
foods

Review

Fish Loss/Waste and Low-Value Fish Challenges: State of Art,
Advances, and Perspectives

Angela Racioppo , Barbara Speranza, Daniela Campaniello, Milena Sinigaglia, Maria Rosaria Corbo
and Antonio Bevilacqua *

����������
�������

Citation: Racioppo, A.; Speranza, B.;

Campaniello, D.; Sinigaglia, M.;

Corbo, M.R.; Bevilacqua, A. Fish

Loss/Waste and Low-Value Fish

Challenges: State of Art, Advances,

and Perspectives. Foods 2021, 10, 2725.

https://doi.org/10.3390/

foods10112725

Academic Editors: Sunil K. Panchal

and Lindsay Brown

Received: 7 October 2021

Accepted: 4 November 2021

Published: 7 November 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Department of Agriculture, Food, Natural Resources and Engineering, University of Foggia, 71122 Foggia, Italy;
angela.racioppo@unifg.it (A.R.); barbara.speranza@unifg.it (B.S.); daniela.campaniello@unifg.it (D.C.);
milena.sinigaglia@unifg.it (M.S.); mariarosaria.corbo@unifg.it (M.R.C.)
* Correspondence: antonio.bevilacqua@unifg.it; Tel.: +39-0881-589231

Abstract: The sustainability of fishery is a global challenge due to overfishing and reduced stocks
all over the world; one of the leading factors of this threat is fish loss/waste. As a contribution to
the global efforts towards a sustainable world, this review addresses the topic from different sides
and proposes an overview of biorefinery approaches by discussing bioactive compounds that could
be produced from fish loss (nitrogen compounds, lipids, minerals and pigments, and fish-based
compounds such as chitosan). The second part of this review reports on the possibility of using loss
or unwanted fish to design products for human consumption or for animal feeding, with a focus
on economic criteria, consumers’ segmentation, and some examples of products. The final focus is
on Food and Agriculture Organization FAO guidelines as a roadmap for the future with respect to
solving this threat by addressing the problem from different sides (technology, skills, market, policy,
social and gender equity, and infrastructures).

Keywords: perspectives; sustainability; loss and waste; unwanted fish; global solutions

1. Introduction

Food sustainability must be a primary goal worldwide if we want to preserve our
planet for the future generations; however, this ambitious goal is a challenge because there
are two critical issues in food handling, production, and storage: food loss and food waste.
The magnitude of these challenges is so important that the United Nations prescribed
Target 12.3 in Agenda 2030 and defined the following Sustainable Development Goal: by
2030, global food waste at the retail level must be halved and food losses along the entire
production chain must be reduced [1,2].

Fish is a perishable raw material and, more than other matrices, generally experiences
the challenges of food waste and food loss (up to 40% as physical loss in some middle-low
income countries), although this is a paradox because the consumption of fish is below
the recommended levels worldwide [3]. FAO estimated that of the 178.5 million tons (MT)
of seafood, mainly (at least 88%) intended for human use, of the total amount of seafood,
96.4 MT were from fish capture (mainly anchoveta, Alaska pollock, skipjack tuna, herring,
and blue whiting) and 67.1 MT from farmed species (shrimp, prawns, salmon, molluscs,
tilapia, catfish, sea bass, and sea bream) [4,5]. The projection for fishery development
predicts a further increase up to 200 MT in ten years, while the amount of sustainable
fishery is significantly decreasing (ca. 66% in 2017 versus 90% in 1990) [4].

An important initiative is Food Lost and Waste in Fish Value Chains [6]. It is an
important tool because it focuses on both scenarios (causes and economic value) and on
solutions (both from the side of consumers and producers).

A global challenge requires holistic and global solutions, as this threat was studied in
the past from different point of views (biorefinery, designing new foods, and aquaculture
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feeding). This paper offers a possible holistic insight, at least from the side of food tech-
nologists and food engineers, and addresses some possible scenarios: biorefinery and the
design of new products for human consumption or animal/aquaculture feeding (Figure 1).
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Figure 1. The figure describes the two threats beyond this paper along with the possible methods
(biorefinery and production of new foods for human consumption and animal feeding).

After an insight on the definition, the paper is organized as follows: biorefinery
(Sections 3 and 4), design of new foods for human consumption (Section 5), and the use of
ingredients and low-value fish for animal feeding/aquaculture (Section 6). As a final step,
future methods are highlighted by keeping in mind that global problems require holistic
and global solutions.

2. Food Loss and Food in Fishery: Definitions and Why They Are a Challenge

Although used in an interchangeable manner, the concepts of food waste and food
loss are different; thus, FAO defined them to help policy makers and stakeholders in order
make appropriate decisions. Food loss was defined as a decrease in the quantity and
quality of food because of the decisions made by food suppliers, excluding retail, providers,
and consumers [7]. The best example of food loss in fishery is the so called low-value
fish, which is generally discarded because it is not regarded as of sufficient quality for
consumers. On the other hand, food waste is the decrease in quantity or quality of food
because of decisions made by consumers, providers, and retail [3]. This distinction clarifies
that food waste is the result of actions taken by consumers or on behalf of consumers,
while food loss depends on the actors of supply chain but not by consumers. There are
other terms that are important in light of sustainable fishery and its many stakeholders; a
synopsis is provided in Table 1.

Generally, food loss and waste are referred as “loss” because they share several
causes and are both produced along the entire chain from production to consumption.
Kruijssen et al. [3] described four kinds of losses (physical, quality, nutritional, or market
force loss) and studied their causes; thus, they highlighted five possible phases where
loss and waste occur: primary production, post-production, processing, distribution,
and consumption.

As reported by the authors [3], losses could occur during primary production, which
for fishery means capture or harvest (for fish farming), due to failing from nets or injuries
when fishermen remove catches from nets because fish remains in the nets for a long time
after the capture or from the use of harmful techniques during capture or farming and the
lack of chilling.
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Table 1. A glossary for a better understanding of food waste and loss in fishery. The definitions and the concepts have been
found and modified from Goodfish [8].

Term Definition

Aquaculture/Fish farming Fish or plant farming for food

Broodstock Fish used for providing eggs or larvae; they may be sourced from wild or
grown in captivity

Bycatch Aquatic life killed or damaged during fishing but not retained for being
sold. It is a kind of unwanted or accidental injury to wildlife

By-product Any fish or shellfish retained in fishery before being sold but not sought by
fishery itself

Capture fisheries Wild aquatic life caught for being sold
Closed or recirculating system Aquaculture system that usually recycles most or all water

Discarding Returning unwanted catches to the sea dead or alive because they are too
small, have low values, or for fishery rules

Fully fished Fish capture is at the maximum possible level; a further increase could
cause overfishing

Ghost fishing Accidental capture and killing of marine wildlife in gear, net, and traps;
ghost fishing is generally lost in the sea

Introduced Species introduced deliberately into an environment for fish farming

Maximum economic yield Catch level allowing the most profitable fishing. It leaves “more fish in
water” than Maximum Sustainable Yield

Maximum sustainable yield Maximum average annual catch that can be removed from water: a further
increase in annual catch results in overfishing

Overfishing Fishing pressure is too high, and fish are removed at an unsustainable rate
Seafood Any fish or shellfish intended for human consumption

Sustainable fisheries
Fishery is sustainable if the stocks of target and not-targeted species are
maintained over the time. According to FAO guidelines, a sustainable

fishery meets the needs of fishermen, consumers, and environment
Target species Fish or shellfish species intended to be caught and sold

The second step for loss and waste is post-production (landing, handling, and storage,
logistic) mainly due to inappropriate conditions of storage, transportation, delays in sale,
and infestation by parasites [3].

