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1. INTRODUCTION

In Europe more than 100 botanical species
are known to produce unifloral honey (Persano
Oddo et al., 2004). Most of them are produced
occasionally or are only of local interest, whereas
others are part of the import-export market
between different European countries.

In the International Honey Commission
of Apimondia (IHC), a working group was
constituted in 1998, with the participation of
28 researchers specialized in honey analysis
from 20 different laboratories (11 countries),
with the aim of collecting analytical data related
to the main European unifloral honeys and of
elaborating them to provide the quality criteria
for each important honey type.

2. MATERIALS AND METHODS
2.1. Data bank

The list of members of the IHC participating in the
working group is integrally reported in the online
version (Appendix5.pdf). They provided the informa-
tion and the analytical data available in the respective
laboratories, related to physicochemical, organolep-
tic and melissopalynological parameters of anumber
of authentic unifloral samples (participants were
responsible for the authenticity of unifloral samples).

More than 61 000 raw data were supplied, related
to 6719 honey samples produced in 21 countries of
the European geographical area, and analysed for
more than 30 physicochemical parameters.

For the characterisation work, 15 honey types
were selected, as the most important in terms of
abundance of production or commercial relevance in
European countries. Among the set of parameters,

1 Research carried out in the frame of the Ttalian national program of the Ministero delle Politiche Agricole,

CE Regulation 1221/97.
* Corresponding author: livia.persano @apicoltura.org
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Table I. List of parameters selected for the
description of European unifloral honeys.
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Table II. Number of samples and analytical data
collected for each of the 15 honey types chosen.

the most representative and most often used were
chosen for describing the European unifloral honeys
(Tab. I). Possible extra parameters characteristic for
some honey types are quoted in the single descriptive
sheets. In Table II the selected honey types with the
respective number of samples and analytical data are
reported.

Data were transferred in a normalised database
(MS Access 97). In several cases (about 3%) data
needed to be converted in terms of units of measure-
ment. More than 54% of samples reported the year
of production and/or analysis: the total range of years
is between 1970 and 2002, but more than 90% of data
were produced in the period 1990-2002.

Before the inclusion in the data bank, the data
were verified and compared with the international
standards, in order to avoid the inclusion of irregular
honeys. Figure 1 shows the behaviour of water and
HMEF content respectively.

After this first check, mean, standard deviation,
minimum and maximum values were calculated for
each honey type and for each parameter. Then, a
comparison between results of the different labora-
tories was carried out (F-test of data). In Figure 2 an
example is presented related to the distribution of
electrical conductivity of Robinia honey: data of the

Visual No. of | No. of ana-
Sensory analysis Olfactory HONEY TYPES samples | lytical data
Taste
Melissopalynological Qualitative Brasgica napusL.and “turnip | 715 5939
analysis Quantitative rape
Colour Calluna vulgaris (L.) Hull 219 1468
Electrical conductivity Castanea sativa Miller 495 4834
Specific rotation Citrus spp. 299 2555
Water Eucalyptus spp. 208 1692
Diastase Helianthus annuus L. 358 3312
Invertase Lavandula spp. 261 2041
Proline Rhododendron spp. 139 1495
Physicochemical pH_ _ Robinia pseudacacia L. 715 5833
analysis Free acidity Rosmarinus officinalis L. 515 4017
T;ZIC:)C?;SW Taraxacum officinale Weber 114 1131
Fructose Thymus spp. 308 2313
Glucose Tilia spp. 261 2411
Sucrose Honeydew honey 721 5530
Fructose + Glucose (F+G) Honeydew honey from 153 1610
Fructose/Glucose ratio (F/G) Metcalfa pruinosa (Say)
Glucose/Water ratio (G/'W) Total 5481 46 1381

total sampling are compared with those from differ-
ent laboratories. Generally, a very good agreement
was found among laboratories. When results of a sin-
gle laboratory were not in agreement with the others,
they were discussed in the working group, to identify
the possible source of the difference (analytical
method or error): if the differences could not be
explained, they are reported or commented on in the
respective descriptive sheets.

Finally, in order to show up possible errors, other
general controls were performed, like the general
behaviour of the parameters, the sum of main com-
ponents (no more than 100%), etc.

After the above-mentioned selections the total
number of used data was 46 181 related to 5481 honey
samples (respectively 76% and 81% of original data
received).

For each single parameter the average values, stand-
ard deviation and confidence intervals at 95% were
calculated for each honey type.

2.2. Analytical methods

The physico chemical methods, used for the honey
characterisation are those of the IHC (Bogdanov
et al., 1997). The values of the electrical conductivity
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Figure 2. Distribution of electrical conductivity of Robinia honey. The total sampling is compared with the
data from different laboratories.

and specific rotation are expressed on honey dry
matter, the other ones on honey itself.

The pollen analysis was carried out according to

the IHC protocol (von der Ohe et al., 2004). The sen-
sory descriptions were based on the harmonized sen-
sory terminology (Piana et al., 2004).

3. RESULTS

For each of 15 unifloral types studied, a

descriptive sheet was compiled, where the fol-
lowing items are reported:

a text with general information on the honey
type and notes on its relevant characteristics;

pollen photograph (courtesy of Katharina
von der Ohe);

a table with sensory characteristics (accord-
ing to Piana et al., 2004);

atable with melissopalynological character-
istics;

— a table with physicochemical characteris-
tics. For each parameter the number of sam-
ples, the average values, standard deviation
and confidence intervals at 95% are given;
if the confidence limit was greater than the
real minimum or maximum value, the real
value was given. On the right size of the
table, the number of laboratories that pro-
vided the data and the total number of data per
country are also reported (2Country 4,,), as
an indication of the weight of each country
on the final average values.

Sometimes, the botanical species that give
rise to the unifloral honeys described in this
work are not the same in all the countries where
the honeys are produced: in other words, the
same generic name can be used in different
countries (or even in the same country), for
honeys coming from one or more different spe-
cies, hybrids, varieties or cultivars belonging to
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the same botanical group. These cases are dis-
cussed in the respective sheets.

