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Introduction: Proteins and amino acids, as vital biomolecules, are not only part of key metabolic pathways in the body but are also essential for tissue repair, enzyme function, and hormone regulation. They also serve as building blocks for the formation of signaling molecules, such as neurotransmitters and catecholamines. Additionally, amino acids are the primary building components of proteins. Fish serves as a vital source of high-quality animal protein and amino acids, playing a crucial role in supporting human nutrition.

Methods: High-performance liquid chromatography (HPLC) using fluorescence detector was employed to investigated the amino acid content of eight food fishes from diverse aquatic habitats.

Results: The study revealed that the small indigenous fish (SIF) Systomus sarana and the marine fish Sardinella melanura were rich sources of all essential amino acids. Furthermore, estuarine fish like Pisodonophis boro can be recommended for specific amino acids like arginine, histidine, leucine, and valine, while Setipinna phasa is suggested for cysteine.

Discussion: These recommendations rely on the possible contribution of these fishes to the Recommended Dietary Allowance (RDA) regarding each nutrient. The insights gained from this study could be utilized as recommendations to meet amino acid requirement using fish as a natural supplement.
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1 Introduction

Amino acids, integral to body protein construction, are primarily derived from dietary proteins and are crucial for cellular growth, repair, and maintenance (Basumatary et al., 2017). Amino acids supply nitrogen, hydrocarbon skeletons, and sulfur, essential components for various functions in the body. They cannot be substituted by other nutrients like carbohydrates or lipids because the body does not produce nitrogen or sulfur. Moreover, they serve as essential precursors for synthesizing proteins, peptides, and various vital substances, including glutathione, dopamine, nitric oxide, serotonin, creatine, and nucleic acids, holding immense physiological significance (Wu, 2009; Wu et al., 2009; San Gabriel and Uneyama, 2013; Chandel, 2021).

There are 20 standard amino acids responsible for the synthesis of proteins that are known as proteinogenic amino acids (Li et al., 2021). Among the 20 amino acids, animals typically possess seven conditionally essential amino acids (CEAAs), which they can synthesize and are often not required in their diets. However, these amino acids become essential for specific populations unable to synthesize them adequately. Conversely, four amino acids are categorized as “nonessential” (NEAAs) as the body can synthesize them, and therefore, are not obligatory in the diet. The remaining nine amino acids, termed “essential” (EAAs), must be obtained from the diet. While most bacteria and plants can synthesize all 20 amino acids, it is commonly understood that amino acids play a crucial role not only in protein synthesis but also in generating ATP, glucose, and fatty acids. Traditionally, for fish, birds, and mammals, amino acids are categorized as CEAAs, NEAAs, or EAAs according to demand, growth, or nitrogen balance. Recent studies highlight the roles of functional amino acids (FAAs) from both EAAs and NEAAs in various physiological processes. The primary metabolic pathways that improve an organism’s growth, health, development, reproduction, and survival are regulated by FAAs. In human nutrition, arginine, aspartate, cysteine, methionine, leucine, tryptophan, glutamic acid, tyrosine, glycine, taurine, and proline are classified as FAAs (Wu, 2010, 2013) (Table 1).



TABLE 1 Essential, nonessential, conditionally essential and functional amino acids in the human diet.
[image: Table1]

Amino acids are mostly obtained from proteins in the diet, and the quality of these proteins is evaluated based on the proportion of amino acids that are essential vs. the nonessential amino acids (WHO, 2007). Both plant and animal proteins from lentils, eggs, fish, and meat upon digestion, yield the amino acids necessary for intracellular protein synthesis (Chandel, 2021). The amino acid content of foods displays considerable variation (Raw, 2015), and lysine and the sulfur-containing amino acids (cystine and methionine), which are limiting amino acids, have particular importance as protein synthesis is restricted, if the limiting amino acids are not adequately present (Baker, 2009; Stipanuk et al., 2009). Cereals like wheat and rice exhibit notably lower lysine levels compared to animal-derived foods. Similarly, leguminous plants like soybeans and chickpeas have significantly lower concentrations of methionine than animal-based foods (Raw, 2015). Consequently, the nutritional value of protein varies greatly among diets, making animal-derived foods considered to be “high quality” protein sources in contrast to proteins derived from plants (Young and El-Khoury, 1996; Singh, 2002). Moreover, the digestibility of proteins in food also plays a significant role, representing the portion of dietary intake that remains accessible to the body following breakdown and assimilation (Moughan, 2005).

