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Executive Summary
The main goal of the SUREFISH project is to valorise traditional Mediterranean fish by fostering the supplychain innovation and consumer confidence on Mediterranean fish products through deploying innovative
solutions to achieve unequivocal traceability and confirming their authenticity, thus preventing frauds.
Accordingly, the SUREFISH project will implement and demonstrate a global solution to assure fish authentication and reduce fraud based on RFID, Blockchain, TTI and tamper-proof technologies as well as harmonize
and validate related analytical methods and create a trans-national laboratories network in a 36- month project lifetime.
To reach the project targets and expected impact, the critical elements of quality loss and fraud causes for
each pilot specie must be deeply analysed.
The purpose of this deliverable (D3.1) is to determine the critical elements of quality loss (CEoQL) related to
each of the pilots fish products. The aim is also to link input critical fish attributes (CFAs) and critical process
parameters (CPPs) to output critical quality attributes (CQAs) for each pilot use case.

http://www.surefish.eu
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Introduction
It is generally recognised that fish and shellfish are of good quality for human consumption fuelling a dynamic
and complex fish sector. However, despite the technological advances and innovation, up to 35% of the global
fish production are still, either lost or wasted every year (FAO, 2020). Generally, such wastage in quantity
and quality are driven by insufficiencies in value chains and by inadequate infrastructure, services and practices for preserving fish quality. As fish is an extremely perishable food product, particular caution is essential
at harvesting and over the supply chain in order to preserve its quality and nutritional attributes, and to avoid
contamination, mislabelling, waste and loss. Preventing loss and waste and preserving nutritional quality
meet some of the Sustainable Development Goals including SDG 3 (Good health and wellbeing) and SDG 12.3
(aims at halving wastage by 2030).
In SUREFISH project, the diet quality of the selected fish species is not the issue; but their utilisation, processing and distribution should be improved. Therefore, the purpose of this deliverable (D3.1) is to determine
the critical elements of quality loss (CEoQL) and of fraud causes (CEoFC) for each pilot species. In practice, it
is essential to focus first on gathering information to have a very good knowledge of the relevant pilots. Thus,
when determining the CEoQL/CEoFC, input variables include the raw material attributes (i.e., fish origin,
proximate composition) and the process parameters (i.e., degree of processing, time of filleting, time of marinating), while outputs are the critical quality attributes of the final fish product (e.g., nutritional and sensorial
values, authenticity of the fish product, shelf life, marketing value).
This is realized through fish sampling and analysis in each selected pilot that identify the critical loss points
in the food systems and the main causes for losses and eventual frauds. However due to COVID-19 pandemic,
target actions were not realised so far in three of the selected pilots (Fish Basket, Sofia and Ricardo Fuentes),
so study performed on sardine/anchovy was considered as the basis to extrapolate when possible to the rest
of the pilots.

http://www.surefish.eu
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1. Pilots included in SUREFISH project
In the case of SUREFISH project, the pilot cases participating in the project are:
•

Didon Marée (Tunisia): it is a company with an experience of over 15 years in the field of
fishing, processing, packaging and freezing of seafood. Didon Marée has three main types of
products including fresh, frozen and alive. In SUREFISH project, Didon intended to produce a
new branded product based on marinated anchovy made from freshly caught fish using its
own fishing boat. However, because of missing anchovy fishing season, trials were conducted
on Sardina pilchardus.

•

Fish Basket (Egypt): Farmed fish Tilapia fillets. The Best Aquaculture Practices Certification
(BAP) will be implemented to achieve products authenticity.

•

Sofia (Lebanon): Fresh Groupers. They will be analysed to confirm authenticity.

•

Ricardo Fuentes (Spain). It is a company located in the Southeast of Spain, dedicated to the
fishing, fattening and commercialization of high quality bluefin tuna. High value fish species,
that will allow to test in a real environment the use of a validated protocol.

