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Abstract
One of the main requirements for sustained aquaculture is high-quality fish feed. The quality of fish flesh,
including shelf life, appearance, flavour, colour, and nutritional value, is determined by the feed quality.
Consumers today are highly concerned about several issues related to fish farming practices and the different
materials used in producing fish feed. The primary objective of the present investigation was to evaluate
the proximate composition (protein, lipid, moisture, ash, carbohydrate, and crude fibre) and levels of heavy
metals (Cr, Pb, Cd, Zn, and Cu) in selected commercial tilapia starter feeds available in Ghana. There were
no significant variations between the nutritional content offered by feed firms and the values identified
in this analysis. However, the derived proximate values for the study were lower compared to the feed
manufacturers. The findings revealed the presence of different heavy metals in the feeds at varying levels.
Chromium (Cr), lead (Pb), cadmium (Cd), zinc (Zn), and copper (Cu) were the heavy metals with the highest
levels (mg/kg), with values of 0.544, 0.141, 0.020, 1.821, and 7.758, respectively. The concentration of
chromium (Cr) in the current study exceeds the maximum allowable limits of 0.05 mg/kg set by international
organisations, which may be detrimental to the fish's health. The study suggests that commercial fish feed
producers take the necessary precautions to guarantee the nutritional integrity of their products and prevent
heavy metal contamination. Otherwise, the final consumers—humans and fish—might be more susceptible

to accumulating and assimilating the heavy metals, which could have health implications.
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Introduction

Aquaculture is rapidly expanding globally and
is expected to play a crucial role in addressing
the growing demand for aquatic food supplies.
It is also seen as a means to enhance fishery
resources and restore ecosystems. In Ghana,
aquaculture is intensifying due to increasing
demand for fish and declining capture fishery
outputs (Hasselberg et al., 2020). The shift
from traditional to intensive or semi-intensive
systems has led to a surge in demand for
aquafeeds, surpassing even the demand for
fertilizers (Waite et al., 2014). Farmers are

transitioning from no feed or farm-made feeds
to commercially produced feeds, highlighting
the importance of aquafeeds in boosting
production. Ghana’s feed sector, particularly
fish feed production, is growing rapidly, with
four major commercial tilapia starter feed
producers: Rannan, Koudjis, Aller Aqua, and
Enam Pa.

In semi-intensive systems, where fish stocking
density exceeds natural water productivity,
commercial feeds are essential (Heriksson
et al, 2021). They increase production
system capacity, improve yields, and ensure
optimal fish growth by providing balanced
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nutrition (Nazish & Mateen, 2011). Studies
show that commercial feeds can increase fish
production by 7.7 times compared to systems
without feed supplementation (Uddin et al.,
2012). However, feed quality and nutritional
balance are critical. Proper energy, fat, and
protein levels are vital for fish growth, while
imbalances can lead to higher production
costs, water quality issues, and stunted growth
(Kim et al., 2012; Rahimnejad et al., 2021;
Lassi et al., 2017).

Feed costs remain a significant barrier to
aquaculture expansion, accounting for 60—
80% of production expenses. Research has
focused on finding alternatives to expensive
fishmeal to improve profitability and
sustainability (Ragasa et al., 2022). The global
demand for aquafeeds has surged, reaching
41 million tonnes in 2019 (Alltech, 2020).
Despite Ghana’s growing demand for high-
quality feeds, there is limited information on
the nutritional value of locally produced and
imported feeds.

While feeds are crucial for productivity,
contaminated feeds pose risks to fish and
consumers. Pollutants, including heavy metals
like lead, cadmium, chromium, mercury, and
arsenic, can enter feeds during production or
from environmental sources (Sarkar et al.,
2022). These contaminants can bioaccumulate
in fish and transfer to humans, posing serious
health risks. Heavy metals are particularly
concerning due to their toxicity, persistence
in food chains, and lack of biological benefits
(Lopez-Alonso, 2012). Studies have identified
harmful levels of these metals in fish feeds,
linking them to kidney damage, cancer,
cardiovascular diseases, and neurological
disorders (Saha et al., 2018; Macomber et al.,
2011; Sabbir et al., 2018).

