N

N

Indigenous microalgae strains characterization for a
sustainable biodiesel production
Mohammed Amouri, Majda Aziza, Fayrouz Kaidi, Maryline Abert-Vian, Farid
Chemat, Abdeltif Amrane, Mariana F. G.. Assuncao, Lilia M. A. Santos,

Amel Ounnar, Dalila Zitouni, et al.

» To cite this version:

Mohammed Amouri, Majda Aziza, Fayrouz Kaidi, Maryline Abert-Vian, Farid Chemat, et al.. In-
digenous microalgae strains characterization for a sustainable biodiesel production. Biotechnology
Journal, 2023, Biotechnology Journal, 19 (1), pp.e2300096. 10.1002/biot.202300096 . hal-04338207

HAL Id: hal-04338207
https://hal.science/hal-04338207

Submitted on 12 Mar 2024

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://hal.science/hal-04338207
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Accepted Article

INDIGENOUS MICROALGAE STRAINS CHARACTERIZATION FOR A SUSTAINABLE BIODIESEL
PRODUCTION

Mohammed Amouri’, Majda Aziza®, Fayrouz Kaidi', Maryline Abert Vian?, Farid Chemat?, Abdeltif
Amrane®, Mariana F.G Assuncao * Lilia M.A Santos®, Amel Ounnar’, Dalila Zitouni®, Abdessalam

Berrached®

! Centre de Développement des Energies Renouvelables, CDER, BP. 62 Route de I'Observatoire,
Bouzaréah, Algiers, Algeria.

>GREEN Extraction Team, INRAE, UMR 408, Avignon University, F-84000 Avignon, France

*Univ Rennes, Ecole Nationale Supérieure de Chimie de Rennes, CNRS, ISCR-UMR 6226, F-35000

Rennes, France

* Coimbra Collection of Algae (ACOI), Department of Life Sciences, University of Coimbra, Calcada

Martim de Freitas, 3000-456 Coimbra, Portugal

Corresponding author : Mohammed Amouri. PhD. BP. 62 Route de |I'Observatoire, Bouzaréah,

Algiers, Algeria. m.amouri@cder.dz

Running title: Indigenous microalgae strains

Abbreviations: CFPP: Cold filter plugging point; CR: Chlorella vulgaris CCAP211/11B ;CN: Cetane
Number ; DW: Dry Weight; FAs: Fatty Acids; FAMESs: Fatty Acid Methyl Esters; GC/FID: Gas
Chromatography Coupled with a Flame lonization Detector; HHV: High Heat Value; IV: lodine
Value; LCN: Local isolated Chlorella vulgaris; LCS: Local Coelastrella thermophila var. globulina; SFA :
Saturated Fatty Acids; MUFA: Monounsaturated Fatty Acids; OS: Oxidative Stability; PUFA:
Polyunsaturated Fatty Acids; SN: Saponification Number; 7: Kinematic viscosity p: Density; w:
Specific growth rate (day™)


https://doi.org/10.1002/biot.202300096
https://doi.org/10.1002/biot.202300096
https://doi.org/10.1002/biot.202300096
mailto:m.amouri@cder.dz

Accepted Article

Abstract

Microalgae have been widely recognized as a promising feedstock for sustainable biofuels production
to tackle global warming and pollution issues related to fossil fuels uses. This study identified and
analyzed indigenous microalgae strains for biodiesel production, specifically Chlorella vulgaris and
Coelastrella thermophila var. globulina, from two distinct locations in Algeria. Molecular
identification confirmed their identity, and the microalgae exhibited notable growth characteristics.
Local Chlorella vulgaris and Coelastrella thermophila var. globulina showed a good growth and high
biomass yield, compared to Chlorella vulgaris CCAP211/11B reaching a weight of 1.48 g/L, 1.95g/L
and 2.10 g/L, respectively. Lipids content of local Chlorella vulgaris, Coelastrella thermophila var.
globulina, and Chlorella vulgaris CCAP211/11B, were found to be 31.39 + 3.3%, 17 + 2.26%, and 19
0.64%, respectively. Chlorella vulgaris stood out as a candidate for biodiesel production due to its
equilibrium between SFA and PUFA (43.24 % and 45.27 %). FAs are predominated by SFA and MUFA
for Coelastrella thermophila var. globulina with value of 81.49% (SFA+MUFA). Predicted biodiesel

qualities are complying with ASTM6751 and EN14214 standards.

Studied microalgae have therefore a promising potential for biodiesel production. However,

optimising cultivation conditions is necessary to enhance biomass and lipids yield at large scale.

Keywords: Microalgae, Chlorella vulgaris, Coelastrella thermophila, Biodiesel, FAME:s.

1- Introduction

Biofuels are becoming a relevant substitute for scarce fossil fuels to tackle its related global warming
and pollution impacts facing the modern societies and affecting ecosystems global balance, at an
alarming rate "', Microalgae are considered as an alternative to produce a wide range of value-added

chemicals with different applications including biofuels, cosmetics, pharmaceuticals, food, feed [21 131,
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Microalgae are prokaryotic or eukaryotic photosynthetic microorganisms with a simple cell structure
characterized by high sun-based power conversion into biomass (Ten times higher than plants and
macroalgae) due to proficient access to water, CO, and nutrients .. Microalgae are able to use
wastewater and flue gases for its growth, which represents a sustainable approach to mitigate GHG

emissions, reduce pollution, and generate bioenergy products ' 1,

In developed and developing countries, because of energy security basis, environmental and socio-

7

economic concerns, biofuels are considered relevant to meet energy needs . The use of first

generation feedstock for biodiesel production is deemed unsustainable due to economic, social and

environmental concerns ©

. Microalgae third-generation biofuels have the most potential to substitute
petroleum derived fuels without the drawbacks of first and second-generation biofuels . One of the
great biological challenges associated with algal biofuels is the identification and bringing into culture
of species with a favorable combination of the following characteristics: high growth rate, high lipid
content and ease of harvest and extraction "%, The selection of the microalgae strain is crucial for
producing biofuel and high-value co-products to maximize revenue. Suitable microalgae species are
selected based on their carbohydrate, lipid and protein contents, which are important for producing

high quality biofuels "

. This chemical composition allows microalgae to take advantage of
biorefinery concept opportunities. Nevertheless, microalgal commercial viability is highly dependent
on evaluation and improved integration of most possible waste bioconversion and valorisation

patterns (.

