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Abstract 

Fish provide essential nutrients—high-quality proteins, omega-3 

fatty acids, and vital vitamins—making them a key component of 

human nutrition. Previous studies have indicated that consumers 

prefer wild over cultured fish; however, whether real nutritional 

differences exist remains unclear. This paper reviews 41 studies on 

quality differences between wild and cultured fish across 27 

species, examining proximate composition, minerals, fatty acids, 

amino acids, color, and texture. Cultured fish had a significantly 

lower moisture content but a higher lipid content, while the protein 

and ash contents showed no significant differences. Cultured fish 

sometimes exhibited lower polyunsaturated fatty acid percentages. 

Both groups were mineral-rich, though wild fish contained 

significantly higher toxic element levels. Color and texture differed 

substantially by origin. These results suggest both cultured and wild 

fish possess valuable quality attributes. Variations likely depend on 

sex, diet, region, season, farming mode, and environmental 

conditions. Although the core synthesis covers literature until 

November 2019, selected key studies from 2020-2024 were 

integrated to reflect recent developments, corroborating and 

refining the overall conclusions. This review offers insights for 

sustainable aquaculture quality development. 
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Introduction 

Fish provide essential nutrients, including high-quality proteins, 

heart-healthy omega-3 fatty acids, and vital vitamins, making them a 

key component of human nutrition (Domingo, 2016).  Consequently, 
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fish and seafood consumption have increased 

significantly in recent decades (Tacon & Metian, 

2013; Claret et al., 2016). According to Food and 

Agriculture Organization data, global fish 

production reached approximately 223.2 million 

tonnes in 2022, and aquatic animal production is 

projected to reach 205 million tonnes in 2032 

(FAO, 2024). Given the rising demand for 

seafood, wild-caught resources alone are 

unlikely to meet human needs; consequently, 

focus has been gradually shifting from capture 

fisheries to aquaculture, with fish being 

cultivated primarily for consumption. 

Despite the increasing role of aquaculture, 

consumer perceptions have remained largely 

unchanged, with many still believing that farmed 

fish are of lower quality than their wild 

counterparts (Claret et al., 2012; Polymeros et 

al., 2015; Claret et al., 2016). Since the scientific 

rationale behind consumer preferences remains 

unclear (Polymeros et al., 2015), a comparative 

assessment of quality and safety between wild 

and cultivated fish is needed to inform evidence-

based consumer choices (Reig et al., 2019). Such 

evaluations are also valuable for farmers, as they 

provide insights into product quality and inform 

improvements in aquaculture practices. 

Therefore, synthesizing existing literature on the 

quality attributes of wild and cultivated fish is 

essential for understanding their nutritional value 

and guiding both producers and consumers. 

Typically, the key parameters used to 

compare differences between cultivated and wild 

fish have included proximate composition, fatty 

acid and amino acid compositions, external 

appearance, organoleptic quality, and 

contamination levels (Orban et al., 2003; 

Grigorakis et al., 2011; Lenas et al., 2011). 

Regarding commonly cultivated and wild sea 

bass, sea bream, and Mediterranean species, 

some authors have reviewed their compositional 

and organoleptic qualities (Grigorakis, 2007; 

Arechavala-Lopez et al., 2013; Grigorakis, 

2017). However, reviews for other fish species 

have never been attempted. 

This paper reviews existing literature on 

the quality differences between cultured and 

wild fish to understand the characteristics 

shaping developments in the aquaculture 

industry. We focused on proximate 

composition, mineral contents, fatty acids, 

amino acids, color, and texture to provide a 

comprehensive understanding of the nutritional 

differences between cultured and wild fish. 

The review also examines the key factors 

influencing farmed fish quality, including 

geographical region, seasonal variations, 

rearing conditions, and feed composition. 

Methods 

The Web of Science and Google Scholar 

were searched in November 2019 using 

'cultured/farmed/reared/cultivated fish', 'wild 

fish', 'proximate composition', and 'nutritional 

values of wild and cultivated fish'. We excluded 

articles examining only cultured or wild fish 

without comparison and restricted publications 

to 2001-2019, yielding 59 relevant articles. After 

screening the  abstracts and full texts, 41 studies 

were included, with data limited to fish 

flesh/muscle/fillets and referenced in appropriate 

figures and tables. 

