


Utilization of Low-Value Fish Biomass and Processing By-Products through Papain Hydrolysis: Production and Proximate Composition of a fish Protein Hydrolysates
Abstract
This research investigates the production of fish protein hydrolysate (FPH) from marine small and medium-sized low value fishes using meat, skin, and viscera as raw materials. Enzymatic hydrolysis was employed as an effective method to convert underutilized fish resources into a value-added protein product. All experiments were performed in triplicate, and results are presented as mean ± SD. An overall yield of 8% FPH was obtained from 100 g of minced raw material. The hydrolysis conditions were selected based on preliminary experiments aimed at maximizing degree of hydrolysis and yield and were conducted at 40 °C and pH 6.7 with a 1% enzyme-to-substrate ratio for 120 minutes, resulting in an 18.09% degree of hydrolysis and 8.02% yield. Proximate composition analysis of the FPH (dry-weight) indicated a high crude protein content of 81.93%, along with low levels of crude fat (1.9%), ash (6.6%), and moisture (8.9%). In comparison, the raw fish (wet-weight) exhibited crude protein of 13.47%, crude fat 5.24%, ash 2.29%, and moisture 78.68%. The results highlight a substantial enhancement in protein concentration and a marked reduction in fat and moisture following hydrolysis. The findings suggest that marine low value fish can be effectively utilized for the production of protein rich ingredient fish protein hydrolysate, offering promising potential for applications in food, feed, and nutraceutical industries.
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1. Introduction 
Within fisheries management, discarding is currently one of the most important issues, both from the economic and the environmental point of view (Catchpole and Gray, 2010). Every year, a large number of marine by-products, such as by-catch from fisheries and seafood processing leftovers, is discarded, even though that these by-products contain valuable nutrients that can be used for functional ingredients in the feed industry (Chalamaiah et al., 2012). The primary component of these by-products is protein, with lipid and minerals following closely behind. Animal-derived proteins generally offer higher nutritional value compared to plant proteins, making them advantageous. Fish proteins are particularly noteworthy in most cases due to their richness in essential amino acids like valine and lysine (López-Pedrouso et al., 2020). “Low value fish are deemed economically unviable due to their low quality, small size, or lack of consumer demand. They are either consumed by humans (frequently processed or preserved) or utilized as feed for livestock or fish, either directly or by being converted into fish meal or fish oil. Due to their high protein, polyunsaturated fatty acid (PUFA), and other nutritional content, including carotenoids, minerals, vitamins, squalene, and glycosaminoglycans, seafood wastes are utilized as a raw material for silage, fish meal, fertilizer, or as a component of aqua- and poultry diets” (Mutalipassi et al., 2021). “The fish processing industry produces more than 60% of byproducts as waste, such as head, skin, trimmings, fins, frames, viscera and roes, and only 40% fish products for human consumption” (Dekkers et al., 2011). “These large quantities of seafood waste and discarded fish from fisheries would create serious pollution and disposal problems in both developed and developing countries (Hsu, 2010). Bioactive peptide is a specific amino acid sequence that promotes beneficial physiological effects to the consumers when ingested. It is usually a sequence of 2-20 amino acids. Fermentation, chemical hydrolysis, and enzymatic hydrolysis are the most common methods of obtaining hydrolysates from fish waste. Enzymatic hydrolysis is a fast, safe, and easily controlled method of producing protein hydrolysates” (Luna-Vitaln et al., 2015). “Generally, proteolytic enzymes used for hydrolysis include pronase, alcalase, neutrase, validase, protease A, pepsin, protamex, orientase, thermolysin, papain, trypsin, bromelain, favourzyme, ficin, pancreatin, cryotin F and ά-chymotrypsin” (Chalamaiah et al., 2012). “The enzymatic protein hydrolysis (EPH) process is advantageous for food/nutrional applications due to relatively mild process temperatures, moderate reaction pH, and relatively mild chemical requirements in comparison to other valorization techniques” (Hopkins et al., 2025). “The use of these enzymes led to the production of fish protein hydrolysates (FPHs), a rich nutritive ingredient that is abundant in bioactive peptides and amino acids” (Sinthusamran et al., 2020). “Papain is a plant proteolytic enzyme and belongs to the cysteine proteinase family. It naturally exists in papaya (Carica papaya L.) but manufactured from the latex of raw papaya fruits. Papain breaks down proteins, which are made up of amino acids, known as polypeptides” (Mamboya and Amri, 2012). “Papain is the most widely used enzyme due to its easy availability and costly cheap” (Benjakul et al. 2014). The global fish protein hydrolysates market is expected to grow from USD 267.87 million in 2023 to USD 372.88 million by 2031 (CAGR 4.4%). “Growth is driven by demand for pharmaceuticals, muscle-building products, and