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Abstract: Several physico-chemical, thermal and rheological characteristics of 6 Iranian honey samples from
various floral sources were investigated. The results of analysis were compared with Iranian National Standard,
Codex standard and published data in literature. Temperature dependence of density and viscosity of the
honeys were examined at 3 temperature levels (20, 26.5, 35.9 °C and 19, 24, 28 °C respectively). Temperature
effect on viscosity was also studied using Arrhenius, Vogel-Taumman-Fulcher (VTF) and Power law models.
Most of the investigated physicochemical indices were in the standard range and were also similar to the values
reported by other researchers. Some relationships between physical and chemical properties were obtained with
high R  (Coefficient of determination). At the studied shear rate range (0.04-0.63 s ), all samples showed non-2 1

Newtonian behavior with flow behavior indices of close to 1 (0.902=n=1.030). Among 3 applied models, samples
showed a well accordance with Arrhenius and VTF models. The obtained data from this study would be a good
contribution to the utilization and industrial development of honey products.
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INTRODUCTION highly on the type of flowers utilized by the bee as well as

Among most of the present natural foods, honey has of honeys are the result of their chemical composition [10]
had its own valuable place for long centuries. Honey is a and due to the various climatic conditions present in Iran
sweet, viscous and aromatic fluid containing various which affects honey composition, different kinds of
sugars, organic acids, some amino acids, macro-and honeys from sensory, organoleptic and physicochemical
microelements, antioxidants, group B vitamins, enzymes aspects are available.
and biologically active substances which is produced by Among rheological properties which depend on many
honeybees [1-3]. factors including composition and temperature, viscosity

Physicochemical parameters of natural honeys, such of honey is highly dependent to moisture content,
as moisture content, acidity, sucrose and specific temperature and chemical constitution [1,12]. 
conductivity, have been strictly defined and constitute Most honey varieties show Newtonian behavior
the quality indicators characterizing individual honey [1,3,11,13,14], while there are some which show non-
varieties [2]. These mentioned factors vary by regional Newtonian flow behavior. For example, Heather, Manuka
and climatic conditions [3]. To date, numerous studies and Buckwheat honeys show thixotropic behavior and in
have been done to determine the chemical properties of some eucalyptus honeys the predominant behavior is
honey [2,4-10]. dilatancy [1,12,15,16]. Dynamic rheological properties

Physical and rheological properties of honey are very such as storage modulus (G×) and loss modulus (GØ)
useful in its processing, handling and storage [11] and parameters have been also measured for some honeys
most of them such as viscosity, hydroscopicity and [3,17]. The Arrhenius, VTF and Power law models are
granulation, are due to honey’s sugar composition and useful for modeling the temperature dependence of
moisture content [3]. The composition of honey depends viscosity [3,11].

the climatic conditions; therefore the variety and diversity
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Some studies have been done concerning honey Harmonised Methods of the International Honey
density and color. Tchoumboue et al. (2007) [18] obtained
honey density at the range of 1.417-1.135 g/cm . The color3

of honey is one of the factors that determine its price on
the world market and also its acceptability by consumers.
Light honeys are usually mild in flavor and of a higher
commercial  value  than  dark  colored honeys [12,19].
Long storage of honey may cause darkening, which
lessens its competitiveness in the world market [19].
Several  researches  have  reported  data  on  honey  color
[2-6,8,19-25].

Materials with amorphous or partially amorphous
structure undergo a transition from a glassy solid state to
a rubbery viscous state at a material-specific temperature
range, which is called T . The glass transition temperatureg

(T ) of honeys has also been studied by severalg

researchers [3,11,26-28].
Due to high nutritional value of honey besides its

high price, adulteration of this valuable foodstuff has
become  a  common  act  worldwide  therefore studying
and investigating the composition and properties of
natural honeys can help to recognize the range of
physicochemical characteristics of honeys  of  each
region since the present available standards are mostly
based on the investigated data and cannot be generalized
to whole present honey types worldwide which differ
according to plant source. As a result the present study
has been undertaken in order to determine the most
important chemical, physical and rheological properties of
Iranian honeys which would help researchers to know the
range of the parameters of West Azerbaijan natural
honeys’.

MATERIALS AND METHODS

Samples: Six  varieties  of  floral honey were provided
from West Azerbaijan province by the Organization of
Jihad-e-Keshavarzi. The samples were from Urmia, Tekab,
Oshnavieh and Naghadeh cities and their vicinity.
Preparation of the samples was done according to AOAC
920.180 [29].

