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In the light of the growing interest in food and food products obtained through organic and environmen-
tally friendly techniques, the present work represents the first approach to the evaluation of the biolog-
ical profile of some Sicilian honeys produced in purity by the local black honeybees. Samples exhibited up
to 10 times more total phenolics and higher antioxidant capacity than what already reported for the same
variety of honeys produced by other honeybee subspecies from Sicily, other Italian regions and abroad.
Noteworthy, the gallic acid contents in medlar and almond honeys represented the highest level of single
phenolic acid reported in honey so far. A broad antimicrobial spectrum was showed by all of the honey
samples and a good correlation between their inhibition capacity and polyphenolic contents was mea-
sured. Experimental results highlighted samples among the honeys characterised by the highest nutra-
ceutical added value and most excellent quality.

� 2012 Published by Elsevier Ltd.
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1. Introduction

Antioxidant compounds are biosynthesised by a large number of
plants that may be used by honeybees to collect nectar; conse-
quently, a wide variety of free radical-scavenging phytochemicals
can be transferred to honey (Alvarez-Suarez et al., 2010;
Baltrušaityte et al., 2007). Among these components, polyphenols,
mainly flavonoids and phenolic acids, are regarded as the major
responsible for a wide range of biochemical activities, including
the direct or indirect scavenging of free radicals by inhibiting the
reactive oxygen species (ROS) generation or chelating metals,
respectively (Chimi et al., 1991; Shahidi and Wanasundara, 1992).
These natural antioxidants highlight the role of honey, along with
fruits and vegetables, as a valuable nutritional source provided with
protective and therapeutic potential on human health, such as car-
dioprotective, anti-carcinogenic, immune-stimulant and anti-
inflammatory effects (Schramm et al., 2003; Blasa et al., 2007).

The major antimicrobial properties of honey are related
to hydrogen peroxide whose concentration is determined by
relative levels of glucose oxidase, synthesised by the honeybee,
and catalase, originating by flower pollen (Weston, 2000). The
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non-peroxide factors contributing to honey antimicrobial activity
are mainly lysozyme, phenolic acids and flavonoids (Snowdon and
Cliver, 1996). All of these factors give honey unique properties as
a wound dressing: it leads to rapid clearance of infections, rapid
debridement of wounds, rapid suppression of inflammation, mini-
mization of scarring, and stimulation of angiogenesis as well as tis-
sue granulation and epithelium growth (Molan, 2002).

The Sicilian black honeybee (Apis mellifera ssp. sicula) is a sub-
species of the more common honeybees (Apis mellifera ssp. ligusti-
ca) from which it differs by its darker color and smaller wings
(Franck et al., 2000). The black honeybee, which had existed in Sic-
ily for thousands of years, began to disappear in the 1970s and
1980s when Sicilian beekeepers ceased using their cane hives
and began to import from northern Italy the subspecies ligustica,
considered more docile and productive. At this time the black hon-
eybee risked total extinction, which was avoided only thanks to the
research of some Sicilian entomologists who took several hives of
black honeybees to the Aeolian Islands of Vulcano, Alicudi and
Filicudi, off the north east coast of Sicily, where they could breed
in isolation without the risk of contamination by other honeybees.
Today, the honey produced by these honeybees is the only Sicilian
honey produced entirely by the black honeybee (www.slow-
food.org). The black honeybee has African origins, but it differs
from the African honeybees due to its high docility and productiv-
ity. It even tolerates temperatures above 40 �C, to which the other
honeybees stop producing, and it consumes less honey in the hive
than the other honeybee subspecies. In addition, the black
monofloral honeys produced by the Sicilian black honeybees (Apis mellifera
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honeybee has very marked ability of pollination ensuring the
persistence of many species of fruits and vegetables, some of which
are endangered of extinction, as the case of the Japanese medlar.
Interestingly, the black honeybee shows, in common with African
honeybees, a very high physical resistance for which it differs from
the other subspecies, generally characterised by a typical immuno-
logical weakness (Franck et al., 2000). For this reason, the black
honeybee is part of a project aimed to stop the current massive
honeybee die-offs (www.epa.gov; www.slowfood.org).

The aim of this work was to evaluate the antioxidant profile and
antimicrobial properties of some Sicilian honeys produced in pur-
ity by the local black honeybees in consideration of the total lack of
scientific studies on these products.
160
161
162

163
164
165
166
167
168

169
170
171
172
173
174
175
2. Materials and methods

2.1. Reagents and standards

All chemicals and reagents used were either analytical-reagent or HPLC grade.
The water was treated in a Milli-Q water purification system (Millipore, Bedford,
MA, USA) before use. The reagents employed for the antioxidant activity tests
and the phenolic compounds used for the identification and quantification of phe-
nolic acids and flavonoids in honey samples were purchased from Sigma Chemical
Co., (St. Louis, MO, USA) and were: DPPH (1,1-diphenyl-2-picrilhydrazyl), 2,4,6-tris-
2,4,6-tripiridyl-2-triazine (TPTZ), iron (III) chloride (dry), 6-hydroxy-2,5,7,8-tetram-
ethylchroman-2-carboxylic acid (Trolox), aluminium chloride (dry), Folin & Ciocal-
teu’s phenol reagent, gallic acid monohydrate, vanillic acid, caffeic acid, syringic
acid, p-coumaric acid, ferulic acid, sinapic acid, rutin, myricetin, naringin, hespere-
tin, quercetin, kaempferol, chrysin, pinocembrin. Methyl alcohol (RPE) was pur-
chased from Carlo Erba (Milano, Italy).
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2.2. Honey samples

