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Characterization of Turkish honeys regarding of physicochemical properties,
and their adulteration analysis

Seyda KIVRAK'™, Ibrahim KIVRAK??, Ersan KARABABA'

Abstract

This work was conducted to evaluate the quality of 54 honey samples from eighteen different origins from Turkey. Physicochemical
properties were examined according to AOAC methods, total phenolic and flavonoid contents by a spectrophotometric method
and authenticity of honeys by Combustion Module - Cavity Ring-Down Spectroscopy (CM-CRDS). The microscopic analysis
of honey sediment (mellissopalynology) was carried out to identify and count the pollen to provide qualitative indicators
to confirm botanical origin. The moisture, electrical conductivity and free acidity of honeys ranged from 15.56 to 18.39%,
0.143 to 2.006 mS.cm™, 16.05 meq.kg' and 34.10 meq.kg™, respectively. Diastase activity of sideritis honey was found highest.
Honeys showed HMF level below 40 mg.kg™". The highest proline was determined in thyme honey. The results showed that
honeys contained eminent amounts of phenolics and flavonoids. §"°C values of honeys were more negative than -23.5%o.
The C,% sugar ratios were lower than 7% value. The lowest glucose-fructose content was observed in eucalyptus, cedar and pine
honey samples. The results obtained for physicochemical characteristics, total phenolic and flavonoid contents an authenticity
analysis of Turkish honeys indicate a good quality level, adequate processing, good maturity and freshness. The discrimination
between honey types was achieved by PCA.

Keywords: Combustion Module-Cavity Ring-Down Spectroscopy; C, sugar; unifloral honeys; diastase; proline

Practical Application: Honey market is a large part of the economy for many countries. Unfortunately due to large market
profit for honey sales, adulteration is extremely widespread. This study indicated the results of analysis of the reliable and
high-throughput instrument Combustion Module-Cavity Ring-Down Spectroscopy (CM-CRDS) for the determination of
C, sugar adulteration in honey for the first time. We consider that CM-CRDS will be useful for food control and analysis.
Additionally, the present research furnished a detailed qualification of honey samples from eighteen different Turkish origins

in terms of chemical and physicochemical properties.

1 Introduction

Honey is a kind of directly consumed natural product,
produced by honeybees - Apis mellifera L. from the nectar of
blossoms or from exudates of trees and plants (Bertoncelj et al.,
2007). Honey is described in Codex Alimentarius Standard and
in Turkish Food Codex as a naturally sweet product produced
by honeybees when they collect the nectars from the flowers of
plants, convert their compositions, and place them into the cells
of combs to mature (Food and Agriculture Organization, 2001;
Turkey, 2012). Honey contains in addition to sugars, amino acids,
vitamins, minerals, lipids, enzymes and other phytochemicals,
and also the presence of flavonoids and phenolic acids emphasizes
the role of honey, along with fruits and vegetables, as a nutritional
source of natural antioxidants responsible for protecting human
health (Baltrusaityte et al., 2007; Gheldof et al., 2003; Gheldof &
Engeseth, 2002; McKibben & Engeseth, 2002; Schramm et al,,
2003; Silva et al., 2013; Tonks et al., 2003). Honey has very old
history for human life since ancient times mainly as a sweetening
agent, yet it has been also used as an ingredient of traditional
medicines on account of its dietary and curative properties

such as antibacterial, anti-inflammatory and anti-tumoural
(Orsolic et al., 2005; Pichichero et al., 2009; Swellam et al., 2003;
Tonks et al., 2001).

Depending on the botanical origin of honeys, there is a wide
variation with different tastes and colors, and the variations in nectar
content, together with other factors such as climatic conditions,
soil type, and beekeeper activities contribute to the existence of
different types of honey (Anklam, 1998; Bogdanov et al., 2008;
Pires et al. 2009).

Microscopic analysis is another analytical method for the
identification of botanical origin. Namely quantitative and also
qualitative content of honeydew particles and pollen grains is
studied for the identification of honey group and the blossom
origin, respectively. On this account, the microscopic analysis is
able to detect the botanical origin much more exactly than other
analytical methods. However, it is difficult to correctly interpret
results of melissopalynology and it needs a lot of experiences
(Demianowicz, 1961; Kropacova, 1969; Ptidal & Vorlova, 2002).
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As a result of mentioned natural properties, honey is
expensive than that of any other sweetener, and it can, therefore,
be a target of adulteration (Sivakesava & Irudayaraj, 2002).
Adulteration is the very important authenticity issue, and it is
increasingly important for consumers, producers, and regulatory
authorities. Knowledge of the chemical characteristics of honey,
as one of the respected health-promoting natural products, is of
general interest in terms of their protection against adulteration
(Arvanitoyannis et al., 2005). A major concern of food control
is to ensure that honey is authentic in respect of the legislative
requirements of the standards of the Codex Alimentarius
(Food and Agriculture Organization, 2001; Kecke$ et al., 2013).

