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Abstract



Concerning the particular nutritive value of honeydew honey compared to blossom honey, and
small number of studies defining botanical origin of honeydew honey, comprehensive analysis of
phenolic profile of 64 honeydew honey samples of specific botanical origin was performed. Two
advanced techniques of liquid chromatography hyphenated with mass spectrometry were used for
identification of a total of 52 compounds and quantification of 25 of them. Pattern recognition analysis
applied on data on phenolic compounds content confirmed that quercetin, naringenin, caffeoylquinic
acid, hydroxyphenylacetic acid, apigenin and genistein, could be considered as potential markers of
botanical origin of honeydew honey. Spectroscopic and electrochemical approaches were applied for
the evaluation of the antioxidant capacity. Quercus sps. samples, Quercus frainetto and Quercus ilex,
showed high biological activity and specific chemical composition. Additionally, cyclic voltammetry

profiles were used for characterization and natural clustering of honeydew honey for the first time.

Keywords: Honeydew honey; Phenolic profile; UHPLC-LTQ OrbiTrap MS; UHPLC-DAD-MS/MS;
Pattern recognition methods; Antioxidant activity
1. Introduction

Honeydew honey mainly derives from secretions of living parts of plants or excretions of plant-
sucking insects on plants (Directive 2014/63/EU of the European Parliament and of the Council
amending Council Directive 2001/110/EC relating to honey). It is rather known known for conifers, i.e.
fir, pine and spruce and for deciduous trees, such as oak, chestnut, birch, willow and linden (Primorac
et al;; 2009). Honeydew honey is generally dark, strongly flavoured, less acidic and less sweet when

compared to blossom honey (Pita-Calvo & Vazquez, 2017).

The number of consumers that appreciate flavour and nutritive properties of honeydew honey are
increasing. Growing market for this honey type significantly contributes to the increase of its’ price.
However, although having particularly different nutritional value, being attributed with higher
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antibacterial and antioxidant properties, when compared to blossom honey (Pita-Calvo & Vazquez,
2018), this specific type of honey is still less studied and less known to consumers. In order to avoid
adulteration and frauds, with regards to their botanical and geographical authentication, standardized
methods for the routine quality control of honeydew honeys with regard to their botanical and

geographical authentication are required (Pita-Calvo & Vazquez, 2018).

Honeydew honey authenticity, however, has some difficultics when considered the compliance of
declaration of botanical and geographical origin. Melissopalynological analysis, based on the
identification and quantification of the percentage of pollen by microscopic examination, has
traditionally been accepted to ascertain honey blossom source (Aronne & Micco, 2010). On the other
hand, honeydew secreted by sap-sucking insects will contain no pollen other than air-borne pollen
grains that ended up trapped and which will not necessarily be from the plant that was the source of the
secretion. However, honeydew honeys, like all honeys, contain significant portion of pollen, deriving
from small amounts of inevitable nectars-of nectariferous flowers as well as gathered pollen of non-
nectariferous plants. They may also provide significant contribution to the identification of
geographical origin as well as to the confirmation of the period of production. However, due to some
limitations of identification of honey sources by melissopalynological assessment, and some
misleading conclusions that sometimes may be obtained by it, other methods have been suggested for
more accurate identification of the honey botanical sources. Phenolic compounds, sugars, amino acids
and proteins are among markers which are considered as useful to characterize various botanical types
of honey (Pita-Calvo et al., 2017).

Additionally, several physicochemical parameters have been suggested as complementary
information for characterization of honey. Honey physicochemical composition and its’ flavour may
vary with the botanical source, geographical origin, beckeeping practices as well as environmental and
climatic variations. It has been given attention that physicochemical analysis could be very useful for
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differentiation between honeydew honey and blossom honey (Manzanares, Garcia, Galdon, Rodriguez,
& Romero, 2011).

Compounds that naturally occur in honey, such as phenolic compounds (flavonoids and phenolic
acids), some enzymes (c.g. glucose oxidase, catalase), ascorbic acid, carotenoid-like substances,
organic acids, proteins and amino acids, significantly contribute to its antioxidant capacity (Pita-Calvo
et al.,, 2017) and honey quality. A great number of phenolic compounds in honey as well as their
confirmed correlation with antioxidant activity indicate their importance in the assessment of
authenticity (Pita-Calvo et al., 2017). Detection of phenolic compounds and estimation of total
antioxidant capacity could be performed by spectroscopic and subsequent electrochemical methods
(Lugonja, Stankovic, Spasic, Roglic, Manojlovic, & Vrvic, 2013). Nowadays, electrochemical methods
found wide application in the field of analytical chemistry due to their rapidity and simplicity.
Advantages of these methods are wider linear range, higher sensitivity and easier manipulation steps.

The aim of this work is comprehensive assessment of phenolic composition and antioxidant
activity of 64 honeydew honey samples of different botanical origin. According to our knowledge,
previously there has been no previously published article that comprises focused information about
such a high number of different, specific honeydew honey types. Characterization of phenolic acids,
their derivatives and flavonoid aglycones and glycosides was performed by ultra-high-performance
liquid chromatography coupled with hybrid mass spectrometer which combines the Linear Trap
Quadrupole and OrbiTrap MS mass analyser (UHPLC-LTQ OrbiTrap MS technique). Quantification
was performed by ultra-high-performance liquid chromatography with a diode array detector and a
triple-quadrupole mass spectrometer (UHPLC-DAD-MS/MS). Two different approaches, spectroscopic
and electrochemical, were combined and applied for the evaluation of the antioxidant capacity of
honeydew honey samples for the first time. In addition, phenolic composition and antioxidant capacity

were used in authentication of botanical origin of the analysed honey samples. Namely, by studying the



literature we realized that differentiation and classification of honeydew honey are difficult to perform
by means of only one class of compounds, not combined with several other groups of parameters.
Taking into account thus far observed significance of phenolic compounds for differentiation of honeys
in relation to their origin, we expect that it should be possible that only phenolic profile and antioxidant
capacity could be used for authenticity assessment of honeydew honey. The data from this study could
contribute to the project of the International Honey Commission that is working on a data bank for

quality criteria of the most important European unifloral honeys (Bogdanov & Martin, 2002).

