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Abstract: This study aimed to collect and identify Monoraphidium contortum from local water 

bodies in Mosul, Iraq, using morphological and molecular characteristics. Furthermore, after 

cultivation in multiple media (modified NPK and modified CH10) and exposure to saline stress, lipid 

transformation and starch valorization were estimated to support the integrated production of 

biodiesel and bioplastics. Based on the results, the best medium for growth was M4 (CaCO3 + 

(NPK20:20:20) + CH10). On the twelfth day, the light absorption reached 650 nm with an optical 

density of 1.742 in this medium. The extracted oil yield was 9.6%, and polyunsaturated fatty acids 

increased to 22.7%, which were used to produce biodiesel. The transesterification process 

successfully converted the crude oil into diesel in two stages: an acidic and a basic stage. GC-MS 

analyses revealed that the salt stress stimulated the algae to accumulate polyunsaturated fatty acids. 

FTIR showed the success of the reaction through the appearance of a peak. The carbonyl group of 

methyl esters at 1728 cm-1 and the disappearance of the glycerol and water fractions indicate the 

product's purity. HPLC results revealed that glucose was the main starch component at 55.48%, with 

32.18% fructose and 12.34% sucrose. Furthermore, bioplastics were manufactured from the extracted 

starch, with glycerin added as a plasticizer. The results showed the high biodegradability of the 

manufactured plastic in soil, reaching a decomposition rate of 68.2% within 120 days, ASTM D6400, 

making it a successful, environmentally friendly product that conforms to international standards. 

  

Introduction 

As traditional energy sources, such as fossil fuels, 

decline, the search has intensified for renewable, clean 

energy sources and for ways to obtain them at lower 

cost. These sources are also important for climate 

change mitigation by reducing environmental 

pollution and greenhouse gas emissions (Benouis et 

al., 2022; Malla et al., 2023; Aziz et al., 2024). Algae 

are among the most important sustainable resources. 

There are large, multicellular algae, such as marine 

algae, and small, unicellular algae, found across the 

globe (Lee, 2018; Rashid et al., 2024; Hassan et al., 

2025). The growth and performance of photosynthetic 

organisms are strongly influenced by environmental 

conditions, such as salinity and pollution, which can 

affect germination, growth patterns, and morphology, 

illustrating how environmental stress can alter 
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biological development and productivity. These 

observations reinforce the importance of selecting 

tolerant strains and optimizing cultivation conditions 

(Fadhil et al., 2023; Fadhil et al., 2024). Currently, 

algae are widely used in various industrial fields 

(Salman et al., 2025). In addition to their use as a 

source of food and nutritional supplements for a 

healthy diet, and in the cosmetics and pharmaceutical 

industries, they are essential in the production of third-

generation ethanol and biodiesel without competing 

with traditional food crops (Wolkers et al., 2011; 

Hoyer et al., 2018). 

Algae are characterized by their high capacity to 

convert carbon dioxide and solar energy into lipid-rich 

biomass, especially microalgae that form colonies, 

including green algae, which are a complete biological 

factory due to their chemical richness, making them a 
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general source for biorefinery. They contain 30% 

lipids and 50-70% proteins, and are rich in chemicals 

such as amino acids, carotenoids, phenols, and sugars, 

which are used in the production of biofuels and 

bioplastics (Abd El-Baky and El-Baroty, 2013; Ariede 

et al., 2017; Avragyan, 2018).  

Green algae (Chlorophyceae) are characterized by 

high cell density and rapid growth (Hawrot-Paw et al., 

2020). Methods for culturing them in open or closed 

reactors have been developed (Bhatia et al., 2021). 

Alongside conventional cultivation strategies, 

microscale engineering platforms have broadened the 

study of biological systems under highly controlled 

conditions. Microfluidic devices can generate 

gradients, dynamic microenvironments, and 

acoustically driven flow fields that enable researchers 

to examine cell behavior, transport phenomena, and 

culture responses with high precision. These 

approaches have become valuable experimental tools 

in biotechnology and bioengineering research (Al-

Abboodi et al., 2011, 2012; Alhasan et al., 2013).  

