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Introduction
Honey is a common natural sweetener that is found worldwide. 

It is obtained from honeybees, which process the nectar of flowers 
or the secretions of living parts of plants. The floral source used by 
bees is the main variable that determines the composition of the 
honey they produce [1], and therefore the chemical composition of 
honey is also often related to the geographical area of production. 
Other factors that may affect honey during processing by humans 
include the addition of enzymes and the reduction of water content. 
It is also important that honey is stored in clean, dry conditions at 
an appropriate temperature and humidity level. Bee honey is one 
of the few virtually totally non-allergenic foods that the human 
body can easily assimilate. It contains many nutrients and is a good 
energy provider [2], since it is rich in carbohydrates (80–85%), 
and honey sugars are as easily digestible as those found in many  

 
fruits [3]. Bogdanov et al. (2004) found more than twenty sugars 
present in honey, with fructose and glucose being the major ones 
[4,5]. Furthermore, the sum of the fructose and glucose content, 
the fructose: glucose ratio, and the glucose: water ratio are other 
important factors related to honey quality. 

The fructose: glucose ratio indicates the ability of honey to crys-
tallize [3-8]. Honey contains more than 200 substances, including 
amino acids, enzymes, proteins, vitamins, minerals, ash, organic 
acids, and phenol compounds. The moisture content of bee honey 
is of major importance for its resistance to fermentation and gran-
ulation, since low moisture content protects honey from microbi-
ological activity [8-10]. The combination of organic acids, water, 
and sugars can lead to the formation of furanic aldehydes, the most 
important of which in food products is 5-hydroxymethyl-2-furfural-
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ARTICLE INFO Abstract

Honey is potentially useful source of dietary antioxidants which can be used as 
medicinal purposes. Honey is a product which is result from nectar of flowers. The majority 
of honey is sugar which is bonded with antioxidant components. The physicochemical 
parameters of eight Iranian honey samples from different botanical origins were 
characterized in this study. Differences in their pH, moisture, sugar, and phenolic profiles 
were observed. Different Iranian honeys contain different carbohydrate compositions. 
The relationship between different parameters, such as phenolic concentration, color, 
antioxidant properties, moisture content, and Hydroxymethylfurfural (HMF) content 
were established. High correlations between total phenolic content and radical scavenging 
properties, moisture content and antioxidant properties were observed for all of the 
samples. The correlation between HMF content and honey color was also observed in the 
eight types of honey. A high positive correlation was found between the two assays used 
to measure the antioxidant activity of honey and its total phenolic content, indicating 
the major contribution of phenolic to the antioxidant activity of honey, although there 
may be other minor factors involved. There was a linear correlation between the water 
content of honeys and their antioxidant activities. The values of antioxidant activity and 
phenolic content differed amongst the honey samples, which may reflect their different 
floral sources. Physicochemical properties are vital to find pure honey which can be used 
in medicine. The correlation between these properties with antioxidant capacities is a 
simple way to understand honey purity.
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dehyde (HMF) [11]. Furanic aldehydes are usually formed via one 
of two pathways: the Maillard reaction [12],or the dehydration of 
hexoses catalyzed by acid [13]. The concentration of HMF in food is 
related to its quality and freshness, being virtually absent in fresh 
and untreated food, with increasing concentrations occurring as a 
result of thermal treatment and longer storage times [11]. Other 
parameters linked to honey freshness or quality include its colour 
and its diastase index [12-14]. Therefore, understanding the chem-
ical and physical characteristics of honey is necessary in order to 
evaluate the quality of the sweetener or to detect the presence of 
adulterants. It is important to understand the physicochemical 
properties of honey if its quality is to be determined [15], which is 
what the work reported here sets out to do. 

Materials & Methods

Preparation of Honey Samples

In this study eight honey samples, from different seasons, were 
initially harvested from the northeast region of Iran. If any foreign 
matter, such as wax, sticks, bees, or particles of comb were present 
in the honey it was heated to 40˚C in a water-bath then strained 
through cheesecloth before sampling. If the samples were free from 
granulation, they were mixed thoroughly by stirring or shaking; if 
they were granulated, they were placed in closed containers in a 
water-bath and heated for 30 minutes at 60˚C until the granules 
melted. The temperature was increased to 65˚C if necessary. 
Occasional shaking was required during the heating process. 
A Gallenkamp model IH-1 50 incubators were used to control 
the incubation conditions. The temperature of the incubator 
was electronically controlled and verified against a calibrated 
thermometer. The eight samples were taken to represent the best 
honey available from one region. They were subsequently analysed 
to determine their sugar content, using standards accepted by 
both the Iranian and Malaysian standardization departments, and 
following the Codex Alimentarius standards. 