The objectives of the present study were to investigate total
phenolic and flavonoid contents, adulteration analyses and
physicochemical properties of Turkish honey samples of eighteen
different floral origins. Correlations between the parameters
analyzed were also evaluated.

2 Materials and method
2.1 Chemicals and reagents

All chemicals and reagents used were of analytical grade.
Sugar standards, 5-Hydroxymethyl-2-furfuraldehyde, gallic acid
(GA), quercetin standards, folin-ciocalteu reagent were from
Sigma-Aldrich (Sigma-Aldrich Chemie, Steinheim, Germany).
Propanol, ninhydrin, tungstic acid, sulfuric acid and methanol
were supplied from Merck Millipore (Merck KGaA, Darmstadt,
Germany).

2.2 Honey sample collection

All honeys samples were obtained from experienced local
beekeepers during the harvesting season 2014 at different locations
across Turkey. The attribution of the botanical origin for honeys
was confirmed by melissopalinological analysis (Louveaux et al.,
1978). All samples were stored at room temperature until the
time of their analysis. The honey samples were classified into
eighteen groups, namely: cedar from Doganhisar, Konya,
eucalyptus from Gokova, Kéycegiz, Mugla, multifloral from
Semdinli-Yiiksekova, Hakkari, rhododendron from Inebolu-
Senpazar, Kastamonu, vitex from Kogarli-Karpuzlu, Aydin, carob
from Dat¢a-Marmaris, Mugla, clover from Karacadag-Siverek,
Diyarbakir, pine and heather from Marmaris-Gokova, Mugla,
sunflower from Cumra-Karapinar, Konya, citrus from Finike-
Demre, Antalya, sideritis and thyme from Dat¢a, Mugla, chestnut
from Akeakoca, Diizce, acacia from Hacilar, Burdur, lavender
from Kegiborlu, Isparta, cotton from Cukurova, Adana, linden
from Macahel, Bor¢ka, Artvin with three samples of each type.

2.3 Determination of §'°C protein-honey, C, sugar% using
CM-CRDS

dBC values of protein and of raw honey were determined by
Combustion Module-Cavity Ring-Down Spectroscopy (CM-CRDS).
After complete sample combustion to carbon dioxide, as described
by AOAC method for §"*C of protein (Association of Official
Analytical Chemists, 2005). The adulteration (C,% sugar) content
in honey samples was evaluated using following Equation 1.
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%o - 8"°C

Protein Hone

Adulteration C, sugar % = [(§"°C
(8"C, . %o - (-9.7))] x100

9%0)/
= (1)

Protein

The proteins in the honey sample were extracted according
to the Association of Official Analytical Chemists (2005). Briefly,
the honey sample (12 g) was filtered into a centrifuge tube
(50 mL) using a 40-mesh filter. Next, 4 mL ultra-pure water
was added into the tube, and the mixture was vortexed for
30 s. The homogenized honey sample was placed into a water
bath at 80 °C. A freshly prepared mixture of sodium tungstate
(2 mL) and H,SO, (2 ml, 0.335 mol.L'") was added into the
centrifuge tube and vortexed. The final mixture was incubated
in a water bath at 80 °C until precipitates were visualized. When
precipitation did not appear after half an hour from the first
acid addition, 2 ml of 0.335 mol.L'"") H,SO, was added to the
solution. This sequence was repeated twice with a break of half
an hour in between. Then, 25 mL water was added into the tube.
The solution was centrifuged for 5 min at 4000 rpm at room
temperature. The supernatant, which was produced by the
centrifuging process, was removed by the transfer method and
the sediment in the lower part of the tube was dissolved with
50 mL water. The centrifuging process was repeated three times.
After the fourth centrifuging process had been completed, the
supernatant was discarded. The sediment in the lower part was
placed on a watch glass to be dried at 80 °C in an oven for 3 h. The
tin capsules for the raw honey and the dried protein were filled
with 150 + 50 ug of material and packed. They were placed on
the automatic sampling table located in the combustion module
of the device. *C/*C analysis in the honey was monitored using
a CM-CRDS instrument.

2.4 Determination of hydroxymethylfurfural content of
honey samples using HPLC-VWD

The chromatographic analyses for determination of
hydroxymethylfurfural content (HMF) of honey samples were
carried out in an Agilent high performance liquid chromatography
(HPLC) equipped with a variable wavelength (VWD) detector,
and executed using a ChemStation Software.

