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1. Introduction 

The Squalene is a sterol biosynthesis intermediate metabolite found everywhere in plants 

and animals. Squalene is known for its nutritional benefits and antioxidant properties. Squalene is 

contained in rice bran oil and has gained attention for its potential health benefits, including the 

prevention of cancer and cardiovascular disease. However, squalene is susceptible to oxidation, 

which can lead to a decrease in its beneficial properties and the formation of off-flavor compounds 

in edible oils [1]. Squalene is an isoprenoid that serves as an intermediate in the biosynthesis of 

phytosterols and terpenes in plants and animals, and has antioxidant, anti-inflammatory, anti-

atherosclerotic, and tumor-protective properties.[2]. All squalene is converted into cholesterol, but 

can be stored in fatty tissues [1]. Squalene synthase activity, as measured by serum squalene levels, 

correlates with serum cholesterol fraction, especially in type 2 diabetics [3]. 

Squalene is mainly extracted from shark liver, which is still the cheapest option. However, 

its extraction is not sustainable, and methods to obtain non-animal squalene are being developed and 
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 Squalene, a natural isoprenoid, plays a critical role in sterol biosynthesis 

and exhibits various health benefits, including antioxidant, anti-

inflammatory, and antitumor properties. Found in sources such as shark 

liver oil, amaranth, olive oil, and microbial species, its demand has 

surged across pharmaceutical, cosmetic, and food industries. However, 

traditional extraction methods, predominantly from shark liver, raise 

sustainability concerns. This study explores alternative sources and 

production strategies, focusing on plant-based and microbial synthesis of 

squalene. Amaranth seeds and olive oil were highlighted as promising 

renewable sources due to their high squalene content. Advances in 

synthetic biology and metabolic engineering have enabled microbial 

platforms, such as genetically modified yeasts and microalgae, to 

produce pharmaceutical-grade squalene sustainably. Moreover, the 

development of innovative extraction techniques, such as supercritical 

CO₂ extraction, enhances yield and purity while minimizing 

environmental impact. The research further emphasizes squalene’s 

potential as a precursor for cholesterol, hormones, and vitamins, 

alongside its role in improving human health through applications in 

vaccines, cardiovascular protection, and cancer prevention. Future work 

should prioritize optimizing extraction methods, exploring untapped 

natural sources, and scaling microbial production to address the growing 

global demand sustainably. 

This is an open access article under the CC–BY-SA license. 

    

 

 
Keywords 

Health Applications  

Natural Squalene  

Squalene 

Sterol Biosynthesis 

Sustainable Extraction 

 

 

 

 

 

 

 

http://journal.uad.ac.id/index.php/IJCE/
mailto:IJCE@che.uad.ac.id
http://creativecommons.org/licenses/by-sa/4.0/


80 Indonesian Journal of Chemical Engineering  ISSN 3025-6674 

 Vol. 2, No. 2, 2024, pp. 79-89 

 Adi Permadi et.al (Review : Exploration of Squalene …)  

improved to meet commercial needs [4]. Squalene is a naturally occurring compound found in 

various biological sources such as shark liver oil, olive oil, amaranth seeds, and microorganisms like 

microalgae and yeast. Due to conservation concerns, there is a push to find renewable sources of 

squalene. With the declining shark population, there is an urgent need to develop sustainable 

extraction methods and explore alternative squalene sources that can be commercially exploited [5].  

Squalene is a naturally occurring hydrocarbon compound that serves as a key intermediate in sterol 

and hopanoid biosynthesis, which is found in both eukaryotic and prokaryotic organisms [6]. In 

addition, squalene can also be released as a volatile compound from vegetative tissues of plants 

damaged by insects or from flowers [6].   

