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Identification of volatile organic compounds in honeydew honeys
using comprehensive gas chromatography

NIKOLETA JANOSKOVA - OLGA VYVIURSKA - IVAN SPANIK

Summary

This work was focused on characterization of volatile organic compounds present in honeydew honeys using solid phase
microextraction (SPME) followed by comprehensive two-dimensional gas chromatography coupled to time-of-flight
mass spectrometry. Among five commercially available SPME fibres tested for proper sample preparation procedure,
divinylbenzene/carboxen/polydimethylsiloxane coating presented the best results as to the total peak areas and higher
number of detected compounds. Furthermore, two column setups with diverse orthogonal properties were applied for
honeydew honey samples analysis. Consequently, up to 300 compounds were detected at the given signal-to-noise ratio
of 200. The identified compounds belonged to various chemical classes (hydrocarbons, alcohols, aldehydes, ketones,
terpenes and benzene derivatives). On the basis of the results of the analyses, 2,3-butanediol, 3-hydroxy-2-butanone,

acetic acid and methyl ester of 2-hydrobenzoic acid were established as markers of honeydew honey.
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Honey was used from the Stone Age till the
eighteenth century as the only available concen-
trated natural sweetener. Codex Alimentarius
defines honey as “the natural sweet substance
produced by honey bees from nectar of blossoms
or from secretions of living parts of plants or ex-
cretions of plant sucking insects on the living part
of plants, which honey bees collect, transform
and combine with specific substances of their
own, store and leave in the honey comb to ripen
and mature” [1]. Among various kinds of honeys,
a special one is the honeydew honey, which origi-
nates from the secretion of insects feeding on
plant juices or plant secretion [2]. In general, the
chemical composition of honeydew honey differs
from that of nectar honey [3] in many parame-
ters, e.g. pH [4], ash content [5], colour and sac-
charide profile [6], as well as mineral contents [7].
Moreover, while nectar honey is invariably levo-
rotatory, honeydew honey may be also dextroro-
tatory. Honeydew honey contains lower levels of
fructose and glucose, and higher levels of oligo-
saccharides, and exhibits higher antioxidant and
antibacterial activities than most nectar honeys [8].

The growing market for honeydew honey in
many European countries requires powerful ana-
lytical methods for its differentiation from other
floral honey types, especially in the case of adul-
teration of honey or a partial replacement with
similar artificial products [8]. One of the most ty-
pical feature of a food product used for the evalu-
ation of both organoleptic quality and authenticity
is its characteristic aroma profile, which is mainly
represented by the composition of volatile organic
substances. Generally, high number of volatile
organic compounds (VOC) present in the food
product generates its characteristic VOC profile,
so-called fingerprint of the given product. VOC
fingerprinting was successfully used to distinguish
botanical and geographical origin of honey [9-13].