In Ghana, data on the nutritional composition
and heavy metal content of tilapia feeds
Farmers

is scarce. rely on proximate

composition details provided on feed sacks,

as there is no comprehensive regulatory
oversight of feed quality or ingredients.
Although fisheries and standards regulators
exist, enforcement is often lax, leaving room
for misleading practices by feed producers.
This lack of regulation raises concerns about
the use of contaminated ingredients and the
overall safety of aquafeeds. In Ghana, the
lack of regulation in the aquafeed industry
has led to significant concerns regarding feed
quality and safety. One notable incident that
highlights this issue occurred in 2021 when
several tilapia farmers reported uneven fish
growth, poor feed conversion ratios, and
increased susceptibility to diseases, leading
to higher mortality rates and lower yields
(Dimado, 2024). Investigations revealed that
some of the feeds used contained unapproved
ingredients and potentially harmful additives.
Given these challenges, this study aims to
analyse the nutritional composition and heavy
metal content of commercial starter feeds for
tilapia in Ghana. By addressing the gaps in
data and regulatory oversight, the findings will
contribute to improving feed quality, ensuring
food safety, and supporting the sustainable
growth of Ghana’s aquaculture sector.

Materials and methods

Sample Collection Procedure

A comprehensive list of commercial feed
the
compiled, including the sale points of four

suppliers  within municipality was

starter feed companies. Engaging these
companies in open discussions allowed for the
collection of relevant information about their
products. To ensure a representative sample
of the tilapia starter feed market, a stratified
random sampling method was employed,
targeting feeds from at least five different
sellers. This approach ensured diversity across

various brands and formulations.
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During sample collection, gloves were worn to
maintain hygiene. A total of twenty-eight (28)
samples, each weighing 1 kg, were collected
in polythene bags. The decision to collect
28 samples was influenced by the limited
number of starter feed producers in Ghana.
With only four producers available, the total
population of potential suppliers/retailers
was inherently small. Thus, a sample size of
28 provides adequate representation of the
feeds offered by these producers, effectively
capturing variability among different batches
and brands. This sample size is also optimal
for assessing the overall quality and safety of
the aquafeeds available to farmers.

Samples were taken from different batches
to account for potential variability. Samples
were collected whenever feeds were delivered
to the shops, with each delivery constituting
a batch. Each sample was carefully labelled
with the brand name, batch number, and date
of collection. To document the approximate
feeds,
were taken of the labels on the feed sacks,

composition of the photographs

accompanying leaflets, and any manufacturer-
This
facilitated a

meticulous
detailed
understanding of the nutritional content and

provided instructions.

documentation

formulation of the collected samples.

To preserve the integrity of the samples, they
were stored in clean, dry, airtight containers
to prevent contamination and degradation.
The samples were then transported to the
laboratory in insulated coolers, ensuring they
remained in optimal condition for subsequent
analysis. Finally, all starter feed samples were
taken to the University of Ghana's Ecological
Laboratory for analysis.

Proximate Analysis
The obtained samples were removed from the

refrigerator and left at room temperature for
a full hour. Every batch of samples collected
were stored in a sealed container for further
analysis. According to AOAC International's
the
samples

methods,
feed
examined for their proximate composition,

recommended gathered

commercial starter were
including moisture, crude fat, crude protein,
ash, carbohydrate, and crude fibre. The
chemical contents were determined for three
duplicate samples of each commercial feed.
Moisture Content: The feeds' moisture content
was calculated following AOAC (2000). After
being cooled in a desiccant and reweighed,
samples were dried in an air oven at 101° C
for 10 hours to achieve uniform weights. The
difference between dry and fresh weights was
assumed to be the moisture content.

Ash Content: To determine the ash content,
the samples were first dried to remove any
moisture. The dried samples were then
subjected to calcination in a muffle furnace
at 550 °C for 20 hours until all the organic
components of the samples had been converted
to ash.

Crude Lipid Content: Using the Soxhlet
extraction technique, as stated by AOAC
standard procedure (AOAC 2000), the
crude lipid composition in the material was
determined. The ground sample (3 g) was
placed into a permeable thimble and weighed
(W,) before being wrapped with fresh, white
cotton wool. In a 250cm?® extraction flask
that had previously been dried at 105 °C and
weighed (W,), petroleum ether (200 cm’)
was added. The pore-filled thimble was put
together. The extraction process took three
hours. To thoroughly liberate the extraction
flask of solvent and moisture, the thimble
was gently taken away, and the flask was
subsequently immersed in a water bath
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to evaporate the ether. After cooling in a
desiccator, it was once again weighed (W)).
Using an equation, the percentage of crude
lipids was determined.

(w; — wy)

W

Crude lipid (%) = X 100%
Where; W =Weight of sample (g),W, = Weight
of beaker + lipid (g),W = Weight of empty
beaker (g)

Crude Protein Content and Carbohydrate: The
Kjeldahl technique was used to analyse crude
protein (AOAC 2000). Each feed sample
underwent the three crucial procedures of
digestion, distillation, and titration in order to
convert total nitrogen to crude protein using
a conversion rate of 6.25. Following that, the
samples' crude protein content was calculated.
The total carbohydrate amount was estimated
(Onyeike et al., 2000) by deducting the sum of
the contents of protein, fat, moisture, and ash
from 100.

