




Extraction of Mango Seed Oil and Its Application in Cookie Formulation: A Sustainable Approach


Abstract:
Extracting oil from mango seeds presents a sustainable approach to utilising by-products from the mango processing industry. This study investigated the potential of extracting oil from mango seeds using mechanical extraction methods and then incorporated it into cookies. The oil was substituted for traditional fats such as butter in cookie formulations to assess its impact on texture, flavour, and overall product quality. The sensory evaluation of cookies enriched with mango seed oil was carried out through sensory panels to determine acceptability. The sensory qualities in terms of colour, flavour, texture, and aroma were assessed by a panel of judges with a 9-point hedonic scale. In the trials, mango seed oil replaced fats at levels of 40% and 60%. Cookies with 40% mango seed oil had better acceptance than those with 60%. The use of mango seed oil made the sensory parameters of cookies more acceptable to the panellists. Trial 1, using 40% mango seed oil, was rated higher in appearance, texture, taste, and overall acceptance. When the mango seed oil level increased to 60%, the cookies received lower sensory scores. The proximate composition of the yam fasting snack indicated a moisture concentration of 3.6%, indicating effective drying that improves shelf durability while decreasing microbial activity. Recent research found similar moisture levels (2.8-7.3%) in yam-oat snack bars. The protein level of 4.9% in the current study, while lower than the 8-12% range reported for raw yam tubers, is nonetheless much greater than that found in yam-oat snack bars (0.21-0.89%). The results suggested that mango seed oil was a viable, sustainable, and healthy alternative fat source in cookie production, offering a unique flavour and improved nutritional profile, while also contributing to waste reduction in the mango industry.
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1. Introduction:
The mango (Mangifera indica L) is one of the most popular tropical fruits in the world and is rightfully referred to as the "King" of all fruits. It has been grown in India for over 4,000 years, and strong ties have been formed between the fruit and the nation's cultural history. “India leads the world in mango production, accounting for a major 43 per cent of total production, with 10.8 metric tons produced from 1.6 million hectares, or nearly 43% of the world's total area planted to mangoes” (Anand and Maini, 1997). It is a fruit crop that generates ₹110.5 crores and ₹241.99 crores from the export of 60551 tons of fresh fruits and 89514 tons of processed products, respectively. Nonetheless, 5.20 per cent of the world's mango exports come from India. With 182,000 hectares, the Konkan region is one of the nation's main mango-growing belts. It makes up around 8% of the nation's total mango-growing area and contributes more than 35% of India's total exports. Palghar, Thane, Raigad, Ratnagiri, and Sindhudurg are the five districts along India's west coast that grow mangoes (Bhalerao and Mulmuley, 1989). “During the processing of ripe mango, its peel and seed are generated as waste, which is approximately 40-50 % of the total fruit weight” (Vihishima et al., 2024). 
The world-famous Alphonso, the most desirable mango variety in the world, is traditionally grown commercially in the Konkan region, which accounts for over 95% of the region's total average planted to mangos. One of the most important and prevalent fruit crops in coastal Maharashtra’s economy is the mango. The state's estimated 3.8 lakh hectares of mango land support the livelihoods of farmers in this region of Maharashtra. The dominant cultivar, Alphonso, occupies almost 95% of the land in coastal Maharashtra. Its distinctive sugar: acid blend, fibre-free pulp, and superb flavour and taste have made it well-liked. Nonetheless, current climate variability is a worry that affects its output (Dhingra and Kapoor, 1985). 
