams
of gallic acid equivalents per gram of propolis (GAE/g). Values are
reported as mean ± standard deviations (SD) of 3 independent
determinations.

Flavonoids Determination
Flavonoids content was estimated according to an aluminum

chloride method based on the procedure described by Woisky
and Salatino (1998). A diluted solution of EEP (100 µg/mL in
ethanol) was mixed with 0.5 mL of 2% AlCl3 ethanol solution. Af-
ter 60 minutes at room temperature, the absorbance was measured
at 420 nm using an Agilent 8453 UV-visible spectrophotometer
(Palo Alto). Total flavonoid contents were calculated as milligrams
of quercetin equivalents per gram of propolis (QE/g) from a cali-
bration curve (5 to 30 µM quercetin). Values are reported as mean
± SD of 3 independent determinations.

DPPH radical scavenging assay
DPPH assay was carried out using a modified method described

by Brand-Williams and others (1995) (Chen and others 2003).
Briefly, the EEP solution was diluted at 50 µg/mL and mixed with
an ethanolic solution of DPPH (100 µM). The tubes were stored
in the dark for 40 minutes and absorbance was measured at 517 nm
using an Agilent 8453 UV-visible spectrophotometer (Palo Alto).
Results were expressed as a percentage decrease with respect to
control values and presented as mean ± SD of 3 independent
determinations.

ORAC (Oxygen Radical Absorbance Capacity)
determinations

The consumption of FL or pyrogallol red (PGR), associated to
their incubation with AAPH, was estimated from fluorescence (F)
and absorbance (A) measurements, respectively. Values of (F/F0)
or (A/A0) were plotted as a function of time. Integration of the
area under the curve (AUC) was performed up to a time such
that (F/F0) or (A/A0) reached a value of 0.2. These areas were
employed to obtain ORAC values, according to Eq. (1).

ORAC = (AUC − AUC0)
(AUCTrolox − AUC0)

f [Trolox] (1)

where AUC is an area under the curve in presence of EEP samples,
integrated between time zero and that corresponding to 80% of
the probe consumption; AUC0 is the area under the curve for
control; AUCTrolox is the area under the curve for Trolox; f is the
dilution factor of the sample, equal to the ratio between the total
volume of the AAPH-PGR or AAPH-FL solution and the added
sample volume; Trolox is the molar concentration (Lopez-Alarcon
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and Lissi 2006). Results are expressed as mM equivalents of Trolox
(TE) per gram of propolis (TE/g). Values are reported as mean ±
SD of 3 independent determinations.

Consumption of PGR induced by hypochlorite
PGR and hypochlorite stock solutions (1 mM) were prepared

daily in a chelex-treated phosphate buffer 75 mM, pH 7.4. The
concentration of hypochlorite was determined at pH 12.0 by
UV-visible spectroscopy employing an extinction coefficient of
350/M/cm at 292 nm (Halliwell and Gutteridge 2007). Working
solutions were prepared as follow: To a solution containing PGR
(15 µM) with or without EEP, was added an aliquot of hypochlo-
rite (30 µL, 1 mM) to obtain a final hypochlorite concentration of
10 µM in a 3mL of final experiment volume. The consumption
of PGR was evaluated from the progressive absorbance decrease
measured at 540 nm in a thermostatized cuvette of a Hewlett
Packard 8453 (Palo Alto) UV-visible spectrophotometer (Perez-
Cruz and others 2013). The PGR-HOCl values are relative to
Trolox activity and reported as mean ± SD of 3 independent
determinations.

NO measurement
The time course of NO production under acidic pH was fol-

lowed electrochemically using the ISO-NOP (World Precision
Instruments). A NaNO2 solution containing H2SO4 and KI 1:1
(0.1 M) was used to calibrate the electrode according to the
manufacturer’s instructions. The reaction mixture containing di-
luted solution of EEP (0, 2.0, 3.7, and 5.4 µg/mL) and NaNO2

(200 µM) in simulated gastric juice (SGJ, 34 mM NaCl, adjusted
at pH 2.0 with hydrochloridric acid) was incubated at 37 °C in a
thermostatized cell, and NO was followed continuously for over
an hour. Similar experiments were carried out employing NaNO2

(20 to 200 µM) and diluted solution of EEP (5.4 µg/mL). Values
are reported as nM of NO generated (mean ± SD) of 3 indepen-
dent determinations.

