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Abstract
Honey production in Algeria has very long traditions dating back to ancient times. The purpose of the present 

work was to study the physicochemical properties and antioxidant capacity of Raw Honey of different botanical 
sources from Algeria. The study of the physicochemical parameters such as free acidity, pH, moisture, electrical 
conductivity, Hydroxymethyl furfural (HMF) content, diastase activity, invertase activity, fructose, glucose and 
disaccharide content were also identified and fructose/glucose ratio was calculated. Different types of honey were 
assessed for their contents of total phenolics and total flavonoids. The antioxidant capacity of honey was evaluated 
by Ferric-Reducing/Antioxidant Power Assay (FRAP) and Free Radical-Scavenging Activity (DPPH).

Mean values obtained for physicochemical parameters were: pH 4.17 ± 0.2; 16.77 ± 0.2% moisture; 0.64 ± 0.01 
mS/cm electrical conductivity; 17.22 ± 1.05 meq/kg free acidity; 8.46 ± 1.9 unit /kg honey invertase activity 17.44 ± 
2.8 Gothe scale diastase activity and 11.65 ± 1.9 mg/kg HMF. The glucose and fructose contents of honey samples 
are ranged from 21.45 to 28.26 g/100 g and 25.20 to 37.64 g/100 g respectively. The polyphenol and flavonoid 
contents of four raw honey samples from different origins were found to range from 70.95 to 128.87 mg GAE/100 g 
and 8.57-21.77 mg QE/100 g respectively. The radical-scavenging activity of 2.2-diphenyl-1-picrylhydrazyl (DPPH) 
was found to range from 22.70% to 29.76% and the total antioxidant activity as measured by the Ferric-Reducing/
Antioxidant Power (FRAP) assay was found to range between 223.19-958.42 μM Fe(II)/kg, indicating that raw honey 
has good antioxidant properties. No significant correlation was found between phenolic contents and antioxidant 
activity. In general, the raw honeys from Algeria had a good level of quality according to the results obtained for 
international regulation.
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Introduction
Honey is a natural sweet substance produced by honey bees (Apis 

mellifera) using nectar that is collected by the bees from the nectar of 
plants. For centuries, honey has been used for nutrition in different 
cultures and it has also been used as a traditional medicine due to its 
healing properties [1]. The physicochemical composition and flavor 
of honey vary with the floral source used by the honeybees, as well as 
regional, beekeeping practices and environmental climatic variations 
[2-4], melissopalynology is the most frequently used method for the 
determination of honey botanical source in pollen analysis [5]. Honey 
has been reported to contain about 600 compounds, including a 
number of carbohydrates, the principal carbohydrate constituents of 
honey are fructose (38%) and glucose (31%) [6,7]. The concentration 
of fructose and glucose as well as their ratio are useful indicators for 
the classification of unifloral honeys [8,9]. In addition, disaccharides, 
trisaccharides and other oligosaccharides are present in honey in 
small concentrations. Honey physicochemical quality criteria are 
well specified by the EC Directive 2001/110 [10]. The major criteria 
of interest are moisture content, sucrose, pH electrical conductivity, 
ash content, free acidity, diastase activity and Hydroxymethyl 
furfural (HMF) content [11]. The physical properties and chemical 
composition of honey from different sources have been carried 
out by many researchers [12,13]. These minor constituents include 
phenolic acids and flavonoids [14], certain enzymes (glucose oxidase, 
catalase), ascorbic acid, carotenoid-like substances [15]. Also, honey 
contains roughly 0.5% proteins and free amino acids [16].The phenolic 
compounds in the honey under study are the phenolic acids and 
flavonoids, which are considered potential markers for the botanical 
origin of honeys [17]. Similarly, polyphenols and flavonoids are 

considered as one of the important group of components identified in 
honey having antioxidant activity. Furthermore, the phenolic profile 
of honeys and consequently their antioxidant capacity depend on the 
botanical source, geographical origin, seasonal and climatic conditions 
[18]. Algeria has a very long tradition of beekeeping. Its favorable 
climate, good geographical conditions and a variety of botanical species 
provide great potential for the development of apiculture. However, 
little information is available on the composition and bioactive 
properties of honeys from floral sources in Algeria. To date, no data 
is available on the physicochemical properties of honey samples from 
western Algeria in the literature. In this article we report, for the first 
time, the in vitro free radical-scavenging and antioxidant capacity of 
raw honey and its physicochemical composition.

