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Abstract: In recent decades, the aquaculture industry has experienced significant growth
worldwide, surpassing other food production sectors. This review aims to explore the dynamics of
aquafeed production, particularly the shift from conventional to local feed production in Africa,
driven by cost-effectiveness and the availability of raw materials. The review examines various
scientific publications on aquafeed, focusing on both conventional and novel feed formulations and
their impact on aquaculture and the environment. Commonly used aquafeed ingredients among
African farmers include cassava, maize gluten, groundnut oilcake, sunflower oilcake, soybean meal,
kale, peas, garlic, shrimp wastes, and waste blood. Novel ingredients such as insect-based diets and
micro-algae formulations are also explored. Aquafeed composition impacts aqua-waste, water
quality, algae, oxygen demand, fish mortality, and eutrophication. The findings highlight the need
to reorient feed formulation methods and ingredients to achieve a circular economy in Africa,
promoting increased fish production at minimal costs, creating employment while supporting
climate adaptation and mitigation efforts. Ultimately, the aquafeed sector has the potential to grow
sustainably through the adoption of feed alternatives that prioritise sustainable production and
encourage beneficiation studies.
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1. Introduction

For the past 20 years, aquaculture has experienced the fastest rate of growth among all food
production sectors[1]. Aquaculture is the practice of cultivating marine and freshwater organisms in
a controlled environment, where production is influenced by economic, technological, biological, and
environmental factors [2,3]. Of the expected 179 million tons of worldwide production, aquaculture
accounts for 82.1 million tons (46%) of fish production[4]. Additionally, current production is
expected to grow to 53% by 2030 while present worldwide human per capita fish consumption is
predicted to be 20.5 kg per year[4]. Several nations in Sub-Saharan Africa (S5A) have seen an increase
in aquaculture production of 12-23% each year over the last two decades [5].

Fish production in Kenya alone for example has expanded over the past ten years, rising from
over 5,000 metric tonnes (MT) in 2009 to almost 19,000 MT in 2019 [6]. Nigeria and Uganda are the
leading countries in SSA in terms of aquaculture production, accounting for 34% of national fisheries
output and contributing 4.5% and 3% of national GDPs, respectively [5]. Even though South Africa
has one of the largest economies in SSA, aquaculture production has performed poorly, accounting
for less than 1% of Gross Domestic Product (GDP) and 4% of agricultural GDP [7,8]. The most
pressing question is whether the industry is expanding quickly and responsibly enough to satisfy the
expected demand, a situation that is being worsened by a changing climate and a growing population
[9]. Such rapid growth is not without challenges and consequences inclined with environmental
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stress. Focus is therefore needed is assessing the sustainability and circularity of the aquaculture
industry.

This paper provides a comprehensive literature review of aquafeeds, specifically fish feed in
Africa as a premise for sustainable food production. Much ado about improving our food systems in
order to make them sustainable has been advocated for. In this regard, aquaculture plays a significant
role as it augments human nutrition, provides jobs, improves livelihoods along value chains, and
lessens strain on wild aquatic resources[10,11]. Furthermore, demand for aquaculture goods is
increasing due to declining wildlife returns. The current food production system is stated to be
wasteful, environmentally destructive, and inefficient[12] due to its contribution to environmental
degradation, greenhouse gases, and other pollutants. On the other hand, limited resources, and
energy costs, particularly from fossil fuels, continue to grow putting a further burden on attaining
sustainability.

Challenges such as food safety, trade and markets, and governance[13], diseases, climate change,
the use of wild fish for feed production[14], and increasing population[15], impede current
aquaculture fish production from meeting demand. The expansion of the aquaculture industry is
currently confined to a few countries and is hampered by a variety of problems, including high feed
prices, which make up for 60-80% of tilapia production expenses[3,5,16]. The exorbitant cost of
imported feed in African countries has led fish farmers to adopt suboptimal alternatives like termites,
rice bran, and household wastes, resulting in underperformance in the aquaculture sector,
highlighting the importance of high-quality fish feed for achieving growth, development, and
profitability[17].

