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Seafood and seafood products represent some of the most important foods in almost all types of soci-
eties around the world. More intensive production of fish and shellfish to meet high demand has raised 
some concerns related to the nutritional and sensory qualities of these cultured fish in comparison to 
their wild-catch counterparts. In addition, the variety in processing, preservation, and storage methods 
from traditional to modern is contributing to an increase in variability in consumer products.

This second edition of the Handbook of Seafood and Seafood Products Analysis brings together 
the work of 109 experts who focus on the most recent research and development trends in analytical 
techniques and methodologies for the analysis of captured fresh and preserved seafood, either culti-
vated or wild, as well as for derived products. After providing a general introduction, this handbook 
provides 48 chapters distributed in six sections:

•	 Chemistry and biochemistry focuses on the analysis of main chemical and biochemical 
compounds of seafood.

•	 Processing control describes the analysis of technological quality and the use of some 
non-destructive techniques as well as methods to check freshness, detection of species, and 
geographic origin and to evaluate smoke flavoring.

•	 Nutritional quality deals with the analysis of nutrients in seafood such as essential amino 
acids, bioactive peptides, antioxidants, vitamins, minerals and trace elements, and fatty acids.

•	 Sensory quality covers the sensory quality and main analytical tools to determine color, 
texture, flavor and off-flavor, quality index methods as well as sensory descriptors, sensory 
aspects of heat-treated seafood, and sensory perception.

•	 Biological Safety looks at tools for the detection of spoilage, pathogens, parasites, viruses, 
marine toxins, antibiotics, and GM ingredients.

•	 Chemical Safety focuses on the identification of fish species, detection of adulterations, 
veterinary drug residues, irradiation, food contact materials, and chemical toxic com-
pounds from the environment, generated during processing or intentionally added.

Key Features:

•	 This comprehensive handbook provides a full overview of the tools now available for the 
analysis of captured fresh and preserved seafood, either cultivated or wild, as well as for 
derived products.

•	 This is a comprehensive and informative book that presents both the merits and limitations 
of analytical techniques and also gives future developments for guaranteeing the quality of 
seafood and seafood products.

•	 This cutting-edge work covers processes used from all of the seven seas to ensure that con-
sumers find safe, nutritionally beneficial, and appealing seafood products at their markets 
and restaurants.

•	 This handbook covers the main types of worldwide available analytical techniques and 
methodologies for the analysis of seafood and seafood products.
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Preface
There is a large number of seafood and seafood products. These foods represent some of the most 
important foods in almost all type of societies, including those in developed countries and develop-
ing countries.

Intensive production of fish and shellfish has raised some concerns, some of them are related with 
the nutritional and sensory quality of the cultured fish in comparison to their wild catch counterpart. 
In addition, there is a large number of processing and preservation technologies, from traditional 
drying or curing to high-pressure processing and different methods of storage. This increasing 
variability in products attending the consumers´ demands makes necessary the use of adequate 
analytical methodologies focusing on the chemistry and biochemistry of post-mortem seafood, the 
technological, nutritional, and sensory quality, as well as safety aspects related to processing and 
preservation, all of them presented in this book.

The first edition of the Handbook of Seafood and Seafood Products Analysis was published in 
2010 and contained the main analytical techniques and methodologies and their applications. It pre-
sented a comprehensive review both in its detailing of analytical methods and its application to the 
compounds involved in sensory, nutritional, and technological quality as well as safety of seafood 
and seafood products, and its aims were to compile the top analysis techniques and methodologies 
from around the world into one, well-organized volume and to serve as an essential reference source 
to undergraduate and postgraduate students, researchers, and analysts in universities, research insti-
tutions, government agencies, and private companies. This will continue to be the purpose of this 
second edition.

This second edition of the Handbook of Seafood and Seafood Products Analysis is bringing 
the most recent research and development trends in analytical techniques and methodologies. All 
chapters have been thoroughly revised and updated, some of them entirely renovated by different 
authors, and there are four new additional chapters covering the analytical techniques and method-
ologies for determining activity of endogenous enzymes, bioactive peptides, sensory perception of 
seafood, and detection of microplastics.

