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Abstract: This study aimed to determine HMF values and diastase activities of the strained honeys collected from various markets in 

Türkiye and to evaluate their suitability to Turkish Food Codex, Directive on Honey. The samples were obtained with original package 

and their shelf lifes were remarked by companies. A total of 90 honey samples, 45 were flower honey and 45 were honeydew honey, 

were analysed for HMF using High Performance Liquid Chromatography and for diastase activity using UV spectrophotometer. 

According to the results, it was observed that the 35.5% of flower honey samples and the 20% of honeydew honey samples were not 

fulfilled the HMF value and/or diastase activity standards of the Turkish Food Codex. The highest HMF value of the samples was 119.8 

mg/kg, while the lowest diastase activity of samples was 0.9. Furthermore, 15 of 45 flower honey and 8 of 45 honeydew honey samples 

were in critical limits for the mentioned standards. In conclusion, in strained honey offered for consumption, either heat treatment that 

is applied during the production or increasing HMF value and decreasing diastase activity depending on storage temperature limit the 

product's shelf life. HMF in honey is known to be a potential risk for food safety and public health. Appropriate production and storage 

conditions for honey should be ensured until it reaches the consumer, and all quality criteria, especially HMF and diastase, should be 

targeted to comply with the Turkish Food Codex Directive on Honey, until the end of the shelf life. Thus, it will be possible to ensure food 

safety by protecting both public health and producer rights. In addition, raising consumers' awareness on the subject will enable the 

development of internal control at both manufacturers and markets. 
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1. Introduction 
Türkiye has a very rich structure in term of geography, 

climate, and flora in honey production and bee breeding. 

Türkiye takes first place in world rankings with its 

increasing number of bee hives (4.734.938) and its 

118.297 tons of honey production. It is very important to 

increase quality standarts in honey in order to increase 

this potential in exportation. (TUIK, 2022).  

The amount of hydroxymethyl furfural (HMF) and 

diastase activity are two important parameters in 

evaluating the quality and freshness of honey (An Ajlouni 

and Sujirapinyokul, 2009; Castro-Vazquez et al., 2008). 

The source of diastase, which is the most important 

enzymes that gives honey the quality of easy digestibility, 

is the salivary gland secretion of bees. The heat treatment 

applied to honey and time dependent disintegration of 

this enzyme are important indicators in identifying the 

freshness of honey. However, enzyme activity varies 

within hide limit even in fresh honey (Sancho et al., 1992; 

Belitz and Grosch, 1999). According to the standarts of 

Turkish Food Codex (TGK), Directive on Honey diastase 

activity is determined as at least 8 for flower honey and 

honeydew honey and at least 3 for citrus honey. Diastase 

activity  which is used in the measurement of enzyme is 

defined as  ml of starch solution (% 1) which is hidrolized 

by enzyme in 1 g honey in one hour at 38-40 °C (TGK, 

2012). 

Hydroxymethyl furfural is an important quality criteria 

which occurs as a result of the dehidration of hexoses in 

honey in acidic ambient and which changes according to 

chemical properties of honey (sugar, pH, total acidity), 

honey processing or storage temperature (Sahinler, 2007; 

Fallico et al. 2008).  HMF is a cytotoxic, genotoxic, and 

organotoxic compound. Also, it is a byproduct formed 

during hexose decomposition in an acidic environment or 

during to Maillard reaction (Islam et al., 2014; Pasias et al., 

2017; Shapla et al., 2018). According to TGK, Directive on 

Honey, HMF value is determined as maximum 40 mg/kg 

in flower honey and honeydew honey (TGK, 2012). 

It is known that as a result of heat treatment applied to 

honey during the production stage in order not to undergo 

fermentation and to prevent it from crystallization 

(Zappala et al., 2005; Morales et al., 2009; Korkmaz and 

Küplülü; 2017). Honey is preserved from crystallization 

and it increases marketing quality of honey. However HMF 

is found in very small amounts in fresh honey (in harvest 

period) and it increases with high and long term heat 

treatment. This increases the HMF in the beginning on the 

shelf, depending on inappropriate storage temperature 

increasing effect of HMF shelf life is shorten (Ramirez et 
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al., 2000; Sanz et al., 2003; Tosi et al., 2022). The quality 

criteria reported in the TGK Honey communiqué (no. 

2005/49) were revised in 2012 without making any 

changes, and it is stated that honey should be kept under 

25°C by protecting it from direct sunlight at all stages until 

it is delivered to the consumer (TGK, 2005; TGK 2012). 