Adequate species selection based on oil yields and lipids composition quality are among the principal
challenges in microalgae biofuel production and its industrial feasibility "“?. Despite the fact that
several strains of microalgae were employed in the biodiesel production, only limited numbers of
strains were able to show high potential in the accumulation of lipid in terms of its quality and
quantity . Screening native algae for species with desirable traits gives a robust biological platform
for bioresource production given their pre-adaptation to the prevailing regional abiotic and biotic

factors "*. Bioprospecting and utilizing of indigenous strains is benefited by local microalgae species
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isolating and selecting, regarding their physiological characteristics, as they are highly adapted to the
local climatic environment, unused domestic biological resources utilization, and foreign species

biological contamination prevention, when cultivated for large scale operations ™.

This study identified and analyzed indigenous microalgae strains isolated from two distinct regions in
Algeria for biomass and biodiesel production. Experiments were performed for both native strains
with a reference strain from CCAP culture collection of algae and protozoa. They were cultivated in
batch mode using a torus photo bioreactor under autotrophic conditions in order to evaluate their
potential as candidate for biomass and lipids generation for biodiesel production. In this respect, the
characteristics of algal growth, biomass, biochemical and fatty acids composition, and derived

biodiesel quality were investigated.
2. Materials and methods
2.1 Sample collection, Isolation, and identification of microalgae

The freshwater microalgae were collected from Oued-Hamlil Spring located in Zeboudja
municipality, in the North of Algeria (LCN) (36°23'33.6"N 1°31'41.7"E) and the Tamentit foggara
located in ADRAR, in the south of Algeria (LCS) (27°45'52.8"N 0°15'56.5"W). BG11 medium was

used for isolation (24 h light, 4000 lux, 25 °C, 7 days) and serial dilution was used for purification ',

FastDNAT™ SPIN Kit for Soil from MP Biomedicals was used for DNA extraction of local Chlorella

vulgaris (LCN). The 18s rDNA genomic region was amplified with Primers Euk1A Fw and Euk516r

[16 16

1. The PCR amplification was carried out according to !"® with a varied conditions using 5 min
for initial denaturation at 94 °C, followed by 25 cycles as follows: 30 s for DNA_denaturation at
94 °C, 1 min for primers annealing at 63 °C and 1.5 min for amplification at 72 °C, then by a final

period of 10 min at 72 °C for amplification. PCR products were sequenced by Secugen (Spain)

employing the Sanger method "'®.

The DNA of local Coelastrella thermophila var. globulina was extracted using a NucleoSpin Plant 11

commercial kit (Macherey-Nagel, Germany). The ITS rDNA genomic region was amplified with
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Primers ITS Fw and Rv !, The PCR amplification was carried out using 5 min for initial
denaturation at 95 °C, followed by 35 cycles as follows: 30 s for DNA denaturation at 95°C, 30s min
for annealing of primers at 55 °C and 45s for amplification at 72 °C, followed by a final period of
7 min at 72 °C for amplification. The purified fragments were subjected to the Sanger sequencing
method using the Applied Biosystems BigDye v3.1 kit and PCR primers that were used to amplify the

fragments of interest.

The sequencing results were assembled using the Geneious (version 11.1.5) software package. To
assign identities to the studied strains, two different molecular methods were used, Basic Local
Alignment Search Tool (BLAST) and Tree Building. For Tree Building, the study strains sequences
and a selection of sequences gathered from the GenBank database, were aligned using the ClustalW

algorithm!"®!,

Phylogenetic trees were inferred from the aligned sequence data using the maximum likelihood
(ML) method implemented in RAXML (8.2.12) on the Cyberinfrastructure for Phylogenetic Research
Portal (CIPRES) (http://www.phylo.org/sub_sections/portal) "*\. The evolutionary model used was
the default GTR+ I'. A total of 1000 rounds of bootstraps were conducted. Trees were drawn with the

aid of the iTOL tool (https:/itol.embl.de) *°'.

2.1. Microalgae strains cultivation

Two isolated microalgae strains were cultivated in batch mode under autotrophic conditions in a
torus photobioreactor of 1.3 L effective volume. Chlorella vulgaris CCAP211/11B was cultivated as
reference strain (CR). All strains were maintained in culture using sterilised BG11 medium (120 °C,
20 min). Local strains cultivation was carried out in triplicate using BG11 medium under the
following conditions: Temperature 25 °C, light intensity 7000 Lux (LED lamps), Cells density 10°
cells/mL, Aeration 50 mL/min (air flowmeter Borkshort), agitation 150 rpm/min. The three

microalgae cultures were lasted for 18 days with initial pH set at 7.5 without control during the

culture.
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2.2. Monitoring culture and growth measurement

The culture was sampled regularly to monitor different parameters of growth such as cells
concentration, optical density, and dry biomass. Biomass was estimated by optical density at 680 nm
wavelength using an ultraviolet/visible spectrophotometer (PerkinElmer life and Analytical, UK) in 1
cm test tubes. Specific growth rate (n day™') was calculated according to the equation p=In (X, / X,) /
(t, —t;), where X is the biomass yield (g/L) and t is the time (day). Cells concentration was estimated
using Malassez Counting chambers where cells total number was calculated using Eq.1. After
18 days, the cultures were harvested by centrifugation at 4000 rpm for 10 min and washed twice with

distilled water. Wet biomass was dried in an oven at 70°C for 24 h "),
Cells Density (Cells/mL) = Total number of cells counted x 10° x DF (DF: Dilution factor) (1)

2.3 Biochemical composition determination
Microalgae biochemical composition for total carbohydrate and proteins analysis were carried out by

the phenol-sulphuric acid and Lowry methods as described by

, respectively. Ash content was
determined according to ™. The total lipids content was estimated by subtracting the percentage of

ashes, carbohydrates and crude proteins out of 100%.

