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ABSTRACT

The African catfish (Clarias gariepinus) is central to Ghana’s aquaculture sector due to its robustness, fast growth and reliable
yields. Its nutritional composition, however, varies widely and is shaped by factors before and after harvest. This review was
conducted using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) framework to ensure a
systematic and transparent synthesis of available evidence, with the PRISMA guidelines providing the structural framework for
study selection, data extraction and quality assessment. This review summarizes available information on the species’ chemical
makeup, emphasizing Ghanaian contexts. C. gariepinus offers 15%-19% high-quality protein with a full essential amino acid profile
and a highly variable lipid content (2.5%-15%) rich in oleic, palmitic and linoleic acids, though it contains relatively low levels of
long-chain omega-3s compared with marine fish. It also supplies important minerals, such as phosphorus, iron and zinc, and
vitamins A, E and B-complex, although detailed local vitamin data remain limited. These nutrients are strongly influenced by
feed quality, culture conditions and processing methods. Diet shapes growth and fatty acid composition, whereas environmental
conditions affect metabolism and stress responses. Traditional smoking, widely used in Ghana, can reduce heat-sensitive vitamins
and promote lipid oxidation. Key gaps include the lack of Ghana-specific nutrient profiles, limited evidence on nutrient retention
during local processing and the absence of standardized composition data. Maximizing the species’ contribution to food security
requires nutrition-sensitive strategies, improved processing and targeted research.

1 | Introduction omega-3 fatty acids, vitamins and bioavailable minerals (Bakhsh

et al. 2023; Pal et al. 2018). Regular consumption is associated
Fish represents a critical source of high-quality animal protein ~ with improved cardiovascular, cognitive and metabolic health,
and essential micronutrients in human nutrition, offering a making it a vital component of strategies to combat malnutrition
unique combination of highly digestible protein, long-chain  and nutrient deficiencies.
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In Ghana, fish is a dietary staple, with per capita consumption
exceeding global averages (Asiedu et al. 2023). However, declining
marine catches have heightened the importance of aquaculture as
a sustainable means to meet this demand. Among farmed species,
the African catfish (Clarias gariepinus) is of particular signifi-
cance. Its biological advantages, including rapid growth, toler-
ance to suboptimal water conditions and high disease resistance,
make it a resilient and productive choice for farmers (Amponsah
et al. 2021; Ulzen et al., 2018). Consequently, its contribution
to the national fish supply and food security is substantial and
growing.

The nutritional value of catfish, like all fish, is not inherent
or constant; it is fundamentally determined by its chemical
composition, which includes proximate components (moisture,
protein, lipid and ash), amino acid and fatty acid profiles and
micronutrient content. This composition is highly dynamic,
influenced by a triad of key factors: The diet provided during cul-
ture, the environmental conditions of the aquaculture system and
the methods used for post-harvest processing and preservation.
In Ghana, where traditional smoking is the dominant processing
technique, understanding how this and other practices alter
the nutrient profile is essential (Bomfeh et al. 2019; Olopade
et al. 2023; Koranteng et al., 2026). A lack of such knowledge
risks undermining the potential health benefits of this widely
consumed food.

Although existing studies have examined aspects of the nutrient
content of C. gariepinus, the data remain fragmented. Compre-
hensive, Ghana-specific datasets detailing its full vitamin and
mineral profile are scarce. Furthermore, systematic analyses of
how locally relevant feed ingredients and prevailing processing
methods quantitatively affect nutrient retention are limited (Has-
selberg et al. 2020). This gap hinders evidence-based strategies to
optimize production for nutritional outcomes.

Therefore, this review aims to synthesize current scientific
evidence to provide a consolidated overview of the chemical
composition of the African catfish (C. gariepinus) with a focus on
Ghana, using a structured approach guided by Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA)
principles. Specifically, it seeks to (1) detail its proximate, amino
acid, fatty acid and micronutrient profiles; (2) analyse the primary
factors of feed, aquaculture environment and processing that
govern variability in this composition; (3) briefly contextualize
its nutritional value through comparison with other commonly
consumed fish; and (4) identify critical research gaps that must
be addressed to harness this species fully for improving dietary
quality and nutrition security in Ghana.

2 | Review Methodology

This review was conducted using the PRISMA framework to
ensure a transparent and structured approach to evidence syn-
thesis. The PRISMA 2020 checklist guided the reporting of
this review, ensuring comprehensive coverage of all essential
elements, including the rationale, objectives, eligibility criteria,
search strategy, screening process, data extraction and synthesis
methods.

2.1 | Search Strategy

A comprehensive literature search was conducted across mul-
tiple electronic databases, including PubMed, Scopus, Web of
Science, Google Scholar and African Journals Online (AJOL). The
search was performed in October 2025 and covered publications
from January 2000 to October 2025. We used a combination of
keywords and Boolean operators: (‘African catfish® OR ‘Clarias
gariepinus’) AND (‘nutrition composition’ OR ‘proximate compo-
sition’ OR ‘amino acid’ OR ‘fatty acid’ OR ‘mineral’ OR ‘vitamin’
OR ‘feed’ OR ‘diet’ OR ‘aquaculture environment’ OR ‘processing’
OR ‘smoking’ OR ‘food safety’) AND (‘Ghana’ OR “West Africa’).
Reference lists of relevant articles were also hand-searched to
identify additional studies.

2.2 | Eligibility Criteria

Studies were included if they (1) reported original data on the
chemical composition (proximate, amino acid, fatty acid, mineral
or vitamin content) of African catfish (C. gariepinus); (2) were
conducted in Ghana or, when Ghana-specific data were lacking,
in comparable sub-Saharan African settings; (3) examined factors
influencing composition (feed, culture environment and process-
ing methods); (4) were published in peer-reviewed journals, as
books or as official reports; and (5) were written in English. We
excluded conference abstracts without full data, opinion pieces,
letters to editors and studies that did not provide quantitative
data or that focused exclusively on non-nutritional aspects (e.g.,
genetics and disease without nutritional end points).

2.3 | Screening and Study Selection

The titles and abstracts of all retrieved records were inde-
pendently screened against the eligibility criteria. Full texts of
potentially relevant articles were then obtained and assessed
independently. Disagreements were resolved by discussion or, if
necessary, by consultation with a third reviewer (C.O.T.). The
screening process is summarized in a PRISMA flow diagram (see
Figure 1). A total of 1247 records were identified through database
searching; after removal of duplicates (n = 312), 935 records were
screened by title and abstract. Of these, 792 were excluded because
they did not meet the eligibility criteria. The remaining 143 full-
text articles were assessed, and 108 studies met the inclusion
criteria and were included in the final synthesis. Figure 1 presents
the PRISMA flow diagram documenting the systematic screening
and selection process used to identify studies for this review. The
diagram illustrates the number of records identified, screened,
assessed for eligibility and ultimately included in the synthesis.

2.4 | Data Extraction and Synthesis

From each included study, we extracted the following: author(s),
year of publication, study location, sample size, type of sample
(fillet, whole fish, liver, etc.), farming system (pond, cage and
tank), feed type (if reported), processing method (fresh, smoked,
frozen, etc.) and quantitative data on proximate composition,
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Overall, 108 of 1,247 identified records were included in the final synthesis.
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PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (2020)

FIGURE 1 |

PRISMA flow diagram of study selection process.
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amino acids, fatty acids, minerals and vitamins. Data were com-
piled into a structured table. Because of heterogeneity in study
designs, sample types and analytical methods, we performed a
narrative synthesis rather than a meta-analysis. Findings are pre-
sented thematically under the main sections: proximate compo-
sition, amino acid profile, fatty acid composition, micronutrient
content, influencing factors (feed, environment and processing)
and food safety.

2.5 | Quality Assessment

The quality of included studies was assessed using a modified
version of the Joanna Briggs Institute (JBI) checklist for analytical
cross-sectional studies. Each study was independently rated on
criteria, such as clear definition of the population, valid measure-
ment of exposure and outcome and adequate statistical analysis.
Studies that met at least 70% of the criteria were considered
high quality; those meeting 50%-69% were moderate; and those
below 50% were excluded. No study was excluded on quality
grounds alone, but lower quality studies were given less weight
in the synthesis. A summary of the quality assessment results is
provided in Table S1.

The PRISMA guidelines were applied throughout the review
process to ensure methodological rigour. Specifically, PRISMA
informed (1) the development of the search strategy with clearly
defined inclusion/exclusion criteria, (2) the documentation of the
screening process with a flow diagram, (3) the systematic data
extraction and synthesis approach and (4) the quality assessment
of included studies. This structured approach enhanced the
transparency and reproducibility of the review.

3 | Nutritional Value of African Catfish
3.1 | Proximate Composition

The proximate composition defines the fundamental nutritional
matrix of a food item, quantifying its primary constituents:
moisture, crude protein, total lipid (fat), ash (mineral content)
and carbohydrates. For African catfish (C. gariepinus), this
composition is indicative of its nutritional value but exhibits
considerable variability, primarily dictated by dietary, biological
and processing factors.

Moisture is the most abundant component, typically constituting
between 72% and 78% of the fresh weight of catfish fillets
(Akongyuure et al. 2015). This high-water content is a key
contributor to the perishability of fresh fish and influences the
concentration of other nutrients. Crude protein is the most
significant nutritional attribute, with reported values generally
ranging from 15% to 19% (Akongyuure et al. 2015; Siagian and
Nugroho 2020). Extreme ranges from 10.4% to 49.2% cited in
some literature (Ibhadon et al. 2015; Namaga et al. 2020) reflect
analyses of different body parts (e.g., whole fish vs. fillet), sizes or
methodological differences, but the consensus confirms catfish as
an excellent source of high-quality protein.

The lipid content is the most variable proximate component.
African catfish is often classified as a lean fish, with many studies

reporting lipid levels between 2.5% and 6.8% (Akongyuure et al.
2015; Taiwo et al. 2014). However, this is highly dependent on diet
and life stage; studies employing high-energy feeds or analysing
older fish report values reaching up to 15% (Abdel-Mobdy et al.
2021; Ningrum et al. 2023). This variability directly impacts the
energy density and fatty acid profile of the fish. The ash content,
representing the total mineral fraction, is relatively low and
consistent, usually between 1.0% and 1.5% (Taiwo et al. 2014;
Abdel-Mobdy et al. 2021). Carbohydrates are present in negligible
amounts in fish muscle. The combined effect of these components
yields a moderate energy value, approximately 110-135 kcal per
100 g serving, making it a nutrient-dense but not excessively
calorific food source (Akongyuure et al. 2015; Osei Tutu et al. 2026;
Mensah et al. 2026).

