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a b s t r a c t
The present work aims to evaluate the capacity of a yeast strain to degrade the olive mill wastewater 
(OMWW) and to obtain a stabilized product that can be disposed without any environmental impact 
on the water–soil–plant system. The pollutant load, expressed by the chemical oxygen demand 
(COD) and the phenolic compounds (PC), are 187.63 and 4.30 g/L, respectively. The evaluation 
of the yeast strain capacity to develop on liquid and solid culture media based on the OMWW 
at different dilutions of 25%, 50%, 75%, raw matter, allowed us to optimize the abatement of the 
pollutant load, particularly, PC. The results show a significant reduction of 98% for the COD and 
97% for the PC, after 1 month of treatment at a dilution of 25%. The PC extracts were characterized 
by high- performance liquid chromatography, the main identified PC are hydroxytyrosol, tyrosol, 
caffeic acid, p-coumaric acid and oleuropein. Most of which had disappeared after the treatment. The 
selected yeast strain was identified by 26S rDNA sequencing and shows that belongs to the species 
of Rhodotorula mucilaginosa.
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1. Introduction

Olive oil production is an important economic activity in 
the Mediterranean countries. In fact, these countries have 98% 
of the world’s olive-growing areas and 97% of world olive 
production [1]. Given the growing global demand for olives 
and their derivatives, the olive sector is growing steadily. In 
Morocco, olive growing has received a great deal of atten-
tion. Indeed, a development plan for this sector has been 
implemented since the launch of the Green Morocco Plan in 

2008. Indeed, at the national level, the planted areas with olive 
trees expanding from 773,000 ha in 2009 to more than 1 mil-
lion ha in 2016, showing an increase of 31%. This agri-food 
business generates two by products: one solid called pomace 
and the other liquid called olive mill wastewater (OMWW), 
which is responsible for serious environmental problems such 
as inhibition of microbial activity, phytotoxic effect, release 
of foul odors, groundwater pollution and inhibition of auto- 
purification process [2–4]. Globally, the volume of OMWW 
generated is estimated at more than 30 million m3/year during 
the seasonal extraction of olive oil [5]. This effluent is resulting 
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from the olive leachate, olive washing operation, processing 
water, part of the olive pulp and residual oil. In addition, these 
effluents are characterized by a high acidity, a high organic 
matter load, being mainly composed by sugars, tannins, pec-
tins, polyphenols, alcohols and lipids [6]. Moreover, the high 
level of the pollutant load which is estimated by the chemical 
oxygen demand (COD; 30–318 g/L) and the high load of phe-
nolic compounds (PC), the average range between 0.79 and 
24 g/L [7,8]. This creates a serious environmental problem in 
the Mediterranean countries.

After each trituration process, most of olive oil mill plants 
owners discharge these wastewaters without any treatment 
into nature or rarely stored in evaporation ponds. This 
could be attributed to the lack of suitable treatment meth-
ods. Hence, the need for a prior treatment that allows their 
detoxification and makes their use in fertigation for disposal 
without too much risk on the receiving environment. The 
treatment of OMWW is based on several biological, physi-
cochemical and physical strategies. However, the biological 
processes of treatment with selected microorganisms such as 
Aspergillus niger, Candida holstii and Azotobacter vinelandii are 
among the most environmentally compatible and the least 
costly method [9]. The biological treatment of OMWW using 
fungi has shown a significant reduction of PC around 90% 
[3,10,11]. This reduction could be explained by the use of PC 
by microorganisms as an energy source [10]. Ascomycete and 
basidiomycete yeasts, white rot fungi are frequently used 
for PC degradation of OMWW [11]. Ben Sassi et al. [1] and 
Ntougias et al. [12] have shown that according to their ability 
to tolerate high concentrations of PC and acidic pH, yeasts 
appear to be the dominant microorganisms in these effluents 
compared with bacteria and other mould.

Several species of yeast were chosen to treat OMWW. The 
following species were reported as a potential candidate for 
the detoxification of these effluents: Rhodotorula glutinis [13], 
Pichia membranifaciens [14], Candida spp. [9]. In general, the 
results of the above studies have confirmed the promising 
prospects for the use of yeast to degrade organic pollutants 
from OMWW, in particular PC.