2.4. Lipids analysis and biodiesel predicted qualities

Crude oils from microalgae were extracted by a Bligh and Dyer method **. Aliquots of crude lipid
were acid-catalyzed transmethylated to FAMEs by reaction with H,SO, (5%) (analytical grade), then
heated for 90 min at 85 °C. Once the mixture reached room temperature, 1.5 mL of NaCl (0.9%, w/v)
and 1 mL of hexane (analytical grade) were added to facilitate phase separation. The mixture was
mixed vigorously and the hexane phase containing fatty acids was recovered. Identification and
quantification of different fatty acids was performed using gas chromatography (Agilent, Kyoto,
Japan) equipped with FID detector and BD-EN14103 capillary column (30 m x 320 um x 0.25 um).
The velocity of the carrier gas (Helium) was maintained at 33 cm/s. The sample injection volume was

2 uL and was executed in a split mode (1:20 ratio). The back-detector temperature was 260 °C. The
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oven temperature profile was incrementally brought from 50 °C to 230 °C with varying holding time.
The relative quantity of different fatty acids was calculated based on area under the curve and analysis

was carried out in triplicates.

Biodiesel qualities derived from fatty acids composition such as Saponification number (SN) and
Iodine value (IV), Cetane number (CN), Oxidative stability (OS), Cold filter plugging point (CFPP),

were estimated using empirical correlations according to ®* . High Heat Value (HHV) was calculated

according to %!, Kinematic viscosity (1)) and density (p ) were calculated according to ?°.

3-Results and discussion

3.1 molecular identification

Indigenous microalgae were isolated from two different locations in Algeria for their high growth
and lipids potential for biodiesel production. Molecular identification was carried out to confirm the
identity of the isolated microalgae strains according to the 18S rDNA and ITS region amplification.
Isolated strains were found 99 % and 100 % identity with that of previously sequenced Chlorella
vulgaris (North of Algeria) and Coelastrella thermophila var globulina (South of Algeria) in the NCBI
database, respectively. Molecular identification was also supported by the results from the

phylogenetic analysis of the 18S rDNA and ITS region sequences (Figure 1).
Figure 1:

3.1 Microalgae strains growth

Figure 2 presents microalgae growth expressed by cell density/ml. The highest densities were
35.71x10° cell/ml and 21.19x10° cell/mL for CR and LCN strains, respectively. Highest cells density
for LCS was 2.75 x10° cells/ml. LCS cells density remained very low throughout culture if compared
to both CR and LCN. Maximum growth rates were 0.35 d” and 0.59 d' at day 3 for LCN, and CR,

respectively. LCS growth rate was found to be 0.38 d™' at day 3 and 0.53 d™' at day12. These results
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were close to those reported in literature about LCN and LCS on BG11 medium, which fluctuated
around 0.231-1.1 d' throughout the exponential growth phase, and then decreased in the stationary

growth phase 7.,

Figure 2:

Several parameters affect microalgae growth, which can be categorized into nutritional factors (e.g.,
carbon, nitrogen, phosphorus, silicon, metals, vitamins) and environmental factors (e.g., pH,
temperature, light intensity, aeration). pH is crucial for microalgae growth. While most species are

pH-sensitive, Chlorella vulgaris can grow within a wide range of pH values from 4 to 10 2,

The highest growth rate and biomass productivities were observed at pH 9-10 1%, In this study, initial
pH for the three strains (LCS, LCN, CR) was 7.5, which increased to 10.84 after 3 days for LCN, to
10.89 for LCS, and to 10.19 at day 10 for CR. CR growth declined after day 11, caused probably by

the high pH of 10.94 (figures 2 and 3).
Figure 3:

3.2 Dry weight Biomass Evolution

Dry weight biomass yield is a critical economic determinant for algal biofuel biotechnology. Figure 4
shows dry weight evolution for the three strains studied. Chlorella vulgaris CCAP211/11B and
Chlorella vulgaris presented a maximum biomass dry weight of 2.10 g/L and 1.95 g/L on day 18,

respectively. Coelastrella thermophila var.globulina (LCS) achieved a dry weight of about 1.48 g/L.

Results are in agreement with other studies where % found the highest dry biomass for Chlorella
vulgaris in BG-11 (1.64 +0.07 g/L). " have reported that native isolated local Chlorella vulgaris
from Egypt had the highest biomass in BG11 (1.86 + 0.1 g/L). In comparable conditions of high pH,
32 have found an equivalent biomass yield in the range of 1.5- 2 g/L for Chlorella sorokiniana. This
might be due to higher nitrogen favoring biomass growth, as demonstrated by ®** for Chlorella sp

cultivated in BG11 compared to other mediums (BBM, TAP). B¥ have found that Chlorella vulgaris
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could thrive in alkaline conditions where a pH of 10.5 gave the most relevant growth in biologically
treated water of poultry slaughterhouse. ®* have found that cultivation of Coelastrella rubescens
without CO, enrichment resulted in a rapid alkalization of the medium to pH 9.5-10.5, impairing the
physiological conditions of the cells. Dissolved inorganic carbon concentration is influenced by pH
(e.g., CO,and H2CO3. pH<7, HCO3% 7<pH<9, CO33?%; pH>9). Since CO, and HCO; can be
utilized by microalgae cells but CO;” can hardly be assimilated, a method that can efficiently control
microalgae suspension pH to 6-10 is useful to improve carbon availability, thus improving
CO, fixation efficiency ®®. This could explain the LCS and LCN growth improvement since the 11"

day due to pH decreasing under 10 (figure 1).

3.3 Biochemical composition of the biomass

Biochemical composition of microalgae was carried-out for proteins, lipids, carbohydrates, and ash
(figure 4). LCN, LCS, and CR strains showed a protein content of 31 + 3.30%, 39 + 2.26%, and 36 *
0.64%, respectively. Carbohydrate content of 15 + 0.23 %, 24 + 1.40%, and 22 + 1.20 % were
obtained for LCN, LCS, and CR, respectively. Lipids content of LCN, LCS, and CR strains were found to
be 31.39 + 3.3%, 17 + 2.26%, and 19 * 0.64%, respectively. (7] reported that median composition of
phytoplankton is 17.3% for lipids, 32.2% for protein, 15% for carbohydrates (% dry weight) under
nutrient unlimited conditions. Under the stationary phase of growth, the composition is shifted to

22.5% lipids, 27% protein, and 21.8% carbohydrates.

