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Abstract: In order to cope with the increasing demand for fishery products, sensitive technological tools are required to 
ensure high quality and wholesomeness and to monitor their production process in a sustainable manner while complying 
with the strict standards imposed by regulatory authorities. Proteomics may assist the industry as it allows an unbiased ap-
proach in the discovery of biomarkers that could be used to increase our understanding of different biological, physiologi-
cal and ecological aspects that may be advantageous in optimizing quality and safety in aquatic species. The aim of this 
review is to highlight the potential of cost-effective high-throughput technologies, such as those offered by proteomics us-
ing "on-line" mass spectrometry to improve the efficiency of the industry in identifying biomarkers relevant for safe high 
quality products.  
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1. INTRODUCTION 

Consumers are showing an increasing interest in the 
transparency of food processing, production, safety and mar-
keting [1]. Hence, the Food Agriculture Organization of the 
United Nations (FAO) and the World Health Organization 
(WHO) are promoting national food control systems that are 
based upon scientific principles and guidelines in all sectors 
of the food chain to achieve improved food safety, quality 
and nutrition [2]. 

Seafood is considered a high value foodstuff due to its 
high content in omega-3 polyunsaturated fatty acids, an ex-
cellent source of proteins, vitamins and minerals [3]. In addi-
tion, their ability to prevent numerous diseases and to help in 
foetal an infant development make them increasingly more 
attractive for human consumption [2]. 

The increasing demand by the consumers and the deple-
tion of traditional fishery stocks is causing the growth of 
alternative fishery production methods. Although this in-
crease balances the stagnating supply of seafood from fisher-
ies, it raises several sustainability concerns [4]. An indis-
criminate use of production-inputs such as land, water, feeds, 
energy and xenobiotics can lead to over exploitation of alter-
native natural resources and hence raising concern on envi-
ronmental stress [3]. In addition, fisheries, and aquaculture in 
general, are vulnerable to exogenous shocks to ecosystems 
such as climate and salinity changes, contamination by  
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pesticides, pharmaceutical or industrial pollutants or oil 
spills, that can cause severe biologic effects directly on 
aquatic organisms and can potentially lead to indirect effects 
further up the food chain for humans consumption [3].  

Bostock and colleagues [5] underlined the growing atten-
tion to the processes, methods and tools that allow the eco-
system approach to aquaculture principles to be put into 
practice. Sustainability and environmental balance can be 
supported by environmental impact assessment (EIA) and 
risk analysis, through the use of technology and decision 
support tools, thereby potentially increasing food supply and 
food security for the population, especially in developing 
nations. Environmental impact assessment can be defined as: 
“The process of identifying, predicting, evaluating and miti-
gating the biophysical, social, and other relevant effects of 
development proposals prior to major decisions being taken 
and commitments made” [6]. EIA is therefore important for 
the identification of mitigation measures that can minimize 
any possible environmental impact and risk. EIA and moni-
toring are essential for a better environmental management 
but unfortunately EIA and monitoring procedures in aquacul-
ture often do not exist, are not sufficiently developed or im-
plemented, and often appear to be inadequately designed to 
provide key information on changes in the ecological fea-
tures of the specific environments sustaining given aquacul-
ture practices [7]. 

Risk analysis in aquaculture is another key tool whose 
aims include food security, trade, consumer preference for 
high quality and safe products, production profitability and 
other investment and development objectives [8]. 

Proteomic technologies have the advantage of being sen-
sitive and unbiased tools able to discover potential biomark-
ers for environmental monitoring and risk assessment and 
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helping to understand the mechanism of toxicity of environ-
mental pollutants that affect growth, reproduction and health 
of seafood with repercussion to human health [9].  

In particular, environmental proteomics focuses on the 
analysis of an organism's proteome and the detection of 
quantitative changes in the individual proteins/peptides [10] 
in response to environmental shifts, allowing the identifica-
tion of biomarkers that can be used as tools for environ-
mental assessment and sustainability.  

For instance, high-throughput proteomic approaches such 
as isobaric tagging for relative and absolute quantitation 
(iTRAQ), has been successfully used to study the responses 
by fish to aquatic pollutants, including androgen receptor 
agonists/antagonists [11]. Better understanding of environ-
mental regulators of reproduction, like endocrine disruptors, 
is therefore important for both aquaculture and conservation 
of fisheries. 

Furthermore, recent successes of proteomic methodolo-
gies, especially gel-free proteomics, make them a promising 
strategy in food sciences, promoting increased interest in the 
food industry with regard to process optimization, quality 
safety [12] and nutritional assessment [13].  

Proteomics, through the quantitative analysis of protein 
levels and their dynamic changes in fishery products, can 
significantly contribute to the understanding of the interde-
pendence between seafood proteome changes during their 
production or processing and their quality, hence it is possi-
ble to determine the critical steps required to optimize the 
production chain [14]. 

For example, high-through proteomics has been success-
fully applied to identify altered protein expression in the 
muscle of rainbow trout Oncorhynchus mykiss during spawn-
ing and was associated with biochemical processes involved 
in muscle deterioration. This discovery can contribute to the 
improvement of muscle growth and quality testing in this 
species [15]. 

In addition, a high-throughput proteomic application in 
fishery products has been recently optimized for the fast 
authentication of all commercial fish species belonging to 
Merluccidae family. The major fish allergen (Parvalbumin 
beta, -PRVB), can now be detected in less than 2 hours 
using this technique [16, 17]. This fast procedure can there-
fore be used to avoid fraudulent species substitution that can 
interfere with the quality and value of these products.  

In this context, a new discipline, “foodomics” has been 
defined as "a comprehensive, high-throughput approach for 
the exploitation of food science with the aim of improving 
human nutrition", and it has received more and more atten-
tion from scientists since 2009, at the time of the first inter-
national conference in Cesena, Italy (foodomic.eu) [18]. 

In a recent review, Cerdà and Manchado summarize how 
OMICS technologies, included proteomics and foodomics, 
can better characterize reproduction, development, nutrition, 
immunity and toxicology of flatfishes to produce in a sus-
tainable and profitable manner, healthy animals as well as 
high-quality and safe products for the consumer [19]. 

The number of publications dealing with application of 
proteomics in aquaculture more than doubled in the period 

2007-2011 [19], however most of them are based on electro-
phoretic techniques such as 1 or 2-DE. Gel-based methods, 
especially 2-DE, are time-consuming, labour intensive and 
often evidence difficulties in reproducibility between the 
gels; nonetheless this approach can facilitate the identifica-
tion of proteins for non-completely sequenced organisms 
(i.e. the majority of the species used in aquaculture, Table 1). 
This approach facilitates protein identification through 
orthologous proteins from other species or de novo sequenc-
ing approach since the comparison of peptides after in-gel 
digestion is exclusively from the excised band or spot from 
specific proteins of interest and not from the entire proteome 
sample. On the other hand, gel-based methods, at the oppo-
site of high-throughput techniques, are not very suitable for 
aquaculture or fisheries industries where daily screening of 
numerous seafood samples must be analysed almost auto-
matically in a rapid and sensitive way to guarantee high 
quality standard products in the market. 

The growth of mass spectrometry facilities, powerful bio-
informatics tools, and availability of genomic information in 
research centres and industries can make possible that high-
throughput proteomics will feature in aquaculture and fisher-
ies in the near future.  

