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Abstract: Packaging mainly functions by protecting and preserving its contents. In the case of food
packaging, the package protects the contained food product from (i) physical/mechanical damage;
(ii) physico-chemical changes due to the effect of light, oxygen, moisture and odors; and (iii) biological
changes due to the presence of microorganisms and pests; all the above parameters result in the
reduction in product quality and safety. Due to the negative impact of synthetic packaging materials
on the environment, research organizations as well as the food industry are currently exploring
the possibility of using biodegradable and renewable materials deriving from natural sources.
Such biopolymers include: proteins (whey proteins, wheat, corn and soy proteins, gelatin), lipid
derivatives (waxes, acetylated triglycerides) and carbohydrates (starch, cellulose and its derivatives,
carrageenan, pectin, chitosan, alginates) used in food packaging applications. Alginates are natural
hydrophilic polysaccharide biopolymers mainly extracted from marine brown algae. In the form of
films or coatings, they exhibit: good film-forming properties, low permeability to O, and vapors,
flexibility, water solubility and gloss while being tasteless and odorless. When combined with
additives such as organic acids, essential oils, plant extracts, bacteriocins and nanomaterials, they
contribute to the retention of moisture, reduction in shrinkage, retardation of oxidation, inhibition of
color and texture degradation, reduction in microbial load, enhancement of sensory acceptability and
minimization of cooking losses. Alginates were initially used as a coating for perishable fresh fruits
and vegetables to control respiration rate, but can be applied to a wide range of foods, such as meat,
poultry, seafood and cheese products, resulting in the extension of product shelf life. When used
as part of the principle of active, intelligent and green packaging technologies, alginates can work
synergistically to yield a multi-function food packaging system comprising the ultimate goal of food
packaging technology.
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According to the former Packaging Institute International [1], packaging is defined as the enclosure
of products or items in a wrapped pouch, bag, box, cup, tray, can, tube, bottle or other container
form to perform one or more of the following functions: containment, protection, preservation,
communication, utility and performance. Packaging becomes substantially more critical when it comes
to food, pharmaceutical and medicinal products that come into contact with human internal organs,
thus directly affecting consumer wellbeing. Among the above functions of packaging, protection
and preservation are of the utmost importance. The package protects the contained food product
from (i) physical/mechanical damage, (ii) physico-chemical and (iii) biological changes which result in
the reduction in product quality and safety [2]. The preservation function of packaging is the result
of the passive barrier it creates between the food and the surrounding atmosphere with regard to
the effect of light, oxygen, moisture, odors and biological contamination by spoilage and pathogenic
microorganisms and pests. With the advancement of technology, packaging has evolved from a
simple passive barrier to an interactive system between the contained product and the packaging
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material, leading to technologies known as Modified Atmosphere Packaging, Vacuum Packaging,
Active Packaging, Intelligent Packaging and Green Packaging.

Conventional petroleum-derived plastics, currently used in food packaging applications,
are considered as "environmentally unfriendly materials” and are responsible for huge amounts
of waste ending up in the marine and land ecosystem directly affecting marine and wildlife [3].

To tackle the environmental pollution problem, scientists have begun to explore the possibility
of using natural, biodegradable and renewable packaging materials for food packaging applications.
The EU has adopted the strategy of bioeconomy in order to protect the environment and the wellbeing
of its citizens. According to these plans, by 2030, all packaging on the EU market will be recyclable,
and the consumption of plastics will be substantially reduced. The EU is committed to reducing plastic
waste, stopping mass storage and investing in natural and innovative packaging materials [4].

Such biomaterials are produced from natural sources and include proteins (whey proteins, wheat,
corn and soy proteins, gelatin), lipid derivatives (waxes, acetylated triglycerides) and carbohydrates
(starch, cellulose and its derivatives, carrageenan, pectin, chitosan, alginates) [5-7]. Among these
biopolymers, alginates in the form of films and coatings exhibit good film-forming properties,
low permeability to O, and vapors, flexibility, good tensile strength, flexibility, tear resistance, rigidity,
water solubility and gloss while being tasteless and odorless. When combined with additives such as
essential oils, plant extracts, bacteriocins, enzymes, chitosan, organic acids, metallic nanoparticles and
chelating agents, they contribute to the retention of moisture, reduction in shrinkage, retardation of
oxidation, color and texture degradation, reduction in microbial counts, improvement of mechanical
and barrier properties, enhancement of sensory acceptability and minimization of cooking losses [8,9].