Conclusion for Section 3.1: The proximate composition of C.
gariepinus positions it as a high-protein, moderately lean (but
diet-dependent) food with a valuable nutrient-to-energy ratio.
The observed variability underscores that its nutritional value
is not a fixed property but a malleable outcome influenced
by husbandry and processing. This variability, while present-
ing challenges for standardization, also offers opportunities for
nutritional optimization through targeted interventions in feed
formulation and culture management.

As shown in Table 1, the proximate composition of African catfish
isdistinct from that of other commonly consumed fish. Compared
to Nile tilapia, catfish often has a comparable or slightly higher
protein content and a generally higher, more variable lipid level,
resulting in a greater energy density. This contrasts with the com-
mon perception of catfish as uniformly low-fat. When compared
to fatty marine fish like mackerel and sardine, catfish typically
has a lower lipid content and, consequently, a lower caloric value.
However, the defining difference lies not just in the quantity but
in the quality of this lipid, particularly the lower concentration of
long-chain omega-3 fatty acids (eicosapentaenoic acid [EPA] and
docosahexaenoic acid [DHA]), a point elaborated in Section 3.3.

3.2 | Amino Acid Profile

The nutritional value of dietary protein is fundamentally deter-
mined by its amino acid composition, particularly its content of
the nine essential amino acids (EAAs) that cannot be synthesized
by the human body and must be obtained from food. C. gariepinus
provides a complete protein source, characterized by a balanced
and abundant profile of all EAAs. This profile not only meets
but also frequently exceeds the international reference patterns
established by the Food and Agriculture Organization and World
Health Organization (FAO/WHO), confirming its status as a
high-quality protein with high biological value (Shadieva et al.
2020; Olopade et al. 2023). The biological value, a measure of
how efficiently dietary protein can be utilized for growth and
maintenance, is high for catfish protein due to this optimal amino
acid balance and its excellent digestibility.

Quantitative analyses reveal a robust EAA profile. Lysine and
leucine are notably abundant, with reported levels reaching up
to 7.2 and 7.8 g per 100 g of protein, respectively (Shadieva et al.
2020). These amino acids are crucial for protein synthesis, tissue
repair and metabolic regulation. Other EAAs, such as isoleucine,
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TABLE 1 | Proximate composition of African catfish compared with tilapia and selected marine fish (per 100 g edible portion).
Moisture Energy
Species Protein (%) Lipid (%) (%) Ash (%) (kcal/100 g) References
Clarias gariepinus 16.5-19.2 2.5-6.8 72-78 1.0-1.5 110-135 Akongyuure et al.
(African catfish) (2015), Siagian and
Nugroho (2020)
Oreochromis niloticus 15.8-18.0 1.0-3.5 74-79 1.2-1.8 95-120 Akongyuure et al.
(Nile tilapia) (2015), Agbeko et al.
(2018)
Scomber spp. (mackerel) 16.0-18.0 4.99-20.5 60-65 1.79-2.54 160-210 Moon et al. (2009),
Olagunju et al.
(2012), Shi et al.
(2020)
Sardinella spp. 17.0-19.0 0.30-10.25 68-74 1.0-1.3 150-180 Muns-Pujadas et al.
(sardinella) (2025)
Thunnus albacares 23.52-23.72 1.93-2.06 70-74 1.0-2.0 130-160 Peng and Chen
(yellowfin tuna) (2013)

Note: Values represent ranges reported across multiple studies. Variability reflects differences in analytical methods, fish size, culture systems, feed composition

and reporting basis (wet weight).

valine, threonine, phenylalanine and histidine, are present in
significant quantities. Notably, sulphur-containing amino acids
(methionine and cysteine), which are often limiting in plant-
based proteins, are sufficiently present in catfish muscle, ensuring
the protein’s complementarity in mixed diets. Among non-EAAs,
glutamic acid, aspartic acid and alanine dominate, contributing
to the characteristic flavour (umami) and participating in various
metabolic pathways. The overall amino acid index, a composite
score reflecting conformity to the ideal protein standard, has
been reported to reach 0.48 for catfish raised on high-protein
feeds, significantly exceeding that of fish on nutrient-poor diets
(Shadieva et al. 2020).

Conclusion for Section 3.2: The superior amino acid profile of
C. gariepinus has direct and profound implications for human
nutrition, especially in Ghanaian and similar contexts where
protein-quality malnutrition remains a concern (Kumador et
al. 2025; Mahama et al. 2025). The high levels of lysine, an
amino acid typically deficient in cereal-based staple diets, make
catfish an excellent dietary complement to grains like maize,
effectively raising the biological value of the overall meal. The
readily digestible and complete protein is particularly beneficial
for populations with heightened physiological needs: It supports
linear growth and cognitive development in children, and helps
preserve lean muscle mass in the elderly, and aids in recovery
during convalescence (Oluyemi et al. 2024). Therefore, beyond
merely contributing to daily protein intake, the consumption
of C. gariepinus ensures the provision of all necessary building
blocks for protein synthesis, making it a strategic food for
improving protein status and supporting the health of vulnerable
demographic groups.

3.3 | Fatty Acid Composition

The lipid fraction of C. gariepinus, while variable in quantity, pos-
sesses a distinct fatty acid profile that determines its nutritional

character and health implications. This profile is not static but
is profoundly influenced by dietary lipid sources, making it one
of the most malleable aspects of the fish’s composition. Broadly,
the fatty acids in C. gariepinus are distributed across the three
main classes: saturated (SFA), monounsaturated (MUFA) and
polyunsaturated (PUFA) fatty acids. SFAs, primarily palmitic acid
(C16:0), typically constitute a significant portion, often ranging
from 30% to 40% of total fatty acids (Abdel-Mobdy et al. 2021).
The MUFA fraction is dominated by oleic acid (C18:1n-9), which
can represent 25%-35% of total fats, contributing to the relative
stability and fluidity of the lipid depot (Effiong and Yaro 2019;
Asiedu et al. 2026; Amjad et al. 2026). The PUFA component,
generally comprising 20%-35%, includes both omega-6 (n-6)
and omega-3 (n-3) families, with linoleic acid (LA, C18:2n-6)
and alpha-linolenic acid (ALA, C18:3n-3) as the predominant
representatives.

A critical nutritional distinction lies in the type of omega-3 PUFAs
present. Unlike fatty marine fish (e.g., mackerel and salmon),
which are rich in long-chain, highly unsaturated omega-3s, thus,
EPA (C20:5n-3) and DHA (C22:6n-3), freshwater catfish typically
contain very low concentrations of these specific compounds
(Parzanini et al. 2020). Instead, its omega-3 content is largely in
the form of the shorter-chain ALA. This compositional difference
stems from the fish’s diet and metabolic capacity. However,
research demonstrates that this profile can be intentionally
modulated. Strategic feed formulation using ingredients like
fish oil, microalgae or flaxseed can significantly enhance the
deposition of EPA and DHA in catfish fillets, thereby improving
their nutritional value in terms of these cardioprotective and
neurosupportive fatty acids (Rostika et al. 2023; Suja et al. 2012).
Consequently, the fatty acid signature of farmed catfish serves as
a direct biomarker of its dietary history.

Conclusion for Section 3.3: From a public health perspective in
Ghana, the fatty acid composition of catfish presents a nuanced
picture. Its high MUFA and overall PUFA content contribute
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positively to dietary fat quality, especially when it replaces
sources high in saturated fats. The presence of essential fatty
acids (LA and ALA) is also beneficial. However, its relatively
low EPA and DHA content means it cannot be considered a
primary source of these critical long-chain omega-3s, which have
well-established roles in preventing cardiovascular disease and
supporting neurodevelopment (Gopal 2020). Therefore, although
catfish is a valuable source of dietary lipids and essential fats, its
role is complementary within a diverse diet that may also include
fatty marine fish. This underlines the importance of a nutrition-
sensitive approach to aquaculture, where feed formulation is
guided not only by growth performance but also by the goal of
optimizing the final product’s fatty acid profile for human health.

3.4 | Micronutrient Composition
3.4.1 | Mineral Content

C. gariepinus serves as a significant dietary source of essential
macrominerals and trace elements, contributing to the preven-
tion of micronutrient deficiencies that are prevalent in many
regions, including sub-Saharan Africa. The mineral profile is
particularly notable for its richness in phosphorus and calcium,
which are crucial for skeletal health, cellular function and energy
metabolism. Quantitative analyses report substantial concentra-
tions, with calcium levels reaching up to 304.82 mg/100 g and
phosphorus up to 279.45 mg/100 g in edible flesh (Abdel-Mobdy
et al. 2021). The bioavailability of these minerals, especially
when consuming fish with bones as is common in traditional
preparations, enhances their nutritional impact. Furthermore,
catfish provides appreciable amounts of potassium, which is
vital for maintaining fluid balance and nerve function and
sodium, though at moderate levels that align with dietary
recommendations for cardiovascular health (Rosa et al. 2007).

The trace mineral composition of catfish is equally nutritionally
relevant. Iron content is particularly noteworthy, with studies
reporting levels as high as 17.03 mg/100 g (Abdel-Mobdy et al.
2021). A substantial portion of this iron is in the haem form, which
is significantly more bioavailable than the non-haem iron found
in plant sources, making catfish a potent food for combating iron-
deficiency anaemia. Zinc, essential for immune function, protein
synthesis and wound healing, is present in meaningful quanti-
ties, typically ranging from 1.0 to 1.6 mg/100 g (Abdel-Mobdy
et al. 2021). Other essential trace elements, including copper,
magnesium and selenium, are also present, completing a diverse
mineral portfolio. The established hierarchy of minerals in catfish
flesh is generally potassium (K) > phosphorus (P) > sodium
(Na) > magnesium (Mg) > calcium (Ca) > zinc (Zn) > iron
(Fe) > copper (Cu) > manganese (Mn), illustrating the relative
abundance of each (Rosa et al. 2007).