Also it causes the reduction of nutritional value by the 

disintegration of diastase enzyme which has an important 

role in honey digestion and quality lost by creating 

changes in taste, flavor and color (Cocco et al., 1996; 

Kalabova et al., 2003).  

In this study, strained honey the shelf life of which is 

determined by firms in their original package and 

marketed in the markets was used. The suitability were 

evaluated according to Turkish Food Codex Honey 

Commission by identifying the diastase activities and HMF 

values, storage time determined concerning the dates of 

analysis. 

 

2. Materials and Methods 
2.1. Honey Samples 

In this study a total of 90 honey samples, 45 were flower 

honey and 45 were honeydew honey bought from various 

markets in several cities of Türkiye (Ankara, Antalya, 

Muğla, Hatay, İzmir, Konya, Adana) in their original 

package and shelf lifes remarked by companies and which 

had different expiraton date were used as material. Also, 

all honey samples used in the study were collected in 

2020. 

2.2. HMF Analysis 

HMF determination of samples were analyzed by using 

HPLC-UV sensor according to Harmonised Methods of the 

International Honey Commission (Bogdanov, 2009). For 

the instrument calibration, the standard of 99% pure 5- 

hydroxymethyl-) furan-2-carbaldehyde (HMF) (Merck 

820 678) standard was used. The working standards for 1, 

2, 5 and 10 mg/L were prepared daily. After their 

preliminary preparations, the samples were taken into 2 

ml vials and introduced to HPLC device with UV detector 

capable of measuring at a wavelength of 285 nm. The 

analyses were made by using C18-reversed phase 

(Hypersil ODS 5µm, 125x4 mm), under the instrument 

conditions with 90% distilled water- 10% methanol at 

mobile phase, with a flow rate of 1.0 ml/minute and 

injection amount of 20 µl. 

2.3. Diastase Analysis 

Diastase numbers of honey samples were determined by 

using UV -Spectrophotometer (Rayleigh, VIS- 723G, 

England), according to the Harmonised Methods of The 

International Honey Commission (Bogdanov, 2009). 

Calibration of the starch solution to be used during the 

analysis was provided in the UV-Spectrophotometer with 

an absorbency value of 600 nm; and the solution of 

sodium chloride-acetate buffer required for analysis was 

prepared. Honey solution was prepared by taking 10 g 

from the samples, and adding acetate buffer solution. 10 

ml honey solution and 5 ml starch solution taken into 

tubes were kept waiting in water for 15 minutes, at 40 °C. 

At the end of the period, they were mixed again and taken 

to the water bath. 5 ml diluted iodine solution was added 

to the 0,5 ml honey- starch solution taken into the tubes 

containing 11 ml distilled water, after being kept with 5-

minute intervals; and the absorbance value at the 5th, 

10th, 15th and 20th minutes were read through 600 nm 

UV-Spectrophotometer for determining its diastase 

activity. 

 

3. Results 
In the study, totally 90 honey samples consisting of 45 

flower honey and 45 honeydew samples were analyzed. 4, 

2 and 10 of the 45 flower honey samples analyzed were 

not found to be in accordance with the T.F.C. Directive on 

Honey, in terms of their HMF values, diastase activities, 

and both HMF values and diastase activities, respectively. 

Accordingly, the HMF values of the 14 honey samples 

analyzed, which were higher than the limit values, were 

found to be 119.8, 114.6, 102.4, 100.3, 98.5, 87.6, 87.4, 

73.3, 53.6, 49.2, 48.2, 46.7, 42.5 and 40.2 mg/kg, 

respectively; and the diastase activities of the 12 honey 

samples, which were determined to be lower than the 

limit value, were 0.9, 1.5, 5.4, 5.6, 5.9, 6.0, 6.2, 6.4, 7.2, 7.5, 

7.6, 7.7, respectively.  45 honeydew honey samples were 

examined, and HMF value of 6 of totally 9 samples were 

not suitable for T.G.K. Honey Communiqué, while diastase 

activity of 3 samples were not found in accordance with 

T.G.K. Honey Communique. Accordingly, the amount of 

HMF exceeding the limit value in 9 of the pine honey 

samples was 82.5, 54.6, 52.4, 50.2, 46.4, 45.5, 44.7, 42.5, 

40.6 mg/kg, respectively, while the diastase activity of 3 

samples was found to be 7.5, below the limit value (Table 

1 and Table 2). 