Heavy Metals Analysis

Following the technique described by AOAC
(2000), samples were subjected to digestion
for heavy metal analysis. A mixture of about
0.5- 0.9 g of the starter feed samples and 10
mL of HNO, (Merck, Darmstadt, Germany) was
prepared and left overnight. After that, the digested
samples were filtered with 125 um filter paper
(Whatman, Kyoto, Japan) and stored for analysis.
A flame atomic absorption spectrophotometer
(AA-7000 Shimadzu, Kyoto, Japan) was used

to analyse heavy metals. A pure standard was
used to produce a normal calibration curve
for Pb, Zn, Cd, Cu and Cr. The following
equation was used to determine the level of
heavy metals.

Concentration of metal in feed sample = R X Dilution factor

where,

final volume of digest sample in mL

Dilution factor = : -
wet weight of digested feed sample

R = AAS, reading to digest

The amount of heavy metals present was given
as mg/kg.

For the detection of metal level, the standard
calibration graphs were established with a
suitable coefficient of regression (R? > 0.9997).
Certified reference material DORM- 4 Fish
protein was used to verify the analytical process
for heavy metals. As shown in Table 1, the
certified materials' standard deviations of the
means were within the range of 0.062—0.64%,
and the recovery was within the range of 84
—115 %. The certified and observed values
showed good concordance, according to the
results.

Statistical Analysis

Following the sample analyses, estimated
means were computed for the heavy metal
and proximate content values for the four
tilapia starter feeds. Significant differences
in proximate compositions and heavy metal

TABLE 1
Concentrations of metals found in CRM (DORM-4) by AAS

Metals CRM Values (mg/kg) Obtained values (mg/kg) Recovery (%)
Pb 0.404 £ 0.062 0.388 96
Zn 51.60 £2.80 43.344 84
Cd 0.299 +0.018 0.293 98
Cu 15.700 + 0.460 18.100 115
Cr 1.870 £0.180 1.660 88
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levels among feeds were found using a one-
way ANOVA. The Tukey post hoc test was
employed to compare means.

Results and Discussions

For fish reproduction, growth, and other
aquatic species to reach their full potential in
terms of quantity and quality, proper nutritional
supplementation is crucial. To ensure that
the species' optimal nutritional and energy
requirements are met as well as the system's
production objectives, it is necessary to ensure
the availability of feeds in the proper quantity
and quality. Laboratory analysis was done on the
feed samples that were collected to determine
their proximate composition, including crude
protein, moisture, carbohydrate, crude fat, crude
fibre, and ash. The nutritional values reported
by companies and the values examined in a lab
had no discernible differences (see Table 1).

Proximate Composition

The crude protein content reported by the feed
companies ranged from 42.0% (Feed B) to
60.0% (Feed C). Feed A and D reported 48.0%
and 47.0%, respectively. The laboratory results
were close to the reported levels, with Feed C
having the highest protein content (59.82%)
and Feed B the lowest (39.98%). Feed A and
D had protein contents of 46.25% and 46.59%,
respectively. Crude protein is a critical nutrient
for fish growth, especially in starter feeds.
The laboratory results confirm that the feeds
generally meet the protein requirements for
starter fish feeds. However, Feed B's protein
content was slightly lower than reported, which
could affect its nutritional value. Discrepancies,
especially significant reported values in Feed
B, may lead to inadequate protein intake
for fish. This may result in stunted growth,

poor health, and increased mortality rates
among fish, particularly in the starter stages
when protein needs are critical. Additionally,
consistent discrepancies can erode trust in feed
brands, pushing farmers to seek alternatives,
destabilizing market dynamics.

Fishmeal is often the primary protein source
in the diets of both shrimp and fish, and it is
widely recommended as an animal protein
supplement for livestock. Nutritionally, high-
quality fishmeal contains between 60% and
72% crude protein by weight (Ween et al.,
2017). This places samples (A), (B), (C) and
(D) as medium-quality fish feed. Several factors
may influence the variation in protein content
among the fishmeal samples analysed in this
study, including the species of fish utilized, the
freshness of the fish at the time of processing,
storage conditions and duration, residual oil
content, processing techniques, handling
practices, and drying temperatures (Bernard &
Adetola, 2022).

