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ABSTRACT. Fatty acids from fish are of great interest for human consumption, and the channel catfish
(Ictalurus punctatus) is one of the most important aquaculture species in Mexico and perhaps in other countries
with similar resource endowments. Channel catfish occupy a trophic level that theoretically and potentially
allows the retention and de novo biosynthesis of long-chain fatty acids (FASs), essential for human nutrition and
health. Here, we present an overview of the main features of FAs, their reported average levels and extreme
values in channel catfish assessments, and their correlations. The importance of FAs for human consumption
and some implications for future research are discussed.
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INTRODUCTION

The channel catfish (Ictalurus punctatus Rafinesque,
1818) is a freshwater fish in the family Ictaluridae
(North American catfish), which includes seven genera
and approximately 45 species (Parra-Bracamonte et al.
2023). Channel catfish is one of the most important
species for aquaculture in Mexico after tilapia
(Oreochromis spp.), carp (Cyprinus carpio Linnaeus,
1758), and rainbow trout (Oncorhynchus mykiss
Walbaum, 1792). Channel catfish farming in Mexico
began in the 1970s, and the species has become an
essential freshwater resource produced under farm
conditions (de la Rosa Reyna et al. 2014, Lara-Rivera
et al. 2015).

Associate Editor; Carlos Alvarez

The channel catfish is native to northeast Mexico,
including Tamaulipas, Nuevo Leon Coahuila, and
Chihuahua, where environmental conditions are
optimal for its reproduction and growth. Although
native varieties of this species are available, different
importation events during the 1970s introduced channel
catfish aquaculture farming in Tamaulipas and later in
20 additional Mexican states (Lara-Rivera et al. 2015)
mainly for the growth and production of animal protein
due to its increasing acceptance and consumption.
During the first decade of the 2000s, peak production
was achieved, and soon after, production decreased
from 9000 t of product estimated in 2007 to
approximately 2000 t in 2015 (FAO 2019). By 2016,
the estimated production was 4000 t (INAPESCA 2018),
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positioning the species relevant to the country's
aquaculture sector.

The catfish meat production sector indicated that
growth traits are essential for establishing production
and genetic improvement programs (Lara-Rivera et al.
2015). However, it was suggested that the identification
of variability related to meat quality traits such as fatty
acid (FA) deposition would help encourage compe-
tition with other more recognized species in Mexico
and, above all, expand the market, which is limited to
certain Mexican states (Mendoza-Pacheco et al. 2018).

Lipids and their FAs are important organic
components of fish and play a critical role as sources of
metabolic energy for growth, reproduction, and
migratory movement. In addition, some fish FAs are
rich in long chains of omega-3 unsaturated FAs (n-3
polyunsaturated fatty acids (PUFAs)) that have an
important role in animal nutrition, including fish and
humans; this reflects their role in physiological
processes. Fish are the main source of long-chain
PUFAs (LC-PUFAs, >C18) for human consumption
(Xu et al. 2020). These FAs are generally associated
with nutritional advantages and confer the status of
functional foods to products that contain them and may
also provide added value or greater competitiveness in
the market for the aquaculture industry.

The present study aimed to provide an overview of
the average levels of FAs in reviewed document reports
of channel catfish meat and to highlight the importance
of human-beneficial FAs and their implications for the
Mexican aquaculture industry.

Features of fish FA use and biosynthesis

Food refers to anything that, when consumed, provides
the necessary nutrients for the metabolism of a given
organism. Some foods exhibit health benefits beyond
their nutritional characteristics; these advantages can be
either natural or the result of human intervention. Foods
possessing different health benefits beyond funda-
mental nutrition are called functional foods. Essential
FAs (EFAs) are among the most popular functional
foods. An FA is an organic molecule with a carboxylic
acid group at the end of an aliphatic chain containing
four or more carbons, usually an even number of up to
24. The aliphatic chain can be "saturated”, where all
carbon-carbon linkages are single bonds, and all other
carbon bonds are taken by hydrogen, or “unsaturated",
where some carbons are linked by double bonds (Castro
et al. 2016). EFAs are polyunsaturated FAs necessary
for human health. Nevertheless, the human body cannot
synthesize them, and therefore they must be consumed
with the diet, such as a-linolenic acid (ALA, 18:3[n-3])

and linoleic acid (LA, 18:2[omega-6, n-6]). ALA and
LA can be converted to other n-3 and n-6 FAs,
respectively, although this depends on the presence and
expression of genes involved in FA desaturation and
elongation.

