


Comparative Study of Physical Analysis, Proximate Composition, and Sensory Evaluation of Deep-Fried and Air-Fried Fish-Shaped Samosa prepared from Skipjack tuna (Katsuwonus pelamis), which is healthier for consumption.

Abstract
Studies were conducted to ascertain the effects of air-frying and deep-frying on the quality, nutritional composition, and sensory evaluations of fish samosa. Sample groups for the experiment were as follows: R1, sample deep-fried; and R2, sample air-fried. The factors determinant included, among others, color (L*, a*, b*), pH, oil absorption, moisture, protein, fat, ash, and all sensory characteristics, as appearance, flavor, texture, aroma, and overall acceptability. The findings confirmed that air-fried samosas absorbed less oil, by a lot (10.47 ± 0.45%), against deep-fried samosas, which contained 18.18 ± 0.02% oil, and implied that the health prospect was better here. Marginal difference in contribution of moisture content was lower for air-fried samples than for deep-fried samples (47 ± 0.87% and 48 ± 0.85% moisture, respectively) while both contained similar amounts of protein and ash. Air-fried samosas also showed a characteristic golden hue in color analysis, whereas both methods of processing showed no significant difference in pH, indicating that little chemical change occurred. Sensory evaluation indicated the greater acceptability of air-fried samosas over deep-fried samosas in terms of appearance, taste, texture, and overall acceptability. Thus, air frying can be used as an alternative to deep frying because it produces healthier fish samosas with less fat content, a more nutritional value, and more acceptability in the products.
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Introduction
Samosa is a popular filled pastry enjoyed mainly in India and in several other Asian countries, such as Sri Lanka, Pakistan, Afghanistan, Bangladesh, and Nepal (Ved, 2022). It consists of a triangular (tetrahedral) golden-brown crunchy exterior with an interior filled with a Savory mixture. The covering is made from processed dough—flour or whole-grain flour, mixed with a bit of salt and mild seasonings. A crunchy texture and a multilayered coating, achieved by frying the wheat-flour dough, are standards for an excellent samosa (Arya & Madiwale et al., 2012,- since there are only two authors in the references, both names may listed!). The quality depends on the proportions of salt, oil, water, and blending duration. Various baked goods like puff pastry, Danish pastry, and pie provide this crunchy, multilayered texture because of their fat content, flour grain size, and gluten formation. Once the outer coating is prepared, the next step is filling. Typical fillings include vegetables such as steamed and peeled potatoes, onions, green peas, chili peppers, and seasonings. After packing the filling, the coating is sealed and fried in oil until a golden-brown color is achieved (Raj et al., 2017, or as in the bibliography 2016?).
Fish is a widely available animal protein food item, present in many distribution and retail centers. According to Pratiwi et al. (2025)- this author does not exist in the bibliography!, tuna is one of the most important fish species in Indonesian fisheries. Tuna is a pelagic fish from the Scombridae family, commonly found in the Makassar Strait and surrounding Indonesian waters. This species possesses significant economic value and is a key resource for local fisheries. Tuna is often used in processed food items such as sardines, shredded fish, and canned fish, and may be sold either fresh or frozen (Gorintha & Pratiwi, 2023). Tuna has strong potential as it contains up to 26% protein, omega-3 fatty acids, and several essential minerals (Sitompul et al., 2020). These dietary elements are important for supporting physiological functions and human health. Nutritional adequacy is often used as a main benchmark when evaluating food quality. Carbohydrate intake, in particular, is a major factor influencing dietary behaviour in Indonesia (Sofyan et al., 2025).
