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Abstract

	Chia seeds are considered as the golden seeds of the 21st century, that’s why they have great potential for the food industries, because of their remarkable nutritional composition and functional properties, they are successively embraced in the preparation of nutritional products. They name it chia scientifically it is known as Salvia hispanica L., Now- a –days, people consider chia seeds as a very healthy option to consume with increasing demand for the healthier food substitutes has increased . In today’s time major concern for habitants is the intake of saturated and trans fats due to modern lifestyle, which can automatically lead to problems like obesity, cardiovascular diseases etc. As a result people and food industries are in search of healthy option to replace fats without compromising in taste, texture and quality. In this scenario Chia seed oil is consider as best option as effective fat replacer. Chia Seed oil in place of fat not only improves the nutritional perspective but also enhances its functional properties. We can use chia gel in place of fat in bakery products like cakes, muffins, cookies as it offers healthier alternative. The use of chia seed oil as fat replacer not only reduces the calorie content but also increases the nutritional value. Sometimes some problems like taste, texture arise but still chia seed oil offers natural source for healthier options.
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1. Introduction 

Chia is a herbaceous plant, it is native to many countries with its cultivation in countries like Australia, Bolivia Colombia, Peru, Argentina and Mexico. In 16th century it was consumed for the purpose of strength and energy (Grancieri et al., 2019). The oil extraction from this seed find its application in cosmetics. From thousands of years, they have been widely used in flock medicines and traditional beverages during pre- columbian period (Masood, 2022). This seed being also rich in dietary fiber, proteins, minerals, vitamins, phytochemical and phenolic in its made it center of focus for food processors in process of making nutritious and healthy food products particularly in bread, energy bars, dietary supplements and even animal diet (Masood, 2022). Also, as now the increase in cases of cholesterol, cancer, diabetes and obesity have made chia seed a constant solution for these problems. The seed composition which varies from 30-33%fat ,6% moisture 15-25 % protein ,18-30% fiber and 26-4 % carbohydrate makes it an important ingredient in food as well as medicine (Masood, 2022). Globally, chia seed and its oil are widely used in many applications starting from food, medicine and to other food and non-food industrial products. As it is used in 30 countries due to this reason its future is very promising because of its unique constituents and their possible health and technological advantages (Grancieri et al., 2019).

In mature chia seed the mucilage is present which get expand breaking the primary cell layer that peek out from epidermal cells which increase in size and imparts a characteristic gel appearance to chia when comes in touch with water (Grancieri et al., 2019).

Its chemical composition and nutritional value also differ according to geographical location, climatic conditions, soil condition.  The plant that are grown in colder or higher altitude has higher content of omega -3 unsaturated fatty acids. Chia seed because of proteins, carbohydrates, fats, fiber, vitamins, minerals and polyphenols content have been considered as the novel food source by European parliament. It has 26- 41 % carbohydrates, 30-35% fat mostly PUFA while 10% saturated fats, 15 -24 % non gluten protein and about 18 -30 % fiber (as shown in Table 1). Also, the seed provide Ca, P and K about 6 times 11 and 4 times more than milk (Masood, 2022). Protein portion mainly consist of globulins, albumins, glutelin and prolamin with their total protein percentage content about 52 – 54 % ,17 .3 -18.6 %, 13 .6 and 17.9 % (Masood, 2022). 

Table 1. Chia seed nutritional profile

	Components
	Percentage (%)
	Notable Characteristics

	Fat
	32% – 35%
	Mostly PUFAs (Polyunsaturated Fats); only 10% saturated fat.

	Carbohydrates
	26% – 41%
	High energy density.

	Protein
	15% – 24%
	High-quality, non-gluten protein source.

	Fiber
	18% – 30%
	Essential for digestive health.



