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ABSTRACT: Honey has various attributes according to its plant origin and production area. The aim of 

present study is to investigate physicochemical and biological functions of astragalus and thyme honey in 

Damavand and Izeh regions. Honey identification was analyzed on base of their physicochemical activities such 

as water content, ash, total solids, total soluble solids, pH, acidity, total sugar, reducing sugar, sucrose, fructose 

to glucose ratio, diastase activity, hydroxymethylfurfural (HMF), viscosity, total phenols, flavonoids and 

antioxidant behavior. The results of tests such as moisture content (16.16 to 19.08 %), ash (0.49 to 0.59 %), total 

solids (80.93 to 83.85 %), total soluble solids (80.25 to 81.74 %), pH (4.20 to 4.66), acidity (21.80 to 23.14 mEq 

/ kg), total sugar (72.74 to 73.63 %), reducing sugar (69.26 to 73.07 %), sucrose (0.50 to 3.48 %), fructose to 

glucose ratio (1.06 to 1.31 %), diastase activity (8.63 to 10.13 DN), HMF (4.7 to 11.06 mg / kg), viscosity 

(21940 to 24705 cP), total phenolic compounds (23.96 to 30.03 mg gallic acid / 100 g honey), flavonoids (12.31 

to 17.24 mg catechin / 100 g honey) and antioxidant activity (44.96 to 52.89 %) were determined. The results of 

simple correlation analysis illustrated parallel, positive and very strong relationship between 2,2-diphenyl-l-

picrylhydrazyl and ash attributes, total phenolic compounds, total sugar, fructose to glucose ratio and also 

flavonoids. 
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Introduction

1
 

According to codex “Honey is a natural 

and sweet product made by bees from 

nectar plants, secretions of living parts or 

excretion of sucking insects” (Shariatifar et 

al., 2017). Honey contains carbohydrates 

(70 to 80 %), water (10 to 20 %) and minor 

compounds (1 %) such as organic acids, 

minerals, proteins, phenolic contents and 

amino acids (Hossain et al., 2018). 

Vegetation of any region is one of the most 

prominent phenomena of nature and the 
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best guide to judge ecological status of that 

region (Ramzi et al., 2017). There are 

complex relationships between plant 

communities and environmental factors. 

Therefore, research in ecological studies 

field is unique importance (Nouri et al., 

2020). 

Damavand reign is representative of 

semi-steppe vegetation with cold and 

mountainous climate, therefore 

temperatures are detected minimum -2.6 

°C and maximum 22 °C. Honey is one of 

the most important products of this region 

(Eskandari et al., 2020). Izeh region is 
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located in northeast of Khuzestan province 

with valuable pastures and consists of two 

parts: plain and mountain. Cold weather in 

winter as well as hot or dry in summer 

with wind are prominent climatic features 

of Izeh as well as minimum 7.11 °C and 

maximum 45 °C temperatures are 

distinguished (Neissi et al., 2020).  

The physicochemical attributes of 

honey from stingless bee Scaptotrigona 

mexicana harvested at certain years (2012 

to 2015) did not reveal considerable 

variations in most of their antioxidant and 

physicochemical functions. A more 

correlation was detected between 

antioxidant behavior and total phenolic 

content of honey (Jimenez et al., 2016).
 

Antioxidant activities of single flower 

honey (23 various samples) from distinct 

geographical regions in Turkey indicated 

that phenolic compounds alone are not 

sufficient to determine antioxidant status. 

Factors such as geographical 

characteristics, plant type, and climate with 

environmental conditions also affect this 

activity (Hossain et al., 2018). All 

examined honey types from diverse areas 

in Kosovo demonstrated prominent 

concentration of phenols, flavonoids, as 

well as 2,2-Diphenyl-1-picrylhydrazyl 

(DPPH) scavenging activity and ferric 

reducing antioxidant capability, where the 

smallest concentration/ performance was 

reported in acacia specimens, while the 

highest in forest honey (Nouri & Shafaghi 

Rad, 2021). 

Monofloral honey is synthesized in 

world with inimitable attributes such as 

nutritional and medicinal fields (Codex, 

2001). The aim of present research is to 

investigate monofloral honey samples in 

Damavand and Izeh due to nutritional 

value, several health benefits or worldwide 

market.  
 