2. Materials and Methods
2.1. Chemicals and materials

Acetonitrile and acetic acid (both MS grade), methanol (HPLC grade), sodium carbonate,
potassium chloride, hydrochloric acid and Folin—Ciocalteu reagent were purchased from Merck
(Darmstadt, Germany). The SPE cartridges used for extraction and concentration of samples were
Strata CI8E (500 mg/3 mL) obtained from Phenomenex (Torrance, CA). 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) and phenolic compounds standards (protocatechuic acid - PrA, aesculin, 5-O-
caffeoylquinic acid — CQA; p-hydroxybenzoic acid - HBA, gentisic acid, p-hydroxyphenylacetic acid -
HPA, vanillic acid - VA, aesculetin, caffeic acid - CA, rutin - Rut, p-coumaric acid - CouA, quercetin
3-O-glucoside, sinapic acid - SA, naringin - Nar, ferulic acid - FA, quercetin 3-O-rhamnoside — Que-3
rha, coniferyl aldehyde, quercetin - Que, eriodictyol - Erio, luteolin - Lut, naringenin - Narn, apigenin -
Api, genistein - Gen, kaempferol - Kfrl, pinobanksin , isorhamnetin, chrysoeriol, genkwanin - Genkw,
chrysin - Chry, pinocembrin - Pin, kaempferide - Kfrd, galangin - Gal, and acacetin - Aca) were
supplied by Sigma—Aldrich (Steinheim, Germany).

Ultrapure water (ThermoFisher TKA MicroPure water purification system, 0.055 uS/cm) was

used to prepare standard solutions and blanks. Syringe filters (13 mm, PTFE membrane 0.45 pm) were



purchased from Supelco (Bellefonte, PA). Filter paper (Whatman No. 1) was supplied by Merck
(Darmstadt, Germany).
2.2. Honeydew honey samples

A total of 64 honeydew honey samples comprising Silver fir (Abies alba Mill.) - 22, Evergreen
oak (Quercus ilix L.) - 15, Hungarian oak (Quercus frainetto Ten.) - 4, Montpellier- maple (Acer
monspessulanum L.) - 6, conifers — 17 samples, were collected from different regions of Croatia. Small
number of samples of Hungarian oak and Montpellier maple honeydew honeys is a consequence of the
fact that the rather small areas are covered by these specific plants. Furthermore, the occurrence of
honeydew honeys deriving from their respective honeydews are relative rare and does not happen every
year. Furthermore, it is very hard to obtain honeydew honey with the significant prevalence of these
plants.

Honey sampling was carried out straight at the filling facilities of the primary beekeepers. Once
collected, samples were filled into glass jars and sealed with metal lids. Honey samples had been kept
in dark at 4-8 °C until delivered in laboratory. In order to comprehend the origin of the honeys,
samples were subjected to comprehensive melissopalynological and sensory assessment. Immediately
before the analysis, the samples were homogenized by mechanical mixing in the original packaging.
2.3. Determination of physicochemical properties

Physicochemical parameters were analysed by means of the Harmonised Methods of the
International Honey Commission (IHC) (Bogdanov, 2009).

Moisture was determined by an Abbe-type refractometer (Digital Refractometer, Atago Co., Ltd.,
Tokyo, Japan). All measurements were performed at 20 °C and the refractive index of the honey
sample was correlated using Chataway Charts. Electrical conductivity was determined with a
conductivity meter (Jenway Conductivity Meter 4310; Stone, UK) using a 20% (w/v; dry matter basis)

honey solution in deionised water. The pH value was measured in 10% aqueous solution by a pH meter



(WTW Inolab). Free acidity was determined using the titrimetric method: acid components were
neutralised with a standard solution of sodium hydroxide (C = 0.05 mol/dm®) in aqueous honey
solution (10 g in 75 mL distilled water). Lactone acidity was obtained by adding excess of standard
solution of sodium hydroxide (C = 0.05 mol/dm®) to a solution of honey and titrating excess of sodium
hydroxide with a standard solution of hydrochloric acid (C = 0.05 mol/dm’). Specific rotation was
evaluated using an Atago Polax-2L polarimeter.
2.4. Extraction of phenolic compounds from honeydew honey samples
2.4.1. Preparation of extracts for LC-MS analysis

The method used for extraction and isolation of phenolic compounds from the honeydew honeys
was previously described by Gasi¢ et al., 2015. Prior the UHPLC-LTQ OrbiTrap MS and UHPLC-
DAD-MS/MS analysis the extracts were filtered through-a 0.45 um PTFE membrane filter.
2.4.2. Sample preparation for determination of total phenolic content and radical-scavenging activity

