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Abstract: The aim of the present study was to characterize the physical, biochemical and 

antioxidant properties of Algerian honey samples (n = 4). Physical parameters, such as pH, 

moisture content, electrical conductivity (EC), total dissolved solids (TDS), color intensity, 

total sugar and sucrose content were measured. Several biochemical and antioxidant tests 

were performed to determine the antioxidant properties of the honey samples. The mean 

pH was 3.84 ± 0.01, and moisture the content was 13.21 ± 0.16%. The mean EC was  

0.636 ± 0.001, and the mean TDS was 316.92 ± 0.92. The mean color was 120.58 ± 0.64 mm 

Pfund, and the mean 5-hydroxymethylfurfural (HMF) content was 21.49 mg/kg. The mean 

total sugar and reducing sugar contents were 67.03 ± 0.68 g/mL and 64.72 ± 0.52 g/g, 

respectively. The mean sucrose content was 2.29 ± 0.65%. High mean values of phenolic 

(459.83 ± 1.92 mg gallic acid/kg), flavonoid (54.23 ± 0.62 mg catechin/kg), ascorbic acid 

(159.70 ± 0.78 mg/kg), AEAC (278.15 ± 4.34 mg/kg), protein (3381.83 ± 6.19 mg/kg) and 

proline (2131.47 ± 0.90) contents, as well as DPPH (39.57% ± 4.18) and FRAP activities 

[337.77 ± 1.01 µM Fe (II)/100 g], were also detected, indicating that Algerian honey has a 

high antioxidant potential. Strong positive correlations were found between flavonoid, 

proline and ascorbic acid contents and color intensity with DPPH and FRAP values. Thus, 

the present study revealed that Algerian honey is a good source of antioxidants. 
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1. Introduction 

Honey is a sweet and flavorful product that has been consumed over the years for its high 

nutritional values and beneficial effects on human health. According to a previous report [1], the 

chemical composition of honey is complex, containing approximately 181 substances including sugars, 

proteins, moisture, vitamins, minerals, 5-hydroxymethylfurfural (HMF), enzymes, flavonoids, phenolic 

acids and volatile compounds. The main constituents of honey are moisture, glucose, fructose, sucrose, 

minerals and proteins [2,3]. 

The quality of honey is mainly determined by its sensorial, chemical, physical and microbiological 

characteristics. The criteria for ensuring quality honey have been specified by the EC Directive 

2001/110 [4]. The major criteria are moisture content, electrical conductivity, ash content, reducing 

and non-reducing sugars, free acidity, diastase activity and HMF content [2,5]. 

Honey contains a number of compounds and the antioxidant properties of honey are well known. 

The antioxidant properties of honey are derived from both enzymatic (e.g., catalase, glucose oxidase 

and peroxidase) and nonenzymatic substances (e.g., ascorbic acid, α-tocopherol, carotenoids, amino 

acids, proteins, Maillard reaction products, flavonoids and phenolic acids) [5–7]. The amount and type 

of these antioxidants are largely dependent on the floral source or honey variety, and a correlation 

between antioxidant activity with total phenolic content has been established [5,7]. 

Although honey is widely consumed in Algeria, there is still a lack of information on the 

physicochemical and antioxidant properties of Algerian honeys. To date, some physicochemical 

properties of Algerian honeys, such as pH, moisture content, electrical conductivity, total sugar content 

and proline have been reported [8,9], but other important physicochemical properties, such as HMF, 

sucrose and protein contents, as well as antioxidant properties (phenolics, flavonoids, ascorbic acid, 

DPPH, FRAP, AEAC), have never been reported. 

2. Results and Discussion 

2.1. Physical Analyses 

2.1.1. pH of Honey 

Honey is naturally acidic irrespective of its geographical origin, which may be due to the presence 

of organic acids that contribute to its flavor and its stability against microbial spoilage. The pH of 

honey samples is important during the extraction process because it affects the texture of honey as well 

as its stability and shelf life [10]. 

All of the tested Algerian honey samples were acidic in nature, with pH values that varied between 

3.70 and 4.00 (Table 1). These values were similar to those previously reported for other honey  

samples from India, Brazil, Spain and Turkey, which were reported to have pHs between 3.49  

and 4.70 [11–13]. The pH values of Algerian honey samples have been previously reported to be  
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3.49–4.43 [9] and 3.29–4.37 [8]. A highly acidic honey sample indicates the possible fermentation of 

sugars into organic acids. None of the investigated samples exceeded the allowed limit, which may be 

considered as an index of freshness of all honey samples. 

Table 1. Physical parameters (pH, moisture content, EC, TDS, color characteristics and 

HMF concentrations) of Algerian honey. 

Sample pH 

Moisture 

content 

(%) 

mean ± SD 

Electrical 

Conductivity 

(EC) 

mean ± SD 

mS/cm 

Total 

dissolved 

solids (TDS) 

mean ± SD 

ppm 

HMF (mg/kg) 

mean ± SD 

ABS450 

(mAU; 50 w/v) 

mean ± SD 

AH-1 3.70 ± 0.0 d 13.73 ± 0.12 b 0.417 ± 0.0006 d 208.0 ± 1.00 d 22.60 ± 0.02 c 724.00 ± 2.00 d 

AH-2 3.87 ± 0.06 b 11.59 ± 0.31 c 0.806 ± 0.0012 a 399.3 ± 1.53 a 24.21 ± 0.16 a 873.67 ± 2.52 c 

AH-3 4.00 ± 0.00 a 14.13 ± 0.12 a 0.764 ± 0.0023 b 381.7 ± 0.58 b 23.93 ± 0.29 b 1103.00 ± 3.61 b 

AH-4 3.80 ± 0.00 c 13.39 ± 0.12 b 0.558 ± 0.0006 c 278.7 ± 0.58 c 15.23 ±0.14 a 1188.00 ± 1.73 a 

Mean 3.84 ± 0.01 13.21 ± 0.16 0.636 ± 0.001 316.92 ± 0.92 21.49 ± 0.15 972.16 ± 2.46 

Means are compared by using One way ANOVA-Post Hoc Multiple Comparisons; in each column, values with different 

letters (superscripts) indicate significant differences (p < 0.05). 

