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Abstract 
 

In this study, the physical and chemical properties of the highland flower raw honey 

produced in different locations of Erzurum province were investigated. In 2019, 12 

highland flower raw honeys sold during the honey harvest season were purchased from 

local vendors. Moisture, color, HMF, proline, acidity, pH, conductivity, diastase number, 

invertase activity, C13, C13 protein-honey, C4 analysis and sugar components were 

analyzed in honey. It has been evaluated whether the research findings are in 

compliance with the Turkish Food Codex Honey Communiqué and whether they are 

similar to the findings of previous studies The average values of the honey samples 

examined in this study respectively are; moisture is 15.8%, color is 41 mm pfund, HMF 

content is 4.1 mg/kg, proline amount is 661.2 mg/kg, acidity value is 20.4 meq/kg, pH 

value is 3.5, conductivity is 0.23 mS/cm, diastase number was determined as 17.8 DN 

and invertase activity as 189.9 U/kg. The sugar ratios in honey samples were respectively 

average fructose 34.6%, glucose 27.7%, sucrose 0.5%, turanose 2.6%, maltose 2.8%, 

isomaltose 2.9%, erlose 0.3%, fructose+glucose 62.3%, fructose/glucose 1.24, 

glucose/water 1.6 and trehalose, meritose, maltotriose were not detected. The 

difference between the protein and crude honey delta C13 values was found to be -

0.29% and C13 value -29% and the C4 sugar ratio was 1.8%. As a result, it has been seen 

that the multifloral highland flower raw honey produced and sold in Erzurum region has 

high biological activity values and is in accordance with the Honey Communiqué. 

Introduction 
 

Honey is a valuable animal originated food known 
for its nutritional value and medicinal properties for 
centuries. The components in its content determine the 
nutritional value of honey. The composition of honey 
varies depending on the geographical and botanical 
origin, the material the bees feed on, the climatic 
conditions, the nectar density, the manipulations of the 
beekeepers, the packaging procedure, and the storage 
conditions (Thrasyvoulou et al., 2018). Countries 
determine their own regulations for the production and 
sale of honey in accordance with consumer health, and 
producers are obliged to comply with this regulation. 
Honey production in Turkey increased by 8.2 percent 

compared to the previous year in 2020 rose to 104077 
tonnes (Burucu, 2021). With this amount it produces, it 
ranks second in honey production in the world. The aim 
of the Turkish Food Codex Honey Communiqué is to 
determine the characteristics of honey in the stages of 
producing, preparing, processing, storing, transporting 
and placing on the market hygienically and in 
accordance with its technique. In the codex, flower 
honey is defined as honey obtained from plant nectar 
(Turkish Food Codex, 2020). Honey must be free of all 
inorganic and organic additives that are not found in its 
natural composition. Although honey-specific 
regulations vary from country to country, basically the 
principle is that honey cannot have a unique foreign 
taste and odour, cannot be artificially acidified or heated 
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in a way that will break down or significantly inactivate 
the natural enzymes it contains, and honey-specific 
components such as pollen cannot be removed from 
honey. Although the taste and aroma of honey varies 
depending on the source of the honey and the type of 
plant from which it is produced, honey should have a 
distinctive smell and taste. Moisture, which is a quality 
parameter related to the shelf life of honey, may be at 
different levels in honeys from different botanical 
origins (Machado De-Melo et al., 2018). Honey with high 
humidity is prone to fermentation because the osmotic 
pressure of the sugar is not strong enough to prevent 
the growth of osmophilic yeast (Bogdanov & Martin, 
2002). Hydroxymethylfurfural (HMF) is a furanic 
complex caused by the breakdown of sugar and is a 
factor of honey freshness (Gökmen, 2007).  Honey is a 
supersaturated liquor where carbohydrates make up 
95% of the dry matter, and its basic nutritional and 
physicochemical properties such as energy value, 
sweetness, granulation and viscosity depend on the 
compounds of these sugars (Bogdanov et al., 2008; 
Sabatini, 2007). Glucose and fructose are the main 
sugars in honey. A small quantity of other 
monosaccharides such as galactose have also been 
detected in honey varieties (Ruiz-Matute et al., 2010). 
The major disaccharides found in honey are α-glucosyl 
derivatives of monosaccharides (Machado De-Melo et 
al., 2018). More than 45 disaccharides, trisaccharides, 
oligosaccharides and polysaccharides have been 
detected in trace amounts in honey (Lazaridou et al., 
2004). On the other hand, sugars such as lactose, 
galactose, and raffinose are toxic to honeybees because 
they cannot digest these sugars (Herbert, 1992). 
Proteins such as globulins, albumins, proteases and 
nucleoproteins in honey originate from both bee 
salivary glands and plant pollen. Diastase is the most 
heat stable honey enzyme, so it is widely included in the 
honey legislation of countries as an indicator of honey 
bloom (Doner, 2003). The aim of this study was to 
investigate the physical and chemical properties of raw 
honey of highland flower produced in different locations 
of Erzurum province. 
 