In particular medicinal plants can be a viable alternative for squalene production, especially 

as traditional sources such as shark liver oil face environmental and health concerns [7]. Alternatives 

such as phytosqualene from plants and synthetic production using genetically modified microbes are 

explored. This article emphasizes the potential of engineered microbes to provide a sustainable and 

economical source of pharmaceutical-quality squalene, which can meet the growing global demand 

for vaccines while minimizing environmental damage [8]. Despite advances in biotechnology for the 

production of squalene from modified yeast, natural sources remain preferred in the market  [9]. 

Squalene can modulate pro- and anti-inflammatory mediators to control excessive activity of 

neutrophils, monocytes, and macrophages. In addition, squalene helps improve steroid metabolism 

and reduce cardiovascular and cerebrovascular diseases. Due to its hydrophobic structure, however, 

it cannot be used in humans [10]. 

Squalene acts as a protective agent in microorganisms, plants, and animals. It plays an 

important role in plant growth, development, and stress tolerance [11]. Squalene can enhance 

immunity and disease resistance and also has a high antioxidant capacity, which can reduce lipid 

peroxidation damage and improve the immune status of the organism [12]. Squalene is an important 

component used in cosmetics for its photoprotective role and as a lubricant. It is also associated with 

a reduced risk of colon cancer, which is attributed to its chemopreventive properties [13]. Squalene 

is used directly in the food, cosmetic, and pharmaceutical industries due to its anti-cancer and 

antioxidant properties, as well as the ability to maintain cell membrane integrity and provide 

protection and moisture. Another function of squalene is as a biosynthetic precursor of cholesterol, 

hormones, and vitamins, which are essential for regulating cell division and growth [14]. Squalene 

has a wide range of health benefits, including the ability to reduce skin damage from UV radiation, 

lower LDL cholesterol levels, and has anticancer properties. Nonetheless, natural sources of 

Squalene are limited, found mainly in marine animals and some plants, and challenges in efficient 

extraction methods hinder its commercialization [9].  

Recent developments in synthetic biology and metabolic engineering have made microbial 

squalene a promising alternative to traditional sources, contributing to sustainable development goals 

[15]. In the pharmaceutical world, squalene is used as an adjuvant in many vaccines. Squalene 

protects against oxidative DNA damage in human mammary epithelial cells MCF10A, although not 

in human breast cancer cells MCF7 and MDA-MB-231, Squalene has an effect on the tissue defense 

system in isoproterenol-induced myocardial infarction in mice and plays a role in cholesterol 

biosynthesis as a precursor of the sterol ring [16].   

Squalene production can be enhanced through various strategies such as promoter 

engineering, compartmentalization, organelle engineering, and adaptive laboratory evolution [17]. 

The aim of this study is to analyze the physicochemical characteristics and stability of squalene under 

various conditions, in order to understand its bioactive effectiveness that plays an important role in 

various applications. In addition, this study aims to identify potential natural sources of squalene, 

including more environmentally friendly alternatives, to meet industrial needs.  
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2. Research Methodology 

The method used in this research is a literature study or literature review. Literature review 

involves collecting data related to a particular theme from various sources, including research, books, 

official websites and other references. The inclusion criteria in this study were scientific journals that 

have been published without time limitation, which discuss squalene from natural ingredients for 

commercial production. Meanwhile, the exclusion criteria included scientific journals, both national 

and international, published after 2015 and did not discuss squalene from natural materials. 

2.1. Literature Review  

The stages in the literature review are important steps in the research. These steps identified 

natural materials that have the ability to produce squalene. In addition, the review investigates how 

squalene can be produced through natural materials. This data includes relevant journals, abstracts 

and scientific information. The main purpose of this literature review is to find out the studies that 

have been done previously related to the problem to be studied. 

2.2. Jurnal Tracking Tracking  

Based on journal searches through sites such as Google Scholar and several journal databases 

such as Garuda Portal, PubMed, and ScienceDirect, researchers found 80 journals that were relevant 

to the keywords used. After that, the researchers screened 75 journals, and of these journals, 54 full 

text journals were used for the literature review, which met the inclusion and exclusion criteria. 