A remarkably high content of ash of 20-23 % DW was observed. A range of 1.5 to 20 % of ash
content was reported for microalgae, which was largely influenced by high minerals salts in BG11

medium®®,

Figure 4

Microalgae lipid accumulation is species dependent and is affected by the cultivation parameters, such

as light intensity, temperature, salinity, operation times, and nutrients (carbon/nitrogen/phosphorus)

391 B reported an average of 2 to 24 % of lipid content for Chlorella vulgaris strain. However, it
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could reach a content of 62.5 wt% in BG11 medium under nitrogen concentration of 62 mgN/L “%.
Lipid accumulation is more sensitive to nitrogen N-limitation other than P-limitation and it is
suggested to set optimum conditions (e.g. N:15-35 mg/L and P:4-16 mg/L) to balance the lipid
accumulation and biomass growth “Y. Local isolated Chlorella vulgaris showed a lipid content of
18.57% in nitrogen limited digestate effluent (25 mg NH,-N/L, pH 7.8) at stationary phase (24™ day
of cultivation), with a FAs composition dominated by the C18:2, C18:1, C16:0, compared to a lipid
content of 10% DW for Chlorella vulgaris SAG 211/11b 2. Lipids content for Coelastrella genus is
ranging from 17.02 to 26.47% DW “¥ and it could reach-up to 50 %DW under N and P starvation,

indicating its potential as a lipid-yielding strain 4.

The optimal pH range for microalgae growth is strain-specific, while a range from 7.0-9.5 can yield a
higher lipid accumulation in most microalgae species “*!. Lipid content for Chlorella genus varied
from 17 % to 45 % at different pH setting. However, the high lipid content came at the cost of lower
biomass productivity . Light intensity effect on lipid content and accumulation is contradictory in
the literature, since it has been reported to be only affected to a minor extent in some studies, while
lipid content increases with light intensity with an optimal irradiance for lipid accumulation in other

studies [47],

The most promising microalgae for biofuel production should have simultaneous growth, lipid
accumulation, and respond to little stress without significantly damage the growth rate. Lipid content
of 30 % is quite common in most microalgae proposed for biodiesel production, while some, like
Nannochloris sp. (56%), Chlorella sp. (53%), and Neochloris oleoabundans (65%), have higher
content. However, high-oil strains grow slower; e.g., 80% oil microalgae grow 30 times slower than
30% oil ones “*. In this aim, pH stress could be a robust and an effectiveness approach to increase

lipid content and to improve the fatty acids quality without affecting biomass production.
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3.4 Fatty acid composition and derived biodiesel quality
The most common FAMEs are palmitic acid (C16:0), oleic acid (C18:1n9), linoleic acid (C18:2n6),

and linolenic acid (C18:3n3) (table 1). They are mainly rich in C16:0 which are 43.25 %, 44.98 %

and 28.23 % for LCS, CR and LCN, respectively. Oleic acid content known to be a main component

of biodiesel was 19.86%, 17.87%, and 11.49% of total fatty acids in LCS, CR and LCN, respectively.

FAs content showed that LCS and CR were predominated by saturated and monounsaturated fatty
acids, with values (SFA+MUFA) of 81.49 % and 72.06 %, respectively. LCN shows equilibrium

between SFA and PUFA with values of 43.24 % and 45.27 %, respectively.

Physical cultivation parameters influence the FAs profile and hence both the quantity and quality of
lipids, such as light intensity and light duration, temperature, nutrient limitation, pH, oxidative stress
U7 1t was reported that low level of CO, favors the accumulation of saturated FAs, while high CO,
concentrations stimulate unsaturated FAs 7. ! have found that local Chlorella vulgaris (LCN)
showed a FAs composition highly rich in C16:00 and C18:2 at the end of exponential phase (12" day
of cultivation, 500 mgNH,4-N/L, pH 7.8). FAs composition was found to be dominated by the C18:2 at
the stationary phase, which are similar to results found in this study. ** found under N-deprivation

Chlorella vulgaris shifts from the production of polyunsaturated FAs (C18:2 and C18:3) to saturated

or monounsaturated FAs (C18:0 and C18:1).

Only one study reported the fatty acid profile of Coelastrella thermophila var. globulina isolated from
an Algerian hot spring !, Its FAs profile consisted of MUFA (51%), SFA (27%), and PUFA (22%)
(35°C, 75 pumol/m’ s, 16:8 light/dark cycle). In the current study, the FAs profile consisted of 60% of
SFA; this could be due to the high light intensity and photoperiod. *” reported that an increase in
light intensity and light duration was shown to be related to increased SFAs and decreased MUFAs

and PUFAs.

TABLE 1:
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Table 2 shows the different parameters used for Biodiesel quality according to the current standards.
Different FAs profile confer different properties to the derived biodiesel and accurate prediction of
biodiesel properties from FAs content is challenging due to complex relationships of FAs properties,

such as the chain length, the number and geometry of double bonds of the fatty acids .

The CN is an indicator of the ignition quality of a diesel fuel, which depends strongly on compounds
structure ', Standards ASTM D6751 and EN 14214 for biodiesel fuel requires a minimum CN of 47
and 51, respectively. The values obtained for different microalgae species range from 57.78 for LCN,

64.51 for CR and 69.62 for LCS.

Estimated oxidative stability (OS) for the studied strains are presented in table 2. The relatively high
OS for LCS is explained by its low C18:3 content compared to the other strains. Low OS for LCN and
CR could be explained by the high PUFA content for each microalgae strain, in particular for LCN

strain (table 1).

The European standard EN14214 defines a maximum iodine value (IV) of 120 g I, 100 g”', which is

necessary to avoid the polymerization of glycerides and deposits formation or deterioration of the
lubricating oil. Obtained IV for biodiesel issued from the three microalgae strains are in accordance

with the EN14214, since the highest value of 89.62 was found for LCN.