Materials and Methods 
 
Collection of honey samples 

After the honey harvest in 2019, 12 honey samples 
were purchased from beekeepers engaged in honey 
production and sales in 6 different districts of Erzurum 
(Oltu, Şenkaya, Olur, Uzundere, Tortum, Narman). In the 
analyzed samples, the statement 'raw honey from 
highland flowers' on the package was taken as basis. 
Purchased honey samples were stored in glass jars at 
room temperature in a darkened environment until 
analysis. 
 
Analyzes 

The physical and chemical properties of raw 
flower-honey samples were determined according to 

the standarts. The moisture content of honey is 
determined by Bogdanov et al. (2002). Sugar analysis of 
the honey samples was done by using HPLC - Refractive 
Index detector, accordance to the method proposed by 
Bogdanov et al. (2002). pH and acidity levels of the 
honey samples were identified accordance to the 
method proposed by Bogdanov (2009). Electrical 
conductivity levels were analysed by handling a 
conductivity meter (Meterlab-CDM230, Turkey) by the 
method of by Bogdanov et al. (2002). Analysis of HMF 
the honey samples was done by handling HPLC-UV 
detector (Shimadzu UV-1800, Japan) according to 
Turkish Standards Institute method (TSE 3036, 2002).  
HPLC-UV was calibrated with the solution of 
Hydroxymethylfurfural (HMF). Analyses were done by 
handling the C18-reversed-phase column below the 
isocratic mobile phase terms with the inclusion of 90% 
distilled water-10% methanol by a flow rate of 1 mL/min 
and the injection volume was 10 µL (Korkmaz & Küplülü, 
2017). Diastase analyses of honey samples were 
identified by handling UV-Spectrophotometer 
(Shimadzu UV-1800, Japan), according to the method 
recommended by TSE method (TSE 3036, 2002). The 
absorbance levels of samples were measured at the 600 
nm range of UV-Spectrophotometer for detection of the 
diastase activity (Bogdanov et al., 2002). The invertase 
activity of honey samples was determined according to 
German Institute for Standardization method based on 
the spectrophotometric measurement of p-nitrophenol 
(DIN 10754, 2002). Color analyzes of honey samples 
were made according to the method based on 
photometrically reading the color in terms of Pfund 
Scale (AOAC, 2005; Kolaylı et al., 2013). Proline contents 
of honey samples were analysed in accordance with the 
IHC method (Bogdanov, 2009). C13, C13 protein-honey, 
C4 analyses of honey samples were determined in 
accordance with the Official Methods of Analysis 998.12 
(Amor, 1978). All data were analyzed statistically using 
SPSS 22.0 (SPSS Inc., Chicago, IL, USA) software. All 
results exist as the minimum, the maximum levels and 
mean ± standard deviation. 

 
Results and Discussion 
 

The quality of honey is determined by its sensory, 
physical, chemical and microbiological properties. 
Determining the properties of honey is very important 
to know the quality and naturalness of honey. Some of 
these features are; moisture, color, acidity, pH, 
conductivity, hydroxymethyl furfural content, diastase 
activity, reducing and non-reducing sugar content, 
invertase activity and proline content.  

