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- A. unedo honeys from different countries share common featu
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- Methanolic extracts have higher AOA, SRS andnaictiobial activities than honey
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Abstract

Strawberry-tree Arbutus unedo L.) honey is expensive and difficult to characteriby
melissopalinology. This study aimed to authenticsttawberry-tree A. unedo L.) honeys from
southern Europe, determining arbutin, groups oygwmtnols, volatile and semivolatile compounds,
as well as biological activities such as trolox igglent antioxidant capacity, antioxidant activtie
against both hydroxyl (AOA) and superoxide radiq@®&S), oxygen radical absorbance capacity,
anti-inflammatory activity, and antimicrobial adtiy against 7 microorganismg&scherichia coli,
Sreptococcus mutans, Saphylococcus aureus, Aspergillus flavus, Aspergillus niger, Fusarium sp.,
and Penicillium commune). Arbutin, analyzed using HPLC-UV, was quantified 83% of the
samples. Polyphenols’ contents were high. Norisogos and benzene derivatives were the major
compounds determined using gas chromatography-spesgrometry. Theobromine was detected
in 67% of samples. 2,6,6-Trimetyl-4-o0xo-2-cyclohexecarboxaldehyde, 3,4,5 trimethylphenol
and 2-hydroxycyclopent-2-en-1-one were proposeda@sential strawberry-tree floral markers.
Antioxidant and anti-inflammatory activities werngrsficant. Honeys’ extracts showed higher AOA
and SRS, and better antimicrobial activities tHaen ltoneys. This study highlights the potential of

strawberry-tree honeys and/or their phenolic ex¢réar food, pharmaceutical and cosmetic uses.

Keywords: Strawberrytree honey; Arbutus unedo L.; arbutin; polyphenolsnorisoprenoids;

benzene derivativesantioxidant activities; anti-inflammatory activity; antimicrobial activities.



1. Introduction

Strawberry-tree Arbutus unedo L.) honey is usually harvested in southern Eurcpel its
production is limited. Strawberry-tree honey is r@gmted and achieves high prices. Its
authentication by melissopalinology is difficuledause the anatomical characteristicA.afnedo

L. flowers (bell-shaped, down faced with a narravir@nce) complicate both bees access inside
the flower and bees contact with stamens wherg@dhen is produced. Therefore, in strawberry-
tree honeys, the percentagefotinedo L. pollen is considerably lower than the usuabprainant
pollen percentage of other unifloral honeys. Thds; a proper strawberry-tree honey
authentication, complementing melissopalinologyhwsensory and/or chemical analyses is of

importance to avoid fraud.

A. unedo L. honey has distinctive sensory features witlgional and different nuances, in contrast
to other honey types. Its color is amber when dgand beige-brown when crystallized. It has an
intensive coffee-like smell, and a slight sweetdasith bitter and astringent aftertaste that has
been mainly related to its arbutin contéspano et al., 2006; Tuberoso et al., 2010). Arbutin (4-
hydroxyphenylp-D-glucopyranoside), is found in several partshaf strawberry-tree bush and is
used as a cosmetic ingredient because it preveatsieélanin production by inhibiting the enzyme
tyrosinase at non-cytotoxic concentrations, thuditeming the skin (Migas and Krauze-
Baranowska, 2015). Arbutin has been described esngonent of bitter honeys (Floris et al.,
2007). However, literature references about arbatialysis in honeys are limited and dated
(Manunta and Tirillini, 1993). On the other handywin has been quantified in other products

(Jeon et al., 2015).

In traditional folk medicine, both thA. unedo shrub, and strawberry tree honey have been used
(Miguel et al., 2014). The biological propertiessbfawberry-tree honeys have been attributed to
their high amount of phenolics (Castiglioni et 8017, Rosa et al., 2011). Recent studies have
shown the potential of strawberry-tree honeys ajaowlon cancer cells and their metastatic

activity (Afrin et al., 2017).
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and antimicrobial activities of several commoditiéscordingly, honeys high in pholyphenols
could be successfully used in foods, pharmacestmatosmetics. With regard to strawberry-tree
honeys, research has been done on melissopalinajaglity control, compositional parameters
and homogentisic acid as a characteristic strawlere honey phenolic acid (B¢ Karatonji and
Jurica, 2017; Deiana et al., 2015; Floris et al., 2007; Miguel et al., 2014; Spano et al., 2006;
Tuberoso et al., 2010¥%ome bioactive compounds and antioxidant proe(fazza et al2013;
Castiglioni et al., 2017; Petretto et al.,2015; Rosa et al., 2011; Tuberoso et al2013; Ulloa et al.,
2015) volatile compounds (Bianchi et ak005; Dalla Serra et al.]999; De la Fuente et al.,
2007), as well as antimicrobial and anti-inflamnmgt@ctivities in Portuguese honeys from
different botanical origins within the Algarve regi (Da Silva et al., 2016). However, the
guantities of phenolic-related parameters of steawbtree honey using simple and rapid methods
have not been described, including the amount-diphenols, whose antioxidant activity was
reported in cocoa beansheobroma cacao) (Afoakwa et al., 2012). There are also no studies
the antioxidant activities of strawberry tree haneletermined with methods based on different
reaction mechanisms and against different freecadsli Moreover, anti-inflammatory and
antimicrobial activities against a variety of miorganisms have seldom been quantified, and only

in a few strawberry-tree honeys of local interest.

Honeys are being mainly characterized on the basibeir botanical and geographical origins
(Dzugan et al., 2020; Fechner et al., 2016). To obtain quality standards for protected gephial
indications, the current tendency regarding honey$o study features that help differentiate
honeys harvested in different areas. Strawberg/fi@neys studies have been mainly done with
honeys from Italy, Portugal, Croatia and CorsicafiEe). There is only one report about volatile
and carbohydrate composition of Spanish strawhiees/-honeys (De la Fuente et al., 2007). To
obtain health claims from the European Food Saf&gency (EFSA) of the European

Commission, it is necessary to describe potentladiglthy attributes that unifloral honeys have in
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compositional and bioactive parameters, as webia®gical activities in strawberry-tree honeys

from different countries might be beneficial.

Strawberry-tree honeys from different geographaains need to be studied from the point of
view of authentication and recognition of possibéalth claims. Therefore, the main aim of this
study was to seek common features of strawbereyftioneys from different southern European
countries, analyzing arbutin, groups of polyphenalse profiles of volatile and semivolatile
compounds, trolox equivalent antioxidant capaciliEAC), antioxidant activities against both
hydroxyl (AOA), and superoxide (SRS) radicals, oxygadical absorbance capacity (ORAC), as
well as anti-inflammatory and antimicrobial (agaii@smicroorganisms) activities. An additional
purpose was to compare the potentially functiorcdivies of strawberry-tree honeys and their
phenolic extracts, to determine if these honeydaaneiktracts could be used beneficially as an

ingredient.