The liquid-liquid extraction, simultaneous dis-
tillation—extraction, supercritical fluid extraction,
solid-phase extraction and ultrasound extraction
are traditional analytical methods employing sol-
vents, which are commonly used. These methods
are labour-intensive and time-consuming as well as
dangerous, because require large amounts of toxic
and expensive solvents [14]. For these reasons,
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another technique, namely, solid-phase microex-
traction (SPME) has become the most common
used technique. SPME is a solvent-free sample
pre-treatment technique that integrates sampling,
isolation and enrichment of analytes into one step.
The technique was developed and implemented
in analytical practice in the 1990s by professor Ja-
nusz Pawliszyn, University of Waterloo (Ontario,
Canada) [15]. SPME shows advantages compared
to traditional analytical techniques: eliminates the
use of toxic organic solvents, facilitates quantifica-
tion of a large number of compounds and covers a
wide range of sampling techniques, including field,
in situ and air sampling. On the other hand, opti-
mization of conditions of its use is time consum-
ing, regarding the type of SPME fibre, sorption
temperature, sorption time and desorption tem-
perature [14]. Recently, SPME was widely used for
extraction of VOC from honeys [11, 14, 16-20].
Based on simultaneous application of two
chromatographic columns, comprehensive two-
dimensional gas chromatography with higher
separation efficiency has become a preferred tech-
nique for analysis of complex matrices. SPANIK
et al. [21] studied VOC fraction of acacia, lime,
rape, sunflower, raspberry, phacelia monofloral
honey samples by comprehensive two-dimensional
gas chromatography with time-of-flight mass spec-
trometric detector (GCx GC-TOF-MS). The iden-
tified compounds were divided into two important
groups, ubiquitous compounds found in all studied
honeys and compounds specific for individual
type of honeys, depending on their botanical ori-
gin. Another study using GCx GC-TOF-MS was
devoted to VOC composition of Polish honeys
obtained from various geographical regions [22].
Totally, 329 compounds were identified in stud-
ied acacia, linden, rapeseed, buckwheat and hon-
eydew honeys. Many VOC identified in Polish
honey samples were present also in honeys from
other European regions, such as acyclic and cyc-
lic alkanes, acyclic and cyclic alkenes, aromatic
hydrocarbons, oxygenated aromatic compounds,
alcohols, aldehydes, ketones, esters, ethers, ni-
triles, organic sulphides, phenolic compounds and
terpenes, while some of them were present only in
Polish honeys. VOC profiles were also studied in
samples of honeys from various countries of Eu-
rope, in order to determine geographical markers
of Corsican honeys, significant differences being
identified in the types of extracted compounds and
their concentrations [23]. The GCx GC analysis
was also used for identification of extraction ar-
tifacts in honeys [24] and separation of disaccha-
rides [25]. Consequently, the purpose of this study
was to properly define the VOC profile of Slovak
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honeydew honeys by GCxGC-TOF-MS technique
using different types of SPME fibres for VOC ex-
traction from honey.

MATERIALS AND METHODS

In this work, 35 samples of honeydew honeys
were investigated in detail. All studied honeys
originated from Slovakia and were collected by lo-
cal beekeepers in 2010-2012. The honeys originat-
ed from regions upper Kysuce and Orava, where
spruce forests mixed with pines and firs are pre-
dominant.

VOC from honey samples were extracted by
the solid phase microextraction (SPME) proce-
dure using a Gerstel MPS2 autosampler (Ger-
stel, Miilheim, Germany). An amount of 5 g of
honey together with 0.5 g of NaCl was dissolved in
1 ml of distilled water in a 20 ml clear glass vial.
An amount of 20 ul of benzophenone solution in
methanol (10 pg'ml-1) was then added to the solu-
tion as an internal standard. A stirred sample solu-
tion at 47 rad-s! was heated at 60 °C for 30 min.
VOC were extracted by five different SPME fibres,
namely, polydimethylsiloxane (PDMS, 100um), di-
vinylbenzene/polydimethylsiloxane (DVB/PDMS,
65 um), polyacrylate (PA, 85 um), carboxen/poly-
dimethylsiloxane (CAR/PDMS, 85um) and divi-
nylbenzene/carboxen/polydimethylsiloxane (DVB/
CARB/PDMS, 50/30 pum). All five fibres were
obtained from Supelco (Bellefonte, Pennsylvania,
USA). The fibres were conditioned prior to use
by heating under the conditions recommended by
the manufacturer. GC-TOF-MS was used to find
suitable SPME working conditions: equilibration
time 30 min, equilibration temperature 60 °C, ex-
traction time 30 min and extraction temperature
60 °C, while the solution was stirred at 47 rad-s-l.
Desorption was performed in GC injector in split-
less mode at 220 °C for 2 min.