The aim of this work is to evaluate the performance of a 
selected yeast isolated from different biotopes for its ability 
to degrade raw OMWW in particular PC as the only carbon 
and energy source. This treatment has been carried out using 
a wide range of OMWW concentration (25%, 50%, 75% and 
raw matter).

2. Materials and methods

2.1. Olive mill wastewater sampling and composition

The OMWW used in this study was obtained from a 
three-phase processing plant (MOLINOVA TG, MOD 1000, 
Pieralisi, Italy) located in Chichaoua (Morocco). OMWW 
samples were collected at the beginning of the olive har-
vest season (December 2015). The OMWW was collected 
immediately after disposal to avoid any changes in the PC 
composition and maintained at –20°C until further utilization.

2.2. Physicochemical characterizations

OMWW samples were analyzed for the following 
parameters: pH was measured by pH-meter (HANNA 

instruments, HI 2210-02, Portugal). Electrical conductivity 
(EC) was measured by conductivity-meter (HANNA instru-
ments, HI 9033, Portugal). Total suspended solids (TSS) were 
determined after filtering a sample through a filter (Whatman 
membrane filters nylon pore, size 0.45 μm, diam. 47 mm) and 
drying the retained residue at 105°C until constant weight 
was obtained. Total solids (TS) were determined by oven dry-
ing of 10 mL of sample at 105°C for 24 h, according to the 
APHA standard method. Total ash content was determined 
by incineration of TS at 600°C for 6 h. Total Kjeldahl nitrogen 
(TKN) was determined after mineralization and distillation, 
TKN analysis was carried out as follows: 5 mL of OMWW 
were mixed with a Kjeldahl catalyst tablet (0.5 g) and 10 mL 
of H2SO4 (96%). Digestion was carried out at 400°C during 
2 h. After cooling, 100 mL of distilled water and 50 mL of 
NaOH solution (40 g/L) were added before distillation 
according to the AOAC analytical methods [15]. COD was 
determined by the Standard Methods for the Examination 
of Water and Wastewater [16]. The appropriate amount of 
wastewater samples was diluted up to 1,000 times and two 
milliliters of diluted OMWW was introduced into a lab-pre-
pared digestion solution containing sulfuric acid, potassium 
dichromate and mercuric sulfate. The mixture was then incu-
bated for 120 min at 150°C in a COD reactor and the COD 
concentration was measured calorimetrically at 600 nm. Total 
organic carbon (TOC) was determined after oxidation using 
dichromate of potassium according to the Anne’s method 
as described by Aubert [17]. The total lipid concentration 
was determined using the method of Folch et al. [18]. This 
involved the OMWW being macerated with 60 mL of a 2/1 v/v 
chloroform/methanol mixture for 24 h at 4°C. The superna-
tant was then recovered and filtered through a Durieux filter. 
This was repeated twice more to ensure maximum recovery 
of the lipid. The pooled supernatants were then shaken with 
60 mL of 1% NaCl to separate the methanol from the chloro-
form phase containing the lipid. The chloroform phase was 
then dried over anhydrous sodium sulfate (Na2SO4) and the 
total lipid content was determined after evaporation of the 
chloroform phase at 40°C. The PC were extracted and puri-
fied with ethyl acetate using the method of Macheix et al. 
[19], then assayed using Folin–Ciocalteu reagent [20]. The 
extraction yield, calculated on the basis of hydroxytyrosol, 
was 90.4%. Three replicates were used, and the mean values 
of the parameters were recorded. The amount of total sac-
charides was determined spectrophotometrically, according 
to the method described by Dubois et al. [21].

2.3. High-performance liquid chromatography analysis 
of phenolic compounds

PC were analyzed by high-performance liquid chro-
matography (HPLC). The system consists of a Knauer-type 
device with a Knauer diode array PDA detector for detec-
tion of compounds at wavelengths and software for data 
processing. The C18 reversed phase column (Eurospher II 
100–5 C18, 250 × 4.6 mm) + precolumn was used. The column 
temperature was set at 25°C. The mobile phase consists of 
a gradient of acetonitrile and bidistilled water acidified to 
pH 2.6 with o-phosphoric acid and then filtered on Millipore 
(0.45 μm). The mobile phase composition was acetonitrile/
water 5:95 (v/v). The flow rate was 1 mL/min and the 
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injection volume was 10 μL. The separation was performed 
on a gradient of 5% to 95% acetonitrile for 60 min. PC were 
simultaneously detected at a wavelength of 280 nm and 
were identified by comparison with controls for their reten-
tion time and UV spectrum. Co-injections with commercial 
standards (hydroxytyrosol, tyrosol, catechol, caffeic acid, 
p-coumaric acid, oleuropein, gallic acid and syringic acid) 
were carried out to confirm the identity of the compounds. 
Calibration curves of the analyzed compounds were con-
structed injecting 10 μL of standard solutions at five different 
concentrations.