The oil content of chia seeds typically ranges from 25 % to 35 %, depending on the factors like cultivation practices, climatic conditions, geographical region and extraction methods (Masood, 2022). Fatty acid profiling shows that chia seed oil is rich in polyunsaturated fatty acids, particularly linolic acid and linoleic acid , which constitute approximately 15 – 20%  and 60-65 % of total fatty acids ,respectively (Masood, 2022).

Table 2.

	Fatty Acid Type
	Specific Acid
	Percentage of Total Fatty Acids

	Omega-3
	α-Linolenic Acid (ALA)
	60% – 65%

	Omega-6
	Linoleic Acid
	15% – 35%

	Other
	Oleic, Palmitic, Stearic
	~15% (Remainder)
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Graph 1. Comparison of Fibre content in various seeds (Kulczyński et al., 2019)

2. Chia Seed Oil as a Fat Replacer

A fat replacer is any substance that reduces or replaces fat in food without making it less enjoyable. It is an ingredient that can be used to provide some or all of the functions of fat, yielding fewer calories than fat (Syan et al., 2024). As now a days people become health conscious, so they are looking for the ways to improve nutritional habits (Ognean et al., 2006). As current dietary guidelines recommend limiting total fat intake to <30% of calories and saturated fats to <10% of total energy intake for the population as a whole. The American Heart Association suggest the people with the issue of elevated LDL cholesterol levels or cardiovascular diseases restricted saturated fats to <7% of calories (Ognean et al., 2006). So therefore people who are conscious about their health are make changes in their dietary pattern by eating less fats. Despite of fact that consumers want food with minimal or no fat, but they also want to not compromise on the taste of food (Ognean et al., 2006). As in any food product fat contributes as the key ingredient in providing flavor, or combined perception of mouthfeel, taste and aroma. It also provide texture and lubricity of foods and increases the felling of satiety during meals. A wide range of food products are use as the fat replacer in the food industry, mostly meat, diary, bakery and confectionary industry. The making of low fat and fat free food products with the same flavour and texture as of food product which have high fat content it has been become easier by discovery of fat replacers (Syan et al., 2024). The fat replacer has same functional and sensory features of fat in food but with low or no calories (Syan et al., 2024). Fat replacers are successfully use in foods such as dressings, bakery products, and processed cheeses (McMahon et al., 1996). 

 Every guideline that is developed by different organizations recommended restrictions on fat intake (Dinçoğlu and Yeşildemir, 2019).As effect of over consumption of total ,trans , and saturated fats on the risk of the increasing prevalence of lifestyle related diseases such as obesity ,cardiovascular disorder and diabetes, and other lifestyle disorders  it has intensified the demand for low – fat and functional foods .As consumers are expecting to receive not only nutrition but also healthy benefits  from  food to maintain the healthy lifestyle and development of healthy nutritional awareness. Chia seed have gained significant attention as a functional food ingredient due to their high nutritional value. As these seeds are rich in dietary fiber, omega -3 fatty acids and bioactive compounds, thus, have emerged as a promising natural fat replacer. As these seeds are having excellent fatty acids composition, these are considered as the “powerhouse of omega fatty acids’’(8). As chia seed shows the properties like gel forming, chelating agent, foam enhancer, emulsifier suspending agent, good thickener and rehydration factor (Dinçoğlu and Yeşildemir, 2019). That why new products that are enriched with omega -3 fatty acids, protein, soluble / insoluble fiber and phenolic compounds could be used commercially by comprise into frozen products bakery products, beverages, sweets and various meat products (Dinçoğlu and Yeşildemir, 2019). As it is enriched in all these nutrients this demonstrate how these components has substantial health benefits (Dinçoğlu and Yeşildemir, 2019). Its property of gel forming fiber its aid in digestion, slowing glucose absorption and improving glycemic control and it also behave as pre-biotic to enrich beneficial gut microbiota it also helps in the improvement of cardiovascular health by regulating lipid metabolism and reducing inflammation. Moreover, it also helps in keeping person full for longer period of time and in maintaining weight. It is also serve as a gluten free structuring agent, fat replacer and natural antioxidant extender in many product applications like in baking products , vegan foods  (Matondo and Abihudi, 2026). It is also consider as the ideal for the vegan and vegetarian diets as it has all nine essential amino acids, rare trait among plant sources (Matondo and Abihudi, 2026). The water holding and the gelation capacities of its mucilage. As chia seed is consider as the functional food due to its utilization in food industry and its results on health. It is use as fat replacer in cookies and meats and in eggs as substitute in vegan formulations. Therefore it is favorably it enhances the nutritional profile and technological quality of wide range of products (Matondo and Abihudi, 2026).

