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During the liquid chromatographic study of the phenolic fraction of monofloral honeys was detected in

the asphodel honey (Asphodelus microcarpus Salzm. et Viv.) chromatogram a distinctive peak not

detected in other monofloral honeys such as Arbutus unedo L., Hedysarum coronarium, Eucalyptus

spp., and Galactites tomentosa. After thin layer chromatography (TLC) purification and characteriza-

tion by NMR and LC-MS/MS, the compound was identified as methyl syringate (MSYR) and confirmed

against an original standard. Levels of MSYR were measured in honeys of 2005, 2006, and 2007 by

HPLC-DAD analysis. Level determination of MSYRwas repeated in 2008 for 2006 and 2007 honeys to

evaluate chemical stability of this phenolic compound. Levels of MSYR measured 1 year after the

sampling did not show significant statistical differences (p < 0.05). The stability of MSYR was also

confirmed by 12 asphodel honey samples collected in 2005 that showed amounts of methyl syringate

comparable with those found in fresh honey. For the evaluation of MSYR origin, samples of nectars

were collected from flowers and the content of MSYR was measured. Levels of MSYR in honeys are

originated from the nectar with an average contribution of the nectar to the honey of 80%. Melissopa-

linological analysis did not allow the attribution of the honey monofloral origin because levels of

asphodel pollen were <6% for all analyzed samples. Previously reported levels of MSYR for robinia,

rape, chestnut, clover, linden blossom, dandelion, sunflower, thyme, manuka, and fir honeys were <5

mg/kg. For this reason, a minimum level of 122.6 mg/kg for MSYR in asphodel honeys can be

considered as a chemical marker and, unlike the melissopalynological analysis, can be used for the

origin attribution and to evaluate the percent of asphodel nectar in the honey.
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INTRODUCTION

Asphodelus microcarpus Salzm. et Viv. (Liliaceae) mono-
floral honey is produced during springtime; it is light-colored,
with medium-fine size crystals. The smell is delicate and the
taste weak and immediately sweet (1-4). Of the Sardinian
melliferous species,Asphodelus is the first to come into flower,
starting to bloom in February-March and, in relation to the
altitude, continuing to bloom until May. Asphodel honey is
very similar to sulla (Hedysarum coronarium L.) honey, but
the latter has a slightly sour taste. Different from many other
Italian honeys (5 ), very few studies dealing with asphodel
honey characterization have been published and, so far no
descriptive file is available. Melissopalynology, the study of
microscopic elements (pollen grains, spores) in the sediment of
honey, does not allow the unambiguous determination of the
origin of asphodel honey. In fact, in this honey the pollen is
underrepresented (class I, <20000 pollen grains per 10 g of

honey), andAsphodelus pollen is sporadic, usually<6%.This
can be due to the large size of theAsphodelus pollen grain and
the fact that during aging it degrades quickly (4, 6).Moreover,
the morphology of the flower can contribute to the limitation
of nectar contamination. For these reasons asphodel honey is
rich in other spring and summer contaminating pollens.

The aim of this work was to develop a direct and accurate
HPLC-DAD and LC-MS/MS method to identify possible
constituents of the nonvolatile components ofA. microcarpus
Salzm. et Viv. honey in order to use them as markers of the
monofloral origin of the honey.

MATERIALS AND METHODS

Chemicals. Methanol, acetonitrile, ethyl acetate, acetic
acid, and silica gel preparative TLC plates (20 � 20 cm, 60
F254) were purchased from Merck (Darmstadt, Germany).
Sodium carbonate and ferric chloride were purchased
from Carlo Erba (Milan, Italy). Standards of methyl syringate,
gallic acid, ferrous sulfate, 1,1-diphenyl-2-picrylhydrazyl
radical (DPPH), (()-6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid (Trolox), 2,4,6-tris(2-pyridyl)-1,3,5-triazine
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Strawberry tree honey, due to its characteristic bitter taste, is one of the most typical Mediterranean

honeys, with Sardinia being one of the largest producers. According to specific chemical studies,

homogentisic acid was identified as a possible marker of this honey. This work, based on HPLC-

DAD-MS/MS analysis of strawberry tree (Arbutus unedo L.) honeys, previously selected by sensory

evaluation and melissopalynological analysis, showed that, in addition to the above-mentioned acid,

there were other high levels of substances useful for the botanical classification of this unifloral

honey. Two of these compounds were isolated and identified as (()-2-cis,4-trans-abscisic acid (c,t-

ABA) and (()-2-trans,4-trans-abscisic acid (t,t-ABA). A third compound, a new natural product

named unedone, was characterized as an epoxidic derivative of the above-mentioned acids.