2.4. Yeast strains isolation

Yeast strains were isolated from different biotopes 
such as sludge from OMWW evaporating ponds, soil irri-
gated with OMWW. The samples were collected from 8 
to 10 cm depth using a sterile spatula and transferred to 
pre-autoclaved sterile glass bottles with rubber stoppers. 
The samples were brought to the laboratory and stored 
under refrigeration temperature. 1 g of each sample was 
suspended in 9 mL sterilized physiological water. The sus-
pension was incubated at 28°C, 150 rpm for 2 h and a serial 
dilution (1:10) was prepared in sterilized physiological 
water. From each dilution, 0.1 mL was spread on potato dex-
trose agar (PDA) containing 50 μg/mL of chloramphenicol 
to inhibit bacterial growth. The Petri dishes were incubated 
for 48 h at 28°C. Colonies with distinct morphological dif-
ferences such as color, shape and size were isolated and 
purified. The purified isolates were stored on yeast peptone 
glucose agar (YPGA) plates at 4°C.

2.5. Yeast strains screening

The isolated strains were tested for their ability to grow 
on the OMWW as culture medium. Different dilutions of 
OMWW (25%, 50%, 75%, and 100% (v/v)) were used. Each 
dilution was supplemented with Agar–Agar (15 g/L) before 
sterilization at 120°C for 30 min. The medium is poured 
into sterile Petri dishes. After solidification, the strains were 
seeded and incubated at 28°C for 7 d. The colonies cultivated 
in this medium based on OMWW have been purified on the 
PDA medium. This screening was followed by a culture of 
these strains on a liquid medium composed of sterilized 
OMWW, in order to make sure that the OMWW was used as 
a carbon and energy source for the growth of these strains.

2.6. Use of phenolic compounds as a sole carbon source

The ability of the strains to grow on PC as the only 
carbon source was tested on minimal synthetic medium 
(2 g/L sodium nitrate, 1 g/L potassium phosphate, 0.5 g/L 
magnesium sulfate) with different concentrations of the PC 
(1,000, 500, 250 and 125 mg/L) extracted from the OMWW as 
carbon and energy sources.

2.7. Biological treatment of olive mill wastewater by the 
selected strain

The biological treatment was carried out in 500 mL 
mini-bioreactors containing 100 mL of OMWW medium. 

This is composed of 25%, 50%, 75% and 100% (v/v) of sterile 
OMWW in sterile distilled water. 1 mL of the selected yeast 
strain (54 × 103 CFU/mL), suspension (i.e., exponential phase), 
was used to inoculate the different dilutions of effluent. The 
sampling was performed typically every 3 d for 1 month and 
the samples were analyzed for their remaining COD and PC. 
Control sets consisting of uninoculated sterile OMWW were 
also prepared. The uninoculated controls were used to study 
the loss of PC by the abiotic processes. All the samples and 
controls were incubated under similar conditions and the 
experiments were performed in triplicate.

