CHARACTERISTICS OF METCALFA HONEYDEW HONEY PRODUCED IN ITALY
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Abstract

"intended to be part of Honeydew Symposium 26.08.2003"

Metcalfa pruinosa (Say), Omottero Auchenorrinco Flatiddae, is an indigenous species of North and Central America accidentally introduced into Italy, where it was first discovered in 1979. It has spread rapidly through many Italian regions and in some neighbouring countries. This Flatid produces a large quantity of honeydew, which bees gather from different plants and transform into a characteristic honey. The summer production of this honey is mainly concentrated in the northeast of Italy, but it may also frequently be found farther south in blends from mixed floral sources.
The studies conducted on this product have enabled several important characteristics to be defined. 
A sensorial analysis makes it possible to precisely define this honey and distinguish it from other common honeydew honeys, especially as regards taste and odour. 
The melissopalynological characteristics are consistent with the standard specifications for honeydew honeys. In particular, the honeydew markers/pollen grains ratio is greater than 3 and a prevalence of pollens belonging to anemophilic species may be observed.
With regard to its physicochemical properties, Metcalfa honeydew honey displays high values in terms of colour, electrical conductivity, pH and acidity, diastase, invertase and positive specific rotation. Its sugar content comprises a small quantity of monosaccharides, fructose and glucose and relatively high levels of oligosaccharides, including, in addition to isomaltose, maltotriose, erlose, raffinose and trehalose.
Several of these values are frequently beyond the limits defined by current standards for honeydew honeys, as in the case of acidity and sugar content. This has created problems of a commercial nature: in particular, the low monosaccharide content and high polysaccharide content have raised doubts as to the product’s genuineness.

Keywords: Honeydew, metcalfa, composition 

Introduction

Metcalfa pruinosa (Say, 1830), Homoptera Auchenorrhyncha Flatidae, is an indigenous species of North and Central America that was accidentally introduced into Italy. Since its initial discovery in the vicinity of Treviso in 1979 (Zangheri, Donadini, 1980), it has spread rapidly through many Italian regions and in some neighbouring countries (Sillani et al., 1997/98; Barbattini, 2001). Its rapid proliferation is most likely the result of its polyphagia (it can infest numerous species of herbaceous plants, shrubs and trees, both spontaneous and cultivated) (Duso, Pavan, 1987), as well as the great mobility of adults and the absence, until a few years ago, of specific entomophages (Girolami e Camporese, 1994; Greatti et al., 1994).

Its presence can be readily detected by the abundant whitish wax covering the epigeal parts of the plant. The direct damage caused to plants is limited, but the entity of indirect damage is more evident and its economic consequences more serious. Such damage derives from the large quantity of honeydew produced and smeared over the vegetation, where it forms a substrate conducive to fungal growth. However, the honeydew of this Flatid represents a food source for many glycyphagous insects such as: apoids, sphecids, vespids, muscids, syrphids and panorpids. It is also palatable to honeybees, which gather it from many plants and transform it into a typical dark-coloured honey (Barbattini et al., 1991).

Its importance in beekeeping has grown due to the fact that during the period in which metcalfa honeydew is imported, other melliferous sources are generally scarce. This sugary resource enables honeybees to collect wintertime stores and provide beekeepers with an ample supply of honey. In fact, between the end of the 1980s and the middle of the 1990s, many beekeepers with hives located in the Friuli plain were able to produce more than 40 kg of honey per hive in less than two months of harvesting (Barbattini et al., 1991). 

In the above-mentioned areas of Friuli, it is thus possible to obtain especially pure yields of metcalfa honeydew. Moreover, as the insect has spread to other Italian regions, particularly in the central-northern part of the country, the period in which this honeydew is produced and gathered by bees has come to overlap with summer flowering, resulting in the production of summer multi-flower honeys containing metcalfa honeydew in varying quantities.

However, in the past two years production in Friuli-Venezia Giulia has fallen to 10-15 kg of honey per hive (with peaks of 20-30 kg/hive in some lowland areas of Friuli). The causes of these fluctuations are not known: they cannot be ascribed to biotic factors (e.g. activity of natural limiters such as entomophagous insects or other organisms), meteorological factors (e.g. excessively hot summer, heavy rainfall) or anthropic factors (e.g. extensive use of pesticides on farm crops).

