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Abstract  -  Yeast strains were isolated from sugar cane molasses (S1), dates (S2) and figs (S3) and the ethanol 
production was evaluated in batch condition. A comparison was made with the yeast Saccharomyces cerevisiae. 
The strains showed tolerant characteristics to stressful conditions like salinity and ethanol. The isolated strains 
produced ethanol; at 20 h of fermentation ethanol yields were 0.38-0.39 g.g-1, and the productivities were 
almost 0.58 g.L-1. S. cerevisiae and S1 tolerated up to 14% (v/v) of ethanol; while interestingly the isolates 
S2 and S3 were highly tolerant, up to 20% (v/v) ethanol. Thus, S2 and S3 could serve as potential strains for 
ethanol fermentation, with 0.27 and 0.29 g.g-1 yield of ethanol in the presence of 1.37 mol.L-1 NaCl. These 
values were higher than the value obtained using the yeast of reference and S1 (0.16 g.g-1). Co-cultures of S2 
and S3 enhanced the ethanol production, increasing the yield of ethanol by 12.5% compared with the single 
culture. The strains were identified as species S.cerevisiae, and S2 and S3 were very similar. For an application 
in the valorization of biomass such as green macro-algae, some assays were done on a synthetic model medium 
of hydrolysate of macro-algae and the strains S2 and S3 demonstrated excellent fermentative performances.
Keywords: Strain isolation; Identification; Saccharomyces cerevisiae; Third generation bioethanol; Batch 
fermentation.

INTRODUCTION

In view of the potential exhaustion of fossil fuels, 
geopolitical instability, and deleterious global effects 
of fossil fuel energy, renewable fuels have gained in 
popularity due to their sustainability (Sharma et al., 

2008). Obtaining liquid fuels from non-fossil sources 
is increasing in interest in recent years worldwide, due 
to their environmental benefits and the fact that they 
are derived from renewable sources (Demirbas, 2009).

To satisfy the energy needs of modern society in 
developing economies worldwide, renewable energy 
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from biomass is of major importance. Renewable 
biomass has a low sulfur content, involves no net 
release of carbon dioxide, and hence can contribute 
to sustainable development and environmental 
preservation (Kasavi et al., 2012), including higher-
value chemicals for industrial purposes, as well as 
liquid fuels for the transportation sector and power.

Four generations of biofuels can be characterized 
depending on the feedstocks and the conversion 
technology of the biomass. First generation biofuels are 
produced from agricultural crops. Second generation 
biofuels are made from lignocellulosic biomass. Third 
generation biofuels are produced from algae and fourth 
generation biofuels use synthetic biology of algae and 
cyanobacteria (Aro, 2016, Sayed et al., 2017). 

Among biofuels, bioethanol properties are 
compatible with gasoline. According to the Renewable 
Energy Directive, 10% of the fuel in 2020 should have 
a renewable origin. In order to respect the environment 
and reduce greenhouse gas emissions, microbial 
pathways can be interesting alternatives to conventional 
chemical pathways using microorganisms. All 
fermentable sugars (glucose, sucrose, etc.) can be 
transformed into bioethanol by fermentation. However, 
the hydrolysate of lignocellulosic biomass contains 
mixtures of sugars, pentoses such as xylose and 
hexoses such as glucose. Xylose is hardly fermented 
by microorganisms, leading to low efficiency in the 
production of ethanol (Zabed et al., 2016). Ethanol 
fuel production involves four stages: (1) the treatment 
of feedstocks to constitute a solution of fermentable 
sugars; (2) the biological conversion of sugars into 
ethanol and CO2 by microorganisms; (3) distilling 
the ethanol obtained from the fermentation; (4) 
dehydrating the ethanol to achieve the desired purity 
(Wheals et al., 1999; Bayrock and Ingledew, 2001; 
Antoni et al., 2007 ; Cardona and Sanchez, 2007). 
Using life cycle assessment (LCA), only the third 
generation of bioethanol from macroalgae biomass 
presented favorable results (Carneiro et al., 2017).

The use of carbon sources having a low 
environmental impact for microbial conversion 
to bioethanol has to be considered (Kasavi et al., 
2012). The yield of ethanol production by microbial 
fermentation depends on the use of an ideal microbial 
strain, an appropriate fermentation substrate and a 
suitable process technology (Chniti et al., 2014).

A large variety of microorganisms have the ability 
to produce ethanol from polysaccharides. But an ideal 
microorganism used for ethanol production must have 
rapid fermentative potential, improved flocculating 
ability, appreciable osmotolerance, enhanced ethanol 
tolerance and good thermotolerance (Brooks, 2008).

