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Abstract
Recently encountered pandemic SARS-CoV-2 infection is a serious concern in the worldwide. In order to prevent this disease and

to avoid the side effects of the drugs used during the treatment of SARS-CoV-2 infection, humans turned to the consumption of na-

tural foods including bee products. Honey is an important bee product rich in antioxidants, but should be suitable for consumption
in terms of food control and safety. Therefore, the present study was undertaken to determine the physico-chemical and the antioxidant characteristics of commercial honey samples originated from 7 different regions of Turkey as well as, to interpret the results

with the Turkish Food Codex and European Commission Regulation. Total antioxidant capacity including polyphenols was highest

in 100g honey from Agean Region (100 mmol Ascorbic acid Eq and mg Gallic acid Eq, respectively) whereas flavonoid content was
the highest in honey from Mediterranean Region. It was found that 19 honey samples (63.3%) were suitable for the Codex Honey
Communiqué in terms of sucrose, invert sugar (glucose and fructose), moisture content, number of diastases, hydroxymethylfurfural

(HMF), commercial glucose and pollen analyzes. The honey samples originated from seven different regions of Turkey showed more
than half good quality. Their quality depends on various factors such as floral source, geographical origin, harvest seasons, packaging,

processing conditions, and storage conditions. Therefore, the consumer’s awareness and the education of beekeepers can improve
the production and sales for good quality honey.
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Introduction
Honey has a potential as natural antioxidant source for preven-

ting several acute and chronic diseases which include diseases related to inflammation, diabetes, cardiovascular, and cancer [1]. Re-

cently, an in silico research revelad that honey may be able to bind
SARS-CoV-2 protease, and so inhibit SARS-CoV-2 proteases and
some compounds of honey [2]. Also, honey shows anti-thrombo-

tic activity due to the inhibiton of PAF [3,4]. Therefore, honey may
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useful food against the SARS-CoV-2 infection. On the other hand,

in the amount of HMF in the honey [15-17]. Diastase is a kind of

and also the growth of healthy individuals. Especially in 2020, the

to the predetermined end point in 100 grams of honey. Commercial

increasing tendency of healthy nutrition leads to the consumption

of natural foods. Honey has an important role in health protection

total 5 974 tonne honey were exported from Turkey to 52 count-

ries including Germany, USA, Saudi Arabia, Kuwait and Oman [5].
During this period, honey exports increased by approximately 8
percent compared to 2019.

According to the Turkish Food Codex, honey is defined as a na-

tural product of plant nectars, secretions of plants on the living
parts of plants, after being collected by honey bee combining with

unique substances, reducing water content and storing in honey-

comb [6]. Besides sugar as main component of honey, it consist of
enzymes, amino acids, organic acids, carotenoids, vitamins, mine-

rals, aromatic and antioxidant substances [7]. Plants used by bees

enzyme that is inactivated by heat [14]. It is the amount of starch
that the amylase enzymes disintegrate within 1 hour at 38–40°C up

glucose is the biggest factor that causes deception in honey that has
a market and plays an important role in determining the quality

of honey. The acidity in honey is related to factors such as flower
sources, amount of minerals, harvest time and the amount of glyconic acid resulting from the enzymatic effect on glucose [8,18-21].

The viscosity is the tendency of a liquid to have internal friction
or resistance to flow. Viscosity has a great potential for the food
industry because the test procedure is simple, easy to apply and

fast. As expected, the viscosity decreases significantly with an increasing temperature for each sample [21].

