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In the preceding ten years, there has been a surge in the distribution of 

secondary metabolites and pharmacologically dynamic compounds 

from marine microalgae. Chromulinafreibergensis provided the 

antibacterial metabolites lessons for the current research .The current 

secondary metabolites study was chosen to focus on the green algal 

Chromulinafreibergensis. To see whether the properties of pH, 

temperature, and salinity on the development of microalgae aided in the 

growth of microalgae, they were tested. Antibacterial activity against 

Vibrio cholerae, Klebsiella pneumonia, Escherichia coli, Pseudomonas 

aeruginosa, Salmonella sp., Proteus sp., Streptococcus pyrogens, 

Staphylococcus aureus, Bacillus megaterium, and Bacillus subtilis was 

tested for in different solvent extracts of Chromulinafreibergensis.On 

the ninth day of incubation, when the medium was adjusted to a pH of 

9.0 in 30 ppt of salinity at 250C, the uppermost cell growth was 

noticed. Of all the investigated solvents, the butanol + isopropanol (1:1) 

crude extract of Chromulinafreibergensis tested the highest zone of 

inhibition (13.4 mm) against Salmonella. . The presence of rare 

chemical substances like 3, 3, 5-Trimethylheptane (M.W. 142.2) and n-

Hexadecane (M.W. 226.2) in the crude extract of 

Chromulinafreibergensis was discovered using GC-MS analysis.These 

results demonstrated the strong antibacterial activity of the 

Chromulinafreibergensis Butanol + Isopropanol (1:1) extract, 

demonstrating its enormous potential as a solvent for the extraction of 

bioactive chemicals from natural sources for biomedical and 

pharmaceutical applications. 

 
Copy Right, IJAR, 2024,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Marine microalgae might make good leads for the development of novel pharmalogical medications [7]. Researchers 

who study diseases have always been intrigued by biologically active substances that are obtained from natural 

resources [8]. Long used in medicine, algae has been shown to have bacteriostatic, antibacterial, antifungal, 

antiviral, and anticancer properties [9]. Microalgae have been studied as a potential bioactive chemical of interest in 

the pharmaceutical industry because they are a rich source of physically distinctive and physiologically active 

metabolites [10,11]. This variety is varied and rich in bioactive substances, including vitamins [12], pigments, fatty 

acids, sterols, and polysaccharides [13,14]. Due to repeated use of chemotherapeutic drugs and a delay in the 
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successful treatment of the disease, resistance has developed, possibly leading to increased mortality [15]. Due to 

these limitations, researchers found a continuing need for fresh antimicrobial chemicals from the previously 

undiscovered environment for the creation of cutting-edge cures for diseases that already exist [16]. 

 

Therefore, the current study concentrated on the potential applications of the marine microalgae 

Chromulinafreibergensis for the treatment of human pathogenic microorganisms, which can be used as a 

replacement for commonly employed dormant chemotherapeutic .Chromulinafreibergensis is a motile unicellular 

halotolerant green algae belonging to the Eustigmatophyte and Monodopsidaceae families, which is found mostly in 

salt marshes[17]. A biomolecule of -carotene is produced by Chromulinafreibergensis, and it is used in the culinary, 

cosmetic, and pharmaceutical industries as a coloring agent, antioxidant [19], anti-tumor agent [20], and 

preventative for heart disease [21]. Several organic solvent extracts of microalgae have been found to include a 

variety of pharmacologically active compounds. Numerous bioactive substances are used as structural models for 

the creation of novel medications against human infections. Various organic solvents are often used to test the 

antimicrobial properties of microalgae extracts [22]. Organic solvents extract antibacterial activity more effectively 

than aqueous extract. Organic solvent extracts from microalgae and other marine organisms are frequently screened 

for biological chemicals. Researchers employed GC-MS analysis of crude marine microalgae extracts to evaluate the 

effectiveness of various organic solvents in this context, identifying chemical components and structures against the 

most prevalent human diseases. 

 

Materials and Method:- 
Microalgae Culture Collection 

Chromulinafreibergensis 

CLADE: SAR 

PHYLUM: OCHROPHYTA 

CLASS:CHRYSOPHYCEA 

ORDER: CHROMULINALES 

FAMILY: CHROMULINACEAE 

GENUS: CHROMULINA 

was brought to our lab in an ice chest box after being collected in a sterile screw cap tube from the Centre for 

Marine Fisheries Research Institute (CMFRI) Tuticorin, Tamilnadu, India. For the current study, the microalgae 

were sub-cultured and maintained as a pure culture. 