2. Main causes of fraud in fish products in each of the Pilots
The main fish fraud causes in fish industry are the following:
1) Species substitution: where a low-value species replaces a more expensive one for economic gain,
or where a high-value species is presented as a lower-value species for tax evasion purposes.
2) Origin mislabelling: to conceal the geographical origin of illegally harvested species.
3) Addition of glaze water to frozen products: to increase weight of fish to be sold.
4) Undeclared use of food additives: such as water-binding agents to deceptively increase the weight
of products.
5) Previously frozen fish sold as fresh: where fresh fish is usually of higher sensorial quality and more
expensive and appreciated.
6) Farmed fish sold as wild fish: wild fish is more expensive and valued by consumers.
7) Illegal use of food additives such as carbon monoxide: to enhance the visual quality of fish products.
8) Marketing of counterfeit products: where brand names are fraudulently used.
9) Mislabelling of ingredients: as batter or breadcrumbs, to bulk up the weight of processed products.
In the case of SUREFISH project, the kind of fraud affecting each Pilot are included in Table 3.

http://www.surefish.eu
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Table 1: Description of the different types of fraud affecting each pilot

Didon Marée (Tunisia)

Fish Basket (Egypt)

1 - Species
Normally only
Sardina pilchardus species is
sardine (known
as European sardine), all other
species are sardinella* and are
of lower value.
They can be
used as sardine
in
processed
products.
Anchovy
Engraulis encrasicolus of higher
value can be
substituted with
any species of
sardine/sardine.
Nile tilapia (Oreochromis niloticus) is usually
substituted by
the lower priced
species catfish
pangasius.

http://www.surefish.eu

2- Origin
Sardinella aurita, and S. maderensis
are
substitute of European sardine
and European
anchovy in Mediterranean region subjected
to stock assessment regulation
(catch and effort
limitation, area
closure).

3- Glazing
Marinated
products
should
be
made
with
fresh
fish.
However, fish
immersion in
iced water for
long
period
may happen
which would
increase fish
weight.

4- Additives
Emulsifier (i.e
Sodium
citrate) can be
added to prolong shelf life
at the same
time it increases product weight.

5- Frozen
Sardine or anchovy may be
frozen
on
board during
long
fishing
cruse specially
during summer season.
Fish may be
also frozen in
plant when receiving large
quantity
of
sardine or anchovy for further
processing.

6- Farmed
Not applicable
for small pelagic
fish such sardine
or anchovy.

7 – CO
Not applicable
in the case of
marinating
small pelagic
fish
which
should lose its
reddish colour
during maturation.

8- Brands
Not applicable
for
Tunisian
marinated sardine or anchovy
as there no
brand names.

9- Ingredients
Not applicable
in
marinated
products.

Not applicable
as pilot 2 concerns farmed tilapia.

Not applicable
as lighthouse
pilot is concerned with
fresh tilapia filets.

Fish fillets may
be soaked in a
mix of water,
phosphates
and salt to increase product weight.

Fish can be
frozen in case
of tilapia over
production in
the plant. It
can be then
defrosted, filleted and sold
as fresh fillet.

Not applicable
in pilot 2 related
to tilapia farming as usually
consumer pay
more for wild
caught
than
farmraised fish.

Carbon monoxide may be
applied at the
farm to euthanize tilapia
to impart and
retain its muscle colour.

Not applicable

Not applicable
in fresh fillets
products.

© 2021, SUREFISH. All rights reserved. Licensed to the PRIMA Foundation and the EU under conditions
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Sofia (Lebanon)

Ricardo
Fuentes
(Spain)

1 - Species
Grouper (Epinephelus Spp) is
substituted by
snappers, tilapia
and catfish.

Most valuable
bluefin
tuna
Thunnus
thynnus is substituted
by
lower
priced
tuna species.

2- Origin
Endangered
grouper (i.e. Epinephelus striatus) or vulnerable (Epinephelus
marginatus) are
substituted with
other
Epinephelidae species of least concern.
Endangered and
vulnerable Bluefin tuna species
are
replaced
with others tuna
species of least
concern.

3- Glazing
Not applicable
as pilot 3 deals
with imported
fresh grouper.

4- Additives
Fish
fillets,
may be soaked
in a mix of water,
phosphates
and
salt to increase product weight

5- Frozen
Imported
grouper can
be previously
frozen
than
sold as fresh
fish or can defrost during
the trade.

6- Farmed
Substitution of
wild
with
farmed grouper
is possible if the
product
is
fileted.

7 – CO
Not applicable
for imported
fresh grouper.

8- Brands
Not applicable.

9- Ingredients
Not applicable
in fresh fish.