Alginates are natural polymers isolated from the cell walls of brown algae (Phacophyceae) where
they are found in the form of sodium, calcium and magnesium salts of alginic acid; they can also be
synthesized by certain bacteria (Pseudomonas and Azotobacter) [10]. They are linear copolymers with
blocks of (1—4)-a-L-guluronic acid (G), (1—4)-B-p-mannuronic acid blocks (M) and heteropolymeric
sequences of M and G (MG blocks). The M/G ratio as well as the length of each block can be estimated
through proton NMR spectroscopy. The different combinations between M and G blocks lead to the
manufacture of at least 200 different alginates [11]. The FDA (US Food and Drug Administration)
has recognized alginates as GRAS (generally recognized as safe) classified substances [12], and the
EFSA (European Food Safety Authority) has authorized the use of alginate and related salts in specific
doses [4]. Commercially, alginates are mainly available as sodium alginate, commonly used as a
thickener, stabilizer and gelling agent in food such as deserts, sauces, stabilizers and beverages [13].

A major drawback of alginates is their high water vapor transmission rate owing to their high
hydrophilicity. The poor moisture barrier of alginate packaging is due to swelling caused after
absorption of moisture vapor from the surroundings that increases the water vapor transmission and
water uptake by the packaging material [14]. This problem has been tackled by incorporating
Montmorillonite/cellulose nanoparticles or Montmorillonite clay into the alginate matrix [14].
In the form of Active Packaging, the addition of (i) polylactic acid has been used to increase oxygen
barrier properties; (ii) CaCl, has been used for the improvement of mechanical properties, resistance to
water and water vapor transmission rate; (iii) glycerol and sorbitol have been used for increasing
polymer flexibility; (iv) lipids such as corn oil and olive oil have been used to minimize water loss;
(v) microfibrillated cellulose has been used to enhance mechanical properties; (vi) nisin has been used
to suppress gram(+) bacterial growth; (vii) potassium sorbate, essential oils (lemongrass, oregano,
thyme, rosemary, cinnamon, garlic, etc.) and silver-montmorillonite nanoparticles have been used
as antimicrobials to extend product shelf life; (viii) essential oils have been used as antioxidants to
retard lipid oxidation; (ix) lactic acid bacteria have been used for the formation of biofilms to control
the growth of food-borne pathogens in ready-to-eat food; (x) organic acids have been used to protect
muscle foods by inhibiting growth of food pathogens such as L. monocytogenes, Salmonella typhimurium
and Escherichia coli (E. coli.) [8,14].
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Alginate salts both as packaging films and coatings have been used for preservation purposes in a
large variety of food commodities in the literature: for shelf life extension of potato strips and fresh-cut
apples [15,16]; for the reduction in browning of fresh-cut mangoes during storage [17]; for the retention
of sensory quality of mushrooms [18] and fresh-cut carrots [19] in combination with nanoparticles;
for shelf life extension of pineapple in combination with modified atmosphere packaging [20] for quality
retention and antioxidant properties of sweet cherries [21]; for shelf life extension of peaches [22]
and melons in combination with essential oils [23]; for the prevention of dehydration and retention
of sensory characteristics of pork patties [24]; for the retention of color, prevention of drip loss and
off-odor detection of beef steaks in combination with HOCI [25]; to inhibit the growth of pathogenic
bacteria such as L. monocytogenes, Salmonella typhimurium and E. coli [26]; for the improvement of
microbial quality of chicken meat in combination with nisin and essential oils [27]; for the improvement
of beef consumer acceptability in combination with essential oils [28]; to retain quality and extend shelf
life of fresh pork in combination with carboxymethyl cellulose and epigallocatechin [29]; to control the
growth of L. monocytogenes in ham slices in combination with oregano essential o0il [30]; to improve
quality and extend shelf life of chicken nuggets in combination with green tea extract [31]; to control
L. monocytogenes in sliced cooked ham in combination with vacuum packaging and the addition of
enterocins [32]; to prevent moisture loss and lipid oxidation in precooked ground-beef patties in
combination with a-tocopherol and vacuum packaging [33]; to inhibit Staphylococcus aureus in beef
in combination with nisin [34]; to inhibit L. monocytogenes in smoked salmon in combination with
lactic acid bacteria [35]; to retard microbial growth and chemical changes in rainbow trout with the
addition of resveratrol [36]; to enhance quality by retarding lipid oxidation in sea bass in combination
with smoking and the addition of resveratrol [37]; to preserve quality and extend shelf life of red sea
bream with the addition of 6-gingerol [38]; to preserve the quality and inhibit Escherichia coli O157:H7
of silver carp fillets in combination with carboxymethyl cellulose and clove essential oil [39]; to extend
the shelf life of Mozzarella cheese in combination with Modified atmosphere packaging [40], etc.