During processing (gutting, drying, fermentation, canning, filleting, and packaging),
the causes of loss and waste include the use of inappropriate packaging, poor quality water
used during this phase, low processing capacity, and infestation/predation by insects,
birds, and rodents. During distribution (retail and transport), the causes generally rely
on delays in packaging or transport (for example, because landing sites are too remote)
and an excess of supply or a careless handling, whereas for the last step (consumption:
storage, preparation, and table), the main causes are spoilage, excess in preparation, and
discards [3].

3. Biorefinery: Definition, and Classification

Zero Waste is a comparatively new concept based on the idea of considering any waste
material produced by human activities as a possible resource for other processes or users.
The aim is for no trash to be sent to landfills, incinerators, or the ocean. The production
and the disposal of waste are serious problems at a global level. According to Eurostat [9],
483 kg of municipal waste per capita was generated in the European Union EU in 2019, and
only 45% of those wastes were recycled and composted (combined) during that same year.

Agricultural, forestry, and fishing activities alone produce about 40 million tons of
waste per year in Europe. The biological origin of these wastes makes them an interesting
raw material for recovering natural molecules of industrial interest or to obtain other
value-added molecules, biomaterials, and biofuels. These transformations can be carried
out through the application of biotechnological processes.

In general, biorefineries can be intended for the recovery of natural molecules (biomolecules)
of industrial interest or for the bioconversion of organic material. Traditional petrochemical
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refineries differ from biorefineries in terms of the raw material used and the final products.
In a refinery, fossil resources are converted into energy and chemical compounds, whilst in
a biorefinery, bio-resources are used to be converted into useful compounds [10,11].

Due to the wide variety of residual biomass obtained as waste from agro-industrial
activities, the possibilities of enhancing organic matrices by using biotechnological ap-
proaches are manifold.

The biorefinery concept dates back to the beginning of the industrial era. Nowadays,
due to the rise in oil price and the concern climate changes, biorefineries and bio-based
products are viewed with great interest.

In 2012, the International Energy Agency (IEA) Bioenergy Task 42 [12] developed a
classification system for biorefineries based on the following: 1. biorefining platforms or
key intermediate products and processes; 2. final products: energy (biofuels, power, and
heat) and material products (chemicals, building blocks, food, and feed); 3. feedstock: crops
from agriculture (e.g., starch crops and short rotation forestry), residual biomass coming
from agriculture (e.g., straw and cattle manure), forestry (e.g., bark), or industry (e.g., used
cooking oils and waste stream from biomass processing); 4. the process used to convert
biomass: biochemical (e.g., fermentation and enzymatic conversion), thermochemical
(e.g., gasification, pyrolysis, and combustion), chemical (e.g., acid hydrolysis, synthe-
sis, and esterification), and mechanical (e.g., fractionation, pressing, and milling) [12,13].
These processes are complemented by hybrid conversion platforms, which combine the
thermochemical pre-treatment phase and a biological conversion phase [14,15].

Kamm and Kamm [10] and Clark and Deswarte [16] classified biorefineries into three
types: (1) phase I biorefinery: it uses only one feedstock material, has fixed processing
capability, and produces a single primary product (biodiesel from vegetable oil, pulp, and
paper mills and the production of ethanol from corn grain); (2) phase II biorefinery: it
uses only one feedstock, but it can produce various products; (3) phase III biorefinery: can
use different types of raw materials, processing technologies, and produce more types of
products.

Kamm et al. [17] proposed another type of classification based only on the type of
feedstock used: (i) Lignocellulosic Feedstock Biorefinery; (ii) Whole Crop Biorefinery; (iii)
Green Biorefinery; (iv) Organic Waste Biorefinery (Table 2).

Table 2. Classification of biorefinery according to Kamm et al. [17]; the details have been adapted from various sources.

Term Definition

LFB (Lignocellulosic biorefinery) Biomass largely available (straw, grass, wood, and paper-waste)
The main products are cellulose, hemicellulose, and lignine

WCB (Whole Crop Biorefinery) It uses cereals, such as rye, wheat, triticale, and maize, as input
feedstock to produce ethanol or bio-plastic

GB (Green Biorefinery)

It deals with a great variety of green biomass such as grass (from
cultivations, pasture lands, roadside cuttings, private gardens, and
parks) and green crops (i.e., lucerne, clover, and immature cereals

from intensive cultivations)

OWB (Organic Waste Biorefinery)

It uses waste generated by fish, meat, dairy, egg, vegetable, etc.
Carbohydrates, proteins, and lipids represent the main recovery

products generally used to produce a wide variety of compounds
(bioethanol, lactic acid, succinc acid, and various enzymes such as

pectinases or cellulases and hemicellulases) or biofuels.

4. Fish Based Bioactive Compounds

Each year, discards from global fisheries exceed 20 million tonnes, which is equivalent
to 25% of total marine catch production; discards measure up to 5.2 million tonnes per
year in the European Union [18]. Al Khawli et al. [19] estimated that the number of fish
by-products represents 30 to 85% of the weight of the different catches. These by-products
are predominantly composed of heads, viscera, skin, scales, bone, cut offs, backbone, and
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blood. Another source of potential fish by-products includes low-value fish and so-called
“unwanted” fishing [20].

Usually, fish waste is burnt, landfilled, dumped in the sea, or even abandoned, with a
range of negative impacts on human health, biodiversity, and the environment. Therefore,
over the years, the need to transform this waste into new resources in an environmentally
sustainable manner has become increasingly important.

Moreover, several bioactive compounds such as protein, fatty acids, proteins, vitamins,
minerals, and other fish by-products can be extracted and reused not only for the food sector,
but also for pharmaceutical industries, cosmetic industries, or for biofuel production [20].

From an economic point of view, the value of fish waste and loss is gradually in-
creasing. In the last report of European Market Observatory for Fishery and Aquaculture
EUMOFA [21], there is a technical definition for fish waste and loss as Rest Raw Mate-
rial (RRM) that comprises all the potentially useful material removed from fish, shellfish,
crustacea, and other species to prepare biomass for food or no-food uses.

An idea of its economic value could be based on the projection of the World Bank
model, which estimates that, in the near future, 15% of fishmeal will be derived from
RRM [21].

The state of art and the current perspectives are greatly variable, at least in Europe, de-
pending on the infrastructures and the willingness of consumers to pay for such products.
In Europe, the biorefinery approach is becoming more and more important, as inferred
by the number of factories able to act in the pathways G (two-platform oil and biogas
biorefinery using aquatic biomass) and K (One-platform bio-crude biorefinery using lig-
nocellulosic, aquatic biomass, and organic residues), with two large companies acting
on aquatic biomass and the potentialities of upgrading their main activity towards other
wastes [22]. In other countries, the Biorefinery Outlook lists three main companies situated
in USA, Australia, and Canada [22].

From a global point of view, the impact of biorefinery, including fishery biorefinery,
is expected to experience a strong increase because the last report indicates at least 400
companies/factories involved in this new trend/philosophy in EU [21].

The goal of this section is to provide an overview of what can be produced or extracted
from fishing industry waste and the pathways for their valorisation.

4.1. Nitrogen Compounds

The protein fraction of fish is a valuable nutrient source for both humans and an-
imals, especially because of its complete amino acid profile. Fish proteins have higher
nutritional values than vegetable proteins and are found in large quantities in bones, head,
viscera, liver, kidney, eggs, and skin from which they could be extracted by enzymatic or
biological hydrolysis.

Several therapeutic properties of bioactive peptides have been demonstrated, in-
cluding antihypertensive, antioxidant, antimicrobials, and antiproliferative effects [23,24];
immunomodulators [25]; and anti-hyaluronidase and anti-tyrosinase effects [26].