Figure 1 categorizes the studies by the 

analyzed compositions. Fatty acids and/or lipids 

were the most reported (38/41 studies), followed 

by proximate composition (30/41), 

minerals/pollutants (12/41), amino acids (9/41), 

and color and texture (8/41). Other features—

odor, flavor, cholesterol, muscle cellularity, and 

isotope analysis—were excluded, not because 

they lack importance, but because an insufficient 

number of studies reported them. We included all 

features reported in more than five studies and 

emphasize the need for more research on 

underrepresented parameters.  

Additionally, peer-reviewed literature from 

2020-2024 was systematically reviewed to 

provide updated context on nutritional 

composition, fatty acid profiles, mineral content, 

and meat quality differences between wild and 

farmed fish. 

Statistical analysis 

For the proximate composition analysis, 

radar plots were created in OriginPro (version 

2018) to compare cultured and wild fish species. 

Heatmaps   were   produced   using   R  3.6.1  (R
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Figure 1. Numbers of studies reviewed in the present paper according to the analyzed nutritional compositions

Core Team, 2019) with the Heatmap package in 

the Complexheatmap function for variable 

clustering (Gu et al., 2016). 

Results and Discussion 

Proximate composition 

Proximate composition (moisture, ash, 

protein, and lipid content) provides general 

information for evaluating raw fish quality 

(Yeannes & Almandos, 2003). Therefore, many 

studies have examined proximate composition 

across different fish species (Figure 2). 

Moisture, the principal component of fish 

composition, can affect the edible quality and 

processing of fish (Kent, 1985). A large number 

of studies (20/30 studies) reported that cultured 

fish have a lower moisture content than their wild 

counterpart (Figure 2). This is true for many 

varieties including meagre (Chaguri et al., 2017; 

Saavedra et al., 2017), red tail (Jiang et al., 

2017), sea bass (Alasalvar et al., 2002; Orban et 

al., 2002; Orban et al., 2003; Fuentes et al., 

2010), sea bream (Piccolo et al., 2007; Di̇ncer et 

al., 2010; Rincón et al., 2016), and other species. 

However, in some species, the cultured fish 

showed a higher moisture content than their wild 

counterpart, including sea bass (Periago et al., 

2005; Baki et al., 2015) and rainbow trout 

(Mustafa & Dikel, 2015). 

Lipid and moisture contents are inversely 

related (Shearer, 1994). Consistent with this, 

studies reporting a lower moisture content also 

reported a higher lipid content. Cultured fish 

generally have a significantly higher lipid 

content than wild fish (Figure 2), as observed in 

sea bass (Alasalvar et al., 2002; Orban et al., 

2002; Fuentes et al., 2010), yellow perch 

(González et al., 2006), and rainbow trout 

(Mustafa & Dikel, 2015). However, exceptions 

exist: cultured tilapia was shown to have a lower 

lipid content than wild fish (0.70 vs. 0.97%) 

(Garduño Lugo et al., 2007). Additionally, the 

lipid contents did not differ significantly between 

cultured and wild sea bass (Periago et al., 2005), 

white sea bream (Cejas et al., 2004), Atlantic cod 

(Jensen et al., 2013), and yellowtail (O'Neill et 

al., 2015). 

Complete understanding of how the protein 

contents vary between cultivated and wild fish is 
still lacking, as the crude protein of cultivated 
and wild fish have been shown to have 

significant compositional differences (Figure 2). 
Some  studies  documented  that  there is a lower 
protein content in cultured fish than in wild fish 
(González et al., 2006; Fuentes et al., 2010;). 
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However, the cultured fish had significantly 
higher protein than that of their wild counterpart 
in cod, northern pike, sea bass, sea bream, and 

catfish (Periago et al., 2005; Piccolo et al., 2007; 
Wang et al., 2012; Jensen et al., 2013; 
Modzelewska-Kapituła et al., 2017). Moreover, 
in some species there appears to be no significant 

difference in protein content between cultivated 
and wild fish (Alasalvar et al., 2002; Orban et al., 
2002; O'Neill et al., 2015; Rincón et al., 2016). 

Such mixed results suggest that more studies are 
required, especially to document the protein 

contents in wild and cultivated fish.  

Most of the studies demonstrated that the ash 

content does not differ significantly between 

wild and cultivated fish (Figure 2). A large 

number of papers did not mention the ash content 

of cultured/wild fish (Figure 2). A small number 

of studies showed that the ash content of cultured 

fish is substantially lower than wild fish (Mustafa 

& Dikel, 2015; Goebel et al., 2017; 

Modzelewska-Kapituła et al., 2017). Thus, 

whether ash content could be a good proxy to test 

the quality of fish is not clear (Arechavala-Lopez 

et al., 2013). 