Pollen analysis of honeys gives information about the vegetati-

vary according to region and climate conditions which affect the

on in the region where the honeybee is growing [22]. Pollen also

it is produced, the climate and the type of honey bee that makes

listic geography, climate, and vegetation. Beekeeping is an impor-

chemical composition of honey [8]. Color, aroma, and taste of ho-

ney mainly depends on the flower, the geographical area to which
the honey, as well as weather conditions, processing time, fraud,
packaging and storage time [7]. There are several parameters that

determine the qualitative and nutritional properties of honey. Geographic region, climatic conditions and vegetation cover of honey
bees are the main factors affecting the main character of honey. In

order to compare the results of another studies and to determine
the compatibility of honey samples with the Turkish Food Codex

[6] and European Comission Regulation [9], the acidity, invert su-

gar, sucrose, moisture, hydroxymethylfurfural (HMF), and viscosity
were investigated. Analyzes of pollen and antioxidant capacity inc-

luding polyphenols and flavonoids were also carried out to determine the nutritional value of honey samples.

The most pratical way to distinguish fresh honey from honeys

that have been overheated or stored for a long time is to measure

diastase and HMF activities [10]. HMF and diastase are expected
for international quality standarts of honey [11-13]. HMF is a pro-

duct produced by the breakdown of sugar in honey subjected to
heat treatment [14]. HMF is almost never found in fresh honey. It

occured only during acid-catalyzed dehydration of hexoses such
as fructose or glucose. Additionally, it can be affected from storage

conditions and source of flowers [11-13]. The degree and duration

of the heat treatment, storage conditions (such as light exposure)

and the use of metal containers in storage can cause of the increase

affects the quality of honey and helps to determine whether it is
honey or not. Turkey has a rich structure due to bee breeding, baltant activity that continued for thousands of years in Turkey. The-

refore, there are many varieties of bee products including honey

in the country, whereas consumers prefer honey more than other

products [23]. Additionally, most of the consumers prefer to buy
honey from producers and markets. Therefore, the present study
was conducted to investigate the quality of 30 honey samples ob-

tained from various 7 geographical regions of Turkey. Briefly, the
purpose of this study was to determine the identity and the quality

parameters of honey compounds by examining them in terms of
their physico-chemical and antioxidant properties.

Materials and Methods
Chemicals and reagents

Carrez I (0.25 M potasyum ferrosiyanür, Merck), Carrez II (1 M

zinc acetate, Merck), Fehling A [(69.28 + 0.05 g copper (II) sulp-

hate pentahydrate (CuSO4.5H2O) Merck]/1000 mL distilled water,

Fehling B [(346 + 0.1 g sodium potassium tartrate tetrahydra-

te (Ca4H4O6 NaK.4H2O) (Merck) + 100 + 0.1 g sodium hydroxide
(NaOH) Merck]/1000 mL, methylene blue (0.2%) Merck, hydroch-

loric acid (HCl = 1.19 g/mL) Merck, sodium hydroxide (5 M NaOH)
Merck, phenolphthalein (1% ethyl alcohol) Merck, formic acid
(Merck), ammonium oxalate (Merck), ethyl alcohol (Isolab Che-

micals), barbituric acid (Merck), iodine solution (Merck), starch
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(Merck), buffer mixture of phosphate/citrate (citric acid mono-

hylene blue were added to the boiling temperature. Ten mL of the

aluminum nitrate (Al (NO3)3), gallic acid, potassium acetate, sodi-

by recording [24,25].

hydrate [(C6H8O7.H2O)/disodium hydrogen phosphate dihydrate

(Na2HPO4.2H2O) (Merck), and p-toluidine (Merck). Acetic acid,

um carbonate (Na2CO3), quercetin, ascorbic acid, and 2,2′-azino-

bis-(3-ethylbenzothiazoline-6-sulfonate) (ABTS) were purchased
from Sigma-Aldrich (Darmstadt, Germany). Ethylene glycol, hyd-

previously filtered solution was titrated on the burner flame. The
value obtained was used to calculate the percentage of invert sugar
Saccharose analysis
One g of honey is taken and dissolved in the beaker with 40 mL

rogen peroxide, dimethyl sulfoxide (DMSO), and ethanol were pur-

of water. Then, 1 mL of HCl was added to the volumetric flask and

Honey samples

rated with NaOH. Five mL of Carrez I, 5 mL of Carrez II and some

chased from Merck (Darmstadt, Germany).