Protein hydrolysates generated from fish proteins are good food supplements be-
cause they contain bioactive compounds that can be easily absorbed and used for various
metabolic activities. In the food industry, they have been successfully incorporated into
various cereal, meat, fish, and cracker products.

Many countries use fish protein hydrolysates as functional foods and/or nutraceuti-
cals. Some products currently on the market include the following: Vasotensin®, a supple-
ment based on peptides derived from fish bonito waste with hypertensive effects; Seacure®,
a dietary supplement formulated from white fish filleting waste to promote gastrointestinal
health; Fortidium Liquamen®, another dietary supplement based on protein hydrolysates
from fish guts with anti-stress and antioxidant effects; Peptydiss® a supplement based on
hydrolysed proteins from sardines with anti-stress and sleep-disrupting effects; Stabilium®

200, useful for supporting intellectual faculties and memory; Nutripeptin®, a supplement
derived from cod with an antidiabetic effect [27].
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Moreover, hydrolysed proteins extracted from fish by-products can also be used for
animal feed. Indeed, these compounds have been shown to be nutritious feed ingredients
and potential substitutes for fishmeal in aquaculture diets [28]. Therefore, they could
become a viable alternative to herrings and anchovies and are usually used as a protein
source for fish feed production. Seafood proteins also possess important and unique
technical-functional properties such as water-binding, emulsifying, film-forming, foaming,
and gel-forming capacities [29]. Due to these characteristics, proteins extracted from fish
waste can be used for industrial bioplastic production usable as new packaging materials.

Uranga et al. [30] and Araújo et al. [31] used fish by-products in the form of fish
gelatine or myofibrillar proteins in order to develop a low-cost biofilm, which can easily
incorporate additional substances such as anthocyanin, as well as chitosan, extracted from
fish waste. The resulting biofilm prevented the oxidation of lipids in packaged food and,
thus, improved its shelf life.

The antioxidant activity of some bioactive peptides extracted from fish waste can have
a positive effect on some clinical conditions, such as inflammation, cancer, cardiovascular
problems, atherosclerosis, and, more generally, the aging process [32].

The use of enzymes extracted from fish waste is very interesting for several industrial
processes (e.g., food processing, cosmetics, and textiles). Pepsin, for example, is used
for collagen extraction and as a rennet substitute in dairy production [33]. Collagen
is contained in large quantities in fish skin, from which it is extracted by acid or basic
hydrolysis, and is widely used in the pharmaceutical and cosmetic industries and as a food
supplement. Marine collagens can be obtained from several sources: sponges, jellyfish,
and fish offal such as bones, skin, scales, and fins. In biomedical and pharmaceutical
sectors, collagen has several applications: it is used as an excipient for drugs and in the
biomedical field to produce human skin substitutes, blood vessels, and ligaments. Several
studies evaluated its antimicrobial, antioxidant, and antihypertensive properties [34,35].
Gelatine, which is obtained by the partial hydrolysis of collagen, is used as a gelling agent
in food, pharmaceuticals, and cosmetics and has been shown to have antioxidant and
antihypertensive properties. Other enzyme derivatives are protein peptones, a mixture
of polypeptides and amino acids obtained from the controlled enzymatic degradation of
proteins. They are used to produce culture media for microbiological or biotechnological
purposes and are generally the most expensive ingredients [36].

4.2. Chitin and Chitosan

After cellulose, chitin is the second most abundant natural polymer on earth. It can
be obtained from various sources and is mainly found in the exoskeletons of arthropods
(insects, crustaceans, and arachnids) and molluscs. It is not strictly a fish bioactive com-
pounds, but it was included in this section because it could be classified as a fish-based
compound and is one of the most important product of fishery biorefinery.

A derivative of chitin is chitosan produced by the partial deacetylation of chitin
by chemical or biological methods. Chitin biomolecules and its derivatives (chitosan,
chito-oligosaccharides, and glucosamine) have excellent biodegradability and have been
shown to have numerous biological properties (antimicrobial, antitumour, anticoagulant,
antioxidant, antimutagenic, and cholesterol-lowering). They also find various industrial
applications in agri-food, textile, pharmaceutical, and cosmetic sectors.

Chitosan has good antimicrobial activity and antioxidant effects that effectively pre-
vent the oxidation and rancidity of food lipids and inhibits the growth of microorganisms;
thus, it is used as a food preservative to extend the shelf life of food. Currently, several di-
etary supplements, dietary fibres, and nutraceutical products based on chitin and chitosan
are commercially available [37,38].

Furthermore, chitosan and its derivatives have excellent film-forming properties and
antibacterial properties, making them useful in food packaging and preservation [39].

Bhuimbar et al. [40] developed an antibacterial active food packaging film by using
a preparation of collagen-chitosan extracted from fish waste. Film showed antibacte-
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rial effects against several food pathogens such as Bacillus saprophyticus, Bacillus subtilis,
Salmonella Typhi, and Escherichia coli.

In the food industry, chitosan and its derivatives are also used as food additives such
as thickeners, decolorants, and stabilizers [41] or as a source of dietary fibre in value-added
food products (e.g., ingredient in food supplements).

These molecules are currently used in the environmental industry for water treatment,
heavy metal removal, or in drinking water processes. Chitosan has flocculating, chelat-
ing and adsorbent properties, which are useful characteristics for industrial wastewater
treatment [39]. Several studies have shown that chitosan and two water-soluble chitosan
derivatives (N-N-N-triethylammonium chitosan and carboxymethyl chitosan) were able to
remove heavy metal ions in contaminated water, thus proving to be a viable method for
wastewater treatment [17].

4.3. Lipid Compounds

Fish wastes, especially heads, skins, and viscera, are an important source of fatty acids
from which oil can be extracted for both human consumption and biodiesel production.
Fish oil is rich in omega-3-fatty acids, such as eicosapentaenoic acid (EPA) and docosahex-
aenoic acid (DHA) derived from α-linolenic acid (ALA). The therapeutic importance of
omega-3 for the prevention of cardiovascular diseases, hypertension, and for asthma as
well as attention deficit/hyperactivity disorder in children is well known. Other benefits
include the anticoagulant effect, preventing dementia, anti-inflammatory properties, and as
an antidepressant. Furthermore, fish oil is also a good source of vitamins (E, D, and A) and
squalene. Vitamin D3 supplementation, extracted from fish oil, has been shown to be poten-
tially useful in the treatment of atopic dermatitis, ulcerative colitis, and Crohn’s disease and
is generally recommended as a preventive measure in all cases where vitamin D3 deficiency
needs to be prevented (e.g., premature infants, lactating and menopausal women, the
elderly, in cases of individuals with low or no sun exposure, long-term treatment with
anticonvulsants or corticosteroids, and people with low blood pressure) [42].

Squalene is extracted from the liver, stomach, pancreas, kidneys, and other organs
of some shark species. However, Europe has drastically reduced shark fishing quotas
in recent years in order to protect the marine ecosystem. It is, therefore, crucial to find
alternative sources of this valuable biomolecule. Squalene finds application in the cosmetic,
food, and pharmaceutical industries. Its potential anticancer, anti-fungal, antioxidant, and
antibacterial properties are widely studied [38]. Finally, squalene can be introduced into
the human diet as a supplement to support cardiovascular and joint function [38].

4.4. Pigments and Minerals

Fish waste is also a source of natural pigments, such as carotenoids, and miner-
als. The most commonly found carotenoids are lutein, β-carotene, α-doradexanthin and
β-doradexanthin, zeaxanthin, canthaxanthin, and astaxanthin. Astaxanthin (3,3-dihydroxy-
β, β-carotene-4,4-dione) is the main carotenoid in marine and freshwater fish (e.g., salmon
and sea bream) and accounts for 74–98% of the total pigments in crustacean shells
(e.g., lobster, shrimps, and crabs). It is widely used in food and pharmaceutical industries
as a precursor of dyes, antioxidants, and vitamin A, and some studies showed its potential
anti-cancer and immunostimulant activities [38].