Analysis Methods

The pH of the honey was measured using a pH meter (Accumet® 
950 pH/ion Meter).The protocol used to measure moisture content 
for this study was based on the refractometric method of Bogdanov 
[16].The method used to analyse the Hydroxymethylfurfural (HMF) 
content was based on the original work [17]. The HMF content, 
expressed in mg/kg of sample, was calculated using the following 
formula:

( )284 336  149.7 5 /A A D W− × × ×

The percentage sugar content of the honey samples was 
determined in two ways. The first used gas Chromatography (GC) 
method, adapted from Doner (1977) with some modifications (18). 
The second method used High Performance Liquid Chromatography 
(HPLC) to analyse the sugar profile of the honey samples according 
to Bogdanov and Baumann’s method [19]. 

Total Phenolic Content and Antioxidant Activities 

The total phenolic content of the honey samples was 
estimated by a colourimetric method based on the Folin-Ciocalteu 
assay. To determine the antioxidant activity of the samples, a 
spectrophotometric DPPH (2,2-diphenyl-1-picrylhydrazyl) free 
radical scavenging assay was used [20,21]. The antiradical activity 
(ARA) of honey was expressed as percentage inhibition of DPPH 
radicals by the honey and was calculated as follows:

( ) ( ) %   /   100ARA AB AT AB x  = −

AB = Absorbance of DPPH radical blank, AT = Absorbance of test 
sample with DPPH radical Determination of the total antioxidant 
power of honey was carried out by a ferric reducing/antioxidant 
power (FRAP) assay [21]. 

Colour Intensity: ABS450

The net absorbance of the honey samples was determined using 
the method of Beretta et al. [22]. The honey samples were diluted to 
50% (w/v) with warm (45-50ºC) Milli-Q TM water and the solution 
was filtered through a 0.45μm filter. The absorbance was measured 
using a spectrophotometer at 450 and 720nm and the difference in 
absorbance was expressed as absorbance units (Au) [22].

Statistical Analysis

Data were analyzed using the SPSS and SAS computer software 
packages (INC., 1985). A complete random design was used. Arcsine 
transformation of all percentage and ratio data before ANOVA 
analysis was done in order to normalize the data.

Results & Discussion

Physicochemical Properties of the Honey Samples

Analysis of pH Values: All of the honey samples had weak acidic 
properties, with pH values ranging from 3.14 to 4.95. In general, 
honey is acidic in nature, regardless of its geographical origin.  
Honey generally tastes like weak acid. Acids in honey represent less 
than 0.5 percent of its total composition. The level of acidity not 
only contributes to its taste but is also responsible for the stability 
of honey against various microorganisms. It has been reported that 
the high acidity of honey is caused by the fermentation of sugar 
into organic acids, which are thought to be responsible for honey’s 
flavour and stability against microbial spoilage [16]. Various 
organic acids have been characterized in honey, of which gluconic 
acid is the most important. Other acids present in honey are formic, 
acetic, butyric, lactic, oxalic, tartaric, maleic, succinic, pyruvic, 
pyroglutamic, α-ketoglutaric glycolic, citric and malic acids [23,24].

   Analysis of Moisture Content

Water content is a good criterion with which to establish the 
quality of honey(based on the Codex Alimentarius standards for 
honey, which state that water content must not be more than 20%). 
For the honey samples tested here, water content values of between 
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17.1g/100g (saffron honey) and 19.8 g /100 g (citrus honey) were 
obtained.  In addition to honey number 4, the other five honey 
samples with a high moisture content were honey numbers 5, 2, 
3, 6 and 8, with moisture contents of 18.1%, 18.3%, 18.7%, 19.2%, 
19.5% and 19.6%, respectively. The moisture content of honey 
depends on various factors, such as the harvesting season, the 
degree of honey maturity in the hive, and climatic factors [25]. Low 
moisture content has been reported to be advantageous, as it can 
promote a longer shelf life during storage [23].  

Analysis of Hydroxymethylfurfural (Hmf) Content

The HMF content was shown to be highest in berberis honey, 
with a value of 0.78± 0.37 mg/kg, andlowest in citrus honey, which 
contained 0.011± 3.6 mg/kg HMF (Table 1). HMF is an important 

indicator of honey purity, as HMF content is widely recognized as 
a parameter that indicates the freshness of honey [24]. High con-
centrations of HMF in honey are an indicator of overheating and 
storage in poor conditions. According to the Codex Alimentarius 
Commission honey standards [16], the HMF concentration in hon-
ey should not exceed 60g/100g. Aside from storage conditions, 
such as temperature, the age of honey and floral sources can also 
influence HMF levels [24-26]. It has been reported that HMF con-
centrations in honey stored for longer periods (12 – 24 months) 
increased to levels that exceed those considered suitable and safe 
for human consumption [27]. The low levels of HMF in the select-
ed Iranian honeys indicate their freshness and lack of exposure to 
extreme heat.   