Thirty honey samples obtained from seven different geographi-

cal regions of Turkey were collected (Figure 1). The samples were

stored in a dry and a dark place at room temperature. In order to
determine antioxidant capacity, representing 7 geographical regi-

ons seven different honey samples of them were subjected to anal-

yze. All samples were stored at 4°C in the dark until analyses and
just before use for the experiments honey samples (10 g) were heated in an ultrasonic water bath (Memmert, Germany) for 15 min
then, dissolved in distilled water.

placed in a water bath (up) for 15 minutes. After cooling, 2 mL of
phenolphthalein was added, and then the volumetric flask was tit-

water were added to the volumetric flask. This mixture was filtered
to the erlene and then burned to the flame. A few drops of methyle-

ne blue were dripped and titrated by boiling. For the titration, 5 mL
Fehling A and 5 mL Fehling B mixture were used [24,25].
Determination of acidity

Five grams of honey sample were weighed from the samples

and diluted with 75 mL of distilled water. Erlen was throughly

mixed and dissolved. A few drops of phenolphthalein were added
to the erlen. Titration was carried out with 0.1 N NaOH solution

until light pink color obtained. The resulting color was stable for

15 seconds. The amount of NaOH spent in titration was recorded.
Thus, the sum of the acids present in 1 kg of honey is calculated as
the result of the number of milliequencies in formic acid [24,25].
Determination of commercial glucose

Five grams of honey was mixed with 10 mL of water. After adding

a few drops of a 10% solution of ammonium oxalate to the honey
Figure 1: Honey samples (n = 30) were obtained from 7
different geographical regions of Turkey.

samples. The mixture was put on the burner flame. After adding
some activated carbon to the boiling mixture, it was taken from the
burner flame and filtered into the tubes. One mL of HCl and 10 mL
of ethyl alcohol was added to the filtrate. If the sample contains

Physico-chemico analyzes of honey samples

commercial glucose, turbidity in the solution occurs. If there is no

Invert sugar analysis

Determination of HMF

During the study, the determination of invert sugar in honey

commercial glucose, the solution should be clear [25,26].

A spectrophotometric method was used to determine the

was made by adding 1 mL of honey sample to 40 mL water to form

amount of HMF. According to this method, 10 grams of honey were

distilled water and then filtered. A mixture of 5 mL Fehling A and

different test tubes; to one tube was added 1 mL of distilled water

a homogeneous mixture. Five mL of Carrez I and 5 mL of Carrez II

were added to this solution that was completed to 100 mL with
5 mL Fehling B was heated on the light flame and 2 drops of met-

dissolved in 20 mL water and transferred to a 50 volumetric flask. 2

mL of the solution and 5 mL of p-toluidine solution were put in two
(reference solution); to the second, 1 mL of barbituric acid solution
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0.5% (sample solution) was added. The absorbance of the soluti-

ting solution was poured into test tubes and centrifuged at 4500

by using the proposed formula for the method [24,25].

samples were observed under a microscope (Nikon Eclipse Ci, Ni-

ons at 550 nm was determined using a UV–Visible Spectrometer

(U-2900 Hitachi). The quantitative value of HMF was determined
Diastase analysis

To determine the diastasis number, 10 grams of honey was dis-

solved in 50 mL of distilled water in a beaker. After thawing, a 100
mL flask was transferred to the pellet and diluted with distilled
water to the marker line. Then a series of 8 numbered test tubes,

sequentially numbered from 1 to 8, were placed in the distilled

water and finally the starch + buffer mixture with 10 mL and a 1
mL pipette, respectively. The test tubes were mixed well. Then the
pre-prepared 38 - 40 °C water bath was placed intact. The tubes

were kept in the water bath for 1 hour. After one hour, the test tubes were removed from the water bath and cooled in cold water.
1 drop of 0.1 N iodine solution was added to each tube. The tubes

were then mixed underneath. The tubes were examined from the
first number 1 tube and the first tube was observed as the blue.