However, the mineral content is subject to considerable variabil-
ity influenced by environmental and dietary factors. The mineral
composition of the water in culture systems and the specific
formulation of aquafeeds directly affect the elemental deposition
in fish tissues. For instance, studies from other regions, such
as Nigeria, report potassium levels as high as 427.8 mg/100 g
and phosphorus at 275.4 mg/100 g, confirming the potential
for variation (Taiwo et al. 2014). Although similar ranges are

expected in Ghanaian catfish, comprehensive and localized pro-
filing remains a critical research gap. This variability underscores
that the mineral density of catfish is not a guaranteed constant
but an attribute that can be optimized. Compared to Nile tilapia,
catfish often exhibits a higher content of phosphorus and iron
but may be lower in sodium and selenium, highlighting their
complementary roles in a diverse diet (Abdel-Mobdy et al. 2021).
Filling the data gap with Ghana-specific mineral analyses is
therefore essential for accurately assessing its contribution to
national nutrient intake and for designing targeted nutritional
interventions. The quantitative mineral content of C. gariepinus
in comparison to dietary benchmarks and tilapia is presented in
Table 2.

Conclusion for Section 3.4.1: The mineral composition of C.
gariepinus demonstrates its potential as a significant contributor
to dietary mineral intake in Ghana. The high levels of bioavailable
iron and phosphorus are particularly valuable for addressing
common nutrient deficiencies. However, the variability observed
across studies and the limited Ghana-specific data highlight the
need for comprehensive local mineral profiling. Such data would
enable accurate assessment of catfish’s contribution to national
nutrient intake and inform targeted nutritional interventions.

3.4.2 | Vitamin Content

Beyond its mineral density, C. gariepinus contributes a range
of essential vitamins to the human diet, encompassing both
fat-soluble and water-soluble groups. These micronutrients play
critical roles in vision, immune function, neurological health
and antioxidant defence. However, comprehensive quantitative
data on the vitamin profile of C. gariepinus, particularly from
Ghanaian stocks, is notably sparse compared to information on
macronutrients and minerals. Existing literature, primarily from
research in other regions, provides a foundational understanding
but underscores a significant knowledge gap that limits precise
nutritional evaluation and dietary planning.

The fat-soluble vitamins present in catfish tissues include vita-
mins A, D and E. Vitamin A, primarily as retinol, is vital for
vision and cellular differentiation. Analyses of farmed catfish
have detected vitamin A in muscle tissue, with reported levels
around 12.3 pg/100 g and notably higher concentrations in the
liver, which is a traditional but less commonly consumed part
(Merdzhanova et al. 2018). Vitamin D, (cholecalciferol), essential
for calcium homeostasis and bone health, is also present, with
content influenced by exposure to sunlight or fortified feeds.
Vitamin E (a-tocopherol), a potent antioxidant that protects
cellular lipids from oxidation, is naturally associated with the
fish’s own lipid reserves. Its concentration, reported at approxi-
mately 1.76 mg/100 g in muscle tissue, is directly influenced by
dietary lipid sources and the overall unsaturation of the fatty
acid profile (Merdzhanova et al. 2018). The presence of these
vitamins enhances the nutritional value of catfish, particularly
when consumed whole or with organs, though their levels are
susceptible to degradation during processing.

Water-soluble vitamins, particularly the B-complex group, are
equally important. Catfish provides B vitamins such as thiamine
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TABLE 2 | Selected micronutrient content of Clarias gariepinus compared with Oreochromis niloticus and recommended dietary allowance (RDA)
per 100 g edible portion.
Oreochromis
Nutrient Clarias gariepinus niloticus RDA (adults) References
Calcium (mg) 304.82 120-180 1000 Akongyuure et al. (2015),

Agbeko et al. (2018),
Abdel-Mobdy et al. (2021)

Phosphorus (mg) 279.45 160-210 700 Akongyuure et al. (2015),
Abdel-Mobdy et al. (2021)
Iron (mg) 17.03 0.8-1.5 8 (men); 18 Abdel-Mobdy et al. (2021)
(women)
Zinc (mg) 1.2-1.5 0.9-1.3 8 (women); 11 Abdel-Mobdy et al. (2021)
(men)
Vitamin A (ug RE) 25-130 20-35 700 (women); 900 Merdzhanova et al. (2018)
(men)
Vitamin D (ug) 2.4-4.8 3.5-6.0 15 Tirakomonpong et al.
(2022)
Vitamin B, (ug) 1.5-2.5 1.0-2.0 2.4 Akongyuure et al. (2015)

(B,), riboflavin (B,), niacin (B;) and cobalamin (B,,). Vitamin B,
is of special significance due to its role in red blood cell formation
and neurological function; it is naturally abundant in animal
tissues and not available from plant sources. The provision of
B,, through catfish consumption is therefore crucial in diets with
limited animal-source foods. Vitamin C (ascorbic acid) levels are
generally low, as is typical in raw muscle tissue of most animals
(Shadyeva et al. 2022). A critical consideration for all vitamins,
especially the water-soluble B vitamins and ascorbic acid, is their
sensitivity to heat, light and oxidation. The predominant pro-
cessing method in Ghana, thus, traditional smoking, can lead to
significant losses of these thermolabile nutrients, thereby altering
the final vitamin content of the product as consumed (Olopade
et al. 2023; Abrokwaa et al. 2026). Consequently, although catfish
is a source of multiple vitamins, comprehensive local profiling
and an understanding of processing impacts are urgently needed
to accurately quantify its contribution to vitamin intake in the
Ghanaian population.

Conclusion for Section 3.4.2: C. gariepinus provides a range of
essential vitamins, particularly fat-soluble vitamins A, D and E
and water-soluble B vitamins, including B,,. However, the limited
comprehensive data from Ghanaian sources and the vulnerability
of these vitamins to processing losses, especially during tradi-
tional smoking, represent significant knowledge gaps. Address-
ing these gaps through systematic local profiling and processing
studies is essential for accurately assessing catfish’s contribution
to vitamin intake and for designing interventions to maximize its
nutritional benefits.

4 | Factors Influencing the Chemical Composition

The chemical composition of African catfish is not intrinsic
but is dynamically shaped by a series of modifiable factors
spanning production and post-harvest stages as summarized in
Figure 2. Figure 2 provides a conceptual framework illustrat-

ing the three principal categories of factors that influence the
nutritional composition of C. gariepinus. The figure shows how
on-farm determinants (feed formulation and farming systems)
interact with post-harvest modifiers (processing and preservation
methods) to shape the final consumer nutrient profile.

4.1 | Feed and Diet

Diet is the most critical and manipulable factor determining the
chemical composition of farmed C. gariepinus. As the primary
source of nutrients for growth, the formulation of aquafeeds
directly and profoundly influences the deposition of protein,
lipids, vitamins and minerals in the fish’s edible tissues. The
macronutrient ratio of the diet, thus, specifically the balance
between protein, lipid and carbohydrate, serves as the founda-
tional blueprint for body composition. High-protein feeds (often
exceeding 40%-50% crude protein) are directly correlated with
enhanced muscle protein synthesis, leading to higher carcass
protein content, improved fillet yield and firmer flesh texture
(Shadieva et al. 2020; Wedekind 1995). Concurrently, dietary lipids
serve as a dense energy source. When optimized, carbohydrates
can provide a protein-sparing effect, allowing dietary protein to
be directed towards growth rather than energy metabolism, with
studies indicating an optimal carbohydrate-to-lipid ratio near 5.29
for Clarias fingerlings (Otchoumou et al. 2011). The choice of lipid
source, however, is of paramount importance, as it dictates not
just the quantity but the specific fatty acid profile of the stored
fat.

The influence of feed extends precisely to the amino acid and
micronutrient profile. The amino acid composition of catfish
muscle closely mirrors the pattern of amino acids provided in
the diet. High-quality, balanced protein sources in feed result in a
correspondingly complete and abundant EAA profile in the fish,
elevating its biological value for human consumers (Shadieva
et al. 2020). For instance, diets rich in lysine and methionine
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FIGURE 2 | Schematic overview of factors influencing nutritional composition of Clarias gariepinus. DHA, docosahexaenoic acid; EAA, essential

amino acid; EPA, eicosapentaenoic acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid.

will enhance the levels of these often-limiting EAAs in the fillet.
This presents a significant opportunity for nutrition-sensitive
formulation. The exploration of locally available, sustainable feed
ingredients such as soybean meal, groundnut oilcake, cassava
leaf meal and insect meal (e.g., black soldier fly larvae) is a
major research focus (Moazzam et al.2026; Maranga et al. 2025).
The goal is to develop cost-effective feeds that not only support
efficient growth but also ensure the resulting fish product has
a superior nutritional composition, thereby closing the loop
between sustainable aquaculture and improved human nutrition
(Adéyemi et al. 2020).

Most distinctly, dietary lipids are the principal architects of the
fish’s fatty acid profile. The classic adage ‘you are what you
eat’ is literally true in aquaculture; the fatty acid deposited in
catfish adipose tissue and muscle lipids largely reflects the fatty
acid composition of the dietary oil source (Mukhopadhyay and
Mishra 1998). Feeding plant oils like soybean or palm oil will
produce fillets rich in omega-6 LA and saturated or monounsat-
urated fats, respectively. Conversely, incorporating marine fish
oil, microalgae or flaxseed can significantly elevate the content
of the nutritionally prized long-chain omega-3 fatty acids, EPA
and DHA, in the final product (Rostika et al. 2023; Suja et al.
2012). However, this nutritional enhancement can involve trade-
offs. Some studies note that while oils like flaxseed successfully
increase omega-3 content, they may also impart different sensory
characteristics or reduce the oxidative stability of the fillet com-
pared to more conventional lipid sources (Faukner et al. 2013).

Therefore, feed formulation must strategically balance the objec-
tives of optimizing growth performance, tailoring nutritional
output for human health and maintaining desirable product
quality and stability.

Conclusion for Section 4.1: Feed formulation is the most powerful
and manipulable determinant of catfish nutritional composition.
The choice of protein sources determines amino acid profiles,
whereas lipid sources directly dictate fatty acid composition.
This presents a significant opportunity for nutrition-sensitive
aquaculture, where feed is designed not only for growth but also
to optimize the nutritional quality of the final product for human
consumers. However, balancing nutritional enhancement with
product quality and stability requires careful consideration.