LECO Pegasus 4D (LECO, St. Joseph, Michi-
gan, USA) consisting of an Agilent 6890 gas chro-
matograph (Agilent Technologies, Palo Alto, Cali-
fornia, USA) and Gerstel MPS 2 autosampler,
equipped with a cooled injection system (CIS)
injector, dual-stage thermal modulator and secon-
dary oven connected to a time-of-flight mass spec-
trometer was used to characterize the VOC honey
profiles. Mass spectra at a mass range m/z from 29
to 600 were recorded. Helium was used as a car-
rier gas at a constant flow of 1.0 ml'min-l. The ex-
tracted VOC were separated in a 30 m capillary
column of 0.25 mm internal diameter and 0.25 um
film thickness of polyethylene glycol modified by
nitroterephthalic acid phase (DB-FFAP; Agilent
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J&W, Santa Clara, California, USA) in one-di-
mensional experiments.

For two-dimensional GC experiments, either
non-polar x polar column combination consisting
of DB-5ms column (30 m x 0.25 mm x 0.25um
film thickness of (5%-phenyl)-methylpolysiloxane;
Agilent Technologies) in the first dimension and
1.2 m Supelcowax-10 column (1.2 m x 0.1 mm x
0.1 wm film thickness of polyethylene glycol; Su-
pelco) in the second dimension, or, in a reversed
column setup, polar x medium-polar type con-
taining DB-FFAP in the first and BPX-50 (1.5m x
0.1 mm x 0.1 wm film thickness of 50% diphenyl —
50% dimethyl polyphenylene-siloxane; SGE Ana-
Iytical Science, Victoria, Australia) in the second
dimension were used.

The primary oven was programmed from 40 °C
(1 min) to 220 °C (5 min) at 2.0 °Cmin‘! rate. The
temperature offset between secondary and pri-
mary oven was 10 °C, 8 s modulation period, hot
pulse duration 1.5 s, temperature offset of modu-
lation 30 °C, temperature of transfer line 240 °C,
temperature of ion source 230 °C, electron ioniza-
tion energy 70 eV. Leco ChromaTof software (ver-
sion 4.21) was used for instrument control and
data evaluation. Data were processed at signal-to-
noise ratio of 200. Identification of organic com-
pounds was performed by:

i) comparison of obtained MS spectra with Willey
and NIST MS libraries (National Institute
of Standards and Technology, Gaithersburg,
Maryland, USA). The compound was con-
sidered as identified by GC-MS, if the quality
match higher than 90% was reached,

ii) GC-MS analysis of standards,

iii) comparison with previously reported com-
pounds found in honeydew honeys by GC-MS,

iv) comparison of calculated linear retention indi-
ces (LRI) with LRI libraries.

Only compounds identified by combination
of (i) or (ii) were considered as identified. Com-
pounds identified by combination of (i) with (iii)
were considered as tentatively identified. Solu-
tions of authentic standard compounds (1 ul) were
injected directly into CIS injector in split mode
(1:50).

Anhydrous NaCl used in sample treatment
procedure was obtained from Mikrochem (Pe-
zinok, Slovakia). The list of available authentic
standard compounds is given in Tab. 1. Standard
solutions of chemicals (1 mgkg1) were prepared
in hexane or methanol (Merck, Darmstadt, Ger-
many). The mixture of alkanes (C7-C30) used
for calculation of linear retention indices was ob-
tained from Supelco.