Samples were prepared according to the slightly modified method proposed by Meda et al., 2005.
Each honey sample (2.5 g) was mixed with 10 mL ultrapure water, homogenized in ultrasonic bath for
15 min at room temperature, transferred to 25 mL volumetric flask and filled with ultrapure water. The
solution was then filtered through 0.45 pm PTFE membrane filter and analysed for determination of
total phenolic content and radical-scavenging activity.
2.5. UHPLC-LTQ OrbiTrap MS qualitative analysis of phenolic compounds

Chromatographic separations of compounds of interest were performed on Syncronis C18
column (100 x 2.1 mm, 1.7 um particle size) using an UHPLC system consisting of a quaternary
Accela 600 pump and Accela autosampler (ThermoFisher Scientific, Bremen, Germany). The mobile
phase consisted of (A) water containing 0.1% acetic acid and (B) 100% acetonitrile. The gradient

program at flow rate of 0.300 mL/min was as follows: 0.0—1.0 min 5% B, 1.0-16.0 min from 5% to



95% (B), 16.0-16.1 min from 95% to 5% (B), then 5% (B) for 4 min. The injection volume for all
samples was 5 pL.

The UHPLC system was coupled to a linear ion trap-OrbiTrap hybrid mass spectrometer (LTQ
OrbiTrap MS) equipped with heated electrospray ionization probe (HESI-II, ThermoFisher Scientific,
Bremen, Germany). The mass spectrometer was operated in negative ion mode. Settings of dynamic
exclusion and other ion source parameters were as previously described by Gasi¢ et al., 2015. The data-
dependent MS? events were always performed on the most intense ions detected in the full scan MS.
The ions of interest were isolated in the ion trap and activated with 35% collision energy levels (CEL).

Phenolic compounds were identified according to their spectral characteristics: mass spectra,
accurate mass, characteristic fragmentation and characteristic retention time. Xcalibur software 2.1
(Thermo Fisher, Bremen, Germany) was used for instrument control, data acquisition and data analysis
of accurate mass spectrometry data. ChemDraw 12.0, molecule editor program, was used for drawing
structures and calculating the exact monoisotopic masses of compounds of interest. Full scan analysis
was employed to detect the monoisotopic mass of unknown compounds, while the fragmentation
pathway was obtained by MS*.

2.6. UHPLC-DAD-MS/MS quantitative analysis of phenolic compounds

A 1000 mg/L stock solution of a mixture of phenolic standards was prepared in methanol.
Dilution of the stock solution with mobile phase yielded working solutions at concentrations of 0.025,
0.050, 0.100, 0.250, 0.500, 0.750 and 1.000 mg/L. Calibration curves were obtained by plotting the
peak areas of the standards against their concentration. Calibration curves revealed good linearity, with
R? values exceeding 0.99 (peak areas vs concentration).

The separation and quantification of the phenolic compounds in the studied honeydew honey
samples were performed using a Dionex Ultimate 3000 UHPLC system equipped with a diode array

detector that was connected to TSQ Quantum Access Max triple-quadrupole mass spectrometer



(ThermoFisher Scientific, Basel, Switzerland). The specification of the analytical column, mobile
phases, gradient elution program, as well as other settings UHPLC system were the same as in the
previous section about qualitative analysis of phenolic compounds.

The parameters of a TSQ Quantum Access Max triple-quadrupole mass spectrometer equipped
with heated electrospray ionization (HESI-IT) were as previously described by Gasi¢ et al., 2015. The
mass spectrometry data were acquired in negative ion mode, in the m/z range from 100 to 1000. The
selected reaction monitoring (SRM) mode of the instrument was used for the quantification of the
targeted compounds in the tested samples (Gasi¢ et al., 2015).

The phenolic compounds were identified by direct comparison with commercial standards. The
total amounts of each compound were evaluated by calculation of the peak areas and were expressed as
mg/kg.

Limits of quantification (LOQ) were calculated using standard deviations of the responses (SD)
and the slopes of the calibration curves (S) according to the formulas: LOQ = 10 (SD/S). The values of
standard deviations and slopes were obtained from the calibration curves created in the MS Excel.

2.7. Determination of the total phenolic content (TPC)

The TPC was spectrophotometrically determined with the Folin-Ciocalteu method reported by
Singleton et al., 1965. Briefly, 0.3 mL of the sample extracts and 6 mL of deionized water were mixed
with 0.5 mL of Folin-Ciocalteu reagent and solution was incubated 6 min at room temperature. A total
of 3 mL of 20% sodium carbonate was added. After 30 min at 40 °C, absorbance was measured at 765
nm. Calibration curve was built with gallic acid in the range of concentration 20-100 pg/mL. The
results were expressed as mg gallic acid equivalents (GAE) per gram of honey.

2.8. Determination of radical-scavenging activity (RSA)
The RSA of the extracts of honey samples was evaluated by a modified method of Wang et al.,

2011. Briefly, 0.1 mL of the sample extract was mixed with 3 mL of methanol solution of DPPH (71



mM). The mixture was left in the dark until stable absorption values were obtained. The reduction of
the DPPH radical was measured by monitoring continuously the decrease of absorption at 517 nm. The
radical-scavenging activity (RSA) was calculated as the percentage of DPPH discoloration. The assays
were carried out in duplicate and the results were expressed as mean values.

2.9. Cyclic voltammetry

Cyclic voltammetry measurements were performed using an electrochemical system CH
Instruments, Model CHI 760b with corresponding software. Antioxidant activity of honeydew honey
was determined by a procedure developed by Lugonja, Stankovi¢, Spasi¢, Rogli¢, Manojlovi¢, &
Vrvi¢, 2013 in infant formula with breast milk and lately applied for propolis samples (Ristivojevié,
Tritkovi¢, Stankovi¢, Radoi¢i¢, Manojlovi¢, & Milojkovi¢-Opsenica, 2017).