For instance, Saccharomyces cerevisiae (Sheoran et 
al., 1998), Kluyveromyces marxianus (Limtong et al., 
2007), Escherichia coli and Klebsiella oxytocastrain 

(da Silva et al., 2005), Zymomonas mobilis 
(Gunasekaran and Raj, 1999), Zygosaccharomyces 
rouxii and Candida pelliculosa (Chniti et al., 2014) 
have been studied for ethanol production. Yeasts occur 
widely in nature and can be recovered from a differing 
wide range of terrestrial and marine sources. Yeasts 
can be more or less ubiquitous or they can appear in 
restricted to very specific habitats (Chandrasena et 
al., 2006). Among these, more than 95% of the world 
production of ethanol by fermentation uses the yeast 
Saccharomyces cerevisiae and its related species 
(Russel et al., 1987). Its tolerance to ethanol is one 
of the main characteristics leading to its selection for 
alcoholic fermentation (Mobini-Dehkordi et al., 2007; 
Patruscu et al., 2009). The origin of the S. cerevisiae 
strain has an importance for the production of ethanol 
as shown by the study of Shaghaghi-Moghaddam et 
al. (2017).

Yeast choice has a significant impact on ethanol 
production profitability and long term viability 
(Knauf and Kraus, 2006). Yeasts that are tolerant 
to high temperatures, high ethanol levels and sugar 
concentrations are therefore very attractive for the fuel 
alcohol industry (Ylitervo et al., 2011).

Various microorganisms of indigenous strains 
capable of producing ethanol have been isolated from 
different local sources such as dates (Djelal et al., 
2017), different fruits (Lee et al., 2011), cheese whey 
(Boudjema et al., 2016), sugar cane and beet molasses 
(Hamouda et al., 2016). However, strains isolated from 
the natural substrate gave much better performance 
than commercial strains (Djelal et al., 2017). It should 
also be noted that the production of ethanol in co-
cultures allows higher results than single cultures. For 
example, the co-immobilization of Saccharomyces 
cerevisiae and Scheffersomyces stipitis in an 
immobilized cell reactor increased ethanol production 
by 10% compared with a single culture of S. cerevisiae 
(Karagor and Ozkan, 2014). The co-culture of Bacillus 
amyloliquefaciens and Zygosaccharomyces rouxii 
from syrup of dates improved the yield of ethanol 
production by 25% compared with a single culture 
of Z. rouxii (Djelal et al., 2017). Some studies show 
a simultaneous improvement of saccharification 
and bioethanol production from industrial effluent 
with co-culture of Bacillus subtilis and S. cerevisiae 
(Tantipaibul et al., 2015), from industrial potato waste 
with co-culture of Aspergillus niger and S. cerevisiae 
(Izmirlioglu and Demirci, 2016), and from kitchen 
biowaste with S. cerevisiae and Pichia stipitis (Ntaikou 
et al., 2018)

Several methods can be used for the identification 
of isolated strains. Matrix-assisted laser desorption 
ionization-time of flight mass spectrometry (MALDI-
TOF MS) finds a large application in this topic. It is 
recognized as a powerful, rapid and cost-effective tool 
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for the identification of microorganisms (Kudirkien et 
al., 2015; Girard et al., 2016; Lv et al., 2016). To confirm 
the obtained result or to refine the identification, it is 
possible to use conventional molecular biological 
methods (Gruenwald et al., 2015; Jadhav et al., 2015).

Green algae also contains salts, like sodium 
chloride, and sulfates from sulfated polymers like ulvan 
(Holzinger et al., 2015). These components could play 
a role in the osmotic pressure of the culture medium 
and hence on ethanol production performance; for 
green algae salinity is a major abiotic stress in ethanol 
production via fermentation using yeasts. This has led 
to research into yeast salt tolerance with the aim of 
improving ethanol production.

Our study therefore focused on naturally-occurring 
yeasts that can be grown in sugar based media for 
alcoholic fermentations and have a high salt tolerance. 
Therefore, attempts have been made to isolate local 
yeast strains, to identify them and then to assess their 
capacity for bioethanol production. 

MATERIALS AND METHODS

Microorganisms, isolation and identification 
For ethanol production, the yeast Saccharomyces 

cerevisiae CLIB 95 obtained from CIRM (Centre 
National de Ressources Microbiennes, France) was 
used in this study. Stock cultures were maintained in 
an agar medium whose composition was (in g.L-1): 
glucose, 10; peptone, 5; yeast extract, 3; malt extract, 
3; and agar, 15. Cultures were maintained at 28°C for 
24 h and then stored at 4° C.

