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Abstract

Biodiesel production from Zygnema carinthiacum green alga which was studied identified
phenotypically and genetically using PCR reaction by the Ribulose Bisphosphate Carboxylase
Large subunit gene (rbcl). The production was investigated by conventional method involving
directly producing from the whole biomass without extraction by one-step process. The
biodiesel properties, including density, kinematic viscosity, cloud point, pour point, and acid
value were determined , and their values are 0.867g /cm?3, 5.22 mm?/ s, 3 °C, -5 °C, 0. 34 mg
KOH / g., respectively. The results also showed that a yield of biodiesel about 79 % was

obtained using direct transesterification.

By combining

lipid extraction with direct

transesterification, it is possible to produce biodiesel with fewer stages than would otherwise
be necessary, eliminating the requirement for isolated and filtered algal oil.
Keywords: Biodiesel ; Direct transesterification ; Catalyst ; Zygnema ; Phenotypic

Identification ; Molecular Identification.

1. Introduction

Biodiesel is receiving more attentions, due to
the huge increase in the depletion of fossil
fuels, concerns about environmental pollution,
and the increased demand for transportation
fuels (Huang et al., 2012 ; Bidir et al., 2021) , in
chemical aspects, biodiesel is a mixture of fatty
acids methyl esters (FAMEs) produced from a
reaction of triacylglycerols such as, vegetable
oils, animal fats, algae lipids, or other fatty
acids with alcohols in the occurrence of catalyst
through the process of transesterification , the
catalyst may be alkali, acid and enzymatic (Shi
et al.,, 2011). Indeed, algae are the best
productive feedstock for biodiesel, it can
produce 250 times as much oil per acre as
soybeans, biodiesel from algae may be the only
way to produce enough motor fuel to replace
current gasoline use. Algae produce 7 to 31
times more oil than palm oil (Hossain et al.,

2008). Indeed, the biomass from algae is
convertible by chemical or enzymatic
transformations into biodiesel, almost all

biomasses can be transformed into transport
energy. The production of biofuels from algae
has many advantages that go beyond replacing
oil as transport energy (Chisti, 2007). Biodiesel
production from algae is mostly obtained by
direct transesterification (Eze et al., 2014). In
the transesterification reaction, triacylglycerols
react with an alcohol to produce other esters of
the same fatty acids and glycerol. This reaction
can be expressed as three successive reversible
reactions with the intermediate synthesis of
glycerol, biodiesel, monoacylglycerols, and
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diacylglycerols (Dong et al., 2013 ; Najeeb et
al., 2021). The raw biomass has also been
directly trans- esterified when utilized with
algae. Direct transesterification takes
substantially less time than extraction and
transesterification because it is a single-stage
reaction. That, avoiding the processes of
biomass oil extraction and cell disruption.
Additionally, it stops lipids from being lost
during the extraction process, which increases
the output of crude biodiesel and FAMEs
produced by direct transesterification (Johnson
and Wen, 2009 ; Ehimen et al., 2010). Biodiesel
is better than petrodiesel because of several
characteristics, including preserving the
enviroment, reduced emission, higher
combustion efficacy, renewability (Canakci and
Sanli , 2008). So, the main aim of this study is
to estimate the biodiesel production from
Zygnema carinthiacum by direct
transesterification.

2- Materials and methods

2-1 Collecting algal samples

Algal mass was collected from the aquatic
environment directly from different water areas of
Basra Governorate, South of Iraq. Algal samples
were washed with tap water to get rid of the
impurities stuck in them (Figure -1). Then they
were washed with distilled water several times to
ensure their cleanliness. The sample was
examined under a light microscope to find out the
types of isolated algae, then they were
phenotypically identified based on the taxonomic
sources, and they were also genetically identified
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to knowing its genetic sequences.

Figure (1) : Primary washing process of algal sample.
2-2 ldentified of algal

2-2-1 Phenotypic identification of alga

The alga was phenotypically identified by preparing
temporary glass slides and examined under a light
microscope for the purpose of determining its
phenotypic characteristics and Identification based
on taxonomic sources (Desikachary, 1959; Prescott,
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1975; Bourrely, 1980).
2-2-2 Molecular Identification of algae

2-2-2-1 Extraction of DNA

Total genomic DNA of the Zygnema specimen was
obtained using Genomic DNA mini kit supplied by
Geneaid Company, and the material was isolated
according to the plant tissue extraction protocol as
stated in (Motham et al.,, 2014). To confirm the
presence of DNA electrophoresis was performed.

