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Abstract 
 
The availability and sale of seafood have grown significantly over the past few decades, 
and there is the possibility of marketing fraudulent fish and fishery products. Seafood 
fraud is a global concern, affecting the conservation of marine resources and leading 
to significant drops in consumer confidence. Additionally, it complicates marine 
conservation planning and poses potential public health risks. As a result, ensuring the 
safety and authenticity of seafood is crucial. As it stands, determining the safety and 
authenticity of seafood has grown to be a big problem. There is, therefore, a need to 
authenticate seafood along the value chain to ensure food safety. Spectroscopy-based 
techniques or approaches have been routinely used to identify and stop seafood fraud. 
As a result, the goal of this study is to provide the most recent information on the use 
of spectroscopy-based approaches for seafood species authentication. This review 
provides important information on spectroscopy-based techniques applied to 
authenticate seafood. This review reveals that seafood can be authenticated using 
near-infrared, mid-infrared, Raman, ultraviolet-visible, and nuclear magnetic 
resonance. The complexity of the sample matrices, variations in the sample properties, 
spectral interferences, need for calibration models, requirements for specialized 
equipment, limited spectral range, expertise in data analysis, and limited sensitivity 
are the challenges and limitations of spectroscopy in seafood authentication. Going 
forward, there is a need to integrate multiple techniques, develop portable 
instruments, and apply big data and machine learning.  

 

1. Introduction 
 

As a safe and nutritious food source, seafood has 
recently drawn interest on a global scale (Kang, 2021). 
Polyunsaturated fatty acids (PUFAs), which are known to 
influence prostaglandin synthesis and, therefore, 
promote wound healing, are among the necessary fatty 
acids found in fish which are a rich source of them 
(Kryzhanovskii et al., 2009; Zhang et al., 2010; Kindong 
et al., 2017). For proper human growth and healthy 
functioning, seafood must have essential proteins, fatty 
acids, and micronutrients (Cubillo et al., 2023). As a 

result of its health benefits, seafood is a crucial 
component of a healthy diet (Castro et al., 2023). There 
has been an increase in consumer demand for fish and 
fishery products over recent decades due to their 
nutritional properties (Alamprese & Casiraghi, 2015). 
This phenomenon has given rise to an increase in 
seafood fraud, which refers to the use of sub-par 
materials or components, or the removal of essential 
nutrients, is undoubtedly a common activity in the food 
industry (Chaudhary et al., 2018). According to 
estimates, food fraud costs the global food business USD 
10–15 billion annually. In commercial marketplaces, 
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seafood fraud is thought to be more widespread than 
ever before (Abdullah & Rehbein, 2014). According to 
Hassoun et al. (2020), the mislabelling of provenance 
(geographical or botanical origin), species substitution, 
differences in the farming or breading technique, the 
addition of non-declared substances, and fraudulent 
treatments and the non-declaration of processes, such 
as prior freezing, irradiation, and microwave heating, 
are just a few examples of the many ways that fraud in 
animal origin products including seafood can manifest 
itself (Figure 1). This can be attributed to the industry’s 
increasing competitiveness and the diversification of the 
fish supply chain, which has resulted in a vast array of 
products with similar looks but very differing global 
quality features being available on the global market 
(Ghidini et al., 2019). 

Consumers, traders, producers, and industry 
players are very concerned about the authenticity of fish 
and seafood (Grassi et al., 2018). To ensure public 
health, the most basic criteria are food quality and 
safety. Seafood must be authenticated and tracked 
along the supply chain to combat seafood fraud (O’Brien 
et al., 2013). However, it is difficult to trace seafood 
fraud due to the uncontrolled and complicated “boat-to-
plate” supply chain. Seafood authentication is important 
for several reasons. Firstly, it is important because 
related seafood species have a large number of 
phenotypic similarities; therefore, there may be 
purposeful or accidental adulteration, such as 
substituting similar high-value species with low-value 
species or passing off aquatic items as wild fishing 
(Pazartzi et al., 2019; Xu et al., 2020). The most common 
supply chain fraud involving fish and fish products 
include selling frozen or thawed products as fresh fish 

and switching out pricey species for less priced ones 
(Alamprese & Casiraghi, 2015). In addition to this, the 
weight of seafood and its products may be purposefully 
increased along the value chain, making seafood 
authentication important (Moore et al., 2012). 

A food product is authenticated by being checked 
to see if it adheres to regulations and matches the claims 
on the label (Chaudhary et al., 2018). Consuming tainted 
or falsified seafood might result in major health issues 
like allergies and infections (Dawan & Ahn, 2022).   

Food authentication methods are intended to 
identify between original and counterfeit goods, 
eliminate unfair competition in the market, and protect 
consumers from fraud (Chaudhary et al., 2018). Several 
methods have been applied to the authentication of 
seafood. These include spectroscopic-based techniques, 
DNA/molecular-based methods, and protein-based 
chemical and chromatographic techniques. These 
spectroscopy-based techniques are important because 
of their ability to accurately identify the composition 
and properties of seafood based on its distinctive 
spectral signature, which can be used to distinguish 
between species and identify any fraudulent activities 
like species substitution or adulteration. They are non-
destructive and can provide high accuracy in terms of 
results. 

Given the above, the purpose of this review is to 
shed light on the application of spectroscopic-based 
techniques in the authentication of seafood. Primarily, 
the review aims to bring together updated knowledge 
on some spectroscopic-based techniques used in 
seafood authentication, with a special focus on their 
characteristics, advantages, disadvantages, and how 
they have been employed in seafood authentication. 

 

Figure 1. Predominant authenticity issues reported in food products of animal origin including fish. Adopted and modified from 
(Hassoun et al., 2020). 
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2. Methodology 
 

2.1. Literature Search 
 

To achieve the objective of providing an overview 
of the application of various spectroscopic techniques in 
monitoring seafood quality, studies previously 
published in this thematic area were searched and used. 
Papers published in languages other than English were 
excluded from this review. This prevented any kind of 
false information or misrepresentation because the 
authors were only acquainted with English. This review 
considered no specific duration or date of publication. 
Databases such as CAB abstracts, IEEE, Scopus, Web of 
Science, and Ajol were considered. Also, articles 
published in Elsevier, Taylor & Francis, and Wiley were 
considered. This literature review was conducted 
according to guidelines for systematic reviews created 
by (European Food Safety Authority, 2010). 
 
2.2. Search Strings 
 

Papers relevant to this study were identified using 
different words. The search strategy included keywords 
such as 'spectroscopy authentication,' 'seafood fraud,' 
'vibrational near-infrared,' and 'nuclear magnetic 
resonance. 
 

3. Spectroscopy-Based Techniques Used in 
Seafood Authentication 
 

A collection of methods known as spectroscopy 
uses the interplay of light and matter to acquire more 
information about the chemical and physical makeup of 
materials (Vitha, 2018). Spectroscopy is a technique that 
measures the electromagnetic radiation that a sample 
emits, scatters, or absorbs in order to determine its 
composition, structure, and other properties (Vitha, 
2018). 

The analysis of seafood authenticity has been 
developed using spectroscopic techniques (Ghidini et 
al., 2019). Rephrase as "Recently, Qin et al. (2020) used 
multimode hyperspectral imaging techniques to detect 
mislabeling and fish fillet substitution. Fraud frequently 
occurs in seafood market and is difficult or impossible to 
detect through visual inspection (Silva et al., 2021). 
Moreover, a study was conducted to investigate the 
potential of two hyperspectral imaging (HSI) systems 
covering the visible and near infrared range (VNIR, 397–
1003 nm) and the short-wave near infrared range (SWIR, 
935–1720 nm), respectively, for rapidly and accurately 
determining adulteration in minced Atlantic salmon (Li 
et al., 2023). Problems with authenticity in fish and 
seafood products include species replacement, 
fabrication of geographic origin, distortion of the 
manufacturing process or farming system, and 
substitution of fresh for frozen or thawed items (Chai et 
al., 2021). 

Spectroscopic methods can be used to examine the 
chemical make-up makeup of food products, including 
their macro-nutrients, micro-nutrients, and pollutants, 
in the process of food authentication (Molina et al., 
2019). Spectroscopic methods have been used to assess 
and verify the quality of seafood, including vibrational 
(near-infrared (NIR), mid-infrared (MIR), and Raman), 
fluorescence or absorption ultraviolet-visible (UV-Vis), 
and nuclear magnetic resonance (NMR) (Al-Zahrani et 
al., 2020). 

In this section, these spectroscopic-based 
techniques are discussed, taking into consideration their 
characteristics, descriptions, advantages, and 
limitations. 
 
3.1. Ultraviolet and Visible (UV-Vis) Spectroscopy  
 

The measurement of light absorption in the 
ultraviolet and visible portions of the electromagnetic 
spectrum, or UV-Vis spectroscopy, can reveal the 
presence or absence of particular substances, such as 
pigments or additives (Karoui, 2018). Vibrational and 
electronic excitations result in absorptions in the UV-VIS 
zone (Penner, 2017). Energy absorption, which can be 
likened to the concentration of absorbing molecules, 
leads to excited electrons (Van Maarschalkerweerd & 
Husted, 2015). 

The advantages of UV-Vis spectroscopy are 
enormous and have been reported to include the 
following: the detection process can be completed 
quickly, the detection device can be made smaller and 
more portable so that it can be used in a variety of 
locations, and it is also difficult for the sample matrix or 
reagent colour to interfere because their absorption 
does not overlap the UV spectrum (Yuan et al., 2022) 
(Table 1). Also, the use of UV-VIS spectroscopy is made 
possible by the availability of high-quality equipment, 
ease of use, accuracy, precision, and speed of the 
technique (Snyder et al., 2014). This method can have 
drawbacks as Uv-vis spectroscopy can have interference 
from impurities or contaminants as the sample 
preparation can be time-consuming (Antony & Mitra, 
2021). Moreover, stray light can affect the accuracy of 
UV-VIS spectroscopy (Picollo et al., 2019). The 
calibrations and maintenance is required regularly and 
this technique is not suitable for non-uv-absorbing 
molecules as they lack sensitivity to certain matrixes 
(Crego & Marina, 2005). 

 
3.2. Near-Infrared Spectroscopy (NIR) 
 

This kind of spectroscopy gauges the 
electromagnetic spectrum’s near-infrared region’s 
absorption of light, which can reveal details about the 
chemical makeup of food items such as their fat, 
moisture, and protein contents (Murray & Cowe, 2005). 
According to Nicolai et al. (2007), NIR instrumentation 
can be classified into the following categories based on 
the type of monochromator used: scanning 
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monochromator instruments, light filter instruments, 
light-emitting diode (LED) instruments, array-detecting 
instruments, Fourier transform (FT) NIR instruments, 
liquid crystal tunable filter (LCTF) instruments, and 
acoustic optic tunable filter (AOTF) instruments (Wang 
& Paliwal, 2007). The NIRS systems typically have four-
chambered compartments, namely detector devices, 
light sources, sampling devices, and light-isolating 
mechanisms (Wang & Paliwal, 2007). 

The basis for NIR spectroscopy is the functional 
groups’ ability to absorb electromagnetic radiation at 
wavelengths between 780 nm and 2500 nm (Melado-
Herreros et al., 2022). This method is advantageous as 
no sample preparation is necessary for NIR 
spectroscopy. As a result, the analysis is quick and 
straightforward. The NIR approach also enables the 
simultaneous measurement of many constituents 
(Pasquini, 2018). Additionally, high-moisture foods can 
be examined due to the relatively limited absorption 
caused by water (Osborne, 2010). NIR spectroscopy is an 
affordable and environmentally friendly monitoring 
technique that does not require sample pretreatment 
(Nordey et al., 2017) (Table 2). NIR is a screening 
technique that can also be utilized as an in-line tool to 
track any changes that can take place during food 
processing (At-Kaddour & Cuq, 2011). 

NIR’s capacity to simultaneously determine several 
components per measurement with a distant sampling 
capability and, as a result, to give real-time data from 
processing lines is one of its strengths. The lower 
frequencies of NIR can penetrate more deeply into the 

sample and thus are less prone to be influenced by 
surface effects (Karlsdottir et al., 2014). 

NIR spectroscopy provides a broad picture of all 
the distinct compounds present, but does not provide 
highly detailed spectrum information, which prevents it 
from revealing detailed chemical information about the 
sample (Osborne, 2010). In addition, due to the 
overtones and combinations of the vibrational bonds’ 
extremely overlapped and weak absorption bands, NIR 
spectra are complicated (Sandorfy et al., 2007). 
 