3.0. Statistical analysis

Descriptive statistics and Kruskal-Wallis one-way analysis of variance by ranks test have been
performed by means of a demo version of NCSS statistical software (Hintze, 2001).

Principal component analysis (PCA) has been performed by means of PLS ToolBox, v.6.2.1, for
MATLAB 7.12.0 (R2011a). All data were pre-treated (mean-centred and scaled to the unit standard
deviation) before any statistical operations in order to prevent highly abundant components to dominate
in the final result over the components present in much smaller quantities. The number of components
was chosen according to Kaiser Criterion and only factors with eigenvalues greater than 1 were

retained.

3. Results and discussion
Given the significant number of three botanical types of honeydew honey: silver fir (4bies alba
Mill.), evergreen oak (Quercus ilex L.), and conifers, characterization based on phenolic compounds

profiles and antioxidant capacity, was performed. Although not having a fully representative set of
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samples of Hungarian oak (Quercus frainetto L.) and Montpellier maple (Acer monspessulanum L.)
due to the small areas covered by these botanical species, as well as inconsistent production yielding
only occasionally, these rather rare honeydew honeys were also characterized. Nonetheless, it came to
our attention that more exhaustive further studies should be carried out in order to fully comprehend
these peculiar honeys.

3.1. Physicochemical data

Excluding the classical approach of diagnosis of botanical origin of samples, as time-consuming
method that additionally requires personnel specialized in carrying out sensory analysis (Bogdanov,
2009) and taking into consideration melissopalynological challenges of identification of honeydew
honey botanical origin, with regards to their botanical source, the final confirmation of origin of
analysed samples was performed by means of physicochemical parameters. Table S1 (Supplementary
material) summarizes parameters of descriptive statistics (mean, median, standard deviation and range)
obtained from physicochemical analysis (moisture (o), free acidity (FA), lactone acidity (LA), total
acidity (TA), electrical conductivity (EC), pH value and specific rotation (SR)) of the honeydew honey
samples of five different botanical origins.

Electrical conductivity, specific rotation, ash content and pH value were in common use as the
main parameters widely used to distinguish blossom from honeydew honeys (Pita-Calvo et al., 2017).
According to European legislation (EU Directive 2014/63) honeydew honey must have EC values > 0.8
mS/cm. The mean value of EC for analysed samples varied between 0.91 and 1.29 mS/cm, confirming
its originality as honeydew honeys, with highest values observed for Evergreen oak honeydew honey
(Table S1). Honeydew honeys usually contain somewhat lower fructose content and contain melezitose
or erlose which, together with glucose, give a positive net specific rotation (Pita-Calvo et al., 2017). All
analysed honeydew samples were dextrorotatory (Table S1). Honeydew honeys are usually showing a

higher mean pH value and acidity when compared to blossom honey (Pita-Calvo et al., 2017). Mean
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pH value of analysed samples ranged between 4.1 and 4.7 that were higher compared to some blossom
honeys, e.g. acacia, sunflower (Lazarevi¢, Andri¢, Trifkovi¢, Tesi¢, & Milojkovié-Opsenica, 2012;
Vela, de Lorenzo, & Perez, 2007). Additionally, the free acidity of samples was below 50 mili-
equivalents/kg (EU Directive 2014/63) with exception of Hungarian oak showing the mean value of
78.6 mili-equivalents/kg (Table S1), also showing high value of lactone and total acidity (Table S1).
The moisture content in all samples indicated a proper degree of maturity, in compliance with the
international requirements with levels of humidity lower than 20% (EU Directive 2014/63) (Table S1).

Physicochemical parameters confirmed that samples were authentic with respect to honey
production and originated from secretion produced by certain trees and other plants or from excretions
of plant-sucking insects.
3.2. UHPLC-Orbitrap MS profiles

Phenolic compounds profiles of honeydew honey obtained by UHPLC-Orbitrap MS analysis
using the non-targeted metabolomics approach, revealed the presence of a significant number of
phenolic compounds (Table 1). LC-MS analysis resulted in the identification of 52 compounds
belonging to three structurally distinct groups: phenolic acids and their derivatives (19 compounds),
flavonoids aglycones (23 compounds) and flavonoid glycosides (10 compounds). Thirty three of them
were confirmed using available analytical standards, while the others were identified by exact mass
search of their [M—H]" deprotonated molecule and their MS* fragmentation patterns compared with the
previously reported chromatographic and MS data. Selected base peak chromatograms of phenolic
compounds identified in some of honeydew honey samples were shown in Figure 1. During the
identification of flavonoid glycosides, some already published rules of mass fragmentation, such as the
determination of the nature of interglycosidic linkage (Ferreres, Llorach, & Gil-Izquierdo, 2004) and
the characterization of glycosylation position (Cuyckens & Claeys, 2005) were used. Table 1 shows

