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Abstract

:

This study analyzed and compared the nutritional profiles of wild (Pangasius pangasius) and farmed (Pangasius hypophthalmus) pangasius catfish collected from the various sources of river and culture ponds in Bangladesh. The results indicated that the wild pangasius catfish had a significantly (p < 0.05) higher levels of moisture, fat and ash content, compared to the farmed one. However, the farmed pangasius had significantly higher level of protein and carbohydrate, compared to wild pangasius. The total EAA ratio was found to be significantly higher (p < 0.05) in wild pangasius (1.51 ± 0.01 g/100 g), compared to farmed pangasius (1.55 ± 0.01 g/100 g), which exceeded the FAO/WHO minimum standard of 40% for both species. In regard to fatty acid contents, wild pangasius was found to be rich in docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) with a mean value of 4.89% and 2.72%, respectively, while the values in the farmed pangasius were 1.07% and 0 (not detected), respectively. A higher ω-3/ω-6 ratio was found in wild pangasius 14.26%, in comparison with farmed pangasius (0.14%). Overall, the results indicated that pangasius catfish either farmed or wild are suitable for human consumption wherein wild pangasius has superior amino acid and fatty acid quality, compared to the pangasius reared in captivity.
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1. Introduction


Bangladesh is one of the top-ranked (5th position in 2018) aquaculture-producing countries in the world, producing over 2.6 million tonnes in 2020 [1]. Farmed pangasius (Pangasius hypophthalmus) has become the single most important species in Bangladesh, which represents 18% of the total aquaculture production in the year of 2017–2018 [2]. This species has the significant role of fulfilling nutritional security, especially for the low-income people of Bangladesh [3]. The muscles of farmed pangasius have been reported to be shipped to over 80 countries around the world, including the Netherlands, Germany, and the United States, where frozen fillets without skin and bone are in high demand [4]. On the other hand, the wild pangasius (Pangasius pangasius), known as yellowtail catfish, is one of the most popular riverine catfish species of Bangladesh, which has huge demand locally due to its superior taste over farmed pangasius [5].



Fish is considered one of the best nutrient-rich animal-derived foods due to its high-quality protein, well-balanced amino acids, low in saturated fat and high in omega-3 fatty acids, essential micro and macro elements, and vitamins to support the good health of consumers [6]. Fish protein is rich in essential amino acids that are vital for a healthy organism because the human body cannot generate some of these molecules. Fish protein is easily digestible and its amino acids promote a myriad of health benefits, including tissue healing, homeostasis, regulation of several cellular processes, as precursors of hormones and nitrogenous bases and development of all ages of people [7,8]. In addition, fish fat is regarded as a rich source of long-chain polyunsaturated ω-3 fatty acids, viz., eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). The consumption of these long-chain polyunsaturated ω-3 fatty acids (viz., EPA) and docosahexaenoic acids (DHA) can prevent the development of many diseases in humans, especially cardiovascular diseases [9], reducing the risk of heart arrhythmias, blood pressure, triglyceride concentrations, platelet aggregation [10], atherosclerosis, hypertension, hyperlipidemia, allergies, arthritis, autoimmune disorders, and even cancers [11,12,13].



The nutritional and biochemical composition of fish varies widely from species to species and within the same species. The key variables that can influence the chemical composition of fish include feeding habits, sex, and seasonal variations [14]. Thus, it is imperative to comprehend the composition of a particular fish to get the most out of it and to ensure the nutritional requirements of human. Azam [15] reported that biochemical testing is required to make sure the fish is nutrient-dense and the human health is benefited. Despite the good market demand, the high growth rate, the white flesh, and the relatively good taste of the wild pangasius [5,16], the nutritional profile of this species is still not well presented to the consumers. The nutritional profiling of wild pangasius could further attract traders, processors, industries, and policymakers to produce its fillet and to expand to local and global consumers. Although some studies have reported amino acids and fatty acids compositions of farmed P. hypophthalmus [17,18], there is no data concerning complete nutritional profiling and dietary requirements of wild pangasius from Bangladesh, except the preliminary work of Monalisa [19]. Apart from that, how the nutritional compositions of Pangasius spp. could be varied with its consequent impact on human health is also unknown. Thus, this study was aimed to investigate the amino acid and fatty acid profiles of wild pangasius for the first time and compared with the farmed pangasius to correlate these results with the associated nutritional indices for the potential impact on human health.




2. Materials and Methods


2.1. Ethical Statement


The experimental protocol and guidelines were maintained according to the Animal Welfare and Ethical Committee of Patuakhali Science and Technology University, Patuakhali, Bangladesh. The research and use of animals for the experiment have been authorized by the Ethical Committee (Approval No. PSTU-FoF/2019/04).




2.2. Collection of Fish and Sample


A total of 18 marketable-size wild and farmed pangasius catfish were collected from three different sampling sites of the Meghna River (3 species from each site) and from three different culture ponds (3 species from each pond) of Bhola, Bangladesh in September 2020 (Figure 1). Among the collected samples, three wild and three farmed fishes were chosen randomly for biochemical analysis, including proximate, amino acid and fatty acid composition. The sampling spots were selected on the basis of availability of wild pangasius catfish in this region. From the estuary to the freshwater, the Meghna River provides a reliable source of wild pangasius catfish.