2-2-2-2 PCR polymerase chain reaction test method

The polymerase chain reaction test was carried out
by using the rbcL identified gene, according to the
target DNA region of the presence of rbcL gene. The
test was conducted according to the method of
(Kepel et al., 2020), the primers of rbcL gene were
used as shown in the table (1) :

Primer Sequence Length bp References
Forward rbcL 5'-ATGTCACCACAAACAGAGACTAAAGC-3' 600-700 Kepel et al.. 2020
Revers rbcl 5 -GTAAAATCAAGTCCACCRCG-3' 600-700 opel et at.

A 50 pL premix reaction was prepared by mixing 25
uL of Master Mix manufactured by Promega, 2 pL of
Primer Forward, 2 pyL of Primer Revers, 16 plL of
Nuclease free water, and 5 pL of DNA template, then
the mixture was centrifuged with a microfuge for (3-

5) seconds to ensure the homogeneity of all
materials in the tube and the samples were placed in
a PCR sprint thermal cycler. The device was operated
according to the program shown in Table (2):

No. Stage Temperature Time Cycle number
1 Initialdenaturation 95 3 min. 1
2 Denaturation 95 30 sec.
3 Annealing 50 30 sec. 35
4 Extension 72 30 sec.
5 Final extension 72 1 min. 1

2-2-2-3 Electrophoresis process

In order to make sure that the DNA bands were
found, electrophoresis process was performed
according to the method of (Sambrook et al., 2012)
by using an agarose gel at a concentration of 0.8 %
by dissolving 0.2 g of agarose in 25 ml of TBE 1X
solution. While for PCR products, electrophoresis
was carried out by dissolving 0.5 g of agarose in 25
ml of TBE 1X solution.

2-3 Biodiesel production

Biodiesel was produced from alga Z. carinthiacum by
direct transesterification method, this process was
performed simultaneously with extracting oils from
alga according to (Benzidane et al., 2017). The alga
was mixed with methanol at 1:8 (w /v), and then
concentrated sulfuric acid H,SO4 was added to it,
equivalent of 60% for the weight of alga. The mixture
was heated for 1.5 h. at 90°C, to maintain the
atmospheric pressure inside the reaction and to
avoid losing the solvent through evaporation the
system was equipped with a condenser. After the
expiry of the experiment period, the mixture was
centrifuged at 5000 rpm for 10 minutes to get rid of
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the algae residue, then the liquid layer was
transferred to the separating funnel to obtain
biodiesel layer (upper layer). It was washed with 55
°C distilled water (30% v : v), the solvent was
evaporated, and the biodiesel was heated for 15
min. at 100 °C to get rid of the water and other
solvent residues. The biodiesel yield was calculated
relative to the content of algal oil % existing in the
biomass, and it was determined as a percentage
using the following equation (Cao et al., 2013) :

Biodiesel % = Weigth of biodiesel products (g) X 100 (1)

0il content (%)X Weigth of alga (g)

Figure (2): Show'.t'hwe. diréctansestefiﬁatin pcess.
2-3-2 Biodiesel properties

Chemical characterization of the biodiesel produced was



HIV Nursing 2023; 23(2): 1298-1303

performed by FTIR spectroscopy (Jasco - 4200 /
Germany) and GC-MS (Agilent 5977 A MSD / USA)
techniques. To confirm the conversion of fatty acid into
fatty acid methyl esters FTIR analysis was done using an
FTIR spectrophotometer. Spectra were taken for a
scanning range of 400-4000 cm'. Main fatty acid methyl
esters (FAMEs) were detected by GC-MS technique.
Fuel properties Density (ASTM D1480), Kinematic
viscosity (ASTM D445), cloud point (ASTM D2500), pour
point (ASTM D97), acid values (ASTM D664) (Dolganyuk
et al., 2020) of FAMEs were determined by performing
standard ASTM tests.