An international research team of numerous scientists has 
recently published an important achievement in science, the 
world's first whole genome sequence map of the oyster 
Crassostrea gigas [20], the first mollusc genome to be se-
quenced, opening new possibilities for proteomic research 
and industrial applications in other poorly explored mollusc 
family species. Although this species is particularly interest-
ing for its high economic value in aquaculture and fishery, 
also numerous bony fish species are becoming more avail-
able in NCBI protein database such as Nile tilapia (Oreo-
chromis niloticus), Atlantic salmon (Salmo salar) and Rain-
bow trout(Oncorhynchus mykiss), aquaculture species with 
the highest number of protein sequences [14].  

This review intends to discuss and highlight high-
throughput proteomics techniques as useful tools for assess-
ment of quality and safety of fishery products.  

2. HIGH-THROUGHPUT MASS SPECTROMETRY 

APPLICATIONS FOR QUALITY CONTROL IN SEA-

FOOD INDUSTRY  

Food quality is a complex concept since it depends on 
many different parameters.  

There are two methods used to classify food quality. One 
is a subjective measure which includes any characteristics 
that a consumer would expect the product to have [1, 14]. 
The other is a more objective standard that requires the 
product to meet certain criteria set by the suppliers before it 
can be deemed to be of quality [21]. Food safety is a very 
different criteria, as this must ensure that all potential haz-
ards that can impact on consumer health. While all products 
must meet minimum standards for food safety consumers 
will be willing to pay extra for food of a higher quality, 
which requires some form of objective measure, such as con-
firmation of species by proteomics, as previously discussed. 

The study of proteins and peptides provides important in-
formation about physiological functions and environmental 
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Table 1. Main world aquaculture species.  

Scientific Name (Common Name) Proteome 
b
 Genome 

c
 Environment 

Acipenser baerii (Siberian sturgeon) N N Freshwater 

Anguilla anguilla (European eel) N Gene (2), Transcript (2) Freshwater and Seawater 

Anguilla japonica (Japanese eel) N Gene (2), Transcript (2) Freshwater and Seawater 

Arapaima gigas (Arapaima) N N Freshwater 

Argyrosomus regius (Meagre) N N Seawater 

Artemia spp. (Brine shrimps nei) N Gene (2), Transcript (1) Salted lake 

Carassius carassius (Crucian carp) N Gene (7), Transcript (7) Freshwater 

Catla catla (Catla) N N Freshwater 

Chanos chanos (Milkfish) N N Freshwater and Seawater 

Cherax quadricarinatus (Red claw crayfish) N N Freshwater 

Cirrhinus molitorella (Mud carp) N N Freshwater 

Cirrhinus mrigala (Mrigal carp) N N Freshwater 

Clarias gariepinus (North African catfish) N N Freshwater 

Crassostrea gigas (Pacific cupped oyster) Y Gene (5), Transcript (2) Seawater and Estuary 

Crassostrea virginica (American cupped oyster) N N Seawater and Estuary 

Ctenopharyngodon idellus (Grass carp) N N Freshwater 

Cyprinus carpio (Common carp) N Gene (9), Transcript (6) Freshwater 

Dicentrarchus labrax (European seabass) N Gene (8), Transcript (5) Seawater, Estuary, Lagoon, Freshwater 

Epinephelus coioides (Orange-spotted grouper) N Gene (2), Transcript (1) Seawater, Estuary, Lagoon 

Eriocheir sinensis (Chinese river crab) N N Freshwater, Estuary 

Eucheuma spp. (Eucheuma seaweeds nei) N N Seawater 

Gadus morhua (Atlantic cod) N Y Seawater 

Hippocampus comes (Tiger tail seahorse) N N Seawater 

Hypophthalmichthys molitrix (Silver carp) N N Freshwater 

Hypophthalmichthys nobilis (Bighead carp) N N Freshwater 

Ictalurus punctatus (Channel catfish) N Gene (54), Transcript (5) Freshwater, Estuary, Seawater 

Labeo rohita (Roho labeo) N N Freshwater 

Laminaria japonica (Japanese kelp) N N Seawater 

Lates calcarifer (Barramundi) N N Freshwater and Estuary 

Macrobrachium rosenbergi (Giant river prawn) N N Freshwater 

Mercenaria mercenaria (Northern quahog) N N Seawater 

Mugil cephalus (Flathead grey mullet) N Gene (1) Freshwater, Estuary, Seawater 

Mytilus edulis (Blue mussel) N N Seawater 

Mytilus galloprovincialis (Mediterranean mussel) N Gene (3), Transcript (3) Seawater 

Oncorhynchus kisutch (Coho salmon) N N Freshwater, Estuary, Seawater 

Oncorhynchus mykiss (Rainbow trout) N Gene (102), Transcript (16) Freshwater, Estuary, Seawater 
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(Table 1) contd…. 

Scientific Name (Common Name) Proteome 
b
 Genome 

c
 Environment 

Oreochromis niloticus (Nile tilapia) Y Y Freshwater and Estuary 

Ostrea edulis (European flat oyster) N N Seawater and Estuary 

Pangasius hypophthalmus (Striped catfish) N N Freshwater 

Panulirus homarus (Scalloped spiny lobster) N N Seawater 

Patinopecten yessoensis (Yesso scallop) N N Seawater 

Penaeus indicus (Indian white prawn) N N Seawater and Estuary 

Penaeus monodon (Giant tiger prawn) N N Seawater, Estuary, Lagoon 

Penaeus vannamei (Whiteleg shrimp) N N Seawater, Estuary, Lagoon 

Perna canaliculus (New Zealand mussel) N N Seawater 

Porphyra spp. (Nori) N N Seawater 

Procambarus clarkii (Red swamp crawfish) N Gene (2), Transcript (2) Freshwater 

Psetta maxima (Turbot) N N Seawater 

Rachycentron canadum (Cobia) N N Seawater 

Rana catesbeiana (American bull frog) N Gene (3), Transcript (2) Freshwater 

Ruditapes decussatus (Grooved carpet shell) N N Seawater and Lagoon 

Ruditapes philippinarum (Japanese carpet shell) N N Seawater and Estuary 

Saccostrea commercialis (Sydney cupped oyster) N N Seawater and Estuary 

Salmo salar (Sydney cupped oyster) N Gene (368), Transcript (6) Freshwater and Seawater 

Salmo trutta (Sea trout) N N Freshwater and Seawater 

Sander lucioperca (Pike-perch) N N Freshwater and Seawater 

Sciaenops ocellatus (Red drum) N N Seawater 

Scylla serrata (Indo-Pacific swamp crab) N N Estuary and Mangroves 

Seriola quinqueradiata (Japanese amberjack) N N Seawater 

Siniperca chuatsi (Mandarin fish) N N Freshwater 

Sparus aurata (Gilthead seabream) N N Seawater 

Stichopus japonicus (Japanese sea cucumber) N N Seawater 

Trionyx sinensis (Soft-shell turtle) N N Freshwater 

Venerupis pullastra (Pullet carpet shell) N N Seawater 

 
conditions in all living systems that can affect food quality 
properties [22]. The proteome, in contrast to the genome, is 
more complex and dynamic, changing in responses to time, 
cell type and environmental stressors, and is subjected to 
changes by pre translational and post translational modifica-
tions (PTM) [10].  