While imported feeds are becoming more widely available in Sub-Saharan Africa, certain
countries are boosting investments in local feed production to benefit from less expensive and more
readily available raw materials[5]. Fish flour consumption is decreasing annually, with the amount
consumed in 2017 being nearly 141,000 tons, 69% of which were used for aquaculture, which poses a
threat to food security[18]. As a result, innovative methods of generating sustainable and ecologically
friendly aquafeed at a lower cost are required. Aquaculture feed can be categorized as either artisanal
or commercial, where artisanal feed is produced on a small scale using local raw materials and basic
processing methods, while commercial feed manufacturers utilize bulk raw materials and advanced
machinery for processing[19].

2. Aquafeed Alternatives

In 2018, the number of aqua-farmers in Africa reached approximately 1.2 million, showing
growth from 920,000 in 2014 [20]. However, the expansion of aquaculture in the continent is hindered
by the heavy reliance on tilapia farming, which depends on a limited number of genetically improved
strains resistant to diseases and costly imported feed[21]. As an alternative to conventional
production processes and unsustainable sources of ingredients currently in practice, bluefish feeds
can be the answer to inclusive, sustainable, and resilient (including climate-smart, carbon-neutral, or
reduced-emission) aquaculture fish production. Replacing fishmeal with alternative protein sources
is inevitable in ensuring sustainable, cost-effective, and quality aquaculture fish production. Whether
fish feed ingredients in use are plant- or animal-based has important consequences for how they are
grown, produced, sourced, transported, and stored for use in fish feeds[8,22-24]. Today, the need to
replace fishmeal and fish oils with alternative ingredients in feed formulations has become an
important developmental agenda aimed at sustaining the aquaculture sector. This calls for the need
for an exposition of fish feed and ingredients across the continent and recommends ways to enhance
local fish feed where possible. However, several factors should be considered when selecting content
for usage in aquaculture, including ingredient accessibility, availability, and nutrient content[25].

Recently, plant proteins, mainly oil seeds from agriculture have attracted considerable attention
for use in aquaculture protein sources. Agriculture alone produces 998 million tons of waste
annually[26]. These include animal waste, food manufacturing waste, crop residue including maize
stalks, sugarcane bagasse, abandoned vegetables, and fruit, and pruning, among others. Fish feed
can be made from food scraps that are safe for human consumption. Protein is a fundamental nutrient
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that cannot be compromised in the selection of ingredients for food formulation and production[27].
Fish on food waste diets are generally safer for consumers than fish-fed commercial diets, owing to
greater pollutant concentrations in commercial diet fishmeal[28,29]. Conventional land-based foods
have been recommended for some applications as alternatives for a portion of the fishmeal, but they
can alter the nutritional content of the fish produced[30].

Wastes composed of cassava leaf flour, gliricidia (a nitrogen-fixing legume) leaves, and rice husk,
enhanced with Spirulina sp powder are a protein source[25]. Cassava farming is spread throughout
several tropical countries and is widely grown across Africa, with an estimated yearly output of 291.9
million tons[31]. Cassavas leaves contribute to the supply of proteins, micronutrients, and minerals
and are a significant source of carbohydrates, but they must be detoxified before being used in animal
or human nutrition because they contain cyanogenic components, the concentration of which
depends on the variety, genetics, and growth stage[32].

Soybean and groundnuts are popular legumes in Africa but tend to be expensive compared to
other legumes and tubers such as sweet potato and cassaval5]. The choice and the combination of
local ingredients depend on availability and affordability. A study conducted in Ghana showed that
43% of farmers use either yellow or white maize in the formulation of feed[5]. Nigerian raw
commodities such as yam, plantain, banana, cowpeas, mucuna, maize, cassava, millet, sorghum,
groundnut, sun hemp seed, and brewery wastes are being examined as viable fish feed
materials[33,34]). In Kenya, farmers use omena, spinach, shrimp, cassava, vitamin mix, waste blood,
peas, carrots, garlic, rumen contents, kales, groundnuts, soybeans, and maize[34,35]). However, some
of the substances utilised in fish feed manufacturing, such as maize gluten, groundnut oilcake,
sunflower oilcake, and soybean meal, act as fungal growth sites[35].