HPLC analysis
EEP was injected in a HPLC Agilent 1200 with a G1315D

DAD detector equipped with a C18 Hibar (Merck) and eluted
with a mobile phase containing KH2PO4 10 mM pH 2.6 (solvent
A) and acetonitrile (solvent B). The gradient was 30% to 35%
A (0 to 12 min) and 65% B (12 to 105 min) at a flow rate of
0.8 mL/min. The chromatographic elution of phenolic com-
pounds was followed at 254, 290, 320, and 350 nm, and their
UV spectra were recorded. The identification of phenolic com-
ponents was evaluated by comparing their retention times and a
spectrum obtained with those standards, and a peak confirmation
was obtained by spiking the EEP with the phenolic components.
Calibration curves from 25 to 300 µM were obtained.

Antimicrobial activity
Antimicrobial activity was assayed against human pathogenic

microorganisms, Escherichia coli (ATCC 25922), Pseudomonas
aeruginosa (ATCC27853), Staphylococcus aureus (ATCC25923), and
Streptococcus pyogenes (ISP 364-00), obtained from the Chilean
National Institute of Public Health (ISP) activated 24 h before
the experiment in soy agar medium. Antimicrobial effect of
propolis extracts was determined by using agar-well diffusion,
disc-diffusion, and broth dilution methods. Bactericidal activity
of each extract was assessed by time-kill curves. Suspensions
of the tested microorganisms were spread onto the surface
of Mueller–Hinton agar plates. The wells of 6-mm diameter
were cut from the agar and filled with diluted solution of EEP

(100 µL, 0.43 g/mL). The inoculated plates were incubated at
37 °C for 24 h. Antimicrobial activity was evaluated by measuring
the diameter of the growth inhibition zone around the well.

Disk diffusion method. For the disk diffusion assay (Vanden
and others 1991), petri dishes containing Mueller-Hinton Agar
plates were inoculated with microbial suspensions. Disks of filter
paper of 5 mm diameter were impregnated with 5 µL of each
dilution of EEP (0.43 g/mL) and placed on the agar surface.
Discs of ampicillin were used as positive controls. The plates were
incubated overnight at 37 °C and the diameters of any resulting
zones of growth inhibition were measured.

Broth microdilution method. Minimum inhibitory con-
centrations (MIC) of the propolis sample were determined using
the standard micro dilution techniques. Two control tubes were
maintained for each test batch. These included antibiotic control
(a tube containing propolis and growth medium without inoculum)
and organism control (a tube containing bacterial suspension).
MIC values were taken as the lowest concentration of compound
(highest dilution) that produced no visible bacterial growth (no
turbidity) when compared with the control tubes after 24 h of
incubation at 37 °C.

Statistical analyses
All data represents the mean values ± SD of at least 3 indepen-

dent experiments, each conducted in triplicate. Pearson parametric
correlation ana-lyzes was carried out using Origin Pro 8 software.
A value of P < 0.05 was considered to be significant.

Results and Discussion
The search for phenolic compounds with antioxidant proper-

ties, potentially able to prevent or decrease the damage triggered
by oxidative stress, has received increasing attention during the
last few decades. The beneficial health effects associated with the
consumption of fruits and vegetables rich in antioxidant pheno-
lics has been broadly recognized, but in the case of cardiovascular
health, particular attention though recently been focused on the
ability of phenolics such as hydroxytyrosol, present in extra virgin
olive oil, and epicatechin, present in cocoa (Vauzour and others
2010). Given its natural characteristics and its richness in polyphe-
nols, propolis has also gained attention as its consumption could
also contribute toward the aim of providing additional phenolics
in our diets.