Honey samples were harvested in 2011 by individual apiarists in the area of
Termini Imerese (37�98’ north, 13�70’ east, Palermo, Italy). Samples were classified
following the melissopalynological analysis (Louveaux et al., 1978) according to
which the floral source was confirmed if the pollen content in the honeys was
not lower than 10% (this percentage ranged between 32% and 56%). During the
experiments, samples were kept at 5 �C in the dark in airtight containers for less
than 5 months until the analysis.
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2.3. Polyphenolic extracts

Fifty grams of Amberlite XAD-2 resin (pore size 9 nm; particle size 0.3–1.2 mm;
Supelco, Bellefonte, PA, USA) were soaked in methanol, stirred for 10 min and then
packed into a glass column (50 � 2 cm). Honey samples (100 g) were mixed with
500 mL of distilled water and adjusted to pH 2 with HCl. The solution was slowly
filtered through the column packed as previously described. The column was
washed with 500 mL of acidified water (pH 2) and 300 mL of deionised water for
sugar and other honey polar compound removal. The adsorbed phenolic com-
pounds were extracted from the resin by elution with 500 mL of methanol, which
was evaporated by reduced pressure (Rotavapor Ika, Staufen, Germany). The resi-
dues were dissolved in a little volume of water and extracted three times with
30 mL of diethyl ether. The extracts were combined and the solvent was removed
by flushing with nitrogen. Part of the residues were re-dissolved either with meth-
anol for antioxidant tests and HPLC analysis or with DMSO (dimethylsulfoxide) for
antimicrobial activity assays. Samples were previously filtered through a 0.20 lm
syringe PTFE filters (AnotopTM, Whatman International Ltd., Kent, UK).
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2.4. Total phenolic content

The concentration of total phenolics was measured by the method described by
Singleton and Rossi (1965), with some modifications. Briefly, an aliquot (20 lL) of
honey extracts and calibration solutions of gallic acid (20, 40, 60, 80 and 100 mg/
L) was added to a 25 volumetric flask containing 9 mL of ultrapure water (ddH2O).
A reagent blank using ddH2O was prepared. One mL of Folin & Ciocalteu’s phenol
reagent was added to the mixture and shaken. After 5 min, 10 mL of Na2CO3 aque-
ous solution (7 g/100 mL) was added with mixing. The solution was then immedi-
ately diluted to volume with ddH2O and mixed thoroughly. After incubation for
90 min at 23 �C, the absorbance versus prepared blank was read at 765 nm using
a Jasco V-530 UV–vis spectrophotometer (Tokyo, Japan). Total phenolic content
was expressed as mg gallic acid equivalents (GAE)/100 g honey.
Please cite this article in press as: Tenore, G.C., et al. Nutraceutical potential of
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2.5. Total flavonol content

The total flavonol content was measured by a colorimetric assay developed by
Zhishen et al. (1999). A 50 lL aliquot of honey extracts and calibration solutions of
quercetin (20, 40, 60, 80 and 100 mg/L) were added to a five volumetric flask con-
taining 2 mL ddH2O. At zero time, 0.15 mL NaNO2 aqueous solution (5 g/100 mL)
was added to the flask. After 5 min, 0.15 mL AlCl3 aqueous solution (10 g/100 mL)
was added. At 6 min, 1 mL 1 M NaOH was added to the mixture. Immediately,
the reaction flask was diluted to volume with the addition of 1.2 mL of ddH2O
and thoroughly mixed. Absorbance of the mixture, pink in colour, was determined
at 510 nm versus prepared water blank using a Jasco V-530 UV–vis spectrophotom-
eter (Tokyo, Japan). Total flavonol content was expressed as mg quercetin equiva-
lents (QE)/100 g honey.

2.6. Antioxidant activity

For each antioxidant assay, a trolox aliquot was used to develop a 50–500 lmol/
L standard curve. All data were then expressed as Trolox Equivalents (lmol TE/
100 g honey).

2.6.1. DPPH� radical-scavenging assay
The ability of the samples to scavenge the DPPH radical was measured using the

method of Brand-Williams et al. (1995). Aliquots (20 lL) of honey extracts were
added to 3 mL of DPPH solution (6 � 10�5 mol/L) and the absorbance was deter-
mined at 515 nm every 5 min until the steady state using a Jasco V-530 UV–vis
spectrophotometer (Tokyo, Japan).

2.6.2. Reducing potential assay
The antioxidant potential of the samples was determined using the ferric reduc-

ing antioxidant power (FRAP) assay of Benzie and Strain (1996). A solution of
10 mmol/L TPTZ in 40 mmol/L HCl and 12 mmol/L ferric chloride was diluted in
300 mmol/L sodium acetate buffer (pH 3.6) at a ratio of 1:1:10. Aliquots (20 lL)
of honey extracts were added to 3 mL of the FRAP solution and the absorbance
was determined at 593 nm every 5 min until the steady state using a Jasco V-530
UV–vis spectrophotometer (Tokyo, Japan).