Structures of c,t-ABA, t,t-ABA, and unedone were elucidated on the basis of extensive 1D and

2D NMR experiments, as well as HPLC-MS/MS and Q-TOF analysis. In selected honeys the

average amounts of c,t-ABA, t,t-ABA, and unedone were 176.2 ( 25.4, 162.3 ( 21.1, and 32.9 (
7.1 mg/kg, respectively. Analysis of the A. unedo nectar confirmed the floral origin of these

compounds found in the honey. Abscisic acids were found in other unifloral honeys but not in such

high amount and with a constant ratio of about 1:1. For this reason, besides homogentisic acid,

these compounds could be used as complementary markers of strawberry tree honey.
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INTRODUCTION

Strawberry tree (Arbutus unedo L., Ericaceae) unifloral honey
is a typical product of someMediterranean regions, and the island
of Sardinia is probably the largest producer in the world. Because
of the characteristic taste, this honey is known as “bitter honey”.
The honey flow period is late autumn, during the flowering of
strawberry tree shrubs, when unfavorable weather conditions
often remarkably limit production.Due to the lowproductionper
hive and the presumed biological properties, the bitter honey is of
remarkable economic importance and itsmarket price is from4 to
8 times higher than that of a sweet honey. This honey has been
traditionally employed mainly for curative aims since ancient
times, as was attested in the the ancient Greek and Roman world
byDioscoride in his treaty on the medical matter (1). The sensory
characteristics are easily recognizable: it is an amber-colored
when liquid and beige-brown when crystallized; the smell is
intense, characteristic, ripe, and similar to that of coffee; the taste
is a bit sweet initially and decidedly bitter and astringent later. On
the contrary, the melissopalynological approach shows several
limits in the botanical classification of this honey. In fact,Arbutus
pollen is normally underrepresented in the bitter honey and the
frequent incidence of overrepresented “contaminating” pollens,

such as Eucalyptus ones, causes a wide variation in the absolute
number of pollen grains in the sediment and also in the percen-
tages of Arbutus pollen (2). To overcome the limits of melissopa-
lynological methods in the botanical classification of this
unifloral honey, chemical investigation of the phenolic fraction
highlighted homogentisic acid as a marker of strawberry tree
honey (3). Moreover, volatile (4,5) and semivolatile (6) fractions
showed the presence of several norisoprenoid compounds that are
useful to characterize such a honey.

The aim of this work was to investigate strawberry tree honey
in order to evaluate the presence of further characteristic com-
pounds.