Mass spectrometry (MS)-based proteomics is a powerful 
tool for the global analysis of protein/peptides composition 
and PTMs. The study of the dynamic change of proteo-
mic/peptidomic expression can therefore contribute to the dis-
covery of potential biomarkers for judging food quality. Food 
quality has been well described by Pineiro and Martinez [14] 
and covers a range of seven topics as listed below:  

(1) Traceability and authentication (e.g. geographical origin, 
species);  

(2) Nutritional value and wholesomeness (e.g. vitamins, pro-
teins, minerals, fats, digestibility and desirable fatty acid 
compositions);  

(3) Production method (e.g. wild, intensively or organically 
farmed);  

(4) Functionality (e.g., bioactive compounds); 

(5) Processing type (e.g., fresh, frozen, canned, smoked, 
salted);  

(6) Organoleptic and sensory attributes (e.g., size, taste, tex-
ture, smell, colour);  
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(7) Safety (e.g., levels of microbial pathogens, drugs, con-
taminants, toxins, allergens). 

Two different strategies can be carried out: bottom-up 
and top-down proteomics. In the first strategy, proteins are 
enzymatically or chemically treated to produce peptides and 
their MS detection is used to infer protein presence in high-
throughput analysis of highly complex samples [23]. At the 
opposite, top-down proteomics starts with intact mass meas-
urements. Generally the bottom-up strategy is easier when 
the detection is focused on protein’s presence and/or its iden-
tification from a database, while the top down strategy is 
preferable to use when interested to the entire amino acid 
sequence and relative PTM. 

For the assessment of quality control in seafood and fish 
products, examples of discovered proteins and peptides bio-
markers are represented in Fig. (1). 

Capillary electrophoresis (CE) has been a proven method 
of protein separation since it was introduced in the early 
1980’s [24]. This allowed high-resolution separation of pro-
teins with high selectivity and sensitivity. Although the use 
of CE in the analysis of food proteins has progressed, it has 
not yet been developed to the extent of HPLC. The use of the 
various methods of CE analysis is discussed in a review by 

Recio and colleagues [25]. Traditionally, the detection 
method used with CE is by monitoring of the UV absorbance 
output at the end of the capillary. However, this does not 
provide any information as to the identity of the protein or 
any potential PTM that may have occurred. The only method 
of providing this information is MS analysis. Although the 
coupling of CE to MS was first introduced over 20 years ago 
[26], it is still not a widespread application in the food and 
proteomics analysis. A review of "Foodomics" by Herrero 
[27] listed over 30 MS methodologies for pesticides and an-
timicrobials in food, none of which used CE. In fact CE-MS 
proteomic methods account for a single paragraph on the 
tenth page. So although CE-MS can have numerous applica-
tions in food safety and food quality [28] its use in pro-
teomics is limited and therefore its routine use as high-
throughput proteomics in food and seafood is just in its in-
fancy. One of the issues arising from this topic is an exact 
definition of what a high-throughput application actually is. 
One definition of this term is given on the MASCOT website 
(http://www.matrixscience.com/pdf/automation.pdf). In short, 
the data flow is continuous and the results are automatically 
interpreted without the need for a human operator. While this 
may be applicable in some instances we are concerned with 
the complete process of sample handling, sample prepara-

 

Fig. (1). Examples of discovered protein and peptide biomarkers for quality control of seafood and fish products by MS-based proteomics. 
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tion, analysis and data evaluation. All of the components that 
make up the workflow must be achievable in a timely fash-
ion that allows assessment of the proteomic data from an 
adequate number of samples to obtain statistically significant 
results.  

The use of CE-MS for high-throughput proteomics has 
allowed the development of a range of biomarkers of disease 
to be developed in clinical proteomics [29-31]. However, 
there are no publications to date using this technique in sea-
food proteomics or even the wider field of aquaculture. In 
the cases cited, top-down methodologies are employed to 
produce fingerprints or panels of biomarkers that can indi-
cate the early onset of a disease. The same process and tech-
nology has also recently been applied to the field of veteri-
nary proteomics. Mastitis is one of the major losses of in-
come for the dairy industry and the early detection and 
treatment with the appropriate antibiotic is required. In a 
study by Mansor et al. (submitted) they were able to use the 
low molecular weight milk proteome to identify the presence 
of mastitis through milk and to differentiate between E. coli 
and S. aureus infections. A similar analysis of whole milk 
was used for the detection and quantification of bovine milk 
in either ovine or caprine milk by [32]. This publication 
highlights one of the difficulties of CE-MS for protein analy-
sis, thus the interaction of the negatively charged capillary 
wall with the positively charged proteins, responsible of 
band broadening and decreased resolution. A review by 
Simo et al. in 2005 provides further examples of the use of 
CE-MS to discriminate between animal species in processed 
food using a polymer coating of the capillary to enhance 
resolution [33]. CE-MS in proteomics is an exciting field 
which, has still to be developed to its full potential. At pre-
sent the major mass spectrometers being coupled to CE are 
Time of Flight (TOF) analysers. While these provide accu-
rate mass measurements there is a need for MS/MS analysis 
to allow sequencing of peptides and proteins. The sensitivity 
levels with existing mass spectrometers do not allow exten-
sive MS/MS of peptides and proteins in CE analysis. How-
ever, progress is being made with the latest Orbitrap instru-
mentation and CE-MS sheathless systems that may over-
come this limit [34]. 

Recent developments in column technology have allowed 
LC to be considered in high-throughput proteomics, as was 
defined above. Previously, LC analysis would require two 
orthogonal separation techniques e.g., cation exchange frac-
tionation followed by reverse phase separation, better known 
as Multidimensional protein identification technology Mud-
PIT [35]. This technique was a major improvement on 2-DE 
separation as it allows online analysis. However, having 
multiple LC runs not only takes longer to analyse, it is not 
ideal for carrying out quantitative comparisons between 
samples.  

The recent introduction of 50 cm nanoflow columns us-
ing longer shallow gradients has dramatically increased the 
number of proteins that can be identified in a single chro-
matographic run [36]. In the analysis of the yeast proteome 
Thakur et al (2011) were able to identify 2990 proteins in a 
single run shotgun analysis using this separation technique 
coupled to an Orbitrap mass spectrometer. This degree of 
separation brings ultra-high pressure (10,000 psi) LC nan-
oflow systems to work at similar separation capabilities to 

that of CE. Although CE has a number of advantages over 
LC for protein analysis [37], the amount of sample that can 
be loaded into the capillary is limited. This, and electrical 
connectivity, has prevented the wider use of MS/MS analy-
sis with CE. However it has been shown high efficiency 
and sensitive peptide analysis when CE and MS were cou-
pled using an electrokinetically pumped ESI sheathflow 
interface [38, 39]. We have also recently demonstrated that 
interfacing a CE with an Orbitrap Velos MS/MS is possible 
using the standard Agilent ESI sheathflow interface [40]. 
There is also one manufacturer's solution to the interfacing 
problem, Beckman have results from a prototype porous tip 
sprayer for sheathless CE-MS analysis that were published 
in 2010 [34]. However, this has still not been launched into 
the market. 

The advent of longer LC columns, combined with ultra-
high pressure pumps and CE interfacing to MS/MS via 
shealth and sheathless interfaces, will contribute to a further 
scope to redefine high- throughput proteomics. 