2.7. HPLC quantification of phenolic acids and flavonoids

HPLC separation of phenolic acids and flavonoids from extracts was performed
according to earlier studies with some modifications (Biesaga and Pyrzynska, 2009).
Identification was possible by recording chromatograms at 280 and 350 nm and by
comparing spectra and retention times with those of commercial standards and
with those reported in previous works (Biesaga and Pyrzynska, 2009). Elution con-
ditions consisted in 0.5% formic acid in water (Solvent A) and methanol (Solvent B)
gradient at a flow rate of 0.6 mL/min. The column selected was a C-18 Zorbax
(150 mm � 4.6 mm, 5 lm packing; Agilent, USA) protected by an Agilent C-18
guard column. Analyses were run on a Finnigan HPLC system (Thermo Electron Cor-
poration, San Jose, California) provided with photodiode array detector (DAD). The
gradient conditions were: 0–9 min, 22% B; 30 min, 100% B; 36 min, 100% B; 39 min,
22% B.

The identity of phenolic acids and flavonoids was confirmed with LC–ESI/MS/
MS experiments and data were compared with those of commercial standards
and with those reported in previous works (Biesaga and Pyrzynska, 2009). The same
chromatographic conditions were applied to a HP1100 HPLC system (Agilent, USA)
coupled to a PE-Sciex API-2000 triple-quadrupole mass spectrometer (Warrington,
Cheshire, UK) equipped with a Turbospray (TSI) source. MS detection was carried
out in negative ion mode at unit resolution using a mass range of 150–1500 m/z
and a mass peak width of 0.7 ± 0.1. Selected ion monitoring (SIM) experiments were
carried out using the following operational parameters: vaporiser, 350 �C; heated
capillary, 150–200 �C; carrier gas, nitrogen, at a sheath pressure of 70 psi; auxiliary
gas, nitrogen, to assist in nebulization, at a pressure of 30 psi; declustering poten-
tial, 44.0 eV; focusing potential, 340.0 eV; entrance potential, 10.0 eV; collision ene-
gy, 33.0 eV for ion decomposition in the collision cell at 0.8 mTorr.

2.8. Antimicrobial activity

2.8.1. Microbial strains
The in vitro antimicrobial activity of honey samples and their polyphenolic ex-

tracts was evaluated against yeasts, moulds and bacteria species known to be food-
borne pathogens, to cause respiratory, gastrointestinal, skin and urinary disorders.
The panel included laboratory control strains obtained from the American Type Cul-
ture Collection (ATCC) (Rockville, MD, USA): four Gram-positive bacteria, Bacillus
cereus (ATCC 11778), Staphylococcus aureus (ATCC 13709), Enterococcus faecalis
(ATCC 14428), Listeria monocytogenes (ATCC 15313); nine Gram-negative bacteria,
Escherichia coli (ATCC 25922), Proteus mirabilis (ATCC 7002), Proteus vulgaris (ATCC
12454), Pseudomonas aeruginosa (ATCC 27853), Salmonella typhi Ty2 (ATCC 19430),
Yersinia enterocolitica (ATCC 23715), Klebsiella pneumoniae (ATCC 27736), Enterobac-
ter cloacae (ATCC 10699), Enterobacter aerogenes (ATCC 13048); two yeasts, Candida
albicans (ATCC 10231), Rhizoctonia solani (ATCC 13048); four moulds: Fusarium oxy-
monofloral honeys produced by the Sicilian black honeybees (Apis mellifera
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sporum (ATCC 695), Cladosporium herbarum (ATCC 11281), Botrytis cinerea (ATCC
11542), Aspergillus flavus (ATCC 15517). The strains were grown on Tryptone Soya
Agar (Oxoid, Milan, Italy) for the bacteria, Saboureaud Dextrose Agar (SDA) with
chloramphenicol for yeasts and SDA for moulds. For the antimicrobial tests, Tryp-
tone Soya broth (Oxoid, Milan, Italy) for bacteria and Sabouraud dextrose broth
(SDB) for yeasts and fungal strains were used.

2.8.2. Antimicrobial screening
The antimicrobial activity was evaluated by determining the minimum inhibi-

tory concentration (MIC) using the broth dilution method (Barry, 1976). Each strain
was tested with sample that was serially diluted in broth to obtain concentrations
ranging from 300 to 0.8 lg/mL. The sample, previously sterilised with Millipore fil-
ter of 0.20 lm, was inoculated with 50 lL of suspension of the tested microorgan-
isms, containing 2.0 � 106 CFU/mL for bacteria and 2.0 � 105 CFU/mL spore for
fungal strains, and incubated for 24 h at 37 �C for bacteria, 48 h at 30 �C for yeasts
and 10 days at room temperature for moulds. The MIC value was determined as the
lowest concentration of the sample at which the tested microorganisms did not
demonstrate any visible growth after incubation. As positive control cultures con-
taining only sterile physiologic solution Tris buffer were used. Cefotaxime, Penicil-
lin, Tetracycline, Amphotericin B and Econasol were used as standard antimicrobial
agents.

2.9. Statistics

Unless otherwise stated, all of the experimental results were expressed as
mean ± standard deviation (SD) of three determinations. A one-way ANOVA was
performed on the means to determine whether they differed significantly. P values
of <0.05 were regarded as significant. The degree of linear relationship between two
variables was measured using the Pearson product moment correlation coefficient
(R). Correlation coefficients (R) were calculated by using Microsoft Office Excel
application.