The declared
net weight of
the fish fillet
may include
the glaze. The
quantity
of
glaze
water
may include
large amount
> 10% of the
product’s
weight.

Fish fillets may
be soaked in a
mix of water,
phosphates
and salt to increase product weight.

Tuna can be
frozen in case
of high production to be
defrosted before selling.

Farmed
tuna
was reported a
substitute for
wild-caught
tuna.

Carbon monoxide is used
to
preserve
tuna reddish
colour as a criterion
of
“freshness”. It
also could be
used to sell a
lower
value
specie as bluefin tuna.

Not applicable.

Not applicable
in fresh tuna
product.

*Sardinella: Mediterranean: Sardinella aurita and S. maderensis; Non- Mediterranean: S. sagax, S. caeruleus, Sardinops melanostictus, S. neopilchardus, S. ocellatus, S. brasiliensis, S. longiceps, S.
gibbosa, Clupea harengus, Clupea bentincki, Hyperlophus vittatus, Nematalosa vlaminghi, Etrumeus teres, Ethmidium maculatum, Opisthonema oglinum, sprattus.

http://www.surefish.eu
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3. Critical elements of quality loss: Pilot DIDON MAREE – FISH: SARDINE /ANCHOVIE
In the case of sardine and anchovy, a complete study to determine the critical elements of quality loss
(CEoQL) has been performed. The relationship between the input variable and the process parameters to the
output critical quality attributes of marinated sardine and anchovy have also been linked to gain information
to be extrapolated to the rest of pilots.
For the other three pilots, the critical factors of quality loss have been defined for each of the stages of the
value chain of each of the fish species (Figure 1).

Figure 1: Value chain of the anchovy/sardine's pilot

http://www.surefish.eu
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-

Input variables

Small pelagic fishes such as anchovy and sardine undergo significant seasonal changes in muscle proximate
composition due to several factors such as food availability, water temperature and the sexual state of the
animal yielding raw material with different quality attributes (Mathlouthi 2010). For instance, in sardine muscle lipid particularly, undergoes important variations ranging from almost 1 to 18% (w/w) yielding lean and
fatty sardine respectively (Badara et al. 1997, Mathlouthi 2010). In the present study, variation of lipid and
fatty acids in sardines sampled in August and December is represented in Figure 2 showing a significantly
higher lipid and polyunsaturated fatty acids (PUFA) levels in summer samples.

Figure 2: Variation of the initial contents of lipids and fatty acids in Sardina pilchardus flesh sampled during summer and winter
2020. SFA: saturated fatty acids, MUFA: mono-unsaturated fatty acids, PUFA: polyunsaturated fatty acids (result treated with
SPSS, p<0.05, letter, symbol and number=significant difference).

After catching, the initial quality of fish progressively deteriorates due to intrinsic autolysis and subsequently
to bacterial activity. It is therefore obvious that special handling should be applied after harvesting for fish
when they are in the oily state as they alter more rapidly than when they have lean muscle. Because of their
high level of polyunsaturated fatty acids, sardine lipids are greatly susceptible to degradation by oxidation
and/or lipolysis and thus lipids represent a CEoQL to determine in sardine as raw material.
In conclusion, among the input variables that were determined in sardine flesh during both trial including the
proximate composition (protein, lipid, carbohydrates, moisture and minerals) as well as pH, amino and fatty
acids, the levels of lipids and PUFA constitute CEoQL.
Time and temperature are important and related o these parameters.

-

Process parameters

The critical process parameters start from the harvesting step where different practices are conducted such
as the duration of purse seining and of fish immersion in iced water. As already stated, with COVID-19 pan-

http://www.surefish.eu
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demic, Didon marée missed the anchovy-fishing season, it was possible to carry only two campaigns for sardine fishing with scientific staff from INSTM to carry adequate fish sampling. Figure 2 summarizes the onboard sampling during the two campaigns. Sampling was conducted at the convenience of the crew and the
situation. For instance, a longer period of fishing was taken in winter and processing started immediately in
the plant upon arrival. Therefore, only three sampling were realised as illustrated in Figure 3.