2. Material and Methods

2.1. Standards, reagents and apparatus

All the solvents were of analytical grade puritycetonitrile, ethyl acetate, methanol, sodium
carbonate, sodium chloride, sodium hydroxide, d@s hydroxide, potassium persulfate,
Fe(NH,)2(SQy),, EDTA, acetic acid, formic acid, p-dimethylaminokzaldehyde (DMAB), Carrez |,
Carrez I, HPQy, HCI, sodium molybdate, 1$0,, H,O, were purchased from VWR International
Eurolab, part of Avantor (Llinars del Vallés, Caiigh, Spain). Gallic acid (GA), NaNONa&SO,
and catechin (Ct) were purchased from Panreac ¢Rara, Catalufia, Spain). AKznd fluorescein
sodium were purchased from Fluka Chemie GmbH, par$igma-Aldrich (Buchs, San Galo,
Switzerland). NgHPQ,, NaH,PO, were purchased from Scharlab (Sentmenat, Catalsipain).
Potassium tetraborate, nitro-blue tetrazolium (NB3Qdium benzoate and uric acid (UA) were

purchased from Alfa Aesar, part of Thermo Fishear{#el, Rheinland-Pfalz, Germany). Nutrient
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Ringer solution were obtained from Oxoid, part dlefmo Fisher (Basingstoke, Hampshire, UK).
Arbutin, Folin-Ciocalteu reagent, catechol (C), mpa¢in (Q), dinitrophenylhydrazine (DNP),
naringenin ~ (N), methyl undecanoate, methyl heptadeate, 2,2-azino-bis (3-
ethylbenzothiazoline-6-sulphonic  acid) (ABTS), 6dhyxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (Trolox, T), thiobarbituric acidamthine, xanthine oxidase (10110434001), 2,2’-
azobis(2-amidopropane) dihydrochloride (ABAP), MNdgt-D-glucosamine (NAG), hyaluronic
acid sodium salt (HA) fromSreptococus equi (53747), bovine serum albumin (BSA),
hyaluronidase from bovine testes type IV-S (140nIUMH3884) were purchased from Sigma-
Aldrich, part of Merck (Steinheim, Nordrhein-Wed#ia, Germany). Water was deionized using a

Milli-Q water purification system (Millipore, padf Merck, Bedford, MA, USA).
2.2. Honey Samples

Twelve strawberry-tree honey samples harvested0tb22016 and 2017 were collected from
professional beekeepers in different areas of Sgsamples 1 to 6), Algarve, Portugal (samples 7
to 9), Sardinia, Italy (samples 10 and 11), ands(€ar France (sample 12). All samples were
obtained by centrifugal extraction followed by detzdion. After sampling, honeys were stored at
4 °C (for a maximum of 16 wk) until analysis. Fllooaigin was determined by melissopalynology,
extracting the sediment and counting the pollenngr§von der Ohe et al., 2004), as well as

sensory analyses (Piana et al., 2004), assess&raplbr, odor, taste, flavor and texture.
2.3. Arbutin analysis

Arbutin was analyzed using the HPLC procedure ohJat al. (2015) modified for the purpose of
improving reliability. Honey (5.0 g) was dissolvad20 ml distilled water, transferred with Milli-
Q water to a 50 ml volumetric flask and clarifiedttw0.5 ml Carrez | and 0.5 ml Carrez Il
reagents (AOAC, 2016). After stirring and filling the mark, the sample was filtered using
Whatman" 40 (GE Healthcare, Chicago, IL, USA). The solutigas then filtered using a 0.45-

um membrane (Whatm&h) and 20 pl was injected in the chromatograph @/aRro Star, part of
7
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column Microsorb-MV 100-5 (4.6 x 150 mm) (Agilenédhnologies) at 28C. The mobile phase
consisted of solvent A: # acidified with HPO, to pH=3 and solvent B: acetonitrile. Initial
solvent composition was 0% B. It increased line&l$0% B in 10 min. Flow rate was 1 ml/min.
Detection was carried out at 280 nm (Varian Prao B¥ Vis detector). Total analysis time was 10
min. Arbutin was quantified using a calibration \eer The quantification limit was calculated as
$+10s, (s = standard deviation ang,= average signal of 10 blank injections). Standard an

samples were injected in triplicate. Percentageslaitin recovery were >90%.
2.4. Phenolics extraction

To remove all sugars and other polar compounds ffmmey and to obtain the phenolic
compounds, an extraction was carried out usingntie¢hod described by BaltruSagyet al.
(2007). Honey solutions, previously adjusted to i@ with 2 M HCI, were filtered using a
column (300 x 15 mm) with Amberlite XAD-2 resin (&lco, Bellefonte, PA, USA),
preconditioned with methanol and distilled wateheTcolumn was washed with 250 ml of
acidified water (pH 2.0) and then with 300 ml oftdied water and then the phenolic compounds
were eluted with 250 ml of methanol. Methanolicragts (ME) were stored at -20 °C until further

use, for a maximum of 3 wk.
2.5. Total phenolics content (TPC)

TPC were measured in honey (5.0 g diluted to 5Qvithl distilled water) and phenolic extracts
using the Folin-Ciocalteu assay (Osés et al., 28@&nple (0.5 ml) was mixed with 2.5 ml 0.2 N
Folin-Ciocalteu reagent. Sodium carbonate (2 migibwas added after 5 min and the samples
were incubated for 2 h in the dark at room tempeea(22-25 °C). Absorbance was measured at
760 nm against a blank of water (for honeys) orhawestl (for phenolic extracts) using a Varian
Cary Bio 400 spectrophotometer (Varian). GA (0-388/l) was used as the standard for the

calibration curve. The results were expressed a&Ad00 g honey.