2.1. Proteomics  

Several studies applied the described strategies to im-
prove the research of specific biomarkers for quality in 
aquaculture food products. The future trend is an optimiza-
tion of these methodologies for sensitive but especially high-
throughput measurements that do not need for example the 
use of 1 or 2-DE protein separations or other time-
consuming and less reproducible methodologies. 

Species authentication, in particular, is one of the major 
areas of concern in seafood quality that requires tighter guar-
antees to assure consumer confidence by preventing fraudu-
lent labelling. Regulatory interventions aim at avoiding mis-
labelling of species or geographic origin or substituting wild 
fish with farmed fish, to assure transparency of customer 
requirements. 

There are several techniques for authentication in fishery 
products including DNA-based analysis for species identifi-
cation, protein/proteomics (1,2 SDS-PAGE, IEF, MS) and 
nuclear magnetic resonance (NMR) spectroscopy based on 
lipid composition analysis in order to identify the geographi-
cal origin and processing conditions [41]. Studies using gel-
based proteomics and immunological methodologies have 
been extensively applied for the authentication of fish spe-
cies [42-44] but one of the first gel-free proteomic strategies 
developed in fish was used by Mazzeo and co-workers [45] 
who developed a top-down method based on matrix-assisted 
laser desorption/ionization time of flight (MALDI-TOF) MS. 
The authors were able to discriminate 25 different commer-
cial fish species by selecting sarcoplasmic proteins with mo-
lecular weight about 11KDa as species-specific biomarkers 
for their unambiguous identification. A similar but more 
recent study showed how to discriminate three freshwater 
fish species (Alosa agone, Coregonus macrophthalmus and 
Rutilus rutilus) by MALDI-TOF MS using both muscle and 
liver tissues [46]. Although it was a pilot study, the authors 
reported on a simple proteomic gel-free strategy performed 
in a simple single-step extraction procedure, without any 
further purification.  

Furthermore, these species-specific protein mass finger-
prints (PMFs) especially in muscle tissues can be extremely 
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suitable for routine food controls since freshwater fish spe-
cies are more commonly commercialized as fillets rather 
than the whole fish. 

Although these high-throughput techniques for fish spe-
cies identification require minimal time consumption, low 
cost and can be applied to large-scale screening for control 
and authentication of fishery products, DNA-based analysis, 
especially DNA-barcoding, can, most likely, be considered 
more reliable, cheaper and a more high-throughput technique 
when compared to the other ones described. The advantage 
of using DNA-based methods compared to proteins is that 
DNA is a more stable molecule that can withstand the harsh 
treatment conditions needed for specific food processes [47]. 
In fact, this robust technique can be used to genetically iden-
tify crustacean, mollusc and fish species in raw, frozen and 
processed commercial food [48].  

The nutritional quality of fish, seafood products and most 
marine oils, is often associated with their high content of 
essential fatty acids (e.g., linoleic acid, omega-3 polyunsatu-
rated fatty acids (n-3 PUFAs), eicosapentaenoic acid (EPA), 
docosahexaenoic acid (DHA)) which contributes to a de-
creased risk of coronary heart disease and cancer [2].  

Proteomic studies have seldom been applied to the nutri-
tional value of food in fishery products. Piñeiro and col-
leagues suggested that the reason for this may be due to 
technical difficulties such as high insolubility of seafood 
proteins, the numerous high molecular proteins, the presence 
of abundant isoforms and weak ionization levels [49]. How-
ever modern proteomic methodologies and strategies can 
overcome these problems. One of the first studies using MS 
for the seafood proteome analysis was performed in crayfish 
calciprotein and some sarcoplasmic proteins from fresh carp 
fish by fast atom bombardment mass spectrometry (FAB-
MS) and high performance liquid chromatography coupled 
to electrospray ionization mass spectrometry (HPLC-ESI 
MS) respectively [50]. However, no nutritional properties 
were attributed to these proteins [49]. 

Flesh texture in fish is mainly determined by biological 
function such as muscle organization, protein content and 
composition and its quality can be affected by pre-
slaughtering stress, post-mortem deterioration, processing, 
storage temperature and physiological conditions such as 
sexual maturation and spawning [51]. 

Pre-slaughter crowding for 40 min caused an increase in 
the proteolysis of muscle structural proteins (i.e. actin, light 
and heavy chain of myosin, tropomyosin) in Atlantic salmon 
and an increase of enzymes involved in energy production 
(i.e., enolase, creatine kinase) suggesting an accelerated 
postmortem pH decline and rigor mortis contraction of the 
crowded salmon [52]. The effects of 5 days post-mortem 
storage at 1 and 18 °C showed temperature-dependent in-
crease of proteolysis in heavy chain of myosin (MHC) and 
glycolytic enzyme glyceraldehyde-3-phosphate dehydro-
genase (G3PD) on sea bass muscle [53]. All these gel-based 
proteomic studies cannot be considered as high-throughput 
techniques but Salem and co-workers [15] were able to char-
acterize the proteomic profile in degenerating muscle of 
rainbow trout during the female reproductive cycle using a 
LC/MS-based label-free protein quantification method with-
out any previous separation by 1-DE or 2-DE. The authors 

were able to identify 146 proteins that significantly changed 
in atrophying muscles, namely a decreased abundance of 
proteins belonging to anaerobic respiration, biosynthesis, 
monooxygenases, follistatins, and myogenin, as well as 
growth hormone, interleukin-1 and estrogen receptors. In 
contrast, proteins of MAPK/ERK kinase, glutamine syn-
thetase, transcription factors, Stat3, JunB, Id2, and NFkap-
paB inhibitor, were greater in atrophying muscle. 

Another aspect of the food quality in which foodomics 
has a particular interest is the development of the so-called 
functional food [27]. The enrichment of biologically active 
proteins and peptides in food products can enhance their 
nutritional value and satisfy the demand of customers who 
desire a daily healthcare without the additional intake of 
pharmaceutical products. 

The identification of potential functional food proteins 
have been accomplished by Sanmartin and colleagues [54] 
through the proteomic study of canned and fresh tuna by-
products during their processing. This investigation enabled 
the identification of by-products from sarcoplasmatic and 
myofibrillar fractions, combining the research of peptide 
mass fingerprint by MALDI-TOF, with the peptide frag-
ments fingerprinting by MALDI LIFT-TOF. The authors 
identified myoglobin and energy production enzymes from 
the sarcoplasmic fraction whereas proteins like actin, tropo-
myosin, myosin and an isoform of creatine kinase from the 
myofibrillar fraction. Proteins such as tropomyosin and hae-
moglobin were identified in the heat-treatment material dis-
carded from the canning industry. 

2.2. Peptidomics and Peptide Biomarkers 

Food peptidomics and the characterization of the whole 
peptidome in food products or raw materials is an emerging 
field in food quality studies. Peptides dynamically change in 
food during proteolysis induced by technological treatments 
and interactions with other components; therefore their study 
can give useful information about origin, evolution, impact 
on sensorial properties, beneficial or adverse effects on hu-
man health [55] that can guide industrial processes or im-
prove supply chain management. 

The term “peptidomics” may refer to the study of natu-
rally occurring peptides or to the peptidomics approach to 
protein analysis [56]. Therefore, there is a subtle distinction 
between the so-called shotgun proteomics, where proteins 
after digestion generate peptides suitable for MS analysis, 
and peptidomics which partially covers the same approach 
and methodologies as proteomics [55, 57]. In this context, 
we also include the research directed to discover peptides as 
specific biomarker in peptidomics although they are not 
strictly related to the usual definition. 