Castro et al. (2016) provided a general description
of FA biosynthesis involving the primary pathway of
lipogenesis as the biosynthesis of FA, which can be
catalyzed by two cytosolic enzyme systems: acetyl-
CoA carboxylase and the multienzyme fatty acid
synthase (FAS) complex that uses acetyl-CoA as the
carbon source to produce saturated FAs, primarily 16:0
in animals and 18:0 in plants. FA elongation is another
major pathway in the production of FAs; the elongation
of FAs to produce FAs with chain lengths of 18 carbons
involves four sequential reactions to add 2-carbon
units. These reactions are analogous to de novo
synthesis (condensation, first reduction, dehydration,
and second reduction). They are catalyzed by four
membrane-bound enzymes, namely, elongation of very
long-chain FAs (Elovl) proteins (condensing enzyme),
B-ketoacyl-CoA reductase, p-hydroxy acyl-CoA
dehydratase, and trans-2-enoyl-CoA reductase. Poste-
riorly, the biosynthesis of unsaturated FAs can occur by
two pathways that involve the enzymatic fatty acyl
desaturase (Fad) and Elovl processes of desaturation
and elongation, respectively (Castro et al. 2016, Fig. 1).

Fish are one of the main sources of n-6 and n-3
EFAs. However, in some cases, depending on their
biosynthesis capacity, fish cannot synthesize these FAs
either, and the proportion of n-6 and n-3 depends
greatly on the foods they consume (Tasbozan & Gokge
2017). The typical FA composition of marine fish oils
results from the FA composition of marine phyto-
plankton. These FAs reach the fish via the food web
(Steffens 1997), which means that some variation is
expected in the FA composition of different fish of the
same species. Still, there is also a great difference in the
FA composition between marine and freshwater fishes.
It is important to note that the production of LC-PUFAs
in most animals, and definitely in all vertebrates, is
restricted to biosynthesis from preexisting (i.e. dietary)
C18-PUFAs, given the lack of enzymes capable of
producing C18-PUFAs from monounsaturated FAs
(Castro et al. 2016). Therefore, species-specific
metabolic differences and FA-specific metabolic
pathways, such as selective incorporation, [3-oxidation,
and de novo synthesis/lipogenic activity, influence the
incorporation of dietary FAs into fish tissues (Tocher
2015, Xu et al. 2020). Hence, a key feature of fish is
their ability to synthesize LC-PUFAs. However, fish
vary in their ability to meet the physiological demand
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Figure 1. Biosynthetic pathways of polyunsaturated fatty acids (FAs). Desaturation reactions are described with "®" or "A",

which indicate, respectively, the carbon position at which the incipient double bond is located within the methyl (®) and
front (A) ends of the fatty acyl chain elongation of very long-chain FAs (Elovl) catalyzes elongation reactions. De novo
biosynthesis of stearic acid (from 16:0, palmitic acid) by fatty acid synthase (FAs) complex system and subsequent A9
unsaturation by stearoyl-CoA desaturase are also shown. Production of 22:6n-3 and 22:5n-6 occurs through partial -
oxidation of 24:6n-3 and 24:5n-6, respectively. Adapted from Castro et al. (2016) and Xu et al. (2020).

for LC-PUFAs (i.e. 20:4(n-6), 20:5[n-3], and 22:6(n-
3)) via elongation and desaturation of C18-PUFA [i.e.
18:2(n-6) and 18:3(n-3)] precursors (Trushenski &
Rombenso 2020). Inthis case, it is considered that C18-
PUFAS are nutritionally essential, if not physio-
logically essential, in their role as a biosynthetic
precursor to LC-PUFAs (Trushenski & Rombenso
2020).

It has been hypothesized that marine species that
have evolved in an LC-PUFA-rich environment have
low evolutionary pressure to retain the ability to
produce LC-PUFAs endogenously. In contrast, lower
levels of LC-PUFAs in the food chain may have been
the selective pressure driving freshwater species to
retain the ability to biosynthesize LC-PUFAs to satisfy
their physiological requirements (Xu et al. 2020). As a
general rule, temperature and salinity have been
suggested to be predictive of this major role of
physiological patterns in FA essentiality; however, the
demand for LC-PUFAs has been suggested to be more
a function of species phylogeny (Garrido et al. 2019) or
trophic level, that is, the position in the food web
hierarchy, on a scale of 1-5, where 1 is a primary
producer, and 5 is an apex predator (Trushenski &
Rombenso 2020).