4. DISCUSSION

4.1. Diagnosis of unifloral honeys

In the routine work, when the analyst has
to verify the botanical denomination of a sin-
gle honey sample, all three complementary
approaches have to be taken into account,
melissopalynological, sensory and physico-
chemical. Melissopalynological analysis does
not classify unequivocally unifloral honeys, and
sensory evaluation may suffer from a certain
subjectivity. On the other hand, the discrimi-
nating power of physicochemical parameters is
to a certain extent affected by the honey varia-
bility. Therefore, the whole analytical picture
of the sample has to be considered and inter-
preted in order to establish if it corresponds to
the ‘reference model’ for that botanical origin
(Persano Oddo and Bogdanov, 2004). First, the
sensory correspondence has to be evaluated;
that must comply with the consumer expecta-
tion; then the melissopalynological characteris-
tics have to be consistent with the declared
botanical origin, and finally, the physicochem-
ical values have to fall into the ranges specific
for that honey type, with particular attention to
the more characterising parameters.

According to previous researches on statis-
tical analysis of unifloral analytical data (Mateo
and Bosch-Reig, 1998; Piro et al., 2002), the
following parameters were found to have the
greatest discriminatory power: colour, electri-
cal conductivity, specific rotation, diastase, acid-
ity, fructose and glucose content. Their values
(average and standard deviation) for the Euro-
pean unifloral honeys are reported in Table III.
To provide more information, in the table also
other honey types are included, for which some
data were present in the data base, but that were
not consistent enough for including them in the
descriptive sheets. In the table the highlighted
cells indicate, for each parameter, the honey
types presenting the highest and the lowest val-
ues: indeed, it was demonstrated that, for each
honey type, parameters showing very high or
very low values have a greater classification
power than the ones with medium values
(Persano et al., 2000). The variability of the dif-

ferent parameters in the 15 unifloral honey
types is shown in Figure 3.

4.2. A practical tool for the control
of unifloral honeys

On the basis of the physicochemical data, a
practical tool was elaborated for the routine
control of the botanical denominations. The
aim was to devise a type of graphic able to rep-
resent, for each unifloral type, a characteristic
physicochemical profile, containing all the most
discriminating parameters: colour, electrical con-
ductivity, specific rotation, acidity, diastase and
sugars (fructose, glucose, fructose+glucose, fruc-
tose/glucose ratio and glucose/water ratio).

All these parameters have different meas-
urement units and numeric values. In order to
report them on the same graphic (one for each
honey type), the values of each parameter (aver-
age values, standard deviation and confidence
intervals) are transformed, so that they repre-
sent percentages of the total range found for
that parameter on the whole data set (max value
— min value), as follows:

val, % = val, —valy, 100
total range

where:
val,% 1is the transformed value

val is the original experimental value

a
val,,;, isthe experimental minimum value
found for that parameter on the whole data set

total range is the experimental range found
for that parameter on the whole data set (max-
imum value — minimum value).

Example. The average value of electrical
conductivity in Robinia honey is 0.16 mS/cm.
For electrical conductivity the minimum value
found on the whole data set is 0.08 mS/cm and
the maximum is 2.17 (total range = 2.09). The
transformed value of Robinia average conduc-
tivity, will be:

0.16 —0.08
2.09

In this way it was possible to put on the
same graphic all the discriminating parameters
related to each honey type, obtaining physico-

chemical profiles giving a synoptic view of the
honey physicochemical behaviour (Fig. 4).

-100 =3.8%.
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Table III — Characterising parameters of the European unifloral honeys (the whole data set is considered,
including honeys not described in the sheets). The highlighted cells indicate, for each honey type, the more
characterising parameters (light grey = low values; dark grey = high values).

HONEY TYPE ~ ] o > Z 51 S I
2| E2| % 23| S| ga| ga| 3| 2 _|
= = S E| B = ~ 8 g @] 0 o S
2 & IR oA RN Q = 9o = =] S E,ﬂ
_ A = A N < T @ QO = = L O =5 : B
= - g 3 L 8 2= = sz S S S £
O £ gE| 2= | 8E ] Em | T wm| 2| B 5
E _ =] - ] [N ~ o~ = —
) n = ) = = &)
Arbutus** 70.1+ | 0.74+ | -13.1x | 35.1% 4.6+ 37.6+x | 327+ | 70.3% 1.15+ | 1.76x
10.0 0.10 1.9 8.1 2.8 1.5 1.2 2.3 0.05 0.18
Brassica 26.2+ | 0.19+ - 10.3+ | 269+ | 38.3+ | 40.5+ | 78.7= | 095+ | 2.37%=
4.1 0.05 2.1 5.8 1.7 2.6 3.5 0.07 0.21
Calluna 76.9+ | 0.73% - 32.1+ | 234+ | 40.8+ | 32.5+ | 734+ 1.26x | 1.76x
18.5 0.12 5.6 6.3 2.0 1.6 3.1 0.07 0.16
Castanea 879+ | 138+ | -16.7+ | 13.0+ | 243+ | 40.8+ | 279+ | 68.7+ | 148+ | 1.62+
16.0 0.27 34 3.5 5.7 2.6 2.5 2.5 0.19 0.13
Citrus 15.0+£ | 0.19+ | -13.4+ | 143+ 9.6+ 38.7+ | 314+ | 70.1% 1.24+ | 1.92+
6.6 0.06 24 32 2.9 2.6 2.1 3.5 0.12 0.15
Erica arbo- 99.1+ | 0.70+ | -13.9+ | 34.7+ 8.7+ 38.4+ | 347+ | 73.1% .11+ | 1.89%+
rea** 12.9 0.09 1.6 5.0 3.5 1.3 1.2 1.6 0.06 0.18
Eucalyptus 542+ | 048+ | —-133+ | 194+ | 255+ | 39.1+ | 33.0x | 72.0+ 1.19+ | 2.14%=