3.3. Mid-Infrared Spectroscopy 
 

Mid-infrared spectroscopy’s utility stems from the 
mid-IR spectrum’s often well-resolved absorption bands 
and the resulting relatively simple chemical 
identification and quantification (Doyle, 1994). To 
determine or quantify certain substances, mid-infrared 
spectroscopy detects the absorption of light in the mid-
infrared region of the electromagnetic spectrum (Abbas 
et al., 2020). This method can provide details about the 
molecular structure of food products, such as their 
functional groups (Abbas et al., 2020) (Table 3). The 
absorption of all chemical bonds between 4000 and 700 
cm−1 is represented by the MIR spectrum (Boughattas & 
Karoui, 2021). MIR spectroscopy has been widely used 
in industrial settings because it is easy to use and does 
not require huge finances and expensive equipment 
(Dominguez-Vidal et al., 2018). Mid-infrared 
spectroscopy is not applicable if the sample contains 
water (Reich, 2016). Additionally, mid-infrared 

Table 1. Application of UV-Vis spectroscopic-based techniques in seafood authentication 

Field of 
Spectroscopy 

Fish and Fishery 
Products 

(Seafoods) 
Findings References 

UV-Vis 
spectroscopy 

Cuttlefish (Sepia 
officinalis) 

There were not many notable variations between fresh and frozen–thawed during storage in the 
wet chemical and microbiological data. The quality index method and microbiological tests 

indicated that fresh and frozen–thawed samples behaved similarly up to about 9 days of shelf life. 
The main physicochemical changes of cuttlefish throughout their shelf life might be interpreted 
using the aquaphotomics results shown in aquagrams. A classification precision of 0.91 between 
fresh and frozen–thawed was attained by partial least squares discriminant analyses models with 

the spectral range of 900–1650 nm, while performance in predicting storage days was less 
successful. The water coordinates indicated that the molecular conformation of the different types 

of water in the frozen–thawed samples was different from that of the fresh samples, with more free 
water molecules and fewer bound species and water solvation shells, respectively. 

(Sannia et 
al., 2019) 

Multi-species 

By boiling fish tissue samples in trifluoroacetic acid (TFA) solution for two minutes and evaluating 
the resulting samples with a UV-Vis spectrometer, UV-Vis spectroscopy combined with 

chemometric analysis, such as principal component analysis (PCA), can precisely discriminate two 
fish species. The devised technique was effectively used to categorize and identify fish samples that 

were purchased. It is an appealing technique that can be used to classify and authenticate fish 
species that have similar characteristics in order to detect and recognize fish substitution. 

(Chai et al., 
2021) 

Fresh and frozen–
thawed cod 

(Gadus morhua) 
fillets 

Using a narrow subset of wavelengths in the visible area, frozen–thawed cod fillets and fresh fillets 
may be completely distinguished from one another. On individual fillets, freshness as days on ice 

can be estimated with a preciseness of 1.6 days. The findings suggest that the majority of the 
fluctuations in the visible area of the spectrum can be attributed to oxidation of hemoglobin and 

myoglobin during freezing–thawing and cold storage on ice. 

(Sivertsen et 
al., 2011) 

Japanese dace fish 
(Tribolodon 
hakonensis) 

Using multivariate analysis methods to evaluate the capacity to predict Japanese dace (Tribolodon 
hakonensis) freshness from ultraviolet-visible (UV-VIS) absorption spectrum characteristics of ocular 

fluid in the region of 250–600 nm proved an accurate tool. 

(Anisur, 
2015) 

Japanese dace fish 
(Tribolodon 
hakonensis) 

With a determination coefficient of prediction (R2
pred) of 0.87 and a root mean square error of 

prediction of 7.87%, the regression model created by PLS based on multiplicative scatter correction 
preprocessed spectra performed better than models created by other preprocessing approaches. 
With the right multivariate analysis and UV-VIS spectroscopy, it may be possible to predict the K 

value of fish flesh with accuracy. 

(Rahman et 
al., 2016) 
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spectroscopy is limited to certain conditions for 
quantitative analysis (Mendes & Duarte, 2021). Mid-
infrared spectroscopy has complications in fully 
clarifying the compound structure based on a single 
infrared radiation spectrum (Rodriguez-Saona et al., 
2016).  
 
3.4. Raman Spectroscopy  
 

Raman spectroscopy is a harmless spectroscopic 
method that employs light dispersion to generate 
altered energy frequencies (Ojha et al., 2022). Raman 

signals are formed by the inelastic scattering of light 
from the samples to be studied, and the consequent 
frequency shift reveals the stretching vibrations 
involved (Boyaci et al., 2015) (Figure 2). 

The molecular vibration technique known as 
Raman spectroscopy is based on inelastic Raman 
scattering, a physical phenomenon that results from 
molecular vibrations and changes the polarizability of 
the molecule (Boyaci et al., 2015). Raman spectroscopy 
examines how light is scattered by molecules in a 
sample, which can reveal information about the 
sample’s molecular structure and chemical composition 

Table 2. Application of NIR spectroscopic-based techniques in seafood authentication 

Field of 
Spectroscopy 

Fish and Fishery 
Products 
(Seafood) 

Findings References 

NIR 
Spectroscopy 

Grass carp fillets 

NIR system in the spectral range of 400–1100 nm was demonstrated to be potential and feasible 
for rapid and non-invasive detection of TVC values of grass carp fillets. Both of the quantitative 

PLSR and LS-SVM models established using full wavelengths presented excellent performance with 
RPD of 3.80, 3.89, 0.93, and 0.93 and RMSEP of 0.50 and 0.49 log10 CFU/g. 

(Cheng & 
Sun, 2015) 

Horse mackerel 

The total absorbance level was found to decrease in dry extract spectroscopy by infrared reflection 
spectra for frozen–thawed samples, showing that the chemical composition of juice, the amount of 
dry matter, the size of the particles, and their scattering characteristics differ. The 1920–2350 nm 

range is where the spectrum differences between fresh and frozen–thawed materials may be 
readily noticed. Peaks in the spectra that have been linked to proteins predominate, particularly 

those at 1510, 1700, 1738, 2056, 2176, 2298, and 2346 nm. It was discovered that the dry extract 
spectroscopy by infrared reflection approach could completely distinguish between fresh and 

frozen–thawed fish. 

(Uddin & 
Okazaki, 

2004) 

Red sea bream 
(Pagrus major) 

Nondestructive visible/near-infrared (NIR) spectroscopy was evaluated to investigate whether fish 
had been frozen–thawed. Fresh or frozen–thawed red sea bream Pagrus major (n = 108) were 

scanned using a NIR Systems 6500 spectrophotometer equipped with a surface interactance fiber-
optic accessory, then discriminated by soft independent modeling of class analogy (SIMCA) and 

linear discriminant analysis (LDA) based on principal component analysis (PCA) scores. 

(Uddin et al., 
2005) 

Walleye pollack 
and horse 

mackerel surimi 

The study demonstrates the potential of visible–NIR reflectance spectroscopy for determining 
heating adequacy of fish-meat gels in a rapid, reliable, and non-destructive manner. Once 

perfected, this technique will have several advantages over other techniques, in that it will take the 
least time for analysis and will not require any consumables or supporting equipment. 

(Uddin et al., 
2005) 

Bigeye tuna 
(Thunnus obesus) 

The outcomes of this study emphasized the ability of three non-destructive sensors (BIA, NIR, and 
TDR) to distinguish between fresh and frozen–thawed tuna samples that may or may not have 

added water, a circumstance that could occur in the fish business and market. NIR performed the 
best classification, with an accuracy in the model of 0.91 and an error rate of 0.10 through the 

verification period. 

(Nieto-Ortega 
et al., 2021) 

Chill-stored 
thawed cod fillets 

NIR measurements offered encouraging outcomes for modified atmosphere packaging of fish fillets 
that had been thawed and refrigerated, rounding out the usually high-quality techniques. The 

correlation coefficient between the actual and anticipated length of the chill storage time (days at 
2 °C), as predicted by partial least-squares regression models based on wavelengths chosen by a 

new Jack-knife approach, was 0.90. 

(Bøknæs et 
al., 2002) 

Atlantic salmon 

The NIR spectra clearly distinguished between the fresh salmon fillets and those kept for nine days 
at 4 °C, proving that the technology could identify spoilage. The NIR spectra acquired when the fish 
was fresh were used to forecast the amount of bacteria that would be present nine days later using 

a partial least squares regression prediction model for total aerobic plate counts.  Although the 
inaccuracy of the validation curve was greater (R2 = 0.64 and RMSE = 0.32 log cfu/g), the calibration 

equation was sound (R2 = 0.95 and RMSE = 0.12 log cfu/g). These findings suggest that, with 
additional model development, NIR might be used to forecast bacterial populations and, 

consequently, shelf-life in Atlantic salmon and other seafood. 

(Tito et al., 
2012) 

Swordfish cutlets 
(Xiphias gladius) 

The percentage of samples that were successfully classified using NIR was 90.0%. A multivariate 
binary logistic regression was employed in conjunction with the more descriptive principal 

component scores of NIR. Using NIR to compare fresh and frozen–thawed samples, the 
classification rate was 96.7%. 

(Fasolato et 
al., 2012) 

Atlantic salmon 
(Salmo salar L.) 

fillets 

The main factor responsible for spectral alterations is the oxidation of heme proteins during the 
freeze–thaw cycle and cold storage in ice. 

(Kimiya et al., 
2013) 

Wild European Sea 
Bass 

(Dicentrarchus 
labrax) 

NIRS may be used to distinguish between wild and farmed sea bass with high accuracy, 
outperforming approaches that classify objects based on chemical characteristics and 

morphometric attributes. NIRS-based categorization techniques are easier, quicker, more cost-
effective, and safer for the environment because they do not need reagents. All methodologies 
suggested that the spectrum regions associated to the absorbance of groups CH, CH2, CH3, and 

H2O, which are connected to fat, fatty acids, and water content, were the most foretelling. 

(Ottavian et 
al., 2012) 
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(Eberhardt et al., 2015). Additionally, it can be used to 
quantify or identify specific compounds (Rostron et al., 
2016). 

Raman spectroscopy has many benefits, including 
being non-destructive, rapid, practical, and providing 
accurate detection in addition to thorough 
fingerprinting (Shah et al., 2023). Also, it is an effective 
analytical method for quickly and non-destructively 
measuring vibrational energy levels (Su et al., 2017). 
Although Raman spectroscopy is practically more 
difficult to use in the industry, the technique may have 
significant benefits in terms of resilience (Lintvedt et al., 
2022). Raman spectroscopy is an important form of 
spectral analysis that is pollution-free, non-destructive, 
and highly sensitive (Xu et al., 2020). Raman 
spectroscopy can be used to distinguish between 
production methods, ingredient ratios, different breeds 
and regions (wild or farmed), and the presence of illicit 
additions (Ortea et al., 2016; Esteki et al., 2019; Bohme 
et al., 2019). 

Raman spectroscopy has its own disadvantages, 
which include its high sensitivity and the requirements 

of high-level optimization, which is essential for 
detection (Zhang et al., 2017). In addition, Raman 
spectroscopy shows high fluorescence in samples or 
impurities, which can affect the Raman spectrum (Wei 
et al., 2015). Similarly, it requires technicians who are 
skilled because of the complex nature of its data analysis 
(Chaudhary et al., 2018; Xu et al., 2020). 
 
3.5. Fluorescence Spectroscopy  
 

A non-invasive method for finding fluorophores, 
such as amino acids, vitamins, and aromatic organic 
materials, is fluorescence spectroscopy (Nielsen et al., 
2023). Fluorescence spectroscopy is a sensitive and 
focused spectroscopic method that has lately been 
widely used to address a variety of concerns related to 
the quality and authenticity of food (Hassoun, 2021). 
Fluorescence spectroscopy can detect the light that is 
released when fluorophores are stimulated (Nielsen et 
al., 2023). It measures the amount of light that 
molecules in a sample emit when activated by a light 
source, which can reveal the presence or absence of 

Table 3. Application of MIR spectroscopic-based techniques in seafood authentication 

Field of 
Spectroscopy 

Fish and Fishery Products 
(Seafood) 

Findings References 

 

Sea bream (Sparus 
auratus) and salmon 

(Salmo salar) 

The NIR and MIR spectra discriminated between the samples mainly on the basis of lipid 
oxidation and protein degradation. Results suggested that spectroscopic techniques 

could be useful tools for a rapid and easy evaluation of fish freshness during storage in 
ice. This approach proved viable in particular for sea bream and for fish fillets. 

(Alamprese et 
al., 2011) 

Sevruga (Acipenser 
stellatus) 

Mid-infrared spectroscopy could be employed as a rapid screening tool to discriminate 
rapidly between fresh and frozen–thawed Sevruga fish, since 92.16% of correct 

classification was obtained. 

(Vilkova et al., 
2023) 

MIR spectroscopy 

Twenty-four whiting 
fillets (Merlangius 
merlangus) were 

analyzed 

From the study, 3000–2800 cm−1 and 1500–900 cm−1 spectral regions may provide 
useful fingerprints allowing the differentiation between fresh and frozen–thawed fish. 

These regions can be considered as a reliable indicator of fish freshness. 

(Karoui et al., 
2007) 

Atlantic bluefin tuna 
(Thunnus thynnus), 

crevalle jack (Caranx 
hippos), and Atlantic 

Spanish mackerel 
(Scomberomorus 
maculatus) fillets 

Mid-infrared spectroscopy (MIR) and a partial least square algorithm (PLS-1) were used 
to predict the deterioration indices, pH, and chemical composition of Atlantic bluefin 

tuna, crevalle jack, and Atlantic Spanish mackerel chilled fillets. 

(Hernández-
Martínez et 

al., 2014) 

 
 
 

 

Figure 2. Schematic representation of Raman spectroscopy. Adopted and modified from (Chaudhary et al., 2022). 
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certain substances like pollutants or vitamins (Bose et 
al., 2018). 

More intriguingly, fluorescence spectroscopy has 
been described as an effective and promising 
technology to control food quality and authenticity due 
to its great sensitivity and selectivity (Kumar et al., 2017; 
Hassoun et al., 2019). This technique relies on detecting 
the presence of naturally occurring fluorescent 
molecules (fluorophores) without doing substantial 
sample processing or handling potentially harmful 
chemicals (ElMasry et al., 2015).  
 
