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The fisheries and aquaculture sectors have
been recognized for their important contribution to
global food security and nutrition in the 21° century.
Due to this, the demand for fish and fishery products is
ever-increasing, and they are traded worldwide in
different processed forms. During processing,
industries generate nearly 63 mmt of processing waste
every year globally (Bhaskar et al., 2010). These wastes
generated through the processing of fish, crab, and
shrimp accounts 30-60%, 75-85% and 40-80%
respectively (Rajeswari et al., 2018), in terms of fish
head, viscera, tail, skin, bones, blood, liver, gonads and
guts etc. To date, fishery wastes are partly destined for
fishmeal, fertilizers, and fish oil production with less
profit, and the remaining are thrown away into the
environment, leading to pollution issues. This discarded
waste has great nutritional value in terms of protein,
lipids, minerals, and enzymes that have the potential for
use in food, pharmaceutical, agricultural, and industrial
applications.

Shelf-life extension of fish and fish products is
another challenge for seafood industries since it is a
highly perishable commodity. Generally, fresh fish are
stored in ice or under refrigerated/chilled conditions
during marketing. In these situations, shelf life is very
limited due to lipid oxidation and microbial spoilage.
This leads to huge economic losses to fish traders,
retailers, and processors. Although synthetic
preservatives are very efficient in maintaining the
quality, the major concerns are their potential toxicity
and carcinogenicity, which cause harmful effects to
humans. Hence, fish processing industries and traders
are actively searching for new, innovative, natural
technologies to sustain the quality and safety of fish and
fishery products during storage or marketing. Recently,
active packaging systems have emerged to improve the
shelf life and safety of food products. Among that,
bioactive edible coating/films gained much attention
due to their advantages, such as edibility, bioactivities,
barrier to moisture, gas, and microorganisms (Rennie
and sunjka, 2018). Furthermore, it enhances the
nutritional value, sensory quality of products and could
be an alternative for chemical preservatives.

Edible films/coatings are thin, continuous layers
of edible materials, which can be applied on or between
food components (Falguera et al., 2011). It provides
barrier properties against moisture, oil, gases, improves
mechanical properties, retains volatile compounds,
and preserves the colour and texture of products (Flores
et al., 2007). It is an ideal technique to mobilize the
active antioxidant and antibacterial agents on the food
surface and release them during the entire storage
period, like a time-release function (Mingkang et al.,
2011). Polysaccharides, proteins, and lipids are
commonly used materials for edible films/coatings
development. Among them, protein-based
films/coatings have a greater attention due to their
adherence to the hydrophobic food surface and
minimize the oxygen and CO, transmission while
arresting the drip loss (Sanchez-Ortega et al., 2014).
Protein materials such as keratin and egg albumin, whey
protein, soy protein, fish protein, gelatin, and collagen
can be used for edible coating/film development.
Generally, the seafood processing wastes consist of
head, skin, viscera, and bone, which have high amounts
of protein, fat, and minerals, etc. Extraction of protein
from this waste could address the waste disposal and
environmental pollution problems faced by the
industries. It also increases the profit by converting
waste into valuable fishery products. Furthermore,
protein-based edible coatings/films can enhance the
nutritional content and sensory quality of food products
to attract consumers.
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Fig.1. Schematic diagram 6f protein-based edible
films/coatings from different sources
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hydrolysate-based packaging

Fish protein hydrolysate (FPH) is one of the most
emerging high-value fishery products, due to its various
applications in food, cosmetics, pharmaceutical,
nutraceutical, and functional food industries, etc.
Edible portion or processing discards from fish can be
utilized for FPH production. Protein hydrolysate is the
breakdown product obtained by enzymatic hydrolysis of
protein from the muscle portion into smaller peptides,
containing 2-20 amino acids. There are many research
studies on the characterization of the functional and
bioactive properties (Henriques et al., 2021; Undiganalu
et al., 2022) of FPH. So, FPH can be used as a primary
packing material to enrich the nutritional value of food
products with improved functional properties (Najafian
and Babiji, 2012). The addition of bioactive compounds
such as antioxidants and antimicrobials, essential oils,
and extracts into these edible coatings/films is an
effective and innovative method to enhance their
antimicrobial properties, which will increase the shelf
life of fish and fishery products.

