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ABSTRACT

8 honey samples were collected from September to November between the years 2004-2006 where the

most of the honeydew beekeeping process is realized in Mugla city in Turkey. All honey samples were inves-
tigated with microscope and were checked the Number of Honeydew Elements (NHE) and the Number of Total
Pollen (NTP). The quality of honey samples was determined by correlating NHE to NTP ratio and the honey
which has NHE to NTP ratio bigger than 4.5 was accepted as a high density superior quality honeydew (pine)
honey. As a result of identifications which have been made in microscope, 50 honey samples of 78 honey
samples were selected as high quality pine honey and they were appropriate ones to study for GC-MS chemical
compounds analysis. As a result of GC-MS chemical compounds analysis of 50 honeydew honeys were found
chemical compounds which are important for human body. These are aromatic aldehydes, aldehydes, aromatic
alcohols, flavanones, linear hydrocarbons, aromatic hydrocarbons, aromatic acids, aromatic acid esters, linear
acid esters and other chemical compounds.
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6z

TUrkiye’de aricithgin yogun olarak yapildigr Mugla ilinden 2004-2006 yillari arasinda Eylil ayindan Kasim
ayina kadar 78 cam bali 6rnedi toplanmistir. Toplanan bal 6rneklerinde mikroskop ile Balgigi Element
Sayisina (NHE) ve Toplam Polen Sayisina (NTP) bakilmistir. Bal 6rneklerinin kalitesi Balgigi Elementlerinin
Sayisinin Toplam Polen Sayisina orani ile belirlenmektedir. Balgigi Elementi Sayisinin Toplam Polen Sayisina
orani 4.5'un Ustlindeki ballar ¢cok yogun Ustiin kaliteli cam bali olarak kabul edilmektedir. Mikroskopta yapilan
analiz sonucunda 78 bal drneginin 50 tanesi cok yogun Ustln kaliteli cam bali olarak bulunmustur. Ayrica
GC-MS analizlerinde balin kimyasal bilesenlerine bakilmistir. 50 cam bali 6érnedinin GC-MS kimyasal bilesen
analizinde insan saglidi icin 6nemli bilesenler bulunmustur. Bunlar aromatik aldehitler, aldehitler, aromatik
alkoller, flavanonlar, lineer hidrokarbonlar, aromatik hidrokarbonlar, aromatik asitler, aromatik asit esterleri,
lineer asit esterleri ve diger kimyasal bilesenlerdir.
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INTRODUCTION

H oneydew honey is prepared from secretions
of living parts of plants or excretions of plant-

sucking insects on the living part of plants [1].

Honeydew is the origin of pine honey, which
is a classification of honey. It refers to honey
produced by honeybees collecting nectars which
are exuded from other insects such as aphids or
scale insects [2]. Insects take essential nutrition
from concentrated sugar solution in the floem
and exude the remains. Honeybees take these
remains and bring to the hive and turn into honey.
This honey is called honeydew honey [2].

Honeydew honey is generally characterized
by honeydew elements composed of microscopic
algae, fungus spores. If a honey with the ratio
“number of honeydew elements"/“number of
total pollens” is greater than 3, is considered as
honeydew honey [3,4].

In Turkey Marchalina hellenica  (syn.
Monophlebus hellenicus) (Coccidea: Homoptera),
which lives on Pinus brutia, is the main source of
honeydew. The habitat of this insect is only Turkey
and Greece [5]. Marchalina hellenica mainly is
found in Southern Marmara, the Aegean and
West Mediterranean regions of Turkey [6]. Mudla
is one of the best places for pine honey which has
been produced by Marchalina hellenica. In Turkey,
about 30% of honey is produced in the region of
Mugla. Mugla, having nearly 60 000 hectare of
Pinus brutia forest, is a very important city for the
production of pine honey [7].