disease-preventing ingredients. Although currently used in animal feed, pet food, and cosmetics, expanding applications in protein supplements, sports nutrition, and infant formulas are anticipated to further boost the market” (Honrado et al., 2024). Short-chain peptide–rich fish protein hydrolysate (FPH) has been shown to improve fish growth performance, nutrient utilization, antioxidant capacity, and immune response when included at appropriate levels in aquaculture diets (Ospina-Salazar et al., 2016; Siddik et al., 2018;). FPH has greater antioxidant, anti-obesity, anticancer, anticoagulant, immunomodulatory and antihypertensive activity so widely used in nutriceuticals (Das et al, 2021). The objective of present study to evaluate the productional of fish protein hydrolysate from trash fish prepared by enzymes hydrolysis using papain.
2. Material and Method
2.1 Materials 
           Small and medium size of marine low value fish (sole fish, grouper, croaker, goldband, goatfish, silver conger, lizard fish, flatheads) was freshly purchased from the Bhidiya harbour and kharakuva fish market, Veraval (Gujarat), for fish protein hydrolysate. The fishes were packed in polyethylene bags, placed in ice with a sample/ice ratio of approximately 1:3 (w/w) and transported to the laboratory within 30 min. Fish used for MFPH preparation were cleaned by removing the head, scales, fins, and bones. The resulting raw material consisted of a mixed-species by-product in which meat and skin as the major components and viscera present in a smaller proportion. The meat, skin and viscera were washed with water to remove impurities and was stored in a deep freezer at − 20 °C until further use. Enzyme papain (Papaya Latex, 6000USP-U/mg) was purchased from Sisco research laboratories Pvt. Ltd. Maharashtra, India. The enzyme was directly stored at 2 to 8 °C. All chemicals and reagents used in the experiments were of high purity and analytical grade.
2.2 Methods 
2.2.1 Preparation of hydrolysate from marine trash fish by papain enzyme
The hydrolysate was prepared following the methods described by Muzaifa et al. (2014) and Karnila et al. (2020), with slight modifications. The frozen raw material was thawed before use. 100 gm of raw material minced in mixer grinder. Minced meat homogenized with distilled water (1:1) for 2-3 min. “The enzymatic hydrolysis was started by Adding 1% papain enzyme in Homogenate. The conditions employed for hydrolysis included: temperature-40 °C, pH-6.7 and time-2 hour. The pH of the reaction mixture was not actively controlled during hydrolysis; however, the final pH after 2 h was 6.7, which is within an acceptable range. This homogenate Substrate rotate in magnetic stirrer hot plate” (Tarsons digital spinrot) at 200 rpm for 2 hours at 40 °C temperature for activation of Enzyme (Papain).  After 2 hours of hydrolysis the enzymes were inactivated by heating at 80 to 90 °C for 20 min in oven. Cool down substrate at room temperature for 30 minutes. The mixture was then centrifuged at 9500 RPM at 25 °C for 15 minutes (model 5810 R, Eppendorf, Hamburg, Germany). After removing the surface oil layer using a micropipette, the supernatant was collected and pour into glass or metal tray for drying in hot air oven at 50 °C until whole liquid was dried and turn into solid layer. After fully drying this solid layer of MFPH scratch out from plate, grind it and stored into air tight container for further use.
2.2.2 Yield 
         The yield was determined by calculating the ratio of the weight of the marine fish protein hydrolysate to the weight of used trash fish: 
Yield (%) = (Marine fish protein hydrolysate/minced raw material) x 100 
2.2.3 Degree of hydrolysis analysis
         “Degree of hydrolysis was estimated as per the methodology described by Hasnaliza et al (2010) method. The degree of hydrolysis is calculated based on the percentage ratio of trichloroacetic acid (TCA). About 20 mL of protein hydrolysate were mixed with 20 mL of 20 % (w/v) TCA. The mixture is then allowed to rest for 30 minutes for precipitation to occur, then centrifuged (9000 rpm for 15 minutes). The resulting supernatant was analysed for the nitrogen content using the Kjeldahl method with digestion and a distillation unit” (AOAC 2017).
       20% TCA soluble N2 in the sample
DH (%) =                                                                    x 100
     Total N2 in the sample
2.2.4 Proximate analysis
         The proximate analysis of the samples was determined using AOAC methods (AOAC, 2017). Crude protein content was measured by converting the nitrogen content obtained by the Kjedhal method. Total lipid was measured by Soxhlet extraction method using petroleum ether as the extract agent. Ash content was determined by dry ashing the sample in a muffle furnace maintained at 550 °C. Moisture content was determined by drying the sample at 105°C. Carbohydrate content was determined by subtracting the combined percent of moisture, ash, protein, and lipid from 100. Data obtained for ash, protein, lipid, and carbohydrate were presented on a dry weight basis.
2.2.5 Statical analysis
All experiments were performed in triplicate, and the results were reported as mean ± SD. Statistical analysis were performed using Microsoft excel (version 2013).
3. Result & Discussions