2.6.0-Diphenols
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method described by Cert et al. (2007), where Bfmhethanol extract was mixed with 0.5 ml 5%
(w/v) sodium molybdate in methanol and water (=gl after stirring the samples absorbance was
measured at 370 nm. For each sample, color cavreatas needed (2 ml of methanol extract with
0.5 ml of methanol:water (1:1)). The second assay thhe method used by Afoakwa et al. (2012),
using the Arnow reactive (10 g of Nakd@nd 10 g of NaMoO, in 100 ml of water). Briefly, 1 ml

of ME was mixed with 2 ml 0.5 M HCI, 1 ml of Arnoveactive, 10 ml of water and 2 ml 1 N
NaOH. Absorbance was measured at 515 nm. For boitegures C (0.001-0.050 pg/ml) was

used as the standard for the calibration curvesesging the results as pg C/100 g honey.
2.7. Total flavonoids content (TFC)
2.7.1. Flavones/Flavonols

Flavones and flavonols were determined in ME, ngxinml of each sample with 1 ml 2% (w/v)
AICI3in methanol. Absorbance was measured at 415 nmsgaiblank (1 ml of water with 1 ml
of methanol) after 10 min at room temperature. @{2.1g/ml) was used as the standard for the
calibration curve and the results were expressedga®/100 g honey. A color correction (1 ml of

each sample with 1 ml of methanol) was done (Saetlah, 2016).
2.7.2. Flavanols

Flavanols were analyzed in ME using the proced@escabed by €kal and Pyrzynska (2014).
Briefly, 1 ml of sample was mixed with 0.3 ml 5%/vNaNG,. After 5 min, 0.5 ml 2% (w/v)
AICl3 in methanol was added and 6 min later 0.5 ml 1 MDNawas used to neutralize the
solution. Absorbance was measured at 510 nm agaiblstnk (1 ml of methanol) after 10 min at
room temperature. Ct (1-80 pg/ml) was the standael in the calibration curve. Results were

expressed as mg Ct/100 g honey.

2.7.3. Flavanones/dihydroflavonols
Flavanones and dihydroflavonols were determinedinusing the procedure described by Popova

et al. (2004). Briefly, 1 ml of the working soluti@and 2 ml of DNP solution (1 g DNP in 2 ml 96%
9
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bath. After cooling to room temperature, the migturas diluted to 10 ml with 10% (w/v) KOH in
methanol. An aliquot (0.5 ml) of the resulting d4@a was diluted to 25 ml with methanol.
Absorbance was measured at 486 nm against a Mdmgke the sample was substituted with 1 ml
of methanol. N (0.10-2.50 pg/ml) was used for thkbeation curve and the results were expressed

as mg N/100 g honey.
2.8. Volatile and semivolatile compounds

They were analyzed using a modification of the pdage of D’Arcy et al. (1997), in which 10 g
honey was weighed in triplicate and extracted witidiluted ethyl acetate, adding two internal
standards: 600l of methyl undecanoate in ethyl acetate (0.152nnhgbefore solvent extractions
and 600ul of methyl heptadecanoate in ethyl acetate (0.1fml). Combined extracts were
concentrated using an all-glass rotary evaporak®ld4, Bichi Labortechnik AG, Flawil,
Switzerland) at 30 °C. Extracts were kept in ghaats at -30 °C for a maximum of 2 wk until the
analysis. Sample (1 pl) was injected into the da®matography-mass spectrometry (GC-MS)
instrument. GC-MS was carried out on a Hewlett RettKHP) 6890 series GC system (part of
Agilent Technologies) coupled to an HP 5973 madecBee detector (Hewlett Packard).
Chromatographic separation was achieved using a SIeFEC2/BPX5 (SGE Analytical Science,
part of Trajan, Melbourne, Victoria, Australia) d&oy column (5% phenyl polysilphenylene-
siloxane; 50 m length, 0.22 mm id, 0.25 pum film thickness). The oven temperature was
programmed to start at 50 °C (4 min initial holdjter that, the temperature was increased at 5
°C/min to 90 °C (1 min hold), then at 3 °C/min &2C (10 min hold) and finally at 15 °C/min to
320 °C (10 min hold). Ultra-pure grade helium (Riquide, Burgos, Castilla y Le6n, Spain) at a
flow rate of 22.9 ml/min was used as the carries. J@mperatures were: 250 °C for the injector,
280 °C for the transfer line, 150 °C for the quadta and 230 °C for the source. The MS detector
was operated in the Scan mode between 30 andn300 he identification of volatile compounds
was done by comparing the mass spectra for eadhwita the data included in the Wiley 275

10
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internal standard method was used. Concentratigrk@hwas based on the ratio of peak areas of
each volatile compound to that of the internal dgad (methyl undecanoate), multiplied by the

final concentration of the internal standard (4Bgl).

2.9. Antioxidant activity

2.9.1. ABTS™ scavenging activity test
TEAC of strawberry-tree honey and their ME was meas using ABTS as the source of free radi-
cals (ABTS") using the procedure described by Sancho et @L6)2 ABTS" (1490pl, obtained
mixing 1:1 ABTS with KS,0g, and then, kept in the dark for 16-18 h) was miwetth 10 ul of
sample, standard or blank. T was used as the sthifmfathe calibration curve (0.625-3.000 mM).
The percentage inhibition after 6 min was calculatsing the following equation:
% inhibition = [((Ab-As)/Ab) x 100] (1)
where Ab = absorbance of the blank, As = absorbahtiee sample or standard.
Results were expressedianol T/100 g honey or 100 ml ME.

2.9.2. Radical-scavenging effect on hydroxyl radicals
AOA of honeys (75% wl/v, in water) and their ME waissayed using the procedure of Koracevic et
al. (2001). Sample (10) was mixed with 49Ql 0.1 M sodium phosphate buffer (pH 7.4), 500
0.01 M sodium benzoate, 2002 mM FeSQ-EDTA and 20Qul 0.01 M hydrogen peroxide. After 1
h incubation at 37 °C, the reaction was stoppeddayng 1 ml 20% acetic acid, and right after 1 ml
0.8% (wl/v) thiobarbituric acid in 50 mM NaOH wasdad. The solution was boiled 10 min and
then cooled in ice. Each sample)Aad its own control (4, in which 20% acetic acid was added
before Fe-EDTA and ¥D,. For each series of analyses a negative contrchiid Kj) was prepared,
containing the same reagents as A, but replaciegdmple with phosphate buffer. As the standard
for the calibration, 1 mM UA in 5 mM NaOH ¢Uand ) was used. Antioxidant activity was
calculated using the following equation:

AOA = umol UA/100 g of honey or 100 ml of ME = f(€uya) X 1000 x (K-A)/(K-U) (2)

11
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mM), K = the absorbance of control {(,Ky), A = the absorbance of sample;{Ao); U = the
absorbance of UA solution (o).

