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Abstract

The international honey standards (Codex Alimentarius and EU directive) allow specific denominations for honey produced from particular botanical or vegetal sources (unifloral honeys), but they do not specify the characteristics of various honey types. Consequently they do not guarantee an efficient control of the denominations and safeguard of the consumer. 

At IHC a working group was constituted in 1998, with the aim of collecting analytical data related to the main European unifloral honeys and elaborate them in order to provide, through a descriptive sheet, the compositional criteria for each honey type. Sixteen honey types were selected, for which the members of the IHC working group provided the analytical data available at respective laboratories related to physico-chemical, organoleptic and melissopalynological parameters of authentic unifloral samples. 

Altogether more than 5,000 European honeys samples from 20 countries were selected, resulting in a very large data bank, including more than 60,000 data. For each of 16 unifloral types studied, a descriptive sheet was compiled, where melissopalynological organoleptic and physico-chemical characteristics are reported. For each parameter the average values, standard deviation and confidence limits at 95% are given. 

From the co-ordinate work carried out by the IHC, it was possible to outline quite a complete picture of the main unifloral honey types produced in European countries. Since data from different laboratories were in a very good agreement, the descriptive sheets may represent a useful reference for the control of botanical denominations.

Introduction

Honey is quite a particular food. Due to different proportions of the possible sources, nectar and/or honeydew coming from a great variety of plants, no honey is completely the same as another one. This variability could be a handicap, given the market request for constant products, but when properly managed, it could also represent an opportunity for enhancing honey by offering to the consumer a number of typical products with special characteristics and promoting it through specific denominations of botanical and geographical origin.

Of course, these denominations should be verifiable, in order to protect the consumer and to preserve the reputation of the denominations, but the international standards for honey (Codex Alimentarius and European directive), while allow specific labelling according to the botanical and geographical origin, do not specify the characteristics of various honey types. Consequently they do not guarantee an efficient control.

As far as the botanical origin is concerned, in Europe more than 100 botanical species are known as producing unifloral honey. Most of them are produced occasionally or are only of local interest, whereas for other ones there is quite an important import - export market, between different European countries.

In the International Honey Commission, a working group was constituted since 1998, with the participation of 29 researchers from 21 different laboratories specialized in honey analysis, 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 honey type.

The constitution of the data bank

The members of the IHC participating to the working group are listed in Table 1. They provided the information and the analytical data available in the respective laboratories, related to physicochemical, organoleptic and melissopalynological parameters of authentic unifloral samples. More than 61,000 row data were supplied, related to honey samples produced in 21 countries of the European geographical area, and analysed for more than 30 physicochemical parameters.

For the characterisation work, 16 honey types were selected, as the most important at level of abundance of production or commercial relevance in European countries. Among the set of parameters the most representative and numerous were chosen for describing the European unifloral honeys (Table 2). Possible extra parameters characteristic for some honey types are quoted in the single descriptive sheets. In Table 3 the selected honey types with the respective number of samples and analytical data collected are reported.

Table 1 - List of participant labs and researchers.

Country
Laboratory
Researcher

Belgium
CARI, Louvaine la Neuve
Etienne Bruneau 

Christine Guyot

Bulgaria
Experimental Bee Station, Kostinbrod
Tzeko Ivanov

Czech Republic
Bee Research Institute, Dol
Jiřina Piškulová 

France
AFSSA, Section apicole, Sophia Antipolis 
Christian Flamini

France
Naturalim-France Miel, Mouchard
Joel Lheritier

France
Bernard Michaud S.A., Jurancon
Monique  Morlot

Germany
Handels und Umweltslabor, Hamburg
Harald Russmann

Germany
Niedersächsisches Landesinstitut für Bienenkunde, Celle
Werner Von der Ohe

Katharine Von der Ohe

Greece
Laboratory of Quality Control - Bee Culturing Co. ATTIKI, Athens
Sophia Karabournioti

Greece
Dept. of Food Hygiene and Technology - Institute of Veterinary Research of Athens - National Agricultural Research Foundation, Athens
Angeliki Tsigouri

Maria Passaloglou-Katrali

Greece
Laboratory of Apiculture & Sericulture, Aristotle University, Thessaloniki
Andreas Thrasyvoulou  

Greece
Laboratory of Analytical Chemistry

Mediterranean Agronomic Institute of Chania (M.A.I.Ch), Chania, Crete
Panagiota Gotsiou 

Panagiotis Kefalas 

Italy
Istituto Nazionale di Apicoltura, Bologna
Anna Gloria Sabatini

Gian Luigi Marcazzan

Italy
Ist.Sper.Zoologia Agraria, Sezione di Apicoltura

Roma
Livia Persano-Oddo

Maria Gioia Piazza

Lucia Piana

Italy
Istituto Zooprofilattico  Lombardia e dell’Emilia Romagna, Brescia
Roberto Piro