Moisture Content, Water Activity (a ) and Waterw

Insoluble Solids: Moisture content of honey samples was
determined according to the refractometric method as
described in AOAC 969.38 [29] using an Abbe
Refractometer, NAR-3T, Atago, Japan. Water activity of
the samples was measured at 25.18°C by a water activity
meter, ms1-a , Novasina, Switzerland. Water insolublew

solids were measured according to the instructions of  the

Commission (HMIHC) and Iranian National Standard
(INS) number 92 [30,31].

Diastase Content: Diastase content of the samples was
determined as stated by AOAC 958.09 [29].

pH and Free Acidity: pH and free acidity were measured
according to the procedure of AOAC 962.19 [29] using a
pH meter, WTW InoLab pH720,Germany.

Ash, Total Nitrogen and Fat Contents: Ash, total nitrogen
and fat contents of the samples were measured based on
the methods described in AOAC 920.181 [29], AOAC
962.18 [29] and Soxhlet method [2] respectively.

Hydroxymethylfurfural Content (HMF): HMF content of
the samples was determined according to the instruction
of the HMIHC [30]. 

Total Sugars, Reducing Sugars, Fructose to Glucose
Ratio and Sucrose Contents: Determination of total sugar,
reducing sugar, fructose to glucose ratio and sucrose
contents were all analyzed according to the instructions
of the HMIHC and INS number 92 [30,31].

Density, Color and Electrical Conductivity: To measure
honey density a diluted (50/50 w/w) mixture of honey and
distilled water was prepared at 20 °C and density of the
mixture and distilled water were measured by means of a
pycnometer (Calibrated density bottle with thermometer-
25ml, ISO-Lab, Germany). Weighing was performed by an
analytical balance with 0.1mgreadability (HR-200 model,
Japan). The honey density was then calculated according
to the following equation (derived from the Pearson's
square and mass balance basis):

(1)

Density at 2 other temperatures (26.5 and 35.9 °C) was
also determined after the samples were reached to the
defined temperature. The experimental density data were
correlated with temperature (T, °C) and dry matter (DM,
g/100g), using non-linear regression method and by the
Levenberg-Marquardt estimation method, supplied in the
STATISTICA software release 7.

Color values (L, a and b) were measured using a
Minolta colorimeter, Chroma Meter CR-410, Japan. L
(lightness) values varied from black (0) to white (100), a
values varied from green (-60) to red (+60) and b values
varied from blue (-60) to yellow (+60).
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Table 1: Equations of the statistical parameters of the applied models.
Index Equation Reference

P value San Martin et al., 2001

Chi square (X ) San Martin et al., 20012

RMSE San Martin et al., 2001

Electrical conductivity was determined according to at the distance of 170 mm above the sample surface. The
the instructions of the HMIHC by an electrical maximum force required to separate the probe from the
conductivity meter, AZ-86P3, Taiwan [30]. sample was recorded as the stickiness. The stringiness

Glass Transition Temperature (T ): Glass transition away from the sample surface before dropping of the forceg

temperature of the samples was measured using a Mettler to 2.5g. The greater this distance value the more 'stringy'
Toledo Differential Scanning Calorimeter (DSC), 823e the product was. In order to compare the results, the test
USA. The thermal scans were carried out from-100 to +140 temperature and container geometry were the same in all
°C at the heating rate of 5°Cmin  to obtain the complete the experiments (All measurements were done at 24.5°C).1

thermal behavior of pure honeys from low temperatures to
high temperature [32]. Statistical Analysis: All data were obtained in 3

Rheological Experiments: The dynamic viscosity was software version 9.1 Service Pack 4 and in the cases of
measured using a Brookfield viscometer, DV-II+Pro, No. non-normality; the appropriate data transformation was
M/03-165-b0707. The related shear rate was calculated by applied. Homogeneity of variances was checked on
the following equation (Eq. 2): normally distributed data using Bartlette procedure in the

Welch ANOVA was applied. Standard statistical
(2) packages (STATISTICA™ release 7 and Excel2003™)

In order to fit the viscosity data, the power law
equation was used (Eq. 3): RESULTS AND DISCUSSION

The results of some important physicochemical
(3) parameters of the  investigated  honeys  are  listed in

Experimental data were fitted to the model using
STATISTICA software release 7. Moisture Content and Water Activity: Water is the

Stickiness and Stringiness: The stickiness test of the In fact, the quality of honey is assessed by its moisture
samples was performed using a Texture Analyzer, TA.XT content [33] which is very important in honey’s
Plus, Stable Micro Systems, UK. The procedure was to processing, packaging and preservation [34].
apply a force of 5g on the surface of the sample by a 25 Determination of honey moisture content has a great
mm diameter cylindrical probe (P/25) and to hold the probe importance in detecting honey adulteration with water. In
for 2 seconds. Afterwards the probe was withdrawn from present study, the refractive index at 20°C varied from
the sample surface at a speed of 8mm/s and was stopped 1.4970  to  1.5018 and the corresponding moisture content

value was recorded as the distance moved by the probe

replicates. Test for normality was performed in the SAS

SAS software and in the cases of non-homogeneity,

were used for relevant analysis. Table 1 illustrates the
statistical parameters of the applied models.