Figure 3: Sardine harvesting and on-board handling during summer and winter 2020 campaign

In fresh fish, quality is commonly monitored by analysing total volatile bases (TVB-N) and trimethylamine
(TMA) which are considered indicators of freshness depending on fish species. For fresh sardine, TMA only
showed a progressive and exponential increase (R2>0.90) independently of the handling practice and of the
fishing period (Figure 4). TMA could be used as CEoQL.

http://www.surefish.eu
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Figure 4: Variation of the levels of total volatile bases (TVB-N) and trimethylamine (TMA) in Sardina pilchardus flesh sampled
during summer and winter 2020 (result treated with SPSS, p<0.05, letter, symbol and number=significant difference)

In fact, apart from TMA, certain bases forming TVB-N including ammonia, methylamine, dimethyamine with
smaller molecular size could be leached during sardine immersion in iced water suggesting that TVB-N is not
a good CEoQL in such post-harvesting practice.
Considering the sanitary aspect, biogenic amines (Bas) were monitored during the post-harvesting stage. As
levels were low in winter season, Figure 5 represent changes of Bas in sardine sampled in summer season.

Figure 5: Variation of the levels of biogenic amines in Sardina pilchardus flesh sampled during summer 2020. S1: sardine from
the purse, S2: sardine from the iced water, S3: at the arrival to the plant, S4: after 24h of storage at 4°C in the plant (result
treated with SPSS, p<0.05, letter, symbol and number=significant difference)

Although only histamine is considered in the official control, significant increase of 2-phenylethylamine is
noticed and need further investigation. In the present case, histamine is another CEoQL.
In the plant, monitoring the quality is essential during the processing steps especially for small pelagic fish
that can rapidly deteriorate. In Didon marée, it was possible to perform such monitoring along the process
only for samples fished in December. Thus, analysis was performed for samples taken before and after salting, and after immersion for 18 h in vinegar. Figure 6 shows the change of lipid and fatty acids contents.

http://www.surefish.eu
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Figure 6: Variation of the levels of lipids and fatty acids in Sardina pilchardus flesh sampled during December 2020 (result
treated with SPSS, p<0.05, letter, symbol and number=significant difference)

Significant lipid and fatty acids increases were observed in sardine filets following salting due to the dehydrating effect of salt. Significant decrease (p<005) of lipid and saturated fatty acids occurred upon immersion
in vinegar for 18h probably due to lipid and free fatty acids dripping in the vinegar bath. However, compared
to fresh fillet, marinated sardine revealed significantly higher lipid content. It is then important to consider
lipid content as quality criteria when producing marinated with oily sardines.
In conclusion and considering the different stage of post-harvesting practice from fishing to the plant, as well
as the various analysis conducted including pH, proximate composition, fatty acids, amino acids ABVT-N,
TMA, biogenic amines, indicators such as TMA and histamine can be used as CEoQL.
In this case, cleanness, time and temperature are significant factors that condition all the above chemical
and compositional indicators.
-

Outputs: Critical quality attributes of marinated sardine

The raw material can present different initial quality as processing can start forward upon fish arrival to the
plant (case of December trial), or the next day (case of August trial), depending on the boat time docking.
Such quality will determine the shelf life of the final product during storage. Although sanitary criteria were
determined during storage for all marinated sardine lots in both experimental trials, only results related to
sample presumed having lower quality (August trial) are reported. Figure 7 represents the biogenic amines
variation in fish sample stored overnight in the plant (Raw material: S4) and in 2 lots of marinated sardine
(SM) and marinated sardine with added lemon powder (SMC) during different period of refrigerated storage
(7 and 21 day).

http://www.surefish.eu
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Figure 7: Sardina pilchardus: biogenic amines levels variation in different lots of sardines. S4: fresh sardine after 24h of storage
at 4°C (sampled in August 2021); SM: marinated sardines, SMC: marinated sardine with lemon powder. All samples lots were
stored for 7 and 21 days at 4°C. (Result treated with SPSS, p<0.05, letter, symbol and number=significant difference).