Material and Methods
Honey samples

A total of 4 honey samples collected from different parts of western 
Algeria. Honey samples weighing 250 g, packed and sealed in glass 
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bottles, were purchased from a local market, and stored at 4°C. The 
samples were analyzed at the earliest in such a way that none of the 
samples exceeded the storage period beyond six months. The honey 
samples were kept at ambient temperature (26 ± 2°C) overnight before 
the analyses were performed.

Botanical origin

The identity of honey samples was based on pollen analysis 
following the method suggested by Erdtman [19]. Pollen grains were 
microscopically observed and compared with the reference slides 
for identification. According to their frequency classes, pollen types 
were classified as: dominant pollen (D), >45%; secondary pollen (S), 
40–10%; pollen of minor importance, <10%, pollen traces (T), <3%.  
Pollen identification was based on the reference collection from the 
Laboratory Cari, Louvain-la-Neuve, Belgium.

Physicochemical data

All the physicochemical parameters studied were determined 
according to the standardized methods proposed by International 
Honey Commission [20]. All physicochemical tests were performed in 
triplicate.

pH values: Measurements of pH were performed with a pH meter 
(Hanna Instruments), in a solution containing 10 g of honey in 75 ml 
of CO2 free distilled water. 

Moisture content: Moisture in honey was determined with an 
Abbe refractometer reading at 20°C obtaining the corresponding % 
moisture from the Chatway Table [21].

Electrical conductivity values: Honey electrical conductivity was 
measured at 20°C [22] with a Crison Basic 30 conductimeter. Results 
were expressed in Micro-Siemens per centimeter (μS/cm) [23,24] 

Free acidity: Free acidity was determined by potentiometric 
titration [22]. Honey samples were homogenized in a water bath and 
filtered through gauze, prior to analysis. Ten grams of honey were 
then dissolved in 75 mL of distilled water, and alcoholic solution of 
phenolphthalein added. The solution was titrated with 0.1 N NaOH. 
Acidity (milliequivalent of acid per kg of honey) was determined, as 10 
times the volume of NaOH used in titration. 

Sugar composition: Sugar spectra (fructose, glucose) were 
identified and determined by Bogdanov [25] for di- and Trisaccharides 
using High-Performance Liquid Chromatography (HPLC).

Diastase and invertase activity: The diastase activity was 
measured using the Phadebas method for α-amylase. Phadebas is a 
synthetic reagent which produces a blue color when it is hydrolyzed by 
the diastase. The absorbance at 620 nm is directly proportional to the 
diastase activity in the honey sample. Results are expressed in Gothe 
units per gram of honey, defined as that amount of the enzyme which 
will convert 0.01 g of starch into the prescribed end point in 1 h at 40°C 
under test conditions [26]. Invertase activity was spectrophotometrically 
measured with 4-nitrophenyl-a-D-glucopyranoside and the results are 
expressed in international units (IU) [27]. 

Hydroxymethyl furfural (HMF)

 HMF content was done using the Winkler method where the 
solution of the tested honey when reacting with p-toluidin and 
barbituric acid and in the presence of Hydroxymethyl furfural (HMF) 
gives a wine-red compound [28]. 