Peptides, especially for MS- based techniques, are by far 
better analytical targets than the parent proteins. In fact, es-
pecially short peptides containing two or three amino acids, 
are usually better absorbed than the larger ones. Such frag-
ments occur in protein sequences with relatively high prob-
ability and can play a key role in bioactive compounds 
through their peptide chain length [57]. 

A high-throughput strategy directed at fish authentica-
tion, was able to discover species-specific peptide biomark-
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ers of all commercial fish species belonging to the Merlucci-
dae family, using high-intensity focused ultrasound (HIFU) 
tryptic digestion and selected MS/MS ion monitoring [16]. 
The unequivocal identification of these closely related fish 
species in any seafood, including processed and precooked 
products, was performed in less than 2 hours due to the fast 
HIFU application (2 minutes) to in-solution tryptic digestion 
that achieves an efficiency and similar reproducibility to that, 
obtained by traditional overnight protocols [58].  

A similar strategy for the fast identification of seafood 
species, closely related to Decapoda shrimps, was developed 
by Ortea and colleagues [59]. They discovered species-
specific peptides through the selected MS/MS ion monitor-
ing (SMIM), the most suitable ion-trap scanning method for 
the detection and quantification of peptides previously se-
quenced by MS from complex samples.  

The quality of fish products might be altered during 
processing and storage. For instance, nonenzymatic post-
translational modifications (nePTM) mainly caused by oxi-
dation and by nonenzymatic reaction of sugars with amino 
acid side chains, significantly affect the sensorial and nutri-
tional quality of fishery products [14].  

Several publications reported nePTM in food like milk 
after heating or meat affected by lipoxidation but the struc-
tures and modification sites of nePTMs in processed food 
like seafood are largely unknown [60].  

 Proteolytic peptides generated from foodstuffs are also 
molecular targets to distinguish fresh from cold-stored mate-
rials, in order to assess the fraudulent use of prohibited re-
frigerated or frozen ingredients [55].The effects of ice stor-
age and cooking in rainbow trout muscle has been analysed 
by Bauchart and colleagues [61] by peptidomics. The MS 
results showed that 6 days of ice storage and cooking condi-
tions did not have an effect on the concentration of the iden-
tified low molecular weight peptides (<5 KDa). However, a 
number of unidentified peptide did show a consistent in-
crease due to storage and cooking. The identification of these 
peptides would provide a method of differentiating fresh 
from frozen rainbow trout products. Future studies could 
extend this would to other fishery products. 

Some peptides found in fish products have been shown to 
prevent hypertension by inhibiting angiotensin-converting 
enzyme (ACE) or displaying antihypertensive, antioxidant, 
antimicrobial and antiproliferative effects [62]. ACE inhibi-
tor peptides from fish sources were first identified in sardine 
muscle over twenty years ago [63] Since then ACE-
inhibitory peptides have been found in various fish species, 
including shellfish, tuna, bonito, salmon and sardine [62]. 

Potential valuable bioactive peptides (i.e. antimicrobial, 
bioactive collagen peptides and antihypertensive peptides) 
from sarcoplasmic proteome of 15 commercial fish species 
were predicted after an in silico simulated human gastroin-
testinal digestion [64]. Although further studies are needed to 
confirm these results, the discovery of potential health bene-
fits related to these bioactive peptides could interest the mar-
ket for functional food commercialization. This MS-based 
study underlined how the appropriate use of bioinformatic 
tools can speed up the research into potential target peptides 
without incurring major costs [65].  

Specific peptides obtained after enzymatic digestion of 
fish proteins can be utilized to enhance salt taste in food, 
namely a series of arginyl dipeptides, with RP, RA, AR, RG, 
RS, RV, VR, and RM having been found to be the most ac-
tive, as well as L-arginine as salt taste enhancing molecules 
in fish protamine digests and fermented fish sauces [66]. In 
this recent study, the authors applied chromatography tech-
niques coupled to LC-MS/MS analysis utilizing “sensom-
ics”, a new research area which aims to characterize the most 
intense taste-active metabolites in fresh and processed foods. 

3. PROTEOMIC SAFETY BIOMARKERS IN FISH-

ERY PRODUCTS 

Consumer preferences range from fresh seafood products 
that can be eaten raw or minimally processed, to those spe-
cially prepared such as salted, smoked, cured or canned [67]. 

Although seafood consumption is recommended as a part 
of a healthy diet, hazards caused by naturally occurring tox-
ins, environmental contaminants and microbes can cause 
public health concerns. 

The challenge for seafood safety is using advanced and 
robust technology tools to detect very low concentrations of 
toxins, harmful compounds, micro-organisms, allergens 
and/or eventual food compositional changes from various 
stages of food processing, packaging, and storage, especially 
from long distance shipments. 

The Food and Drug Administration (FDA) has issued in-
dustry guidelines aiming to establish procedures for the safe 
processing and importing of fish and fishery products based 
on the hazard analysis and critical control points (HACCP) 
approach [68] as numerous foodborne illnesses still exist in 
developing and developed countries.  

3.1. Toxins and Other Environmental Contaminants De-

tection 

The consumption of shellfish contaminated by algal tox-
ins can cause several major human toxic syndromes. The 
large-scale ecological changes from anthropogenic activities, 
especially increased eutrophication, marine transport, aquac-
ulture, and global climate change could be indirectly related 
with the increase of human toxicity by contaminated shell-
fish consumption. Therefore, new efforts have been devoted 
to improve methods for toxin detection in different matrices 
that could assess the presence of those compounds in food 
and prevent human exposure to shellfish toxins. 

The frequency of occurrence and intensity of harmful al-
gal blooms has increased on a global scale in recent years. 
Fisheries and aquaculture industries are especially suscepti-
ble to contamination from harmful algal blooms and marine 
biotoxins. These algae-related poisoning can be classified in 
clinical types: paralytic shellfish poisoning, diarrheic shell-
fish poisoning and amnesic shellfish poisoning are among 
the most common. Biotoxins such as okadaic acid, dinophy-
sistoxins, pectenotoxins, yessotoxins, gymnodimine, spirol-
ides, azaspiracids and azaspiracid analogs, domoic acid, my-
crocystins and other cyanotoxins, have been successfully 
detected by MS-based techniques [69-75]. 

The biotoxin okadaic acid and developing methods for 
the identification has attracted a lot of interest during the last 
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two decades as it represents the most predominant diarrheic 
shellfish poisoning biotoxin in the European coastal waters. 
The traditional strategy for biomonitoring this compound in 
the marine environment has been based on regular screening 
of the waters, in order to detect potential toxic phytoplank-
ton, especially during Dinophysis acuminata and Proto-
ceratium reticulatum blooms. Later, a solid phase adsorption 
toxin tracking method, SPATT, was developed based on the 
use of passive samplers. MacKenzie et al. [69] reported this 
biomonitoring strategy as an alternative early warning 
method for predicting contamination events and predicting 
the net accumulation of polyether toxins by mussels. The 
advantage of this system is that it simplifies the identifica-
tion of the toxins by only having to monitor the parent com-
pound and not the toxin analogues produced by in vivo 
biotransformation in shellfish tissues.  