The number of diastases corresponding to the previous test tube

was read from the Table and accepted as the number of diastases
of honey [24,25].
Viscosity

The viscosity measurements of the honey samples were perfor-

med at room temperature 24°C between the plates of a controlled

shear rate rheometer (Physica MCR 302 Anton Paar, Germany). The

rpm for 10 min. The liquid fraction disintegrated in the centrifuge
was poured into the slides with 1 mL pipettes. Pollen content of
kon Instruments Inc., Tokyo, Japan).

Antioxidant activity of honey samples originated from seven
different geographical regions of Turkey
Determination of the antioxidant capacity
The total antioxidant capacity of seven different honeys repre-

sented 7 geographical regions of Turkey was analyzed according
to Erel’s method [28]. Briefly, 100 mg of honey sample was dissol-

ved in 1 mL of distilled water. Five microliters of the sample was

added to the wells and mixed with acetate buffer. Then, 15 µL of

ABTS+ reagent was added and the mixture was incubated at room

temperature for 6 minutes. Then absorbance was measured at 734
nm using a Varioskan Flash Multimode Reader (Thermo Scientific).
The reduction percentage was calculated in relation to the ascorbic

acid equivalent concentration (0 - 1 mM). The antioxidant activities
were expressed as mmol ascorbic acid equivalents per 100 g of ho-

ney. Radical scavenging activity (ABTS) as mg/mL and the inhibition of ABTS in percentages were calculated. All experiments were
performed in triplicates.

Determination of total polyphenol content
The total polyphenol content of the honey samples was deter-

upper plate (cone plate) was set at a distance of 0.101 mm before

mined spectrophotometrically by The Folin-Ciocalteu method [29].

Fracture index (Moisture determination)

and 250 µL of Folin–Ciocalteu reagent were added to the wells of

the onset of the reactions. Measurements were drawn in the shear
rate range 10 - 100 s-1 at 293 K [24,25].

Determination of moisture in honey was performed with a ref-

ractometer. Honey samples were placed between the prisms of the

refractometer using a spatula. The tool is closed according to the
operating instructions. The temperature of the system was adjus-

ted to 20 °C and the optical refractive index of the honey was recorded [24,25].

Determination of pollen in honey samples
Pollen analysis in honey samples was carried out by microscopi-

cal investigation [27]. Therefore, 10 g honey sample was weighed,
and 10 mL of water was added to dissolve it completely. The resul-

Briefly, one gram of honey sample was dissolved in 10 mL of distilled water and filtered through filter paper. Fifty µL of honey sample

a 96-well plate in three replicates, and incubated for 5 minutes at

room temperature. After adding Na2CO3 (7%, w/v) solution and

two hours incubation, the absorbance was read at 760 nm by Varioskan Flash Multimode Reader (Thermo Scientific, Waltham, MA).
Gallic acid (0 - 500 mg/L) was prepared for use as a reference stan-

dard. The polyphenol content was expressed as mg of gallic acid
equivalents per 100 g (mg GA Eq/100 g) of the sample. All experiments were performed in triplicates.

Determination of total flavonoid content
The total flavonoid content of the honey samples was determi-

ned by using the aluminum nitrate colorimetric assay method [30].
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All samples were dissolved in tubes containing 80% of ethanol then

honey samples were found between 66.52 - 82.00% that means all

the incubation for 40 min at room temperature, the absorbance of

honey samples was also acceptable according to the value of the

192 µL of samples added to the wells. Then, 4 µL of 1 M potassium
acetate and 4 µL of 10% aluminum nitrate were added. Following

the reaction was measured at 415 nm by using a Varioskan Flash

the samples found appropriate to the Codex. The differences were
statistically significant (p = 0.002). Sucrose composition (%) of the
Codex [6] and EU [9]. The significance level was 0.001. All samp-