Strains were isolated from sugar cane molasses, 
dates and figs by a serial dilution technique using Yeast 
Malt Agar (YMA) medium (in g.L-1) (yeast extract 3, 
malt extract 3, peptone 5, glucose 10, agar15); the pH 
was adjusted to 5.5 with 1mol.L-1 sulfuric acid. YM 
medium had the same composition as YMA medium 
but without agar. Sugar cane molasses was obtained 
from an Algerian sugar factory (CEVITAL), dates and 
figs were purchased in a local market. Strains were 
purified by streaking on YMA; a pure culture of each 
strain was kept on solid culture medium YMA slats and 
stored at 4°C until needed. For long term conservation, 
strains were stored in glycerol/YMA medium (20/80 
%, v/v).

The morphology of cells was examined after culture 
grown in YM and YMA media, incubated at 30°C for 
3 days (Kurtzman et al., 2011; Prescott et al., 2010).

The isolated strains were identified by the MALDI-
TOF (VITEK MS) method (Blattel et al., 2013; 
Moothoo-Padayachie et al., 2013),at LABOCEA 
(Fougères, FRANCE). To refine the results previously 
obtained, the strains were also identified by DNA 
extraction and mini/micro satellite primed PCR. This 
identification was done in the EQUASA laboratory 

(Technopole Brest-IROISE, Plouzane, France), and 
more information can be found in a previous study 
(Redou et al., 2015). 

The isolated strains were also identified according 
to their biochemical characteristics using the API 20C 
test kit (Biomérieux, Marcy l’Etoile, FRANCE).

The composition of the pre-culture medium 
(inoculum) for yeast was (in g.L-1): glucose, 20; yeast 
extract, 10; and peptone, 10. The cells were cultivated 
in a sterilized culture medium in 250 mL Erlenmeyer 
flasks (working volume 25 ml) at 28°C, on a rotating 
shaker (INNOVA 40) at 180 rpm for 18 h in order to 
obtain high cell density. Then, the cells were harvested 
aseptically by centrifugation (1,800 g, 4°C and 5 
min), re-suspended in 25 mL KCl (150 mM) and then 
centrifuged again in similar conditions. The suspension 
obtained after harvesting cells and re-suspending in 
10 mL of 150 mM KCl was used as inoculum for the 
experiments.

Characteristics of fermentation 
The fermentation of glucose, galactose, fructose, 

saccharose, lactose, xylose, maltose and arabinose was 
tested. The sugars were dissolved at 2 % (w /v) in the 
Wikerham medium (Djelal et al., 2012) containing in 
g.L-1: Peptone 10, yeast extract 5, phenol red 24 mg. 
The tests were performed in Durham tubes, which were 
inoculated and incubated at 30°C for three weeks. The 
tests were performed at least in duplicate.

The tolerance to salinity was carried out using 
the Yeast Malt (YM) medium, to which were added 
different concentrations of NaCl (0.5, 1.0 and 1.5 M). 
The cultures were incubated at 30°C for 72h and the 
Optical Density (OD) was measured every 24 h at 620 
nm to follow yeast growth (Abdel and Moghaz, 2010).

The isolated strains were inoculated in 10 mL of 
Tryptone Glucose Yeast Extract Agar medium (TGY) 
for testing ethanol tolerance. Its composition was (in 
g.L-1): yeast extract, 5; glucose, 1; K2HPO4, 1, agar, 2 
and the pH was adjusted to 7. Different concentrations 
of ethanol were studied (5, 7, 9, 10, 12, 14, 16 and 
20%). The tubes were incubated at 28 °C for 48 h. 
After incubation, the viability of yeast cells were 
checked by serial dilutions with sterile distilled water 
and plated on agar medium; the ethanol tolerance was 
selected based on the growth performance.

The isolated strains were tested for their ability 
to produce ethanol on glucose substrate (30 g.L-1); 
the strains were inoculated at 1% (v/v) into 250 ml 
hermetic bottles containing 100 ml of the fermentation 
medium, which was prepared following the method 
described by Djelal et al. (2006) and peptone (5 g.L-1) 
was used as nitrogen source. 

Synthetic medium is formed by a single sugar 
(glucose, 15 g.L-1) and salts (NaCl 1.37 M) at levels close 
to those of green algae. This medium was prepared as 
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described earlier in this paper. This synthetic medium 
was used to demonstrate the influence of salts on the 
activities of strains.

Ethanol fermentation was carried out in 250 mL 
hermetic bottles, on a rotating shaker (INNOVA 40), 
at 180rpm, 28°C, during 48 h. Inoculation levels were 
1% (v/v). Experiments were performed at least in 
duplicate, and samples were withdrawn and centrifuged 
at 1,800 g, 4°C and 5 min. The cell free supernatant 
was evaluated for ethanol and sugar concentrations. 