During the deep-frying process, this cooking method is very convenient and produces exclusive sensorial properties of fried food that are highly accepted by consumers frying process. The elevated temperature induces water evaporation, facilitates oil absorption into the food, and releases aromatic compounds, resulting in a final product predominantly characterized by oil and its by-products. As a result, deep-frying leads to an increase in fat content and a decrease in the shelf life of the product during storage due to the oxidation of fat. Based on the fact that excessive consumption of fried products can lead to serious health risks such as obesity and hypertension, the food industry has put efforts into developing alternative methods to cook food products with low oil content but produce similar features of flavour, colour, and texture (Tamsir et al., 2021).
Air-fried, this is the fried food without fat and oil; therefore, it is a more health-conscious fry-the air fry method The air fryer blower motor assembly distributes the hot gas into the air fryer chamber in such a way that the heated air directs to create a conflicting, turbulent gas flow toward the food item placed therein for faster cooking. The heat radiated from the heating element quickly and efficiently fries the food because they are usually held very close to the heating element, minimizing energy loss. An air fryer simulates the oil in a boiling pot by circulating the hot air at a temperature greater than atmospheric. This results in cooking food from within and crisping it on the outside. The movement of air in the air-frying device is unlike that of heated air (Joshy et al., 2020). Very little research is being conducted on its preparation as a fish-shaped samosa and the nutritional values attached to it. Since it includes fish preparation, it is an enriched food due to its high-quality fish protein and Omega-3 fatty acids, in addition to a host of other micronutrients. So consumers would know which fish samosa is healthier by comparing deep-fried and air-fried versions of it.
Materials and Methods
Fresh Skipjack tuna (Katsuwonus pelamis- please use italics!) with the average length of 70.05±1.87cm and average weight of 1.08±0.04kg were caught on the west coast of Gujarat with the aid of a purse seine. The fish were transported in an insulated box in iced condition (0 2°C) from the Veraval fish landing center to the Fish Processing Laboratory at the College of Fisheries Science, Kamdhenu University, Veraval. The fish are washed, cleaned, and dressed by cutting the head, fins, scales, and gills, as well as gutting, then washed with potable fresh water. The flour must be refined wheat flour (500 g), and the fillers must be split green peas (150 g) and then boiled potatoes (200 g). The oils are vegetable oil (500 mL) for deep frying and then brushing on the air-fried ones. The seasoning mix comprises 150 g of onion, garlic paste (10 g), ginger paste (10 g), cumin powder (5 g), coriander powder (5 g), turmeric powder (3 g), red chili powder (5 g), green chilies (5 g), and fresh coriander leaves (10 g). All these materials are food-grade quality, bought at the local market within a day for freshness. Preparation of Tuna Mince: The raw tuna was mainly prepared by the removal of the head, intestines, fins, and skin. The fish was first rinsed well with clean tap water three to four times to shake off any leftover blood and muck. The prepared tuna was chopped into smaller pieces and boiled in water for 10 to 15 minutes until only partially done. After boiling, the meat was carefully removed from the bones and connective tissues and ground evenly with a clean stainless-steel mincer. The ground fish was placed in a sterilized container and stored under refrigeration (4 ± 1°C) until needed. Samosa filling mixture preparation involves cooking 150 grams of finely diced onions in the oil under heat until they start becoming translucent. After which, tuna is added along with the mashed potatoes (200 grams) that had already been cooked, and lastly, blanched green peas (150 grams), mixing thoroughly. The flavor was improved by the addition of a spice mixture with ginger-garlic paste, cumin, coriander, turmeric, red chili powder, and chopped green chili. This mixture was simmered for about 5-7 minutes over low heat so that flavors could mingle thoroughly. Just after cooking, 10 grams of finely chopped fresh coriander leaves were added as finishing touches, and the mix had to be cooled to room temperature before filling. This samosa dough is prepared with refined wheat flour 500 g, salt 5 g, and carom seeds 2 g. The total mass of flour received about 30 mL of oil, after which the mixture was softly rubbed until achieving a crumbly state. In small portions, about 150 