Ayssiwede et al. (2011), categorized fish feed
produced in Senegal into high-quality fish feed
containing 58-75% crude protein. Bernard &
Adetola (2022) reported crude protein levels
ranging from 52.13 - 81.30% in South-Western
Nigeria. These levels were higher than those
reported for this study. The analysed protein
content in all feeds was higher than that Kader
et al. (2005) declared in Bangladesh. Mohanty
et al. (2019) revealed that the ideal protein
ranges for carp cultivation were 3545 % and
40 %, respectively. For rohu brood stock, 25 %
of the recommended daily protein intake had
the highest reproductive results (Afzal et al.,
2005).

The laboratory results were close to the
reported levels, with Feed D having the highest
ash content (13.88%) and Feed B the lowest
(10.12%). Feed A and C had ash contents of
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12.12% and 12.40%, respectively. Ash content
represents the mineral content in the feed. The
laboratory results confirm that the feeds contain
adequate mineral levels, which are essential
for fish bone development and overall health.
These typically encompass essential minerals
such as calcium, phosphorus, potassium, and
magnesium. For scaling and teething, the
amount of minerals or ash content is crucial
(Bernard et al., 2010). The phosphorus and
calcium requirements for mrigal and rohu
fingerlings are 0.75% and 0.19%, respectively
(Paul et al., 2006). Insufficient phosphorus
from the diet in Catla results in several kinds
of organ-specific disorders (Sukumaran et al.,
2008). Rohu fingerlings require 30 mg Zn/
kg of feed, according to Meena et al. (2010).
The study's ash content findings were greater
than the 5.33-9.45 % reported by Ayuba &
Lorkohol (2010), but they were consistent with
the literature values (8.5-24.40 %) published
by Alam et al. (2012). In the study, the reported
level of ash significantly exceeded the range of
7.41% to 10.81% documented by Hasan et al.
(2022) for feed sourced from Bangladesh.

According to the findings of Cho and Kim
(2011), lipids in fish can be categorized
into liquid fish oils and solid fats. Although
fishmeal is typically processed to remove most
of the extracted oil, the residual lipids generally
constitute approximately 6-10% of the total
weight, with variations ranging from 4% to
20%. For this study, the laboratory results
were slightly lower than the reported levels,
with Feed C having the highest fat content
(13.96%) and Feed A the lowest (6.84%).
Feed B and D had fat contents of 7.64% and
7.12%, respectively. Discrepancies between
reported and laboratory values of fat content
can significantly affect the nutritional profile
of the feeds. Lower fat content than expected

may lead to inadequate energy supply for fish,
potentially affecting growth rates and overall
health. Furthermore, if the laboratory results
are consistently lower than reported values,
this may necessitate adjustments in feed
formulation. Producers might need to increase
the inclusion of lipid sources to meet the energy
requirements of the fish. The laboratory results
indicate that the fat content in the feeds is
generally consistent with the reported levels,
although slightly lower. Feed C, with the
highest fat content, may provide more energy,
which could be beneficial for fast-growing
fish species. The values obtained in this study
are higher than those reported by Ayssiwede
et al. (2011) in Senegal and by Bernard and
Adetola (2022) in South-Western Nigeria.
Lipids are largely employed in the specially
formulated feed as an alternative source of
energy to maximise the feed's ability to spare
proteins, according to Hasan (2001). Liu et al.
(2022) recommended a dietary fat level of 5 to
6 % to be frequently employed in tilapia diets.
Luquet (2017) also stated that dietary lipid
levels of 5 to 6% are often used in tilapia diet.
For fish larvae to grow and survive, their diets
must contain phospholipids (PL), especially
2021).
Carp diets need a crude fat content of 6 % for

phosphatidylcholine  (Jaxion-Harm,
broodstock and grow-out and 8 % for fries and
spawn (FAD 2013). Fish suffer adverse effects
when their lipid levels are too high. In trout,
feeding them four times the recommended
quantity reduces feed efficiency and inhibits
growth (Nayeem et al., 2019). The present
tendency in fish nutrition, and specifically
salmonid diets, is to enhance the lipid content
of the meal. Numerous investigations done on
other species have supported this. According
to estimates, salmonids can reduce their
protein content from 48 % to 35 % without
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observing any changes in their ability to grow
by increasing their lipid levels from 10 % to 20
% (Nayeem et al., 2019).