However, recently, several chromatographic methods 
coupled to tandem mass spectrometry (LC–MS/MS) have 
been developed for the determination of the main groups of 
marine lipophilic toxins (okadaic acid and dinophysistoxins, 
pectenotoxins, azaspiracids, yessotoxins, gymnodimine and 
spirolides). Garcia-Altares et al. [70] compared two quantita-
tive methodologies, the external standard calibration and the 
matrix-matched standard calibration, to define the most suit-
able conditions as stated by the European Union Reference 
Laboratory for Marine Biotoxins (EURLMB). Increasing the 
sample throughput should be an aim in the development of 
these methodologies. Therefore, the authors recommended 
alkaline conditions with the external standard calibration to 
accomplish the analysis of all toxins in a single run. Another 
goal is identifying different biotoxin analogs. At least eleven 
analogs of azaspiracids have been described. Applying the 
state-of-the-art techniques including ultra-performance liquid 
chromatography and tandem mass spectrometry (MS/MS), 
all of those compounds have been identified in blue mussel 
[71]. However, it is expectable that the newly discovered 
azaspiracid analogs were present at low concentrations in the 
shellfish and it is probably safe to assume, at these concen-
trations, they do not pose a risk to the shellfish consumer 
[71]. 

The gymnodimines is an emerging group of marine tox-
ins, although they have not yet been linked to incidents of 
human poisoning. They are a subclass of lipophilic fast-
acting toxins that belong to the cyclic imine group. However, 
the presence of a range of acyl ester derivatives of gymno-
dimines has been detected for the first time in shellfish sam-
ples from Tunisia. For the detection, a series of mass spec-
trometric experiments involving precursor and product ion 
scans, selected reaction monitoring (SRM), and high-
resolution MS were performed [72]. 

A potent neurotoxin responsible for the syndrome amne-
sic shellfish poisoning, domoic acid, was detected for the 
first time in shellfish harvested in Ireland in 1999. Different 
methodologies have been developed since then to identify 
and quantify this compound either based on liquid chroma-
tography and solid-phase extraction with strong anion ex-
change cartridges or by using an ultraviolet photodiode array 
absorbance detector coupled to multiple tandem mass spec-
trometry (LC-MSn) [73]. The amount in mussels, oysters 
and razor clams were within the EU guideline limits for the 
sale of shellfish (20 g/g). 

Microcystins are cyanotoxins that occur in ground water 
and also pose a potential health risk. Microcystin-LR (micro-
cystin-leucine-arginine) is suspected of being a tumour pro-
moter and to cause hepatic dysfunction [76, 77]. A recent 
study has evaluated the effects of this cyanotoxin on liver 
from Medaka fish (Oryzias latipes). Applying an iTRAQ 
labeled quantitative proteomic approach, more than 300 pro-
teins showed statistically significant variations and most of 
them were implicated in the translation, maturation or degra-
dation of proteins or in lipid metabolism and detoxification 
[74]. In particular, the authors underlined the deregulation of 
several apolipoproteins that indicates a possible alteration of 
chylomicron-mediated transport. Their accumulation in 
Medaka fish hepatocytes can be due to the disruption of sev-
eral cytoskeleton components (i.e. actin network, microtu-
bules and intermediate filaments) observed after microcys-
tin-LR exposure. The authors, for the first time, by using this 
high-throughput technique, were able to identify 15 proteins 
(i.e. aminocarboxymuconate semialdehyde decarboxylase, 
uricase, mortalin, calreticulin, glutaredoxin, warm tempera-
ture-acclimation-related-65-kDa-protein, homogentisate-1,2-
dioxygenase, kininogen, cathepsin, 17-b-Hydroxysteroid 
dehydrogenase 4 like, Acyl-coenzyme A binding protein, 
Acyl-coenzyme A oxidase 3, 14KDa apolipoprotein, apol-
ipoprotein A-IV/V, apolipoprotein E) not evidenced in simi-
lar previous gel-based proteomic studies and by 
genomics[74]. 

A peptidomic approach aimed at characterising and quan-
tify the peptide cyanotoxins produced in two Italian lakes, 
Averno and Albano, has been carried out [75]. The proce-
dure was based on matrix-assisted laser desorption/ionisation 
time-of-flight mass spectrometry (MALDI-TOF-MS) analy-
sis for rapid detection and profiling of the peptide mixture, 
combined with liquid chromatography/electrospray ionisa-
tion quadrupole time-of-flight tandem mass spectrometry 
(LC/ESI-Q-TOF-MS/MS) which provided unambiguous 
structural identification of the main compounds, as well as 
accurate quantitative analysis of microcystins. Work is in 
progress to apply this analytical strategy to other classes of 
cyanotoxins, to obtain new information about cyanotoxins 
contaminating Italian lakes. The same methodology is being 
currently extended to the analysis of animal tissues (fish, 
crustaceans, mussels) from contaminated freshwaters, repre-
senting a possible risk of poisoning for humans [75].  

Other environmental contaminants like toxic elements 
(e.g. Hg, Cd, Pb and As), radionuclides, polycyclic aromatic 
hydrocarbons (PAHs), polychloro biphenyl (PCB) and diox-
ins in fish and shellfish not only can affect the health and 
quality of the farmed products but can also constitute a seri-
ous health hazard for the consumers.  

Classical analytical techniques are typically used to de-
tect most of these environmental contaminants and some of 
them can be technically difficult to detect. Biotransformation 
processes may occur, producing by-products more hazardous 
than the parent molecules that can be under the instrument 
detection-limits or under the limit set by the legislative 
authority. In addition, the bioaccessibility of environmental 
compounds can be affected by cooking and processing and 
cause repercussion on human health. 

For example, seafood contaminated with some type of ar-
senic containing compounds can potentially cause greater 
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risks to human health after cooking. Samples of sole, dory, 
hake, and sardine containing arsenobetaine (AB), virtually 
non toxic, after cooking processes (i.e. baking, frying, and 
grilling) at various temperatures produced tetramethylar-
sonium ions (TMA+), which are toxic, possibly due to the 
decarboxylation of AB to (TMA+) [78].  

Another interesting study showed the carcinogenic risk 
associated with the intake of PAHs through consumption of 
edible marine species (i.e. sardine, tuna, anchovy, mackerel, 
swordfish, salmon, hake, red mullet, sole, cuttlefish, squid, 
clam, mussel, and shrimp) by Catalonians, in Spain, belong-
ing to eight age and sex groups [79]. Mussel, clam, and 
shrimp had the highest PAH concentrations whilst sole, cut-
tlefish and squid had the lowest mean concentration. Women 
and female children showed highest PAH intake but female 
adolescents and seniors showed the lowest ones. 

Consumer concern has also emerged over PCB and diox-
ins that are found in fish rich in fatty acids. In particular pre-
natal exposure of these compounds may affect subsequent 
cognitive performance of pre-school children [80]. 

In this context, the integration of toxicology with high-
throughput transcriptomics, proteomics and metabolomics 
can be extremely useful in providing an early and more 
sensitive detection of toxicity, a better understanding of the 
mechanism of toxicity, and a prediction of toxicity of un-
known compounds in organisms [81] like fish and shellfish. 
This discipline, known as toxicogenomics, has not been 
applied for high-throughput screenings in fishery products 
yet; its application has only recently been performed in 
Atlantic cod (Gadus morhua) liver, after in vivo meth-
ylmercury exposure [82]. Numerous genes coding for en-
zymes involved in metabolism of amino acids, fatty acids 
and glucose were found differentially regulated and can be 
potential candidates for monitoring environmental MeHg 
pollution. However, their validation by proteomics is 
needed to confirm the pathways suggested by transcrip-
tomic analysis.  