In this study, the moisture content of raw flower 
honey was between 15.0% and 15.9%, and the average 
value was determined to be 15.8±0.7% (Table 1). 
Moisture content of honey may vary according to place 
of production, climatic conditions, degree of maturity 
and season (Amor, 1978). In a study conducted in 2013 
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Table 1. Analysis results of honey samples 
 

Parameter Unit Minimum Maximum Mean±SD 

Moisture % 15.0 15.9 15.8±0.7 
Color mm pfund 39 42 41±0.5 
HMF mg/kg 4.0 4.3 4.1±0.4 
Proline mg/kg 660.2 662.4 661.2±0.6 
pH - 3.4 3.6 3.5±0.4 
Acidity meq/kg 20.0 20.8 20.4±0.6 
Invertase activity U/kg 187.7 188.9 189.9±0.2 
Diastase number DN 17.0 18.8 17.8±0.4 
Conductivity mS/cm 0.22 0.24 0.23±0.2 
C13 Honey % -30.91 -25.82 -29±0.03 
C13 Protein/Honey % -0.29 -0.26 -0.29±0.7 
C4  % 1.7 1.9 1.8±0.6 
Fructose % 34.6 36.7 34.6±0.9 
Glucose % 27.7 29.2 27.7±0.6 
Sucrose % 0.5 0.9 0.5±0.4 
Turanose % 2.6 3.1 2.6±0.3 
Maltose % 2.8 3.7 2.8±0.5 
Isomaltose % 2.6 3.8 2.9±0.4 
Trehalose % ND ND ND 
Meritose % ND ND ND 
Maltotriose % ND ND ND 
Erlose % ND 0.4 0.3±0.2 
Fructose+glucose % 59.4 64.8 62.3±0.8 
Fructose/glucose - 1.12 1.58 1.24±0.6 
Glucose/water - 1.2 1.8 1.6±0.2 

HMF: Hydroxymethylfurfural   SD: Standard deviation  ND: Not detected 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

examining the moisture content of honey, the average 
moisture content of honey produced in Erzurum was 
reported as 15.35%, and this data of the researchers is 
similar to the findings of our study. The moisture values 
measured in the honey samples in this study were below 
the 20% limit determined by the Turkish Food Codex 
Honey Communiqué and were determined to be in 
compliance with the standard (Turkish Food Codex, 
2020). 

Invertase is one of the enzymes released from the 
cephalic and thoracic glands of honey bees and has the 
highest activity in the maturation of honey (Al‐Sherif et 
al., 2017). When the invertase values obtained within 
the scope of this study are compared with the ratio of 
IU≥73.45 (Bogdanov & Martin, 2002) recommended by 
the International Honey Commission (IHC) in terms of 
proof and freshness of honey not being heat-treated; It 
was observed that all samples labeled raw honey fit very 
well with this measurement scale with an average of 
188.5±0.2 U/kg (Table 1). In another scientific study 
investigating the invertase activity of six fresh raw 
flower honey; invertase values were found to be 
178.187 U/kg on average (Şahin et al., 2020). 

Diastase is an enzyme found naturally in honey and 
its amount varies depending on the origin of the flora, 
and is also an indicator of the applied heat (Çiftci, 2014; 
Çiftçi & Parlat, 2018). According to the Turkish Food 
Codex Honey Communiqué, the number of diastases in 
flower honey should be 8 or more (Turkish Food Codex, 
2020). In the thesis study conducted by Korkmaz and 
Küplülü (2017) they reported that the diastase number 

in five different flower honeys was between 10.8 and 
14.1 on day zero. The number of diastase in honey 
analyzed in this study was measured between 17.0 and 
18.8. When the research findings of Özgüven et al. 
(2020) were examined, the number of diastase in twelve 
honey samples varied between 9.0-25.4. The difference 
in the number of diastase seems to be quite variable 
according to the region of production, storage 
temperature and time. 

Electrical conductivity is a parameter used to 
distinguish between flower and secretory honeys. It was 
seen that the electrical conductivity of the flower 
honeys examined in Özgüven et al. (2020) study varies 
between 0.18 and 1.05 mS/cm. In the raw flower honeys 
examined in this study, the electrical conductivity is 
vaule average 0.22±0.3 mS/cm, which complies with the 
Turkish Food Codex Honey Communiqué (Turkish Food 
Codex, 2020). The electrical conductivity (0.41 mS/cm) 
found by Albu et al. (2021) in multifloral raw honey 
samples in Romania is considerably higher than the 
findings of this study. 