Analytical methods
Analyses of the various metabolites produced by 

the yeasts and the sugar concentrations were performed 
by high performance liquid chromatography (HPLC); 
analysis was conducted using an ion exclusion column 
HPX-87H (300 × 7.8 mm, Bio-Rad, Hercules, CA, 
USA), kept at 45 º C (Oven CrocoCil™; Cluzeau-
Info-labo, Ste Foy LaGrande, France). The eluent for 
separation was sulfuric acid (0.01 M), applied at a flow 
rate of 0.7 mL.min-1. The column was coupled with 
a Shimadzu RIO-6A Refractive index index Detector 
(Japan), which was used for the detection of the various 
compounds (Djelal et al., 2005). 

Cell growth was deduced from turbidimetric 
measurements made using a spectrophotometer 
(SECOMAM, Ales, France) at 600 nm. The 
measurements were performed directly after the 
sampling and after centrifugation at 3000 rpm, 4°C 
and 5 min; the difference between the two values 
represented cell growth. The pH was adjusted to 6 (pH 
meter WTW pH 315i) by addition of sterile 2 mmol.L-1 
KOH. 

Fermentation efficiency
During alcoholic fermentation, the fermentable 

sugars are converted into ethanol and carbon dioxide 
by the action of microorganisms.

The overall chemical formula for alcoholic 
fermentation, for example in the case of glucose as the 
main carbon substrate, is the following (Equation 1):

The ethanol productivity (g.L-1.h-1) was calculated 
as the ratio of ethanol concentration (g.L-1) at the 
fermentation time (t, h) (Equation 4):

( ) ( )6 12 6 2 5 2n C H O 2n C HO H 2nCO× → × +

According to Equation (1), for a total conversion, 
one mole of glucose leads to two moles of ethanol and 
two moles of carbon dioxide. The ethanol theoretically 
produced can therefore be calculated as follows 
(Equation 2): 

[ ] ( ) [ ]1 ethanol
theor

glu cos e

M
Ethanol g L 2 glucose

M
−

 
⋅ = × ×  

 

The yield of ethanol to consumed sugar (g/g) was 
defined as (Equation 3):

( ) [ ]1 ethanol
Yield of ethanol g g

sugar consumption
−⋅ =

( ) [ ]1 1 ethanol
Ethanol productivity g L h

time
− −⋅ ⋅ =

and fermentation efficiency was calculated according 
to Equation 5:

( ) Pratical yield of ethanolEfficiency % 100
Theoretical yield

= ×

RESULTS AND DISCUSSION

Three yeasts were selected from isolates from 
molasses, dates and figs ; they were codified as strains 
S1, S2 and S3 respectively.

Morphological characterization 
Cell morphology was observed under a Carl Zeiss 

Axiostar Microscope X40 (a, c, and e) and X1000 (b, 
d, f) (Figure 1). The isolated yeasts did not show any 
variation according to their shape, color, margin and 
surface. The appearance of the selected yeast on YMA 
was smooth colonies white in color, and shiny surfaces. 
The microscopic characteristics included oval cells with 
budding. This is in agreement with the literature, since 
the same morphological characteristics were observed 
for yeasts isolated from sugar cane molasses (Hamouda 
et al., 2016), pineapple (Patil and Patil, 2010), and orange 
from the greater Mekong subregion (Techaparin et al., 
2017). Indeed, it is well known that yeast is ubiquitous 
and can grow on different substrates (Tikka et al., 2013). 

Figure 1. Morphology of the yeast strains S1 (a) (b), 
S2 (c) (d), S3 (e) (f).

Identification of strains
According to the morphological and biochemical 

characteristics, all isolated strains seem to be yeasts. 

(1)

(2)

(3)

(4)

(5)
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Identification of the three isolated strains using 
MALDI-TOF MS was performed. Information 
provided by this analysis showed that the studied strains 
were Saccharomyces cerevisiae with a percentage of 
identification above 99%. To confirm this result and 
to check the similitude between the isolated strains, 
a polymerase chain reaction (PCR) was carried out. 
Thereby, Mini/Micro-Satellite Primed PCR analysis 
was realized on the 3 strains isolated (S1, S2, S3) and 
a control (Saccharomyces cerevisiae DSM70449). On 
the basis of the genetic profiles, the GelJ software was 
used to produce a dendrogram specifying the similarity 
to the control strains. The S. cerevisiae strains S2 and 
S3 where very similar (80% similar), whereas the 
Saccharomyces cerevisiae S1 strain belonged to a 
separate group.