Algae have the ability to produce and concentrate 

lipids in their cells to a large extent and can be 

converted into biofuel using various enzymatic, 

alkaline, and acidic catalysts in esterification reactions 

more than vegetable seed oils at a ratio of 20-30% 

(Zhang et al., 2021; Zhu et al., 2023). They also 

contain polyunsaturated fatty acids such as linoleic 

acid and stearic acid, reaching tens of percent 

(Řezanka et al., 2008; Yaseen et al., 2023). The 

percentage of fatty acid methyl esters in microalgae 

exceeded 60-80% (Pikoli et al., 2019). In addition, 

algae are a promising source of starch, achieving up to 

ten times the productivity of plants (Vilpoux et al., 

2023). This starch is used to produce biodegradable 

bioplastics as an alternative to synthetic plastics made 

from petroleum polymers (Salah et al., 2021). 

Microalgae starch is a vital component that can be 

extracted from carbohydrates stored within algal cells 

under stress and feeding conditions (Di Caprio et al., 

2024). 

The genus Monoraphidium is a green alga that 

grows in freshwater environments such as small ponds 

and lakes, but is generally not widespread. Recent 

studies have shown that this alga is tolerant and 

adaptable to low and moderate temperatures and, in 

turn, yields a high percentage of unsaturated fatty 

acids, including 10.4% linolenic acid, 32% oleic acid, 

and palmitic acid. It is a promising candidate for the 

production of neutral fats and polyhydroxyalkanoates 

(PHAs), which are raw materials for biofuels, due to 

its high capacity to accumulate alkanes in its cells 

(Bogen et al., 2013; Zhao et al., 2014; Georgiou et al., 

2024). Their strains are also an important source of 

starch polymers stored in plastids. The starch granules 

are distributed in a scattered manner around the 

pyronoid within the stroma, thereby increasing its 

ability to store lipids (Fawley et al., 2006). Starch 

consists of amylose and amylopectin polymers linked 

by strong internal hydrogen bonds, giving it a semi-

crystalline, brittle structure that reacts with glycerol 

during the manufacture of bioplastics (Wong et al., 

2021; Ali et al., 2023). Therefore, this study was 

conducted to collect and identify Monoraphidium 

contortum from local water bodies in Mosul, Iraq, 

using morphological and molecular characteristics. 

Furthermore, after cultivation in multiple media 

(modified NPK and modified CH10) and exposure to 

saline stress, lipid transformation and starch 

valorization were estimated to support the integrated 

production of biodiesel and bioplastics. 

 

Materials and Methods 

Sampling and morphological identification: The 

sample was collected from the fish-rearing tank in the 

Department of Biology research laboratory at the 

College of Education for Pure Sciences, University of 

Mosul. After confirming the sample's purity, the algae 

were morphologically identified by preparing 

temporary slides and examining them under a light 

microscope at 40X magnification, following Adhabi 

et al. (2014). 

Molecular identification: DNA was extracted using 

the yeast kit (Promega, M7822) according to the 

company's protocol. Briefly, in a 1.5 mL Eppendorf 

microcentrifuge tube, 600 µL of GT buffer was added 

to the algal cells, and the cells were lysed by 

vortexing. They were then transferred to a bead-
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beating tube, with the addition of 5 µL of RNase at 50 

mg/mL, and vortexed for 10 minutes at room 

temperature. The tubes were incubated at 70°C for 10 

minutes. During incubation, the tubes were inverted 

every 3 minutes, then 100 µL of PR solution was 

added with brief mixing to remove any impurities and 

resulting foam. The tubes were then incubated on ice 

for 5 minutes. Afterward, the tubes were centrifuged 

at 11,000 rpm for 3 minutes at room temperature, and 

450 µL of the supernatant was transferred to a new 1.5 

mL centrifuge tube. Then 450 µL of GB solution and 

450 mL of absolute ethanol were added to the sample, 

and the mixture was shaken for 10 seconds. The GD 

column was placed in a 2 mL collection tube, and 700 

mL of the sample mixture was transferred to the GD 

column and centrifuged at 16,000 rpm for 1 minute. 