Netherlands
Inspectorate for Health Protection and Veterinary Public Health, Amsterdam
Jacob D. Kerkvliet

Portugal
Escola superior agraria de Santarem, S.Pedro
Joanna Godhino

Spain
Centro Regional Apicola, Guadalajara
Alberto Ortiz Valbuena

Spain
Casa de la miel, Tenerife, Canarias
Antonio Bentabol

Switzerland
Federal Dairy Research Station, Swiss Bee Research Centre, Liebefeld
Stefan Bogdanov

Kaspar Ruoff

United Kingdom
Q.P. Services, Reading
Peter Martin

TABLE 2 - List of analytical parameters selected for the description of European unifloral honeys

sensory 
visual; olfactory; taste

melissopalynological
qualitative; quantitative

Physicochemical
colour; electrical conductivity; specific rotation; water; diastase; invertase; proline; pH; free acidity; lactones; total acidity; fructose; glucose; sucrose; Fructose + Glucose (F+G); Fructose/Glucose ratio (F/G); Glucose/Water ratio (G/W)

TABLE 3 - Number of samples and analytical data collected for each of the 16 honey types chosen.

HONEY TYPES
No. of samples
N. of analytical data

Brassica napus L.
715
6030

Calluna vulgaris (L.) Hull
221
1522

Castanea sativa Miller
592
5971

Citrus spp.
400
3932

Eucalyptus spp.
262
2074

Helianthus annuus L.
410
3431

Lavandula spp
261
2050

Phacelia tanacetifolia Bentham
59
487

Rhododendron spp.
192
1905

Robinia pseudacacia L.
862
7006

Rosmarinus officinalis L.
546
4313

Taraxacum officinale Weber
150
1445

Thymus spp.
360
2786

Tilia spp.
298
2806

Honeydew honeys
794
6202

Honeydew honey from Metcalfa pruinosa Say
154
2199

Total
6,276
54,159

Prospect 1 - Example of descriptive sheet 

HEATHER HONEY  (Calluna vulgaris (L.) Hull - ericaceae)

Calluna vulgaris is widely distributed 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 particular physical phenomenon, called tixotropy, caused by the presence of colloidal proteins: it becomes of a jelly consistence that makes it impossible to extract it from the combs without the help of special tools provided with needles that, mixing the honey into each cell, turn it in a sol state. Its high water content, due to the season of production (the international standards admit a water content up to 23 g/100g), and the quick increase of HMF, due to its high acidity level, makes the shelf-life of this honey shorter than other types.

Sensory description

Visual test
Crystallisation rate: slow; typical gel consistency when liquid


Colour intensity: dark to very dark


Colour tone: normal honey colour with reddish/orange hue

Olfactory test
Intensity of odour: strong


Description: warm/caramelised floral-fresh fruit/heady 

Taste test
Sweetness: weak


Acidity: medium


Saltiness: absent


Bitterness: medium


Intensity of aroma: strong


Description of aroma: warm/caramelised floral-fresh fruit/heady


Persistence/aftertaste: long


Other mouth feel: - 

Notes
Gel consistency is one of the diagnostic characteristics



Melissopalynological characteristics

(110 data)
Unity
Mean
St. Dev.
Limit of confidence 95%





Min.
Max.

Specific pollen
%
34,3
20,8
5,4
75,5

Pollen absolute number
PK/10g · 103
78,0
115,8
4,2
326,3



Physicochemical characteristics

(1142 datat) 
Unity
Mean
St. Dev.
Limit of confidence 95%





Min.
Max.