Food by-products could be a valuable source of bioactive compounds and fibers that, being properly recovered and extracted, may be valorized as high nutritional value food ingredients, supplements and/or nutraceutical formulations. These substances can be used primarily in processed or packaged foods for various purposes: to provide compounds that limit the risk of onset of N-NCDs; to improve nutritional content or texture; to prolong shelf life; to control spoilage microorganisms, or as substitutes for synthetic additives (Minervini et al., 2022). Mango seed oil, extracted from the kernel of the mango fruit, has internal and medicinal uses primarily in traditional systems like Ayurveda. Internally, it is sometimes used in small quantities as a cooking oil or fat substitute in products like margarine and chocolate, thanks to its healthy fatty acid profile, including oleic and stearic acids. Medicinally, “it has been used to support digestive health, helping with diarrhoea, dysentery, and intestinal worms due to its anti-inflammatory and antimicrobial properties. Additionally, it may aid in cholesterol management and liver support” (Singh et al., 2020). Attempts have been made by researchers to improve the nutritional quality and also to reduce or replace saturated fat content in bakery food products. Reduction of fat content might be responsible for poor sensory quality, mouthfeel and reduce the overall consumer acceptance of bakery products. In this context, the idea of ‘fat-replacers’ arises since they are designed to maintain the organoleptic qualities of fat in a food formulation along with a considerably low-calorie content (Das & Das, 2024). 
In cookie baking, a variety of ingredients work in harmony to create the desired texture, flavour, and appearance, even when eggs are left out. Flour acts as the primary structural component, supplying proteins that form gluten when mixed with moisture. This gluten network gives cookies their shape and chewiness, with the type of flour influencing whether the cookie turns out tender or dense. Sugar plays multiple roles; it sweetens the dough, contributes to the cookie’s browning through caramelisation, and affects texture. For example, granulated sugar tends to produce crispier cookies, while brown sugar has a higher moisture content. Yields softer, chewier results. Butter or other fats such as margarine, shortening, or oils add richness and moisture, coating the flour proteins to limit gluten development and thus making the cookies tender rather than tough. These fats also impact how much the cookie spreads during baking and add their flavours, with butter providing a distinctive creamy taste (Jacob and Leelavathi, 2006). Leavening agents like baking soda and baking powder are crucial for introducing carbon dioxide gas into the dough, which causes it to expand and results in lighter, softer cookies. Salt, although used sparingly, is essential for balancing sweetness and enhancing the overall flavour profile by heightening other tastes. Liquids such as milk or water help to bind the ingredients together, hydrate the flour, and dissolve sugars and salts, affecting dough consistency and the final cookie’s moisture level. Finally, flavourings including vanilla extract, spices like cinnamon or nutmeg, and cocoa powder add complexity and depth, transforming a simple cookie into a flavorful treat. Together, these ingredients compensate for the absence of eggs by providing structure, moisture, leavening, and taste, allowing bakers to create delicious cookies without compromising texture or flavour (Smith, 2020).
Among all baked goods worldwide, cookies are the most popular snack category. There is less moisture in it. Cookies come in a variety of varieties and are a quick and healthy snack. People like cookies because they're easy to eat. If the consumer has easy access to it, it can function as a vehicle for vital nutrients. “Its three main ingredients, flour, sugar, and fat, combine to form cookie dough and affect the finished product's quality. According to, wheat flour is the primary component of cookie dough” (Jacob and Leelavathi, 2006).