4.2 | Aquaculture Environment

The aquaculture environment constitutes a dynamic and power-
ful determinant of the chemical composition of C. gariepinus, act-
ing through its influence on fish physiology, metabolism and feed
utilization. Water quality parameters, including temperature,
dissolved oxygen, pH and salinity, directly regulate enzymatic
activity, metabolic rate and overall homeostasis. For instance,
suboptimal dissolved oxygen levels induce physiological stress,
diverting energy from growth and nutrient deposition towards
basic maintenance and stress response, which can ultimately
result in reduced protein synthesis and altered body composition
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(Ajiboye and Aremu 2015; Adil et al. 2025a; Adil et al.2025b).
Similarly, water temperature affects metabolic efficiency; temper-
atures outside the species’ optimal range can depress feed intake
and conversion, leading to poorer growth and lower flesh quality
(Tunde et al. 2016). These biochemical pathways underscore that
the environment is not merely a backdrop for culture but an active
participant in shaping the final nutritional product.

Sources of variability among studies: The broad nutrient ranges
reported in Tables 1 and 2 reflect multiple sources of variation that
must be considered when interpreting compositional data. Ana-
lytical methods vary considerably across studies, with differences
in sample preparation (whole fish vs. fillet), moisture determi-
nation (oven-drying vs. freeze-drying) and fat extraction (Soxhlet
vs. Bligh-Dyer methods) contributing to reported variability. Fish
size and age also play critical roles, as larger, older fish tend to
have higher lipid content and lower moisture percentages. Cul-
ture systems (ponds vs. tanks vs. cages) influence feed efficiency
and environmental stress, which in turn affect protein deposition
and lipid metabolism. Feed composition, particularly protein and
lipid levels, is perhaps the most significant source of variation, as
discussed in Section 4.1. Additionally, whether data are reported
on a wet- or dry-weight basis substantially affects comparability,
yet this distinction is not always clearly specified in primary
studies. The limited number of Ghana-specific studies further
compounds these variability issues, as many reported values are
derived from studies in other countries with different production
systems and environmental conditions.

The choice of culture system fundamentally structures the envi-
ronmental conditions experienced by the fish and, consequently,
influences nutrient composition. In Ghana, the primary systems
are earthen ponds, concrete or plastic-lined tanks and cage
cultures. Earthen ponds, the most common small-scale system,
offer a complex environment where natural food webs can
supplement formulated feeds, potentially contributing to a more
diverse micronutrient intake. However, they often exhibit less
stable water quality, with risks of nutrient runoff, algal blooms
and the development of off-flavour compounds like geosmin,
which, while not directly altering nutrition, can affect palatability
(Ansah et al. 2013; Wairimu et al. 2019). Tank systems provide
superior environmental control, enabling consistent water qual-
ity management. This controlled setting typically yields more
predictable growth and a consistent chemical composition, as
variables affecting metabolism are minimized (Hasselberg et al.
2020). Cage culture in large water bodies like the Volta Lake
exposes fish to natural currents and a more stable hydrological
regime, but water quality is dependent on the broader lake con-
ditions, including potential exposure to agricultural or industrial
contaminants (Karikari et al. 2022). Each system presents a dis-
tinct trade-off between environmental control, natural nutrient
input and potential stressors.

Chronic exposure to suboptimal environmental conditions trig-
gers a sustained stress response with direct compositional con-
sequences. Elevated levels of stress hormones such as cortisol
can promote catabolism, breaking down muscle protein and
mobilizing lipid stores for energy, thereby negatively impacting
fillet yield and lipid content (Matea and Avenant-Oldewage 2026).
Furthermore, stressful environments often suppress appetite,
reducing total nutrient intake. The metabolic energy that should

be allocated for the biosynthesis of proteins and the deposition
of high-quality lipids is instead redirected towards overcoming
osmotic imbalance, detoxification or immune function. This not
only reduces growth efficiency but can also alter the biochemical
priorities of nutrient utilization, potentially affecting the ratio of
saturated to unsaturated fats or the retention of certain minerals.
Therefore, optimal environmental management is a prerequisite
for achieving the genetic and dietary potential for high-quality
flesh. It ensures that the nutritional value engineered through
feed formulation is fully and efficiently expressed in the harvested
fish, making environmental stewardship an integral component
of nutrition-sensitive aquaculture.

Critical analysis of conflicting findings: The literature on aquacul-
ture environment effects presents some conflicting findings that
warrant discussion. For example, although Ajiboye and Aremu
(2015) reported significant effects of water level on growth and
nutrient utilization, other studies have found minimal impacts
of environmental parameters within acceptable ranges on final
fillet composition (Matea and Avenant-Oldewage 2026). These
discrepancies may arise from differences in experimental design,
species, life stage or the specific environmental parameters stud-
ied. Some studies have reported that catfish reared in ponds have
higher lipid content than those reared in tanks, whereas others
have found no significant difference or even the opposite trend.
Such conflicting results likely reflect the complex interactions
between environment, feed and genetics and highlight the need
for carefully controlled studies that isolate specific environmental
variables.

4.3 | Processing and Preservation

The post-harvest phase is a critical determinant of the final
nutritional quality of C. gariepinus, as processing and preserva-
tion methods directly and often irreversibly alter its chemical
composition. These techniques aim to extend shelflife and ensure
safety but achieve this through mechanisms such as heat, dehy-
dration, oxidation and microbial inhibition that can concurrently
degrade sensitive nutrients. The predominant method in Ghana,
traditional smoking, along with other common practices like
chilling and freezing, thus represents a final filter through which
the carefully modulated composition of the farmed fish is passed
before consumption.

Traditional smoking is a dual-purpose technique of drying
and cooking that imparts characteristic flavour while reducing
microbial load. From a nutritional standpoint, it has complex
and predominantly negative effects. The application of heat
leads to the significant degradation of heat-labile, water-soluble
vitamins, most notably thiamine (B,), riboflavin (B,) and vitamin
C (Olopade et al. 2023). Concurrently, the process not only
drives off moisture, concentrating other nutrients like protein and
minerals on a wet-weight basis, but also exposes the lipid fraction
to high temperatures and smoke constituents. This promotes the
oxidation of PUFAs, reducing the availability of essential fatty
acids and generating potentially harmful lipid oxidation products
(Bouriga et al. 2020; Tenyang et al. 2017; Ampah et al. 2026; Osei
Tutu et al. 2026). Furthermore, the combustion of wood fuel can
deposit carcinogenic polycyclic aromatic hydrocarbons (PAHs)
on the fish surface, introducing a food safety hazard that over-
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shadows nutritional content (Essumang et al. 2013). Although
fat-soluble vitamins (A, D and E) may appear more stable or even
concentrated due to moisture loss, the net nutritional impact of
traditional smoking is a reduction in the overall vitamin profile
and lipid quality.

Chilling (0-4°C) and freezing (<—18°C) are physiochemical
preservation methods that better retain the intrinsic nutritional
composition of fresh catfish. By drastically slowing enzymatic
activity and microbial growth, these cold-chain techniques min-
imize the breakdown of proteins, lipids and vitamins over days
(chilling) or months (freezing) (Duarte et al. 2020; Acheampong
et al. 2025). However, they are not without compositional con-
sequences. Freezing, in particular, causes the formation of ice
crystals within muscle cells. Upon thawing, this can lead to
drip, which is loss of the exudate of water containing dissolved
nutrients, including minerals, free amino acids and water-soluble
vitamins, thereby diminishing their content in the edible portion
(Saez et al. 2015; Acheampong et al. 2025; Osei Tutu et al. 2026).
Repeated freeze-thaw cycles exacerbate this physical damage and
nutrient loss. Although super-chilling (just below the freezing
point of tissue) has shown promise in further inhibiting bio-
chemical spoilage while minimizing ice crystal formation, its
application is limited by infrastructure (Zhu et al. 2016; Kortei et
al. 2026; Nyasordzi 2025; Javed et al. 2025). Modified atmosphere
packaging (MAP), which replaces air with gas mixtures like CO,
and N,, extends shelf life by suppressing microbial and oxidative
spoilage, thereby better preserving nutrients compared to air-
packed storage during chilled distribution (Shariat et al. 2013; Zhu
et al. 2016; Hauzoukim and Mohanty 2020).

Every preservation method involves a trade-off. Traditional smok-
ing ensures accessibility and cultural preference at a cost to
micronutrients and lipid health. Cold-chain methods offer supe-
rior nutrient retention but require capital-intensive infrastructure
and consistent energy. The choice of processing, therefore,
directly dictates which nutrients are delivered to the consumer,
establishing that the optimization of chemical composition is
a challenge that spans the entire continuum from feed for-
mulation to the final prepared product. The direct effects of
these prevalent preservation techniques on the nutrient profile
of catfish are consolidated in Table 3 and Figure 3. Figure 3
illustrates the technological spectrum of catfish processing and
preservation methods, ranging from traditional techniques to
advanced technologies. The figure positions each method along
axes of technological sophistication, infrastructure requirements,
nutritional preservation capacity and cost, enabling readers to
understand the trade-offs involved in processing decisions.

Conclusion for Section 4.3: Processing methods fundamentally
alter the nutritional profile of C. gariepinus. Traditional smoking,
while culturally preferred and economically accessible, results in
significant losses of heat-sensitive vitamins and promotes lipid
oxidation. Cold-chain methods better preserve nutritional quality
but require infrastructure investment. The choice of process-
ing method represents a critical trade-off between preservation
effectiveness, nutritional retention and economic accessibility.
Optimizing the nutritional contribution of catfish to Ghanaian
diets requires promoting improved processing technologies that
better preserve nutritional integrity while maintaining cultural
acceptability.

5 | Comparison With Other Commonly
Consumed Fish

Placing the chemical composition of C. gariepinus in context
requires comparison with other fish that dominate Ghanaian
markets, namely, Nile tilapia (Oreochromis niloticus) and key
marine species such as mackerel (Scomber spp.) and sardines
(Sardinella spp.). This comparison reveals distinct nutritional
signatures and highlights the complementary roles different fish
can play in a balanced diet. Relative to Nile tilapia, its primary
freshwater aquaculture counterpart, catfish often exhibits a com-
parable or slightly higher crude protein content (16.5%-19.2% vs.
15.8%-18.0%) but demonstrates greater variability and generally
higher lipid levels (2.5%-15% vs. 1.0%-3.5%), leading to a higher
energy density (Akongyuure et al. 2015; Namaga et al. 2020).
Mineral profiles differ meaningfully: catfish tends to be richer in
phosphorus and iron, whereas tilapia may contain higher levels of
sodium and selenium (Abdel-Mobdy et al. 2021). Their amino acid
profiles are both complete and of high biological value, making
both excellent protein sources. The most cited distinction is in
fatty acid ecology; both are low in long-chain marine omega-
3s, but some studies suggest tilapia may have a more favourable
omega-3 to omega-6 ratio than catfish, though this is heavily
dictated by their respective diets (Onwenwaori et al. 2024).

