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Fish are considered highly nutritious products of the aquaculture system due to the presence of well-balanced

macronutrients such as proteins, lipids and micronutrients such as vitamins and minerals

fish nutrition preservation processing by-products

| 1. Introduction

Fish is a widely cultivated food product with highly economical trading in Southeast Asian countries such as Hong
Kong, Singapore, Malaysia and Thailand &I, Fish production has been predicted to reach 196 million tons in 2025
worldwide 2. Fish is a very diversified food commodity mostly cultured in tropical and subtropical regions. The
demand for fish is significantly increasing with the increase in the world population because of their favourable
taste, efficient feed conversion and high commercial value .

Fish are considered highly nutritious products of the aquaculture system due to the presence of well-balanced
macronutrients such as proteins, lipids and micronutrients such as vitamins and minerals (4. These fish are a good
source of human food that promotes growth and protection of the body from a variety of health diseases such as
cardiovascular and coronary heart diseases and prevents rickets and mental diseases in children &, The protein
present in fish has high nutritional value because essential amino acids serve as antioxidant elements in various
nutraceutical industries. These amino acids possess many properties such as gel formation, oil adsorption, water-
holding capacity and health-related properties. Amino acids also have antihypertensive, blood quality maintenance,
muscle tissue repairing and system-regulating properties in humans [, Lipids are important for health and are rich
in polyunsaturated fatty acids (PUFAS), especially eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)
which help to prevent cardiovascular diseases and coronary heart diseases and maintain mental health in children
[, similarly, fish contains a perfect balance of all essential vitamins, especially vitamins A and D, and are also a
significant source of vitamin B. Vitamin B mostly prevents calcium-deficient diseases and rickets in children.
Minerals are micronutrients that vary from species to species, including calcium, iron, zinc, selenium, iodine,
phosphorus and potassium. These micronutrients have high bioavailability and antioxidant properties that are
useful for curing various diseases [B.Fish and their products can be spoiled easily if not preserved properly. Fish
and fish product quality deteriorates because of digestive enzymes, lipid oxidation and microbes which actively
contribute to fish spoilage [2!. Compositional changes in protein and lipids lead to the development of new products
that cause physiological and chemical changes. Therefore, it is necessary to understand and minimize the factors

that contribute to fish spoilage by using active preservation techniques to sustain the freshness of fish and fish-
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containing products 29, Various preservation techniques are used to preserve and process fish at an industrial
level such as pulsed electric field pulsed electric field (PEF), fluorescence spectroscopy, hyperspectral imaging
technique (HSI) and high-pressure processing (HPP) while traditional techniques include cooling, freezing and
super-chilling 1. Excellent food preservation techniques effectively prevent microbial spoilage and prolong the
product shelf life with limited adverse changes in the quality and nutritional values, texture and flavour. Many
studies have focused on chemical and low-temperature storage methods for fish preservation. Fish is a part of a
healthy diet and provides essential components such as proteins, vitamins, polyunsaturated fatty acids and
minerals that are necessary for healthy growth. Fish is a highly perishable food and its quality is adversely affected

during storage by several factors such as enzymatic autolysis, microbial growth and oxidation 121,

Extensive amounts of by-products are produced as a result of fish processing and are estimated to be up to 60% of
the total fish weight (31, Usually, fish processing by-products are dumped as waste in oceans and on land and
contain highly valuable components that can cause serious environmental pollution. These by-products are also
used as dietary components in fish meal, silage and fertilizer production. Fish processing by-products contain
components such as the skin, scales, viscera, head, trimmings, roe and bones which are unfit for human
consumption and are discarded as waste 4. These by-products are a good source of nutritional components,

especially lipids and proteins as well as functional components (Figure 1).

Viscera

Figure 1. Bioactive compounds present in various parts of fish.

New processing technologies are being used to facilitate the production of highly valuable marketed products that
can obtain high economic prices. In this way, discarded waste can be reduced and environmental pollution can
also be reduced. Therefore, it is currently considered a necessary and challenging factor to develop new
technologies to enable the recovery of valuable fish processing by-products for obtaining functional ingredients that

can be used as high-value-added products for human consumption 131,

| 2. Nutritional Value of Fish
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Fish are among the most commercially valuable species in Asia. Moreover, fish are considered key species in
coastal ecosystems, and their decline due to fishing pressure has a significant impact on the ecosystem.
Therefore, overfishing to meet market demand is a concern [16] Furthermore, the nutritional value of fish has
shown some beneficial effects on human health with efficient protective measures against cardiovascular diseases,
cancer and Alzheimer’s disease 4. Fish has contained high nutritional value due to having rich contents of

protein, water, amino acid composition and fatty acids [2&!.

2.1. Proteins

Fish protein has long been considered to have a high nutritional value due to its being rich in many bioactive
peptides and essential amino acids. They are readily digested due to the presence of low connective tissues and
can be used for various metabolic activities [12. These proteins have various pharmaceutical and nutraceutical
applications and are being efficiently used as functional ingredients in many food items. Even though they have
some useful properties such as oil absorption, water-holding capacity, gel formation, emulsification and foaming
properties 29 |n addition, fish protein has various significant bioactive properties such as antioxidative,
antithrombic and antihypertensive properties (Table 1). Fish proteins are used to repair muscle tissues, and

improve immunity and blood quality. Fish proteins can also be used to prevent protein—calorie malnutrition (PCM)

in animals (21,
Table 1. Nutritional composition of fish muscle and their applications.
Nutrients Percentage Applications Reference

Potential source of animal protein, antioxidants and
Protein 15-24% metabolic activities; improve muscle tissues and immunity; [22]
application in biotechnology and pharmaceutical.