9.4 0.06 2.3 53 4.8 22 1.9 33 0.09 0.15

Hedysarum** | 18.4+ | 0.20+ | -10.8+ | 27.2+ | 21.3+ | 39.0+ | 32.1+ | 71.1+x | 1.22+ | 1.90+
8.3 0.05 2.7 8.0 5.2 14 13 1.9 0.07 0.12

Helianthus 52.4%« | 034+ | —-17.5+ | 23.1+ | 20.8« | 39.2+ | 374+ | 76.7 | 1.05+ | 2.10+
9.0 0.08 1.9 6.3 5.6 1.6 1.5 2.7 0.04 0.13

Lavandula 333+ | 021 | 83+ | 173+ | 14.1+ | 36.0+ | 30.6+ | 66.6+ | 1.18+ | 1.88+
6.5 0.05 3.8 4.0 2.4 1.9 1.7 29 0.07 0.09

Phacelia** - 0.23+ - 19.8+ - 373+ | 34.0= | 71.3x | 1.10= | 2.09«
0.09 7.5 2.5 1.9 3.8 0.08 0.15

Rhododendron | 12.4+ | 0.23+ | 5.8+ | 13.3+ | 12.1+ | 39.1+ | 304+ | 69.6+ | 1.29+ | 1.79+
4.0 0.06 24 33 2.3 2.1 22 34 0.10 0.17

Robinia 129+ | 0.16+ | -16.6+ | 11.2+ | 105+ | 427+ | 26.5+ | 69.2+ | 1.61x | 1.57+
5.6 0.04 3.1 3.4 5.0 2.3 1.7 33 0.11 0.13

Rosmarinus 150+ | 015+ | -6.1%x | 11.5+ | 9.7+ 384+ | 33.1% | 71.5+ | 1.16x | 2.06x
5.8 0.04 2.8 4.7 32 1.6 22 3.0 0.08 0.15

Taraxacum 56.6%+ | 0.51+ | -10.0+ [ 109+ | 113+ | 374+ | 38.0+ [ 752+ | 0.99+ | 2.33%
10.4 0.07 2.1 2.0 2.3 1.8 2.8 39 0.07 0.15

Thymus 53.1% | 040+ | 20.1+ | 372+ | 292+ | 424+ | 303+ | 727+ | 141 | 1.90%
10.8 0.07 2.1 6.3 7.6 24 1.8 29 0.12 0.13
Tilia 333+ | 0.62+ | -12.5+ | 20.8+ | 16.8+ | 37.5+ | 31.9+ | 69.5+ | 1.18+ | 1.93+
13.1 0.12 2.8 7.7 34 29 2.5 4.0 0.12 0.19
Honeydew 86.0+ | 1.20+ | 13.9% | 26.0+ | 22.6+ | 32.5+ | 262+ | 58.7+ | 1.25+ | 1.61+

16.4 0.22 5.7 5.6 5.6 1.9 2.5 3.8 0.12 0.17

Metcalfah.dew| 100.8+ | 1.69+ | 17.5+ | 372+ | 393+ | 31.6x | 23.9+ | 55.5+ | 1.34+ | 1.51+
7.5 0.24 6.5 6.6 7.9 32 2.7 4.5 0.18 0.18

* Colour of Helianthus and Taraxacum honeys presents a typical yellow hue.
** Honey types not described in the sheets.
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Figure 4. Physicochemical profiles of the main European unifloral honeys. (Values of each parameter are
transformed as percentage of the experimental range found for that parameter on the whole data set.)
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Table IV. Minimum values (Val,;,) and ranges
(Val,—Val;,) of the main physicochemical
parameters.

Parameter Minimum| Total range
value | (Val,x—Valyin)
colour (mm Pfund) 5.0 114.4
electrical conductivity 0.08 2.09
(mS/cm)
specific rotation [OL]ZDO 242 42
free acidity (meq/kg) 23 49.1
diastase (DN) 0 52.7
fructose (g/100 g) 253 22.0
glucose (g/100 g) 18.8 26.8
F+G (g/100 g) 46.6 39.1
F/G ratio 0.81 1.03
G/W ratio 1.22 1.56

To verify the botanical denomination of
unknown samples, the global correspondence
to the characteristic profile can be evaluated:
after analysing the main parameters, the respec-
tive “transformed values” are calculated, accord-
ing to the above formula (for each parameter
val,,;, and ftotal range values are reported in
Tab. IV). The resulting profile is compared to
the characteristic profile of that honey type. If
the profile mostly falls into the standard devi-
ation range (dark area) the sample is perfectly
corresponding to the type; if it falls into the
light area it can be considered acceptable; if it
is out of the light area, it does not correspond
to the type.

The excel file for applying this method is
available in the online version (Appendix6.xls).

4.3. Compliance to norms

With respect to the composition and quality
standards, the values of almost all the 6,719
honey samples analysed by the 20 participants
laboratories perfectly comply with the limits
established by the new European Directive con-
cerning honey (European Commission, 2002).
In Table V the values found for the Directive
parameters in all the 6,719 IHC honey samples
are reported and compared with the prescribed

limits. For some honey types, particular values
were found that should be included among the
Directive exceptions. They are highlighted in
the table.

5. CONCLUSIONS

From the coordinated work carried out by
the IHC, an extensive databank was obtained,
from which it was possible to outline a fairly
complete picture of the main unifloral honey
types produced in European countries. In most
cases, data from different laboratories were in
very good agreement. They are also fairly con-
sistent with those available in the literature
(Piazza and Persano Oddo, 2004), some differ-
ences mostly depending on the use of different
analytical methods.