Fatty acids profile 

During the past two decades, fatty acid 

profiles have been commonly used in 

differentiating the origin of cultivated and wild 

fish (Hearn et al., 1987; Arechavala-Lopez et al., 

2013; Murillo et al., 2014). A heatmap showing 

the comparison of the fatty acid components 

between cultured and their corresponding wild 

fish species is presented in Figure 3. 

Although most studies have indicated that 

cultured fish have a significantly higher lipid 

content than wild fish, the fatty acid profiles 

varied between cultured fish and their wild 

counterparts (Figure 3). 

The majority of the studies (18/38) 

illustrated that wild fish have significantly higher 

total saturated fatty acid  percentages (Mirmiran 

et al., 2022) than those of cultivated fish (Figure 

3). This has been observed in sea bass (Alasalvar 

et al., 2002; Orban et al., 2002; Orban et al., 

2003; Baki et al., 2015), rainbow trout (Mustafa 

& Dikel, 2015), sea bream (Orban et al., 2003), 

and meagre (Chaguri et al., 2017).  

Interestingly, cultivated fish seem to have 
significantly higher values of monounsaturated 
fatty acids (Mufas & Perera, 2013) than their 
wild counterpart (25/38 studies). This was 
observed in sea bass (Orban et al., 2003; Fuentes 
et al., 2010; Baki et al., 2015), blackspot sea 
bream (Rincón et al., 2016), whitefish (Goebel et 
al., 2017), rainbow trout (Mustafa & Dikel, 
2015), meagre (Chaguri et al., 2017), and others. 
In contrast, a few studies (3/38) demonstrated 
that the MUFA contents of cultivated fish were 
lower than their wild counterparts, such as sea 
bass (Orban et al., 2002) and sea bream (Orban 
et al., 2003). 

Substantial research (15/38 studies) 
documented significantly lower 
polyunsaturated fatty acid (PUFA) percentages 
in cultured versus wild fish (Figure 3). Similar 
trends occurred for total n-3 fatty acids and 
docosahexaenoic acid (DHA) (14 and 17/38 
studies, respectively). Conversely, studies 
showing no significant differences were 
considerably fewer (13, 12, and 11/38 studies 
for PUFA, n-3, and DHA, respectively). 

Considerable research (18/38 studies) 
underpinned that cultivated fish have 
significantly higher percentages of total n-6 fatty 
acids than their wild counterparts, such as 
yellowtail (O'Neill et al., 2015), blackspot sea 
bream (Rincón et al., 2016), sea bass (Orban et 
al., 2003), and meagre (Chaguri et al., 2017). 
Surprisingly, 8/38 studies reported significantly 
higher n-6 fatty acid percentages in wild versus 
cultured fish, while 10/41 cases found no 
significant differences. However, the n-3/n-6 
ratio showed no clear trend, with cultured < wild, 
cultured > wild, and non-significant results 
occurring in 11, 7, and 10 of 38 studies, 
respectively (Figure 3). 

 Although the ratios of EPA/DHA were 
reported only in a small number of studies 
(Figure 3), some research proffered that 
cultivated fish have significantly lower 
percentages of EPA (eicosapentaenoic acid) and 
DHA (docosahexaenoic acid) than their wild 
counterparts (Alasalvar et al., 2002; Chaguri et 
al., 2017; Jiang et al., 2017). For instance, the 
DHA percentage of cultivated Pagrus pagrus 
was significantly lower than wild fish (7.76 and 
18.73% of total fatty acids, respectively) (Loukas 
et al.,  2010).  Moreover,  some  research   found
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Figure 2. Number of studies featuring the proximate composition contents of cultured (C) and wild (W) fish species. C<W, cultured 
fish contents significantly lower than wild; C>W, cultured fish contents significantly higher than wild; NS, no significant difference; 

ND, no data. 

 
Figure 3. Heatmap comparing the fatty acid profiles of cultured (C) and wild (W) fish species from reviewed literature. Blue: cultured 

contents significantly lower than wild (C<W); white: no significant difference (NS); red: cultured contents significantly higher than 
wild (C>W); brown: no data (ND).

that cultivated fish had significantly higher EPA 

and DHA percentages than their wild 

counterparts, e.g. sea bream (Orban et al., 2003; 

Sağglik et al., 2003; Mnari et al., 2007), sea bass 

(Orban et al., 2002; Sağglik et al., 2003), and cod 

(Jensen et al., 2013). 