The new edition of this book contains 48 chapters distributed in six parts: Part 1.- Chemistry and 
biochemistry (Chapters 1–8) focused on the analysis of main chemical and biochemical compounds 
of seafood; Part 2.- Processing Control (Chapters 9–13) describes the analysis of technological qual-
ity and the use of some non-destructive techniques as well as methods to check freshness, detection 
of species and geographic origin, and evaluation of smoke flavorings; Part 3.- Nutritional quality 
(Chapters 14–20) deals with the analysis of nutrients in seafood such as essential amino acids, bioac-
tive peptides, antioxidants, vitamins, minerals and trace elements, and fatty acids; Part 4.- Sensory 
quality (Chapters 21–27) is related to the sensory quality and main analytical tools to determine 
color, texture, flavor and off-flavor, quality index methods, as well as sensory descriptors, sensory 
aspects of heat-treated seafood, and sensory perception; Part 5.- Biological Safety (Chapters 28–36) 
is devoted to analytical tools for the detection of spoilage, pathogens, parasites, viruses, marine 
toxins, antibiotics, and GM ingredients; and, finally, Part 6.- Chemical Safety (Chapters 37–48) is 
focused on the identification of fish species, detection of adulterations, veterinary drug residues, 
irradiation, food contact materials, and chemical toxic compounds from the environment, generated 
during processing, or intentionally added, which can be found in seafood either cultured or wild 
catched.

This second edition provides a complete overview of the analytical tools available for all kinds of 
analyses of seafood and seafood products; the roles of these techniques and the methodologies for 
the analysis of technological, nutritional, and sensory quality as well as of safety aspects. In sum-
mary, readers find in this handbook the main types of worldwide available analytical techniques and 
methodologies for the analysis of seafood and seafood products.
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1.1  INTRODUCTION

Seafood, which is broadly categorized as fish (especially white and oily varieties), shellfish such 
as mussels, and crustaceans such as prawns, crabs, lobsters, and squid, is any form of sea life that 
humans consider to be food. Molluscs and crustaceans, such as mussels, oysters, and scallops, as 
well as prawns, prawns, crabs, and lobsters, make up the other broadclass of shellfish (Thakur, 
2019). Seafood and seafood products are an important part of the human diet because they provide 
high-quality protein, omega-3 fatty acids, vitamins, and minerals. It is an essential component of 
the global food system, making significant contributions to livelihoods and nutritional well-being, 
particularly in countries with low or middle incomes (Hicks et al., 2019; FAO, 2022). The safety 
and quality of seafood products, however, can vary due to a variety of factors such as species, 
geography, harvesting location, processing, handling, and storage facilities. With a rapid increase 
in aquaculture, geographical switches in trade, and expanding commoditization and vertical inte-
gration, the seafood sector has been transforming in recent years. Global concern about fisheries 
and aquaculture’s ability to satisfy future seafood demand sustainably is driving advancements in 
management and technology (Marwaha et al., 2022).

Global fish and seafood production has increased by four times in the last 50 years. The average 
individual currently consumes over twice as much seafood as they did 50 years ago, in addition to 
the fact that the world’s population has more than doubled during this time. The greatest seafood 
producer in the world is China that produced more than 60 million tonnes of seafood in 2019 (see 
Figure 1.1). Indonesia, India, Vietnam, and finally the United States come after this (Ritchie and 
Roser, 2020). Nearly 178 million tonnes of aquatic animals were produced globally in 2020, a tiny 
decrease from the record-breaking 179 million tonnes produced in 2018. Salmon, herring, cod, flat-
fish (halibut, sole, and turbot), redfish (ocean perch), jack mackerel, tuna, mackerel, and sardine 
species are the most important ocean fish for commerce. Whitebait and baby eels, which are both 
approximately 5 cm (2 inches) long, and bluefin tuna, which can reach lengths of 4.3 m (14 feet), 
are among the catch’s smaller species. In 2020, aquaculture contributed 88 million tonnes (49%) 
compared with the capture fishery’s 90 million tonnes (51%). In 2020, inland waterways were used 
to collect 37% (66 million tonnes) of the total production, with aquaculture accounting for 83% (66 
million tonnes) and catch fisheries for 17%  (112 million tonnes) of the overall production was gath-
ered in maritime waters. Thirty-six million tonnes (wet weight) of algae were produced in 2020 in 
place of aquatic animals, with aquaculture accounting for 97% of this production (mainly marine 
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aquaculture) (OCED FAO, 2022). A variety of factors, including environmental, economic, social, 
and political ones, have a role in the global capture and harvest of seafood. It has been predicted that 
the amount of edible food from the sea might increase by 21–44 million tonnes by 2050, a 36%–74% 
increase over present yields (Ainsworth et al., 2023), based on demand shifts and supply scenarios. 
Global fish harvesting has a significant impact on environmental sustainability, human health, and 
food security. Fish supplies and marine biodiversity have decreased as a result of overfishing, illegal 
fishing, and unsustainable fishing methods, affecting the long-term viability of the seafood business. 
Additionally, the seafood sector has detrimental ecological effects, such as habitat degradation, and 
notably contributes to the release of greenhouse gases. There have been numerous initiatives to pro-
mote ethical fishing methods, lessen overfishing, and enhance the management of marine resources 
in an effort to solve these issues. To increase the sustainability and profitability of the seafood busi-
ness and policy decisions, research on the global catch and harvest of seafood is crucial.