Materials and Methods 

- Materials 

The chemical materials employed in 

this work included sodium hydroxide, 

phenolphthalein, sodium bisulfite, sodium 

thiosulfate, ethylic alcohol, propanol, 

sulfuric acid, ninhydrine, formic acid, 

Fehling's solution A and B, concentrated 

hydrochloric acid, acetic acid, and starch 

glue solution. 

 

- Satellite images 

Landsat 8 satellite images related to 

Damavand and Izeh regions were prepared 

and selected afterwards, subsequent 

processing of images was examined such 

as correction of geometric, atmospheric, 

altitude and radiometric errors. The 

processing and reconstruction of images 

were monitored through classification 

procedures in order to reveal and 

determine application types. By examining 

digitized geological maps, land use, 

vegetation region and visual interpretation 

of satellite images, different features and 

applications were recognized, thus general 

information was obtained from area. As a 

result, effects on satellite images were 

matched to ground reality, vague impacts 

were identified, thus vegetation 

distribution was detected in area. 

 

- Sampling 

The growth cycle of plants in study 

areas was identified using results of 

articles in addition consultation with 

professors and farmers in vegetation area. 

From each honey, 4 samples in three 

replicates (Total = 12 samples) with 

different plant origin of astragalus and 

thyme in spring of 2020 were completely 

randomly collected and evaluated from 

beehives in Damavand and Izeh regions. 

Each sample was heated in a hot bath at a 

maximum temperature (45 °C) for 30 min 

and stirred completely to dissolve any 

crystals. Samples were poured into sterile 
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glass containers and stored out of light at 2 

to 8 °C until experiments were carried out. 

 

- Physicochemical performances 

These tests including moisture content, 

ash, pH and also free acidity were 

performed through refractometer, burning 

sample in furnace (600 °C), pH-meter and 

titration with base NaOH, respectively. 

After obtaining moisture content, total 

solids were achieved by subtracting 100 

from moisture. The honey total solids were 

measured using a refractometer at 20 °C 

(AOAC, 2000). 

 

- Calculation of reducing sugars before 

and after hydrolysis, sucrose percentage 

and fructose to glucose ratio 

Reducing sugar contains glucose, 

fructose monosaccharide and some 

disaccharides such as maltose. This test 

was carried out based on Lyne-Eynon 

method using Fehling's solution A and B to 

measure invert sugar (mg) required for 

copper reduction. The difference of 

reducing sugar before and after hydrolysis 

was multiplied by a coefficient of 0.95 to 

calculate sucrose percentage. The glucose 

level was obtained by adding iodine to 

sample solution, titrating with sodium 

sulfate to measure fructose to glucose 

ratio. The fructose value was calculated 

from difference between reducing sugar 

and glucose content before hydrolysis, 

consequently, desired ratio was attained by 

dividing their percentage (Codex, 2001).
 

 

- Hydroxymethylfurfural (HMF) 

determination using spectrophotometric 

assay (White) and diastatic ability 

Honey (5 g) was stirred in distilled 

water (25 mL), poured quantitatively into a 

50 mL volumetric flask, added using 0.5 

mL Carrez I and II solutions and blend to 

50 mL with distilled water. The solution 

was refined using paper rejecting first 

filtrate (10 mL). Aliquots (5 mL) were 

placed in two assay tubes; to first tube was 

added 5 mL water (sample solution); to 

second was added 5 mL sodium bisulphite 

solution 0.2 % (reference solution). The 

absorbance at 284 and 336 nm was 

measured using spectrophotometry 

(Thermo Scientific, Madison, WI, USA). 

HMF content was obtained through 

subtracting both absorbance readings 

(Equation 1).     

Equation 1     

    (    )  (    )          
 

 
 

 

A starch standard solution can be 

evaluated with iodine, was added to 

sample and placed in a water bath at 40 °C 

to calculate diastase activity. Under 

standard conditions, enzymes hydrolyze 

starch and also resulting color change was 

used as amplitude of reaction intensity 

detection. Then blue color reduction was 

measured at specified time intervals using 

mentioned spectrophotometer at a 

wavelength of 660 nm. The absorption 

diagram with a regression equation was 

used to obtain reaction time (Tx min) or 

specific absorbance (0.235). The diastase 

number (DN) was gained through 300 

divided by tx according to Equation 2 

(AOAC, 2000). 
 