The bones are an important source of inorganic minerals, such as hydroxyapatite,
calcium, phosphorus, zinc, and iron, which can be used as food supplements. Hydroxyap-
atite extracted from natural sources presents excellent bioactivity, osteoconductivity, and
osteoinductivity and, in general, has better characteristics as a biomaterial than synthetic
and finds wide usage in medical or dental applications [43,44].

5. Low Value Fish or Unwanted Catches: Criteria and Idea to Design New Products

Apart from food waste and loss and the possible utilization of by-products, as de-
scribed in the previous sections, there are two challenges in fishery that require appro-
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priate decisions and solutions from stakeholders, policy makers, and consumers: by-
catch/unwanted catches and low value fish species.

Although different, these challenges could have common solutions, as briefly reported
in this section. In 2013, the European Commission introduced the Landing Obligation (LO)
or “discard ban,” which stated that all catches of species subject to catch quotas and/or
minimum conservation reference size (MCRS) must be landed and will be counted against
the quota [45]. Although this measure has been implemented, there is still a significant
quota of unwanted catches or by-products, which requires alternative solutions. Connected
to this threat, there is a need for decisions to made with respect to low-value fish.

The category of low-value fish is complex and is composed of at least three different
groups of products/species [46]: (i) catches discarded for their morphological characteris-
tics (low body growth and edible part not attractive for consumers); (ii) accidental catches,
which are generally refused for consumer habits and ancient tradition; and (iii) fishes of
moderate value in which its sale could be not profitable.

The University of Wageningen has developed an online dossier to address the chal-
lenge of discards and unwanted catches with regulatory framework, definition, new re-
search topics, and possible solutions [47]. This dossier is currently updated and improved
with the most recent advances in research and technological transfer.

The Waste Framework Directive of EU in 2008 established a hierarchy of solutions,
also shared by the US Environmental Protection Agency [45]. The most important solutions
in this list include prevention and reduction and then use of loss/waste for new products
intended for human consumption.

This second choice is very important in fishery, considering that fish proteins generally
covers 17% of protein intake [48], and there is an increasing demand of fish due to healthy,
social, and economic reasons.

When designing new food, the first challenge is to point out the target: the con-
sumers for which the product is intended to. In the field of fishery, Silva et al. [49] and
Corallo et al. [50] reported four possible targets of consumers: (a) Individualist—food
trends depend on personal reason (mainly economic considerations, habits, and mood);
(b) Foodie—food choice relies upon sensory and organoleptic properties (flavour, texture,
general appearance, freshness, etc.); (c) Health enthusiast—food choices depending on
label, claims, and nutritional or functional properties; (d) Environmentalist—food choices
based on sustainability.

The use of discards and low-value fish could catch the attention of environmentalist
consumers, but if some factors/variables are stressed in a good manner (for example, by
using interesting technological formulations or by pointing out positive health effects),
foodie and health consumers could be caught too.

The second challenge is the technological goal; for the purpose of low-value fish and
by-products/discards, a possible goal could be referred to as reformulation [49] because
raw materials generally require some approaches intended to improve sensory scores,
to prolong the shelf life through preserving treatments, and to increase the economic
value by other factors (for example by adding a convenience value). Reformulation is
generally the result of a combined action of designers/innovators in the lab and experts in
economy and food choices who try to know consumer habits and preferences in order to
develop or to reformulate a product able to satisfy their needs [51]. This process generally
starts with a survey about consumers’ diet and choices and aims to gain knowledge on
consumer profiles (gender, age, and occupation) in order to identify a potential target
market segment [52].

Finally, the last challenge is to elucidate the reason beyond all these processes, as
pointing out the reason is a key factor for the promotion of the product and for a correct
definition of price, targets, places, and supply chain. Figure 2 shows a graphical overview
of the factors to address when designing new food.
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Figure 2. The design of new foods from discards or loss in fishery should rely on three main variables:
the target (consumers), the technological aim (reformulation), and the reasons beyond the entire
process; this scheme can be regarded as the “virtuous cycle” for new product design from low-value
or discards of fishery.

This approach or the design of new products from low-value or discards has been
tested since the mid 1900s in the categories of processed and ready-to-eat food; for example,
fish pulp was the basis to produce surimi or other restructured products or derivatives [52].

After the lab phase and the optimization of the formulation, before effective scaling
up, there is an economic matrix to fill in, and there are decisions made on the opportunity
of industrial validation.

The approach was developed as a deliverable in project H2020 DiscardLess [53];
it is based on some criteria and scores, and a summary is provided in Table 3; some
products fail because they do not meet the criteria for TRL (technology readiness level),
costs (production process has costs that are not compatible with economic valorisation), or
availability of facilities.

Table 3. Criteria and scores for the evaluation of economic and technical feasibility of a new product
from by-products/discards or low-value fish (modified from Iñarra et al. [45]). Each criterion has 4
possible scores (high, medium, low, and null) reported in descending order in the table.

Macrocategory Criterion Scores

Case-dependent study Available raw materials

High
Medium
Low
Very low

Available facilities

Many and/or nearby
Far away
Pilot plant
Experimental

Technical Yield of the process

High (>50%)
Medium (10–50%)
Low (<10%)
Very low (0.05%)

Technology readiness level
(TRL)

High
Medium
Low
Experimental
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Table 3. Cont.

Macrocategory Criterion Scores

Economic Product (value)

High
Medium
Low
Null

Market

Big (international)
Medium (national or
transnational)
Low (Regional or local)
None

Costs for the production

Very low
Low
Medium
High

Competitors

None/few
Some
Many
Saturated market

There are thousands of solutions and possible approaches depending also on the
habits and tradition of different countries; hereby, we focus only on some examples that
could be regarded as best practices, as reported in Table 4.

Table 4. Examples of new products from low-value or discard fish.

Product Species Process Product Description Reference

Fermented surimi
Anchovy (Engraulis spp.),
roundscad (Decapterus spp.),
and other small pelagic and
demersal species

Fermentation

Surimi blocks were prepared as mix of the
reported fish species and supplemented with
2% glucose, 5% corn starch, and 1% isolated
soy protein. The product was fermented by
Actinomucor elegans for 36 h.

[54]

Fermentation increased the content of
histidine, phenylalanine, and glutamic acid.

Surimi
Ungutted myctophid
(Benthosema pterotum)

Mixing and food
formulation with other
ingredients

Ungutted fish was deboned, minced, and
used to give structure to surimi and then
mixed with onion, breadcrumbs, wheat flour,
skim milk powder, sunflower oil, fresh
grated garlic, and salt.

[55]

The product had lower fish odour and
flavour and better sensory scores for texture
attributes than silver carp mince.

Fish burgers
fortified with algae

Common barbel (Barbus
barbus) Fortification

Fish mince was thawed overnight in the
refrigerator and mixed thoroughly with salt
(2% W/V), cornstarch (1% W/V), and
different concentrations (0.5, 1, and 1.5%) of
microalgae powders (Chlorella minutissima,
Isochrysis galbana, Picochlorum sp.).

[56]

The presence of microalgae gave better
swelling ability and higher antioxidant levels.

Paste and burgers
made form waste or
low-value fish

Red porgy (Pagrus pagrus),
Argentine croaker (Umbrina
sp.), Atlantic bigeye
(Priacanthus arenatus), Black
cusk-eel (Conger sp.), Cusk-eel
(Genypterus brasiliensis), and
Blackfin goosefish (Lophius
gastrophysus)

Mixing Mincing, mixing, and product designing. [57]
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Table 4. Cont.