3.6. Nuclear Magnetic Resonance (NMR) Spectroscopy 
 

A physicochemical method called nuclear magnetic 
resonance (NMR) spectroscopy is used to identify the 
structural characteristics of molecules (Hatzakis, 2019). 
Nuclear magnetic resonance (NMR) spectroscopy is an 
extremely flexible method for analyzing food (Lesot et 
al., 2023). NMR spectroscopy is very popular due to its 
untargeted applications (Sacchi & Paolillo, 2007). The 
four main sections of NMR spectroscopy, as shown in 
Figure 3, include a radio frequency receiver, a very 
stable radio frequency transmitter, a recorder or 
monitor, and a magnet with pole ends that have a very 
uniform magnetic field (Parlak & Guzeler, 2016). 

Phase shifts, conformational and configurational 
modifications, solubility, and diffusion potential can all 
be identified using nuclear magnetic resonance 
spectroscopy (Krishnan, 2019). NMR spectroscopy 
provides rapid data acquisition, has a high resolution, 
and is non-destructive (Mor et al., 2020). A typical 

drawback is NMR devices’ inadequate sensitivity to 
insufficient sample concentrations, resulting in 
unsatisfactory spectra (Emwas et al., 2019). The 
instrument’s limited sensitivity is related to the weak 
interaction energies of NMR magnetic resonance with 
the sample molecules (Günther, 2013). NMR devices as 
well as upkeep are costly since they demand big and 
potent magnets for energy and cryogenic fluids for 
conditioning (Wikus et al., 2022). Due to the intricacy 
and complexity in deciphering the spectra, NMR 
spectroscopy is ineffective for analyzing greater 
molecular weight compounds (Matthews, 2022).  
 
3.7. Fourier Transform Infrared (FTIR) Spectroscopy  
 

The Fourier transform spectroscopic technique is 
categorized under vibrational spectroscopy which 
employs interferometers to modulate the Fourier 
transform algorithm in the form of an electromagnetic 
signal to transform sample data into an optical spectrum 
obtained on a computer system (Jaggi & Vij, 2006). In 
the interferometer, light beams are scattered and then 
reassembled (Yang et al., 2015). Due to the 
simultaneous measuring of wavelengths, this approach 
is quick and has a better signal-to-noise ratio (Wahab et 
al., 2021). The Fourier transform can be also used in 
optical, infrared, nuclear magnetic resonance, Raman, 
electron spin resonance spectroscopies as well as mass 
spectrometry. However, this method is generally 
applied to infrared spectroscopy (Dutta, 2017). This 
method has been employed in the seafood 
authentication of fish and fishery products (Fengou et 

 

Figure 3. Schematic representation of NMR spectroscopy. Adopted and modified from (Chaudhary et al., 2018). 
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al., 2019) (Table 4). Additionally, this spectroscopic 
technique is successfully utilized for the detection and 
characterization of different types of adulterants in 
meat and processed meat products (Moreira et al., 
2017). 
 

4. Applications of Spectroscopic-Based 
Techniques in Fish and Fishery Products’ 
(Seafood) Authentication 
 

The application of techniques based on 
spectroscopy in seafood authentication has been 
studied by several researchers (Alamprese & Casiraghi, 
2015; Rašković et al., 2016). For instance, Gayo & Hale. 
(2007) studied the application of Vis-NIR spectroscopy 
as a technique to detect the counterfeiting of blue 
swimmer crab meat (Portunus pelagicus) with blue crab 
meat (Callinectes sapidus). 

The principal features of the crab meat spectra 
were found to be dominated by bands of water 
absorption, and the scientists found that as the 
proportion of adulteration increased, the sample 
absorbance decreased (Gayo, 2006; Gayo et al., 2006; 
Gayo & Hale, 2007). Gayo et al. (2006) employed the use 
of prediction and quantitative analysis using raw data, a 
15-point smoothing average, a first derivative, a second 
derivative, and 150 wavelength spectral data gathered 
from a correlogram. 

Prior to creating PLS regression models, these 
authors also reported using a number of data pre-
treatments on the NIR spectra, such as a moving 
average, a mix of first and second derivatives, as well as 

the use of multiplicative scatter corrections in addition 
to the raw data (Gayo, 2006; Gayo et al., 2006; Gayo & 
Hale, 2007). It has been discovered that chemometric 
techniques and VIS and NIR spectroscopy were effective 
for identifying and measuring species authenticity and 
adulteration in crabmeat (Gayo, 2006; Gayo et al., 2006; 
Gayo & Hale, 2007). Also, Raman spectroscopy was used 
to establish a classification model of fish species and 
spectra obtained were in the range of 200–2000 cm−1 
with a resolution of 2 cm−1. Measurements were 
conducted in duplicate for each sample (Velioglu et al., 
2015). Not long ago, the spectral properties of 
ultraviolet-visible (UV-VIS) were employed to predict 
the K value of fish flesh for the assessment of its 
freshness and for each sample, the spectrum was 
recorded from 250 to 600 nm at a bandwidth of 0.5 nm 
and a scan speed of 400 nm per minute (Rahman et al., 
2015). 

PCA and NIR spectroscopy were employed to 
distinguish between shrimp (Pandalus borealis) and a 
commercial freezer trawler by (Brodersen & Bremner, 
2001). The authors showed that the ability to distinguish 
between frozen and thawed material, between the salt 
content, pH in the flesh, cooking period (temperature), 
as well as the whole or minced shrimp, was achieved by 
combining chemometrics with NIR spectra obtained 
from samples of whole shrimp and of minced fresh 
shrimp from the various treatments (Brodersen & 
Bremner, 2001). 

The ability of VIS-NIR spectroscopy and a 
hyperspectral imaging system to distinguish between 
fresh, cold-stored, and frozen–thawed shelled shrimp 

Table 4. Application of FTIR spectroscopic-based techniques in seafood authentication 

Field of 
Spectroscopy 

Fish and Fishery Products 
(Seafood) 

Findings References 

FTIR 
spectroscopy  

Atlantic salmon (Salmo salar) and 
Salmon trout (Onconrhynchus 

mykiss) 

The proposed methods have the advantage of allowing quick measurements, 
despite the storage time of the adulterated fish. FTIR combined with 

chemometrics showed that a methodology to identify the adulteration of Salmo 
salar with Onconrhynchus mykiss can be established, even when stored for 

different periods of time. 

(Sousa et al., 
2018) 

Alaska pollock and two species 
(Sablefish and Antarctic 

toothfish) 

Based on the developed detection model, adulterants in Alaska pollock could be 
rapidly detected and accurately quantified. In addition, it provides a reliable 
basis for rapid and non-destructive detection of and has great potential for 

determining other seafood species. 

(Feng et al., 
2024) 

Marine oil 
These simple, rapid, and nondestructive spectroscopic procedures have the 

potential for differentiating between natural and concentrated forms of omega-
3 PUFA and verifying the accuracy of label declarations. 

(Karunathilaka et 
al., 2019) 

Gilthead seabream (Sparus 
aurata) adults 

FTIR can be applied to disclose the metabolic alterations in the fish liver as a 
result of exposure to standard stressful practices in aquaculture. 

(de Magalhães et 
al., 2020) 

Adult male Crayfish (Astacus 
leptodactylus) 

The suitability of FTIR spectral data to analyze the metabolic-induced effects of 
polyphenolic-enriched diets in crayfish hepatopancreas. 

(Volpe et al., 
2018) 

Atlantic fresh and thawed 
mullets 

FT-IR spectroscopy showed a better classification ability both for species and 
fresh–thawed fillet identification, but it needs a sample preparation, although 

this is simple. 

(Alamprese & 
Casiraghi, 2015) 

Menhaden fish oil 
FTIR was used for evaluating oxidative quality and application of artificial neural 

network analysis (ANN), a mathematical model, and to predict the oxidative 
values of Menhaden fish oil. 

(Klaypradit et al., 
2011) 

Different brands of canned tuna 
and other tuna-like species in a 

variety of olive (48) and seed (42) 
oils 

The authentication of packing oil from commercial canned tuna and other tuna-
like fish species was examined by means of attenuated total reflection Fourier 
transform infrared spectroscopy (ATR-FTIR) and chemometrics. Using partial 

least squares discriminant analysis (PLS-DA), it was possible to differentiate olive 
oil from seed oils. 

(Dominguez-
Vidal et al., 2018) 
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(Metapenaeus ensis) was established by (Qu et al., 
2015). The study’s findings showed that chemometrics 
and spectroscopy combined were effective for finding 
items that had been replaced and mislabeled unlawfully 
(Qu et al., 2015). With classification rates greater than 
91% and 88%, respectively, their study revealed the 
value of using VIS-NIR (400–1000 nm) spectroscopy to 
distinguish between fresh shrimps and those from 
either cold storage or freezing (Qu et al., 2015). 
Chemometric approaches were used alongside 
hyperspectral imaging to evaluate the precision and 
dependability of the method for spotting gelatin 
adulteration in prawns (Wu et al., 2013). 

In another study, NIR spectroscopy was used to 
verify the authenticity of wild European sea bass 
(Dicentrarchus labrax) (Ottavian et al., 2012). The ability 
of the three chemometric processing methods the 
authors investigated to distinguish between samples of 
wild and farmed sea bass was assessed (Ottavian et al., 
2012). The three chemometric techniques showed that 
NIR spectroscopy may be used to consistently 
distinguish between wild and farmed sea bass, providing 
classification results on par with those of methods that 
rely on chemical characteristics and morphometric 
attributes (Ottavian et al., 2012). In addition, compared 
to conventional approaches based on chemical analyses, 
NIR-based categorization methods are less complicated, 
quicker, more affordable, and ecologically safe. They 
also do not require reagents (Ottavian et al., 2012). 

A study by Lv et al. (2017) utilized NIR spectroscopy 
to discriminate between different species of freshwater 
fish, including black carp (Mylopharyngodon piceus), 
grass carp (Ctenopharyngodon idellus), silver carp 
(Hypophthalmichthys molitrix), bighead carp 
(Aristichthys nobilis), common carp (Cyprinus carpio), 
crucian (Carassius auratus), and bream (Parabramis 
pekinensis), which were scanned by near-infrared 
reflectance spectroscopy from 1000 nm to 1799 nm. 
The model that was based on PCA-LDA and FFT-LDA 
showed 100% prediction accuracy. The use of the model 
on spectra effectively simplified the discrimination 
model. The model was used to select the effective 
wavelengths by analyzing the loadings of variables for 
the principal components. The authors came to the 
conclusion that the methods devised were successful at 
differentiating various freshwater fish species (Lv et al., 
2017). 

A quick method to recognize important species 
was also tested using IR spectroscopy (e.g., red mullet 
(Mullus surmuletus) and plaice (Pleuronectes platessa) 
substitution with cheaper varieties (e.g., Atlantic mullet 
(Mugil cephalus) and flounder (Paralichthys dentatus) in 
combination with LDA and SIMCA. The near-infrared 
(NIR) spectra were recorded (12 cm−1 resolution; 64 
scans both for background and samples) on the flesh 
side of the whole fillet previously conditioned at room 
temperature, by using a Fourier transform (FT)-NIR 
spectrometer (MPA, Bruker Optics, Ettlingen, Germany) 
fitted both with an integrating sphere (spectral range: 

12,500–3750 cm−1) and an optical fiber (spectral range: 
11,000–4400 cm−1) (Alamprese & Casiraghi, 2015). The 
ability of Fourier transform MIR (FT-MIR) was also 
evaluated by Wu et al. to study the adulteration of 
Norwegian salmon with Heilongjiang salmon at local fish 
markets (Wu et al., 2017). The authors reported that the 
Norwegian and Heilongjiang salmon samples could be 
identified using PLS-DA. However, the method was 
unable to classify the extent of adulteration between 
levels of 20–80% (Wu et al., 2017). 

The use of NIR and hyperspectral imaging (900–
1700 nm) was evaluated as a tool to automatically check 
fish quotas (Ramirez & Pezoa, 2018). The authors 
assumed that different small pelagic fish species have 
different spectral signatures (Ramirez & Pezoa, 2018). In 
this study, samples of Chilean silverside (Odontesthes 
regia), southern rays bream (Brama australis), and silver 
hake (Merlucciidae) were scanned and their spectral 
signatures were analyzed using the k-nearest neighbor 
(k-NN) and SVM (Ramirez & Pezoa, 2018). The authors 
reported classification rates between 80% and 90%, 
depending on the NIR region used during the 
development of the application (Ramirez & Pezoa, 
2018). 

Raman spectroscopy (wavelength of 532 nm) was 
evaluated to classify deep frozen fish fillets (Rašković et 
al., 2016). The spectra of the fillet samples sourced from 
twelve types of fish were scanned using Raman 
spectroscopy and analyzed using hierarchical clustering. 
The authors identified three groups, namely fish from 
the salmonid family; the second group comprised of fish 
reared in fresh or brackish water; and the third group 
comprised of saltwater-reared fish. The authors 
demonstrated the potential of Raman spectroscopy as a 
screening tool prior to the routine, with standard 
industry methods for the identification of fish fillets 
(Rašković et al., 2016). 