Equation 2      
      

  
 
    

    
 
   

   
 
   

  
 

 

- Rheological behavior evaluation 

The viscosity calculations were 

accomplished at ambient temperature, by a 

Brookfield disc-type viscometer, an 

adapter for tiny specimens and spindle 

number LV, 4 (model programming 

rheometery DVIII, Brookfield Engineering 

Labs, INC. Stoughton, MA, USA). The 

measurement was replayed thrice for each 

sample (2.5 mL), and average viscosity 

(centipoise: Cp) was measured (Mooliani 
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and Nouri, 2021). However, device torque 

must be in range of 10 to 100 % in all 

these tests to attain reliable answers. 

 

- Assessment of total polyphenol and 

flavonoid 

Total phenolic contents were measured 

using Folin-Ciocalteu techniques. Briefly, 

honey solutions (0.1 g/mL), 1 mL Folin-

Ciocalteu reagent and 4 mL sodium 

carbonate (Na2CO3) were transferred to a 

target volume (25 mL). The solutions were 

incubated at room temperature for 1 h; 

absorbance was calculated at 765 nm 

against a distilled water blank on a UV–vis 

spectrophotometer (Thermo Scientific, 

Madison, WI, USA).  

Total flavonoids were determined as 

honey specimen was diluted in distilled 

water (0.3 g/ mL), solution (2 mL) was 

stirred with 0.5 mL aluminum chloride 

(AlCl3), then distilled water was added to a 

last volume (25 mL). Solutions improved a 

yellow color which absorbance was 

calculated spectrophotometrically at 425 

nm after maintaining solutions in dark for 

30 min (Zerrouk et al., 2017). 

 

- Measurement of free radical scavenging 

by DPPH method 

DPPH-free radical scavenging capacity 

was evaluated by stirring 0.75 ml honey 

specimen (10 mg / mL) with 0.75 mL 

DPPH in methanol (0.02 mL) and 

preserved in dark for 30 min (Basiri and 

Nouri, 2021). According to Equation 3, 

(Ac: control absorbance and As: sample 

absorbance) reaction absorbance was 

estimated at 517 nm by a UV/VIS 

spectrophotometer (Thermo Scientific, 

Madison, WI, USA). 
 

Equation 3    Free radical trapping (%) = 
     

  
      

 

- Statistical analysis 

Statistical model of combined variance 

analysis across locations was applied, 

therefore from two regions (Damavand and 

Izeh) and in each region, two vegetation 

types (thyme and astragalus) were 

considered. In order to determine the 

difference between mean numbers, 

Duncan's multiple range test at 0.05 level 

was utilized. Correlation analysis 

technique, regression and also principal 

components were applied for additional 

analyzes and SAS software was employed 

in this research. 

 

Results and Discussion 

- Investigation of vegetation and 

meteorological statistics of Izeh and 

Damavand regions 

In order to ensure correct naming of 

astragalus and thyme honey, satellite 

images and land maps were evaluated. 

According to Figure. 1 (a), land area with a 

height of more than 2000 m is very high in 

Damavand, which is a suitable habitat for 

growth of astragalus and thyme. In 

addition to cultivated lands, rest of lands 

are relatively sparse pastures that have a 

unique place in cover of their native plants, 

astragalus and thyme. The height of Izeh 

region is from about 800 m to a little more 

than 2000 m. In this region, land area with 

a height of more than 2000 m is not very 

high, therefore astragalus and thyme are 

dominant in a specific land area and this 

area was applied to produce honey (Figure. 

1b). 

According to vegetation map and 

meteorological statistics of Damavand and 

Izeh regions, it was distinguished that 

Damavand has a colder climate than Izeh. 

On the other hand, area with a height more 

than 2000 m was significant in Damavand, 

thus there was enough space and time for 

growth and flowering of astragalus and 

thyme. In Izeh region, the altitudes of more 

than 2000 m were not very large, therefore 
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honey of this area were prepared more 

carefully compared to areas covered with 

astragalus and thyme.  

 

- Physicochemical parameters 

The results of comparing mean 

humidity revealed the highest rates for 

thyme (19.08 %) and astragalus (18.92 %) 

of Damavand and also the lowest for 

astragalus (16.16 %) and thyme of Izeh 

(16.71 %).  

The results represented that moisture 

content of all samples is close to codex 

alimentarius commission (17.5 to 18.5 %) 

which is effective on increasing honey 

shelf life (Bogdanov et al., 1999). 