The farmed pangasius catfish were raised using Mega feed (Spectra Hexa Feeds Ltd., Dhaka, Bangladesh), which contains 30% protein and 5% lipid fed at a rate of 4% of body weight three times a day. The marketable size for both of these species was utilized in this study. The wild pangasius considered for this study had a mean length (+SD) of 48.2 ± 0.7 cm, and a mean weight (+SD) of 1459.3 ± 74.8 g, while the farmed pangasius had a mean length (+SD) of 46.5 ± 5.8 cm, and mean weight (+SD) of 1572.3 ± 92.5 g. Collected fish samples were transported to the laboratory within 2–3 h in an insulated icebox maintaining 4 °C. On arrival at the laboratory, the samples for proximate composition and amino acids and fatty acids compositions from each individual were taken and stored in a freezer (JP Selecta, Abrera, Spain) at −20 °C.




2.3. Proximate Compositions


Proximate compositions of both wild and farmed pangasius muscle samples were analyzed following the standard methodology of the Association of Official Analytical Chemists [20]. For all the parameters, triplicate (n = 3) samples were used. Moisture content was determined using a hot air oven (HAS/50/TDIG/SS, Hot Air Oven, Genlab, Shrewsbury, UK) at 105 °C until a constant weight (g) was obtained. Ash content was determined by muffle furnace (HM-9MP, Raypa, Spain) at 550 °C for 20 h. Crude protein content was analyzed by using the Kjeldahl apparatus (Bloc Digest 12, JP Selecta, Abrera, Spain), where a 6.25 conversion factor was used to convert total nitrogen to crude protein. The fat content was measured by using the soxhlet apparatus (J-SH3, JISICO, Seoul, Korea). The following formula was used to determine the carbohydrate content using the method [21]: Carbohydrate = 100 − [Moisture + Ash + Crude protein + Crude fat].




2.4. Amino Acid Composition


The amino acid compositions of wild and farmed pangasius samples (n = 3) were determined following the methods described by Dimova [22] and Gheshlaghi [23], using the high-performance liquid chromatography (HPLC) with slight modifications. The samples were hydrolyzed for 22 h at 110 °C with 6 M HCl in sealed glass tubes filled with nitrogen. The amino acid samples were hydrolyzed, and the concentration of amino acids was diluted to 50 nM using 0.2 N sodium citrate buffers where the pH was 2.2. The solution obtained was kept in an evaporating dish to evaporate hydrochloric acid (HCl) in water. It was then filtered to 25 mL volumetric flask through Whatman No. 41 filter paper and volume with 0.1 N hydrochloric acid (HCl). The pH-adjusted samples were analyzed by a Biochrom 20 Automatic Amino Acid Analyzer (GE, USA). In addition, to determinate methionine content, performic oxidation and hydrolysis were used. The limits of detection of all the amino acids ranged from 0.004–1.258 µg cm−3. On the other hand, tryptophan content was measured based on the method of alkaline hydrolysis [24]. The essential amino acid score was calculated concerning the FAO reference amino acids pattern [25].




2.5. Fatty Acid Composition


Fatty acid was extracted and then fatty acid methyl esters (FAME’s) were prepared, according to the ISO5509 method [26], with slight modifications in capillary gas chromatography. The soxhlet apparatus was used to extract fat, followed by saponification and esterification, and finally extraction of FAMEs in hexane. FAMEs were subsequently analyzed by capillary gas chromatography (column: 30 m × 0.25 mm I.D., 0.5 μm film thickness; Supelco). Flame ionization detected temperature at 210 °C; carrier gas N2 at 1.0 mL/min; injector temperature at 210 °C; oven temperature programmed from 180 to 250 °C for 5 min. using an Agilent 6890 capillary gas chromatograph. Quantitative data were calculated using the peak area ratio (% total fatty acids).




2.6. Lipid Quality Indices


Based on the fatty acids composition of wild and farmed pangasius muscle, some health parameters were investigated to assess the lipid quality of fish for human health. For both species, the different fatty acid ratios, indicating the lipid quality values, such as ω-6:ω-3 PUFAs, ω-3:ω-6 PUFAs, DHA/EPA, PUFA and SFA were calculated to enable comparisons with the recommendations of the Department of Health, UK. The atherogenicity (AI) and thrombogenicity (TI) indices have been calculated [27] as follows:


  AI =   4 × C 14 : 0 + C 18 : 0 + C 16 : 0    Σ MUFA  +  Σ   n  − 3    PUFA  +  Σ   n  − 6    PUFA     



(1)






  TI =   C 14 : 0 + C 18 : 0 + C 16 : 0    (  0.5 ×  Σ MUFA   )  +  (  0.5 ×  Σ   n  − 6    PUFA   )  +  (  3 ×  Σ   n  − 3    PUFA   )  +  (   Σ n  − 3 PUFA /  Σ   n  − 6    PUFA   )     



(2)




where, ΣMUFA refers to the total monounsaturated fatty acids and ΣPUFA refers to the total polyunsaturated fatty acids. Following Siddik et al. [28], the hypocholesterolemic: hypercholesterolemic (HH) ratio was calculated as follows:


  HH =   C 18 : 1  n  − 9 +  C  18 : 2  n  − 6 +  C  20 : 4  n  − 6 + C 18 : 3  n  − 3 + C 20 : 5  n  − 3 +  C  22 : 5  n  − 3 +  C  22 : 6  n  − 3   C 14 : 0 +  C  16 : 0    



(3)








2.7. Flesh-Lipid Quality (FLQ)


The FLQ shows the percentage association between total lipids and the key ω-3 PUFA (EPA + DHA). A higher index value indicates that the dietary lipid source is of higher quality [29].