Characterization of propolis samples
Six propolis samples, collected from the VI region of Chile,

were studied. Table 1 shows the botanical origin of such propolis
samples, as determined by micro-morphological analysis of pollen
and epidermal. As it is presented, excepting sample P01, species
introduced in Chile such as Galega officinalis L. (galega), Bras-
sica sp. (cabbage, cauliflower, broccoli, brussel sprouts), and Med-
icago sativa L. (alfalfa) were the main plant species found in our
propolis samples. Interestingly, endemic species in Chile, such as
Quillaja saponaria (quillay), Aristotelia chilensis (maqui), Lithrea
caustica (litre), were found in a minor percentage. These species
are well-known for their high phenolic content (especially Aris-
totelia chilensis), thus it could be expected that they provide a
higher phenolic content than G. officinalis, Brassica sp., and M.
sativa to propolis samples.

Table 2 shows the total phenolic and flavonoid content of propolis
samples, as well as the DPPH consumption values. Total phenolic
content, determined by FC assay, varied between 25 and 105 mg
GAE/g propolis.

C1190 Journal of Food Science � Vol. 80, Nr. 6, 2015



C:
Fo

od
Ch

em
ist

ry

Propolis quality and polyphenols . . .

Table 1–Floral composition of propolis samples studied from VI Region, Chile.

Sample Predominant species

P01 Lithrea caustica (18%), Raphanus sativus (13%), Galega officinalis (12%), Retanilla trinervia (9%), Satureja gilliesi (7%), Quillaja saponaria (6%),
Cactaceae (5%), Proustia sp. (5%), Aristotelia chilensis (5%), Eucalyptus sp.(3%), Vicia sp.(3%), NN (2%), Schinus sp. (2%), Baccharis sp.
(1%), Trevoa quinquenervia (1%)

P02 Galega officinalis (24%), Quillaja saponaria (11%), Lithraea caustica (9%), Medicago sativa (8%), Trifolium repens (6%), Meliotus indicus (6%),
Luma/myrceugenia (4%), Escallonia sp. (4%), Eucalyptus sp. (4%), Azara sp (3%), Trevoa quinquenervia (3%), Prunus sp (3%) Retanilla
trinervia (2%), Haplopappus sp. (2%), Acacia sp (2%), Baccharis sp (2%)

P03 Galega officinalis (43%), Brassica sp (12%), Quillaja saponaria (8%), Azara sp. (9%), Chenopodiaceae (4%), Trifolium repens (3%), Trevoa
quinquenervia (3%), Melilotus indicus (3%), Aristotelia chilensis (2%), Tristerix sp. (2%) Sophora/Proustia/Baccharis (2%), Buddleja/Castanea
(1%)

P04 Galega officinalis (39%), Brassica sp. (11%) Azara sp.(9%), Quillaja saponaria (6%), Lotus uliginosus (5%), Medicago sativa (4%),
Luma/Myrceugenia (3%), Trifolium repens (3%), Melilotus indicus (3%), Retanilla trinervia (2%), Baccharis sp. (2%), Acacia sp. (2%)

P05 Galega officinalis (40%), Brassica sp. (10%), Medicago sativa (7%), Trevoa quinquenervia (7%), Luma/Myrceugenia (6%), Quillaja saponaria (5%),
Escallonia sp. (3%), Eucalyptus sp.(3%), Ophyosporus sp. (3%), Melilotus indicus (3%), Schinus sp. (3%), Trifolium repens (2%), Aristotelia
chilensis (2%), Lithraea caustica (2%), Hypochaeris/Tarazacum (1%)

P06 Galega officinalis (35%), Brassica sp. (13%), Azara sp. (10%), Quillaja saponaria (9%), Medicago sativa (4%), Aristotelia chilensis (4%), Trifolium
repens (3%), Trevoa quinquenervia (3%), Melilotus indicus (3%), Medicago polymorpha (2%), Luma/Myrceugenia (2%),Tristerix sp. (2%),
Trifolium pratense (2%), Convolvulus sp. (1%) Gutirrezia/Haplopappus (1%), Eucalyptus sp. (1%)

Table 2–Content of phenolic and flavonoid compounds in EEP, and DPPH consumption.