The descriptive sheets of the main European
unifloral honeys give, for the various parame-
ters, ranges of values that include 95% of the
analysed samples. Therefore they reasonably
represent a basic criterion of acceptability for
the market and a useful reference for the eval-
uation of botanical denominations. They may
assist the control authorities in the different
European countries, and stimulate the produc-
tion and trade of these valuable honey varieties.
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Table V. Quality parameters fixed by the new European Directive concerning honey (2001/110/CE). The
limits prescribed by the directive are compared with the corresponding experimental values of the samples
analysed in the IHC work (the whole data set is considered, including honeys not described in the sheets).
Honey types not complying with Directive limits are highlighted, and the extreme values are reported.

Parameter EU Directive limits Experimental values Total No
from IHC databank of data
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Eucalyptus <10 | Eucalyptus max = 4.2 81
Citrus <10 | Citrus max = 6.4 110
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RAPE HONEY
(BRASSICA SPP. - BRASSICACEAE)

Rape (Brassica napus L. and other species,
hybrids and varieties) is largely cultivated in
Europe for the seed, used for oil production. It
is very attractive to bees both for nectar and pol-
len and in Central and Eastern European coun-
tries represents one of the most important
spring sources, giving rise to large amounts of
very pure unifloral honey. The extension of cul-
tivation and consequently the production of
unifloral honey varies from year to year, accord-
ing to European agricultural policy. In North-
ern Europe, e.g. Finland, the main Brassica
honey is produced by turnip rape (Brassica
rapa L. var. oleifera subvar. annua) (Ruoff,
2003). Outside Europe rape honey is produced
in all the countries of the temperate area
(mainly North America and China).

In many countries the unifloral denomina-
tion does not increase the market value and the
honey is sold without mention of the botanical
origin or it is blended with other honeys.

This honey is characterised by quick granu-
lation, due to the high glucose content. For this
property it is frequently used as a “crystallisa-
tion starter”, added to other honeys to obtain a
finer granulation.

Rapeseed pollen is normally represented.
The unifloral honey presents low values of
electrical conductivity, proline and F/G ratio,
and high values of glucose, F+G and G/W ratio.
For an authentic rapeseed honey some Euro-
pean laboratories requires a F/G ratio lower
than 1 (Russmann, personal communication).

Sensory description

Visual assessment Colour intensity: light

Colour tone: normal honey colour

Olfactory assessment

Intensity of odour: medium

Description: spoiled and vegetal

Tasting assessment Sweetness: medium

Acidity: weak

Bitterness: absent

Intensity of aroma: medium

Description of aroma: floral — fresh fruit (fruity), warm, spoiled and vegetal

Persistence/aftertaste: short; aftertaste sometimes present (blackcurrant)

Other mouth perceptions: when crystallised in very small crystals, refreshing (like
“fondant™)

Physical characteristics

Crystallisation rate: quick
Other: this honey is often in crystallised form with very small crystals; in this case
the colour appears whitish or dull ivory
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HEATHER HONEY
(CALLUNA VULGARIS (L.) HULL - ERICACEAE)

Calluna vulgaris (heather) is widely distrib-
uted in the Northern and Western countries of
Europe, where it represents one of the most
important resources for honey production in the
late summer.

Heather honey is characterised by a partic-
ular physical phenomenon, called thixotropy:
due to the presence of colloidal proteins, it
becomes of a jelly consistence. This property
makes the extraction from the combs only pos-
sible with the help of special tools (provided
with needles that, mixing the honey in each
comb cell, turn it into a sol state). A high water
content, due to the season of production and the
quick increase of HMF, due to a high acidity
level, make the shelf-life of this honey shorter
than other honey types.

The melissopalynological characteristics of
Calluna honey are very variable: from the
PG/10 g value (mostly between 20 000 and
100 000, IT class of representativity) it seems to
be normally represented, but the pollen percent
is often under the 45% limit. This behaviour
may be accounted for by the particular extrac-
tion technique (Louveaux, 1970).

The unifloral honey shows high values of
colour, water and acidity; also electrical con-
ductivity is one of the highest among nectar
honeys, apart from chestnut honey. The Euro-
pean Directive allows a water content of up to

23 g/100 g and includes this honey in a group
whose electrical conductivity may go beyond
the 0.8 mS/cm limit.

A chemical marker for this honey type could
be represented by the high content of total pro-
tein (Serra Bonvehi and Granados Tarrés,
1993). One European laboratory accept as uni-
floral only honeys whose protein content is
above 1.15 g/100 g (Russmann, personal com-
munication). Another element of characterisa-
tion can be the typical thixotropy, measurable
through a viscosimeter (Serra Bonvehi and
Granados Tarrés, 1993) or a thixotropic test
(Louveaux, 1967).

Sensory description

Visual assessment

Colour intensity: dark to very dark

Colour tone: normal honey colour with reddish/orange tone

Olfactory assessment

Intensity of odour: medium to strong

Description: woody, floral — fresh fruit, warm

Tasting assessment Sweetness: weak

Acidity: medium

Bitterness: medium

Intensity of aroma: strong

Description of aroma: floral — fresh fruit, warm

Persistence/aftertaste: long

Other mouth perceptions: -

Physical characteristics

Crystallisation rate: moderate
Other: it often forms big rounded crystals; when liquid, the typical gel consistency is one
of the diagnostic characteristics
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CHESTNUT HONEY
(CASTANEA SATIVA MILLER - FAGACEAE)

Castanea sativa is found in many European
countries, mostly Central and Southern ones
and between 500 and 1000 m above sea level,
spontaneous or cultivated for nuts and wood
production. It represents for honey bees one of
the best sources of nectar and pollen, but it can
also provide honeydew, following the attack by
some insects belonging to Rhynchota Homop-
tera: Lachnus roboris L. (Lachnidae), Myzocallis
castanicola (Baker) (Callaphididae), Parthe-
nolecanium rufulum (Cockrell) (Coccidae).