According to several suggestions, in contrast to terrestrial animal protein, aquatic animal protein enriched with essential amino acids and several peptides has a higher digestibility and amino acid bioavailability (Tacon and Metian, 2013; Cashion et al., 2017). Fish regarded as an excellent source of several nutrients, including protein, contains approximately 18–20 percent protein (Balachandran, 2012) and provides every necessary amino acid required for the well-being of humans. In particular, considerable amounts of limiting essential amino acids, mainly lysine, which is scarce in cereals, are also present in fish (FAO, 2005). Furthermore, since it has less connective tissue than other animal proteins, fish muscle is easier to digest (Suganthi et al., 2015). High-quality proteins with higher digestibility provide essential amino acids in amounts that meet human needs (Mohanty et al., 2014). Animal nutritionists prioritize dietary protein digestibility due to its significance in tissue growth and costliness in feed (Li et al., 2021). Thus, the knowledge of the nutrient composition within fish muscles is essential for realizing the health benefits for consumers (Sarma et al., 2013; Mohanty et al., 2014). In this context, a crucial role can be played by fish, as it is a vital and economical source of high-quality proteins.

India harbors more than 10% of the world’s fish diversity (Ayyappan and Diwan, 2007). With a yearly production of about 17.54 million metric tons, the country ranks third globally in fish production, accounting for 8.92% of the total global fish production (Goi, 2022). However, insufficient knowledge about the nutritional composition of most fish and how nutrient yields differ among fisheries has greatly hindered the formulation of policies necessary to effectively utilize fisheries for ensuring food as well as nutritional security (Golden et al., 2016; Hicks et al., 2019). Rivers serve as primary habitat for various species of fish. The Ganga River system, the largest river system in the Indian subcontinent, with its immense cultural and ecological significance, serves as a vital habitat for a diverse array of aquatic species, including numerous fish varieties (Dudgeon et al., 2006). A major portion of the lower stretch of the Ganges River flows across West Bengal before its discharge into the Bay of Bengal. The Ganges enters West Bengal as the Bhagirathi River. The Ganga River then diverges and descends into the Hooghly estuary, creating one of its first branches in the delta. Serving as a crucial connection between the Hooghly–Bhagirathi River basin and the Bay of Bengal, the Hooghly estuary has become a major section of the Ganges-Brahmaputra-Meghna (GBM), the biggest fluvio-marine delta in the world, situated within India’s geographical boundaries. The Hooghly estuary receives water from major and minor rivers such as the Falgu, Ajay, Churni, and Jalangi to the north, and the Mayurakshi, Rupnarayan, Haldi, and Damodar to the south (Das, 2015; Maheshvaran et al., 2019). River Matla is also one of the major rivers of the Sundarbans that supports numerous fish species (Mahapatra et al., 2014). Thus, due to its extensive distribution throughout the nation, including West Bengal, the Ganges River, with its diverse array of fish species, serves as an important protein source for millions of people residing in the Ganga basin (Maurya et al., 2019). Therefore, understanding the amino acid profiles of indigenous fish species inhabiting different stretches of the Ganges River is essential to evaluate their nutritional adequacy.

Humans need sufficient food and proper nutrition to sustain and maintain an active and fruitful lifestyle (Sharma et al., 2021). Food is composed of food ingredients, which (say, fish) are composed of several nutrients. The proportion of a nutrient that a healthy individual must obtain from food to fulfill his/her physiological needs is called nutrient requirement (Sharma et al., 2021). The Recommended Dietary Allowance (RDA) is designed for healthy individuals and can be recommended to fulfill the nutritional requirements for particular nutrients based on age, gender, and life stage. It aims to minimize the likelihood of insufficient nutrient intake (Indian Council of Medical Research, 2020). While recommendations are often in terms of protein intake, the true biological need is for amino acids (National Research Council, 1989). The Indian Council of Medical Research (ICMR) adopts the FAO/WHO/UNU guidelines as the basis for establishing the RDA, making minor adjustments as needed. RDAs for nutrients are provided in standardized units to facilitate easy calculation of individual needs based on basal metabolic rate and/or body weight.

In the past few decades, the rise in global population has also increased the demand for fish as a vital protein source due to its high nutritional value. Fish constitutes a substantial portion of human protein intake, with at least 20% consumed by a third of the global populace, particularly pronounced in developing nations (Béné et al., 2007). Furthermore, amino acids are concerned with health, and inadequacies in these essential nutrients can contribute to various diseases. Therefore, understanding the composition of amino acids forms the foundation for determining the potential nutritional value of foods (Williams, 2005). Hence, there is a necessity to produce and record nutritional data on several varieties of fish species that are available for consumption as it is a vital source of protein and essential nutrients, understanding the composition of amino acids is imperative for assessing their nutritional value and potential health benefits (Gatlin et al., 2007). In this context, the main objective of the research was to assess the composition of amino acids of eight selected fish species collected from various zones of the Ganges River. Additionally, it aimed to determine their potential contribution (expressed as daily value %) to the recommended dietary allowance (RDA), thereby enhancing their nutritional utility for humans.