This study found that among 90 honey samples, 16 flower 

honey and 9 honeydew honey were not suitable for the 

limit value specified in the Turkish Food Codex Directive 

on Honey. Furthermore, as a result of the analysis, ıt was 

determined that 10 flower honey and 8 honeydew honey 

samples were in proximity to the HMF limit value , while 5 

flower honey samples were found close to the limit value 

with diastase activity. Given the samples' expiration dates, 

there is concern that this situation might pose a potential 

public health risk. 

In addition, closed to the limit value HMF amounts were 

found to be between 35-40 mg/kg (35.3, 35.6, 36.0, 37.2, 

38.0, 38.6, 38.9, 39.1, 39.4, 39.8 mg/kg) in 10 flower honey 

and 8 honeydew honey samples, while closed to the limit 

value of diastase activities in 5 flower honey samples were 

determined as (8.8, 8.5, 8.5, 8.3, 8) respectively. The 

samples were evaluated considering the packaging dates 

and the analysis date. According to the findings, the 

minimum and maximum HMF values and diastase 

activities of honey samples are shown in Table 3. 
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Table 1. HMF value and diastase activities of flower honey samples 

Sample no *Analysis time (month) **Shelf life (month) HMF(mg/kg) Diastase activity 

1 6th 24 119.8 0.9 

2 16th 24 114.6 5.9 

3 22nd 24 102.4 1.5 

4 28th 36 100.3 6.0 

5 19th 24 98.5 5.6, 

6 24th 36 87.6 7.2 

7 20th 24 87.4 10 

8 20th 24 73.3 7.6 

9 12th 18 53.6 5.4 

10 7th 18 49.2 7.5 

11 10th 18 48.2 6.2 

12 18th 24 46.7 11.5 

13 12th 24 42.5 10.6 

14 8th 18 40.2 14.2 

15 11th 18 30.8 7.7 

16 8th 18 32.2 6.4 

*Analysis time= time from packaging date to analysis date, **Shelf Life= the period between the packaging date and the expiration date 

on the labels of honey samples.  

 

Table 2. HMF value and diastase activities of honeydew honey samples 

Sample no *Analysis time (month) **Shelf life HMF(mg/kg) Diastase activity 

1 6th  24 82.5 7.5 

2 6th 18 54.6 9.2 

3 9th 18 52.4 7.5 

4 17th 24 50.2 12.8 

5 8th 18 46.4 7.5 

6 18th 24 45.5 11.4 

7 4th 24 44.7 13.2 

8 6th 18 42.5 15.6 

9 14th 18 40.6 10.5 

*Analysis time= time from packaging date to analysis date, **Shelf Life= the period between the packaging date and the expiration date 

on the labels of honey samples.  

 

Table 3. Maximum and minumum values of HMF and diastase activities of honey samples 

Parametres    Type Number of samples Min. value Max. value 

HMF (mg/kg) 
Flower 45 19.8 mg/kg 119.8 mg/kg 

Honeydew 45 11.5 mg/kg 82.5 mg/kg 

Diastase activity             
Flower 45 

45 

0.9 15.8 

Honeydew 7.5 19.6 

 
 

Figure 1. HMF values and diastase activity rates of flower 

honeys (%). 

 

 
 

Figure 2. HMF values and diastase activity rates of 

honeydew honeys (%). 

 

16; 36%

15; 33%

14; 31%

Flower Honeys

HMF: 40mg/kg< , Diastaz: 8>

HMF: 35-40mg/kg, Diastase: 8-9

HMF: 35mg/kg≥, Diastase: 9≤

9; 20%

8; 18%
28; 62%

Honeydew Honeys

HMF: 40mg/kg<,  Diastase: 8>

HMF: 35-40mg/kg, Diastase: 8-9

HMF: 35mg/kg≥ , Diastase: 9≤
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4. Discussion and Conclusion 
In this study HMF values of 45 flower honey samples of 90 

honey samples collected from various markets in their 

original package were determined as 19.8-119.8 mg/kg 

and diastase of them were determined as 0.9- 15.8. 

According to the data, in terms of HMF value 4 of them, in 

terms of diastase activity 2 of them, in terms of both HMF 

value and diastase activity 10 of them are not suitable for 

TGK Directive on Honey. Moreover, HMF values of 45 

honeydew honey were found as 10.6-82.5 mg/kg and their 

diastase activities were found as 7.5-19.6. With reference 

to this in terms of HMF value 6 of the samples, in terms of 

both HMF value and diastase activity 3 of the samples 

were not suitable for TGK Directive on Honey. When 

retention periods and markets with their expiry dates and 

analysis date were taken into consideration, it’s thought 

that the reason of improper HMF values and diastase 

activities were because of the adverse storage conditions. 