Pure chestnut honeys remain for a long time
in a liquid state, due to the high fructose and low
glucose content. Castanea pollen is strongly
over-represented, and many laboratories require
a percentage of at least 90%, with more than
100 000 PG/10 g honey, before accepting the
honey as unifloral. This honey shows quite a
typical physicochemical pattern, with low val-
ues of G/W ratio and high values of colour,
electric conductivity, enzymes, pH and F/G
ratio. For this honey the European Directive
requires a value of electrical conductivity
higher than 0.8 mS/cm.

In the IHC data collection, data from one
French laboratory show different fructose and
glucose values, resulting in a lower average
fructose/glucose ratio (1.19 = 0.07); excluding
these values, the F/G mean value resulting from
the remaining data would increase from
1.48+0.19t0 1.56 £ 0.11.

Sensory description

Visual assessment

Colour intensity: dark to very dark

Colour tone: normal honey colour with reddish tone

Olfactory assessment Intensity of odour: strong

Description: woody, chemical, warm

Tasting assessment Sweetness: weak

Acidity: weak

Bitterness: strong

Intensity of aroma: strong

Description of aroma: woody, chemical, warm and spoiled

Persistence/aftertaste: long

Other mouth perceptions: astringent

Physical characteristics | Crystallisation rate: slow

Other: it is quite common a fluid consistency, due to a high water content
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CITRUS HONEY
(CITRUS SPP. - RUTACEAE)

Different species, hybrids, varieties and cul-
tivars of Citrus are cultivated in Mediterranean
countries for the production of fruits and aro-
matic essences. All of them are very attractive
to bees and give rise to large amounts of uni-
floral honey, mainly in Spain and Italy. The
honey has a high commercial value and is the
object of an import-export market.

Out of Europe the main producers of Citrus
honey are Israel, USA (California), Brazil and
Mexico, from where it is also imported into
Europe.

Physicochemical characteristics of honeys
from the various species are similar and one
overall class is considered here, referred to Cit-
rus spp.

Citrus pollen is under-represented, at a
lesser or greater extent depending on the dif-
ferent species and cultivars. The unifloral
honey shows low values of colour, electrical
conductivity, enzymes, and a slightly high con-
tent of sucrose. In the European Directive, a
diastase number as low as 3 and a sucrose con-
tent up to 10 g/100 g are allowed for this honey.
However, in the IHC data collection only
2 samples had a sucrose content higher than the
limit of 5 g/100 g.

Methylanthranilate is a chemical “marker”
for Citrus unifloral honey (Talpay, 1985; Serra
Bonvehi, 1988; Serra Bonvehi and Ventura
Coll, 1995; White and Bryant, 1996); German

laboratories consider a content of at least 2 mg/kg
as typical for an authentic unifloral honey
(Talpay, 1985; Russmann, personal commu-
nication). The flavonoid “hesperitin” is also
reported as a marker for Citrus unifloral honey
by Ferreres et al. (1993) and Tomas-Barberan
et al. (2001).

In the IHC data collection a considerable dif-
ference was recorded in proline values between
Greece (769 mg/kg + 157) and Italy (232 mg/kg
+ 95). Since no other countries provided data
for proline this parameter was omitted from the
physico-chemical table.

Sensory description

Visual assessment

Colour intensity: very light

Colour tone: normal honey colour

Olfactory assessment

Intensity of odour: medium

Description: floral — fresh fruit (floral)

Tasting assessment Sweetness: medium

Acidity: weak

Bitterness: absent

Intensity of aroma: medium

Description of aroma: fresh (anise), floral — fresh fruit (floral)

Persistence/aftertaste: short to medium

Other mouth perceptions: -

Physical characteristics

Crystallisation rate: moderate
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S60 L. Persano Oddo, R. Piro

EUCALYPTUS HONEY
(EUCALYPTUS SPP. - MYRTACEAE)

Various Eucalyptus species, introduced from
Australia at the beginning of the twentieth cen-
tury, are found in the Mediterranean countries
of Europe, cultivated mainly along the coasts
(the tree has a good resistance to the coastal cli-
mate), for the paper industry, for the essential
oil and as ornamental species. E. camaldulensis
Dehn is one of the most important, but all spe-
cies are very attractive to bees that gather from
them both nectar and pollen.

The unifloral honey production is important
in Italy, Spain and Portugal. Outside Europe,
large amounts of Eucalyptus honey are pro-
duced in the countries where these species
come from (Australia and New Zealand) or are
introduced (North and South Africa, Israel,
Central and Southern America).

E. camaldulensis pollen is over-represented
(usually, Italian laboratories consider that for
authentic honeys, at least 90% of specific pol-
lenis typical). Unifloral honey has slightly high
values of diastase, invertase and G/W ratio (due
to a low water content rather than high glucose
content). The European Directive includes
Eucalyptus honey in a group whose electrical

conductivity may go beyond the 0.8 mS/cm
limit, and allows for this honey a sucrose con-
tent up to 10 g/100 g. However, in samples col-
lected by IHC, the highest value of electrical
conductivity was about 0.6 mS/cm, and no
sucrose values were recorded above the 5 g/
100 g limit. Indeed, the Directive takes into
account Eucalyptus honeys from non-Euro-
pean countries, that may have different values
(Bogdanov et al., 1999).

Sensory description

Visual assessment

Colour intensity: medium to dark

Colour tone: normal honey colour with dull tone (greyish)

Olfactory assessment

Intensity of odour: medium to strong

Description: warm and spoiled

Tasting assessment Sweetness: medium

Acidity: weak

Bitterness: absent

Intensity of aroma: medium

Description of aroma: woody, warm and spoiled

Persistence/aftertaste: medium

Other mouth perceptions: -

Physical characteristics

Crystallisation rate: moderate
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SUNFLOWER HONEY
(HELIANTHUS ANNUUS L. - ASTERACEAE)

Sunflower is largely cultivated for the oily
seeds in many European countries, above all in
Eastern and Southern ones, where it represents
to bees an important source of nectar and pol-
len. The extension of cultivation and conse-
quently the production of unifloral honey var-
ies from year to year according to the European
agricultural policy.