Table 2.

second most abundant component of honey after sugars.
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Table 2: Physicochemical properties of honeys
Samples
--------------------------------------------------------------------------------------------------------------------------------

Physicochemical properties INS values 1 2 3 4 5 6a

Water content (g/100g) Maximum 20 14.44±1.24 14.02±1.30 15.16±1.15 14.13±1.22 13.97±1.12 15.87±1.33a a a a a a

Water insoluble solids content (%) Maximum 0.5 (In pressed honey) 0.31±0.02 0.20±0.04 0.62±0.02 0.73±0.05 0.52±0.02 0.22±0.01c d b a b cd

Total Nitrogen content (mg/100g) - 63.03±0.64 131.33±0.94 29.39±0.22 26.66±0.32 406.51±0.88 52.70±0.55c b e f a d

Fat content(g/100g) - 1.16±0.22 0.52±0.05 0.09±0.09 0.14±0.03 0.29±0.05 0.16±0.04a b c c bc bc

Ash content(g/100g) Maximum 0.6% 0.17±0.09 0.16±0.08 0.49±0.09 0.01±0.00 0.11±0.08 0.03±0.01b b a b b b

Specific conductivity(mS.cm ) Maximum 0.8 0.33±0.01 0.32±0.01 0.99±0.01 0.15±0.01 0.24±0.01 0.15±0.011 b b a d c d

pH Minimum 3.5 4.13±0.32 4.21±0.20 5.06±0.28 3.98±0.33 4.01±0.34 4.02±0.25ab ab a b b b

Free acidity(meq/kg) Maximum40 21±6 16±6 25±7 13±6 18±7 12±6a a a a a a

HMF (mg/kg) Maximum40 0.04±0.01 12.1±5.8 3.3±2.2 6.4±0.5 5.2±0.6 17.2±0.6c ab b ab ab a

Diastase content (DN) Minimum 3 16.41±0.63 21.21±0.80 9.41±0.53 10.54±0.70 25.20±0.75 13.33±0.62c b e e a d

Water activity(a ) - 0.510±0.002 0.500±0.001 0.535±0.003 0.483±0.004 0.485±0.003 0.534±0.005w
b b a c c a

Values reported by the Iranian National Standard (Honey Standard No. 92)a

Results are expressed as mean values ± standard deviations.
: Tukey Grouping, mean values following the same letter in the same row are not significantly different (p< 0.01).a, b, c, d, e, f

Fig. 1: The relationship between water activity and honeys with a a  value less than 0.60 are microbiologically
moisture content (wet basis) of the samples. stable [12]. The crystallization of sugars in honey

Fig. 2: The relationship between water activity and the
content of reducing sugars The parameters of the linear equation have been

(wet basis) ranged between 13.97% and 15.87%; being the Zamora et al., (2006) [43] respectively:
highest for sample No. 6 and the lowest for sample No. 5.
These values found to be within the reported range of the a = 0.834-0.000544(DM), R =-0.98
previous researchers [3,4,17,35,36] and lower than the
values obtained by so many others [1,2,10,11,13- a =0.890-0.0007 (DM), R  =-0.98

15,20,22,24,28,37-39]. The obtained results are in
agreement with CODEX standard, which sets the maximum
value of that parameter at 20g/100g [40]. According to
White’s research [41] honeys containing less than 17.1%
moisture content are classified as safe regardless of yeast
content. However at moisture contents above 20%, there
is always a risk of fermentation.

Similarly water activity (a ) determines the quality ofw

honey and likelihood of spoilage and its value in honey
varies generally from 0.55 to 0.75. As shown in Table 2
water activity of honeys at 25°C varied within the range of
0.483-0.535. The highest was gained by sample No. 3 and
the lowest by sample No. 4. It has been reported that

w

increases water activity to a level that might be critically
dangerous for honey quality [28,33]. Fig. 1 shows the
relationship between water activity and water content of
the samples with a linear regression:

a  = 0.1132 + 0.0270(MC ), R =0.82w wb
2

Water  activity  of   different   honeys  was reported
at  the  range of  0.528-0.75  by  other  researchers
[3,12,24,28]. Fig. 2 represents the relationship between
water activity and the content of reducing sugars
(fructose and glucose) with a linear regression:

a =0.906883-0.00535(reducing sugar), R =-0.80w
2

reported as follows by Chirife et al., (2006) [42] and

w
2

w
2
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Water Insoluble Solids and Diastase Content: Water for honey [31,40]. Acceptable values of acidity indicate
insoluble solids values are summarized in Table 2. Only the absence of undesirable fermentation of the samples
samples No. 3 and 4 showed values out of the range of [36]. The variation in acidity among different honey types
INS (maximum 0.5). Küçük et al. (2007) [44] and Kukurová may be due to variation in harvest season [36,49]. 
et al. (2006) [45] found the values of water insoluble
solids in the ranges of 0.05-0.085% and 0.003-0.027% Ash, Total Nitrogen, Fat and Hydroxymethylfurfural
respectively. Diastase activity is an index for determining (HMF) Contents: The main source of honey minerals is
whether or not honey has been heat treated. This enzyme soil and are transferred to the plant nectar from which
is sensitive to heat treatment and storage conditions [36]. honeybee forages [50] and , therefore the differences in
Amylase activity usually is expressed as Diastase Number mineral content mainly depend on the soil in which the
(DN). DN symbol is also known as Gothe unit which is nectar producing plant was located [26,51]. Ash, total
defined as the amount (in milliliter) of the 1% starch nitrogen, fat, diastase and HMF content of honeys are all
solution hydrolyzed at 40 °C for 1 hour by the amylase summarized in Table 2. The ash content of samples varied
enzyme present in 1 gram of honey [30]. Diastase from 0.01 (g/100g) for honey No. 4 to 0.49 (g/100g) for
activities  of  the  samples  were  within  the  range    of honey No. 3. These values were all found at the range of
9.41-25.20 and were in accordance to the determined range the INS (maximum 0.6 g/100g) [31]. Similar values are also
of CODEX Standard and INS for honey. According to the found by other researchers: 0.003-0.929 g/100g [2,7-
reports of other researchers, the type of plant used by the 10,18,24,26,35,36,39,44,48,51-54]. There has been found a
honeybees significantly affects the diastase content of straight linear relationship between free acidity and ash
honey [44], therefore it cannot be a powerful freshness content of the samples with a high R of 0.81. The linear
indicator whereas Hydroxymethylfurfural (HMF) is the relationship may be due to the presence of some inorganic
better quality criterion in this case [12]. Low amounts of ions like phosphate, sulfate and chloride in ash, which can
diastase number in some honeys in comparison with contribute to a rise in free acidity. A linear relationship
others can be ascribed to intense heat treatment. It has has been obtained between pH and ash content:
been reported that complete inactivation of amylase pH=2.2858 (Ash content) + 3.8727; with the R = 0.94. Such
requires 1.2 hours of heating at 80 °C [4,46]. Reported a relationship has been reported in other scientific studies
values for diastase by other researchers are within the as well [53] (Fig. 3).
range of 0.18-290 [38]. Among the nitrogenous substances contained in

Free Acidity and pH: Regardless of variable geographical from the faucial glands of bees) are consequential. Some
origin, honey is acidic in its nature with the pH varying nitrogenous compounds are obtained from the nectar;
from 3.7 to 4.5 for blossom honeys and from 4.5 to 6.5 for however others come from honeybees or pollen [2,24].
honeydew honeys [47]. The acid content of honey is Although proteins are minor components of honey, they
relatively low, but it is an important factor for its taste. can be used as markers for adulteration detection, but,
Honey pH is affected by the conditions during extraction since the major proteins of honey are not influenced by
and storage, which also influences texture, stability and heat and storage period, so they can be just influenced by
shelf life. Honey pH which is indeed a useful index of honeybee species [55]. The highest nitrogen content was
possible microbial growth [36], is due to the presence of found in honey No. 5 and the lowest was attributed to
organic acids, mainly gluconic acid, pyruvic acid, maleic honey No. 4 (Table 2). Rodríguez et al. (2004) [10] found
acid and citric acid in balance with corresponding the total nitrogen content at the range of 57.5-86.1
lactones or their internal esters and inorganic ions like mg/100g at the year 2004. Generally the protein content in
phosphate, sulfate and chloride. As given in Table 2, the honeys is less than 5 mg/g and varies depending on the
pH  and free  acidity values were within the ranges of type of flower [24]. Low levels of proteins indicate that
3.98-5.06 and 12-25 (meq/kg) respectively, which agree honey is genuine [2].
with those found by other researchers: 2.25-5.84 for pH As already known lipids are mainly present in honey
and 3.33-102 (meq/kg) for free acidity [16,38,48]. The as glycerides, sterols and possibly phospholipids [2].
obtained results for pH and acidity were also in agreement Traces of beeswax may appear in micro-dispersed in
with the values given by the CODEX Standard and INS extracted honey;  which  are probably introduced from the