Multimode Reader (Thermo Scientific). Quercetin was used as the

les except sample 14 are lower than the Codex limit value of 5%.

periments were performed in triplicates.

tically significant (p = 0.004). Highest acceptable value of Codex

standard (0–500 mg/L). The results were expressed as milligrams

of quercetin equivalents per 100 g (mg QEq/100 g) of honey. All exStatistical analyzes

Obtained data were analyzed using the Statistical Package for

the Social Sciences version 21.0 (SPSS Inc, Chicago, IL, USA). The
physico-chemical analysis of 30 honey samples were in duplicate
whereas the antioxidant activity of 7 honey samples were exami-

ned in triplicate. All data were expressed as mean ± SD of samples.

Differences between samples were examined for statistical significance by Kruskal-Wallis test. A p value of ≤ 0.05 was considered to
be statistically significant.

Results

Physico-chemical properties of 30 extracted honey samples

were analyzed, and the results were evaluated based on Turkish

Food Codex [6] and European Commission Regulations [9]. Numerous studies have been presented the physico-chemical quality of
honey samples from different regions of Turkey.

The amount of invert sugar in strained honey samples should be

higher than 60%. Invert sugar (glucose + fructose) amounts of 30
Honey
samples Invert sugar (%) Sucrose (%) Moisture (%)
(n = 30)
2

3

74,63 ± 0,8

73,53 ± 0,8

70,42 ± 0,5

4

74,63 ± 0,09

7

74,63 ± 0,25

5

6

8
9

10

69,44 ± 0,4

72,46 ± 0,7

70,42 ± 0,45

60,52 ± 0,75

*

76,92 ± 0,92

3,50 ± 0,05

19,40 ± 0,28*

1,13 ± 0,54

0,10 ± 0,48

0,98 ± 0,22

and 28 other samples were found suitable (Table 1). Differences

between honey samples were statistically significant (p = 0.001).
Diastase number of the honey samples that indicates amylase enzyme activity. Eight samples were found below the limit value of Co-

dex [6] and 22 samples were in the acceptable range. No significant
differences were found statistically (p = 0.097). Viscosity values
were found between 6.41 - 58.53 Pa s (Table 1). According to pollen

analysis, only one honey sample was found without pollen. By the
were observed that should originated from artificially commercial

glucose. Rest of the honey samples present rare, normal and abundant polen. The Turkish Food Codex [6] and The European Regu-

lation [9] allow a maximum HMF content of 40 mg/kg honey. HMF
amount of 3 samples were higher than 40 mg/kg which is the limit

value of the regulations (Table 1). Differences were statistically significant (p = 0.001). One of the samples with high HMF value was

found to have commercial glucose, while the other 2 honey samples
were thought to be exposed to a temperature well above 40 °C. In

the rest of the honey samples, HMF amount was between 0.77 - 38.
Free Acidity
(meq/kg)

Viscosity
Diastase activity
HMF (mg/kg)
(Pa s)
(%)