Generally, freshwater and salmonid species have
been regarded as having a high capacity for LC-PUFA
biosynthesis, whereas marine teleost species show a
limited ability to biosynthesize LC-PUFAs (Xu et al.
2020). In the case of the channel catfish, its condition
as an omnivorous species exhibiting a trophic level
between 3.1 and 4.3 (Froese & Pauly 2022) might
indicate the biological capacity to synthesize PUFAs
(Trushenski et al. 2020), and additional information on
enzymatic expression may support this hypothesis.

FA deposition in channel catfish meat

One of the important issues in applied sciences is to
know the variation boundaries determining a phenotype
because having this information reveals the true
possibility of achieving improvement. From a broad
literature review of published information on FA
deposition in channel catfish (i.e. fillet or muscle), the
descriptive statistics of the reported main FAs and their
maximum and minimum amplitudes of occurrence
were estimated (Table 1). Three saturated FAs (SFAS)
are more frequently reported in channel catfish studies:
myristic acid (14:0), palmitic acid (16:0), and stearic
acid (18:0). In contrast, arachidic and eicosanoid acids
are less frequently reported. The mean reported SFA
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Table 1. Fatty acid content (%) statistics in channel catfish fillets from different studies. n: sample size. Estimated from
data reported by Stickney & Andrews (1972), Worthington et al. (1972), Worthington & Lovell (1973), Mustafa & Medeiros
(1985), Nettleton et al. (1990), Akoh & Hearnsberger (1993), Conrad et al. (1995), Morris et al. (1995), Robinson et al.
(2001), Hedrick et al. (2005), Li et al. (2009), Zhang et al. (2015), Young et al. (2016), Betchel et al. (2017), Trushenski et

al. (2020). SD: standard deviation.

Fatty acid Common name

n Mean SD Minimum Maximum

14:00 Myristic
16:00 Palmitic
18:00 Stearic
20:00 Arachidic
22:00 Eicosanoid
16:1 Palmitoleic

18:1(n-7) Vaccenic

18:1(n-9) Oleic

20:1(n-9) 11-Eicosanoid
18:2(n-6) Linoleic

18:3(n-3) Alpha-linolenic
18:4(n-3) Stearidonic

20:2(n-6) Eicosadienoic
20:3(n-3) Eicosatrienoic
20:3(n-6) Dihomo-y-linolenic
20:3(n-9) Eicosatrienoic
20:4(n-3) Eicosatetranoic
20:4(n-6) Araquiquidonic (ARA)
20:5(n-3) Eicosapentanoic (EPA)
22:4(n-6) Adrenic

22:5(n-3) Docosapentaenoic (n-3 DPA)
22:5(n-6) Docosapentaenoic (n-6 DPA)

22:6(n-3) Docosahexanoic (DHA)

SFA Saturated
MUFA Monounsaturated
PUFA Polyunsaturated

81 1.99 2.26 0.42 11.94
81 19.28 3.36  10.30 25.54
81 550 215 1.20 11.09

10 0.32 0.19 0.10 0.63
8 032 0.34 0.10 0.98
81 3.51 1.93 0.65 9.00
17 2.05 1.40 0.19 4.90
84 39.09 855 25.80 59.50
56 1.49 0.70 0.78 4.92
89 13.15 4.84 2.80 38.60
86 1.59 3.14 0.16 28.30
20 0.34 0.30 0.04 0.79
54 1.00 0.33 0.30 1.81
16 0.77 0.88 0.08 3.60
71 1.35 0.70 0.49 3.55
26 1.13 0.74 0.10 2.80
28 0.43 052 0.00 2.10
68 3.78 3.59 0.40 13.22
79 121 132 0.00 9.40
22 038 0.33 0.00 1.10
75 0.81 0.56 0.00 4.20
36 1.22 1.06 0.00 4.66

81 3.80 2.83 0.75 16.00
46 28.22 439 2321 36.08
46 39.53 8.10 24.94 57.00
44 30.59 8.99 10.50 50.30

content was 28.22 + 4.39%, and palmitic acid was the
most abundant, with a mean of 19.28 + 3.36%. For
monounsaturated FAs (MUFAs), the mean reported
MUFA content was 39.53 + 8.10%, and palmitoleic
acid (16:1), oleic acid [18:1(n-7)] and 11-eicosanoid
acid [20:1(n-9)] were the most frequently reported.
However, vaccenic acid [18:1(n-7)] was occasionally
reported [18:1(n-7)]. Of these MUFAs, the most
abundant FA was oleic acid, with a mean content of
39.09 + 8.55%.