Data of yield, degree of hydrolysis, trash fish and MFPH proximate composition are presented in table.1, 2 and.3.
3.1 Yield of MPH
The result showed that 8% yield found from 100 g minced raw material (meat, skin and viscera) respectively.
Table 1 Estimation of total trash fish (meat, skin and viscera) used and final product obtained
	Raw trash fish
(Wet wt.) (g)
	Minced raw material
(Wet wt.) (g)
	Obtained MPH 
(Dry wt.) (g)
	Yield (%)

	500 
	100 
	8.02±0.041
	8.02 


Note: Data expressed as mean ± SE (n=3)

3.2 Degree of hydrolysis 
The degree of hydrolysis of MFPH reached 18.09% when 1% papain enzyme was used under hydrolysis conditions of 40 °C, pH 6.7, and a reaction time of 2 hours.
Table 2 Degree of hydrolysis (DH) of MFPH
	DH (%)
	Enzyme
	Temperature (°C)
	pH
	TIME (h)
	E/S (%)

	18.09±0.002
	Papain
	40
	6.7
	2
	1


Note: Data expressed as mean ± SE (n=3)

3.3 Proximate composition of low value fish and fish protein hydrolysate
Proximate composition of marine low value fish meat, skin and viscera and fish protein hydrolysate are presented in table 3 and 4. From the result it was observed that low value fish (meat, skin and viscera) contain 13.47% crude protein, 5.24% crude fat, 2.29% ash and 78.68% moisture and 0.32% carbohydrate. While, fish protein hydrolysate contains 81.93% crude protein, 1.9 % crude fat, 6,60% ash and 8.89% moisture and 0.67% carbohydrate.
Table 3 Proximate composition of low value fish (raw material) 
	Composition (%)
	Low value fishes

	Crude protein (db)
	13.47±0.002

	Crude fat (db)
	5.24±0.002

	Ash (db)
	2.29±0.001

	Moisture (wb)
	78.68±0.004

	Carbohydrate
	0.32±0.003


Note: db - dry matter basis, wb – wet matter basis
Note: Data expressed as mean ± SE (n=3)

Table 4 Proximate composition of marine fish protein hydrolysate (dry wt.)
	Composition (%)
	 Fish protein hydrolysate (Dry wt.)

	Crude protein 
	81.93±0.02

	Crude fat 
	1.90±0.01

	Ash 
	6.60±0.02

	Moisture
	8.89±0.01

	Carbohydrate
	0.67±0.05


Note: Data expressed as mean ± SE (n=3)