Environmental contaminants in fish and shellfish that can 
be toxic for human consumption have been analysed in sev-
eral gel-based proteomic studies. They reported changes in 
the proteome of juvenile Atlantic cod (Gadus morhua) [83] 
of mussel Mytilus edulis exposed to PAH and alkyl phenols 
[84], to PCB and PAH ([85]), in the clam Chamaelea galina 

exposed to PCB [86], to As [87] or the clam Ruditapes de-
cussatus exposed to Cd [88].  

 In general these studies evidenced an altered metabolism 
of amino acids and fatty acids, increase of glycolysis, oxida-
tive stress, detoxification mechanisms and degradation of 
structural proteins that in turn have negative effects on the 
product safety and quality [10, 14].  

The only gel-free proteomics approach that has been used 
in mussels Mytilus edulis exposed to environmental con-
taminants, oil spiked with PAH and alkylphenols, employed 
a protein-chip array combined with surface-enhanced laser 
desorption/ionization time-of-flight MS (SELDI TOF MS) 
[89]. Although this study is able to identify a specific pollut-
ant when its identity is not known, the missing protein iden-
tification excludes the possibility to understand the potential 
mechanisms of actions. 

In the future, high-throughput targeted proteomics, in 
fishery products, could be applied to promptly monitor the 
identified protein indicators of exposure to environmental 
contaminants. No proteomic studies have so far focused on 
the effects of environmental compounds in freshwater fish-
ery products or in general processed and cooked fish and 
shellfish have been addressed; these aspects should also be 
evaluated in future studies to optimize the entire production 
chain of fishery products ensuring safety and quality to con-
sumers.  

3.2. Bacteria Detection 

The most common pathogens such as Campylobacter je-
juni, Staphylococcus aureus, Listeria monocytogenes, some 
Salmonella spp., certain Bacillus strains and Escherichia coli 
O157:H7, have been found in fresh/raw fishery and seafood 
products, causing continual threats to human health [90].  

Nonetheless, Vibrio parahaemolyticus is the leading 
causative agent of bacterial seafood-borne gastroenteritis in 
the United States [91]. 

A recent study showed imported seafood from 12 coun-
tries had contamination rates for target bacteria ranging from 
0.6% for C. jejuni and Salmonella to 9.4% for E. coli, sug-
gesting the need of further large-scale studies to warrant food 
safety hazards [92]. 

In this context, numerous scientists recognized that large-
scale utilization of MS-based proteomics could sensitively 
accelerate the detection time of potential hazard in seafood 
through both the direct identification and quantitation of 
pathogens proteins or relative protein biomarkers, previously 
successfully tested for species and strains of specific bacte-
ria. However, there are few investigations that follow 
changes of the proteome of contaminating bacteria during 
food processing and equipment sanitation. 

The Bacterium C. jejuni proteome was analysed for the 
first time by Cordwell and his colleagues [93], through the 
combination of the traditional 2-DE and MudPIT analysis 
identifying 453 unique proteins, of which 187 were mem-
brane proteins, and a further 108 were predicted to contain at 
least one transmembrane-spanning region, usually hydro-
phobic proteins difficult to separate by 2-DE.  

An important step towards research by automated detec-
tion of microbial contamination was achieved by Fagerquist 
and colleagues [94], who developed a web-based software 
for rapid top-down proteomic identification of small proteins 
(and their source bacterial microorganisms) from analysis of 
MS-MS fragment ions of intact bacterial proteins generated 
using MALDI-TOFTOFMS. A simple peak-matching algo-
rithm was used to score and rank identifications of proteins 
and microorganisms (e.g. some Campylobacter and Es-
cherichia coli strains) comparing MS-MS fragment ions to in 
silico fragment ions generated from bacterial protein se-
quences derived from genomic databases.  

Technological food preservation techniques such as high 
hydrostatic pressure (HHP) or vacuum-packaging, although 
inhibit the growth of microorganisms, do not exclude the 
survival of some bacteria like Bacillus cereus or Streptococ-
cus parauberis. Martinez-Gomariz and colleagues [95] ana-
lysed changes in the proteome of B. cereus during HHP 
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treatment and found quantitative differences of proteins in-
volved in nucleotide metabolic process, carbohydrate catabo-
lism, transport, refolding, amino acid biosynthesis and cil-
iary/flagellar motility. This proteomic study highlighted as a 
specific HHP treatment at 700MP may reduce the virulence 
and protective response against oxidative stress in these bac-
teria preventing food borne illnesses.  

Another recent proteomic success directed towards a 
rapid pathogen and spoilage bacteria identification method in 
food products is the first report of S. parauberis in seafood 
and in vacuum-packed food products through the identifica-
tion of five peaks in the range of 2200-6000 m/z specific to 
this bacteria species by MALDI-TOF MS [96]. In particular, 
the authors analysed these bacteria species from a commer-
cial surimi-based product subjected to vacuum packaging 
and refrigeration. 

The same MALDI-TOF MS fingerprinting approach was 
previously used by Böhme and colleagues [97-98] to differ-
entiate several gram-negative and gram-positive bacteria 
(e.g. Bacillus, Listeria, Clostridium, Staphylococcus spp.) in 
seafood. 

Although these authors mainly isolated most of the bacte-
ria from collected cultures, specific gram-negative strains 
such as Serratia marcescens, Stenotrophomonas maltophilia 
and Pseudomonas fragi were selected from processed sea-
food, fresh and frozen tuna Thunnus alalunga and from sar-
dins, respectively [97], whilst the gram-positive strains 

Staphylococcus aureus, Carnobacterium maltaromaticum, 
C. Maltaromaticum, Bacillus subtilis, B. licheniformis and B. 
Megaterium were selected strains were from a shelf-life 
study of vacuum-packed seafood products that were sub-
jected to a mild heat treatment and stored refrigerated [98].  

Another MALDI-TOF MS-based strategy but on intact 
bacterial cells from slants and grown in laboratory conditions 
was developed for a rapid and accurate identification of 24 
different foodborne pathogens and food spoilage bacteria 
such as Salmonella, Escherichia, Yersinia, Staphilococcus or 
Listeria [99]. 

A rapid identification of V. parahaemolyticus from dif-
ferent geographical locations and at different time was 
achieved by a whole-cell MALDI-TOF MS method, allow-
ing the distinction of the closely related strains V. alginolyti-
cus, V. harveyi and V. cambelli [91]. V. parahaemolyticus 
was isolated from sediment, water, and oyster samples from 
Georgia, Florida, and North Carolina while the other strains 
were grown in broth at laboratory conditions. These latter 
two MS-based studies show the advantage in using intact 
cells skipping analysis steps such as cell lysis and/or protein 
digestion, which affect the speed, logistic and expenses of 
the analysis. 

Despite the several studies applying high-throughput pro-
teomic techniques in food and seafood products, as described 
in this review, most of them have missing useful information 
about species. 

3.3. Allergen Detection 

The detection of food allergens is a hot topic in food 
safety because of the increasing susceptibility of individuals 
who must avoid the consumption of these allergens, even in 

small quantities, while a complete cure for these reactions is 
not yet available [27].  