1.2  VARIABILITY OF AQUATIC ANIMALS

Due to differences in species, geography, harvesting locations, handling, processing, and storage, 
aquatic animals, such as fish and shellfish, and other marine organisms, such as seaweeds, exhibit 
significant variability as food. Species diversity is one of the main contributors to variation in aquatic 
animals used as food. Fish and shellfish come in a variety of species, each with distinctive qualities 
in terms of size, flavour, texture, and nutritional value. For instance, while some species of fish are 
prized for their firm flesh and mild flavour, others are more delicate and have a more distinctive flavour. 
Geographical variation in aquatic animals used as food is also highly influenced. Depending on the 
region and environmental factors, there can be a wide range in the kind and quality of seafood that is 
offered. For instance, oysters from different regions may have different flavours and textures due to 

Fish and seafood production
Fish and seafood production is measured as the sum of seafood from wild catch and fish farming (aquaculture).
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FIGURE 1.1  Global seafood production (FAO, 2022).
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variations in water temperature, salinity, and nutrient availability. Harvest location, handling, and pro-
cessing can also affect the variability of aquatic animals such as seafood. The handling and processing 
techniques used can affect the texture, flavour, and quality of the seafood. For example, the method 
of catching and handling fish can affect the texture of the flesh, while the processing method used for 
shellfish can affect their flavour and texture. Finally, storage conditions can also contribute to variability 
in aquatic animals such as seafood. Factors such as temperature, humidity, and exposure to light can 
all affect the quality and safety of seafood products. For example, improper storage of fish can result 
in spoilage and the formation of harmful bacteria, while exposure to light can cause the degradation 
of certain nutrients in shellfish. To minimize the variability of aquatic animals such as seafood, it is 
essential to use standardized methods for handling, processing, and storage. Additionally, maintaining 
a robust quality control system and following best practices in sample collection, handling, and analysis 
can help to minimize variability and ensure that seafood products are safe and of high quality.

1.3  BENEFITS AND RISKS

Seafood and seafood products have both benefits and risks associated with their consumption. Here 
are some of the main benefits and risks of seafood and seafood products:

1.3.1  Benefits

Seafood is high in relevant nutrients such as n-3 PUFAs (Polyunsaturated Fatty Acid), protein, fibre, 
taurine, sterol, pigments, vitamins, and minerals such as iron, zinc, and selenium. These nutrients 
are essential for good health and lower the risk of chronic diseases such as cardiovascular disease. 
Seafood proteins have high levels of essential amino acids and are easily digestible. Proteins com-
prise 10%–25% of all seafoods and are classified into three types: sarcoplasmic, myofibrillar, and 
stroma. According to prior research, eating fish protein lowers serum cholesterol by blocking cho-
lesterol and bile acid absorption and promoting cholesterol catabolism in the liver (Hosomi et al., 
2012). Furthermore, dietary fish protein contains antihypertensive (Boukortt et al., 2004), fibri-
nolysis-stimulating (Murata et al., 2004), and antiobesity (Oishi and Dohmoto, 2009) properties. 
Docosahexaenoic acid (DHA) and Eicosapentaenoic acid (EPA), omega-3 fatty acids found in sea-
food, are essential for newborn and young child brain development. Seafood is often low in calories 
and high in protein, making it useful for weight management and loss. Free sterols, stanols, and 
sterol esters are lipid-lowering phytosterols found in seafood that have a lipid-lowering mechanism 
by competing with cholesterol absorption by binding to micelles in the intestine (Jones et al., 2000; 
Kanazawa, 2001). Phytosterols are also said to have anti-inflammatory, antioxidant, and anticancer 
activities (Houweling et al., 2009; Mannarino et al., 2009; Bouic, 2001). The most abundant source 
of carotenoids is seafood and its by-products; these compounds can be transformed into vitamin A 
(García-González et al., 2005) and significantly reduce oxidative stress, inflammation, and hyper-
lipidaemia biomarkers (Iwamoto et al., 2000; Cicero et al., 2008). In general, shellfish with muscle 
is quite low in fibre and carbohydrates. However, according to Jiménez-Escrig and Sánchez-Muniz 
(2000), water-soluble fibre makes up between 50% and 85% of the dietary fibre found in edible 
seaweed, which has been shown to lower plasma levels of total cholesterol, low-density lipopro-
tein (LDL) cholesterol, and Triglycerides (TG), and additionally acts as an antihypertensive activity 
(Matsushima et al., 2003; Schaffer et al., 2010).

1.3.2  Risks

There are risks involved with eating seafood, even though it can have significant health benefits. When 
choosing seafood, it is crucial to consider the source, sustainability, and potential risks. Environmental 
pollutants such as pesticides, dioxins, and polychlorinated biphenyls (PCBs) can accumulate in fish 
flesh and be harmful to human health (Arisawa et al., 2003). These contaminants can be present in 
seafood. High levels of mercury contamination in some fish species can be dangerous to human health, 
especially for expectant mothers and young children. Exposure to methylmercury affects the delicate 
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nervous system. Methylmercury also has a strong effect on the developing nervous systems of foetuses 
and young children. Methylmercury causes damage to the central nervous system that is dependent 
on the amount ingested (Clarkson et al., 2003; Yoshizawa et al., 2002). Seafood may contain infec-
tive bacteria such as Vibrio and Salmonella and infective viruses such as Norovirus, which can cause 
foodborne illness. Shellfish taken from sewage-contaminated waters are frequently linked to dangerous 
viruses such as the Norwalk virus and hepatitis A. Oysters and clams are the main sources of bacteria, 
but some ready-to-eat fish products can also contain them. Eating raw or partially cooked oysters or 
clams poses the greatest risk because they can pick up bacteria from runoff, sewage discharges, land 
use, and other sources such as Vibrio vulnificus and Vibrio parahaemolyticus. These microbes, which 
naturally exist in warm coastal waters, have the potential to seriously ill or even kill high-risk people. In 
addition to bacteria and viruses, some fish, particularly those from tropical or subtropical waters, may 
contain toxins that make people sick. Histamine poisoning comes in two main forms: ciguatoxin and 
scombrotoxin. Most reef fish, including barracuda, grouper, and snapper, contain ciguatoxin. Mahi-
mahi, fresh tuna, mackerel, and bluefish are the main sources of scombrotoxin (histamine) (Reames, 
2012). Seafood allergies, which can have serious and even fatal consequences, may exist in some people. 
Seafood contains a prominent common allergenic protein termed tropomyosin (TPM), which is rela-
tively resistant to peptic acidic digestion. As a result, the protein has a long-lasting effect on the immune 
system. For more than 80% of allergic reactions that might result in severe hypersensitivity, such as 
urticaria and asthma, as well as a large portion of anaphylaxis, shrimp is the most prevalent crustacean 
among shellfish allergens. A negative reaction to seafood can fall into one of three categories depend-
ing on the underlying mechanisms: (i) toxic reactions, which include reactions to marine biotoxins; 
(ii) immunological reactions, which include allergic reactions and food protein-induced enterocolitis 
syndrome (FPIES); and (iii) food intolerance. As a result, to protect customers from potentially harmful 
components, food makers are obligated to analyse, label, and emphasize shellfish allergenic substances 
on food packages (Woo and Bahna, 2011; Adams et al., 2019; Buyuktiryaki et al., 2021) (Figure 1.2).