The contrast with marine fish is more pronounced, particularly
regarding lipid composition. Fatty marine species, like mackerel
and sardines, are nutritional powerhouses of long-chain omega-3
PUFAs, thus EPA and DHA, which are linked to cardiovascular
and cognitive health (Parzanini et al. 2020). Catfish lipid, in
contrast, is predominantly composed of MUFAs, like oleic acid
and shorter-chain PUFAs such as linoleic (omega-6) and alpha-
linolenic (omega-3) acids (Ullah et al. 2022). Consequently, while
marine fish provide 5-20 times more EPA and DHA per serving,
catfish offers a lipid profile that is still beneficial, being rich in
MUFAs and containing essential fatty acids, albeit of a different
type. Furthermore, marine fish often have higher overall ash
content, reflecting a different mineral composition influenced by
seawater.

Limitations of the available evidence: The comparison presented
in this section is constrained by several limitations in the
available evidence. First, most studies comparing catfish with
other species have been conducted outside Ghana, primarily in
Nigeria, Egypt and Southeast Asia, and may not reflect local
production conditions. Second, the limited number of Ghana-
specific studies means that many comparisons rely on data
from studies with different methodologies, reporting bases and
sampling protocols. Third, the lack of standardized analytical
methods across studies complicates direct comparisons. Fourth,
seasonal variations in fish composition are rarely captured in
the available data. These limitations underscore the need for
Ghana-specific, systematically designed comparative studies.

Therefore, the unique advantages of C. gariepinus lie not in
mimicking marine fish but in providing a locally sustainable,
affordable and nutrient-dense package. Its strengths are its
reliable yield of high-quality, digestible protein, its significant
contributions of bioavailable iron and phosphorus and its provi-
sion of a suite of B vitamins (Hasselberg et al. 2020). Although it
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Q TECHNOLOGICAL SPECTRUM: Catfish Processing Methods
LOW TECHNOLOGY INCREASING TECHNOLOGY & INVESTMENT HIGH TECHNOLOGY
‘ o TRADITIONAL | @) TRANSITIONAL @® MODERN @ ADVANCED | @) CUTTING-EDGE | () CUTTING-EDGE
‘ METHODS | METHODS METHODS METHODS METHODS METHODS
|
o A Chilling/ . MAP (Modified 34
Lmd“':"al somo:';:‘gl (Chorkor kiln, Refrigeration 1 ;rceezlggl Atmosphere Irvadiation
(Open fire, wi el) mechanical kilns) (0-4°C) o or below) Packaging)
;iii Iﬁl % Very Low Low-Moderate Moderate High Very High Very High
Iefrastructure Minimal Basic kilns, Cold rooms, Freezers, Gas mixers, Irradiation facilities
Hﬁﬂ g (fir d, improved refrigeration cold chain specialized (capital
wire mesh) fireboxes units logistics packaging intensive)
© Sl Traditional Training Technical Technical Specialized Highly
] i knowled required operation operation, technical specialized
- monitoring expertise expertise
\
() COMPARATIVE PERFORMANCE MATRIX I ‘
SCORES (1-10]
1. Nutrient Retention { ) 0 9 I} 9 0 79 ‘ 97
(1=Low, 10aHigh) 1. Nutrient
o Traditional Smoking 1. Retorticn 3 5 8 8 9 7
8 T g o 22 Sy | A | e [ o
9 Improved Smoking / 2. Infrastructure
5. Food Safety 2. Infrastructure 5
g . - Enhancement g Requirements Re.quwements 2 4 7 8 8 10
e Chilling/Refrigeration (1=Low, 10=High) 10 (1=tow, (h:gh.er= more
9 6 / :\ 10-Very High) | reauired) i |
Freezi
o reesng 3 3. Operating
MAP (Modified Atmosphere 2 Costs 3 5 6 7 8 9
Packaging) (higher = more
expensive)
e Irradiation s 3 = =
7 4. Shelf Life
S, | Extension 5 6 3 9 7 8
5 % 9 (weeks-months) |
4. Shelf Life E: 9 IRt T i | ! ] ]
(1=Low, 10=High) 3. Operating Costs 5. Food Safety \ |
(1=Low, 10=Very High) Enhancement 6 7 o ‘ s g )
QUALITATIVE NOTES ON INDICATORS
o Nutrient Retention ll;‘(::]ausi!rr::\teur:tes e Operating Costs o Shelf Life Extension e Food Safety Enhancement
Higher scores = better Higher scores = more Higher scores = higher Higher scores = longer Higher scores = greater
retention of proteins, infrastructure investment recurring operating marketable shelf life reduction of microbial
vitamins, and fatty acids. and complexity. costs. of product. and chemical hazards.
L
=
ADOPTION TRENDS IN GHANA <
Rising consumer demand
~70-80% Teaditional Smoki ; —509
7o-s0+ I [ > 4050 [ BB (o oty ey
~10-15% m ; 25-35% Growth of cold chain
> - Improved Smoking =it P - * infrastructure
~5-10% [l Chilling/Refrigeration ——  15-20% [l @  Capacity building and
@0h technical training
<5% l @ Freezing —>» 10-15% - P Policy support and
m investment incentives
<1% I @ @ MAP / Irradiation —» 5-10% . @ Export market
requirements
b 2
KEY FINDINGS
Q Technology advancement i Traditional smoking remains ° Chilling and freezing offer i 0 MAP and irradiation are | 0 Strategic investments in
significantly improves nutrient dominant in Ghana but has substantial quality benefits | emerging technologies ' infrastructure, training, and
retention, shelf life, and food | low nutrient retention and H and are projected togrow | with high potential for 1 policy can accelerate the

safety, but requires higher i health concerns (PAHs). significantly by 2035. ] premium markets. i transition to modern methods.
investment and skills. i i i i

Note: Scores are relative (1 = lowest/least favorable, 10 = highest/most favorable).

[ LEGEND: w— Traditional wees Transitional === Modern = Advanced === Cutting-Edge === Cutting-Edge c ian catfish (Clari iepious) 5 :

FIGURE 3 | Technological transitions in catfish processing and preservation. PAH, polycyclic aromatic hydrocarbons. (A) The technological
spectrum of catfish processing methods. (B) Comparative performsnce matrix of the processing methods. (C) The adoption trends of the processing
methods in Ghana.
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should not be relied upon as a primary source of EPA and DHA,
its consumption supports dietary diversity and addresses specific
nutrient gaps common in Ghanaian diets, such as protein quality
and iron deficiency. In a holistic dietary framework, catfish,
tilapia and marine fish are not mutually exclusive but rather
complementary. Marine fish supply critical long-chain omega-3s,
whereas farmed freshwater catfish deliver consistent, affordable
access to essential proteins and minerals, underscoring their vital
role in a nutrition-secure food system.

6 | Implications for Human Nutrition in Ghana

The detailed chemical composition of C. gariepinus translates
into direct and significant implications for addressing persistent
nutritional challenges in Ghana. As a locally farmed and widely
consumed animal-source food, catfish can be strategically lever-
aged to improve dietary quality and combat specific nutrient
deficiencies prevalent among various demographic groups. Its
rich profile of high-quality protein, bioavailable minerals and
essential vitamins positions it as a functional food capable of
contributing to multiple public health objectives, particularly
for vulnerable populations, including children, pregnant and
lactating women and the elderly.

The most substantial contribution lies in protein and EAA
provision. The complete and digestible protein in catfish, rich in
lysine and other EAAs, serves as a critical complement to Ghana’s
predominantly cereal-based staples. Regular consumption can
help ameliorate protein-energy malnutrition and support healthy
linear growth in children, whose requirements for amino acids
like lysine for tissue synthesis are particularly high (Oluyemi et al.
2024; Khan et al. 2025; Javeria et al. 2026; Ozmen et al. 2025).
For pregnant women, this high-quality protein supports foetal
development, while for the elderly, it aids in the preservation
of lean muscle mass, combating sarcopenia. Furthermore, the
mineral density of catfish addresses key micronutrient gaps. Its
haem iron content is especially valuable for preventing and treat-
ing iron-deficiency anaemia, a condition with high prevalence
among women of reproductive age in Ghana (Wegmidiller et al.
2020). The substantial phosphorus and calcium content support
bone health and adequate zinc intake from catfish consumption
bolsters immune function and wound healing, contributing to
overall resilience against disease (Hasselberg et al. 2020).

Critical analysis of implications: Although the nutritional bene-
fits of catfish are substantial, several factors moderate its potential
impact on public health in Ghana. The significant nutrient losses
during traditional smoking mean that the nutritional value of
catfish as actually consumed may be considerably lower than
that of fresh fish. This is particularly relevant for heat-sensitive
vitamins and omega-3 fatty acids. Additionally, the low EPA/DHA
content of catfish means that it cannot replace marine fish in the
diet for these critical nutrients. The variability in composition
across production systems and feed types also means that the
nutritional benefits are not uniformly distributed; consumers
may receive widely different nutritional value depending on the
source of their fish. Finally, food safety concerns, particularly
PAH contamination from traditional smoking, may pose health
risks that offset some nutritional benefits. These considerations

highlight the need for integrated approaches that address both
nutritional enhancement and food safety.

However, a nutritionally informed perspective requires acknowl-
edging both strengths and limitations. Although catfish provides
beneficial monounsaturated and polyunsaturated fats, its low
content of the long-chain omega-3 fatty acids EPA and DHA
means it cannot singularly fulfil recommendations for these
cardioprotective and neurodevelopmental nutrients. Therefore,
its role is optimally realized within a diversified diet that also
includes marine fish or other sources of EPA and DHA. Addition-
ally, the substantial nutrient losses incurred during traditional
smoking, particularly of heat-sensitive B vitamins, must be recog-
nized as a mitigating factor that reduces the potential nutritional
yield (Olopade et al. 2023). This underscores the necessity of pair-
ing production with improved post-harvest handling. Ultimately,
enhancing the role of catfish in Ghanaian nutrition demands an
integrated, nutrition-sensitive approach across the value chain;
thus, from formulating feeds to optimize nutrient deposition
to adopting processing methods that better preserve nutritional
integrity, ensuring that this viable and sustainable food resource
delivers its full potential to support national health and food
security goals.