2 Materials and methods


2.1 Ethical statement

All research conducted adheres to the ethical standards and guidelines and complies with the legal regulations of the nation where the study was conducted and was in accordance with Institute Animal Ethics Committee (No. CIFRI/IAEC-22-23/01).



2.2 Sample collection and processing

From the landing sites, freshly caught fish were collected and transported in ice to the laboratory. The eight fish species that were included in the amino acid profiling were the small indigenous fish (SIF) Systomus sarana (Rupnarayan), the catfishes Mystus bleekeri (Farraka), M. gulio (Haldi River) (all freshwater fishes), the estuarine fishes Setipinna phasa, (Haldi River), Otolithoides pama (Haldi River), and Pisodonophis boro (Matla River), the anadromous fish, Hilsa keele (Matla River), and the marine fish Sardinella melanura (Farrraka) (Figure 1). The species included in the present study are all highly preferred food fishes. The fish that are considered SIFs, attains a maximum of 20 cm length at maturity or the adult stage (Roos et al., 2003). After being washed, descaled, and degutted, the remaining edible portion of the SIFs (parts of bones and head) were gathered. Three pooled samples were prepared of each fish species containing 50 individual fish. All the pooled fish samples (n = 3) were kept at −40°C until they were analyzed.

[image: Figure 1]

FIGURE 1
 Map representing fish sampling sites.




2.3 Amino acid analysis

The amino acid composition was estimated as per Ishida et al. (1981). Fish muscle samples (50 mg) were hydrolyzed for 24 h at 110°C in anaerobic conditions using 5 mL of 6N hydrochloric acid. After neutralizing the resultant hydrolysates with 6N NaOH, an AccQ-Fluor Reagent kit (WAT052880, Waters) was used to derivatize them. Samples that had been derivatized were injected into a high-performance liquid chromatography (HPLC) system (1525, Waters) that had a fluorescence detector (2475, Waters) and a C18 RP column. By comparing the measured and standard retention times and peak areas (WAT088122, Waters), amino acids were identified.



2.4 Statistical analysis

The data are depicted as mean ± standard deviation and analyzed using MS Excel, 2010. SPSS 16.0 was employed to do a one-way ANOVA (p < 0.05), followed by a Tukey’s post hoc to evaluate significant differences between different fish species considering each amino acid.



2.5 Computation of DV% and potential contribution to RDA

The assessment of the richness of a fish species for a specific amino acid depends on its potential contribution (expressed as DV %) to the RDA for that specific amino acid. Based on the RDA for an adult male weighing 60 kg, the potential contribution of fish to the daily value of meals (DV%) was computed (WHO, 2007; Indian Council of Medical Research, 2020). For instance, the RDA for histidine is 10 mg/kg of an individual body weight when expressed as intake/kg body weight. This implies that a 60 kg individual would require 600 mg (10 × 60) of histidine per day. With this RDA in mind, a 60 kg individual would get 77.23% of their daily histidine need from eating 50 g of fish (Hilsa keele), which has 463.4 mg of histidine. This represents the histidine DV% of 50 g of Hilsa keele. Likewise, the DV% for each amino acid was computed by taking into account the requirement and content of each amino acid in the chosen fish.




3 Results

The composition of amino acids of the eight studied food fishes from the various sections of the Ganga River is shown in Table 2.



TABLE 2 Amino acid composition of eight food fishes from different stretches of the Ganga River in and around Kolkata, West Bengal, India.
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Arginine levels were found to be high in SIF Systomus sarana (3.62 ± 0.2 g/100 g), marine fish Sardinella melanura, and estuarine fish Pisodonophis boro. Similarly, the histidine content was notably high in both the SIF S. sarana (1.4 ± 0.5 g/100 g) and the estuarine fish P. boro (1.4 ± 0.2 g/100 g).

Among the fishes examined, the SIF S. sarana (2.4 ± 0.4 g/100 g) contained the highest concentration of isoleucine. High leucine content was observed in the SIF S. sarana (4.6 ± 0.5 g/100 g), marine fish S. melanura (4.3 ± 0.4 g/100 g), and anadromous fish Hilsa keele (3.5 ± 0.6 g/100 g). The content of lysine was found to be high in the marine fish S. melanura (5.4 ± 1.1 g/100 g) and the SIF S. sarana (5.1 ± 1.2 g/100 g). Furthermore, the marine fish S. melanura contained the highest amount of methionine (1.9 ± 0.7 g/100 g) among all the fishes studied.