Chia seed is not a new food for humanity. It is has been utilised in many different areas since the Aztecs, particularly in food items (Dinçoğlu and Yeşildemir, 2019). It merge various food products such as pasta, biscuits, cereals cakes, and snacks. Moreover chia oil can be use as alternative in cakes instead of eggs (Agarwal et al., 2023). In baked product if we use chia seed it help in raising the omega- 3 fatty acids essential for healthy living (Agarwal et al., 2023). As it is highly use in breads, cookies. Due to its high fiber, high protein and low carbohydrate and high insoluble dietary content, it is secure in bakery products for diabetic and obese patients (Agarwal et al., 2023).

Chia seed are used as food commodity while chia oil is used as dietary supplement (Mburu, 2021). Chia oil become the attractive and preferred choice for healthy food and cosmetic applications due to its concentration in linoleic fatty acid and linolic acids and lower content of saturated fatty acids (Mburu, 2021).
 
The market for chia seeds is expanding rapidly due to the superior, and highly advantageous chemical composition of the seeds. Chia seeds and its oil contain a list of health benefits as a result of its abundant number of antioxidants (Mburu, 2021). Research on the therapeutic effects of chia seed have shown that chia seed and its oil are valuable source of many bioactive compounds, which play a vital role in immunity, vision improvement, and control of cholesterol and anxiety, and it also have anticancer potential, antioxidant activity, and many other medical effect (Mburu, 2021). 

3. Manufacturing of Chia Seed Oil as Fat Replacer

Chia Seed Oil is a plant based oil extracted from chia seeds, it is recognized as a rich source of omega-3 fatty acids, particularly α-linolenic acid (more than 60%), and it also contains good amount of tocopherols about (238−427 mg/kg), which act as natural antioxidants. In addition it also has a healthy balance of omega -3 and omega -6 fatty acids and is packed with beneficial bioactive compounds such as phenolics and carotenoids (Ali and El-Anany, 2025). These phytochemicals provide a wide range of health benefits such as antioxidant, antidiabetic, anticarcinogenic, immune system support, and skin healing properties (Ali and El-Anany, 2025). Cold-pressing is a method of extraction oil that helps in the preservation of natural antioxidants. In recent years, the rising trend for the use of natural products boosted the consumption of cold-pressed oils (Ferreira et al., 2023). Since these oils are considered as specialty oils with high cost. However, this also make them vulnerable to adulteration with cheeper-quality oils is now a growing concern. Accordingly, the present study conducted, a global chemical characterization of cold-pressed chia oil was, aiming to evaluate its nutritional profile and to assess quality control, food applications, and health-promoting traits (Ferreira et al., 2023). Recent advances in CSO extraction technologies, include super/subcritical CO2, ultrasound-assisted aqueous extraction methods, and microwave-assisted subcritical H2O extraction, have significantly improved its yield and quality. Established, chia seed oil as a valuable raw material for food and cosmetic industry (Ali and El-Anany, 2025). The development of efficient chia seed usage technologies enhance the economic viability of oil-producing industries. However identifying its uses in food and nonfood applications will require a complete evaluation of the its composition, and functional qualities (Ali and El-Anany, 2025).