 

Stock Culture Maintenance 

Miquell'smedium's essential nutrient (solution-A: 100 ml of seawater was mixed with 20.2 g of potassium nitrate, 

100 ml of distilled water, 4 g each of sodium orthophosphate, calcium chloride, ferric chloride, and hydrochloric 

acid, and 2 ml each of hydrochloric acid and hydrochloric acid (filtered). Solution A (0.55 ml) and Solution B (0.5 

ml) were properly combined to enrich the water before being poured into one literof filtered, sterilized saltwater. 

10% of the actively growing mid-phase inoculum was transferred aseptically into the culture flask after sterilization. 

The inoculation flask was kept at 282°C under 1000 lux of fluorescent light for 8 days of incubation. When the 

extreme exponential growth phase was touched, the light was dimmed to prevent further expansion. 

 

Chemicals 

Hi Media Laboratories Private Limited (Mumbai, India) provided all of the chemicals and media components for all 

microbiological and analytical prodecures 

 

Growth Optimization Of Marine Microalgae 

Maximum and minimum growth rates for most microalgal species were at pH 5 and pH 9 and they grow best at 

neutral pH or slightly alkaline pH. At 25℃, which was higher than the other temperatures used in this study, the best 

growth was accomplished. The cell density decreased as the medium's temperature increased. The majority of 

cultures required a salinity of 30 ppt for the best possible development of microalgae. The media's salinity was 

increased, which decreased the cell density. 

 

Determination Of Cell Density 

To calculate cell density, The James and Al-Kharsapproach[25] was applied. With the help of a Neubauer-enhanced 

hemocytometer, cell counts were assessed (DHC-N01). The microalgae were formalin-treated to kill the cells, and a 

drop of the culture was taken out using a sterile Pasteur pipette. The pipetted culture samples were placed on the 
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counting grid and left for a short period after the coverslip was secured to the hemocytometer. A compound 

microscope (ADELTA OPTEC -DN10) was used to count the cells, and the formula below was used to calculate the 

total number of cells. 

 

The count of all cells equals the sum of the squares in each group multiplied by the number of squares that were 

counted in each cell. 

 

Microalgae Extract Preparation Using Different Organic Solvents 

Microalgae cells were centrifuged for 10 minutes at 200 rpm (REMI- R24) (REMI- R24). The pellet was collected at 

room temperature and ground into a fine powder by air drying. The solution was filtered through No. 1 filter paper, 

the filtrate was desiccated for 24 hours at 40°C, and the solvents from the dried powder were suspended to produce 

50 ml. That is, 100 ml of dried microalgae cells weighing 10g were extracted separately in different organic 

solvents, including Acetone+n-butanol (1:1), Acetone + Isopropanol (1:1), Acetone +chloroform(1:1), Butanol + 

Isopropanol (1:1), Chloroform + Methanol (1:1), Chloroform + Methanol(1:1), Chloroform + Methanol (1 Whatman 

The solution filtered No. 1 filter paper. The filtrate was desiccated for 24 hours at 40°C. The dried powders 

respective solvents were suspended to yield 50 mg/ml crude extract. To conduct additional bactericidal and GC-MS 

testing, the crude extract was maintained in a sealed container and kept in the refrigerator. 

 

Pathogenic Bacteria Used As Test Organism 

The antimicrobial activity of these extracts was examined against ten human pathogens due to their frequent 

occurrence in the majority of clinical cases: Vibrio cholerae, Klebsiella pneumoniae, Escherichia coli, 

Staphylococcus aureus, Bacillus megaterium, Pseudomonas aeruginosa, Bacillus subtilis, Salmonella sp., Proteus 

sp., and Streptococcus 

 

Antibacterial Assay 

A paper disc assay method was described by El Maseru et al. for assessing antibacterial efficacy against particular 

human infections. The 6mm Whatman No. 1 filter paper disc was cut, then sterilized in an autoclave. Several solvent 

extracts were used to fully saturate the sterile discs. Additionally, the control disc was kept in working order by 

soaking each extract in its respective organic solvent. Using sterile cotton brushes, test pathogen overnight broth 

cultures were uniformly infected, and Muller Hinton Agar plates were created. Using sterile forceps, the 

impregnated discs were used to position the plates. Suitably spaced equal intervals are used. Each test pathogen was 

maintained on hand in three copies. Before usage, the plates were incubated for 24 hours at 37°C. The diameter of 

the inhibitory zone was given in millimeters. 