Cookies are usually small, flat, and sweet baked or cooked foods. Typically, it contains flour, sugar, and some type of fat or oil. Other ingredients like chocolate chips, almonds, oats, raisins, and so forth might be included. Frequently served with milk, coffee, or tea, cookies can also be "dunked," a technique that softens the texture of confections while releasing more flavour by dissolving the sugars. Most often, cookies are cooked until they are crisp or just long enough to be soft, although some types aren't baked at all. Many different types of cookies can be produced with a wide range of components, such as sugars, spices, chocolate, butter, peanut butter, almonds, or dried fruits (Leelavathi and Haridas, 1993).
An important factor in cookie quality is texture. The size, shape, and moisture content of the crumb structure, as well as the ingredients and internal stresses created during baking and cooling, all contribute to the texture of cookies. Baking encourages the dehydration, browning response, and structuring of the dough, which produces a finished product with a porous crumb structure. Recent advancements have made it possible to employ statistically repeatable instrumental methods for assessing cookie texture. Cookies' crispness and hardness are the two qualities that are measured (Piazza and Masi, 1997). This study investigated the potential of extracting oil from mango seeds using mechanical extraction methods and then incorporated it into cookies. 
2. Materials and methods:
2.1 Materials:
Ingredients such as all-purpose flour, powdered sugar, baking powder, salt, cocoa powder, and milk were purchased from the local market.
2.2 Methods:
2.2.1 Collection of raw materials:
Good quality mango seeds of the kesar variety were collected and cleaned to remove any extraneous matter, which were used for the extraction of oil from mango seeds. 
2.2.2 Extraction of oil from mango seed:
The mango seeds of the kesar variety were used for the extraction of oil from mango seeds. The cold-pressed mechanical extraction of mango seed oil was carried out using a systematic and hygienic process. The first mango seeds were collected. These seeds were sun-dried for several days to reduce their moisture content. Once completely dried, the hard outer shells were cracked open manually to extract the inner kernels. The extracted kernels were again sun-dried to ensure they were free of moisture, which is crucial for oil stability and yield. After this, the dried kernels were ground into smaller pieces using a mechanical grinder to facilitate efficient oil extraction. The crushed kernel material was then fed into a cold-press oil expeller, such as a screw-type press equipped with temperature control to ensure the extraction temperature remained below 45°C. This low-temperature process preserved the natural nutrients, antioxidants, and aroma of the mango seed oil. As the screw press applied gradual pressure, oil was slowly released and collected through a filtered outlet, while the remaining solid residue (oil cake) was discharged separately. The extracted oil was then filtered using a muslin cloth to remove any remaining particulates or impurities. Finally, “the filtered oil was stored in clean, sterilised, airtight glass containers and kept in a cool, dark place to maintain its quality” (Patankar and Patil, 2021). 
2.2.3 Preparation of cookies using mango seed oil:
All the ingredients were weighed accurately. The dry ingredients—all-purpose flour, baking powder, and cocoa powder —were mixed and sieved to ensure uniformity. In a separate bowl, the powdered sugar and mango seed oil were creamed together until smooth. The creamed mixture was then combined with the sieved dry ingredients and mixed thoroughly using milk to form a homogeneous dough. The dough was divided into small portions and rolled into sheets. A cookie cutter was used to shape the dough into cookies. The cookies were placed on a baking pan greased with oil. They were baked in a preheated oven at 180°C for 15 minutes (Piazza and Masi, 1997). The composition of cookies is as given in Table 1.
Table 1: Composition of cookies 
	Sr. No
	Ingredients
	Trial 1 gram)
	Trial 2 (gram)