At present the unifloral denomination does
not add market value to this honey, and in some
countries it is not labelled as unifloral or it is
blended with multifloral honeys.

The unifloral honey has a quick and often
hard crystallisation, due to the high glucose
content.

A big variability was recorded in the Heli-
anthus pollen content, from less than 20% to
more than 90%, with a PG/10 g value mostly
below 30 000. The morphology of flower and
pollen grains do not justify any under-repre-
sented behaviour, but different varieties or cul-
tivars may have a variable pollen production.

Apart from its bright yellow colour, Helian-
thus unifloral honey is characterised by slightly
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high proline and acidity values and by a typical
sugar spectrum, with a high glucose content,
leading to a high F+G and a low F/G ratio. G/'W
ratio is quite elevated, but not at the highest lev-
els, because of an often high water content.
Low values were also recorded for sucrose and
other oligosaccharides (Persano Oddo et al.,
2000).

Sensory description

Visual assessment Colour intensity: medium

Colour tone: bright yellow

Olfactory assessment Intensity of odour: weak

Description: floral — fresh fruit (fruity), warm and vegetal

Tasting assessment Sweetness: medium

Acidity: strong

Bitterness: absent

Intensity of aroma: weak to medium

Description of aroma: floral — fresh fruit (fruity), warm and vegetal

Persistence/aftertaste: short

“fondant”)

Other mouth perceptions: when crystallised with very small crystals, refreshing (like

Physical characteristics | Crystallisation rate: quick

Other: crystallisation with hard crystals (hardly soluble) is frequent
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LAVANDER HONEY
(LAVANDULA SPP. - LAMIACEAE)

Lavandula unifloral honey is mainly pro-
duced from the hybrid L. x intermedia Emeric
ex Loiselieur, cultivated for the essential oil in
France, Spain and, to a lesser extent, in other
Southern and Mediterranean countries. It is
extremely attractive to bees and represents a
very valuable resource for honey production;
Lavander honey also has a high commercial
value and is marketed internationally.

Unifloral honey can be produced also from
other Lavandula species: L. angustifolia Miller
(France and Spain), L. latifolia Medicus (Spain
and France) and L. stoechas L. (Spain, Portugal
and Italy). In the IHC data collection, the first
one showed a physicochemical pattern quite
similar to L. x intermedia, therefore one overall
class was considered, referred to Lavandula
spp. Different characteristics were recorded for
L. latifolia and L. stoechas honeys, that are not
described here, since their production is mostly
of local interest.

L. x intermedia pollen is strongly under-rep-
resented and even absent. The physicochemical

pattern of Lavander unifloral honey is charac-
terised by low values of electrical conductivity,
slightly low F+G and high values of sucrose.
For this honey the European Directive allows
a sucrose content up to 15 g/100 g.

Sensory description

Visual assessment Colour intensity: light

Colour tone: normal honey colour, with bright tone (yellow)

Olfactory assessment Intensity of odour: medium

Description: woody, floral — fresh fruit (floral) and vegetal

Tasting assessment Sweetness: medium

Acidity: medium

Bitterness: absent

Intensity of aroma: medium

Description of aroma: woody, fresh, floral - fresh fruit and warm

Persistence/aftertaste: medium

Other mouth perceptions: aftertaste sometimes present (blackcurrant)

Physical characteristics

Crystallisation rate: moderate
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RHODODENDRON HONEY
(RHODODENDRON SPP - ERICACEAE)

Rhododendron honey originates from the
species and natural hybrids spread in the Alps
and Pyrenees: R. ferrugineum L., R. hirsutum
L. and their hybrid R. x intermedium. One over-
all class is considered here, referred to as Rho-
dodendron spp.

The unifloral honey is produced exclusively
at an altitude where bees can stay only during
some months, therefore the seasonal migration
of hives is always required. The harvest is not
abundant (or even certain), because of the var-
iable meteorological conditions, and does not
meet the demand. It is mostly sold in the pro-
duction areas. Its market value is elevated and
this may encourage an incorrect use of the
denomination.

Rhododendron pollen is under-represented
(PG/10 g <20000), but relatively high percent-
ages of the specific pollen are not rare. The uni-

floral honey shows low values of colour, elec-
trical conductivity and proline, and moderately
negative values of specific rotation.

Sensory description

Visual assessment Colour intensity: very light

Colour tone: normal honey colour

Olfactory assessment Intensity of odour: weak

Description: woody and floral — fresh fruit

Tasting assessment Sweetness: medium

Acidity: weak

Bitterness: absent

Intensity of aroma: weak

Description of aroma: woody, fresh, floral — fresh fruit (fruity) and warm

Persistence/aftertaste: short

Other mouth perceptions: -

Physical characteristics

Crystallisation rate: moderate
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BLACK LOCUST HONEY
(ROBINIA PSEUDOACACIA L. - FABACEAE)

Robinia pseudoacacia, native to the North-
east United States, is widely naturalised and
cultivated in Europe. Important amounts of
Robinia unifloral honey (often incorrectly called
Acaciahoney) are produced in many European
countries, mainly in the Eastern ones, where the
major quantities come from. Outside Europe,
the Robinia honey is produced mostly in China.

Robinia honey is one of the most valuables
honey types on the European market, because
its characteristics are very much appreciated by
the consumer: liquid (due to the high fructose
content) and very light coloured and flavoured.
These characteristics may easily be spoiled by
the presence of foreign nectars or honeydew
components, even in small quantities.

Robinia pollen is under-represented. The
unifloral honey has quite a typical pattern, with
low values of electrical conductivity, colour,
acidity, enzymes, proline, glucose and G/'W
ratio and high values of fructose, sucrose and
F/G ratio. For accepting a Robinia honey as
unifloral, one European laboratory requires a
F/G ratio of at least 1.55 (Russmann, personal
communication). According to the European
Directive a content of sucrose up to 10 g/100 g
is permitted for this honey; moreover, it can be
included in the category of honeys with a low

enzyme content, for which a minimum diastase
number of 3 is allowed.