Discard the liquid and repeat this process twice. The 

process continues by adding 400 µL of solution W1 to 

column GD, centrifuging for 30 seconds at room 

temperature, and discarding the supernatant. Then, 

600 µL of wash buffer was added to the separation 

column, and the column was centrifuged again to dry 

the column material. The GD column was fixed in a 

1.5 mL tube, and 100 µL of the previously heated 

elution solution was added and left for 3 minutes to 

allow binding to DNA. Centrifugation was then 

performed at 16,000 rpm for 2 minutes at room 

temperature to extract the purified DNA, which was 

then stored for use (Hanum et al., 2018). 

DNA electrophoresis was used to detect and verify 

the integrity of DNA bundles in agarose gel. For the 

preparation of agarose gel, 1 g of agarose powder was 

added to 100 mL of buffer solution (TAE 1X), heated 

in the microwave until completely melted, then cooled 

slightly, and afterward, 3 µL of the safe stain was 

added while stirring in a circular motion to ensure 

homogeneity with the dissolved agarose. The mixture 

was poured into the special tray containing the combs 

to form the wells and allowed to harden. The tray was 

then transferred to the buffer solution by removing the 

combs. Seven µL of the DNA sample was mixed with 

3 µL of loading dye in an Eppendorf tube, and 10 µL 

of the mixture was injected into the wells on the gel 

surface. The electrophoresis voltage was set to 100 

volts for approximately one hour. After the transfer 

process is complete, the gel is placed under a UV light 

to visualize the fluorescent DNA bands. 

The molecular diagnosis of algae was based on the 

18S rRNA region. This region was amplified by 

adding 3 µL of template DNA and 1 µL of each gene-

specific primer (Table 1) to the prepared Master Mix. 

The samples were thoroughly mixed to prepare them 

for PCR amplification (Al-Thakafy et al., 2024). The 

PCR products were sent for sequencing, and the 

sequences were read using a Genetic Analyzer 3130 

(Hitachi, Japan). The algal sequences were matched 

with gene sequences documented in the NCBI 

(National Center for Biotechnology Information) 

BLAST database (Rai et al., 2011). 

Preparation of the modified liquid medium 

(Chu10) for algal growth: The medium was prepared 

by dissolving the components shown in Table 2 in 

distilled water, measuring the pH of the medium (7.6-

7.8) using a pH meter, and adjusting it with dilute 

hydrochloric acid (0.1N) and dilute sodium hydroxide 

(0.1N) (Al-Katib et al., 2017). The medium was then 

distributed into 1-liter and 250 mL glass containers 

(Fig. 1) and sterilized in an autoclave at 121°C and 1 

atmosphere for 20 minutes (Bold et al., 1985). 

Preparation of new culture media: The algae were 

cultured in multiple media (modified NPK and 

modified CH10). Medium M1 (NPK 15:15:30) was 

prepared by dissolving 5 g in 1 L of distilled water, 

and the pH was adjusted to match the specifications of 

Region of amplification Sequence (5’-3’) Primer set 

18srRNA gene 
AACCTGGTTGATCCTGCCAGT 

TGATCCTTCTGCAGGTTCACCTAC 

Euk A 

Euk B 

Microalgal 

18srRNA gene 

ACCTGGTTGATCCTGCCAGT 

TCTCAGGCTCCCTCTCCGGA 

P45 

P47 

 

Table 1. Primers used in PCR reactions. 



124 
 

Al-Rashidy et al./ Salt stress-driven bioorganic biorefinery of Monoraphidium contortum algae 

the standard medium. Medium M2 (NPK 40:6:13) was 

prepared by dissolving 5 g in 1 L of distilled water, 

and the pH was adjusted to match the specifications of 

the standard medium. Medium M3 (NPK 20:20:20) 

was prepared by dissolving 5 g in 1 liter of distilled 

water and adjusting the pH to match the standard 

medium specifications. Medium M4 (CaCO3 + (NPK 

20:20:20) + Chu 10-) was prepared by adding 5 g/L 

NPK instead of calcium nitrate, CaNO3, in Chu 10 

medium, with the addition of 0.5 g/L calcium 

carbonate, CaCO3, as a source of calcium. Medium 

M5 (MgO + (NPK 20:20:20)) was prepared by adding 

5 g/L of NPK with the addition of 0.03 g/L of MgO.  