	1
	Mango seed oil
	40
	60

	2
	All-purpose flour
	100
	100

	3
	Powdered sugar
	55
	55

	4
	Baking powder
	2
	2

	5
	Salt
	0.8
	0.8

	6
	Cocoa powder
	12
	12

	7
	Milk
	25 (ml)
	25 (ml)



Sensory characteristics:
Sensory evaluation of cookies with varying ratios is conducted to discover the most favoured cookies. Panel members perform sensory evaluation of the cookies according to flavour, taste, and texture, and it was rated according to the 9-point hedonic scale, with the lowest score representing really dislike and the maximum score 8 and 9 representing extremely like (Wichchukit and O'Mahony, 2022). Semi-trained panel members from the Yashavantrao Chavan Institute of Science in Satara were asked to score the overall product on a 9-point hedonic scale using descriptive words ranging from 1 (Dislike extremely) to 9 (like extremely) as given in Table 2. They were evaluated for sensory characteristics such as appearance, colour, taste, flavour, and texture.
Table 2: Point Hedonic Scale

	Sr. No.
	Remarks
	Score

	1
	Like extremely
	9

	2
	Like very much
	8

	3
	Like moderately
	7

	4
	Like slightly
	6

	5
	Neither like nor dislike
	5

	6
	Dislike slightly
	4

	7
	Dislike moderately
	3

	8
	Dislike very much
	2

	9
	Dislike extremely
	1



2.2.4 Proximate analysis:
Estimation of moisture content:
Moisture content of the product was estimated by using the Oven Drying Method, i.e., the conventional method. The crushed cookies prepared using the mango seed oil sample were weighed and treated at 100°C for 3 hours in the hot air oven (A.O.A.C. 2019).
 Estimation of ash content:
Ash content of the crushed cookies prepared by using the mango seed oil sample was estimated using a Muffle furnace. A silica crucible containing five grams of product was weighed, burned, and cooled over a brief flash until the solid was completely burned. After cooling in the desiccator, the sample was kept for four hours at 550°C in a muffle furnace. After cooling in the muffle furnace, it was weighed once more, and the process was repeated until two measurements were Identical. The per cent ash was calculated using the difference between the initial and final weights (A.O.A.C. 2019).
Estimation of protein content:
The Micro-Kjeldhal technique, which entailed digesting 200 mg of material in concentrated sulfuric acid with 1 g of catalyst combination for two to three hours at 100°C, was used to measure the protein content. Following a 40% NaOH distillation, the ammonia that was released was captured in 4% boric acid and titrated against 0.01N H₂SO₄ using a mixed indicator method (Methyl red: Bromocrysol green 1:5). The percentage of protein in the sample was then estimated using a factor of 6.25, and the proportion of nitrogen was then calculated using a method (A.O.A.C. 2019)
 Estimation of fat content:
Using a Soxhlet device, five grams of crushed product were carefully weighed in a thimble and defatted with petroleum ether. The lipid content was then ascertained by evaporating the ether extract (A.O.A.C. 2019).
Estimation of crude fibre:
Initially, 2 to 5 g of a moisture and fat-free sample was digested using 200 ml of boiling 0.255 N H₂SO₄. To keep the volume constant, water was added to the mixture at regular intervals while it boiled for 30 minutes. After this period, the mixture was filtered through filter paper, and the residue was rinsed with hot water until it was free of acid. Following the sample's transfer, 200 mL of boiling 0.313 N NaOH solution was added to the same beaker. After 30 minutes of boiling, the mixture was filtered through filter paper. Hot water was used to rinse the residue until no alkali remained. After being moved to a crucible and allowed to dry overnight at 80–100°C, it was weighed. After four hours of heating at 550–600°C in a muffle furnace, the crucible was cooled and weighed once more. The difference between the weights indicated the weight of the crude fibre (A.O.A.C. 2019).
Carbohydrate content:                
 	[100- (% moisture + % protein + % fat + % ash)]. The carbohydrate content was determined using the difference technique (A.O.A.C. 2019).
Energy content:
To calculate the energy, multiply the number of grams of carbohydrates, protein, and fat by 4, 4, and 9, respectively (A.O.A.C. 2019).                     

3. Results:
The present investigation was carried out in the Department of Food Technology, Yashavantrao Chavan Institute of Science. Properties of cookies were studied. Cookies were prepared. 
Sensory analysis: 
Sensory evaluation of cookies is carried out to determine the most favoured cookies. The sensory qualities in terms of colour, flavour, texture, and aroma were assessed by a panel of judges with a 9-point hedonic scale as given in Table 2. Panel members score trial 1, trial 2 as given in Tables 3 and 4, respectively. A comparative study of cookies was carried out with the different ratios. Trial 1 is liked very much (Table 3) according to the 9-point hedonic scale.
Table 3: Sensory Analysis Trial: T1
	Sr. No
	Appearance
	Colour
	Odour
	Flavour
	Taste
	Texture
	Overall Acceptability

	1
	8
	7
	8
	8
	9
	8
	8

	2
	8
	8
	8
	8
	8
	8
	8

	3
	8
	7
	8
	8
	8
	7
	7.6

	4
	8
	7
	8
	8
	8
	8
	7.8

	5
	8
	7
	8
	8
	8
	8
	7.8

	6
	9
	8
	8
	9
	9
	8
	9




Table 4: Sensory Analysis Trial: T2
	Sr. No
	Appearance
	Colour
	Odour
	Flavour
	Taste
	Texture
	Overall Acceptability