1.4  SEAFOOD AND SEAFOOD PRODUCT ANALYSIS

Seafood and seafood products are complex matrices that require sophisticated analytical methods to 
assess their quality and safety. The analysis of seafood can provide information about the nutritional 
value, freshness, microbial load, and chemical contaminants (heavy metals, pesticides, and antibiot-
ics) of the product. These contaminants can accumulate in seafood and pose a risk to human health.

FIGURE 1.2  Adverse reactions to seafood upon ingestion. Reproduced from Ruethers et al. (2018) with 
permission of Elsevier.
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Here are some of the key reasons why the analysis of seafood and seafood products is important:

Safety: Analysis of seafood and seafood products helps identify and mitigate potential safety 
risks, including the presence of harmful contaminants such as bacteria, viruses, parasites, 
heavy metals, and toxins.

Quality: Analysis of seafood and seafood products is critical to ensure their quality, including 
freshness, flavour, texture, and nutritional value. The analysis can help to identify the pres-
ence of spoilage organisms, monitor quality changes during storage and transportation, 
and assess the sensory attributes of the products.

Regulatory compliance: Analysis of seafood and seafood products is necessary to ensure 
compliance with regulatory requirements, including food safety regulations, labelling 
requirements, and import or export regulations.

Traceability: Analysis of seafood and seafood products is important to maintain traceability and 
accountability throughout the supply chain. Analytical techniques such as Deoxyribonucleic 
acid (DNA) barcoding can help verify the species and origin of the products, preventing 
mislabelling and fraud.

Variability: It is a significant challenge in the analysis of seafood and seafood products. The 
variability can be due to the intrinsic characteristics of the products, such as differences 
in species, size, and age, and the extrinsic factors, such as harvest location, processing 
method, and storage conditions.

Some of the basic concepts involved in the analysis of seafood and seafood products include chemi-
cal analysis, microbiological analysis, sensory analysis, and DNA analysis. The choice of analytical 
method depends on the specific attributes of the product being analysed, the regulatory require-
ments, and the intended use of the product to ensure its safety, quality, compliance, and traceabil-
ity. Therefore, regulatory authorities have established maximum residue limits (MRLs) for these 
contaminants in seafood. Analytical methods such as atomic absorption spectrometry (AAS), gas 
chromatography (GC), polymerase chain reaction (PCR), liquid chromatography (LC), enzyme-
linked immunosorbent assay (ELISA), and sensory evaluation techniques are commonly used for 
the detection and quantification of chemical contaminants in seafood.

1.5  CHEMICAL CONTAMINANTS

It is challenging to identify the precise species and allergens that are the cause of allergic reactions 
given the variety of seafood available. Because commercially accessible diagnostic techniques do 
not take into account this diversity, it is frequently advised to avoid all seafood (Lopata and Kamath, 
2012). Currently, the clinical history, sensitization tests, such as allergen-specific IgE quantifica-
tion and Skin prick test (SPT), and oral challenge tests, if necessary, are used to make the diagno-
sis of seafood allergy. In commercial preparations for the SPT, complete protein extracts with an 
unknown protein composition are typically sold by multiple, frequently local manufacturers. In 
vitro IgE tests are preferred over SPT or oral food challenges to reduce the danger of potentially 
fatal allergic reactions.

The simplicity of testing for sensitization and the accessibility of commercial tests against a 
range of seafood species on various platforms are advantages of this strategy. Standardizing aller-
gen concentrations may be challenging when using natural extracts, and detecting specific IgE to 
rare allergens may not be precise, producing findings that are untruthfully negative. To alleviate 
these issues, recent research is increasingly emphasizing the use of extracted allergens for compo-
nent-resolved diagnosis (Lopata et al., 2016). Understanding the allergens’ natural abundance, loca-
tion within the organism, and biological function may be important to produce a seafood allergy 
component-resolved diagnosis (Ruethers et al., 2018).
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Microplastics (MPs) have contaminated the marine environment in all compartments, including 
seafood (Lusher et al., 2017). An estimated 11,000 MP particles are eaten annually by seafood eaters 
in Europe who live in shellfish-eating nations. Fish and shellfish that are significant for commerce, 
both wild and farmed, have been discovered to contain MP particles (Duis and Coors, 2016). The 
consumption of complete organism in seafood is a big source of concern. The majority of research 
has been done on bivalves in terms of MP concentrations (Lusher et al., 2017). Only a small number 
of studies have discovered MPs in crabs or prawns (Andrady, 2011; EFAS Panel on Contaminants 
in the Food Chain, 2016). Surprisingly, there is little information available on seafood species other 
than bivalves or fish digestive tissue, leaving out the edible section, such as the muscle (Teuten et al., 
2009; Murray and Cowie, 2011). The most significant dietary exposure sources for perfluorooctane-
sulfonic acid (PFOS) and perfluorooctanoic acid (PFOA) in seafood are per- and poly(fluoroalkyl) 
substances (PFASs), a class of synthetic chemicals that have been used in a variety of industrial and 
consumer products. To spot packaging that might have been PFAS-coated, the majority of the sea-
food packaging was also looked at utilizing Fourier transform infrared-attenuated total reflectance 
(FTIR-ATR) (Young et al., 2022) (Figure 1.3).