Product Species Process Product Description Reference

Black seabream
ceviche, smoked
blue jack mackerel
pâté, dehydrated
piper gurnard, fried
boarfish, and
comber pastries

Blue jack mackerel (Trachurus
picturatus), black seabream
(Spondyliosoma cantharus),
piper gurnard (Trigla lyra), and
two unexploited species
(comber, Serranus cabrilla and
boarfish, Capros aper)

Mixing Mincing, mixing, and product designing. [49]

Packed fillet Sea bass (Dicentrarchus labrax) Biopreservation and
addition of essential oils

Fillets of sea bass were inoculated with a
mixture of lactic acid bacteria (Lactococcus
lactis, Lactiplantibacillus plantarum, and
Carnobacterium piscicola) and added with
citrus essential oil and then vacuum packed.

[58]

The product exhibited prolonged shelf-life
and ameliorated muscle liquid-holding
capacity.

Thai snacks (Jeep
Thai, Shor Moung,
and Pun Khlip)

Nile tilapia
(Oreochromis niloticus)

Reformulation
(substitution of an
ingredient)

Addition of tilapia instead of some other
ingredients. [59]

Probiotic fillets Sea bream of the Adriatic Sea
(Sparus aurata) Probiotication

Marinated sea bream fillets enriched with
Lactiplantibacillus plantarum and
Bifidobacterium animalis subsp. lactis, then
packed in oil or in a diluted brine.

[60]

6. Waste or Unwanted Catches for Animal Feeding

The cascade of biorefinery indicates another high-value pathway for the utilization of
fish waste and loss: animal feeding. A survey published in 2021 reports at least 16 studies
conducted all around the world on this topic (Brazil, China, Iraq, Japan, Saudi Arabia,
Lebanon, and Mediterranean countries of Africa), with an increasing trend in the last
two years [61].

The most important part for fishery wastes is the use of active compounds/components,
as extracted by the biorefinery approach reported in Section 4, to produce pellets for aqua-
culture. Generally, the components or fishmeal represent a part of a formula (around
10%) in combination with fruit/vegetable, cereals, starch, and other ingredients [62,63].
The supplementation with some active compounds from fishery (vitamins, proteins, and
fatty) has some benefits in terms of enhanced digestibility of formula, increased FCR (feed
conversion ratio), higher weight gain, and protein efficiency ratio (PER) [64]; an example
of the practical benefit of this approach was reported by Mo et al. [65], who described
increased protein digestibility in grass carp and tilapia from 65 to 80% when the feed was
improved with a combination of vitamins and minerals.

A cheaper approach is the use of by-products (heads, viscera, skin, and skeleton),
treated with enzymes, to achieve a protein hydrolysate [66] used as feeding formula for
salmon, shrimp, rainbow trout, and cod [67].

A survey in the literature and a recent review [68] suggests some possible methods
for using wastes and unwanted catches for animal feeding, particularly for aquaculture:

1. Skin, biomass, and bones as sources of gelatin, proteins, and calcium;
2. Homogenate and meal from small fish (croaker, horse mackerel, flying fish, chub

mackerel, and sardine) as the main ingredients of fish formula and pellet for high-
value species;

3. Homogenates from shrimp waste (heads, appendages, and exoskeleton) as a source
of lysine;

4. Silage and fermentation with lactic acid bacteria to produce homogenates with a
higher shelf life and/or biological value.

Finally, another new method is the use of a codesign food system and a circular
approach; in this context, fish loss and waste are not directly used as feed for aquaculture
but as feed for black soldier fly larvae, which in turn are protein sources for aquaculture.
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There are several benefits for this approach, including the high conversion rate of by-
products into insect biomass and the high value of proteins [69].

7. Social Impact and Guidelines for the Future

The challenge of loss in fishery is a global problem and should be addressed through
different directions/lines. This paper addresses the technological point of view, with a
focus also on the economic (consumers’ segmentation and criteria to design a new product)
and chemical sides (biorefinery); however, a global threat requires a multilevel solution
that is able to propose new methods from different point of views.

The reduction in loss and waste in fishery, as well as in all food chains, can be overcome
only if the leading factors are removed by adequate technological, political, and economic
decisions. In this context, FAO [2,4] proposed a multi-tasking method able to counteract
the problem at different levels:

(a) The improvement of the technological tools in terms of fish capture, cold chain, and
quality of water used for processing in order to avoid unwanted capture, ghost fishing,
or discards due to spoilage;

(b) Efficient infrastructure in terms of roads for logistic and adequate plants for processing;
(c) Education and lifelong learning to improve skills of fishermen and all actors of

the chain;
(d) A market driven innovation to meet the requirements of consumers and to design

new foods or products.

In addition, this multitasking solution should also consider an adequate regulatory
framework, which is lacking in some countries, as well as appropriate actions by pol-
icy makers to remove the barriers (gender or social hurdles) responsible for inefficient
processing (Figure 3).
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Figure 3. The challenges of food loss and unwanted catches require solutions in at least six different lines. This figure
reports on the needs to be addressed for each line.

From a technological point of view, biorefineries and the design of new products for
human or animal consumption are promising methods, although some challenges should
be addressed such as scaling up some technologies, the costs, and the ability to capture a
market quota.



Foods 2021, 10, 2725 13 of 15

Author Contributions: Conceptualization, A.B., M.R.C. and M.S.; investigation, A.R., B.S., D.C. and
A.B.; writing—original draft preparation, A.R., B.S. and A.B.; writing—review and editing, B.S. and
A.B.; supervision, M.R.C. and M.S.; funding acquisition, M.R.C. and M.S. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by the Puglia region through the project PO FEAMP 2014/2020—
Measure 1.26 “Valorizzazione di specie ittiche affumicate mediante tecniche tradizionali e innovative”
(CUP N. B71B17000990009; Project leader: UNCI-Agroalimentare).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. United Nations. Open Working Group Proposal for Sustainable Development Goals; United Nations: New York, NY, USA, 2014.
2. FAO. Report of the 2015 Series of International Conferences on Food Loss and Waste Reduction: Recommendations on Improving Policies

and Strategies for Food Loss and Waste Reduction; FAO: Rome, Italy, 2015.
3. Kruijssen, F.; Tedesco, I.; Ward, A.; Pincus, L.; Love, D.; Thorne-Lyman, A.L. Loss and waste in fish value chains: A review of the

evidence from low and middle-income countries. Glob. Food Secur. 2020, 26, 100434. [CrossRef]
4. FAO. The State of World Fisheries and Aquaculture 2020—Sustainability in Action; FAO: Rome, Italy, 2020.
5. Venugopal, V. Valorization of seafood processing discards: Bioconversion and bio-refinery approaches. Front. Sustain. Food Syst.

2021, 5, 611835. [CrossRef]
6. FAO. Food Loss and Waste in Fish Value Chains. 2021. Available online: http://www.fao.org/flw-in-fish-value-chains/value-

chain/en/ (accessed on 4 October 2021).
7. FAO. The State of Food and Agriculture. Moving Forward on Food Loss and Waste Reduction; Food and Agriculture Organization FAO:

Rome, Italy, 2019.
8. Available online: https://goodfish.org.au/about-the-guide/definitions/ (accessed on 4 October 2021).
9. Eurostat 2019. Municipal Waste Statistics. Available online: https://ec.europa.eu/eurostat/statisticsexplained/index.php/

Municipal_waste_statistics (accessed on 7 March 2021).
10. Kamm, B.; Kamm, M. Principles of biorefineries. Appl. Microbiol. Biotechnol. 2004, 64, 137–145. [CrossRef]
11. De Jong, E.; Jungmeier, G. Biorefinery concepts in comparison to petrochemical refineries. In Industrial Biorefineries and White

Biotechnology, 1st ed.; Pandey, A., Hofer, R., Taherzadeh, M., Nampoothiri, M., Larroche, C., Eds.; Elsevier: Amsterdam, The
Netherlands, 2015; pp. 3–33.