MATERIALS AND METHODS

Honey and Nectar Samples and Melissopalynological Analyses.
Strawberry tree honey samples (n = 25) were collected in triplicate from
professional beekeepers in different areas of Sardinia (Italy) during the
period 2005-2007 (Table 1). Samples were stored at 4 �C in dark glass
bottles until analysis. Strawberry tree nectars (n= 4) were collected from
flowers growing in three characteristic shrubland areas with strawberry
tree as dominant essence, located in northern, central, and southern
Sardinia, respectively. The nectars were collected in winter 2007 from 4
to 12 p.m. during the main nectar flow (1), from about 2500 flowers for
each sample using homemade pipets with two bulbs (7). Qualitative and
quantitative melissopalynological analyses were carried out following the
method of the International Commission of Bee Botany (8).
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Abstract: Samples of unifloral sulla (Hedysarum coronarum L.) honey from Sardinia 
(Italy) were analysed. To investigate the chemical composition of the honey volatiles two 
solvent systems were used for ultrasonic solvent extraction (USE): 1) a 1:2 (v/v) pentane 
and diethyl ether mixture and 2) dichloromethane. All the extracts were analysed by GC 
and GC/MS. These procedures have permitted the identification of 56 compounds that 
include norisoprenoids, benzene derivatives, aliphatic compounds and Maillard reaction 
products. Norisoprenoids were the major compounds in both extracts, dominated by 
vomifoliol (5.3-11.2%; 9.6-14.0%) followed by minor percentages of other norisoprenoids 
such as α-isophorone, 4-ketoisophorone, 3-oxo-α-ionol or 3-oxo-α-ionone. Other abundant 
single compounds in the extracts were 3-hydroxy-4-phenylbutan-2-one (0.8-5.4%;  
0.6-5.7%) and methyl syringate (3.0-5.7%; 2.2-4.1%). The composition of the volatiles and 
semi-volatiles in the obtained extracts suggests that sulla honey is quite distinctive relative 
to the other honeys that have been chemically studied by GC/MS, but no specific markers 
of the honey botanical origin were found. 

Keywords: sulla (Hedysarum coronarium L.) honey; ultrasonic solvent extraction (USE); 
gas chromatography and mass spectrometry (GC and GC/MS); norisoprenoids 

 

OPEN ACCESS



Analytical Methods

Contribution to the characterisation of honey-based Sardinian product abbamele:
Volatile aroma composition, honey marker compounds and antioxidant activity

I. Jerković a,*, A. Kasum a, Z. Marijanović b, C.I.G. Tuberoso c
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a b s t r a c t

Sardinian abbamele is a typical product obtained from the honey recuperation from combs (traditional
procedure) or by concentration of the honey diluted in water (industrial procedure). Seven abbamele sam-
ples were obtained to study the volatiles’ composition, the presence of honey marker compounds and
their relationship with the production procedures. The long thermal treatment applied in abbamele pro-
duction caused very high (1007.0–4405.8 mg/kg) HMF content (HPLC-DAD), while glucose and fructose
amounts were quite similar to the honey ones (HPLC-RI). Total antioxidant activity (FRAP assay) of the
samples ranged between 13.3 and 71.2 mmol Fe2+/kg, while antiradical activity (DPPH assay) ranged
between 3.8 and 23.3 mmol TEAC/kg. Such high antioxidant values were linearly correlated with total
phenol amount (1297.8–4469.5 mg GAE/kg) determined by Folin–Ciocalteau method. Thermally derived
furan derivatives and terpenes were abundant among the headspace volatiles (HS-SPME), particularly
limonene (0.5–76.0%) that probably originated from citrus rinds’ addition during abbamele production.
GC and GC–MS analyses of USE isolates revealed HMF predominance as well as the honey marker com-
pounds (if/when existing) such as methyl syringate (up to 49.2%), marker of Asphodelus microcarpus
honey. High isophorone percentage (up to 30.9%) determined by HS-SPME followed by minor percentage
of 4-ketoisophorone and norisoprenoids in one sample indicated Arbutus unedo L. honey use in the pro-
duction. HPLC-DAD analysis confirmed the presence of specific honey markers: two samples showed high
methyl syringate concentrations (150.4–120.1 mg/kg) while homogentisic acid and other specific mark-
ers of A. unedo honey were found in one sample. The compared GC–MS and HPLC-DAD data proved to be
useful to obtain information about the use of specific honey in the production and to verify citrus
addition.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Globalisation of food-stuff market led to a parallel develop-
ment of re-discovery and protection of traditional foods. Sardi-
nian abbamele is a typical product originally obtained from the
recuperation of honey from the combs. In ancient times and poor
economies, no food was to be wasted and abbamele was perfect
filler for sweets (Spiggia, 1997). According to abbamele traditional
production, honey is extracted from combs and the latter are
crumbled and dipped into warm water (40 �C). Then, the emerg-
ing wax separates and the remaining liquid (water, some honey
and pollen) is heated (up to 100 �C) until a brown, honey-like
product is obtained (Spano et al., 2008). Today, abbamele is
sometimes still prepared in this traditional way, but more and
more often it is prepared in industrial way by concentration of