For the determination of HMF analysis, a Hypersil ODS
reversed phase column, isocratic elution with methanol/water
(10:90) was used, at a flow rate of 1.0 mL.min! and detection
at 285 nm (Mendes et al., 1998).

2.5 Determination of total monosaccharides content of
honey samples using HPLC-RID

The chromatographic analyses for determination of total
monosaccharides content of honey samples were carried out a
refractive index detector (RID) in the Agilent high performance
liquid chromatograph (HPLC) equipped with, and evaluated with
the ChemStation Software. The chromatographic separation of
sugars was achieved in an amine bonded phase column (g-Bonapak),
using acetonitrile/water (84:16) as mobile phase, at a flow rate
of 1.0 mL.min"! and refractive index detection (Ferreira et al.,
1998). The sample preparation in both determinations was easy,
involving only dissolution in deionized water and filtration
through 0.45 um PTEE filter.
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2.6 Physicochemical characteristics

Honeys were analyzed according to AOAC methods diastase
activity, electrical conductivity, proline content, pH, free acidity
and moisture content (Association of Official Analytical Chemists,
1990; International Honey Commission, 2002). Three replicate
analyses were performed for each honey sample.

Diastase activity was measured using a buffered soluble starch
solution and honey, which was incubated in the thermostatic bath
at40 °C. Absorption was followed an UV/VIS spectrophotometer
and a chronometer. Results were expressed (as Scade units) as
ml of 1% starch hydrolyzed by enzyme in 1 g of honey, in 1 h.

Electrical conductivity of a honey solution at 20% (dry
matter basis) was measured at 20 °C in CO,-free deionized
distilled water using conductivity meter, and the results were
expressed as puS.cm™.

Proline content in honey samples was measured usinga5 g
honey in 100 mL distilled water. 0.5 mL of solution was put into
test tube then 1 mL of formic acid, ninhydrin solution proline
standard solution were added into tube. And then it was boiled
in hot water for 15 min, it was incubated for 15 min at 70 °C in
water bath. After the tube was cooled down for 45 min. Absorption
was followed an UV/VIS spectrophotometer at 510 nm.

The pH was measured by a pH-meter with a precision of
+0.002 pH units. The pH of the honey was measured in solution
of 10 g honey in 75 mL of CO, free distilled water.

Free acidity was determined by a titrimetric method: 0.1 M
NaOH was added to 10 g honey in 75 mL free CO, distilled
water until a pH value 8.30. Results were expressed as meq.kg™'.
All measurements were performed in triplicate.

Moisture was determined by refractometer. All measurements
were performed at 25 °C.

2.7 Determination of total flavonoid content and total
phenolic contents

Concentrations of total flavonoid content (TFC) and total
phenolic content (TPC) were measured using the methods
previously reported (Arvouet-Grand et al., 1994; Meda et al,,
2005).

The Folin-ciocalteu method was used to determine total
phenolic content using method previously reported (Meda et al.,
2005). Each honey sample (5 g) was diluted to 50 mL with
distilled water and filtered through Whatman No. 1 paper.
This solution (0.5 mL) was then mixed with 2.5 mL of 0.2 N
Folin—ciocalteu reagent for 5 min and 2 mL of 75 g.L! sodium
carbonate was then added. After incubation at room temperature
for 2 h, the absorbance of the reaction mixture was measured at
760 nm against a methanol blank. Gallic acid (GA) was used as
a standard. The mean of three readings was used and the total
phenolic content was expressed in mg of gallic acid equivalents
(GAE) in 100 g of honey.

The total flavonoid content was determined using the Dowd
method as adapted by Arvouet-Grand et al. (1994). Briefly,
5 mL of 2% aluminium trichloride in methanol was mixed with
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the same volume of a honey solution (0.01 or 0.02 mg.mL").
Absorption readings at 415 nm were taken after 10 min against
a blank sample consisting of a 5 mL honey solution with 5 mL
methanol without aluminum trichloride. The total flavonoid
content was determined using quercetin as a standard. The mean
of three readings was used and expressed as mg of quercetin
equivalents (QE) in 100 g of honey.

2.8 Statistical methods

The mean value and standard deviation (SD) was calculated
from the experimental data of adulteration analysis. Analyses
of variance (ANOVA) were performed to determine significant
differences between independent variables (P < 0.05) using the
STATISTICA for Windows release software (Statsoft, 1995).
Variable means were compared by Least Significant Difference
(LSD) range test. Principal component analysis (PCA) and
hierarchical cluster analysis (HCA) were performed with
STATISTICA for Windows release software (Statsoft, 1995)
to classify and discriminate among the honey samples and
physicochemical parameters except pH.

