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1 Introduction
Honey is consumed all over the world for therapeutic, 

nutritional, and medicinal purposes (Yaqub  et  al., 2020). 
Honey is a natural product of honey bees (Apis mellifera) used 
for different purposes since ancient times (Ajibola et al., 2012) 
and is produced from the nectar collected by worker bees from 
flowering plants, and then transformed, dehydrated, and stored 
in honeycombs (Krell, 1996). Honey is an excellent food supply 
that includes sugars, other nutrients, and phytochemicals such 
as vitamins, minerals, amino acids, organic acids, phenolics, and 
aromatic compounds (Silva et al., 2016; Singh & Bath, 1997).

Generally, the approximate pH of honey is 4.0 (Ouchemoukh et al., 
2007). Several physicochemical properties show the differences in 
the chemical composition of honey (Bogdanov et al., 1999), and its 
sensorial, chemical, physical, and microbiological characteristics 
are investigated to determine its quality. The main criteria are 
moisture content, ash content, electrical conductivity, diastase 
activity, free acidity, 5- hydroxymethyl furfuraldehyde (HMF) 
content, and reducing and non-reducing sugars (Gomes et al., 
2010). Honey production has developed well in Turkey thanks 
to its geographical and climatic conditions. As an important 
agricultural activity, the beekeeping has a history of thousands 
of years in Turkey (Kahraman et al., 2010). The Black Sea Region 
ranks the first in terms of production. In 2016, 1,786,996 tons of 
honey was produced globally and Turkey ranked the second after 
China with 105,532 tons (Food and Agriculture Organization, 
2020). Turkey has favorable conditions for honey production 
like climate, topographical structure, and a wide variety of plant 

flora (Gül & Pehlivan, 2018; Sari & Ayyildiz, 2012; Tezcan et al., 
2011). The appearance, nutritional value, composition, and flavor 
of honey are affected by its botanical origins and the geographic 
location of beehives (Gül & Pehlivan, 2018; Tezcan et al., 2011).

The composition of honey can vary depending on its origin. 
For example, the mineral sources primarily originate from its raw 
materials (nectar and honeydew) and the pollen grains (Madejczyk 
& Baralkiewicz, 2008; Pohl et al., 2011). Carbohydrates (glucose 
and fructose) account for about 80-95% of the matrix, while 
the total mineral content in honey should not exceed 1%. The 
second most important content in honey is water, and its ratio 
depends on several environmental factors during production 
such as weather and humidity (Alvarez-Suarez  et  al., 2010; 
Bogdanov et al., 2008). Besides, water content affects the basic 
physical characteristics of honey, such as viscosity, maturity, and 
crystallization (Machado De-Melo et al., 2018). Viscosity of ripe 
honey is higher, with water content of below 22%, leading to non 
growth of microorganisms and longer shelf life of ripe honey 
(Aparna & Rajalakshmi, 1999), and significantly improving the 
re-ripe honey market acceptance and increasing the beekeepers’ 
profit given the the production rate (Guo  et  al., 2019). It is 
known that fermentation is another factor that affects the honey 
composition when moisture exceeds 18%, especially after a 
long storage time (Bogdanov et al., 2008). Proteins, minerals, 
enzymes, vitamins, organic acids, and phenolic compounds 
are minor components of honey (Pohl  et  al., 2011). Protein, 
enzyme, and vitamin contents of honey are obtained from the 
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pollen contents and secretions of honeybees (Apis mellifera) 
(Draiaia et al., 2014; Krell, 1996). Honey includes a few amino 
acids, and proline is recognized as the major component (Serra 
Bonvehí & Escolà Jordà, 1997). The acidity of honey is due to 
its organic acid contents generating its characteristic flavor 
(Krell, 1996). Hydroxymethylfurfural (HMF) is generally used 
to evaluate the freshness of honey as its amount is limited in 
freshly harvested honey. It is mainly produced from sugars 
degradation, basically from fructose, because it is more labile 
than sucrose and glucose. The amount of HMF increases during 
the processes of handling, extraction, and storage (Al-Farsi et al., 
2018; Visquert et al., 2014).