The feed gets its physical mass from crude
fibre. A certain quantity of fibre in feed aids
in better binding and is crucial to the feed's
effortless movement through the digestive tract.
Excessivedietary fibre may decrease the efficacy
and digestion of nutrients, whereas low dietary
fibre levels may promote fish development.
For spawn, crude fibre demands for carp feeds
are 6 %, and for fry, broodstock, and grow-out
feed, they are 8 % (FAD 2013). However, too
much fibre reduces the ability of nutrients to
be absorbed, since it lowers the quality of a
usable nutrient in the feed. Therefore, feed with
a fibre concentration of more than 8-12% is
not acceptable for fish (Adamidou et al., 2011).
The inclusion of fibre up to 5% in the diet was
found to have no effect on Sharpsnout sea
bream growth rate or nutritional assimilation
(Bou et al., 2014). With the inclusion of fibre in
the diet up to 18%, gilthead sea bream growth
performance was unaffected (Altan & Korkut,
2011). For this study, the companies' results
were slightly lower than the reported levels,
with Feed D having the highest fibre content
(3.92%) and Feed C the lowest (0.66%). Feed
A and B had fibre contents of 2.00% and
2.45%, respectively. Crude fibre is generally
less important in fish feeds compared to other
nutrients, as fish have limited ability to digest
fibre. The laboratory results indicate that the
fibre content is within acceptable limits for
starter fish feeds.

The carbohydrate content reported by the
feed companies ranged from 12.4% (Feed C)
to 32.5% (Feed A). Feed B and D reported
28.0% and 21.0%, respectively. The laboratory
results were close to the reported levels,
with Feed A having the highest carbohydrate

content (32.97%) and Feed C the lowest
(11.59%). Feed B and D had carbohydrate
contents of 30.42% and 23.49%, respectively.
Carbohydrates provide energy and can be a
cost-effective ingredient in fish feeds. The
laboratory results confirm that the carbohydrate
content is consistent with the reported levels,
although Feed C has a significantly lower
carbohydrate content, which may be due to its
higher protein and fat content. The majority of
prawns, shrimp, and fish appear to grow and
utilise protein more effectively as a result of
the necessary carbohydrates providing energy.
A 26% carbohydrate treatment was found to
promote the fastest growth of carp fingerlings,
fry, and spawn (Kathane et al., 2017). Rohu,
Labeo Rohita, effectively utilised a diet that
contained 45% gelatinized carbohydrates
(Mohapatra et al., 2003).

Feedcompanies Band Dreported moisturelevels
of 12.0% and 11.0%, respectively. Companies
A and C did not report moisture levels. The
laboratory results show moisture levels ranging
from 1.82% to 11.84%. Feed A had the lowest
moisture content (1.82%), while Feed B had
the highest (11.84%). The moisture content
in Feed C was significantly lower (2.23%)
compared to the reported levels, while Feed
D's moisture content was slightly lower than
reported (8.92% vs. 11.0%). Moisture content
directly affects the nutritional quality of fish
feeds. Lower moisture levels generally indicate
a higher concentration of nutrients, which can
enhance feed efficiency. However, excessively
low moisture may lead to palatability issues.
High moisture levels can promote microbial
growth and spoilage, reducing the shelf life of
the feeds. Discrepancies in reported moisture
levels may lead to wunexpected spoilage
rates, affecting inventory management and
profitability. Moisture content influences feed
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TABLE 1
Proximate composition of selected commercial Starter fish feeds available in Ghana

Feed Companies Reported Levels

Estimated Levels from the Laboratory

Parameters (%) A B C D A B C D

Moisture 12.0 110 1.8240.01 1184140 223+0.11  8.92+0.04
Crude protein 480 420  60.0 470  4625+0.02 39.98+0.06 59.82+0.02 46.59+1.22
Crude fat 7.0 80 150 7.0 6.8440.03  7.64£0.00 13.96+0.01 7.12+021
Ash 125 100 126 140 12124002 10.12+0.05 12.40+0.00 13.88+0.15
Crude fibre 2.5 2.5 0.7 4.0 2004004 245+001  0.66+£0.00  3.92+0.05
Carbohydrate 325 280 124 210 32974008 3042+1.51 11594001 23.49+1.62

conversion ratios and growth performance. result in mortality. The parts of the body most

Feeds with high moisture may lead to lower
energy densities, impacting fish growth rates
and overall health. The discrepancy between
reported and laboratory-estimated moisture
levels could be due to differences in sampling,
analytical methods, inadequate storage
facilities, poor feed ingredients, or prolonged
exposure to extremely humid weather. In
contrast to wet feed, which has a water content
of at least 40 % and typically ranges from 17 to
40 % (Biswas et al., 2018; Zaman et al., 2017),

dry feeds have an 8-10 % moisture level.