  FLQ = 100 ×  [   EPA  +  DHA   ]  /  [   %   of   total   fatty   acids   ]   



(4)








2.8. Nutritional Contribution of LA and ∑EPA + DHA


The nutritional value of wild and farmed pangasius was calculated using linoleic acid (LA) and the sum of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) concentrations in a 100 g fish sample. The meal size was set at an average of 227 g for an adult consumer with a 70 kg body weight, as recommended by US-EPA [30], which is a crucial factor in determining fish consumption habits. In adult men and women, the Australian National Health and Medical Research Council (NHMRC) and the New Zealand Ministry of Health (MoH) reported appropriate LA intake levels of 1300 mg/day, which are the values seen in a population with no obvious essential fatty acid shortages [31]. As a result, in the current investigation, an average of 1300 mg/day was utilized to estimate the nutritional contribution of LA in human consumption for both men and women. According to the European Food Safety Authority [32], daily EPA and DHA consumption for primary cardiovascular protection should be between 250 and 500 mg. In this investigation, the upper level of 500 mg/day was utilized to calculate the nutritional contribution of EPA + DHA, using the method proposed by Saavedra [33]:


Nutritional contribution (NC, %) = [(C × M)/DRI] × 100



(5)




where C is fatty acid concentration as mg/100 g fish sample, M is the meal portion in g, and DRI is dietary reference intake in mg.




2.9. Statistical Analysis


Statistical analysis was conducted using the SPSS (Statistical Package for Social Science, version 23.0, SPSS Inc., and Chicago, IL, USA) statistical software. The findings of the analyses are shown as mean values ± standard deviation (SD). The means of all parameters were compared between wild and farmed pangasius using multiple unpaired t-test to see whether there was any discrepancy between the two groups. The level of statistical significance was set at p < 0.05.





3. Results


3.1. Proximate Composition


The chemical compositions of the wild and the farmed pangasius mashed muscle are presented as moisture, protein, ash, carbohydrate, and fat contents (Table 1). Together they make up approximately 98.32 g/100 g of the total mass of mashed fish muscle. The moisture, fat, and ash content of wild pangasius were significantly higher (p < 0.05), when compared to farmed pangasius. On the contrary, the protein and carbohydrate contents in the wild pangasius were significantly lower (p < 0.05), compared to the farmed pangasius protein and carbohydrate.




3.2. Amino Acid Composition


The amino acid composition of the wild and farmed fish muscles is displayed in Table 2. In the present study, a total of 14 amino acids was identified and quantified. The essential amino acids identified were methionine, threonine, valine, isoleucine, histidine, and lysine in both examined fishes, and the average mean was significantly higher (p < 0.05) in the wild pangasius than in the farmed pangasius. Furthermore, glycine was the most abundant amino acid in the wild pangasius (1.85 g/100 g), in comparison to the farmed pangasius (1.36 g/100 g). The most common essential amino acids (EAAs) in the wild and the farmed pangasius were lysine and leucine, respectively. Histidine was the lowest estimated amino acid in the wild pangasius (0.49 g/100 g) but higher than in the farmed pangasius (0.34 g/100 g), among all the amino acids found. Arginine found in the wild pangasius was 0.89 g/100 g, while the amount was 0.65 g/100 g in the farmed pangasius. Among the umami taste amino acids, aspartic and glutamic acids were significantly higher in wild pangasius, compared to the farmed pangasius. In addition, aspartic acid contents were comparable to other amino acids determined both for the wild and farmed pangasius.



The sum of essential amino acids (ΣEAA) and non-essential amino acids (ΣNEAA) was estimated to be higher in the wild pangasius than the farmed pangasius (Figure 2).



A significant difference was observed between wild and farmed pangasius in terms of ΣEAA ratio. However, the ΣEAA/ΣNEAA ratio was lower in the wild pangasius than in the farmed pangasius and was found to be significantly different (p < 0.05). Moreover, the ΣEAA/ΣAA ratios for wild and farmed pangasius were well above the FAO/WHO minimum guideline of 40% for both species. The nutritive qualities of protein of the wild and farmed pangasius were evaluated using an amino acid score based on the FAO (2013) standard amino acid profile established for humans. The mean data indicated that all compared amino acids were present in low amounts in both fishes examined, compared to the standards of FAO (2013) (Table 3). However, both the species are still a good source of lysine, leucine, threonine, and valine.




3.3. Fatty Acid Profile


The compositions of fatty acids of wild pangasius and farmed pangasius are shown in Table 4. In the case of saturated fatty acids (SFA), palmitic acid dominated in both the wild (29.17 g/100 g) and farmed (34.46 g/100 g) pangasius, followed by stearic acid (6.47 g/100 g and 5.9 g/100 g) and myristic acid (5.68 g/100 g and 2.79 g/100 g). Among the SFA, only palmitic acid was higher in the farmed pangasius (34.46 g/100 g) than the wild pangasius (29.17 g/100 g). In addition, arachidic acid was found in the farmed pangasius at a concentration of 0.55 ± 0.05 g/100 g but not detected in the wild pangasius.