3. Results and discussion

3.1. Polyphenolic composition and antioxidant capacity

The results obtained for the polyphenolic composition of orange
and lemon honeys (Fig. 1) were generally higher than those re-
ported elsewhere for the same variety of honeys produced by other
honeybee subspecies from Sicily (Pichichero et al., 2009), other
Italian regions (Truchado et al., 2009) and abroad (Escriche et al.,
2011; Isla et al., 2011). It is established that honey polyphenolic
composition and antioxidant capacity mostly depend on their flo-
ral sources that predominantly are affected by environmental
and climatic conditions (Al-Mamary et al., 2002). Particularly, re-
gions characterised by a hot, humid climate, with very high levels
of exposure to sunlight, are known to exert a marked influence on
the polyphenolic content of plants, so that sun-exposed plants can
contain much more total phenolics than the same varieties grow-
ing in the shade (Spayd et al., 2002). Nevertheless, our orange
and lemon honeys showed (Fig. 1) not only a higher antioxidant
concentration than the corresponding varieties from regions char-
acterised by comparable climatic conditions to those of Sicily
(Escriche et al., 2011; Isla et al., 2011), but, interestingly, almost
10 times more total phenolics than the same Sicilian varieties
(Pichichero et al., 2009). No studies are currently available on the
chemical composition and antioxidant profile of prickly pear, med-
lar and almond honeys in general. Our results highlighted for these
samples a considerable polyphenolic content that was about 27%,
70% and 56% higher, respectively, than that of orange and lemon
honey samples (Fig. 1). Interestingly, comparing our data with
those reported for different types of fruits and vegetables widely
recognised as a dietary source of antioxidants (Marinova et al.,
2005), we found that the polyphenolic contents in the honey sam-
ples were approximately from 2 to 10 times lower than those in
blueberry (phenols, 670.9 mg/100 g; flavonoids, 190.3 mg/100 g)
and black grape (phenols, 213.4 mg/100 g; flavonoids, 77.1 mg/
100 g), respectively, and from 1 to 9 times higher than those in leek
(phenols, 27.7 mg/100 g; flavonoids, 2.6 mg/100 g) and green bean
(phenols, 35.5 mg/100 g; flavonoids, 4.1 mg/100 g), respectively.
These results highlight the role that honey could play in providing
Please cite this article in press as: Tenore, G.C., et al. Nutraceutical potential of
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dietary antioxidants in a highly palatable form. The averages of to-
tal phenol and flavonoid contents of honey samples were signifi-
cantly different at a level of P = 0.001.

Owing to the complex reactivity of phytochemicals, the antiox-
idant activities of food and food extracts cannot be evaluated by
only a single method, but at least two test systems have been
recommended for the determination of antioxidant activity to
establish authenticity (Schlesier et al., 2002). For this reason, the
antioxidant activity of honey samples was determined by two
spectrophotometric methods, DPPH and FRAP tests, and expressed
as trolox equivalents (TEs). The reduction of DPPH absorption is
indicative of the capacity of the samples to scavenge free radicals,
while the FRAP method is used to determine the capacity of reduc-
tants in a sample. Antioxidant activity at the steady state resulted
slightly higher in FRAP test (ranging from 0.021 to 0.058 mmol TE/
100 g) than in DPPH test (ranging from 0.013 to 0.046 mmol TE/
100 g) for all of the honey samples (Table 1). Medlar honey showed
the highest antioxidant capacity in both assays, while lemon honey
demonstrated to be the least active. Polyphenolic compounds are
reported to have a high radical scavenging capacity, particularly
those showing O-dihydroxy structures that confer great stability
to the radical form and participate in the electron delocalization
(Francisco et al., 2009). Thus, our result was of great interest
because it highlighted that polyphenols occurring in the honey
samples were preferentially involved in electron-transfer reactions
rather than hydrogen atom-transfer mechanisms. Results revealed
for the honey samples a good antioxidant activity when compared
with that of authentic standards chosen as widely employed food
preservatives and strong hydrophilic or lipophilic antioxidants
(Table 1). It is accepted that flavonoids and their metabolites,
thanks to their both hydrophilic and relatively lipophilic proper-
ties, may interact with plasma proteins as well as the polar surface
region of phospholipid bilayers in lipoproteins and cell membranes
(Alvarez-Suarez et al., 2012; Blasa et al., 2007). Because of the
nature of these interactions, flavonoids may have the ability to
protect against free radical attack in both aqueous and lipid
environments, thus providing an effective antioxidant defense in
biological systems. The averages of total antioxidant activities of
honey samples were different at a significance level of P < 0.05.

In addition, the contribution given by each class of polyphenolic
compounds to the antioxidant activities of honeys was estimated.
Our results revealed a good linear correlation (R) between antiox-
idant capacity determined by both assays, DPPH and FRAP, and to-
tal phenols (R ranging from 0.9726 to 0.9826) and flavonoids
(R ranging from 0.9396 to 0.9700) of all of the tested samples.

3.2. Polyphenolic profiles

All of the honey samples showed very similar but quantitatively
different polyphenolic patterns (Table 2). Although more than 16
chromatographic distinct peaks were detected for each honey sam-
ple, some were present only in trace amounts, thus making their
identification and quantification difficult. Their identification was
based on MS experiments, UV–Vis absorption spectra, and chro-
matographic retention times, which were compared with reference
compounds and data from other studies (Biesaga and Pyrzynska,
2009).