Heavy Metals

As a result of various human and natural
activities, environments can become polluted
with heavy metals, which can then accumulate
in fish and other invertebrates (Bhowmik et al.,
2023). A build-up of heavy metals in fish may
also be due to contaminated sediments, water,
biomagnifications, and the food chain (Javed
& Usmani, 2019). According to Hamada et al.
(2018), impairment in the function of critical
biological products like proteins, enzymes,
and DNA is the result of heavy metal toxicity.
Metals are carcinogenic to both humans and
animals and disrupt DNA via the use of metal
ions.

According to Javed and Usmani (2019), the
build-up of heavy metals in fish also results
in oxidative stress, genotoxicity, and tissue
damage, which stunt fish growth and eventually

frequently impacted by anomalies are the swim
bladder, vertebral column, lateral line, and
cephalic region. According to Sharifuzzaman et
al. (2016), excessive exposure to heavy metals
has been associated with adverse effects on fish,
such as reduced fertility, reproduction problems,
prolonged hatching, damage to kidneys,
poorer development and growth, and organ
deformities. Fish may become contaminated
with heavy metals by ingesting polluted
water or via epithelia such as the epidermis,
alimentary canal, and gills (Bhowmik et al.,
2023). Additionally, as demonstrated by Gao et
al. (2021), the mechanisms of biomagnification
and bioaccumulation are what transfer heavy
metals from one fish species to another across
the food chain. In the end, as fish make up a
large amount of our daily diets, such heavy
metal assimilation puts people at serious risk.
As a result, Table 2 provides an evaluation of
the quantitative presence of different heavy
metals (Pb, Cd, Cr, Zn, and Cu) in four starter
feeds from different producers. Statistically
significant differences exist for copper (Cu) and
lead (Pb) among the starter feed companies, but
not for cadmium (Cd), zinc (Zn), or chromium
(Cr). Post-hoc tests reveal that Company C
has the highest Cu, while Company D has the
highest Pb.

Lead (Pb)

Only a very high level of 0.141+0.003 mg/kg of
lead was found in feed D. This obtained value
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TABLE 2
Heavy metal concentrations (mg/kg) of starter fish feeds of different companies

Heavy metals

Company name Cd Cu Zn Pb Cr

A BDL 2.44540.003 1.243+0.211 0.006+0.001 0.154+0.000
B 0.018+0.002  5.194+0.004 1.821+0.410 0.082+0.004 0.321+0.020
C BDL 7.758+0.004  0.694+0.003 0.032+0.000 0.238+0.012
D 0.020+0.003  3.128+0.003  1.468+0.019 0.141+0.003 0.544+0.002
World Standard 1.00 10.00 150.00 2.00 0.05

93

World standard- Bhowmik et al., 2023, BDL-Below detection limit

is several times lower than the values reported
by Sarkar et al. (2022) and Bhowmik et al.
(2023) for all tested commercial nursery feeds
in Bangladesh. Our results differ from those of
some other researchers, whose findings ranged
from 7.671 to 12.232 mg/kg (Kundu et al.,
2017),2.49 to 14.87 mg/kg (Sabbir et al., 2018),
and 4.6 to 18.2 mg/kg (Murthy et al., 2013) for
the level of lead in various fish feeds. The levels
of lead were discovered to be much below the
WHO's maximum permissible level of 2 mg/
kg in each of the tested samples of fish feed.
Because of the excessive formation of reactive
oxygen species (ROS) caused by Pb build-up
in fish tissues, the fish experience oxidative
stress, which leads to synaptic impairment and
neurotoxicity (Lee et al., 2019). Pb exposure
also alters the immune system's reactions in
fish by acting as an immunological toxicity.
However, exposure to lead in humans results in
reduced bone growth, which reduces the size
and area of the head in foetuses and children
(Hamada et al., 2018). Along with preventing
some enzyme functions, it also has some
adverse consequences on the human body,
including malfunction of the central nervous
system, kidneys, and liver.

Cadmium (Cd)

Cadmium was detected in feeds from Company
B (0.018 mg/kg) and Company D (0.020 mg/
kg), while it was below the detection limit
(BDL) in feeds from Companies A and C.
Although the detected levels are below the
World Standard limit of 1.00 mg/kg (Bhowmik

etal., 2023), the presence of Cd in some feeds is
concerning due to its high toxicity and potential
to accumulate in fish tissues, posing risks to
human health upon consumption. The mean
Cd concentration in prawn feed employed
in Bangladesh, according to Shamshad et al.
(2009), was below 0.1 mg/kg. All of the Indian
and Bangladeshi fish-meal-based tilapia feeds
that were evaluated by Murthy et al. (2013) had
a substantial Cd content, ranging from 0.22-4.4
mg/kg and 8.082 to 9.771 mg/kg, respectively.
While Bhowmik et al. (2023) observed a Cd
level in tilapia finisher feeds of 0.07 mg/kg in
Bangladesh, Sarkar et al. (2022) documented a
Cd content of feeds ranging from 0.006 to 0.027
mg/kg in Bangladesh. The amounts seen in
this investigation fell below their conclusions.
Despite this, our results were lower than the
permitted maximum values based on the global
standard (1 mg/kg).