2.1.2. Moisture Content 

The moisture content in the investigated honey samples was between 11.59 and 14.13%, which are 

within the limit (≤20%) recommended by the international quality regulations [4,14] (Table 1). Water 

content is very important for the shelf life of honey during storage [15] and can lead to undesirable 

honey fermentation due to osmotolerant yeasts, which form ethyl alcohol and carbon dioxide [16]. 

Generally, all of the investigated Algerian honey samples were of good quality, as indicated by the low 

moisture content. 

2.1.3. Total Sugar Content 

The total sugar content of the honey tested was similar with the findings of other previously studied 

Algerian honeys [9]. None of the samples exceeded the highest limit set for total sugar content by the 

European community directive [4] (Table 2). 

Table 2. Reducing and non-reducing sugar content of Algerian honey. 

Sample Total sugar content 

mean ± SD% (g/mL) 

Reducing sugar 

mean ± SD (%) g/g 

Sucrose 

mean ± SD (%) 

AH-1 62.80 ± 1.06 a 60.19 ± 0.70 a 2.54 ± 0.71 a 

AH-2 65.73 ± 0.46 b 63.94 ± 0.67 b 1.80 ± 0.84 a 

AH-3 69.60 ± 0.40 a 67.08 ± 0.55 a 2.52 ± 0.37 a 

AH-4 70.00 ± 0.80 a 67.70 ± 0.18 a 2.30 ± 0.69 a 

Mean 67.03 ± 0.68 64.72 ± 0.52 2.29 ± 0.65 

Means are compared by using One way ANOVA-Post Hoc Multiple Comparisons. In each column, 

values with different letters (superscripts) indicate significant differences (p< 0.05). 
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2.1.4. Electrical Conductivity and Total Dissolved Solids 

EC is one of the most important factors for determining the physical characteristics of honey [17]. It 

is also an important physicochemical measurement for the authentication of unifloral honeys [18]. 

With the exception of a single sample (0.806 mS/cm), the EC values of samples were within the 

allowed parameters (lower than 0.8 mS/cm) (Table 1). The values of EC change when the amount of 

plant pollen decreases. According to Persano et al. [19], the nectars from some plants are ―stronger‖ 

than others, and even low contamination of honey with ―stronger‖ nectar can modify its sensory and 

physicochemical properties. The EC values of some Algerian honeys were reported to be 0.21–1.61 mS/cm 

in a previous study by Ouchemoukh et al. [9]. However, our results are similar to the findings 

previously reported by Saxena et al. [20] and Alvarez-Suarez et al. [21]. 

TDS is a measure of the combined content of all inorganic and organic substances in honey in the 

molecular, ionized or micro-granular (colloidal solution) suspended forms. Our results demonstrate 

that there is a good correlation between EC and TDS, indicating that both parameters can be used to 

determine honey purity. 

2.1.5. Color Characteristics 

The primary characteristic for honey classification is color, which is classified according to  

USDA-approved color standards [22]. Honey color varies naturally in a wide range of tones, ranging 

from light yellow to amber, dark amber and black, in extreme cases, and sometimes even green or red 

hues may occur [23]. The color of untreated honey depends on its botanical origins. For this reason, 

color is very important for the classification of monofloral honeys for commercial activities. Honey 

darkens with age, and other changes in color may result from the beekeeper’s interventions and 

different ways of conservation, such as the use of old honeycombs, contact with metals, and exposure 

to high temperatures or light. One of the Algerian honey samples (AH-3) was dark amber in color and 

has the highest Pfund value, whereas the other three honey samples were amber in color (Figure 1). 

Figure 1. Color characteristics of Algerian honey. 

 

http://en.wikipedia.org/wiki/Inorganic
http://en.wikipedia.org/wiki/Organic_compound
http://en.wikipedia.org/wiki/Sol_(colloid)
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2.1.6. Color intensity (ABS450) 

ABS450 is related to the presence of pigments, such as carotenoids and flavonoids, which are known 

to have antioxidant properties [24]. ABS450 values of the investigated samples ranged from 724 to 

1188 mAU (Table 1). This is the first ABS450 report for Algerian honey. The reported ABS450 values 

for some Italian, Slovenian and Indian honeys were reported to be 25–3413 mAU, 70–495 mAU and 

524–1678 mAU, respectively [13,25,26]. 

2.1.7. Determination of HMF Concentrations by HPLC Method 

HMF formation results from the acid-catalyzed dehydration of hexose sugars with fructose being 

particularly susceptible. In addition, HMF is only present in trace amounts in fresh honey, and its 

concentration has been reported to increase with storage and the prolonged heating of the honey. HMF 

is thus an essential parameter used to indicate honey purity. With the exception of a single sample 

(AH-4) that contained 15.23 mg/kg of HMF, the HMF concentrations of the remaining honey samples 

were similar, ranging from 22.60 to 24.21 mg/kg (Table 1). Notably, all HMF concentrations were 

within the recommended range set by the Codex Alimentarius [27] at 80 mg/kg. The values are also 

within the allowed maximum limit of 40 mg/kg, as recommended by the Turkish Alimentarus  

Codex [28] for honey samples from tropical countries. 

We compared our results with honey samples from different countries. Persano et al. [29] reported 

low HMF concentrations of two unprocessed Australian honey samples, Grey box and Banksia (1.35 

and 1.12 mg/kg, respectively). The HMF concentrations of some Australian honeys, such as rainforest, 

Homebrand and Mallee honey, were reported to be 2.2, 17.7 and 34.0 mg/kg, respectively [29,30]. High 

HMF formation may occur due to overheating, exposure to high temperatures [29] or the type of sugar 

present in the honey, as well as the fructose/glucose ratio [31]. Overall, the low HMF concentrations of 

the tested Algerian honey confirm that these samples are of good quality. 

2.2. Antioxidant Analyses 

2.2.1. Polyphenol Content 

The antioxidant activity of natural honeys depends largely on their chemical composition, such as 

phenolics, flavonoids, enzymes, organic acids, amino acids, Maillard reaction products, ascorbic acid, 

carotenoids, as well as their origins [32,33]. Thus, phenolics or polyphenols are one of the most 

important classes of compounds found in honey. The total concentration of phenols in honey is highly 

dependent on its plant source. High concentrations of polyphenols were found in all of our honey 

samples (Table 3). The highest concentration of polyphenols was determined to be 498.16 mg/kg for 

sample AH-4, indicating its high antioxidant potential. 