The cold filter plugging point (CFPP) is a parameter usually used for the prediction of the flow
performance of biodiesel at low temperatures. The CFPP obtained for the different microalgae oils

varied from -7.61 to 29.72" C. LCS biodiesel had poor CFPP (29.8°C), which is due to its high SFAs

content (59.33 %)

High heating value (HHV) is an important fuel property that characterize the fuel energy content.

Biodiesels derived from the studied microalgae strains showed a good HHV of 39 MJ/kg.

Fuel with high viscosity tend to form larger droplets on injection which cause poor fuel atomization

during the spray, and leads to increase exhaust smoke and emissions °'. The viscosities were 3.80,
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3.93 and 4.14 mm?/s, for LCN, CR and LCS, respectively. These values are in accordance with

ASTMG6751 and EN14214 specifications (table 2).

Density affects the mass of fuel injected into the combustion chamber and the air-fuel ratio **. The
microalgae strains densities were the same with a value of 0.860 g/cm’, namely in the range of

biodiesel density values, between 0.864 g/cm’ and 0.901 g/cm’ at 20°C, according to the results of %1,

TABLE 2

The high omega-6 FA content in LCN lipids (35.91%, w/w) is advantageous for versatile biodiesel
production, enhancing process flexibility, particularly at larger scales. Regarding LCS strain biodiesel,
its blending with fossil diesel or other feedstocks can alleviate poor cold flow properties. Using

multiple microalgal species with complimentary FAs profiles can improve biodiesel quality.

4- Conclusion

This study identified and analyzed indigenous microalgae strains, specifically Chlorella vulgaris and
Coelastrella thermophila var. globulina, from two distinct locations in Algeria. Molecular
identification confirmed their identity and the microalgae exhibited notable growth characteristics.
Microalgae's biochemical composition was higher than the median composition reported for
microalgae for proteins, carbohydrates, lipids. Lipid content spanned from 17% to 30%, with
Coelastrella thermophila var. globulina having the lowest and local Chlorella vulgaris the highest
lipid content. Isolated microalgae presented a substantial potential for biodiesel production due to its

adequate FAs profile and predicted biodiesel qualities are complying with ASTM6751 and EN14214
standards. Local Chlorella vulgaris standouts as a candidate for biodiesel production due to its high
lipid accumulation with adequate FAs profile. Cold flow properties of biodiesel derived from
Coelastrella thermophila var. globulina, may necessitate blending with other feedstocks or fossil
diesel. The use of complementary FAs profiles could address biodiesel properties. Culture
optimization is needed to enhance biomass and lipid yields at large scale for the local isolated

microalgae strains.



Accepted Article

Funding: This study was funded by Direction Générale de la Recherche Scientifique et

Développement Technologique of Algeria

Acknowledgements: Authors greatly acknowledge the Direction Générale de la Recherche
Scientifique et Développement Technologique of Algeria for its financial support. Authors gratefully
acknowledge Institute IMDEA Eenrgy of Mardrid for the genetic identification of the local Chlorella

vulgaris.

Authors contributions: Conceptualization, M. Amouri, M. Aziza, F. Kaidi, F. Chemat;
Methodology, M. Amouri, M. Aziza, F. Kaidi, F. Chemat, M. Abert Vian; Validation, M. Aziza, F.
Chemat M. Amouri; Formal Analysis, M. Amouri, F. Kaidi, M. Abert Vian, M.F.G Assungdo, L. M.A
Santos; Investigation, M. Amouri, F. Kaidi A. Berrached; Resources, M. Amouri, M. Aziza, A.
Amrane, D. Zitouni, A. Berrached; Data Curation, M. Amouri, M. Abert Vian , M.F.G Assuncao, L.
M.A Santos, D. Zitouni, A. Berrached .; Writing — Original Draft Preparation, M. Amouri, M. Aziza,
F. Kaidi, A. Ounnar, F. Chemat; Writing — Review & Editing, M. Amouri, M. Aziza, F. Kaidi, A.
Ounnar, F. Chemat, A. Amrane; M.F.G Assung¢do, L. M.A Santos; Visualization, M. Amouri, M.
Aziza, F. Kaidi, M.F.G Assungdo, L. M.A Santos; Supervision, M. Amouri, M. Aziza, F.Kaidi,

Project Administration, M. Aziza.

Data Availability Statement: Authors declare that all relevant data are available within the article.

Conflicts of Interest: The authors declare no commercial or financial conflict of interest.

The manuscript does not contain experiments using animals.

The manuscript does not contain human studies.



Accepted Article

References

1. Alishah Aratboni, H., Rafiei, N., Garcia-Granados, R., Alemzadeh, A., & Morones-Ramirez, J. R.
(2019). Biomass and lipid induction strategies in microalgae for biofuel production and other
applications. Microbial Cell Factories, 18(1), 178. https://doi.org/10.1186/s12934-019-1228-

4

2. Siddiki, Sk. Y. A., Mofijur, M., Kumar, P. S., Ahmed, S. F., Inayat, A., Kusumo, F., Badruddin, I. A,,
Khan, T. M. Y., Nghiem, L. D., Ong, H. C., & Mabhlia, T. M. |. (2022). Microalgae biomass as a
sustainable source for biofuel, biochemical and biobased value-added products: An
integrated biorefinery concept. Fuel, 307, 121782.

https://doi.org/10.1016/j.fuel.2021.121782

3. Khazi, M. 1., Liagat, F., Gu, W., Mohamed, B., Zhu, D., & Li, J. (2023). Astaxanthin production from
the microalga Haematococcus lacustris with a dual substrate mixotrophy strategy.

Biotechnology Journal, 18(10), 2300095. https://doi.org/10.1002/biot.202300095

4. Kamyab, H., Chelliapan, S., Kumar, A., Rezania, S., Talaiekhozani, A., Khademi, T., Rupani, P. F., &
Sharma, S. (2019). Microalgal Biotechnology Application Towards Environmental
Sustainability. In S. K. Gupta & F. Bux (Eds.), Application of Microalgae in Wastewater
Treatment: Volume 2: Biorefinery Approaches of Wastewater Treatment (pp. 445—-465).