The highest amount of phenylalanine (2.5 ± 0.2 g/100 g) and threonine (2.8 ± 0.4 g/100 g) were found in the SIF S. sarana. Additionally, the highest glutamate concentrations were observed in the marine fish S. melanura (9.8 ± 1.7 g/100 g) and the SIF S. sarana (9.3 ± 1.2 g/100 g). The aspartic acid content was also found to be high in the SIF S. sarana (6.5 ± 1.4 g/100 g), followed by S. melanura (6.4 ± 1.5 g/100 g).

Figure 2 illustrates the potential contributions of various fish species (expressed as DV %) to the RDAs for important amino acids, applicable to an adult male weighing 60 kg. The fish’s wet weight is used to determine these values. The marine fish Sardinella melanura, provides 159.96% of the daily methionine requirement in a 50 g serving. Similarly, the estuarine fish, Setipinna phasa, supplies 99.50% of the daily cysteine requirement in a 50 g serving (Figure 2). Thus, these fishes (and similarly the other fishes with high DV% for a particular amino acid) are found to be rich sources of methionine and cysteine.

[image: Figure 2]

FIGURE 2
 The recommended daily allowance (RDA) recommended for adult men is provided along the Y-axis. Accordingly, the potential contribution of fish (Daily value, DV %) is plotted along the X-axis. DV% was calculated using the analyzed values and the RDA recommended for adult men weighing 60 kg for Indians (WHO, 2007; Indian Council of Medical Research, 2020) with an appraisal of FAO/WHO recommendations. For the calculation of DV%, each serving was considered to be 50 g of fish.




4 Discussion

Amino acids, integral to body protein, are primarily derived from dietary proteins and are crucial for cellular growth, repair, and maintenance (Basumatary et al., 2017). Additionally, they serve as essential precursors for synthesizing proteins, peptides, and various vital substances, including glutathione, dopamine, nitric oxide, serotonin, creatine, and nucleic acids, holding immense physiological significance (Wu, 2009; San Gabriel and Uneyama, 2013). The quality of proteins is evaluated based on the proportion of amino acids that are essential vs. the nonessential amino acids (WHO, 2007). Also, the speed at which proteins are synthesized is directly influenced by the availability of amino acids in cells and plasma (Li et al., 2021). In this context, a crucial role can be played by fish, as it is a vital and economical source of high-quality proteins and amino acids. The present study included food fishes that are highly favored and have strong preferences by consumers.

Arginine exhibits diverse physiological functions and is regarded as a versatile amino acid. It participates in immune responses, ureagenesis, defense against antioxidants, regulation of the somatotropic axis, detoxification of ammonia, and stress response. In the present study, arginine levels were found to be high in SIF Systomus sarana, which is higher than Puntius sophore (0.1 ± 0.03 g/100 g sample) as reported by Mohanty et al. (2014).

Histidine, a precursor to histamine commonly found in hemoglobin, serves as a carbon source for purine synthesis. Furthermore, it is regarded as an essential amino acid crucial for several metabolic processes, including histamine production from certain pathways, inflammatory responses, tissue formation, and repair. Additionally, it contributes to osmoregulation, energy production, and adaptation to stress (Liao et al., 2013). In this study, the histidine content of the SIF S. sarana, and the estuarine fish P. boro was high. Previous studies revealed that the marine fish Rastrelliger kanagurta (Mohanty et al., 2014) and the SIF P. sophore (Mahanty et al., 2014) had high amounts of histidine.

The branched-chain amino acid isoleucine participates in the development of muscle by regulating protein synthesis and degradation and thus promotes growth (Braverman, 2003; Charlton, 2006). The SIF S. sarana contained the highest concentration of isoleucine among the fishes examined.

Leucine, regarded as an anabolic amino acid that activates the mammalian target of rapamycin (mTOR) signaling pathway in human skeletal muscle, is the sole amino acid that stimulates muscle protein synthesis and deposition and inhibits proteolysis (Drummond and Rasmussen, 2008). The leucine content of the SIF S. sarana was highest among all the fishes studied followed by S. melanura and Hilsa keele.

Lysine is an essential amino acid and must be consumed in sufficient amounts to support protein synthesis and maintain a positive nitrogen balance in human (Matthews, 2020). The content of lysine of the marine fish S. melanura was found to be substantially high among all the fishes studied followed by S. sarana.