3 Results and discussion

Honey may be designated according to floral or plant source
if it comes wholly or mainly from that particular source and has
the organoleptic, physicochemical and microscopic properties
corresponding with that origin (Bogdanov et al., 2005).

3.1 6"C analysis of honey and its protein (%o) and C,%
sugar adulteration ratio

The average values and standard deviations of isotope
ratio of 18 different types of honey samples were reported
using Combustion Module-Cavity Ring-Down Spectroscopy
(CM-CRDS), were presented in Table 1. The average carbon
isotope ratios determined in protein and honey fractions of
honey samples were very close each other. The average values
varied between -24.7%o and -27.0%o for §°C_ . , while it ranged
between -24.1%o and -26.7%o for §"°C

honey”

All eighteen types of §"*C values were more negative than
-23.5%o according to AOAC 998.12 (Association of Official
Analytical Chemists, 2005) . This limit intended to detect cane
and corn sugar addition to honey. According to data given in
Table 1 adulteration was not detected in studied honey samples.
BC/Cisotope ration measurements give basic knowledge about
the sources of honey from C, plants, however, the standard
quality properties such as diastase activity, HMF content,
electrical conductivity and moisture measurements are needed
to understand the quality of a honey sample (Simsek et al., 2012;
Szezgsna & Rybak-Chmielewska, 2004; Yanniotis et al., 2006;
Zappala et al., 2005). These parameters were analyzed in detail
by the present study.

Average8°C__ . values of lavender, cedar and pine honeys
vary between -24.7%o and -25.2%o, while average §°C, | values
ranged between -24.1%o and -24.9%o. On the contrary, average
OPC .o Values of sideritis, eucalyptus and thyme honeys varied
-26.6%o and -27.0%o, while average §°C, | values ranged between

hone
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Table 1. §"C isotope ratio and %C, sugar content of Turkish honeys.

Honey types 8 °C protein 6 °C honey ) ”Q difference Adulteration Honey quality
(%o0) (%o0) protein-honey (%o) (%C,)
Cedar -252+0.2 -245+0.3 -0.7 4.5 Pure
Eucalyptus -26.7+0.3 -26.7+£0.2 0.0 0.0 Pure
Multiflower -26.5+0.3 -26.3+0.3 -0.2 1.2 Pure
Rhododendron -26.5+0.2 -26.5+0.2 0.0 0.0 Pure
Vitex -26.0 £ 0.1 -26.0 £ 0.2 0.0 0.0 Pure
Carob -25.6£0.2 -25.0+£0.2 -0.6 3.8 Pure
Clover -25.8+0.2 -25.7+0.2 -0.1 0.6 Pure
Pine -252+0.2 -249+0.1 -0.3 1.9 Pure
Sunflower -25.6+0.1 -25.5+0.2 -0.1 0.6 Pure
Citrus -26.6 £0.3 -25.6+£0.2 -1.0 59 Pure
Heather -25.3+£0.2 -25.1+04 -0.2 1.3 Pure
Thyme -26.6 £ 0.3 -26.1 £ 0.4 -0.5 3.0 Pure
Chestnut -264+0.3 -26.2+0.3 -0.2 1.2 Pure
Sideritis -27.0+0.1 -26.5+0.2 -0.5 2.9 Pure
Acacia -259+0.1 -259+0.1 0.0 0.0 Pure
Lavender -24.7 £ 0.3 -24.1+£0.3 -0.6 4.0 Pure
Cotton -25.7+£0.2 -25.7+0.2 0.0 0.0 Pure
Linden -25.5+0.2 -253+0.2 -0.2 1.3 Pure

All analyses of the samples were replicated three times and the average and standard deviations were calculated.

-26.1%o and -26.7%o. The difference between average values of C
isotope ratios of protein and honey fractions (§°°C__  -6"C,_ )

of lavender, cedar, sideritis, carob and thyme honeys appeared
in a narrow range between -0.5%o and -0.7%o.

The average difference between §°C value of honey and its
protein (A8" %o) fractions for the studied honey samples ranged
between 0.0%o and -1.0%o. In this calculation, the difference has
been taken as negative for samples of which §°C . value is
more negative than §°C, | value, whereas it has been taken as
positive for samples of Wthh 8"C .., valueis more positive than
6"C, ., value. The differences between the A8"C values of honey
and 1ts protem fractions must not exceed 1%o which provides
the international benchmark at 7% sugar added. This differences
were used for the calculation the average C,% sugar ratios that
ranged between 0.0% and 5.9%. The C,% sugar ratios for all of
the studied honey samples were lower than 7% value that is the
legally permitted level by the authority (Association of Official
Analytical Chemists, 2005).