7 | Food Safety and Quality Assurance

Note on integration of this section: Although this food safety
section is detailed, it is directly relevant to the nutritional quality
of catfish because microbial contamination can lead to spoilage
that degrades nutrient content and chemical contaminants can
pose health risks that offset nutritional benefits. The section has
been structured to highlight these connections, particularly how
traditional smoking methods, while used for preservation, intro-
duce PAH contaminants that affect both safety and nutritional
quality through lipid oxidation and vitamin degradation.

7.1 | Microbial Hazards in Catfish Value Chains

Microbial hazards remain one of the most significant challenges
affecting the safety and quality of C. gariepinus in Ghana.
Contamination can occur at multiple points along the value
chain, from production to processing, transport and retail. The
main sources of microbial risk are poor water quality in ponds,
inadequate hygiene during handling and unsanitary conditions
in processing and marketing environments. Aboagye et al.
(2020) found that fish value chains have insufficient food safety
practices, with stakeholders scoring poorly in handling (mean
scores of 41.2%-63.0%). Amoah et al. (2024) specifically identified
that 23% of smoked catfish samples were contaminated, with
Escherichia coli present in 35.2% of those samples. Yeboah et al.
(2019) further confirmed higher pathogen levels in fish from
wastewater-fed ponds, particularly in fish gut and skin. The evi-
dence suggests systemic contamination risks across production,
processing and marketing environments, highlighting the need
for improved hygiene and monitoring practices.

At the production stage, ponds and cages are often located in
water bodies that receive agricultural runoff, untreated wastew-
ater or effluents from nearby communities. Such conditions
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increase the likelihood of contamination with E. coli, Salmonella
spp. and Aeromonas spp., which are frequently reported in
aquaculture systems in West Africa (Aboagye et al. 2020).
Uchechukwu and Okoli (2019) found diverse microbial com-
munities in earthen ponds, including Klebsiella pneumoniae,
Salmonella enteritidis and E. coli. Yeboah et al. (2019) specifically
noted that wastewater-fed ponds exceeded permissible E. coli
limits by 2-3 log units. Atawodi et al. (2025) further identified
pathogens like Staphylococcus aureus, E. coli, Salmonella typhi
and K. pneumoniae in both water and fish samples. These findings
consistently demonstrate that improper water management in
aquaculture can lead to significant microbial contamination,
posing serious health risks, especially when fish are consumed
raw or undercooked.

Processing practices further contribute to microbial contam-
ination. Traditional smoking, although effective in reducing
microbial load, often involves the use of unclean facilities and
cross-contamination from handling and storage in unhygienic
environments. Empirical evidence demonstrates that smoked
catfish can harbour dangerous pathogens like Vibrio cholerae, S.
aureus, E. coli and S. typhi (Daramola et al. 2014). Traditional
smoking techniques, while reducing initial microbial loads, do
not eliminate contamination risks (Salaudeen and Osibona 2018).
Ambient temperature storage accelerates bacterial and fungal
proliferation, with studies showing microbial populations can
increase dramatically within days (Nguyen et al. 2018). Fungi like
Penicillium and Aspergillus species were consistently identified in
smoked catfish by Onyia et al. (2011). Proper sanitation, controlled
temperature and improved processing practices are critically
recommended to mitigate these microbial hazards.

Transport and retail stages also present risks. Fish transported
in unrefrigerated vehicles or displayed in open-air markets are
exposed to fluctuating temperatures, dust and vectors, such as
flies. These conditions accelerate microbial growth and further
compromise safety. Studies reveal alarming microbial contami-
nation rates: Sahu et al. (2016) found S. aureus in 100% of retail
shop samples, E. coli in 83.33% of retail samples and Clostridium
in 100% of retail samples. Grema et al. (2020) identified systemic
food safety risks, including lack of cold chain, poor hygiene
practices and absence of fish inspection. Nguyen et al. (2018)
demonstrated that microbiological quality of catfish becomes
unacceptable within 3-4 days of refrigerated storage, highlight-
ing the vulnerability of these products to microbial growth.
Environmental factors like unrefrigerated transport, open-air
markets and inadequate sanitation dramatically accelerate these
contamination risks.

Addressing microbial hazards in Ghana’s catfish sector requires
improvements in hygiene practices, investment in infrastructure
and adoption of internationally recognized food safety standards.
The implementation of hazard analysis and critical control point
(HACCP) systems in fish processing and distribution has been
shown to effectively identify and control contamination points,
thereby enhancing product safety and marketability (Unnevehr
and Hoffmann 2015). Training farmers, processors and traders
in safe handling practices is equally critical, as poor hygiene
and inadequate processing methods are major contributors to
microbial contamination in aquaculture products (Aheto et al.
2019). Furthermore, investment in cold chain facilities can reduce

post-harvest losses and microbial risks, ensuring that catfish
contributes positively to food and nutrition security in Ghana
(Overa et al. 2022). Table 4 summarizes food safety hazards in the
C. gariepinus value chain.

7.2 | Chemical Contaminants and Residues

Chemical contaminants and residues represent another critical
food safety concern in the catfish value chain in Ghana. These
hazards arise mainly from aquaculture inputs, environmental
pollution and processing practices. If left unmonitored, they pose
risks to consumer health and reduce the competitiveness of
catfish in both domestic and export markets.

Catfish aquaculture in Ghana and other developing regions faces
significant risks from unregulated chemical and antibiotic use,
with widespread potential for harmful residues and antimicrobial
resistance. Olatoye and Basiru (2013) found that 95% of farmers
administer drugs without veterinary prescription, with 61.3% of
catfish liver and 52.5% of muscle samples containing detectable
antimicrobial residues. Ogunnowo et al. (2025) found antibiotics
exceeding maximum residue limits in catfish samples, with
tetracycline at 0.2 pg/g beyond safe levels. Okocha et al. (2018)
highlighted that antimicrobial residues can lead to antimicrobial
resistance, hypersensitivity reactions and potential carcinogenic
effects. Agoba et al. (2017) confirmed that in Ghana, some
farmers still use antibiotics like tetracycline in fish feed, whereas
Chuah et al. (2016) note that 90% of global aquaculture occurs
in developing countries lacking robust regulatory frameworks.
Okocha et al. (2021) further emphasize that most fish are ‘indis-
criminately dosed’ with antibiotics, predisposing consumers to
significant food safety and antimicrobial resistance risks. The
evidence strongly suggests an urgent need for comprehensive
monitoring and farmer education to mitigate these public health
threats.

Environmental pollution is another important contributor. Aqua-
culture ponds and cages often draw water from rivers and
lakes that receive effluents from mining, agriculture and domes-
tic waste. Multiple studies across Africa and Asia document
metal bioaccumulation, particularly in bottom-dwelling catfish
species (Blankson et al. 2024; Bagumire et al. 2008). Metals like
lead, cadmium and mercury accumulate most significantly in
fish liver and gill tissues, with concentrations often exceeding
recommended safety limits (Onyidoh et al. 2017). Although
most studies suggest current contamination levels pose minimal
immediate health risks, they unanimously recommend contin-
uous monitoring of aquaculture environments (Yeboah et al.
2019). The primary contamination sources include agricultural
runoff, industrial effluents and domestic waste, highlighting the
critical need for comprehensive environmental management in
aquaculture regions.

Processing and preservation practices may also introduce chem-
ical hazards. Traditional smoking, for example, exposes fish to
PAHs, some of which are classified as carcinogens. Analyses
of smoked catfish in Ghana have found PAH concentrations
above internationally recommended safety limits, making this
a barrier to accessing export markets (Essumang et al. 2013).
The type of fuelwood used, smoking duration and lack of
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standardized practices contribute to the variability and risk of
PAH contamination.

Traditional fish smoking practices in Ghana introduce significant
PAH contamination in catfish, posing potential health risks and
export market barriers. Multiple studies confirm PAH levels
frequently exceed international safety limits (Essumang et al.
2013; Asamoah et al. 2021). Key contamination factors in smoked
catfish production are closely linked to the type of fuelwood
used, the duration of smoking and the smoking method applied.
Hardwoods such as acacia and mangrove generate higher levels
of PAHs, which pose health risks when consumed (Essumang
et al. 2013). Extended smoking periods further increase PAH
accumulation in fish tissues, intensifying contamination levels
(Abiona et al. 2020). In addition, traditional smoking kilns
are associated with substantially higher PAH concentrations
compared to improved smoking techniques, underscoring the
importance of adopting safer processing technologies (Bomfeh
et al. 2019). Critically, some studies found PAH levels 3-33 times
above European Union regulatory limits, with potential long-
term carcinogenic risks (Agyei et al. 2025; Yusuf et al. 2015).
Adopting improved smoking technologies and standardized
practices could mitigate these contamination risks.

Addressing chemical contamination in the catfish sector requires
a multi-pronged approach. Strengthening regulatory frameworks
and enforcing monitoring of aquaculture inputs, together with
routine testing of fish for chemical residues, is essential. Training
farmers on the responsible use of chemicals and encouraging
adoption of safer processing technologies can also reduce risks.
Investment in improved smoking kilns, water treatment systems
and feed quality assurance will contribute to safer and more
competitive catfish products.

7.3 | Quality Standards and Certification

To ensure the safety and quality of catfish, it is important
to adopt recognized standards and certification systems. These
frameworks provide a structured way to manage risks and verify
that products are safe to eat, which is essential for building
consumer trust and accessing formal markets.

One key system is HACCP. This is a step-by-step approach
that identifies potential hazards (like microbial or chemical
contamination) at critical stages of production and processing. It
then puts controls in place to prevent or eliminate these hazards
(Unnevehr and Hoffmann 2015). Although HACCP is used by
some large processors in Ghana, most small-scale operators find
it difficult to implement due to a lack of training, resources and
infrastructure (Unnevehr 2022).

Another important framework is the International Organization
for Standardization (ISO) certification, particularly ISO 22000 for
food safety management. This standard integrates HACCP prin-
ciples into a broader management system, requiring companies
to demonstrate they can consistently control food safety hazards
(Panghal et al. 2018). However, the high cost and technical
expertise required for ISO certification are major barriers for
small and medium-sized businesses in Ghana and across Africa
(Kussaga et al. 2014).