It is thought that the non-essential element Cd,
which accumulates more in fish internal organs
than it does outside the body at levels above 1
mg/kg, is chronically harmful (Janbahkhsh et
al., 2018). In fish, Cd causes substantial harm
to the immunological system, reproductive
control system, antioxidant defence system,
and tissue function as well as structure stability
(Liu et al., 2022). Kidney damage, severe bone
pain, high blood pressure, a malfunctioning
liver, tumours, and even human cancer are
some of the harmful effects of Cd (Sarkar et al.,
2022). Additionally, it can lead to biological
abnormalities such as pancreatic necrosis,
hepatocyte vacuole degradation, and enlarged
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arteries (Ayanda et al., 2018).

Chromium (Cr)

One of the most harmful environmental toxins
is chromium (Cr). In theory, the trivalent form
of Cr (Cr (II)) found in food is typically a
necessary nutrient. In contrast, the hexavalent
form (Cr (V1)) is more poisonous and typically
absent from the food chain. Trivalent Cr is
required for the proper metabolism of glucose,
fat, and cholesterol (Mannan et al., 2018).
Chromium is regarded as an essential nutrient
for aquatic organisms and humans because a
deficiency might result in delayed growth and
an imbalance in glucose, lipid, and protein
metabolism (Ayanda et al., 2018). However,
when aquatic organisms raised in a Cr-polluted
environment are ingested via the food chain, it
appears to elevate the likelihood of damage to
their lungs. The concentration of Cr in all four
feed types ranges from 0.154 to 0.544 mg/kg,
which is significantly higher than the 0.05 mg/
kg maximum level imposed by international
organisations. The results of this investigation
are comparable to those of Adeniji and Okedeyi
(2017), who conducted a preliminary evaluation
of heavy metals in a few Nigerian feed
ingredients, and Bernard and Adetola (2022)
of a prominent fishmeal sample. The presence
of different food additives with chemicals and
colours in feeds may be the cause of the Cr
pollution in feed samples. Additionally, the
high level of Cr in the feed may also be due to
Cr- contamination of solid tannery waste used
in fish feed production (Hasan et al., 2016).
Oxidation reactions caused by high levels of Cr
in fish feed might harm the liver, kidneys, and
blood cells (Suchana et al., 2021). Furthermore,
fish erythrocytes exhibit a variety of cellular
and nuclear abnormalities when exposed to
high concentrations of Cr in aquatic media

(Islam et al., 2020). Saha et al. (2018) reported
that the concentration of chromium (Cr) varied
between 2.1 and 16.49 mg/kg, while Dai et al.
(2016) found the chromium content in fish feed
to be 3.0 mg/kg. Notably, the levels identified
in these studies exceed those observed in the
current research. Humans are susceptible to
cancer from Cr, and prolonged absorption in the
body can impair cellular integrity and function
by rupturing lipid and protein membranes
(Sarkar et al., 2022)

Zinc (Zn)
Zinc is crucial for maintaining animal
metabolism and growth at appropriate levels.
The zinc level in the current study ranges from
0.694 mg/kgto 1.821 mg/kg, whichis lowerthan
the permissible limit established by the WHO
(150 mg/kg) (FAO/WHO 2001). In cultured
fish and shellfish, a Zn shortage has been seen to
result in sluggish growth, skeletal deformities,
cataracts, and significantly decreased activity
of different Zn metalloenzymes (Lin et al.,
2013). On the contrary, Zn is harmful when
physiological demands are exceeded, which
can induce generalised enfeeblement, growth
inhibition, and pathological and metabolic
abnormalities in fish (Abdel-Warith et al.,

2011).