Phenolic acids represented approximately 83% of total phenolic
content in all of the honey samples. Gallic acid was found as the
most abundant antioxidant (ranging from 46.8% in lemon to
70.7% in medlar) with the exception of prickly pear whose main
representative was ferulic acid (57.5%), followed by sinapic acid
(19.5%). These compounds may be regarded as potential markers
of the origin of honey. In the strawberry tree honey, Cabras et al.
(1999) found that homogentisic acid varied 19.7–54.0 mg/100 g
honey, with an average of 37.8 mg/100 g honey. This was the high-
monofloral honeys produced by the Sicilian black honeybees (Apis mellifera
.067
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Fig. 1. Polyphenolic contents in honey samples. Phenol contents are expressed as mg GAE (gallic acid equivalents)/100 g honey ± SD; Flavonoid contents are expressed as mg
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4 G.C. Tenore et al. / Food and Chemical Toxicology xxx (2012) xxx–xxx

FCT 6547 No. of Pages 7, Model 5G

9 April 2012
est level of single phenolic acid reported in honey so far, and this
level was higher than the level of total phenolic acids found for
any floral type of honey examined by Cabras et al. (1999). In the
light of our results, current knowledge is to be updated as regards
the gallic acid contents in the Sicilian medlar and almond honeys
produced by the local black honeybees (Table 2).

The highest amount of flavonoids was detected in medlar, with
quercetin (24.1%) dominating such profile. Generally, quercetin
and kaempferol are the most widespread flavonoids in food and in
natural honeys (Socha et al., 2011). Nevertheless, our data showed,
except for medlar, moderate concentrations of these two com-
pounds in the tested honeys (quercetin, ranging from 1.08 mg/
100 g in orange to 2.35 mg/100 g in almond; kaempferol, ranging
from 0.32 mg/100 g in lemon to 2.00 mg/100 g in almond) (Table
2). Our results confirmed that naringenin and hesperetin are specific
markers for the floral origin of citrus honeys, especially hesperetin
that has not been detected in honey of any other floral origin and
is a constitutive phenolic compound of citrus nectar (Escriche
et al., 2011). Rutin, on the contrary, was revealed as a minor compo-
nent in lemon and orange honeys, while it appeared significantly in
the rest of the analysed samples (representing 59.5%, 17.2% and
10.5% of the flavonoid profile in prickly pear, medlar and almond,
respectively) (Table 2). Knekt et al. (2002) carried out a clinical
study on how some chronic diseases may be lower at higher dietary
flavonoid intakes. Particularly, men with higher myricetin intakes
demonstrated a decrease in prostate cancer risk (Knekt et al.,
2002). Our experiments showed that a 20 g/die aliquot of orange,
medlar and almond honeys could provide men with about 2, 6
Table 1
Near equilibrium steady state antioxidant capacity of honey polyphenolic extracts*.

Honey sample Assay method

FRAP DPPH

Lemon 0.026 ± 0.4 0.018 ± 0.1
Orange 0.021 ± 0.3 0.013 ± 0.2
Prickly pear 0.032 ± 0.3 0.024 ± 0.0
Medlar 0.058 ± 0.4 0.046 ± 0.8
Almond 0.037 ± 0.9 0.032 ± 0.5
Vit. E 0.92 ± 0.3 0.94 ± 0.2
Vit. C 0.32 ± 0.4 0.24 ± 0.4
BHT 0.74 ± 0.0 0.77 ± 0.9
Na2S2O5 0.53 ± 0.8 0.23 ± 0.5

* Values are expressed as mmol TEs ± SD per 100 g honey samples and per 100 mL
standard solutions (1 mg/mL) at the steady state (DPPH, 45 min; FRAP, 55 min). The
differences between the means were considered significant at a level of P < 0.05.

Please cite this article in press as: Tenore, G.C., et al. Nutraceutical potential of
ssp. sicula). Food Chem. Toxicol. (2012), http://dx.doi.org/10.1016/j.fct.2012.03
and 12 times, respectively, the quantity of myricetin correlated by
Knekt et al. (2002) to a significantly lower cancer risk in the human
subjects. The differences between the means of polyphenolic com-
pounds were considered significantly different at a level of P < 0.05.

The correlation of the individual polyphenolic contents with the
antioxidant properties was also measured. In agreement with liter-
ature (Socha et al., 2011), gallic acid seemed to largely influence
both assays, DPPH and FRAP (R ranging from 0.8686 to 0.8709),
as expected for the predominant phenolic acid and the one with
the highest number of hydroxyl groups. Ferulic and sinapic acids,
infact, although their significant amount in most samples,
exhibited quite low correlations (R mean value 0.0571). Interest-
ingly, syringic acid revealed to poorly influence FRAP assay (R =
0.0718), while its good correlation with DPPH test (R = 0.8779)
highlighted a higher radical-scavenging ability than reducing
capacity. Among flavonoids, mainly quercetin, luteolin, kaempferol
and chrisin seemed to contribute to total antioxidant activity (R
mean value 0.9151) while the other compounds gave lower corre-
lations (R mean value 0.5333).
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3.3. Antimicrobial activity of honeys and their polyphenolic extracts

According to the MIC values reported in Table 3, honey samples
exerted a broad antimicrobial spectrum by inhibiting the growth of
all of the tested human pathogenic and/or food spoilage bacteria,
moulds and yeasts. As regards citrus honeys, our results were in
agreement with those of Isla et al. (2011), while nothing is reported
on the other samples that exhibited higher values than those of lem-
on and orange ones. It is accepted that hydrogen peroxide, among
the many honey constituents, is one of the major responsible for
the honey antimicrobial activity (Weston, 2000). Actually, our re-
sults indicated the polyphenolic content as another important fac-
tor contributing to the honey antimicrobial properties. Infact, a
significant correlation coefficient was observed between the anti-
microbial activities and polyphenolic content of all of the tested
samples (R mean value 0.8544). In addition, almond and medlar
honeys, characterised by the highest polyphenolic contents among
the tested samples (Fig. 1), showed up to 2 and 3 times higher anti-
microbial effects, respectively, than the other samples. The means of
honey MIC values were different at a significant level of P < 0.05.