The market for chia seed oil is expected to increase from US$ million in 2024 to US$ million by 2031 at a compound annual growth rate (CAGR) of % (2025-2031), propelled by important product groups and a variety of end-use applications. However, changing U.S. tariff policies create supply chain uncertainty and trade cost volatility. Chia seed oil is an oil-soluble component that can be added to any anhydrous product or to emulsified goods in the oil phase, such as lotions. Its hue ranges from pale to medium yellow, and depending on the amount used, it may have a faint nutty taste and odor in the final product.

Organic Virgin Chia Seed Oil is a multipurpose oil that hydrates and nourishes the skin. It is inherently anti-inflammatory due to its remarkable Omega-3 essential fatty acid makeup (up to 73%). Organic Virgin Chia Seed Oil is thought to be a useful component for addressing the symptoms of a variety of troublesome skin and hair diseases as well as issues related to aging skin. It is a fantastic option for oily skin, balances problematic skin, and doesn't clog pores (Balance, 2023) Chia seed oil composition (Table 3) contains the important amount of oils and/or a high proportion of nutritionally, medicinally or industrially desirable fatty acids (Ixtaina et al., 2011). 

Table 3. Chia seed oil composition Table (per 100 g)

	Component
	Content / Details

	Total Fat
	25% – 38%

	Type of Fat
	Mostly Polyunsaturated Fatty Acids (PUFAs)

	Alpha-Linolenic Acid
	   68% of total fatty acids

	Vitamin E
	~8 mg

	Calcium
	~4.2 g

	Magnesium
	~4.9 g

	Potassium
	~13.4 g

	Other Nutrients
	Contains essential minerals and antioxidants
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Fig. 1. Showing the step by step manufacturing process of chia seed oil

Chia oil is extracted using various techniques including cold pressing, which helps in provide oils with superior nutritious content, fragrance, and purity (Ali and El-Anany, 2025). Chia seed oil extracted through cold pressing provide multiple health benefits because it is rich in significant amount of polyunsaturated fatty acids (PUFAs) along with omega-3 α-linolenic acid. Different extraction techniques influence the composition, quality, and oxidative stability of chia seed oil. Chia oil extracted through classical solvent methods such as acetone extraction has been found effective in recovering bioactive compounds and improving oxidative stability, making it a promising technique for producing high-quality chia seed oil (Ali and El-Anany, 2025).

3.1 Process of Manufacturing of Chia Seed Oil

3.1.1 Raw Material

The chia seeds were purchased from local supplier (Uribe et al., 2011). The seeds were originally cultivated in the state of Mexico (central part of the Mexican Republic) and used as an import product for literature survey. They were manually cleaned, mixed well and packed in airtight plastic containers, and stored at 5- 8 C until further use.

3.1.2 Cleaning

Seed cleaning is the important step in seed processing. It means removing unwanted materials like dust, stones from seed.  The purposes of seed processing is to remove contaminants, size-grading improved plantability, to enhance overall quality (Potts, 1988). This cleaning process is divided into 3 steps .These three steps are : pre-cleaning examination,  removal of undesirable materials, and  upgrading and/or sizing. A basic need for effective seed cleaning is the capabi1ity of the processor to identify and distinguish the seed to be cleaned from the contaminants that occur in every seed lot (Uribe et al., 2011). He must also have enough knowledge about each seed that which is good and which one is bad. Because, at certain point in the process he must make a decision about which seed he will keep and those that will be removed from the lot (Potts, 1988).

3.1.3 Oil Extraction Methods

The chia oil can be extracted using three techniques: by pressing, solvent extraction, and supercritical CO2 extraction (Martínez et al., 2012). Sometimes ultrasound and co-solvents are also used to improve the extraction process

3.1.3.1 Solvent extraction

It is method used to remove oil from seed by using a chemical solvent. First, the seeds are cleaned and crushed into small pieces. Then, they are mix with solvent, which dissolves the oil from seeds. Ater that ,the mixture is heated so the solvent evaporates ,leaving oil behind.