MATERIALS and METHODS

Collection of Honey Samples

78 honey samples were collected from ten areas
of the Mudla city in western Turkey, Merkez,
Milas, Ortaca, Koycediz, Marmaris, Fethiye,
Yatagan, Bodrum, Ula and Datca where pine
honey beekeeping is practiced extensively, from
September to November between the years
2004-2006. In this study, suitable apiaries were
chosen from villages. It was important that the
villages are separated with enough distance and
there are enough vegetation differences, which
also represent Mugla statistically.

Microscopic Analysis of Honeys

Preparates to identify NTP and NHE in 10 grams
of honey are obtained as follows [8,9]: 500 grams
of stock honey was well stirred with a sterile glass
stick and 10 grams of it was separated. Then 20
ml distilled water was added and the mixture was
placed in a tube together with a tablet as witness
containing 12542 Lycopodium spores. To melt
down the tablet, tubes were left for 10-15 minutes
in a water bath of 45°C. After the tablet fully
melted, few drops of basic fuchsine were added
for colouring pollens and spores and then the
material was centrifuged in 3500 for 45 minutes.
Water in centrifuged tubes was removed and
tubes were left upside down on a drying mat for
full drainage. Homogenous mixing was ensured
by adding 1 ml of 50% glycerine to each tube.
0.01 ml was taken from this mixture and plated on
a lam. The material was covered by a lamella of
size 18x18 mm? and two separate preparates were
obtained for microscopic analysis.

Examination of the Number of Total Pollens
(NTP)

Pollen and spore preparates were examined
and counted under a Nicon Eclipse E400 light
microscope. Objectives of 20x and 40x were
used in counting pollens. During the counting
process, the preparate was examined starting
from the top left corner and by fully scanning the
area of size 18x18 mm? the numbers of all pollens
and Lycopodium spores in this area were taken
separately. Counts of two separate preparates
were taken and their averages were applied to
the formula given below. The resulting figure is
the total number of pollens in 10 grams of honey.

Number of Total Pollens (NTP)/10 gram = [Pollens
counted x 12542*] / Lycopodium Spores counted
*Number of spores found in a Lycopodium tablet

Examination of the Number of Honeydew
Elements (NHE)

In the same preparates in which NTP was counted,
the number of honeydew elements (NHE) was
also counted. During this process again, starting
from the top left corner and by fully scanning the
area of size 18x18 mm? the numbers of all spores,
hyphea and, if there is any, algae were taken. The



NHE content in 10 grams of honey was found by
using the following formula:

The Number of Honeydew Elements (NHE)/10 g =
[Number (spore + hyphea + algae) counted] / x
12542 Lycopodium Spores counted

NHE/NTP ratio

According to results obtained by using NHE/
NTP ratio a pine honey can be classified as High
Density-Superior Quality Pine Honey, Dense Pine
Honey, Floral Honey Added Pine Honey and Low
Density Floral Honey [3,7,10]. The table below
gives honey types and classes on the basis of
NHE/NTP ratio (Table 1).

Table 1. Classification of honey samples by NHE/NTP ratio.

NHE/NTP Identification Honey type
0-1.5 Low density Floral honey
1.5-3.0 Medium density T e ¥ floral
honey
3.0-4.5 Dense Pine honey
>4.5 High dense Superior quality

pine honey

Figure 1 is the microscopic view of High Dense-
Superior Quality Pine Honey. The picture exhibits
the concentration of honeydew elements (spores
and hyphea) and few pollens.

Figure 1. Microscopic view of high density-superior quality
pine honey.
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Following microscopic examinations, 50
honey samples were determined as high density-
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superior quality pine honey samples and found to
be appropriate for GC-MS chemical compounds
analysis.

Pine Honey Samples and Preparation of
Extracts for the Gas Chromatography-Mass
Spectrometry (GC-MS) Analysis

GC-MS was used for chemical compounds analysis
of the pine honeys. The Method for GC-MS was
performed in accordance with Barcarola et al,
[11]; Radovic et al., [12]; Soria et al., [13]; Cuevas-
Glory et al., [14]. According to these methods 10
gr. pine honey dissolved in 10 ml methanol and
was evaporated to dryness. After drying, 10 ml
ethanol was added to the tubes. This extraction
was left for 24 hours as the mouth is closed. This
solution is evacuated to another tubes at the end
of 24 hours and is waited alcohol for flying. After
flying completely alcohol 0.5 ml ethanol was
added to the residue in the bottom of the beaker
and thoroughly mixed a thin pipette. 2 ul GC-MS
injection was performed.