Because the content of phenolic compounds is usually lower in light-colored honey compared to 

that of dark honeys, the high levels of polyphenols in all honeys may contribute to its darker  

color [34]. All of our honey samples were amber to dark amber in color. The total polyphenol content 

of the tested Algerian honey is higher than those of two reported Malaysian honey samples, as well as 

that of Gelam and Coconut honeys [35], which are lighter in color. In addition, the phenolic content of 
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the four honey samples analyzed were higher than those of natural honeys [1,26,32,36,37]. The high 

level of polyphenols in the studied Algerian honeys further indicates their high antioxidant properties. 

2.2.2. Flavonoid Content 

Flavonoids are low molecular weight phenolic compounds that are vital components for the aroma and 

antioxidant properties of honey. Flavonoid content is expressed as mg of catechin per kg of honey. Similar 

to polyphenol content, the AH-4 sample contained the highest amount (71.78 mg/kg) of flavonoids 

(Table 3). This result is similar to a previous study in which honey samples with high polyphenol 

concentrations also contained high flavonoid levels [38]. The flavonoid content of these honeys is  

higher than that of Turkish [39] and Malaysian honeys, which range from 4.80 to 22.80 mg/kg and  

11.52–25.31 mg/kg, respectively [38], indicating that Algerian honey has a higher antioxidant potential. 

Table 3. Biochemical and antioxidant properties of Algerian honey. 

Sample 

Total 

polyphenols 

mean ± SD 

(mggallic acid/kg) 

Flavonoids 

mean ± SD 

(mgcatechin/kg) 

FRAP values 

mean ± SD 

(µM Fe (II)/100 g) 

Proline 

mean ± SD 

(mg/kg) 

Protein 

mean ± SD 

(mg/kg) 

AH-1 411.10 ± 1.55 d 27.07 ± 0.35 d 287.45 ± 0.92 d 1692.18 ± 1.00 d 3007.33 ± 3.54 d 

AH-2 483.01 ± 2.15 b 52.24 ± 0.03 c 306.60 ± 1.16 c 1946.01 ± 0.84 3031.67 ± 10.61 c 

AH-3 447.06 ± 2.67 c 65.85 ± 1.31 b 353.50 ± 0.65 b 2175.31 ± 0.78 b 3393.33 ± 7.07 b 

AH-4 498.16 ± 1.32 a 71.78 ± 0.84 a 403.54 ± 1.31 a 2712.39 ± 0.98 a 4095.00 ± 3.54 a 

Mean 459.83 ± 1.92 54.23 ± 0.62 337.77 ± 1.01 2131.47 ± 0.90 3381.83 ± 6.19 

Means are compared by using One way ANOVA-Post Hoc Multiple Comparisons. In each column, values 

with different letters (superscripts) indicate significant differences (p < 0.05). 

2.2.3. DPPH free Radical-Scavenging Activity 

The radical scavenging activities of honey samples were measured using the DPPH radical 

scavenging assay. DPPH is a stable nitrogen-centered radical that has been extensively used to test the 

free radical scavenging ability of various samples. In evaluating the radical-scavenging potential of 

honeys, the DPPH assay is frequently used because the antioxidant potential of honey has been shown 

to be directly associated with its phenolic and flavonoid contents [25]. High DPPH scavenging activity 

confers the superior antioxidant activity of the sample. 

The DPPH radical scavenging activities of all honey samples were measured at the following 

concentrations: 10, 20, 40, 60 and 120 mg/mL. The highest percentage of inhibition was observed at 

120 mg/mL for all honey samples. The highest percentage of inhibition was exhibited by the AH-4 

sample (44.57%), thus indicating its high antioxidant potential (Figure 2). The percentage of inhibition 

exhibited by Algerian honey is similar to that of some Malaysian [40] and Indian honey samples [13]. 

2.2.4. Determination of Total Antioxidant Content by FRAP Assay 

To determine the antioxidant capacity of the honeys studied, a FRAP assay, which is a simple direct test 

widely used for the determination of antioxidant activity in many different samples, including  
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honey [25,35,37,41–43], was used. Again, the AH-4 sample exhibited the highest FRAP values  

(403.54 ± 1.31 µM Fe (II)/100 g), confirming its high antioxidant properties (Table 3). These are the first 

FRAP values published for Algerian honey samples. High FRAP values indicate a greater reduction of 

ferric ions to ferrous ions. Samples with a higher reducing power increased in absorbance at 700 nm. 

Figure 2. Percentage of inhibition of DPPH radical scavenging activity at different 

concentrations of Algerian honey. 

 

2.2.5. Proline Content 

Proline is an important amino acid that originates mostly from the salivary secretions of  

Apis mellifera during the conversion of nectar into honey [44]. Proline content is an indication of 

honey ripeness and, in some cases, sugar adulteration. Proline was detected in high concentrations  

(1692–2712 mg/kg) in all of Algerian honey samples tested. Some authors have reported that high 

concentrations of proline are also typical for honeydew honeys [9,23,32]. 

2.2.6. Ascorbic Acid and AEAC Assay 

The AEAC content of Algerian honey samples was measured in mg of AEAC/100 g of honey using 

an ascorbic acid standard curve (r
2
 = 0.9447). Algerian honey samples exhibited AEAC values ranging 

from 236.80 to 315.90 mg of AEAC/kg (Figure 3). These values are similar to those of honeys from 

Burkina Fasan [32], whereas Indian honey samples exhibited lower values (between 151 and 295 mg 

of AEAC/kg) [13]. 

To our knowledge, this is the first report on the ascorbic acid content and AEAC values of Algerian 

honeys. A negative correlation was observed between ascorbic acid and AEAC values in honey 

samples that contained higher ascorbic acid and had lower AEAC values. Thus, the high ascorbic acid 

content contributes to the reduction in DPPH free radical activity. 
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Figure 3. Ascorbic acid and AEAC contents of Algerian honey. 

 
Values with different letters indicate significant differences (p < 0.05). 

2.3. Biochemical Analyses 

2.3.1. Reducing Sugar Content 

The total reducing sugar content in honey samples ranged from 62.80 to 70.00% (Table 2). Our data 

indicate that reducing sugars are the major soluble sugars present in Algerian honey samples. With 

respect to reducing sugars (fructose and glucose), the EC Directive 2001/110 imposes that the amount 

of reducing sugars should be ≥60 g/100 g, with the exception of honeydew honey, which has a lower 

limit (≥45 g/100 g). Our results meet this standard and are similar to other published levels for 

reducing sugars [13,45]. 