Among the MUFA’s, oleic acid (18:1), belonging to the ω-9 fatty acid group, was found to be the most dominant and accounted for higher levels in the farmed pangasius (43.27 g/100 g) than wild pangasius (27.35 g/100 g), followed by palmitoleic acid (18.36 g/100 g) in wild pangasius wherein palmitoleic acid was not detected in farmed pangasius. The polyunsaturated fatty acids (PUFA) identified were linoleic acid (C18:2), linolenic acid (C18:3), docosahexaenoic acid (DHA, C22:6), and eicosapentaenoic acid (EPA, C20:5). The linoleic acid was significantly greater in farmed pangasius (10.06 g/100 g), compared to wild pangasius (0.57 g/100 g), while DHA was presented at a higher proportion in the wild pangasius (4.89 g/100 g) than in the farmed pangasius (1.07 g/100 g). In addition, linolenic acid was found more (0.45 g/100 g) in wild pangasius than in the farmed pangasius (0.34 g/100 g), respectively. The polyunsaturated lipid fraction of farmed pangasius was not detected in the present study, while 2.72 g/100 g was found in the wild pangasius. The fatty acid profile of total lipids extracted was dominated by unsaturated fatty acids (UFA) in both wild and farmed pangasius at 56.19 g/100 g and 55.89 g/100 g followed by 43.82 g/100 g and 44.10 g/100 g for saturated fatty acids (SFA), respectively. In the current experiment, PUFA and SFA were greater for the farmed pangasius at 11.47% and 44.10% than the wild pangasius at 8.63 g/100 g and 43.82 g/100 g, correspondingly. The monounsaturated fatty acids (MUFA) and PUFA were determined as 47.56 g/100 g and 8.62 g/100 g in the wild, and 44.42 g/100 g and 11.47 g/100 g in the farmed pangasius, respectively (Table 5). Total MUFA content, however, was lower in the farmed pangasius than in the wild pangasius muscle but varied significantly (p < 0.05). In the present investigation, it was found that the wild and the farmed pangasius mashed muscle usually contain high proportions of SFA, MUFA, and PUFA. The ΣPUFA/ΣSFA ratio was found to be lower than 1 in both the wild (0.2) and farmed (0.26) pangasius.



The wild pangasius had higher levels of ω-3, but the farmed pangasius had higher levels of ω-6. The ratio of ω-3/ω-6 being greater than 1 indicates higher quality in terms of nutritional quality, whereas the ratio of ω-3/ω-6 in the present study was 14.26 for the wild pangasius and 0.14 for the farmed pangasius. In addition to that, ω-3/ω-6 ratio was 13.32–15.07 for the wild pangasius and 13.56–14.47 for the farmed pangasius, both of which did not follow FAO/ WHO’s minimum recommendation of >60% for both species. On the contrary, the ratio of ω-6/ω-3 PUFAs was found to be lower than the value (4.0 at maximum) recommended by the UK Department of Health. According to the WHO recommendation, it is important to maintain the PUFAs intake at a ratio of ω-6/ω-3 ≤ 10, which is in fair agreement with the present study and found ω-6/ω-3 = 0.07 in the wild pangasius and ω-6/ω-3 = 7.14 in the farmed pangasius. Wild pangasius has a significantly higher amount of EPA and DHA than farmed pangasius.




3.4. Nutritional Lipid Quality Indices


In this study, wild pangasius had low atherogenicity (AI), thrombogenicity (TI), and hypocholesterolemic: hypercholesterolemic (HH) values, compared to the farmed pangasius AI, TI, and HH (p > 0.05). In addition, the flesh lipid quality (FLQ) index was significantly higher (p < 0.05) in the wild pangasius than in the farmed pangasius, which indicates that the dietary lipid source is significantly higher in quality for wild pangasius, compared to farmed pangasius (Figure 3).




3.5. Contribution of LA and ∑EPA + DHA to Human Nutrition


The surpassing amounts of dietary contribution of LA (%) were found in the farmed pangasius, which varied significantly from wild pangasius. However, the nutritional contribution of ∑EPA + DHA (%) in the wild pangasius was higher than in the cultivated pangasius (Table 6).





4. Discussion


The proximate composition of fish relies primarily on intra–inter specific species, maturation, sex, environment, harvesting season, and nutritional quality of the animals [34,35]. In the present study, the wild pangasius had higher moisture and ash content than the farmed pangasius. Conversely, the wild pangasius had considerably lower protein and carbohydrate levels than the farmed pangasius. Different habitat, environmental condition, and food availability might have led to differences in muscle composition that consequently resulted in different moisture content. However, significant differences in moisture, protein, lipid, and ash contents have been measured in Pangasius bocourti fillets and conventionally farmed P. hypophthalmus, which is generally consistent with the present findings for both the wild and the farmed pangasius, with a minor exception in the moisture content [4,36]. Furthermore, many studies have found a pattern, whereby farmed fish tends to be higher in fat and lower in moisture, when compared to the same species caught in a natural habitat [37,38,39,40]. Moreover, the higher lipid content in wild pangasius, compared to the farmed pangasius could be the consequence of seasonal effect. In general, the changes in moisture content found between studies were extremely species-specific and heavily reliant on the farm’s farming practices and environmental conditions [41,42].