Determination of total phenolic contents 

The total phenolic content was determined by the Folin–Ciocalteu 
(F-C) method proposed by Singleton [29]. Thirty microlitre of honey 
solution (0.1 g/ml) was mixed with 2.37 ml of milli Q water and 150 µl 
of 0.2 N Folin–Ciocalteu reagent. The solution was thoroughly mixed 
by vortexing and incubated for 2 min at ambient temperature. Four 
hundred and fifty microlitre of sodium carbonate solution (0.2 g/ml) 
was added to the reaction mixture and further incubated for 2 hours at 
ambient temperature. The absorbance was measured at 765 nm using 
a spectrophotometer. The total phenolic content was determined by 
comparing with a standard curve prepared using gallic acid (0-200 
mg/l). The mean of at least three readings was calculated and expressed 
as mg of gallic acid equivalents (mg GAE)/100 g of honey.

Determination of Total flavonoid contents

The Total Flavonoid Content (TFC) was determined using the 
aluminium chloride assay according to Amaral et al. [30] A 10 µl 
volume of a 10% (v/v) honey solution was added to the wells of a 96 
well plate; then 30 µl of a 2.5% sodium nitrite, 20 µl of 2.5% aluminium 
chloride solutions and then 100 µl of a 2% sodium hydroxide solution 
were sequentially added. The samples were mixed well and absorbance 
450 nm was measured. TFC was expressed as mg catechin equivalents 
(CE)/100 g.

In vitro antioxidant activity 

Commonly used antioxidant assays are the FRAP (Ferric Reducing 
Antioxidant Power) assay, percentage DPPH (1, 1-diphenyl-2-
picrylhydrazyl) scavenging activity.

Determination of antiradical scavenging activity (DPPH)

The DPPH (2, 2-diphenyl-1-picryl-hydrazyl) radical scavenging 
effect (H/e- transferring ability) of honey samples was measured as 
per the method described by Chen [31]. The DPPH was dissolved 
in absolute ethanol to a 0.2 mM concentration. A 100 µl aliquot of 
honey solution (0.1 g/ml) was diluted to 500 µl with 70% ethanol, 
and vigorously mixed with 400 µl of DPPH solution by vortexing. 
The mixture was incubated at room temperature for 15 min and the 
absorbance of the solution (T1) was measured at 517 nm. Sample blank 
(B1) consisted of 600 µl of 70% ethanol and 400 µl of DPPH whereas 
DPPH blank (B2) contained 100 µl of honey sample, 500 µl of 70% 
ethanol and 400 µl of absolute ethanol.

The DPPH scavenging activity was calculated using the following 
formula:

DPPH scavenging activity (%)=[1- {(T1–B2)/B1}]×100

where T1, B1, and B2 are the absorbencies of the sample, sample blank 
and DPPH blank, respectively.

Ferric reducing/antioxidant power (FRAP) assay

The reducing power of the ethanolic extracts of honey was 
determined according to the method of Oyaizu [32]. A 1 ml aliquot 
of ethanolic honey extract (10% v/v) was mixed with 2.5 ml of 
phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of potassium ferri-
cyanide (1%). The mixture was incubated at 50°C for 20 min. After 
this, 2.5 ml of 10% trichloroacetic acid was mixed by vortexing. The 
mixture was centrifuged at 3000 rpm for 10 min. A 2.5 ml aliquot of 
the supernatant was mixed with an equal amount of milli Q water and 
0.5 ml of 0.1% FeCl3. The absorbance was measured at 700 nm using a 
spectrophotometer. Precipitation or flocculation was never observed. 
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Assays were performed in triplicate. Ascorbic acid (1.0 mg/ml) was 
used as a reference standard. The increase in absorbance provided an 
indication of higher reducing power of the samples being analyzed.

Statistical analysis

Results were presented as mean values and standard deviations 
(mean ± SD). Correlations were established using Pearson’s correlation 
coefficient (r) in bivariate linear correlations (P<0.05). All statistical 
analyses were performed with the Statistica 7.0 software for Windows.  