Regarding PUFA content, linoleic [C18:2 (n-6)] and
alpha-linolenic [18:3(n-3)] acids are more frequently
reported, with linoleic acid being the most abundant,
with a mean content of 13.15 + 4.84%. Stearidonic acid
[C18:4(n-3)] is occasionally reported as well. In
contrast, LC-PUFAs are more frequently reported,
including mostly n-3 and n-6 LC-PUFAs. For n-3 FAs,
the most frequent are eicosapentaenoic acid [EPA,
20:5(n-3)], docosapentaenoic acid [DPA, 22:5(n-3)],
and docosahexaenoic acid [DHA, 22:6(n-3)] and

occasionally eicosatrienoic acid [20:3(n-3)] and
eicosatetraenoic acid [20:4(n-3)]. Regarding n-6 FAs,
eicosadienoic acid [20:2(n-6)], dihomo-g-linolenic acid
[20:3(n-6)], and the essential arachidonic acid [ARA,
20:4(n-6)] are the most frequent (Table 1). The least
frequent but also mentioned are adrenic acid [22:4(n-
6)] and the n-6 isomer of DPA. The LC-PUFAs have a
mean total deposition of 30.59 + 8.99%, and according
to published reports, the highest deposition levels are
found for, interestingly, DHA and ARA (Table 1).

As this evidence suggests, the most frequent FAS in
channel catfish meat are palmitic acid, oleic acid,
linolenic acid, ARA, and DHA. These are the major
FAs in percentage among the saturated or unsaturated
FA types. Generally, large variation was found, as
suggested by standard deviation estimates (Table 1) and
the minimum and maximum amplitude values. In some
cases, maximum levels are over three standard
deviations from the mean (Table 1). The origin and
sources of variation in published studies are diverse and
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large, even though selected studies were chosen based
on their reporting of the same tissue, FA extraction
method, and unit of measurement (i.e. percentage).
However, most studies were nutritional experiments.

As most of the literature suggests, nutrition is the
main source of variation in FA biosynthesis and
deposition processes (Stickney & Andrews 1972,
Worthington & Lovell 1973, Morris et al. 1995,
Hedrick et al. 2005, Li et al. 2009, Zhang et al. 2015,
Young et al. 2016, Trushenski et al. 2020).
Worthington & Lovell (1973) indicated that more than
93% of the variance in FA deposition is explained by
diet and suggested that low levels of natural variability
in FA among catfish demonstrate that genetic and other
factors are of minor importance compared to diet in
determining FA composition. Evidence presented in
this work partly agrees with their results since the high
variability in the maximum levels found is likely the
result of experimental diet differences. However,
almost all published comparisons of FA deposition are
related to nutrition assessment; therefore, more
information regarding inherent (i.e. genetic) variation is
needed.

Important Pearson correlations were estimated for
the most frequent FAs reported in the literature (Table
2). A high and significant correlation for total SFA
content indicated that palmitic acid determined a large
percentage of these FAs. Additionally, a negative (r =
-0.76) and significant (P < 0.0001) relationship was
found between stearic acid and palmitoleic acid.
Similarly, oleic acid negatively correlated (r = - 0.67, P
< 0.0001) with total SFA content. This pattern was also
found for total MUFA content (r = -0.74, P < 0.0001).

Among PUFAs, eicosadienoic acid positively
correlated with dihomo-y-linolenic acid (r = 0.64, P =
0.0001). ARA revealed interesting and significant
relationships with SFA and MUFA deposition (Table
2). Significant (P < 0.0003) positive correlations of this
FA with palmitic acid, stearic acid, and total SFA were
observed (0.62, 0.70, and 0.78, respectively).
Conversely, the association between oleic acid and total
MUFA content was high and negative (-0.74 and -0.81,
respectively). Similarly, EPA showed a positive
correlation with total SFA content (r = 0.70, P <
0.0001) and a negative correlation with total MUFA
content (r = -0.66, P < 0.0001). DHA showed a positive
and significant (P < 0.0001) correlation with n-3 EPA,
DPA, and total PUFA content (0.67, 0.66, and 0.60,
respectively). Finally, the total PUFA content was
highly, significantly, and negatively correlated with the
oleic and total MUFA contents (-0.85 and -0.91,
respectively).