Springer International Publishing. https://doi.org/10.1007/978-3-030-13909-4 19

5. Goswami, R. K., Mehariya, S., Verma, P., Lavecchia, R., & Zuorro, A. (2021). Microalgae-based
biorefineries for sustainable resource recovery from wastewater. Journal of Water Process

Engineering, 40, 101747. https://doi.org/10.1016/j.jwpe.2020.101747

6. Chew, K. W., & Show, P. L. (2022). Adapting microalgae-based strategies for sustainable green

cities. Biotechnology Journal, 17(10), 2100586. https://doi.org/10.1002/biot.202100586



Accepted Article

7. Hosseinzadeh-Bandbafha, H., Tabatabaei, M., Aghbashlo, M., Khanali, M., & Demirbas, A. (2018).
A comprehensive review on the environmental impacts of diesel/biodiesel additives. Energy
Conversion and Management, 174, 579-614.

https://doi.org/10.1016/j.enconman.2018.08.050

8. Jeswani, H. K., Chilvers, A., & Azapagic, A. (2020). Environmental sustainability of biofuels: A
review. Proceedings of the Royal Society A: Mathematical, Physical and Engineering Sciences,

476(2243), Article 2243. https://doi.org/10.1098/rspa.2020.0351

9. Sathya, A. B., Thirunavukkarasu, A., Nithya, R., Nandan, A., Sakthishobana, K., Kola, A. K.,
Sivashankar, R., Tuan, H. A., & Deepanraj, B. (2023). Microalgal biofuel production: Potential
challenges and prospective research. Fuel, 332, 126199.

https://doi.org/10.1016/j.fuel.2022.126199

10. Greenwell, H. C., Laurens, L. M. L., Shields, R. J., Lovitt, R. W., & Flynn, K. J. (2009). Placing
microalgae on the biofuels priority list: A review of the technological challenges. Journal of

The Royal Society Interface, 7(46), 703—726. https://doi.org/10.1098/rsif.2009.0322

11. Figueroa-Torres, G. M., Wan Mahmood, W. M. A., Pittman, J. K., & Theodoropoulos, C. (2020).
Microalgal biomass as a biorefinery platform for biobutanol and biodiesel production.

Biochemical Engineering Journal, 153, 107396. https://doi.org/10.1016/j.bej.2019.107396

12. Tiwari, V., Das, A., Thakur, S., & Trivedi, R. K. (2021). Selection of Indigenous Algal Species for
Potential Biodiesel Production. Journal of Pure and Applied Microbiology, 15(2), 851-863.

https://doi.org/10.22207/JPAM.15.2.40

13. Wilkie, A. C., Edmundson, S. J., & Duncan, J. G. (2011). Indigenous algae for local bioresource
production: Phycoprospecting. Energy for Sustainable Development, 15(4), 365-371.

https://doi.org/10.1016/j.esd.2011.07.010



14. Umetani, |., Sposéb, M., & Tiron, O. (2023). Indigenous Green Microalgae for Wastewater
Treatment: Nutrient Removal and Resource Recovery for Biofuels and Bioproducts.

BioEnergy Research. https://doi.org/10.1007/s12155-023-10611-9

15. Andersen, R. A. (Ed.). (2005). Algal culturing techniques (Nachdr.). Elsevier, Acad. Press [u.a.].

16. Barreiro-Vescovo, S., Gonzalez-Fernandez, C., & De Godos, I. (2021). Characterization of
communities in a microalgae-bacteria system treating domestic wastewater reveals
dominance of phototrophic and pigmented bacteria. Algal Research, 59, 102447.

https://doi.org/10.1016/j.algal.2021.102447

17. Van Hannen, E., FinkGodhe, P., & Lurling, M. (2002). A revised secondary structure model for the
internal transcribed spacer 2 of the green algae Scenedesmus and Desmodesmus and its
implication for the phylogeny of these algae. European Journal of Phycology, 37(2), 203—208.

https://doi.org/10.1017/5096702620200361X

18. Thompson, J. D., Higgins, D. G., & Gibson, T. J. (1994). CLUSTAL W: Improving the sensitivity of
progressive multiple sequence alignment through sequence weighting, position-specific gap

penalties and weight matrix choice. Nucleic Acids Research, 22(22), 4673—4680.

19. Miller, M. A, Pfeiffer, W., & Schwartz, T. (2011). The CIPRES science gateway: A community
resource for phylogenetic analyses. Proceedings of the 2011 TeraGrid Conference: Extreme

Digital Discovery, 1-8. https://doi.org/10.1145/2016741.2016785

20. Letunic, |., & Bork, P. (2016). Interactive tree of life (iTOL) v3: An online tool for the display and

Accepted Article

annotation of phylogenetic and other trees. Nucleic Acids Research, 44(Web Server issue),

W242-W?245. https://doi.org/10.1093/nar/gkw290



Accepted Article

21. Van Wychen, S., & Laurens, L. M. L. (2016). Determination of Total Solids and Ash in Algal
Biomass: Laboratory Analytical Procedure (LAP) (NREL/TP-5100-60956, 1118077; p. NREL/TP-

5100-60956, 1118077). https://doi.org/10.2172/1118077

22. Moheimani, N. R., Borowitzka, M. A,, Isdepsky, A., & Sing, S. F. (2013). Standard Methods for
Measuring Growth of Algae and Their Composition. In M. A. Borowitzka & N. R. Moheimani
(Eds.), Algae for Biofuels and Energy (pp. 265—-284). Springer Netherlands.

https://doi.org/10.1007/978-94-007-5479-9_16

23. Bligh, E. G., & Dyer, W. J. (1959). A rapid method of total lipid extraction and purification.
Canadian Journal of Biochemistry and Physiology, 37(8), 911-917.

https://doi.org/10.1139/059-099

24. Karpagam, R., Raj, K. J., Ashokkumar, B., & Varalakshmi, P. (2015). Characterization and fatty acid
profiling in two fresh water microalgae for biodiesel production: Lipid enhancement
methods and media optimization using response surface methodology. Bioresource