3- Results and discussion

3-1 Algae Identification
3-1-1 Phenotypic Identification

After examining the algae samples using a light
microscope, based on the morphology we found
that they are from the genus of green algae, which is
the genus Zygnema. below are pictures showing the
algae under the microscope

= —— -— — .'Q-“/-.-.
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Figure (3) : Show Z. carinthiacum alga under the lighT-

microscope.

Division: Chlorophyta

Class: Chlorophyceae

Order: Zygnematale

Family: Zygnemataceae

Genus: Zygnema

Species: Zygnema carinthiacum

Genus of Zygnema green alga was distributed into
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Biodiesel production from Zygnema carinthiacum

the unbranched filamentous algae, young filaments
are attached, while the mature filaments are floating.
The cells are cylindrical, characterized by the
presence of double star-shaped chloroplast, in each
of them a starchy center, the nucleus occupies the
center of the space between the two chloroplast and
is attached to protoplasmic filaments, there is a large
central gap (Guiry, 2013).

3-2 Molecular Identification

3-2-1 Extraction of DNA

DNA genetic material of the green algae under study
was obtained using Genomic DNA mini kit supplied
by Geneaid Company, the isolated DNA samples
were kept in sterilized tubes at -20 °C until used.
3-2-2 Electrophoresis process on agarose gel

Electrophoresis was carried out on agarose gel at a
concentration of 0.8 % of the isolated DNA samples
of green alga and the gel presentation of ultraviolet
rays at a wavelength (nm) using a U.V device
Transilluminator for the detection of DNA bundles
and the results showed the appearance of a clear
bundle of DNA of equal dimensions and of large
size, and the appearance of the bundles is evidence
of the success of the extraction process used with
these samples.

3-2-3 PCR reaction

The electrophoresis results for PCR products showed
that the bands appeared at 600 bp (Figure-4). The
genetic identification results were obtained by
matching the rbcL genome sequence with available
Gene Bank sequencing data by the BLAST program
in the NCBI (National Center for Biotechnology
Information) database, it was indicated that green
macroalgae sampled are genetically match with
Zygnema carinthiacum strain RS011 in the rate of 100
%. The results of matching samples with Gen Bank
presented in Table (3).

freshwaters (rivers, streams, and ionds). It is one of

Algae Tvoe of gene Closet species and strain and %ldentical to Accession no. of
9 ypeorg accession no. GenBank closet species
Zygnema rbcl Zygnema carinthiacum strain RS011 100 JF965535.1

Molecular Identification of alga species has become
common, includes PCR and gene sequencing, in this
identification can adequately distinguish between
closely related species even at the level of the same
species (Manoylov, 2014 ; Thomson et al., 2018).

Molecular Identification is a universal tool in
biological studies of living organisms in general and
algae due to the increase in their biological diversity
(Manoylov, 2014).

Figure (4) : Show the result of electrophoresis for PCR products.
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3-3 Biodiesel production

The methyl ester yield by direct transesterification
was intended relative to the percentage of algal oil
present in the biomass and it was equal to 79 % .
3-3-2 Identification of biodiesel produced from Z.
carinthiacum

Biodiesel production from Zygnema carinthiacum

Table (4) show the results of the GC-MS analysis of
biodiesel produced from alga Z. carinthiacum by
direct transesterification, it was appeared 14 types of
fatty acids methyl esters, with the highest
percentage was for a -Linolenic acid methyl ester
30.62 %, The percentage of total FAMEs was equal
10 82.92 %

NO. Name of fatty acid methyl esters Chemical formula M(();:T:;SSS FAMEs %
1 a -Linolenic acid methyl ester Ci9H3,05 292.46 30.62
2 Palmitic acid methyl ester C17H3405 270.45 18.94
3 Roughanic acid methyl ester Ci7H250; 264.4 15.95
4 Linoleic acid methyl ester Ci9H3405 2945 7.15
5 Stearidonic acid methyl ester C19H300, 290.4 2.46
6 Arachidonic acid methyl ester Cy1H3.0, 318.5 2.85
7 Stearic acid methyl ester C19H350; 298.5 1.31
8 7-10, Hexadecadienoic acid methyl ester C17H300; 266.4 1.22
9 Myristic acid methyl ester Ci5H3003 242 .4 0.80
10 Cis-11,14-eicosadienoic acid methyl ester Cs1H350, 322.5 0.44
11 Cis-11-eicosenoic acid methyl ester Cy1H4005 3245 0.50
12 Heptadecanoic acid methyl ester C1gH3603 284.5 0.31
13 Caprylic acid methyl ester CoH150, 158.24 0.20
14 Pentadecanoic acid methyl ester C16H320; 256.4 0.17