Based on the WHO dietary guidelines 
recommending that the saturated fatty acid 
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(SFA) intake should be below 10% of total 
energy and should be replaced with 
polyunsaturated fatty acids (PUFAs), the fatty 
acid profiles of wild and cultured fish present 
distinct trade-offs. Wild fish contain higher 
SFAs but also superior PUFA proportions, 
particularly n-3 fatty acids and DHA—WHO-
recommended SFA substitutes. Cultured fish 
offer lower SFAs and higher monounsaturated 
fatty acids (MUFAs), partially aligning with 
WHO recommendations; however, their 
elevated n-6 content and reduced n-3/n-6 ratios 
indicate less favorable profiles. From a public 
health perspective, consumption strategies 
should balance these differences: cultured fish 
reduce SFA intake, while wild fish provide 
more beneficial n-3 PUFAs, better aligning 
with WHO recommendations for replacing 
SFAs with PUFAs. 

Amino acids profile 

Fish proteins are nutritionally valuable due 
to their well-balanced amino acid composition, 
providing all nine essential amino acids in 
proportions meeting human dietary requirements 
(Petricorena, 2014). A heatmap comparing the 
amino acid profiles between cultured and wild 
fish is shown in Figure 4. Both groups were 
amino acid-rich; however, tryptophan, cysteine, 
asparagine, and taurine were infrequently 
reported across species (Figure 4). 

Non-significant differences were dominant 
in the amino acid profiles of the cultured and 

wild counterparts (Figure 4). For example, 
there were no significant differences in the 
essential amino acid concentrations between 

cultivated and wild yellow perch (Perca 
flavescens) (González et al., 2006). Similarly, 

there were no significant differences found in 
cultivated (pond or cage-cultured) longsnout 

catfish (Leiocassis longirostris) and its wild 
counterpart, except for the higher glycine 
concentration of the wild fish than that of the 

cultivated fish (Wang et al., 2012). 

The total amino acids in wild fish tended to 
be higher than in cultivated fish in some research 
(Fuentes et al., 2010; Wang et al., 2014). 
Particularly, the total amino acids of wild fish 
and cultivated fish were 379.29 mg kg-1 versus 
355.38 mg kg-1 in sea bass (Fuentes et al., 2010) 
and 68.47 mg kg-1 versus 61.67 mg kg-1 in 

Pseudobagrus ussuriensis (Wang et al., 2014). 
Inaddition, some non-essential amino acids were 
deduced to have significantly higher 
concentrations in wild yellow perch than those of 
its cultivated counterpart (González et al., 2006). 
However, it was not consistent in some studies, 
as cultivated fish had significantly higher 
concentrations of total amino acids, total 
essential amino acids, and total non-essential 
amino acids than wild Chanodichthys 
mongolicus (Jiang et al., 2017). Similarly, Jensen 
et al. (2013) reported that 12 of 13 amino acids 
of cultivated cod were significantly higher than 
in wild cod (except for cysteine).  

Amino acids play an important role in the 
taste and flavor of fish (Haard, 1992). Among 
them, aspartic acid, glutamic acid, alanine, and 
glycine are the main components of fish flavor 
characteristics (Özden & Erkan, 2008). These 
amino acids were significantly higher in 
cultivated fish than wild fish, such as sea bass 
(Fuentes et al., 2010), Atlantic cod (Jensen et 
al., 2013), and Chanodichthys mongolicus 
(Jiang et al., 2017). These results implied that 
it is possible to improve cultivated fish quality 
with qualified nutritional compositions; this 
will help to change the consumers’ perception 
and cultivated fish consumption. 

Mineral content 

The results from the previous studies showed 
that both cultivated and wild fish are rich in essential 
minerals (P, K, Na, Ca, Mg, Fe, Zn, Mn, B, Co, Se, 
and Ni), especially P, K, Na, Ca, and Mg (Figure 

5). Usually, the mineral levels were different 
between fish species (Özden et al., 2010; Qiu et al., 
2011; Kalantzi et al., 2013). Moreover, the mineral 
concentrations significantly varied in different parts 
of fish body. Indeed, the concentration of mineral 
compositions showed significant differences in the 
vertebrae and muscle of haddock (Melanogrammus 
aeglefinus) (Roy & Lall, 2006), the ventral, dorsal, 
and tail of blackspot sea bream (Pagellus 
bogaraveo) (Alvarez et al., 2009), and the muscle, 
liver, intestine, kidney, and gonads of carp 
(Cyprinus carpio) (Alam et al., 2002).  