12. Cherubini, F.; Jungmeier, G.; Wellisch, M.; Willke, T.; Skiadas, I.; Van Ree, R.; de Jong, E. Toward a common classification approach
for biorefinery systems. Biofuels Bioprod. Biorefin. 2009, 3, 534–546. [CrossRef]

13. De Jong, E.; Higson, A.; Walsh, P.; Wellissch, M. Bio-Based Chemicals, Value Added Products from Biorefineries. IEA Bioen-
ergy Task 42 Report 2012. Available online: http://www.ieabioenergy.com/wp-content/uploads/2013/10/Task-42-Biobased-
Chemicals-value-added-products-frombiorefineries.pdf (accessed on 7 March 2021).

14. Michailos, S. Kinetic modelling and dynamic sensitivity analysis of a fast pyrolysis fluidised bed reactor for bagasse exploitation.
Biofuels 2018, 12, 161–170. [CrossRef]

15. Michailos, S.; Parker, D.; Webb, C. Design, sustainability analysis and multiobjective optimisation of ethanol production via
syngas fermentation. Waste Biomass Valori. 2019, 10, 865–876. [CrossRef]

16. Clark, J.H.; Deswarte, F.E.I. The biorefinery concept—An integrated approach. In Introduction to Chemicals from Biomass (Wiley
Series in Renewable Resources); Clark, J.H., Deswarte, F.E.I., Eds.; Wiley: Padstow, UK, 2008; pp. 1–20.

17. Kamm, B.; Gruber, P.R.; Kamm, M. Biorefineries-Industrial Processes and Products. In Ullmann’s Encyclopedia of Industrial
Chemistry; Wiley-VCH Verlag GmbH & Co. KGaA: Weinheim, Germany, 2016; pp. 1–38. [CrossRef]

18. FAO. The State of World Fisheries and Aquaculture 2018—Meeting the sustainable development goals. FAO, Ed.; In La Situation
Mondiale Des Pêches et de L’aquaculture (SOFIA); FAO: Rome, Italy, 2018.

19. Al Khawli, F.; Ferrer, E.; Berrada, H.; Barba, F.J.; Pateiro, M.; Domínguez, R.; Lorenzo, J.M.; Gullón, P.; Kousoulaki, K. Innovative
Green Technologies of Intensification for Valorization of Seafood and Their by-Products. Mar. Drugs 2019, 17, 689. [CrossRef]

20. Bruno, S.F.; Ekorong, F.J.A.A.; Karkal, S.S.; Cathrine, M.S.B.; Kudre, T.G. Green and Innovative Techniques for Recovery of
Valuable Compounds from Seafood By Products and Discards: A Review. Trends Food Sci. Technol. 2019, 85, 1022. [CrossRef]

21. EUMOFA (European Market Observatory for Fisheries and Aquaculture Products). Blue Bioeconomy. Situation and Perspectives.
Last update: 2018. Available online: https://knowledge4policy.ec.europa.eu/publication/blue-bioeconomy-situation-report-
perspectives_en (accessed on 27 October 2021).

http://doi.org/10.1016/j.gfs.2020.100434
http://doi.org/10.3389/fsufs.2021.611835
http://www.fao.org/flw-in-fish-value-chains/value-chain/en/
http://www.fao.org/flw-in-fish-value-chains/value-chain/en/
https://goodfish.org.au/about-the-guide/definitions/
https://ec.europa.eu/eurostat/statisticsexplained/index.php/Municipal_waste_statistics
https://ec.europa.eu/eurostat/statisticsexplained/index.php/Municipal_waste_statistics
http://doi.org/10.1007/s00253-003-1537-7
http://doi.org/10.1002/bbb.172
http://www.ieabioenergy.com/wp-content/uploads/2013/10/Task-42-Biobased-Chemicals-value-added-products-frombiorefineries.pdf
http://www.ieabioenergy.com/wp-content/uploads/2013/10/Task-42-Biobased-Chemicals-value-added-products-frombiorefineries.pdf
http://doi.org/10.1080/17597269.2018.1461522
http://doi.org/10.1007/s12649-017-0151-3
http://doi.org/10.1002/14356007.l04_l01.pub2.10.1002/14356007.l04_l01.pub2
http://doi.org/10.3390/md17120689
http://doi.org/10.1016/j.tifs.2018.12.004
https://knowledge4policy.ec.europa.eu/publication/blue-bioeconomy-situation-report-perspectives_en
https://knowledge4policy.ec.europa.eu/publication/blue-bioeconomy-situation-report-perspectives_en


Foods 2021, 10, 2725 14 of 15

22. European Commission. EU Biorefinery Outlook to 2030. Studies on Support to Research and Innovation Policy in the Area of
Bio-Based Products and Services (February 2021). Available online: https://op.europa.eu/en/publication-detail/-/publication/
7223cd2e-bf5b-11eb-a925-01aa75ed71a1 (accessed on 27 October 2021).

23. Neves, A.C.; Harnedy, P.A.; O’Keeffe, M.B.; FitzGerald, R.J. Bioactive peptides from Atlantic salmon (Salmo salar) with angiotensin
converting enzyme and dipeptidyl peptidase IV inhibitory, and antioxidant activities. Food Chem. 2017, 218 (Suppl. C), 396–405.
[CrossRef]

24. Chakrabarti, S.; Guha, S.; Majumder, K. Food-Derived Bioactive Peptides in Human Health: Challenges and Opportunities.
Nutrients 2018, 10, 1738. [CrossRef] [PubMed]

25. Hou, H.; Fan, Y.; Wang, S.; Si, L.; Li, B. Immunomodulatory activity of Alaska pollock hydrolysates obtained by glutamic acid
biosensor-artificial neural network and the identification of its active central fragment. J. Funct. Foods 2016, 24 (Suppl. C), 37–47.
[CrossRef]

26. Nakchum, L.; Kim, S.M. Preparation of squid skin collagen hydrolysate as an antihyaluronidase, antityrosinase, and antioxidant
agent. Prep. Biochem. Biotechnol. 2016, 46, 123–130. [CrossRef] [PubMed]

27. Torres-León, C.; Ramírez-Guzman, N.; Londoño-Hernandez, L.; Martinez-Medina, G.A.; Díaz-Herrera, R.; Navarro-Macias, V.;
Alvarez-Pérez, O.B.; Picazo, B.; Villarreal-Vázquez, M.; Ascacio-Valdes, J.; et al. Food Waste and Byproducts: An Opportunity to
Minimize Malnutrition and Hunger in Developing Countries. Front. Sustain. Food Syst. 2018, 2, 52. [CrossRef]

28. Swanepoel, J.C.; Goosen, N.J. Evaluation of fish protein hydrolysates in juvenile African catfish (Clarias gariepinus) diets.
Aquaculture 2018, 496, 262–269. [CrossRef]

29. Halim, N.R.A.; Yusof, H.M.; Sarbon, N.M. Functional and bioactive properties of fish protein hydolysates and peptides: A
comprehensive review. Trends Food Sci. Technol. 2016, 51 (Suppl. C), 24–33. [CrossRef]

30. Uranga, J.; Etxabide, A.; Guerrero, P.; de la Caba, K. Development of active fish gelatin films with anthocyanins by compression
molding. Food Hydrocoll. 2018, 84, 313–320. [CrossRef]