Technology, 188, 177—-184. https://doi.org/10.1016/j.biortech.2015.01.053

25. Fassinou, W. F. (2012). Higher heating value (HHV) of vegetable oils, fats and biodiesels
evaluation based on their pure fatty acids’ HHV. Energy, 45(1), 798-805.

https://doi.org/10.1016/j.energy.2012.07.011

26. Ramirez-Verduzco, L. F., Rodriguez-Rodriguez, J. E., & Jaramillo-Jacob, A. del R. (2012). Predicting
cetane number, kinematic viscosity, density and higher heating value of biodiesel from its
fatty acid methyl ester composition. Fuel, 91(1), 102—-111.

https://doi.org/10.1016/j.fuel.2011.06.070

27. Kong, W., Yang, S., Wang, H., Huo, H., Guo, B, Liu, N., Zhang, A., & Niu, S. (2020). Regulation of

biomass, pigments, and lipid production by Chlorella vulgaris 31 through controlling trophic



Accepted Article

modes and carbon sources. Journal of Applied Phycology, 32(3), 1569-1579.

https://doi.org/10.1007/5s10811-020-02089-1

28. Daliry, S., Hallajsani, A.,, Mohammadi Roshandeh, J., Nouri, H., & Golzary, A. (2017). Investigation
of optimal condition for Chlorella vulgaris microalgae growth. Global Journal of
Environmental Science and Management, 3(2).

https://doi.org/10.22034/gjesm.2017.03.02.010

29. Khan, M. L., Shin, J. H., & Kim, J. D. (2018). The promising future of microalgae: Current status,
challenges, and optimization of a sustainable and renewable industry for biofuels, feed, and
other products. Microbial Cell Factories, 17(1), 36. https://doi.org/10.1186/s12934-018-

0879-x

30. Sharma, A. K., Sahoo, P. K., Singhal, S., & Patel, A. (2016). Impact of various media and organic
carbon sources on biofuel production potential from Chlorella spp. 3 Biotech, 6(2), Article 2.

https://doi.org/10.1007/5s13205-016-0434-6

31. Kabir, F., Gulfraz, M., Raja, G. K., Inam-ul-Haqg, M., Awais, M., Mustafa, M. S., Khan, S. U., Tlili, I.,
& Shadloo, M. S. (2020). Screening of native hyper-lipid producing microalgae strains for
biomass and lipid production. Renewable Energy, 160, 1295-1307.

https://doi.org/10.1016/j.renene.2020.07.004

32. Vadlamani, A., Viamajala, S., Pendyala, B., & Varanasi, S. (2017). Cultivation of Microalgae at
Extreme Alkaline pH Conditions: A Novel Approach for Biofuel Production. ACS Sustainable
Chemistry & Engineering, 5(8), 7284—7294.

https://doi.org/10.1021/acssuschemeng.7b01534

33. Vishwakarma, R., Dhar, D. W., & Saxena, S. (2019). Influence of nutrient formulations on growth,

lipid yield, carbon partitioning and biodiesel quality potential of Botryococcus sp. And



Accepted Article

Chlorella sp. Environmental Science and Pollution Research, 26(8), 7589-7600.

https://doi.org/10.1007/5s11356-019-04213-2

34. Katircioglu Sinmaz, G., Erden, B., & Sengil, I. A. (2023). Cultivation of Chlorella vulgaris in alkaline
condition for biodiesel feedstock after biological treatment of poultry slaughterhouse
wastewater. International Journal of Environmental Science and Technology, 20(3), 3237—-

3246. https://doi.org/10.1007/s13762-022-04137-4

35. Minyuk, G. S., Chelebieva, E. S., Chubchikova, I. N., Dantsyuk, N. V., Drobetskaya, I. V., Sakhon, E.
G., Chivkunova, O. B., Chekanov, K. A., Lobakova, E. S., Sidorov, R. A., & Solovchenko, A. E.
(2016). pH and CO2 effects on Coelastrella (Scotiellopsis) rubescens growth and metabolism.
Russian Journal of Plant Physiology, 63(4), 566—574.

https://doi.org/10.1134/51021443716040105

36. Wu, W, Tan, L., Chang, H., Zhang, C., Tan, X., Liao, Q., Zhong, N., Zhang, X., Zhang, Y., & Ho, S.-H.
(2023). Advancements on process regulation for microalgae-based carbon neutrality and
biodiesel production. Renewable and Sustainable Energy Reviews, 171, 112969.

https://doi.org/10.1016/j.rser.2022.112969

37. Finkel, Z. V., Follows, M. J., Liefer, J. D., Brown, C. M., Benner, I., & Irwin, A. J. (2016).
Phylogenetic Diversity in the Macromolecular Composition of Microalgae. PLOS ONE, 11(5),

€0155977. https://doi.org/10.1371/journal.pone.0155977

38. Spoehr, H. A, & Milner, H. W. (1949). The chemical composition of chlorella; effect of
environmental conditions. Plant Physiology, 24(1), 120-149.

https://doi.org/10.1104/pp.24.1.120



Accepted Article

39.Kim, J. Y., Jung, J.-M., Jung, S., Park, Y.-K., Tsang, Y. F,, Lin, K.-Y. A., Choi, Y.-E., & Kwon, E. E.
(2022). Biodiesel from microalgae: Recent progress and key challenges. Progress in Energy

and Combustion Science, 93, 101020. https://doi.org/10.1016/j.pecs.2022.101020

40. Marjakangas, J. M., Chen, C.-Y., Lakaniemi, A.-M., Puhakka, J. A., Whang, L.-M., & Chang, J.-S.
(2015). Selecting an indigenous microalgal strain for lipid production in anaerobically treated
piggery wastewater. Bioresource Technology, 191, 369—-376.

https://doi.org/10.1016/j.biortech.2015.02.075

41.Yang, Y., Ge, S., Pan, Y., Qian, W., Wang, S., Zhang, J., & Zhuang, L.-L. (2023). Screening of
microalgae species and evaluation of algal-lipid stimulation strategies for biodiesel
production. Science of The Total Environment, 857, 159281.