GC-MS Analysis of Pine Honey Samples

A GC 6890N from Hewlett-Packard (Palo Alto,
CA, USA) coupled with mass detector (MS5973,
Hewlett-Packard) was used for the analysis of
EEP samples. Experimental conditions of GC-
MS system were as follows: DB 5MS column (30
mx0.25 mm and 0.25 um of film thickness) was
used and flow rate of mobile phase (He) was set
at 0.7 ml/min. In the gas chromatography part,
temperature was kept at 50°C for 1 min. and then
increased to 150°C with 10°C/min heating ramp.
After this period, temperature was kept at 150°C
for 2 minutes. Finally, temperature was increased
to 280 with 20°C/min heating ramp and then kept
at 280°C for 49 minutes and chemical substances
of the pine honey samples were identified by using
standard Willey and Nist Libraries available in the
data acquisition system of GC-MS if the comparison
scores were obtained higher than 90%.

RESULTS

Table 2 shows the microscopic analysis of 78
honey samples. As a result of identifications
which have been made in microscope, 50 honey
samples were selected as high density superior
quality pine honey and they were appropriate
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Table 2. Outcomes of NHE/NTP analysis of honey samples.

No District-village NHE NTP NHE/NTP Identification
1 Yatagan-Serefkoy 2528 93919 0.02 Low density floral honey
2 Yatagan-Serefkoy 2752 6882 0.4 Low density floral honey
3 Yatagan-Haciveliler 3836 16526 0.23 Low density floral honey
4 Yatagan-Haciveliler 15176 58178 0.26 Low density floral honey
5 Yatagan-Turgutlar 2068 50685 0.04 Low density floral honey
6 Yatagan-Turgutlar 6318 225947 0.03 Low density floral honey
7 Ula-Kiyra 31412 17816 1.76 Medium density pine + floral honey
8 Ula-Kiyra 58946 16806 3.50 Dense pine honey
9 Datga-Palamutbiki 26684 15121 1.76 Medium density pine + floral honey
10 Datca-Palamutbiki 12656 128411 0.09 Low density floral honey
1(1) Datca-Sindi 59408 9995 5.94 High density superior quality pine honey
12 (2) Datca-Sindi 55770 10940 5.09 High density superior quality pine honey
13 (3) Datca-Hizirsah 43326 8795 4,92 High density superior quality pine honey
14 Datca-Hizirsah 31418 13175 2.38 Medium density pine + floral honey
15 (4) Marmaris-Caml 166366 9222 18.04 High density superior quality pine honey
16 (5) Marmaris-Camli 189892 11758 16.15 High density superior quality pine honey
17 Marmaris-Gamli 127180 39606 3.21 Dense pine honey
18 Marmaris-Camli 79812 38462 2.07 Medium density pine + floral honey
No District-village NHE NTP NHE/NTP Identification
19 (6) Marmaris-Cetibeli 66284 12736 5.2 High density superior quality pine honey
20 Marmaris-Cetibeli 58290 1247272 0.04 Low density floral honey
21(7) Marmaris-Turgut 118880 26391 4.5 High density superior quality pine honey
22 Marmaris-Turgut 87082 20734 4.2 Dense pine honey
23 (8) Marmaris-Orhaniye 168200 28623 5.87 High density superior quality pine honey
24 (9) Marmaris-Orhaniye 128168 12370 10.36 High density superior quality pine honey
25 (10) Ortaca-Karadonlar 55944 1832 30.5 High density superior quality pine honey
26 Fethiye-Catak 3754 6608 0.56 Low density floral honey
27 Fethiye-Catak 8946 6390 1.4 Low density floral honey
28 (11) Fethiye-Dere 498544 4703 106 High density superior quality pine honey
29 (12) Fethiye-Dere 146542 8449 17.3 High density superior quality pine honey
30 Fethiye-Bagliagag 40980 42730 0.95 Low density floral honey
31 Fethiye-Baghagag 24454 12069 2.02 Medium density pine + floral honey
32 Fethiye-Kabaagacg 3622 28428 0.12 Low density floral honey
33 Fethiye-Kabaagac 13682 23183 0.59 Low density floral honey
34 (13) Centre-Dagpinar 115481 1419 81 High density superior quality pine honey
35 (14) Centre-Dagpinar 65323 871 75 High density superior quality pine honey
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Table 2. Outcomes of NHE/NTP analysis of honey samples. (continue)