Yield of MFPH
Hydrolysate yield is calculated as the proportion of hydrolysed product produced in relation to the weight of the minced raw material before the hydrolysis process. The enzyme concentration, temperature, pH, and hydrolysis time affect the amount of yield produced. Srikanya et al. (2017) reported that “the yield of fish protein hydrolysate from tilapia waste using papain enzyme ranged between 5.05 and 7.81% under different temperature and time conditions, which is comparable to the 8% yield obtained for fish protein hydrolysate in the present study using papain”. “Higher enzyme concentrations promoted faster hydrolysis and increased protein yield. However, once the optimal enzyme concentration was exceeded, further additions failed to enhance hydrolysate production, suggesting limited substrate availability” (Wijayanti et al 2016). 
 Degree of hydrolysis (DH)
“The degree of hydrolysis (DH) is recognized as a key parameter for evaluating protein hydrolysis efficiency. Higher DH values indicate extensive peptide bond cleavage, resulting in low-molecular-weight, highly soluble peptides that enhance protein recovery in the final hydrolysate powder (He et al. 2014). Papain has been widely used to hydrolyse fish proteins, producing degrees of hydrolysis in the range of ~20–30% depending on conditions” (Noman et al., 2018; Elavarasan & Shamasundar, 2021). The frame waste hydrolysate exhibited a lower degree of hydrolysis (14.43%), which may be attributed to the collagen-rich and rigid protein structure that restricts enzymatic cleavage (Srikanya et al. 2017). “In contrast, the marine trash fish protein hydrolysate showed a significantly higher degree of hydrolysis (18.09%), indicating more extensive peptide bond breakdown under prolonged incubation. The loach protein hydrolysate reached 18% DH at 55 °C with low enzyme (0.26%)” (You et al. 2009), similar to 18.09% DH for marine protein hydrolysate at 40 °C with higher enzyme (1%) in this study. “This shows that higher temperature can compensate for lower enzyme concentration in achieving similar hydrolysis. Salmon (S. salar) frames were hydrolyzed using plant-based papain at 40 °C, pH 7, with an enzyme-to-substrate ratio of 1–3%, and these conditions are in agreement with the findings of our study” (Idowu et al., 2019)
Proximate composition of marine low value fish (meat, skin and viscera) and fish protein hydrolysate
The nutritional value of fish protein hydrolysates is primarily influenced by the proximate composition of the raw by-products (Honrado et al., 2024). “Several studies have shown that the chemical composition of low-value and trash fish falls within a specific range” (Kasthuri et al. 2021, Jeyasanta and Patterson 2014) which is consistent with our findings. In this present study marine protein hydrolysate prepared with trash fish (meat, skin and viscera) with papain enzyme. “Papain belongs to the endopeptidase class of proteolytic enzymes and is known for its ability to hydrolyse internal peptide linkages within protein chains” (Grzonka et al. 2007).
[bookmark: _GoBack]MPH crude protein and crude fat was recorded 81.93%, 1.9%. The finding agreed with Ritchie & Mackie (1982) who recorded crude protein 82.19%, crude fat 1.72% in fish protein powder which is prepared from gutted and ungutted pelagic species such as sprats, mackerel or blue whiting (enzyme: papain). Karnila et al. (2020) recorded 92.47% CP and 0.35% CF value in yellow pike conger protein hydrolysate prepared with used of papain enzyme. You et al. (2009) also find same range of crude protein 72.5 % to 85.2% with different degree of hydrolysis in loach protein hydrolysate with added of papain enzyme. Protein content of in this finding (MFPH) produced using papain enzyme (81.93%) was higher than that of hydrolysate derived from leftover processing by-products using Flavoenzyme (73.51%), as reported by Muzaifa et al. (2012). Crude fat content of marine fish protein hydrolysate is 1.9 %. Higher fat contains compare to previous studies may be due to incomplete removal of fat. Ash contain of MFPH is 6.60 % which shows similar result with karnila et al. (2020) who found ash contain 6.45 % from yellow pike conger protein hydrolysate. FPH had low moisture content which is related to high temperature employed during processing and drying which has vital role in extending the shelf-life of the product (Abraha et al. 2017). Proximate of composition (Crude Protein-81.93%, crude fat-1.9%, ash-6.6%, moisture- 8.9%) of this study of  fish protein hydrolysate is not much different with Chinese sturgeon (Acipenser sinensis) protein hydrolysate (Crude protein-79.67%, Crude fat- 0.33%, ash-6.58%, 6.06%) by using papain enzyme (Noman et al. 2018).  Generally proximate composition of fish protein hydrolysate varies with type of fish, and enzyme used. The crude protein content of the fish protein hydrolysate was determined to be 81.93%, indicating a protein-rich composition. 
4. Conclusion
The study demonstrates that marine small and medium-sized low value fishes can be efficiently converted into high-quality fish protein hydrolysate through enzymatic hydrolysis. Optimized processing conditions yielded an FPH with significantly enhanced protein content and reduced fat and moisture compared to raw material. The resulting hydrolysate exhibits favourable nutritional characteristics, indicating its suitability for value-added applications. Overall, this approach offers a sustainable and economically viable pathway for utilizing underexploited marine resources in food, feed, and nutraceutical industries.
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