Finally, Codex Alimentarius standards, developed by the United
Nations, serve as international benchmarks for food safety and
quality. These guidelines cover everything from acceptable levels
of contaminants to hygiene and labelling practices (FAO/WHO
2020). For Ghana, complying with Codex standards is a necessary
step if catfish producers wish to export to regulated markets like
the European Union, where these benchmarks are often used as
a reference (Henson and Humphrey 2010).

The adoption of these standards is a clear indicator of a product’s
safety and quality. Promoting their use through training, financial
incentives and public-private partnerships is vital for enhancing
the reputation and competitiveness of Ghanaian catfish both at
home and abroad. The key hazards and control points within the
catfish value chain are mapped in Figure 4. Figure 4 provides
a comprehensive mapping of food safety hazards and critical
control points across the catfish value chain in Ghana. The
figure illustrates how risks emerge at different stages, from
production through processing, distribution and retail, and iden-
tifies specific interventions that can prevent or mitigate these
hazards.

8 | Research Gaps and Future Prospects

Despite the established importance of C. gariepinus in Ghanaian
aquaculture and nutrition, significant gaps persist in the scientific
understanding of its chemical composition and the factors that
modulate it. Addressing these knowledge deficits is essential for
moving from general appreciation to evidence-based optimiza-
tion, enabling a truly nutrition-sensitive approach to production
and consumption. The current fragmentation of data and the
lack of targeted, locally relevant studies hinder the ability to fully
harness this species for public health.

A primary and fundamental gap is the lack of comprehensive,
Ghana-specific nutrient profiling. Existing data are often skewed
towards proximate composition (moisture, protein and fat), with
much less detailed and consistent information on the full spec-
trum of micronutrients. There is a pressing need for systematic
analyses to quantify the complete vitamin profile (particularly
vitamins A, D, E and B,,) and a detailed mineral audit (including
iron, zinc, selenium and iodine) in catfish raised under pre-
vailing Ghanaian farming conditions (Hasselberg et al. 2020;
Asiedu et al. 2026). Furthermore, detailed characterization of the
fatty acid profile, specifically the levels of EPA and DHA and
the complete amino acid spectrum across different production
systems is required. Such high-resolution compositional data
are the indispensable foundation for accurate dietary assess-
ments, nutrient database development and targeted nutritional
interventions.

Distinguishing Ghanaian data from external evidence: A critical
limitation of the current review is that much of the cited
evidence originates from studies conducted outside Ghana,
including Nigeria, Egypt, Indonesia, Bangladesh and other
regions. Although these studies provide valuable insights into the
nutritional composition and factors affecting C. gariepinus, they
may not fully represent Ghanaian conditions due to differences
in climate, water quality, feed ingredients, farming practices
and processing methods. Ghana-specific studies are particularly
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—
o PRODUCTION
(Fish Farm/Pond)

Critical Activities: Stocking, feeding,
water management

POTENTIAL HAZARDS
o Microbial contamination
(E. coli, Salmonella, Vibrio)
« Source: Poor water quality
(agricultural runoff, wastewater)
* Fecal contamination from
livestock/wildlife
(2] Chemical residues
(antibiotics, pesticides)
« Source: Unregulated veterinary
drug use
« Prophylactic antibiotic treatment

3] Heavy metals
(lead, cadmium, mercury)
* Source: Industrial effluents,
mining runoff

o Parasites (Clonorchis, Opisthorchis)
« Source: Infected wild broodstock )

| @ Water qualty testing

| @ Approved feed and drug use
@ Certified disease-free broodstock
@ Good Aquaculture Practices (GAP)
@ Regular monitoring

% RESPONSIBLE ACTOR
Farmers/

- producers

HARVEST &
PRIMARY PROCESSING

Critical Activities: Capture, slaughter,
washing, gutting

POTENTIAL HAZARDS

o Microbial contamination
(cross-contamination)

* Source: Poor hygiene,
contaminated water
« Unsanitary handling surfaces

e Physical contamination

g-?‘@ (dirt, debris)
« Source: Environmental
contamination

9 & Histamine formation

(if delayed cooling)
* Source: Temperature abuse

CONTROL MEASURES
@ Clean water for washing
@ sanitized processing surfaces

@ Proper hygiene (gloves, aprons)

@ Immediate cooling (ice or
refrigeration)

@ Prompt gutting to reduce spoilage

e PROCESSING &
PRESERVATION

Critical Activities: Smoking, drying,
salting, freezing

POTENTIAL HAZARDS
o PAH contamination
@ (traditional smoking)

* Source: Wood combustion,

(4]

TRANSPORT &
DISTRIBUTION

Critical Activities: Loading, transport,

%4

e RETAIL &
CONSUMPTION

Critical Activities: Display, storage,

unloading sale, preparation
POTENTIAL HAZARDS POTENTIAL HAZARDS

Temperature abuse
(microbial growth)
* Source: Unrefrigerated transport

« Source: Open-air display,

o Temperature abuse

ambient temperature storage

open fires t

* Type of fuelwood (hardwoods + Time-temperature abuse o Cross-contamination
gmd:ca r:om l»‘AHsrzd (ready-to-eat foods)

+ Smoking duration as « Source: Handling with
temperature o Cross-contamination contaminated :‘gsnsns
" " />« Source: Dirty vehicles, I

e _ ?g:‘crﬁl::l grog:g) improper separation e $ Secondary microbial growth
‘. 73 e )%« Source: Extended storage,

« Source: Temperature abuse,
contamination

e Chemical contaminants
(from processing aids)
« Source: Non-food grade
materials

CONTROL MEASURES
@ Improved smoking kilns (Chorkor, mechanicall)
@ Temperature control (monitoring)
@ Use of approved fuels
@ Regular equipment sanitaton
@ HACCP implementation
@ AQuality control testing

insect vectors (fles)
Physical damage | o -
(qualtyloss, spoilage) o‘ ?gm;r;nzt;i«;?n)
. li:“dﬁ.g/::::da.:;'mg kg L « Source: Lack of traceability J
= CONTROL MEASURES
CONTROL MEASURES

@ Cold chain maintenance

@ Clean, food-safe transport vehicles
@ Segregation of products

@ Proper packaging

@ Time-temperature monitoring

@ Cold display /storage

@ Proper handling hygiene

@ Protection from insects
(fly screens)

@ Clear product labelling

@ Consumer education

@ Traceability systems

6 RESPONSIBLE ACTOR
Harvesters/

[l ) processors

RESPONSIBLE ACTOR
Processors
(traders, women processors)

- RESPONSIBLE ACTOR RESPONSIBLE ACTOR
Q Distributors/ Retailers/
Fo™=0" transporters .‘. consumers

SUMMARY: RISK LEVEL ACROSS VALUE CHAIN

VERY HIGH RISK HIGH RISK
& Micobial [ Chemical

HAZARD TYPE LEGEND:

& Physical F'AH(Chemlcal) &Temperalme Q) Information

PRIORITY INTERVENTIONS (Across the Value Chain)

n Q Improved water quality management in ponds @

o PRODUCTION 9 HARVEST & 9 PROCESSING & 1 o TRANSPORT & | e RETAIL &
PROCESSING PRESERVATION DISTRIBUTION CONSUMPTION KEY MESSAGE
High Medlum ngh “ High Medium z Medium-High n ﬁ Adoptionof improved smoking kilns Food safety is a shared
{ose qu;"y M" (T""m‘""’ froer "‘”9' B * Cold chain infrastructure investment responsibility across the
entire catfish value chain.
A A n §% Hygiene training for all value chain actors Effective control requires

targeted interventions
B y itoring and at each stage to deliver
safe, high-quality catfish

| B HACCP implementation at processing level to consumers.

FIGURE 4 | TFood safety hazards and control points in the catfish value chain. HACCP, hazard analysis and critical control point; PAH, polycyclic

aromatic hydrocarbons.

sparse for detailed micronutrient profiling, fatty acid analysis
and vitamin content. Where data are available from Ghana,
they are often limited to proximate composition. This geographic
bias in the evidence base means that conclusions about the
nutritional composition of Ghanaian catfish must be interpreted
with caution. Future research should prioritize Ghana-specific
studies that use standardized methods and clearly report all rele-
vant parameters to enable accurate assessment of the nutritional
contribution of locally produced catfish.

Second, research on the impact of local inputs and practices on
final nutrient composition remains underdeveloped. Although
the use of local agro-industrial by-products (e.g., cassava leaf
meal and palm kernel cake) as alternative feed ingredients is
studied for growth performance, research rarely tracks how
these ingredients affect the nutritional quality of the fillet for
human consumers, thus its fatty acid profile, amino acid balance
or micronutrient density (Kwasek et al. 2020; Adéyémi et al.
2020). Concurrently, there is a critical lack of quantitative data
on nutrient retention through indigenous processing methods.
Although smoking is ubiquitous, studies precisely quantifying the
losses of heat-sensitive vitamins (B,, B, and C) and the oxidation
of PUFAs across different smoking temperatures, durations and
kiln types (traditional vs. improved) are scarce (Bomfeh 2021).
Research is needed to model how processing transforms the
compositional profile of the farmed fish into that of the consumed
product.

Third, methodological and translational gaps must be closed.
The absence of standardized protocols for sampling and anal-
ysis leads to high variability in reported values, complicating
comparisons and meta-analyses. Developing and advocating for
standardized methods is crucial for generating reliable, com-
parable data. Finally, there is an almost complete absence of
dietary intervention studies investigating the direct impact of
catfish consumption on nutritional status biomarkers in Ghana-
ian populations. Robust evidence demonstrating improvements
in iron status (ferritin levels), vitamin B,, sufficiency, or growth
parameters in children following regular catfish consumption
would provide powerful validation for its role in nutrition pro-
gramming (Byrd et al. 2022). Filling these interconnected gaps,
thus from foundational composition data to human efficacy trials,
is imperative to build a robust, evidence-based framework for
leveraging C. gariepinus as a keystone in Ghana’s strategy for
improved nutrition and food security. Table 5 summarizes the
research gaps and priorities for C. gariepinus in Ghana.