Fish protein isolates-based packaging
films/coatings
In the seafood industry, the isoelectric

solubilization/precipitation method is used to recover
protein from processing discards. In this method,
proteins from the processing discards are solubilized in
an acidic or alkaline medium and then centrifuged for
precipitation. Then, the lipid layer on top and insoluble
impurities such as bones and skin at the bottom are
removed. The solubilized protein in the middle layer will
be collected and precipitated at the isoelectric point of
the fish protein. This precipitate is called fish protein
isolate, which consists of sarcoplasmic and myofibrillar
proteins. It has been reported that it can form a
continuous matrix and synthesize edible packaging
materials. The properties of the film depend on the
protein concentration, temperature, and the type of
plasticizer used (Rocha et al.,, 2013). Research has
been carried out to develop biodegradable films using
myofibrillar protein by adding polyphenols (Du et al.,
2021), chitosan (Batista et al., 2019), oregano essential
oil (Romanietal., 2017), and gelatin (Athanasopoulou et
al., 2023) for better functional and mechanical
properties.

Fish gelatin-based packaging films
Gelatin is another fish protein obtained by the
hydrolysis of fibrous insoluble collagen from skin and

scales, which are generated as waste during fish
processing. It is one of the most used proteins for
packaging film or coating preparation due to its better
film-forming and barrier properties against light and
oxygen (Etxabide et al., 2017). Generally, gelatin is
extracted from diverse animal sources such as bovine,
porcine, and fish to develop edible packaging films or
coatings (Suderman et al., 2018). However, it exhibits
poor water vapor barrier properties due to its
hydrophilic nature. Further, some communities are not
accepting the mammalian gelatin due to their socio-
cultural-religious or health-related concerns (Lin et al,
2017). Therefore, gelatin from aquatic sources is a
major focus for the seafood industry as a possible
alternative to mammalian gelatin. In recent years,
gelatin-based films have been used as carriers of
natural bioactive compounds (antioxidants and
antimicrobials, plant extracts, essential oils) to achieve
active packaging functions (Adilah et al.,, 2018;
Shahbazi, 2017). The interactions between bioactive
compounds and gelatin matrix can provide controlled
release of active ingredients over the storage period,
with improved mechanical properties (Jridi et al., 2019).

Fish collagen-based packaging films

Collagen, a fibrous protein with typical triple
helical structures, extracted from fish skin, bone, fin,
and scales, which has good film-forming properties and
biodegradability, makes it a suitable active food
packaging material (Qiang et al., 2019). Due to the tight
triple helical structure, collagen films display high
tensile strength (Sionkowska et al., 2020). Generally,
mechanical strength is crucial for any packaging
material to maintain the integrity of food products. Up to
now, collagen has been widely used to manufacture
edible casings instead of plastic and natural casings
owingto its good characteristics (Suurs & Barbut, 2020).
Therefore, studies on collagen-based active packaging
films/coatings have not been often reported.

Conclusion

Demands for environmentally  friendly
packaging materials have led the packaging industry to
develop packaging materials obtained from natural and
renewable resources, such as natural proteins from the
seafood industry waste. However, protein films should
be elastic, strong, and have barrier properties for their
application in food packaging systems. Studies are
aimed at improving the properties of protein-based
films through plasticization, cross-linking techniques,
and the preparation of composite films by blending with
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other natural polymers such as polysaccharides and
lipids. Overall, fish protein can meet the requirements
of food packaging materials through various
modifications. Additionally, the nutritional and sensory
quality improvement makes the protein-based
films/coatings one of the best choices of edible
packaging  materials, which leads to the
commercialization of novel protein-based packaging.
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