31. Araújo, C.S.; Rodrigues, A.M.C.; Joele, M.R.S.P.; Araújo, E.A.F.; Lourenço, L.F.H. Optimizing process parameters to obtain a
bioplastic using proteins from fish byproducts through the response surface methodology. Food Packag. Shelf Life 2018, 16, 23–30.
[CrossRef]

32. Yaghoubzadeh, Z.; Peyravii Ghadikolaii, F.; Kaboosi, H.; Safari, R.; Fattahi, E. Antioxidant activity and anticancer effect of
bioactive peptides from rainbow trout (Oncorhynchus mykiss) skin hydrolysate. Int. J. Pept. Res. Ther. 2019, 26, 625–632. [CrossRef]

33. Caldeira, C.; Vlysidis, A.; Fiore, G.; De Laurentiis, V.; Vignali, G.; Sala, S. Sustainability of food waste biorefinery: A review
on valorisation pathways, techno-economic constraints, and environmental assessment. Bioresour. Technol. 2020, 312, 123575.
[CrossRef] [PubMed]

34. Regenstein, J.M.; Zhou, P. Collagen and gelatin from marine by-products. In Maximising the Value of Marine By-Products; Shahidi,
F., Ed.; Woodhead Publishing Limited: Cambridge, UK, 2007; pp. 279–303.

35. Venkatesan, J.; Anil, S.; Kim, S.K.; Shim, M. Marine Fish Proteins and Peptides for Cosmeceuticals: A Review. Mar. Drugs 2017,
15, 143. [CrossRef]

36. Vázquez, J.A.; Durán, A.I.; Menduíña, A.; Nogueira, M. Biotechnological Valorization of Food Marine Wastes: Microbial
Productions on Peptones Obtained from Aquaculture By-Products. Biomolecules 2020, 10, 1184. [CrossRef]

37. Kumar, M.; Brar, A.; Vivekanand, V.; Pareek, N. Biomedical and Nutraceutical Applications of Chitin and Chitosan. In High Value
Fermentation Products; Saurabh, S., Vikash, B., Asha, C., Eds.; Scrivener Publishing LLC: Beverly, MA, USA, 2019; pp. 319–349.

38. Ashraf, S.A.; Mohd, A.; Mitesh, P.; Arif, J.S.; Manojkumar, S.; Mejdi, S.; Sibte, H. Fish-Based Bioactives as Potent Nutraceuticals:
Exploring the Therapeutic Perspective of Sustainable Food from the Sea. Mar. Drugs 2020, 18, 265. [CrossRef] [PubMed]

39. Wang, W.; Xue, C.; Mao, X. Chitosan: Structural modification, biological activity and application. Int. J. Biol. Macromol. 2020, 164,
4532–4546. [CrossRef] [PubMed]

40. Bhuimbar, M.V.; Bhagwat, P.K.; Dandge, P.B. Extraction and characterization of acid soluble collagen from fish waste: Development
of collagen-chitosan blend as food packaging film. J. Environ. Chem. Eng. 2019, 7, 102983. [CrossRef]

41. Khan, I.; Tango, C.N.; Miskeen, S.; Oh, D.H. Evaluation of nisin-loaded chitosan-monomethyl fumaric acid nanoparticles as a
direct food additive. Carbohydr. Polym. 2018, 184, 100–107. [CrossRef] [PubMed]

42. Mulinacci, N.; Innocenti, M.; Cossignani, L.; Blasi, F.; Montesano, D.; Dugo, G.; Saitta, M.; Cicero, N.; Di Bella, G.;
Mannina, L.; et al. La chimica e gli alimenti. Nutrienti e aspetti nutraceutici; Mannina, L., Daglia, M., Ritieni, A., Eds.; Casa Editrice
Ambrosiana: Rozzano, Italy, 2019; pp. 125–146.

43. Ghaly, A.E.; Ramakrishnan, V.V.; Brooks, M.S.; Budge, S.M.; Dave, D. Fish Processing Wastes as a Potential Source of Proteins,
Amino Acids and Oils: A Critical Review. J. Microb. Biochem. Technol. 2013, 5, 107–129.

44. Menon, V.V.; Lele, S.S. Nutraceuticals and Bioactive Compounds from Seafood Processing Waste. In Handbook of Marine
Biotechnology; Kim, S.K., Ed.; Springer: Berlin/Heidelberg, Germany, 2015; pp. 1405–1425.

45. Iñarra, B.; Bald, C.; Cebrián, M.; Antelo, L.T.; Franco-Uría, A.; Vázquez, J.A.; Pérez-Martín, R.I.; Zufía, J. What to do with
unwanted catches: Valorisation options and selection strategies. In The European Landing Obligation; Uhlmann, S.S., Ulrich, C.,
Kennelly, S.J., Eds.; Springer: Cham, Switzerland, 2019; pp. 333–362.

46. Simeone, M.; Scarpato, D. The low commercial value fish. How can we increase its consumption? Agric. Econ. Rev. 2014, 15,
43–59.

https://op.europa.eu/en/publication-detail/-/publication/7223cd2e-bf5b-11eb-a925-01aa75ed71a1
https://op.europa.eu/en/publication-detail/-/publication/7223cd2e-bf5b-11eb-a925-01aa75ed71a1
http://doi.org/10.1016/j.foodchem.2016.09.053
http://doi.org/10.3390/nu10111738
http://www.ncbi.nlm.nih.gov/pubmed/30424533
http://doi.org/10.1016/j.jff.2016.03.033
http://doi.org/10.1080/10826068.2014.995808
http://www.ncbi.nlm.nih.gov/pubmed/25568978
http://doi.org/10.3389/fsufs.2018.00052
http://doi.org/10.1016/j.aquaculture.2018.06.084
http://doi.org/10.1016/j.tifs.2016.02.007
http://doi.org/10.1016/j.foodhyd.2018.06.018
http://doi.org/10.1016/j.fpsl.2018.01.009
http://doi.org/10.1007/s10989-019-09869-5
http://doi.org/10.1016/j.biortech.2020.123575
http://www.ncbi.nlm.nih.gov/pubmed/32521468
http://doi.org/10.3390/md15050143
http://doi.org/10.3390/biom10081184
http://doi.org/10.3390/md18050265
http://www.ncbi.nlm.nih.gov/pubmed/32443645
http://doi.org/10.1016/j.ijbiomac.2020.09.042
http://www.ncbi.nlm.nih.gov/pubmed/32941908
http://doi.org/10.1016/j.jece.2019.102983
http://doi.org/10.1016/j.carbpol.2017.11.034
http://www.ncbi.nlm.nih.gov/pubmed/29352900


Foods 2021, 10, 2725 15 of 15

47. Wageningen University and Research. Discards-Unwanted catch. Available online: https://www.wur.nl/en/Dossiers/file/
Discards-Unwanted-catch.htm (accessed on 4 October 2021).

48. FAO. FAO Yearbook. Fishery and Aquaculture Statistics. 2015/FAO annuaire. Statistiques des pêches et de l’aquaculture. 2015/FAO anuario.
Estadísticas de pesca y acuicultura. 2015; FAO: Rome, Italy, 2017.