peak numbers, assigned compound names, molecular formulas, calculated and exact masses ([M—H] ,
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m/z), mass accuracy errors, the retention times (tz, min) and major MS?, MS®, and MS* fragment ions
used for identification of phenolic compounds in the absence of standard. Phenolic acids and their
derivatives were identified in all of the examined honeydew honey samples (Table S2, Supplementary
material). In addition to simple phenolic acids (derivatives of hydroxybenzoic and hydroxycinnamic
acids), several glycosides have been identified. Thus, for example, two derivatives of caffeic acid
hexoside (341 m/z, compounds 4 and 7) were identified at 4.74 and 5.10 min, respectively (Table 1).
Both of them produced an MS? base peak fragment at 179 m/z, corresponding to the mass generated by
loss of hexose unit (162 Da) and secondary MS” peaks at 161 and 135 m/z, corresponding to the
[caffeic acid—H—H,O] and [caffeic acid—H—CO,], respectively. As expected, in this case, the MS®
base peak was at 135 m/z. Next to found phenolic acid glycosides, several other compounds were
identified and confirmed using standards: aesculin and its glycoside (aesculin 6-O-glucoside), coniferyl
aldehyde and 5-O-caffeoylquinic acid. Benzyl caffeate (269 m/z, compound 46), which is known to
originate from propolis (Yamauchi, Kato, Oida, Kanaeda, & Ueno, 1992) was identified in five
samples at 11.30 min. It produced MS? base peaks at 178 m/z (generated by loosing of benzyl group)
and 134 m/z (resulting in further loss of CO, molecule).

Most of the identified flavonoid aglycones are originated from propolis (Bankova et al., 2016).
During the identification of flavonoid aglycones, MS data obtained from an available literature
describing specific retro-Diels-Alder (RDA) fragmentation, were used (Yang, Ye, Qiao, Wang, Bo, &
Guo, 2012; Fabre, Rustan, de Hoffmann, & Quetin-Leclercq, 2001). A similar flavonoid profile of
some-honeydew honey samples has already been described in literature (Halouzka, Tarkowski, &
Zeljkovi¢, 2016; Majtan et al., 2013). Compound 36 at 9.66 min and 315 m/z was identified in all
samples. By examining the empirical formula of this compound, it was concluded that it may be an O-
methylated flavonol. It produced MS? base peak at 300 m/z, most probably corresponding to

[M—H—CH3]~ fragment and secondary MS” peak at 181 m/z. In the MS® spectra of this compound we
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can notice the absence of fragment at 151 m/z, which indicates that the flavonoid core was O-methyl
substituted on the B ring. Also, fragment 165 m/z is missing, which can be formed by O-methyl
substitution of the A ring of flavonoids (Keckes, Gasi¢, Cirkovi¢ Veli¢kovié, Milojkovi¢-Opsenica,
Nati¢, & Tesi¢, 2013). The most interesting fragment in the MS® spectra is 166 m/z, indicating that A
ring of flavonoids is most likely substituted with two hydroxyls and one methoxy group (Figure S1,
fragmentation is shown on 8-methoxy kaempferol, as an example). We can assume that the secondary
MS? fragment at 181 m/z was formed by the RDA fragmentation of flavonoids and that's actually
['"A]” fragment, while 166 m/z is probably ['?A—CH;]™ fragment. Based on all these findings, this
compound was marked as methoxy kaempferol.

For the purpose of identifying flavonoid glycosides (the structures of aglycone and glycosidic
parts, as well as interglycosidic linkage between two sugars) some mass fragmentation data, already
described in the literature, has been used (Kachlicki, Piasecka, Stobiecki, & Marczak, 2016). Numerous
derivatives of flavonoid glycosides were identified in honeydew honey extracts; rhamnosides (loss of
146 Da), hexosides (loss of 162 Da), pentosylhexosides (loss of 294 Da), rhamnosylhexoside (loss of
308 Da) and dihexosides (loss of 324 Da). For example, in MS? spectra of compound 15 at 5.83 min
and 625 m/z, it can be observed base peaks fragment at 301 and 300 m/z (corresponding to
deprotonated quercetin) and additional three fragment ions resulting from loss of 180, 162, and 120 Da.
This specific fragmentation shows presence of 1—2 interglycosidic linkage between two sugars at 3-O-
position of quercetin. In MS? spectrum of this compound, base peak at 271 m/z was noticed (generated
by loss of 29 Da, HCO), while MS* base peak was at 243 m/z, resulting from loss of CO molecule (28
Da). Further fragmentation of 300 m/z confirmed presence of quercetin as aglycone, due to the
observed RDA fragments at 179 and 151 m/z. Based on MS fragmentation this compound was

identified as quercetin 3-O-(2"-hexosyl)hexoside (Figure S2).
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Presence of particular phenolic compounds in the tested honeydew honey samples is reported in
Table S2. Certain phenolic compound was considered present in honeydew honey of particular
botanical origin if it was found in more than 80% samples of one specific species. Forty one
compounds were identified in all samples. It is important to notice that in the samples of Evergreen
oak, all 52 compounds were found. However, some of the compounds were found only_.in one or two
botanical origins. Quercetin 3-O-(2"-hexosyl)hexoside (compound 15) was identified only in samples
of Evergreen oak and Montpellier maple. Similarly, luteolin 7-O-rhamnoside (compound 27),
kaempferol 7-O-rhamnoside (compound 29), tectochrysin (compound 32), and dimethyl quercetin
(compound 41) were identified only in the samples of Evergreen oak, while pinobanksin 3-O-
propionate (compound 52) was found in samples of Hungarian and Evergreen oak, Quercus sps.

3.3. Quantification of specific compounds

UHPLC-DAD-MS/MS analysis was used for quantification of 25 targeted compounds selected
based on their abundance in the analysed honeydew honey samples (Table 2). Qualitative analysis
indicate the presence of phenolic compounds listed in Table 1, however certain compounds identified
according to their spectral characteristics were not quantified due to the low content (below the limit of
quantification). Although the investigated samples contained mainly the same phenolic compounds, the
amount of individual compounds could indicate the differences among the botanical types of honey and
possibly used as a marker of origin.