Some studies have documented that there 
were significant differences in only a few 
mineral contents of cultivated and wild fish. 
This phenomenon has been observed for some 
minerals, such as Ca (Fuentes et al., 2010), Fe, 
and Zn (Orban et al., 2002) in sea bass, Ca and 
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Figure 4. Heatmap comparing the amino acid profiles of cultured (C) and wild (W) fish species from reviewed literature. Blue: 
cultured contents significantly lower than wild (C<W); white: no significant difference (NS); red: cultured contents significantly higher 

than wild (C>W); brown: no data (ND). Amino acid abbreviations: Alanine (Ala), Arginine (Arg), Asparagine (Asn), Aspartic acid 
(Asp), Cysteine (Cys), Glutamic acid (Glu), Glutamine (Gln), Glycine (Gly), Histidine (His), Isoleucine (Ile), Leucine (Leu), Lysine 

(Lys), Methionine (Met), Phenylalanine (Phe), Proline (Pro), Serine (Ser), Threonine (Thr), Tryptophan (Trp), Tyrosine (Tyr), Valine 
(Val), and Total amino acids (TAA). 

 

Figure 5. Heatmap comparing the mineral contents of cultured (C) and wild (W) fish species from reviewed literature. Blue: cultured 
contents significantly lower than wild (C<W); white: no significant difference (NS); red: cultured contents significantly higher than 

wild (C>W); brown: no data (ND).

Fe in rainbow trout (Fallah et al., 2011), and 

Zn in meagre (Chaguri et al., 2017). In 

addition, there were no significant differences 

in the contents of essential minerals between 

cultured and wild carp (Cyprinus carpio) 

(Alam et al., 2002).  

However, significant differences have 

been reported in most of the mineral contents 

of  cultivated  fish  and  their  wild  counterpart 

(González et al., 2006; Roy & Lall, 2006; O'Neill 

et al.,  2015;  Lundebye  et al., 2017). In 

addition,there were different trends for some 

minerals, where the significant higher value was 

in cultured fish or its wild specimen. For 

example, the Fe contents present in wild sea bass 

(Dicentrarchus labrax) (Alasalvar et al., 2002) 
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and yellowtail (Seriola lalandi) (O'Neill et al., 

2015) were significantly higher than their 

cultivated counterparts. In contrast, the Fe 

contents in the vertebrae and muscle of cultivated 

haddock (Melanogrammus aeglefinus) were 

significantly higher than in its wild origin (Roy 

& Lall, 2006). There are many reasons that could 

potentially explain the variations, such as age 

(Otwell & Rickards, 1981), size (Roy & Lall, 

2006; O'Neill et al., 2015), seasonal variations 

(Özden et al., 2010), diet of fishes (Yildiz, 2008; 

Siano et al., 2017) or environmental conditions 

at which those fish were grown (Lall & Milley, 

2008; O'Neill et al., 2015). 

Excessive toxic elements (Cd, Hg, Pb, As, 
and Cr) in fish pose human health risks. Various 
governments have established threshold levels, 
including the Australian Food Standards Code  
(Alam et al., 2002) and China's General 
Administration of Quality Supervision (Jiang et 
al., 2017). While toxic element levels in most 
wild and cultured fish remain below legislative 
limits, wild fish generally contain higher levels 
than cultured fish (Orban et al., 2002; González 
et al., 2006; Jiang et al., 2017). For example, As 
and Hg levels in wild Chanodichthys mongolicus 
significantly exceeded those in cultured groups, 
with Pb detected only in wild fish (Jiang et al., 
2017). Similarly, the Hg content in wild sea bass 
fillets (100.50 mg kg-1 wet weight) significantly 
exceeded cultured sea bass (7.0 mg kg-1) (Orban 
et al., 2002). In contrast, although all measured 
toxic trace metals remained well below 
international food safety standards, Chaguri et al. 
(2017) reported that cultivated meagre 
(Argyrosomus regius) contained significantly 
higher Hg concentrations than wild specimens 
(820.00 vs. 1.66 µg kg-1). Therefore, it is 
believed that the surrounding aquatic 
environment can affect the contents of mineral 
compositions (Orban et al., 2002).  