3. Results and Discussion 

After conducting a literature study from journal sources, natural extracts that can produce 

squalene and effective squalene production methods are known. In this article, there are two 

discussions that will be presented, namely the source of squalene from plants and Squalene 

Production Methods. 

3.1. Plants Sources of Squalene 

Plant sources for squalene include olive oil, soybean oil, rice, grape seed oil, peanut, corn, 

and amaranth. Among these species, amaranth has the highest reported squalene content of 5942 

mg/100 g. The structure of squalene can be seen in Figure 1 although olive oil is the only one used 

for commercial squalene extraction [9].  

 
Fig.1  Structure Squalene 

One important source of squalene from vegetable oils is fragrance distillates, and spinach oil 

has the highest squalene concentration of all kinds of vegetable oils. The present invention shows 

that by different methods, squalene can be extracted from various vegetable sources with high purity 

[18]. Research by Soetjipto (2021) showed that wild amaranth seed oil (Amaranthus dubius Mart) 

has a high squalene content of 94.9%, which makes it a valuable source of this compound. The oil 

also showed good quality after refining, with an acid value of less than 0.6 mg KOH/g and a 

saponification value of 208.9 mg KOH/g [19]. In a study by Park, et. Al (2016) which focused on the 

isolation and characterization of squalene synthase (SQS) gene from amaranth seeds (Amaranthus 

cruentus). The SQS gene shows high sequence identity that supports the potential of amaranth as a 

natural source of squalene for applications in plant biology and health [20]. 
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Research by Maleki, et. Al (2023) investigated the presence of squalene in various medicinal 

plants using thin-layer chromatography (TLC). Oils from several plants-clove, opium poppy, nigella, 

and purslane-were extracted in this study, and squalene was found in five of them. Cloves had the 

highest squalene concentration, but nigella and opium poppy had higher oil yields. In addition, 

another study found that cockscomb and wild spinach also had high squalene content; oils from 

amaranthus and oil palm also had high levels of squalene [7].  In the study by Kim, et. Al. (2010) 

investigated squalene in panax ginseng plants. It was found that panax ginseng has several SQS genes 

possibly due to its tetraploid nature [21]. In the squalene analysis of the Gymnema sylvestre plant, 

squalene was found. This plant is known for its triterpenoid content and its use in traditional medicine 

[22]. 

In the study by Gitea, et. Al. (2023) showed that grape seed oil contains a number of 

beneficial compounds, such as fatty acids, sterols, squalene, phenolics, and tocopherols. Supercritical 

carbon dioxide extraction, for example, can produce high concentrations of these ingredients. Grape 

Seed Oil is known for its health benefits, such as its antioxidant and anti-inflammatory properties, as 

well as their ability to be used in pharmaceutical and cosmetic products. This oil is also considered 

a great dermatological product and dietary supplement [23]. Squalene extraction and variation from 

tea (Camellia sinensis) leaves based on cultivar and leaf maturity. Squalene, a triterpene that has 

many bioactivities, is more abundant in older tea leaves. Once optimized, the sample preparation 

method showed that saponification was not necessary for squalene extraction. Among the 30 tea 

cultivars tested, “Pingyun” cultivar had the highest squalene content, reaching 0.289-3.682 mg/g in 

old leaves. The results suggest that aged tea leaves can be used as a better source of natural squalene 

extraction [14].  

In the study by Suhendra., et. al. (2021) showed that the potential of thraustochytrids 

microalgae found in Indonesian mangroves as an environmentally friendly source of squalene [24]. 

Research was conducted on olives, in the study squalene biosynthesis in olives (Olea Europaea L.). 