In the areas of Friuli concerned, the yearly output of metcalfa honey is about 200 tonnes, over 60% of which is exported to the German market by wholesaler-beekeepers (Sillani et al., 1997/98).

 

Material and methods

Since metcalfa honeydew first appeared in Italy numerous studies have been undertaken by the Dipartimento di Biologia applicata alla Difesa delle Piante of the University of Udine and the Istituto Nazionale di Apicoltura of Bologna. These studies have aimed to clarify the entomological aspects of M. pruinosa and its relationship with the beekeeping sector, which means first of all defining the characteristics of metcalfa honeydew honey (Barbattini et al., 1991).

Starting from 1997 and for 3 consecutive years, from June to August, weekly field surveys were carried out in 5 locations in flat and hilly areas of Friuli. Present in each was an apiary for quantifying the average production per hive of honeydew honey.

The project involved inspecting all the plant species attacked by M. pruinosa and assessing both the degree and constancy of infestation in order to identify sample plant species that were common to all five locations and the part of them to be examined. The sample species identified were: Rubus caesius, Robinia pseudoacacia and Cornus sanguinea. The number of metcalfa was counted on each of these species.

In each location, during the weekly surveys, measurements were also taken for the purpose of evaluating the factors regulating the development of M. pruinosa populations and the consequent production of honeydew (Barbattini et al., 2002b).

In the same years, between the end of August and the beginning of September, in different locations in Friuli, numerous samples of honeydew were collected immediately after being secreted by M. pruinosa. Samples were collected from plants belonging to the species: Fraxinus ornus, Acer spp., Cornus sanguinea, Rubus ulmifolius, Platanus hybrida and Ailanthus altissima

Samples were also gathered in order to clarify the relationship between the compositions of the honeydew and of the honey derived from it. Furthermore, each year, at the end of the beekeeping season, samples of honeydew honey produced in different areas of Friuli were collected and analysed to verify the origin of the honey. Other analyses were conducted on parameters believed to warrant further study, as they are characteristic of this type of honey.

Sensory analyses (Istituto Nazionale di Apicoltura, 1995) and quantitative and qualitative melissopalynological analyses (Louveaux et al., 1978) were performed and the following parameters were determined: water, hydroxymethylfurfural, electrical conductivity, colour, pH and acidity, diastase and invertase, specific rotation and sugars by gas chromatography (Bogdanov et al., 1997; Sabatini et al., 2001).

 

Results and discussion

The species infested by the phytomyzon and most frequently visited by honeybees were: Ulmus minor, Platanus hybrida, Cornus sanguinea, Ailanthus altissima, Acer campestre, Robinia pseudoacacia and Rubus ulmifolius. Among spontaneous herbaceous species: Chenopodium album and Amaranthus retroflexus.

The secretion of honeydew by M. pruinosa is already abundant at the time the immature insects emerge; however, it is not yet foraged by honeybees, which show a preference for other nectariferous sources.

Honeydew generally starts being imported into the hive in the second week of July. It may thus be hypothesized that honeybees go after M. pruinosa honeydew only when more palatable sources of nectar become scarce; this assumption is corroborated by the fact that when, as in the case of Rubus, flowers and honeydew are simultaneously present on the same plant, forager bees will tend to disregard the honeydew. After an initial phase of intense gathering, the collection of honeydew gradually falls off and ceases altogether around the end of August or mid-September.

The quantity of honeydew produced by M. pruinosa – and consequently the amount imported by honeybees – will depend on different factors, including weather, air humidity and temperature, scarcity of water in the soil, wind and the age of the phytomyzon. Production is highest in the days following a rainfall and diminishes over time in relation to the stress caused to the vegetation by dehydration (Greatti, D’Agaro, 1991). After a rainfall, honeybees engage in frenetic gathering, presumably because the rain has washed away the "old" honeydew, thereby favouring the deposit of "new" honeydew. A strong decrease in the quantity of imported honeydew has been observed in correlation with temperature increases, reductions in air humidity and the presence of wind (Barbattini et al., 1991); this might be due to the almost instantaneous drying of the honeydew produced and the consequent difficulty that bees have in gathering it. In the morning and late afternoon it is possible to observe more intense gathering on the part of honeybees, which in this manner are able to avoid the times of the day when the seasonal climatic conditions cause honeydew to dry rapidly. 