3.2 Physicochemical and chemical properties

The physicochemical and chemical properties (HME, total
monosaccharides, free acidity, pH, electrical conductivity,
moisture content, diastase and proline) of honey samples are
shown in Table 2. A significant difference was found among
honey types on all parameters.

The average moisture content ranged from 15.56 to 18.39%.
The moisture content is also of great importance because it is
considered to be a useful parameter for describing moistness
and viscosity of honey, and also subjected to several factors,
for example climatic factors, the harvesting season, the degree
of maturity reached in the hive and environmental factors
(Pires et al., 2009). Furthermore, the water amount of honey
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associated to its botanical origin (Liberato et al., 2013). All the
honey samples contained less than 20% moisture content which
is regulated for safety against fermentation. This is the maximum
value allowed by European and Turkey legislations for honey
(Food and Agriculture Organization, 2001; Turkey, 2012).
Moisture is the key criterion that determines the ability of honey
to remain fresh and free of fermentation (Bogdanov et al., 1999;
Silva et al.,, 2009). In this study, the highest moisture content
was determined on citrus, sunflower and acacia honeys. On the
contrary, the lowest mean value was found for the cedar and
pine honeys. The moisture content of rest of honeys changed
between 16.21 and 18.39%. In the previous study, it reported
values of moisture varying between approximately 16 and 20%
in honey samples from various locations of Turkey, and these
results are close to those obtained in the present study which
includes moisture contents for acacia honey as the highest and
pine honey as the lowest are in good accordance with the results
of Can et al. (2015).

The electrical conductivity of honey varies according to
the floral origin and related to the concentration of mineral
salts, organic acids and protein content. Value of the electrical
conductivity of honey depends on honey raw materials. Presence
of a honeydew that is a rich source of mineral compounds
increases value of conductivity of honey (Majewska et al., 2010).
This parameter produces variation based on the floral origin
and it is important for the differentiation of honeys of different
floral origins (Terrab et al., 2002). Electrical conductivity (EC)
values of the studied honeys ranged from 0.143 t0 2.006 mS.cm™.
The highest levels were determined in chestnut, pine and cedar
honeys with average values of 2.006, 1.316 and 1.283 mS.cm’/,
respectively. Due to the fact that they are appreciated as a
honeydew honey, and their EC were higher than 0.8 mS.cm™ as
being honeydew honey. Eucalyptus honey similarly displayed
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Table 2. Physicochemical and chemical properties of Turkish honeys.

Moisture  Electric Free acid Iz:tlis;tiatse Proline HMF  Total mono- Total phenolic Total flavonoid
Honey types content conductivity (meq.kg") pH (Sca dz content  content saccharides content content
(%) (mS.cm’) 48 unity) | (mekg?) (mgkg!) (%) (mg GAE.100g") (mg QE.100g")

Cedar 1556 1.283° 18.67 ™ 3.331 10.96 & 592.10% 4.25% 54.76! 57.22™ 3.708
Eucalyptus 16.40" 0.970 ¢ 21.367 3.69 & 9.40! 455.03 3.12° 54.03 ™ 80.91¢ 3.09"
Multiflower 17.16 4f 0.373 ¢ 22.33N 4380 2146° 756.32f 1.43 68.56 ¢ 61.14 % 3.72%
Rhododendron  16.92 & 0.466 * 20.59 & 4.03 < 12.261 832.61¢ 1.89¢ 67.50 ¢ 67.951 2.007
Vitex 17.10 ¢ 0.3261 19.44! 3.98¢ 12.68" 809.734  2.08°¢ 61.557 65.517 4.30¢
Carob 17.61 <« 0.533 ¢ 26.46° 424 11.39) 722258 1.30 <« 63.11" 94.394 4,04
Clover 16.58 & 0.250 16.05" 3.841% 8.15™ 44540k 3.09° 63.53 ¢ 37.04" 330"
Pine 15.641 1.316° 26.00 8 4.34%d 13,098 565.551 1.55< 54.80! 99.42 ¢ 2.331
Sunflower 18.28 ® 0.326'1 30.43¢ 3.56" 12.53"  801.30°¢ 2.02¢ 70.18 ¢ 88.79f 3.91 ¢
Citrus 18.39* 0.2737 34.10° 451" 8.09™  344.74! 3.87® 63.52 ¢ 58.91! 3.99¢
Heather 17.31 4 0.760 ¢ 28.244 4.22 4 12.44M  865.22°¢ 1.58 « 62.251 64.517 6.21°¢
Thyme 16.23" 0.416¢ 25.52¢ 4.44 22.17° 1778.87° 0.79 d 72.00* 106.46 * 9.01¢
Chestnut 16.21" 2.006 * 17.97 ™ 5.54* 15441 666.741 1.66 ¢ 58.99 97.66 ¢ 9.24*
Sideritis 16.51 ¢ 0.350 hi 2299 4380 2567 1252.79° 0.58 ¢ 71.06° 103.24° 7.99°
Acacia 18.15® 0.143 % 3241° 3.56" 8.12™ 28343 ™ 1.79 ¢ 59.05 % 19.11° 1.12%
Lavender 18.00 ¢ 0.400 ¢ 22.011 3.71¢" 18.26 ¢ 747.48 % 1.68 ¢ 64.95¢ 71.76 1 3.33%h
Cotton 17.09 ¢ 0.2537 20.134 3.85 % 9.08! 322.07! 1.92¢ 58.89 & 34.24° 1.13k
Linden 17.85 b 0.473f 27.29°¢ 442%4 20474 602.611 1.86 ¢ 70.04 ¢ 62.10 % 2.071