2

2

honey, enzymes and free essential amino acids (mainly
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3.20-20.00 mg/kg for Apiaceae honeys, 13.40-52.6 mg/kg

(A) Generally speaking, fructose is more abundant than

(B) sugar consists of fructose and glucose and varied in the

Fig. 3: (A) Relationship between free acidity and ash No. 5 and the lowest for sample No. 3. The value of the
content, (B) Relationship between pH and ash reducing sugar agrees with the value of the INS which
content. sets the minimum of the value at 65 [31]. The values of the

uncapping procedure of honeycomb during extraction [2]. them, only sample No. 6 disagreed with the value reported
In present study fat content ranged from 0.09 to 1.16 by INS (minimum value of 0.9) [31]. Sucrose content of the
g/100g and the highest was for  sample  No.  1.  A  low samples was in the range of 1.73-5.74%. Results of 3
level of fat in honey is an indication of its virginity [2]. samples were out of the range of the INS (maximum 5) [31].

The chemical analysis also showed that HMF values The values found by other researchers for the mentioned
of honeys varied in the range of 0.04-17.2 (mg/kg). Sample parameters are: total sugars content at the range of: 45.3-
No. 1 was free from HMF and sample No. 6 had the 86.0% [4,24], reducing sugars content at the range of 43.3-
highest value. These values are in agreement with the 85.5% [24,53], sucrose content in the range of 0-24.8%
amount mentioned in INS (maximum value of 40 mg/kg) [2,9] and fructose to glucose ratio in the range of 0.78-1.75
[31]. HMF is formed during acid-catalyzed dehydration of [16,58]. Higher sucrose content can be attributed to over
hexoses and is found to be present even in fresh honeys feeding of honeybees with sucrose syrup, adulteration or
(0.06-0.2 mg/100g). It is formed faster in blossom honeys earlier harvesting of honey in which sucrose hasn’t been
than in honeydew and darker honeys due to the lower pH yet converted to glucose or fructose [6,24,44]. Some
values. The concentration of HMF increases with storage unifloral honeys like Banksia, Citrus, Hedysarum,
and prolonged heating of honey, although even storage Medicago and Robina contain up to 10% sucrose while
at ambient temperatures increases HMF concentration in 15% sucrose has been reported for Lavandula honeys
honey [56]. HMF value is virtually absent or very low in [24].
fresh honey and is high in honey that has been heated,
stored in non-adequate conditions, or adulterated with Density, Color and Electrical Conductivity: The values of
invert syrup [4]. Other researchers findings of HMF are in honey density at 20, 26.5 and 35.9 °C are summarized in
the range of: 0.36-74.9 mg/kg [2,4,6,8,9,16,36,44,52-54,57], Table 4. Honey density decreased with increasing
3.20-52.60 mg/kg for Eucalyptus honeys, 5.01-43.3 mg/kg temperature (R of honey samples were 0.88, 0.85 and 0.71
for Citrus honeys, 5.5-12.4 mg/kg for Lythrum honeys, at 20, 26.5 and 35.9 °C respectively). The experimental

for Honeydew honeys and 3.80-48.4 mg/kg for Multifloral
honeys [38]. 

Total Sugars, Reducing Sugars, Fructose to Glucose
ratio and Sucrose Contents: Sugars comprise about 95-
99% of honey dry weight and are the main constituents of
honey [12,41]. Glucose and fructose are the main sugar
constituents of honey and they are produced by sucrose
hydrolysis and represent 85-95% of the total sugars.

glucose and, is therefore responsible for most of the
physical, chemical and nutritional characteristics of
honey; in addition, around 25 other different sugars have
been identified in honey along with glucose and fructose
[12,33]. The classification of unifloral honeys is related to
sugar content. The measured sugar values are summarized
in Table 3. Total sugar content ranged from 73.97 to 81.82
g/100g with the highest attributed to sample No. 5 and the
lowest to No. 3. The obtained total sugar of this study
constitutes 87.19-95.10% of honey’s dry matter. Reducing

range of 68.21-78.49 g/100g, being the highest for sample

fructose to glucose ratio varied between 0.85-1.23, among

2
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Table 3: Sugar content of honeys
Sample Total sugar(g/100g) Reducing sugar(g/100g) Fructose to glucose ratio Sucrose%
1 79.41±4.10 73.79±1.92 1.05 5.36±1.37a ab ab

2 79.41±5.23 77.46±2.44 1.10 1.73±1.10a ab b

3 73.97±3.22 68.21±2.52 0.99 5.50±0.99a b ab

4 81.33±3.31 76.75±4.53 1.03 4.39±1.15a ab ab

5 81.82±2.82 78.49±5.54 1.23 3.16±0.87a a ab

6 79.41±2.21 72.43±4.11 0.85 5.74±1.19a ab a

INS values - Minimum 65 Minimum 0.9 Maximum 5*

Values reported by the Iran National Standard [31]*

: Tukey Grouping, mean values following the same letter in the same column are not significantly different (p< 0.05 for Reducing sugar and p< 0.01 fora, b

Sucrose content).