2.8. Taxonomic identification of the selected yeast strain

2.8.1. Identification of yeast strains

The Biolog system (Biolog Inc., Hayward, CA, USA) is a 
new semi-automated, computer-linked technology for yeast 
identification. It is based around a 96-well microtiter tray 
containing a range of dehydrated carbon sources for assim-
ilation and oxidation tests [22,23]. The profile of growth 
responses provides a metabolic fingerprint for each isolate 
[22] and is compared with profiles of the 267 yeasts species 
in the Biolog database, to provide an identification. Purified 
isolates were transferred to Biolog universal growth agar and 
incubated at 26°C for 48 h. Pure colonies of yeast suspensions 
were prepared in 9 mL sterile distilled water and adjusted 
to 47 ± 2T (transmittance) using Biolog turbidimeter. 100 μL 
of inoculum was dispensed using digital pipettor to each of 
the 96 wells yeast microplates (YT) and incubated at 26°C 
for 24 to 72 h. The YT microplate was tagged with 96 carbon 
sources. The ability of an isolate to metabolize each carbon 
source was measured in the presence or absence of purple 
hue in the wells. The redox dye tetrazolium violet forms a 
purple color when oxidized by cellular respiration of micro-
organisms. The YT microplate measures both metabolic 
reactions as well as turbidity growth to produce identifica-
tions. YT microplate was read by the micro station reader at 
24, 48 and 72 h at a single wavelength of 590 nm. The Biolog 
software (micro log 3 ver. 4.20.05) compared the results 
obtained with the test strain to the database and provided 
identification based on distance value of match and separa-
tion score produced similarity index value and probability 
for species identification [23].

2.8.2. Molecular identification of the selected yeast

The genotypic identification of the yeast strain was 
performed by DNA sequencing of the D1/D2 domain of 
the 26S rDNA gene. The DNA was extracted using the 
DNeasy tissue kit (QIAGEN, France), according to the 
protocol recommended by the manufacturer. Polymerase 
chain reaction (PCR) amplification with external primers 
NL1 5′-GCATATCAATAAGCGGAGGAAAAG-3′ and NL4 
5′-GGTCCGTGTTTCAAGACGG-3′, was performed accord-
ing to the method described by Kurtzman and Robnett [24]. 
PCR conditions were: initial denaturation at 95°C for 3 min, 
addition of 1 unit of Taq polymerase (Q-Biogene, France) 
followed by 34 cycles of denaturation at 95°C for 15 s, 
primer annealing at 59°C for 1 min and DNA extension at 
72°C for 2 min. A final extension was completed at 72°C for 



A. Boutafda et al. / Desalination and Water Treatment 149 (2019) 129–137132

10 min. The amplified fragment was then purified by gel 
chromatography on Sephadex G-50 DNA Grade Super Fine 
(Sigma-Aldrich, Sweden). The purified PCR products were 
labeled using the CEQ Dye Terminator Cycle Sequencing 
(DTCS) with Quick Start Kit (Beckman Coulter, CA, USA) 
according to the manufacturer instructions. Sequencing 
was done in a CEQ 8000 XL Automatic Sequencer (Beckman 
Coulter, CA, USA). The consensus sequence was obtained 
by alignment of forward and reverse sequences with CEQ 
Investigator Software (Beckman Coulter, CA, USA). The 
identification of the closest relatives was obtained using the 
Basic Local Alignment Search Tool (BLAST) N (www.ncbi.
nlm.nih.gov/BLAST/).

3. Results and discussions

3.1. Physicochemical characterization of olive mill wastewater

The results of the physicochemical characterization 
are presented in Table 1. The OMWW had a low pH (4.8), 
which is due to the presence of organic acids (phenolic 
acids, fatty acids, etc.). This acidic pH consistent with values 
(2.24–5.9) reported by literature [6]. The electrical conductiv-
ity (EC = 13.93 mS/cm) was due to the excessive use of salt 
(NaCl) for the conservation of olives before triturating. This 
value is similar to that found in the literature [1]. It contains 
large amounts of total solids up to about 120 g/L and a high 
concentration of TSS (10 g/L). The OMWW showed a high 
organic matter concentration (COD = 187.6 g/L). This COD 
content is very high compared with that recorded in other 
types of releases: different industrial wastewaters, slaugh-
terhouse effluents, whey, municipal, manures, textile and 
food processing. In fact, COD does not exceed 4.02 g/L in 
slaughterhouse effluents, which are considered as the main 
dominant organic waste [27]. However, our value remains 
comparable with those obtained by several authors in 
OMWW from the three phase centrifugation systems [1,13]. 

The OMWW releases are also characterized by the predom-
inance of toxic substances particularly PC with 4.3 g/L. This 
gives them antimicrobial potency [28], and could inhibit 
fauna and flora and thus limit any natural biodegradation 
and lead to a disruption of the entire ecosystem. This value 
is consistent with values (0.63–5.45 g/L) cited by Dermeche et 
al. [6]. These differences in phenol levels may be due to the 
variety and maturity level of processed olives.

