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Evaluation of Nutritional and Sensory Quality of a Coated Fish Product Developed from Small Indigenous Fish Species Aplocheilus panchax
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ABSTRACT

	The present study was conducted with an aim to develop a value-added product from blue panchax (Aplocheilus panchax) as well as to carry out its nutritional value and sensory evaluation. Value-added, ‘ready-to-heat’ fish products have become more popular globally in recent years due to their versatile tastes and ease of consumption. The study was carried out from September 2023 to August 2024 at the Fishing and Post Harvest Technology Laboratory of Sher-e-Bangla Agricultural University, Dhaka, Bangladesh. Small indigenous fish species (SIS) have been found immensely popular among the mass people of our country, as numerous closed and open water bodies support the bountiful production of these exceptionally tasteful fishes. A. panchax, locally known as kanpona or panch chokha, has been chosen for the present study owing to their availability in local water bodies, especially during monsoon. Major chemical constituents like moisture, protein, lipid, ash, and carbohydrate were examined both in raw fish and prepared product. In addition, some important minerals and heavy metals were also assessed in raw fish to ascertain their suitability for product development. For raw fish and prepared coated product, the moisture content was found to be 67.45% and 22.67%, crude protein 16.90% and 9.70%, fat 10.85% and 22.68%, carbohydrates 2.15% and 32.5%, and total ash 3.27% and 5.17%, respectively. Among major minerals, iron, calcium, zinc, potassium, and magnesium contents were found at levels of 4.47, 721, 1.18, 471, and 27.24 mg 100g⁻¹, respectively. In raw fish, lead (Pb), mercury (Hg), and arsenic (As) were found to be undetectable, whereas cadmium (Cd) and chromium (Cr) levels were within permissible limits for human consumption at 0.23 and 4.35 mg kg-1, respectively. This study offers critical insights about value addition as an effective approach for utilizing the nutritional values of small native fish species like Aplocheilus panchax.
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1. INTRODUCTION

Fish is a great source of vital nutrients that are important for meeting the nutritional needs of adults, children, and newborns. Along with major table fish species, numerous small fish species (SIS) are abundant in natural waterbodies of Bangladesh (Aziz et al., 2021). These small indigenous species (SIS) offer superior nutrition owing to the presence of high levels of protein, fatty acids, vitamins, and minerals in these fish make them valuable (Sinha et al., 2024; Hossain et al., 2024). Aplocheilus panchax, locally known as kanpona or chouk kani, is a small, surface-dwelling freshwater fish from the family Aplocheilidae. Morphologically, A. panchax features a slender body with a silvery, metallic sheen and characteristic markings, including a prominent blue iridescence in males, and is also often called blue panchax (Mustikasari et al., 2022). The SIS including this particular freshwater species are prolific breeders, require little to no management, and thrive in lentic and lotic water systems (Mustikasari et al., 2024). Unfortunately, A. panchax is rarely consumed because some popular belief about presence of harmful elements, and others believe this species is used only by Ayurvedic practitioners for medicinal purposes. Therefore, this species drew very little attention from fisheries researchers. Although data from previous studies on chemical composition and other aspects of this particular species is scanty, its nutritional richness can be assumed from the finding of closely related SIS.

The growing tendency to spend less time on food preparation has led to a great demand for time-saving “ready-to-cook” frozen products. Coatings by breaded foods are very popular today, and their consumption has increased in recent years (Varela et al., 2008). Coating protects the natural juice of foods from the effects of freezing or reheating, thereby ensuring a final product that is tender and juicy on the inside and at the same time crisp on the outside (Brannan et al., 2014). However, fish products that are ready to cook or consume are vulnerable to pathogenic bacteria and spoiling (Aktaruzzaman et al., 2022). As a result of microbial contamination from several sources and quick spoiling from protein denaturation and lipid oxidation, battered and breaded fish products may experience unfavorable changes throughout frozen storage duration, resulting in a loss of quality (Benjackul et al., 2005). The edible coating on those products has better resistance against the rate of oxidation and deterioration caused by microbiological means. Additionally, it may greatly improve the fish products' sensory attributes and may be a successful value-adding strategy with higher customer acceptability (Duman and Peksezer, 2016). As far as we are aware, no studies have been done on the value-added product from A. panchax. 
Hence, the objectives of this piece of research were to develop a breaded fish product from the mince of A. panchax, asses the enhancement of the nutritional value in compare to raw fish as well as to evaluate the changes in sensory characteristics of the developed product under frozen storage.  The outcome of the research will help develop a nutritionally sound, shelf-stable, bread-coated fish product that will hopefully satisfy consumers through its visual appeal, crispness, nutrition, and flavor and also create an opportunity to explore the untapped nutritional value of these underutilized small indigenous fishes.