The most common method for detecting MPs in seafood is to first identify visible plastic 
particles. To solidify the scientific evidence on MP contamination and human exposures, high-
quality research is required using standardized methods such as particle-extraction procedures 
and composition identification method specifications, highlighting the varying effectiveness of 
research protocols (Danopoulos et al., 2020). Secondary confirmation via spectroscopic analysis, 
including Fourier Transform Infrared Spectroscopy (FTIR), is the most commonly used tech-
nique for confirming the polymer type present in seafood (Renner et al., 2018). Pyrolysis–gas 
chromatography–mass spectrometry (Py-GC/MS) is an intriguing method for studying MPs 

FIGURE 1.3  Analysis of per- and poly(fluoroalkyl) substances (PFASs) in highly consumed seafood.
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FIGURE 1.4  Five kinds of plastic (PVC, PS, PP, PMMA, and PE) were quantified in five different organ-
isms (squid, prawns, oysters, crabs, and sardines) at a total plastic concentration (n = 10) (in mg per g of tis-
sue). Polyvinyl chloride (PVC), polypropylene (PP), poly(methyl methacrylate), polystyrene (PS), polyethylene 
(PE) and polymethyl methacrylate (PMMA). Reproduced from Ribeiro et al. (2020).
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(Mintenig et al., 2018; La Nasa et al., 2020; De Sales-Ribeiro et al., 2020) (Figures 1.4 and 1.5). 
It is challenging to establish methodologies to identify and quantify the most prevalent types of 
plastics discovered in seafood due to the inconsistent reporting of estimates of MP concentration 
levels in fish and shellfish. To maximize the identification and quantification of MPs by Py-GC/
MS using a mass-related quantification approach, an alkaline digestion procedure was followed 
by an accelerated solvent extraction (ASE) method, which used a solvent at high temperature 
and pressure to dissolve and extract plastics from seafood. This is an evaluation of the amount of 
plastic that a consumer might consume when eating seafood.

The artificial preservative formaldehyde, a known carcinogen, has been found in fish products 
(Jinadasa et al., 2022). Fish might be purposely sprayed or dipped in formaldehyde solution to 
increase shelf life, stiffen, maintain freshness, and prevent rotting. However, formaldehyde has the 
capacity to excite the body’s dominant cells and can result in agitation, nausea, neuralgia, and skin 
allergies (EFSA, 2014). Numerous methods for measuring the amount of formaldehyde have been 
developed recently, including spectrophotometry, electrochemistry, and chromatography. These 
methods are accurate and reliable but call for a labour-intensive, expensive process. The substrate 

FIGURE 1.5  Applications of hyperspectral imaging in the seafood sector. Reproduced from Hassoun et al. 
(2022).

FIGURE 1.6  Use of biodegradable hybrid polymer film for the detection of formaldehyde in seafood prod-
ucts. Reproduced from Rovina et al. (2020) with permission of Elsevier.
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for a novel biodegradable hybrid polymer film was made of starch and chitosan, which was utilized 
to entrap Nash colorimetric reagents for the quantitative detection of formaldehyde (Rovina et al., 
2020) (Figure 1.6).

