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This study aims to evaluate the physicochemical and microbiological quality of 11 samples of locally produced honey harvested
from bee colonies across different regions of Algeria. Honeys analyzed are characterized by their different floral origins. Want germs
are total aerobic mesophilic flora, total coliforms, anaerobic bacteria Sulfito-Drive (clostridium), yeasts and moulds. Water content,
pH, the concentration of hydroxymethylfurfural and sucrose content were also measured. For the physicochemical properties,
most of the samples meet the requirements of Codex Alimentarius. Microbiological results showed that there is heterogeneity in
the load of microorganisms sampled. Honeys have a low microbial profile. Total coliforms and clostridium were not detected in
any sample. For counting the total aerobic mesophilic flora (TAMF), two local and imported samples have a concentration greater
than the standard TAMF. Yeasts and moulds were also present but at low levels, and figures in all but three samples were below

the norm.
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Honey is the natural sweet substance produced by bees (Apis
mellifera) from the nectar of plants, from secretions of living
parts of plants or from secretions of insects on living parts of
plants, which the bees collect, transform by combining with
specific substances of their own, deposit, dehydrate, store
and leave to ripen and mature in honeycombs.

The composition of honey depends on floral origin.
Prost (1987) reports that several factors may influence the
chemical composition of honey, such as the nature of the
soil, bee breed and physiological state of the colony. In
general, the chemical composition of honey varies from
one sample to another; generally, honey contains major
and minor elements. To assess the varieties of honey, some
chemical, microbiological and sensory pollen must be
taken into account. Many studies have been reported on
physicochemical and microbiological properties of honey
worldwide (Bogdanov et al., 2004; Naman et al., 2005; Nevas
et al., 2005; lurlina and Fritz, 2005; Julius-Ndukum et al.,
2006; Kanalaya and Wasu, 2009; Popa et al., 2009; Luo et al.,
2010; Gulfraz et al., 2011; Vanhanen et al,, 2011; Adjlane et
al.,, 2013).

However, in Algeria, little work has been devoted to the
study of properties of Algerian honeys (Ouchemoukh et al.,
2007; Makhloufi et al., 2007; Benaziza and Schweitzer, 2010).
Studies on microbiological quality are lacking. The main
sources of microbial contamination are likely to include
pollen, the digestive tract of bees, dust, air, soil, nectar and
equipment. However, crop conditions are also considered
a source of contamination for honey. These factors can be
controlled by good hygiene practices of beekeepers.

The current study aims to evaluate the physicochemical
and microbiological properties of some varieties of local
honey.

Material and methods

Samples of honey

Analyses were performed on 14 honey samples collected
between 2009 and 2010 from different regions of Algeria.
Eleven samples are considered as unifloral honeys and the
rest as multifloral honeys (Table 1).

Physicochemical analyses

The parameters measured in our study are pH, water
content, hydroxymethylfurfural (HMF) content and sugar
content. All these analyses were performed for pH, water
content and sugar according to Codex Alimentarius (1981).
For dosing HMF, the method is AOAC (2000).

Water content is measured using a refractometer.
Refractive index depends on water content. Knowing the
refractive index, one deduces the water content. If the
measurement is made at a temperature different from 20 °C,
the reading must be corrected to reduce the refractive
index. The correction factor is 0.00023 per degree Celsius.

The determination of HMF is based on the UV absorbance
of HMF at 284 nm. In order to avoid the interference from
other compounds at this wavelength, we determined the
difference between the absorbance of a clear aqueous
solution of honey and the same solution after the addition
of bisulfite.