Results and Discussion
Botanical origin

The percentages of the most abundant pollen types in each honey 
sample, as well as the nectar and pollen character of these plants were 
taken into account. Following the criteria of Zander [33] when the 
percentage of the most abundant pollen type was over 45%, the honey 
sample was classified as unifloral, with an exception of eucalyptus 
pollen at 70%. Lower percentages were classified as polyfloral (Table 1).

Physicochemical data

Table 2; Table 3; Table 4 summarizes the results obtained (mean, 
range and standard deviation, SD) from physicochemical analysis of 
the honey samples. 

Moisture content: Moisture content is an important parameter of 
honey quality and defines the amount of water present in honey [34]. 
The moisture content of the samples varied from 15.87% to 18.05% 
as shown in Table 2. These values were similar to those previously 
reported for other honey samples from Morocco (14.29%-20.20%) 
[35], South Africa (10.09%-20.37%) [36] and Malaysia (14.86%-
17.53%) [34]. Moisture is a physico-chemical parameter that is related 
to the climatic conditions and degree of maturity of honey [37]. Honey 
moisture content depends on the environmental conditions and the 
manipulation from beekeepers at the harvest period, and it can vary 
from year to year [38] .The moisture content of honey is an important 
factor contributing to its stability. Higher moisture content could 
lead to undesirable honey fermentation during storage caused by the 
action of osmotolerant yeasts and resulting in the formation of ethyl 
alcohol and carbon dioxide [39] .These results are indicative of good 
storage ability of these honeys, since high moisture content could lead 
to fermentation during storage.

pH values: All honey samples analyzed were acidic in nature, with 
pH values varying from 3.7 to 5 (Table 2).The pH values of honeys were 
in accordance with AOAC [22].  These results are comparable to 3.42 to 
4.68 for Brazilian and 3.2 to 4.5 for Bangladeshi honeys [40,41].

This parameter is of great importance during the extraction and 
storage of honey as it influences the texture, stability and shelf life 
of honey [42]. Also, floral and geographic origins can cause great 
variations in honey pH values, as the nectar pH and soil conditions can 
greatly influence honey physicochemical characteristics [9].

Free acidity: The free acidity of honey may be explained by taking 
into account the presence of organic acids, particularly gluconic, 
pyruvic, malic and citric, in equilibrium with their corresponding 
lactones, or internal esters, and some inorganic ions, such as phosphate 
and chloride [43]. The mean value of total acidity was found 17.22 
with the range of 10.2 to 26.1 meq/kg (Table 1). According to EU 
Council directive [10], the upper limit for free acidity is 50.00 meq/kg. 
Similar results were detected by Costa et al. [44] and Aydin et al. [45]. 
Differences between the findings obtained from several studies and 
our findings may be caused to differences in geographical condition, 
harvesting procedure and storage condition.

Electrical conductivity values: The mean value of electric 
conductivity of all honey samples was 0.64 mS/cm (0.23-1.52 mS/
cm). Electric conductivity of honeydew sample was 1.52 mS/cm (Table 
2). The highest electric conductivity was measured in honey sample 
(ALGH1; 1.057 mS/cm) which did not comply with the requirements 
of the EU [10] for electric conductivity. The electrical conductivity 
of honey may be explained by taking into account the ash and acid 
content of honey, which reflects the presence of ions and organic acids; 
the higher their content, the higher the resulting conductivity Feás et al. 
[46] . The electrical conductivity is a good criterion related to botanical 
origin of honey.