to 200 mL of water was added to form the dough to solid dough texture. The dough was covered with a damp cloth and allowed to rest for 20 minutes. After resting, the dough was divided into equal parts and rolled out into paper-thin circular sheets (approximately 1 mm thick). Each sheet was cut into semicircles, shaped into cones, and filled with the tuna mixture made beforehand. The edges were closed with a little water to prevent leakage in frying (Dange, 2017). In the experiment, there were 50 fish masalas prepared for each group, and there were two different methods, namely deep-frying and air-frying. This was done in three replicates to achieve reliability and good reproducibility in the results.
Deep frying method vs Air frying method
Deep frying involves heating edible oil in a deep pan or fryer at a temperature level between 170 and 180 °C. This temperature range was chosen as per in-house optimization studies and some literature, suggesting that it is where one maximizes texture and flavor while minimizing its absorption by fat. Careful placement of raw samosas into hot oil and frying for about 6-8 minutes to a golden-brown and crisp state would be perfect; then, allow the samosas to be removed and excess oil drained on an absorbent paper. Serve hot or keep for analysis. The air-frying procedure starts by preheating it to 180 °C: this temperature was chosen since rapid circulation of air makes for a crisp texture with this temperature, as cited by the literature. Spray oil lightly on raw samosas or brush them. Put all your samosas in the basket in a single layer without crowding each other. Air fry at 180 °C for 15-18 minutes till golden brown. Shake once during cooking for better, even cooking. Serve warm or save for analysis (Ding et al., 2022).
Physical analysis 
Colour Measurement
 The colour characteristics of the Skipjack tuna chunks were evaluated using a CR-10 colour reader (Minolta, 1998). The meter shows results in L a and b+, L*, which means that L* = lightness, a redness, and b+ = yellowness.
pH 
The pH of the samples was measured using a calibrated pH meter (Naumann et al., 1994).
 Oil Absorption
 The analysis of the oil absorption during deep frying concluded that a minor fraction of oil penetrated the product, and most of it remained in the pan, which was recovered after frying. (Ziaiifar et al., 2008).
Oil Absorption = Weight before frying-weight after frying*100
Weight before frying
Proximate Composition Analysis
 Basic nutritional compositions of fried and air-fried fish samosas were analyzed according to standard guidelines (Ganogpichayagrai & Suksaard, 2020). Moisture Content (%) was determined by placing 5 g of the sample in a hot-air oven at 105 ± 2 °C and drying to constant weight. Protein Content (%) was determined according to the Kjeldahl method (AOAC 984.13), and protein percentage was derived by multiplying the total nitrogen obtained by 6.25. Lipid Content (%) was determined by 6 h of Soxhlet extraction with petroleum ether (boiling range 40–60 °C) (AOAC 920.39). Ash content (%) was measured by burning 2 g of the dried sample in a Muffle furnace at 550 ± 25 °C for 6 h (AOAC 923.03). Carbohydrate Content (%) was derived by difference: 100 – moisture - protein - fat - ash.
Sensory Evaluation
Sensory assessment employed a nine-point hedonic scale for evaluation, categorized into verbal and numerical forms (Table 1). The verbal hedonic scale most effectively expresses the respondent's level of preference. For statistical evaluation, the verbal hedonic scale is transformed into a numerical hedonic scale (Xia et al., 2021). Sensory analysis is the study of a food or product’s qualities—such as texture, flavour, taste, appearance, and aroma by using the evaluators’ senses, including sight, smell, taste, touch, and even hearing. This type of analysis examines attributes like odour, colour, overall appearance, and general acceptability to understand how consumers perceive the product (Triandini et al., 2024b). Based on Descriptive Analysis, only the selected samples were analyzed, and then the five trained panelists ranked them with respect to texture, color, appearance, odor, and overall acceptability using the same scale. Scores for each attribute of each sample were documented, from score 6 above showing good quality, and a score of 5 denoting the acceptance threshold.
Table 1. Sensory Attributes & Score
	Sensory Attributes
	Score