2. material and methods

2.1 Collection of fish samples

The small indigenous fish species Aplocheilus panchax were collected as the raw material for the present experiment from local ponds of the Midwestern district of Kushtia, Bangladesh (Fig. 1). Approximately 5 kg of samples were collected for product development as well as another biochemical and microbial study. After harvesting, they were chilled with ice properly and carried to the laboratory and stored in a -18°C refrigerator for further experimental use.
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Fig. 1. Geographical location of raw material collection site (left) and collected 
A. panchax (right)

2.2 Determination of proximate composition
After collection, raw squid samples were immediately sent to the laboratory of Animal Nutrition and Feed Section of Department of Livestock Services, Farmgate, Dhaka for analysis. Proximate compositions of Squid were determined following the method described by Association of Official Analytical Chemists (AOAC, 2005). 
                                                                                                   
2.2.1 Estimation of Moisture Content
At first, the initial weight of the samples was taken. Then samples were dried in an oven at about 105°C for about 24 hours until a constant weight was reached and cooled in a desiccator and weighed again. Then the samples were minced in an electric grinder. The percentage of moisture content was calculated by the following equation:

        Percentage (%) of moisture = [(Weight of original sample – weight of dried sample)                
                                                         /Original weight of sample] × 100


2.2.2 Estimation of Protein Content
The protein content of the squid was determined by micro-Kjeldahl method. It involves conversion of organic nitrogen to ammonium sulphate by digestion (samples 0.5 g) with concentrated sulphuric acid in a micro-kjeldahl flask for 45 minutes. The digest was diluted, made alkaline with sodium hydroxide and distilled. The liberated ammonia was collected in a boric acid solution and was titrated with 0.1 N H2SO4. The percentage of protein in the sample was calculated by the following equation:

                   Percentage (%) of protein = [(c-b) × 14 × d × 6.25]/a × 1000 × 100
                   Where,
	a =
	Sample weight (g)

	b =
	Volume of NaOH required for back titration and neutralize 25 ml of 0.1N H2SO4 (for sample)

	c =
	Volume of NaOH required for back titration and neutralization 25ml of 0.1N H2SO4 (for blank)

	d =
	Normality of NaOH used for titration

	6.25 =
	Conversion factor of N to protein

	14 =
	Atomic weight of N



2.2.3 Estimation of Fat Content
For the estimation of fat content, the dried samples left after moisture determination were finely grinded and the fat was extracted with a non-polar solvent, ethyl ether. After extraction, the solvent was evaporated and the extracted materials were weighed. The percentage of fat content was calculated as:

                  Percentage (%) of fat = (Weight of extract/Weight of sample) × 100

[bookmark: _Hlk202187161]2.2.4 Estimation of Total Ash Content
Ash content was determined by heating sample for 6 h in a furnace at 550 °C (AOAC, 2005). Results were expressed as percentage of wet weight.



	W1 =
	Weight of empty crucible (g)

	W2 =
	Weight of crucible with original sample (g)

	W3 =
	Weight of crucible with ash (g)



In case of developed coated fish product, freshly fried product properly packaged in LDPE zipper bag with necessary labelling was sent immediately for analysis. Same analytical procedure was followed for raw material also used in case of finished product.   

2.3 Minerals and heavy metal determination 
Owing to the availability of necessary laboratory facilities, heavy metal concentration of raw fish was carried out in the Institute of Food Science and Technology (IFST) laboratory of Bangladesh Council of Scientific and Industrial Research (BCSIR), Dhaka. Minerals were determined according to Pearson’s method (Nazim et al., 2013). The weight of the sample was taken, and digestion was done in the digestion block. The stock solution was prepared by using hydrochloric acid, and then minerals (Fe, Ca, Zn, K, and Mg) and heavy metals (Pb, Hg, As, Cd, and Cr) were determined by using the Atomic Absorption Spectrophotometer (AAS), model: ThermoFisher scientific, ICE 3000 series.

2.4 Preparation of coated products from A. panchax 

For preparation of value-added product, a thawed frozen fish sample was used. Raw fishes were washed thoroughly, seived and pre-cooked (Figure 2) before being weighed following a predetermined ratio (Table 1), weighed, and ground. After several trials, the optimized ratio of fish mince and other ingredients was adjusted (Table 1) and weighed accordingly. The steps followed for preparation of the final product are presented as flow diagram in figure 3.