The biochemical test dealing with the assimilation 
of carbohydrates (API 20C test kit, Biomérieux, Marcy 
l’Etoile, France) was also in favor of Saccharomyces 
species.

Characteristics of fermentation
Sugar fermentation test

The ability of the isolated strains to ferment 
various sugars such as glucose, galactose and other 
ones was examined. As observed, all isolates were 
able to ferment glucose, galactose, sucrose, maltose 
and fructose; while the other ones (lactose, xylose 
and arabinose) were not fermentable (Table 1). The 
importance of this characterization is related to the 
interest of industries in obtaining strains capable of 
fermenting several sugars other than glucose (Bai 
et al., 2008). This is due to the environmental and 

seasonal variations in the composition and amount of 
sugars found in the Ulva. This characterization has 
been developed in other studies and they found that 
their wild-type of S. cerevisiae can use several sugars, 
such as maltose, sucrose, glucose, mannose, fructose 
and galactose, but not xylose and arabinose (van Maris 
et al., 2006). Walker and Wilson (1991) reported that 
all isolated yeasts ferment at least one type of sugar. 
However, a majority of these isolates, which ferment 
glucose, galactose, maltose, sucrose and raffinose, 
belonged to the genus S. cerevisiae (Dash et al., 2015).

Salinity tolerance test
The osmotic pressure caused by high concentrations 

of salts in the medium affects significantly the 
viability and cell growth of several microorganisms. 
This influence depends on the type and species of 
microorganisms. The obtention of strains tolerant to 
salts could overcome the limitation encountered during 
the fermentation and the production of ethanol. In 
order to determine the efficiency of the isolated strains 
to tolerate salinity, they were inoculated in liquid YM 
without salt and with different salinities (between 0.5 
M and 1.5M of NaCl). As observed, the presence of the 
salt in the medium reduced significantly the growth of 
the isolated strains (Figure 2). The decrease in growth 
cell was 70.5%, 60.8% and 61.32% for strains S1, 
S2 and S3, respectively, in the presence of 0.5M salt. 
The growth of the strains decreased upon increasing 
the salt concentration to reach 85.7%, 74.09% and 
73.05% for strains S1, S2 and S3, respectively, in the 
presence of 1.5M salt. However, the presence of salt 
induces an energy consumption by the strains for their 

+: Change in color and gas production, -: no change.

Table 1. Fermentation of different carbohydrates by selected isolated strains.

Figure 2. Absorbance of the three isolated strains in increasing salt concentrations (M). (a) S1, (b) S2, (c) S3.

0
0.5
1
1.5
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maintenance rather than for their growth. Indeed, the 
maintenance of the ionic equilibrium within the cell 
is the most energy-consuming. The study of Wastson 
(1970) shows that increasing the salinity of the 
culture medium in S. cerevisiae results in an increase 
in maintenance energy. The holding energy was 
multiplied by 4 when 1 M of NaCl was added to the 
culture medium and the growth of S. cerevisiae was 
consequently affected.

It can also be seen from these results that the isolated 
strains have a tolerance to high salt concentrations, 
given their ability to survive and grow. Similar 
results were observed in several studies. For example, 
Babu and Ilyas (2017) isolated a Saccharomyces 
cerevisiae strain from mangrove sediment that tolerates 
salinity in the range from 0.5 to 1.5 M of NaCl. 
Shaghaghi-Moghaddam et al. (2018) observed that the 
industrial strain of S. cerevisiae had higher resistance 
against osmotic pressure of the fermented broth than 
the traditional baker’s yeast strain. These results are 
encouraging and they allow studying later the capacity 
of these strains to tolerate different concentrations of 
ethanol.

Ethanol tolerance test
The capability to tolerate various stresses 

(osmolarity and ethanol) is one of the main criteria to 
select strains for efficient ethanol fermentation. The 
common challenge of strains can be overcome by 
using ethanol-tolerant yeasts and hence the selection 
of strains with high resistance to ethanol is important. 
The ethanol tolerance capacity depends on the type of 
strain. To evaluate the ethanol tolerance capacity, the 
isolated strains were inoculated in the TGY medium 
containing different concentrations of ethanol (5, 7, 9, 
10, 12, 14, 16 and 20 % (v/v)).

Table 2 represents the effect of increasing 
concentrations of ethanol on the different strains as 
compared to S. cerevisiae CLIB 95 as reference. The 
results showed that all strains grew at 5, 7, 9, 10 and 
12% ethanol concentration. Above this concentration, 
no growth was observed for the reference strain; 
ethanol inhibits the yeast growth, the cell division, 
and decrease the cell volume and the specific growth 
rate, and high concentrations reduce cell vitality 

and increase cell death (Birch and Walker, 2000). 
Regarding the isolated strains, S1 tolerated up to 14% 
(v/v) of ethanol, while interestingly the isolates S2 and 
S3 were highly tolerant, up to 20% (v/v) ethanol.