82.92
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Shape (1): The GC-MS spggrm-?or biodiesel produced
from alga Z. carinthiacum.

3-3-3 Infrared spectroscopy (FTIR) of biodiesel
produced from Z. carinthiacum

FTIR analysis of biodiesel were showed the presence
of peaks at 3418 cm " an indication of the presence
of hydrogen bond O-H stretch indicating the

resence of phenolic hydroxyl (Vieira et al., 2021) ,

and at (2924 and 2854) cm ' an indication the
presence of the symmetrical and asymmetrical CH;
bond, which indicates the presence of alkanes, also
refers to the methyl group in the methyl esters of
fatty acids (Maity et al., 2014) . The presence of a
peak at 1461 cm™ indicates the presence of the C-H
bond indicating that the methyl, methylene group
were found , and the peak at 1376 cm™ indicates the
presence of a methyl CH; group (Samuel et al., 2020)
. The symmetry in the ester methylation, while the
peaks at (1740, 1168 and 1094) cm™ are an indication
of the presence of the (C=O and C-O) bond,
respectively, which is due to the presence of the
ester groups (Arik et al., 2022 ; Martinez Gil et al.,
2022).

FAMEs Frequency cm™’ Bonds Functional groups
3418(s,b) O-H stretch Alcohols , phenols
2924(m) CH; asymmetric stretching Alkenes
2854(m) CH, symmetric stretching Alkenes
FAMEs from 1740(m) C=0 Stretch Esters
Z. carinthiacum 1461(m) C-H bend Alkanes
1376(m) CHs deformation symmetric Alkanes
1168 (s) C-O stretch Esters
1094(s) C-O stretch Esters
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Shape (2): The FTIR spectrum of biodiesel produced from Z. carinthiacum by direct transesterification.
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3-3 Biodiesel properties

All properties of biodiesel produced from green alga
Z. carinthiacum were approximately equal or better
than fossil diesel. Furthermore, all properties is within
the limits of ASTM standards as shown in table (6)
(Mccurdy et al. 2014). The density of the biodiesel
produced was 0.867 g/cm?® which similar to 0,869
g/cm?3as reported by (Emilia et al., 2014), the Kinetic
viscosity was 5.22 mm?/s which was comparable to
5.156 mm?%s. from beef tallow as reported by

Biodiesel production from Zygnema carinthiacum

(Sutapa et al., 2017), the cloud point of the biodiesel
was 3 °C , it was identical to what was stated by
(Fernando and Kapilan , 2020) as the cloud point of
biodiesel produced from Sargassum sp. in their
study was 3 °C , the pour point was -5 °C, these
results were identical to the results obtained by (Ong
etal., 2020) of biodiesel produced from Grape seed,
the acid value of the biodiesel was (0.34) mg KOH/
g. this result was similar to the result obtained by
(Kaewdaeng et al., 2017), the yield of biodiesel was
79 %.

Properties biodiesel produced ASTM standards
Density (g/cm?) 0.867 0.86-0.9
Kinematic viscosity mm?/s (40 °C) 5.22 1.9-6
Cloud point (°C) 3 -3to 12
Pour point (°C) -5 -15to +10
Acid value (mg KOH / g) 0.34 <0.8
yield of biodiesel % 79

4-
Conclusion

In this study, the green alga Z. carinthiacum was
studied to produce biodiesel by direct
transesterification. The results showed that these
algae were an important source to produce
biodiesel, all properties of the biodiesel produced
were within the limits of ASTM standards, and the
result indicated that the direct transesterification
produced a high conversion rate, and could be an
alternate, effective and economical process for the
production of biodiesel from algae.
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