In general, the direct relationship of biosynthesis
could explain the correlations between FAs (Fig. 1). As
observed, n-3 and n-6 FAs tend to be correlated with
their more desaturated counterparts. In addition,
nutritional management can significantly modulate
deposition changes; for instance, Trushenski et al.
(2020) indicated that providing diets enriched with n-3
LC-PUFAs to channel catfish would interfere with de
novo production of n-6 LC-PUFAs in these species and
may induce 20:4(n-6) deficiency.

Beneficial effects of FAs

FAs play diverse and important roles in the health of
animals, including humans. EFAs affect the fluidity,
flexibility, and permeability of the cell membranes, and
they are the precursors of eicosanoids, which are
needed for maintaining the impermeability of the skin
barrier and are involved in cholesterol transport and
metabolism (Steffens 1997). FAs also play a role as
components of storage lipids and function as a reserve
of energy. It has also been noted that some FAs play a
functional role as regulators of metabolism at the
extracellular level of tissues or intracellularly as ligands
for transcription factors that control gene expression
(Tocher 2015). FAs, especially PUFAs, play important
physiological roles as substrates for the synthesis of
LC-PUFAs with known physiological functions in the
production of eicosanoids (prostaglandins, throm-
boxanes, leukotrienes, and others derived from ARA
and EPA) and docosanoids (resolvins and neuro-
protectins derived from EPA and DHA, respectively)
(Trushenski & Rombenso 2020). Since EFAs are also a
constituent of synaptic membranes, they are believed to
play an integral role in neurological functioning. Their
role in conditions such as schizophrenia, bipolar
disorder, major depressive disorder, dementia, post-
partum depression, and borderline personality disorder
has been widely studied (Holub & Holub 2004,
Sanchez-Villegas et al. 2007).

The first studies exploring the beneficial effect of
eating fish on the incidence of heart attacks were
performed in the 1970s and lasted 20 years. Those
projects showed that fish consumption could reduce the
risk of ischemic heart disease (Nelson 1972, Kromhout
etal. 1985). For a long time, there has been controversy
about n-6:n-3 ratios and how they may negatively affect
human health. For instance, n-6 FAs, which can be
found in corn and safflower oils, have been found to act
as precursors involved in the growth of mammary
tumors when fed to animals, whereas n-3 FAs, found
primarily in fish oils, have shown inhibitory effects on
different breast cancers (Bagga et al. 1997, Kim et al.
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Table 2. Pearson correlation coefficients (above diagonal) and their significance (below diagonal) of fatty acids deposition percentage reported in the meat of channel catfish.
SFAs: saturated fatty acids, MUFASs: monounsaturated fatty acids, PUFAs: polyunsaturated fatty acids.

140 160 180 SFAs 161 18:1(n-9) 20:1(n-9) MUFAs 18:2(n-6) 18:3(n-3) 20:2(n-6) 20:3(n-6) 20:4(n-6) 20:5(n-3) 22:5(n-3) 22:6(n-3) PUFAs