RESULTS AND DISCUSSION

Solid-phase microextraction procedure

Although solid phase microextraction is the
most commonly used method for extraction of
volatile organic compounds from honey, any sin-
gle solution concerning the appropriate fibre coat-
ing has not been presented [26]. For example,
Soria et al. [11] showed that CAR/PDMS SPME
fibre had satisfactory extraction efficiency, preci-
sion and sensitivity for volatile and semi-volatile
compounds. In a different study, CAJKA et al. [27]
recommended DVB/CAR/PDMS fibre due to
the best sorption capacity for the broadest range
of volatiles extracted from honey samples. In our
work, VOC from honeydew honey were extracted
by five different SPME fibres, such as non-polar
PDMS, semi-polar DVB/PDMS, polar PA, and bi-
polars CAR/PDMS and DVB/CAR/PDMS. More-
over, due to carboxen and divinylbenzene addi-
tives, fibre coatings display porous structure with
a wide range of pore sizes. Fig. 1 shows the com-
parison of relative peak areas for compounds be-
longing to various chemical classes obtained from
honeydew honey by different SPME fibres. Total-
ly, 185 compounds were extracted by triple phase
DVB/CAR/PDMS fibres from honeydew honeys,
among them mostly alkanes, alcohols, carbonyl
compounds, esters and terpenes. It is noteworthy
that carbonyl compounds were found at the lowest
concentration level, while terpenes at the highest
concentration level. Similar results were obtained
by DVB/PDMS fibres but relative peak areas
and number of extracted VOC were lower. Over-
all, 158 VOC were extracted by fibres with DVB/
PDMS coating, where alcohols and carbonyl com-
pounds were found at lower concentration levels
than for the previous fibres, but the opposite situ-
ation was in the case of terpenes. On the contrary,
PA fibre coating was more effective at extraction
of esters and terpenes. Only 80 compounds were
extracted by PDMS and CAR/PDMS coatings,
most of which being terpenes and alcohols. These
results implied that DVB/CAR/PDMS fibres were
the most suitable for extraction of VOC from hon-
eydew honey.

The column setups

In general, the orthogonal approach deter-
mines an effective selection of column combi-
nation in comprehensive two-dimensional gas
chromatography but, at the same time, non-or-
thogonal approach is also capable to provide suf-
ficient separation efficiency [28]. The combina-
tion non-polar x polar and polar x medium polar
column setups were studied in our work. The
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Tab. 1. Volatile organic compounds identified in honeydew honey by GC x GC-TOFMS.