Table 1. Percentage-wise ingredients used for preparation of coated fish product and  
               composition of spice mixture

	Coated fish product
	
	*Composition of Spice mixture

	Ingredients
	Amount 
(% of the fish product)
	
	Ingredients
	Amount
 (% of the mixture)

	[bookmark: _Hlk187311771]Fish Mince
	45.0
	
	Black pepper
	30.0

	Bread crumbs
	30.0
	
	Cardamom
	10.0

	Soybean Oil
	9.0
	
	Cloves 
	5.0

	Corn Starch
	9.0
	
	Coriander 
	20.0

	Sugar
	0.5
	
	Mace 
	2.0

	Table salt
	2.0
	
	Cumin 
	15.0

	Onion
	1.5
	
	Ginger
	6.0

	Garlic
	1.0
	
	Turmeric
	9.0

	Baking powder
	0.5
	
	Chili powder
	3.0

	Spice mixture*
	1.5
	
	
	



2.5 Preservation of coated fish product
For the sensory evaluation under frozen storage, oil-blanched (approximately 1 minute) coated products were put into four pre-marked LDPE zipper bags. Each of the bags containing 4-5 oil-blanched patties of developed coated product was stored at -18ºC in the refrigerator. One bag was taken out for each of the sensory evaluation session that were carried out at 30-day intervals.
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Fig. 2. Different steps of coated product development from A. panchax (a) cleaned and washed raw fishes; (b) pre-cooking of raw fish; (c) Mincing of raw fish and (d) Mixing of ingredients with fish mince 
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Fig. 3. Flowchart showing steps for preparation of coated fish product 
from A. panchax

2.6 Sensory analysis
Ten experienced members (aged between 25 and 45 years) were selected from teachers and students of the Faculty of Fisheries and Marine Science, Sher-e-Bangla Agricultural University. The samples were presented to the panelists randomly. Product samples were examined based on appearance, color, odor, taste, texture, and overall acceptability (Roy et al., 2014). According to the Hedonic scale, where 9 is extremely like and 1 is extremely dislike (Islam et al. 2022). For 0-day sensory analysis, certain portions of the prepared coated product were immediately deep-fried for 3-4 minutes and presented to the panel members for sensory evaluation. For sensory evaluation at 30-day intervals up to 120 days, one bag was taken out, and the product was fried and presented. For a certain parameter, products were scored based on the hedonic scale (Lim & Fujimaru, 2010).

3. results and discussion

3.1 Proximate composition of raw fish
In the present investigation, the moisture content of A. panchax was found to be 66.83% (Figure 4a), which was less than that of the other SIS reported by Islam et al. (2020). According to their findings C. fasciatus, A. mola, P. ticto, P. sarana, M. aculeatus, M. tengara, A. testudineus, H. fossilis, C. punctatus, and C. batrachus, had moisture contents of 78.32±1.45, 77.99±1.38, 77.3±1.95, 75.27±0.72, 75.31±2.48, 79.12±2.05, 77.61±0.63, 79.89±1.18, 81.05±0.82, and 75.28±1.83, respectively. Research findings of Ahmed et al. (2012) also differed from the current study's findings where the reported lesser moisture content. The reduced moisture content value found in the present study may be due to rapid dehydration during transportation and storage of the small-sized fish.
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Fig. 4. Proximate composition of (a) raw A. panchax and (b) finished value
added product

The protein content of raw A. panchax was found 16.90% on dry matter basis (Fig. 4a). According to Islam et al. (2020) the protein content of various SIS, including C. fasciatus, A. mola, P. ticto, P. sarana, M. aculeatus, M. tengara, A. testudineus, H. fossilis, C. punctatus, and C. batrachus, was estimated as 14.51±1.2, 14.57±1.19, 14.39±1.23, 16.31±0.48, 17.3±1.74, 13.73±1.34, 13.95±0.43, 14.11±0.82, 13.18±0.57, and 17.15±1.27, respectively. Hossain et al. (1999) also reported similar result. The results regarding protein content were strongly in agreement with the previous aforementioned study.
 