14:0 -0.01 -0.39 0.68 0.65 -0.09 0.38 -0.15 -0.18 0.07 -0.53 -0.24 -0.12 0.20 0.11 -0.08 -0.26
16:0 0.9145 0.44 094 -0.17 -0.28 -0.34 -0.52 0.06 -0.44 -0.46 -0.51 0.62 0.06 0.02 0.14 0.05
18:0 0.0004 <.0001 0.47 -0.76 -0.55 -0.44 -0.74 0.04 -0.34 0.41 0.23 0.70 -0.13 -0.15 0.31 0.39
SFAs <.0001 <.0001 0.002 0.02 -0.67 -0.55 -0.74 0.32 -0.30 -0.44 -0.45 0.78 0.70 0.39 0.41 0.45
16:1 <.0001 0.126 <.0001 0.8901 0.41 0.41 0.41 -0.35 0.07 -0.54 -0.34 -0.43 0.30 0.31 -0.21 -0.56
18:1(n-9) 0.4479 0.0114 <.0001 <.0001 0.0001 0.10 0.98 -0.19 -0.02 -0.05 -0.15 -0.74 -0.39 -0.31 -0.69 -0.85
20:1(n-9) 0.0034 0.0106 0.0007 0.0003 0.0018 0.474 0.13 -0.31 0.17 0.39 0.57 -0.52 0.40 0.36 0.04 0.19
MUFAs 0.3476 0.0004 <.0001 <.0001 0.0081 <.0001 0.4244 -0.25 0.05 -0.06 -0.08 -0.81 -0.66 -0.45 -0.69 -0.91
18:2(n-6) 0.1149 0.6212 0.7437 0.0283 0.0015 0.0885  0.0211 0.094 -0.07 -0.07 -0.33 0.04 -0.21 -0.34 -0.08 0.56
18:3(n-3) 0.5206 <.0001 0.0021 0.0463 0.5612 0.8882  0.2065 0.7502  0.5512 0.07 0.11 -0.24 0.06 0.07 -0.01 0.29
20:2(n-6) <.0001 0.0009 0.0031 0.0028 <.0001 0.755 0.0087 0.6742 0.6112  0.6035 0.64 -0.17 -0.30 -0.25 0.07 0.73
20:3(n-6) 0.0531 <.0001 0.0619 0.0016 0.0048 0.2341 <.0001 0.5945 0.0051 0.3546  <.0001 0.02 -0.08 -0.01 0.08 0.44
20:4(n-6) 0.3495 <.0001 <.0001 <.0001 0.0004 <.0001 0.0003 <.0001 0.7669  0.0447 0.2378  0.8759 0.16 0.07 0.42 0.41
20:5(n-3) 0.0911 0.5892 0.2637 <.0001 0.0095 0.0007  0.0033 <.0001 0.0587 0.6103  0.0322 0.504 0.194 0.93 0.67 0.36
22:5(n-3) 0.326 0.8422 0.1971 0.012 0.0071 0.0065 0.0069 0.004 0.0026  0.5279  0.0866  0.9487 0.57 <.0001 0.66 0.20
22:6(n-3) 0.4895 0.2182 0.0063 0.0054 0.0711 <.0001 0.7512 <.0001 0.5032 0.8956  0.6145 0.5282 0.0004 <0001  <.0001 0.60

PUFAs  0.0931 0.7681 0.0096 0.0089 <.0001 <.0001 0.2947 <.0001 <.0001 0.0552 <.0001  0.0102 0.0059 0.0177  0.1931  <.0001
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2009). Additionally, some studies have been able to
relate the consumption of n-3 FAs with an increased
risk of type 2 diabetes (Djousse et al. 2011). The diet in
North America varies from 8:1 to 20:1 n-6:n-3. This
excess consumption of n-6 FAs has been widely related
to obesity (Simopoulos 2016) and the risk of cardiac
disease.

Multiple studies support the concept that fish-based
diets, such as Mediterranean diets, help prevent
coronary heart disease through the protective benefits
of ALA. A study conducted with the Inuit people
(Quebec) showed that their diet provides several
thousand milligrams of n-3 FAs in the form of EPA and
DHA combined by consuming marine mammals and
fishes. When compared to the Danish population, the
Inuit population showed a significantly lower rate of
death from acute myocardial infarction (Bang &
Dyerburg 1980). The Japanese population offers
another good example of a diet based on fish
consumption; their intake of EPA/DHA is approxi-
mately 1500 mg d*, compared to 130 mg d in North
America. Those higher amounts of consumption have
been associated with lower rates of acute myocardial
infarction, another ischemic heart disease, and
atherosclerosis despite only moderately lower blood
cholesterol levels being detected in the Japanese and
Inuit populations.