In the study Chi, et. al., (2024) found in olive plants there is squalene, after being examined when 

plants experience drought stress, squalene production in leaves and roots increases significantly. The 

purpose of the study was to find the best reference gene (RG) that could be used to analyze genes 

related to squalene production in olive plants (Olea europaea L.) when facing drought. One of the 

important genes in squalene biosynthesis is squalene synthase (SQS), whose expression is higher in 

leaves, especially when plants face drought. SQS gene expression can be measured to understand 

how much a plant or organism produces squalene. In this study SQS was found to have the highest 

expression in olive leaves, especially when facing drought stress, suggesting that leaves are the main 

organ for squalene production in olive [11].   

Squalene is also found in Virgin Olive Oil or VOO. Research by Beltran, et. al (2016) 

analyzed squalene concentrations in virgin olive oil (VOO) from 28 olive cultivars, showing 

significant genetic variability in squalene content, which ranged from 110 to 839 mg/100 g, with an 

average of 502 mg/100 g [25]. In a study by Kumar, et. al. (2020) showed the presence of squalene 

content in Basella rubra L. seed oil. squalene contained in it contributes to the activity of carotenoids 

and flavonoids which are high antioxidants that are significant  [13]. Research by Ali (2016) 

identified the squalene synthase (SQS) gene in Artemisia annua L., which competes with amorpha-

4, 11-diene synthase (ADS) in the artemisinin biosynthetic pathway, and showed the highest 

expression of SQS in callus tissue. Molecular analysis revealed that the SQS enzyme has moderate 

stability, high thermal stability, and close evolutionary relationship with other plants [26].  

In a study by Qian, et. al. (2019) which analyzed squalene synthase (SQS) proteins in the 

Cucurbitaceae family. The study identified 45 positively selected sites in SQS, with particular 

emphasis on the 196S and 407S sites associated with the regulation of triterpenoid biosynthesis. 

Converted domains, transmembrane domains, and phosphorylation sites were found that could affect 

SQS enzyme activity. From the study, it is necessary to develop the regulation of triterpenoid 

biosynthesis and molecular evolution of SQS in the Cucurbitaceae family [27]. Extraction and 

purification of squalene from Amaranthus seeds as a plant-based alternative to marine sources. The 
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squalene content in these eleven genotypes of four species ranged from 3.6% to 6.1% of total lipids, 

and the purification method increased the purity to 98%. The results suggest that Amaranthus has the 

potential to be a valuable source of squalene for pharmaceutical, cosmetic and health applications, 

while reducing environmental effects [28]. 

Research by Shinozaki, et. al (2008) explored the biosynthetic pathway of triterpenes and 

sterols in the fern Adiantum capillus-veneris. Squalene cyclase (SC) and oxidosqualene cyclase 

(OSC) genes were successfully cloned using homology-based PCR method. The resulting products 

of this biosynthesis were then analyzed using GC-MS method, allowing identification of the 

compounds produced in the biosynthetic pathway. This study provides insight into the metabolic 

potential of ferns to produce important bioactive compounds, one of which is squalene  [29].  

Squalene production using marine microalgae Shizochytrium sp. To increase squalene yield by 

fermentation [30]. Thraustochytrids, have great potential as a sustainable alternative source for the 

production of bioactive compounds such as squalene and docosahexaenoic acid (DHA). [31]. 

Squalene has an important role in influencing plant growth and defense mechanisms. 

Research by lindo, et. al (2020) tested squalene in tomato and Arabidopsis thaliana. The combination 

of ergosterol and squalene showed synergistic effects on jasmonic acid (JA) and ethylene (ET) related 

genes. An appropriate ergosterol/squalene ratio can influence plant growth and plant-fungal 

interactions, allowing plants to distinguish between beneficial and pathogenic fungi [32]. Targeted 

genetic manipulation of the ERG1 gene could be an effective strategy to increase squalene 

production, which has a wide range of biotechnological applications [33]. Targeted genetic 

manipulation of the ERG1 gene could be an effective strategy to increase squalene production, which 

has a wide range of biotechnological applications [34]. Squalene can be obtained from existing plant 

sources as shown in Table 1, but it is not enough to meet industrial demand, so microorganisms are 

the main focus for sustainable squalene production. 