As a result of an increase in seafood mislabelling over the past few years (Khaksar et al., 2015; 
Vandamme et al., 2016; Christiansen et al., 2018), consumers may now be exposed to hidden or 
undeclared species that may contain toxins, pathogens, parasites, chemicals, or allergens. DNA 
barcoding based on Sanger’s sequencing has been the most used method for seafood authenticity. 
However, recent developments in DNA barcoding techniques (Table 1.1) using next-generation 
sequencing (NGS) have proved noteworthy. Techniques using real-time PCR with species-specific 
primers and probes, or those that are followed by high-resolution melting (HRM) analysis com-
bined with DNA barcodes, are potential alternatives for simple, inexpensive, and high-through-
put species discrimination in processed seafood (Fernandes et al., 2021). DNA metabarcoding is 
anticipated to be employed more and more, eventually taking over, particularly for multiple species 
identification in intricate seafood matrices. In view of declining equipment prices and advances in 
bioinformatics, this trend is anticipated to continue. As dependable and economical technologies, 
real-time PCR-based techniques that use species-specific primers and probes to target DNA bar-
codes and those that are followed by High-Resolution Melting (HRM) analysis are also projected 
to advance in the near future. Additionally, being tested are NGS, isotopic analysis, and trace. 
Droplet digital PCR (ddPCR), a new technique, was used to create a very accurate quantitative 
method that was used for the quantitative examination of raw elements in mixed meats and highly 
processed blended foods (Floren et al., 2015; Noh et al., 2020).

TABLE 1.1
Summary of Pros and Cons of the Main Approaches Using DNA Barcode Markers for 
Seafood Authentication (Fernandes et al., 2021)

Pros Cons

DNA barcoding Well established
Medium to high cost of equipment
Low cost per analysis
Reliable species identification

Limited application to processed samples
Not applied to mixed species 
identification

NGS High-throughput species identification
Multiple species identification
Reliable species identification
Application to a complex and processed sample
Application to a complex and processed sample

High cost of equipment
High cost of analysis
High complexity of data

PCR RFLP Simple setup
Low cost of equipment

Low reproducibility
Limited application to processed samples
Time-consuming
Limited species identification
No sequencing information

Real-time PCR Reliable species identification
Highly sensitive
Quantitative
Simple setup

HRM High throughput
Cost-effective
Medium to low cost of equipment
Application to processed food

Not applied to mixed species 
identification

Not applied to mixed species 
identification
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1.6  MICROBIAL DIVERSITY OF SEAFOOD

Microbial deterioration and safety hazards in post-harvest handling, icing, packaging, processing, 
storage, and distribution can cost fish producers, processors, and distributors billions of dollars 
each year. Microbial analysis is also critical in seafood analysis, and different techniques such 
as enumeration, identification, and detection of specific pathogenic microorganisms are used. For 
example, quantitative PCR (qPCR) is a rapid and sensitive method to detect and quantify specific 
bacterial pathogens in seafood products.

Seafood microbiologists create and use novel molecular techniques to describe the microbial 
diversity of seafood and guarantee microbial safety and quality along the seafood value chain 
in order to solve problems for stakeholders and contribute to sustainable development, poverty 
reduction, and One Health. The development of NGS technology over the past few years has 
allowed for paradigm-shifting discoveries regarding the microbial diversity of seafood (Villicaña 
et al., 2019). The ability of 16S NGS to distinguish between cultivable and non-cultivable bacterial 
genera from a sample has altered our knowledge of the microorganisms that predominate in or are 
present in seafood. However, PCR-based techniques are used to separate potential spoilers from 
hygiene indicators down to the strain level, such as HRM, or detect food safety-related genes spe-
cifically, such as virulence or antibiotic resistance genes, such as multiplex PCR, real-time PCR, 
and HRM (Parlapani et al., 2020). Bacteriological analysis can identify food spoilage brought on 
by bacteria, but it cannot detect the loss of freshness brought on by autolytic deterioration.