3.2. Isolation, screening and phenolic tolerance tests

In this study, five yeast isolates were selected. Table 2 
presents the results of the yeast tolerance test. It is found that 
the isolate Y1 can develop better on liquid and solid media 
based on OMWW diluted up to 50%. Given their tolerance 
to high loads of PC and acidic pH, yeasts are designated as 
the most dominant microorganism in OMWW [9]. However, 
the Y1 isolate can grow better on the minimum synthetic 
medium based on solid and liquid phenolic extract up to 
1,000 mg/L (Table 3). The results suggest that yeast Y1 can 
use PC as the sole source of carbon, which justified its use for 
the bioremediation of OMWW. Studies of the ability of yeasts 
to degrade PC have shown that yeasts are able to tolerate 
large concentrations of PC and have the power to metabolize 
them and use them as a carbon and energy source for their 
growth. Katayama-Hirayama et al. [29] studied the effect of 
phenol concentration on the rate of oxygen uptake by cells 

Table 1
Physicochemical characterization of olive mill wastewater

Parameters OMWW

pH 4.8 ± 0.04
EC, mS/cm 13.93 ± 0.1
TSS, g/L 10 ± 0.3
TS, g/L 122.9 ± 2.62
AshC, g/L 40.7 ± 1
COD, g/L 187.6 ± 19.11
TOC, g/L 73.26 ± 1.8
TKN, g/L 0.16 ± 0.001
Proteins, g/L 1 ± 0.02
Lipids, g/L 4.51 ± 0.4
Sugars, g/L 21.45 ± 0.4
PC, g/L 4.3 ± 0.1

Values are the average of three measurements ± standard error.
Note: EC, electrical conductivity; TSS, total suspended solids; TS, total 
solids; AshC, ash contents; COD, chemical oxygen demand; TOC, 
total organic compounds; TKN, total Kjeldahl nitrogen; PC, phenolic 
compounds; OMWW, olive mill wastewater.

Table 2
Tolerance results of yeast strains on solid and liquid medium 
based on olive mill wastewater with different dilutions

Olive mill wastewater

Solid Liquid

100% 75% 50% 25% 100% 75% 50% 25%

Y1 – – + + – – + +
Y2 – – – + – – – +
Y3 – – – – – – – –
Y4 – – – + – – – +
Y5 – – – + – – – +

Legend: Y = Yeast.

Table 3
Results of the growth of yeast strains on solid and liquid 
synthetic minimal medium (SMM) based on phenolic extract

MMS (mg/L)

Solid Liquid

1,000 500 250 125 C 1,000 500 250 125 C

Y1 + + + + – + + + + –
Y2 – – + + – – – – + –
Y3 – – – – – – – – – –
Y4 – – – – – – – – – –
Y5 – – – + – – – – + –

Legend: Y = Yeast, C = Control.
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from 12 yeast strains belonging to the genus Rhodotorula. In 
this experiment, the oxygen uptake rate was not inhibited 
in strains at the phenol concentration of 500 mg/L, where as 
50% inhibition of oxygen uptake was observed at a concen-
tration of 2,000 mg/L. The Rhodotorula rubra IFO 0870, 0889, 
0892, 1,100 and 1,101 cells grew well in a medium containing 
250 mg/L of phenol. Rhodotorula rubra IFO 0870 shows slight 
growth in media containing 1,000 mg/L of phenols. In recent 
studies, Fakharedine et al. [14] showed the ability of Pichia 
membranifaciens to grow on a minimal synthetic medium 
based on phenolic extract from OMWW.

3.3. Chemical oxygen demand abatement

The kinetics of degradation of the COD by the selected 
yeast is illustrated in Fig. 1. The results show that COD in 
the raw sample (100%) inoculated with the strain is 18.98% 
after 30 d of treatment. This percentage exceeds that recorded 
in the control with 1.06% (Table 4). Nevertheless, the growth 
of the selected yeast on the OMWW is accompanied by a 
decrease of the COD with 37.83% during the first 3 d and of 
more than 98.16% after 1 month of treatment for the dilution 
25% (Fig. 1). Indeed, the concentration of COD has decreased 
following the biodegradation of organic matter. This could 
explain that selected yeast uses the compounds which can 
easily metabolized such as sugar, proteins and simple PC.