Medium M6 (CaCO3 + (NPK 20:20:20) was prepared 

by adding 5 g/L of NPK along with 0.5 g/L of calcium 

carbonate (CaCO3). Medium M7 (salt stress) was 

prepared by adding 11 g/L NaCl salt to the modified 

liquid Chu10 medium.  

Algae were grown in Chu10 media for 10-14 days. 

The ambient conditions were a temperature of 25°C 

and a photoperiod of 16:8 (light: dark) (Vasumathi et 

al., 2012). When nutrients were depleted, the biomass 

was harvested by centrifugation. The biomass was 

suspended in a saline medium containing NaCl and 

left to stand for 2-7 days under controlled light and 

temperature conditions (El-Sheekh et al., 2024). All 

media were tested in three replicates, and the average 

was calculated for each medium. 

Estimation of algae growth in prepared media: 

Growth was measured at 3, 7, 10, 12, and 14 days 

using a spectrophotometer by determining the optical 

density at 650 nm. 

Crude hexane extract of the alga and estimation of 

oil yield: After collection and sedimentation by 

centrifugation at 3000 rpm for 10 minutes, the algal 

sample was oven-dried at 40-50°C for 3-4 days. The 

samples were ground using an electric grinder and a 

small ceramic mortar. The dried algae powder was 

placed in a Whatman (type 1) filter paper thimble in a 

Soxhlet apparatus according to Verawaty et al. (2017), 

Karmakar et al. (2018), and Ali et al. (2025). Briefly, 

50 grams of dried algal powder are placed in the filter, 

and 500 mL of hexane is added. After leaving the 

sample immersed in the solvent for 24 hours, the 

Soxhlet apparatus was operated at 55°C, and the 

sample lipid was extracted for 29 hours. The extracted 

Table 2. Components are used to prepare the modified liquid medium for algae culture. 

Quantity (g/L) Compound  NO. 

0.1 K2HPO4 1 

0.2 Na2Co3 2 

0.4 (Ca (No3)2) 3 

0.25 MgSo4.7H2O 4 

0.05 Ammonium ferric citrate 5 

0.25 Na2Sio3 6 

 

Figure 1. Culture Media of Monoraphidium contortum. 
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product was transferred to a rotary evaporator to 

reduce the solvent volume. The resulting oil is placed 

in a small, airtight container for later use in biodiesel 

production. The oil yield percentage was estimated by 

calculating the weight of the algal powder and the 

weight of the oil (Ozioko, 2012). 

Starch extraction from algae: Algae powder used for 

oil extraction was dried for starch extraction. Two 

grams of algal powder were dissolved in 20 ml of 

dimethyl sulfoxide (DMSO) and subjected to 

ultrasonic treatment for 1 hour at 40-60°C to break 

down the cell walls. The resulting suspension was then 

centrifuged at 3000 rpm for 10 minutes. The filtrate 

was taken to a new evaporator, 1 ml was transferred, 

and 3 ml of 96% acetone was added to precipitate the 

sugars. For glucose precipitation only, 96% ethanol (3 

mL) was added instead of acetone. The mixture was 

left to stand for 10 minutes and centrifuged at 5000 

rpm for 15 minutes. The precipitate was collected and 

dried, and the presence of starch was detected with a 

starch reagent. It was then collected for plastic 

preparation (Abdallah, 2023; Di Caprio et al., 2024) 

(Fig. 2). 

Characterization of extracted sugar types using 

high-performance liquid chromatography 

(HPLC): The extracted sugars were characterized 

using a German-made SYKAMN HPLC system at the 

University of Technology/Baghdad, equipped with a 

C18-NH analytical column (5, 4.5mm × 250mm) for 

analysis. The sample volume was achieved at 100 

microliters, and using the refractive index (RI) 

detector, the mobile phase composition was 

(methanol: distilled water) (MeOH: D.W) in a ratio of 

98:2, and the flow time was 0.7 ml/ min. (Sesta, 2006). 

