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Abstract

Pine honey is produced in Greece and Turkey by honeydew secretion of the insect Marchallina hellenica Gennadius parasitized mainly in Pinus halepensis. The annual production of this type of honey is considered as an important honey source in both countries.In the present study we have analyzed 46 samples of honey (22 from Turkey and 24 from Greece) to find indications for their geographical origin based on aroma profile and pollen spectrum. The aroma compounds were isolated with Purge & Trap system and their separation and identification was achieved with GC-MS. The determination of pollen was made using the method of Louveaux et all 1987.All the samples for both methods were under statistical elaboration using the SPSS program. 

The results show similarities and differences capable to separate the geographical origin of the pine honey. Some volatile compounds appeared to be characteristic for each country and these could probably be used for the differentiation of two honeys. Both, greek and turkish pine honeys have the same morphology of honeydew elements and also the same rate of HDE/P, but they have typical and characteristic combinations of pollen spectrum which permit their identification. 
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Introduction

The annual honey production of Greece is estimated at 12000 tons and of Turkey 71000 tons. A large portion of this honey is produced during autumn from honeydew secreted by the insect Marchalina hellenica(Gennadius) which is restricted to Pinus brutia Ten and P. halepensisn Miller (Borenheimer, 1953, Nikolopoulos 1959, Kailidis, 1965).

In the present study we have analyzed 46 samples of honey (22 from Turkey and 24 from Greece) to find indications for their geographical origin based on aroma profile and pollen spectrum

Materials and Methods

Pine honey was obtained from Chalkidiki Northen Greece and Turkey. The honeydew character was verified by organoleptic test, electrical conductivity measurement, pH value and sugar content (glucose and fructose). 

Isolation of volatile substances
A Purge & Trap system (O.I. Analytical, 4500) was used for the isolation of the volatile and semivolatile compounds from the aqua liquid honey samples. Ten grams from the sample mixed with 5 g water and was added 15 μl internal standard. The tube with the sample was set at 40ºC and honey directly purged with helium gas (20ml/min) and the volatile compound collected on a trap (Tenax). Finally the trap immediately heated to 180ºC for 7min and the substances transferred to the gas chromatography.

Gas Chromatography-mass spectrometry 
The isolated compounds separated with Agilent Model 6980 gas chromatograph, coupled with Agilent 5973 mass detector. The interface and source temperature were 150ºC and 230ºC respectively. Electron impact mass spectra were recorded at 70Ev. Separation was performed on a fused silica capillary column SGE BPX5 (30m 0,25mm, df = 0,25μm) .The temperature program was isothermal at 40ºC for 5min, then raised to 55ºC at 1ºC/min, to 120ºC at 3ºC/min, to 230ºC at 10ºC/min and 280ºC at 20ºC/min, this temperature was held for 5 min. Helium was used as carrier gas at a flow of 1ml/min and injector temperature was 220ºC. The identification of isolated volatile compounds was achieved by comparing mass spectra of unknown peaks with those stored in the National Institute of Standards and Technology (NIST) library.   

Mellissopalynological analysis
Melissopalynological analysis was carried out using the methods established by the international commission of bee botany described by louveaux et al (1978). Counts were expressed as percentages after counting .600 POLLEN GRAINS. The frequency classes of pollen grains were given as predominant pollen (>45%), secondary pollen (16-45%), important minor pollen (3-25%) and mirror pollen (1-3%)

---------------------------------------------------------------------------------------------

*the paper is part of Tananakis’s  Ph. Thesis 

Results and Discussion

After the extraction and  separation,  84 different aromatic compounds were found in both samples of greek and turkey honey. Some of them were similar in both types of honey; others differ in their proportion and others in their present. Table 1 indicates only the names of the compounds that show differences. Samples of pine honey from Greece have higher percentage of the  compounds benzaldehyde, phenylacetaldehyde,  naphthalene and decanal. Dichloro benzene was found only  in greek pine honey (2,4-67,6 %). 