Table 1. Sources and Content of Squalene in Natural Ingredients 

Sources Material Type  
Squalene Content 

(mg/100g) 

Virgin Olive Oil Vegetable oil 502 (average) 

Amaranth Grains 110 – 839 

Shark Liver Oil Animal Oil 3.600 – 6.100 

Panax Ginseng Medicinal Plants - 

Nigella Sativa (Black 

Cumin) 
Vegetable Oil 1.500 – 2.300 

Palm Oil Oil Refining Distillate 200 - 400 

Microalgae 

Thraustochytrids 
Microorganisms 15.000 – 20.000 

The Old Leaf Plants Leaves 289 – 3.682 

Grape Seed Oil (GSO) Vegetable Oil - 

 

In a study by Patel, et. al (2022) Thraustochytrids have great potential for squalene 

production, the main challenges in their genetic modification include multinucleate cells which 

complicate the process of genetic editing and selection [4]. Squalene was also found in the fungal 

isolate Talaromyces Pinophilus CJ15 from soil samples in Dandeli, Karnataka. Squalene, a secondary 

metabolite produced by this isolate, showed cytotoxicity against human leukemia cells with an IC50 

of 26.22 g/ml, which can be seen in figure 2 indicating potential as an anticancer agent. Significant 

antimicrobial and anticancer activities have been demonstrated by this isolate [35]. 
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Fig.2 Graph of Cell Squalene Viability Against Leukimia Cells  

Squalene can be produced through genetic engineering in the fungus Yarrowia lipolytica. 

The genetic transformation process produced an engineered strain named Polg17, which was then 

fermented using used cooking oil (WCO) as a carbon source. This strain was able to achieve the 

highest scualene production up to 2549.1 mg/L. This study illustrates how the combination of 

metabolic engineering with the utilization of waste as raw material can create a sustainable method 

to produce high-value metabolites such as scualene  [14]. Squalene can be produced through genetic 

engineering in the fungus Yarrowia lipolytica. The genetic transformation process produced an 

engineered strain named Polg17, which was then fermented using used cooking oil (WCO) as a 

carbon source. This strain was able to achieve the highest squalene production up to 2549.1 mg/L. 

This study illustrates how the combination of metabolic engineering with the utilization of waste as 

feedstock can create a sustainable method to produce high-value metabolites such as squalene [12].  

In a study by Marcos, et. al. (2023) squalene has complex effects on liver health, particularly 

in the context of non-alcoholic steatohepatitis (NASH). Squalene can reduce the accumulation of 

certain lipids in the liver, such as triglycerides and lipid droplet area, and modify the plasma lipid 

profile [36]. Squalene has potential health benefits, including a protective role against cancer and 

oxidative damage, as well as its role in lipid metabolism. Various extraction methods have been 

developed to obtain squalene, including supercritical fluid extraction (SCFE), Soxhlet extraction, and 

cold pressing. SCFE is considered promising due to its high purity and safety, despite its high cost  

[5].  

3.2. Squalene Isolation and Production Method  

Squalene can be extracted and separated from various sources. These include palm oil 

distillate through supercritical fluid extraction and fractionation with compressed carbon dioxide; 

soybean oil deodorization distillate through separation and purification technology; and using short-

pass molecular distillation, squalene can also be separated from olive oil deodorization distillate [37].  

Response surface method (RSM) was effective in maximizing the enzymatic hydrolysis of palm fatty 

acid distillate (PFAD). Water content of 61.40% w/w, reaction time of 7.05 h, and enzyme 

concentration of 2.23% w/w were the ideal conditions found. The model showed a satisfactory 

coefficient of determination (R2 = 0.8448) and significant impacts of water content and enzyme 

concentration on squalene yield [38].  