Preparation of the enriched bioplastic from algal 

starch: Extracted and dried starch was used by 

dissolving 2 g of starch in 12.5 ml of distilled water 

and heating to 90°C with stirring for 10 minutes. Then, 

1 ml of acetic acid was added while stirring 

continuously, and the temperature was reduced to 

40°C for 10 minutes. Finally, 1.5 ml of glycerin was 

added to the mixture as a plasticizer. The mixture was 

left to stand for 20 minutes, then poured into a Petri 

dish and dried at room temperature for 4 days (Di 

Caprio et al., 2024). 

Biodegradation test of plastic films in soil: The 

membranes were examined by burying them in moist 

soil. The samples were placed in containers filled with 

sterile sandy soil, moistened with distilled water, and 

buried at a depth of 12 cm. The initial weight was 

measured before burial, and then at 15, 40, 70, and 120 

days after the soil had dried and the dirt and debris had 

been removed from the samples. The percentage of 

weight loss was calculated using the equation weight 

loss% = ((Mo-M₂)/Mo) x 100% (Hii et al., 2016).   

Transesterification process for biodiesel 

production: 100 mL of extracted oil was mixed with 

37 mL of methanol and 2 mL of sulfuric acid (H2SO4). 

The mixture was placed in an ultrasonic device and 

heated at 40-50°C for 60 minutes to accelerate the 

reaction. The initial step involved converting free 

acids. The resulting product was then separated using 

a separating funnel, and the top layer was collected. 

To this, 25 mL of methanol and 0.9 g of KOH were 

added, and the mixture was heated to 60°C. The 

resulting product was then placed in a separating flask 

Figure 2. Pictorial stages of starch extraction. 
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and left for 30-60 minutes to allow the substances to 

separate. The top layer was biodiesel, and the bottom 

layer was glycerin. (Hassani et al., 2013; Zhang et al., 

2016) (Fig. 3). 

Biodiesel purification: Diesel was purified of 

glycerin and other impurities by washing with a warm 

10% water solution at 50°C. Water was gradually 

added to the biodiesel in the separation funnel, and the 

process was repeated several times until clear water 

formed at the bottom of the funnel (Atadashi et al., 

2012). 

Identification of algal oil components using gas 

chromatography-mass spectrometry (GC-MS): 

For this purpose, GC-MS was used, and fatty acids 

were diagnosed using the same method after the 

esterification process and preparation of biodiesel in 

the Central Laboratory, College of Applied Sciences, 

Samarra University, using a Japanese-made Shimadzu 

(GC-MS-QP2010 Plus). 40 microliters of algal oil 

were taken and diluted to 5 ml of ethanol. The 

instrument's injector was set to 2 µL of the diluted 

sample using a 30-meter capillary column (Inert Cap 

1, a non-polar column bonded with 100% dimethyl 

polysiloxane) with helium as the carrier gas at a flow 

rate of 14.5 mL/min. The oven's thermal program was 

started at 60°C with a 2:1 fractionation ratio, and this 

temperature was maintained for two minutes. The 

temperature was increased by 30°C per minute to 

180°C, then held for 3 minutes. Afterward, the 

temperature was increased to 220°C and held for four 

minutes, with a total holding time of 18 minutes. Mass 

spectra were recorded over the range 50-900 m/z at an 

energy of 72 eV. The chemical compounds extracted 

from the sample were identified by comparing the 

resulting mass spectra with those in the instrument's 

software libraries (Hübschmann, 2025). 

Fourier transform infrared spectroscopy: The 

properties of algal oil and biodiesel were analyzed at 

the Central Laboratory of the College of Science, 

University of Mosul, using a Bruker FTIR 

spectrometer. 

Statistical analysis: A two-way analysis of variance 

was used to evaluate the effects of medium type, time, 

and their interaction, with Tukey’s HSD test for 

comparisons. Statistical analysis of these results was 

performed using IBM SPSS Statistics (Version 

27.0.1),  

 

Results and Discussions 

Morphological identification: The pure isolate was 

identified under a light microscope and, based on its 

characteristics, is the green alga Monoraphidium 

contortum, with single, curved, arched cells and a 

pyrenoid chloroplast (John et al., 2002; Lee, 2018) 

(Fig. 4). 