Electrochemical impedance spectroscopy (EIS) is a non-destructive, very sensitive method for 
analysing the electrical properties of materials and systems. It works by creating alternating electri-
cal impulses at different frequencies and measuring the related signals. To estimate the electrical 
impedance of an electrochemical system, Zhang et al. (2022) claim that the impedance technique 
fixes a tiny sinusoidal voltage at a certain frequency and detects the ensuing alternating current. 
Electrochemical sensor devices are new and promising analytical instruments that have the poten-
tial to be extremely beneficial as outstanding control and monitoring tools for the seafood sector 
since they are rapid, effective, environmentally friendly, and economically viable. However, it still 
seems challenging to deploy electrochemical sensors on a broad scale in the food business. Future 
work in this area may concentrate on creating small, portable arrays that include sensors for gas, 
liquid, and colour analysis, as well as enzymatic biosensors that can quickly, accurately, and selec-
tively monitor the quality and safety of food products at the industrial level (Marx, 2023). Numerous 
benefits come with electrochemical biosensors, including simple miniaturization and potential inte-
gration with multiplexed analysis using straightforward formats. The time restrictions associated 
with traditional laboratory approaches have been successfully reduced by recent developments in 
the development of such electrochemical sensors (Figure 1.7) for real-time, on-site monitoring by 
offering high-throughput, multi-analyte, and portable biosensors (Mishra et al., 2018).

One of the most novel and inventive technologies that can be employed in the food business 
for food production, processing, preservation, and packaging is nanotechnology (Qiu et al., 2020; 
Hassoun et al., 2022). Using nanoencapsulation or nanoemulsions, nanostructures may be useful in 
enhancing low-soluble compound accessibility, bioactivity, stability, or control of their release into 
the product. They can also successfully inhibit microbial growth and enhance the sensory qualities 
of hairtail during storage (Liu et al., 2021). Silver, zinc oxide, titanium oxide, or chitosan nanopar-
ticles are examples of nanocomposites that can be used to inhibit microbiological development, 
preserve product freshness, and lengthen shelf life (Ranadheera et al., 2017).

Metagenomics, proteomics, and metabolomics combined with traditional quality indices such 
as colour, texture, and flavour provide novel analytical tools (Table 1.2) for optimization and ensur-
ing the quality of seafood. According to den Besten et al. (2018), omics technologies pave the way 
for cutting-edge monitoring tools that are essential for developing the next wave of risk assess-
ment techniques. Current technological advancements that make use of electronic data systems, 
such as web platforms and applications for smartphones, will be crucial for the adoption and wide 
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FIGURE 1.7  (a) Schematic illustration of mechanism or principle of an electrochemical biosensor. 
(b) Schematics for bacteria and toxin detection using an antibody-based electrochemical biosensor. Reproduced 
from Mishra et al. (2018).

TABLE 1.2
Examples of Omics Tools for Quality Evaluation of Aquatic Products

Product Category Aim of the Analysis Analytical Tool

Fresh and high pressure 
treated fish

Flesh quality assessment after high pressure processing 16S rRNA gene amplicon sequencing, 
LC-SWATH-MS acquisition on a triple 
TOF™ system

Fresh fish, shrimp, and 
roe product

Characterization of fish flesh microbial ecology, 
connection with histamine production

Numerical taxonomy, SDS-PAGE 
electrophoresis, plasmid profiling, next 
generation sequencing (NGS), 
intergenic spacer region (ISR) analysis, 
and examination of amplified-fragment 
length polymorphism (AFLP)

Iced-stored fish Determination of total cultivable microbiota and 
freshness assessment

16S rRNA gene amplicon sequencing

Chilled fish Freshness assessment CG-MS analysis, 1H NMR spectroscopy 
SPME-GC/MS analysis, SDS-PAGE 
electrophoresis, and 16S rRNA gene 
amplicon sequencing

Macroalga Lipidomics MS analysis

Modified after Power et al. (2023).
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implementation of this molecular labelling (Ferri et al., 2015). Future improvements to universal 
primer sets and molecular microbiological tools should be directed at better differentiating between 
positive outcomes and actual pathogen contamination (Cook and Nightingle, 2018).

1.7  CONCLUSIONS

The analysis of seafood and seafood products is important for ensuring their quality, safety, and 
authenticity. The variability of seafood requires the development of robust and adaptable analyti-
cal methods. The choice of analytical method depends on the type of parameter being measured 
and the properties of the seafood matrix. Analytical methods can be non-destructive or destruc-
tive, depending on the specific application. Therefore, it is important to have a comprehensive 
understanding of the basic concepts of seafood analysis and to validate analytical methods for 
different types of seafood and seafood products. It should be noted that the majority of the afore-
mentioned applications have not yet crossed the threshold into the industrial sphere. To fully real-
ize the potential of Industry 4.0 and further harness its technologies to address present difficulties, 
further collaboration between laboratory research institutes and industrial actors is essential in the 
future (Hassoun et al., 2022).
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