Regarding to meteorological statistics of 

two regions, rainfall rate in Izeh region has 

been less than Damavand region during 

last ten years and this has led to an 

increase in nectar moisture of honey in 

Damavand. The moisture level in various 

Polish and Manuka honey samples ranged 

from 16.33 to 20.75 %, which was similar 

to present study (Jimenez et al., 2016). 

The maximum total solids were 

observed in astragalus (83.85 %) and 

thyme (83.25 %) of Izeh and minimum in 

thyme (80.93 %) and astragalus (81.08 %) 

of Damavand (Table. 1). Since the amount 

of total solids is obtained from difference 

between 100 % and moisture percentage, 

thus the result is quite logical and honey of 

Damavand had less total solids than Izeh 

region. The region, plant type (p <0.01) 

and interaction (p <0.05) were significant 

on moisture content and total solids, as 

illustrated in results of variance analysis. 

 

 
Fig. 1. Vegetation of Damavand (a), Vegetation of Izeh (b). 
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Table 1. Variance analysis of physicochemical and antioxidant tests of honey samples (mean ± SD) 
 

Astragalus Izeh Thyme Izeh 
Astragalus 

Damavand 
Thyme Damavand  

16.16
c
 ± 1.10 16.71

b
 ± 0.92 18.92

a
 ± 0.81 19.08

a
 ± 0.74 Moisture (%) 

83/85
b
 ± 0.52 83.25

b
 ± 0.43 81/08

a
 ± 0.70 80.93

a
 ± 0.65 Total solids (%) 

81/74
a
 ± 0.40 80.25

a
 ± 0.25 80/58

a
 ± 0.44 79.09

a
 ± 0.50 Total soluble solids (%) 

0.50
b
 ± 0.02 0.49

b
 ± 0.05 0.59

a
 ± 0.01 0.57

a
 ± 0.02 Ash (%) 

4.20
b
 ± 0.03 4.32

b
 ± 0.06 4.63

a
 ± 0.04 4.66

a
 ± 0.01 pH 

21.80
c
 ± 0.22 22.62

b
 ± 0.18 22.32

b
 ± 0.13 23.14

a
 ± 0.22 Acidity (mEq/kg) 

72.74
b
 ± 0.34 72.78

b
 ± 0.33 72.94

b
 ± 0.25 73.63

a
 ± 0.43 Total sugar (%) 

69.26
b
 ± 0.81 72.28

a
 ± 1.10 69.79

b
 ± 0.62 73.07

a
 ± 1.20 Reducing sugar (%) 

3.48
a
 ± 0.06 0.50

b
 ± 0.02 3.15

a
 ± 0.09 0.56

b
 ± 0.03 Sucrose (%) 

1.09
a
 ± 0.04 1.25

a
 ± 0.07 1.06

a
 ± 0.03 1.31

a
 ± 0.05 Fructose to glucose ratio (%) 

11.06
a
 ± 1.03 10.12

b
 ± 0.91 6.3

c
 ± 0.85 4.7

d
 ± 0.72 HMF (mg / Kg) 

10.13
a
 ± 1.31 9.27

b
 ± 1.61 10.02

a
 ± 1.21 8.63

b
 ± 1.40 Diastase (DN) 

24705
a
 ± 20.41 23515

b
 ± 23.07 22620

c
 ± 18.22 21940

d
 ± 15.16 Viscosity 

23.96
c
 ± 1.33 27.44

b
 ± 1.08 24.01

c
 ± 2.10 30.03

a
 ± 1.23 Total phenolic content (mg gallic acid 

/ 100 g honey) 

12.31
b
 ± 0.19 17.24

a
 ± 0.76 12.27

b
 ± 0.21 16.51

a
 ± 0.47 Flavonoids (mg quercetin / 100 g 

honey) 

44.96
b
 ± 1.07 51.34

a
 ± 1.15 45.26

b
 ± 1.25 52.89

a
 ± 1.23 DPPH (%) 

 

The results of comparing means 

displayed the most water soluble solids for 

astragalus of Izeh (81.74 %) and the lowest 

for thyme of Damavand (79.09 %).  

Plant species, regional humidity and 

geography had a significant impact on total 

amount of water-soluble solids. Damavand 

honey had more moisture, which indicated 

lower water-soluble solids and a negative 

correlation was observed between these 

two factors (Y = 1.8335X + 113.91, R
2
 = 

0.87). Total soluble solids of Ziziphus lotus 

(jujube) honey produced in Algeria were 

84.32 and 83.19 %, which is close to our 

results (Zerrouk et al., 2017). The analyzed 

Nigerian honey had total solids in range of 

82.10 to 84.31 % and soluble solids from 

80.96 to 82.00 % (Ndife et al., 2014). 