17,92 ± 0,85

10.9 ± 2,8

16,80 ± 0,14

25,00 ± 1,1

0

16,20 ± 0,42

3,54 ± 0,2

be above 50 meq/kg which is the limit value in 2 honey samples

16,80 ± 0,28

16,60 ± 0,14

3,47 ± 0,1

0,68 ± 0,05

moisture amount than the limit. Free acidity values was found to

10,9 ± 2,8

14,60 ± 0,28

0,00

was shown with a line as 20% and all honey samples have a lower

25,60 ± 1,7

16,00 ± 0,28

0,10 ± 0,45

3,02 ± 0,09

the results were collected in Table 1. The differences were statis-

microscopic analysis of the sample without pollen, starch particles

Physico-chemical analysis results of honeys

1

Moisture in percentages was determined by a refractometer and

*

15,40 ± 0,28

15,80 ± 0,14

18,00 ± 028*

33,41 ± 0,9

24,96 ± 0,7

12,50 ± 0,5
12,50 ± 0,4

12,50 ± 0,8
5,00 ± 0,2

*

11,52 ± 0,4

8,3 ± 2,2

8,3 ± 2,2

13,9 ± 3,5
5,0 ± 2,0

5,0 ± 2,0
0

17,9 ± 4,5

6,14 ± 0,14

13,72

3,46 ± 0,11

26,34

8,64 ± 0,25

9,04

2,88 ± 0,12

54,56

48,77 ± 1,25*

13,78

11,33 ± 0,25
2,30 ± 0,10*

24,77 ± 1,12

43,97 ± 1,42
1,92 ± 0,12*

*

35,38

58,53
21,90
37,97
17,72
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11

66,60 ± 0,45*

14

72,46 ± 0,8

5,37 ± 0,05

79,37 ± 0,5*

1,28 ± 0,08

12

13

15

72,46 ± 1,01

72,99 ± 0,75

72,46 ± 0,45

16

72,46 ± 0,45

19

73,52 ± 0,90

17

18
20
21
22

75,76 ± 0,65
69,44 ± 0,55
72,46 ± 0,95
72,46 ± 0,95

23

62,27 ± 0,35

26

82,00 ± 0,45

29

70,45 ± 0,4

24

25

27
28

30

*

0,44 ± 0,03

11,26 ± 0,3

5,0 ± 2,0

16,20 ± 0,28

*

16,20 ± 0,42

17,50 ± 0,7

3,84 ± 0,10

17,69

17,50 ± 0,4

13,9 ± 3,5

2,88 ± 0,12

13,61

16,60 ± 0,28

22,50 ± 1,1

2,85 ± 0,09
1,04 ± 0,04
4,24 ± 0,08

16,40 ± 0,14
15,20 ± 0,14
16,60 ± 0,42

4,28 ± 0,15

14,60 ± 0,28

1,24 ± 0,05

16,60 ± 0,14

4,38 ± 0,03
3,25 ± 0,05

1,03 ± 0,02

0,94 ± 0,03

*

20,00 ± 0,8
22,50 ± 0,6

13,9 ± 3,5

26,11 ± 1,23

13,9 ± 3,5

13,9 ± 3,5

30,00 ± 1,0

10,9 ± 2,8

25,00 ± 0,7

16,13 ± 0,8

61,82 ± 1,5

8,3 ± 2,2

19,00 ± 0,5

3,84 ± 0,14

0

10,9 ± 2,8

23,50 ± 0,8

16,60 ± 0,28

2,50 ± 0,05

6,5 ± 1,7

22,50 ± 0,8

15,40 ± 0,28

15,40 ± 0,28

10,9 ± 2,8
17,90 ± 4,5

52,90 ± 1,2*

3,07 ± 0,05

0,77 ± 0,02*

20,80 ± 0,5

*

5,18 ± 0,12

8,3 ± 2,2

13,9 ± 3,5

15,00 ± 0,6

65,50 ± 1,5

15,40 ± 0,28

10,9 ± 2,8

5,00 ± 0,2*

15,80 ± 0,28

16,20 ± 0,14

28,17

17,9 ± 4,5

0,44 ± 0,01

17,20 ± 0,28

8,83 ± 0,15

7,50 ± 0,3

6,5 ± 1,7

*

20,00 ± 0,8

0,00

18,60

10,18 ± 0,41

18,00 ± 0,28

16,60 ± 0,28

8,26 ± 0,25

13,9 ± 3,5

20,00 ± 0,5

4,25 ± 0,22

1,86 ± 0,08

67,39 ± 0,85

15,60 ± 0,28

4,24 ± 0,42

*

76,45 ± 0,7

72,54 ± 0,35

10,9 ± 2,8

14,60 ± 0,28

1,55 ± 0,05

2,19 ± 0,05

*

32,50 ± 1,3

4,24 ± 0,15

73,55 ± 0,45

71,47 ± 0,27

17,00 ± 0,28

13,9 ± 3,5

*

46,69
15,14
7,75

14,99
15,37
12,94
46,64
22,63

3,07 ± 0,12

54,19

34,56 ± 1,41

22,68

4,03 ± 0,14

30,91 ± 1,25

38,21 ± 1,65

29,76 ± 1,22

37,82 ± 1,81

Table 1: The results of physico-chemical characteristics of 30 honey samples are demonstrated.