The purpose of this study was to investigate the differences in 
the physicochemical properties of flower honey (Apis mellifera) 
produced in the Black Sea Region of Turkey between 2016 and 2019 
to see if they changed over the years and if the physicochemical 
properties met the quality standards for honey.

2 Materials and methods
This research was carried out on the honey samples 

(Apis mellifera) produced in Kastamonu, a province in Turkey. 
The samples were collected from 40 producers of honey in 
Kastamonu, a province located in the Black Sea Region, the 
northern part of Turkey, between 2016 and 2019. These producers 
were the members of the Turkish Association of Beekeepers. The 
samples were collected using 200-gram glass jars every year in 
August. The samples were stored at room temperature in a dark 
place until the analyses were carried out, taking approximately 
one month. We carried out the quality analysis according to 
the Turkish Food Codex Communiqué on Honey and the EU 
standards, which included sugar content analysis (Fructose/

Glucose ratio, Total Fructose, and Glucose), diastase activity, 
proline, electrical conductivity, moisture, Hydroxymethylfurfural 
(HMF), and acidity (Turkey, 2012).

2.1 Statistical analysis

Statistical analyses were carried out using SPSS (v.23, IBM 
Corp., Armonk, NY). Descriptive statistics were presented in 
frequency (n) and percentage (%) for the categorical variables 
and median with minimum and maximum values for the 
numeric variables. The Kolmogorov-Smirnov test was used to 
test the normality of the research variables. The variables with 
a significance level above 0.05 were accepted to be normally 
distributed. The t-test, Wilcox, one-way Anova, and Kruskal-
Wallis tests were used to examine the physicochemical properties 
of flower honey in terms of demographics variables.

3 Results and discussion
As can be seen in Table 1, the mean fructose/glucose ratio 

was found as 1.15(0.24), the mean total fructose and glucose 
(%) as 64.54 (13.95), the mean diastase (shade) as 14.4 (12.67), 
the mean proline (mg/kg) as 464.69(218.14), the mean electrical 
conductivity (ms/cm) as 0.54 (0.38), the mean moisture contents 
as 17.32(3.91), the mean HMF content (mg/kg) as 18.61(8.14), 
and the mean acidity content as 24.53(9.89).

As can be seen in Table 2, there is a statistically significant 
difference in moisture content (p-value =.009) in four years while 
there is no statistically significant difference in the fructose/
glucose ratio, electrical conductivity (ms/cm), and the contents of 
total fructose and glucose (%), diastase (shade), proline (mg/kg), 
HMF (mg/kg), and acidity (meq/kg).

To estimate the mean of the samples, a confidence interval on 
the mean is estimated. Table 3 shows the confidence level of the 
mean values of the variables. The results showed that the confidence 
intervals of the variables were as follows: fructose/glucose ratio 
(0.9-1.4), (1.08, 1.26); total fructose and glucose (%)>60, (65.54, 
INF); diastase (shade)>8, (11.74, INF); proline (mg/kg)>300, 
(406.51, INF); electrical conductivity (ms/cm)<0.8, (-INF, 0.55); 
moisture (%)<20, (-INF, 18.29); HMF (mg/kg)<40, (-INF, 21.42); 
and acidity (meq/kg)<50, (-INF, 27.17).

Table  3 shows that the samples met the standards for 
total fructose and glucose, diastase (shade), proline, electrical 
conductivity, moisture, HMF (mg/kg), and acidity; but not for 

Table 1. The mean values of physicochemical parameters.

Variable Min-max Mean (SD)
Fructose/glucose ratio 0.60-1.67 1.15(.24)

Total fructose and glucose (%) 0.73-79.00 64.54(13.95)
Diastase (shade) 0.03-85.40 14.4(12.67)
Proline (mg/kg) 9.20-1176.10 464.69(218.14)

Electrical conductivity (ms/cm) 0.06-2.52 0.54(0.38)
Moisture (%) 1.84-20.00 17.32(3.91)
Hmf (mg/kg) 7.00-37.40 18.61(8.14)

Acidity (meq/kg) 10.20-45.60 24.53(9.89)
SD= standard deviation.