Fish with high protein content must have a minimum protein level of 15% [43]. Our research revealed that farmed pangasius had a higher protein content of almost 20%, demonstrating its status as a high protein fish, while the wild pangasius also had a high protein level, which is close to 15%. Literally, variations in protein content of cultured fishes may be due to different feeding techniques [44]. In the current study, the farmed pangasius were fed artificial feed that contained 30% protein, which may have led to higher protein content in the farmed pangasius. The less availability of food in the natural environment may have led to a reduced protein content in wild pangasius because no feed was provided from outside. Unlike farmed pangasius, the wild pangasius was not fed nutrient-rich artificial feed in a control environment that creates differences in protein content. Moreover, fish protein differences may be influenced by their habitat [45], feeding, and other physiological abilities [46]. The high protein content in farmed pangasius has been reported before [47], which complies with the present findings.



In addition, amino acids, such as methionine, threonine, valine, isoleucine, histidine, and lysine, were identified in both the investigated species. The glutamic acid, aspartic acid, and lysine have been reported to be dominant in aquatic organisms [48], which are fairly congruent with the current outcomes. In our research, significantly higher essential amino acids were measured in the wild pangasius than in the farmed pangasius. The higher amount of essential amino acids in wild pangasius may be due to consuming a variety of natural foods, while the farmed pangasius only received an artificial diet around the culture period.



The arginine level in the wild pangasius was higher than that in the farmed pangasius, implying that, in this respect, the wild pangasius is a superior dietary fish. Arginine is considered essential for treating heart disease and hypertension, as well as being involved in a number of metabolic activities [49]. In the current experiment, among the eight essential amino acids, tryptophan and phenylalanine were not detected, but both the fishes are good sources of the remaining six necessary amino acids, which can perform different functions in the body. Among the essential amino acids, tyrosine, histidine, cysteine, and arginine are taken into account as obligatory by kids and developing children, and deficiency in these amino acids may hinder the healing recovery process [50,51]. As a result, both wild and farmed pangasius can be viewed as a healthier diet for young children and growing youngsters. Moreover, both wild and farmed pangasius are good sources of indispensable amino acids and can be used as a substitute for other sources of proteins that are insufficient in lysine content.



In the present study, the ΣEAA/ΣNEAA ratio was higher in the farmed pangasius than in the wild pangasius. The ratio of EAA to NEAA is an index for determining the protein consistency [52] and the higher value represents excellent protein quality. The optimal EAA to NEAA ratio has been found to be 0.71 g/100 g in gilthead seabream (Sparus aurata) when commercial extruded feed that had 44% protein on average was used as feed, indicating a high-quality protein [53], while in Sperata aor is 0.86 mg/100 g [54] when collected from the market sources, which is comparatively lower than the present findings.



In comparison to the amino acid score based on the FAO [25] guidelines, the current study indicated that the majority of the essential amino acids was presented in both species. It is clear from the data analyzed and interpreted that both fishes are generally well-balanced in terms of essential amino acids, compared to other previously evaluated fishes; have a favorable EAA/NEAA ratio; and can be considered a high-quality protein food source. As a result, attention must be centered on low-cost, high-nutrient fish animal protein sources, such as wild pangasius and farmed pangasius.



In case of the lipid content, the wild pangasius had significantly higher content than the farmed pangasius. Based on the fat content, fish are graded as lean (less than 2% fat), low-fat (2–4% fat), medium-fat (4–8% fat), and high-fat (more than 8% fat) [55]. The current findings indicated that both the wild and the farmed pangasius catfish can be categorized as low-fat fish based on their lipid contents. In addition, both the fishes were a huge source of fat and necessary fatty acids. Among the mono-unsaturated fatty acids, oleic acid was significantly higher in the farmed pangasius than the wild pangasius. Similar results have been found for Pangaasius sutchi when compared to the Pangasius pangasius [56]. In comparison to wild pangasius, farmed pangasius has significantly more linoleic acid.



On the contrary, the wild pangasius was a great source of polyunsaturated fatty acids, especially DHA, compared to the farmed pangasius. In addition, linolenic acid was found more in the wild pangasius than in farmed pangasius. The percentage of EPA and DHA in the wild pangasius was significantly higher than that of the farmed pangasius. The amount of DHA and EPA recorded in fresh fillets of the P. hypophthalmus were 2.69 mg/100 g and 0.36 mg/100 g [18], respectively, which is lower than the present findings. The DHA and EPA prevent human coronary artery diseases [57], which suggest that the consumption of wild pangasius could provide valuable health benefits. In addition, the most effective way to add important oils to daily dishes is to provide at least 2–3 pieces of fatty fishes, such as salmon, Salmo salar; barramundi, Lates calcarifer, per week. The British Nutrition Foundation has recommended that fish is a balanced and healthy dish; one should consume 0.2 g of EPA + DHA daily or 1.5 g every week [58]. Even longer life span in Japan and Nordic populations has been partly associated with their high consumption of fish and seafood [59]. Nutritionists believe that the desirable ratio of ω-6/ω-3 (ω-6 to ω-3 fatty acids) should be 5 and that the addition of ω-3 polyunsaturated fatty acids (ω-3 PUFA) could improve the nutritional picture, and thus help in the prevention of diseases. In the current experiment, PUFA and SFA were greater for farmed pangasius than wild pangasius correspondingly. Furthermore, it was found that the wild and farmed pangasius mashed muscle usually contains high proportions of SFA, MUFA, and PUFA, which is significantly higher than that was reported by Bogard [17] in P. hypophthalmus collected from the fish market. The SFA and MUFA, and PUFA were observed in all tissues of Pangasius bocourti [60], which are approximately similar to the present findings.