Table 4: Honey density at 3 different temperatures
Sample No. Density (at 20 °C) Density (at 26.5 °C) Density (at 35.9 °C)
1 1.472 1.464 1.448
2 1.490 1.479 1.461
3 1.469 1.461 1.441
4 1.487 1.472 1.451
5 1.499 1.486 1.469
6 1.462 1.457 1.444

Table 5: Values of the L, a and b parameters measured by Hunter Lab for
honey samples (mean values ± standard deviations)

Sample L a b
1 21.35±0.25 0.07±0.01 0.47±0.01a b a

2 18.95±0.44 0.46±0.17 1.62±0.82b a a

3 21.42±0.41 -0.003±0.01 0.49±0.14a b a

4 20.07±0.52 0.13±0.00 0.55±0.11ab ab a

5 19.03±0.42 0.23±0.17 1.05±0.17b ab a

6 19.07±0.66 0.26±0.00 1.33±0.92b ab a

: Tukey Grouping, mean values following the same letter in the samea, b

column are not significantly different (p< 0.01).

density data were correlated with temperature (T, °C) and
dry matter (DM, g/100g) using a non-linear regression
method. Values of the regression analysis are illustrated
in the following equation:

= 96.9363 + 0.0309T-0.00002T -0.00037(T× DM)-2

2.2665(DM) + 0.0134(DM)2

TheR =0.95 indicated a high degree of correlation.2

Interestingly, the color of honey varies from
clear/colorless (like water) to dark amber or black,
depending on its origin (floral source) and constituents
(mineral content) [41,50]. Generally, the various colors of
honey differ slightly from yellow amber and are related to
the content of phenolics, HMF, pollen and minerals and
are often an indication of its origin. It also depends on its
chemical composition especially pigments like
chlorophylls, carotenoids, flavonoids, tannin derivatives
and polyphenols [2,3,8]. Color is affected by harvesting
method, storage duration and temperature. The measured

color parameters L, a and b were within the range of 18.95
to  21.42,-0.003  to  0.46 and 0.47 to 1.62 respectively
(Table 5). Commonly, honey samples with L>50 are
considered as light colored honeys and those with L=50
are categorized as dark colored honeys [24]. Therefore
according to the mentioned classification, the
investigated honeys are categorized as dark colored
honeys. Sample No. 2 had the lowest lightness and
sample No. 3 had the greatest. It can be seen from the
values that the honey samples had red and yellow color
components. The lightness values were lower, as the
samples were darker in color. Values of color parameters
found by other researchers are in the range of: 23.77-98.3
for L*, (-0.20)-27.83 for a* and (-10.3)-68.54 for b*
[3,4,22,24,26]. The importance of honey color is that it is
one of the parameters that determine its industrial use.
Although some dark honeys have valuable organoleptic
and nutritional properties due to their high amounts of
mineral content (e.g., chestnut honey), the darker honeys
are suitable for industrial use while lighter honeys are
used for direct consumption [12,50]. Light honeys (e.g.,
acacia) are generally high priced, however consumers in
some countries, such as Germany, Switzerland and
Austria, prefer dark honeydew honeys [12]. Honey color
becomes darker during storage and based on honey
composition the rate of darkening differs greatly among
various honey types [41].

The electrical conductivity of honey is closely related
to the concentration of mineral salts, organic acids and
proteins and it is now a replacement for mineral content
measurement [12]. This parameter shows great variability
according to the floral origin and it is important for the
differentiation of honeys of different floral origins
[2,36,39]. The results obtained for the honey samples
varied between 0.15 and 0.99 mS.cm . These values1

(except sample No. 3) are below the maximum determined
limit indicated by INS [31] and are similar to those found
by other researchers: 0.11-2.99 mS.cm  [2,7,16,24,45,48],1

16.73-636.5  µS.cm   [36,39,51,57].  It is important to note1
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Fig. 4: Linear regression of ash content and electrical Generally, T  shifts to lower temperatures with
conductivity. increasing of moisture content due to the plasticization

Fig. 5: DSC scans for 6 honey samples during heating. 42.5 to-37.5 °C for samples with about 17.5% moisture

that honey No. 3 has the highest value in pH and free
acidity. The increase in ash content of the honey samples Rheological Behaviour
is accompanied by an increase of electrical conductivity Viscosity: Values of the power law equation (Eq. 3)
[36]. The linear relationship between electrical parameters for honey samples at 18.7 °C are summarized
conductivity with ash content is characterized by R =0.98 in Table 6. Considering the values of flow behavior2