Molecular identification: Based on the results, the 

isolate belongs to the microgreen algae of 

Monoraphidium contortum. with a match of  84%. The 

length of the recorded gene was 1218 base pairs, and 

it was stored in GenBank with accession number 

MH203022. Although this ratio appears lower than 

typical species-level concordance, it indicates 

evolutionary divergence and distinct variation in this 

locally isolated sample within Iraqi environments. 

When compared with published global isolates, this 

isolate showed a high degree of similarity, confirming 

Figure 3. Pictorial stages of biodiesel extraction. 
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the identity of this species.  

Estimating algae growth: At 650 nm, absorbance 

varied among media, with three replicates (n=3) 

(Table 3). The results revealed a significant difference 

in the efficacy of the seven-nutrient media on algal 

growth (P<0.05). The results showed that medium M4 

achieved a dominant, early lead starting on the third 

day and continued to increase, peaking on the twelfth 

day at an optical density of 1.742. This medium not 

only outperformed the other media on that day 

(vertical comparison) but also achieved its maximum 

biological performance compared to all other time 

periods (horizontal comparison). This behavior 

reflects the high efficiency of this medium’s 

components in stimulating the logarithmic growth 

phase (Log Phase), making it the optimal medium for 

rapid biomass production. In contrast, on the 14th day, 

an important biological phenomenon emerged: 

medium M4 showed a sharp, significant decline, while 

medium Chu10 remained stable at 1.502. This 

discrepancy indicates that the explosive growth 

stimulated by medium M4 led to the rapid depletion 

of essential nutrients or the accumulation of secondary 

metabolic products (Dumas et al., 1998), thereby 

accelerating the cells’ entry into the decline phase. 

Meanwhile, the Chu10 medium proved to be the most 

sustainable for long-term cultures.  The M6 medium 

showed stable, increasing growth that was superior to 

that of M1, M2, M3, and M5 (Fig. 5). 

Estimation of oil yield: The amount of oil was 

4.8g/50g dry weight of the algae, indicating a yield of 

9.6% (Table 4). The results showed that oil extraction 

increased by 9.6% under salinity stress. Although the 

increase was not high and did not differ significantly, 

salinity stress acted as a biochemical modifier in 

increasing the production of polyunsaturated fatty 

acids, which are of industrial importance for biodiesel 

in improving its properties in terms of maintaining its 

fluidity and preventing it from freezing inside engine 

pipes, especially in cold regions (Knothe, 2005). 

Characterization of the extracted sugar types: The 

results indicate that three types of sugars are extracted 

from algae: glucose and fructose, at 55.48% and 

32.18%, respectively, both of which are 

monosaccharides, and sucrose at 12.34%, which is a 

disaccharide. Glucose had the highest percentage 

among the components (Fig. 6). 

Assessment of plastic biodegradation: The 

biodegradation results for plastic manufactured from 

algal starch showed a high capacity for decomposition 

in moist soil (Table 5, Fig. 7-8). The plastic lost 0.390 

grams over 15, 40, 70, and 120 days.  The preliminary 

stage (lag phase) lasted 15 days, during which the 

decomposition rate reached 8.97%, with a daily 

average of 0.58 grams. The sample gradually lost its 

transparency, turned a distinct color, and developed 

slight wrinkles on its surface. This is because 

Figure 4. Microscopic image of Monoraphidium contortum 

Table 3. Optical Density measurements at 650 nm. 

14 12 10 7 3 

Days 

 

Media 
Aa1.502 aA1.706 bB0.728 bC0.515 bC0.339 Chu10 
cB0.314 dA0.568 cdA0.420 cdAB0.391 bcB0.298 M1 
cB0.292 deA0.485 deAB0.353 deAB0.338 cdB0.231 M2 
cB0.258 eA0.459 eAB0.339 deAB0.334 dB0.220 M3 
bB0.950 aA1.742 aB1.056 aB0.855 aC0.480 M4 
cB0.223 eA0.420 deA0.363 eAB0.276 dB0.188 M5 
bA0.886 cA0.940 cB0.601 dC0.353 bcC0.298 M6 
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microorganisms need a period to adapt to the polymer 