The current study revealed that the lipid content of A. panchax was greater than other SIS of the country, with a value of 10.85% (Figure 4a). According to Islam et al. (2020), the lipid content of C. fasciatus, A. mola, P. ticto, P. sarana, M. aculeatus, M. tengara, A. testudineus, H. fossilis, C. punctatus, and C. batrachus was determined to be 1.55±0.11, 2.51±0.26, 2.14±0.18, 3.05±0.09, 1.67±0.17, 2.54±0.18, 2.85±0.08, 2.51±0.21, 2.11±0.09, and 3.1±0.23, in that order. The lipid content of A. mola, P. ticto, P. sarana, M. aculeatus, M. tengara, A. testudineus, H. fossilis, C. punctatus, and C. batrachus was analyzed by Ahmed et al. (2012), and the results were found to be similar to that of the present findings.
 
The ash content of A. panchax was found 3.27% (Figure 4a). According to the findings of Islam et al. (2020), the percentage of ash in C. fasciatus, A. mola, P. ticto, P. sarana, M. aculeatus, M. tengara, A. testudineus, H. fossilis, C. punctatus, and C. batrachus was 3.43±0.23, 3.1±0.32, 3.72±0.32, 2.79±0.08, 2.44±0.24, 2.56±0.17, 3.06±0.08, 1.68±0.1, 1.7±0.07, and 2.15±0.15, respectively. The findings of other researchers (Ahmed et al., 2012) were nearly identical to the ash contents of C. fasciatus, A. mola, P. ticto, P. sarana, M. tengara, A. testudineus, H. fossilis, C. punctatus, and C. batrachus.

In this research, the carbohydrate content was 2.15% (Figure 4a). Following the results of Islam et al. (2020), the carbohydrate content of C. fasciatus, A. mola, P. ticto, P. sarana, M. M. aculeatus, M. tengara, A. testudineus, H. fossilis, C. punctatus, and C. batrachus was 2.19±0.3, 1.83±0.36, 2.46±0.22, 2.58±0.07, 3.28±0.34, 2.06±0.52, 2.54±0.05, 1.81±0.04, 1.96±0.09, and 2.33±0.18, respectively. The results of Jena et al. (2018) in M. aculeatus and M. tengara also aligned with the current findings.


3.2 Mineral concentration of raw fish

For the present study concentration of five nutritionally important minerals including iron, calcium, zinc, potassium and magnesium in raw material were assessed (Table 2).
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Table 2.  Major mineral content of small indigenous fish species A. panchax

	Minerals 
	Content (mg/100g)

	Iron
	4.47

	Calcium
	721

	Zinc
	1.18

	Potassium
	471

	Magnesium
	27.24



Iron (Fe) 
As iron is a trace element, it should be present in smaller amounts, and 8–15 mg should be consumed daily (Öksüz et al., 2011). The iron (Fe) content of A. panchax in this study was found to be 4.47 mg/100 g (Table 2). According to Bogard et al. (2015), the mola fish has an iron (Fe) level of 5.7 mg/100 g. According to Hossain et al. (2015), Batasio tengana (Tengra) has the highest content of iron (2.02 mg/100 g). Additionally, they discovered Amblypharyngodon mola, Puntius puntio, Corica soborna, Anabas testudineus, Channa punctata, Chanda nama, Awaous gramepomus, Gonialosa manmina, and Danricus esomus were 0.75±0.6, 0.68±0.45, 0.59±0.65, 0.45±0.87, 0.86±0.35, 1.85±0.25, 0.43±0.46, 0.78±0.57, and 0.82±0.49 mg/100g, respectively.

Calcium (Ca)
Results of mineral analysis of A. panchax revealed that this species is exceptionally rich in Ca content with a value of 721 mg/100 g (Table 2). According to Hossain et al. (2015), the calcium content of Chanda nama (Nama chanda), Batasio tengana (Tengra), Anabas testudineus (Koi), and Puntius puntio was found to be 289.70±0.68 mg/100g, 275.10±0.31 mg/100g, and 114.35±0.53 mg/100g, respectively. Similarly, Bogard et al. (2015) discovered that the average calcium level in 29 species was 879.5 mg/100 g.
 
Zinc (Zn)
According to the results, A. panchax had a lower zinc content (1.18 mg/100 g) in comparison to other major SIS available locally (Table 2). Thilsted (2012) reported that the zinc concentration of many SIS, including Darkina (Esomus danricus), was 4.0±1.0; Kachki (Corica soborna) was 3.1±0.5; Mola (Amblypharyngodon mola) was 3.2; and Puti (Puntius sophore) was 3.1±0.5. According to Zaman et al. (2014), the zinc content of SIS varied from 13.15 to 27.06 mg.