Among the quantified compounds, phenolic acids such as HPA, HBA, CA, VA, CouA, FA and
PrA; were present in the highest amount, followed by flavonoids Que, Chry and Pin. The content of
HPA, Api and Gen were higher in silver fir and conifers compared to Quercus sps. and Montpellier
maple. Similarly, CQA, CouA, and FA were more represented in silver fir, conifers and Hungarian oak

in relation to Evergreen oak and Montpellier maple. Qurcetin and Narn were present in higher quantity
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in Quercus spp. compared to other investigated botanical types, while PrA was present in two to seven
times higher amount in Hungarian oak honeydew honey (Table 2).

The results reported from other authors indicated large variability in phenolic content of
honeydew honey (Karabagias, Vavoura, Nikolaou, Badeka, Kontakos, & Kontominas, 2014; Oroian &
Sorina, 2017; Silici, Sarioglu, & Karaman, 2013). Additionally, in majority of articles the authors label
samples only as honeydew honey, without defining the specific botanical origin of the same. However,
in those with marked origins the species were not matched with those from ourstudy. For that reason, it
was hard to compare our results with those reported previously. Only Kus, Jerkovi¢, Marijanovi¢, &
Tuberoso, 2017 reported the content of several phenolic compounds in five samples of silver fir
honeydew honey with the results similar to those obtained in our study. It should be also emphasized
that there is no report that comprises such a large number of quantified phenolic compounds.
Moreover, this is a first report on phenolic profile of Evergreen and Hungarian oak and Montpellier
maple honeydew honey.

3.4. Antioxidant activity of honeydew samples

Many spectroscopic methods have been developed for assessing the antioxidant activity of
phenolic compounds. UV/Vis spectroscopy is highly suitable for its investigation due to the presence of
7 conjugated aromatic rings substituted with OH-groups. These methods are focused either on the
ability of phenolic compounds to inhibit free radical formation or scavenge free radicals. Phenolic
compounds, however, often show inconsistent antioxidant capacity depending on the applied assay, due
to the different reaction systems and the presence of multiple oxidants (Granato et al, 2018). All
mentioned problems are overcome by electrochemical oxidation processes. Application of cyclic
voltammetry (CV) in the analysis of the phenolic compounds is a result of electronic delocalization on
the aromatic nucleus, which could be easily oxidized at inert electrodes (Sochor et al., 2013). The

advantage of CV over the spectroscopic methods is that it does not require the labor-intensive
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characterization of the antioxidant activity of each component against a specific radical oxygen species,
which is the basis for methodologies measuring the total antioxidant capacity (Ristivojevi¢, Trifkovi¢,
Stankovi¢, Radoi€i¢, Manojlovi¢, & Milojkovi¢-Opsenica, 2017). It is simple and rapid method and
could be used directly in biological and crude samples.

In that sense, different approaches, two in vitro spectroscopic screening methods (total phenolic
content and antioxidant activity measurement) and electrochemical method were applied for the
evaluation of the antioxidant capacity of honeydew honey samples. The results of TPC, RSA and CV
of the honeydew honey samples are presented in Table 2.

The mean value of TPC ranged from 0.57 to 1.60 mg GAE/g of honey (Table 2). Hungarian oak
honeys showed the highest mean value of TPC (1.60 mg GAE/g), high value was also marked for
evergreen oak (1.19 mg GAE/g), while silver fir and conifers showed similar, but lower values (0.61
and 0.57 mg GAE/g of honey, respectively). Report concerning common oak (Qurcus robur L.)
indicate high phenolic content and high antioxidant capacity associated with it (Can, Yildiz, Sahin,
Turumtay, Silici, & Kolayli, 2015). Namely, contrary to majority of other botanical types of honeydew
honey that are produced from a secretion of plant sucking insects, oak honey may also be obtained by
collecting of sugary substances that seep out of oak under stress conditions (Gonzales-Paramas et al.,
2007). Previously reported results indicate a high variability of TPC values for honeydew honeys,
however they mostly contain higher amounts of phenolic compounds compared to blossom honeys
(Pita-Calvo et al., 2017; Kachlicki, Piasecka, Stobiecki, & Marczak, 2016; Can et al., 2015; Alves,
Ramos, Gongalves, Bernardo, & Mendes, 2013).

The radical-scavenging activity of 2,2-diphenyl-1-picrylhydrazyl was found to range from 12.20
to 48.89% (Table 2). Some differences between the mean values of antioxidant activity for samples of
specific botanical origin are noted, with a trend identic to those marked in TPC. RSA mean values for

silver fir and conifers were the lowest and similar (13.14% and 12.20%, respectively), while the highest
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value was found for the Hungarian oak honey (48.89%). Generally, species from Quercus family
showed higher biological activity compared to other investigated botanical origins, similar to the
previously reported results for other oak tree honey samples (Can et al., 2015; Gonzales-Paramas et al.,
2007). Quercus sps. samples were darker in colour compared to other botanical types of honeydew
honey, which was also confirmed by other authors (Can et al., 2015; Gonzales-Paramas et al., 2007).
Dark-coloured honeys have higher antioxidant activity (Pita-Calvo et al., 2017; Alves et al., 2013).

The correlation between the TPC and RSA resulted in a linear model

RSA = 0.209(+ 0.049)+ 0.032(+ 0.002)TPC with statistical parameters: #= 0.8598, s = 0.18, ¢ = 13.04

(terea) = 1.99), F = 170.12. A significant correlation between RSA and TPC pointed out the significant
contribution of flavonoids and phenolic acids, among all active phytochemicals, in antioxidant potential
of the honeydew honey. Similar conclusion was demonstrated by other authors (Pita-Calvo et al.,
2017).