2.9.3. Superoxide radical-scavenging activity
SRS was done with the xanthine-xanthine oxidastesysising the procedure described by Kuguk
et al. (2007) slightly modified. For honey samplesncentrations of 75, 50, 25 and 5% were used,
while for methanolic extracts 100, 75, 50 and 25%revused. Sample, 250 ul of each
concentration, was added to the reaction mixturdaioing 100 uM xanthine, 600 uM NBT, 0.05
U/ml of xanthine oxidase from cow milk (101104340@igma-Aldrich) and 0.1 M phosphate
buffer (pH 7.4) making a final volume of 5.0 ml fooney and 1.0 ml for ME. One unit (U) was 1
pmol of xanthine converted to UA/min at pH 7.5 &t°Z. Mixtures were incubated at 25 °C for 10
min and the absorbance was measured at 560 nmsagabiank for each sample, in which the
enzyme had not been addedsd(50% inhibitory concentration in mg/ml) values fbe inhibition
of the generation of superoxide anions by the sasnplere calculated by measuring the reduction
of NBT to form blue formazan.

2.9.4. Oxygen radical absorbance capacity
The ORAC assays measures antioxidant activity agaiaroxyl radicals (ROQ® ORAC values
were determined using the method described by Hearad. (2002) with modifications, using a
fluorometer Varioskan LUX microplate reader (Therfsher). Three ul 4.1 uM fluoresceine diso-
dium were added to 187 ul of sample diluted in &u{75 mM sodium phosphate, pH 7.4) (sam-
ple), or to 187 ul buffer (blank) or to a mixturel@1 pl buffer and 6 pl 0.2 uM T solutions (T)an
96-well white plate (Greiner Bio-one, San Sebastlanos Reyes, Madrid, Spain) at 37 °C for 5
min. Then, 10 ul, 0.37 M ABAP was added to the omgtand measured every 5 min for 90 min
(excitation wavelength 485 nm and emission wavdle®@0 nm). The results were expressed as
pmol T/g honey or 100 ml ME using the following atjon, with areas obtained using Excel (Mi-

crosoft 365. Redmond,WA, USA):

12
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2.10. Anti-inflammatory activity

Anti-inflammatory activity was assessed using thgllronidase inhibition assay using the
procedure of Ferreres et al. (2012), based on thehamism of the Morgan-Elson reaction.
Enzyme activity was defined as 1 unit of hyalurasie that catalyzes the liberation ofuhol
NAG/min with specified conditions. Stock solutiod 8 mg/ml HA from Streptococus equi
(53747) was prepared in water and stored @@ fior a maximum of 4 wk. HA stock solution (70
ul) and 100ul of buffer (0.2 M sodium formate, 0.1 M NaCl an® @ng/ml BSA, pH adjusted to
3.68 with formic acid) were added to 2QDmilliQ water and 50ul sample. The mixture was
heated at 37C for 10 min before starting the reaction by additof 50l of hyaluronidase from
bovine testes type IV-S (1400 U/ml, H3884) prepaned.9% NaCl. The mixture was incubated 1
h at 37°C in a water bath. The enzymatic reaction was sdppy adding 10Q of 0.8 M
potassium tetraborate and then, incubated 3 man water-bath at boiling. The test tubes were
cooled at room temperature and {8@f DMAB (2 g of DMAB dissolved in a mixture of 2.ml

of 10 N HCI and 17.5 ml of glacial acetic acid, ther diluted 1:2 with glacial acetic acid
immediately before use), was added. The tubes inenbated 20 min at 3T and the color of the
resulting product was measured at 586 nm agaibkirk sample (where enzyme and sample had
been substituted with buffer). NAG standard soh#idin the range between 0 and@rfol), were
used for the calibration curves. With the NAG fodria each enzymatic reaction and using the
linear regression equation, the percentage of eazghbition was calculated using the following

equation:
% Inhibition = (A-B/A) x 100 (4)
where A = thaumol of NAG in the positive control (substitutipd of sample with buffer), B = the
umol of NAG.

2.11. Antimicrobial activity

The antimicrobial activity of honeys and phenolktracts was evaluated using agar well diffusion
13
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Streptococcus mutans (CECT 479), Saphylococcus aureus NB1 (bacterial collection of the
Department of Biotechnology and Food Science, @tthiversidad de Burgos (Burgos, Castilla 'y
Ledn, Spain), isolated from food)spergillus flavus (CECT 2687)A. niger NB1, Fusarium sp.
NB1 (fungi collection of the Department of Biotechwogy and Food Science, Universidad de
Burgos, isolated from bee pollen) afnicillium commune M35 (fungi collection of the
Department of Food Hygiene and Food Technologyyéisidad de Ledn (Ledn, Castilla y Ledn,
Spain), isolated from food). Stock cultures weramaned on NB E. coli and&S. aureus), BHI
(Str. mutans) and MEB for fungi, with glycerol (20%) at -20 °Bacterial inoculi were prepared in
NB or BHA for 24 h at 37 °C. Cell suspensions weilated in sterile Ringer to £0CFU/mI
(determined using plate counts). While fungi werepared from sporulating 7-day-old cultures
grown on MEA at 25 °C. Dilutions with sterile twe@&® at 0.05% were used to adjust the
suspension to f@conidia/ml (determined using microscopic counting a Neubauer chamber,

Brand GMBK, Wertheim, Germany).

Agar plates (NA, BHA) were inoculated with bacteniususpension (8 log cfu/ml) or fungi

suspensions (5 log conidia/ml) over the surfaceéhefplate. Two h later, sterile discs (6.0 mm
diameter, Oxoid) impregnated with honey or ME wel&ced on the surface of the agar using a
sterile tweezer. Plates were incubated at 37 °@4on for bacterium and at 25 °C for 5 days for
fungi. Methanol was also tested. Inhibition haleerevmeasured using a Vernier caliper (0.02 mm
minimum resolution). The diameter of zones (mmyluding the diameter of the discs, was

obtained.
2.12. Statistical analysis

All the analyses were done in triplicate. A norrtyaliest was done for all the parameters. The
parametric values were evaluated using multiplgeaests with Tukey HSD test (p<0.05), while
non-parametric values were analyzed using the kaleMlallis test followed by box-and-whiskers

graphic interpretations. Pearson correlations wsed to assess the results. Statistical software
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3. Results and discussion

3.1. Arbutin
Arbutin was assayed with and without Carrez cleatfion. Carrez clarification improved
chromatographic resolution, providing symmetriaadl avell-defined peaks. Arbutin was quantified
in 10 samples (Table 1). In two samples from Sigaiand 5 in Table 1), the arbutin content was
below the method’s limit of quantification. Arbutia mainly present in the strawberry-tree fruits
(Pawlowska et al., 2006) being in low amounts iheotparts of the shrub. All samples showed
melissopalinological and sensory characteristics stfawberry-tree honeys. One possible
explanation for the absence of arbutin in samplas®5 could be that arbutin content can vary in
A. unedo L. nectar depending on such factors as climatiditmms, among others. As strawberry
tree honey is difficult to characterize by melissiamlogy, becausé\. unedo pollen is under-
represented (Von der Ohe et al., 2004), other plessnarkers, such as arbutin content should be
analyzed more in depth in honeys from different ggaphic locations and harvesting years.
Homogentisic acid, two abscisic acid isomers aretlone should also be considered (Deiana et al.,
2015).