Many studies covering the KIHD (Kuopio Ischaemic Heart Disease) and the Nurses’ Health study have come across an inverse relationship between the PUFA/SFA ratio and cardiovascular outcomes, importing that exchanging SFA with PUFA in the diet, as well as the replacement of ΣSFA with ΣPUFA in the higher ratio, will abate cardiovascular disease [10,61]. The ΣPUFA/ΣSFA ratio was found to be lower than 1 in both the wild (0.2) and farmed (0.26) pangasius, which was lower than P. hypophthalmus fillet imported to Poland (0.357), Germany (0.326), and Ukraine (0.343) [62] and in the Dicentrarchus labrax (0.90 ± 0.01), Mugil cephalus (0.64), and Liza saliens (0.59) reported by Diraman and Dibeklioglu [63] and Özogul [64]. Moreover, the PUFAs identified to belong to the group of ω-3 fatty acids and ω-6 represented higher for both of the species.



Wild pangasius contained higher amounts of PUFA, both ω-3 and ω-6, lower ω-6/ω-3 ratios, and higher ω-3/ω-6 ratio, as well as more desirable PUFA/MUFA ratio to be beneficial for human diets. In general, the ratio of ω-3/ω-6 being greater than 1 indicates higher quality in terms of nutritional quality, whereas the ratio of ω-3/ω-6 in the present study was higher for the wild pangasius and very low for the farmed pangasius. High ω-3/ω-6 ratios were also observed in some freshwater and marine fishes, such as Theragra chalcogramma (23.4%), Salmo salar (7.4%), Oncorhynchus mykiss (4.3%), Cyprinus carpio (1.1%), and wild Sparus aurata (1.08%), respectively, but lower ratios also were found in Pangasius hypophthalmus (0.3%), Dicentrarchus labrax (0.73%) and cultured Sparus aurata (0.83%) [63,65]. In addition to that, the ω-3/ω-6 ratio was low for the wild pangasius and the farmed pangasius, both of which did not fulfill the FAO/WHO’s minimum recommendation of >60% for both species. The study stated that the increase of the ω-3/ω-6 ratio helps to prevent coronary heart disease (CHD) by reducing plasma lipids and reducing the risk of cancer [66]. On the contrary, the ratio of ω-6/ω-3 PUFAs was found to be lower than the value (4.0 at maximum) recommended by the UK Department of Health, and exceeding the maximum is detrimental to health and may enhance cardiovascular disease [67]. According to the WHO recommendation, it is important to maintain the PUFAs intake at a ratio ω-6/ω-3 < 10, which is in fair agreement with the present study. A lower ratio of ω-6/ω-3 (2.00–3.83) was found in the fillets of P. hypophthalmus [68], while higher values (9.51–11.33) were reported in the fillets of Pangasius bocourti [60].



The higher AI and TI values (>1.0) are harmful to human health, whereas higher H/H levels (>1.0 ± 0.2) are beneficial [28,69]. The present outcomes for both fishes are higher in the cases of AI and TI and lower in the case of HH, comparatively to the findings of Tonial [70] for tilapia alevin (Oreochromis niloticus) where AI, TI, and HH are 0.55, 0.82, and 1.63 and juvenile tilapia (Oreochromis niloticus) 0.60, 87, and 1.56, respectively. In addition, the flesh lipid quality (FLQ) index was higher in the wild pangasius than the farmed pangasius, which indicates that the dietary lipid source is significantly higher in quality [71] for the wild pangasius, compared to the farmed pangasius. The higher FLQ value was also reported in carp 6.84 [72], which is lower than the present findings for the wild pangasius but much higher than for the farmed pangasius.



In the present study, wild and farmed pangasius met the daily intake requirements of EPA + DHA suggested by the European Food Safety Authority (EFSA) [32] for the prevention of primary cardiovascular diseases. The nutritional contribution of wild and farmed pangasius was evaluated in this study using EFSA [32] recommendations, with the maximum daily dietary value for EPA + DHA set at 500 mg/day. In terms of the dietary contribution of EPA + DHA documented in this study, 100 g of wild pangasius muscles appears to be closer to the requirement and almost fulfills the amount of 500 mg recommended by EFSA [32] for primary prevention of cardiovascular diseases, whereas the farmed fish was moderate according to the recommended daily amount for human consumption and the prevention of coronary diseases. Less beneficial fatty acids, such as saturated and unsaturated fatty acids, as well as LA, were discovered in higher concentrations in farmed pangasius in terms of dietary contribution. Recommendations for fat intake are based on a person’s overall energy intake, age, degree of exercise, and lifestyle [33]. The results of this study contradicted those of Oztekin [45] and Saavedra [33], who found that farmed fish meet the recommended daily quantity of 500 mg of EPA + DHA, but wild fish only meet it partially.