For the determination of sugars, we used the Bertrand
method based on reducing properties of carbohydrates. It
enables the determination of all known reducers such as
glucose, fructose, lactose as well as carbohydrates. Sucrose,
which is not a reducing agent, can be measured after
hydrolysis which liberates the functions of reducing glucose
and fructose.
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Table 1 Honey samples analysed in the study
Sample number Type of honey Origin Crop year
1 Jujube (Ziziphus jujuba) Djelfa 2010
2 Jujube (Ziziphus jujuba) Djelfa 2010
3 Peganum harmala Al-Beidh 2010
4 Orange (Citrus sinensis) Blida 2010
5 Jujube (Ziziphus jujuba) Djelfa 2010
6 Every flower Boumerdés 2010
7 Every flower Tipaza 2010
8 Every flower Béjaia 2010
9 Every flower Bouira 2010
10 Orange Blida 2011
1 Wild carrot (Daucus carota) Médea 2011
12 Cnicus (Cnicus benedictus) Djelfa 2011
13 Eucalyptus globulus Alger 2010
14 Every flower Tizi-Ouzou 2011

The assay is performed in three steps:

* Reduction of Fehling’s solution by

carbohydrates.
* |solation of the formed copper.
* Determination of copper magnanimity.
The result is derived from a table established

experimentally by Bertrand, connecting the isolated amount
of carbohydrates.

reducing

Microbiological analyses

The objective was to determine and count the total
aerobic mesophilic flora, coliforms, clostridium sulfo-
reducers, osmophiles yeasts and moulds xerophytic.
Dilutions to 10 were selected.

Total aerobic mesophilic flora

We brought aseptically 1 ml of each decimal dilution (107,
102, 103) in sterile Petri dishes. After that, we added about
15 ml of agar and plate count agar (PCA) thoroughly mixed
inoculum to the culture medium by rotating the Petri dishes
and allowing the mixture to cool and solidify on a horizontal
surface. Then, the plates are incubated at 30 °C for 72 hours.
Playback is carried out after 24 h, 36 h and 72 h. Colonies are
in TAMF lenticular mass (Sneath et al., 2006).

Total coliforms

Two repetitions of each treatment were run in sterile Petri
dishes loaded with 15 ml VRB agar (violet red bile) media
and carefully mixed with 1 ml of dilution; the mixture
was left until it was solidified. We also prepared a control
box with about 15 ml of medium to control its sterility.
After complete solidification, we cast on the surface of
inoculated medium 4 ml around VRB medium and then left
it to solidify.

Incubation is carried out in an oven set at 30 °C or 37 °C
for 24 to 48 hours. Coliform bacteria appear as a small mass
of fluorescent colonies with a diameter of 0.5 mm (Harrigan
and McCance, 1976).

Clostridium sulfo-reducer

We brought aseptically 5 ml of each decimal dilution
(107, 10?) in a sterile tube. Both tubes were then subjected
to heating at 80 °C for 10 minutes and immediately cooled
in tap water in order to eliminate the vegetative cells and
spores in the leave. A total of 15 ml melted beef liver agar
was mixed with two vials of sodium sulfite and iron alum
and carefully shook to avoid air bubbles formation in the
solution.The tubes were left for 30 minutes until the solution
became solid; they were left for 48-72 h in the incubator
with a stable temperature of 37 °C. Reading results in the
appearance of black colonies was the indicator of positive
reading. The result is shown as the number of spores in 1 ml
of product (Harrigan and McCance, 1976).

Osmophilic yeasts

In order to run the osmophilic yeasts test, a total of 0.1 ml
in three dilutions (107, 102, 103) was added to Petri dish
containing the agar Whalley, spread with a sterile rake and
incubated at 30 °C for 2-3 days. The formation of round,
shiny or curved yeast colonies was a positive indication
(Sneath et al., 2006).

Drought-resistant moulds

To run the xerophilic mould test, a total of 0.1 ml in three
dilutions (107, 10, 10%) was added to Petri dish, in addition
to the culture medium MY50. Round spreading movement
of the dish was run to ensure the proper mix and then left for
the period of 48-96 h and temperature of 22 °C. According
to the reading, moulds have a velvety appearance and are
larger (Sneath et al., 2006).