3.2. TPC
Honey showed a mean TPC 6 times higher than thedfE (Table 1). Folin-Ciocaltemethod
also guantifies other reducing compounds (Petedttd., 2015), so that a prior step for isolatiédn o
phenolic compounds would be needed to remove er@ntes (Pyrzynska and Biesaga, 2009), and
properly analyze honey TPC. Other authors obselve@r phenolic values for strawberry-tree
honeys, ranging from 42 to 118g GA/100 g for honey samples (Aazza et al., 2013; Afrin et al.,
2017; Castiglioni et al., 2017; Da Silva et al., 2016; Rosa et al., 2011; Tuberoso et al., 2013; Ulloa
et al., 2015). Only Petretto et al. (2015) analyZ&L on honey extracts, obtaining higher values
(39 + 8 mg GA/100 g) than those of this study. 8barry-tree honeys had high amounts of TPC.
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and cosmetic companies, as these compounds hamesheen to be useful for food preservation
(Matrtillanes et al., 2017), and are currently uasdactive constituents of cosmetic creams (Taofiq
et al., 2019).

3.3.0-Diphenols
Total o-diphenols were quantified in strawberry-tree ha@eysing two different procedures,
obtaining similar results (Table 1). Significantri@ations were found between both assays (r =
0.7969; p<0.05), and between the values@tliphenols by each procedure and TPC (r = 0.66d7 an
r = 0.6254, respectively; p<0.05). Despite the concentration @kdiphenols in strawberry-tree
honeys being low, these compounds might be redlplensir some bioactivity becausediphenols
are easily oxidized to quinones, thus showing laigthoxidant activity.

3.4. Flavonoids content
Three different groups of flavonoids were measurd@ble 1 shows the results for
flavones/flavonols, flavanols and flavanones/dilofidgrvonols. The values for ME were lower than
those observed by Aazza et al. (2013) and Ullad. €2015) in honeys (averages 9.7 and 5.3 mg of
Q/100 g honey, respectively). As stated by Sandhal.e(2016), honeys’ flavonoids must be
measured on alcoholic extracts, to remove intemfes. Flavanols were the main group of
flavonoids found. Afrin et al. (2017) obtained vaduranging between 6.6 and 11 mg Ct/100 g
honey in samples from Sardinia, Italy. A signifitaorrelation was observed between flavanols and
TPC (r = 0.9113; p<0.05). Flavanones/dihydroflavonols were not previouslyalgred in
strawberry-tree honeys, their contents were lowan tthe amounts obtained for other flavonoids.
The amount of flavonoids depends on various factarsh as botanical and geographical origins, as
well as climatic conditions, which can explain tdhédferences that were found among the

flavonoids’ contents of the strawberry-tree samples
3.5. Volatile and semivolatile compounds analysis

Eighty-four out of 108 volatile analytes were idéat. To summarize common features about
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in at least half of the samples including 10 ngrsnoids, 10 benzene derivatives, 7 heat-related

compounds, 5 aliphatic compounds and 1 alkaloiglotphomine).

Norisoprenoids were the most important group sinad their compounds were found in all the
samples and in high quantities, with 2,6,6-trim&iydxo-2-cyclohexen-1-carboxaldehyde and
vomifoliol being the major volatile compound. Batbmpounds were also observed in Sardinian
strawberry-tree honeys (Dalla Serra et al., 1998@ifoliol was also present in high quantities in
heather honeys, minimizing its value as a strawtieee floral marker, but 2,6,6-trimetyl-4-oxo-2-
cyclohexen-1-carboxaldehyde could be further ingastd as a possible marker far unedo L.
honeys. Other important norisoprenoids werésophorone, 4-oxoisophorone (ketoisoforone)
detected in all samples arfidisophorone present in 10 honeys. Bianchi et &0%2 and De la
Fuente et al. (2007) proposed these last three @ontis as markers for the botanical origin of
strawberry-tree honeys. Karabagias et al. (2018 &unda-isophorone, ketoisoforone and 2-
hydroxy-3,5,5-trimethyl-2-cyclohexen-1-one as pmadwant volatiie compounds in Greek
strawberry tree honey samples with the latter bgugntified in 8 samples and also in Sardinian
strawberry tree honeys (Dalla Seetaal., 1999). Finally, 4 norisoprenoids were detectedl2
samples (2,2,6-trimethyl-cyclohexan-1,4-dione, @t8metyl-4-oxo-2-cyclohexen-1-
carboxaldehyde, 4-hydroxy-2,2,6-trimethyl-5 oxo-8y&lohexadien-1-carboxaldehyde and 2-
hydroxy-3,5,5-trimethyl-2-cyclohexen-1,4-dione) tthaere previously described in Sardiniéan

unedo honeys (Dalla Serret al., 1999).

Among benzene derivatives homogentisic acid (Z¥yatoxyphenylacetic acid) and 3,4,5-
trimethylphenol were the most prevalent compoundslomogentisic acid (2,5-
dihydroxyphenylacetic acid) was the most abundaetplic compound in this type of honey (Rosa
et al., 2011; Tuberoso et al., 2010). Homogentisic acid was detected in all the strawb&ge
honeys in similar concentration ranges as thosaediday Bki¢ Karatonji and Jurica (2017), who
developed a GC-MS method for the analysis of homtigje acid using ethyl acetate as the solvent,
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isomers were found in all samples: 3,4,5 trimethglpol with a concentration range from 12 to 934
mg/kg and 2,3,5-trimethylphenol with values from3 10 72 mg/kg. Karabagias et al. (2019) also
found 3,4,5-trimethylphenol in Greek strawberryetieoneys. These authors also reported 2,4,6-

trimethylphenol. However it was found in 5 sampest was not included in Table 2.

The aliphatic compound 2-hydroxycyclopent-2-en-&-@vas found in all samples. This compound

had not been previously described in strawberry-i@eys.

Among the volatile and semi volatile compoundsisiimportant to highlight the presence in 8
samples of theobromine. This alkaloid has alsayeen previously reported A unedo L. honeys.
Theobromine contents were also analyzed in the kesmysing HPLC-UV, with values ranging
from nondetectable to 28 mg/kg honey, with an aye@ncentration of 5.8 mg/kg honey (data not

shown).