Sample Total polyphenol (mg GAE/g propolis) Flavonoid (mg QE/g propolis) DPPH (%)

P01 74 ± 1 62 ± 2 84 %
P02 91 ± 4 38 ± 3 60 %
P03 25 ± 4 21 ± 2 18 %
P04 81 ± 3 53 ± 3 85 %
P05 85 ± 2 53 ± 3 84 %
P06 105 ± 3 77 ± 1 84 %

Values represent the mean ± SD (n = 3). Extracts with the lowest and highest polyphenol and flavonoid concentrations and DPPH values are shown in bold. Values of DPPH
consumption represent the average of 3 independent experiments. The standard deviation of these results was lower than 5%.

In the presence of polyvinylpolypyrrolidone (PVPP; Bridi and
others 2014), an agent employed to remove phenolic compounds,
the FC index showed a low influence of nonphenolic compounds
(between 1% and 10%). As is shown in Table 2 (which depicts
FC data without the pretreatment with PVPP), among all sam-
ples, total phenolic content of P03, and P06 showed the lowest
and highest values, respectively. From the analysis of this data, it
appears that only the P03 sample does not satisfy the international
regulations, which commonly sets a 50 mg GAE/g of propolis as a
minimum value for total phenolic content. In the case of flavonoid
content, values between 21 and 77 mg QE/g propolis were esti-
mated. In a similar way that total phenolic content, P03 and P06
samples showed the lowest and highest values, respectively. Never-
theless, as international rules for flavonoid content have established
as a minimum value, 5 mg of QE/g of propolis, all studied samples
(including P03) satisfied this requirement. We used the DPPH
methodology as an alternative way to indirectly study and com-
pare the phenolic content of propolis samples. Results, included
in Table 2, show that the consumption of DPPH varied between
18% and 85%, P03 being the sample with the lowest value.

To get more insights about the chemical characterization of our
propolis samples, we determined the concentration of the most
representative polyphenols (cinnamic acids, flavonols, flavone, and
flavanone); the results are depicted in Table 3.

In spite of the fact that all samples were obtained from the same
region and that they have a similar pattern of botanical origin,
different polyphenolic profiles and concentrations were observed.
In contrast to the total phenolic content, determined by the FC
assay, when using HPLC technique, samples P03 and P06 showed
a similar content of polyphenols (50.9 and 50.4 mg/g of propolis,
respectively) Table 3. This data would imply that the polyphe-
nols of the P03 sample have a lower capacity to reduce the Folin

reagent than the polyphenols present in P06. Such capacity could
be associated with the number of hydroxyl groups of the phenolic
compounds present in this sample. In fact, it is known that for
pure compounds and also complex mixtures, Folin’s index cor-
relates to the number of phenolic hydroxyl groups present in the
chemical structure of the molecules (Campos and others 2013).
In this context, it has been reported that the compounds found in
P03, such as caffeic acid, ferulic acid, and myricetin have a similar
FC index than those found in P06 sample, as quercetin, and api-
genin among others (Ma and Cheung 2007; Campos and others
2013). This suggests that the FC index of a P06 sample is mostly
associated with the presence of other nonidentified polyphenolic
compounds. This is not surprising because it is difficult to have
pure standards of all polyphenolic compounds present in a nat-
ural extract. For this reason it seems more appropriate, for total
phenolic quantification, to use the FC methodology.

Scavenging activity toward peroxyl radicals (ORAC assay)
We studied the antioxidant capacity of the samples by the

ORAC methodology. For this purpose we employed FL
(ORAC-FL) and pyrogallol red (ORAC-PGR) as probes. The
former assay gives values mainly associated with the stoichiometry
of the reaction between antioxidants and hydrosoluble peroxyl
radicals (generated from the AAPH thermolysis). Although the
latter index (ORAC-PGR) is related to the reactivity of the
phenolic compounds toward peroxyl radicals (Lopez-Alarcon
and Lissi 2006). We have previously reported that the ORAC-
PGR/ORAC-FL ratio represents the quality of the antioxidants
compounds contained in a particular complex mixture (Poblete
and others 2009). Figure 1 shows the kinetic profiles of FL
(Figure 1A) and pyrogallol red (Figure 1B) protection afforded by
P07 and P03, respectively. From this kind of data, ORAC values
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Table 3–Polyphenols of propolis extracts determined by HPLC.