The antimicrobial capacity of phenolic compounds, in a general
way, is well known (Pereira et al., 2006; Rauha et al., 2000). As pre-
viously described, individual phenolic compounds occurring in
honey extracts were identified and quantified, but we chose to
monofloral honeys produced by the Sicilian black honeybees (Apis mellifera
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Table 2
LC/MS data of identified polyphenolics in honey samples and their quantitative analysis.

Peak Compound mg/100 g honey* Retention time**

(min)
m/z [M-
H]�

MS/MSa

L O P M A

1 Gallic acid 19.25 ± 1.1 24.84 ± 1.3 2.72 ± 0.1 98.43 ± 0.6 56.71 ± 1.0 1.08 ± 0.2 169 125, 81, 79
2 Vanillic acid 0.39 ± 1.2 0.84 ± 1.1 ND 1.74 ± 0.2 0.33 ± 0.6 6.60 ± 0.3 167 152, 123, 108
3 Caffeic acid 2.08 ± 1.4 1.32 ± 1.0 ND 1.74 ± 0.1 1.33 ± 0.6 7.07 ± 0.4 179 135
4 Syringic acid 3.44 ± 1.0 1.08 ± 0.9 ND ND 2.18 ± 1.3 8.01 ± 0.5 197 182, 167, 153, 138, 121
5 p-Coumaric

acid
2.14 ± 1.9 1.08 ± 1.7 ND 0.60 ± 1.2 0.47 ± 1.1 8.75 ± 0.6 163 119, 93

6 Ferulic acid 3.05 ± 1.5 2.76 ± 0.3 32.64 ± 0.7 11.00 ± 1.4 9.12 ± 1.0 9.69 ± 0.7 193 178, 149, 134
7 Sinapic acid 2.60 ± 0.9 1.92 ± 0.4 11.05 ± 0.4 1.74 ± 0.7 5.41 ± 0.2 10.31 ± 0.7 221 164, 149, 121
8 Rutin 0.03 ± 0.8 0.51 ± 0.4 5.62 ± 0.3 3.99 ± 0.6 1.90 ± 0.2 10.91 ± 1.0 609 301, 300, 271, 255, 151
9 Myricetin 1.98 ± 1.2 1.50 ± 1.0 0.40 ± 0.3 3.42 ± 0.1 6.65 ± 0.6 11.49 ± 1.1 317 179, 151, 109, 107
10 Naringenin 1.10 ± 1.0 0.97 ± 0.9 ND ND ND 12.20 ± 0.7 579 459, 271, 151, 119, 107
11 Hesperetin 0.23 ± 0.8 0.32 ± 1.7 ND ND ND 12.31 ± 0.6 609 449, 433, 325, 309, 301, 285, 177,

161
12 Quercetin 1.66 ± 1.1 1.08 ± 1.3 1.51 ± 0.1 5.59 ± 0.6 2.35 ± 1.0 12.66 ± 0.3 301 179, 151, 121, 107
13 Luteolin 0.22 ± 1.2 0.60 ± 1.1 0.17 ± 0.1 2.91 ± 0.2 1.05 ± 0.6 13.16 ± 0.4 285 151, 133, 107
14 Kaempferol 0.32 ± 1.4 0.60 ± 1.0 0.50 ± 0.3 2.34 ± 0.1 2.00 ± 0.6 13.95 ± 0.5 285 151, 145, 117, 93
15 Chrysin 0.11 ± 1.0 0.30 ± 0.9 0.90 ± 0.4 2.34 ± 1.1 0.65 ± 1.3 14.22 ± 0.6 253 151, 177, 77
16 Pinocembrin 1.10 ± 1.9 0.84 ± 1.7 0.006 ± 1.2 2.34 ± 1.2 3.09 ± 1.1 15.23 ± 0.7 255 179, 151, 77

L: Lemon; O: Orange; P: Prickly pear; M: Medlar; A: Almond.
ND: not detected.
* Values are expressed as mean value ± SD (P < 0.05).
** Values are expressed as mean value ± SD (P < 0.05).

a Base peak (100%) is underlined.

Table 3
Antimicrobial activity of honey samples.