Results and discussion

Physicochemical properties

The pH values of our honey samples ranged between 3.40
and 4.46, with an average of 3.87%0.29. Therefore, it was
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Table 2 Summary of physicochemical analyses
Sample number pH Water contentin % | Amount of HMF in mg.kg”" | Reducing sugar contentin % | Sucrose in %
1 4.07 171 34.90 62.5 10.09
2 3.67 18.2 11.87 63.69 4.24
3 3.96 16.2 9.25 74.05 4.21
4 3.64 17.8 41.26 66.46 5.9
5 4.01 17.0 20.64 90.12 5.28
6 4.18 18.2 10.68 62.5 291
7 3.98 19.0 19.61 64.60 15.34
8 3.86 18.6 48.97 66.23 10.69
9 3.48 18.2 13.82 77.99 9.56
10 3.79 154 1.28 81.05 5.59
1 413 14.6 6.09 65.36 10.55
12 4.46 14.6 32,51 86.42 5.25
13 3.59 18.2 10.22 82.61 59
14 3.40 18.6 33.46 84.47 4.12

found the studied honeys are acidic. Our results are in the

range indicated by Donadieu (1984) and Gonnet (1982),

who reported that the acidic pH of honey is between 3.5 and

6.The pH of honey is related to the amount of ionisable acid
therein (H* ions), i.e. its mineral composition.

The pH is a measure that allows the determination of
floral origin. The honey from nectar has pH between 3.5
and 4.5, and that from honeydew is between 5 and 5.5
(Gonnet, 1986). Therefore, our honeys are nectar honeys.
The same author says that a low pH of about 3.5 for honey
predetermines a fragile product for conservation; therefore,
precautions must be taken. Honey with pH 5 or 5.5 will keep
better and longer.

The determination of water content gives an indication
of the state of maturation and storage of honey. The water
content of our samples varies between 14.6 and 19 %, with
an average of 17.24 % * 1.49. According to Gonnet (1982),
only honeys with water content less than 18 % are good to
keep. This is the case of samples 1, 3,4, 5,10, 11 and 12. The
rest of the samples have moisture content greater than 18
%. These high concentrations can probably be explained by:
* Early harvest of honey, that is to say, before they mature.

* The duration of stay of these honeys in ripeners.

* Conditions in which honey is produced, harvested,
processed and stored in the hiveis the case for sample no.9,
which comes from the region of Boumerdes characterized
by high rates of atmospheric moisture, especially during
the spring (harvest period of the sample). In this context,
Gonnet (1993) reported thatahighrelative humidity during
harvest makes it difficult for bees to dehumidify nectar, so
producing a honey rich in water, unstable physically and
biologically, and which may deteriorate rapidly. Louveaux
(1968) reported that the extraction of honey in a relatively
humid environment may cause moisture absorption.
For HMF, it was found that honeys have HMF content
between 1.28 and 48.97 mgkg’, with an average of
7.15+3.57 mg.kg™'. Samples 4 and 8 have higher rates of

HMF, exceeding 40 mg.kg™. High water content promotes
the conversion of sugars into HMF (Marceau et al., 1994).
We recorded a water content of 17.8 % and 18.6 %
respectively. Gonnet (1963) reports that moderate heating
(at about 35 °C) continued for several months as well as
storage at room temperature for several years can lead to
the formation of an appreciable amount HMF in honey.
According to the results, the HMF content of all the honeys
studied (except 4 and 8) meets the Codex Alimentarius
standard.

The sucrose content of honey is in average 7.15 %+12.80.
According to White (1962), honey has a sucrose content
variation from 0.25 % to 7.57 %, with a maximum of 10 %.
The sucrose content in the analysed samples complies with
standards, except for samples 1,7,8 and 11.