44

19,36

17,29

23,82
6,41

22,83

17,90

* Mean values of samples are significantly different from each other (p < 0.05).

Antioxidant capacity results of honeys

honeys representing 7 different geographical regions of Turkey are
given in (Table 2).

The total antioxidant capacity (TAC), total flavonoid content, to-

tal phenolic content and the radical scavenging activity (ABTS) of

Radical scavenging Total Antioxidant Activity
Total Phenolic Content Total Flavonoid Content
(TAC)
activity (ABTS) (mg/
(mg GA Eq/100 gr honey) (mgQEq/100 g honey)
(mmol AE/100 gr honey)
ml )
Black Sea Region

1.57 ± 0.03

90 ± 0.01

Mediterranean Region

1.34 ± 0.01

76 ± 0.00

Eastern Anatolia Region
Central Anatolia Region

1.61 ± 0.02
1.75 ± 0.03

Marmara Region

1.71 ± 0.03

Southeastern Anatolia
Region

92 ± 0.01

1.52 ± 0.02

Aegean Region

9.529 ± 0.01

89 ± 0.00

*

1.50 ± 0.1

11.795 ± 0.00
4.722 ± 0.00

25.887 ± 0.00

171.535 ± 0.04*

6.481 ± 0.01

87.030 ± 0.07

24.027 ± 0.02*

98 ± 0.00

21.098 ± 0.02

86 ± 0.03

103.337 ± 0.04

6.995 ± 0.04

100 ± 0.01

*

68.764 ± 0.08

71.850 ± 0.03

146.270 ± 0.06

Table 2: The total antioxidant capacity, total flavonoid content, total phenolic content and the radical scavenging activity (ABTS) of
honeys representing 7 different geographical regions of Turkey are presented.
*

Mean values are given with standard deviation.

*Differences are statistically significant when p < 0.05.
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TAC values of 100 g honey samples ranged from 76 ± 0.00 to

SARS-CoV-2 virus by enhancing the host’s immune system, impro-

nated from Agean Region showed the highest value for TAC 100 ±

ds due to fraudulent or wrong practices such as heat treatment

100 ± 0.01 mmol Ascorbic Acid (A)Eq. The significant differences
between honeys were found statistically (p = 0.005). Honey origi-

0.01 mg AEq/100 g significantly (p = 0.008), whereas honey from
Mediterranean Region showed the lowest value 76 ± 0.00 AEq/100

g (Table 2). Total phenolic content of honey from Agean Region was

showed the highest value at 24.027 ± 0.02 mg Gallic Acid Eq/100
gr honey (p = 0.006), while its total flavonoid content was 71.850 ±

0.03 mg Quercetin Eq/100 g honey. On the other hand, the highest

ving comorbid conditions and antiviral activities [33]. It is known
that there are honeys with features that go beyond the standar-

in markets and bazaars. In this study, it was found that 19 honey

samples were suitable for the Codex in terms of the content of
sucrose, invert sugar, moisture, and the number of diastases, HMF,
commercial glucose and pollen analysis.

In our study, the amount of moisture of all samples was found

total flavonoid content was seen at 171.535 ± 0.04 mg Quercetin

in acceptable range. However, the amount of moisture of 4.29% ho-

mg/ml, while its inhibition rate of ABTS was calculated as 74.69%

while in another one, it was found between 14.70 - 23.00% [34].