Cyclic voltammograms of the selected honeydew honeys are shown in Figure 2. The area under
curves (charges of the anodic wave) found in all voltammograms were used for estimation of
antioxidant capacity (Table 2). In the voltammograms of honeydew samples up to four oxidation peaks
were observed in three different regions: around -0.1 — 0.1 V (1); around 0.3 — 0.6 V (2) and around 0.9
V (3). Peaks at highest potential can be attributed to the high presence of HPA and CouA. Middle
potential regions can be attributed to the presence of ferulic acid and sinapic acid and their synergetic
effect in some of the samples. Low intensity peaks at lowest potential can be attributed to the presence
of rutin, which provides oxidation behaviour at this potential (Simi¢, Manojlovié, gegan, & Todorovié,
2007). Additionally, CV indicated the existence of several oxidation processes which vary with the
botanical origin of honeydew honey and consequently different antioxidant capacity of the samples. As
for RSA test, the highest values were obtained for Hungarian oak, i.e. Quercus sps. samples, while the

smallest were marked in the case of silver fir and conifers. Estimated results were also compared with
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those obtained for the RSA values. The comparison of the electrochemical approach with RSA clearly

indicated that CV values fit well with RSA test (Table 2). Cyclic voltammetry data showed a very good
positive correlation with the antioxidant capacity ( RSA = —1.5(i1.2)+ 2.04(i 0.06)C V,r=0.9499, s =

4.43, t=33.75 (taes = 1.99), F = 1139.15) determined spectrophotometrically.

Both, total phenolic content and antioxidant activity indicated the existing of different chemical
profiles of honeydew honey samples according to their botanical origin and pointed out on possibility
of authenticity assessment with respect to description, i.e. botanical origin. Additionally, it was
confirmed that CV as highly attractive, convenient, and sensitive method could be used in the analysis
of bioactive compounds as well as the determination of antioxidant capacity. It could be a method of
choice for determination of biological activity of honeydew honey in order to exceed the problems
connected with spectroscopic methods (Halouzka, Tarkowski, & Zeljkovi¢, 2016).

3.5. Botanical origin of honeydew honey

Descriptive statistics provided information regarding general phenolic composition and indicate
some specific compounds and parameters that can differentiate the samples of various botanical
origins. However, the mostly influential factors that would enable decisive characterization of the
botanical origin of honeydew honey were not marked. In that sense, Kruskal-Wallis test and Principal
Component Analysis (PCA) were applied to differentiate groups of samples according to their botanical
origin.

Kruskal-Wallis test was used to compare the medians and variances of 25 quantified phenolic
compounds and three quality control parameters (TPC, RSA and CV) for five varieties of honey (Silver
fir, Evergreen oak, Hungarian oak, Montpellier maple and conifers). Based on the results presented in
Table S3 (Supplementary material), parameters: TPC, RSA and CV, and PrA, HPA, VA, CouA, Nar,
FA, Lut, Que, Api, Gen and Kfrl, whose %2 values exceed critical one. i.e. p values were below 0.05,

can be selected as the most discriminating factors. According to multiple-comparison Z-value test,
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honeydew honeys of different botanical origins which showed mutual significant difference were
denoted in parentheses (Table S3). The results indicated that two physicochemical parameters (EC and
SR) that are, among all others, the only parameters which discriminate honeydew honey from blossom
honey, also the parameters which could be used for the assessment of botanical origin of honeydew
honey. Additionally, acidity parameters indicated different proportion and profiles of organic acids and
amino acids according to botanical origin of the analysed samples. Ten phenolic compounds and
antioxidant capacity were also marked as factors that could be used for the classification and
differentiation of five botanical origins of honeydew honey samples. Majority of parameters indicated
differences between silver fir and conifers compared to Quercus sps. samples (Table S3).

In order to get the insight into data structure and to confirm whether phenolic profile, together
with antioxidant activity, on one side, and the -intensities of current obtained from cyclic
voltammograms, could differentiate the honeydew honeys according to their botanical origin, the data
were subjected to pattern recognition analysis.

PCA performed on data of 25 phenolic compounds and three quality control parameters, resulted
in a five-component model which explains 68.45% of the total data variance. The principal components
(PC’s) accounted for approximately similar data variances (from PC1 to PC5 — 24.17%, 16.61%,
12.51%, 9.09%, 6.07%, respectively). Concerning the botanical origin of the investigated honeydew
honey samples the most informative PC’s were PC2 and PC3. Score plot (Figure 3a) revealed natural
clustering of Quercus sps., Evergreen oak and Hungarian oak, distinguished from each other and from
Silver fir and conifers samples. Silver fir samples formed a compact natural cluster on the opposite part
of score plot compared to Quercus species, but however overlapped with conifers samples which were
widespread on big part of the plot indicating high variability in chemical profile. This was expected
since conifers samples contained significant percent of silver fir exudates among other conifer

