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Abstract

Honey is a very complex biological compound of great diversity, giving it a
multitude of properties, both nutritionally and therapeutically. In order to
determine the physico-chemical characteristics, three types of samples were

* Corresponding author: collected from the region of Morocco. These are zandaz honey and black honey
smahane_mehanned@hotmail.com from the Bouyblane region, multi-flower honey from the Atlas region, and
Received 30 Jun 2022, commercial honey called "Achefae”. These honeys are analyzed for
Revised 03 Sept 2022, determination of pH, electrical conductivity, ash content, density, free acidity,
Accepted 12 Set 2022. hydroxymethylfurfural content, color intensity, and phenolic compounds. These

physico-chemical parameters studied are the most frequently used as indicators
of the quality and stability of honey and having a great influence on its
organoleptic properties. The results showed that there were differences from one
sample of honey to another and that they all meet international standards.
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1. Introduction

Known since ancient times, honey is the natural sweet substance produced by honey bees from nectar and: or
honeydew [1]. It is one of the most popular foodstuffs for humans because of its flavors, aromas and energetic virtues
[2]. In 2017, global honey production was around 1.9 million tons; China being the main producer country followed
by Turkey and Iran [3]. In Morocco honey production plays an important socio-economic role. It is a means of
combating poverty and a source of supply for the domestic market. On the ecological level, the bee is decisive, even
vital, in terms of the pollination of plant species, which ensures biological diversity and the sustainability of plant
species [4]. Honey is defined as the food produced by honey bees from the nectar of flowers or certain secretions from
living parts of plants. Indeed, they forage, transform, and combine with clean materials, store and leave to ripen on the
shelves of the hive. This is an advantage over synthetic products, as it is difficult for the insects to develop resistance
[5]. This commodity may be fluid, thick or crystallized [6], with a uniform ripeness level and ready for consumption
[7]. In addition it is a living product which undergoes over time a number of modifications leading to the loss of its
essential qualities. However, honey is characterized by a certain group of substances which are always present but in
variable quantities depending on the source, water, carbohydrates, proteins or nitrogenous substances, organic acids,
lactones, mineral substances, trace elements, vitamins, lipids, pollutants such as lead, cadmium and
hydroxylmethylfurfural [8]. From a nutritional point of view, honey is first category food, with high energy value and
having certain therapeutic properties. Thus, our study aims to characterize the physicochemical quality of some
varieties of honey from different Moroccan regions.

2. Materials and methods

2.1. Sampling

Our study focused on four honey samples: mono floral honey from the zandaze plant, multi-flower honey from the
Bouyblane region, multi-flower honey from the Atlas region, and commercial honey called "Achefae™ are collected
during the winter season 2019 (Table 1). The samples were packaged in airtight glass jars and kept at 4 ° C until
analysis. All analyzes were performed in two repetitions.

Table 1. Honeys classified according to their floral origins and their origins.

Sample Botanical origin Location Year of production
Honey 1 Multifleurs Bouyblane region 2014
Honey 2 Zandaz Bouyblane region 2014
Honey 3 Commercial =~ -------m-momomomooee- 2014

Honey 4 Multi-flowers Bouyblane region 2014

2.2.  Physico-chemical analysis of honey

2.2.1. Determination of ash content

The ash content is based on the incineration of honey in an oven, 5 g to 10 g of honey is added with a few drops of
olive oil and the whole is heated at 350-400 ° C for one hour [9]. These measures were expressed as a percentage (%)
(Figurel).

Figure 1. Appearance of the honey ash studied.
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2.2.2. Conductivity
The measurement of the electrical conductivity of each honey sample is carried out using a conductivity meter. The
technique is based on the measurement of the electrical resistance at 20 ° C.

2.2.3. pH and acidity

The pH is measured using a pH meter calibrated by standard solutions on a 10% honey solution (Figure 2). The free
acidity is obtained by neutralizing 25 ml of this solution with NaOH (0.05 N). The acidity of the lactones is obtained
by adding an excess NaOH (10 ml) to the honey solution and titration back with sulfuric acid (0.05 N) [10].

Figure 2. Diagram of the titration of the Samples studied by NaOH.

2.2.4. Density

The principle is based on the determination of honey by the use of pycnometer. A pycnometer of 25 ml is weighed
empty and after having been filled with honey until the gauge line. The density is obtained by dividing the density of
honey to that of distilled water under the same conditions (Figure 3).

Figure 3. Diagram of sample pycnometers of honey studied.

2.2.5. Hydroxymethylfurfural (HMF)
The amount of hydroxymethylfurfural (HMF) was obtained with the method of Bogdanov et al. [11]. The principle is
based on reading the absorbance of HMF at a wavelength of 284 nm and then at 336 nm using a Jenway-type UV-

visible spectrophotometer (Figure 4).