N Area* DB-FFAP x BPX-50 DB-5ms x SUPELCOWAX-10
ame [%] | 1st[min] | 2nd [s] LRI | 1st[min] | 2nd [s] LRI
1| Hexanea 2.63 4.25 1.23 600 4.93 0.53 600
2 | Dimethy! sulfideP 1.29 4.86 1.23 744 413 0.58 516
3 |Furanb 0.14 5.09 1.19 789 13.20 5.17 835
4| Octanec® 1.75 5.14 1.73 800 11.20 0.62 800
5 | 2,4-HexadieneP 0.13 5.22 1.37 807
6 | Acetic acid, methyl esterP 0.37 5.49 1.25 829 413 0.68 516
7 | 5-Methylfuran® 0.23 6.23 1.35 886
8 | 2-Butanoneb 2.93 6.51 1.39 905 5.07 0.80 607
9 | 2,3-Butanedioneb 2.46 8.27 1.33 985 4.80 0.97 587
10 | Decaneb 0.66 8.65 3.30 1000 27.60 0.69 1000
11 | 2-Methylbutanoic acid, methyl ester¢ 0.08 8.93 1.83 1010
12 | a-PineneP 0.09 9.22 2.80 1019 24.67 0.86 974
13| 2-Butanol 0.07 9.37 1.32 1024
14| 2,3-PentanedioneP 0.04 10.83 1.58 1067 7.20 1.18 700
15 | Dimethyl disulfide 0.18 11.16 1.83 1076 8.80 1.15 745
16 | Pentanoic acid, methyl ester¢ 0.11 11.70 2.04 1090 12.53 1.05 824
17 | 2-Methyl-1-propanol 0.39 11.85 1.32 1093
18| Undecaneb 0.37 12.11 4.50 1100 31.07 0.72 1100
19 | 2-Methyl-2-butenal® 0.32 12.15 1.78 1100
20 | 3-Pentanola 0.49 12.46 1.45 1101 7.47 1.37 708
21 | 2-Pentanol® 1.02 13.09 1.44 1102 7.33 1.45 704
22 | 3-Penten-2-oneb 0.03 13.67 1.86 1103 47.07 1.44 1333
23| 1-Butanola 0.10 14.22 1.41 1103
24 | o-TerpineneP 0.03 15.87 3.27 1106
25 | Heptanal® 0.05 16.40 2.34 1107 17.07 1.19 890
26 | Hexanoic acid, methyl ester¢ 2.37 16.51 2.40 1107 18.67 1.16 910
27 | LimoneneP 0.28 16.76 3.29 1107 26.00 0.93 986
28 | 3-Methyl-1-butanolP 0.54 17.47 1.44 1207
29 | y-Terpineneb 0.02 19.47 3.45 1245
30| p-CymeneP 3.08 20.93 2,97 1270 25.73 1.14 984
31 | Terpinoleneb 0.39 21.60 3.54 1281 30.40 0.97 1082
32 | 2-Octanone® 0.69 21.98 2.63 1287 23.33 1.27 961
33 | 3-Hydroxy-2-butanoneP 0.21 22.00 1.43 1287
34 | Heptanoic acid, methyl ester¢ 1.40 22.13 2.73 1290 22.00 1.09 948
35| Octanalb 0.22 2217 2.64 1290 2413 1.27 969
36 | 3-HeptanolP 0.03 22.40 1.76 1294
37 | Tridecane® 0.24 22.80 6.08 1300 45.07 0.73 1300
38 | 4-Methyl-1-pentanol ® 0.10 23.60 1.55 1315
39 | 2-Heptanol b 1.70 23.87 1.76 1320 17.33 1.87 894
40 | 3-Methyl-2-buten-1-olb 0.11 2413 1.45 1324
41 | 6-Methyl-5-hepten-2-one? 0.16 25.07 2.35 1341 23.07 1.52 959
42 | Rose oxideP 0.12 25.73 3.23 1352 32.00 1.11 1114
43 | 1-HexanolP 0.28 25.87 1.59 1354 15.47 2.43 869
44| 3-Hexen-1-olP 0.10 27.81 1.56 1385
45 | Octanoic acid, methyl esterc 517 28.21 2.99 1391 32.93 1.15 1128
46 | 3-Octanol b 0.10 28.40 1.90 1394 23.87 1.71 967
47 | NonanalP 1.22 28.40 2.87 1394 31.47 1.26 1106
48 | Tetradecane© 0.09 28.80 6.42 1400 51.47 0.75 1400
49| 2-Octanol® 0.10 30.00 1.85 1422
50 | p,a-dimethylstyrene® 0.52 30.95 2.71 1438 30.67 1.49 1089
51| 1-Octen-3-ola 0.61 31.87 1.70 1453 22.80 2.27 956
52 | 1-Heptanol® 0.07 32.07 1.70 1457
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Tab. 1. continued

