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Abstract: The aims of this study were to determine the physical-chemical and microbiological
characteristics of olive oil mill wastewater (OMWW) resulting from the extraction of olive oil in
Algerian Sahara in Ghardaia region, and to evaluate the antibacterial activity of the OMWW
extracts manifested by their phenolic compounds on the identified bacteria. This is the first study
of physicochemical and microbiological characterization of the olive mill wastewater resulting from
the modern industrial unit of trituration of olives by three-phases centrifugation in Ghardaia re-
gion in Algerian Sahara. The results showed that this effluent is too rich in organic matter that
is expressed by BOD5 and COD. It is also characterized by an acidic pH (4.8) and a high level of
phenolic compounds. The microbiological study of the olive oil mill wastewater showed the isola-
tion of three GRAM positive bacterial strains (Staphylococcus aureus, Staphylococcus epidermidis
and Bacillus subtilis) and five fungal strains (Penicillium sp, Aspergillus ochraceus, Aspergillus fu-
migatus, Penicillium chrysogenum and Aspergillus niger), and one strain of yeast Saccharomyces
cerevisiae. The results of the antibacterial activity showed that strains which were isolated from
the olive oil mill wastewater were resistant to the phenolic compounds whereas clinical strains were
sensitive.

Keywords: Olive oil mill wastewater; physicochemical and microbiological characterization; phe-
nolic extracts; antibacterial effect; Algerian Sahara.
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1 Introduction

The olive industry is an important economic activity, located mainly in the Mediterranean
countries which hold about 95 % of world production, including 1 % for Algerian production in
2001. The olive industry, in addition to its main production of oil (virgin olive oil and pomace
oil), leads to two residue generations: a liquid (olive mill wastewater) and the other solid (olive
pomace) (Nefzaoui, 1991).

Olive oil mill wastewater are considered to be one of the most harmful efluents produced by
the agro-food industries (Cardinali et al., 2010), because of their polluting load and their toxicity
for the ecosystem (plants, microorganisms and aquatic and aerial organisms) as a consequence
of their acid pH, and their richness in organic matter, in particular in polyphenols (Abbassi et
al., 2012; Dermeche et al., 2013). The discharge of these effluents into rivers and sewers without
any prior treatment poses serious problems for aquatic ecosystems (Bouranis et al., 1995; Cabrera
et al., 1996; Sayadi et al., 2000). These considerations have led to several studies in order to
choose the way of treatment and recovery of the olive oil mill wastewater to limit their pollution
(Gharsallah et al., 1999; Garcia Garcia et al., 2000; Leger et al., 2000; Kissi et al., 2001). To
overcome this problem, various processes have been developed but remain until today very limited
and very expensive (Garrido Hoyos et al., 2002; Pozo et al., 2002; Fenice et al., 2003; Hamdi,
1993). However, several microorganisms have been shown that they are able to grow in the olive
oil mill wastewater and use them as a carbon source, in particular yeasts and fungi (Vazequez,
1978; Aissam et al., 2002). In this context, researches are very rare.

This study relates to a physico-chemical and microbiological characterization of the microflora
of the waste water of the oil mills resulting from the modern industrial unit of trituration of
the olives by three-phase centrifugation in the Algerian Sahara precisely the region of Ghardaia,
and to an evaluation of the antibacterial activity of OMWW extracts manifested by its phenolic
compounds.

2 Materials and Methods

2.1. Sampling:

The olive oil mill wastewater analyzed in this study was resulting from a modern industrial
unit for trituration of olives by three-phase centrifugation, located in Ghardaia region in southern
Algeria. The samples were taken from the olive oil mill wastewater storage basin and transported
in sterile vials of 2 L, then were stored in the dark at 4 °C for physicochemical and microbiological
characterization.

2.2. Physico-chemical analysis:
2.2.1. Determination of the pH:
The pH is determined from the quantity of free hydrogen ions contained in the OMWW. The pH

is determined by a pH meter with electronic display previously calibrated at pH 4 and 7 (AFNOR,
1992).
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2.2.2. Determination of the conductivity:
Electrical conductivity was measured using a conductivity meter (Rodier, 1996).
2.2.3. Turbidity:

Turbidity was measured using a multi-parameter HACH-lange model sension TM + MM150
and expressed in g/1.

2.2.4. Determination of biological oxygen demand (BOD):

The biochemical oxygen demand represents the quantity of oxygen necessary for the degradation
of organic matter by environmental microorganisms. The BODS5 in this study was measured by a
respirometric method (Rodier, 2009; Michaud, 2012).

2.2.5. Determination of chemical oxygen demand (COD):

COD is the measure of the amount of oxygen required for chemical degradation of all organic
matter in the sample. COD was determined using the small-scale closed tube method (Rodier,
2009; Michaud, 2012).