Microbiological properties

The FMAT concentration is very high in samples 4, 5,6, 7 and
13. It is greater than 1,000 CFU.g" (Table 3). These honeys
are non-compliant because concentration in honey must
be less than 1,000 CFU.g™" (French standard ECOC0300092V,
2003). Tatsadjieu et al. (2005) report a number of TAMF
ranging from 1.7 x 108 CFU.ml" to 5.13 x 108 CFU.ml" for
honey from Cameroon. lurlina and Fritz (2005) reported in
a work on commercial apiary honey and those in Argentina
a number of TAMF varying between 30 CFU.g" and 1,200
CFU.g" and from 60 CFU.g" to 1,100 CFU.g" respectively.
Naman et al. (2005) reported in a study on a number of
Moroccan honeys a TAMF value between 10 CFU.g" and
2,102 CFU.g". In Romania, Popa et al. (2009) found a value
of less than 100 CFU.g™". The work of Omafuvbe and Akanbi
(2009) performed on local honeys in Nigeria revealed a TAMF
value between 103 CFU.g" and 5,103 CFU.g™.

The results for counting the total coliforms in the samples
indicate the absence of the latter in all the samples. The
absence of total coliforms was also reported in the work of
Rall et al. (2003) in Spain, lurlina and Fritz (2005) in Argentina
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Table 3 Results of the microbiological analysis
Sample number Total mesophilic flora Clostridium Osmophilic yeasts Xerophytic fungi
in CFU.g" in CFU.g"’ in CFU.ml"
1 <10 absence 9.10? 0
2 <10 absence 9.10? 0
3 <10 absence 0 117.10
4 1,242.10 absence 18.102 0
5 477.10 absence 9.10? 0
6 162.10 absence 27.10? 0
7 1,017.10 absence 108.10° 342.10
8 9.10? absence 0 9.10
9 <10 absence 0 0
10 <10 absence 18.10? 9.10
1 <10 absence 0 0
12 <10 absence 0 0
13 27.102 absence 18.102 126.10
14 <10 absence 27.10? 0

and Naman et al. (2005) in Morocco. However, Omafuvbe
and Akanbi (2009) in Nigeria have indicated their presence
in honeys with a value between 0 CFU.g" and 3.10 CFU.g™".

Clostridium is an indicator of pollution or contamination
of honey. Our results indicate the complete absence of these
germs. In a study of local honey from Cameroon, Tatsadjieu
etal. (2005) reported rates of Clostridium botulinum between
3 CFU.mI" and 23 CFU.mI". Nevas et al. (2005) reported
its presence fluctuating in 26 % of samples for honey in
Denmark, 10 % in Norway and 2 % in Sweden.

The counting of osmophilic yeast reveals 90.102
and 108.10% yeast.g™. Samples 4, 6, 7, 13 and 14 have a
large number too, which alters the quality of honey after
fermentation undergone by these microorganisms. These
samples do not meet the standards. According to Gonnet
(1982), where fermentation exists, it is due to yeast and
osmophilic mould such as Saccharomycess rouxii, Aspergillus
and Monascus bisporus echinulatus, which can be found in
natural honey. These germs are mainly in nectar but also are
introduced via accidental pollution after harvest.

For drought-tolerant fungi, their number was 90 and
3,420 cells.g™. Naman et al. (2005) detected below 100
CFU.g" in values of Moroccan honeys. Popa et al. (2009)
reported a content not exceeding 40 CFU.g™. In the study
conducted by Omafuvbe and Okanbi (2009), no mould
contamination was detected.

Conclusion

This study is part of the deepening knowledge of the
physicochemical composition and microbiological quality
of our local honey. Among the quality criteria applied to
honey, seven parameters were studied. All samples record
levels of pH and water conform to Codex Alimentarius. Two
samples have a HMF content that exceeds the norm of Codex
Alimentarius (40 mg.kg™). For sucrose, there is a sample that
records the content well above the norm (10 %). For yeasts,
29 % does not meet the standard, which predisposes them

to fermentation. For drought-tolerant fungi, 36 % of samples
have a high concentration. It would be very interesting in
the future to develop laws that govern the quality of local
honey and standardize the Algerian honeys to address
the fraudulent importation of certain honeys of very poor
quality.
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