The highest ash was distinguished in 

Damavand (0.59 %) and the lowest in Izeh 

(0.49 %) (Table. 1). Variance analysis for 

water soluble solids and ash exhibited that 

land area and plant type were significant (p 

<0.01). 

In all samples, low level of this factor 

revealed plant origin and naturalness, 

which was in accordance with international 

standards 0.6 g / 100 g honey (Bogdanov 

et al., 1999). Thyme honey of Damavand 

with a darker color had more ash content 

than other samples (0.59 %) and astragalus 

honey of Izeh with lighter color had the 

lowest ash. The honey ash from 

Scaptotrigona mexicana bee was varied 

from 0.436 to 0.560 %, which was in line 

with present review (Jimenez et al., 2016). 

The results of comparing means 

demonstrated maximum pH for astragalus 

(4.63) and thyme (4.66) of Damavand and 

minimum for astragalus (4.20) and thyme 

(4.32) of Izeh. The highest acidity was 

detected for honey of Damavand (23.14 

mEq / kg) and the lowest for Izeh (21.80 

mEq / kg). The results also indicated the 

greatest acidity (22.62 mEq / kg) in thyme 

honey and the lowest (22.32 mEq / kg) in 

astragalus honey (Table. 1). The results of 

variance analysis showed that growth area 

and plant type at 1% level were significant 

on pH and acidity.  

The pH level and acidity value of all 

samples were distinguished in the standard 
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range. The enhancement of honey shelf life 

leads to fermentation and increases its 

acidity. In codex alimentarius commission, 

standard acidity level is expressed as 50 

(mEq / kg). In general, honey acidity 

varies according to the differences in 

honey origin, harvest season, geographical 

area, nectar type and moisture (Mesele, 

2020). Acidity had a significant negative 

relationship with pH and a positive 

correlation was observed between ash and 

acidity of samples (Y = 1.723X + 22.243, 

R
2
 = 0.97). The more honey acidity acts a 

prominent role in transformation of sugars 

into organic acids, which donates to honey 

flavour and stability against microbial 

deterioration.
13

 It was represented that 

mean pH 3.5 and acidity 34.10 (mEq / kg) 

of honey from Scaptotrigona mexicana bee 

were detected (Jimenez et al., 2016). Mean 

pH 5.5 and acidity 12.5 mEq / kg of 

Ziziphus lotus (jujube) honey were 

reported (Zerrouk et al., 2017). Honey of 

Tamil Nadu region had a pH 4.75 and an 

acidity of 17.53 mEq / kg (Begum et al., 

2015). 

 

- Sugar parameters  

The results of comparing means (Table. 

1) represented the most total sugar content 

for thyme (73.63 %) and astragalus (72.94 

%) of Damavand and the least for 

astragalus (72.74 %) and thyme (72.78 %) 

of Izeh. The highest reducing sugar is 

detected in thyme of Damavand (73.07 %) 

and Izeh (72.28 %), and the lowest in 

astragalus of Damavand (69.79 %) and 

Izeh (69.26 %). The results of variance 

analysis exposed that growth area, plant 

type and interaction at 1 % level were 

significant on total sugar and reducing 

sugar. 

The sucrose content for astragalus and 

thyme honey in Damavand and Izeh was 

3.48, 3.15, 0.56 and 0.50 %, respectively 

(Table. 1). 

The results of variance analysis 

expressed that plant type or interaction at 

1% level and growth area at 5 % level 

were significant. Among samples, the least 

sucrose belonged to thyme honey of Izeh. 

The results of comparing means 

revealed the highest fructose to glucose 

ratio for thyme of Damavand (1.31 %) and 

Izeh (1.25 %), and the lowest for 

astragalus of Damavand (1.06 %) and Izeh 

(1.09 %) as presented in Table. 1. The 

results of variance analysis illustrated that 

growth area, plant type and interaction 

were significant (p <0.01). 

According to codex alimentarius 

commission, minimum reducing sugar is 

65 %. The data of present examination 

exhibited that most of soluble sugars in 

samples were consisted of reducing sugar 

and their amount is higher than standard 

(65 %). The maximum reducing sugars 

before hydrolysis (total sugar) belonged to 

thyme honey of Damavand. The essential 

reducing sugar of honey in Eastern Africa 

accounts 65 to 75 % of total sugar, which 

was in accordance with results of present 

study (Mesele, 2020). 