 

GC-MS Analysis Of Microalgae Extract 

Gas chromatography combined with mass spectrometry detection technology can detect qualitative and quantitative 

analyses of crude extracts with great sensitivity, even with tiny levels of components. The chemical component of 

crude extracts of Chromulinafreibergensis was also investigated for its antibacterial effectiveness against a variety of 

human ailments. The standard method for GC-MS analysis involves dissolving 10 mg of crude extracts in 1 

milliliter of ethyl acetate. In a GC-MS setup, a 0.1l aliquot of the standard phase is automatically injected into a 0.25 

mm by 25 mm column of 5 percent phenyl poly siloxane (GC 17A, Japan). As the carrier gas, helium was used at a 

pressure of 17.69 psi and a flow rate of 3 ml/min at 0.4 m/min. 

 

Compound concentration percentage=[P1/P2] ×100, P1 is the compound peak area, and P2 is the total peak area in 

the fractionated extracts. 

 

Data Analysis 

The means for each parameter were separated using the least significant difference (LSD) test at the 0.05 percent 

level of probability to determine their significance status [27]. The data were statistically analyzed using the Two-

way ANOVA using MINITAB software. 

 

Result:- 
Microalgae Culture Conditions 

Microalgal cultures were grown in a variety of pH, temperature, and salinity conditions using Miquell's medium. To 

enhance pH, the microalgal inoculum was grown at pH 5, 7, 9, and 11. The ideal temperature was determined to be 
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between 20 and 35 degrees Celsius. Using 20, 30, and 40 ppt, the ideal salinity was identified. Every time, the cell 

density was used as the standard (James and Al-Khars, 1990). 

 

Table. 1:- Antimicrobial activity of Chromulinafreibergensisin different  Solvents. 

 

* No growth was observed ;  Each value is the mean ± SD of three individual estimates 

 

Fig. 1:- Growth characterization of Chromulinafreibergensis at various pH. 
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Fig. 2:- Growth characterization of Chromulinafreibergensis at various temperature (C). 

 
 

Fig. 3:- Growth characterization of Chromulinafreibergensis at various salinity. 
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zone (Gonalaz et al., 2001). 
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Antimicrobial Activity Of Algal Cultures 

A higher amount of Acetone is present in proteus sp, Presence of the n-butanol alage is thus higher in pseudomonas 

aeruginosa, the Presence of the isopropanol is thus higher in E-coli, Presence of the acetone + n-butanol (1:1) is thus 

higher in bacillus subtilis, Presence of the acetone+isopropanol (1:1) is thus higher in vibriocholrae, presence of 

acetone+ chloroform(1:) is higher in pseudomonas aeruginosa, Presence of the butanol + isopropanol is thus higher 

in salmonella sp, Presence of the chloroform + methanol (1:1) is thus higher in vibrio cholerae, 

 

Vibrio cholerae has the strongest results against human pathogens when chloroform + methanol (1:1) is present, 

while the bacillus megaterium in Figure 3 exhibits the lowest results when isopropanol is present. 

 

Table 2:- Two-way ANOVA for the data on antibacterial activity of bioactive substance extracted from 

Chromulinafriebergensis using different organic solvents and their combinations against selected human pathogens. 

Source of Variation SS df MS F P-value 

Total variance 402.347 79       

Variation due to bacteria 45.5206 9 5.05785 1.33703 > 0.05* 

Variation due to solvent based extracts 118.504 7 16.9291 4.47518 < 0.05** 

Error variance 238.322 63 3.78289     

* Statistically non-significant   ;   ** Statistically significant  

 

Figure 04;- Antimicrobial activity (Zone formation). 

 
 

GC – MS Analysis 

Finding out the many ingredients present and the chemical structures of these compounds from marine sources is 

crucial because identifying biochemical markers in biomedicines is crucial. The terrestrial equivalent cannot create a 

wide range of natural goods, however, due to its unfavorable environmental home, marine microalgae may. The goal 

of current research in the pharmaceutical and medicinal fields is to create distinctive compounds for identifying the 

chemistry of marine natural products. This study offers a rare opportunity for the examination of a novel chemical 

derived from halophilic microalgae for the treatment of human ailments 

 