The potential of VIS and NIR hyperspectral (400–
1000 nm) imaging as a rapid and non-invasive method 
to assess the freshness of prawns was investigated by 
(Dai et al., 2015). The authors evaluated both unfrozen 
and frozen samples (280 prawns total) and reported the 
rapid non-invasive classification of unfrozen and frozen 
prawn samples with an average correct prediction rate 
of 98.33% and 95%, respectively (Dai et al., 2015). The 
authors noted that their study should encourage greater 
research efforts with regard to the online application of 
hyperspectral imaging for the classification and 
prediction of seafood products. However, they also 
acknowledged that as the number of samples analyzed 
in the study was low and only a limited number of 
storage periods were investigated, additional samples 
possessing a more varied range of freshness levels 
should be considered to improve the accuracy and 
reliability of the models in future studies. The authors 
also recommended that more advanced algorithms 
should be developed to determine the relationship 
between freshness and hyperspectral datasets (Dai et 
al., 2015). 
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The rapid and non-destructive assessment of silver 
chub (Macrhybopsis storeriana) freshness using FT-NIR 
spectroscopy was reported by (Ding et al., 2014). The 
authors reported that the eyeball of the fish was in the 
best position to locate the NIR fiber optic in order to 
collect the spectra (Ding et al., 2014). The main 
explanation of this by the authors was related to the 
structure of the fish eyes and the direct relationship that 
exists between eye characteristics and the overall 
freshness of the fish during cold storage (Ding et al., 
2014). The authors reported that the combination of 
spectral analysis combined with chemometrics 
successfully identified the freshness of samples with a 
correlation coefficient of 95.59% (Ding et al., 2014). 
Similarly, Zhou et al. (2019) determined the freshness of 
the big head carp (Hypophthalmichthys nobilis) with NIR 
spectroscopy combined with different regression 
methods. Samples were scanned in a reflectance mode 
covering the spectral range of 1000–1799 nm. The 
authors reported the prediction of chemical parameters 
directly associated with freshness using NIR 
spectroscopy, such as the pH, total volatile basic 
nitrogen (TVN), and thiobarbituric acid (TBARS) (Zhou et 
al., 2019). The prediction models reported a yield with a 
coefficient prediction of 0.945, 0.932, and 0.954 and a 
root mean square error of prediction of 0.081, 2.099, 
and 0.107 for pH, TVN, and TBARS, respectively (Zhou et 
al., 2019). 

In another study, Saraiva et al. (2017) reported the 
use of FT-MIR to identify and monitor the spoilage of 
salmon samples stored in three different environments 
in real time. The homogenized salmon samples were 
analyzed using an attenuated total reflectance (ATR) 
cell, where PCA was used to identify the regions in the 
MIR region associated with the spoilage process (Saraiva 
et al., 2017). The researchers also used LDA to analyze 
the MIR spectral data in combination with sensory data 
to better quantify sample freshness. All infrared spectra 
were recorded from 900 to 2000 cm−1, co-adding 128 
interferograms at a resolution of 2 cm−1 (Saraiva et al., 
2017). The use of hyperspectral imaging to monitor 
freshness in cod fillets (freeze storage, thawing, vacuum 
packed) was reported (Washburn et al., 2017). The 
authors concluded that the freezing history could be 
predicted for frozen and thawed samples (Washburn et 
al., 2017). 

The combination of VIS and NIR hyperspectral 
imaging was evaluated to differentiate between frozen 
and frozen samples of halibut (Psetta maxima). The 
hyperspectral images of fillets were captured using a 
pushbroom hyperspectral imaging system in the 
spectral region of 380 to 1030 nm (Zhu et al., 2013). For 
the prediction samples, the authors’ stated 
categorization rates were greater than 97% (Zhu et al., 
2013). However, when the various freezing rates were 
taken into account, the categorization rates were lower. 
The authors came to the conclusion that fresh and 
frozen–thawed samples could be distinguished using VIS 
and NIR hyperspectral imaging (Zhang et al., 2018). 

More information on the cutting-edge use of 
hyperspectral imaging to monitor fish’s freshness, 
safety, and storage conditions was found in a recent 
article (He et al., 2015). 

In order to identify and categorize the species of 
fish and assess their freshness, Raman spectroscopy was 
examined (e.g., freezing vs. thawing) with spectra that 
were obtained in the range of 200–2000 cm−1 with a 
resolution of 2 cm−1. Measurements were conducted in 
duplicate for each sample (Velioglu et al., 2015). The fish 
species analyzed in this study included horse mackerel 
(Trachurus trachurus), European anchovy (Engraulis 
encrasicolus), red mullet (Mullus surmuletus), bluefish 
(Pomatamus saltatrix), Atlantic salmon (Salmo salar), 
and flying gurnard (Trigla lucerna) (Velioglu et al., 2015). 
Three batches of samples were defined as fresh, once 
frozen–thawed, and twice frozen–thawed in this study 
by the authors, who divided the samples into distinct 
freezing and thawing cycles. PCA models were used to 
analyze the Raman data. The Raman approach, 
according to the authors, could distinguish and 
categorize fresh and frozen samples with up to 99.29% 
confidence (Velioglu et al., 2015). 
 

5. Challenges of the Application of Spectroscopy 
in Seafood Authentication 
 

5.1. Complexity of Sample Matrices 
 

The complexity of food matrices, which frequently 
comprise a variety of chemical compounds and 
structural elements, can impair the accuracy and 
precision of spectroscopic approaches (Baeten et al., 
2015). Seafood samples can contain various 
components like proteins, fats, moisture, and 
contaminants, making it difficult to identify specific 
spectral signatures (Gopi et al., 2019). One of the main 
drawbacks of some techniques of spectroscopy is that 
not all materials can be excited to fluorescence due to 
the lack of intrinsic fluorophores (Panigrahi & Mishra, 
2018). On the other hand, the presence of several 
fluorophores in the examined samples may lead to 
overlapping peaks, which makes the identification of 
specific fluorophores more complicated (Bose et al., 
2018). Spectroscopic techniques such as infrared (IR), 
Raman, and nuclear magnetic resonance (NMR) 
spectroscopy generate complex datasets with 
numerous peaks, and interpreting these spectra in the 
presence of a complex matrix can be challenging 
(Ghidini et al., 2019). For example, in an NMR spectrum, 
overlapping signals from different compounds (proteins, 
lipids, and water) in the seafood matrix can make it 
difficult to isolate the signals that are characteristic of a 
specific species or adulterant (Ghidini et al., 2019). 
 
5.2. Variations in Sample Properties 
 

Differences in sample properties, such as the 
moisture content, particle size, and temperature, can 
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affect the spectral signals obtained, leading to variability 
in the results (Nawrocka & Lamorska, 2013). 
Additionally, in some spectroscopic techniques, factors 
including color, absorbance, scattering, turbidity, and 
particle size may have an impact on how accurately solid 
samples are measured (Marquardt & Wold, 2004). 
Variations in sample properties can reduce the 
robustness of calibration models, making them prone to 
errors and bias (Saeys et al., 2019). Additionally, 
variations of sample properties can make it harder to 
identify outliers or anomalous samples which is critical 
in authentication (Li et al., 2024). 
 
5.3. Spectral Interferences 
 

Spectral interference is a significant challenge in 
the application of spectroscopy to seafood 
authentication because it can lead to difficulties in 
accurately distinguishing between different 
compounds, species, or detecting adulteration in 
seafood products (Ghidini et al., 2019: Hassoun et al., 
2020). Spectral interferences occur when the analyte of 
interest is affected by other constituents in the sample, 
leading to inaccurate or misleading results (Ghidini et 
al., 2019). Seafood often undergoes various processing 
treatments (e.g., freezing, cooking, smoking, drying, or 
canning), which can alter its chemical composition and 
introduce new compounds or modify existing ones 
(Ghidini et al., 2019). Overlapping spectral bands from 
different components in seafood samples could cause 
spectral interferences (Ghidini et al., 2019). 
Fluorescence from the sample matrix component could 
cause spectral interferences (Hassoun et al., 2019). 
Interactions between sample components and the 
spectroscopic instrument could lead to spectral 
interference which could lead to inaccurate results 
(Ghidini et al., 2019). Noise resulting could cause 
spectral interferences affecting the quality of the data 
(Ghidini et al., 2019).  
 
5.4. Need for Calibration Models 
 

Spectroscopic methods require robust calibration 
models to be developed, which can be time-consuming 
and require substantial amounts of data (Chaudhary et 
al., 2018). The calibration model must be trained on a 
wide and diverse range of samples to ensure it can 
handle the variability inherent in seafood products 
(Goyal et al., 2024). Additionally, quantifying multiple 
analytes or contaminants requires multiple calibration 
models (Gopi et al., 2019). Models for calibrations can 
be sensitive to instrumental variations, requiring careful 
instrument standardization (Nelson, 2017). Models 
require regular updates to adapt to the changing 
seafood production and processing practices (Cheng et 
al., 2013). Calibration models must account for various 
factors like the species, origin, processing, and storage 
conditions, making them complex (Ghidini et al., 2019). 
 

5.5. Requirements for Specialized Equipment 
 

Spectroscopic methods often require specialized 
and expensive equipment, making it challenging for 
some laboratories to adopt the techniques (Chaudhary 
et al., 2018). Additionally, some approaches can be 
difficult to employ effectively and comfortably due to 
their complicated equipment (Gopi et al., 2019). When 
making the measurement, expensive lasers, detectors, 
and filters are needed, as well as a high level of optical 
sampling variance (Hassoun & Karoui, 2017). 
 
5.6. Limited Spectral Range 
 

Certain spectroscopic techniques have limited 
spectral ranges, which can make it difficult to analyze a 
range of food constituents (Ghidini et al., 2019). Some 
measurement methods cannot detect molecules at very 
low concentrations, which places a restriction on higher 
ranges (Hassoun et al., 2020). A limited spectral range 
may not capture crucial information for authentication 
such as subtle changes in the molecular structure 
(Ghidini et al., 2019). Additional sampling may be 
required for instruments with limited spectral ranges 
(Hassoun & Karoui, 2017). Moreover, instruments with 
a limited spectral range may not be able to detect 
multiple contaminants or adulterants simultaneously 
(Munjanja & Sanganyado, 2015). 
 
5.7. Expertise in Data Analysis 
 

Spectral data analysis requires expertise in 
chemometrics and statistics, which may not be available 
in all laboratories (Kharbach et al., 2023). Additionally, 
specialists would be needed due to the intricacy of 
particular spectroscopic spectra and the requirement to 
create calibration models based on the application of 
chemometrics to forecast unknown materials (Xu et al., 
2020). Developing and validating calibration models 
demands advanced data analysis skills as poor data 
analysis can lead to inaccurate or misleading results, 
compromising seafood authentication (Valand et al., 
2020). 
 
5.8. Limited Sensitivity 
 

Some spectroscopic techniques have limited 
sensitivity, making it difficult to detect low levels of 
analytes in complex food matrices (Ghidini et al., 2019). 
Spectroscopic-based techniques can be sensitive to 
environmental factors such as temperature, humidity, 
and instrumental variability, which can affect the 
accuracy and reliability of results (Chaudhary et al., 
2018). The main drawback of some techniques is that it 
is so strongly dependent on environmental variables 
such as temperature, pH, viscosity, and sample color 
(Chaudhary et al., 2018). In Florescence Spectroscopy, a 
fluorophore’s interaction with other chemicals in the 
system may cause quenching processes, which reduce 
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the fluorescence intensity and alter the form of the 
spectra (Deshpande, 2001). 
 
5.9. Failure to Predict Some Sensory Attributes 
 

Due to the highly varied nature of fish samples and 
the low precision and subjectivity of the reference 
method, certain techniques have limits in their capacity 
to predict the sensory characteristics of fish (Hassoun & 
Karoui, 2017). Spectroscopy may not capture complex 
interactions between components affecting sensory 
attributes (Su et al., 2017). Prediction models may not 
generalize new, unseen samples or different 
instruments well (Kashani et al., 2023). Additionally, 
sensory attributes may be influenced by factors not 
measurable by spectroscopy (e.g., handling, storage) 
(Nenadis et al., 2017). 
 

6. Possible Solutions to Improve Spectroscopic-
Based Techniques for Food Authentication 
 

Enhancing spectroscopic methods for food 
verification can be accomplished by employing multiple 
crucial strategies (Zong et al., 2018). First, advancing the 
sensitivity and specificity of these techniques by 
integrating machine learning algorithms and artificial 
intelligence can enhance the accuracy of the detection 
and differentiation of food products (Wang et al., 2022). 
Second, developing portable and cost-effective 
spectroscopic devices would enable a broader 
application in various settings, including field testing and 
routine quality control in the food industry (Mirkouei, 
2020). Additionally, standardizing protocols and 
creating comprehensive spectral databases for different 
food types can improve the consistency and reliability of 
the results (Medina et al., 2019). Collaborative efforts 
between researchers, industry stakeholders, and 
regulatory bodies are essential to address these 
challenges and implement robust spectroscopic 
solutions, ultimately ensuring the authenticity and 
safety of food products for consumers (Aleixandre-Tudó 
et al., 2020). In this section, we briefly describe these 
possible solutions to improve spectroscopic-based 
techniques for food authentication. 
 