Compounds Rt/min P01 P02 P03 P04 P05 P06

Caffeic acid 5.4 10.8 ± 0.1 – 5.9 ± .2 1.7 ± 0.2 – 2.4 ± 0.0
p-Coumaric 7.4 11.3 ± 0.2 2.0 ± 0.2 – 3.8 ± 0.1 3.3 ± 0.1 3.9 ± 0.1
Ferulic acid 7.7 4.2 ± 0.3 – 10.0 ± 0.2 1.3 ± 0.0 – 0.8 ± 0.1
Cinnamic acid 18.3 – – – 0.9 ± 0.0 – 1.5 ± 0.1

Total cinnamic acids 26.3 (55.1%) 2.0 (100%) 15.9 (31.2%) 7.7 (57.0%) 3.3 (18.3%) 8.6 (17.1%)
Quercetin 15.3 – – – – 5.8 ± 0.4 2.5 ± 0.2
Luteolin 14.4 21.4 ± 1.8 – 15.3 ± 0.1 – – –
Myricetin 9.5 – – 19.7 ± 0.3 – – –
Apigenin 22.3 – – – 3.5 ± 0.1 – 6.2 ± 0.1
Crysin 64.0 – – – – – 4.3 ± 0.2
Pinobanskin 24.0 – – – 2.3 ± 0.2 4.0 ± 0.2 15.0 ± 0.4
Pinocembrin 71.2 – – – – 4.9 ± 0.0 16.3 ± 0.5

Total flavonoids 21.4 (44.9%) – 35.0 (68.8%) 5.8 (43.0%) 14.7 (81.7%) 41.8 (82.9%)
Total 47.7 2.0 50.9 13.5 18.0 50.4

Data are expressed in mg/g propolis for EEP and the values represent the mean ± SD (n = 3).
Rt, retention time.

were determined; obtained results are depicted in Table 4. As
shown, ORAC-PGR values varied between 0.2 and 2.3, whereas
ORAC-FL varied between 0.4 and 4.1 mM Trolox equivalents
(TE) / g propolis. In a similar way to that seen with TP, P03
and P06 samples showed the lowest and the highest scavenging
activity, respectively. In fact, the ORAC index of P06 was near
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Figure 1–(A) Kinetic profiles of fluorescein (FL) consumption followed by
fluorescence technique (λexc = 485 nm and λem = 512 nm for λex and λem,
respectively). �, control; �, 1.0 μg/mL propolis; O, 2.1 μg/mL propolis.
(B) Consumption of pyrogallol red (PGR) followed by visible spectroscopy
at 540 nm. �, control; �, 48 μg/mL propolis; O, 71 μg/mL propolis.

10 times higher than that of P03. Despite this difference, both
samples showed similar ORAC-PGR/ORAC-FL ratios (near
0.5) implying that their phenolic compounds have comparable
reactivity toward peroxyl radicals. This ORAC-PGR/ORAC-FL
value means that half of the phenolic compounds of the samples
are able to protect the PGR probe. In addition, complex matrixes
with recognized antioxidant capacity, such as red wine, have
shown similar ratio values (Lopez-Alarcon and others 2011).

Scavenging activity toward hypochlorous acid (HOCl) and
NO production of propolis