Table 2. The difference in the physicochemical quality measures of the honey samples in over the course of 4 years (n=40).

Variable P-value (One-Way ANOVA, Wallis) Min-max
Fructose/glucose ratio 0.262 0.60-1.67

Total fructose and glucose (%) 0.923 0.73-79.00
Diastase (shade) 0.668 0.03-85.40
Proline (mg/kg) 0.112 9.20-1176.10

Electrical conductivity (ms/cm) 0.206 0.06-2.52
Moisture (%) 0.009 1.84-20.00
HMF (mg/kg) 0.099 7.00-37.40

Acidity (meq/kg) 0.493 10.20-45.60
HMF: Hydroxymethylfurfural; Min: Minimum; Max: Maximum.
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fructose/glucose ratio. In the current study, we investigated 40 
honey samples collected from the Black Sea Region of Turkey. 
The findings showed that fructose/glucose ratio, total fructose 
and glucose (%), diastase (shade), proline (mg/kg), electrical 
conductivity (ms/cm), HMF (mg/kg), and acidity (meq/kg) did 
not change in four years while the moisture content was the only 
variable which significantly differed in four years. The quality 
of the studied samples remained stable over the course of four 
years of study. The honey samples met the quality standards for 
total fructose and glucose, diastase (shade), proline, electrical 
conductivity, moisture, HMF (mg/kg), and acidity but not for 
fructose/glucose ratio. Several studies revealed that differences 
in climate, processing, storage conditions, and maturity affect 
the quality and biochemical properties of honey (Silva et al., 
2016). International Honey Commission proposed some quality 
criteria for honey, including several parameters such as moisture 
content, sugar content, mineral containment, acidity, electrical 
conductivity, and HMF. The quality and authenticity of honey are 
crucial for preserving the food safety and generating favorable 
effects on the health of consumers (Bogdanov, 2009). Honey 
production is regulated by the Turkish Food Codex Communiqué 
on Honey in Turkey, one of the world’s largest honey producers. 
The provisions of this regulation are similar to those in the 
international regulations, and it has been updated according 
to the latest developments announced by the international 
authority. Several specific laboratories in Turkey have updated 
their standards for evaluating honey according to international 
and Turkish Food Codex Communiqué on Honey.

Honey is a natural and healthy product with a changing 
commercial value depending on its botanic and geographic 
origins (Trifković et al., 2017). The stability of honey against 
fermentation and granulation can be determined by measuring 
the amount of water in honey (Dyce, 1975). Saxena et al. (2010) 
showed that the moisture content of honey, which is one of the 
descriptive quality parameters, ranged from 10.5% to 18.2% 
for fresh honey (Saxena et al., 2010). The acceptable limit for 
moisture content is 20% (Kędzierska-Matysek et al., 2016). In 
our study, all the honey samples complied with the commonly 
accepted levels for moisture content. The moisture content of 
honey varies depending on the degree of maturity reached in the 
hive, the moisture content of the original plant, and the harvest 
season (Finola et al., 2007). Besides, the variations in moisture 
content can be due to the floral origins and composition of 
honey (Malika et al., 2005), and moisture content can vary from 
year to year, which is consistent with the result reached in our 

study that showed a variation in moisture content in 4 years. 
Derebaşı  et  al. (2014) found that the electrical conductivity 
(mS/cm) of honey samples varied from 0.12 to 2.42 with a 
mean value of 0.48 ± 0.03 mS/cm, very similar to the mean 
electrical conductivity (0.54 mS/cm) found in our study. The 
mean electrical conductivity (mS/cm) of the honey samples in 
the current study was below the maximum limit determined by 
TFC and EU standards (0.8 mS/cm).