N Area* DB-FFAP x BPX-50 DB-5ms x SUPELCOWAX-10
ame [%] | 1st[min] | 2nd [s] LRI | 1st[min] | 2nd [s] LRI
53 | Acetic acidb 0.41 32.29 1.22 1460 6.93 7.73 690
54 | 6-Methyl-5-hepten-2-ol b 0.11 32.56 1.75 1465 23.73 2.25 965
55 | FurfuralP 0.05 33.07 1.57 1473 13.20 5.17 835
56 | 2-Ethyl-1-hexanol P 0.27 34.13 1.77 1490
57 | Nonanoic acid, methyl esterc 1.87 34.29 3.20 1492 40.00 1.11 1227
58 | Decanal® 1.00 34.67 3.01 1498 38.67 1.26 1206
59 | Pentadecanec 0.19 34.80 6.49 1500 55.33 0.74 1500
60 | 2-Acetylfuran® 1.59 35.33 1.72 1510
61 | 2-Nonanolb 0.57 35.87 1.98 1519
62 | BenzaldehydeP 3.68 36.27 1.91 1526 21.33 3.44 941
63 | 2,3-Butanediol® 0.55 37.20 1.30 1543
64 | LinaloolP 0.16 37.60 1.94 1550
65 | 1-Octanol® 0.32 38.13 1.80 1559 29.60 2.30 1059
66 | Lilac aldehyde Db 0.02 39.73 2.45 1585
67 | a-lsophoroneP 0.90 39.87 2.37 1587
68 | Decanoic acid, methyl ester¢ 0.25 40.27 3.27 1594 46.67 1.16 1326
69 | 4-Terpineol 1.62 40.43 2.38 1596 37.07 1.72 1185
70 | DihydrocarvoneP 0.01 40.80 2.71 1603 38.27 1.71 1200
71 | Hotrienol b 1.15 41.26 1.85 1611 31.87 2.39 1112
72 | y-PentalactoneP 0.65 41.33 1.79 1613
73 | 2-Acetyl-5-methylfuran® 0.02 41.60 1.96 1618
74 | Benzoic acid, methyl esterc 1.30 41.87 2.14 1623 31.07 2.66 1100
75 | Butyrolactoneb 0.15 42.40 1.71 1633 18.40 6.98 907
76 | Menthol P 0.03 42.65 2.08 1638
77 | Benzeneacetaldehyde® 1.92 43.20 1.92 1648 27.33 3.68 998
78 | AcetophenoneP 0.87 43.47 2.02 1653 29.07 3.42 1044
79 | 1-NonanolP 0.98 43.89 1.90 1660 36.67 2.10 1180
80 | Isoborneol b 1.10 4413 2.04 1665 36.40 2.56 1176
81 | Benzoic acid, ethyl esterc 0.06 44.27 2.37 1667 36.40 2.22 1176
82 | a-Terpineol P 0.81 45.87 2.10 1695
83 | Verbenone® 0.07 46.13 2.48 1700
84 | CarvoneP 0.07 47.73 2.51 1731 41.60 2.14 1251
85 | 2-Hydroxybenzoic acid, methyl ester¢ 0.45 50.13 2.13 1776
86 | CumaldehydeP 0.03 50.40 2.32 1781
87 | Myrtenol® 0.20 50.93 1.87 1790 46.80 1.46 1328
88 | 5-Hexalactoneb 1.18 51.07 1.95 1793
89 | 3-Methylpentanoic acidP 0.98 51.20 1.30 1795
90 | Lilac alcohol Db 0.13 52.83 1.87 1827 38.67 2.39 1206
91 | Carveol b (cis isomer) 0.02 53.33 1.85 1837 33.87 1.24 1141
92 | Benzenepropanoic acid, methyl ester¢ 0.14 53.87 2.29 1847 43.60 2.62 1280
93 | Geraniola 0.03 54.00 1.82 1850
94 | Hexanoic acidb 0.31 54.00 1.33 1850 2453 6.37 973
95 | P-cymen-8-olb 0.86 54.10 1.78 1852 37.87 3.81 1195
96 | Guaiacol P 0.02 54.80 1.58 1865
97 | Benzyl alcohol® 55.60 1.47 1880 27.60 2.60 1000
98 | Phenylethyl alcoholb 57.20 1.59 1911 32.80 7.70 1126
99 | 1-(1H-pyrrol-2-yl)ethanoneP 60.40 1.47 1979
100 | Phenolb 62.00 1.26 2012 8.13 1.18 728

LRI - linear retention indices were calculated on the basis of the elution data from the first dimension.

* — the ratio of the compound peak area related to the internal standard response to total peak areas of identified compounds
obtained on DB-FFAP column, where peak area was calculated relative to the internal standard area.

a — Merck (Darmstadt, Germany); b — Sigma-Aldrich (St. Louis, Missouri, USA); ¢ — Supelco (Bellefonte, Pennsylvania, USA);
d — SAFC Biosciences (Lenexa, Kansas, USA); e — Firmenich & Cie (Geneva, Switzerland).
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Fig. 1. Comparison of peak areas of volatile organic compounds obtained by different SPME fibres.

non-polar x polar setup was realized by DB-5ms
and Supelcowax-10, while DB-FFAP and BPX-50
was used for polar x medium polar column setup.
GCxGC-TOF-MS chromatograms of honey-
dew honey obtained by various column setups
are shown in Fig. 2. The combination of non-po-
lar x polar columns provides apparently a better
2D separation space with better distribution of
peaks, but the results should be more carefully in-
terpreted. DB-FFAP x BPX-50 column set shows
a chromatographic profile with ordered struc-
ture for the most common classes of compounds
found in honeydew honey, which could simplify
the evaluation of results (Fig. 3). This fact sug-
gests that the separation with desired group-type
identification was successfully achieved in the
case of non-orthogonal approach. However, al-
kanes, alcohols and furan compounds found at
low concentration levels were separated only by
DB-5ms x Supelcowax-10 column setup.