5. Conclusions


In recapitulation, the wild pangasius is a higher-quality source of balanced essential amino acids and fatty acids than farmed pangasius. To our knowledge, this is the first report on the amino acids and fatty acids composition of wild yellowtail catfish P. pangasius. Furthermore, the consumption of both wild and farmed pangasius can offer adequate health benefits, particularly the wild pangasius, according to the nutritional quality indices and the ω-6/ω-3 ratio of these two species.
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Figure 1. Geographical location of the sampling points of wild and farmed pangasius catfish. 
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Figure 2. Total essential amino acids (ΣEAA), non-essential amino acids (ΣNEAA), and the ratio of ΣEAA/ΣNEAA compounds in g/100 g in the wild and the farmed pangasius. Data were subjected to multiple unpaired t-test and significant level was set at p < 0.05. Asterisks (**) indicate significant difference and ns, non-significant. 
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Figure 3. Variations in lipid quality indices of atherogenicity index (AI); thrombogenicity index (TI); hypocholesterolemic: hypercholesterolemic (HH); and flesh lipid quality (FLQ) ratio of the muscles in wild and farmed pangasius. Data were subjected to multiple unpaired t-test and significant level set at p < 0.05. Asterisk (*) indicates highly significant difference and ns, non-significant. 
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Table 1. Proximate composition (g/100 g wet weight basis) in the muscle of the wild and the farmed pangasius catfish.
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	Parameters (%)
	Wild Pangasius
	Farmed Pangasius
	p-Value





	Moisture
	79.49 ± 0.09
	75.05 ± 0.09
	<0.0001



	Protein
	14.36 ± 0.06
	20.19 ± 0.06
	<0.0001



	Lipid
	3.74 ± 0.09
	2.11 ± 0.4
	<0.0001



	Ash
	0.73 ± 0.02
	0.52 ± 0.3
	<0.001



	Carbohydrate
	1.05 ± 0.04
	1.23 ± 0.07
	0.017







Values are mean ± SD of the mean (n = 18) samples and are significantly different at (p < 0.05).
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Table 2. Amino acid compositions of the wild and the farmed pangasius catfish muscles (g/100 g of total amino acids; wet basis).
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	Parameters
	Wild Pangasius
	Farmed Pangasius
	p-Value





	Methionine
	0.52 ± 0.02
	0.38 ± 0.01
	<0.0001



	Threonine
	0.81 ± 0.03
	0.59 ± 0.02
	<0.0001



	Valine
	0.88 ± 0.03
	0.62 ± 0.02
	<0.0001



	Isoleucine
	0.79 ± 0.02
	0.58 ± 0.02
	<0.0001



	Histidine
	0.49 ± 0.05
	0.34 ± 0.01
	0.005



	Lysine
	1.48 ± 0.03
	1.07 ± 0.02
	<0.0001



	Leucine
	1.20 ± 0.02
	0.87 ± 0.01
	<0.0001



	Arginine
	0.89 ± 0.03
	0.65 ± 0.02
	<0.0001



	Glycine
	1.85 ± 0.02
	1.36 ± 0.03
	<0.0001



	Tyrosine
	0.63 ± 0.02
	0.45 ± 0.03
	<0.001



	Alanine
	1.10 ± 0.03
	0.79 ± 0.03
	<0.0001



	Aspartic acid
	1.38 ± 0.03
	0.98 ± 0.02
	<0.0001



	Serine
	0.76 ± 0.02
	0.51 ± 0.03
	<0.0001



	Glutamic acid
	0.86 ± 0.03
	0.60 ± 0.03
	<0.0001







Values are mean ± SD of the mean (n = 3) samples and are significantly different at (p < 0.05).
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Table 3. Comparison of wild and farmed pangasius catfish amino acid contents mg/g to the amino acid requirements of infants and children of different age groups, based on FAO (2013) standard.
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	Amino Acids (mg/g)
	Infant

(0–6 Month)
	Child

(6 Month–3 Years)
	Old Child, Adolescent, Adult
	Wild Pangasius
	Farmed Pangasius
	p-Value





	His.
	21
	20
	16
	4.92 ± 0.45
	3.42 ± 0.10
	0.0050



	Ile.
	55
	32
	30
	7.93 ± 0.19
	5.80 ± 0.17
	<0.0001



	Leu.
	96
	66
	61
	12.03 ± 0.22
	8.73 ± 0.06
	<0.0001



	Lys.
	69
	57
	48
	14.81 ± 0.25
	10.72 ± 0.24
	<0.0001



	Met. + Cys. *
	33
	27
	23
	5.21 ± 0.19
	3.77 ± 0.12
	<0.0001



	Phe. + Tyr. *
	94
	52
	41
	6.24 ± 0.07
	4.37 ± 0.12
	<0.0001



	Thr.
	44
	31
	25
	8.11 ± 0.25
	5.90 ± 0.17
	<0.0001



	Trp. *
	17
	8.5
	6.6
	-
	-
	-



	Val.
	55
	43
	40
	8.82 ± 0.31
	6.20 ± 0.17
	<0.0001







* Only the values of wild and farmed pangasius were considered for statistical validation and other values were treated as reference. Values are mean ± SD of the mean (n = 3) samples and are significantly different at p < 0.05.
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Table 4. Comparison of the fatty acids compositions (g/100 g of total fatty acids; wet basis) of wild and farmed pangasius catfish.
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Nutrients