Resistant strains can be isolated from natural 
resources like fruits and animals, and the differences in 
ethanol tolerance might be due to differences in their 
natural habitat. Negi et al. (2013) isolated strains from 
different parts of Himachal Pradesh in India. From the 
14 strains that have been identified as S. cerevisiae, 
only one tolerated up to 12% (v/v) ethanol. The 
ethanol tolerance showed by the strains isolated in this 
study was consistent with those of Nwachukwu et al. 
(2006) who found a maximum and minimum ethanol 
tolerance of 20% and 10% (v/v) for their strains. 
However, medium enrichment with soybean or palm 
kernel enhanced the ethanol tolerance. Maximum 
tolerance increased from 20 to 22% (v/v) ethanol and 
minimum tolerance increased from 10 to 15% (v/v) 
ethanol (Osho, 2005). Among 234 yeast isolates, 
Techaparin et al. (2017) found that the majority of 
the isolates tolerated ethanol concentrations up to 
10% (v/v). Interestingly, five isolated yeasts were 
highly tolerant to ethanol concentrations up to 13% 
(v/v). A study on the screening of S. cerevisiae for 
high tolerance to ethanol showed that the tolerance 
was doubled for strains irradiated with gamma rays 
compared to the use of the initial S. cerevisiae strain 
(Mehdikhani et al., 2011). An ethanol-tolerant strain 
may exhibit an ability to resist osmotic stress. This 
was demonstrated by Osho (2005) for their 4 strains, 
isolated from fermenting cashew apple juice, which 
showed measurable growth in medium containing 9% 
(v/v) ethanol and can tolerate up to 25% (w/v) glucose. 
The use of efficient yeast strains with high ethanol 
tolerance to improve ethanol yields in the fermentation 
product (cane molasses) would reduce distillation 
costs and hence the profitability of the overall process 
(Chandrasena et al., 2006). 

Fermentation
Ethanol production in synthetic medium

The ethanol production of the isolated strains in 
the culture medium containing 30 g.L-1 of glucose 
was examined after incubation at 28°C for 46 h in 
order to select strains that have the ability to produce 
ethanol at important concentrations. In view making 
of comparison, S. cerevisiae CLIB 95 was considered 
as a reference. 

The strains presented practically the same 
fermentative capacity. Comparing cell growth displayed 
in Figure (3, A), all the strains led to the same highest 
cell growth and the same final amount of biomass. 
There were no significant differences regarding glucose 
consumption and ethanol production (about 12 g.L-1 

of ethanol for the strains). Yeast strains also secreted +: Positive; -: Negative; W: Weakley positive.

Table 2. Ethanol tolerance of the isolated strains.
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glycerol during fermentation (Figure 3, D). S1 was 
the lowest producer of glycerol (0.28 g.L-1), while 
S3 and the strains of reference produced the highest 
concentrations of glycerol (0.66 g.L-1). Ethanol yields at 
20 h of fermentation were 0.38-0.39 g.g-1 for all strains 
and the productivities were almost 0.58 g.L-1.h-1. 

Techaparin et al. (2017) tested the ethanol 
production of the selected thermotolerant yeast strains 
isolated using glucose as substrate and showed that 
all the twenty-six strains tested produced ethanol; the 
ethanol concentrations, productivities and yields were 
in the range 37.47-72.69 g.L-1, 0.78-1.59 g.L-1.h-1 and 
0.27-0.44 g.g-1, respectively. Dash et al. (2015) also 
investigated the ethanol production ability of some 
isolated strains on different natural substrates, like 
sugarcane juice, Mahua flower juice, or grape juice; 
all the strains produced ethanol, but the fermentation 
ability varied greatly with the substrate used. Brooks 

(2008) screened the ability of their isolated strains to 
produce ethanol by using the banana peel-yeast extract 
peptone fermentation medium, supplemented with 
10% (w/v) glucose. It was found that all the strains 
produced ethanol, but the ethanol production capacity 
depended on the fermentation medium and the strains.

The strains presented practically the same 
fermentative capacity; consequently, all strains were 
considered for subsequent experiments.

Ethanol production in synthetic model medium of 
macro-algae

After the examination of the tolerance of the strains 
to salinity and their ability to produce ethanol,

fermentation of these strains on synthetic medium 
of algae was carried out.