An optimized green micro-saponification method for the extraction of sterols and squalene 

from cyanobacterial biomass shows effective and efficient results. Using an experimental design, this 

method can optimize important factors such as saponification time and temperature, as well as gas 

chromatography injection conditions. The results showed that longer saponification time and 

moderate temperature enhanced the recovery of stigmasterol and β-sitosterol. With the use of fewer 

solvents and reagents and lower energy consumption, this method is also considered environmentally 
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friendly [39]. Squalene, which is synthesized by the enzyme squalene synthase (ERG9), is a key step 

in the triterpene and ergosterol biosynthetic pathway in yeast [40].  

A method for rapid quantification of squalene in vegetable oils using NMR (Nuclear 

Magnetic Resonance) spectroscopy without the need for reference standards. The method utilizes the 

characteristic signal of the terminal methyl group at 1.67 ppm, allowing accurate quantification even 

in complex oil matrices [41].  In research by Potijun, et.al. (2021) showed that strains from green 

microalgae foundations. This study concluded that resistance to terbinafine can be used to screen 

strains with increased sterol or squalene levels in green microalgae without disrupting growth [42]. 

Research by Bibik, et. al. (2022) focuses on metabolic engineering to increase squalene 

production in plants, which is a high-value triterpene with various industrial applications. In table 2, 

the methods used for squalene production are classified. This study optimized the squalene 

biosynthetic pathway by targeting plastids and using synthetic scaffolding on lipid droplets to 

increase production yield. Several enzyme variants were screened, and the biosynthetic pathway was 

optimized, resulting in an increase in squalene yield of up to 0.58 mg/gFW, which was significantly 

higher than the traditional method. The results from the study suggest that engineered plants can be 

an effective platform for producing squalene and its derivatives, potentially benefiting a wide range 

of industries [43].   

 

Table 2. Comparison of Extraction Techniques  

Extraction 

Method 

Eficiency 

(%) 

Purity 

(%) 
Advantages Shortage 

Soxhlet 65.3  85.7 Low cost, easy to do High solvent 

consumption 

Supercrticial 

Fluide extraction  

78.5 94. 2 High purity, environmentally 

friendly 

High equipment cost 

Cold Press 54.1 81.4 Environmentally friendly, no 

solvents 

Low Efficiency 

 

Squalene improved growth and antioxidant status of piglets under oxidative stress, increased 

antioxidant enzyme activities (SOD and GSH-Px), and improved gut integrity by reducing jejunum 

damage and epithelial cell apoptosis. SQ shows potential as a feed supplement to support growth and 

health of piglets under oxidative stress conditions [37]. In the study of Unland, et. al (2018) who 

investigated molecular cloning in the rubber-producing plant Taraxacum koksaghyz. Squalene is a 

key intermediate in the biosynthesis of triterpenes and sterols. It is synthesized by the enzyme 

squalene synthase (SQS), which catalyzes the conversion of two molecules of farnesyl diphosphate 

(FPP) into squalene through a two-step process. This process involves the formation of presqualene 

diphosphate followed by its reduction to squalene, which requires NADPH and a divalent cation. 

Squalene is then converted to 2,3-oxidosqualene by squalene epoxidase (SQE), which is the first 

oxidation step in the triterpene biosynthetic pathway [44]. Research by Yu, et. al (2020) shows the 

potential of developing squalene and its derivatives into health products to address CoQ10 deficiency 

in mouse plasma, with significant economic and social implications [45]. 