Color and texture 

Color plays a crucial role in a consumer’s 
acceptability of fishery products (Haard, 1992; 
Goebel et al., 2017). Color analysis showed 
significant differences in skin/fillets colors 
between cultivated and wild fish. Wild fish 
possessed more red hues with higher redness (a*) 
values in the skin of blackspot sea bream (Rincón 

et al., 2016) and fillets of yellow perch (González 
et al., 2006) than those of their cultivated 
counterparts. However, cultivated Northern pike 
was detected with higher a* (redness) and b* 
(yellowness) values (Modzelewska-Kapituła et 
al., 2017). In terms of lightness (L*), wild fish 
had higher L* values in the skin of blackspot sea 
bream (Rincón et al., 2016) and fillets of 
Northern pike (Modzelewska-Kapituła et al., 
2017). However, cultivated fish showed 
significantly higher L* values in the fillet color of 
yellow perch (González et al., 2006). In addition, 
the organoleptic test of cooked whitefish fillets 
demonstrated that 79% of the panelists preferred 
the clear white flesh of cultivated fish compared 
to the pale, slightly grey flesh of wild fish 
(Goebel et al., 2017). In contrast, Atlantic 
salmon showed no significant difference in the 
average flesh color between wild and cultivated 
fish (Johnston et al., 2006). 

Fish muscle texture plays an important role 
in sensory acceptability and quality (Haard, 
1992; Rincón et al., 2016). Wild fish generally 
exhibited significantly higher instrumental 
texture values than cultured fish (Periago et al., 
2005; Johnston et al., 2006; Rincón et al., 2016; 
Saavedra et al., 2017). For example, raw wild 
blackspot sea bream fillets showed higher 
hardness and fracturability than cultured fish 
(Rincón et al., 2016). Similarly, wild Atlantic 
salmon had higher instrumental texture values 
than cultured salmon (Johnston et al., 2006). 
Additionally, wild sea bass dorsal muscles 
showed significantly higher values (P <0.001) 
for all textural properties (hardness, springiness, 
chewiness, cohesiveness, and gumminess) than 
cultured fish (Periago et al., 2005). Wild meagre 
fillets also exhibited significantly higher 
hardness than cultured meagre; however, 
cultured meagre scored higher for cohesiveness, 
springiness, firmness, and oiliness (Saavedra et 
al., 2017). Notably, muscle fiber area and density 
showed no significant differences between wild 
and cultured meagre, indicating these parameters 
cannot explain fillet texture differences 
(Saavedra et al., 2017).  

Factors affecting the quality differences of 

cultivated fish 

Several factors have been proposed to 

explain nutritional and sensory differences 
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between cultured and wild fish, which we 

discuss below.  

First, fish sex (female versus male) affects the 

chemical composition, fatty acids, and fresh fillet 

properties (Goebel et al., 2017; Modzelewska-

Kapituła et al., 2017). In northern pike (Esox 

lucius), males exhibited higher expressible water 

and fillet redness, while females showed higher 

pH values and C20:0 fatty acid concentrations 

(Modzelewska-Kapituła et al., 2017). Thus, sex 

significantly influences cultured fish quality 

within a season. In some cases, sex exerts greater 

influence on fish quality than origin (cultured 

versus wild). For example, in whitefish, sex 

significantly affected body height, fillet yield, 

proximate composition, fatty acids, and color 

(Goebel et al., 2017).  

Second, diets can potentially affect the fatty 

acid compositions of the fish flesh (Suzuki et al., 

1986; Cahu et al., 2004; Webb & O’neill, 2008; 

Wood et al., 2008). Especially, total n-3 and n-6 

fatty acid amounts can be affected by diets 

(Hossain, 2011). In addition, fishmeal is one 

important element affecting the quality of fish 

fillets in terms of texture, appearance, smell, 

taste, and color (Cahu et al., 2004; Hossain, 

2011). Moreover, the feeding rates also affect the 

fish quality. Increased feeding rates raised the 

percent carcass fat and visceral protein in 

rainbow trout (Storebakken et al., 1991). Overall, 

the relationship between feeding diets and fish 

quality is complicated due to the impacts of 

feeding strategies, and the quality of fish product 

can be improved through supplemental dietary 

nutritional compositions and feeding rates. 