botanical species (spruce, etc.). Samples of Montpellier maple were placed between groups of Quercus
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species and conifers with silver fir and similar to conifers show heterogeneous phenolic composition.
Grouping tendency of Quercus sps samples was imposed with total phenolic content and antioxidant
activity and additionally with Que, Narn, Que-3-rha, Rut, Kfrl and Kfrd (Figure 3b). Differentiation of
Hungarian oak was particularly imposed by high value of three quality control parameters indicating
specific nutritive value of this rare honey type. Hungarian oak tree is distributed throughout southeast
Europe and Asia Minor, while the western border is in Pozega valley, Kutjevo, Croatia. This honeydew
honey is specifically produced only there. Sweet sap with foam formed at the places where the green
acorns were discarded, is gathered directly by the bees and processed into this dark honey. The specific
production of the sap obviously results in unique phenolic content and antioxidant activity. The most
influential parameters discriminating silver fir and conifers samples from other botanical species were
Api, CQA, Gen and HPA. It must be emphasize that HPA could be considered as marker of silver fir
honeydew honey due to its significantly higher content in silver fir compared to other botanical origins
(also confirmed by Kruskal-Wallis Multiple Comparison Z-test). Its high content in conifers is due to
the high percent of silver fir in this specific type of honeydew honey.

All samples were grouped alongside the PC2 and in that sense the variables with the highest
influence on this PC determined markers of certain botanical origin (Figure S3, Supplementary
material). Phenolic compounds positively correlated with PC2 assessed Quercus sps, while those with
the highest negative influence estimated Silver fir and conifers. Although accounting for the highest
variability among the data, PC1 could not differentiate among investigated botanical origins due to the
similar, positive influence of the majority of the variables on it (Figure S3). Additionally, two groups of
parameters with the highest positive (VA, Aca, Genkw and HBA), i.e. negative (Chry, Pin and Gal)
influence on PC3 determined conifers and maybe suggested the markers of some particular source of

origin included in this specific type of honeydew honey (Figures 3b and S3).
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Due to the fact that honey samples present complex natural mixtures that contain vast number of
compounds, differentiation and classification are difficult to perform with distinct separation among
groups, particularly observing only one class of compounds, such as phenolic compounds, not
combining several groups of parameters. Conventional quality parameters mainly gave a substantially
better classification results when apply alone, while all other analytical parameters should combine to
evaluate better results (Manzanares, Garcia, Galdon, Rodriguez, & Romero, 2011; Habib, Meqbali,
Kamal, Souka, & Ibrahim, 2014). The obtained results are rare example of successful botanical
discrimination of honeydew honey based only on phenolic content. Fingerprint analysis proved to be a
good source of information for an assay of authenticity and quality of food (Gasic¢ et al, 2015).

Recently, cyclic voltammetry profiles together with multivariate chemometric technique were
successfully used for characterization of propolis (Ristivojevi¢ et al, 2017). A PCA was applied on data
of 64 honeydew honey samples and 1400 data point generated from oxidation current in order to
evaluate different types of honeydew honey. First five PCs described 86.43% of variability (PC1 58.63
and PC2 18.89%) among data. PC2 clearly distinguished the Hungarian honey samples from all others,
while PC1 differentiate Evergreen oak samples from Silver fir and conifers which form overlapped
natural clusters (Figure 4a). Samples of Montpellier maple were dissipated over broader area of score
plot and could not be distinguished from other species.

Oxidation potentials at 0.670 and 0.096 are the major factor which leads to the grouping tendency
of Hungarian oak samples, since it shows a highest negative impact on PC1, while positive potential at
0.385 differentiate all other samples. PC1 was negatively contributed by peak at 0.980 at represented
the main potential for grouping of Evergreen oak and group of silver fir and conifers samples (Figure

4b).
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Therefore, PCA showed that data on phenolic compounds content and CV profile are able to
provide enough information to allow the natural clustering and distinction of honeydew honeys

originating from different botanical origins.

4. Conclusion

According to our best knowledge, so far there has been no published articles that comprises so
detailed information about the phenolic composition and antioxidant capacity of honeydew honey of
particular botanical origin (Hungarian and Evergreen oak, Montpellier maple, and Silver fir).

The physicochemical characteristics of all honeydew honey samples analysed in this study can be
considered to be within the parameters expected for honeydew honeys in general and constitute a
quality product within national and international parameters. Additionally, these parameters indicated
that samples were authentic with respect to honey production and were obtained from secretion
produced by certain trees and other plants or from excretions of plant-sucking insects. UHPLC-LTQ
OrbiTrap MS and UHPLC-DAD-MS/MS analysis provided information about a numerous phenolic
compounds specific for a particular botanical origin of honeydew honeys. Also, among numerous
antioxidant constituents, flavonoids and phenolic acids could be identified as components that are
mainly responsible for the antioxidant activity in honeydew honey samples. The study reports that
various species of oak (evergreen oak and Hungarian oak) showed high phenolic content and high
antioxidant capacity associated with it. Results from this study could be used for more precise
definition of quality parameters, as well as confirmation of authenticity in terms of botanical origin.
The results confirm the possibility of authenticity assessment of honeydew honey based only on
phenolic profile and antioxidant capacity, and additionally the advantages of application of cyclic
voltammetry for determination of biological activity of honeydew honey over the spectroscopic

methods. It must be emphasized that the conclusions revealed for Hungarian oak and Montpellier
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maple are considered as preliminary due to relatively lesser number of samples and further studies

should surely be applied.
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Figure 1. Base peak chromatograms of phenolic compounds identified in: A) Evergreen oak; B)
Hungarian oak; and C) Montpellier maple honeydew honey samples.

Figure 2. Cyclic voltammograms of honeydew honey samples with separated potential regions.

Figure 3. Principal component analysis applied on data on phenolic compounds content, a) score plot,
b) loading plot.

Figure 4. Principal component analysis applied on data of cyclic voltammetry profile, a) score plot, b)

loading plot.
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