surface. The second stage, the active accelerated 

decomposition phase, was characterized by a 

significant acceleration in the decomposition process 

and a weight loss of 23.5 to 62.8%, with a daily 

average of 1.30%. This indicates the decomposition 

process and the breaking of polymer chains in the 

sample due to increased moisture content and the 

reaction between water and hydrogen bonds (Doh, 

2021), as well as the action of enzymes and 

microorganisms, which led to the appearance of small 

holes. The sample broke easily upon touch, and at 70 

days it began to break into small, fragmented pieces, 

consistent with previous findings (Dudek and Coskun, 

2017; Khalil et al., 2017). On day 120, the stabilization 

phase began, during which the decomposition rate 

reached 68.2%, and the sample became microfibers 

integrated into the soil. This slower decomposition is 

Figure 5. Variation in algal growth density across various cultivation media. 

 

Figure 6. The results of the HPLC analysis of algal sugar. 
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due to the retention of more complex parts of the 

polymer structure, which require more enzymatic 

energy to break down (Sharma et al., 2020). This high 

decomposition rate over 120 days meets the 

international standards (ASTM D6400) for classifying 

biodegradable polymers. The decomposition rate of 

68.2% exceeded the international standard 

decomposition rate of 60%. This confirms the 

efficiency of algae-based plastic as an alternative to 

traditional plastics, its environmental friendliness, and 

its high potential for integration into the natural carbon 

cycle (Al-Sultan et al., 2022). 

Effect of salt stress on algal oils and conversion to 

biodiesel: GC-MS analysis of the oil showed clear 

chemical transformation of lipids between algal 

growth in Chu10 medium and salt-stressed medium 

(M7). This demonstrated the effectiveness of salt 

stress in modifying lipid composition, thereby 

influencing the success of the stereotypes (Thamer 

and Saleh, 2026). The algal oil sample growing in 

Chu10 medium exhibited a standard distribution of 

saturated fatty acids and long-chain alkanes (C14-

C18), representing the basic metabolic state of the 

algae (Fig. 9). The presence of heptadecane and 

undecane compounds is consistent with previously 

reported hydrocarbon synthesis in algae, and these 

compounds contribute to the formation of 

hydrophobic barriers and are associated with the 

vegetative growth of the alga. This is consistent with 

the results of Ramos et al. (2009) and Saleh et al. 

(2022). In addition to the notable and special presence 

of cis vaccenic acid, which is a monounsaturated fatty 

acid and an antioxidant derivative of lovable (1-(+)-

Ascorbic acid 2,6-dihexadecanoate), the compound 

was determined to be relatively abundant in lipids and 

may contribute to the oxidative stability of the oil 

fraction, and indicates the presence of internal 

antioxidant defense mechanisms in algae. This shows 

Table 4. Estimation of oil yield in Monoraphidium contortum. 

Starch Weight Yield (%) Oil Weight (g) Time(hours) Weight after extraction (g) Weight before extraction (g) 

1.25g 9.6% 4.8 g 29h 45g 50g 

 

Table 5. Biodegradation stages of bioplastic in soil. 

Weight loss Weight(g) Time (days) 

0 0.390 0 

8.97 0.355 15 

23.59 0.298 40 

62.82 0.145 70 

68.20 0.124 120 

 

Figure 7. The results of the biodegradation curve of the synthesized 

bioplastic in soil. 

Figure 8. The pictorial results of bioplastic degradation. 
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that the percentage of saturated fatty acids (SFA) is 

85.1%, monounsaturated fatty acids (MUFA) is 

14.9%, and there are no polyunsaturated fatty acids 

(PUFA). 

The GC-MS results showed that the algal salt stress 

phase led to the stimulation and accumulation of lipids 

as a defensive response to osmotic pressure (Fig. 9). 

This phase was characterized by a change in the 

Figure 9. The results of fatty acid composition of algal oil according to growth media. 
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proportions of fatty acids, including 9,12-

octadecadenoic acid, ethyl ester, of which saturated 

fatty acids constituted 57.7% and monounsaturated 

fatty acids 19.6%. Stress decreased saturated fatty 

acids and increased polyunsaturated fatty acids by 

22.7%. Following this, the algae carried out a 

biological defense chemical transformation, altering 

their cellular fluidity. An increase in the percentage of 

the compound Phytol was observed, which is 

considered a chemical signature and an indicator of 

the algal cells' response to intercellular stress (Pan et 

al., 2024). 