The amount of non-reducing sugars, such as sucrose content (%), was measured by subtracting the 

reducing sugar content from total sugar content, which is expressed by the following equation: 

Sucrose content (%) = Total sugar content − Reducing sugar. 

The sucrose content in Algerian honey samples ranged from 1.80 to 2.54%, which is below 5% or 

the maximum prescribed limit set by the Codex standard [14]. 

2.3.2. Protein Content 

The concentrations of proteins and amino acids in honeys vary depending on their botanical or 

geographical origin and storage time. Protein content in honey samples are reported to consist of 

mainly enzymes [3]. Different enzymes are also added by bees during the process of honey ripening, 

indicating that the colorimetric determination of the protein content of honey samples using the 

method of Lowry is suitable. High protein content (4,097.00 ± 3.54 mg/kg) was found in AH-4 when 

compared to the mean protein content of other analyzed honeys. Protein content in honey generally 

ranges from 2,000 to 5,000 mg/kg [46]. 
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2.4. Correlation amongst Biochemical Parameters and Antioxidant Properties 

The correlation matrix (Table 4) indicates a significant correlation between biochemical and antioxidant 

parameters. A strong correlation was found between the color intensity of honey samples and the 

antioxidant parameters, flavonoid and proline contents, as well as the DPPH and FRAP values, at 0.968, 

0.934, 0.964, 0.963, respectively. Thus, color pigments may have a role in the observed antioxidant 

activities of honey samples. The color intensity also increases with increases in the phenolic and flavonoid 

contents of honey. A strong correlation between ABS450, DPPH and FRAP values suggest the involvement 

of pigments that confer antioxidant properties to honey. A study conducted by Terrab et al. [26] also found 

a strong correlation between ABS450 and FRAP values (r = 0.85) in Slovenian honeys. In Indian honeys, 

the correlation between ABS450 and FRAP values was 0.83 [13]. Thus, the higher correlation in our study 

indicates that Algerian honeys have a stronger antioxidant capacity compared to Indian honeys. 

Table 4. Correlation matrix showing the interrelation among phenolics, flavonoids, DPPH 

scavenging, FRAP, ascorbic acid, proline, ABS450 and protein. 

 
Phenolics Flavonoids DPPH FRAP 

Ascorbic 

acid 
Proline ABS450 Protein 

Phenolics 1.000 0.776 ** 0.615 * 0.668 * 0.165 0.764 ** 0.662 * 0.629 * 

Flavonoids 0.776 ** 1.000 0.888 ** 0.893 ** 0.730 ** 0.887 ** 0.968 ** 0.778 ** 

DPPH 0.615 * 0.888 ** 1.000 0.982 ** 0.785 ** 0.956 ** 0.964 ** 0.940 ** 

FRAP 0.668 * 0.893 ** 0.982 ** 1.000 0.749 ** 0.987 ** 0.963 ** 0.973 ** 

Ascorbic acid 0.165 0.730 ** 0.785 * 0.749 ** 1.000 0.644 * 0.828 ** 0.646 * 

Proline 0.764 ** 0.887 ** 0.956 ** 0.987 ** 0.644 * 1.000 0.934 ** 0.974 ** 

ABS450 0.662 * 0.968 ** 0.964 ** 0.963 ** 0.828 ** 0.934 ** 1.000 0.876 ** 

Protein 0.629 * 0.778** 0.940 ** 0.973** 0.646 * 0.974 ** 0.876 ** 1.000 

** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed). 

A positive significant linear correlation was observed between the following antioxidant 

parameters: flavonoid content with DPPH RSA (r = 0.888) and FRAP values (r = 0.893). Similar 

correlations between DPPH RSA and flavonoid content (r = 0.888) were observed in some Malaysian 

honey samples [38]. However, the correlations between phenolics with DPPH radical scavenging 

activity (r = 0.615) and FRAP values (r = 0.668) were lower than with flavonoids. The correlation 

between DPPH RSA and total phenolic content suggest that phenolics were the strongest contributing 

factor to the RSA of these honeys compared to FRAP. 

Proline is an important amino acid that confers antioxidant properties to honey and strongly 

correlates with DPPH, FRAP and ABS450. The most significant correlation was observed between proline 

content and FRAP values (r = 0.987), which is higher than those values reported by Diez et al. [32], 

indicating that proline content also contributes to the antioxidant potential of Algerian honey. The 

correlation between DPPH scavenging activity and proline content was 0.956. However, in another 

report, the correlation between proline content and DPPH RSA was lower (0.75) [32], even though the 

correlation in Indian honey samples (r = 0.94) was similar to our results [13]. Thus, as with Indian 

honey samples, the total proline content in the honey samples in this study may be a critical factor 

responsible for the antioxidant activity of Algerian honey. However, in future, it will be good to 

confirm these findings with larger number of samples. 
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To summarize, proline content may be a significant determinant of the antioxidant capacity of 

Algerian honey samples as well as their reducing ability and radical scavenging potential. Protein 

content was also strongly correlated with proline content (r = 0.974), FRAP (r = 0.973) and DPPH 

RSA (r = 0.940) values. Ascorbic acid is an important vitamin that is well known for its antioxidant 

properties. It was observed to significantly correlate with flavonoids (r = 0.730), DPPH RSA  

(r = 0.785) and FRAP (r = 0.749). The best correlation between ascorbic acid and ABS450 was 

observed at r = 0.828, indicating that similar to ascorbic acid content, color pigments are good 

indicators of antioxidant potential. These correlations demonstrate that the overall antioxidant property 

in the investigated Algerian honeys can be attributed to various factors, such as proline, phenolic, 

flavonoid and ascorbic acid contents, as well as color pigments. Furthermore, proline content appears 

to be highly important for antioxidant activity as shown by the correlation values. 

3. Experimental 

3.1. Honey Samples 

Four local Algerian honey samples (AH1, AH2, AH3 and AH4) were purchased from supermarket 

shelves in the capital of Algeria between May 2010 and July 2010. All of the honey samples were 

stored at room temperature (22–24 °C) in airtight plastic containers until analysis. 