(Fig. 4). Such a close relationship between electrical indices (n) at the shear rate range of 0.04-0.63 s , samples
conductivity and ash content has been reported by other No. 1 and 4 behaved as pseudoplastic fluids (0<n<1) and
researchers as well [2,7,24,36]. An exponential relationship samples No. 2, 5 and 6 were like a dilatant fluid (n>1) [60].
with the R =0.87 has been obtained between electrical Rheological behavior of samples could be described by2

conductivity and free acidity of the honey samples: Newtonian law, as well. In most published articles honey

Electrical conductivity = 0.0286 × exp(0.1318 × Free [1,3,11,13,14,20,24,26-28] and the effect of shear rate on
acidity) rheological behavior is more apparent at low shear rates

There has been also a linear relationship detected a Newtonian behavior. The differences among samples
with R =0.98 between electrical conductivity and pH as could be attributed to natural variations in composition,2

follows: because they have been collected from different

Electrical conductivity= [0.7605 × (pH)]-2.8575 decreases   substantially    as    moisture     content    and

DSC Thermal Behavior: The DSC curves of the samples
are shown in Fig. 5. In this Fig. 2 thermal phenomena are
observed in thermo-analytical curves of honeys:

a baseline deviation of the thermo analytical DSC
curve, characterized by a change in heat capacity and
interpreted as a glass transition (-45.24) to (-39.15) °C;
the glass transition temperature is taken at the onset
of the thermal effect and is called T ,g

an endothermic phenomenon in the temperature
range of 19.93 to 49.57°C, namely transition 2, that
relates to the melting of present crystals.

g

effect of water. This effect has been related to the ability
of water molecules to weaken hydrogen bonds, dipole-
dipole and intra-and inter molecular interactions [26,59].
The glass transition temperatures of the honey samples
varied between (-45.24) and (-39.15) °C for a moisture
content range of 13.97-15.87 g/100 g with a linear equation
as follows:

T =-43.513ln(MC )+74.716, R =0.85.g wb
2

These values are similar to those found by other
researchers; for instance a range from-47.2 and-34.6 °C for
honey samples with 13.0-18.9% moisture content [3]-46
and-40 °C with 15.8-18.0 % moisture content [11], from-

content [32] and from-48.46 and-30.50 °C [26].

1

has been reported to behave as a Newtonian fluid

[3,15]. At high values of shear rate, honey tends to show

geographical locations in Iran. As expected, viscosity
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Table 6: Values of the Power law equation parameters for honey samples at 18.7 °C
Sample No. Coefficient of consistency (Pa.s ) (18.7 °C) Flow behavior indices (n) R P %n 2

1 58.09 0.902 0.98 3.55
2 123.79 1.030 0.98 1.37
3 54.40 0.996 0.98 1.57
4 101.52 0.966 0.98 2.64
5 108.81 1.010 0.98 1.55
6 42.09 1.014 0.98 2.89

Table 7: Values of the parameters of the applied models in temperature dependence of viscosity 

Arrhenius VTF Power law
Sample ------------------------------------------------------------ -------------------------------------------------------------- ------------------------------------
No. A× 10 E  (kJmol ) R P% RMSE 2 A B R P% RMSE 2 A × 10 B R P% RMSE 2-18 1 2 2 18 2

a

1 0.31 101.72 0.99 1.01 0.03652 0.00400 5.35 571.12 0.99 1.41 0.05110 0.00783 0.09 -8.54 0.99 4.06 1.15075 3.97268
2 0.31 102.76 0.96 2.38 0.10387 0.03237 4.77 579.67 0.95 2.71 0.11849 0.04212 0.02 -8.01 0.97 10.94 6.03453 109.24663
3 4.25 106.93 0.98 2.15 0.07426 0.01654 6.40 658.36 0.97 2.58 0.08869 0.02359 0.92 -9.02 0.99 7.89 1.85539 10.32750
4 0.12 105.58 0.99 1.46 0.05898 0.01044 5.01 557.49 0.99 1.07 0.04316 0.00559 5.65 -9.49 0.99 4.99 2.11037 13.36097
5 286.25 120.69 0.99 0.79 0.03135 0.00295 6.44 650.63 0.99 0.34 0.01354 0.00055 730.70 -10.65 0.99 2.38 0.90033 2.43178
6 57.49 111.07 0.99 1.97 0.05895 0.01042 7.36 707.47 0.99 1.48 0.04416 0.00585 2703.39 -10.97 0.99 5.06 0.80302 1.93451