Research by Drozdikova, et. al (2015) conducted a biotechnology platform research to 

produce squalene. Kluyveromyces lactis has great potential as a biotechnology platform for squalene 

production. Kluyveromyces lactis can collect large amounts of squalene, especially in lactose-based 

media, with a terbinafine concentration of 7.5 g/ml. This microorganism showed growth sensitivity 

to terbinafine comparable to Saccharomyces cerevisiae, suggesting a similar sterol biosynthetic 

mechanism [46]. Metabolic engineering of the cyanobacterium Synechocystis sp. PCC 6803 can also 

be used to increase squalene production [47]. Microalgae such as Botryococcus braunii and 

Chlamydomonas reinhardtii have also been studied for squalene production. Genetic engineering on 

these organisms has shown the potential to improve squalene synthesis [15]. The cyanobacterium P. 

autumnale, for example, can produce bioactive compounds such as squalene and sterols. Cultivation 
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of cyanobacteria using complex exogenous carbon sources such as agro-industrial waste, which is 

also part of industrial waste treatment, can increase squalene production [39]. 

Research by Singh, et. al. (2015) explored the function of squalene synthase (SQS) gene in 

withanolide biosynthesis and plant defense mechanism of Withania somnifera (ashwagandha) 

through Virus-Induced Gene Silencing (VIGS) approach. The results showed that inhibition of SQS 

gene expression significantly decreased the levels of withanolide and phytosterols, which are key 

components in plant protection mechanisms against biotic stress. Plants with repressed SQS genes 

had decreased expression of defense-related genes, making them more susceptible to pathogen and 

herbivore attack. This study confirms the important role of SQS in the withanolide biosynthetic 

pathway and the plant defense system, while underscoring the potential of VIGS as a tool for gene 

function analysis in this species [48]. 

Research by Gao, et. al (2021) showed that the SQS gene was successfully cloned and 

functionally characterized from Paris polyphylla var. yunnanensis. The recombinant enzyme 

PpSQS1 was shown to be able to catalyze the conversion of farnesyl diphosphate (FDP) to squalene 

in an In vitro enzymatic assay [49]. Penelitian oleh Gao, et. al (2021) menunjukkan bahwa gen SQS 

berhasil dikloning dan dikarakterisasi secara fungsional dari Paris polyphylla var. yunnanensis. 

Enzim rekombinan PpSQS1 terbukti mampu mengkatalisis konversi farnesyl diphosphate (FDP) 

menjadi squalene dalam uji enzimatik in vitro [50].  Squalene synthase inhibitors have been 

developed as a substitute for statins to reduce cholesterol levels, and have been shown to reduce total 

cholesterol and LDL-C levels in plasma [3]. Squalene plays an important role in the biosynthesis of 

phytosterols and brassinosteroids (BRs) that support growth, development and stress tolerance in 

plants [51]. 

Squalene is an important ingredient in vaccine manufacturing due to its stability-enhancing 

and biocompatibility properties. These include MF59, AS03, and AF03, which are used in influenza 

vaccines and are being considered for COVID-19 vaccines [8]. Research shows that squalene, not 

other lipids such as triacylglycerol (TAG) or sterol esters (SE), correlates strongly with LD droplet 

(LD) clustering in yeast and mammalian cells [52]. Tellurium nanoparticles (Te NPs) can inhibit 

squalene monooxygenase activity, leading to squalene accumulation in Candida albicans cells [53]. 

Overexpression of the squalene synthase (SQS) gene in plants such as Panax ginseng, Glycine max, 

and transgenic tomato increases the accumulation of squalene, sterols, and ginsenosides. In addition, 

squalene functions as a singlet oxygen quencher, free radical scavenger, and has potential as a 

chemopreventive agent [54].   

4. Conclusion 

Squalene is a bioactive compound that plays an important role in various applications, 

including the pharmaceutical, cosmetic and food industries, thanks to its antioxidant, anti-

inflammatory and chemopreventive properties. The main natural sources of squalene include 

vegetable oils such as olive oil and grape seed oil, microorganisms, and shark liver oil, although 

extraction from vegetable sources and microorganisms is more environmentally friendly and 

sustainable. Extraction methods such as Supercritical Fluid Extraction (SFE) show high efficiency 

and purity, although the operational costs are quite high. Further research needs to be conducted to 

develop more efficient, environmentally friendly and economical squalene production methods to 

meet the growing demand of the global industry. 
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