Table 1 Volatile compounds of greek and turkey honey 

	Compound
	Greece
	Turkey

	
	min
	max
	average
	min
	max
	average

	toluene
	0
	1,774
	0,652
	0,376
	9,015
	2,5617

	οctane
	5,704
	21,331
	12,290
	15,680
	30,487
	20,610

	a-pinene
	0,073
	0,484
	0,203
	1,583
	5,484
	3,600

	benzaldehyde
	0,356
	14,793
	4,243
	0,464
	4,826
	2,787

	b-pinene
	0
	0,029
	0,002
	0,169
	0,900
	0,449

	octanal
	-
	-
	-
	0
	0,717
	0,467

	3-carene
	-
	-
	-
	0,548
	2,033
	1,230

	dichloro-benzene
	2,480
	67,609
	22,042
	-
	-
	-

	limonene
	0
	0,165
	0,053
	0,079
	5,146
	0,419

	phenylacetaldehyde
	0
	8,499
	2,594
	0
	3,602
	0,879

	cis-lonaloloxide
	0
	0,374
	0,109
	0
	3,062
	0,879

	alpha-terpinolene
	0
	0,253
	0,027
	0,049
	0,429
	0,171

	trans-linaloloxide
	-
	-
	-
	0
	0,487
	0,172

	nonanal
	6,405
	40,032
	21,731
	23,147
	55,789
	41,594

	napthalene
	0
	43,874
	3,664
	0,160
	2,532
	0,515

	Nonanol
	0,053
	6,523
	1,261
	0,761
	9,494
	2,940

	1,2,3-thrimethylinelene
	0
	0,406
	0,027
	0,158
	0,327
	0,241

	decanal
	4,544
	14,384
	9,303
	2,646
	5,089
	3,539

	santene
	-
	-
	-
	0
	0,232
	0,092

	p-menth-1-en-9-ol
	0
	0,068
	0,006
	0
	0,258
	0,097

	unknown

(m/z 70, 81, 93, 123, 185)
	-
	-
	-
	0,134
	0,298
	0,187

	jupinene
	0
	0,051
	0,002
	0
	0,365
	0,064


Turkey honey has the following compounds in higher percentage:  tolouene, octane,  a- and  b-pinene, limonene,  alpha-terpinolene,  cis-linaloloxide,  nοnanal,  nonanol, 1,2,3-thrimethylindene,  p-menth-1-en-9-ol and jupinene

Beside the above compounds with the higher proportion the following five compounds were found only in turkey honey: octanal, 3-carene, trans-linaloloxide,  santene  and an unidentified compound marked as  unknown (m/z 70, 93, 123, 185). 

Pollen spectrum also differs. In pine honey from Greece pollen of Castanea, Erica, Polygonum  and Liliaceae are mainly found while in samples of Turkey honey the pollen of Lotus, and Scrophulariaceae  are most presented (table 2).

Table 2 . Pollen spectrum of greek and turkey honey

	
	Greek Pine Honey
	Turkish Pine Honey

	Type of pollen
	frequency classes of pollen grains
	Min-max
	frequency classes of pollen grains
	Min-max

	Brassicaceae
	M(9), IM(4), S(4)
	1,30-32,26
	M(4), IM(14)
	1,08-6,94

	Castanea sativa

Fagaceae
	M(3), IM(3), S(9),P(3)
	1,38-49,06
	M(1)
	2,44

	Centaurea sp Astertaceae
	M(3), IM(1)
	1,09-3,67
	M(6), IM(3)
	1,45-15,90

	Compositae
	M(4), IM(2)
	1,09-8,27
	M(7), IM(10)
	1,00-12,29

	Erica sp, Ericaceae
	M(4), IM(5), S(7)
	1,18-42,25
	M(1)
	1,29

	Hedysarum sp, Leguminasae 
	
	
	M(4)
	1,22-2,10

	Lamiaceae
	M(3)
	1,03-1,84
	
	

	Lilliaceae
	M(7), IM(7)
	1,27-13,83
	M(1)
	1,22

	Lotus sp Leguminasea
	
	
	M(6), IM(5)
	1,10-5,85

	Myrtaceae
	M(1), IM(1)
	1,30-8,75
	M(4)
	1,00-2,13

	Onobryhis sp Leguminosae
	
	
	M(1)
	3,41-3,41

	Polygonum sp, Polygonaceae
	M(4), IM(6)
	1,23-7,26
	
	

	Paliurus sp, Ramnaceae
	M(1), IM(2)
	1,84-12,33
	
	

	Rosaceae
	M(1),
	1,84
	M(1)
	1,22

	Scrophulariaceae
	M(2)
	1,27-1,72
	M(10), IM(8)
	1,22-6,00

	Trifolium sp

Leguminosae
	M(7)
	1,16-2,40
	M(3), IM(15)
	1,89-16,12

	Umbeliferae
	M(3)
	1,20-1,66
	IM(17), S(4)
	5,67-20,24


P= predominant pollen (>45%),  S= secondary pollen (16-45%), IM= important minor pollen (3-25%), M=mirror pollen (1-3%)
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