Color
mm Pfund
76,9
18,5
63,8
90,0

Electrical Conductivity
mS/cm
0,74
0,14
0,46
1,01

Specific Rotation






 pH

4,3
0,3
3,9
4,9

 Free Acidity
meq/kg
30,8
7,3
16,0
43,0

 Lactones
meq/kg
5,2
1,1
3,9
5,9

 Total Acidity
meq/kg
18,2
2,4
16,3
21,0

 Water
g/100 g
18,3
1,3
15,8
20,8

Diastase (*)
DN
23,4
6,3
12,0
36,0

Invertase (*)
SN
13,4
5,0
5,5
23,3

 Proline
mg/ kg
646
196
309
1033

Fructose
g/100 g
40,8
2,0
37,1
44,9

Glucose
g/100 g
32,5
1,6
29,3
35,7

Sucrose
g/100 g
1,4
1,1
0,1
3,6

Fructose + Glucose
g/100 g
73,4
3,1
67,2
79,5

Fructose / Glucose

1,26
0,07
1,15
1,40

Glucose / Water ratio

1,76
0,16
1,45
2,07

Comments on honey characteristics

From the PK/10g value, mostly between 20,000 and 100,000, Calluna honey seems to be normally represented, but the pollen percent is often under 45%. The unifloral honey shows high values of colour, water, acidity, fructose and electrical conductivity (one of the highest, after honeydew and chestnut honeys: European directive include this honey in a group whose electrical conductivity may go beyond the 0.8 mS/cm limit). A chemical marker for this honey type is represented by a high content of total protein. Some laboratories accept as unifloral only honeys whose protein content is above 1.15 g/100g.

Data were transferred in a normalised data base (MS Access 97), and a series of controls was carried out:

- conversion to homogeneous unit of measure

- comparison with the international standards, to avoid the inclusion of irregular samples

- comparison between results of different labs (F-test of data), to ascertain that only data generated through IHC standardized methods (Bogdanov et al., 1997) or comparable analytical methods were included

- general behaviour of the parameters, to put into evidence possible errors.

After the selections, the total number of data included in the data bank was more than 54,000, related to 6,276 honey samples, corresponding to about 89 % of original data received. Most of data were produced in the period 1990 – 2002, and about 10% in the period 1970-1998.

For each parameter and for each honey type, mean, standard deviation, minimum and maximum values and limits of confidence at 95% were calculated.

Generally, a very good agreement was found among laboratories. When some results of a single laboratory were not in agreement with the others, the thing was discussed into the working group, to identify the possible source of the difference (analytical method or error): if the different values could not be explained, they were reported in the descriptive sheets.

Descriptive sheets

For each of 16 unifloral types studied, a descriptive sheet was compiled, where the following items are reported:

1) General information on the honey type and its production in Europe

2) Pollen photograph

3) Melissopalynological characteristics 

4) Sensory characteristics 

5) Physicochemical characteristics: for each parameter the average values, standard deviation and confidence limits at 95% are given; the number of data per country are also reported, as an indication of the weight that each country has on the final average values.

6) Notes on the relevant characteristics.

7) Analytical data reported in the main bibliographic references related to that honey type. 

The prospect 1 give an example of descriptive sheet (the pollen photograph and bibliographic references are not reported). 

Conclusions

From the co-ordinate work carried out by the IHC, a wide databank was obtained, from which it was possible to outline quite a complete picture of the main unifloral honey types produced in European countries. In most cases, data from different laboratories were in a very good agreement. They are also fairly coherent with those available in literature, some differences mostly depending on the different analytical methods. 

Among the physical–chemical parameters analysed, the following seven are confirmed as the more influenced by the botanical origin, and consequently more diagnostic (Mateo and Bosh-Reig, 1998; Persano et al 2000; Piro et al 2002): colour, electrical conductivity, specific rotation, diastase, acidity, fructose and glucose content. Their values (average and standard deviation) for the 16 unifloral honeys studied are reported in Table 4. In the Table, the highlighted cells indicate, for each honey type, the more characterising parameters, i.e. the ones for which that honey type shows particularly high or particularly low values (highest and lowest values have a more diagnostic value than the ones lying in a middle area). Some honeys show typical values for honeys show typical values for many parameters (e.g.Metcalfa honeydew, Brassica and Robinia), while other ones have a less typical behaviour (e.g. Tilia, Eucalyptus and Lavandula).

Table 4 – Characterising parameters for the 16 European unifloral honeys The highlighted cells indicate, for each unifloral honey type, the more characterising parameters.

HONEY TYPE
Colour
(mm Pfund)
Electr. cond. (mS/cm)
Spec. rotat. (((20D
Total Acidity 
(meq/kg)
Diastase (ND)
Fructose
(g/100g)
Glucose
(g/100g)
Fruct.+Gluc.
(g/100g)
Fruct/Gluc. ratio
Gluc./Water ratio