3.2. Chemicals and Reagents 

Ascorbic acid, bovine serum albumin (BSA), catechin, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 

2,4,6-tris(1-pyridyl)-1,3,5-triazine (TPTZ), HMF, Folin–Ciocalteu’s reagent, gallic acid and proline 

were purchased from Sigma-Aldrich (St. Louis, MO, USA). Sodium carbonate (Na2CO3), aluminum 

chloride (AlCl3), sodium nitrite (NaNO2) and sodium hydroxide (NaOH) were purchased from Merck 

(Darmstadt, Germany). All chemicals used were of analytical grade. 

3.3. Physical Analysis 

3.3.1. pH 

A pH meter (HI 98127, Hanna instruments, Mauritius) was used to measure the pH of a 10% (w/v) 

solution of honey prepared in milli-Q water (Millipore Corporation, Billerica, MA, USA). 

3.3.2. Moisture Content 

The moisture content was determined using a refractometric method. In general, the refractive index 

increases with increases in the solid content of a sample. The refractive indices of honey samples were 

measured at ambient temperature using an Atago handheld refractometer (KRUSS, HRH30, Hamburg, 

Germany), and measurements were further corrected for the standard temperature of 20 °C by the 

addition of the 0.00023/°C correction factor. The moisture content was measured in triplicate, and the 

percentage of moisture content, which corresponds to the corrected refractive index, was calculated 

using Wedmore’s table [47]. 
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3.3.3. Total Sugar Content 

Honey was suspended in milli-Q water to make a 25% (w/v) solution. The total sugar content of 

each honey sample was determined using the refractometric method (Atago handheld refractometer, 

ATAGO, N-1α, Tokyo, Japan). The percentage of sucrose content was measured in g/mL of honey. 

3.3.4. Electrical Conductivity (EC) and Total Dissolved Solids (TDS) 

EC and TDS were measured using a conductivity meter HI 98311 (Hanna Instruments, Mauritius) 

for a 20% (w/v) solution of honey suspended in milli-Q water [16]. The EC of milli-Q water was 

determined to be less than 10 µS/cm. The EC and TDS of each sample was analyzed in triplicate, and 

the means were expressed in mS/cm and ppm, respectively. 

3.3.5. Honey Color Analysis 

The color intensity of honey samples was measured according to the Pfund classifier. Briefly, 

homogeneous honey samples devoid of air bubbles were transferred into a cuvette with a 10-mm light 

path to approximately half cuvette full. The cuvette was inserted into a color photometer (HI 96785, 

Hanna Instruments, Cluj County, Romania). Color grades were expressed in millimeter (mm) Pfund 

grades when compared to an analytical grade glycerol standard. Measurements were performed in 

triplicate for each sample using approved color standards of the United States Department of 

Agriculture (USDA) [22]. 

3.3.6. Color Intensity (ABS450) 

The mean absorbance of honey samples was determined using the method of [25]. Briefly, honey 

samples were diluted to 50% (w/v) with warm (45–50 °C) milli-Q water and the resulting solution was 

filtered using a 0.45 µm filter to remove large particles. The absorbance was measured at 450 and  

720 nm using a spectrophotometer, and the difference in absorbance was expressed as mAU. 

3.3.7. Determination of HMF by High-Performance Liquid Chromatography (HPLC) Method 

HMF concentrations were determined using an HPLC method based on the method published by 

the International Honey Commission (IHC) [48]. Briefly, honey samples (10 g each) were diluted to  

50 mL with distilled water, filtered using a 0.45 μm nylon membrane filter and injected (20 μL) into an 

HPLC system (Waters 2695, Milford, MA, USA) equipped with a Photodiode Array Detector (PDA) 

(Waters 2996). The HPLC column used was a Merck Purospher Star RP-18e (125 × 4 mm, 5 μm) 

fitted with a guard cartridge packed with similar stationary phase (Merck, Germany). The HPLC 

method included an isocratic mobile phase of 90% water and 10% methanol with a flow rate of  

1.0 mL/min. All solvents used were of HPLC grade. The detection wavelength was 200–450 nm with 

specific monitoring at 285 nm. HMF concentrations in samples were calculated by comparing the 

corresponding peak areas of the sample and HMF standard solutions (Sigma-Aldrich) after correcting 

for the dilution of honey samples. A linear relationship (r
2
 = 0.9997) was determined between the 

concentration and area of HMF peaks (results are expressed in mg/kg). 



Molecules 2012, 17 11210 

 

 

3.4. Analysis of Antioxidant Properties 

3.4.1. Determination of Total Phenolic Content 

The concentration of phenolics in honey samples was estimated using a modified 

spectrophotometric Folin-Ciocalteu method [49]. Briefly, 1 mL of honey extract was mixed with 1 mL 

of Folin-Ciocalteu phenol reagent. After 3 min, 1 mL of 10% Na2CO3 solution was added to the 

mixture and adjusted to 10 mL with distilled water. The reaction was kept in the dark for 90 min, after 

which the absorbance was read at 725 nm using a T 60 UV/VIS spectrophotometer (PG Instruments 

Ltd, London, UK). Gallic acid was used to calculate a standard curve (20, 40, 60, 80 and 100 μg/mL;  

r
2
 = 0.9970). The concentration of phenolic compounds was measured in triplicate. The results were 

reported as the mean ± standard deviation and expressed as mg of gallic acid equivalents (GAEs)  

per kg honey. 

3.4.2. Determination of Total Flavonoid Content 

The total flavonoid content in each honey sample was measured using the colorimetric assay 

developed by Bergner et al. [50]. Honey extract (1 mL) was mixed with distilled water (4 mL). At the 

baseline, NaNO2 (5%, w/v, 0.3 mL) was added. After five min, AlCl3 (10% w/v, 0.3 mL) was added 

followed by the addition of NaOH (1 M, 2 mL) 6 min later. The volume was then increased to 10 mL 

by the addition of distilled water (2.4 mL). The mixture was vigorously shaken to ensure adequate 

mixing, and the absorbance was read at 510 nm. A calibration curve was created using a standard 

solution of catechin (20, 40, 60, 80 and 100 μg/mL; r
2
 = 0.9880). The results were expressed as mg 

catechin equivalents (CEQ) per kg of honey. 