Numerous recent studies support the beneficial
effects of EPA and DHA consumption on human health
(Table 3). Direct consumption of EPA and DHA via
fish meat could reduce many chronic diseases involving
inflammatory processes, such as cardiovascular
disease, inflammatory bowel disease, cancer, and
rheumatoid arthritis (Wall et al. 2010). Overall, the
therapeutic effects of FAs on cardiovascular disease
appear to be due to the suppression of fatal arrhythmia.
Consumption of EPA has been associated with
inflammation reduction (Duvall & Levy 2016),
cardiovascular health improvement (Nelson & Raskin
2019), support in managing mood disorders such as
depression and anxiety (Messamore et al. 2017), and
reduction of certain types of cancer (Liu & Ma 2014,
Jump et al. 2015, Zarate et al. 2017, Djuricic & Calder
2021). Similarly, consumption of DHA has been related
to improvement of brain health and cognitive function
at all stages of life (Carlson et al. 2013, Dighriri et al.
2022), reduced risk of cardiovascular disease (del
Gobbo et al. 2016, Kleber et al. 2016), and prevention
of neurodegenerative disorders such as Alzheimer's
disease (Lorente-Cebrian et al. 2015, Balakrishnan et
al. 2021). At doses >3 g d, EPA plus DHA improved
cardiovascular disease risk factors, including

decreasing plasma triacylglycerols, blood pressure,
platelet aggregation, and inflammation while improving
vascular reactivity (Breslow 2006). Additionally,
combined consumption of EPA and DHA has been
associated with a reduction in blood triglyceride levels
(Jain et al. 2015, Leslie et al. 2015, Zhang et al. 2019),
anti-inflammatory benefits in chronic inflammatory
diseases, such as rheumatoid arthritis (Calder 2015) and
prevention of bone density loss (Mangano et al. 2013,
Sharma & Mandal 2020), among other benefits (Table
3).

Implications

The available information on FA deposition in channel
catfish meat, mostly from farming and nutritional
experiments, was reviewed. These findings revealed
that n-3 FAs (ALA, EPA, and DHA) are constantly
available in important amounts in channel catfish meat,
representing great potential for human consumption
and health enhancement.

As discussed previously, channel catfish display
omnivorous characteristics and occupy a trophic level
that theoretically would allow the species to perform de
novo biosynthesis of LC-PUFAs. However, this
ultimately depends on whether their diet allows FA
retention and biosynthesis. Stream food webs are
generally highly enriched with n-3 LC-PUFAs,
particularly EPA and DHA. Algae from temperate
rivers show higher EPA contents than algae from
subtropical rivers. Stream invertebrates from temperate
and subtropical rivers preferentially retain algal EPA,
and their PUFAs vary with algal PUFAs. The reasons
for DHA and EPA trophic retention still need to be
better understood. Still, an analysis suggests that
consumers selectively incorporate algal PUFAs and
possibly also bioconvert dietary ALA and EPA into
DHA in a wide range of fish taxa (Guo et al. 2017).
Martinez et al. (2006) suggested that a Mexican
cultured silverside (Chirostoma estor) may convert
EPA or other n-3 FAs to DHA.

Determining the process and level of essentiality or
requirement of certain FAs is a key issue for
aquaculture  species. Defining nutritional FA
essentiality in fish is complex given the wide variability
among species subjected to different selective pressures
and with different trophic levels and environmental
tolerances and given the different experimental
conditions and differences in feed formulation and
manufacturing techniques involved, all of which can
influence absolute requirements (Trushenski &
Rombenso 2020) and deposition of FAs. Tocher (2015)
notes that the balance between different PUFAs and
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Table 3. Reported benefits of fatty acids, eicosapentanoic (EPA) and docosahexanoic (DHA), consumption in human
health. References: 1) Duvall & Levy (2016); 2) Nelson & Raskin (2019); 3) Messamore et al. (2017); 4) Djuricic & Calder
(2021); 5) Jump et al. (2015); 6) Liu & Ma (2014); 7) Zérate et al. (2017); 8) Lauritzen et al. (2016); 9) Carlson et al. (2013);
10) Dighriri et al. (2022); 11) Richard & Calder (2016); 12) Carlson & Colombo (2016); 13) Kleber et al. (2016); 14) del
Gobbo et al. (2016); 15) Balakrishnan et al. (2021); 16) Lorente-Cebrian et al. (2015); 17) Jain et al. (2015); 18) Leslie et
al. (2015); 19) Zhang et al. (2019); 20) McCusker et al. (2016); 21) Souied et al. (2016); 22) Calder (2015); 23) Kumar et
al. (2016); 24) Wendell et al. (2014); 25) Mangano et al. (2013); 26) Sharma & Mandal (2020); 27) Calder (2019).