Considering the presence and abundance of vokatidesemivolatile analytes in the samples the
components that can be used as markers of botaigat of strawberry-tree honeys are not only
those previously proposed (homogentisic aettsophorone, 4-oxoisophorone (ketoisoforone) and
B-isophorone) but also 2,6,6-trimetyl-4-oxo-2-cy@abn-1-carboxaldehyde, 3,4,5 trimethylphenol
and 2-hydroxycyclopent-2-en-1-one. Theobromine khdae more studied in strawberry-tree

honeys.

3.6. Antioxidant activity
A variety of methods have been proposed to deterrtiia antioxidant capacity of foods. However,
there is no universal method that can measure tidewange of antioxidant capacities, because the
assays have different reaction mechanisms andatgsbxidant activity against different free
radicals. To properly assess the antioxidant dgtiaf strawberry-tree honeys, 4 different
procedures were used. The antioxidant activity iobthfor the strawberry-tree honeys and their
ME are shown in Table 3. Strawberry-tree honeysvsidobetter scavenging of ABTSactivities

and ROOthan ME. This was consistent with other non-pheoohpounds in honeys also showing
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O" radicals. It is likely that glucose oxidase adgivin honeys (which produces;@,), minimizes
the antioxidant capacity against hydroxyl radidalsome extent, in contrast to what occurs with
ME that are free of enzymes. The values of ABT&8avenging activity for honey were similar to
those obtained by Castiglioni et al. (2017) (7500urh/100 g), and higher than the values
previously reported by Afrin et al. (2017) (100-326hol T/100 g) and Tuberoso et al. (2013) (590
pmol T/100 g), who also described lower TPC. Therage ORAC value for honeys was slightly
higher than the values reported by Aazza et all3p@n other strawberry-tree honeys (40 pumol
T/g). Regarding the antioxidant capacity againdrbyyl and superoxide radicals, no data were
found in the literature for strawberry-tree honelygt the results against hydroxyl radicals were
similar to those reported for heather, chestnutterkeydew honeys (Osés et al., 2016). Antioxidant
values against superoxide radicals were higher thase obtained by Kucik et al. (2007) in
chestnut, multifloral and rhododendron honeys. ummary, the analyzed strawberry-tree honeys
and their ME showed good antioxidant activitiesiagfaABTS™, peroxyl, hydroxyl and superoxide
radicals. Significant correlations were observetiveen TPC and ABTS superoxide radicals and
ORAC values(r = 0.6859, r = 0.6990; r = 0.7068, respectively; p<0.05), as well as between
flavanols and ABTS (r = 0.7388; p<0.05), consistent with Ulloa et al. (2015). However, no
correlation was obtained between TPC and antioxidativity against hydroxyl radicals, which
shows that other honey constituents, such as vignarganic acids, enzymes, peptides, and other
minor compounds (Rosa et al., 2011; Ulloa et al., 2015) are likely to contribute to hydroxyl radica
scavenging.

3.7. Anti-inflammatory activity

Figure 1 shows the percentage of hyaluronidaséitntm for honeys at 75% and ME (0.1 g/ml).
Strawberry-tree honeys showed higher anti-inflanemyatactivity than their extracts. Similar
results for strawberry-tree honeys were obtainedDay Silva et al. (2016), who obtained a
hyaluronidase inhibition value of 48 £ 2% at a camtcation of 36 g/l. A high correlation was
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inflammatory activity was positive correlated wizkhydroxycyclopent-2-en-1-one (r = 0.8068),
isophorone (r = 0.8921), ketoisoforone (r = 0.80283B,5-trimetylphenol (r = 0.7486), 3,4,5-
trimetylphenol (r = 0.6658), 5-hydroxy-2,4,4-trirhgl-2,5-cyclohexadien-1-one-3-
carboxaldehyde (r = 0.8362) and homogentisic ackl{.8366). As stated in 3.4 GC-MS section,

most of these compounds were proposed as postieberry-tree honey floral markers.
3.8. Antimicrobial activity

Honey at 75% did not show antimicrobial activityaagst bacteria and fungi. On the other hand,
all ME showed antimicrobial activities (Table 4nélresults were different from those of Da Silva
et al. (2016), who found high inhibitory activitiegainstS. aureus MRSA strains andPs.
aeruginosa of strawberry-tree honeys at 25 and 50% (w/v). Fuagd specificallyP. commune
andFusarium sp. were the most sensitive microorganisms with tlbwing the highest halo (10
and 11 mm, respectively), while the antibacter@lvaty was low. These results could be due to
non-phenolic honey compounds that might inhibit anéimicrobial activity of honey, or it could
be due to a “dilution factor” in honeys. Methanatl chot have any antimicrobial activity.
Correlations were observed between antimicrobitiviac againstE. coli and TPC(r = 0.5730;
p<0.05) and betweeA. flavus and dihydroflavonols (r = 0.5808; p<0.05) and o-diphenols (r =

0.6713; p<0.05), suggesting that each microorganism could be sensitivtifferent compounds.

4. Conclusions
Arbutin analysis using HPLC should be carried outera Carrez clarification before
chromatography. Arbutin was quantified in 83% ahgées, so it might be a marker for strawberry-
tree honeys.
GC-MS analysis of volatile and semivolatile compdsinshowed that 2,6,6-trimetyl-4-oxo-2-
cyclohexen-1-carboxaldehyde, 3,4,5 trimethylphemotl 2-hydroxycyclopent-2-en-1-one can be

proposed as new floral markers of strawberry-treaelys. Theobromine was found in 67% of
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Strawberry-tree honeys from different southern aem countries shared high polyphenols’
contents, also showing potentially antioxidant amdi-inflammatory activities, with averages of
764 pmol T/100 g for TEAC, 55 umol T/g for ORACQ6.mmol UA/100 g for AOA, 725 mg/ml
for SRS and 58% hyaluronidase inhibition for anflammatory activity. On the other hand, unlike
honeys, ME showed higher antioxidant activitiesAQA and SRS, as well as higher antimicrobial
activities, being more sensitive against fungi.hioneys, TEAC, ORAC and anti-inflammatory
activities were about twice as high as in ME, whigghlights the importance of non-phenolic
honey compounds.

Strawberry-tree honeys could be considered foriblesiture health claims. Apart from their use
in foods,A. unedo honeys could also be appealing for cosmetics drainpaceuticals because of

their biological properties and arbutin content.
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riyuic vapuull

Figure 1. Anti-inflammatory activity of strawberry-tree hoygeat 75% (w/v) and their phenolic
extract (0.1 g/ml). a-e: different letters shownsiigant differences (p<0.05) for each type of

sample.
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Table 1. Arbutin, total phenols, flavonoids andiph&nols of the strawberry-tree honey samples.