6.1. Integration of Multiple Spectroscopic Techniques 
 

The limits of individual spectroscopic techniques 
may be addressed and the accuracy and dependability 
of food authentication increased by combining their 
strengths (Medina et al., 2019). Fluorescence analysis 
may vary depending on where the measurements are 
taken because fish and meat products are 
heterogeneous matrices (Hassoun et al., 2019). 
Multispectral and hyperspectral imaging techniques 
have been developed to get both spectral and spatial 
information on a substantial portion of the analysed 
samples, which are more typical of the original fish or 
meat product, in order to get over this constraint (Fan & 

Su, 2022). This method provides both spectral and 
spatial information, which implies that a full spectrum is 
collected at various points of the fish sample (Fan & Su, 
2022). Some spectroscopic methods have a number of 
inherent benefits, such as the NMR instrument’s ability 
to interact with the item under study using 
electromagnetic waves in the radiofrequency region 
(Pérez-Jiménez et al., 2020). Due to this, the majority of 
NMR procedures are quick, non-destructive, non-
environmentally harmful, and non-invasive. Since the 
factors have distinct relaxation durations, this method 
can be used for the quick analysis of fat, water, and/or 
protein (Emwas et al., 2020). NMR might also be a 
superior option for studying diverse materials like fish 
and other seafood (Ghidini et al., 2019). 
 
6.2. Development of Robust Calibration Models 
 

Strong calibration models that account for changes 
in sample characteristics and spectrum interferences 
must be created in order to increase the precision and 
accuracy of spectroscopic techniques (Workman, 2018). 
The fundamental idea behind developing calibration 
models is that an element’s intensity can provide 
information about its concentration (Workman, 2018). 
The application of robust calibration models leads to the 
determination of content uniformity as robust models 
can be applied to various food types, processing 
conditions, and geographical origins, making the 
techniques more versatile (Workman, 2018). 
 
6.3. Standardization of Sample Preparation and 
Methods 
 

There is a need for the standardization of 
spectroscopic-based techniques to ensure that results 
are reproducible and comparable across studies 
(Workman, 2018). The standardization of sample 
preparation protocols can reduce variations in sample 
properties and improve the reproducibility of 
spectroscopic results (Morais et al., 2019), increasing 
the amount of information that can be gleaned from the 
sample and comprehending the influence and changes 
in the relationship between the texture that is obtained 
at the macroscopic level and the structure that is 
determined at the molecular level (Ge et al., 2022).  
 
6.4. Adoption of New Technologies 
 

Emerging technologies, such as hyperspectral 
imaging and terahertz spectroscopy, may offer new 
opportunities for food authentication and overcome 
some of the limitations of existing techniques (Khushbu 
et al., 2022). Additionally, compared to conventional IR 
transmission spectroscopy, several of these new 
spectroscopy technologies offer a quick analytical tool 
that requires less sample preparation, improves sample-
to-sample consistency, and reduces user-to-user 
spectrum variance (Pasquini, 2018). Additionally, the 
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use of DNA methods has been accompanied with other 
techniques in seafood authentication (Filonzi et al., 
2023). Artificial intelligence methods have been used to 
authenticate seafood with significantly greater accuracy 
and dependability in highly variable samples (Goyal et 
al., 2024).  
 
6.5. Automation of Data Analysis 
 

The limited limitations of spectroscopic methods 
and instrumental sensors can be overcome with 
continuing technological advancements in 
chemometrics software and computer science 
(Kharbach et al., 2023). Artificial intelligence and 
machine learning algorithms can be used to automate 
data analysis, which can eliminate the need for data 
analysis skills and increase the accessibility of 
spectroscopic methods to a larger variety of facilities 
(Mana et al., 2022). 
 
6.6. Development of Portable Devices 
 

It has been suggested that NSSEs can be further 
assisted by portable spectroscopic equipment and 
sensors, which can offer on-site analysis techniques 
(Yakes, 2022). The development of portable 
spectroscopic devices can make spectroscopic methods 
more accessible, especially in field-based settings. The 
use of portable spectroscopic instruments could lead to 
the quick and affordable detection of adulterants at any 
stage of the food manufacturing process (Moskowitza & 
Yakes, 2022). According to (Yang et al., 2024), portable 
spectroscopic devices are advantageous in terms of 
practical application. The rapid and on-site assessments 
of food products at different points in the food 
production chain are made possible by portable 
spectroscopic testing for food authentication 
(Moskowitza & Yakes, 2022). 
 
6.7. Collaboration and Sharing of Data 
 

In order to solve the inherent difficulties brought 
on by the international scope of the seafood business, 
global cooperation is essential in bolstering the 
effectiveness of enforcement systems (Yang et al., 
2024). Collaboration between researchers and the 
sharing of spectral databases can improve the quality of 
calibration models, reduce the time and cost of 
developing new models, and advance the field of 
spectroscopic-based food authentication. In addition, 
collaborating and sharing data results in classification 
accuracy (Mizoguchi et al., 2022). Cooperation amongst 
countries, enabled by regulatory and intergovernmental 
bodies, is essential to developing a uniform 
enforcement framework. In order to overcome the 
jurisdictional and logistical challenges that come with 
the worldwide seafood trade, a united front against 
violations of traceability is made possible by this 
framework for international collaboration (Yang et al., 

2024). Spectroscopic data analysis often involves the 
development of sophisticated chemometric models 
(e.g., multivariate analysis, principal component 
analysis, or partial least squares regression) to interpret 
complex spectra (Wang et al., 2022). While 
spectroscopic-based techniques offer advantages over 
traditional methods in terms of accuracy and speed, 
they can be more expensive to implement (Chaudhary 
et al., 2022). There is, therefore, a need for researchers 
and stakeholders to collaborate and share data so as to 
make spectroscopic-based techniques more accessible 
to the seafood industry (Bannor et al., 2023). 
 

7. Conclusions and Future Directions 
 

In the near future, researchers should study the 
integration of multiple spectroscopic-based techniques, 
which can improve the accuracy and reliability of results 
by providing complementary information. Also, the 
development of portable spectroscopic instruments 
should be looked at since it can make spectroscopic-
based techniques more accessible to the seafood 
industry, enabling real-time testing in the field. 
Additionally, using genetic approaches combined with 
different spectroscopic techniques increases the 
accuracy of the results. In addition, the use of big data 
and machine learning algorithms, which can improve 
the accuracy and efficiency of spectroscopic-based 
techniques by enabling the analysis of large datasets and 
the development of predictive models, should be taken 
into consideration. Future research should focus on 
developing more accessible and cost-effective portable 
devices for real-time seafood authentication, ensuring 
broader industry adoption. While much of the research 
on spectroscopic-based techniques has focused on a few 
seafood species, there is a need to extend the 
application of these techniques to other seafood 
products to address the issue of food fraud and ensure 
the safety and authenticity of all seafood products.  
 

Ethical Statement 
 

Not applicable.  
 

Funding Information 
 

This research received no external funding.  
 

Author Contribution 
 

C.L.A.: Conceptualization, Investigation, 
Methodology, Data curation, Writing—original draft, 
Writing—review and editing. S.O.A.: Investigation, 
Methodology, Data curation, Writing—original draft, 
Writing—review and editing. All authors have read and 
agreed to the published version of the manuscript.  
 

Conflict of Interest 
 



Aquatic Food Studies AFS264 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The authors declare no conflict of interests. 

References 
 
Abbas, O., Pissard, A., & Baeten, V. (2020). Near-infrared, mid-

infrared, and Raman spectroscopy. In Chemical analysis 
of food (pp. 77-134). Academic Press.  
https://doi.org/10.1016/B978-0-12-813266-1.00003-6 

Abdullah, A., & Rehbein, H. (2014). Authentication of raw and 
processed tuna from Indonesian markets using DNA 
barcoding, nuclear gene and character-based approach. 
European Food Research and Technology, 239(4), 695-
706. https://doi.org/10.1007/s00217-014-2266-0 

Alamprese, C., & Casiraghi, E. (2015). Application of FT-NIR and 
FT-IR spectroscopy to fish fillet authentication. LWT-
Food Science and Technology, 63(1), 720-725. 
https://doi.org/10.1016/j.lwt.2015.03.021 

Alamprese, C., Sinelli, N., Rauzzino, F., Casiraghi, E., & Pompei, 
C. (2012). Application of NIR and MIR spectroscopy to 
assess freshness in sea bream (Sparus auratus) and 
salmon (Salmo salar) during ice storage. In Proceedings 
of 15th International Conference on Near Infrared 
Spectroscopy (pp. 420-423). International Council of 
Near Infrared Spectroscopy (ICNIRS).  
https://hdl.handle.net/2434/162585 

Aleixandre-Tudó, J. L., Castelló-Cogollos, L., Aleixandre, J. L., & 
Aleixandre-Benavent, R. (2020). Bibliometric insights 
into the spectroscopy research field: A food science and 
technology case study. Applied Spectroscopy Reviews, 
55(9-10), 873-906.  
https://doi.org/10.1080/05704928.2019.1694936 

Al-Zahrani, F. A., Abu Mellah, K., El-Shishtawy, R. M., Al-
Soliemy, A. M., & Asiri, A. M. (2020). Synthesis and 
photophysical studies on a new fluorescent 
phenothiazine-based derivative. Luminescence, 35(4), 
608-617. https://doi.org/10.1002/bio.3766 

Anisur, R. Prediction of fish freshness using UV-visible 
spectroscopy of eye fluid. 2015. Available online: 
https://repository.kulib.kyoto-
u.ac.jp/dspace/bitstream/2433/202812/3/dnogk02148.
pdf (accessed on 4 July 2024). 

Antony, A., & Mitra, J. (2021). Refractive index-assisted UV/Vis 
spectrophotometry to overcome spectral interference 
by impurities. Analytica Chimica Acta, 1149, 238186. 
https://doi.org/10.1016/j.aca.2020.12.061 

Baeten, V., Rogez, H., Fernández Pierna, J. A., Vermeulen, P., & 
Dardenne, P. (2015). Vibrational spectroscopy methods 
for the rapid control of agro-food products. Handbook of 
food analysis, 2, 591-614. Crc Press. 

Bannor, R. K., Arthur, K. K., Oppong, D., & Oppong-Kyeremeh, 
H. (2023). A comprehensive systematic review and 
bibliometric analysis of food fraud from a global 
perspective. Journal of Agriculture and Food Research, 
14, 100686. https://doi.org/10.1016/j.jafr.2023.100686 

Böhme, K., Calo-Mata, P., Barros-Velázquez, J., & Ortea, I. 
(2019). Recent applications of omics-based technologies 
to main topics in food authentication. TrAC Trends in 
Analytical Chemistry, 110, 221-232.  
https://doi.org/10.1016/j.trac.2018.11.005 

Bøknæs, N., Jensen, K. N., Andersen, C. M., & Martens, H. 
(2002). Freshness assessment of thawed and chilled cod 
fillets packed in modified atmosphere using near-
infrared spectroscopy. LWT-Food Science and 
Technology, 35(7), 628-634.  
https://doi.org/10.1006/fstl.2002.0923 

Bose, A., Thomas, I., & Abraham, E. (2018). Fluorescence 

spectroscopy and its applications: A Review. Int. J. Adv. 
Pharm. Res, 8(1), 1-8. https://doi.org/10.7439/ijapa 

Boughattas, F., & Karoui, R. (2021). Mid infrared spectroscopy 
combined with chemometric tools for the identification 
of canned tuna species in brine. Journal of Food 
Composition and Analysis, 96, 103717.  
https://doi.org/10.1016/j.jfca.2020.103717 

Boyaci, I. H., Temiz, H. T., Geniş, H. E., Soykut, E. A., Yazgan, N. 
N., Güven, B., ... & Şeker, F. C. D. (2015). Dispersive and 
FT-Raman spectroscopic methods in food analysis. Rsc 
Advances, 5(70), 56606-56624.  
https://doi.org/10.1039/C4RA12463D 

Brodersen, K., & Bremner, H. A. (2001). Exploration of the use 
of NIR reflectance spectroscopy to distinguish and 
measure attributes of conditioned and cooked shrimp 
(Pandalus borealis). LWT-Food Science and Technology, 
34(8), 533-541. https://doi.org/10.1006/fstl.2001.0802 

Castro, Ó., Borrull, S., Riu, J., Gimeno-Monforte, S., 
Montesdeoca-Esponda, S., Sosa-Ferrera, Z., ... & Borrull, 
F. (2023). Seafood consumption as a source of exposure 
to high production volume chemicals: A comparison 
between catalonia and the Canary Islands. Food and 
Chemical Toxicology, 175, 113729.  
https://doi.org/10.1016/j.fct.2023.113729 

Chai, Z., Wang, C., & Bi, H. (2021). Rapid identification between 
two fish species using UV-vis spectroscopy for 
substitution detection. Molecules, 26(21), 6529.  
https://doi.org/10.3390/molecules26216529 

Chaudhary, V., Kajla, P., Dewan, A., Pandiselvam, R., Socol, C. 
T., & Maerescu, C. M. (2022). Spectroscopic techniques 
for authentication of animal origin foods. Frontiers in 
Nutrition, 9, 979205.  
https://doi.org/10.3389/fnut.2022.979205 

Cheng, J. H., & Sun, D. W. (2015). Rapid and non-invasive 
detection of fish microbial spoilage by visible and near 
infrared hyperspectral imaging and multivariate 
analysis. LWT-food Science and Technology, 62(2), 1060-
1068. https://doi.org/10.1016/j.lwt.2015.01.021 