Methionine is considered a crucial amino acid, essential due to its sulfur content, involved in cysteine synthesis and regulate the production of antioxidant, glutathione (Elango, 2020). Methionine has even been linked in humans to lower incidences of rectal cancer, risk of ovarian cancer in women, and also proximal colon cancer in men. A diet low in methionine affects the growth of tumor cells in stomach. In vitro, methionine deficit increases the rate of apoptosis and reduces cell-to-cell adhesion and migration, which is linked to both elevated gene expression and reduced E-cadherin promoter methylation (Schnekenburger and Diederich, 2015). Among all the fishes studied, the marine fish S. melanura contained the highest amount of methionine, higher than that reported in Sardinella longiceps (0.3 g/100 g) (Mohanty et al., 2014).

Phenylalanine is crucial for proper functioning of the central nervous system, associated with the formation of neurotransmitters like dopamine, epinephrine, and nor-epinephrine. It was found to be useful in the treating vitiligo in children as well as in adults. It also imparts weight loss benefits by the regulating the discharge of cholecystokinin hormone that regulates satiety after eating (Akram et al., 2020). The SIF S. sarana contained the highest amount of phenylalanine among all the fishes studied.

Threonine is an essential amino acid that regulates cell cycle transition from G1 to S phase and was found to be crucial for proliferation of human embryonic stem cells (Canfield and Bradshaw, 2019). The SIF S. sarana contained the highest amount of threonine among all the fishes studied, higher than in SIF P. sophore (0.3 g/100 g) (Mohanty et al., 2014).

Nutritionally, NEAA, synthesized adequately within the organism, though, need not be supplied in the diet, regulate cell signaling, gene expression, nutrient absorption, protein and DNA synthesis, metabolism, acid–base balance, fertility, antioxidative responses, neurotransmission, detoxification, and immunity (Hou et al., 2015). Arginine, glycine, glutamine, and proline play a significant role in collagen synthesis and extracellular matrix remodeling (Wu, 2021). Non-essential amino acids like tyrosine are essential for pigmentation in skin, hair, and eyes (Sturm, 2009). Aspartic acid (FAA) serves as the precursor for amino acids threonine, methionine, lysine, and isoleucine, while also governing the secretion of vital hormones (Mohanty et al., 2014). Emerging evidence suggests the dietary importance of NEAA for realizing genetic potential in growth, reproduction, and disease resistance in animals and humans (Hou et al., 2015). The content of aspartic acid considering the SIF S. sarana, was substantially high among the fishes studied, followed by S. melanura.

Glutamate is a non-essential amino acid for human but plays a significant role as an excitatory neurotransmitter in the brain. It is also essential for learning and memory and an optimal level of glutamate is vital for minimizing neuronal injury in neurodegenerative disorders like Alzheimer’s disease (Canfield and Bradshaw, 2019). The marine fish S. melanura had the highest glutamate concentration among all the fish studied.

The potential contribution (DV%) of the fishes studied to the respective RDA of individual amino acids revealed that among the fishes studied, S. sarana and S. melanura showed the highest contribution to the RDA of threonine, leucine, isoleucine, histidine and valine, methionine, and lysine, respectively. In the present study, the RDA was calculated for adult man; however, women and children will have different RDA for these amino acids as their requirement differs for any particular amino acid.



5 Conclusion

Fish is a significantly important source of proteins. Compared to other sources of animal proteins, consumers are provided with a broad range of choices for fish in terms of affordability, especially in tropical countries, where many varieties and species of fish are available (Mohanty, 2010). However, the nutrient composition of fish is affected by several variables, including species, habitat, and feeding habits. Therefore, we conducted a study to ascertain the amino acid composition of eight Indian food fish species, enriching our knowledge base on nutrient composition. This data are valuable for increasing consumers’ awareness about fish’s nutritional significance and enhancing their utility in human nutrition. Additionally, healthcare professionals can use this information as a reference point to prescribe specific fish for meeting particular dietary needs. Our findings indicate that the small indigenous fish Systomus sarana and the marine fish Sardinella melanura were rich sources of all essential amino acids. Furthermore, estuarine fish like Pisodonophis boro can be recommended for specific amino acids like arginine, histidine, leucine, and valine, while Setipinna phasa is suggested for cysteine. These suggestions rely on the potential contribution of these fishes to the Recommended Dietary Allowance (RDA) for each nutrient. However, further studies on these SIFs can ensure their inclusion as a vital source of amino acids in human nutrition.
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