2.3. Biochemical analysis:
2.3.1. Determination of mois:ture content and dry matter:

The moisture and dry matter were determined by the method adapted by Tsagariki et al.
(2007), in order to calculate the difference between the weight of the wet sample and that of the
dried sample.

2.3.2. Organic and mineral matter:

The ashes are determined by incineration of 1 g of dry sample in a muffle furnace at 550 °C for
5 hrs. The organic matter corresponds to the difference between the test sample and the resulting
ash (Tsioulpas et al., 2002).

2.4. Determination of total polyphenols:

The extraction of the total polyphenols is carried out using ethyl acetate which is a suitable
solvent for the recovery of the phenolic compounds contained in the olive mill wastewaters. The
polyphenols are determined using the colorimetric technique of Folin Ciocalteu described by Vaze-
quez (1978). Folin Ciocalteu’s reagent consists of an acidic yellow solution. It oxidizes phenols
to phenolate ions in an alkaline medium and partially reduces these heteropolyacids, hence the
formation of a blue complex. The blue color obtained is proportional to the amount of phenols
present. The revelation of the blue color is obtained after incubation in the dark and at room
temperature for 40 min.The absorbance is measured at 725 nm. The concentration of phenolic
compounds in the extract is determined from the calibration curve of gallic acid used as standard
(Figure 1).
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Figure 1: Standard curve corresponding to
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2.5. Microbiological analysis of the olive mill wastewaters:

The olive oil mill wastewaters that were the subject of our work underwent pre-treatment
operations, in order to eliminate suspended matter and grease (Zahari et al., 2014). The isolation of
all microbial flora (bacteria, yeasts, etc.) from the OMWW/ and the identification of the microbial
strains were carried out using conventional techniques based on morphological and biochemical
studies (Esmail et al., 2014). The morphological study was carried out on the basis of two parts:
macroscopic and microscopic which is based on the preparation of the smear and the Gram staining
for the various bacterial germs or a simple staining for the yeasts. The biochemical study is based
on the realization of various biochemical tests.

2.6. Evaluation of the antibacterial activity of phenolic compounds:

The isolated bacterial strains from the OMWW samples that have undergone antibacterial
activity are: Staphylococcus aureus, Staphylococcus epidermidis, Saccharomyces cerevisiae, and
Bacillus subtilis. Three clinical strains were also tested and are listed in table 1. Antibacterial
activity was assessed using the Mueller-Hinton agar disk diffusion method; Whatman paper discs
soaked in 10 pl of phenolic compound extract (RoZman and Jersek, 2009).

Table 1. Clinical isolates tested for antibacterial activity of olive oil mill wastewaters.

Bacterial strains (ATCC) Code Origin

Staphylococcus aureus 43900 Public Hospital Establishments (EPH)Constantine
Escherichia coli 25925 EPH Constantine

Pseudomonas aeruginosa 27853 EPH Constantine

3 Results and Discussions

3.1. Physicochemical and biochemical characterization of the olive mill wastewa-
ters:
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The table 2 recapitulates the physicochemical and biochemical characteristics of the OMWW
resulting from the traditional 3 phase’s system. The olive oil mill wastewaters have highly polluting
discharges in residual liquid form whose composition is variable. This variability depends on the
type of olives, the degree of maturation, the cultivation systems, the practice of salting for the
preservation of the olives, the climatic conditions and the process used for the extraction of the
olive oil (De Marco et al., 2007). The pH measurements of OMWW gave a value of (4.8), this
result can be explained that the olive oil mill wastewaters (OMWW) are therefore acidic effluents,
due to the presence of organic acids (phenolic acids)., this result is consistent with that of Djeziri
et al. (2022). The value recorded in our study is at the lower limit of the range reported in the
literature (4.5 to 6) by Zaier et al. (2017) and Mohamed et al. (2020). This variation depends on
the factors mentioned above.

Table 2. Physicochemical and biochemical characteristics of the olive oil mill wastewaters.

Parameters Values

pH 4.8
Conductivity 1711 ps/cm
Turbidity 666,66 NT'U
BOD5 1200 mg 02/L
COD 1300 mg O2/L
% of dry matter 10,5 %

% of organic matter 9,5 %

% of mineral matter 1%
polyphenols 2,2 pug/ml

The olive oil mill wastewaters studied have a low electrical conductivity (1711 us/cm) compared
to those found by Sbai and Loukli (2015). The low conductivity of the olive mill wastewaters
analyzed could be explained by their high content of organic compounds compared to salts. Indeed,
the dissolved mineral salts in solution are the good conductors whereas the organic compounds are
the poor conductors. This result is corroborated by the richness of the olive oil mill wastewaters
analyzed in our study in organic matter expressed in terms of BOD5 and COD, this result is
mentioned in previous works by Zaier et al. (2017) and Djeziri et al. (2022).