36 (15) Centre-Kiran 138817 6271 22.13 High density superior quality pine honey
37 (16) Centre-Kiran 136963 13318 10.28 High density superior quality pine honey
38 (17) Ula-Akyaka 70007 14366 4.87 High density superior quality pine honey
39 (18) Ula-Akyaka 184709 3990 46.3 High density superior quality pine honey
40 (19) Ula-Akcapinar 137840 11933 11.5 High density superior quality pine honey
41 (20) Ula-Akcapinar 102744 1605 64 High density superior quality pine honey
42 (21) Datca-Sindi 65497 1950 33.5 High density superior quality pine honey

43 . . . . .

(22) Datca-Sindi 66041 10778 6.12 High density superior quality pine honey

44 . . . . . . .

(23) Marmaris-Osmaniye 127564 4502 28 High density superior quality pine honey

45 . . . . . . .

(24) Marmaris-Osmaniye 106746 5016 21 High density superior quality pine honey

46 Fethiye-Oren 22717 7809 29 Medium density pine + floral honey
47 (25) Fethiye-Oren 89884 10451 8.6 High density superior quality pine honey

48 T . . . . .

(26) Fethiye-Oren 116258 6107 19 High density superior quality pine honey
49 (27) Fethiye-Oren 116040 5889 19 High density superior quality pine honey

(:g) Ortaca-Gokbel 123341 12888 9.5 High density superior quality pine honey
51(29) Ortaca-Gokbel 121619 5320 22.8 High density superior quality pine honey

52 Kéycegiz-Déglsbelen 95401 113494 0.84 Low density floral honey
53 Kycegiz- 18916 19277 6.16 High density superior quality pine hone
(30) Dégiisbelen : 9 y superior quality p v
54 Kdycegiz-Déglsbelen 82534 25893 3.1 Dense pine honey
55 Kdycegiz-Doglisbelen 70742 25647 27 Medium density pine + floral honey
56 (31) Milas-Bozbiik 75542 16802 4.5 High density superior quality pine honey
57 (32) Milas-Bozbiik 142085 11854 11.9 High density superior quality pine honey
(gg) Milas-Pinar 213810 2388 89.53 High density superior quality pine honey
59 . . . . . . .
(34) Milas-Pinar 67215 731 92 High density superior quality pine honey
60 . - . . . . .

(35) Milas-Kayabiikii 110731 7231 15.3 High density superior quality pine honey
61(36) Milas-Kayabiikii 135453 5495 24.6 High density superior quality pine honey
62 (37) Yatagan-Bencik 152800 3200 47 High density superior quality pine honey

(gg) Yatagan-Bencik 223367 3400 77 High density superior quality pine honey

64 o . . . . . .