The difference between reducing sugar 

before and after hydrolysis measures the 

amount of sucrose, and makes it up about 1 

% of honey dry matter. Sucrose and invert 

sugar are crucial parameters for separating 

honey from each other (Liu et al., 2020).
 
In 

present investigation, the amount of this 

factor in all samples was less than standard 

of 5 % (Codex, 2001). 

The percentage of fructose to glucose 

ratio refers to variety of flowers from 

which honey samples originated. The 

major monosaccharaides are glucose, 

fructose and actual fructose to glucose 

ratio depends to a large extent on nectar 

source (Zerrouk et al., 2017). The standard 

rate for this factor is at least 0.9 % (Codex, 

2001). Honey with a high ratio of fructose 

to glucose will stay liquid for a longer 
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time. The fructose to glucose ratio also 

affects taste of honey because fructose is 

much sweeter than glucose (Ndife et al., 

2014).
 

The fructose to glucose ratio 

illustrates honey ability to crystallize. 

When this ratio exceeds 1.3 and increases 

or less than 1, crystallization rate decreases 

(Mesele, 2020). Fructose to glucose ratio 

and sucrose concentration were identified 

as adequate evidences for differentiation 

between monofloral honeys (Liu et al., 

2020). In present study, the scope of this 

factor was not large, which was evidence 

of single flower honeys. 

Total sugar, reducing sugar and also 

sucrose content of honey samples were 

78.79, 71.79 and 7.54 g / 100 g, 

respectively (Begum et al., 2015). Honey 

from Tamil Nadu region contained total 

sugar 78.79 g / 100 g, reducing sugar 71.79 

g / 100 g and sucrose 7.543 g / 100 g 

(Begum et al., 2015). In sugar content of 

Ziziphus lotus (jujube) honey, the 

percentage of fructose, glucose, sucrose 

and fructose to glucose ratio were 40.8, 

30.7, 2.1 and 1.30 g / 100 g, respectively, 

which numbers were similar to results of 

present study (Zerrouk et al., 2017). 

 

- Qualitative factors 

The results of comparing means 

displayed the highest HMF in astragalus 

(11.06 mg / kg) and thyme (10.12 mg / kg) 

honey of Izeh and the lowest in thyme (4.7 

mg / kg) and astragalus (6.3 mg / kg) 

honey of Damavand (Table. 1). The results 

of variance analysis exhibited that growth 

area and plant type (p <0.01) and also 

interaction (p <0.05) were significant. 

All samples had allowable limit of 

HMF content and the reason for increasing 

the amount of this factor in samples of Izeh 

region was warmer and drier climatic 

conditions of that region compared to 

Damavand. According to codex and 

European Union, maximum permissible 

level of HMF in honey is 40 (mg / kg), but 

there are exceptions, such as 80 (mg / kg) 

for honey from tropical countries and 15 

(mg / kg) for honey with low enzymatic 

activity. Acidity, pH, plant type, storage 

time and temperature affect HMF content. 

Thus, for honey with a pH less than 4, a 

range of HMF lower than 40 (mg / kg) and 

for honey with a pH greater than 4, a limit 

less than 20 to 25 (mg / kg) should be 

considered (Subramanian et al., 2007).
 
The 

33 samples of honey from western Nepal 

revealed that HMF level increases with 

high heat and honey shelf life (Muli et al., 

2007). The result of current study was 

similar to studies obtained by other 

researches (Begum et al., 2015; Jimenez et 

al., 2016; El-Kazafy et al., 2020). 

Diastase activity was found in 

astragalus honey of Damavand (10.02 DN) 

and Izeh (10.13 DN) and in thyme honey 

of Damavand (8.63 DN) and Izeh (9.27 

DN), as depicted in Table. 1. Analysis of 

variance demonstrated that growth area, 

plant type and interaction were significant 

(p <0.01). 

According to other researchers, plant 

type used by bees significantly affects 

diastase content of honey (Da Silva et al., 

2016). In present study, diastase content of 

various honey types obtained from thyme 

and astragalus species were significantly 

different. A positive correlation was 

distinguished between sucrose sugar and 

diastase number so that samples of honey 

in Izeh with more sucrose had higher 

diastase number (Y= 0.5375X + 0.9984, R
2
 

= 0.98), which was similar to results 

gained by researchers (Blidi et al., 2017; 

Tomczyk et al., 2019).  