The results showed successful conversion of crude 

algal oil into biodiesel, with fatty acids present as 

esters (Fig. 10). This is evidence of the success of the 

reaction process (10-octadecenoic acid, methyl ester 

(Saeed et al., 2025). Transesterification is the best way 

to reduce viscosity and convert algal oils into fuel that 

conforms to specifications and standards (ASTM 

D6751). The results showed that the percentages of 

saturated, monounsaturated, and polyunsaturated fatty 

acids were 59.6, 25.4, and 15.0%, respectively. The 

presence of hydroxyl acids, such as 9-octadecenoic 

acid and 12-hydroxy-9, was observed. These 

compounds increase fuel efficiency and improve 

engine lubricity, thereby reducing mechanical friction 

(Hao et al., 2025). 

Analysis of algal oil and biodiesel using infrared 

spectroscopy: The results show the chemical 

characteristics of the triglycerides  in crude oil, where 

the peak at 1730 cm-1 represents the carbonyl group 

C=O of the ester in the triglycerides, the peak between 

2850-2930 cm-1 represents the stretching vibrations in 

the long fatty acid chains, and the CH2 and CH3 groups 

are very strong groups, indicating a high hydrocarbon 

content (Fig. 11) (Saleh et al., 2025). A peak was also 

observed between 1000-1460 cm-1, which is the 

fingerprint region, corresponding to methylene group 

vibrations and representing the characteristic pattern 

of crude algal oil. 

The FTIR results showed key distinctive changes 

confirming the esterification process (Fig. 12). The 

carbonyl (C=O) peak at 1728 cm⁻¹ in biodiesel 

(methyl esters) was more pronounced and intense than 

in crude oil. The spectral results showed new peaks at 

1100-1300 cm⁻¹ due to the extension of C-O bonds in 

methyl esters, a distinguishing feature between 

biodiesel and crude oil, which agrees with the findings 

of Husar et al. (2025). A stable section was observed 

between 2859 -2923 cm⁻¹, a strong peak indicating the 

stability of the hydrocarbon peak and that the chains 

were not affected; only the terminal groups changed to 

monoesters instead of triglycerides. The absence of 

Figure 10. The results of GC–MS of biodiesel composition and 

fatty acid ratios. 
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any broad band in the 3400 cm⁻¹ region of the diesel 

indicates the product's quality and freedom from 

residues of glycerin, water, and unreacted alcohol. 

This demonstrates the efficiency of the washing and 

drying process (Saleh and Saleh, 2022). 

 

Conclusion 

This study concludes that the alga M. contortum 

represents an ideal model of an integrated biorefinery. 

The 18S rRNA region results demonstrated high 

efficiency in identifying the local isolate and provided 

a robust 1,218-base-pair genetic reference. The study 

confirmed that exposing the alga to salt stress at 11 

g/L is a crucial biochemical strategy for stimulating 

lipid accumulation and modifying its chemical 

composition. This stress led to a significant increase 

in the proportion of polyunsaturated fatty acids 

(PUFAs), reaching 22.7%, a defensive shift evidenced 

by the emergence of the compound Phytol as a 

response signature to the harsh environmental 

conditions. Regarding the quality of the biofuel, the 

transesterification process demonstrated technical 

success in converting crude oil into biodiesel that 

meets international standards (ASTM D6751). FTIR 

and GC-MS analyses demonstrated the conversion of 

fatty acids to methyl esters, with a significant increase 

in the percentage of monounsaturated fatty acids 

(MUFAs) in the diesel to 25.4%. This provides an 

ideal balance between combustion efficiency and 

fluidity. The study also concluded that the economic 

value of biomass can be maximized by extracting 

starch, which contains 55.48% glucose, and 

converting it into sustainable bioplastics. Finally, the 

choice of biodegradation provided conclusive 

evidence of the product's environmental friendliness. 

The manufactured plastic achieved a decomposition 

rate of 68.2% within 120 days, exceeding the 

international standard (ASTM D6400) and confirming 

its suitability as a bio-based alternative fully 

integrated into the natural carbon cycle. 
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