Also initial HMF values and diastase activities were 

important facts. When storage periods, expiration dates, 

and analysis dates are taken into consideration, the 

combination of high HMF values and low diastase 

activities indicates that the honeys might be subjected to 

unfavorable storage conditions within the markets. As it is 

specified in the transportation and storage section of the 

revised TGK (NO:2012/58) communiqué, ensuring the 

healthiness of the shelf life and the food safety of honeys 

that meet the quality standards set by the honey 

regulations when they reach the retail stage is crucial. This 

involves maintaining suitable storage conditions 

consistently from the point of sale to the end consumer. 

Thus, it will become feasible to safeguard both the rights 

of producers and the health of consumers, thereby 

guaranteeing food safety. 

Study by Guler (2005) suggests HMF values of 30 honey 

samples collected from Eastern Black Sea region 

producers were determined as 3.83-11.0 mg/kg and they 

were found quite lower than other HMF values in the 

study.  Furhermore in their study, Sahinler and Gul (2004) 

found avarage HMF values of untreated flower and 

sunflower honey quite lower than other values in the 

study. They were 5.73, 2.17 mg/kg and their diastase 

activities were higher than other with the 17.9, 18. Turgay 

(2009) reported that 50 honey samples (different floral 

feature), HMF values were found to be 31.46-40.70 mg/kg 

and diastase activities as 8-25.4. Bölükbaşı (2007) 

determined the HMF values as 0-38.6 mg/kg in 47 honey 

samples collected from different parts of Türkiye. It is 

thought that the reasons why HMF values were found 

higher and diastase activities lower were high and long-

term temperature treatment and improper storage 

conditions. In another study conducted by Al-Diab et al. 

(2015), various types of honey obtained from markets 

exhibited an increase in HMF levels following a 6-month 

storage period at 25°C. The most significant rise, 

amounting to 14.7%, was observed in a polyfloral honey 

sample that initially contained 39.7±3.3 mg/kg of HMF. 

The samples in our study were analyzed directly without 

being kept in a controlled storage temperature. 

Nevertheless, the substantial elevation in HMF values 

indicates that the samples have likely been exposed to 

increased temperatures both during the production and 

storage processes. In another study carried out within 

Saudi Arabia, the highest HMF value among 14 honey 

samples collected from local markets was found to be 

28.97 mg/kg. It was concluded that the honeys were not 

heat-treated and were fresh since the HMF values were at 

relatively low level (Alghamdi et al., 2020). Although the 

HMF limit value in countries with tropical ambient 

temperatures is 80 mg/kg according to Codex 

Alimentarius (2019), the HMF values of the honey samples 

in our study, which exceeded the limit value (40 mg/kg) in 

Türkiye, indicate that the samples were exposed to 

inappropriate storage conditions in markets after being 

distributed from factories under controlled conditions. 

Similarly, a study conducted in the Aydın province 

involved a total of 40 honey samples, including 20 honey 

samples taken directly from the beehives and 20 honey 

samples taken from the market. In the study, it was 

reported that the average HMF values of the market 

samples were 56.70±3.83 mg/kg, and the HMF values of 

all market samples exceeded the limit value. Diastase 

activities were found to be lower than the values of the 

samples in our study, with an average of 7.4±0.24 (Aypak 

et al., 2019). 

In this study 16 flower honeys and 9 honeydew honeys of 

90 honey samples were improper according to the limit 

values of T.G.K. Directive on Honey. Also in terms of HMF 

value on 10 flower honey and 8 honeydew honey and in 

terms of diastase activities 5 flower honey were found 

close to limit value. Therefore, it is thought that when 

expiry dates are taken into consideration they are 

potential risks for human health. 

In conclusion, HMF forming in honey is known to be a 

potential risk in terms of food safety and public health. 

Suitability of the all quality criteria- HMF and diastase 

criteria in particular- to the Turkish Food Codex Directive 

on Honey should be ensured throughout the shelf life 

determined by companies for strained honeys offered for 

consumption. As revised with this aim, as stated in TGK 

(NO: 2012/58), it is crucial to store honey under 

appropriate conditions (especially <25 °C.  from markets 

to consumers to maintain quality criteria. This will ensure 

food safety while protecting both public health and 

producer rights. Moreover, raising consumer awareness 

on this issue will facilitate the development of internal 

controls at both the production and markets. Suitability of 

the all quality criteria- HMF and diastase criteria in 

particular- to the Turkish Food Codex Directive on Honey 

should be ensured throughout the shelf life determined by 

companies for strained honeys offered for consumption. 
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