Copper (Cu)

Copper is required for the formation of
haemoglobin and is a crucial component of
numerous enzymes. Cu can, however, be
poisonous in excess to fish, invertebrates,
In different fish
molluscan organs, copper can bioaccumulate

and amphibians. and

(Kamaruzzaman et al., 2010). Cu poisoning
can cause an extensive variety of abnormalities,
including necrosis, low blood pressure,

gastrointestinal  issues, foetal —mortality
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and cirrhosis (Ezeonyejiaku et al., 2011).
Additionally, long-term exposure to high
concentrations of Cu can be harmful to people
and result in symptoms such as localised
cell death, kidney and liver dysfunction, and
hypotension (Ezeonyejiaku et al., 2011). The
current study's copper levels in fish feeds were
much lower than the suggested FAO limit of 10
mg/kg (Kundu et al., 2017). Starter feed A had
the lowest concentration of copper (2.445 mg/
kg), while feed C had the greatest concentration
(7.758 mg/kg). The results we obtained were
significantly lower than the concentrations of
fishmeal published by Murthy et al. (2013)
(1.80-46.40 mg/kg) and by Kundu et al. (2017)
(22.618-38.480 mg/kg) for tilapia feeds, but
surpassing the findings of 30 tested feeds
(0.008 0.303 mg/kg) conducted by Sarkar et al.
(2022).

Limitations of the study

While this study provides valuable insights into
the proximate composition and heavy metal
content of commercial tilapia starter feeds in
the Asuogyaman Municipality, Ghana, several
limitations should be acknowledged:

Sample Size and Scope: 1t is clarified that while
our research was conducted in the Eastern
Region of Ghana, the feed manufacturers
coded A, B, C, and D represent the

feed

manufacturers in the country. Therefore,

only commercial tilapia starter
the results obtained from the analysis of the
samples can be reasonably generalised to
the broader context of tilapia starter feeds
available in Ghana rather than being limited
to the Eastern Region alone. However,
a wider geographical scope would have
enhanced the generality

Additionally, we want to highlight that the

authors entirely funded this research, and
the costs associated with analysing the
samples are significantly high. This financial
constraint contributed to the selection of the
samples for our study, which we believe is
a representative number, given the limited
number of manufacturers in the country.

Comparative Analysis: The study compares
the proximate composition of the feeds with
values reported by manufacturers but does
not compare the heavy metal levels with
those found in other countries or regions.
Such a comparison could provide a better
understanding of how Ghana's feed quality
measures up to international standards.

Lack of Regulatory Data: The study highlights
the absence of strict regulatory oversight
in the feed industry in Ghana. However, it
does not provide a detailed analysis of the
regulatory framework or suggest specific
policy recommendations. Further research
is needed to explore how regulatory bodies
can enforce feed safety standards effectively.

Temporal Variability: The study was conducted
at a specific point in time, and the results may
not account for seasonal variations in feed
composition or heavy metal contamination.
Feed quality and composition can vary
depending on the source of raw materials,
which may change over time.

Limited Heavy Metal Analysis: The study
focused on five heavy metals (Cr, Pb, Cd,
Zn, and Cu). However, other potentially
harmful heavy metals, such as mercury
(Hg) and arsenic (As), were not analysed.
Including these metals could provide a more
comprehensive assessment of feed safety.

Source of Contamination: The study identified
the presence of heavy metals in the feeds
but did not investigate the specific sources
of contamination. Understanding whether
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the contamination originates from raw
materials, processing, or environmental
factors would be crucial for developing
mitigation strategies.

Conclusions

The study provides a comprehensive evaluation
of the proximate composition and heavy metal
content in commercial tilapia starter feeds
available in the Asuogyaman Municipality,
Ghana. The findings reveal that while the
nutritional content of the feeds generally aligns
with the values reported by manufacturers,
there are notable discrepancies, particularly in
moisture and crude fat levels. The proximate
analysis indicates that the feeds meet the basic
nutritional requirements for tilapia growth,
with crude protein, fat, ash, and carbohydrate
contents within acceptable ranges. However,
the presence of heavy metals such as chromium
(Cr), lead (Pb), cadmium (Cd), zinc (Zn), and
copper (Cu) in the feeds raises significant
concerns. Notably, the chromium levels in
all feed samples exceeded the maximum
permissible limits set by international standards,
posing potential health risks to both fish and
human consumers. The study underscores
the importance of stringent quality control
measures in the production and regulation of
fish feeds to ensure their nutritional integrity
and safety. The presence of heavy metals, even
at low concentrations, highlights the need for
regular monitoring and enforcement of feed
quality standards to prevent bioaccumulation
health hazards. Feed
manufacturers must adopt best practices to

and subsequent
minimise contamination, particularly from
heavy metals, and ensure that feeds are free from
harmful pollutants. Furthermore, the findings

emphasise the need for increased awareness
and training among feed producers, distributors,
and farmers regarding the importance of feed
quality, proper handling, and storage practices.
Regulatory bodies should also play a more
active role in enforcing compliance with feed
safety standards to safeguard public health
and promote sustainable aquaculture practices.
Future research should focus on identifying
the sources of heavy metal contamination and
developing strategies to mitigate their presence
in fish feeds.
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