The most abundant importation of honeydew occurs when there is a simultaneous presence of young and adult insects on the plant; importation progressively diminishes as the number of adults comes to prevail over the number of young insects.

Several observations may be made regarding the characteristics of the honey that bees produce from metcalfa honeydew.

Organoleptic characteristics

The physical state of metcalfa honeydew may prevalently be described as liquid and viscous, but in some cases it manifests a slow crystallization. It is uniform in colour; its colour may range from dark amber to almost black and corresponds on average to 102.4 mm Pfund.

It has similar characteristics of taste and smell, with a flavour reminiscent of dried fruit, molasses, tomato puree and fig jam.

The slightly sweet flavour and lingering aftertaste are typical features. A sensory analysis allows this honey to be precisely identified and differentiated from other commonly produced honeydew honeys. 

Palynological characteristics

The value of PK/10g is quite variable (from about 5,000 to over 250,000 elements), due above all to the wealth of honeydew markers; however, it remains on average within class II in terms of representation (between 20,000 and 100,000). Observed beneath a microscope, the sediment of the honeys in question appear to be rich in elements, prevalently small in size.

The ratio between the number of honeydew markers and the number of pollen grains in pure honeydew honeys varies considerably. It is very high for the most part and always greater than 3. This is also due to the fact that in the most typical areas of origin, available nectariferous sources are scant during the period in which M. pruinosa produces honeydew.

The main pollen types detected in the sediment belong to anemophilous species. Identifying the pollen types and nectariferous species proves to be useful for geographically pinpointing the area of origin. In honey from Friuli, the prevalent pollen types are Trifolium repens–group, Plantago, Umbelliferae, Clematis, Glycine and Rubus, which correspond to the most widespread summer flowering species in the Friuli plain. The pollen association is completed by other species present in the samples in smaller percentages, namely Aster f., Brassica, Filipendula, Fraxinus ornus and other typical autumn flowers such as Hedera and Lagerstroemia.

Physical-chemical characteristics

Table I shows the average composition of honeydew honey produced in northeast Italy (Barbattini et al., 2002a).

Table 1 Physical-chemical characteristics of metcalfa honey.



M
SD

Water
g/100 G
15.8
0.7

Hmf
Mg/kg
1.7
2.1

Diastase
ND
34.2
7.5

Invertase
NI
23.5
2.9

Proline
mg/100 G
52.0
17.0

Electrical conductivity 
ms cm-1
1.74
0.19

Specific rotation
[ ]D20
18.5
6.5

Colour
mm Pfund
102.4
6.8

Ph

5.1
0.4

Free acidity
meq/Kg
37.2
6.1

Lactones
meq/Kg
4.1
1.3

Total acidity
meq/Kg
41.3
6.5

Fructose
g/100 G
31.7
3.3

Glucose
g/100 G
23.7
2.7

Sucrose
g/100 G
0.1
0.1

Maltose
g/100 G
1.4
0.5

Isomaltose
g/100 G
2.0
0.6

Fructose+Glucose
g/100 G
55.3
4.7

Various assessments may be made based on the reported data.

Water and hydroxymethylfurfural (HMF)

These two parameters, which are more indicative of quality than of botanical origin, had mean values of 15.8% and 1.7mg/kg. Such values correspond to the highest quality standards and suggest that this honey can be naturally produced with low water and hydroxymethylfurfural contents.

It may be added that since this honey is characterised by a high pH, it is more resistant to aging and the increase in hydroxymethylfurfural occurs more slowly than in other types of honey.