honey diluted in water. In both ways of preparation it is common
to add peels or pieces of citrus fruits. A previous paper (Spano
et al., 2008) reported a first chemical investigation of abbamele
on typical parameters studied for honey (water content, electrical
conductivity, pH, free acidity, invertase activity, 5-hydroxy-
methyl-2-furaldehyde (HMF), total polyphenols and free amino
acids). As expected for a product submitted to heat treatment,
invertase activity was very low (less than 1.02 U/kg) while
HMF values ranged between 881 and 4776 mg/kg. The studied
parameters, although interesting for a preliminary characterisa-
tion of this product, were not useful to investigate the produc-
tion cycle of abbamele. In addition, it is stated (Spano et al.,
2008) that the value of abbamele is usually much higher (up to
10 times) than that of honey, but no information on its useful
properties were reported. For instance, honey-based abbamele
could exhibit antioxidant properties contributing to its high va-
lue. It is well known that antioxidant activity is one of the ben-
eficial effects of honey that is greatly influenced by its botanical

0308-8146/$ - see front matter � 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.foodchem.2010.06.047
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Chemical analysis of Asphodelus microcarpus Salzm. et Viv. honey is of great importance, since
melissopalynology does not allow the unambiguous determination of its botanical origin. Therefore, the
volatile compounds of eight unifloral asphodel honeys have been investigated for the first time. The
honey extracts were obtained by headspace solid-phase microextraction (HS-SPME) and ultrasonic
solvent extraction (USE) and analyzed by GC and GC/MS. In the honey headspace, 31 volatile
compounds were identified with high percentages of 2-phenylacetaldehyde (2 ; 14.8–34.7%), followed by
somewhat lower percentages of methyl syringate (1; 10.5–11.5%). Compound 2 is not a specific marker
of the botanical origin of the honey, but its high percentage can be emphasized as headspace
characteristic of asphodel honey. The extraction solvent for all the samples was selected after extracting a
representative sample with pentane, Et2O, pentane/Et2O 1 :2 (v/v), and CH2Cl2. Compound 1 was the
major constituent of all the USE extracts (46.8–87.0%). According to these preliminary results, all the
honey samples were extracted by USE with the solvent pentane/Et2O 1 : 2. A total of 60 volatile
compounds were identified with 1 as predominant compound (69.4–87.0%), pointing out 1 as
Asphodelus honey volatile marker.

Introduction. – It is well determined that the honey aroma is highly dependent upon
the composition of the volatiles, which results from the nectar or honeydew, the bee�s
activity [1– 3], as well as the industrial processing [4]. The composition of the honey
volatiles shows strong variability according to the extraction systems, since the volatility
and polarity of each compound significantly affect the recovery percentage. Volatiles
from different honey types were extensively studied and several extracting methods
were proposed [2] [5] [6]. However, none of the single methods proposed proved to be
simple, rapid, and objective. Recently, our research group suggested a two-way
approach for the isolation of the honey volatile compounds, i.e., headspace solid-phase
microextraction (HS-SPME) and ultrasonic solvent extraction (USE) [7] [8]. With this
approach, it was possible to obtain a more detailed insight into the honey volatile and
semi-volatile compounds and to minimize the risks of compound discrimination due to
their partial extraction.

The chemical analysis of Asphodelus microcarpus Salzm. et Viv. honey is of great
importance, since melissopalynology does not allow the unambiguous determination of
its botanical origin [9]. Therefore, in the present work, our aim was to isolate the
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a b s t r a c t