This medium contained salts which could influence 
the strain’s performances by their impact on the 

Figure 3. Absorbance (A), glucose consumption (B), ethanol production (C) and glycerol production (D) time-
courses during growth of the strains S1 ( ), S2 ( ), S3 ( ), and ( ) S.cerevisiae in synthetic medium containing 
glucose (30 g.L-1) as carbon substrate. 
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osmotic pressure. The supplementation of synthetic 
medium (15 g.L-1 glucose) with sodium chloride at 
concentrations similar to those found in hydrolysates 
(1.37 M NaCl, data not shown) should allow the study 
of ethanol production of the three selected yeast strains 
facing this change of osmolality.

Ethanol production and glucose consumption were 
observed for the three isolated strains and the strain of 
reference in the culture medium (Table 3). 

After 46h of fermentation, almost all the glucose 
was consumed; the consumption rate was very slow 
during the first day of culture and then increased 
compared to the basic medium (30 g.L-1 of glucose 
without salts); modified medium with higher levels 
of salinity is a source of osmotic stress (Djelal et 
al., 2005), illustrated by the lower rates observed for 
glucose consumption, since total consumption of 30 
g.L-1 glucose was observed in only about one day in the 
absence of salts. It was in accordance with the biomass 
decrease in the presence of salts, since maximum 
cell density (absorbance at 600 nm) was in the range 
11-13 (Figure 3) in the absence of salts and only in 
the range 1.3-1.9 in the presence of salts (Table 3). 
Osmotic pressure impedes yeast development and thus 
partially inhibits glucose assimilation (Djelal et al., 
2012). A high osmotic pressure drives a passive water 
outflow through the cytoplasmic membrane to restore 
thermodynamic equilibrium, thus to a dehydratation 
(Blomberg, 2000). Similar behavior was previously 
observed with Hansenula anomala (Djelal et al., 
2006), Pichia farinosa (Vijaikishore and Karanth, 
1984) and Dekkera bruxellensis (Galalafassi et al., 
2013). Despite the presence of a high amount of salt, 
the strains still produced ethanol. This is encouraging 
for future work on algal hydrolysates. The highest 
ethanol production was observed for the strains S2 
and S3 (3.8 and 3.9 g.L-1 respectively), while S1 and 
S. cerevisiae produced the lowest amounts of ethanol 
(2.2 and 2.1 g.L-1 respectively); this should be related 
to the sensitivity of this strain to the osmotic pressure. 
It is widely reported that NaCl has an inhibitory effect 
on ethanol production (Djelal et al., 2005). This loss 
of ethanol production should be balanced by a rise of 
glycerol production. The strain57s tried to lowered 
osmotic potential of the cytoplasm and re-entry of 
some of the lost water by the production of glycerol 
(0.2g.g-1). Concerning acetic acid, similar yields were 

found for the strains (0.05g.g-1). Like glycerol, acetic 
acid also plays a role in osmoregulation (Blomberg 
and Adler, 1989; Blomberg and Adler, 1992). The 
three strains S1, S2 and S3 isolated from sugar cane 
molasses, dates and figs, respectively, showed some 
differences regarding tolerance to salt, especially 
at the level of ethanol yield produced (0.16 for S1, 
0.27 and 0. 29 g.g-1 respectively for S2 and S3) and 
the fermentation efficiency (32% for S1, 52 and 58% 
for S2 and S3). Regarding the osmotolerance of their 
strains isolated from pineapple and orange, Nasir et al. 
(2017) found that the strain isolated from pineapple 
successfully tolerated up to 9% sodium chloride salt, 
while the other strain showed high growth up to 12% 
sodium chloride salt concentration. 

Also by comparing the three isolated strains with 
the reference strain, it can be observed that the strain 
S1 gave results very close to those of S. cerevisiae 
whereas S2 and S3 exhibited a better fermentation 
capacity in the presence of these stressful conditions. 
The microorganisms which are capable of producing 
ethanol, especially under stress conditions (temperature, 
osmolarity, ethanol tolerance), have been strains 
isolated from various sources. This is in agreement 
with the study of Ramos et al. (2013), who evaluated 
the fermentative performances in sugarcane juice of 
66 indigenous Saccharomyces cerevisiae strains in 
stressful conditions (temperature, osmolarity, sulfite 
and ethanol tolerance). They observed that highest 
values of Yp/s in sugarcane juice; fermentation was 
obtained with four strains, one isolated from fruit 
(0.46) and the others from sugar cane (0.45, 0.44 and 
0.43), and these values were higher than the value 
obtained using traditional yeast (0.38).