	
Fatty Acids

	
Wild Pangasius

	
Farmed Pangasius

	
p-Value






	
Saturated fatty acid (SFA)

	
C14:0, Myristic acid

	
5.68 ± 0.06

	
2.79 ± 0.04

	
<0.0001




	
C16:0, Palmitic Acid

	
29.17 ± 0.09

	
34.46 ± 0.16

	
<0.0001




	
C18:0, Stearic Acid

	
6.47 ± 0.04

	
5.90 ± 0.04

	
<0.0001




	
C20:0, Arachidic Acid

	
ND

	
0.55 ± 0.05

	
<0.0001




	
C24:0, Lignoseric Acid

	
2.50 ± 0.04

	
0.40 ± 0.03

	
<0.0001




	
Monounsaturated fatty acid (MUFA)

	
C16:1, Palmitoleic acid

	
18.36 ± 0.04

	
ND

	
<0.0001




	
C18:1, Oleic acid

	
27.35 ± 0.08

	
43.27 ± 0.09

	
<0.0001




	
C20:1, Eicosenoic acid

	
1.85 ± 0.03

	
1.15 ± 0.05

	
<0.0001




	
Polyunsaturated fatty acid (PUFA)

	
C18:2, Linoleic Acid

	
0.57 ± 0.04

	
10.06 ± 0.03

	
<0.0001




	
C18:3, Linolenic Acid

	
0.45 ± 0.02

	
0.34 ± 0.04

	
0.013




	
C20:5, EPA

	
2.72 ± 0.03

	
ND

	
<0.0001




	
C22:6, DHA

	
4.89 ± 0.03

	
1.07 ± 0.01

	
<0.0001








Values are mean ± SD of the mean of triplicated samples are significantly different at (p < 0.05). ND, not determined.
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Table 5. Fatty acid profiles (g/100 g of total fatty acids; wet basis) and ratios estimated from lipids of the wild and the farmed pangasius catfish.
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	Fatty Acids
	Wild Pangasius
	Farmed Pangasius
	p-Value





	ΣSFA
	43.82 ± 0.03
	44.10 ± 0.30
	0.181



	ΣUFA
	56.18 ± 0.14
	55.89 ± 0.15
	0.065



	ΣMUFA
	47.56 ± 0.04
	44.42 ± 0.13
	<0.0001



	ΣPUFA
	8.62 ± 0.11
	11.47 ± 0.03
	<0.0001



	ω-3
	8.06 ± 0.07
	1.41 ± 0.05
	<0.0001



	ω-6
	0.57 ± 0.04
	10.06 ± 0.03
	<0.0001



	ΣPUFA/ΣSFA
	0.20 ± 0.002
	0.26 ± 0.001
	<0.0001



	ω-6/ω-3
	0.07 ± 0.00
	7.14 ± 0.29
	<0.0001



	ω-3/ω-6
	14.14 ± 0.925
	0.14 ± 0.006
	<0.0001



	EPA + DHA
	7.61 ± 0.06
	1.07 ± 0.01
	<0.0001



	DHA/EPA
	1.79 ± 0.009
	-
	-



	EPA/DHA
	0.56 ± 0.003
	-
	<0.0001







Values are mean ± SD of the mean of triplicated samples are significantly different at (p < 0.05).
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Table 6. Fatty acid composition (wet basis) as total fatty acids in mg/100 g and nutritional contribution of wild pangasius versus farmed pangasius for human consumption.






Table 6. Fatty acid composition (wet basis) as total fatty acids in mg/100 g and nutritional contribution of wild pangasius versus farmed pangasius for human consumption.





	
Fatty Acids

	
Wild Pangasius

	
Farmed Pangasius

	
p-Value






	
Dietary levels (mg/100 g wet)




	
LA

	
566.67 ± 23.33

	
10056.67 ± 17.64

	
<0.0001




	
EPA

	
2723.33 ± 17.64

	
ND

	
-




	
DHA

	
4886.67 ± 18.56

	
1073.33 ± 6.67

	
<0.0001




	
DHA/EPA

	
1.79 ± 0.01

	
0.00

	
<0.0001




	
Σ EPA + DHA

	
7610.00 ± 36.06

	
1073.33 ± 6.67

	
<0.0001




	
Dietary reference intake (mg/day)




	
LA

	
1300

	
1300

	
-




	
ΣEPA + DHA

	
500

	
500

	
-




	
Nutritional contribution for human consumption




	
LA (%)

	
98.95 ± 4.07

	
1756.05 ± 3.08

	
<0.0001




	
∑EPA + DHA (%)

	
345.49 ± 1.64

	
48.73 ± 0.30

	
<0.0001








Values are mean ± SD of the mean of triplicated samples are significantly different at (p < 0.05); ND—Not Detected.
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