The antioxidant activity of several honeys was evaluated considering the different contribution of entire
samples. The strawberry tree honey emerged as the richest in total phenols and the most active honey in
the DPPH and FRAP tests, and could protect cholesterol against oxidative degradation (140 �C). Homogen-
tisic acid (2,5-dihydroxyphenylacetic acid, HGA), the main phenolic compound from strawberry tree
honey, showed interesting antioxidant and antiradical activities, and protective effect against thermal-
cholesterol degradation, comparable to those of well known antioxidants. Moreover, the pre-treatment
with HGA significantly preserved liposomes and LDL from Cu2+-induced oxidative damage at 37 �C for
2 h, inhibiting the reduction of polyunsaturated fatty acids and cholesterol and the increase of their oxi-
dative products. This phenol had no toxic effect in human intestinal epithelial Caco-2 cells within the
concentration range tested (5–1000 lM). HGA was able to pass through the Caco-2 monolayers, the
apparent permeability coefficients (Papp) in the apical-to-basolateral and basolateral-to-apical direction
were 3.48 ± 1.22 � 10�6 and 2.18 ± 0.34 � 10�6 cm/s, respectively, suggesting a passive diffusion path-
way as the dominating process. The results of the work qualify HGA as natural antioxidant, able to exert
a significant in vitro protective effect and to contribute to the strawberry tree honey antioxidant activity.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Honey is a supersaturated solution of fructose and glucose and
contains a wide range of minor constituents such as minerals, pro-
teins, vitamins, organic acids, enzymes, and phenolic compounds
(Al et al., 2009; Ferreira, Aires, Barreira, & Estevinho, 2009; Gheldof,
Wang, & Engeseth, 2002). This natural product is considered a part
of traditional medicine (treatment of burns, gastrointestinal disor-
ders, asthma, skin ulcers, and cataracts) and is used as a food pre-
servative and sweetening agent (Al et al., 2009; Ferreira et al.,
2009). The beneficial role of honey is partially attributed to its anti-
bacterial and antioxidant activities. The antioxidants present in
honey include both enzymatic (catalase, glucose oxidase, peroxi-
dase) and non-enzymatic substances (ascorbic acid, a-tocopherol,
carotenoids, amino acids, proteins, Maillard reaction products,
flavonoids, and phenolic acids) (Al et al., 2009; Ferreira et al.,
2009; Gheldof et al., 2002). The amount and type of these antioxi-
dants depends largely upon the floral source/variety of the honey
and a correlation between its antioxidant activity and total pheno-
lic content has been demonstrated (Al et al., 2009; Gheldof et al.,
2002).

Strawberry tree (Arbutus unedo L., Ericaceae) unifloral honey is a
typical product of some Mediterranean regions, Sardinia in partic-
ular (Spano et al., 2006). Due to the characteristic taste, this honey
is known as ‘‘bitter honey’’ and it has been traditionally employed
mainly for curative aims (Tuberoso et al., 2010). Chemical investi-
gation of the phenolic fraction highlighted homogentisic acid (2,5-
dihydroxyphenylacetic acid; HGA) as a useful marker to assess the
botanical origin of strawberry tree honey (Tuberoso et al., 2010). It
was reported that HGA is the most abundant phenolic compound
in this honey, with an average amount of 414.1 ± 69.8 mg/kg
(Tuberoso et al., 2010). In vegetables, HGA is involved in the path-
way outlined for the biosynthesis of plastoquinones and tocophe-
rols in higher plants (Whistance & Threlfall, 1968) and is a
catabolite of phenolic metabolism in a wide variety of higher
organisms (mammals, fish, birds, amphibians, and plants) (Frases,
Salazar, Dadachova, & Casadevall, 2007). In humans, HGA is an
intermediate in the metabolism of tyrosine, normally metabolised
by the enzyme homogentisate 1,2-dioxygenase (Hegedus & Nayak,
1994). It was found to scavenge DPPH radicals (Kang et al., 2005),
like other hydroxyphenylacetic acid derivatives (Nahar, Russel,
Middleton, Shoeb, & Sarker, 2005; Ordoudi, Tsimidou, Vafiadis, &
Bakalbassis, 2006; Sroka & Cisowski, 2003), and to prevent H2O2-
induced lipid peroxidation in human fibroblasts (Kang et al.,
2005). HGA has been reported to induce cytotoxic and mutagenic