Co-culture of S2 and S3
Co-culture bioconversion provides the opportunity 

to maximize substrate utilization rate, increase ethanol 
yield and production rate and reduce process costs 
(Singh and Bishnoi, 2012; Chen, 2011). To check if 
co-culture enhances the ethanol production, an assay 
was made in the same conditions of the mono-culture, 
namely 15 g.L-1 glucose and 1.37 M NaCl. The S2 and 
S3 strains were chosen for their tolerance to salts and 
ethanol production. The same amount of each strain was 
used in the fermentation (50%/ 50% (v/v)). The total 
volume of the inocula was 1% in the experiments. Co-

Table 3. Comparison of consumption and production between the three isolated strains after 46 h of fermentation in 
algae synthetic medium (15 g.L-1 glucose and 1.37 M NaCl).
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culture led to an improvement of ethanol yield and the 
efficiency of fermentation compared to monoculture 
fermentation. Figure 4 shows that the growth in co-
culture is more important than in single culture. This 
growth was related to the consumption of glucose. In 
fact, it can be observed in Figure 5 that the use of the 
consortium is more effective for the production of 
ethanol. Indeed, it was observed that, after 24 h, the 
consumption of glucose for the strains S1 and S2 was 
2 and 4 g.L-1, respectively (Figure 5). However, the 
consumption of glucose in the case of a consortium 
was doubled to 7 g.L-1. This leads to a cumulative 
ethanol production of 2.5 g.L-1. These results show 
that the strains did not adversely affect the production 
of ethanol as well as their growth (Figure 4). 

The effect of the change in the size of the inoculum 
for each strain relative to the co-culture (0.5 instead 
of 1) did not affect their fermentative capacity. 

Ethanol yields were 0.35 g.g-1 for the co-culture and 
0.27 and 0.29 g.g-1 for the pure cultures of S2 and S3, 
respectively (Figure 6). 

Concerning efficiency, it increased from 52 and 
59% for S2 and S3, respectively, in the monoculture to 
68% in the co-culture of S2 and S3. Djelal et al. (2017) 
showed that the fermentation of by-products of dates by 
co-cultures of the isolated strain B. amyloliquefaciens 
and Z. rouxii showed an increase of the yield of ethanol 
by 12.5% compared with the single culture; they also 
demonstrated that the strain ratio did not affect the 
results of ethanol productivity. Kalyani et al. (2013) 
observed that the co-culture of S. cerevisiae and Pichia 
stipitis produced 23% and 38% more ethanol than the 
amounts produced by S. cerevisiae and P. stipitis in 
pure cultures. Harish et al. (2010) obtained an ethanol 
yield of 0.41g.g-1 during the co-culture of Clostridium 
thermocellum and Clostridium thermosaccharolyticum 
on banana waste hydrolysate, namely 36 to 59% more 
than the corresponding pure culture of Clostridium 
thermocellum. These promising results show that co-
culture has great potential for efficient conversion 
of medium rich in salt, like green macro-algae 
(Chaetomorpha linum), to ethanol.

Figure 5. Kinetics of glucose consumption (dashed 
line) and ethanol production (continuous line) for 
the three isolated strains S2S3 (red), S2 (violet), S3 
(green) in synthetic model medium of algae (15 g.L-1 
glucose and 1.37 mol.L-1 NaCl).

Figure 4. Absorbance at 600 nm measured during 
46 h of fermentation by S2S3 (red), S2 (violet) and 
S3 (green), in the synthetic model medium (15 g.L-1 

glucose and 1.37 mol.L-1 NaCl).

Figure 6. Comparison of ethanol yield (black bars) 
and efficiency (gray bars) during single cultures of S2, 
S3 and their co-culture in synthetic model medium of 
algae (15 g.L-1 glucose and 1.37 mol.L-1 NaCl).

CONCLUSION

In the present research work, three yeast strains, S1, 
S2 and S3, isolated from sugarcane molasses, dates and 
figs, respectively, were characterized by conventional 
morphological and biochemical methods. The strains 
showed tolerant characteristics to stressful conditions; 
they tolerated up to 1.5 mol.L-1 NaCl. All the strains 
were able to produce ethanol. The strains S2 and 
S3 showed very high ethanol tolerance (20% (v/v)) 
compared to a commercial yeast strain of S. cerevisiae 
and the strain S1, which tolerated up to 14% (v/v) 
of ethanol. Thus, S2 and S3 could serve as potential 
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strains for ethanol fermentation under high osmotic 
pressure. Co-culture of S2 and S3 enhanced the 
ethanol production by increasing the yield of ethanol 
by 12.5% compared to the single culture. The strains 
were identified as species of S.cerevisiae, and S2 and 
S3 were very similar (80% similarity). Therefore, 
studying the biodiversity of yeasts from different 
environmental media may reveal very similar strains, 
with the desired characteristics for fermentation under 
stressful conditions.
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