	1
	8
	6
	7
	8
	7
	7
	7.1

	2
	7
	6
	7
	7
	6
	6
	6.5

	3
	7
	8
	7
	6
	7
	6
	6.8

	4
	8
	6
	7
	7
	6
	7
	6.8

	5
	7
	7
	6
	6
	7
	7
	6.6

	6
	8
	7
	7
	8
	7
	6
	7.1



Proximate analysis:
Proximate analysis of cookies was carried out by measuring the moisture content, protein content, fat content, carbohydrate content, fibre content, ash content, and energy to determine healthy cookies (Table 5).
Table 5: Proximate Analysis of Cookies
	Sr. No
	Parameter
	Trial 1

	1
	Moisture
	3.06 %

	2
	Protein
	7.5 %

	3
	Fat
	7.38 %

	4
	Carbohydrate
	79.54 %

	5
	Fiber
	1.46 %

	6
	Ash
	1.06 %

	7
	Energy
	376.24 Kcals



Disscusion 
The proximate composition of the yam fasting snack indicated a moisture concentration of 3.6%, indicating effective drying that improves shelf durability while decreasing microbial activity. Recent research found similar moisture levels (2.8-7.3%) in yam-oat snack bars. The protein level of 4.9% in the current study, while lower than the 8-12% range reported for raw yam tubers (Ezeaku et al., 2025), is nonetheless much greater than that found in yam-oat snack bars (0.21-0.89%) (Okonkwo et al., 2025). The discrepancy might be attributed to the diluting impact of banana and sago flour in the recipe, both of which have little protein. Nonetheless, this moderate protein amount is beneficial in fasting snacks, since it provides fullness without overburdening digestion. The fibre content was 3.26%, which is within the 3.3-6.3% range reported for yam products (Ezeaku et al., 2025). Fibre is essential during fasting, since it prevents constipation and promotes digestion. Zandonadi et al. (2012) found that banana flour considerably enhances fibre content in gluten-free snacks, which supports the use of banana in this formulation. However, when compared to yam-oat snack bars (3.3-12.3% fibre) (Okonkwo et al., 2025), the fibre content here is on the lower end, indicating possible improvement by integrating higher-fibre adjuncts in future formulations. Sensory examination revealed obvious variations between the three formulations. Sample A (35:35 yam-banana ratio) was the least popular owing to its mild flavour and unappealing colour. Sample B (40:35 ratio) improved, particularly in texture and general acceptability (7.8/9). Sample C (40:40 ratio) had the greatest results, scoring highest in all characteristics, including appearance (8.2), colour (8.8), taste (8.8), flavour (8.4), texture (8.8), and overall acceptability (8.4).
The increased banana proportion not only enhanced natural sweetness and aroma but also improved binding and frying colour, making the snack more palatable. These findings align with Akissoé et al. (2003), who reported that banana addition improves colour and flavour in yam-based composites, and with recent work on composite flours (plantain–breadfruit–cinnamon snacks) that showed optimised blending improved sensory appeal (Adepoju et al., 2024).
Overall, the data show that yam-banana-based fasting snacks are healthy, fibre-rich, and low in fat, with high sensory appeal. Compared to existing studies, the new formulation strikes a compromise between energy density and digestibility, which is consistent with recent trends in functional snack development (Liu et al., 2023; Ezeaku et al., 2025). Notably, Sample C (40:40 yam-banana ratio) was the most palatable, demonstrating that an optimal yam-banana mix maximised both nutritional value and consumer appeal.


4. Conclusion 
On account of the above observations, it is concluded that cookies were prepared using mango seed oil in two trials, with 40 g used in trial 1 and 60 g in trial 2. Based on sensory evaluation results, cookies from trial 1 (which contained 40 g of mango seed oil) were preferred and selected due to better overall acceptability in terms of appearance, colour, odour, flavour, taste, and texture, etc.
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