Volatile organic compounds profile

Totally, more than 300 various volatile organic
compounds (VOC) were identified in honeydew
honeys by GCx GC-TOF-MS, while for 100 of
them, confirmed by injection of standards, a cal-
culated area percentage greater than 0.01% was
found. The list of identified compounds together
with retention times, area percentage as well as
calculated linear retention indices obtained by
both column combinations is presented in Tab. 1.

The identified compounds belonged to various
chemical classes (hydrocarbons, alcohols, alde-
hydes and ketones, terpenes, benzene derivatives
and various compounds containing a heteroatom).
Since the detected hydrocarbons, such as C8 to
C15 linear alkanes, 2,4-hexadiene, o-pinene, p-
cymene, are known to originate mainly from bee-
wax or plantwax, and honeybee cuticle [29], these
compounds could not be defined as the markers
of the studied honey type. Regarding alcohols

DBX-50

w

Supelcowax-10

' I‘I_I"Ill !'lLi it Lal |

Vi o
bl | ll | ,.I..“."I.'-"r L L
LI L |l '

\

0 33.3333 66.6667
DB-FFAP

0 33.3333
DB-5ms

66.6667

Fig. 2. GC x GC-TOF-MS chromatograms of the studied honeydew honey
obtained with the different column combinations.

A — DB-FFAP and BPX-50, B — DB-5ms and Supelcowax-10.
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that, similarly to esters, are synthesized by acetic
metabolic pathway in plants, 2-heptanol, 1-octen-
3-ol, 2,3-butanediol and 2,6-dimethyl-1,7-octa-
dien-3,6-diol were present at higher concentration
levels. In addition, 2,3-butanediol was suggested
as authentication marker of honeydew honeys
by other authors [30-32]. The presence of these
diols in honeydew honeys could be related to
3-hydroxy-2-butanone, which is also reported as
a typical marker for honeydew honeys [30]. The
other carbonyl compounds, in particular aldehydes
3-methyl-1-butanal, octanal and nonanal, were
found at higher concentration levels compared
to monofloral honeys. Furthermore, all studied
honeydew honeys contained a homologous series
of 2-ketones, cycloketones, cyclohexanone and
2,6,6-trimethylcyclohexanone. On the other hand,
cyclohexanone, which was previously reported as
a suitable marker for honeydew honey, was also
identified in citrus honey, and therefore is not
suitable as a marker of botanical origin [33]. The
presence of acetic acid was confirmed by an au-
thentic standard compound. This compound was
previously reported as indicative for honeydew
honey [30, 34, 35]. Among the large number other
organic acids and their esters, methyl esters of
C6 and C9 carboxylic acids, and of benzeneacetic
acid, were dominant. In honeydew honey, 2-oxooc-
tanoic acid and 4-oxapentanoic acid, allyl ester of
acetic acid and methyl ester of 2,6-dihydroxyben-
zoic acid were identified. These VOC are charac-
teristic unique compounds for honeydew honey,
because they were not identified in the most com-
mon Slovakian unifloral honeys [21]. Moreover,
the detected methyl ester of 2-hydrobenzoic acid
was also found to be specific for willow honey [29].
It is supposed that the presence of benzoic and
phenolic derivatives mainly connected with the
shikimate metabolic pathway. At the same time,
some other benzene compounds such as benzo-
furan, propylbenzene, benzaldehyde and benze-
neacetaldehyde benzene derivatives were identi-
fied in honeydew honeys. Some authors assumed
that benzene and phenolic compounds might be
characteristic for honeydew honeys [36], but other
authors classified these VOC as “floral markers”
(37, 38].