HMF  

The HMF and the diastase activity are parameters widely recognized 
for the evaluation of honey freshness and/or overheating. International 
regulations set a minimum value of 8 on Gothe’s scale for diastase 
activity, and a maximum HMF content of 40 mg/kg [10]. The HMF 
content of the honeys analyzed ranged from 3.8 to 21.4 mg/kg (Table 
2). The HMF content is indicative of honey freshness [47]. Several 
factors influence the levels of HMF, such as temperature and time of 

Algerian Honey 
Samples Density  Predominant 

pollen ≥ 45%       Secondary pollen (10 à 40%) isolated pollen <10%

ALGH1 High - Fabacée (24%). Apiacées (33%). Brassicacées 
(35%)

Plantain. Renoncule. Rhamnacées. Cistacée. Ronces. 
Astéracées

ALGH2  Average - Apiacées (12%). Lotier (14%). Fabacée (17%). 
Brassicacées (18%). Orangers (22%)

Chénopodiacées. Poacées. Acacia. Eucalyptus. Lamiacées. 
Renoncule. Ronces. Rosacées. Cistacée. Plantain. 

Astéracées
 ALGH3 High Eucalyptus (81%) Apiacées (13%) Fabacée. Astéracées. Brassicacées

ALGH4 Average Astéracées (62%) Rosacées (11%). Brassicacées (16%)  Lamiacées. Vesce. Apiacées. Chénopodiacées. Eucalyptus. 
Fabacée. Ronces

Table 1: Pollen analysis of Algerian honey samples.

Parameters Moisture (%) pH Free acidity (mequiv./kg honey) Electrical conductivity (mS/cm) 
ALGH1 18.05 ± 0.2 5.0 ± 0.2 26.1 ± 1.05 1.52 ± 0.01
ALGH2 17.04 ± 0.2 3.9 ± 0.2 10.2 ± 1.05 0.23 ± 0.01
ALGH3 16.14 ± 0.2 4.1± 0.2 15.6 ± 1.05 0.57 ± 0.01
ALGH4 15.87 ± 0.2 3.7 ± 0.2 17 ± 1.05 0.27 ± 0.01

Range ± SD (15.87-18.05) ± 0.2 (3.7-5) ± 0.2 (10.2-26.1) ± 1.05 (0.23-1.52) ± 0.01

Table 2: Physicochemical parameters of selected Algerian honeys (average ± standard deviation. n=3). Mean values from three repetition ± standard deviations.
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heating, storage conditions, pH and floral source, thus it provides an 
indication of overheating and storage in poor conditions [48].  

Diastase and invertase activity

Diastase is a natural enzyme of honey. The diastase activity in 
honey has been used as a freshness indicator over the years [49]. The 
legislation has set a minimum level for diastase activity; it should not be 
less than 8 Diastase Number (DN) units, where 1 DN unit hydrolyses 1 
ml of 1% starch using 1 g of honey for 1 h at 37°C. The DN values were 
between 7.3 and 26.2 Schade units.

Invertase is a natural honey enzyme which is commonly used 
in Europe as a determinant of freshness. Its content depends on the 
geographic and floral origins of the product, as well as on its freshness. 
Table 3 illustrates that invertase activity values ranged from 3.3 to 
19.6 unit/kg honey. The invertase is responsible for the conversion of 
sucrose, maltose, melezitose, raffinose, melibiose and trehalose into 
glucose and fructose the predominant sugars in bee honey [50].  

Sugar composition

Sugar composition has been used to discriminate honey samples by 
botanical origin [5] or geographical origin [50]. Regarding the sugars, 14 
carbohydrates were identified (Table 3). The monosaccharides glucose 
and fructose are the major constituents of honey. Fructose is always the 
most important sugar quantitatively followed by glucose. In this study, 
the glucose and fructose contents of honey samples are ranged from 
21.45 to 28.26 g/100 g and 25.20 to 37.64 g/100 g respectively (Table 3).  

Fructose⁄glucose (F ⁄G) ratio of honey samples were determined 
between 1.17 and 1.70 F⁄G is a good indicator explaining the structure 

and crystallization ratio of honey (Table 3). Also, (F/G) ratio has 
been recommended to evaluate honey granulation because glucose is 
less water soluble than fructose [51].Sucrose, important sugar from a 
legislative point of view, had low values suggesting an advanced stage 
of ripening of the honeys, which would encourage the conversion of 
sucrose into glucose and fructose. Erlose, sucrose, Mélézitose were 
present only in some samples ranging from 0.30 % to 1.19 %, 0.3% to 
4.87% and 0.03% to 0.22% respectively (Table 3).