Since there were no samples that had 

high HMF and low diastasis, which were 

both indicators of honey heating, so honey 

storage under appropriate temperature 

conditions was confirmed.  
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- Viscosity 

The most viscosity characterized in 

astragalus (24705 cP) and thyme (23515 

cP) of Izeh, and also the least in thyme 

(21940 cP) and astragalus (22620 cP) of 

Damavand (Table. 1). Growth area, plant 

type and interaction (p <0.01) were 

significant on viscosity.  

Regarding to decreasing water content 

in samples, honey viscosity increased. A 

negative correlation was recognized 

between moisture and viscosity (Y = 

0.0012X + 24.10, R
2
 = 0.83). The result of 

present research was similar to studies 

achieved by pervious researchers (Begum 

et al., 2015; Jimenez et al., 2016).
 
Honey 

viscosity from Scaptotrigona mexicana bee 

(Jimenez et al., 2016) was less than this 

factor in our study (23.82 %), because 

moisture content of sample in mentioned 

study was higher than moisture level of 

Damavand thyme honey (19.08 %).  

 

- Total polyphenol, flavonoid content and 

antioxidant activity of honeys 

The results of variance analysis 

exhibited that growth area and plant type at 

1% level were significant on total phenolic 

content and antioxidant activity, but plant 

type and interaction at 1 % level and 

growth area at 5 % level were significant 

on flavonoids. 

In Table. 1, the results of comparing 

means revealed the highest total phenolic 

compounds for thyme honey of Damavand 

(30.03 mg gallic acid / 100 g honey) and 

the lowest for astragalus honey of Izeh 

(23.96 mg gallic acid / 100 g honey). 

Moreover, this Table showed maximum 

flavonoid compounds in thyme honey of 

Damavand (16.51 mg catechin / 100 g 

honey) and thyme honey of Izeh (17.24 mg 

catechin / 100 g honey). The minimum 

flavonoid compounds are detected in 

astragalus honey of Damavand (12.27 mg 

catechin / 100 g honey) and astragalus 

honey of Izeh (12.12 mg catechin / 100 g 

honey).  

The results of comparing means 

indicated that the highest DPPH was 

related to thyme of Damavand (52.89 %) 

and Izeh (51.34 %) and the lowest was 

related to astragalus of Damavand (45.26 

%) and Izeh (44.96 %) as depicted in 

Table. 1. 

Antioxidant compositions are among 

the most active physiological combinations 

in products (Hematian et al., 2020). Honey 

contains a variety of enzymatic and non-

enzymatic antioxidants including glucose 

oxidase, catalase, L-ascorbic acid, 

flavonoids (quercetin, kaempferol, 

galangin, naringin, luteolin and 

pinocembrin), phenolic acids (caffeic acid, 

cinnamic acid, gallic acid, coumaric and 

chlorogenic), carotenoids, organic acids, 

amino acids and proteins (Hossain et al., 

2018). Honey obtained from thyme in both 

regions had a darker color and more 

phenolic compounds were detected in 

these two specimens. However, Damavand 

thyme honey with the darkest color had the 

most phenolic contents. Honey specimens 

of astragalus with lower phenolic and 

flavonoid levels had less antioxidant 

activities than thyme, which was in line 

with previous researchers (Sagdic et al., 

2013; Zarei et al., 2019; Babashpour-Asl 

& Piryaei, 2022).
 
The reason for difference 

between phenolic and flavonoid 

compounds to region conditions and 

various plants from which honey was 

prepared, thus in current study we also 

expressed this issue ((Nouri & Shafaghi 

Rad, 2021). The mean of total polyphenols 

and DPPH radical scavenging activity (%) 

of honey from Scaptotrigona mexicana bee 

were 38.5 and 16.20 % (mg gallic acid / 

100 g), respectively (Jimenez et al., 2016). 

A study conducted in Malaysia displayed 

that total phenolic content of studied 

honeys was 65.67 to 114.38 (mg gallic 
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acid / 100 g honey), the amount of 

flavonoids was 12.41 to 17.67 (mg 

Catechin / g honey) and antioxidant 

activity ranged from 27.12 to 67.66 % 

(Tuksitha et al., 2018).  