Provide lipid-soluble vitamins (A and D) and essential
omega-3s (PUFAs) absent in the body, lowering blood
Lipid 0.1-22% pressure and triglycerides in the blood; helps to reduce [23]
cardiovascular, childhood asthma, hypertension and
Alzheimer’s disease.

Helps to improve brain and neurodevelopment in children;
involved in lipid metabolism and neural functioning and [24]
reduction in blood pressure and coronary heart disease.

- Docosahexaenoic 6.1-
acid (DHA) 10.3%

Protects against cardiovascular disease; involved in blood
3.7-4.5%  coagulation and aggregation of platelets; prevents dementia, [25]
atherosclerosis and rheumatoid arthritis.

Eicosapentaenoic
acid (EPA)

Improves growth and development of children; aids in bone,
Vitamins 0.1% teeth and cell repair; prevents eyesight loss and blood [26]
coagulation; accelerates chemical processes in the body.

Minerals 1-2% Have high bioavailability, easily absorbed by the body; helps [27]
in the synthesis of haemoglobin in RBCs and proper
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Nutrients Percentage Applications Reference
functioning of the thyroid gland.

Mineralization and formation of bones; proper functioning of

-Calcium 0.5% muscles and nervous system; involved in metabolic [28]
processes.
Maintain teeth and bone structures; regulates acid—base
-Phosphorus 0.25% I 9 (28] .
equilibrium. and viral

infections and helps to maintain the water balance and regulatory system in the human body 2. The amino acids
of proteins have a variety of nutritional values, chemical actions and medicinal properties. For instance, amino
acids are used in pharmaceuticals as an excipient for drug development and employed as a food additive in food
and feed supplement sources. In the flavouring industry, amino acids such as alanine, aspartate, monosodium
glutamate and arginine are the most commonly used flavour enhancer ingredients in a variety of foods. Amino
acids have various applications in the pharmaceutical industry such as purifying proteins and are used in the

formulation and production of many antibiotics 9.

2.2. Lipids

Lipids play an important role in the nutritional value of fish due to the presence of long-chain PUFAs which consist
of omega-3 fatty acids, particularly EPA and DHA 28, These fatty acids have great beneficial impacts on human
health and nutrition and prevent various diseases Bl PUFAs help to reduce blood pressure and high
concentrations of triglycerides in blood vessels. The high intake of fatty acids proved to have a beneficial impact on
preventing cardiovascular diseases. Omega-3 fatty acids are mostly recommended as an essential element in the

growth of children and have some preventive effects against coronary heart diseases 22,

Among fatty acids, DHA is particularly good for optimizing brain growth and neurodevelopment in children while
EPA is important for cardiovascular health B3, Many other benefits include prevention against arrhythmias,
therapeutics for asthma patients, protection against atherosclerosis and manic-depressive illness, reduced
symptoms of cystic fibrosis and survival of cancer patients 24, The American Heart Association has recommended
at least two servings of fish per week to reduce the risk of cardiovascular diseases. In addition, these fatty acids
are used in biodiesel production through enzymatic transesterification of fish oil. This type of biodiesel has become

a newly trending nontoxic, biodegradable and renewable energy source 23,

2.3. Multi-Vitamins

Fish also contain the perfect balance of all essential vitamins which play an important role in human health. Fish is
a rich source of vitamins (A and D) and a good source of B-group vitamins which are considered to be beneficial for
the growth and development of children 28, Vitamin A maintains cell development, the formation of bones and
teeth and it also significantly contributes to improving weak eyesight as well as the treatment of various eye-related
diseases 7. vitamin D present in fish was found in the form of vitamin D3 (cholecalciferol) which represents a
three-fold higher potential efficiency ratio than that of vitamin D (ergocalciferol) and it was also found in the skin as

7-dehydrocholesterol after exposure to ultraviolet light 8. Most children suffer from vitamin D deficiency that
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causes rickets but it is also found common in adults where many other diseases such as osteoporosis,
osteomalacia, osteopenia, low bone mineral density and diabetes have been reported 2. Vitamin B accelerates
enzyme functioning which facilitates chemical processes in the human body whereas vitamin K is important for

blood coagulation and helps to prevent internal bleeding in the body [&.

2.4. Minerals

Most micronutrients with high bioavailability are present in fish within the range of approximately 0.4 to 1.5%. Fish
contain high-nutritional-value minerals in widely varying quantities including calcium, iron, zinc, selenium, iodine,
phosphorus and potassium 22,

In particular, iodine and selenium are considered to have significant nutritional value due to their high
bioavailability. lodine is essential for hormone production, especially thyroxin which helps to regulate the body’s
metabolism. It is also important for the psychological and growth development of children. Selenium possesses
some antioxidant properties and is an important micronutrient in the human body that only performs various
functions in the form of selenoproteins. These proteins are directly responsible for normal thyroid function and the
inactivation of antioxidant enzymes such as glutathione peroxidase [, Calcium is significantly used for bone
formation and mineralization, and the proper functioning of muscles and the nervous system 42, Iron is directly
involved in the synthesis of haemoglobin in red blood cells (RBCs) that can assist in the regulation of oxygen in

every body part [43],
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