3.4.3. DPPH Free Radical-Scavenging Activity 

The antioxidant properties of each honey sample were also studied by evaluating the free  

radical-scavenging activity of the DPPH radical, which was based on the method proposed by  

Ferreira et al. [6]. Briefly, honey extract (0.5 mL) was mixed with methanolic solution containing 

DPPH radicals (0.024 mg/mL, 2.7 mL). The mixture was vigorously shaken and left to stand for  

15 min in the dark (until their absorbance remained unchanged). The reduction of the DPPH radical 

was determined by measuring the absorbance of the mixture at 517 nm [51]. 

Butylated hydroxytoluene (BHT) was used as a reference. The radical-scavenging activity (RSA) 

was calculated as the percentage of DPPH discoloration using the following equation:  

% RSA = ([ADPPH – AS]/ADPPH) × 100, where AS is the absorbance of the solution when the sample 

extract has been added at a particular level and ADPPH is the absorbance of the DPPH solution. 

3.4.4. Ferric Reducing/Antioxidant Power Assay (FRAP Assay) 

The FRAP assay was performed according to a modified method described by Benzie and Strain [41]. 

Briefly, properly diluted honey (0.1 g/mL, 200 μL) was mixed with FRAP reagent (1.5 mL). Then, the 

reaction mixture was incubated at 37 °C for 4 min and its absorbance was read at 593 nm against a 

blank that was prepared with distilled water. Fresh FRAP reagent was prepared by mixing 10 volumes 
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of 300 mM/L acetate buffer (pH 3.6) with 1 volume of 10 mmol TPTZ solution in 40 mM/L HCl 

containing 1 volume of 20 mM ferric chloride (FeCl3.6H2O). The resulting mixture was then  

pre-warmed at 37 °C. A calibration curve was prepared using an aqueous solution of ferrous sulfate 

(FeSO4.7H2O) at 100, 200, 400, 600 and 1,000 μM/L. FRAP values were expressed as micromoles of 

ferrous equivalent (μM Fe [II]) per kg of honey. 

3.4.5. Determination of Ascorbic Acid Content 

The ascorbic acid content was measured using the method described by Ferreira et al. [6]. Briefly, 

sample (100 mg) was extracted with 1% metaphosphoric acid (10 mL) at room temperature for  

45 min and filtered through Whatman No. 4 filter paper. The filtrate (1 mL) was mixed with 0.005%  

2,6-dichlorophenolindophenol (DCPIP, 9 mL), and the absorbance of the mixture was measured within 

30 min at 515 nm against a blank. The ascorbic acid content was calculated based on a calibration 

curve of authentic L-ascorbic acid (50, 100, 200 and 400 µg/mL; Y = 3.2453X − 0.0703; r
2
 = 0.9440). 

The results were expressed as mg of ascorbic acid/kg of honey. 

3.4.6. Antioxidant Content 

Antioxidant content was determined by measuring AEAC values using the method of Meda et al. [32]. 

Briefly, honey samples were dissolved in methanol to a final concentration of 0.03 g/mL. A  

0.75-mL aliquot of the methanolic honey solution was then mixed with a 0.02 mg/mL DPPH solution 

prepared in methanol (1.50 mL). The mixture was incubated at room temperature for 15 min, and the 

absorbance was measured at 517 nm using a spectrophotometer. The blank was composed of a methanolic 

honey solution (0.75 mL of 0.03 g/mL honey) mixed with methanol (1.5 mL). Ascorbic acid standard 

solutions (1, 2, 4, 6 and 8 µg/mL) prepared in milli-Q water were used to form a calibration curve. 

Measurements were performed in triplicate, and the mean value was expressed as mg of ascorbic acid 

equivalent antioxidant content per 100 g of honey. 

3.4.7. Proline Content 

Proline content in honey samples was measured using a method established by the IHC [52]. 

Briefly, BSA solutions were prepared by diluting a stock solution of BSA (1 mg/mL) to 5 mL. BSA 

concentrations ranged from 0.05 to 1.00 mg/mL. From the dilutions, 0.2 mL of protein solution were 

transferred to different test tubes and 2 mL of alkaline copper sulfate reagent (analytical reagent) were 

added before proper mixing. The resulting solution was incubated at room temperature for 10 min. 

Then, 0.2 mL of Folin-Ciocalteau solution was added to each tube and incubated for 30 min. The 

absorbance was measured at 660 nm. 

3.5. Biochemical Analyses 

3.5.1. Protein Content 

The protein content of honey was measured according to Lowry’s method [52]. Briefly, BSA 

solutions were prepared by diluting a stock BSA solution (1 mg/mL) to 5 mL. BSA concentrations 
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ranged from 0.05 to 1.00 mg/mL. Based on these different dilutions, 0.2 mL of protein solution was 

placed in different test tubes and 2 mL of alkaline copper sulfate reagent (analytical reagent) was 

added. After the resulting solution was mixed properly, it was incubated at room temperature for  

10 min. Then, 0.2 mL of reagent Folin-Ciocalteau solution was added to each tube and incubated for 

30 min. The colorimeter was calibrated with a blank, and the absorbance was measured at 660 nm. 

3.5.2. Reducing Sugar Assay 

The total reducing sugar content was measured using 3,5-dinitrosalicylic acid (DNSA). In principle, 

the reducing sugar reduces DNSA to 3-amino-5-nitrosalicylic acid, resulting in a solution with  

reddish-orange coloration, which is measured spectrophotometrically at 540 nm [13]. The honey 

solution (0.1 g/mL) was diluted 100-fold with milli-Q water. A 1-mL aliquot of this diluted solution 

was mixed with equal amounts of DNSA solution and incubated in a boiling water bath for 10 min. 

The mixture was allowed to cool to ambient temperature for 10 min, mixed with 7.5 mL of milli-Q 

water and the absorbance was measured at 540 nm using a spectrophotometer. A glucose solution of 

known concentration (100, 200, 400 and 600 µg/mL) was used as a standard. 

3.6. Statistical Analyses 

Assays were performed in triplicate, and the results were expressed as mean values with standard 

deviations (SD). The significant differences represented by letters were obtained by a one-way analysis 

of variance (ANOVA) followed by Tukey’s honestly significant difference (HSD) post hoc test  

(p < 0.05). Correlations were established using Pearson’s correlation coefficient (r) in bivariate linear 

correlations (p < 0.01). These correlations were calculated using Microsoft office Excel 2007 and 

SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). 