(39) Yatagan-Bencik 121500 4507 26.9 High density superior quality pine honey

65

(40) Yatagan-Bencik 143606 2508 57.2 High density superior quality pine honey
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Table 2. Outcomes of NHE/NTP analysis of honey samples. (continue)

66 (41) Milas-Cukurkdy 214864 9241 23.2 High density superior quality pine honey
67 (42) Milas-Cukurkoy 167851 5860 28.6 High density superior quality pine honey
(Zg) Ula-Karabégiitien 51719 7499 6.9 High density superior quality pine honey
(22) Ula-Karabégiitien 46747 7069 6.6 High density superior quality pine honey
70 (45) Koycegiz-Toparlar 61548 4645 13.25 High density superior quality pine honey
71 Koycediz-Toparlar 26977 15224 1.7 Medium density pine + floral honey
72 (46) Datca-Mesudiye 77949 5124 15.2 High density superior quality pine honey
73 (47) Datca-Mesudiye 92446 9507 9.7 High density superior quality pine honey
74 Yatagan-Badyaka 266578 232395 114 Low density floral honey
75 Ula-Kizilyaka 182940 224242 0.81 Low density floral honey
76 (48) Bodrum-Gaolkoy 316190 40926 7.72 High density superior quality pine honey
77 (49) Kéycegiz-Ekincik 390004 32987 11.82 High density superior quality pine honey
78 (50) Fethiye-Kabaagag¢ 192481 23292 8.26 High density superior quality pine honey

*Bold coloured samples were chosen for the GC-MS analysis. Sample numbers were written between brackets.

Table 3. Chemical compositions pine honey samples (% content).

Li
; : . . . Aromatic inear
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1 - - - - 1.02 - 28.94 178 5.64
2 - - - - - - - - - - - 3.74
3 - - 0.86 - 0.39 0.65 - - - - - 2.52
4 - - 0.96 1.38 0.33 - - 0.44 - - - 2.4
5 - - - - - - 27.67 - - - - 1.02
6 - - 1.91 2.33 0.1 0.14 - - - - - 3.21
7 - - - - - - - - - - - 3.59
8 - - 1.14 1.50 - - - - - - - 5.19
9 0.35 - 1.30 2.43 0.29 0.36 - - 2.28 - - 3.90
10 - - - - 179 1.89 - - 1.86 - - 7.53
1 - - 1.92 - - - - - - - - 0.95
12 - - - - 0.46 - - - - 1.81 - 2.01
13 - 16.27 2.08 1.56 - - 8.07 - - - - 1.21
14 - - 115 - 1.24 - 8.16 - - - - 2.93

15 - - 178 - 0.98 1.41 - - - - - 1.81
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16 0.47 7.51 0.94 - 0.36 - - - 0.33 3.86
17 - - 1.06 1.59 1.03 - - 0.69 2.74
18 0.81 - 0.90 - 0.67 0.51 1.03 0.98 0.62 276
19 0.56 - 1.37 - - 0.55 - 0.65 0.98 4.88
20 - - 1.28 1.74 0.58 - - 1.31 4.50
21 - - 1.47 2.55 1.57 - - - 4.05
22 - - 1.46 2.4 1.44 - - - 2.43
23 0.25 - 1.42 - - - - - 0.83
24 - - 1.48 2.38 0.96 1.37 - - 2.86
25 - - - - - - 0.75 - 0.98
26 - - 1.08 1.64 - - - - 3.52
27 - - 1.33 277 0.38 - 4.86 - 0.44 2.50
28 - - 1.40 2.47 1.07 - - 1.47 8.86
29 0.51 5.80 178 2.01 - - - - 291
30 - - 1.38 2.36 2.74 - - 0.63 3.36
31 - - 0.93 - 3.3 - - - 2.82
32 - - - - 0.49 - - - 3.68
33 0.49 - 1.10 214 - - - - 2.27
34 - - 1.20 2.01 - - - 0.64 3.10
35 - 13.05 1.29 3.31 1.43 - - 0.36 1.55
36 - - 1.57 - 0.70 0.94 - - 2.04
37 0.73 - 1.80 - 0.44 - - - 0.2 2.63
38 - - 1.49 - 1.44 - 3.19 0.76 2.35
39 - - 1.05 2.07 0.66 0.91 - - 0.44 2.89
40 - - 0.87 - 3.23 - 173 - 0.57 212
4 - - 1.02 - 1.36 - - - 2.19
42 - - 115 - 0.37 1.30 13.53 - 178
43 - - 1.35 2.37 0.77 - - - 4.46
44 - - - - - - 9.75 112 3.35
45 - - 1.36 2.82 - - - - 2.58
46 - - 1.64 2.57 - 1.19 - 1.26 4.67
47 - - 1.35 2.26 - - - - 0.52 3.46
48 - - 1.52 2.54 - - - - 113 3.13
49 - - 117 - 1.51 1.36 - - 1.01 2.34
50 1.33 - 0.57 1.98 - - - - 2.09
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ones to study for GC-MS chemical compounds
analysis (Table 3).