Figure 4. HMF appearance of the three honeys studied
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2.2.6. Color intensity

The measurement of the intensity of the color aims to determine the different pigments responsible for the color of
honey (carotenoids, flavonoids, etc.), the honey samples were diluted with distilled water to 50% ( m / v) and
hydrolyzed at 50 ° C. Then, the absorbance of the solution thus obtained is measured using a spectrophotometer at
450 nmand 720 nm [12].

2.2.7. Phenol content

The phenol level was determined by the Folin-Ciocalteu method. The phenols react with this reagent, forming a blue
complex which absorbs at 765 nm. Indeed, the folin-Ciocalteu reagent is a mixture of phosphotungstic acid
(H3PM012040) which is reduced, during the oxidation of phenols, to a mixture of blue oxides of tungsten (W8023)
and molybdenum (Mo08023).

2.2.8. Determination of flavonoids

The principle of the flavonoid assay method results in the formation of a flavonoid-metal complex such as aluminium
which is used in its form of aluminium chloride (AICI3) which forms yellowish complexes with the atoms of oxygen
present on carbons 4 and 5 of flavonoids [13].

3. Resultants and discussion
The physico-chemical characteristics (pH, acidity, density, ash content, electrical conductivity, HMF, color intensity,
phenol content, assay of flavonoids) of the five types of honey studied are summarized in Table 2.

3.1. Free acidity and pH

Honeys from nectar have a pH between 3.5 and 4.5 and those from honeydew are between 5 and 5.5 [14]. The pH of
our samples oscillates between 3.1 and 4.09, so they are all acidic. We can say that they correspond to nectar honeys, a
low pH for honey, predetermines a fragile product for preservation, against honey with a pH = 5 or 5.5 keeps better
and longer. According to our results all the honeys studied were of an acidic nature, these values are similar to those
found for Doukani et al. (2014) [1], and those reported for other samples of honeys from India, the Brazil, Spain and
Turkey, which have a pH between 3.49 and 4.70 [15], and honey's Algerians (3.72 - 4.85), Iranians (4.1 -5.5),
Malaysians (3.22 - 4.03), Ethiopians (3.79 - 4.20), Indians (4.114 % 0, 02), Egyptian (4.415 £ 0.09), Saudi (4.460 *
0.02) and Kashmiris (4.637 + 0.03) [16-22]. The fermentation of honey causes an increase in the acidity of honey, a
strong acidity promotes the degradation of hexones in HMF which depreciates the quality of honey, the free acid
contents of honeys vary between 17, 5 and 23.7 meq / Kg , this indicates the absence of undesirable fermentation.

3.2. Conductivity

It is a parameter used to differentiate between nectar and honeydew honeys. According to the codex alimentarius of
the year (2001) [23] and the official journal of the European community [24], nectar honeys have a conductivity of
less than 0.8 ms/cm, on the other hand, that of honeydew honeys is higher at 0.8 ms/cm. The samples analyzed have
conductivity between 0.112 and 0.438 ms / cm, these values correspond well to that of the honeys produced from
nectar [25]. Dark honeys contain higher levels of microelements than light honeys. In fact, light-colored commercial
honey has a low conductivity (0.112 ms / cm while other darker honeys have higher conductivity and are also good
current conductors) [26]. These results also show a big difference to those reported by Boussaid et al. (2014) on
Tunisian honeys (0.39 to 0.89 mS / c¢cm), and that of honey from French Polynesia which has a high electrical
conductivity ranging from 0.756 to 1.535 mS/cm [27].
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3.3. Ash rate

The variation in the ash content can be explained by the harvesting processes, beekeeping techniques and the materials
collected by bees when looking for food on the flower [28] and mainly determined by the soil and the climate
characteristics [29]. Ash content shows a measure of inorganic residue after charring of honey, while conductivity
measures all organic and inorganic substances [30]. The ash content in the samples varies between 0.17 and 0.3%.
These values are close to that found by Doukani 2014 [31] and Nada 2003 [32]. The ash values found were below
0.6% and these results are therefore in agreement with the limit authorized by the Codex Alimentarius for nectar
honeys.

3.4. The density
The variations in the density of honey come mainly from variations in the water content. The more water rich in
honey, the less dense it is [33], a honey harvested prematurely will have a low density. The density values of the
analyzed honey samples vary between 1.418 and 1.42, it can be deduced from these results that the honeys are ripe
and well stored.