»? Different letters in each column correspond to significantly different values. (p < 0.05).

also high EC value. Moreover, the lowest EC was 0.143 mS.cm™
in acacia honey. Rest of honey types showed lower conductivity
than allowable upper limit 0.8 mS.cm™.

Honey acidity is related to having organic acids, especially
gluconic acid, in equilibrium with their corresponding lactones or
internal esters, and to inorganic ions, mainly phosphate, sulphate
and chloride (Silva et al., 2009; Terrab et al., 2002). Free acidity
values ranged between 16.05 meq.kg' (clover honey) and
34.10 meq.kg™" (citrus honey). According to the Council Directive
2001/110/EC (European Union, 2001), allowable upper limit
for free acidity is 50 meq.kg ' (European Union, 2001). None of
the tested honey was exceeded upper limit value. Citrus honey
had the highest free acidity, also acacia and sunflower honeys
showed more than 30 meq.kg"'. The lowest value was found in
clover honey samples. Chestnut, cedar and vitex honey had less
than 20 meq.kg" of free acidity level.

pH of honey is influenced from the circumstances of
extraction and storage, affecting texture, stability and shelf-life
final product. Indeed, honey pH is related to microbial growth,
due to bacterial growth occurring in a neutral and mildly alkaline
environment; however, yeasts and moulds are found in an acidic
environment (pH = 4.0 - 4.5) and do not grow well in alkaline
media (Conti, 2000; Silva et al., 2009). According to previous
reports, the pH of honey is between 3.2 and 5.5 (Bogdanov et al.,
2004; Karabagias et al., 2014). Similarly, in the present study,
the pH ranged from 3.33 (for cedar honey) to 5.54 (for chestnut
honey). Additionally, multiflower, rhododendron, carob, pine,
heather, thyme, sideritis, linden and citrus honeys showed
similar pH values, between 4.03 and 4.51. Our results are in good
agreement with previous researches for the same type of honeys.
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Diastase acts in the digestion of starch and is secreted from
the honeybee’s stomach one such parameter. Diastase activity
is mostly recognized for the evaluation of honey freshness
and/or overheating (Can et al., 2015). The Council Directives
2001/110/EC (European Union, 2001) do not permit less than
8 Scade units. In this present study, diastase activity of honey
samples ranged from 8.09 to 25.67 Scade units, for citrus and
sideritis honey, respectively. Diastase activity for all honey types
was detected higher than minimum level 8 Scade units. Sideritis,
thyme, multiflower, linden honeys exhibited higher diastatic
activity than 20 Scade units. These results approved that all of
honey samples were not overheated or prolonged storage.

HMF content is commonly recognized as a parameter of
freshness for honeys. It is well-known that warm-up operation
of honey results in the formation of HMF (Belitz & Grosch,
1999). In a fresh honey it can be detected very little HMF, but
its content increases during storage of honey as it is observed
in diastase activity. Increased HMF content may be indication
of overheating of honey during filtration or recrystallization, as
well as an adulteration of honey by invert sugar (Juszczak et al.,
2013). In the present study, HMF content ranged from
0.58 to 4.25 mg.kg™, sideritis and cedar honey, respectively.
All honey samples showed HMF level below 40 mg.kg ™" of honey
which is allowed upper limit by European Council (European
Union, 2001). Only cedar honey samples showed HMF level
above 4 mg.kg, which is tenfold lower than acceptable limit.
Citrus, eucalyptus and clover honeys had HMF content between
3 and 4 mg.kg'. The other analyzed honeys contained less than
2.08 mg.kg' HMF content.