49. Silva, F.; Duarte, A.M.; Mendes, S.; Borges, P.; Magalhães, E.; Pinto, F.R.; Barroso, S.; Neves, A.; Sequeira, V.; Vieira, A.R.; et al.
Adding Value to Bycatch Fish Species Captured in the Portuguese Coast—Development of New Food Products. Foods 2021, 10,
68. [CrossRef]

50. Corallo, A.; Latino, M.E.; Menegoli, M.; Spennato, A. A survey to discover current food choice behaviors. Sustainability 2019, 11,
5041. [CrossRef]

51. Horvat, A.; Granato, G.; Fogliano, V.; Luning, P.A. Understanding consumer data use in new product development and the
product life cycle in European food firms—An empirical study. Food Qual. Prefer. 2019, 76, 20–32. [CrossRef]

52. Silva, F.; Duarte, A.M.; Mendes, S.; Pinto, F.R.; Barroso, S.; Ganhão, R.; Gil, M.M. CATA vs. FCP for a rapid descriptive analysis in
sensory characterization of fish. J. Sens. Stud. 2020, 35, e12605. [CrossRef]

53. DiscardLess. Available online: http://www.discardless.eu/ (accessed on 4 October 2021).
54. Zhou, X.-X.; Zhao, D.-D.; Liu, J.-H.; Lu, F.; Ding, Y.-T. Physical, chemical and microbiological characteristics of fermented surimi

with Actinomucor elegans. LWT-Food Sci. Technol. 2014, 59, 335–341. [CrossRef]
55. Shaviklo, A.R.; Rafipour, F. Surimi and surimi seafood from whole ungutted myctophid mince. LWT-Food Sci. Technol. 2013, 54,

463–468. [CrossRef]
56. Atitallah, A.B.; Barkallah, M.; Hentati, F.; Dammak, M.; Hlim, M.B.; Fendri, I.; Attia, H.; Michaud, P.; Abdelkafi, S. Physicochemical,

textural, antioxidant and sensory characteristics of microalgae-fortified canned fish burgers prepared from minced flesh of
common barbel (Barbus barbus). Food Biosci. 2019, 30, 100417. [CrossRef]

57. Ribeiro, D.S.; Calixto, F.A.A.; Guimarães, J.L.B.; Aronovich, M.; Keller, L.A.M.; Mesquita, E.F.M. Fish products made from trawl
fishery waste: Physical, chemical, microbiological, and toxicological analysis. Arq. Bras. Med. Vet. Zootec. 2018, 70, 238–246.
[CrossRef]

58. Boulares, M.; Moussa, O.B.; Mankai, M.; Sadok, S.; Hassouna, M. Effects of Lactic Acid Bacteria and Citrus Essential Oil on the
Quality of Vacuum-Packed Sea Bass (Dicentrarchus labrax) Fillets During Refrigerated Storage. J. Aquat. Food Prod. Technol. 2018,
27, 698–711. [CrossRef]

59. Pianjing, P.; Vites, J.; Santijanyabhorn, J. Utilization of Nile Tilapia (Oreochromis niloticus) in development of fish based Thai snacks.
Int. Food Res. J. 2016, 23, 2564–2570.

60. Speranza, B.; Bevilacqua, A.; Racioppo, A.; Campaniello, D.; Sinigaglia, M.; Corbo, M.R. Marinated sea bream fillets enriched
with Lactiplantibacillus plantarum and Bifidobacterium animalis subsp. lactis: Brine optimization and product design. Foods 2021, 10,
661. [CrossRef]

61. Rajeh, C.; Saoud, I.P.; Kharroubi, S.; Naalbandian, S.; Abiad, M.G. Food loss and food waste recovery as animal feed: A systematic
review. J. Mat. Cycles Waste 2021, 23, 1–17. [CrossRef]

62. Mo, W.Y.; Cheng, Z.; Choi, W.M.; Man, Y.B.; Liu, Y.H.; Wong, M.H. Application of food waste based diets in polyculture of low
trophic level fish: Effects on fish growth, water quality and plankton density. Mar. Pollut. Bull. 2014, 85, 803–809. [CrossRef]
[PubMed]

63. Choi, W.M.; Lam, C.L.; Mo, W.Y.; Wong, M.H. The use of food wastes as feed ingredients for culturing grass carp (Ctenopharyn-
godon idellus) in Hong Kong. Environ. Sci. Pollut. Res. 2016, 23, 7178–7185. [CrossRef] [PubMed]

64. Wang, M.-H.; Mo, W.-Y.; Choi, W.M.; Cheng, Z.; Man, Y.-B. Recycle food wastes into high quality fish feeds for safe and quality
fish production. Environ. Pollut. 2016, 219, 631–638. [CrossRef] [PubMed]

65. Mo, W.Y.; Cheng, Z.; Choi, W.M.; Lun, C.H.I.; Man, Y.B.; Wong, J.T.F.; Chen, X.W.; Lau, S.C.K.; Wong, M.H. Use of food waste as
fish feeds: Effects of prebiotic fibers (inulin and mannanoligosaccharide) on growth and non-specific immunity of grass carp
(Ctenopharyngodon idella). Environ. Sci. Pollut. Res. 2015, 22, 17663–17671. [CrossRef] [PubMed]

66. Bhaskar, N.; Mahendrakar, N.S. Protein hydrolysate from visceral waste proteins of Catla (Catla catla): Optimization of hydrolysis
conditions for a commercial neutral protease. Bioresour. Technol. 2008, 99, 4105–4111. [CrossRef] [PubMed]

67. Malaweera, B.O.; Wijesundara, W.M.N.M. Seafood Processing By-Products; Springer: New York, NY, USA, 2014; pp. 315–339.
68. Afreen, M.; Ucak, I. Fish processing wastes used as feed ingredient for animal feed and aquaculture feed. J. Surv. Fish. Sci. 2020, 6,

55–64.
69. Jagtap, S.; Garcia-Garcia, G.; Duong, L.; Swainson, M.; Martindale, W. Codesign of food system and circular economy approaches

for the development of livestock feeds from insect larvae. Foods 2021, 10, 1701. [CrossRef] [PubMed]

https://www.wur.nl/en/Dossiers/file/Discards-Unwanted-catch.htm
https://www.wur.nl/en/Dossiers/file/Discards-Unwanted-catch.htm
http://doi.org/10.3390/foods10010068
http://doi.org/10.3390/su11185041
http://doi.org/10.1016/j.foodqual.2019.03.008
http://doi.org/10.1111/joss.12605
http://www.discardless.eu/
http://doi.org/10.1016/j.lwt.2014.05.045
http://doi.org/10.1016/j.lwt.2013.06.019
http://doi.org/10.1016/j.fbio.2019.100417
http://doi.org/10.1590/1678-4162-8940
http://doi.org/10.1080/10498850.2018.1484544
http://doi.org/10.3390/foods10030661
http://doi.org/10.1007/s10163-020-01102-6
http://doi.org/10.1016/j.marpolbul.2014.01.020
http://www.ncbi.nlm.nih.gov/pubmed/24492151
http://doi.org/10.1007/s11356-015-5465-8
http://www.ncbi.nlm.nih.gov/pubmed/26432269
http://doi.org/10.1016/j.envpol.2016.06.035
http://www.ncbi.nlm.nih.gov/pubmed/27352767
http://doi.org/10.1007/s11356-015-4971-z
http://www.ncbi.nlm.nih.gov/pubmed/26150295
http://doi.org/10.1016/j.biortech.2007.09.006
http://www.ncbi.nlm.nih.gov/pubmed/17933524
http://doi.org/10.3390/foods10081701
http://www.ncbi.nlm.nih.gov/pubmed/34441479

	Introduction 
	Food Loss and Food in Fishery: Definitions and Why They Are a Challenge 
	Biorefinery: Definition, and Classification 
	Fish Based Bioactive Compounds 
	Nitrogen Compounds 
	Chitin and Chitosan 
	Lipid Compounds 
	Pigments and Minerals 

	Low Value Fish or Unwanted Catches: Criteria and Idea to Design New Products 
	Waste or Unwanted Catches for Animal Feeding 
	Social Impact and Guidelines for the Future 
	References