 The experimental results show that the oil yield obtain is much lower through the pressing method compared to solvent extraction method. It also affects the composition of minor constituents of chia seed oils, such as tocopherols (vitamin E) and polyphenols (antioxidants). Increase in time and pressure leads to higher oil yield in supercritical CO2 extraction. (Martínez et al., 2012).

In Solvent extraction method, Cold solvent extraction usually gives less yield compared with other techniques. To increase the amount of oil extracted the seed can be pre - treated using an ultrasonic bath (Martínez et al., 2012). Ultrasonic waves create tiny vibrations and bubble in the liquid. These bubbles burst and produce heat and pressure , this cause the seed cell to break and as a result , the oil inside the cell is released more easily.

3.1.3.2 Screw Pressing Extraction

 The oil was extracted from both the white and black chia seeds using a pressing method with slight modifications to the standard procedure. The extraction process was carried out at room temperature with 100 gm of chia seeds, into the machine through a small opening at the top of the device and extracted oil was collected in a container placed under the device. The amount of oil obtained was calculated by measuring the weight of the empty collection tube and then the weight of the tube after collecting the oil, and determining the difference (Potts, 1988).

The study focuses on identifying the best processing conditions to achieve the highest extraction yield of chia oil. The extraction by supercritical fluid extraction. This method is highly efficien because its uses controlled temperature and pressure conditions to extract more oil compared to conventional method. Additionally, the oil obtained through this method contain higher amount of omega-3 fatty acid than commercial oils, making it more nutritious and valuable for food and health application. The chemical and physical analysis of the extracted oils indicated a good chemical quality associating all the parameters evaluated and the limits established by Codex Alimentarius Comission.

3.4 Separation

The separation method is used to remove unwanted materials from the extracted chia seed oil. After extraction, the oil is mixed with solid particles (seed residue), moisture and sometimes solvents, so it must be purified.

The first step is to remove solid particles (oil, cake, dust). Then Oil – water separation, As sometimes oil contains water or moisture. Then the last one is the solvent separation, as during solvent extraction process oil is mixed with a solvent (like hexane). So, that mixture is heated and solvent evaporates leaving a pure oil behind.

3.5 Filtration 

It is the process of removing solid impurities and particles from the crude oil which is obtain after extraction. This process helps in making the oil clean, clear and pure for use. During this process, the oil is passed through filters where solid residues like seed particles and dust are trapped, where pure oil is flows out. Sometimes centrifugation is also used to remove very fine particles quickly. Filtration improves the clarity, quality and shelf life of chia seed oil, and it is essential before storage.

3.6 Storage

Finally, the pure oil is now obtained. It is now packed into the clean, airtight containers. Oil is mostly kept in the dark glass bottles to protect from the sunlight and also store in a cool and air dry place to prevent oxidation. It also helps in maintains of nutritional quality (especially omega -3 fatty acids) and increases shelf life.

Table 4. Shows the steps involved in the manufacturing of chia seed oil

	Step
	Action
	Outcome

	1. Cleaning
	Remove dust, stones, and stems using air and magnets.
	Pure, clean seeds.

	2. Cold  Pressing
	Seeds are crushed by a mechanical screw (no chemicals).
	Raw oil + solid "press cake."

	3. Separation
	The press cake is removed and ground into flour.
	High-protein chia flour byproduct.

	4. Filtration
	Raw oil passes through fine filters or a centrifuge.
	Clear, golden oil with no sediment.

	5. Bottling
	Oil is sealed in dark glass/metal under nitrogen.
	Finished product protected from light/air.


 
4. Applications of Chia Seed Oil

Applications of chia oil as an ingredient replacer particularly for fat, oil, eggs, gluten have been widely explored across various food categories including bakery, cereal, dairy, and meat products (Kulczyński et al., 2019). Furthermore, the role of chia oil as functional ingredient replacers is emphasized due to its unique functional importance. Understanding the functional properties of chia oil is essential for its effective utilization in development of diverse food products. Overall, the chia oil is represents a valuable food ingredients which is potential in wide range of applications (Kulczyński et al., 2019).