Total phenolic and total flavonoid contents 

Many authors have studied the phenolic and flavonoid contents of 
honey to determine their beneficial effect in human health and whether 
a correlation exists with floral origins [52]. The mean total phenolic 
contents of the 4 examined honey samples was 96.14 mg GAE/100 g 
(Table 5). The minimum detected amount was 70. 95 mg GAE/100 g, 
while the maximum one was 128.87 mg GAE/100 g. The total phenolic 
compound is sensitive to phenol and polyphenol entities and other 
electron-donating antioxidants such as ascorbic acid and vitamin E. 

The total flavonoid contents, it was determined at a mean of 12.79 
mg QE/100 g honey, with a minimum of 8.57 mg QE/100 g honey and 
a maximum of 21.77 mg QE/100 g honey (Table 5). Flavonoids are 
low-molecular-weight phenolic compounds that affect the aroma and 
antioxidant properties of honey. The total flavonoid and total phenolic 
contents vary between different honey sample depending on the 
geographical location of the different floral sources, such as Malaysia, 
Slovenia and Tunisia [53-55].

Antioxidant properties

DPPH free radical-scavenging activity: Antioxidant activity 
measured with the DPPH assay was 22.70% to 29.76% (Table 6). 
ALGH4 exhibited the highest percentage inhibition (29.76%), again 
indicating that it has the highest antioxidant potential (Table 6). The 
percentage of inhibition shown by tualang honey in this study is lower 
than what was previously reported for tualang honey (41.30%) [56].

The DPPH radical is one of the few stable organic nitrogen 
free radicals; it has been widely used to determine the free radical 
scavenging ability of the various samples [57]. The raw honey samples 
were observed to possess scavenging activities on DPPH free radical 
tin and this is a significant finding in this present study as it shows that 
these honey samples could be utilized in the treatment of diseases that 
have free radical origin.

Parameters Invertase activity Diastase Activity   
(Gothe scale) HMF (mg/kg)

ALGH1 19.6 ± 1.9 25.3 ± 2.8 3.8 ± 1.9
ALGH2 4.3 ± 1.9 7.6 ± 2.8 11.8 ± 1.9
ALGH3 12.6 ± 1.9 26.2 ± 2.8 9.6 ± 1.9
ALGH4 3.2 ± 1.9 16 ± 2.8 21.4 ± 1.9
Mean 8.46 17.44 11.65

Range ± SD (3.2-19.6) ± 1.9 (7.6-26.2) ± 1.9 (3.8-21.4)  ± 1.9

Table 3: Invertase, Diastase, and HMF in fresh honeys. Mean values from three 
repetition ± standard deviations.

Sugars values ALGH1 ALGH2 ALGH3 ALGH4
 Fructose 25.20 ± 3.32 37.64 ± 3.32 37.15 ± 3.32 36.77 ± 3.32
 Glucose 21.45 ± 2.14 28.26 ± 2.14 26.39 ± 2.14 21.61 ± 2.14
 F/G: ratio 1.17 1.33 1.41 1.7
Maltose 0.00 ± 1.32 3.54 ± 1.32 5.79 ± 1.32  7.02  ± 1.32  

Turanose 8.83 ± 0.64 1.61 ± 0.64 1.66 ± 0.64 2.00 ± 0.64
 Mélibiose & isomaltose 2.23 ± 0.38 0.00 ± 0.38 0.00 ± 0.38 0.71 ± 0.38

  Sucrose 4.87 ± 0.10 0.31 ± 0.10 0.37 ± 0.10 0.30 ± 0.10
 Tréhalose 1.89 ± 0.10 0.00 ± 0.10 0.00± 0.10 0.00 ± 0.10