Proline is one of the non-essential amino acid and one of the
most important amino acids, found in human body and nature.
It is located in collagen structure. In this study, except acacia
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honey samples, obtained slightly lower amount than acceptable
level of proline, rest of the honey samples possessed quite high
proline content. The highest proline amount was found in thyme
and the lowest in sideritis honey, 1778.87 and 283.43 mg.kg",
respectively. In the previous study on amino acid profile of
these honeys, it was reported that some specific characteristics
related to amino acids as properties of floral origin of honey
can indicate a higher degree of variability, though most of the
honeys contained 20 amino acids (Kivrak, 2015). The high level of
proline content in the studied honeys is in good consistency with
that in other European honeys (Cotte et al., 2004; Keckes et al.,
2013; Rebane & Herodes, 2008).

Analysis of honey sugar was executed with HPLC-RID and
the percentage (%) values for monosaccharides per 100g are
displayed in Table 2. Glucose and fructose represent the largest
portion of honey composition. According to results, thyme,
sideritis, sunflower and linden contained higher than 70% total
monosaccharides. Total monosaccharide levels of honey ranged
from 54.03% to 72.00%. The lowest glucose-fructose content was
observed in eucalyptus honey. Cedar and pine honey samples
displayed similar to eucalyptus honey for total monosaccharide level.
Thyme, sideritis, sunflower, linden, multiflower, rhododendron,
lavender, clover, citrus, carob, heather and vitex honey samples
involved more than 60% monosaccharide content, which is
compatible with the codices, allowable lowest level by European
Council (European Union, 2001). These obtained values are in
accordance with acceptable range for honey (Bogdanov et al.,
1999) and similar to those obtained with others Turkish honeys
(Can et al., 2015; Senyuva et al., 2009).

3.3 Total phenolic and flavonoid contents

Polyphenolics are phytochemicals which show wide structural
varieties. They are classified into three major groups: phenolic
acids, flavonoids, and tannins (Keckes et al., 2013).

Total phenolic contents (TPC) of the all analyzed honey
samples ranged from 106.46 to 19.11 mg GAE.100g". Analysis

of variance (ANOVA) results implied that all types of honey
samples indicated statistically different LSD group for phenolic
content (Table 2).

Similar to physicochemical parameters thyme honey samples
held highest TPC. It is followed by sideritis honey samples as
second. Moreover, pine, chestnut and carob honey samples
involved quite high TPC. Besides that acacia honey samples
contained lowest TPC, and cotton, clover, cedar and citrus
honeys possessed respectively low TPC among others.

Total flavonoid contents (TFC) were determined in all types
of honey samples. Data were shown in Table 2. Flavonoids are low
molecular weight phenolic compounds that are vital components
for the aroma properties and antioxidant capacities of honey.
TFC varied between 1.12 and 9.24 mgQE.100g'. The differences
between the different honey types were significant (p > 0.05).
Chesnut honey samples had highest level as 9.24 mgQE.100g, in
consistent with the previous study Can et al. (2015). Additionally,
thyme, sideritis and heather honey samples had flavonoid content
more than 6 mgQE.100g* level. TFC of acacia and cotton honeys
were 1.12 and 1.13 mg.kg!, respectively. These results indicate
that the phenolic composition of honeys is influenced by the
floral origins.

3.4 Principal component analysis and hierarchical cluster
analysis

Principal component analysis (PCA) and hierarchical cluster
analysis (HCA) are two main approaches in chemometrics, and
they are widely used for the classification study in the field of
food research (Yu, 2005). PCA is a statistical data reduction
method. It transforms the original set of variables to a new set
of uncorrelated variables called principal components (PCs).
By plotting the PCA scores, it is possible to visually assess
similarities between samples and determine whether samples
can be grouped. PCA was generated four significant principal
components (PCs) explaining 41.72,28.28, 10.66 and 6.72% of the
variance respectively. Figure 1 is a plot of principal component
loadings of quality properties on the first and second principal
components, PC1, PC2. PC1 explained mainly variation in
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Figure 1. PCA loadings of quality properties on the first and second principal components. HMF: 5-hydroxymethylfurfural; MC: moisture
content; FA: free acidity; EC: electrical conductivity; TM: total monosaccharides; DA: diastase activity; PR: proline content; TFC: total flavonoid

content; TPC: total phenolic content.
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HMEF which was in negative area, and, in proline, diastase, TFC,
TPC, and total monosaccharides which were in positive area.
PC2 represents the positive variations in electrical conductivity,
HME, TFC and TPC, and the negative variations in moisture
content, total monosaccharide, proline, diastase, free acids of
honey samples. The third component, PC3, accounted for 10.66%
of the total variance and was dominated by free acid.