Honey contains a small proportion of organic acids, which 
occur due to aerobic and anaerobic fermentation and give a 
characteristic taste to honey (Tezcan et al., 2011).

In this study, the free acidity of the honey samples varied 
between 10.2 meq/kg and 45.6 meq/kg with a mean value of 
24.53 meq acid/kg. The study samples did not exceed the limit 
determined by TFC and EU (<50 meq acid/kg), indicating that 
all the honey samples were fresh. Our study results are similar to 
those found in the studies by Gül (2008) and Yılmaz & Küfrevioğlu 
(2001). The mean value obtained in our study was higher than 
that found by Russo Almeida (1997) (16.50 meq acid/kg) but 
lower than the mean value of 31.62 meq acid/kg reported by 
Sunay (2006). Al-Khalifa & Al-Arify (1999), Azeredo  et  al. 
(2003), and Sari & Ayyildiz (2012) reported that the total acidity 
of the samples varied between 32.3 meq/kg and 72.2 meq/kg, 
2.8 meq/kg and 39.5 meq/kg, and 16.0 meq/kg and 39.5 meq/kg, 
respectively (Al-Khalifa & Al-Arify, 1999; Azeredo et al., 2003; 
Sari & Ayyildiz, 2012).

The acidity which is a remarkable characteristic of the flavor, 
associated with the maturation state of honey (Braga et al., 2020) 
did not change in our study over the course of 4 years. The variation 
of acidity among different samples which was reported in the 
literature may be due to the variations in floral type of plants 
(Küçük et al., 2007) and harvest season (Singh & Bath, 1997). 
Honey is a natural product and contains a highly concentrated, 
complex solution of sugar. However, adulteration of honey with 
cheap sugar syrup is a common problem, mainly by the addition 
of sucrose. The addition of fructose or glucose may alter the 
fructose/glucose ratio (Gül & Pehlivan, 2018; Trifković et al., 
2017). In this study, the mean glucose and fructose contents 
of the honey samples varied between 0.73 and 79.00%, which 
exceeded the minimum required level of 60% according to 
the international quality regulations. It was reported in the 
literature that glucose and fructose contents of honey samples 
varied between 49.7% and 73.5% (Al-Khalifa & Al-Arify, 1999; 
Azeredo et al., 2003; Ozcan & Olmez, 2014), which is consistent 

Table 3. The confidence level of the mean values of the variables.

Variable Confidence level P-Value (T-Test, Wilcox)
Fructose/glucose ratio (0.9-1.4) (1.08, 1.26) 0.4 (0.97)

Total fructose and glucose (%)>60 (65.54, INF) 0.000
Diastase (shade)>8 (11.74, INF) 0.000

Proline (mg/kg)>300 (406.51, INF) 0.000
Electrical conductivity (ms/cm)<.8 (-INF, 0.55) 0.000

Moisture (%)<20 (-INF, 18.29) 0.000
HMF (mg/kg)<40 (-INF, 21.42) 0.000

Acidity (meq/kg)<50 (-INF, 27.17) 0.000
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with our study results, showing that the samples met the standards 
for total fructose and glucose.

On the other hand, the fructose/glucose ratio, which indicates 
the crystallization of honey, was found to be between 0.60 and 
1.67 with a mean value of 1.15, which showed that the samples 
did not tend to crystallize faster and were less viscous (F/G > 1.0). 
So, the honey samples did not meet the quality standard for the 
fructose/glucose ratio.

It is known that the composition of honey depends on not 
only the diversity of flowers but also some other factors such 
as environmental factors, harvesting climate, processing, and 
storage technology (Kaškonienė & Venskutonis, 2010; Ozcan‐
Sinir et al., 2020).

Diastase activity varies depending on several factors such as 
exposure to high temperatures and long storage periods, which 
inactivate diastase (Ünal & Küplülü, 2006). In our study, there 
was no change in the diastase activity in four years.