3.5. HMF content

The production of HMF is a natural phenomenon whose process is slow at room temperature, the rate of HMF is
therefore an important quality factor which makes it possible to locate the level of freshness of honey, it is the most
important criterion and the most reliable for detecting overheated honey [34]. The HMF content is influenced by
certain factors including the type of sugar and their concentration, temperature, acidity, and shelf life, its content is
therefore a very good indicator of degradation. According to spectrophotometer analyses of the honey samples reveals
HMF contents between 4.19 and 48.73 mg / Kg, which shows that these values comply with the standards set by the
codex alimentarius. These honeys did not undergo heating and they were not stored in bad conditions, on the other
hand to that found for Makhloufi (2001) [35], by analyzing samples of Algerian honeys found values varying between
9,6 and 157.4 mg / kg with an average of 42.6 mg / kg which have higher contents which means that the honeys have
been heated. Also for Pakistani honeys, it was possible to obtain variable values ranging from 24.45 to 40.68 and from
316.86 to 516.26 mg/kg , respectively for fresh and marketed honeys [36], on the other hand Saudi and Indian honeys
report very low values 3.78 and 3.87 - 4.64 mg / kg, respectively [37,38].

3.6. Color intensity

The color of honey can be correlated to its botanical origin; the higher the mineral content, the darker the color of the
honey. It can vary depending on the floral origin and its composition, as it can be intensified by heating, aging and by
light oxidation. The intensity of the color obtained for each of these honeys analyzed by spectrophotometry varies
from light yellow to dark brown, which corresponds to absorbance values ranging from 0.303 to 1.68.

3.7. Phenolic compounds

Phenolic compounds play a key role in the acquisition of therapeutic and organoleptic characteristics. Their content
remains a good criterion for assessing the quality and healing properties of honey. The polyphenol contents found are
between 26 and 72.4 mg / 100 g of honey and are close and proportional to their color. Indeed, a honey of dark color
has a high rate in phenolic compounds compared to honey of light color, on the other hand commercial honey records
the lowest content even its color is dark, and this can suggest that this honey is overheated or falsified. For the Atlas
and bouyblane honeys, the polyphenol contents are important, which shows that these honeys will have strong
antioxidant activities. Several studies have revealed the richness of honey by phenolic compounds. In fact, Slovenian
researchers have found a content of 24.14 mg / 100 g in forest honey [39]. While another Italian study [40] showed a

Mor. J. Chem. 10 N°4 (2022) 822-829

826



percentage of polyphenols ranging from 3 mg / 100 g to 17.5 mg / 100 g, these values are lower than those found in
the samples of our study. This difference in phenolic compounds can be explained by the botanical and geographical
difference of the samples studied.

3.8. Flavonoids

The honeys used in this study have a flavonoid content between 8 and 30 mg / 100 g. Zandaz honey has the highest
content while commercial honey has the lowest value (8 mg / 100 g). These values are in good correlation with the
polyphenol contents. Apart from commercial honey, the other two will therefore have good healing properties.The
results of this study indicated that the samples were of good chemical quality. They are comparable to the standards
imposed by the food codex and the European Union standards. In addition, the honeys from the atlas and bouyblane
(zandaz) are very rich in polyphenols and flavonoids. This gives them a more interesting antioxidant activity.

Table 2. Physico-chemical parameters of the five honey samples studied.

Sample Bouyblane  Zandaz =~ Commercial Atlas  Standard (EU
region bouyblane region project)
Multi- region multi-
flower flowers
Conductivity (pus / 0, 378 0,43 0,11 0,38 <800
cm)
% Ash 0,27 0,23 0,17 0,3 0,6 g/100 g
pH 4,05 4,09 4 3,12 3,5<pH<4,5
Acidity(meq /kg) 22,2 23,7 21 17,5 <50 meq/kg
HMF (mg/kg) 3,99 48,73 4,33 4,18 <60 mg/kg
Density 1,43 1,419 1,418 1,42  1,39<PH<1 44
Polyphenol 11,2 30,8 8 12 variable
concentration
(mg/100 g)
Concentration en 50,6 72,4 28 60 variable
flavonoides
(mg/100 g)

Conclusion

Quality honey must be a healthy product, extracted in good hygienic conditions, packaged correctly, and retaining all
of its original properties for as long as possible. There are, in fact, a certain number of criteria on which this quality is
based, namely the coloring, the water content, the sugars, the pH, the acidity and the level of hydroxy methyl furfural.
All the quality parameters analyzed in this modest work are comparable to the standards imposed by the Codex
Alimentarus and the European Union standards. The four honeys studied are therefore of good chemical quality. Atlas
and Bouyblane (Zandaz) are very rich in polyphenols and flavonoids. This gives them a more interesting antioxidant
activity.
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