4.1 Food Industry

Several studies have explored on the usage of chia seeds / chia oil in the food industry. It can be utilized in various forms such as whole seeds, ground seeds, in the form of flour, oil, and gel (Knez Hrnčič et al., 2019). In 2000, the US Dietary guidelines suggested that chia can be used as a functional food ingredient , but in a limited amounts with a recommended intake of no more than 48 g/daily is recommended (Knez Hrnčič et al., 2019). These seeds / oil can also be incorporated into products like biscuits, pasta, cereals, snacks, and cakes as supplements. Due to their hydrophilic nature, chia seeds can also act as substitutes for eggs and fats, as they are capable of absorbing up to 12 times their weight in water (Knez Hrnčič et al., 2019).

Chia gel may be used as substitutes for oil or eggs in baked products. It was shown that chia oil can replace 25% of the egg in cakes (Knez Hrnčič et al., 2019).

The nutritional value of butter can be increased by mixing it with chia oil in a proportion from 6.5% to 25%, when the concentration of ω-3 fatty acid in chia fortified butter increases from 4.17% to 16.74% (Knez Hrnčič et al., 2019).
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Fig. 2. Showing different application of chia seed oil

Besides, recent studies showed that mucilage from chia seeds can be used as a functional coating with improved functional properties (Knez Hrnčič et al., 2019). To produce ground chia or chia flour different grinding methods are applied (Fernandes et al., 2019). However due to the high oil content, present in the seeds, milling can create challenges. The fraction and heat generated during grinding may affect the quality of the fatty acids (Zettel and Hitzmann, 2018).

Baking goods: Chia seed or oil is widely used in bakery products such as cake or bread, used as an additive to improves the quality of the product. Chia is used in bakery in various forms as whole seed, ground chia or chia flour, soaked or dry. The purpose of adding chia is to enhance the nutritional composition of baked goods. The fat content is also reduced by using chia mucilage gel in pound cake. Also, the replacement of egg with chia gel has resulted in forming more nutritious product with improved and acceptable sensory quality. Addition of chia flour significantly increases water absorption capacity of dough (Jabeen, 2022, Tak et al., 2022).

Meat & Fish products:  Fortification of meat products are also done with chia seeds which result in improved nutritional and sensory properties as well as physicochemical aspects of particularly in ham-like meat products.  chia oil is use as a substitute in preparation of low - fat burgers. Some studies also incorporated chia flour is use in fish products to improve their nutritional value (Jabeen, 2022).

Gluten-free products: chia seeds are gluten-free in nature and their flour is commonly used in making gluten-free products like bread; The nutritional quality is generally low, when it comes to gluten-free bread. Furthermore, gluten-free pasta based on rice flour was optimized with chia flour and mucilage as thickener to increase nutritional value (Jabeen, 2022). 

Dairy Products: The application of chia in dairy products has increased in recent year. It is used as a thickener in ice cream. Chia seeds are used as an appealing food material in Yoghurt, as a mid-morning snack, providing satiety to the diet. Additionally about 6% of chia flour is added in Indian traditional dairy-based sweets (Derewiaka et al., 2019).

The application of chia oil in food industry is mostly in: baked goods, dairy products, meat and fish products, gluten-free products. However , The effects of chia consumption on the human health still need more research to get a correct safety evaluation (Jabeen, 2022) .