Microorganism L O P M A CTAX PEN TET AMB ECN

Gram (+) bacteria
B. cereus 0.10 ± 0.1 0.15 ± 0.0 0.10 ± 0.1 0.02 ± 0.1 0.05 ± 0.0 R 7.5 ± 0.0 R NT NT
S. aureus 0.10 ± 0.2 0.10 ± 0.2 0.10 ± 0.1 0.02 ± 0.2 0.07 ± 0.2 2.0 ± 0.4 0.03 ± 0.0 2.0 ± 0.3 NT NT
E. faecalis 0.15 ± 0.1 0.15 ± 0.2 0.10 ± 0.1 0.05 ± 0.1 0.05 ± 0.2 R 8.0 ± 0.0 2.0 ± 0.6 NT NT
L. monocytogenes 0.10 ± 0.4 0.10 ± 0.1 0.10 ± 0.2 0.02 ± 0.4 0.07 ± 0.1 16 ± 0.0 R R NT NT
Gram (�) bacteria
E. coli 0.20 ± 0.3 0.25 ± 0.2 0.20 ± 0.0 0.06 ± 0.3 0.10 ± 0.2 32 ± 0.1 64 ± 0.4 32 ± 0.2 NT NT
P. mirabilis 0.25 ± 0.0 0.25 ± 0.4 0.20 ± 0.3 0.08 ± 0.0 0.15 ± 0.4 0.03 ± 0.0 4.0 ± 0.0 32 ± 0.1 NT NT
P. vulgaris 0.25 ± 0.1 0.20 ± 0.2 0.20 ± 0.2 0.06 ± 0.1 0.15 ± 0.2 2.0 ± 0.1 4.0 ± 0.3 R NT NT
P. aeruginosa 0.20 ± 0.1 0.25 ± 0.0 0.20 ± 0.4 0.10 ± 0.1 0.10 ± 0.0 16 ± 0.0 R 32 ± 0.1 NT NT
S. typhi 0.25 ± 0.0 0.25 ± 0.0 0.20 ± 0.1 0.08 ± 0.0 0.10 ± 0.0 0.5 ± 0.1 4.0 ± 0.0 1.0 ± 0.3 NT NT
E. cloaceae 0.20 ± 0.0 0.20 ± 0.4 0.25 ± 0.1 0.08 ± 0.0 0.10 ± 0.4 R 4.0 ± 0.0 R NT NT
E. aerogenes 0.25 ± 0.4 0.25 ± 0.4 0.20 ± 0.3 0.06 ± 0.4 0.15 ± 0.4 R 4.0 ± 0.0 R NT NT
Y. enterocolitica 0.25 ± 0.3 0.20 ± 0.3 0.20 ± 0.2 0.06 ± 0.3 0.15 ± 0.3 0.1 ± 0.0 18 ± 0.6 8.0 ± 0.0 NT NT
K. pneumoniae 0.25 ± 0.3 0.25 ± 0.2 0.25 ± 0.4 0.10 ± 0.3 0.10 ± 0.2 0.1 ± 0.0 R 16 ± 0.1 NT NT
Yeasts
C. albicans 0.40 ± 0.2 0.40 ± 0.3 0.40 ± 0.4 0.30 ± 0.2 0.40 ± 0.3 NT NT NT 1 ± 0.0 NT
Rhizoctonia solani 0.40 ± 0.0 0.40 ± 0.1 0.40 ± 0.1 0.30 ± 0.0 0.40 ± 0.1 NT NT NT 1 ± 0.1 NT
Moulds
F. oxysporum 0.35 ± 0.3 0.40 ± 0.2 0.35 ± 0.2 0.20 ± 0.3 0.30 ± 0.2 NT NT NT NT 4 ± 0.0
C. herbarum 0.40 ± 0.4 0.40 ± 0.0 0.35 ± 0.0 0.25 ± 0.4 0.25 ± 0.0 NT NT NT NT 4 ± 0.1
B. cinerea 0.35 ± 0.1 0.40 ± 0.0 0.35 ± 0.1 0.25 ± 0.1 0.30 ± 0.0 NT NT NT NT 4 ± 0.0
A. flavus 0.40 ± 0.1 0.35 ± 0.0 0.40 ± 0.1 0.20 ± 0.1 0.30 ± 0.0 NT NT NT NT 3 ± 0.1

L: Lemon; O: Orange; P: Prickly pear; M: Medlar; A: Almond.
CTAX: cefotaxime; PEN: penicillin; TET: tetracycline; AMB: amphotericin B; ECN: econasol.
NT: not tested; R: resistant.
aValues are expressed as minimum inhibitory concentration (MIC, g/mL) and represent the average of three determinations ± SD (P < 0.05).
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submit the entire extracts to the antimicrobial activity studies. In
fact, total food extracts may be more beneficial than isolated con-
stituents, since a bioactive individual component can change its
properties in the presence of other compounds occurring in the ex-
tract (Borchers et al., 2004), corresponding to a synergistic effect.
The polyphenolic extracts from lemon and almond honeys exhib-
ited a slightly higher antimicrobial effect than the other samples
(Table 4) confirming that the quali-quantitative differences in the
antioxidant profile are supposed to largely influence the biological
properties of food and food extracts. Actually, Gram-positive
pathogens showed to be more susceptible than Gram-negative
ones to the action of the tested samples (Tables 3 and 4), corrobo-
Please cite this article in press as: Tenore, G.C., et al. Nutraceutical potential of
ssp. sicula). Food Chem. Toxicol. (2012), http://dx.doi.org/10.1016/j.fct.2012.03
rating what already reported on the antibacterial properties of food
and food polyphenolic extracts (Kossah et al., 2011; Estevinho
et al., 2008). It is well known that phenolic acids, representing
most of the antioxidants occurring in our honey samples, are too
polar compounds to penetrate the semipermeable bacterial mem-
brane and react with the cytoplasm or cellular proteins (Corrales
et al., 2009). This is the same reason for which the lipidic wall of
Gram-negative pathogens represents a great barrier for most poly-
phenols hence only a slight inhibition is achieved. The means of
honey extract MIC values differed significantly at a level of P < 0.05.