Figure 3 depicts results on the scavenging activity of propolis
samples toward HOCl. This was evaluated by competitive kinetics
employing PGR as a probe (HOCl-PGR index). As shown in
Figure 3, P06 presented the highest activity, however, P01 and
P04 also showed high values. By contrast, the lowest HOCl-PGR
values were determined for a P02 sample, followed by P03. We
determined the ability of propolis samples to produce NO during
their incubation with nitrous acid (HONO). The time-course of
NO production was determined during the incubation of aqueous
solutions of propolis extracts (at pH 2.0) with HONO (rigorously
nitrite in acid medium). All samples showed similar kinetic pro-
files of NO generation, typical results for P04 are presented in
Figure 2. As shown, NO concentration showed a fast increase fol-
lowed by a plateau. This kinetic behavior was in agreement with
the previous reports about the reaction of HONO with complex
samples such as red wine and apple extracts (Peri and others 2005;
Gago and others 2007). From data extracted from the plateau re-
gion (Figure 2) we determined the maximum NO concentration
generated by a particular propolis sample in the presence of differ-
ent HONO concentrations (these values are presented in Table5).
Interestingly, P04 was the sample with the highest NO produc-
tion, followed by P06 which showed a slightly higher value than
P03. It has been demonstrated that polyphenols react efficiently
with HOCl and HONO (Firuzi and others 2004; Gago and others
2007). The reaction toward these reactive species involves com-
plex mechanisms of polyphenol oxidation, as well as, chlorination
(for HOCl) and nitrosation (for HONO) of aromatic rings. For
example, the complexity of the chemistry of HONO is reflected
in the fact that, in aqueous solutions HONO generates, through
different equilibria, reactive intermediates such as N2O3, •NO2,
N2O4, and NO. The generation of such species explains that the
reaction of HONO with polyphenols is characterized not only
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Table 4–ORAC-PGR values, ORAC-FL values, and ORAC-
PGR/ORAC-FL ratio of EEP.

Sample ORAC-PGRa ORAC-FLa ORAC PGR /ORAC FL

P01 0.7 ± 0.1 1.9 ± 0.2 0.37
P02 0.3 ± 0.1 2.7 ± 0.3 0.11
P03 0.2 ± 0.1 0.4 ± 0.1 0.50
P04 1.0 ± 0.1 2.4 ± 0.2 0.42
P05 1.2 ± 0.1 3.9 ± 0.4 0.31
P06 2.3 ± 0.1 4.1 ± 0.2 0.56

aValues expressed as mM equivalentes Trolox (TE) / g própolis. Results are shown as the
mean ± SD (n = 3). Extracts with the highest ORAC-PGR/ORAC-FL ratio are
shown in bold.

Table 5–Production of NO (nM) from nitrite (200 μM) and
different concentrations of propolis (2.0 mg/mL, 3.7 mg/mL,
5.4 mg/mL).

Sample [2.0 mg/mL] [3.7 mg/mL] [5.4 mg/mL]

P01 2.4 ± 0.03 2.7 ± 0.02 3.1 ± 0.05
P02 2.9 ± 0.03 3.3 ± 0.09 3.7 ± 0.07
P03 2.4 ± 0.04 2.6 ± 0.07 3.3 ± 0.04
P04 4.1 ± 0.06 6.3 ± 0.09 6.9 ± 0.03
P05 2.7 ± 0.02 2.8 ± 0.01 3.1 ± 0.03
P06 2.8 ± 0.01 3.2 ± 0.02 3.4 ± 0.04

Values are presented as mean ± SD (n = 3). Control without propolis 1.2 ± 0.02 nM.

by oxidation redox processes, but also by nitrosation reactions and
also the production of NO.

The mixture of mechanisms in the chemistry of HOCl and
HONO and the diversity of chemical structures present in a par-
ticular sample of propolis imply that it is very difficult to understand
why one propolis sample shows a higher (or lower) scavenging ac-
tivity toward HOCl, or capacity to produce NO during its reaction
with HONO.

Antimicrobial activity of propolis samples
In this study, we also evaluated the antibacterial activity of

propolis samples against the human pathogenic microorganisms:
Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, and
Streptococcus pyogenes. Agar-well diffusion, disc-diffusion, and broth
dilution methodologies were employed. Figure 4A shows the
mean diameters of growth inhibition zones; these kind of values
(mm) were obtained for each tested strain. All samples produced

Figure 2–Time courses of NO production in diluted solution of EEP with
nitrite in simulated gastric juice pH 2. Kinetic recordings for and P04
sample 5.4 mg/mL and nitrite at 50 μM (B), 100 μM (C), 150 μM (D), 200
μM (E), and control (A). Values are presented as mean ± SEM, n = 3.

inhibitory zones against all tested microorganisms. The most sen-
sitive to EEP was Streptococcus pyogenes and Staphylococcus aureus,
which showed the highest inhibition zones (29 ± 6 mm). The
most resistant strain was Pseudomonas aeruginosa and Escherichia coli
with growth inhibition zones of 14 mm.