Compared to raw material (S4), all biogenic amines showed drastic drop following the salting step and immersion in vinegar. Reduced levels of biogenic amines upon processing such as salting and smoking were
reported in previous studies (Naila et al. 2010, Bouzgarrou et al. 2020). Histamine, which is used in official
sanitary control, maintained relatively low levels during the 21 days of refrigerated storage in all lots. However, agmatine with undetectable level in raw sardine showed important linear (R2>0.8) increase in both lots
of marinated sardine (with/without lemon powder) related to the duration of storage. Therefore, agmatine
could be considered as a CEoQL for marinated sardine.
Determination of the microbiological statute including E. coli, mesophilic flora, coagulase positive, Staphylococcus, and Salmonella spp. is required in official fish control. Table 4 shows the analysis conducted for fresh
and marinated sardine during storage. In August trial, and during the 21 days of refrigerated storage, all
sample presented levels of microorganisms load lower than the regulatory threshold.

Table 2: Changes of the microbial flora in marinated sardine during 21 days of refrigerated storage

http://www.surefish.eu
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However, in December trial and due to an accidental interruption of cold chain, mesophilic flora showed
growth exceeding regulatory limits (Table 4). Therefore, sampling and analysis were interrupted for this trial.
It is clear that mesophilic flora constitutes a determinant CEoQL in processed fish.
Among other quality attribute of the final product, the determination of its proximate composition to provide
nutrition declaration according EU regulation (No 1169/2011). Thus, labelling must provide the energy value
and the amounts of fat, saturates, carbohydrate, protein and salt (sodium). In the present output, the quality
attributes of marinated sardine were established after 7 days of maturation in vegetable oil (Table 5). This is
presumed to be the laps of time needed before marketing the product.
Table 3: Nutritional labelling of marinated sardine elaborated in August and December

Following maturation in vegetable oil, both lots showed quite similar nutritional profile. Such study revealed
that maturation in vegetable oil induces an uptake of lipid from the covering medium until an equilibrium is
reached, concealing the specificity of lipid change related to season. However, it is worth nothing that in
other marinated product maintained in aqueous solution, lipids and fatty acids, would remain CEoQL, further
investigation is needed.
By linking the input variables and the process parameters to generate the critical quality attributes of the
final product, it can be concluded that for marinated sardine; the CEoQL determined in both trials are principally Agmatine, mesophilic flora, and nutritional values. However, it is important to note that by missing the
determination of the shelf life of marinated sardine, it is not presently possible to establish the output embodied by the critical quality attributes of the final fish product.
Therefore, conducting other trial and investigation are needed in the next months in order finalise this output. Beside it is also important to validate the model on anchovy.

http://www.surefish.eu
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4. Critical elements of quality loss – Pilot FISH BASKET – FISH: TILAPIA

Figure 8: Value chain of the tilapia’s pilot

-

Critical elements of quality loss

Apart from the qualities of the larvae and of the process used in tilapia farming (phase 1 and 2 in figure 8),
the critical elements of quality loss (CEoQL) in tilapia fillets are related to the following parameters:
-

Duration of live transport (Phase 2).

-

Water (pH, O2 and ammonia statutes) used for live transport (Phase 2).

-

Temperature (Phase 2, 3 and 4).

-

Hygiene practices for fish processing (Phase 3).

Specifically, for each processing stage in Fish Basket plant, the critical elements are the following:

http://www.surefish.eu
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1. Live transport:
Stress caused by the various parameters such the temperature, the water quality and the duration of
transport affect considerably the quality post-mortem and shelf-life of the final product.
a. Live transport consists of stocking …? Fish in tank with appropriate water quantity/quality.
b. Exchange transport water with better-oxygenated and cooler water.
2. Filleting and cleaning:
a. Preliminary processing of freshwater fish consists of evisceration, degutted, scaling by removing scales from the skin and cutting of fins.
b. Slicing of whole fish into steaks, filleting, skinning grinding of skinned fillets.
3. Packaging: Packaging solutions used box pallets and equipped containers. The packaging for fresh
tilapia used small boxes using ice (1Kg Fish: 1 Kg Ice) in winter, (1Kg fish: 2 Kg Ice) in summer. Fish is
distributed in layers not exceeding 3cm using stream of renewable water to clean fish before packaging in boxes.
4. Transport to distribution: temperature is critical in this stage. It is performed in a refrigerated truck
and the method for preservation fish are boxes using ice. The temperature of the chilled fish is from
4°C to 0°C.
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5. Critical elements of quality loss – Pilot SOFIA – FISH: FRESH GROUPER

Figure 9: Value chain of the fresh grouper’s pilot
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-

Critical elements of quality loss

The critical elements of quality loss (CEoQL) in fresh groupers along the chain (Figure 9) are related to the
following parameters:
-

Duration of transport (Phase 2).