 Gentiobiose ND ND ND ND
 Palatinose 0.00 ± 0.08 0.00 ± 0.08 0.00 ± 0.08 0.00 ± 0.08
 Raffinose 0.00 ± 0.12 0.00 ± 0.12 0.00 ± 0.12 0.00 ± 0.12

Erlose 0.00 ± 0.16 0.30 ± 0.16 0.53 ± 0.16 1.19 ± 0.16
Mélézitose 0.22 ± 0.40 0.00 ± 0.40 0.03 ± 0.40 0.00 ± 0.40
Maltotriose 0.00 ± 0.32 0.00 ± 0.32 0.00 ± 0.32 0.00 ± 0.32

Panose 0.00 ± 0.59 0.00 ± 0.59 0.00 ± 0.59 0.00 ± 0.59
Isomaltotriose 0.00 ± 0.09 0.00 ± 0.09 0.00 ± 0.09 0.00 ± 0.09

Table 4: Sugars values (g/100 g) of selected Algerian honeys. Data are expressed 
as mean ± SD; ND not detected.

Parameters  
Total phenolic  contents  
(mg GAE/100g honey) 

Total  flavonoid contents 
(mg QE/100g honey)

Mean DS  Mean DS    
ALGH1 70.95 2.59 8.57 0.09
ALGH2 101.9 6.72 10.9 0.52
ALGH3 128.87 0.97 21.77 0.46
ALGH4 82.85 14.24 9.94 0.54

Table 5: Total phenolic and flavonoid contents of honey from Algeria. Mean values 
from three repetition ± standard deviations.

Parameters 
Radical scavenging activity (%) DPPH FRAP (μM Fe(II))

Mean DS Mean DS
ALGH1 22.7 5.33 270.78 95.16
ALGH2 24.42 2.68 958.42 51.24
ALGH3 23.17 5.17 281.47 13.46
ALGH4 29.76 5.36 223.19 18.1

Table 6: DPPH radical-scavenging activities and FRAP values of honey from 
Algeria. Mean values from three repetition ± standard deviations.
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Determination of total antioxidant content by FRAP assay 

The reducing power test, in which the capacity of breaking radical 
chain reactions reflected, was considered to be a good indicator of 
antioxidant capacity [58]. The FRAP assay gives a direct estimation of 
the antioxidants or reductants present in a sample based on its ability 
to reduce the Fe3+/Fe2+ couple [41]. The mean FRAP value of raw honey 
samples was 433.46 2 μM Fe [II]/100 g (Table 6). The ALGH2 sample 
exhibited the highest FRAP values (958.42 ± 51.24 μM Fe (II)/100 g), 
confirming its high antioxidant properties. High FRAP values indicate 
a greater reduction of ferric ions to ferrous ions. 

Our reported FRAP value for raw honey is higher than that 
reported for Italian honeys (216.57 to 695.64 μM Fe (II)/100 g) [59].

Correlation between the physicochemical properties of honey

The positive and statistically significant correlation was found 
between moisture, acidity and pH. As can be seen, we found a positive 
correlation between the electrical conductivity and diastase activity. 
The negative correlation between diastase activity and the moisture 
content can be explained by the increase of the enzyme activity in water. 

No significant correlation was found between phenolic contents 
and antioxidant activity (r=0.278), indicating that phenolics are not the 
only components responsible for the antioxidant effect of honey, but 
obviously other factors are involved.

In conclusion, this is the first study reporting the melisso 
palynological study, physicochemical parameters and carbohydrate 
composition of raw honey from Algeria. Honey samples that are 
available commercially differ in quality on account of various factors 
like seasons, packaging and processing conditions, floral source, 
geographical origin, and storage period. In addition, considerable 
differences in the physicochemical parameters, sugar composition 
and palynological parameters between suspected monofloral and 
multifloral honeys were observed. 
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