In this study, it was observed that the average HMF 
values of raw honey samples varied between 
approximately 4.0-4.3 mg/kg, and the average was 
determined as 4.2±0.4 mg/kg (Table 1). Storing honey at 
an unsuitable temperature or applying heat treatment 
creates HMF compound depending on the bond 
between sugars and amino acids contained in honey 
(Gökmen, 2007). In the Turkish Food Codex Honey 
Communiqué, it is allowed to contain HMF in honey up 
to a maximum of 40 mg/kg. The HMF values of none of 
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the raw flower honeys analyzed in this study were found 
to be above 40 mg/kg. In our study, the highest HMF 
value was measured as 4.3 mg/kg. Batu et al. (2013) 
reported in their study that the HMF value of the honey 
sample from Rize region was 4.04 mg/kg, the HMF value 
of the honey sample from Kars region was 0.15 mg/kg, 
the HMF value of the honey sample from Malatya region 
was 0.96 mg/kg and the HMF value of honey sample 
from Erzurum region is 1.91 mg/kg. 

The amount of proline, one of the amino acids 
found in honey, should be higher than 300 mg/kg 
(Turkish Food Codex, 2020). It was determined that the 
average amount of proline in the honey samples 
analyzed in this study was 660.2±0.6 mg/kg and all 
samples were in compliance with the Turkish Food 
Codex Honey Communiqué. Erez et al. (2015) reported 
the proline amount of flower honey obtained from 
Pervari region as 192-234 mg/kg in 2015. It was seen 
that the amount of proline in the honey analyzed by the 
researchers is considerably lower than the amount of 
proline in the honeys analyzed in this study. 

The acidity of honey may vary depending on the 
plant source and the production region. According to 
the Turkish Food Codex Regulation, the total acidity of 
honey should not exceed 50 meq/kg (Turkish Food 
Codex, 2020). In our study, it was determined that the 
acidity average values of raw flower honeys (20.01±0.2 
meq/kg) were in accordance with the Turkish Food 
Codex Honey Communique. In the study conducted by 
Sorkun et al. (2002) they reported the acidity of flower 
honey as 15 meq/kg. In another study by Erdoğan et al. 
(2004) the acidity of honey produced in İspir district of 
Erzurum province was between 25.50-29.0 meq/kg. The 
researchers' findings are consistent with the findings of 
this study.  

The sugar ratios in honey samples were 
respectively average fructose 34.6%, glucose 27.7%, 
sucrose 0.5%, turanose 2.6%, maltose 2.8%, isomaltose 
2.9%, erlose 0.3%, fructose+glucose 62.3%, 
fructose/glucose 1.24, glucose/water 1.6 and trehalose, 
meritose, maltotriose were not detected (Table 1). 
Average sugar rates in honey are in compliance with the 
Turkish Food Codex (Turkish Food Codex, 2020). The 
fructose/glucose ratio in honey is a parameter that 
shows both the crystallization tendency of honey and its 
origin. According to the Turkish Food Codex Honey 
Communiqué, the fructose/glucose ratio of raw flower 
honey should be between 0.9-1.4 (Turkish Food Codex, 
2020). The average fructose/glucose ratio of honey 
samples analyzed in this study was 1.24±0.06. Çiftçi and 
Parlat (2018) reported fructose/glucose ratio in flower 
honey as 1.05-1.19 in their research. The results of the 
researchers are similar to the results of this study.  

The difference between the protein and crude 
honey delta C13 values was found to be -0.29±0.03% 
and C13 value -29±0.7% and the C4 sugar ratio was 
1.8±0.6% (Table 1). The results of the raw flower honey 
samples used in the study, the protein in honey and raw 
honey. The difference between delta C13 values and the 

average C4 calculated from raw honey delta C13 sugar 
ratios are in accordance with the Turkish Food Codex 
Honey Communiqué found (Turkish Food Codex, 2020). 
In addition, our results are in harmony with the results 
reported by Çiftçi and Parlat (2018) on flower honeys in 
Konya province. 

 
Conclusion 
 

The physical and chemical parameters of honey, 
which has started to take its place in the market in 
recent years, defined as raw honey and not exposed to 
heat treatment and advanced mass production 
processes, were evaluated with this study. This study 
showed that the physical and chemical properties of 
Erzurum highland flower raw honey are higher than the 
other honeys produced in the region. This study supplies 
helpful data for the characterization of highland flower 
raw honey of Erzurum province. In this region, researchs 
should be carried out with a larger number of samples 
in a wider area. 
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