Insect-Based Feed

Insects have been proposed as potential alternative animal protein sources to replace fishmeal,
which is expensive and has limited availability for fish feed formulation. Several studies have been
conducted to investigate the environmental impact of insect meal and insect meal-based diets,
including global warming potential, energy use, land use, water use, acidification, eutrophication,
economic fish-in-fish-out ratio, and solid waste output production. Manufacturing insect meal has
environmental consequences that are measured using several indicators, including aquatic
acidification potential (kgSO2e), agricultural land occupation (m? org.arable), cumulative energy
demand (M]J), global warming potential (kgCO2e), aquatic eutrophication potential (kgPO4e), water
depletion (L deprived), and toxicity potential (ton TEG water/soil)[36]. These indicators reflect
aspects such as acidification of aquatic ecosystems, land use, energy consumption, greenhouse gas
emissions, eutrophication, water scarcity, and potential toxicity to water and soil. Findings also show
that the production of insect meals had a favorable impact on land usage but was associated with
higher energy use and a larger carbon footprint than conventional protein sources[37] (see Figure 1).
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Figure 1. Turning wastes into proteins using insects to produce insect meals to replace fishmeal in
aquafeed for fish culture[36].

Studies have demonstrated that utilizing the Black Soldier Fly (BSF), also known as Hermetia
illucens L., can effectively transform various organic materials like food waste and manure into
valuable nutrient sources for livestock and aquaculture feed helping minimize waste in landfills and
contributing to environmental protection through nutrient recycling[38-40]. Insect-based feed
formulations have the potential to greatly benefit the livestock industry in African communities,
which serves as a critical economic and social asset. This growth in the livestock industry not only
supports the livelihoods of many individuals but also presents numerous synergistic opportunities
for African economies. The treatment of bio-wastes originating from insect rearing presents an
opportunity for the production of fertilizer critical for crop production[36]. In contrast, the inclusion
of BSF, housefly (Musca domestica), mealworm (Tenebrio molitor), and grasshopper (Zonocerus
variegatus) is said to have resulted in more solid nitrogen waste as compared to an insect-free diet[41].

Using insect protein as a cost-effective alternative to fishmeal in tilapia aquafeed is viable.
Feeding Nile tilapia fingerlings a diet with 33% black soldier fly larvae resulted in a larger gross profit
margin compared to a diet with 100% black soldier fly larvae [42]. Additionally, the study found that
fish on the insect diet experienced a 15% weight increase compared to those on controlled diets[42].
While Nile tilapia constitutes the majority of aquaculture production in Sub-Saharan Africa,
production costs and limited research on feed formulations have hindered its expansion[39,41l].
Effective communication and farmer education is also lacking but key in enhancing farmers'
awareness and understanding of the BSF diet and other novel fish feed ingredients among African
smallholder farmers[43]. Although termites are most popular, their use is relatively low across
Africa[43,44].

Insect meal in aquaculture feed reduces energy requirements for synthesizing amino acids and
proteins, enhancing metabolic activity and bolstering the immune system[45]. Its high protein content
and superior lipid profile make it an excellent alternative to fishmeal for promoting the development
of fry and juveniles[46]. Despite its potential growth, the current use of insect meal in aquafeed
represents less than 1% of the global market[46]. However, certain difficult concerns remain, such as
expenses and scaling up insect production[37].

The promotion of the use of insect protein instead of plant-based protein potentially has multiple
benefits as it is not only environmentally friendly with high nutritional value and potential mitigation
effects but it can also free up arable land for food production, thereby improving food security and
sustainable land use in Africa. In general, insect farming uses 50 to 90% less land per kg of protein
produced and 40- 80% less feed per kg of edible weight; produces 1.2 to 2.7kg less greenhouse gas
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(GHG) emissions per kg of live weight gain; and 1,000L less water per kg of live weight gain
compared to conventional livestock production systems[47,48].

In East Africa, multiple edible insect species such as acheta domesticus, scapsipedus icipe, gryllus
bimaculatus, schistocerca gregaria, ruspolia differens, hermetia illucens, tenebrio molitor, and rhynchophorus
phoenicis have the potential for farming[49-51], yet the rapidly expanding industry lacks sufficient
research attention, despite the considerable benefits of insect farming outweighing those of most
livestock and crop production. According to Incorporating insects into fish feed holds promise for
augmenting per capita fish consumption, thereby bolstering food security; however, certain
obstacles, including fostering consumer acceptance, addressing food safety apprehensions, and
enacting suitable regulations, must be effectively addressed through collaborative endeavors
involving the government, industry, and academia[52]. From a South African standpoint, ensuring
health and safety standards and implementing regulations for the farming and trade of edible insects
and insect products are paramount considerations[53-55].