9 | Conclusion and Recommendations

This review, conducted following PRISMA guidelines, consol-
idates current knowledge on the chemical composition of the
African catfish (C. gariepinus), elucidating its substantial nutri-
tional value and the critical factors that determine its final quality
as afood commodity in Ghana. The evidence confirms that catfish

Aquaculture, Fish and Fisheries, 2026

17 of 24

858017 SUOWWOD BAIS.D 3|t jdde ay) Aq peusencb a1e seoile VO ‘88N JO S8|nJ o} A%iqi8uljuO 3|1 UO (SUOTHPUOO-PUR-SWIBALO0D" AB | 1WA eiq 1 BUUO//SdNL) SUOHIPUOD Pue SWie 1 8y} 88S *[9202/60/T0] U0 A%id18uluo A8|IM 100y -eueyD Jo AiseAIuN Aq E0E0L Z418/200T OT/I0p/W0D A8 | im" Ake.d 1 jpulUo//Sdny Wouy papeojumod ‘v ‘9202 ‘/¥888692



26938847, 2026, 4, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/aff2.70303 by University of Ghana - Accra, Wiley Online Library on [01/09/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(L107) 'Te 32 npaIsy
“(€202) 'Te 12 nu10Z
‘(T20T) 'Te 39 81210

(¥207) yson
(SZ02) 'Te 32 uosuyor

(€102) 'Te 12 Suewinssyg
“(8107) ‘T8 32 0q30qDH

(€207) 'Te 19 TRY
(6102) 'Te 10 yaywog
‘(T20z) ysywog

(0202) Te 10 Yosemy
‘(0202) 'Te 30 IRAIpY
‘(z107) TR 19 B

(0z02)
‘Te 12 319qasseHq

‘(¥207) Te 10 18ue]

sa1393e1s aInjnoenbe jrews-ojeWI
pUE SUTeyd SNJeA Ul SOTWEBUAD I9puad
‘SSAURANY9YJS Ao1jod UO oIBISAY

uonejudws3es 1axew pue sponpoid
pappe-onyea ‘surayied uondwnsuod
[BINI "SA UeqIN UO SAIPMIS

sa1dojouyd9) uondd)ap pider pue
S[9pOW JUSWISSISSE YSII dAT eIiIUEND
‘Sw)SAS doUB[IRAINS Jo Judwdorassq

spoyjauI uorjearasaid
pauIquIod pue UONeIpeL ‘(JVIA)
Sur3eyoed aroydsounye pagrpour
‘3u1Z9215 U1 £19JES pUR UONUIIAI
JUALNU UO SIIpn3s aaneredwo)

S9OINO0SAI PAzZIINIdpuUn
pue sjonpoid-£q rermsnpur-oide Jursn
SUONB[NULIOJ PA3J QANISUIS-UONLINU
“QAT)O9JJ2-1509 Jo Judtdoressdg

SUOT}TPUOD [RIUSUWIUOIIAUS PUE SWIISAS
uononpoid yuarsIp Jopun sopnidad
9A1IOBOIq PUE SPIOE AJ3e] ‘STeIourul
‘surure)ia Jo guryoid aarsusyardwo)

Korjod axmynoenbe
Ul SUOIJRISPISUOD AJI[IqRUIL)IShS
pue 19puag Kayes
POOJ JO UONBISIUL PAIWIT

sarpnys Aed-03-ssoudur(im
pue uoreneAd
K10SUSS PI[TRIAP JO NoB]

S9NPISaI JUBUIWIRIUOD
uo eJep 2AnEINUEND pajrwIy
pue swaisAs SUII0ITUOW Jeapm

sanbruyo9) uoneaissaid
uIspowr ur sagueyd
Ky1renb pue syS1I A197es ‘SasSO]
JUSLIINU JO UOIBN[BAS PITUWIIT

S90IN0S3I Pady
a[qereae A[eoor Suisn srer
Surpa9y o1yeUIAlSAS JO oe]

sotjoid punodurod
9A1)O®OIq PUE JUSLINUOIITW
Pa[Ie1ap UO BIRp PIjIWI]

JUQ)SISUOIUL
SUTBWIAI JUSWIDDIOJUS INq
9SIx? sarorjod arnmynoenby

S)a3 W [BOO]
ur1 seoua1dja1d ysiy payours
UO JSIXd SA9AINS SWOS

srejow
AA®9Y pue UOHRUIMIEIUOD
[BIQOIOTW ‘SHVd
SpN[OUI SPILZEY UMOUY

paonoeld
A[op1a pue pajusuwnoop
[1oMm ST Sursjows [eUonIpeL],

JU23u0d pIdi] UT UOTIBLIBA O}
9d£) pa9j JUuI[ SAIpNIS awoS

PaIUSWNI0P [[oM A[ITE] Ud3q
sey (a1njsiow ‘7ej ‘urajoid)
uonsodwod 9)ewIxoId

Aiqeureisns
pue Ado110d4

Inoraeyaq
Jownsuo)

Kyoyes pooq

uonearasaid
pue Surssadoid

S109JJ9 J3Ip PUE Pad]

uonisodurod
[euonINN

RERIIEREIEY |

sonuond yoxeasax aaning

de$ paygnuapi

98pamour] JudrIn)

BAIR YIIBISIY

“euRy9 ul snuidarind svupl) 10§ santonid pue sded yoiessay | § ATAVL

Aquaculture, Fish and Fisheries, 2026

18 of 24



is a rich source of high-quality, complete protein with an EAA
profile that meets human nutritional requirements, alongside
a variable but significant lipid content and a valuable array of
bioavailable minerals such as iron, zinc, phosphorus and calcium.
Its fatty acid profile, while distinct from marine species and dom-
inated by monounsaturated and shorter chain polyunsaturated
fats, contributes beneficially to dietary fat quality. However, the
synthesis also reveals that this nutrient profile is not a fixed
attribute but a dynamic outcome, highly responsive to pre- and
post-harvest conditions.

The composition of catfish is profoundly shaped by a triad
of influential factors. Diet is the principal lever, with feed
formulation directly dictating growth, protein deposition and,
most notably, the fatty acid signature of the fillet. The aquacul-
ture environment, encompassing water quality and system type,
modulates metabolic efficiency and stress, thereby influencing
nutrient utilization and flesh quality. Finally, processing, par-
ticularly the traditional smoking methods prevalent in Ghana,
acts as a final transformative filter, often reducing heat-sensitive
vitamins and altering lipid quality through oxidation, despite
achieving preservation. Therefore, the nutritional potential inher-
ent in the species can only be fully realized through intentional
management of this entire chain, from feed formulation to
post-harvest handling.

For Ghana, C. gariepinus represents more than a viable aquacul-
ture product; it is a strategic, locally sustainable food resource
with a demonstrated role in enhancing dietary quality. Its consis-
tent availability and rich nutrient density make it a key food for
addressing protein and specific micronutrient deficiencies, par-
ticularly among vulnerable groups. To maximize this potential,
future efforts must be guided by a nutrition-sensitive approach.
This necessitates targeted research to fill critical data gaps on
Ghana-specific nutrient profiles and processing losses, alongside
the promotion of improved feeds and processing technologies. By
integrating nutritional objectives into aquaculture development
and food safety policy, Ghana can harness the full capacity of C.
gariepinus to strengthen food and nutrition security, contributing
meaningfully to improved public health outcomes.

Summary of conclusions by section:

* Section 3.1 (Proximate Composition): C. gariepinus provides
high-quality protein (15%-19%) with a variable lipid content
(2.5%-15%) influenced by diet and culture conditions, posi-
tioning it as a nutrient-dense food source with a valuable
nutrient-to-energy ratio.

* Section 3.2 (Amino Acid Profile): The species offers a com-
plete EAA profile that meets FAO/WHO requirements, with
particularly high levels of lysine, making it an excellent
complement to cereal-based diets and supporting growth,
muscle maintenance and recovery.

* Section 3.3 (Fatty Acid Composition): The lipid profile is
dominated by MUFAs and PUFAs but contains low levels
of long-chain omega-3s (EPA/DHA), distinguishing it from
marine fish and highlighting the need for dietary diversity.

* Section 3.4 (Micronutrient Composition): Catfish provides
bioavailable minerals (particularly iron, zinc, phosphorus and

calcium) and essential vitamins (A, D, E and B-complex),
though comprehensive Ghana-specific data are lacking.

* Section 4 (Influencing Factors): Feed formulation is the most
critical factor determining nutritional composition, followed
by aquaculture environment and post-harvest processing
methods, all of which present opportunities for nutritional
optimization.

* Section 5 (Comparison): Catfish complements rather than
replaces marine fish and tilapia, offering reliable protein and
minerals, whereas marine fish provide superior long-chain
omega-3s.

* Section 6 (Implications): Catfish can contribute significantly
to addressing protein-energy malnutrition, iron deficiency
and other nutrient gaps in Ghana, particularly when produced
and processed with nutrition-sensitive approaches.

* Section 7 (Food Safety): Microbial contamination, chemical
residues and PAHs from traditional smoking pose food safety
risks that can offset nutritional benefits, requiring improved
practices and monitoring.

* Section 8 (Research Gaps): Priority areas include Ghana-
specific nutrient profiling, feed optimization using local ingre-
dients, processing impact studies and dietary intervention
trials.

Recommendations:

1. Strengthen Ghana-specific nutrient databases: Conduct sys-
tematic, standardized analyses of the complete nutrient
profile (proximate, amino acids, fatty acids, vitamins and
minerals) of C. gariepinus from different production systems
and regions in Ghana.

2. Develop nutrition-sensitive feed formulations: Invest in
research to develop cost-effective feeds using local ingredi-
ents that optimize both growth performance and nutritional
quality (particularly fatty acid profiles and micronutrient
content) for human consumers.

3. Adopt improved processing technologies: Promote the adop-
tion of improved smoking kilns and cold-chain infrastructure
that better preserve nutritional quality while reducing food
safety risks (PAHs, microbial contamination).

4. Strengthen food safety systems: Implement HACCP-based
approaches and strengthen regulatory monitoring of micro-
bial contamination, chemical residues and PAHs in the
catfish value chain.

5. Integrate nutritional objectives into aquaculture policy:
Ensure that aquaculture development plans explicitly
include nutritional outcomes as objectives, not just
production targets.

6. Conduct dietary intervention studies: Undertake research
to quantify the impact of catfish consumption on nutri-
tional status biomarkers in vulnerable populations to provide
evidence for nutrition programming.

7. Develop standardized methods: Establish and advocate for
standardized sampling, analytical and reporting protocols
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to enable reliable comparisons across studies and meta-
analyses.
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