Table 1: HMF content of eight selected Iranian honeys as analysed by a spectrophotometric method.

Honey Type Saffron Berberis Vulgare Citrus Thyme Tamarix Polyfloral Sunflower

HMF (mglkg) 0.18± 0.02 0.78± 0.03 0.34± 0.09 0.01± 0.03 0.45± 0.01 0.29± 0.03 0.70± 0.02 0.69± 0.01

Characterization of Sugar Profiles in Honey Samples Using 
Gas Chromatography (Gc) and High-Performance Liquid 
Chromatography (HPLC)

All of the samples contained a very high percentage of sugars 
(75%), which was to be expected since these compounds are 
the most abundant nutrients found in honey [14]. No significant 
statistical differences between the sugar content in each of the 
honey samples were observed. The fructose, glucose, sucrose and 
maltose contents of the honey samples were analyzed using both GC 
and HPLC. The proportions of these sugars, along with the fructose: 
glucose (F:G) ratio found in each honey sample, are presented in 
Table 2. Fructose was the main sugar found in all eight of the honey 

samples, followed by glucose, maltose and sucrose. There were 
differences between the results of the sugar content as measured 
using GC compared with HPLC (Table 2). Generally, honeys with 
a high fructose content are sweeter compared to those with a 
high glucose content. A higher fructose content will increase the 
fructose: glucose ratio of a honey, making it more than one. This is 
taken to be an indicator of a good quality honey, and it also reduces 
a honey’s tendency to granulate. In this study, it was assumed that 
sugars could ionize better during GC than during HPLC. Therefore, 
the differences in sugar content seen between the GC and HPLC 
methods could be due to differences in the polarity of the sugars. 
Generally, GC is more reliable for analysis of polar compounds like 
sugars, whereas HPLC is better for non-polar compounds.

Table 2: The proportion of sugars and the fructose:glucose (F:G) ratio in eight selected honey samples,as measured using Gas 
Chromatography(GC) and High Performance Liquid Chromatography (HPLC).

Honey Fructose (%) Glucose (%) Sucrose (%) Maltose (%) F:G ratio

Type GC HPLC GC HPLC GC HPLC GC HPLC GC HPLC

Saffron
35.47±

37.77 ±1.81 31.66±3.8
29.47± 1.24± 0.02± 5.28± 4.07±

1.08 1.28
2.17 1.93 0.61 0.03 0.16 0.77

Berberis
38.31± 32.38±

22.09±2.32
29.0± 0.55±

N.D.
7.13± 3.0±

1.73 1.1
1.72 3.19 3 0.41 0.29 0.17

Vulgare
39.21± 34.44±

28.34±1.79
27.80± 0.26± 0.07± 9.29± 7.19±

1.38 1.24
2.48 4.57 2.66 0.11 0.05 0.18 1.1

Citrus
45.52± 32.76±

25.81±1.43
31.38± 0.50± 0.50± 5.19± 4.61±

1.76 1.04
2.53 2.61 2.4 0.51 0.11 0.49 0.05

Thyme
34.25± 33.46± 28.22± 29.49± 0.23± 0.13± 11.65± 4.20±

1.21 1.13
1.52 3.17 2.37 2.85 0.79 0.13 0.72 0.61

Tamarix
37.73± 38.37± 19.11± 31.0± 0.62±

N.D.
15.21± 4.42±

1.97 1.21
3.71 8.56 3.9 6 0.15 0.66 1.04

Polyfloral
42.28± 32.76± 27.68± 26.0± 0.20±

N.D.
6.59± 4.93±

1.52 1.25
3.12 1.56 5.29 1 0.2 1.03 0.64

Sunflower
39.44± 32.83± 28.88± 30.0± 1.75±

N.D.
6.9± 4.86±

1.36 1.06
1.56 2.13 2.03 1 0.29 0.81 0.21
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Honey Color

The color of honey is one of the characteristics that serve 
to indicate the plant source. In this study, the color of the honey 
samples ranged from light yellow (citrus honey = 0.430 Au), yellow 
(sunflower honey = 0.456 Au), through orange (thyme honey = 
0.479Au), light red (polyfloral honey = 0.570Au), red (vulgare 
honey = 0.681Au), red-brown (berberis honey = 0.695Au), light 
brown (tamarix honey = 0.836Au) and dark brown (saffron honey = 
0.972Au). Other researchers have found that dark-coloured honeys 
have a higher total phenolic content and consequently a higher 
antioxidant capacity [22-28].      

