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ABSTRACT 

Exploring cost-effective animal-derived protein alternatives is very important to support the growing human 

population with food resources globally. Aquaculture has significant contribution to this sector by providing fish and 

fishery products. This article provides short review on aquafeed, one of important aspects for the sustainable 

aquaculture production. 
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1. INTRODUCTION 

Aquaculture has made significant contributions to 

global food security and nutrition by providing fish and 

fishery products as cost-effective animal-derived protein 

alternatives to support the growing human population 

with food resources. The sector is responsible for the 

continuing growth in the supply of food fish for human 

consumption [1]. Thus, more feed resources are 

required for sustaining the growth of aquaculture. In the 

year 2008, approximately 31.5 million tonnes (46.1% of 

total global farmed aquatic animals and plants 

production) of farmed fish and crustaceans, not 

including filter-feeding fish species and some other 

freshwater species produced globally depend on 

external nutrient input in the form of feed either in the 

form of fresh feed items, farm-made or commercial 

pellets [2]. The growth in fed species aquaculture over 

the years stimulated the growth of aquaculture feed 

production, resulting in the total production of 

commercial aquaculture feed increasing tremendously 

by nearly fourfold from 7.6 million tonnes in 1995 to 

27.1 million tonnes in 2007, growing at an average 

annual rate of 11.1% and is expected to continue to 

grow at a similar rate to 70.9 million tonnes by 2020 

[2]. Although the global pandemic disrupted the entire 

economic chain of the aquaculture cycle from 

production to the consumer, aquafeed sustainability's 

dilemma continues to be a challenge. Following the 

spread of Covid-19 in 2019, the aquaculture industry is 

shifting from shock to embracing the current situation 

and adapting to alternative marketing strategies by 

focusing on the local market [3]. 

2. AQUAFEED FORMULATION 

Aquafeed is formulated to have balance in 

nutritional compound requires by the culturing fish 

species.  Sixty to 70% of the operational cost of 

aquaculture is due to the feed. Fish requires essential 

nutrients such as amino acids, fatty acids, vitamins, 

minerals and energy-yielding macronutrients (protein, 

lipid and carbohydrates) [4]. All of these must be 

supplied through the diet of the fish to meet the 

physiological needs for growing and reproduction [4]. 

Protein is an essential part of the fish diet as it supplies 

the essential amino acids and the most expensive 

portion of the diet [4]. Arginine, histidine, isoleucine, 

leucine, lysine, methionine, phenylalanine, threonine, 

tryptophan, and valine are the ten essential amino acids 

needed by most of the fish species based on studies 

done to date [4]. Although fish show no dietary 

requirement towards carbohydrates, the availability of 

carbohydrates in the fish diet will result in protein and 

lipid sparing depending on fish species as some fish, 

especially herbivores and omnivores, can utilize 

carbohydrates as energy sources. At the same time, the 

ability to do so is limited for carnivorous species, 

meaning carnivorous species will utilize a higher 

portion of protein and lipid in their diet to be 

catabolized for energy [4]. However, polysaccharides 

such as cellulose, hemicellulose and chitin, which are 
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non-starch, are generally indigestible for most fish 

species [4]. Nutrient digestibility in feed given to fish 

plays a vital role in aquaculture production and its 

impacts on the environment [5]. Only the digestible 

proportion of the feed given to the fish will be digested 

and absorbed by the fish, while the rest of the 

indigestible proportion of nutrients will be excreted as 

feces and pollute the environment indigestible 

proportion is high in nutrients [5]. On the other hand, 

lipids in the fish diet are responsible for supplying 

essential fatty acids and energy and acting as precursors 

of steroid hormones and prostaglandins in fish and aid 

in the intestinal lipid-soluble vitamins absorption [4]. 

Ensuring that most of the essential nutrient included in 

the formulation, raw ingredients such as fish meal is a 

must. 

3. AQUAFEED SUSTAINABILITY 

Fishmeal is the most commonly used raw materials, 

and it is a preferred ingredient. It is mainly derived from 

wild-caught whole fish, while a minor part of the 

fishmeal supply is from processing by-products of fish 

such as fish offal and trimmings [2]. Fish caught from 

fisheries used to produce fishmeal are usually small, 

bony, and oily and not used by humans for consumption 

[6].  A good quality fish meal usually contains 60 to 72 

per cent crude protein, making it an excellent choice of 

ingredient to be used in the feed from a nutritional point 

of view [6]. One of the main features of fishmeal 

separates it from other protein sources because it 

contains all the essential amino acid and has long-chain 

polyunsaturated omega-3 fatty acids [6,7]. Due to its 

high-quality protein content, high digestibility, minerals 

and vitamin content and amino acid composition, 

fishmeal has been considered a premium or gold 

standard ingredient in aquafeed, and that place never 

been challenged [6,7]. 

The limited fishmeal supply, which has been 

relatively stagnant over the past 15 years and is very 

unlikely to increase further, coupled with high demand 

and public pressure on sustainable aquafeed, questions 

the long term sustainability of fishmeal [2,8]. In 

addition to that, limited ocean stocks have resulted in 

higher prices and reduced fishmeal availability [9-11]. 