Fakharedine et al. [30] have treated OMWW in the lab-
oratory scale by aerobic digestion for 20 d. This treatment 
reduced the COD by 58.33% and 86.45%, respectively, for 
the inoculated raw effluent and the inoculated raw effluent 
with neutral pH. Karakaya et al. [13] obtained a COD reduc-
tion of about 80% on OMWW diluted to 25% and added 
ammonium sulfate and yeast extract after treatment with 
Rhodotorula glutinis for 14 d. During 6 d of treatment, Jarboui 
et al. [25] recorded a COD reduction of 38%, 47.69% and 
56.91% at initial concentrations of 26.70, 14.40 and 6.50 g/L by 
R. Mucilaginosa, respectively.

3.4. Abatement of phenolic compounds

The reduction of PC by the selected yeast in the culture 
media with different dilutions in OMWW is illustrated 
in Fig. 2. The abatement of PC differs according to each 
ratio. 96.98%, 58.56%, 16.59% and 11.86% abatement were 
recorded for the 25%, 50%, 75% and 100% (v/v), respectively. 
This level of abatement is much higher than that recorded 
in the controls of each dilution without inoculum (Table 4). 
This suggests that the strain selected has a remarkable effect 
on the degradation of the PC. Direct inoculation of the raw 
OMWW (100%) with the strain without prior dilution gives 
unsatisfactory results. The percentage of reduction of PC 
(11.86%) in this case exceeds that recorded in the control with 
2.32% after 30 d of treatment. This is probably due to the 
nature of OMWW that are too loaded with organic pollut-
ants, particularly with the presence of large concentrations of 
toxic compounds such as tannins and PC and some of these 
compounds may have an antimicrobial effect with alteration 
of cell membranes [28].

The reduction of PC is optimal in OMWW diluted to 
25%, a net decrease of polyphenols of the order of 34.65% 
was noted during the first 3 d. However, the reduction rate 
obtained after 1 month of treatment is 96.98%. This is due to 
the strain’s ability to degrade the polyphenols. Yeast strains 
belonging to the genera Rhodotorula have already demon-
strated that they can reduce the concentration of phenols 
[12,19,22]. Jarboui et al. [25] reported that the abatement of 
PC by Rhodotorula mucilaginosa decreased with increasing 
initial phenol concentration. A reduction of only 34.81%, 
27.89% and 5.84% was achieved for OMWW diluted to 830, 
1,660 and 3,300 mg/L of PC, respectively, during 6 d of treat-
ment. Rhodotorula glutinis resulted in 83% abatement of PC in 
OMWW diluted to 900 mg/L of PC with addition of nitrogen 
sources and yeast extract [13].

In the presence of PC, the enzymatic system of alterna-
tive metabolism is activated. Some species form large per-
oxisomes that play an important role in the degradation 
and metabolism of PC [31]. However, in the presence of 
high concentrations of polyphenols, most PC could bind to 
enzymes, the enzymatic activity would be altered, and the 
cells would be deprived of intermediate metabolites, energy 
and reducing power [27]. PC in high concentration also act 
on membrane structure and can alter macromolecules such 
as proteins.

The reduction of total phenols could also be attributed 
to the decomposition of PC and their adsorption on yeast 

Fig. 1. Abatement rate of phenolic compounds as a function 
of time.

Table 4
Percentage control reduction of phenolic compounds (PC) and 
chemical oxygen demand (COD) for 1 month of treatment

25% 50% 75% 100%

PC % 3.9 3.2 3.25 2.32
COD% 1.87 1.7 1.42 1.06 Fig. 2. Degradation rate of organic matter as a function of time.
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walls with formation of polyphenol–protein complexes [14]. 
Indeed, Hafidi et al. [10] attributed such changes during aer-
obic digestion of the neutralized effluents in the presence of 
microorganisms to a strong decomposition of biodegradable 
compounds and less condensed structures. In addition, these 
changes could also be the result of the neoformation of more 
resistant compounds and poly-condensed structures [26,32]. 
These polymerization and poly-condensation mechanisms 
are similar to the usual humification processes. Under our 
experimental conditions, the PC can be polymerized, prob-
ably after conversion of phenols into quinones by specific 
enzymes, which are then self-polymerized or recombined 
with nitrogen compounds to form humic macromolecules 
[8]. This neoformation of more condensed molecules will 
enrich OMWW in more stable compounds and promote their 
reuse as an organic amendment.