Potassium (K)
In this investigation, the potassium (K) content of A. panchax was 471 mg/100 g (Table 2). Thilsted (2012) found that freshwater SIS had potassium concentrations ranging from 78.29 to 501.47 mg/100g and was found significantly high in freshwater SIS Punti (224.79±3.4 mg), Ganges Chapila (336.92±3.2 mg), and Mola (205.61±5.8 mg). According to Islam et al. (2023), the potassium content of SIS ranged from 58 to 350 mg. All values were recorded per 100 g of fish sample.

Magnesium (Mg)
A. Panchax contained 27.24 mg/100 g Mg (Table 2). According to Hossain et al. (2015), Chanda nama (Tengra) has the highest content of Mg (303.1 ±0.49). Additionally, they found Amblypharyngodon mola (123.67±0.62), Puntius puntio (104.42±0.74), Corica soborna (89.35±1.42), Anabas testudineus (94.23±1.13), Batasio tengana (103.45±0.85), Channa punctata (182.48±0.43±0.43), Awaous gramepomus (97.44±0.86), Gonialosa manmina (88.34±0.38), and Danricus esomus (102.12±0.32).

3.3 Heavy metal concentration of raw fish
Fish are considered significant vectors for different heavy metal exposures. They tend to accumulate higher concentrations of heavy metals in their bodies through bioaccumulation along the food chain. This results in elevated human exposure through dietary intake. (Wang et al., 2024). Heavy metals like lead can cause kidney dysfunction, mental retardation, birth defects, anemia, encephalopathy, and other neurological issues. Whereas chronic exposure to arsenic is associated with cancers, skin lesions, neurological disorders, cardiovascular disease, pulmonary issues, and diabetes (Tolkou et al., 2023). The International Agency for Research on Cancer (IARC) designated cadmium as a Group 1 carcinogen linked to kidney damage, bone defects, lung impairment, and reproductive issues. Chromium is also responsible for lung and skin cancers, respiratory defects, immune dysfunction, DNA damage, and organ toxicity (Storelli, 2008; Jaishankar et al., 2014).
 
Although several researchers reported susceptibility of A. panchax towards heavy metal intoxication (Shibu & Ayoob, 2021; Paital et al., 2023), published reports regarding heavy metal concentration in the tissue of this particular species are scanty. Therefore, considering the risk of possible heavy metal bioaccumulation in a less exploited fish species, it was obligatory to carry out a basic assessment on heavy metal concentration in A. panchax for the development of safe value-added products. Results of some selected heavy metal analyses are presented below in Table 3. The tested A. panchax sample showed no detectable lead (Pb), mercury (Hg), and arsenic (As) content. Cadmium (Cd) and chromium (Cr) content were found to be 0.23 and 4.35 mg/kg, respectively, which was within the allowable limit where the maximum residual levels for cadmium (Cd) and chromium (Cr) are declared in Codex Alimentarius guidelines by FAO/WHO.
 

Table 3. Concentration of selected heavy metals in raw A. panchax

	Heavy metal
	Concentration in A. Panchax 
(mg/ kg)
	Allowable limit 
(mg/ kg)
	Reference

	Lead (Pb)
	Not detected
	0.3
	Nevárez et al., 2015

	Mercury (Hg) 
	Not detected
	0.5
	Nevárez et al., 2015

	Arsenic (As)
	Not detected
	1.0
	Akter et al., 2025

	Cadmium (Cd)
	0.23
	3.0
	Rao et al., 2018

	Chromium (Cr)
	4.35
	12.0
	Rao et al., 2018



[bookmark: _Hlk188379348]3.4 Proximate composition of fried coated product

The cooked coated fish product's (Fig. 5) moisture, fat, protein, carbohydrate, and ash contents were 22.67%, 9.7%, 22.68%, 32.5%, and 5.17%, respectively (Figure 4b). The frying and cooking procedures are responsible for the fish product's decreased moisture content (Rahman et al., 2019). Studies by Aktaruzzaman et al. (2022), Ejaz et al. (2009), Ihm et al. (1992), and Taşkaya et al. (2003) additionally stated lower moisture content in the finished product compared to the raw material.
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Fig. 5. Molded (left) and fried (right) breaded fish product from A. panchax

The combination of bread and other food additions may result in a reduction in protein content in the final product. Comparing the cooked anchovy fish cutlet to the raw fish, lower protein levels were also noted (Bharathipriya et al., 2019). Cooking the product in vegetable oil may also increase the content of fat in the fried coated fish product, and this was also noted by Aktaruzzaman et al. (2022), Sehgal et al. (2008), and Tokur et al. (2006). Because the additional additives (such as starch and NaCl) were added during the preparation process, the finished product had a greater ash level than the fresh fish. These results were in agreement with the findings of Bharathipriya et al. (2019) and Aktaruzzaman et al. (2022).