A wide range of compounds contain-
ing a furan ring, (2-acetyl-5-methyl-furan,
2-butyltetrahydrofuran, 2,5-dihydro-3,5-dimethyl-
2-furanone, 2-hexanoylfuran, 2-methyl-4,5-dihy-
dro-3-(2H)-furanone, 2-n-hexylfuran, 3-methyl-2-
(§H)-furanone, 3-pentyldihydro-2-(3H)-furanone,
4,5-dimetyldihydro-2-(3H)-furanone, 4,7-dimetyl-
benzofuran or hydroxydihydro-4-2-(3H)-
furanone) were found in all studied honeydew
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Fig. 3. Chromatographic profile of main classes of
compounds detected in honeydew honey.

A — DB-FFAP and BPX-50, B — DB-5ms and Supelcowax-10.

samples. Based on previous studies, furan deri-
vates in honeydew honeys may originate from
different processing or storage conditions of this
honey type [39]. 5-Methyl-2-(3H)-furanone and
2-methyl-3-(2H)-dihydrofuranone were report-
ed as unique markers for oak honeydew honeys
[40]. Another very interesting group of com-
pounds found in honeydew honey are pyrazines:
2,5-dimethylpyrazine and 2,6-dimethylpyrazine;
2-ethylpyrazine; 2-methyl-5-ethylpyrazine and
2-methylpyrazine. Terpenes represent the most
abundant chemical class identified in honeydew
honeys. Their presence may be associated with
the floral nectar or honeydew gathered by honey-
bees [39]. Many authors indicate certain terpenes
such as limonene, hotrienol and linalool oxides
as markers of the botanical origin of honeydew
honey [31]. Linalool oxides and hotrienol were
already found in oak honeydew [40]. Isophorone
originating from cartenoid degradation was shown
as a compound specific for other honey types [11].

In our previous work, monofloral honeys (rape,
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Fig. 4. Comparison of area percentage of volatile organic compounds in honeydew, rape,
sunflower, acacia, lime, raspberry and phacelia honeys.

The area percentages of volatile organic compounds in monofloral flower honeys were obtained in our previous work [21].

sunflower, acacia, lime, raspberry, and phacelia)
were studied in detail [21]. Fig. 4 shows a compari-
son of peak areas of selected chemical classes in
honeydew, rape, sunflower, acacia, lime, raspberry
and phacelia honeys. For estimation of VOC con-
tent in different types of honey, only compounds
confirmed by authentical reference standards were
applied. Overall, honeydew honeys were specified
by the presence of a significantly higher number of
volatile organic compounds compared to monoflo-
ral honeys.

CONCLUSIONS

A complete analysis of VOC content of honey-
dew honeys was performed by comprehensive
two-dimensional chromatography. In the first
part of study, DVB/CARB/PDMS, PDMS/DVB,
CAR/PDMS, PA and PDMS SPME fibres were
compared, where the DVB/CARB/PDMS fibre
was found to be more effective for extraction of
terpenes, esters and alcohols. In the next part,
two column combinations with different separa-
tion characteristics were applied, and the “re-
versed” (polar x medium-polar) setup was found
to provide an ordered structure of the chromato-
gram profile for the most common classes of com-
pounds detected in honey. In general, more than
300 compounds were detected in the samples,
whilst 170 compounds were confirmed by authen-
tic reference standards. On the basis of theses re-
sults, 2-oxooctanoic acid and 4-oxapentanoic acid,
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allyl ester of acetic acid, methyl ester of 2,6-dihy-
droxybenzoic acid were considered to be markers
for Slovak honeydew honey. At the same time, the
presence of other compounds previously reported
as specific for this kind of honey, namely, 2,3-bu-
tanediol, 3-hydroxy-2-butanone, acetic acid and
methyl ester of 2-hydrobenzoic acid was estab-
lished.
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