DISCUSSION

GC-MS chemical compounds analysis of 50
honeydew honeys revealed aromatic aldehydes,
aldehydes, aromatic alcohols, flavanones, linear
hydrocarbons, aromatic hydrocarbons, aromatic
acids, aromatic acid esters, linear acid esters and
other chemical compounds.

One of the aromatic aldehydes furfural was
found in nine of the samples which has been
determined before in acacia honey by Radovic et
al. [12]. Furfural was also determined in lime and
lavender honey by Cuevas-Glory et al., [14]. It is
toxic substance with an LD, of 65 mg/kg (oral,
rat).

2-Furanmethanol also called Furfuryl alcohol was
found generally in all pine samples. This substance
was previously detected in honey by Radovic et
al. [12], Allissandrakis et al. [15]. It finds use as
a solvent, but is primarily used as an ingredient
in the manufacture of various chemical products
such as foundry resins, adhesives, and wetting
agents.

Flavanoids areimportant compounds because
of their antioxidant effects. Flavanones are one
of the most important groups of the flavonoids.
Included in the group of flavanones 2,3-dihydro-
3,5-dihydroxy-6-methyl-4H-pyran-4-one (DDMP)
which is a strong antioxidant [16] was detected
in most of the pine honey samples. Especially 21,
27, 35, 45, 46 and 48. samples contained high
concentrations of DDMP. Shimoda et al. [17] also
determined this substance in honey.

One of the linear hydrocarbons Eicosane
and Heptacosane was found generally in all
pine samples. Bentivenga et al. [18] has also
determined Heptacosane in beeswax and honey.

The presence of aromatic hydrocarbons
in honey is an indicator of the environmental
problems. This types of components are generally
used as indicators of aquatic environmental
pollution [18]. Aromatic hydrocarbons were

identified in high concentrations, especially 1, 5,
13, 14, 42, 44. samples. These samples can be
used as indicators of the dirty regions.

Benzoic acid which is an aromatic acid occurs
naturally in many plants. It has been found in
twelve of the pine samples. Benzoic acid was used
as an expectorant, analgesic, and antiseptic in the
early 20th century and it is still used for different
purposes.

1,2-Benzenedicarboxylic acid also called
Phthalic acid is one of the aromatic acid esters
and is produced by the catalytic oxidation
of naphthalene. It is a toxic compound and
fortunately was found very low concentration
only in one sample.

Octadecanoic acid methyl ester also called
Stearic acid is one of the linear fatty acid
esters and it is nature’'s most common long-
chain fatty acids, derived from animal and
vegetable fats. It is widely used as a lubricant
and as an additive in industrial preparations. It
is used in the manufacture of metallic stearates,
pharmaceuticals, soaps, cosmetics, and food
packaging. This compound was found in low
concentrations in twelve of the samples.

Lidocaine was also detected in all pine honey
samples for the first time in our study. Especially 1,
8, 28. samples contained the high concentrations
of Lidocaine. Lidocaine is used topically to relieve
itching, burning, and pain from skin inflammations,
injected as a dental anesthetic, or used as a local
anesthetic for minor surgery. This local anesthetic
compound was previously found in honey by Yan
and Yu-Hong [19]. This may suggest that pine
honeys may be more effective in the treatment of
wounds and burns.

As a conclusion, this study is important as it
determines the chemical characterization profile
of pine honeys which are endemic to Turkey and
shed light on the standard data. Further chemical
investigations are needed for evaluating Turkish
pine honeys.
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