-

Temperature (Phase2, 3 and 4).

-

Hygiene practices for fish processing (Phase 3).

Specifically, for each processing stage, the critical elements are the following:
1. Processes on board: The fishing process is done with the use of fishing boats equipped with heat
isolating plastic containers filled with water and ice. Fish are caught with nets particularly made for
their size during a permitted season (when catching live fish, it is critical that the fish do not get hurt
or stressed). After they are caught, the fish are placed in containers on the boat until they're full and
then brought back to shore.
2. Transport: At this stage, both temperature and cleanness are important. The containers are immediately loaded onto trucks holding a temperature of three degrees Celsius below zero -3°C. When arriving to the processing plant, the containers are emptied into stainless steel, non-corrosive factory containers.
3. Packaging, storage and labelling: Time, temperature and cleanliness are important factors. Fish are
washed with fresh water and sorted based on the orders registered on the daily packaging schedule.
Part of the fish are put in heat isolating boxes (Foam Box) for shipping by air or trucks (for local markets). The fish could be whole or cleaned, depending on the order. They are packed in plastic bags in
a way preventing outside air from entering. One or two layers of ice or dry ice are placed on top of
the bags, depending on the duration of the shipment. Leftovers from the fish are collected in special
containers and transported from the company daily. Boxes are stored in cooling rooms with a temperature of 0°C.
4. Shipping and sale: Temperature is the critical factor. Fish is transported from the cooling rooms into
refrigerated trucks and delivered to the receiving refrigerated areas. Both delivering and receiving
areas should be always refrigerated. For local sales, fish are also transported and distributed in refrigerated trucks wrapped in plastic bags with ice on top and under the fish, packed in heat isolating foam
box to prevent corrosion and leakage.
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5. Critical elements of quality loss – Pilot RICARDO FUENTES – FISH: TUNA

Figure 10: Value chain of the bluefin tuna’s pilot

-

Critical elements of quality loss

The critical elements of quality loss (CEoQL) in bluefin tuna are related to 3 parameters as defined along the
tuna chain (Figure 10):
-

Duration of transport (Phase 2).

-

Temperature (Phase2, 3 and 4).

-

Hygiene practices for fish processing (Phase 3).

In particular, for each processing stage, the critical elements are the following:
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1. Processes on board: when catching live fish, it is critical that the fish does not get hurt, avoid stressing
the animals, optimize the fishing times and cleaning processes on the boats (including handling and
storage areas).
2. Transport on board with ice. The temperature is kept with recirculation of cold water. Both time and
temperature are critical elements.
3. Uploading the fish: again, time and temperature are critical elements.
4. Transport to the processing plant (trucks at -2º C) and reception: time, temperature and cleanliness.
5. Evisceration: it is usually done at sea, in slaughter boats, transporting all the waste produced to land.
Time is the critical point.
6. Packaging, storage and labelling: critical points are cleanliness, time and temperature. It is also important to control histamine in the product.
7. Distribution and sale: temperature is the critical factor.
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8. Conclusions
In conclusion, and taking into account the initial state (pre or port-mortem) of the product to be processed, duration, temperature, water quality and hygienic practices are the most important factors directly related to fish quality parameters.
Among the input variables that were determined in sardine flesh during both trial including the proximate composition (protein, lipid, carbohydrates, moisture and minerals) as well as pH, amino and fatty
acids, the levels of lipids and PUFA constitute CEoQL.
Considering the different stage of post-harvesting practice from fishing to the plant, as well as the various
analysis conducted including pH, proximate composition, fatty acids, amino acids ABVT-N, TMA, biogenic
amines, indicators such as TMA and histamine can be used as CEoQL.
By linking the input variables and the process parameters to generate the critical quality attributes of the
final product, it can be concluded that for marinated sardine; the CEoQL are principally Agmatine, mesophilic flora, and nutritional values.
In general, and extrapolating from the sardine/anchovy practical case to all pilots included in SUREFISH
project, lipids, PUFA, TMA, histamine and mesophilic flora constitute CEoQL in raw and processed products and they are directly related to their quality.
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