0308-8146/$ - see front matter � 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.foodchem.2011.05.072
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Thistle (Galactites tomentosa Moench) Honey
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HPLC-DAD-MS/MS chromatograms of thistle (Galactites tomentosa Moench) unifloral honeys,

previously selected by sensory evaluation and melissopalynological analysis, showed high levels

of two compounds. One was characterized as phenyllactic acid, a common acid found in honeys,

but the other compound was very unusual for honeys. This compound was extracted from honey

with ethyl acetate and purified by SPE using C18, SiOH, and NH2 phases. Its structure was

elucidated on the basis of extensive 1D and 2D NMR experiments as well as HPLC-MS/MS and

Q-TOF analysis, and it was identified as lumichrome (7,8-dimethylalloxazine). Lumichrome is known

to be the main product of degradation obtained in acid medium from riboflavin (vitamin B2), and this

is the first report of the presence of lumichrome in honeys. Analysis of the G. tomentosa raw honey

and flowers extracts confirmed the floral origin of this compound. The average amount of

lumichrome in thistle honey was 29.4 ( 14.9 mg/kg, while phenyllactic acid was 418.6 ( 168.9

mg/kg. Lumichrome, along with the unusual high level of phenyllactic acid, could be used as a

marker for the botanical classification of unifloral thistle (G. tomentosa) honey.

KEYWORDS: Lumichrome; Galactites tomentosa Moench; honey; botanical characterization; HPLC-DAD;
HPLC-MS/MS; Q-TOF; NMR

INTRODUCTION

Monofloral honeys have a high value in the marketplace
because of their distinguishing sensorial characteristics. Thistle
honey is a common unifloral honey and, depending on the area
of production, several species belonging to the Asteraceae family
can be linked to the botanical origin of this honey. Star thistle
(Centaurea solstitialis L.), nodding thistle (Carduus nutans L.),
Mediteranean thistle (Galactites tomentosa Moench), and other
plants belonging to the genus Carduus or Cirsium, are the main
sources of thistle honey. In the scientific literature, only a few
papers on the characterization of thistle honey can be found.
Volatile compounds from Carduus nutans honey have been
studied by GC-MS, and linalool derivatives were proposed as
possible marker compounds (1). Physicochemical, sensory, and
melissopalynological parameters of a Cirsium spp. honey sample
were determined (2), but data were not useful to assess the
botanical origin of the honey. No data on thistle honey from
G. tomentosa have been reported, although this unifloral honey is
a common product in some Mediterranean regions. The flower-
ing period ofG. tomentosa is spring, when a lot of other flowering
species can interfere with this unifloral honey production. The
sensory characteristics are easily recognizable. This honey is
amber colored with green reflection when in liquid state and light

brown when crystallized. Its aroma is of medium intensity, quite
persistent, with floral-fruity notes and faint animal nuances.
Its taste is usually sweet and tart, with a light bitter and slightly
astringent aftertaste. As for other honeys with underrepresented
pollen in their spectra, the botanical classification of thistle honey
based on melissopalynology is quite difficult (3).

Theaimof thisworkwas to investigatebyadirectRP-HPLC-DAD
technique the nonvolatile fractionof thistle (G. tomentosaMoench)
unifloral honey in order to find characteristic compounds that
can be proposed as suitable marker compounds of this honey.

MATERIALS AND METHODS

Honey and Nectar Samples and Melissopalynological Analyses.

Thistle honey samples (n=23) were collected in triplicate from profes-
sional beekeepers in different areas of Sardinia (Italy) during the period
2007-2009 (Table 1). Samples were stored at 4 �C in dark glass bottles
until analysis (within 3 months). A sample of thistle honey produced in
Sicily (Italy) in 2008 was also analyzed. Qualitative and quantitative
melissopalynological analyses were carried out by following themethod of
the International Commission of Bee Botany (4, 5). Because of flower
morphology, it was not possible to collect its nectar directly from the
flowers as done previously (6, 7), so different approaches were used to
correlate thistle honey with G. tomentosa flowers. In a first trial, three
packages of bees with new frames were placed in an area covering more
than 90% byG. tomentosa in early flowering. During the flowering period
(April-May), at intervals of about 15 days, unripe honey samples were
collected by pipet from at least 100 uncapping cells from 2-3 combs and
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