Sample Arbutin Total phenols in  Total phenols  Total flavones Total flavanols  Total flavanones Total Total
(mg/kg) honey in methanolic [flavonols (mg Ct/100 g) /dihydroflavonols  o-diphenols o-diphenols
(mg GA/100 g) extract (mg (mg Q/100 g) (mg N/100 g) (procedure 1) (procedure 2)
(x 109 GA/100 g) (ug C/1009) (pg C/100 g)
1 16+3 0.92 + 0.01 25+ 7T 1.8 +0.9" 2.2+0.12 0.70 £ 0.61 3.9+0.42 3.0+0.52
2 55+ 1 1.33+0.01 26+ 1 29+0.3 49+0.7 0.98 + 0.0Y° 5.2 + 0.4 5.3+0.4°
3 <QL 1.48 +0.01 21.4+0.38 2.33+0.02 5.4 +0.3% 1.1+0.% 6.1 +0.2% 55+0.1
4 36+6 2.01+0.02 23.2+0.3 2.2 +0.48% 6.8+0.7 1.83 + 0.04 8.6+1.3 6.3+0.f
5 <QL 1.44 +0.02 20.2 + 0.4 2.0 + 0.6 47+0.2 2.19+0.04 7.38+0.046 52+0.f°
6 59+2 1.21 +0.08 19.4 £ 0.12 1.2 +0.12 46+6.1 2.15+0.0% 5.5 + 0.4 3.85+0.08
7 17+8 1.7+0.1 32.6+0.2 1.5+0.4" 6.2 +0.2° 0.64 +0.032 57+1°% 49+0.f
8 57 +1° 1.67 +0.08 36+7 1.2+0.f 5.79 + 0.0% 0.98 + 0.0% 5.6 +0.3° 48+0.4
9 14+ 2 1.47 +0.04 29.5+0.3 1.0 +0.12 4.9 +0°% 0.83 +0.0¥ 43+0.2% 3.0+0.12
10 28+ f 1.48 +0.0% 27.4+0.4 25+0.7 5.77 £ 0.02 0.61 +0.032 4.9 + 0°% 3.3+0.12
11 20+1.2 1.51 + 0.0 23+ T 1.93 + 0.0 52+0.3 1.02 + 0.0 6.2 +0.5¢ 5.48 +0.04
12 52+ f 1.50 + 0.0 19.6+0.1 1.7 + 0.3 4.9+0.3 1.25+ 0.02 4.9 +0.3" 41+0.2
Mean + SD 34 +22 15+0.3 25+5 1.9+0.6 511 1.2+0.6 57+1.3 46+1.1
a-h: different letters means significant differes§e<0.05) for each parameter. QL: quantificationtl
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Table 2. Volatile and semi-volatile compounds (nggfloney and relative occurrence %) identified rasberry-tree Arbutus unedo L.) honeys.

RT Compounds Ne Range (mg/kg) MeantSD  Range (%) MeantSD
(min) samples (ma/kg) (%)

8.18 2,3-butanediol (levo) 11 n.d.-23 50+£6.7 nd.-1.4 0.25+0.46
8.32 2,3-butanediol (meso) 11 n.d.-35 55+9.6 n.d.-0.91 0.17+0.31
9.06 2-furancarboxaldehyde (furfural) 12 0.32-3.60 1.2+1.0 0.01-0.11 0.03£0.04
9.96 5-metyl-2(5H)-furanone 10 n.d.-15 27+45 n.d.-0.19 0.04 £ 0.06
11.96 2-hydroxycyclopent-2-en-1-one 12 5.7-42 12 +10 0.85-1.2 0.33+0.33
12.13 1,2-propanediol (propylene glycol) 9 n.d.-86 18+24 n.d.-0.71 0.25+0.24
14.14 phenol 10 n.d.-7.1 14+21 1.00-0.39 0.05+0.11
14.64 3,3-dimetyl-oxetane 12 8.3-93 31+26 0.19-1.2 0.63+0.33
15.25 3,4-heptadiene 10 n.d.-310 70+£90 n.d.-2.4 0.94 +0.69
15.37 3,5,5-trimethyl-3-cyclohexen-1-orfeisophorone) 10 n.d.-310 47 £ 85 n.d.-2.4 0.71660.
15.79 phenylacetaldehyde 6 n.d.-13 1.3+38 n.d.-0.10 0.02 +0.03
18.86 3,5,5-trimethyl-2-cyclohexen-1-onei¢ophorone) 12 7.8-207 79 £ 62 0.46-3.3 1.4+0.8
19.60 2-hydroxy-3,5,5-trimethyl-2-cyclohexen-1-one 8 n.d.-38 8.2+11.4 n.d.-0.50 0.19+0.19
19.76 2,6,6-trimethyl-2-cyclohexen-1,4-dione (ketdorone) 12 5.4-145 42 +41 0.38-1.2 0.70£0.25
20.03 2-butanoyl-5-methylfuran 12 1.0-21 7.7+6.2 0.06-0.49 0.17 £0.12
20.46 2,3-dihydro-3,5-dihydroxy-6-metyl-4H-pyransfie 9 n.d.-53 11+15 n.d.-0.90 0.29+0.31
21.02 2,2,6-trimethyl-cyclohexan-1,4 dione 12 5.1-100 29 +27 0.24-1.2 0.53+0.27
23.45 2-hydroxy-3,5,5-trimethyl-2-cyclohexen-1, 4@ 12 1.9-80 20+ 22 0.11-0.71 0.35+0.23
23.58 dihydro-4,4-dimethyl-2H-pyran-2,6-(3H)-dione 7 n.d.-73 15+ 22 n.d.-0.62 0.24 +0.25
24.02 4-hydroxy-cinnamic acid 11 n.d.-9.8 3.1+33 n.d.-0.15 0.07 £0.06
24.73 5-(hydroxymethyl)-2-furaldehyde (hydroxymédthsfural, HMF) 6 n.d.-139 16 + 39 n.d.-2.5 0.4D#74
25.58 2,3,5-trimethylphenol 12 1.3-72 2122 0.14-0.89 0.35+0.22
26.66 1-methoxy-4-propyl-benzene 8 n.d.-8.6 29+30 n.d.-0.20 0.05 +0.06
27.60 2,6,6-trimethyl-4-oxo0-2-cyclohexen-1-carbabedlyde 12 25-1150 340 + 320 3.6-37 8.7+9.0
27.81 3,4,5 trimethylphenol 12 12-934 320 + 310 1.7-11 5.0£3.3
27.98 2,6,6-trimethyl-4-oxo-1-cyclohexen-1-carbabedlyde 8 n.d.-97 24 £ 29 n.d.-0.88 0.35+0.35
30.18 4-hydroxy-2,2,6-trimethyl-5 oxo-3,6-cyclohdien-1-carboxaldehyde 12 2.4-217 55+61 0.14-2.0 .83@&0.55
33.16 2,5-dihydroxybenzaldehyde 6 n.d.-3.9 0.32+1.12 n.d.-0.08 0.01 +£0.02