Third, geographical region can remarkably 

affect the fish quality (Mairesse et al., 2006; 

Tkaczewska et al., 2014; Ørnholt-Johansson et 

al., 2017). The importance of cultivated region 

was mentioned in research about the quality of 

carp cultivated in six various Polish regions 

(Tkaczewska et al., 2014). The authors suggested 

the necessity of legal regulations to label the 

place and method of cultivation of freshwater 

fish in consumer markets. Moreover, the effects 

of regions, rearing temperature, and rearing 

companies were confirmed in the quality of 

cultivated Atlantic salmon in Norway (Ørnholt-

Johansson et al., 2017). There were significant 

correlations between the water holding capacity 

and geography, and between the water holding 

capacity and company.  

Fourth, seasonal variations significantly 

impact cultured and wild fish quality across 

species. For example, Atlantic halibut quality 

parameters (water holding capacity, muscle pH, 

and fatty acid composition) were investigated 

from May to December in Norway (Olsson et al., 

2003). Cultured halibut had a higher lipid content 

and lower pH than wild fish. Similarly, seasonal 

effects (rainy and dry) influenced the chemical 

composition of cultured and wild cachara 

(Pseudoplatystoma fasciatum) (Sant’Ana et al., 

2010). Notably, DHA proportions in both 

cultured and wild whitefish fillets were 

considerably higher in the spring. Therefore, 

seasonality effects warrant attention, and farmers 

should optimize cultivation timing to achieve 

better post-mortem fish quality. 

Lastly, farming modes and environmental 

conditions also play important roles in the quality 

of cultivated fish. Particularly, there were 

significant differences in the nutritional quality 

of sharpsnout sea bream (Diplodus puntazzo) 

reared in cages and in tanks (Orban et al., 2000). 

Moreover, in an effort to differentiate 

aquaculture products, Valente et al. (2011) 

studied the quality differences of gilthead sea 

bream raised in distinct production systems 

(integrated, intensive, semi-intensive, and 

extensive systems) in southern Europe. The 

results showed that fish reared in an intensive 

system had a higher lipid content, and firmer and 

denser texture than the values of fish reared 

extensively. Furthermore, rearing conditions and 

water type, freshwater or seawater, can make 

differences in the sensory characteristics and 

nutritional value of red drum ( Klanian & Alonso, 

2015). Therefore, investigations in the farming 

modes should be considered to decide the 

ultimate quality of cultured fish.  

Recent literature update (2020-2024) 

Since the cutoff of our main literature review 

was November 2019, a number of comparative 

studies between wild and farmed fish have 

emerged (2020-2024), further reinforcing and 

refining our core findings. 
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Comparative studies on proximate 

composition reveal clear differences between 

farmed and wild fish, reflecting the influence of 

diet, environment, and metabolic activity. Wild-

caught species generally exhibit higher protein 

and ash contents, consistent with greater 

muscular activity and natural dietary diversity, 

whereas farmed fish often show elevated lipid 

and moisture levels due to formulated feeds and 

reduced energy expenditure. For instance, wild 

tilapia demonstrated higher protein (16.90 ± 

0.50%) and ash (9.22 ± 1.27%) contents, whereas 

farmed tilapia showed increased fat (3.55 ± 

0.05%) and energy density (94.5kcal 100g-1) 

(Francis et al., 2024). Similarly, seasonal studies 

from South Asia highlighted that protein, lipid, 

and amino acid levels tended to be higher in pre-

monsoon periods, while moisture levels 

increased during spawning migrations, 

underscoring the role of environmental and 

biological factors in shaping proximate profiles 

(Rasul et al., 2021). 

Mineral composition also varies 

significantly between wild and farmed species, 

influenced by feeding practices, water quality, 

and ecological exposure (Thanh et al., 2024). 

Evidence suggests that wild fish contain higher 

concentrations of essential micronutrients such 

as iron, zinc, calcium, and phosphorus, attributed 

to natural feeding on mineral-rich prey and 

sediments. For example, zinc was only detected 

in wild tilapia, whereas iron concentrations, 

although present in both wild and farmed tilapia, 

were slightly higher in the wild but remained 

within safe consumption limits (Francis et al., 

2024). In contrast, farmed Asian sea bass 

displayed a higher overall ash content (21.04 ± 

2.1%), suggesting substantial mineral deposition, 

though this may reflect differences in feed 

formulation rather than environmental uptake 

(Francis et al., 2024).   