These discharges are also characterized by the predominance of toxic substances, in particular
phenolic compounds (2,2 pg/mL) which give them an antimicrobial power. This result is confirmed
by the results of other authors (Zaier et al., 2017; Djeziri et al., 2022). The olive oil mill wastewaters
analyzed have a turbidity of around 666,66 NTU due to the high content of organic substances.

The rate of total dry matter (in g/l) was determined as (109.3 g/1). The value recorded in
our study is closer to that found by EL Abbassi (2012) having found that their OMWW sample
contained 90 g/1. These variations can be due to climatic and geological parameters, botanical
variations, the stage of maturation of the olive and the oil extraction process.

3.2. Microbiological characterization:
The results of the germ count presented in the table 3 confirmed the complete absence of

pathogenic microorganisms in the OMWW analyzed. These results are similar to those reported
by Ranalli (1991). Consequently, the total absence of these germs in the OMWW could only be
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explained by its richness content in phenolic compounds inhibiting the microbial growth (Ranalli,
1991). The total microbial load was evaluated by counting the total aerobic mesophilic flora
(TAMF). It was found relatively low (6.35 10* CFU. ml™!) compared to that recorded in previous
studies; that recorded in slaughterhouse effluents (1.23 105 CFU. ml~!)(Aissam et al., 2002).
That is linked to the physicochemical characteristics of the OMWW, particularly the presence of
antimicrobial substances (phenolic compounds) which inhibits microorganism growth (Aissam et
al., 2002; Zaier et al., 2017).

Table 3. Microbiological characterization of the olive oil mill wastewaters studied.

Microbial flora CFU. ml™!
Total aerobic mesophilic flora TAMF 6.35 10*
Fungi 1.08 105
Yeasts 1.7 104
Faecal coliforms 0

Total coliforms 0

Faecal streptococci 0

Yeasts and fungi represent the major flora of the OMWW. They were found in the range of
1.08 10° CFU. ml~! and 1.7 10* CFU. ml™! respectively. These results are consistent with those
reported by other authors who showed that in the olive oil mill wastewaters, yeasts and fungi are
able to develop better than bacteria (Aissam et al., 2002; Zaier et al., 2017).

In addition, analyzes of faecal contamination indicator germs showed a total absence of total
coliforms (CT), faecal coliforms (CF) and faecal streptococci (SF); these results are in agreement
with those reported by Mouncif et al. (1993). The microbiological study of the olive oil mill
wastewaters showed the isolation of three GRAM positive bacterial strains (Staphylococcus au-
reus, Staphylococcus epidermidis and Bacillus subtilis) and five fungal strains (Penicillium sp,
Aspergillus niger, Aspergillus ochraceus, Aspergillus fumigatus and Penicillium chrysogenum,), and
one yeast strain (Saccharomyces cerevisiae).

The results of the evaluation of antimicrobial activity against strains isolated from the olive oil
mill wastewaters (Staphylococcus aureus, Staphylococcus epidermidis, Saccharomyces cerevisiae and
Bacillus subtilis) (Figure 2) showed that there is no effect of these phenolic compounds on the iso-
lated strains and therefore these strains are resistant to phenolic compounds, while a very effective
effect is observed against the clinical bacterial strains tested (Staphylococcus aureus, Escherichia
coli and Pseudomonas aeruginosa) therefore, these strains are sensitive to phenolic compounds
(Table 4) and (Figure 3).

Table 4. Diameter of the zones of inhibition in (mm) showing the antibacterial activity of the
phenolic compounds on the clinical strains tested.

Microbial group Clinical strains tested Inhibition diameters in (mm)
GRAM™ Staphylococcus aureus 26
GRAM~ Escherichia coli 14
- Pseudomonas aerugino 22
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Saccharomyces cgrevisiae | [ Stanhvlosaccus spidermidis |

Figure 2: Antibacterial activity of phenolic
compounds on strains isolated from the olive
oil mill wastewaters.

| Stap, aursus |

Figure 3: Antibacterial activity of pheno-
lic compounds on clinical bacterial strains
tested.

Escherichia coli

Few works have been carried out on the characterization of the microflora of the olive oil mill
wastewaters in Ghardala region in the Algerian Sahara. This work constitutes the first study of
physico-chemical and microbiological characterization of the OMWW from the modern industrial
unit of trituration of olives by centrifugation in three phases, in the region of Ghardaia.

4 Conclusions

The physicochemical characterization of the olive oil mill wastewaters analyzed in this study
showed a high organic pollution indicated particularly by the presence of phenolic compounds.
The OMWW are also characterized by a high acidity with a lower value of electrical conductivity
and a high pollution load as determined by COD and BODS5. The resistance profile to phenolic
compounds revealed that the microbial strains isolated from The OMWW are resistant while
the clinical strains tested are sensitive to the phenolic compounds. To remediate problems of
pollution caused by the production of the OMWW, scientific research must be devoted to propose
alternatives to the direct discharge of these effluents into the natural environment.
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