Algae-Based Feed

Microalgae can be used as sustainable blue fish feed or food supplement, which could reduce
the strain on aquaculture based on fish flour and close the supply-demand gap for fish[56].
Microalgae biomasses are prospective feed source ingredients because their cell metabolites provide
a combination of vital amino acids, healthy triglycerides as fat, vitamins, and pigments[57].
Microalgae production has minimal water and arable land footprint, making microalgae-based feed
environmentally sustainable. Microalgae are particularly well-suited to large-scale sustainable
production due to their high biomass yields per unit area and capacity to thrive in saltwater or non-
potable water on non-arable terrain[58]. Microalgae are aquatic unicellular microbes with
approximately 50,000 species and have a quick rate of growth and are a renewable resource[59].
However, heavy metal bioaccumulation, poor algal biomass digestion, and anti-nutrient effects must
all be addressed before microalgae biomass and bio-products can be employed as fish diets[60].
Biochemical composition knowledge is scarce and diverse, and nutritional value information is
scattered or inconsistent despite microalgae potential for huge economic benefits due to lower input
costs, low carbon footprint and wastewater treatment ability[60].

A study on coastal aquaculture in Zanzibar found that seaweed farming has achieved
commercial-scale production although challenges such as seaweed die-offs and economic constraints
hinder its expansion[20]. Seaweed has rapid growth, high biomass production, and potential as a
carbon sink and is seen as an alternative to fish for both food and feed, though consumer demand
needs to be increased[61]. Seaweed cultivation in Africa has significant potential for job creation,
value chain development, and export growth. Algae cultivation, predominantly red algae, has
witnessed significant development in Tanzania, while other African nations such as Namibia,
Mozambique, Madagascar, Kenya, and South Africa have also acknowledged the potential of
cultivating seaweeds and have been actively developing their seaweed industries in recent
decades[20]. The South African seaweed industry is a huge sector, and one of its crucial aquaculture
products is the green seaweed Ulva, which plays a vital role as a feed source in South Africa and
serves as a template for other coastal countries[62]. With affordable investment costs and increasing
demand, seaweed farming offers an opportunity to improve living conditions across the continent.
Unlike traditional agriculture and fish farming, seaweed cultivation currently dominated by women
requires minimal land, water, and external inputs, while contributing to social equity, coastal
ecosystem restoration, carbon sequestration and nutrient recycling[63].

3. Feed Management in Aquaculture

Several studies have shown the importance of effective feed management approaches in
reducing feed waste, lowering costs, promoting fast fish growth, and increasing profitability[64,65].
By eliminating waste, proper feeding management can lower feed costs by 15-20%[64]. Underfeeding
and overfeeding are both prevalent in many farming systems and nations[65]. Underfeeding wastes
feed, resulting in poor growth and low production, while overfeeding is equally harmful to water
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quality[64,65]. A study conducted in Ghana indicated a few incidences of overfeeding and many
cases of underfeeding[5]. A low percentage of aquatic animal survival is caused by the
ammonification of extra feed and waste that is dumped at the bottom of the pond.

Species- and fish-size-specific possible efficacy of any diet must be known in order to necessitate
labeling feed with the required data on feed digestibility and waste output, including the amount of
solids, phosphorus, and nitrogen[66]. The researchers also proposed that the biomass of the fish in
the system be known, as well as appropriate information on the fish's health and physiological
status[65]. Uniformity in fish size is critical in order for them to ingest the same size of pellet; the feed
should be sieved to eliminate dust and broken pellets before feeding; and the feed must be fed
successfully to ensure little or no waste from uneaten feed[67,68].

3.1. Aquafeed Formulation Methods

Feed composition and chemical composition are critical for the development of sustainable
aquaculture[69]. Proper feed ingredient grinding, pelleting, and steam flaking increase nutritional
availability, minimize undigested feed and faecal loss, and promote good water quality[70].
Production methods like extruded diets where aquafeed dry ingredients are moistened and heated
through steaming ensure higher stability and digestibility which significantly reduces the amount of
nutrients excreted into the water[71]. Extruded free-floating feeds should be used instead of sinking
feeds to reduce lake pollution[72].