Fatty acid composition differs markedly 

between farmed and wild fish, largely reflecting 

the diet and rearing environments. Farmed 

species generally contain higher total lipid levels, 

as seen in sardines (14.52% vs. 2.37%) (Scheuer 

et al., 2024) and salmon (8.97% vs. 2.14%) 

(Molversmyr et al., 2022), while wild fish 

typically present leaner profiles with greater 

proportions of long-chain omega-3 

polyunsaturated fatty acids (LC-PUFA). Wild 

sardines, for example, showed elevated EPA and 

DHA (2560 mg/100 g), whereas their farmed 

counterparts were enriched in n-6 PUFA due to 

vegetable oil-based feeds (Scheuer et al., 2024). 

Similarly, wild salmon exhibited a higher 

proportion of SFA and a more balanced n-3/n-6 

ratio, despite farmed salmon having a greater 

absolute PUFA content (Molversmyr et al., 

2022). In Mediterranean sea bass and sea bream, 

cultivated fish contained more PUFA, mainly 

linoleic acid, while wild fish showed relatively 

higher MUFA and SFA (Amoussou et al., 2022). 

Overall, wild fish provide leaner tissue and 

superior LC-PUFA quality, whereas farmed fish 

offer higher fat yields but are more influenced by 

feed composition. 

Furthermore, the amino acid profile of fish 

muscle exhibits notable variation between 

farmed and wild individuals, reflecting 

differences in feeding regimes, habitat 

conditions, and growth dynamics. In pirarucu 

(Arapaima gigas), muscle amino acid 

composition was influenced by both origin (wild 

vs. farmed) and size class, with estimated amino 

acid requirements providing a basis for diet 

formulation in aquaculture, while simultaneously 

confirming pirarucu fillets as a rich source of 

essential amino acids for human nutrition 

(Rodrigues et al., 2022). In European plaice 

(Pleuronectes platessa), farmed individuals 

displayed significantly higher free amino acid 

(FAA) concentrations, particularly glutamate, 

glycine, alanine, and tyrosine, which contribute 

to umami and sweet tastes, although substantial 

intra-group variation was observed (Kendler et 

al., 2024). Otherwise, comparative analysis of 

pangasius catfish species demonstrated that wild 

Pangasius pangasius contained higher essential 

amino acid (EAA) ratios than farmed Pangasius 

hypophthalmus, however both exceeded the 

FAO/WHO minimum standard, thereby ensuring 

nutritional adequacy (Chakma et al., 2022). 

Collectively, these studies indicate that while 

both wild and farmed fish provide sufficient 

amino acids for human consumption, wild fish 

generally demonstrate superior amino acid 

balance, whereas farmed fish may exhibit 
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elevated FAA content due to dietary influences 

and metabolic factors. 

Overall, recent investigations reinforce pre-
2019 conclusions: farmed fish contain more 
lipids but similar protein and ash contents, the 
fatty acid profiles vary predictably, contaminant 
differences depend on the environment, and 
sensory differences reflect biological and 
environmental factors. These newer findings add 
mechanistic and multi-species depth, 
strengthening interpretive power. 

Conclusions 

This review provides novel comparative 
insights into quality differences between cultured 
and wild fish regarding proximate composition, 
fatty acids, amino acids, mineral contents, and 
sensory characteristics. Although cultured fish 
showed significantly lower moisture and higher 
lipid contents, some studies detected remarkably 
higher EPA and DHA percentages than in wild 
fish. Moreover, fish reared under controlled 
aquaculture conditions may offer greater 
culinary safety. Therefore, we reject the 
prejudice against cultured fish quality.  

Internal factors (sex) and external factors 
(diet, region, season, farming mode, and 
environmental conditions) significantly 
influence these quality differences, explaining 
variations within species and across companies, 
regions, and countries. Future research should 
consider additional factors such as exercise 
levels and rearing conditions. To improve 
cultured fish quality, aquaculture practices 
should optimize feeding strategies, geographical 
regions, farming modes, and cultivation seasons. 
Recent studies (2020-2024) reinforce these 
conclusions, adding mechanistic insights on feed 
composition, carotenoids, and gut microbiota in 
shaping fish quality, confirming that our core 
interpretations remain valid while reflecting 
current advancements. 
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