In the IHC data collection, data from one
French laboratory show slightly different fruc-
tose and glucose values, resulting in a lower
average fructose/glucose ratio (1.49 £ 0.06);
excluding these values, the F/G mean value
resulting from the remaining data would
increase from 1.61 £0.11 to 1.65 £0.10.

Sensory description

Visual assessment Colour intensity: very light

Colour tone: normal honey colour

Olfactory assessment Intensity of odour: weak

Description: floral — fresh fruit and warm

Tasting assessment

Sweetness: medium to strong

Acidity: weak

Bitterness: absent

Intensity of aroma: weak

Description of aroma: floral — fresh fruit and warm

Persistence/aftertaste: short

Other mouth perceptions: -

Physical characteristics Crystallisation rate: slow
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ROSEMARY HONEY
(ROSMARINUS OFFICINALIS L. - LAMIACEAE)

Rosmarinus officinalis is a typical plant
of the Mediterranean vegetation. Spontaneous
along the coasts, it is also cultivated as an aro-
matic plant in a wider area. It is very attractive
to bees, but as the main flow is in early spring,
a good exploitation of this very valuable nectar
source is not always possible.

The unifloral honey is produced in the Med-
iterranean countries of Europe (mainly in
Spain), North Africa and Turkey. It is appreci-
ated by the consumer for its fine flavour and has
a good commercial value.

The pollen of Rosmarinus is under-repre-
sented. The unifloral honey shows low values
for colour, electrical conductivity, proline and
diastase, and moderately negative values of
specific rotation. Some samples from Spain
and France showed a sucrose content higher
than 5 g/100 g, but this seems to be more a spo-
radic exception than a typical feature of the
honey. This honey type can be included in the

category of honeys with low enzyme content,
for which the European Directive allows a min-
imum diastase number of 3.

Sensory description

Visual assessment Colour intensity: very light

Colour tone: normal honey colour

Olfactory assessment

Intensity of odour: weak to medium

Description: fresh, floral — fresh fruit and vegetal

Tasting assessment Sweetness: medium

Acidity: weak

Bitterness: absent

Intensity of aroma: weak to medium

Description of aroma: fresh, floral — fresh fruit and vegetal

Persistence/aftertaste: short

Other mouth perceptions: -

Physical characteristics

Crystallisation rate: moderate
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DANDELION HONEY
(TARAXACUM OFFICINALE GROUP - ASTERACEAE)

Taraxacum officinale is a polymorph botan-
ical group widely spread in Europe, mainly in
the Central countries. It represents one of the
earlier nectar sources, not always exploited by
the bee colonies, which are frequently not
developed enough to gather it for honey pro-
duction.

Dandelion unifloral honey has a typical yel-
low colour, quite a strong flavour and crystal-
lises rapidly, due to the high glucose content.
It is mostly sold in the production areas.

From the PG/10 g values (33 600 £ 15 100)
the pollen of Taraxacum does not seem to be
under-represented, however its percentage in
the honey rarely goes beyond 50%, and often
it is lower than the associated species, such as
Salix or Cruciferae. This could indicate that this
honey type hardly ever is really pure, neverthe-
less the sensory and physicochemical patterns
are very characteristic and the honey is easily
recognisable.

Taraxacum honey shows low values of acid-
ity and F/G ratio, and high values of glucose,
F+G and G/W ratio. In some Italian samples the
diastase value was under the Directive limit
of 8.

Sensory description

Visual assessment Colour intensity: medium

Colour tone: bright yellow

Olfactory assessment Intensity of odour: strong

Description: spoiled

Tasting assessment Sweetness: medium

Acidity: medium

Bitterness: absent to weak

Intensity of aroma: strong

Description of aroma: woody and spoiled

Persistence/aftertaste: long

“fondant”)

Other mouth perceptions: when crystallised with very small crystals, refreshing (like

Physical characteristics |Crystallisation rate: quick

Other: this honey is often found in a crystallised form with very small crystals; in this
case the colour appears faint yellow (like custard)
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S74 L. Persano Oddo, R. Piro

THYME HONEY
(THYMUS SPP. - LAMIACEAE)

Different species of Thymus are found in
the Mediterranean countries. Unifloral Thymus
honey is produced in Italy mainly from 7h. cap-
itatus, in Greece from a variety of different spe-
cies of Thymus and other Labiatae, and in Spain
and France mainly from Th. vulgaris L. The
data reported in this sheet are in large part from
Italy and Greece. Other possible unifloral hon-
eys from other Thymus species, with different
characteristics, are not described here.

The melissopalynological pattern of Italian
samples is more typical of a under-represented
honey (PG/10 g: 10 100 £ 6 000; Thymus pol-
len 26.6% =+ 10.0), while Greek samples show
a very variable pollen content (PG/10 g:
33800% 16 700; Thymus pollen 40.2% =
16.4).

Unifloral thyme honey presents quite high
values of diastase, high values of proline, fruc-

tose and acidity (causing a quick increase in
HMEF); the specific rotation has the lowest
values.

Sensory description (referred to honey from Thymus capitatus)

Visual assessment

Colour intensity: medium to dark

Colour tone: normal honey colour

Olfactory assessment

Intensity of odour: medium

Description: woody, chemical, fresh and floral — fresh fruit (floral)

Tasting assessment Sweetness: medium

Acidity: medium

Bitterness: absent

Intensity of aroma: medium to strong

Description of aroma: woody, chemical, fresh and floral — fresh fruit

Persistence/aftertaste: medium

Other mouth perceptions: -

Physical characteristics

Crystallisation rate: moderate
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LIME HONEY
(TILIA SPP - TILIACEAE)

Some species of Tilia (mainly T. platyphyl-
los and T. cordata) grow naturally in many
European countries, and a number of different
species, hybrids and varieties are cultivated as
ornamental trees. All of them are very good
sources of nectar, but can also provide honey-
dew, following the attack of some insects
belonging to Rhynchota Homoptera, such as
Eucallipterus tiliae L. (Callaphididae).