https://doi.org/10.1016/j.scitotenv.2022.159281

42. Mastropetros, S. G., Koutra, E., Amouri, M., Aziza, M., Ali, S. S., & Kornaros, M. (2022).
Comparative Assessment of Nitrogen Concentration Effect on Microalgal Growth and
Biochemical Characteristics of Two Chlorella Strains Cultivated in Digestate. Marine Drugs,

20(7), Article 7. https://doi.org/10.3390/md20070415

43. Nayana, K., Sudhakar, M. P., & Arunkumar, K. (2022). Biorefinery potential of Coelastrella
biomass for fuel and bioproducts—A review. Biomass Conversion and Biorefinery.

https://doi.org/10.1007/5s13399-022-02519-9

44. Maltsev, Y., Krivova, Z., Maltseva, S., Maltseva, K., Gorshkova, E., & Kulikovskiy, M. (2021). Lipid
accumulation by Coelastrella multistriata (Scenedesmaceae, Sphaeropleales) during nitrogen
and phosphorus starvation. Scientific Reports, 11(1), 19818. https://doi.org/10.1038/s41598-

021-99376-9



Accepted Article

45. Sajjadi, B., Chen, W.-Y., Raman, Abdul. Aziz. A., & Ibrahim, S. (2018). Microalgae lipid and
biomass for biofuel production: A comprehensive review on lipid enhancement strategies
and their effects on fatty acid composition. Renewable and Sustainable Energy Reviews, 97,

200-232. https://doi.org/10.1016/j.rser.2018.07.050

46. Skrupski, B., Wilson, K. E., Goff, K. L., & Zou, J. (2013). Effect of pH on neutral lipid and biomass
accumulation in microalgal strains native to the Canadian prairies and the Athabasca oil
sands. Journal of Applied Phycology, 25(4), 937-949. https://doi.org/10.1007/s10811-012-

9930-1

47. Morales, M., Aflalo, C., & Bernard, O. (2021). Microalgal lipids: A review of lipids potential and
guantification for 95 phytoplankton species. Biomass and Bioenergy, 150, 106108.

https://doi.org/10.1016/j.biombioe.2021.106108

48. Griffiths, M. J., van Hille, R. P., & Harrison, S. T. L. (2012). Lipid productivity, settling potential and
fatty acid profile of 11 microalgal species grown under nitrogen replete and limited
conditions. Journal of Applied Phycology, 24(5), 989—-1001. https://doi.org/10.1007/s10811-

011-9723-y

49, Boutarfa, S., Senoussi, M. M., Gonzalez-Silvera, D., Lépez-Jiménez, J. A., & Aboal, M. (2022). The
Green Microalga Coelastrella thermophila var. Globulina (Scenedesmaceae, Chlorophyta)
Isolated from an Algerian Hot Spring as a Potential Source of Fatty Acids. Life, 12(4), 560.

https://doi.org/10.3390/1ife12040560

50. Olmstead, I. L. D., Hill, D. R. A., Dias, D. A, Jayasinghe, N. S., Callahan, D. L., Kentish, S. E., Scales,
P.J., & Martin, G. J. 0. (2013). A quantitative analysis of microalgal lipids for optimization of
biodiesel and omega-3 production. Biotechnology and Bioengineering, 110(8), 2096—2104.

https://doi.org/10.1002/bit.24844



Accepted Article

51. Knothe, G. (2013). Production and Properties of Biodiesel from Algal Qils. In M. A. Borowitzka &
N. R. Moheimani (Eds.), Algae for Biofuels and Energy (pp. 207-221). Springer Netherlands.

https://doi.org/10.1007/978-94-007-5479-9_12

52. Demirbas, A. (2008). Relationships derived from physical properties of vegetable oil and biodiesel

fuels. Fuel, 87(8), 1743-1748. https://doi.org/10.1016/j.fuel.2007.08.007

Tables section

TABLE 1: Fatty acids composition of microalgae strains

Fatty acid / Sample id LCN CR LCS
C12:0 7.01+0.6 9.20+0.53

C14:0 8.00+0.01 2.38+0.08
Cl4:1

C15

Cl6 28.23+0.16 4498+1.3 43.25+0.98
Cl6:1 2.30+0.01
C17:1

C18:0 10.90+0.12
C18:1n9 omega 9 11.49+0.14 17.87+£0.12 19.86 £ 0.15
C18:2 n6 trans omgab 35.91+0.05 17.22 £+ 041 12.43+0.18
C18:3n3 omega 3 9.36+0.04 10.72+0.51 6.08 £ 0.17
C22:0 1.38 £ 0.05
C24:0 1.43 £ 0.05
C22:6 n3

ISFA 43.24+0.14 54.19 £+ 0.09 59.33£0.55
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ZMUFA 11.49+0.19 17.87 £ 0.38 22.16+£0.14

2PUFA 45.27 £0.16 27.94+1.2 18.51+0.19

TABLE 2: Predicted properties of biodiesel from microalgal lipids compared to ASTM 6751 and EN

14214 standards.
Property LCN CR LCS ASTM D6751 EN14214
SN 172.53 162.96 155.90 - -
IV (gl, IOOg'l) 89.62 67.97 51.97 - 120
CN 57.78 64.51 69.62 47 min 51 min
Oxidative stability; h 7.60 13.88 16.69 3 min 8 min
HHV 39.39 39.38 39.04 - -
Kinematic VISCOSItY 380 3.93 414 1.9-6.0 3.5-5.0

(40°C; mm’s™)

LCSF 2.82 4.89 14.70 - -
CFPP (°C) -7.61 -2.34 29.72 - -
Density at 20 °C (g/cm”) 0.88 0.87 0.86 - -
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Figures section
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Figure 1: Phylogenetic analysis based on the 18S rDNA and ITS region amplification. Comparison was

based on most similar sequences retrieved from NCBI nucleotide database
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Figure 2: Growth characterization of isolated microalgae strains
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Figure 3: pH variation during CR, LCN, and LCS microalgae cultivation
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Figure 4: Biochemical composition of the microalgae strains LCN, LCS and CR

(7000 Lux, 10°cells/ml, 25°C, pHi 7.5).