Highly digested feedstuff, for example, reduces solid waste outflow while improving water
quality. Determining material for feed ingredients requires a study of digestibility. Feed with highly
digestible components is connected with improved growth performance and lower feed waste, which
may contaminate the environment[73]. As a result, it is advised to choose adequate feed ingredients
with sufficient digestible phosphorus and nitrogen levels to reduce phosphorus and nitrogen
excretion while maintaining growth performance[74]. The number of necessary amino acids and their
balance are important elements in defining the quality of fish feed. Excessive amino acid feeding
causes ammonia excretion and energy loss[75]. The balance of protein intake and energy use reduces
dissolved nitrogen waste. Dietary planning based on adequate phosphorus availability reduces
phosphorus excretion and enhances water quality[76]. Nitrogen excretion can be decreased by
including crystalline amino acids and other synthetic amino acids in fish diets to accurately match
amino acid needs[77].

4. Sustainability of Aquafeed

Aquaculture is impacted by a number of factors, including increasing temperatures, sea level
rise, diseases, hazardous algal blooms, altered rainfall patterns, the unpredictability of external input
supplies, changing sea surface salinity, and extreme weather events[78]. Approximately 71% of
fishmeal and 74% of fish oil are derived from wild catches and particularly pelagic fish, with the
remainder derived from aquatic animal processing waste[79]. The aquaculture sector consumed
approximately 69% of global fishmeal production in 2016 [80]. Given this high demand, the continued
supply of fishmeal for increased future aquaculture fish production is unsustainable. This is because
sustainably caught small pelagic fish cannot meet this demand, as an increase in their availability has
not been observed since 1995 when wild fisheries production reached a peak, which has been
followed by a constant decline[81]. Additionally, the productivity of small pelagic fish is highly
affected by climate conditions[82]. As a result, aquaculture must reduce its reliance on fishmeal and
oil from small wild fish, which are critical to the integrity of aquatic food chains and food security for
the poor on many coastlines. The adoption of innovative fish feeds in aquaculture has the potential
to assist in meeting the nutritional demands of fish and eventually, humans while having little effect
on the climate and environment[26] (see Figure 2).
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Figure 2. Upcycled aquafeed versus conventional aquafeed[83].

4.1. Socio-Economic Impact

Aquaculture possesses the potential for climate change adaptation beyond its existing benefits
in poverty reduction and food security though it is most affected by climate change[84]. Around 200
million individuals in Africa obtain affordable and nutritious proteins from fish, yet the utilisation of
fish as a means to address the "triple burden" of malnutrition—which encompasses obesity,
undernutrition, and micronutrient deficiencies and significantly contributes to health issues in the
area—is not maximised[85]. Demonstrating beneficiation is crucial in attaining sustainability in
aquaculture, particularly in SSA where the fish farmers are mostly small-scale. If properly produced,
improved feeds result in improved production which can end malnutrition and can help build
healthy, eco-friendly, and resilient food systems[86]. The utilisation of processing wastes and
byproducts, including non-edible fish and surplus catches, in the production of aquafeed has the
potential to increase local food supply and address food security challenges[63].

Moreover, it has the potential for higher revenues due to faster growth, increased fish size and
productivity, lower feed costs, reduced mortality, and enhanced management practices[5,871.
Affordably priced quality feed will make fish farming more appealing to private investors and
enhance fish productivity, inspiring other people to begin or resume fish farming, or to take fish
farming seriously again[5]. Improving aquaculture livelihoods is made possible by creating
nutritious, affordable, and easily accessible feed[88].

Fish-feed industry has the potential to create employment for both men and women in most
African countries. However, the study conducted in nine African countries [63] revealed that the fish-
based feed industry, particularly in Guinea has widespread issues of poor payment while the
discharge of wastewater from factories has also been observed to cause environmental pollution,
leading to an increased risk of respiratory and skin diseases, particularly among vulnerable
individuals. This also negatively impacts on the health bill of households resulting in increased
poverty. Overall, the adoption of creating own feeds using cheaper and locally accessible raw
materials remains low in some African countries and only a few do so when finances are tight which
may compromise beneficiation[5].

The biggest barriers to aquaculture development in developing nations are feeding costs and
quality, and this can make the venture unsustainable in terms of return on investments. Aquaculture
in SSA developed about twice as quickly as the rest of the globe, owing mostly to strong expansion
in tilapia and catfish production, which account for roughly 70% of the subcontinent’s aquaculture
output[5]. Fish flour, the principal ingredient in commercial food composition, is expensive,
contributing to the high cost of food[27]. Experimentation is strongly suggested and will be critical
in determining the best and most cost-effective combinations of locally accessible raw materials and
optimal combinations of self-formulated and commercial feeds. Aquaculture development and
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sustainability are strongly reliant on the production of fish feed from low-cost, locally available
components.