Cheng, J. H., Dai, Q., Sun, D. W., Zeng, X. A., Liu, D., & Pu, H. B. 
(2013). Applications of non-destructive spectroscopic 
techniques for fish quality and safety evaluation and 
inspection. Trends in food science & technology, 34(1), 
18-31. https://doi.org/10.1016/j.tifs.2013.08.005 

Cubillo, B., Stacey, N., & Brimblecombe, J. (2023). How is 
nutrition, health and wellbeing conceptualised in 
connection with seafood for coastal Indigenous 
Peoples’. Food Policy, 116, 102434.  
https://doi.org/10.1016/j.foodpol.2023.102434 

Dai, Q., Cheng, J. H., Sun, D. W., Pu, H., Zeng, X. A., & Xiong, Z. 
(2015). Potential of visible/near-infrared hyperspectral 
imaging for rapid detection of freshness in unfrozen and 
frozen prawns. Journal of Food Engineering, 149, 97-
104. https://doi.org/10.1016/j.jfoodeng.2014.10.001 

Dawan, J., & Ahn, J. (2022). Application of DNA barcoding for 
ensuring food safety and quality. Food Science and 
Biotechnology, 31(11), 1355-1364.  
https://doi.org/10.1007/s10068-022-01143-7 

de Magalhães, C. R., Carrilho, R., Schrama, D., Cerqueira, M., 
Rosa da Costa, A. M., & Rodrigues, P. M. (2020). Mid-
infrared spectroscopic screening of metabolic 
alterations in stress-exposed gilthead seabream (Sparus 
aurata). Scientific reports, 10(1), 16343.  
https://doi.org/10.1038/s41598-020-73338-z 



Aquatic Food Studies AFS264 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Deshpande, S. S. (2001). Principles and applications of 
luminescence spectroscopy. Critical reviews in food 
science and nutrition, 41(3), 155-224.  
https://doi.org/10.1080/20014091091797 

Ding, R., Huang, X., Han, F., Dai, H., Teye, E., & Xu, F. (2014). 
Rapid and nondestructive evaluation of fish freshness by 
near infrared reflectance spectroscopy combined with 
chemometrics analysis. Analytical Methods, 6(24), 9675-
9683. https://doi.org/10.1039/c4ay01839g 

Dominguez-Vidal, A., Pantoja-de la Rosa, J., Cuadros-
Rodríguez, L., & Ayora-Cañada, M. J. (2016). 
Authentication of canned fish packing oils by means of 
Fourier transform infrared spectroscopy. Food 
chemistry, 190, 122-127.  
https://doi.org/10.1016/j.foodchem.2015.05.064 

Doyle, W.M. Two dimensional sparing-IR analysis of trace 
organics in water. (1994) SPIE 2089, 456–457. 
https://doi.org/10.1117/12.166664  

Dutta, A. (2017). Fourier transform infrared spectroscopy. 
Spectroscopic methods for nanomaterials 
characterization, 73-93. https://doi.org/10.1016/B978-
0-323-46140-5.00004-2 

Eberhardt, K., Stiebing, C., Matthäus, C., Schmitt, M., & Popp, 
J. (2015). Advantages and limitations of Raman 
spectroscopy for molecular diagnostics: an update. 
Expert review of molecular diagnostics, 15(6), 773-787. 
https://doi.org/10.1586/14737159.2015.1036744 

EFSA Guidance for Those Carrying out Systematic Reviews 
European Food Safety Authority. (2010). Application of 
systematic review methodology to food and feed safety 
assessments to support decision making. EFSA journal, 
8(6), 1637. https://doi.org/10.2903/j.efsa.2010.1637 

ElMasry, G., Nagai, H., Moria, K., Nakazawa, N., Tsuta, M., 
Sugiyama, J., ... & Nakauchi, S. (2015). Freshness 
estimation of intact frozen fish using fluorescence 
spectroscopy and chemometrics of excitation–emission 
matrix. Talanta, 143, 145-156.  
https://doi.org/10.1016/j.talanta.2015.05.031 

Emwas, A. H., Roy, R., McKay, R. T., Tenori, L., Saccenti, E., 
Gowda, G. N., ... & Wishart, D. S. (2019). NMR 
spectroscopy for metabolomics research. Metabolites, 
9(7), 123. https://doi.org/10.3390/metabo9070123 

Emwas, A. H., Szczepski, K., Poulson, B. G., Chandra, K., McKay, 
R. T., Dhahri, M., ... & Jaremko, M. (2020). NMR as a 
“gold standard” method in drug design and discovery. 
Molecules, 25(20), 4597.  
https://doi.org/10.3390/molecules25204597 

Esteki, M., Regueiro, J., & Simal-Gándara, J. (2019). Tackling 
fraudsters with global strategies to expose fraud in the 
food chain. Comprehensive reviews in food science and 
food safety, 18(2), 425-440.  
https://doi.org/10.1111/1541-4337.12419 

Fan, K. J., & Su, W. H. (2022). Applications of fluorescence 
spectroscopy, RGB-and multispectral imaging for quality 
determinations of white meat: a review. Biosensors, 
12(2), 76. https://doi.org/10.3390/bios12020076 

Fasolato, L., Balzan, S., Riovanto, R., Berzaghi, P., Mirisola, M., 
Ferlito, J. C., ... & Novelli, E. (2012). Comparison of visible 
and near-infrared reflectance spectroscopy to 
authenticate fresh and frozen-thawed swordfish (Xiphias 
gladius L). Journal of Aquatic Food Product Technology, 
21(5), 493-507.  
https://doi.org/10.1080/10498850.2011.615103 

Feng, S., Qi, S., Chen, C., Khan, I. M., Gu, Q., Zhang, Y., & Wang, 
Z. (2024). Classification and quantification of adulterants 
in Alaska pollock based on fourier transform near-

infrared spectroscopy with chemometrics. Food 
Bioscience, 59, 104003.  
https://doi.org/10.1016/j.fbio.2024.104003 

Fengou, L. C., Lianou, A., Tsakanikas, P., Gkana, E. N., Panagou, 
E. Z., & Nychas, G. J. E. (2019). Evaluation of Fourier 
transform infrared spectroscopy and multispectral 
imaging as means of estimating the microbiological 
spoilage of farmed sea bream. Food microbiology, 79, 
27-34. https://doi.org/10.1016/j.fm.2018.10.020 

Filonzi, L., Ardenghi, A., Rontani, P. M., Voccia, A., Ferrari, C., 
Papa, R., ... & Nonnis Marzano, F. (2023). Molecular 
barcoding: A tool to guarantee correct seafood labelling 
and quality and preserve the conservation of 
endangered species. Foods, 12(12), 2420. 
https://doi.org/10.3390/foods12122420 

Gayo, J. (2006). Species authenticity and detection of economic 
adulteration of Atlantic blue crab meat using VIS/NIR 
spectroscopy. North Carolina State University. 
http://www.lib.ncsu.edu/resolver/1840.16/3974 

Gayo, J., & Hale, S. A. (2007). Detection and quantification of 
species authenticity and adulteration in crabmeat using 
visible and near-infrared spectroscopy. Journal of 
Agricultural and Food Chemistry, 55(3), 585-592. 
https://doi.org/10.1021/jf061801+ 

Gayo, J., Hale, S. A., & Blanchard, S. M. (2006). Quantitative 
analysis and detection of adulteration in crab meat using 
visible and near-infrared spectroscopy. Journal of 
Agricultural and Food Chemistry, 54(4), 1130-1136. 
https://doi.org/10.1021/jf051636i 

Ge, M., Su, F., Zhao, Z., & Su, D. (2020). Deep learning analysis 
on microscopic imaging in materials science. Materials 
Today Nano, 11, 100087.  
https://doi.org/10.1016/j.mtnano.2020.100087 

Ghidini, S., Varrà, M. O., & Zanardi, E. (2019). Approaching 
authenticity issues in fish and seafood products by 
qualitative spectroscopy and chemometrics. Molecules, 
24(9), 1812.  
https://doi.org/10.3390/molecules24091812 

Gopi, K., Mazumder, D., Sammut, J., & Saintilan, N. (2019). 
Determining the provenance and authenticity of 
seafood: A review of current methodologies. Trends in 
Food Science & Technology, 91, 294-304. 
https://doi.org/10.1016/j.tifs.2019.07.010 

Goyal, R., Singha, P., & Singh, S. K. (2024). Spectroscopic food 
adulteration detection using machine learning: Current 
challenges and future prospects. Trends in Food Science 
& Technology, 104377.  
https://doi.org/10.1016/j.tifs.2024.104377 

Grassi, S., Casiraghi, E., & Alamprese, C. (2018). Handheld NIR 
device: A non-targeted approach to assess authenticity 
of fish fillets and patties. Food chemistry, 243, 382-388. 
https://doi.org/10.1016/j.foodchem.2017.09.145 

Günther, H. (2013). NMR spectroscopy: basic principles, 
concepts and applications in chemistry. John Wiley & 
Sons. 

Hassoun, A. (2021). Exploring the potential of fluorescence 
spectroscopy for the discrimination between fresh and 
frozen-thawed muscle foods. Photochem, 1(2), 247-263. 
https://doi.org/10.3390/photochem1020015 

Hassoun, A., & Karoui, R. (2017). Quality evaluation of fish and 
other seafood by traditional and nondestructive 
instrumental methods: Advantages and limitations. 
Critical Reviews in Food Science and Nutrition, 57(9), 
1976-1998.  
https://doi.org/10.1080/10408398.2015.1047926 

Hassoun, A., Måge, I., Schmidt, W. F., Temiz, H. T., Li, L., Kim, 



Aquatic Food Studies AFS264 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

H. Y., ... & Cozzolino, D. (2020). Fraud in animal origin 
food products: Advances in emerging spectroscopic 
detection methods over the past five years. Foods, 9(8), 
1069. https://doi.org/10.3390/foods9081069 

Hassoun, A., Sahar, A., Lakhal, L., & Aït-Kaddour, A. (2019). 
Fluorescence spectroscopy as a rapid and non-
destructive method for monitoring quality and 
authenticity of fish and meat products: Impact of 
different preservation conditions. Lwt, 103, 279-292. 
https://doi.org/10.1016/j.lwt.2019.01.021 

Hatzakis, E. (2019). Nuclear magnetic resonance (NMR) 
spectroscopy in food science: A comprehensive review. 
Comprehensive reviews in food science and food safety, 
18(1), 189-220. https://doi.org/10.1111/1541-
4337.12408 

He, H. J., Wu, D., & Sun, D. W. (2015). Nondestructive 
spectroscopic and imaging techniques for quality 
evaluation and assessment of fish and fish 
products. Critical Reviews in Food Science and Nutrition, 
55(6), 864-886.  
https://doi.org/10.1080/10408398.2012.746638 

Hernández-Martínez, M., Gallardo-Velázquez, T., Osorio-
Revilla, G., Almaraz-Abarca, N., & Castañeda-Pérez, E. 
(2014). Application of MIR-FTIR spectroscopy and 
chemometrics to the rapid prediction of fish fillet quality. 
CyTA-Journal of Food, 12(4), 369-377. 
https://doi.org/10.1080/19476337.2014.889213 

Jaggi, N., & Vij, D. R. (2006). Fourier transform infrared 
spectroscopy. In Handbook of Applied Solid State 
Spectroscopy (pp. 411-450). Boston, MA: Springer US. 
https://doi.org/10.1007/0-387-37590-2_9 

Kaddour, A. A., & Cuq, B. (2011). Dynamic NIR spectroscopy to 
monitor wheat product processing: a short review. 
http://doi.org/ajft.2011.186.196&org=10 

Kang, T. S. (2021). Identification and Authentication of 
Commercial Mi-iuy Croaker (Miichthys miiuy) Products 
by Two PCR-Based Methods. Journal of Food Protection, 
84(3), 463-471. https://doi.org/10.4315/JFP-20-143 

Karlsdottir, M. G., Arason, S., Kristinsson, H. G., & Sveinsdottir, 
K. (2014). The application of near infrared spectroscopy 
to study lipid characteristics and deterioration of frozen 
lean fish muscles. Food Chemistry, 159, 420-427. 
https://doi.org/10.1016/j.foodchem.2014.03.050 

Karoui, R. (2018). Spectroscopic technique: fluorescence and 
ultraviolet-visible (UV-Vis) spectroscopies. In Modern 
techniques for food authentication (pp. 219-252). 
Academic Press. https://doi.org/10.1016/B978-0-12-
814264-6.00007-4 

Karoui, R., Lefur, B., Grondin, C., Thomas, E., Demeulemester, 
C., Baerdemaeker, J. D., & Guillard, A. S. (2007). Mid-
infrared spectroscopy as a new tool for the evaluation of 
fish freshness. International journal of food science & 
technology, 42(1), 57-64.  
https://doi.org/10.1111/j.1365-2621.2006.01208.x 

Karunathilaka, S. R., Choi, S. H., Mossoba, M. M., Yakes, B. J., 
Brückner, L., Ellsworth, Z., & Srigley, C. T. (2019). Rapid 
classification and quantification of marine oil omega-3 
supplements using ATR-FTIR, FT-NIR and chemometrics. 
Journal of food composition and analysis, 77, 9-19.  
https://doi.org/10.1016/j.jfca.2018.12.009 