Since, main purpose of this study was to 

calculate amount and factors affecting 

antioxidant features of astragalus and 

thyme honey samples in Damavand and 

Izeh regions, in this section, we 

investigated correlation and regression 

relationships of DPPH. According to 

results of correlation, regression and 

decomposition into principal components, 

ash, total phenolic, total sugar and 

flavonoids variables were reliable and had 

positive effects on DPPH. Furthermore, 

factors such as sucrose, reducing sugars 

and also diastase had a negative effect on 

DPPH. 

 

- Correlation and regression  

The correlation of DPPH variable with 

ash, total phenolic content, total sugar, 

fructose to glucose ratio and flavonoid was 

a parallel, positive and very strong 

relationship according to results of simple 

correlation analysis, but there was a non-

parallel, negative and strong relationship 

between diastase activities, sucrose and 

reducing sugar (Table. 2). 

In stepwise regression analysis, DPPH 

variable was taken as a function variable and 

other measured traits were considered as 

independent factors. The results of variance 

analysis exhibited that regression 

relationship was significant at 1 % level 

(Table. 3). The efficient properties on DPPH 

including HMF, ash, total phenolic 

compounds and flavonoid had a positive 

effect and traits of sucrose and fructose to 

glucose ratio had a negative effect (Table. 4). 

The main and independent parameters 

identified total variance (97 %) in 

decomposition into principal components. 

The initial factor determined changes (64 %) 

for variables including DPPH, ash, total 

phenolic content and total sugar (positive 

effects), diastase and rheological traits 

(negative effects). The second factor was 

assigned to changes (33 %) of variables such 

as HMF, water soluble solids, total solids 

and flavonoids (positive effect) as well as 

pH, acidity, moisture, sucrose and also 

reducing sugar (negative effect, Table. 5). 

 

Conclusion 

It was concluded that physicochemical 

properties of honey can be attributed to 

plant species from which bees fed. They 

can be distinguished between honeys 

produced by two target regions with 

different geographical conditions. The 

results showed that astragalus and thyme 

honey harvested from both Izeh and 

Damavand regions had a quality in 

accordance with standards of codex 

alimentarius commission. The positive, 

parallel and very strong relationship 

between DPPH variable and properties of 

total phenolic contents, total sugar, ash, 

flavonoids and fructose to glucose ratio 

was revealed by conclusions of simple 

correlation analysis. The effective features 

on DPPH containing ash, HMF, flavonoids 

and total phenolic levels had a positive 

impact and traits of sucrose and fructose to 

glucose ratio had a negative impact.   
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Table 2. correlation analysis results of DPPH with physicochemical and antioxidant activities of honey samples 
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Table 3. Stepwise regression to select the variables that determine DPPH changes 
 

F Average of squares Sum of squares Degrees of freedom Source of change 

18655.27
**

 0.01 0.061 6 Regression 

 0.000001 0.000003 5 Residual 

 - 0.06 11 Total 
 

**
Significant at the level of 1% and 

*
Significant at the level of 5% 

 

Table 4. Stepwise regression results for DPPH 
 

Regression coefficients Symbol Fixed variable 

-48.90 a Width of origin 

0.030 X1 HMF 

0.428 X2 Ash 

-0.116 X3 Sucrose 

0.180 X4 Total phenolic content 

0.048 X5 Flavonoids 

-0.19 X6 Fructose to glucose ratio 

Corrected R
2
 Regression equation Step 

4.99 YPP=-9.48+0.03X1+0.428X2-0.116X3+0.048X4+3.35X5-0.19X6 Step 5 

 

Table 5. Results of decomposition into principal components for the studied traits 
 

Coefficients of common factors 
Traits 

The second factor The first factor 

0.230 0.264 DPPH 

0.259 -0.25 HMF 

-0.279 0.235 pH 

-0.268 0.245 Acidity (mEq/kg) 

0.196 0.278 Ash 

-0.154 -0.286 Diastase 

0.174 -0.282 Viscosity 

-0.295 0.227 Moisture 

-0.259 -0.248 Sucrose 

0.224 0.266 Total phenolic content 

-0.310 -0.204 Reducing sugar 

-0.103 0.271 Total sugar 

0.300 -0.226 Total soluble solids 

0.295 -0.227 Total solids 

0.243 -0.253 Fructose to glucose ratio 

0.302 0.221 Flavonoids 

5.26 10.32 Eigenvalues 

0.33 0.64 Variance 

0.97 0.64 Cumulative variance 
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