	Like extremely
	9

	Like very much
	8

	Like moderately
	7

	Like slightly
	6

	Neither like nor dislike
	5

	Dislike slightly
	4

	Dislike moderately
	3

	Dislike very much
	2

	Dislike extremely
	1


I recommend cantering the tables!
Result and Discussion
Table 2. Physical characteristics of fresh fish:
	Sr. No
	Parameters
	Value

	1.
	Average weight (g)
	1.08±0.04kg

	2.
	Average total length (cm)
	70.05±1.87



Table 3. Proximate composition of fresh fish:
	Sr. No
	Parameters
	Value

	1.
	Moisture (%)
	72.23

	2.
	Fat (%)
	3.25

	3.
	Ash (%)
	1.8

	4,
	Protein (%)
	22.4


(Source: self-tested)
Table 4. Comparative physicochemical properties of air-fried (R2) and deep-fried (R1) fish samosas
	Sr. No
	Parameters
	Deep-Fried (R1)
	Air-Fried (R2)

	1.
	Color (L*)
	63.20 ± 0.05
	61.60 ± 0.25

	2.
	Color (a*)
	18.40 ± 0.78
	17.50 ± 0.87

	3.
	Color (b*)
	19.10 ± 0.47
	20.30 ± 0.12

	4.
	pH
	6.30 ± 0.54
	6.20 ± 0.36

	5.
	Raw Weight (g)
	99.00 ± 0.25
	85.00 ± 0.22

	6.
	Fried Weight (g)
	75.00 ± 0.87
	68.00 ± 0.36

	7.
	Oil Absorption (%)
	18.18 ± 0.02
	10.47 ± 0.45


(source: self-tested)
With respect to Table 2, air-fried fish samosas (R2) absorbed very significantly lower amounts of oil (10.47 ± 0.45%) compared to deep-fried samosas (R1), which showed maximum oil absorption of 18.18 ± 0.02%. Lesser absorption of oil in air-fried samples is because of the difference in cooking techniques, so that hot air circulation is utilized instead of oil immersion, thus leading to a healthier product having less fat. In terms of lightness (L* = 63.20), deep-fried samosas (R1) were higher in value than their yellowness (b* = 19.10) or the air-fried samosas (b* = 20.30), proving that air frying provided a much deeper color golden-brown crust. This itself is due to the higher activities of the Maillard reaction when some amino acids and reducing sugars interact when exposed to high temperatures, forming complex flavor compounds along with the desired golden hue. The Maillard reaction in air frying is more prominent due to the extended duration of dry heat exposure, which enhances the sensory characteristics of the samosas. pH values demonstrated that they were relatively stable (6.0-6.3) during the storage period, with hardly any profound biochemical changes.


Table 5. Proximate composition of deep-fried (R1) and air-fried (R2) fish samosas
	Parameters
	Deep-Fried (R1)
	Air-Fried (R2)

	Moisture (%)
	48.00 ± 0.85
	47.00 ± 0.87

	Fat (%)
	22.00± 0.56
	15 ± 0.38

	Ash (%)
	2.50 ± 0.20
	4.40 ± 0.30

	Protein (%)
	25.00 ± 0.25
	25.50 ± 0.32


(source: self-tested)
According to the outcome of the analysis of proximate composition, the only slight differences between deep-fried (R1) and air-fried (R2) fish samosas could be seen. In contrast, the moisture of R1 (48.00 ± 0.85 %) was above that of R2 (47.00 ± 0.87 %), indicating that air frying resulted in a slight increase in dehydration as a result of dry heat. Fat content in air-fried samosas (15 ± 0.38%) was comparable to that of deep-fried samples (22.00 ± 0.56%), reflecting effective reduction of oil absorption without compromising product quality.
Air-fried samosas contained significantly higher protein level (25.50 ± 0.32%) than the deep-fried samosas (25.00 ± 0.25%) (p < 0.05), which could be due to protein denaturation resulting from prolonged exposure to deep oil fry. Ash content was higher in air-fried samosas (4.40 ± 0.30) compared to those deep-fried (2.50±0.20), which implies that mineral content was conserved during processing.
Table 6. Sensory evaluation scores of fish samosas 
	Attributes
	Deep-Fried(R1)
	Air-Fried (R2)