Kashani Zadeh, H., Hardy, M., Sueker, M., Li, Y., Tzouchas, A., 
MacKinnon, N., ... & Elliott, C. T. (2023). Rapid 
assessment of fish freshness for multiple supply-chain 
nodes using multi-mode spectroscopy and fusion-based 
artificial intelligence. Sensors, 23(11), 5149. 
https://doi.org/10.3390/s23115149 

Kharbach, M., Alaoui Mansouri, M., Taabouz, M., & Yu, H. 
(2023). Current application of advancing spectroscopy 
techniques in food analysis: data handling with 
chemometric approaches. Foods, 12(14), 2753. 
https://doi.org/10.3390/foods12142753 

Kimiya, T., Sivertsen, A. H., & Heia, K. (2013). VIS/NIR 
spectroscopy for non-destructive freshness assessment 
of Atlantic salmon (Salmo salar L.) fillets. Journal of Food 
Engineering, 116(3), 758-764.  
https://doi.org/10.1016/j.jfoodeng.2013.01.008 

Kindong, R., Prithiviraj, N., Apraku, A., Ayisi, C. L., & Dai, X. 
(2017). Biochemical composition of predatory carp 
(Chanodichthys erythropterus) from Lake Dianshan, 
Shanghai, China. Egyptian Journal of Basic and Applied 
Sciences, 4(4), 297-302.  
https://doi.org/10.1016/j.ejbas.2017.10.001 

Klaypradit, W., Kerdpiboon, S., & Singh, R. K. (2011). 
Application of artificial neural networks to predict the 
oxidation of menhaden fish oil obtained from Fourier 
transform infrared spectroscopy method. Food and 
Bioprocess Technology, 4, 475-480.  
https://doi.org/10.1007/s11947-010-0386-5 

Krishnan, V. V. (2019). Molecular thermodynamics using 
nuclear magnetic resonance (NMR) spectroscopy. 
Inventions, 4(1), 13.  
https://doi.org/10.3390/inventions4010013 

Kryzhanovskii, S. A., & Vititnova, M. B. (2009). ω-3 
polyunsaturated fatty acids and the cardiovascular 
system. Human physiology, 35, 491-501. 
https://doi.org/10.1134/S036211970904015X 

Kumar, K., Tarai, M., & Mishra, A. K. (2017). Unconventional 
steady-state fluorescence spectroscopy as an analytical 
technique for analyses of complex-multifluorophoric 
mixtures. TrAC Trends in Analytical Chemistry, 97, 216-
243. https://doi.org/10.1016/j.trac.2017.09.004 

Lesot, P., Remaud, G., & Zhang, B. L. (2023). Specific Natural 
Isotope Fractionation Studied by 2H Nuclear Magnetic 
Resonance (SNIF-NMR): History, Developments, and 
Applications. In Handbook of Isotopologue 
Biogeochemistry (pp. 1-41). Singapore: Springer Nature 
Singapore. https://doi.org/10.1007/978-981-10-7048-
8_38-1 

Li, F., Zhang, J., & Wang, Y. (2024). Vibrational spectroscopy 
combined with chemometrics in authentication of 
functional foods. Critical Reviews in Analytical Chemistry, 
54(2), 333-354.  
https://doi.org/10.1080/10408347.2022.2073433 

Li, P., Tang, S., Chen, S., Tian, X., & Zhong, N. (2023). 
Hyperspectral imaging combined with convolutional 
neural network for accurately detecting adulteration in 
Atlantic salmon. Food Control, 147, 109573.  
https://doi.org/10.1016/j.foodcont.2022.109573 

Lintvedt, T. A., Andersen, P. V., Afseth, N. K., Heia, K., Lindberg, 
S. K., & Wold, J. P. (2023). Raman spectroscopy and NIR 
hyperspectral imaging for in-line estimation of fatty acid 
features in salmon fillets. Talanta, 254, 124113. 
https://doi.org/10.1016/j.talanta.2022.124113 

Lv, H., Xu, W., You, J., & Xiong, S. (2017). Classification of 
freshwater fish species by linear discriminant analysis 
based on near infrared reflectance spectroscopy. Journal 
of Near Infrared Spectroscopy, 25(1), 54-62. 
https://doi.org/10.1177/0967033516678801 

Mana, A. A., Allouhi, A., Hamrani, A., Jamil, A., Ouazzani, K., 
Barrahmoune, A., & Daffa, D. (2022). Survey review on 
artificial intelligence and embedded systems for 
agriculture safety: a proposed IoT Agro-meteorology 
System for Local Farmers in Morocco. In Smart 
embedded systems and applications (pp. 211-242). CRC 
Press. 

 



Aquatic Food Studies AFS264 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Marina, M. L., Ríos, A., & Valcárcel, M. (Eds.). (2005). Analysis 
and detection by capillary electrophoresis. Elsevier. 
https://doi.org/10.1016/S0166-526X(05)45005-9 

Marquardt, B. J., & Wold, J. P. (2004). Raman analysis of fish: a 
potential method for rapid quality screening. LWT-Food 
Science and Technology, 37(1), 1-8.  
https://doi.org/10.1016/S0023-6438(03)00114-2 

Matthews, M. E. (2022). Solid-state interactions of materials: 
Applications-based solid-state NMR spectroscopy 
(Doctoral dissertation, Stellenbosch: Stellenbosch 
University). http://hdl.handle.net/10019.1/124517 

Medina, S., Perestrelo, R., Silva, P., Pereira, J. A., & Câmara, J. 
S. (2019). Current trends and recent advances on food 
authenticity technologies and chemometric approaches. 
Trends in Food Science & Technology, 85, 163-176. 
https://doi.org/10.1016/j.tifs.2019.01.017 

Melado-Herreros, Á., Nieto-Ortega, S., Olabarrieta, I., Ramilo-
Fernández, G., Sotelo, C. G., Teixeira, B., ... & Mendes, R. 
(2022). Comparison of three rapid non-destructive 
techniques coupled with a classifier to increase 
transparency in the seafood value chain: Bioelectrical 
impedance analysis (BIA), near-infrared spectroscopy 
(NIR) and time domain reflectometry (TDR). Journal of 
Food Engineering, 322, 110979.  
https://doi.org/10.1016/j.jfoodeng.2022.110979 

Mendes, E., & Duarte, N. (2021). Mid-infrared spectroscopy as 
a valuable tool to tackle food analysis: A literature review 
on coffee, dairies, honey, olive oil and wine. Foods, 10(2), 
477. https://doi.org/10.3390/foods10020477 

Mirkouei, A. (2020). A cyber-physical analyzer system for 
precision agriculture. J. Environ. Sci. Curr. Res, 3, 016. 
https://doi.org/10.24966/ESCR-5020/100016 

Mizoguchi, A., Imakura, A., & Sakurai, T. (2022). Application of 
data collaboration analysis to distributed data with 
misaligned features. Informatics in Medicine Unlocked, 
32, 101013. https://doi.org/10.1016/j.imu.2022.101013 

Molina, L., Lapis, J. R., Sreenivasulu, N., & Cuevas, R. P. O. 
(2019). Determination of macronutrient and 
micronutrient content in rice grains using inductively 
coupled plasma-optical emission spectrometry (ICP-
OES). Rice grain quality: Methods and protocols, 253-
264. https://doi.org/10.1007/978-1-4939-8914-0_14 

Moore, J. C., Spink, J., & Lipp, M. (2012). Development and 
application of a database of food ingredient fraud and 
economically motivated adulteration from 1980 to 2010. 
Journal of food science, 77(4), R118-R126. 
https://doi.org/10.1111/j.1750-3841.2012.02657.x 

Mor, N. C., Correia, B. S., Val, A. L., & Tasic, L. (2020). A protocol 
for fish lipid analysis using nuclear magnetic resonance 
spectroscopy. Journal of the Brazilian Chemical Society, 
31, 662-672.  
https://doi.org/10.21577/0103-5053.20190230 

Morais, C. L., Paraskevaidi, M., Cui, L., Fullwood, N. J., Isabelle, 
M., Lima, K. M., ... & Martin, F. L. (2019). Standardization 
of complex biologically derived spectrochemical 
datasets. Nature protocols, 14(5), 1546-1577. 
https://doi.org/10.1038/s41596-019-0150-x 

Moreira, Maria João Pinho, Cristina Maria Teixeira Saraiva, and 
José Manuel Marques Martins de Almeida. 
"Spectroscopic methods for fresh food authentication: 
an overview."Trends in Food Safety and Protection 
(2017): 131-166. Crc Press. 

Moskowitz, J., & Yakes, B. J. (2022). Portable Spectroscopy for 
Food Safety and Adulteration Screening. Journal of 
Regulatory Science, 10(2), 1-18.  

https://doi.org/10.21423/JRS.REGSCI.102257 
Munjanja, B., & Sanganyado, E. (2015). UV-Visible Absorption, 

Fluorescence, and Chemiluminescence Spectroscopy. 
Handbook of Food Analysis, 31, 572-583. Crc Press 

Murray, I., & Cowe, I. (2004). Sample preparation. Near-
infrared spectroscopy in agriculture, 44, 75-112. 
https://doi.org/10.2134/agronmonogr44.c5 

Nawrocka, A., & Lamorska, J. (2013). Determination of food 
quality by using spectroscopic methods. In Advances in 
agrophysical research. IntechOpen.  
https://doi.org/10.5772/52722 

Nelson, D. L. (2017). Introduction to spectroscopy. In 
Spectroscopic methods in food analysis (pp. 3-34). CRC 
Press. 

Nenadis, N., Androulaki, A., & Tsimidou, M. Z. (2017). Food 
quality. In Spectroscopic methods in food analysis (pp. 
363-426). CRC Press. 

Nicolai, B. M., Beullens, K., Bobelyn, E., Peirs, A., Saeys, W., 
Theron, K. I., & Lammertyn, J. (2007). Nondestructive 
measurement of fruit and vegetable quality by means of 
NIR spectroscopy: A review. Postharvest biology and 
technology, 46(2), 99-118.  
https://doi.org/10.1016/j.postharvbio.2007.06.024 

Nielsen, E. N., Cordin, U., Gøtke, M., Velizarov, S., Galinha, C. 
F., Skibsted, L. H., ... & Ahrné, L. M. (2023). Fouling of ion-
exchange membranes during electrodialytic acid whey 
processing analysed by 2D fluorescence and FTIR 
spectroscopy. Separation and Purification Technology, 
316, 123814.  
https://doi.org/10.1016/j.seppur.2023.123814 

Nieto-Ortega, S., Melado-Herreros, Á., Foti, G., Olabarrieta, I., 
Ramilo-Fernández, G., Gonzalez Sotelo, C., ... & Mendes, 
R. (2021). Rapid differentiation of unfrozen and frozen-
thawed tuna with non-destructive methods and 
classification models: Bioelectrical impedance analysis 
(BIA), near-infrared spectroscopy (NIR) and time domain 
reflectometry (TDR). Foods, 11(1), 55.  
https://doi.org/10.3390/foods11010055 

Nollet, L. M., Toldrá, F., & Hui, Y. H. (Eds.). (2008). Advances in 
food diagnostics. John Wiley & Sons.  
https://doi.org/10.1002/9780470277805.ch5 

Nordey, T., Joas, J., Davrieux, F., Chillet, M., & Léchaudel, M. 
(2017). Robust NIRS models for non-destructive 
prediction of mango internal quality. Scientia 
Horticulturae, 216, 51-57.  
https://doi.org/10.1016/j.scienta.2016.12.023 

O'Brien, N., Hulse, C. A., Pfeifer, F., & Siesler, H. W. (2013). 
Near infrared spectroscopic authentication of seafood. 
Journal of Near Infrared Spectroscopy, 21(4), 299-305. 
https://doi.org/10.1255/jnirs.1063 

Ojha, S. K., & Ojha, A. K. (2022). Raman and FTIR Spectroscopic 
Techniques and Their Applications. Upconverting 
Nanoparticles: From Fundamentals to Applications, 97-
116. https://doi.org/10.1002/9783527834884.ch4 

Ortea, I., O'Connor, G., & Maquet, A. (2016). Review on 
proteomics for food authentication. Journal of 
proteomics, 147, 212-225.  
https://doi.org/10.1016/j.jprot.2016.06.033 

Osborne, B. G. (2006). Near-infrared spectroscopy in food 
analysis. Encyclopedia of analytical chemistry: 
applications, theory and instrumentation. 
https://doi.org/10.1002/9780470027318.a1018  

Ottavian, M., Facco, P., Fasolato, L., Novelli, E., Mirisola, M., 
Perini, M., & Barolo, M. (2012). Use of near-infrared 
spectroscopy for fast fraud detection in seafood: 



Aquatic Food Studies AFS264 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Application to the authentication of wild European sea 
bass (Dicentrarchus labrax). Journal of agricultural and 
food chemistry, 60(2), 639-648.  
https://doi.org/10.1021/jf203385e 

Panigrahi, S. K., & Mishra, A. K. (2019). Inner filter effect in 
fluorescence spectroscopy: As a problem and as a 
solution. Journal of Photochemistry and Photobiology C: 
Photochemistry Reviews, 41, 100318.  
https://doi.org/10.1016/j.jphotochemrev.2019.100318 

Parlak, Y., & Güzeler, N. U. R. A. Y. (2016). Nuclear magnetic 
resonance spectroscopy applications in foods. Curr. Res. 
Nutr. Food Sci, 4, 161-168.  
http://dx.doi.org/10.12944/CRNFSJ.4 