Analyses for Total Phenolic Content and Antioxidant 
Activities

Determination of Total Phenolic Content: Of the Iranian 
honey samples tested, the total phenolic content of saffron honey 
was found to be the highest, with a value of 2.09 ±0.25 µg/mg, 

which differs significantly in comparison with the other types 
of Iranian honeys tested (P <0.001) (Table 3). Sunflower honey 
showed the lowest total phenolic content (0.29±0.48 µg/mg). A 
linear relationship existed between extract concentrations and 
their total phenolic content (Figure 1). 

Table 3: Determination of the total phenolic content of honey 
samples.

Type of Honey
Total phenolic content

(µg/mg)

Saffron 209.9 ±1.25

Berberis 195.7±1.82

Vulgare 130.5±1.74

Citrus 122.6±0.57

Thyme 115.7±1.39

Tamarix 109.2±0.05

Polyfloral 71.4±1.56

Sunflower 29.9±0.48

Figure 1: Total phenolic content of the ethyl acetate extracts of honey. Determination was carried out using the Folin-Ciocalteu 
reagent procedure and calculated from a standard gallic acid graph.

Determination of the Dpph Radical-Scavenging Activity of 
Honey (Dpph Assay): In this study, different honeys showed different 
antioxidant activities, depending on their botanical sources, which 
is in agreement with earlier studies [29]. The highest DPPH radical 
scavenging activity was seen in saffron honey, with a percentage 
inhibition of 82.4 ± 7.4%, whereas the lowest was in the polyfloral 
honey (36.29 ± 1.9%) (Table 4). However, following the liquid-liquid 
extraction, there was a significant loss of DPPH radical scavenging 
activities. In this instance, the thyme honey extract showed the 
highest DPPH radical scavenging activity (35.21 ± 0.04%), while 
the lowest was seen in the berberis honey extract (13.44 ± 0.04%) 
(Table 4). This implies that antioxidants responsible for the 
DPPH radical scavenging activities of honey are not only present 
in the ethyl acetate extract. Each crude honey sample and honey 

extract had specific DPPH radical scavenging capacities. The dose–
response curves of the DPPH radical scavenging activities of the 
honey extracts are shown in Figure 2. Reducing substances, such 
as some sugars and amino acids, may interfere with the antioxidant 
activity of honey [30]. In fact, honey samples contain some of 
these compounds, as well as other antioxidants that can lead 
to an increase in absorbance values and to positive errors in the 
determination of phenolics by the Folin-Ciocalteu method. From the 
analysis of (Table 4) we can also conclude that darkhoney contains 
the highest concentrations of other antioxidants, such as flavonoids 
(587.42mg/kg), ascorbic acid (145.80mg/kg) and beta-carotene 
(9.49mg/kg), which can also contribute to the better antioxidant 
properties observed in these samples. 
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Figure 2: Dose-response curves for the DPPH radical scavenging activity of the ethyl acetate extracts of the honey samples.

Table 4: The DPPH radical scavenging activities of crude honey 
and ethyl acetate extracts of honey samples.

Type of Honey

DPPH radical scavenging activity

(% inhibition)

Crude honey Ethyl acetate extract of honey

Saffron 82.4 ± 7.4 17.93 ± 0.04

Berberis 80.23 ± 3.82 13.44 ± 0.04

Vulgare 51.38 ± 1.65 15.32 ± 0.03

Citrus 66 ± 4.61 25.13 ± 0.13

Thyme 76.72 ± 3.08 35.21 ± 0.04

Tamarix 43.91 ± 2.47 24.39 ± 0.07

Polyfloral 36.29 ± 3.19 18.12 ± 0.01

Sunflower 45.77 ± 2.16 32.41 ± 0.02

Determination of the Total Antioxidant Power of Honey 
(Frap Assay): Different honeys showed different antioxidant 
activities in this study, which were dependent on their botanical 
sources [22].  The average FRAP values of the crude honey extracts 
ranged from 309.7 ± 24.1μM in sunflower honey, to 1247.5 ± 
13.5μM in saffron honey. Following extraction with ethyl acetate, 
there was a significant loss of ferric reducing activities (from 31.67 
± 14.2μM in sunflower honey to 82.22 ± 9.7μM in saffron honey). 
This again implies that antioxidants responsible for the antioxidant 
activities of honey are not only present in the ethyl acetate extract.  

A highly positive correlation was found between two 
parameters, which were the antioxidant activities of the honeys, and 
their phenolic contents, indicating the important role of phenolics 
in the antioxidant activity of honey. Therefore, a strong positive 
correlation was seen between DPPH radical scavenging activities 
and the total phenolic content of the honey samples. A moderately 
strong positive correlation was observed between FRAP and total 
phenolic content, providing further support for the contribution 
that polyphenols make in providing antioxidant activities.

Conclusion 
Honey is potentially useful source of dietary antioxidants. All of 

the selected Iranian honeys that were sampled and tested showed 
the presence of antioxidant activities. 
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