4.2 Health Industry

The nutritional properties of chia seeds, such as: high content of polyunsaturated fatty acids, vegetable protein, dietary fiber, vitamins, minerals, highlight their potential therapeutic properties. These properties contribute in the cardiovascular protection, anti-inflammatory properties, control lipid metabolism and increase the performance of athletes. A randomized, single - blind trial on 20 adults with type 2 diabetes reported significant reduction in systolic blood pressure even after consumption 37g chia seeds for 12 weeks, with a double increase of α-linolenic acid was noted as compared to the control group (Timilsena et al., 2017). Anti-inflammatory effect of chia seeds may help in preventing strokes and heart attacks in type-II diabetic patients. One more trial conducted on 67 adults observed that consuming of 35 g chia flour for 12 weeks decreased total cholesterol level and increased LDL cholesterol (Jabeen, 2022). Although the presence of active ingredients in chia seeds / oil contributes to health benefits. 

Chia has been suggested as a supplement in conventional therapy for overweight and obesity in diabetes. The studies show that, high dietary fiber content of chia helps in the weight loss through glycemic control. It is found out that chia seed affect satiety and is beneficial in the treatment of overweight and obese patient with Type 2 diabetes (Motyka et al., 2022). It is rich in vitamins such as riboflavin, niacin, and thiamine compared to the other seeds. The concentration of calcium is higher in chia seed than found in milk as well as iron which promotes bone and liver health (Motyka et al., 2022).

4.3 Cosmetic / Beauty Industry 

The powdered seeds, chia seed extract and oil, and S. hispanica herb extract and oil. It is use as   the raw materials, including the peeling and softening of seeds, possesses moisturizing and nourishing properties of seed oil. In addition, S. hispanica oil and herb extract are used for flavoring and for the production of perfumes (Singh and Pritwani, 2022).

The beneficial effects of phenolic acids present in chia seeds, which possess antioxidant and antimicrobial properties, are particularly exploited in cosmetology. The phenolic acids present in chia seed exhibit strong antioxidant and antimicrobial properties and these effects are widely utilizes in cosmetology and dermatology (Marcinek and Krejpcio, 2017). These compounds can be found in both commonly available in cosmetic preparations, as well as in professional preparations used for treatments in beauty salons. Treatments with these acids helps in photoaging of the skin and also show depigmentation properties by controlling the activity of tyrosinase, which maintains an even pigmentation of the skin. In addition, phenolic acids also help in acne.

The raw materials obtained from S. hispanica are especially applied in the production of natural and vegan cosmetics that are currently widely available on the market.The most common ingredients used in these cosmetics are chia seed oil and extract. Chia seed oil is also sold alone as a cosmetic product. The cosmetics prepared using S. hispanica extract and seed oil use in wide range of formulation including hand and face creams, face oils, masks, foundations, micellar lotions, body lotions, shower gels, soaps, deodorants, shampoos, and hair conditioners. Researchers at Korea University, College of Medicine (Ansan, South Korea), have investigate the benefits of topical application of omega-3-rich foods to the skin. It help in improvement in skin hydration, as well as an improvement in the epidermal barrier function, and increased skin hydration. Application of the topical preparation with chia seed oil also reduced itching (Singh and Pritwani, 2022).

5. Limitations of Chia Seed Oil

Chia seed oil has a relatively low percentage of saturated fatty acids. However despite its favorable nutritional composition it has major limitations like poor oxidative stability. The high level of unsaturation makes it highly susceptible to oxidation ,leading to a reduced shelf life of both the oil and food products containing it (Ixtaina et al., 2012).Furthermore, the oxidation  results in the formation of volatile compounds which many have unpleasant odors and are responsible for the off-flavors in the food industry, thereby limiting its industrial applications (Ali and El-Anany, 2025).The utilization of chia seed oil in the food industry is consider beneficial for prevention of cardiovascular diseases and the promoting of overall health due to its rich nutritional profile, particularly its  high levels of omega-3 fatty acids content. However, the high susceptibility of polyunsaturated fatty acids, especially omega-3, to oxidation necessitates the adoption of effective strategies for their incorporation into food system. Oxidation can lead to deterioration in quality and the development of undesirable sensory qualities (Chiang et al., 2021). 