	Appearance
	5.5
	7

	Colour
	6.5
	8

	Taste
	7
	7.5

	Texture
	5
	6

	Odour
	6
	8

	Overall acceptability
	7
	8


Note: Scores were recorded using a 9-point hedonic scale (1 = dislike extremely, 9 = like extremely).
The sensory evaluation conducted on fish samosas prepared by two techniques-deep frying (R1) and air frying (R2), revealed that air-fried fish samosas were accepted better for all sensory parameters. The panelists rated air-fried fish samosas above in appearance, colour, taste, texture, odour, and overall acceptability. The colour of the air-fried samosas was more appealing; light, sparkling golden brown in color, crisp outer layer, benevolent aroma-and do not have that excessive greasy after feel characteristic of deep frying. Taste-wise, it was cleaner, with the natural fish taste coming through more distinctly, a flavour very much enjoyed by the consumers. Although the deep-fried one was delicious, it came off as oily, heavier in texture compared to the air fryer fish samosa. The air-fried fish samosas, being better perceived by consumers, have lesser oil absorption, hence could be classified as a better option, with a more commercially viable avenue, for the development of nutritious, appetizing, and consumer-friendly fish-based snacks.
Discussion
Air-fried Samosas have been observed to retain a significantly lower amount of oil compared to deep-fried Samosas. In the study conducted, air-fried samosas retained approximately 10.47% ± 0.45% oil, whereas deep-fried samosas absorbed about 18.18% ± 0.02% oil. The difference in oil absorption is consistent with findings from other investigations. For example, a study by Zhou et al. (2022) concluded that shrimp fried by the air method contained less fat than deep-fried shrimp by 4.26–6.58 g/100 g of shrimp. Thus, great losses were also reported for air-fried food compared with deep-fried samples by Téllez-Morales et al. (2024). Air-frying seems to be not only a method of decreasing oil absorption, but also a healthier option compared to traditional deep-frying. Using much less oil, air frying lowers calories and might probably reduce one of the dietary precursors that lead to cardiovascular complications. The pH of the samosas remained close to being constant within a range of 6.0 to 6.3. This indicates that frying did not cause extensive biochemical changes in the samples. Goswami & Manna (2020) found similar results in that frying did not cause any significant changes in the pH of fish products. Color measurements (L*, a*, b*) showed that deep-fried samosas were lighter, with an L* value of 63.20, than air-fried samosas, which had an L* value of 61.60. The samples prepared by air frying, however, had more yellow tones with a b* value of 20.3, which makes them visually attractive on the golden surface. This observation is a reflection of further improvement regarding the browning effect through air frying, which is probably a consequence of the Maillard reactions as reported by Téllez-Morales et al. (2024). Slightly air-fried samples recorded lower moisture than the study dry-fried conditions; 47 ± 0.87% against 48 ± 0.85% according to deep frying, which corresponds with Zhou et al. (2022), who explained that air-frying using dry heat could result in less moisture.
Stimulating agrees that fat content in deep-fried samosas exceeds that of air-fried samples (22.00± 0.56% versus 15 ± 0.38%). This contrasts sharply with the general trend reported by Zhou et al. (2022) and Goswami & Manna (2020) and could be attributed to recipe differences or variation in frying time. Air frying produced samosas with protein content ranging from 25.5 ± 0.25% contrasting with deep-frying samosas produced which had 25 ± 0.32% protein. In this case, however, these results correlate with the previous findings, indicating that deep-fried foods denature protein higher than air-fried foods (Zhou et al., 2022; Goswami & Manna et al., 2020).
Conclusion
From the findings of this study, it is clear that the frying methods used greatly affect the quality of the fish samosas. Air frying caused less oil uptake, as when fish samosas were deep-fried, with resultant fat levels lower than deep-fried versions, still being able to enhance taste, texture, and appearance. While in storage, samosas maintained proximate composition, pH, and color, indicating that the frying methods were both valid acts of protection of their nutritional and biochemical attributes. In general, air frying offers a healthier alternative to fried foods while retaining sensory appeal and thus offers an avenue for the preparation of low-fat snack foods. This information should provide a useful guideline for food producers and consumers to select the frying methods that have the best compromise between health gains and sensory quality.