RT Compounds Ne Range (mg/kg) MeantSD  Range (%) Mean+SD
(min) samples (mg/kg) (%)
40.96 2,5-dihydroxyphenyl acetic acid (homogentisii) 12 22-374 170 £ 110 0.89-35 55+94
41.24 1-methoxy-4-methyl-benzene 10 n.d.-93 36 £30 n.d.-1.5 0.61+0.48
47.00 4-hydroxy-4-3-hydroxybut-1-enyl]-3,5,5-trirhgtcyclohex-2-en-1-one (vomifoliol) 12 62-572 28030 2.1-17 7.3+35
51.01 3,7-dimethyl-xanthine (theobromine) 8 n.d.-44 5.7+12.4 n.d.-0.33 0.07 £0.10
53.24 3-[(4-hydroxy-3,5-dimethyl)-benzoyl] propicracid 7 n.d.-114 32+37 n.d.-1.6 0.65 +£0.69

RT: Retention time; Min.: Minimum; Max.: Maximum; SD: Standard deviation. mg/kg: mg methyl-undecanoate/kg honey). n.d. Ndealed
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Table 3. Antioxidant activity of strawberry-treerfeys and their phenolic extract against differadigals (ABTSe+, «*OH, @ and ROOQOe).

Sample TEAC (ABTSY) AOA (*OH) SRS (02) ORAC (ROO-)
Honey Phenolic extract Honey Phenolic extract Honey Phenolic ex- Honey Phenolic extract
(umol T/100 g) (umol T/100 ml) (umol UA /100 g) (umol UA /100 ml) (mg/ml) tract (mg/ml) (umol T/g) (umol T/100 ml)
(x 109) (x 109 (x 10) (x 109)
1 2.8+0.18 21.0 +0.22 7846 91 +6° 2.6+0.42 12 +9 41+7 3.3+0.5
2 7.4+0% 28 + ¢ 60 + 2 84 + P 6.9+0.3 8.4+0.2% 62 + 3¢ 2.3+0.5
3 7.7 0.5 33+ 9« 50 + 4° 101 + 5¢ 7.14 + 0.0% 7.0+0.2" 31.1+0.48 0.7 £0.18
4 82+1.% 26+ X 51 + I* 77 £ 8¢ 1.7+0.12 9.6 + 0% 35+ 4* 0.9+0.32
5 7.9 +0.4¢ 25+ H 56 + I° 57 +132 6.4+0% 6.7 +0.4" 41+ 7P 3.4+0.5f
6 5.8+0.6 22+ 7 67 + ' 77 £ ¢ 8.29 + 0.0 6.8+0.2" 44+ P 0.6 +0.32
7 8.7+1.0 55+ 3 63 + 1% 87 £+ I 2.4 +0.22 1292 69+3 2.53 + 0.0%
8 8.1+0.% 48 + 5° 74+ 95 + 4° 7.4+0.6° 12 + 7 113+ 3 40+0.2
9 9.0+0.6 31 +4° 49+9 75+ 2 18+ 4 10 + 1% 58 + ¢ 48+0.3
10 9.3+1.38 40 + 3% 40 £ 12 82 + ¢ 10+ T 9.8+0.5° 28 +32 3.0+0%
11 7.9+0.6b 44 + 3 63 + 1% 100 + 5¢ 6.9+0.2 6.2 +0.12 63 +% 0.8+0.12
12 9.0+0.1 34+ &% 40+ F 111+ 5% 9.4 +0.4 9.9+0.4° 51+3 2.2+0.2
Mean + SD 76+19 34+11 58 + 12 86 + 15 7.3.34 92+22 53 +24 24+1.4
Honey Phenolic extract Honey Phenolic extract Honey Phenolic extract
(umol T/g) (umol T/10ml) (umol UA /g) (umol UA /10 ml) (umol T/g) (umol T/10ml)
Mean + SD 76+1.9 34+1.1 0.6 +0.1 8.6+15 53 + 24 24 + 14

a-g: different letters means significant differen¢e<0.05) for each parameter.
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Sample St. aureus E. coli Str. mutans A. niger A. flavus P. commune Fusarium sp.
1 8.1+08%® 93+1%%" 70+17 11+ PP 8.4 +0.25%¢ 10 + 18P 10 + B
2 86+16%° 82+02% 73+00° 04+07%* 7.5+0.12 13+ ¢ 11.0 £+ 0.F%*
3 72+0.8% 81+06%* 73:x082 97+08% 8.8+0.7E 10.1 + 0.6 10.7 + 0.6%*
4 7.2+0.2% 8.0 +0.9% 6.5+0.0° 8.6+0.5%%¥ 11.0+0.5° 9.7 + 0.5 10.6 + 0.5
5 6.1+0.fa 6.5+04% 68+06% 88+18* 9.5+ 0.4¢ 7.3 +0.98¢ 9.3+0.82
6 6.0 +0.6° 6.0 + 0.0° 7.1+1.62 83+04%% 93+0.3 11 + 1°°¢ 11 + 1°8
7 7.2+02% 83+048%* G4+0f2 92+08%" 81+0.£5% 10.8 + 0.4 11 + F&
8 78+02%° 95+07%° 70+12a 98+14% 00+0.3°™ 10.6 + 0.F%¢ 12 + 5P
9 75+05%  93+1.4° 6.4+ 0.1 95+1.5° 8.7 +0.78% 10 + BP 10 + B*
10 6.0+0.0° 6.0+0.fa  7.1+058 11+ f° 9.4 + 0.5 11 + 1% 10.3 + 0.4
11 6.8 + 0.7 6.0 £0.0° 6.0 £ 0.0° 9.1+0.4° 9.0+ 0.F% 10.9 + 0.8 9.6 + 0.5
12 78+04%° 68+0.7% 68+1.1% 6.0+0.0° 8.2+0.2%  10.4 +0.06° 11 + 1°8
Mean * SD 7.1+09 76+15 6.8+0.9 8.6+3.0 98009 10+1 11+1

a-e: different letters show significant diffecess (p<0.05) in the same column
A-D: different letters show significant differegs (p<0.05) in the same row

Table 4. Antimicrobial activity by agar well diffissn (mm) of phenolic extract from strawberry trembys from different Mediterranean countries (n
= 3). Diameter of the disk 6 mm.
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