The biological properties of the yeast strain capable of 
degrading PC have been studied to evaluate their potential 
use in detoxification. In fact, it has been found that their 
growth accentuated the decrease of PC responsible for the 
toxicity of OMWW. Fakharedine et al. [30] reported a 60% 
reduction in PC after 20 d of treatment with aerobic microor-
ganisms isolated from OMWW neutralized by the addition 
of phosphate rock.

3.5. Identification of phenolic compounds by HPLC

The identification of the polyphenols was carried out by 
comparing their retention time with those of the standards 
(Fig. 3). Three classes of polyphenols have been identified in 
our effluents: simple phenols and secoiridoidal derivatives in 
significant quantities, followed by phenolic acids.

Analysis of phenolic extract of the crude OMWW shows 
the presence of five compounds, most of which absorb at 
280 nm; hydroxytyrosol, tyrosol, caffeic acid, p-coumaric 
acid, oleuropein (Table 5). The identified PC have already 
been reported in Marrakech effluents by Hafidi et al. [10], 
Zenjari et al. [3] and Fakharedine et al. [14].

In general, more than 20 different phenolic compounds 
have been identified in OMWW. The phenolic compounds 
identified in the effluent extracts have never been exhaus-
tive, the composition varies from one region to another. The 
phenolic composition of OMWW has been studied in several 

relatively recent works [6,20,27] and the entire phenolic 
fraction was identified as rich in hydroxytyrosol and 
highly complexed secoiridoid derivatives [33]. These data 
are consistent with our results (Fig. 3; Table 5). Indeed, our 
results show that hydroxytyrosol is the most predominant 
compound identified in the phenolic extracts of Moroccan 
effluents. Tyrosol has also been detected, quantified and char-
acterized in OMWW. The secoiridoid derivatives, especially 
oleuropein, are esters of elenolic acid and hydroxytyrosol, 
also identified in the extract of the OMWW. This compound 
has been identified in various studies [6]. Phenolic acids, 
namely caffeic and p-coumaric acids in the phenolic extract 
are the phenols most frequently reported in OMWW [33].

The PC present at different dilutions of OMWW (25%, 
50%, 75% and 100%) after 1 month of treatment with the 
selected yeast strain were identified and summarized in 
Figs. 4(a)–(d). The quantitative and qualitative transforma-
tions were determined by HPLC chromatogram analysis. 
All the compounds identified in the effluent without treat-
ment disappeared after 30 d of treatment for the dilutions 
of 25%. The hydroxytyrosol compound persists at levels of 
37% and 73.37% for dilutions of 50% and 75%, respectively, 

Fig. 3. HPLC chromatogram of the phenolic extract: (1) hydroxy-
tyrosol, (2) tyrosol, (3) caffeic acid, (4) p-coumaric acid, and 
(5) oleuropein.

Table 5
Identification of phenolic compounds from olive mill wastewater 
extracts and their chemical structures

RT(mn) Name Molecular structure

8.5 Hydroxytyrosol

9.6 Tyrosol

13.2 Caffeic acid 

28.6 p-Coumaric acid

32.5 Oleuropein
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whereas for the raw effluent the level of this PC increases due 
to the degradation of oleuropein. This is probably due to the 
increased activity of some hydrolytic enzymes [14]. Zenjari et 
al. [3] and Hafidi et al. [10] observed complete degradation 

of hydroxytyrosol for 20 d of treatment of OMWW by soil 
microorganisms.

However, the percentage of abatement is 100% for tyrosol, 
p-coumaric acid and oleuropein, while the reduction of caf-
feic acid is of 73.37%, 40.24% and 27.91% for dilutions of 50%, 
75% and 100%, respectively. This is due to the degradation of 
PC by the selected yeast.