Several research initiatives are currently underway to evaluate various local components for
commercial feed production, including insects and other new components[3,16,27,89]. Modern
innovations, such as the nutritious pond concept, which makes use of underutilized local ingredients,
hold the possibility of increasing pond productivity while creating environmental advantages and
adding to a circular economy through the effective utilization of feed waste[90]. Advancing research
and development to examine locally accessible ingredients and increase low-cost local manufacturing
of fish feed is critical to the growth and sustainability of aquaculture in Sub Saharan Africa. Managing
alternatives and optimizing fish nutrition and growth are however complex undertakings. A highly
digestible feed lowers production costs, feed waste, and eutrophication danger. Despite continuous
and expanding research on novel and low-cost ingredients for commercial feeds, the study and
evaluation of farming practices, feed performance, and experimentation remain limited[5].

More than 60% of fish and shellfish by-products, including bones, trimmings, head, fins, skin,
scales, and intestines, are discarded, whereas less than 40% of fish products are consumed by
humans[91]. Collagen and gelatin can be found in fish skin offal. Fishbone is primarily cartilage that
has been cemented with calcium phosphate. Fish spine waste is another good source of protein and
minerals. Furthermore, fish scales contain both inorganic and organic components, principally
hydroxyapatite and collagen[92]. Fishbone and fish spine waste can be utilised as ingredients in fish
feed, organic fertilizers, biogas production, extraction of bioactive compounds, and industrial
applications such as the production of biomaterials and dental products cutting production costs
while increasing income[93-95]. The use of fishery discards as a secondary raw material is a resource-
efficient approach that lowers production costs, mitigates potential environmental impacts, and
contributes to maintaining fisheries sustainability[94]. There is therefore need for in-depth studies on
valorization of fish discard particularly in African contexts.

4.2. Environmental Impact

Aquaculture production must prioritize environmentally sustainable practices[8,96]. Indirect
and direct impacts of climate change on aquaculture include implications on targeted populations'
range and productivity, habitats, and food webs, as well as impacts on fishery and aquaculture costs
and productivity, as well as fishing community livelihoods and safety[97,98]. The promotion of
aquaculture production has resulted in adverse consequences, such as increased GHG emissions
from the production of fishmeal sourced from animal products and the loss of carbon sinks due to
mangrove clearing, thereby amplifying atmospheric GHG persistence[84]. Sustainable aquaculture
production can contribute to triple wins for increased production, climate mitigation, and climate
adaptation. Mitigation and adaptation efforts can include innovations in feed formulation, feed
management, and system design. The nutritional makeup of aquafeed is critical as it affects the
quality of waste products which have an impact on both the water quality in culture systems and the
surrounding environment. The waste generated by fish has the capability to accumulate in the
surrounding environment, leading to oxygen depletion in the water and the formation of algal
blooms and dead zones[99].

Aqua wastes can affect the pH of the water, the number of algae in it, the biological oxygen
demand (BOD), and even the fish mortality rate, depending on the culture systems and management
techniques used. Aquafeed wastes promote eutrophication, which results in blooms of toxic
algae[100]. Additionally, because fish cannot retain all the food they eat; a sizeable portion of the feed
is left uneaten, resulting in massive amounts of aqua waste being expelled[100]. Solid waste and
dissolved wastes from aquaculture result largely from feed uneaten, decomposed feed, fish
droppings, dead fish carcasses, chemicals, pathogens, and other components[65]. Fish waste and
feeding residue generate carbon dioxide (CO2)-rich organic matter, while protein-rich residual feed
and fish excretions release nitrous oxide (N20) and methane (CH4) into the atmosphere through gas
bubbling[8,101,102].
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Insufficient implementation of environmentally sustainable practices, which minimize the
impact on the environment, emerges as a contributing factor hindering both economic growth and
the intensification of aquaculture in SSA[103]. Effective management of feed and feeding systems in
aquaculture can significantly reduce waste and minimise the environmental impact. Implementing
strategies such as optimising feed conversion ratios, providing feed digestibility and waste
production information, sieving feed to remove dust and broken pellets, ensuring proper feeding
practices, incorporating low-phytate grains, increasing phytase levels in fish feed formulation, and
developing high-energy extruded feed can reduce waste, improve overall feed utilisation, minimize
phosphorus release into the water, and minimise nutrient leaching[66]. The dual benefits of economic
growth and environmental preservation can be realized through investments in cleaner technologies
and the promotion of sustainable production practices[8].