Fatty acid Reported benefits Reference
EPA Reduced inflammation in the body 1
Improves cardiovascular health 2
Support in managing mood disorders, such as depression and anxiety 3
Possible role in reducing the risk of certain types of cancer 4,5,6,7
DHA Brain development and function 8
Improved brain health and cognitive function at all stages of life 9,10
Support in visual development, especially in infants and children 11,12
Reduced risk of cardiovascular disease 13,14
Potential benefits in preventing neurodegenerative diseases, such as Alzheimer's 15, 16
EPA and DHA Reduction of blood triglyceride levels 17,18, 19
Support in eye health and prevention of age-related macular degeneration 20,21
Anti-inflammatory benefits in chronic inflammatory diseases, such as rheumatoid arthritis 22
Improved lung function in people with asthma 23,24
Support in bone health and prevention of bone density loss 25, 26
Brain and eye development and function 27

LC-PUFAs is important and defining is challenging, so
ideal levels and balances are still not well understood,
particularly concerning fish health and between wild
versus farmed fish; however, efforts need to be focused
on the de novo production of n-3 LC-PUFAs.

Differences between wild and farmed channel
catfish have been proposed. Evidence of changes in FA
deposition supports these assumptions. Young et al.
(2014) found decreases in n-3 and C18 PUFAs in all
tissues and increases in MUFAs over time when
channel catfish were moved from the wild to farms.
Since most reviewed studies included farmed channel
catfish, that study demonstrates that FA signatures
change over time in response to diet and habitat shifts
and can be useful for tracking the timing of diet
changes. However, other studies suggest that shreds of
evidence do not support the notion that wild fish are
higher in n-3 FA than cultivated fish (Nettleton 2000).
Therefore, further research into cultivated and wild
origin differences is needed to achieve conclusive
results.

Studies such as the present one have many strengths
but also some limitations. Estimations of correlations
represent a phenotypic expression of traits involving
the environmental (mainly diet) and genetic compo-
nents. Further studies for these components dissection
would enlighten the extreme values and interactions in

the reviewed literature. Additionally, conforming to a
more complete dataset to elucidate the main sources of
variation is also a challenge. The reviewed studies
involve different countries, management systems, diet
formulations, tissues, sample origins, and fish ages,
adding more variability to the assessment and accuracy
of the estimated means. Therefore, a more complete
assessment, including complex statistical models or
meta-analysis to fit these factors, could be more helpful
in understanding FA expression in channel catfish as a
reference for future studies.

Channel catfish is one of the most important
aquaculture species in Mexico, and farming production
is still insufficient to match the demand for the product.
In recent years, the reduction in channel catfish farming
in some regions has been attributed to different reasons
(Lara-Rivera et al. 2015). Additionally, a proportion of
the fish consumed originated from wild catches from
different available reservoirs, mostly in the north-
eastern states of Mexico. The particularities and
differences in management, availability of feed
resources, water quality, weather, and genetic
background of native varieties might reveal the
purported important role of the trophic level occupied
by the species, allowing the retention of important
quantities of essential FAs from the rich diet. From the
trophic perspective of FA essentiality and deposition, it
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could be hypothesized that the southern boundaries of
the distribution of native channel catfish might act as an
evolutionary advantage for the deposition of higher
PUFA contents; however, this remains to be confirmed
by further research. Hence, in states such as
Tamaulipas, where the species occurs naturally, the
large availability of water reservoirs used for
aquaculture, which are frequently managed with grow-
out cages, may allow comparison of farmed versus
wild-caught channel catfish to help reveal the tissues
that are sources of high-quality PUFAs.

Finally, the undeniable importance of certain FAs to
human health supports the need to seek new sources of
these nutrients, potentially increasing the consumption
of channel catfish meat and supporting the aquaculture
sector, which is associated with rural regions and
exhibits a worrying socioeconomic lag locally.

CONCLUSIONS

FAs from fish are of great interest for human
consumption, and channel catfish is one of the most
important species in aquaculture in Mexico and perhaps
in other countries with similar resources. The most
common FAs found in channel catfish are MUFAs and
PUFAs. Important quantities of ARA, EPA, and DHA
are reported in this species, with broad variability and
FA interactions mostly due to the published studies
being predominantly nutrition experiments. Given its
trophic level, de novo biosynthesis in channel catfish
might be important for LC-PUFA deposition, and
further research comparing wild versus farmed fish and
assessing the specific expression of different FAs will
confirm this potential.
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