Biomedicines require the identification of biochemical markers. Determining the different components and their 

chemical structures in marine sources is crucial because of this. The marine counterpart can create a large variety of 

natural goods due to its hard environment, however, its terrestrial counterpart cannot. The goal of current research in 

the pharmaceutical and biomedical fields is to create a distinctive chemical for recognizing the chemistry of marine 

natural product. This study offers a rare chance to look into potential new medicines made from halophilic 

microalgae to treat human illnesses. Fig. 5a depicts the results of the current investigation, which used GC-MS 

analysis to identify antibacterial chemicals in an organic solvent extract of Chromulinafreibergensis. Table 3 
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displays the number of chemicals (peak) identified in the crude extract. Some chemical components are stated to 

have known biomedical relevance in pharmaceutical disciplines, and the mass spectra of compounds are compared 

to those of related compounds in the PubChem database (data not shown). The two chemical elements that make up 

the crude extract of Chromulinafreibergensis in Figures 5a and 5b,5c respectively, are tetradeconic acid and 9,12 

octadecadienoic acid. These secondary metabolites open up a brand-new field of inquiry for future study of the 

chemical elements with antibacterial activity. 

 

Figure 5a,5b,5c:- Graphical Representation Of Gc Ms Analysis. 

 
 

Discussion:- 
A significant amount of algal biomass is required for the synthesis of microalgal bioactive metabolites. The final 

step of the optimization process involves testing the top strains and most successful tactics under optimum 

circumstances. Numerous cultivation techniques have been created by academics and industry for high microalgal 

biomass output. The goal of the current study is to optimize the growing conditions to meet our need for significant 

volumes of microalgae biomass. The culture conditions, such as temperature, pH, salinity, and other micronutrients 

and macronutrients, have an impact on the chemical makeup of some microalgae. The earlier researchers [28, 29, 

30, 31] supported the pattern of Chromulinafreibergensis (Australian and Kuwaiti) cultivated at various 

temperatures, attaining growth rates of up to 2.90x10 6 and 2.40x10 6 cell ml-1, respectively. [31] and has been 

thoroughly examined by Abu-Rezq et al. Both samples' development patterns changed less as the temperature 

increased. As a result, it may be concluded that Chromulinafreibergensis prefers low temperatures (20oC) to high 

temperatures (32oC). The maximum production range of cells in a closed tube system in outdoor culture was 

attained by Garcia-Gonzalez et al. [32], ranging from 2 to 4x10 6 cells ml-1. They determined that 

Chromulinafreibergensis exhibits its best culture performance at a temperature of 25°C and a pH of 7.50.5 and that 

the addition of CO2 gas regulates it. Chromulinafreibergensis strains' development patterns and carotenogenesis are 

examined by Cifuentes et al. [33] at varied experimental temperatures. They discovered that a photoperiod of 12:12 
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(light and dark phases) at a temperature of 20°C resulted in the maximum growth rate and carotene production. 

These results support our ongoing research on Chromulinafreibergensis and the generation of secondary metabolites 

on the ninth day of incubation under experimental circumstances at 20° C. On the other hand, Singh et al. [34] 

propose that water temperature be set at 30oC because they found that the greatest cell growth induction occurs 

under experimental conditions of restricted nutrients. At various pH values, the growth pattern of microalgae culture 

media is examined. As the pH rises, algae growth accelerates. Microalgae Chromulinafreibergensis showed that the 

highest cell growth was seen on the ninth day of the experiment when the pH was 9.0 rather than 5.0. Maximum 

growth for the marine microalga Chlorella sp. is seen on the seventh day of incubation at a pH of 9 to 9.5, according 

to Zhao et al. [35]. The present Chromulinafreibergensis culture optimization study that we are conducting has been 

approved and is supported by earlier studies. 

 

In contrast to low salinity, Chromulinafreibergensis' development rate rose under experimental conditions with 

increasing salinity (40 ppt) (20 ppt). Dolapsakis et al. [36] found that areas with higher salt concentrations, such as 

those near salt lagoons, salt-producing factories, and the seashore, are where Chromulinafreibergensis can develop at 

their best during the natural season. Oren [37], whose findings concur with those of earlier scientists. Farahat et al. 