3.6. Identification of yeast species using Biolog microstation

The primary identification of the yeast isolates was done 
on the basis of morphological characteristics of colonies on 
solid media. The biochemical characteristics were generated 
using Biolog. Biolog microstation read at 24, 48 and 72 YT 
microplate (Biolog Inc.) and incubated at 26°C for 24, 48 or 
72 h until a sufficient metabolic pattern is formed. During 
incubation, yeast respiration in wells containing compounds 
that can be utilized will either reduce the tetrazolium dye 
forming a formazan purple color or initiate growth leading to 
an increase in turbidity. Each metabolic pattern was read by 
a Micro Station (Biolog Inc.) at a single wavelength of 590 nm 
and interpreted by micro log software ver. 4.20.05 (Biolog, 
Hayward, CA). For Micro Plates read at 24 h of incubation, 
the similarity index must be at least 0.75 to be considered as 
acceptable species identification. At 48 or 72 h of incubation, 
the similarity index must be at least 0.50 to be considered as 
acceptable ranges. Microplate incubation result revealed that 
yeast ≥0.5 similarity index (25%) Rhodotorula mucilaginosa 
(old name Rhodotorula rubra; Table 6). Unicellular pigmented 
yeast, part of the division Basidiomycota. Tsegaye et al. [34] 
they used Biolog microstation for yeast species identification 
which is involved in kocho and bulla fermentation process. 
Among these yeast species Omni log 100% probability and 
>0.615 similarity results read was observed in yeast spe-
cies such as Cryptococcus albidus var. aerus, Guilliermondella 
selenospora, Rhodotorula achenionum and Trichosporon beigelii. 
In another study. which evaluated the Biolog system for 
the identification of 21 species (72 strains) of yeasts of 
food and wine origin. Species correctly identified included 
Saccharomyces cerevisiae, Debaryomyces hansenii, Yarrowia 
lipolytica, Kluyveromyces marxianus, Kloeckera apiculata, Dekkera 
and Schizosaccharomyces pombe [35].

3.7. Identification of yeast strain by molecular characteristics 
(26S rDNA sequencing)

The capacity to sequence nucleic acids has supposed a 
great advance in biology and medicine. It has brought the 
possibility to know the primary structure of genes and to infer 
then the encoded function/s by comparison with well-known 
sequences. Several studies have used the direct sequencing of 
the ITS regions and the D1/D2 domains for yeast identifica-
tion. The yeast isolates in this case were identified by sequenc-
ing of the domains D1 and D2 of the 26S rDNA gene, which 
is performed for the genotypic identification of the selected 
yeast strain. The strain showed similarity score higher than 
99% with Rhodotorula mucilaginosa (old name Rhodotorula 
rubra). The divergence must not exceed 1% according to 
Kurtzman and Robnett [36]. The similarity (%) means iden-
tical percentage in the sequence obtained from D1/D2 region 
of 26S rDNA gene and the sequence found in Genbank. The 

Fig. 4. HPLC chromatogram of phenolic extract from wastewater 
after treatment, (a) 25% dilution, (b) 50% dilution, (c) 75% 
dilution and (d) crude (100%).
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fragment length is 572 of base pairs. Białkowska et al. [37] 
studied the genetic and biochemical characterization of 
yeasts isolated from Antarctic soil samples. The isolates were 
characterized physiologically and biochemically and identi-
fied at the molecular level using the D1/D2 and ITS1-5.8S-
ITS2 regions of rDNA. The results show that the most abun-
dant microorganisms in soil samples belonged to the genera 
Cryptococcus, Rhodotorula and Debaryomyces and six isolates 
belonging to the phylum Basidiomycota were conclusively 
classified as Rhodotorula mucilaginosa.

4. Conclusion

Biological treatments of OMWW by the selected yeast in a 
mini-bioreactor were conducted for 30 d. The microbiological 
activity during treatments resulted in a degradation of poly-
phenols and COD abatement, with a reduction of 96.98% and 
98.15%, respectively, when OMWW is diluted to 25%. Using 
the polyphasic, the taxonomic position of the selected yeast 
isolate showed that it belonged to Rhodotorula genus and 
partial 16S similarity with Rhodotorula mucilaginosa. The syn-
thesis of all these results shows that the treatment of OMWW, 
with no nutrient supply or pH correction, by a selected yeast 
strain, gave very promising results in terms of COD and PC 
abatement, which paves the way for the extrapolation of 
large-scale experiment.
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