Pasquini, C. (2018). Near infrared spectroscopy: A mature 
analytical technique with new perspectives–A review. 
Analytica chimica acta, 1026, 8-36. 
https://doi.org/10.1016/j.aca.2018.04.004 

Pazartzi, T., Siaperopoulou, S., Gubili, C., Maradidou, S., 
Loukovitis, D., Chatzispyrou, A., ... & Imsiridou, A. (2019). 
High levels of mislabeling in shark meat–Investigating 
patterns of species utilization with DNA barcoding in 
Greek retailers. Food Control, 98, 179-186.  
https://doi.org/10.1016/j.foodcont.2018.11.019 

Penner, M.H. (2017). Basic Principles of Spectroscopy. In: 
Nielsen, S.S. (eds) Food Analysis. Food Science Text 
Series. Springer, Cham. https://doi.org/10.1007/978-3-
319-45776-5_6 

Pérez-Jiménez, A. I., Lyu, D., Lu, Z., Liu, G., & Ren, B. (2020). 
Surface-enhanced Raman spectroscopy: benefits, trade-
offs and future developments. Chemical science, 11(18), 
4563-4577. https://doi.org/10.1039/D0SC00809E 

Picollo, M., Aceto, M., & Vitorino, T. (2019). UV-Vis 
spectroscopy. Phys. Sci. Rev. 4, 20180008.  
https://doi.org/10.1515/psr-2018-0008 

Qin, J., Vasefi, F., Hellberg, R. S., Akhbardeh, A., Isaacs, R. B., 
Yilmaz, A. G., ... & Kim, M. S. (2020). Detection of fish 
fillet substitution and mislabeling using multimode 
hyperspectral imaging techniques. Food Control, 114, 
107234. 
https://doi.org/10.1016/j.foodcont.2020.107234 

Qu, J. H., Cheng, J. H., Sun, D. W., Pu, H., Wang, Q. J., & Ma, J. 
(2015). Discrimination of shelled shrimp (Metapenaeus 
ensis) among fresh, frozen-thawed and cold-stored by 
hyperspectral imaging technique. LWT-Food Science and 
Technology, 62(1), 202-209.  
https://doi.org/10.1016/j.lwt.2015.01.018 

Rahman, A., Kondo, N., Ogawa, Y., Suzuki, T., Shirataki, Y., & 
Wakita, Y. (2016). Classification of fresh and spoiled 
Japanese dace (Tribolodon hakonensis) fish using 
ultraviolet–visible spectra of eye fluid with multivariate 
analysis. Engineering in agriculture, environment and 
food, 9(1), 64-69.  
https://doi.org/10.1016/j.eaef.2015.06.004 

Rahman, A., Kondo, N., Ogawa, Y., Suzuki, T., Shirataki, Y., & 
Wakita, Y. (2015). Prediction of K value for fish flesh 
based on ultraviolet–visible spectroscopy of fish eye 
fluid using partial least squares regression. Computers 
and Electronics in Agriculture, 117, 149-153. 
https://doi.org/10.1016/j.compag.2015.07.018 

Ramírez, D., & Pezoa, J. E. (2018, September). Spectral vision 
system for discriminating small pelagic species caught by 
small-scale fishing. In Infrared Sensors, Devices, and 
Applications VIII (Vol. 10766, pp. 169-179). SPIE. 
https://doi.org/10.1117/12.2325457 

Rašković, B., Heinke, R., Rösch, P., & Popp, J. (2016). The 

potential of Raman spectroscopy for the classification of 
fish fillets. Food Analytical Methods, 9, 1301-1306. 
https://doi.org/10.1007/s12161-015-0312-6 

Rawson, A., & C. K, S. (2022). Recent advances in terahertz 
time-domain spectroscopy and imaging techniques for 
automation in agriculture and food sector. Food 
Analytical Methods, 1-29.  
https://doi.org/10.1007/s12161-021-02132-y 

Reich, G. (2016). Mid and near infrared spectroscopy. 
Analytical Techniques in the Pharmaceutical Sciences, 
61-138. https://doi.org/10.1007/978-1-4939-4029-5_3 

Rodriguez-Saona, L. E., Giusti, M. M., & Shotts, M. (2016). 
Advances in infrared spectroscopy for food authenticity 
testing. In Advances in food authenticity testing (pp. 71-
116). Woodhead Publishing.  
https://doi.org/10.1016/B978-0-08-100220-9.00004-7 

Rostron, P., Gaber, S., & Gaber, D. (2016). Raman 
spectroscopy, review. laser, 21, 24. 

Saeys, W., Do Trong, N. N., Van Beers, R., & Nicolaï, B. M. 
(2019). Multivariate calibration of spectroscopic sensors 
for postharvest quality evaluation: A review. Postharvest 
Biology and Technology, 158, 110981.  
https://doi.org/10.1016/j.postharvbio.2019.110981 

Sandorfy, C., Buchet, R., & Lachenal, G. (2007). Principles of 
molecular vibrations for near-infrared spectroscopy. 
Near-Infrared Spectroscopy in Food Science and 
Technology; Ozaki, Y., McClure, WF, Christy, AA, Eds, 11-
46. https://doi.org/10.1002/0470047704 

Sannia, M., Serva, L., Balzan, S., Segato, S., Novelli, E., & 
Fasolato, L. (2019). Application of near-infrared 
spectroscopy for frozen-thawed characterization of 
cuttlefish (Sepia officinalis). Journal of food science and 
technology, 56, 4437-4447.  
https://doi.org/10.1007/s13197-019-03957-6 

Saraiva, C., Vasconcelos, H., & de Almeida, J. M. (2017). A 
chemometrics approach applied to Fourier transform 
infrared spectroscopy (FTIR) for monitoring the spoilage 
of fresh salmon (Salmo salar) stored under modified 
atmospheres. International Journal of Food 
Microbiology, 241, 331-339.  
https://doi.org/10.1016/j.ijfoodmicro.2016.10.038 

Shah, K. C., Shah, M. B., Solanki, S. J., Makwana, V. D., Sureja, 
D. K., Gajjar, A. K., ... & Dhameliya, T. M. (2023). Recent 
advancements and applications of Raman spectroscopy 
in pharmaceutical analysis. Journal of Molecular 
Structure, 1278, 134914.  
https://doi.org/10.1016/j.molstruc.2023.134914 

Silva, A. J., Hellberg, R. S., & Hanner, R. H. (2021). Seafood 
fraud. In Food fraud (pp. 109-137). Academic Press. 
https://doi.org/10.1016/B978-0-12-817242-1.00008-7 

Sivertsen, A. H., Kimiya, T., & Heia, K. (2011). Automatic 
freshness assessment of cod (Gadus morhua) fillets by 
Vis/Nir spectroscopy. Journal of Food Engineering, 
103(3), 317-323.  
https://doi.org/10.1016/j.jfoodeng.2010.10.030 

Snyder, A. B., Sweeney, C. F., Rodriguez-Saona, L. E., & Giusti, 
M. M. (2014). Rapid authentication of concord juice 
concentration in a grape juice blend using Fourier-
Transform infrared spectroscopy and chemometric 
analysis. Food Chemistry, 147, 295-301. 
https://doi.org/10.1016/j.foodchem.2013.09.140 

Sousa, N., Moreira, M. J., Saraiva, C., & De Almeida, J. M. 
(2018). Applying fourier transform mid infrared 
spectroscopy to detect the adulteration of salmo salar 
with oncorhynchus mykiss. Foods, 7(4), 55.  



Aquatic Food Studies AFS264 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.3390/foods7040055 
Su, W. H., He, H. J., & Sun, D. W. (2017). Non-destructive and 

rapid evaluation of staple foods quality by using 
spectroscopic techniques: a review. Critical reviews in 
food science and nutrition, 57(5), 1039-1051. 
https://doi.org/10.1080/10408398.2015.1082966 

Tito, N. B., Rodemann, T., & Powell, S. M. (2012). Use of near 
infrared spectroscopy to predict microbial numbers on 
Atlantic salmon. Food microbiology, 32(2), 431-436. 
https://doi.org/10.1016/j.fm.2012.07.009  

Uddin, M., & Okazaki, E. (2004). Classification of fresh and 
frozen-thawed fish by near-infrared spectroscopy. 
Journal of Food Science, 69(8), C665-C668. 
https://doi.org/10.1111/j.1750-3841.2004.tb18015.x 

Uddin, M., Okazaki, E., Turza, S., Yumiko, Y., Tanaka, M., & 
Fukuda, Y. (2005). Non-destructive visible/NIR 
spectroscopy for differentiation of fresh and frozen-
thawed fish. Journal of Food Science, 70(8), c506-c510. 
https://doi.org/10.1111/j.1365-2621.2005.tb11509.x 

Uddin, M., Okazaki, E., Turza, S., Yumiko, Y., Tanaka, M., & 
Fukuda, Y. (2005). Non-destructive visible/NIR 
spectroscopy for differentiation of fresh and frozen-
thawed fish. Journal of Food Science, 70(8), c506-c510. 
https://doi.org/10.1016/j.foodcont.2005.04.009 

Valand, R., Tanna, S., Lawson, G., & Bengtström, L. (2020). A 
review of Fourier Transform Infrared (FTIR) spectroscopy 
used in food adulteration and authenticity 
investigations. Food Additives & Contaminants: Part A, 
37(1), 19-38.  
https://doi.org/10.1080/19440049.2019.1675909 

van Maarschalkerweerd, M., & Husted, S. (2015). Recent 
developments in fast spectroscopy for plant mineral 
analysis. Frontiers in plant science, 6, 169. 
https://doi.org/10.3389/fpls.2015.00169 

Velioğlu, H. M., Temiz, H. T., & Boyaci, I. H. (2015). 
Differentiation of fresh and frozen-thawed fish samples 
using Raman spectroscopy coupled with chemometric 
analysis. Food Chemistry, 172, 283-290.  
https://doi.org/10.1016/j.foodchem.2014.09.073 

Vilkova, D., Sangaré, M., Egorov, M., & Karoui, R. (2023). Mid-
infrared spectroscopy enabled rapid differentiation 
between fresh and frozen–thawed Sevruga (Acipenser 
stellatus) samples presenting different raw quality. 
European Food Research and Technology, 249(9), 2299-
2310. https://doi.org/10.1007/s00217-023-04290-1 

Vitha, M. F. (2018). Spectroscopy: Principles and 
instrumentation. John Wiley & Sons. 

Yakes, B.J. (2022) Exploring portable spectroscopic devices, 
sensors, and analysis methods for seafood 
decomposition detection. https://www.photonics.com/ 
Webinars/Exploring_Portable_Spectroscopic_Devices 
/w623 

Yang, H., He, S., Feng, Q., Xia, S., Zhou, Q., Wu, Z., & Zhang, Y. 
(2024). Navigating the Depths of Seafood 
Authentication: Technologies, Regulations, and Future 
Prospects. Measurement: Food, 100165.  
https://doi.org/10.1016/j.meafoo.2024.100165 

Yang, H., Yang, S., Kong, J., Dong, A., & Yu, S. (2015). Obtaining 
information about protein secondary structures in 
aqueous solution using Fourier transform IR 
spectroscopy. Nature protocols, 10(3), 382-396. 
https://doi.org/10.1038/nprot.2015.024 

Yuan, C., Pu, J., Fu, D., Min, Y., Wang, L., & Liu, J. (2022). UV–
vis spectroscopic detection of formaldehyde and its 
analogs: A convenient and sensitive methodology. 
Journal of Hazardous Materials, 438, 129457. 
https://doi.org/10.1016/j.jhazmat.2022.129457 

Zhang, H. L., Chu, B. Q., Ye, Q., Liu, X. M., & Luo, W. (2018). 
Classification of Fishness Based on Hyperspectra. 
Imaging Technol. Spectrosc. Spectr. Anal, 38, 559-563. 

Zhang, Y., Zhao, S., Zheng, J., & He, L. (2017). Surface-enhanced 
Raman spectroscopy (SERS) combined techniques for 
high-performance detection and characterization. TrAC 
Trends in Analytical Chemistry, 90, 1-13.  
https://doi.org/10.1016/j.trac.2017.02.006 

Zhang, Z., Wang, S., Diao, Y., Zhang, J., & Lv, D. (2010). Fatty 
acid extracts from Lucilia sericata larvae promote murine 
cutaneous wound healing by angiogenic activity. Lipids 
in health and disease, 9, 1-9.  
https://doi.org/10.1186/1476-511X-9-24 

Zhou, J., Wu, X., Chen, Z., You, J., & Xiong, S. (2019). Evaluation 
of freshness in freshwater fish based on near infrared 
reflectance spectroscopy and chemometrics. Lwt, 106, 
145-150. https://doi.org/10.1016/j.lwt.2019.01.056 

Zhu, F., Zhang, D., He, Y., Liu, F., & Sun, D. W. (2013). 
Application of visible and near infrared hyperspectral 
imaging to differentiate between fresh and frozen–
thawed fish fillets. Food and Bioprocess Technology, 6, 
2931-2937. https://doi.org/10.1007/s11947-012-0825-6 

Zong, C., Xu, M., Xu, L. J., Wei, T., Ma, X., Zheng, X. S., ... & Ren, 
B. (2018). Surface-enhanced Raman spectroscopy for 
bioanalysis: reliability and challenges. Chemical reviews, 
118(10), 4946-4980.  
https://doi.org/10.1021/acs.chemrev.7b00668 

 