Colour

A mean value of 102.4 mm Pfund places the honey in question among the darkest types of honey.

diastase, invertase and proline

Despite the variability observed, especially in the case of diastase and proline, metcalfa honeydew ranks among the groups of honey that are richest in enzymes and, to a lesser extent, proline. The mean value of diastase, one of the enzymes that must be assayed by law, is 34.2 units, a decidedly high value.

pH and free acidity

As regards pH, values between 3.4 and 4.5 are commonly given for nectar honeys, while the pH of honeydew honeys ranges from 4.5 to 5.5. Metcalfa honeydew is ascribed a mean value of 5.1, making it similar to other honeydew honeys in this respect. The data relative to free acidity, total acidity and lactones give conspicuously high values. 

Electrical conductivity

In honey, this parameter varies according to botanical origin; the lowest values are associated with nectar honeys – light-coloured ones in particular – and the highest with honeydew honeys. The mean value reported here, 1.74 mS/cm, is thus consistent with the values foreseen for honeydew honeys.

Specific rotation 

This parameter gives positive results, as in all honeydew honeys.

Sugars

Sugars were determined by gas chromatography. Overall it possible to observe a low content of monosaccharides, fructose and glucose (the sum of the two is on average 55 g/100g), whereas higher sugars show proportionately greater values. Generally speaking this behaviour is typical of honeydew honeys as compared to nectar honeys.

In the samples of metcalfa honey, worthy of note is the presence of erlose, raffinose and trealose; the trisaccharide maltotriose was also constantly present, albeit in modest quantities, whereas the analysis revealed only traces of melezitose, present in non-negligible percentages in fir honeydew honey.

Several of the parameters examined were frequently outside the limits defined by current standards (Directive 74/409/EC). More specifically, in about 20% of the samples examined free acidity was greater than 40 meq/kg and in the majority of samples the value of reducing sugars was lower than 60g %g. These characteristics have created serious problems of a commercial nature. The legislative stumbling blocks should be overcome with the implementation of the new European Directive (2001/110/EC), which has raised the acidity limit to 50 meq/kg and sets a minimum limit of 45 g/100g for the sum of fructose and glucose in honeydew honeys. 

The low monosaccharide content and high polysaccharide content have moreover raised doubts as to the product’s genuineness. In order both to clarify these aspects and acquire further knowledge about the product itself, honeydew samples drawn directly from metcalfa-infested plants were also studied (Held et al., 1997; Fiori et al., 2000).

An analysis of the honeydew revealed only traces of melezitose, versus a non-negligible quantity of maltotriose. Such a finding confirms the fact that these sugars are the product of enzymatic reactions catalysed by enzymes produced by the honeydew-secreting insects and justifies the different concentration of these trisaccharides in fir and metcalfa honeydew honeys. Furthermore, it was observed that both metcalfa honeys and the honeydews of origin had a positive reaction to Fiehe’s assay. HPLC analysis revealed the presence of significant amounts of dextrin, which is instead absent in nectar honeys. This demonstrates that the compounds in question are already naturally present in the honeydews.

Finally, a different dextrin composition was found in honeydew samples gathered from different plants: this suggests that several characteristics, such as the physical state – which may often vary from one metcalfa honeydew honey to another – may reflect the different dextrin composition of the raw materials.

Organic acids underwent the same type of analysis. The results revealed first of all a constant pattern in samples of honey derived from M. pruinosa honeydew, as well as a composition that differed quantitatively from that found in nectar honey samples (multi-flower, Robinia, chestnut). Moreover, analyses conducted on honeydew samples collected from plants revealed a composition in organic acids comparable to that found in the derived honeys.

In conclusion, it may be affirmed that metcalfa honey gave values consistent with the standard parameters for defining honeydew honeys: colour, pH, electrical conductivity, sugar spectrum characterised by a low monosaccharide content and a higher presence of di- and trisaccharides. The results of sensory and melissopalynological analyses were also consistent with the values provided for honeydew honeys.

Several other parameters showed values characteristic of this type of honey: a very high diastase content (as in thyme and eucalyptus honeys) accompanied with very high acidity (as in thyme, heather and arbutus honeys) (Persano et al., 2000).

Metcalfa honeydew may thus be differentiated from fir honeydew honey on the basis of these parameters, combined with a sensory analysis and breakdown of sugars, in particular with regard to the absence of melezitose and presence of maltotriose.
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