[38] observed the growth of Chromulinafreibergensis. According to Hadi et al. [39], Chromulinafreibergensis can 

tolerate NaCl concentrations between 0.2 percent and roughly 35 percent. The microalgae can thrive in conditions 

containing salt concentrations as low as 0.17 M and as high as 4.0 M NaCl. The greatest number of cells was seen 

on the 18th day of incubation, when the media was updated with 4.0M NaCl, according to Raja et al. [39]. Increased 

-carotene accumulation, however, supports 3.5M NaCl. Leach et al. [42] reported that maintaining the culture at an 

8.5 pH and 18 percent NaCl w/w salinity allowed for a cell concentration of 0.8x10 6 cells ml-1. A hyper-

halotolerant creature called Chromulinafreibergensis can be found in salt lakes at great densities. 

 

The extraction of antimicrobial metabolites from algae has received the greatest attention recently compared to other 

potential sources. A wide range of chemical classes, including indoles, terpenes, acetogenins, phenols, fatty acids, 

and volatile halogenated hydrocarbons, are produced by the antimicrobial activity of microalgae [43, 44]. Solvents 

are employed to extract the antibacterial properties of both algae species [46]. Several organic solvents, including 

methanol, acetone, ether, and chloroform, as well as other microorganisms, were used to investigate the antibacterial 

efficacy of algal extracts [45]. Organic solvents are always more effective at extracting substances with antibacterial 

action [49]. The antibacterial action observed in numerous pressurized extracts from Chromulinafreibergensis is 

attributed to some fatty acids as well as substances including cyclocitral, neophytadiene, and phytol [47]. Despite 

Spirulina platensis extracts having antibacterial activity in dichloromethane, petroleum ether, and ethyl acetate [48], 

the methanol extract was shown to be more effective. The marine alga Jania rubens demonstrated strong 

antibacterial action against both gramme negative and gramme positive bacteria, according to KarabayYavasoglu et 

al. [50]. In line with our current discovery, Table 1 demonstrates that a methanol and chloroform (1:1) extract 

exhibits promising antibacterial activity against both gram-negative and gram-positive bacteria. According to 

Mhadhebi et al. [50], extracts made from the marine algae Cystoseiracrinita and Cystoseirasedoides have greater 

antifungal activity. When Chromulinafreibergensis crude extract is subjected to GC-MS analysis, intriguing 

chemicals with notable antibacterial activity are discovered. In this investigation, various chemical components were 

shown to have antibacterial action and medicinal significance, including Tetradecanoic acid, Eicosanoic acid, 

hexadecenoic acid, 9,12-octadecadienoic acid, 9-octadecenoic acid, and methyl ester. Crude extract examination of 

the indicated species using gas chromatography-mass spectrometry reveals numerous significant organic volatile 

chemicals and their derivatives (GC-MS) 

 

Organic solvent extracts from Synechocystis sp. that have undergone GC-MS chemical characterization [51] 

produce a variety of fatty acids and volatile chemicals with antibacterial activity, including phytol, fucosterol, 

neophytadiene, or palmitic, palmitoleic, and oleic acids. According to Al-research Wathnani's [53], cyanobacteria 

and green algae create many substances, including biomedically significant organic metabolites such as heptanal, 

ethane1,1-diethoxy butanal, 3- Methyl-2-(2-Oxopropyl) Furan, and octanal. 

 

According to Dooslin Mercy Bai ,S.kousik Saravanaresearch [54,55], GC-MS analysis of Tetraselmissuecica crude 

extract revealed the presence of 1-ethyl butyl 3hexyl hydroperoxide and methyl heptanate, which have anti-

inflammatory, antipsychotic, antiseptic, antineoplastic, anti-allergic, antipyretic, and analgesic effects. Leading 

chemical compounds with medicinal relevance, such as 3, 3, 5-Trimethylheptane, and n-Hexadecane, are present in 

the fractionated matrices of the extract of Chromulinafreibergensis. Interestingly, some of the chemicals in our final 

chromatograms showed prominent biological characteristics. Based on the findings of this study, it is recommended 
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that chloroform + methanol (1:1) be used as the best organic solvent for removing bioactive substances from marine 

microalgae that are currently important for biomedical and pharmaceutical use. 

 

Conclusion:- 
To achieve maximum algal biomass of 56, the following ideal cultivation conditions must be maintained: salinity of 

40 ppt, a temperature of 20 oC, and a high pH of 9.0 on the ninth day of incubation. Additional investigation into the 

precise chemical component responsible is needed for clinical trials, biocidal action, and medicinal applications in 

humans. Researchers may have the chance to study an exciting new area of microalgal biotechnology in the future. 

Future research on Chromulinafreibergensis will involve the creation of biofuels and novel antibiotics, among other 

microalgal projects. 
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