Unifloral honey is produced mainly in Cen-
tral and Eastern European Countries. Outside
Europe large amounts of Lime honey are pro-
duced in Russia and China. It has a good com-
mercial value. It is not possible to distinguish
between honeys from the different Tilia spe-
cies, so one overall class is described here,
referred to as Tilia spp.

Tilia pollen is under-represented, some-
times extremely (due to cultivated sterile vari-
eties). Unifloral Tilia honey has average values
for most of the physicochemical parameters.
Electrical conductivity values are quite high,
for a nectar honey, and the European Directive
includes this honey in a group whose electrical
conductivity may go beyond the 0.8 mS/cm
limit. Several samples showed a sucrose con-
tent higher than 5 g/100 g, however this honey
is not included among the ones for which a

10 g/100 g limit is allowed by the European
Directive. Some G+F values are lower than
60 g/100 g, but this can be accounted for by the
possible presence of honeydew, which can also
cause a certain variability in the other charac-
teristics of lime honey (including colour, which
is very light in pure nectar honey). This varia-
bility could also be caused by the fact that, due
to the very strong and typical flavour of this
honey, honeys not completely pure may be
interpreted as unifloral.

Sensory description

Visual assessment

Colour intensity: light to medium

Colour tone: normal honey colour, with bright tone (yellow)

Olfactory assessment Intensity of odour: strong

Description: woody, chemical and fresh

Tasting assessment Sweetness: medium

Acidity: weak

Bitterness: absent to medium

Intensity of aroma: strong

Description of aroma: woody, chemical and fresh

Persistence/aftertaste: long

Other mouth perceptions: astringent

Physical characteristics

Crystallisation rate: moderate
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HONEYDEW HONEY

Honeydew can be produced by a wide vari-
ety of sucking insects on a number of different
Coniferae, as Abies alba L. (Central and North-
ern Europe), A. cephalonica Loudon (Greece),
Picea excelsa (Lam) Link. (Central and North-
ern Europe), Pinus halepensis Miller and
P. brutia Ten. (Greece), and Latifoliae (pro-
duced in most of Europe, mainly from different
Quercus species). The main physicochemical
parameters of the respective honeys show quite
homogeneous values, except for honey from
honeydew produced by Metcalfa pruinosa
(Say), that presents some different characteris-
tics. Therefore only this type was kept separate,
whereas all the other types are grouped in one
global class of “honeydew honeys”. However,
it must be underlined that organoleptic charac-
teristics and market value of these different
types can vary.

Under microscopic examination honeydew
honeys are characterised by the presence of
numerous honeydew elements (HDE, such as
mold hyphae and spores, unicellular algae), and
pollen from nectarless plants. In the THC data
set, the HDE/pollen ratio was often found below

the limit of 3 that, according to Louveaux et al.
(1978), should be typical of this honey.

The physicochemical pattern of honeydew
honey includes high values for colour, electri-
cal conductivity and pH, positive values of spe-
cific rotation and low values of fructose, glu-
cose, F+G and G/W. For honeydew honey, the
European Directive requires a value of electri-
cal conductivity higher than 0.8 mS/cm and
allows a minimum F+G of 45 g/100 g.

Sensory description (referred to honey from Abies alba honeydew )

Visual assessment

Colour intensity: dark to very dark

Colour tone: normal honey colour with green fluorescence

Olfactory assessment

Intensity of odour: medium

Description: woody and warm

Tasting assessment Sweetness: medium

Acidity: weak

Bitterness: absent

Intensity of aroma: medium

Description of aroma: woody and warm

Persistence/aftertaste: medium

Other mouth perceptions: sometimes astringent

Physical characteristics | Crystallisation rate: slow

Other: it is very commonly of a very thick consistency, due to a low water content
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S80 L. Persano Oddo, R. Piro

METCALFA HONEYDEW HONEY
(METCALFA PRUINOSA (SAY) RINCHOTA HOMOPTERA, FLATIDAE)

Metcalfa pruinosa is an insect introduced in
Europe at the end of the 1970s and now spread
to Italy, Slovenia and France, where it attacks
many indigenous and cultivated species, giving
rise, in summer, to significant quantities of uni-
floral honey. On the market this honey is usu-
ally sold with the generic denomination of hon-
eydew honey.

Under microscopic examination Metcalfa
honeydew honeys are characterised by the
presence of numerous honeydew elements
(mold hyphae and spores, unicellular algae),
and pollen from nectarless plants. The ratio
HDE/pollen is mostly higher than 3. Metcalfa
honeydew honey shows a very characteristic
pattern, with high values of colour, electrical
conductivity, diastase, invertase, pH and acid-
ity (even beyond the 50 meq/kg limit prescribed
by the European Directive), positive values of
specific rotation and low values of fructose,
glucose, F+G and G/W. For honeydew honeys,
the European Directive requires a value of elec-
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trical conductivity higher than 0.8 mS/cm and
allows a minimum F+G content of 45 g/100 g.
The sugar spectrum of this honey type also
includes a high dextrin content (Fiori et al.,
2000).

Sensory description

Visual assessment Colour intensity: very dark

Colour tone: normal honey colour

Olfactory assessment Intensity of odour: medium

Description: woody, floral — fresh fruit (fruity), warm and vegetal

Tasting assessment Sweetness: medium

Acidity: weak

Bitterness: absent

Intensity of aroma: medium

Description of aroma: woody, floral — fresh fruit (fruity), warm and vegetal

Persistence/aftertaste: medium

Other mouth perceptions: sometimes astringent

Physical characteristics | Crystallisation rate: slow

Other: it is very commonly of a very thick consistency, due to a low water content
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