Hence, heavy reliance on this finite resource may limit 

aquaculture's growth soon as fluctuations in global 

demand and supply of fish meal have resulted in the 

increasing cost and scarcity of the material. These have 

made the long-term sustainability of aquaculture 

questionable, as the use of fishmeal in aquafeed 

production is becoming unjustifiable in the economic 

sense, and it will undoubtedly affect the growth and 

profitability of the sector. Hence, the identification and 

development of feed ingredients alternative to fishmeal 

are internationally recognized as a research priority to 

ensure sustainable growth for aquaculture production 

[8]. Therefore, it is imperative to develop sustainable 

alternatives for feed production. The use of alternative 

feed ingredients is intended to reduce the dependency 

on the scarce, expensive, and unsustainable ingredient, 

thereby maximizing profit. 

Globally, people are seeking alternative ingredients 

to fishmeal for a total or partial replacement. The 

potential use of alternative ingredients to the fishmeal 

has been tested in a pilot-scale up to a commercial scale 

to verify these aquafeed ingredients' suitability. Sources 

of animal-based protein such as meat and bone meal, 

blood meal, poultry by-product meal and feather meal 

are widely used in fish diet to partially or fully replace 

fishmeal in some fish diets when several ingredients are 

combined [12]. The problems with using animal-based 

protein are insufficient essential amino acid, the 

inconsistent supply and availability of blood meal, low 

digestibility as seen in feather meal and inconsistent 

nutritional content because they are affected by 

processing condition [12]. 

Plant-based protein is a promising alternative 

ingredient to fishmeal as they are a lot cheaper than 

fishmeal, and a study had shown that it is possible to 

replace fishmeal completely by using plant protein only 

in the diet of Nile tilapia without any significant 

reduction in growth [13]. However, for some other fish 

species, increasing plant-based protein and reducing 

fishmeal inclusion will decrease their feed intake due to 

lower palatability and reduce growth [13]. Another 

study showed that plant protein from soybean meal 

could only be substituted up to 60 per cent of fishmeal 

without affecting African catfish growth [14]. 

Nevertheless, plant protein ingredients are still inferior 

to fishmeal. Soybean meal contains antinutritional 

factors, lacking in certain essential amino acids, low 

nutrient digestibility, low palatability and a high 

indigestible fibre by most fish [13]. Protein extracts 

from oilseeds and cereals are higher in protein than 

meals and edible seeds of plants in the legume family 

and lower in antinutritional factor but are more 

expensive, limiting their use in aquafeed [15]. In 

addition to that, the aquatic macrophyte Azolla has high 

potential as an aquafeed ingredient. It is a nitrogen-

fixing frond and capable of photosynthesizing at a 

higher rate than most C4 plants. Azolla grows well in 

the paddy field and water channel with a warm climate. 

Studies showed that Azolla could be incorporated up to 

30 in tilapia's diet without adverse effect on growth. 

Unlike most protein-plant, Azolla does not require much 

cost to produce. Research at the International Rice 

Research Institute in the Philippines has shown in 
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laboratory studies that Azolla can double its weight in 

3-5 days, grow in nitrogen-free solution and accumulate 

30 to 40 kg Na ha-1 in two weeks.  This feature is 

making Azolla a sought after material to grow fish, 

especially in south-east Asia.  

In the last decade, there has been a surge of interest 

in using insects as a protein source in animal feed 

production [10]. In most parts of the world, the value of 

insects as a source of fish feed is underappreciated 

[10,16]. Insects are rich in protein, and several studies 

have shown that they can be used as an alternative for 

fishmeal in fish diets.  However, studies on omnivorous 

species are more than carnivorous ones [17,18]. The 

outcome from most of the experiment trials suggest a 

replacement rate of less than 25 to 30 per cent, and on 

the other hand, in several studies, total replacement of 

fishmeal with insect meal is found to be technically and 

economically feasible [17]. One of the aquafeed 

industry's main priorities is seeking alternative fishmeal 

ingredients to ensure the sector's sustainability [19]. 

Among the potential alternatives to conventional feed 

materials, insects, particularly the hermetia larvae. 

Hermetia larvae are nutrient enhancer or mediator that 

have the potential of replacement fishmeal. Its ability to 

convert food waste (vegetable, fruit, factory waste, and 

animal tissues) into high-quality protein, and as such, 

industrial-scale production has grown in the past decade 

[20]. Using hermetia larvae meal in aquafeed will 

contribute to circular economic growth, agro-waste 

residual management and aquafeed sustainability. 

Sustainable aquafeed is about reducing the inclusion 

of fishmeal in the aquafeed formulation, using 

sustainable resources, making the aquafeed affordable 

for the farmers.  Fishmeal is harvested from the open 

ocean, given by nature almost at no cost. However, 

plant protein requires land use and other animal protein 

waste-derived and missing essential amino acids and 

fatty acid content. Total exclusion of fishmeal from the 

aquafeed formulation is not helpful to neither ecology 

nor economy sustainability [21]. Thus, having locally 

available alternative ingredients is essential for 

developing countries such as Malaysia and Indonesia. 

This because these ingredients could complement the 

missing nutrient profile while reducing the inclusion of 

fishmeal in the feed and reduce the reliance on imported 

raw ingredients subject to currency exchange.  

4. CONCLUSION 

Aquaculture role in supporting food supplay in the 

current increased global human populaton has been 

prominent. This role, however, must be supported by a 

sustainable aquadfeed production that requires 

appropriate formulation and the use of locally 

alternative raw materiasl due to nutritional and 

economical considerations. 
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