4. Conclusions  

This is the first study to investigate the physicochemical and antioxidant properties of Algerian 

honeys more elaborately. This study showed that Algerian honey samples have high antioxidant 

potential, as indicated by their high phenolic, flavonoid, ascorbic acid and proline contents. 

Furthermore, several strong positive correlations were observed amongst the different antioxidant 

markers and antioxidant test values. These correlations demonstrate that the overall antioxidant 

property in the Algerian honeys studied can be attributed to various contributing factors, such as 

proline, phenolic, ascorbic acid and flavonoid contents, as well as color pigments, and the relevance of 

proline appears to be prominent, as indicated by its correlation values. Our results indicate that 

Algerian honey is a good source of antioxidants. 

Acknowledgments 

We would like to acknowledge the Universiti Sains Malaysia for financial support from the RU 

grant (1001/PPSP/815058). 

  



Molecules 2012, 17 11213 

 

 

References 

1. Al-Mamary, M.; Al-Meeri, A.; Al-Habori, M. Antioxidant activities and total phenolics of 

different types of honey. Nutr. Res. 2002, 22, 1041–1047. 

2. Kirk, R.; Sawyer, R. Herbs and spices, salt. Composition and Analysis of Foods, 9th ed.; 

Longman Scientific and Technical: Harlow, UK, 1991; pp. 391–429. 

3. White, J.W. Composition of honey. In Honey, a Comprehensive Survey; Crane, E., Ed.; Crane, 

Russak: New York, NY, USA, 1975; pp. 157–206. 

4. Council Directive of the European Union. Council directive 2001/110/ec of 20 december 2001 

relating to honey. Off. J. Eur. Communities 2002, 47–52. 

5. Al, M.L.; Daniel, D.; Moise, A.; Bobis, O.; Laslo, L.; Bogdanov, S. Physico-chemical and bioactive 

properties of different floral origin honeys from Romania. Food Chem. 2009, 112, 863–867. 

6. Ferreira, I.C.F.R.; Aires, E.; Barreira, J.C.M.; Estevinho, L.M. Antioxidant activity of portuguese 

honey samples: Different contributions of the entire honey and phenolic extract. Food Chem. 

2009, 114, 1438–1443. 

7. Gheldof, N.; Engeseth, N.J. Antioxidant capacity of honeys from various floral sources based on 

the determination of oxygen radical absorbance capacity and inhibition of in vitro lipoprotein 

oxidation in human serum samples. J. Agric. Food Chem. 2002, 50, 3050–3055. 

8. Chefrour, C.; Draiaia, R.; Tahar, A.; Ait Kaki, Y.; Bennadja, S.; Battesti, M. Physicochemical 

characteristics and pollen spectrum of some north-east Algerian honeys. Afr. J. Food Agric. Nutr. 

Dev. 2009, 9, 12. 

9. Ouchemoukh, S.; Louaileche, H.; Schweitzer, P. Physicochemical characteristics and pollen 

spectrum of some Algerian honeys. Food Control 2007, 18, 52–58. 

10. Terrab, A.; Díez, M.J.; Heredia, F.J. Characterisation of Moroccan unifloral honeys by their 

physicochemical characteristics. Food Chem. 2002, 79, 373–379. 

11. Azeredo, L.C.; Azeredo, M.A.A.; Souza, S.R.; Dutra, V.M.L. Protein contents and 

physicochemical properties in honey samples of Apis mellifera of different floral origins.  

Food Chem. 2003, 80, 249–254. 

12. Kayacier, A.; Karaman, S. Rheological and some physicochemical characteristics of selected 

Turkish honeys. J. Texture Stud. 2008, 39, 17–27. 

13. Saxena, S.; Gautam, S.; Sharma, A. Physical, biochemical and antioxidant properties of some 

Indian honeys. Food Chem. 2010, 118, 391–397. 

14. Codex Alimentarius Commission. Revise codex standard for honey. Codex Standards 12–1982, 

Rev.1 (1987), Rev.2 (2001)1, COMESA/FDHS 002:2004. 

15. Terrab, A.; Gonzále, M.; González, A. Characterisation of Moroccan unifloral honeys using 

multivariate analysis. Eur. Food Res. Technol. 2003, 218, 88–95. 

16. Bogdanov, S.; Martin, P.; Lüllmann, C. Harmonised methods of the European honey commission. 

Apidologie 1997, 1–59. 

17. Serrano, S.; Villarejo, M.; Espejo, R.; Jodral, M. Chemical and physical parameters of Andalusian 

honey: Classification of citrus and eucalyptus honeys by discriminant analysis. Food Chem. 2004, 

87, 619–625. 



Molecules 2012, 17 11214 

 

 

18. Mateo, R.; Bosch-Reig, F. Classification of spanish unifloral honeys by discriminant analysis of 

electrical conductivity, color, water content, sugars, and pH. J. Agric. Food Chem. 1998, 46, 393–400. 

19. Persano, O.L.; Piazza, M.G.; Sabatini, A.G.; Accorti, M. Characterization of unifloral honeys. 

Apidologie 1995, 26, 453–465. 

20. Manresa, A. Clasificación de mieles de abeja uniflorales mediante propiedades químicas, físicas y 

sensoriales. PhD Thesis, Habana University, Habana, Cuba, 2005. 

21. Alvarez-Suarez, J.M.; GonzaLez-Parma, A.M.; Santos-Buelga, C.; Battino, M. Antioxidant 

characterization of native monofloral Cuban honeys. J. Agric. Food Chem. 2010, 58, 9817–9824.  

22. Processed Products Branch, Agricultural Marketing Service, Fruit and Vegetable Division, U.S. 

Department of Agriculture (USDA). United States Standards for Grades of Extracted Honey; 

USDA: Washington, DC, USA, 1985. 

23. Diez, M.J.; Andres, C.; Terrab, A. Physicochemical parameters and pollen analysis of Moroccan 

honeydew honeys. Int. J. Food Sci. Technol. 2004, 39, 167–176. 

24. Frankel, S.; Robinson, G.E.; Berenbaum, M.R., Antioxidant capacity and correlation 

characteristics of 14 unifloral honeys. J. Apicult. Res. 1998, 37, 27–31. 

25. Beretta, G.; Granata, P.; Ferrero, M.; Orioli, M.; Facino, R.M. Standardization of antioxidant 

properties of honey by a combination of spectrophotometric/fluorimetric assays and 

chemometrics. Anal. Chim. Acta 2005, 533, 185–191. 