The loadings indicated that the HMF was negatively
correlated with TFC, TPC, proline content, diastase activity
and total monosaccharides as described by PC2. This indicates
that honey quality increasing as the value of PC1 became
increasingly positive (Figure 1). TPC was related to TFC, proline
and diastase activity, and were negative correlated with HMF
content. This demonstrates that higher HMF content lower
quality of honey. It is well known that honey heating results in
the formation of HME which is produced during acid-catalyzed
dehydration of hexoses, such as fructose and glucose (Belitz &
Grosch, 1999). As it is recognized for the parameter of freshness,

affected from storage conditions and floral sources (Fallico et al.,
2004; Silva et al., 2009; Terrab et al., 2002).

Proline, diastase activity, total flavonoid and total phenolic
contents, total mono saccharides, and HMF loaded similarly on
both of PC plots (Figure 1 and 2). Free acids, moisture content,
electrical conductivity and HMF were on the negative side of
PC3 and negatively correlated with proline content, diastase
activity and total monosaccharides.

PCA of the honey samples are represented in Figure 3.
Thyme and sideritis honey samples differed from the other types
of honeys and clustered on positive side of PC1. In contrast,
cedar, eucalyptus, clover, cotton, citrus and acacia honeys were
on the negative side of PC1 and overlapped in the high HMF
direction as shown previously in Figure 1. This signifies that
thyme and sideritis honey samples have respectively eminent
quality according to the European Community regulation than
those of other types of honeys which were on the negative side
of PCI. The rest of honeys clustered around the center of score
plot. Moreover, chesnut honey was the only honey type displayed

Scoreson PO

RtS

1indL

ad

T

TR

Scoresom PO

Figure 2. PCA loadings of quality properties on the first and third principal components. HMF: 5-hydroxymethylfurfural; MC: moisture content;
FA: free acidity; EC: electrical conductivity; TM: total monosaccharides; DA: diastase activity; PR: proline content; TFC: total flavonoid content;

TPC: total phenolic content.
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Figure 4. Hierarchical cluster analysis (HCA) dendrogram of 18 honey types.

in the positive side of PC1 and PC2. This finding overlapped
with higher total flavonoid and total phenolic content, and
electrical conductivity values as those were exhibited in Figure 1.
Searching for grouping among the honey samples to provide
complementary information to the factor analysis, it was used
hierarchical agglomeration according to Ward’s method and to the
average linkage weighted pair group algorithm. This permit the
explanation of 100% variance (Liebig et al., 1992). Hierarchical
cluster analysis (HCA) involves a measurement of the similarity
between objects to be clustered, and samples with the maximum
similarities were clustered preferentially (Yi et al., 2013). In this
study, the ten determined components of the 54 honey samples
was inputted into STAT as variables, between group average
linkage method was applied to sort honey types into groups, and
rescaled distance was selected as measurement to obtain a HCA
dendrogram shown in Figure 4. The first graphical evidence is
that samples can be divided into three main groups. The first
cluster can be divided into three sub-groups as, sub-group A:
cedar, linden, pine honeys; sub-group B: multiflower, lavender,
carob, chestnut honeys; sub-group C: rhododendron, vitex,
sunflower, heather honeys. Cedar honeys, having high HMF
content, would have appeared second cluster; however, other
physicochemical properties of cedar honeys placed it in fist
cluster. The second cluster included eucalyptus, clover, citrus,
cotton and acacia honeys. This finding was overlapped with
negative side of PCI in Figure 3 and high HMF direction of
Figure 1. The third cluster included thyme and sideritis honeys.
This finding confirmed high proline content and diastase activity,
and less than 1 mg.kg" of HMF content for thyme and sideritis

Food Sci. Technol, Campinas, 37(1): 80-89, Jan.-Mar. 2017

honeys. This observation decided the physicochemical properties
of those honeys were distinctive.

4 Conclusion

The present research furnished a detailed qualification of
54 honey samples from eighteen different Turkish origins. Turkish
honeys indicate a good level of quality, maturity and freshness.
All honey samples of all the origin had the qualified required
standards with no adulteration. Determination of adulteration
percentage in honey using Combustion Module-Cavity
Ring-Down Spectroscopy (CM-CRDS) was reported for the first
time in this study. Physicochemical and chemical analyses of
honey samples are in agreement with the European and Turkish
legislations. The results of this study present that the distribution
of total phenolic and flavonoids is affected by the floral origin
of honey, based on the botanical origins of honeys to the point
of contributing to their differentiation. The discrimination
between honey types was achieved by Principal Component
Analysis and Hierarchical cluster analysis. In the light of results,
it was revealed the natural honey properties of Turkish honeys.
The natural Turkish honeys can be suggested children, adult
and athletes. The studied honey types could be characterized
as natural Turkish honey.
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