Fig. 6: Effect of moisture content (wet basis) on viscosity honeys and the E  results are as follows: 92.34-105.25
of honey at 18.7°C. kJ.mol  [1], 50.3-82.8 kJ.mol  [27], 99.6-106.0 kJ.mol

temperature increase. As is shown in Fig. 6, there is a [3].
significant inverse relationship between moisture content Constant B values for VTF model are within the range
and apparent viscosity, which is described by an of 557.49-707.47. Obtained values for this constant by
exponential function: Recondo et al. (2006) [27] and Sopade et al. (2002) [11] are

The remarkable difference between the works of 2

Such a dependence of viscosity on moisture content the scientific works of Sopade et al. (2002) [11] and the
has also been noticed by other researchers use of another constant temperature instead of T  in the
[3,11,13,15,22,24,61]. others’ works. The obtained values of A for Power law

The temperature dependence of viscosity is model in this study are to some extent similar to the values
adequately described by using the Arrhenius, VTF and reported by Recondo et al. (2006) [27] and more than the
Power law relationships and the values of the obtained values obtained by Sopade et al. (2002) [11]. The results
parameters are demonstrated in Table 7. The obtained R of the verifications of 3 obtained models for temperature2

for all samples are greater than 0.95. The observation that dependence of viscosity (by considering low values of
the temperature dependence of viscosity follows the P(%), RMSE and ) suggests that Arrhenius model fits
Arrhenius relationship has been also reported by other well with samples 1, 2 and 3 and VTF mode l fits for the
researchers [1,3,11,14,21,24,27,37,62], VTF and Power law rest (4, 5 and 6). 

models have also been investigated by researchers
[11,27]. The activation energy (E ) for flow has beena

estimated by the slope of the linear relationship of ln(µ)
versus (1/T) and the values are demonstrated in Table 7
and vary between 101.72 and 120.69 kJ.mol . The1

activation energy reflects the sensitivity of viscosity to
temperature changes; higher E values mean that thea

viscosity is relatively more sensitive to a temperature
change [3]. Although the Arrhenius equation seems to
adequately describe the temperature dependence of
honey viscosity, it gives relatively high values for the
activation energy, which are more typical of chemical
reactions [3]. Similar experiments have been done on other

a
1 1 1

[11],70.8-96.3 kJ.mol  [14], 66.315-124.493 [63], 69.1-93.751

within the range of 1190-1535 and 4.5-12.9 respectively.

mentioned researchers relates to the application of T  ing

g

2
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Table 9: Nomenclature used in the entire manuscript.
Nomenclature

A constant (Pa.s)
a water activity w

DM dry matter (g/100g)
shear rate (s )1

m consistency coefficient or apparent viscosity (Pa.s )n

M calculated valuecal

M experimental valueexp

viscosity (Pa.s)
Mc wet basis moisture content (g water/ g sample)wb

n flow behavior index
N number of the samples

angular velocity (rad.s )1

P % p value
r radius in which the shear rate was calculated (m)
R coefficient of determination improving the English expression of this paper, Mrs.2

R radius of the container (m)c

R radius of the spindle (m)s

R gas constant (0.008314472 kJ/mol°K)
RMSE Root Mean square Error

density (g.cm )3

density of honey (g.cm )H
3

density of the diluted mixture (g.cm )m
3

density of the distilled water (g.cm )w
3

shear stress (Pa)
T temperature (°K)
T glass transition temperature (°K)g

w/w mass fraction 
chi square2

Z number of the constants

Stickiness and Stringiness: Stickiness is a phenomenon
that reflects the tendency of some materials to
agglomerate and/or adhere to contact surfaces and its
control is critical for proper food processing operations.
So far, little attention has been given to the cohesion and
adhesion phenomena that contribute to stickiness. Values
of the stickiness and stringiness of the investigated
samples at 24.5 °C are all summarized in Table 8. Results
have shown that surface stickiness increases by
increasing viscosity in most cases and a linear
relationship between surface stickiness and stringiness of
the samples have been obtained by R =0.83. Another2

linear relationship with R = 0.85 have been found between2

glass transition temperature of the samples and surface
stickiness. Since glass transition temperature depends on
honey sugars, the existence of a relationship between
surface stickiness and sugar content becomes clear. 

CONCLUSIONS

Results of the physicochemical analysis of 6 honey
samples from West Azerbaijan province suggest that the

floral sources of honey are the most important factor in its
variety. Most of the investigated physicochemical indices
were in the range of related standards and were similar to
the values found by other researchers. Most honey
samples in this study exhibited a non-Newtonian flow
behavior index in the studied shear rate range. Outcome
of this study can be applied in processing, quality
improvement and product storage.
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