Most allergens are usually low molecular weight proteins 
or glycoproteins (Mw 10,000-70,000 KDa) [100] and their 
traditional detection in food is mainly based on the use of 
specific antibodies or DNA primers limited by their avail-
ability and achievable detection limit [101]. Allergens often 
exhibit specific biochemical and physiochemical properties 
(e.g. thermal stability and resistance to proteolysis) depend-
ing on their binding to metals ions, lipid, steroids or proteins 
and their study has been favoured by MS application [102]. 

A powerful tool like proteomics, and especially the use 
of MS, can be an unambiguous and sensitive alternative ap-
proach for food allergens detection and generally all proteo-
mic strategies used for a detailed characterization of these 
compounds is referred as “allergenomics” [103]. 

In seafood products, the major fish allergens are parval-
bumins beta (ß-PRVBs), a calcium-binding protein with low 
molecular weight (~10-12 KDa), with acidic pI, present in 
high amounts in the sarcoplasmic fraction of white muscles 
of fish and resistant to heat and digestive enzymes [104, 
105]. 

Allergenomic studies in seafood products have been only 
sparingly applied using SDS-PAGE and immunoblotting 
[105] or these techniques combined with MS [106, 107]. 
Other scientists investigated the allergenic mechanisms of 
the parvalbumin fraction with myofibrillar protein fraction 
using crystallography [108] or immunological tools [109] 
which are not proteomic techniques in sensu stricto [110].  

Clinical cross-reactivity of parvalbumins from different 
fish species [111, 112] and their characterization in different 
species belonging to Merluccidae family were evaluated by 
2DE and MALDI-TOF MS [113]. However, the authors 
were able to recognize clearly species-specific differences in 
the peptides pattern of the parvalbumin fractions only 
through MALDI-TOF mass fingerprinting and subsequently 
to identify 25 new ß-PRVBs isoforms by de novo MS-
sequencing in 11 species of Merluccidae through a classical 
bottom-up proteomic approach using Fourier-transform ion-
cyclotron resonance mass spectrometry (FTICR-MS) for an 
accurate mass measurement of intact proteins and selected 
MS/MS ion monitoring (SMIM) of peptide mass gaps [114]. 
Although these studies have been based on the preliminary 
use of 2DE, Carrera and colleagues [17] recently developed 
a new shotgun proteomic strategy more suitable for a rapid 
detection of fish ß-PRVBs in any food product in less than 2 
hours and its validity in commercial sea-foodstuffs were 
tested in processed and even battered pre-cooked products. 
Briefly, this targeted-driven methodology is based on the fast 
purification of parvalbumins by heat treatment, accelerated 
in-solution protein digestion by high-intensity focused ultra-
sound (HIFU) monitoring of 19 ß-PRVBs common peptide 
biomarkers by SMIM in a linear ion trap (LIT) MS.  

Other gel-free proteomic techniques in aquaculture or-
ganisms were used by Taka and colleagues [115] in Rana 
catesbeiana for the characterization of an allergen belonging 
to ß-PRVBs through tandem mass spectrometry in combina-
tion with amino acid analysis and peptide sequencing after 
Arg-C and V(8) protease digestion. The authors recognized 
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the necessity to use the combination of ESI-MS with the 
amino acid analysis by Edman degradation for the protein 
sequence identification and/or any PTM, because more than 
10 years ago, when this study was published, MALDI-TOF 
and/or recent MS technologies were not so well known. 

The main allergens in crustaceans and cephalopods are 
tropomyosin, a 34–38 kDa microfibrillar protein with amino 
acid sequence highly conserved among shellfish [116, 117], 
and arginine kinase [118]. 

Food products like crustaceans are among the most 
common causes of allergies [119, 120], but only a few pro-
teomic studies analysed these allergens by MS, although 
through prior SDS-PAGE protein separations [121, 122]. 

Up to now the bottom-up strategy is the most widely 
used in allergenomics [27] although MS analyses are often 
performed only after tryptic digestion of proteins separated 
by 1 or 2DE. These methodologies are very effective but not 
admissible in aquaculture, fish plants and industries that need 
high-throughput techniques able to monitor simultaneously 
several allergens and especially quantify them rapidly.  

Some authors, as described above, used shotgun pro-
teomics techniques in allergenomics but only Stevenson et 

al. [123] developed for the first time a gel-free, label-free 
quantitative proteomics approach based on peak integration 
and spectra counting to compare versus protein standards in 
seed allergens. In the future a similar methodology could be 
applied in aquaculture products even if it is crucial the need 
of appropriate reference materials for allergens and more 
validations. 

CONCLUSIONS AND FUTURE PERSPECTIVES 

Nowadays, it is well known that a daily balanced diet 
based on proteins combined with other nutrients is important 
for a healthy longer life. In particular, fish products are an 
excellent source of proteins with recognized benefits for 
some disease prevention, and are rapidly arousing a growing 
interest by the consumers. 

In fact, most of the fish products, compared to other pro-
tein sources like meat or poultry, are lower in saturated fat 
and cholesterol. Fish industries and aquaculture systems are 
therefore called upon to respond to this demand for increas-
ing food production, though without omitting the careful 
diagnostic analysis that guarantees high safety and quality 
criteria for demanding consumers.  

It is clear that advanced technological development is one 
of the key factors for the success of large-scale industrial 
aquaculture production systems. Although this type of ex-
pansion often requires an important initial economic invest-
ment, through an appropriate business organization, it is pos-
sible to gain excellent economic returns.  

High-throughput proteomic technology allows a better 
in-process control than traditional diagnostic methodologies 
enabling a rapid characterization of batch-to-batch variations 
in fisheries and aquaculture food products. 

Such methodologies can then be used to optimize the en-
tire production chain from the water to the table, from selec-
tion and breeding to processing and cooking [14]. 

This review is an overview of the MS-based proteomics 
approaches employed until now as sensitive and promising 
techniques for traceability, authenticity, biological and mi-
crobial safety and quality control of seafood and fish prod-
ucts. To date, although these high-throughput proteomic ap-
plications and the research in technical improvements in the 
speed and sensitivity of the methodologies are increasing, 
there are still some restrictions for seafood and fish products 
due to their limited available genomes and proteomes in da-
tabases. For this reason, to enhance the probability for pro-
tein-identification, 2-DE-based proteomics still remains the 
most widely used approach in proteomic research in seafood 
and aquaculture, even if it is time-consuming. However, the 
increased capabilities of LC, with longer columns, and CE 
with MS/MS capabilities will increase the sequence data 
available in the proteomic databases. 

The combination of consecutive proteomic strategies, 
discovery and target-driven phases, can be a reasonable al-
ternative to identify and characterize several peptide and 
protein biomarkers, analysable by MS, thus allowing a rapid 
screening for quality and safety control for the seafood in-
dustries.  

The first phase requiring the combination of 2-DE and 
MS, could still be the discovery method, carried out in re-
search centres, while the high throughput target-driven phase 
could be used for routine screening in the fishery and sea-
food industries, during specific steps, to ensure quality and 
safety throughout the production process. 

In fact, future trends are oriented towards protein or pep-
tide array technologies, lab-on-chips devices and biosensors, 
high-throughput measurements largely driven by MS-derived 
information that can simultaneously determine pres-
ence/absence of specific protein or peptide biomarkers and 
their amount, ensuring a more rapid and accurate assessment 
of seafood and fish products in food control laboratories. 
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