4.3. Circularity of Aquafeed

Over the last 50 years, agricultural production has increased more than threefold due to: soil
expansion for agricultural use; the technological contribution of the green revolution, which
influenced productivity; and the accelerated growth of population[104]. The international regulatory
framework for sustainable development has transformed agriculture's role, particularly policies and
plans for the circular economy and bio-economy. Novel and enhanced techniques for agricultural
waste recovery have been created, based on industrial innovation and high technology, which has
resulted in resource efficiency, sustainable production and consumption, and a lowering of adverse
ecological effects[105].

World leaders' priority is not just to ameliorate the effects that have already occurred, but also
to tackle the demand to generate more food and energy for a global population that is projected to
exceed 10 billion people by 2050 through fewer fossil fuels, lower harmful gas emissions, and zero
solid waste[105,106]. Over the last decade, more than 40 countries have developed and implemented
national policies, policy instruments, and strategies related to this new economic model[107-110],
which is primarily based on an efficient resource management system with the priority of extending
the useful life of materials and products and preventing their loss of value by incorporating their
waste into production processes[107,111]. One of the primary approaches to preventing climate
change is to ensure resource efficiency.

The cost, quality, and nutritional value of feed are concerns for small-scale fish farmers, leading
them to produce their own feed from agricultural by-products. However, the resulting feed powder
from most African small-scale fish farmers presents several physical and nutritional disadvantages
for fish, impacting aquaculture production, nutritional quality, and growth time, necessitating the
improvement of feed quality to enhance aquaculture production and contribute to food security in
Africa through training programs, cooperative formation, and involvement of African research
centers and universities in evaluating local agricultural by-products[112]. The highest recurring cost
in aquaculture is from feed. Feed is thus the most limiting factor in productivity because good
nutrition in aquaculture systems is essential to the economical production of a healthy and high-
quality product.

In addition, ingredients are often imported, and the distance that they need to cover in
transportation for milling, feed production, distribution, wholesale, and retail means that costs
become high. As such, production easily becomes unsustainable. A circular economy plays a
transcendental role by becoming the primary alternative to traditional linear production practices
such as reuse, recycling, and remanufacturing, which contribute to the development of more
sustainable production and consumption processes while reducing negative externalities[113,114].
The circular economy and bioeconomy make substantial contributions to the attainment of four
sustainable development goals (SDGs), i.e., SDG 2: "Ending hunger, achieving food security,
improving nutrition, and promoting sustainable agriculture"; SDG 11: "Making cities and human
settlements inclusive, safe, resilient, and sustainable"; SDG 12: "Ensuring sustainable consumption
and production patterns,” with the main goal of "doing more and better with fewer resources" (UN,
2016); and SDG 13: "Taking urgent action to combat climate change and its impacts"[105].
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The increase in global agricultural production puts more strain on the environment, harming
soil, air, and water resources[115]. The aquaculture industry requires direction to shift toward the
adoption of an alternative business model, such as Circular economic (CE), because the traditional,
linear economic paradigm of 'take-make-dispose' is no longer appropriate in this setting. Using waste
could therefore help society, the environment, and the economy. In the case of high-demand
aquaculture commodities, efforts must be made to speed up production and fulfill rising demand,
but there is concern about the rate of change and calls for the prudent use of natural resources. A life-
cycle study comparing the environmental effects of standard mix feed with feed made from cruise
ship food waste[116] was seen as a forerunner of the CE technique in aquaculture. Another study that
backs up the CE concept is the replacement of fish oil with alternative sustainable resources generated
not only from vegetable fats but also from animal fats[117].

5. Conclusion

Understanding the dynamics of the aquaculture industry through aquafeeds is critical in
ensuring the sustainability of the livelihood as feed constitutes the highest expense incurred during
aquaculture fish production. Novel feed formulations promise multiple socio-economic and
environmental benefits albeit adoption is minimal in most African countries. Nutritional composition
of aquafeed influences aqua-waste which has spiraling effects on the environment and fish
production hence reorienting feed formulation methods and ingredients is crucial for achieving triple
wins for fish farmers which is essential in achieving a circular economy.
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