Different diastase values were reported from different 
countries in the literature, from 10.9 to 13.9 in Brazil and 
from 3.3 to 13.9 in Saudi Arabia (Al-Khalifa & Al-Arify, 1999; 
Azeredo et al., 2003). Sahinler et al. (2001) and Sari & Ayyildiz 
(2012) reported that the diastase value of the honey samples 
collected from Turkey varied within the range of 1-23 and 
17.9-38.5, respectively (Sahinler et al., 2001; Sari & Ayyildiz, 
2012). Diastase value should not be lower than 8 according to 
the legal regulation. In our study, the mean diastase values of 
the honey samples was found to be 14.4, which means that the 
samples in our study met the quality standards. We assumed 
that high diastase values in our study show that honey samples 
were not exposed to high temperature.

Previous studies reported change of protein values of honey 
samples between 0.33% and 1.2% (Azeredo et al., 2003; Ozcan‐
Sinir et al., 2020; Ozcan & Olmez, 2014). Honey contains low 
amounts of amino acids, and proline is a major component (Serra 
Bonvehí & Escolà Jordà, 1997). The mean proline content of the 
honey samples collected from the Black Sea region of Turkey 
was 464.69 mg/kg, which met the standard for proline content 
i.e. above 300 mg/kg.

The HMF mean value of the honey samples was found to be 
18.61 mg/kg. Azeredo et al. (2003) reported that HMF values of 
the honey samples varied between 3.24 mg/kg and 4.12 mg/kg. 
The internationally acknowledged regulations state that HMF 
content should not exceed 40 mg/kg (Aloisi, 2010), and all the 
honey samples in our study complied with this level. Contrary 
to our study results, Ünal & Küplülü (2006) reported a HMF 
value of 74.51 mg/kg for the flower honey produced in Ankara, 
considerably higher than the international standard limit.

Enzymatic inactivation occurs during a long time heating 
process, and HMF is formed by fructose degradation. Moreover, 
exposure to high temperature for a long time can cause nutritional 
loss in honey (Ozcan & Olmez, 2014). Our results showed that 
the honey samples collected in all years were not exposed to 
high temperature. HMF content is regarded as a parameter 
determining the freshness of honey samples because it is not 
found in fresh honey and increases during processing of the 

product (Derebaşı et al., 2014). In our study, no variation was 
observed in the HMF content with passage of time. Braga et al. 
(2020) found higher divergence of some patterns such as HMF, 
moisture, and acidity as compared to the the legislation standards.

International honey standards are given in the European 
Honey Directive and in the Codex Alimentarius Standard for 
Honey (Bogdanov et al., 1999). The honey quality standards in 
the draft CL 1998/12-S of the Codex Alimentarius and the EU 
Draft 96/0114 (CNS) are as follows: moisture content ≤ 21 g/100 g, 
reducing sugars content ≥ 65 g/100 g, sucrose content ≤5 g/100 g, 
acidity ≤ 40 meq/kg, diastase activity ≥ 8, hydroxymethylfurfural 
content ≤ 40 mg/kg, and electrical conductivity ≤ 0.8 mS/cm; 
and honey control laboratories recommend a minimum proline 
content of 180 mg/kg (Bogdanov  et  al., 1999), which are 
somewhat in line with the values in the Turkish Food Codex 
Communiqué on Honey.

4 Conclusion
It was concluded that only moisture content changed 

significantly in four years. The quality of the samples remained 
stable in four years. The quality standards for honey, such as 
total fructose and glucose, diastase (shade), proline, electrical 
conductivity, moisture, HMF (mg/kg), and acidity were met; 
but the standard for fructose/glucose ratio was not met in the 
samples. Most of the honey samples obtained from the Black Sea 
Region of Turkey were compatible with the standards stipulated 
in the Turkish Food Codex Communiqué on Honey and the 
Codex Alimentarius Standard for Honey. The authenticity and 
commercial value of honey should be evaluated based on the 
internationally accepted regulations to protect both the consumer 
and the market.
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