References
Arya, S. S., & Madiwale, G. (2012). Preservation of ready-to-prepare (RTP) samosa sheets. Pak J Food Sci,22, 197-205. 
Ding, Y., Zhou, T., Liao, Y., Lin, H., Deng, S., & Zhang, B. (2022). Comparative Studies on the Physicochemical and Volatile Flavour Properties of Traditional Deep Fried and Circulating-Air Fried Hairtail (Trichiurus lepturus). Foods, 11(17), 2710
Dange, M. S. (2017). Development of fish samosa by using minced meat of Indian mackerel, Rastrelliger kanagurta (Cuvier, 1816).
Ganogpichayagrai, A., & Suksaard, C. (2020). Proximate composition, vitamin and mineral composition, antioxidant capacity, and anticancer activity of Acanthopanax trifoliatus. Journal of advanced pharmaceutical technology & research, 11(4), 179–183.
Gorintha, M., & Pratiwi, K. T. A. (2023). Pembuatan nugget berbahan dasar ikan tongkol Jural Ilmiah Pariwisata Dan Bisnis, 2(10), 2335-2339. 
Goswami, S., & Manna, K. (2020). Comparison of the effects of cooking methods on the nutritional composition of fresh and salted Tenualosa ilisha. Aquaculture and Fisheries, 5(6), 294–299.
Joshy, C. G., Ratheesh, G., Ninan, G., Kumar, K. A., & Ravishankar, C. N. (2020). Optimizing air-frying process conditions for the development of a healthy fish snack using response surface methodology under correlated observations. Journal of Food Science and Technology, 57(7), 2651–2658
Minolta, K. (1998). Precise color communication: Color control from perception to instrumentation. Konica Minolta Sensing, Inc., Daisennishimachi, Sakai, Osaka, Japan.
Naumann, R., Alexander-Weber, C., & Baucke, F. G. K. (1994). The standardization of pH measurements.Fresenius Journal of Analytical Chemistry,349(8–9), 603–606.
Raj, T., Kar, J. R., & Singhal, R. S. (2016 or 2017?). Development of Par-Fried Frozen Samosas and evaluation of their post-storage finish frying and sensory quality. Journal of Food Processing and Preservation, 41(4), e13049
Sitompul, Y. M. L., Sugitha, I. M., & Duniaji, A. S. (2020). Pengaruh lama perendaman dalam ari perasan buah belimbing wuluh (Averrhoa blimbi Linn) dan lama penyimpanan terhadap karakteristik ikan tongkol (Euthynnus affinis) pada suhu ruang. Jurnal Ilmu Dan Teknologi Pangan, 9(1), 71–80.
Sofyan, J. S., Alwi, S. A., & Harianti, H. (2025). NUTRITIONAL ANALYSIS OF KOMO TUNJABI (Euthynnus affinis) SAMOSA FORTIFIED WITH SEAWEED Gracilaria sp. Jurnal Perikanan Unram, 15(1), 88-101- Please use lowercase letters.
Tamsir, M. M., Ramli, N. S., Rashid, N. K. M. A., Shukri, R., & Ismail-Fitry, M. R. (2021). COMPARISON OF BOILING, STEAMING, AIR FRYING, DEEP-FRYING, MICROWAVING, AND OVEN-COOKING ON QUALITY CHARACTERISTICS OF KEROPOK LEKOR (MALAYSIAN FISH SAUSAGE). Malaysian Applied Biology, 50(3), 77–85. - Please use lowercase letters.
Triandini, I. G. a. a. H., Wiranto, W., & Wangiyana, I. G. a. S. (2024b). Sensory evaluation of cookies formulated with Rhizophora propagule flour using a 9-point hedonic scale.Journal of Agritechnology and Food Processing,4(2), 60 
Téllez-Morales, J. A., Rodríguez-Miranda, J., & Aguilar-Garay, R. (2024). Review of the influence of hot air frying on food quality. Measurement Food, 14, 100153.
Ved, S. (2022). Whose Samosa is it Anyway?: The Story of where “Indian” Food Really Came from. Penguin/Viking.
Xia, Y., De Ming, O., Martín, J. M., Bodeau, J., Perret, M., Zhong, F., & O'Mahony, M. (2021). Is the absolute scaling model the basis for the 9-point hedonic scale? Evidence from Poulton’s stimulus range equalizing bias. Food Quality and Preference, 89, 104153.
Ziaiifar, A. M., Achir, N., Courtois, F., Trezzani, I., & Trystram, G. (2008). Review of mechanisms, conditions, and factors involved in the oil uptake phenomenon during the deep‐fat frying process.International Journal of Food Science & Technology,43(8), 1410–1423. 
[bookmark: _GoBack]Zhou, M., Shi, G., Deng, Y., Wang, C., Qiao, Y., Xiong, G., Wang, L., Wu, W., Shi, L., & Ding, A. (2022). Study on the physicochemical and flavor characteristics of air frying and deep frying shrimp (crayfish) meat. Frontiers in Nutrition, 9.