3.5 Changes in the nutritional quality of the fried coated product
Substantial changes in some of the nutritional parameters of the coated fish product have been found when compared to raw fish. Most of these changes took place due to additives used to develop the coated product and were quite expected. Values of major nutritional parameters for raw fish and prepared product have been presented in Figure 4. The moisture level of the coated fish product was 22.67%, which was much lower than that of the raw fish (67.45%), which resulted for high-temperature frying. The protein level in the coated product (9.7%) decreased to that of the uncooked fish (16.9%) due to the partial addition of raw fish in the coated product, which accounts for merely less than half of the total composition. An increased amount of lipid was identified (22.68%) in the finished product which was more than double of the lipid content of fish (10.85%) could be attributed to absorption of cooking oil during frying process (Oke et al., 2010). The addition of breadcrumbs and cornstarch led to a substantially larger carbohydrate content (32.5%) in the coated end product than the raw fish (2.15%). According to Cao et al. (2023), the addition of starch and breadcrumbs could significantly raise the carbohydrate content of the whole product. A slight rise in the total ash content was recorded in the coated product (5.17%) in comparison to raw A. panchax (3.27%).


[bookmark: _Hlk188379589]
Sensory analysis
The shelf life of the prepared coated fish items was investigated using sensory assessment. Appearance, color, taste, texture, odor, and overall acceptability were evaluated during the storage period. The sensory characteristics of coated fish products that were kept in a refrigerator showed notable variations (Fig. 6).


Fig. 6. Sensorial quality changes for coated fish products during storage

It was demonstrated that the overall acceptability score somewhat declined with increasing storage time. Additionally, the overall acceptability score indicated that coated fish items were well-received up to 90 days after storage. Aktaruzzaman et al. (2022) who worked on tilapia fish sticks stated that all sensory qualities of the value-added product experienced significant decrease as the storage period at room temperature increased. According to Pawar et al. (2020), the sensory scores for the overall acceptability of battered and breaded Catla (Catla catla) fish cutlets also exhibited a decreasing trend. During frozen storage, breaded fish products undergo sensory quality deterioration driven by several mechanisms. Muscle fibers are structurally damaged by ice crystal formation, which softens the texture and reduces the breading's crispness. The interior becomes less juicy due to protein denaturation and aggregation, which decreases the protein's ability to hold water. While pigment oxidation and chemical reactions result in color fading or discoloration, lipid oxidation causes bad tastes and rancid smells (Shrestha et al., 2020). Frequent cycles of freezing and thawing intensify these impacts. Over time, overall sensory qualities such as acceptability, flavor, texture, odor, and appearance were found to deteriorate drastically (Ge et al., 2024; Ormanci & Colakoglu, 2015).


4. Conclusion

Analysis of the proximate composition of Aplocheilus panchax indicated that from a nutritional aspect, they are equivalent to many larger commercially important fish species. Moreover, like other SIS, this species is also found to be exceptionally rich in mineral content. An even more enhanced level of nutritional constituents has been recorded after the value addition process. Therefore, to explore the nutritional potential of this small fish species, value addition could be an ideal approach. In addition, from a socio-economic point of view, this could create a significant opportunity for new small- and large-scale entrepreneurship through the creation of market for a new food product. Finally, it can be said that, apart from playing a role in meeting up protein and mineral demand, the findings of the present study will also enrich the archive of value-added fish products and could serve as an important source of information for future researchers in this field.
. 
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Packaging & 

storage 

Fish scaling, de-heading and washing 

properly with tap water. 

De-headed fish were boiled for 30 minutes 

with a pinch of salt and ginger powder. 

Stuffings were given different shape using 

specific shapes of mold (Fig. 5). 

Bread crumbs, cornstarch, sugar, table 

salt, onion, garlic, baking powder and 

spices mixture were added to the fish 

mince in a ratio mentioned in Table 1. 

Different shaped ready to cook products 

were dipped into egg white and coated with 

bread crumbs. 

 

The products were blanched in hot  

vegetable oil for 2 minutes 

Grinding and Mixing

 

Boiled fish samples and spices were 

grinded using by a grinding machine and 

mixed thoroughly. 

Zipper bags were used to package the ready 

to cook breaded product. The packaged 

products were kept at -18ºC in refrigerator. 
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