26. Bertoncelj, J.; Dobersek, U.; Jamnik, M.; Golob, T. Evaluation of the phenolic content, 

antioxidant activity and colour of Slovenian honey. Food Chem.2007, 105, 822–828. 

27. Codex Alimentarius, Alinorm 01/25 (2000). Draft Revised Standard for Honey at Step 8 of the 

Codex Procedure; EU Directive /1/110/2001 of 02/12/2001 (L 10/47). 

28. Anonymous. Honey rescript’s Turkish alimentarus codex (in Turkish). The Official Gazette of the 

Republic of Turkey: Hussein, Turkey, 2003; No. 25180. 

29. Ajlouni, S.; Sujirapinyokul, P. Hydroxymethylfurfuraldehyde and amylase contents in Australian 

honey. Food Chem. 2010, 119, 1000–1005. 

30. Fallico, B.; Zappala, M.; Arena, E.; Verzera, A. Effects of conditioning on hmf content in 

unifloral honeys. Food Chem. 2004, 85, 305–313. 

31. Doner, L.W. The sugars of honey—A review. J. Sci. Food Agric. 1977, 28, 443–456. 

32. Meda, A.; Lamien, C.E.; Romito, M.; Millogo, J.; Nacoulma, O.G. Determination of the total 

phenolic, flavonoid and proline contents in Burkina Fasan honey, as well as their radical 

scavenging activiity. Food Chem. 2005, 91, 571–577. 

33. Socha, R.; Juszczak, L.; Pietrzyk, S.; Fortuna, T. Antioxidant activity and phenolic composition of 

herb honeys. Food Chem. 2009, 113, 568–574. 

34. Jasicka-Misiak, I.; Poliwoda, A.; DereÅ, M.; Kafarski, P. Phenolic compounds and abscisic acid 

as potential markers for the floral origin of two polish unifloral honeys. Food Chem.2011, 

doi:10.1016/j.foodchem.2011.09.083. 

35. Aljadi, A.M.; Kamaruddin, M.Y. Evaluation of the phenolic contents and antioxidant capacities of 

two Malaysian floral honeys. Food Chem. 2004, 85, 513–518. 

36. Baltrušaitytė, V.; Venskutonis, P.R.; Čeksterytė, V. Radical scavenging activity of different floral 

origin honey and beebread phenolic extracts. Food Chem. 2007, 101, 502–514. 



Molecules 2012, 17 11215 

 

 

37. Blasa, M.; Candiracci, M.; Accorsi, A.; Piacentini, M.P.; Albertini, M.C.; Piatt, E. Raw 

millefiorihoney is packed full of antioxidants. Food Chem. 2006, 97, 217–222. 

38. Khalil, M.; Alam, N.; Moniruzzaman, M.; Sulaiman, S.; Gan, S. Phenolic acid composition and 

antioxidant properties of malaysian honeys. J. Food Sci. 2011, 76, C921–C928. 

39. Özkök, A.; D’arcy, B.; Sorkun, K. Total phenolic acid and total flavonoid content of Turkish pine 

honeydew honey. J. ApiProd. ApiMedi. Sci. 2010, 2, 65–71. 

40. Khalil, M.I.; Mahaneem, M.; Jamalullail, S.M.S.; Alam, N.; Sulaiman, S.A. Evaluation of radical 

scavenging activity and colour intensity of nine Malaysian honeys of different origin.  

J. ApiProd. ApiMedi. Sci. 2011, 3, 4–11. 

41. Benzie, I.F.F.; Strain, J.J. Ferric reducing/antioxidant power assay: Direct measure of total 

antioxidant activity of biological fluids and modified version for simultaneous measurement of 

total antioxidant power and ascorbic acid concentration. Methods Enzymol. 1999, 299, 15–27. 

42. Kücük, M.; Kolayli, S.; Karaoglu, S.; Ulusoy, E.; Baltaci, C.; Candan, F. Biological activities and 

chemical composition of three honeys of different types from Anatolia. Food Chem. 2007, 100, 

526–534. 

43. Taormina, P.J.; Niemira, B.A.; Beuchat, L.R. Inhibitory activity of honey against foodborne 

pathogens as influenced by the presence of hydrogen peroxide and level of antioxidant power.  

Int. J. Food Microbiol. 2001, 69, 217–225. 

44. Bergner, K.G.; Hahn, H. Zum phenylalaningehalt von honigen. Z. Ernahrungswiss. 1972, 11, 47–54. 

45. Gomes, S.; Dias, L.G.; Moreira, L.L.; Rodrigues, P.; Estevinho, L. Physicochemical, 

microbiological and antimicrobial properties of commercial honeys from Portugal. Food Chem. 

Toxicol. 2010, 48, 544–548. 

46. Bogdanov, S. Honey composition. Bee Prod. Sci. 2009, 1–9. 

47. Association of official Analytical Chemists, Inc. (AOAC). Official Methods of Analysis, 15th ed; 

Helrich, K., Ed.; AOAC: Arlington, VA, USA, 1990. 

48. Bogdanov, S.; Martin, P.; Lullmann, C. Harmonised Methods of the International Honey 

Commission; Swiss Bee Research Centre: Liebefeld, Switzerland, 2002. 

49. Singleton, V.L.; Orthofer, R.; Lamuela-Raventos, R.M. Analysis of total phenols and other 

oxidation substrates and antioxidants by means of Folin-ciocalteu reagent. Methods Enzymol. 

1999, 299, 152–178. 

50. Zhishen, J.; Mengcheng, T.; Jianming, W. The determination of flavonoid contents in mulberry 

and their scavenging effects on superoxide radicals. Food Chem. 1999, 64, 555–559. 

51. Hatano, T.; Kagawa, H.; Yashura, T.; Okuda, T. Two new flavonoids and other constituents in 

licorice root: Their relative astringency and radical scavenging effects. Chem. Pharm. Bull. 

(Tokyo) 1988, 36, 2090–2097. 

52. Lowry, O.H.; Rosebrough, N.J.; Farr, A.L.; Randall, R.J. Protein measurement with the folin 

phenol reagent. J. Biol. Chem. 1951, 193, 265. 

Sample Availability: Samples of the tested Algerian honeys are available from the authors. 

© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