Finally, of considerable interest is that all of the samples and ex-
tracts demonstrated an appreciable antifungal activity that is less
monofloral honeys produced by the Sicilian black honeybees (Apis mellifera
.067
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Table 4
Antimicrobial activity of polyphenolic extracts from honey samples.

Microorganism L O P M A CTAX PEN TET AMB ECN

Gram (+) bacteria
B. cereus 125 ± 0.1 500 ± 0.0 250 ± 0.1 125 ± 0.1 125 ± 0.0 R 7.5 ± 0.0 R NT NT
S. aureus 62.5 ± 0.2 250 ± 0.2 125 ± 0.1 62.5 ± 0.2 125 ± 0.2 2.0 ± 0.4 0.03 ± 0.0 2.0 ± 0.3 NT NT
E. faecalis 125 ± 0.1 250 ± 0.2 125 ± 0.1 62.5 ± 0.1 62.5 ± 0.2 R 8.0 ± 0.0 2.0 ± 0.6 NT NT
L. monocytogenes 125 ± 0.4 500 ± 0.1 250 ± 0.2 125 ± 0.4 125 ± 0.1 16 ± 0.0 R R NT NT
Gram (�) bacteria
E. coli 250 ± 0.3 500 ± 0.2 250 ± 0.0 250 ± 0.3 250 ± 0.2 32 ± 0.1 64 ± 0.4 32 ± 0.2 NT NT
P. mirabilis 500 ± 0.0 500 ± 0.4 500 ± 0.3 500 ± 0.0 500 ± 0.4 0.03 ± 0.0 4.0 ± 0.0 32 ± 0.1 NT NT
P. vulgaris 500 ± 0.1 250 ± 0.2 500 ± 0.2 250 ± 0.1 250 ± 0.2 2.0 ± 0.1 4.0 ± 0.3 R NT NT
P. aeruginosa 500 ± 0.1 500 ± 0.0 500 ± 0.4 500 ± 0.1 500 ± 0.0 16 ± 0.0 R 32 ± 0.1 NT NT
S. typhi 500 ± 0.0 500 ± 0.0 500 ± 0.1 500 ± 0.0 500 ± 0.0 0.5 ± 0.1 4.0 ± 0.0 1.0 ± 0.3 NT NT
E. cloaceae 125 ± 0.0 250 ± 0.4 125 ± 0.1 250 ± 0.0 250 ± 0.4 R 4.0 ± 0.0 R NT NT
E. aerogenes 125 ± 0.4 250 ± 0.4 125 ± 0.3 250 ± 0.4 250 ± 0.4 R 4.0 ± 0.0 R NT NT
Y. enterocolitica 500 ± 0.3 500 ± 0.3 250 ± 0.2 500 ± 0.3 500 ± 0.3 0.1 ± 0.0 18 ± 0.6 8.0 ± 0.0 NT NT
K. pneumoniae 500 ± 0.3 250 ± 0.2 500 ± 0.4 500 ± 0.3 250 ± 0.2 0.1 ± 0.0 R 16 ± 0.1 NT NT
Yeasts
C. albicans 500 ± 0.2 500 ± 0.3 500 ± 0.4 250 ± 0.2 250 ± 0.3 NT NT NT 1 ± 0.0 NT
Rhizoctonia solani 500 ± 0.0 500 ± 0.1 500 ± 0.1 250 ± 0.0 250 ± 0.1 NT NT NT 1 ± 0.1 NT
Moulds
F. oxysporum 250 ± 0.3 500 ± 0.2 500 ± 0.2 500 ± 0.3 250 ± 0.2 NT NT NT NT 4 ± 0.0
C. herbarum 500 ± 0.4 500 ± 0.0 500 ± 0.0 250 ± 0.4 250 ± 0.0 NT NT NT NT 4 ± 0.1
B. cinerea 250 ± 0.1 500 ± 0.0 500 ± 0.1 250 ± 0.1 500 ± 0.0 NT NT NT NT 4 ± 0.0
A. flavus 500 ± 0.1 500 ± 0.0 500 ± 0.1 500 ± 0.1 500 ± 0.0 NT NT NT NT 3 ± 0.1

L: Lemon; O: Orange; P: Prickly pear; M: Medlar; A: Almond.
CTAX: cefotaxime; PEN: penicillin; TET: tetracycline; AMB: amphotericin B; ECN: econasol.
NT: not tested; R: resistant.
aValues are expressed as minimum inhibitory concentration (MIC, lg/mL) and represent the average of three determinations ± SD (P < 0.05).Q3
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common than the antibacterial one generally expressed by food
and food polyphenolic extracts. In addition, it must be pointed
out that honeys and their fractions were tested on several micro-
bial strains among which some bacteria, moulds and yeasts, were
taken into account for the first time in this work.

4. Conclusions

In conclusion, all the analysed Sicilian honeys produced by the
local black honeybees demonstrated valuable biological profiles
that, in comparison with the same or different honey varieties from
Sicily, other Italian regions and the rest of the world, make them
products with high therapeutic potential as antioxidants and anti-
microbial agents against multi-resistant strains.
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