6. Regulatory affairs for chia seed oil in India

India is one of the biggest oil importing country in the world. This sector holds a significance in the agriculture economy, accounting for an estimated 36.56 million tnes production of nine cultivated oilseeds from year 2020-21 (EFSA NDA Panel et al., 2019). 

Chia seeds are imported from Mexico and can be found in health and lifestyle stores in the nation's major cities. In a few Indian states, including Rajasthan, Madhya Pradesh, Uttar Pradesh, Andhra Pradesh, and Karnataka, the recently introduced crop is becoming more significant. 
The All India Coordinated Research Network on Potential Crops University of Agricultural Sciences, Bengaluru, carried out the first experiment-based adoptability study of chia crops in Karnataka in 2012–13.
 Later, Ram Rajasekharan, a former director of the Central Food Technological Research Institute (CFTRI) in Mysuru, and his associates, plant breeder R. V. Sreedhar and scientist Malathi Srinivasan, introduced chia to Karnataka farmers as a crop, near 2012, researchers started cultivating chia seeds on the 38-acre CFTRI site near Bengaluru (Anand et al., 2024). Unlike most other agricultural products, which are grown in the country, it gets most of its oil from other countries. Chia seeds Salvia hispanica L. are permitted, pursuant to Regulation (EC) No 258/971, as a novel food for various applications as enumerated in Commission Implementing Regulation (EU) 2017/24702, which establishes the Union list of novel foods in accordance with Regulation (EU) 2015/22833. Chia seeds can be used in a number of foods, such as bread, baked goods, breakfast cereals, fruit, nut and seed mixes, fruit juice and fruit/vegetable blend drinks, pre-packaged chia seeds, fruit spreads, yogurt, and sterilized ready-to-eat meals made with cereal grains, pseudocereals, and/or pulses (Gazem et al., 2016). The most recent data shows that each Indian ate an average of 19.5 kg of edible oil every year between 2015 and 2016 (EFSA NDA Panel et al., 2019). This is up from 15.8 kg in 2012–2013. This means that people want about 26 million tons of edible oils every year. FSSAI is in charge of making sure that food safety rules are followed and that public health is protected and promoted (EFSA NDA Panel et al., 2019). This was a change from a multi-level to a single line of control, with an emphasis on self-compliance instead of just following the rules. The Dietary Guidelines for Indians, published by NIN, recommends that cooking oils can be blended in different combinations to maintain a healthy ratio between polyunsaturated and saturated fats (EFSA NDA Panel et al., 2019). Fortification with the other edible oils may replicate the changes in the beneficial effects of chia seed oil when it is used in association with the regular diet. Interestingly, the ability of chia seed oil to inhibit membrane disintegration was lower to that of olive oil. Mixing of chia seed oil with the olive oil slightly increased the effect, however it was not substantial. Chia oil with olive oil gave good inhibitory effect compared to that of soybean Oil (Kaur et al., 2021). To fulfill the consumers demand and to enhance oil production rate government replaced the Vegetable Oil Products (Control) Order, 1947 and Vegetable Oil Products (Standards of Quality) Order, 1975 by Vegetable Oil Products (Regulation) Order, 1998. It properly regulates the processing of oil products through Directorate of Vanaspati, Vegetable oils and Fats, Department of food and public distribution.These types of oils provide the necessary nutrients to the body and help keep the body healthy. On December 24, 2018, FSSAI changed the rules for labeling vegetable oils. (Mburu, 2021).

7. Conclusion 

Chia seeds and chia oil have become a good natural fat substitute in many foods because of  how they work. Chia can form a gel which can act like fats, which lowers the overall fat content without changing the texture or taste. Chia not only improves the structure of products, but it also adds dietary fibre, omega-3 fatty acids, proteins, vitamins, and minerals to the nutritional profile .It can be used in a wide range of products, including bakery items, meat, dairy, and gluten-free foods .So, chia seed oil help make low-fat foods healthier and also meet the growing demand for functional and nutritionally enhanced foods, thus, making it as an excellent fat- replacer.
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