Brassica napus L.
26.2

±4.1
0.19

±0.05

16.3

±4.3
26.9

±5.8
38.3

±1.7
40.5

±2.6
78.7

±3.5
0.95

±0,07
2.35

±0.21

Calluna vulgaris (L.) Hull
76.9

±18.5
0.74

±0.14
 
18.2

±2.4
23.4

±6.3
40.8

±2.0
32.5

±1.6
73.4

±3.1
1.26

±0.07
1.76

±0.16

Castanea sativa Miller
87.9

±16.0
1.38

±0.26
-16.7

±3.4
15.7

±4.1
24.4

±6.2
41.1

±2,5
27.5

±2.4
68.6

±2.5
1.51

±0.18
1.59

±0.14

Citrus spp.
9.9

±8.5
0.18

±0.06
-13.2

±2.2
17.5

±3.6
9.2

±2.7
38.6

±2.6
31.6

±2.0
70.2

±3.5
1.2

3±0.11
1.91

±0.16

Eucalyptus spp.
54.2

±9.4
0.48

±0.06
-13.3

±2.3
22.0

±4.5
25.5

±4.8
21.1

±3.9
39.1

±2.2
1.1

±0.9
72.2

±3.2
2.16

±0.16

Helianthus annuus L.
52.4*

±9.0
0.34

±0.08
-17.5

±1.9
31.5

±6.0
20.8

±5.6
39.4

±1.7
37.4

±1.5
76.8

±2.8
1.05

±0.04
2.10

±0.13

Lavandula spp
33.3

±6.5
0.21

±0.05
-8.3

±3.8
26.4

±3.0
14.1

±2,4
36.0

±1.9
30.6

±1.7
66.6

±2.9
1.18

±0.07
1.88

±0.09

Phacelia tanacetifolia Bent.
 
0.23

±0.09
 
34.6

±14.1
 
37.3

±2.5
34.0

±1.9
71.3

±3.8
1.10

±0.08
2.09

±0.15

Rhododendron spp.
12.4

±4.0
0.23

±0.06
-5.8

±2.4
14.9

±3.4
12.1

±2.3
39.1

±2.1
30.5

±2.2
69.6

±3.4
1.29

±0.1
1.82

±0.15

Robinia pseudacacia L.
12.9

±5.6
0.16

±0.04
-16.6

±3.1
13.4

±3.1
10.5

±5.0
42.8

±2.3
26.5

±1.7
69.3

±3.2
1.62

±0.11
1.57

±0.12

Rosmarinus officinalis L.
15.0

±5.8
0.15

±0.04
-16.6

±2.8
15.8

±4.6
9.7

±3.2
38.4

±1.5
33.3

±2.0
71.7

±2.8
1.16

±0.07
2.04

±0.13

Taraxacum officinale Web.
56.6*

±10.4
0.51

±0.07
-10,0

±2.1
12.43

±2.6
9.4

±3.5
37.6

±1.7
38.1

±2.6
75.6

±3.7
0.99

±0.06
2.33

±0.15

Thymus spp.
53.1

±10.8
0.40

±0.07
-20.1

±2.1
39.6

±5.5
29.2

±7.6
42.4

±2.4
30.2

±1.7
72.7

±2.9
1.41

±0.11
1.88

±0.15

Tilia spp.
33.3

±13.1
0.62

±0.12
-12.5

±2,8
23.6

±7.6
16.8

±3.4
37.8

±3.0
31.8

±2.4
69.6

±4.0
1.20

±0.13
1.91

±0.19

Honeydew honeys
86.0

±16.4
1.20

±0.22
13.9

±5.7
28.1

±6.0
22.6

±5.6
32.4

±2.0
26.0

±2.5
58.4

±3.9
1.25

±0.12
1.61

±0.17

Honeydew from Metcalfa
100.8

±7.5
1.69

±0.24
17.5

±6.5
41.2

±6.8
39.3

±7.9
31.5

±3.1
23.8

±2.7
55.3

±4.4
1.34

±0.18
1.49

±0.17

(*) Helianthus and Taraxacum colour has a typical yellow hue

With respect to the composition and quality standards, the values of almost all the honey samples analysed by the 20 participants laboratories perfectly comply with the limits fixed in the new European directive concerning honey (2001/110/CE). However some particular behaviour was recorded, not included in directive, as the high sucrose content of Phacelia honey.

The descriptive sheets represent a useful reference for the control of botanical denominations, but some general considerations are to be done on their practical use. The sheets give, for the various parameters, ranges of values that include 95% of the analysed honey samples, however it is up to the analyst and his experience to interpret the whole analytical picture of a given sample, and to establish if it corresponds or not to a ‘ideal reference model’ for that unifloral type. Of course this model can be not the same for everyone, and it is a matter of fact that the same honey may be considered acceptable as unifloral by an analyst and not acceptable by another one. Moreover, some honey types can be produced in various countries at different levels of ‘uniflorality’, following the major or minor diffusion of the correspondent plant, and this may lead to a slightly different perception of the reference model for that honey type from a country to another (consequently, also the sample chosen for our database may suffer of a certain unavoidable variability). The model can also vary according to specific purposes: for example more restrictive criteria may be adopted for a concourse, or for a high quality production line. Anyway, the ranges provided by the descriptive sheets reasonably represent a basic criterion of acceptability for the market.
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