The MIC of the test samples are shown in Figure 4B for all
strains. MIC was determined as the lowest concentration of the
propolis extract, which inhibited the growth of the tested mi-
croorganisms. The EEP inhibited the only growth of Streptococcus
pyogenes and Staphylococcus aureus and showed a MIC 200-13400
and 200-26900 µg/mL, respectively.

We observed that our propolis samples did not show the same
inhibitory activity on bacterial growth. Nonetheless, all of them
were capable of controlling the growth of bacteria Streptococcus pyo-
genes and Staphylococcus aureus, indicating that probably new propolis
studies should be focused on these 2 bacteria. It has been reported
that that some flavonoids (quercetin, galangin, pinocembrin), caf-
feic acid, benzoic acid, and cinnamic acid present in propolis can
act on the membrane or cell wall, causing structural and functional
damage (Kosalec and others 2005; Scazzocchio and others 2006;
Chaillou and Nazareno 2009). Nevertheless, our antimicrobial re-
sults did not show a statistically significant correlation with the
Folin index. In fact, the coefficient correlation between the inhi-
bition zones values of S. pyogenes and S. aureus with total phenolic
content was 0.17 and −0.48, respectively. In addition, MIC values
of S. pyogenes and S. aureus showed a very weak correlation with
total phenolic content (0.21 and 0.19, respectively).

Correlation between in vitro activities and total phenolic
and flavonoid content

Our results show that there is a statistically significant positive
correlation between total phenolic content of propolis samples and
ORAC-FL (0.90) and DPPH (0.83). In addition, a strong cor-
relation was found between flavonoid content and ORAC-PGR
(0.86), DPPH (0.87), and HOCl-PGR index (0.87). Nonetheless,
no correlation was observed between the total phenolic content
and the following methods/activities: ORAC-PGR, NO release,
HOCl-PGR, ORAC-PGR/ORAC-FL ratio, and antimicrobial
activity. Also, no correlation was found between flavonoid con-
tent and NO release, ORAC-PGR/ORAC-FL ratio, and an-
timicrobial activity. Taking into account this data, and the results

Figure 3–PGR-HOCl values (relative to Trolox activity) of propolis samples.
Data represent the mean of at least 3 independent experiments±Standard
deviation (SD).
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presented above it is clear that the total phenolic and flavonoid
content of propolis samples, are not always in agreement with some
polyphenolic-associated in vitro activities. Considering the inter-
national rules, sample P03 does not satisfy the minimum value
of the FC index. This low value of total phenolic content of
P03 was in agreement with its comparatively low ORAC-FL and
PGR-HOCl indexes. However, when ORAC-PGR and the NO
release (during the incubation with nitrous acid) were studied, the
P03 sample showed similar values than those obtained with the
other studied propolis samples. In addition, P03 showed a good an-
timicrobial activity toward Streptococcus pyogenes and Staphylococcus
aureus. In the case of P06, its high polyphenolic content was in
agreement with its ORAC-FL, ORAC-PGR, PGR-HOCl, and
antimicrobial activity. Nonetheless, regarding its capacity to gen-
erate NO, its antimicrobial activity was similar to P01, P02, P03,
and P05, but lower than P04. Therefore, from the point of view of
the potential gastric effect (associated with a nitrous acid reaction)
of a particular propolis sample, the application of the international
rules should be considered carefully.

Figure 4–(A) Antimicrobial activity of propolis samples. Inhibition zone
values are given in mm (mean ± SD). (B) Minimum inhibitory concentration
(MIC) of propolis extracts obtained for each tested strain. Results are given
in g/mL ± SD. Results are given in g/mL ± SD.

Conclusion
International regulations have established the FC index and the

flavonoid content as parameters to warranty a minimum phenolic
content of a sample. However, as we show in this work, such pa-
rameters are not always in agreement with in vitro activities related
to the presence of polyphenol. For this reason, we consider that, in
order to guarantee the antioxidant or antimicrobial in vitro effects,
the international regulations on propolis quality should contemplate
the convenience of incorporating other simple analytical tests such
as ORAC or antimicrobial tests.
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