Eq/100 g honey from Mediterranean Region (p = 0.006). Radical

scavenging activity of honey from Aegean Region was 1.75 ± 0.03
(Figure 2). The difference was statistically significant (p = 0.005).

neys from Turkey was in an uncacceptable range [8]. In one study,

the amount of moisture was reported between 17.00 - 19.40%,
Diastase was detected in 4 of the honey samples not suitable for
the codex, free acidity in 2 samples, sucrose and diastase in 1
sample, diastase, HMF and commercial glucose in 1 sample and
diastase commercial glucose and absence of pollen in 1 sample.

In a study, the number of diastases showed 8.45 - 14.29 while the

amounts of HMF were found in the range of 10.50 - 36.02 mg/kg

[34]. In another study, the amount of HMF was reported as 1.80
- 38.00 mg/kg [11]. Total glucose + fructose total was also inves-

tigated in honey samples reported to be between 53.67 - 59.61%.
Commercial glucose obtained by inverting starch was found in 2

samples. In this study, diastase activity of honeys were 0.0 - 22.4%
whereas the activity of diastases was reported to be between 4.15
Figure 2: Inhibition of radical scavenging activity (ABTS) of 7

honeys from 7 different geographical regions of Turkey is given
in percentages. * Differences are statistically significant when p
< 0.05.

Discussion and Conclusion
Considering the use of chemical formula drugs, their side effects

on the body and the formation of resistance to drugs, it is inevitab-

le to seek other alternatives such as natural products. About the
subject, the use of so-called natural products of plant and animal

origin for the treatment and prevention of various types of diseases
is increasing [31]. Especially, honey as a natural bee product has
attracted the attention of researchers to effectively combat these
challenges of chemo drugs in recent years. Honey prevents the de-

velopment of fungi and bacteria, especially against gram positive,

and its antibacterial effect has been documented in many studies
[32]. Honey may be beneficial for COVID-19 patients caused by the

- 12.00% [11]. Sucrose values in honey samples varies between 0.0

and 5.37% in our study which are in the reported range according
to another study [8]. It has been also reported that the amount of

sucrose in Asian-Europen/Turkey group honeys is between 2.85 -

8.44% [7]. In another study, sucrose amounts were found as 0.16
- 0.34% whereas that free acidity was found as 21.00 - 70.00 meq/
kg [34]. In our study, the viscosity measurements at room temperature of 30 honey samples were ranged between 6.41 - 58.53 Pa s.
Likewise, wide range in viscosity at 25 °C was reported in Brazilian

honeys 2.541 - 23.405 Pa s [35]. In contrast to these results, honey

samples from Turkey showed viscosity at 25°C between 2.48 - 8.42
Pa s [36]. In another work, the viscosity of rape honey collected
from Lublin region in Polland varies at 20°C (33.6 Pa s) differed
significantly (p ≤ 0.01) with those at 30, 40 and 50°C (8.2, 2.5, and

1.6 Pa s, respectively) [21]. In this point, the difference in viscosity
results depends on the working temperature and the origin of ho-

neys. When all results from physico-chemico analysis are taken into

account, it has been summarized as while 63.33% of the extracted
honey samples are found suitable and 36.7% are not appropriate

to the Turkish Food Codex [6]. For this reason, our study showed
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that honeys offered for sale should be subject to more strict official
control and inspection. In order to present the situation more cle-

arly, there is a need for research and projects to be screened on a
larger scale.

In numerous studies, it has been reported that honeys contain

antioxidant agents such as carotenoid, ascorbic acid, tocopherol
and polyphenols [36,37]. Therefore, we investigated the antioxidant activity of 7 honey samples presenting 7 geographical regi-

on of Turkey. Their total antioxidant capacity was found between
76 - 100 mmol AE/100 g whereas phenolic content of honeys var-

ies 4.72 - 24.027 mg GA Eq/100 gr. The highest phenolic content
showed the honey from Aegean Region, but the flavonoid content
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