In conclusion, when used as part of the principles of active, intelligent and green packaging
technologies, alginates can work synergistically to yield a multi-function food-packaging system
comprising the ultimate goal of modern food packaging technology.

The present manuscript is an editorial for the recently published article in the journal FOODS
entitled: ”Alginate-Based Edible Films and Coatings for Food Packaging Applications” authored by
Parreidt et al., 2018, comprising a comprehensive presentation of the fundamentals of alginate-based
films and coatings as well as their detailed application to the packaging of specific foods.

Funding: This research received no external funding.

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

References

1. Glossary of Packaging Terms. The Packaging Institute International Publication, 6th ed.; The Packaging Institute:
Stamford, CT, USA, 1988.

2. Robertson, G.L. Food Packaging, Principles and Practice; CRC Press: Boca Raton, FL, USA, 2013; pp. 1-8.

Andrady, A.L. Microplastics in the marine environment. Mar. Pollut. Bull. 2011, 62, 1596-1605. [CrossRef]

4.  Plastic Waste: A European Strategy to Protect the Planet, Defend Our Citizens and Empower Our

@

Industries. Available online: https://ec.europa.eu/commission/presscorner/detail/en/IP_18_5 (accessed on 1
December 2019).

5. Dehghani, S.; Vali Hosseini, S.; Regenstein, ].M. Edible films and coatings in seafood preservation: A review.
Food Chem. 2018, 240, 505-513. [CrossRef] [PubMed]

6. Embuscado, M.E.; Huber, K.C. Edible Films and Coatings for Food Applications; Springer: Berlin/Heidelberg,
Germany, 2009.

7. Cordeiro de Azeredo, H.M. Edible coatings. In Advances in Fruit Processing Technologies; Rodrigues, S.,
Fernandes, FA.N., Eds.; CRC Press: Boca Raton, FL, USA, 2012; pp. 345-361.


http://dx.doi.org/10.1016/j.marpolbul.2011.05.030
https://ec.europa.eu/commission/presscorner/detail/en/IP_18_5
http://dx.doi.org/10.1016/j.foodchem.2017.07.034
http://www.ncbi.nlm.nih.gov/pubmed/28946304

Foods 2020, 9, 1440 40f5

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Theagarajan, R.; Dutta, S.; Moses, J.A.; Anandharamakrishnan, C. Alginates for Food Packaging Applications;
Shakeel, A.A., Ed.; Scrivener Publishing LLC: Beverly, MA, USA, 2019; pp. 207-232.

De Vlieger, ].J. Green plastics for food packaging. In Novel Food Packaging Techniques; CRC Press: Washington,
DC, USA, 2003.

Puscaselu, R.G.; Gutt, G.; Amariei, S. The Use of Edible Films Based on Sodium Alginate in Meat Product
Packaging: An Eco-Friendly Alternative to Conventional Plastic Materials. Coatings 2020, 10, 166. [CrossRef]
Andriamanantoanina, H.; Rinaudo, M. Relationship between the molecular structure of alginates and their
gelation in acidic conditions. Polym. Int. 2010, 59, 1531-1541. [CrossRef]

Heydari, R.; Bavandi, S.; Javadian, S.R. Effect of sodium alginate coating enriched with horsemint (Mentha
longifolia) essential oil on the quality of bighead carp fillets during storage at 4 °C. Food Sci. Nutr. 2015, 3,
188-194. [CrossRef]

Sen, F; Uzunsoy, L; Basturk, E.; Kahraman, M.V. Antimicrobial agent-free hybrid cationic starch/sodium alginate
polyelectrolyte films for food packaging materials. Carbohydr. Polym. 2015, 170, 264-270. [CrossRef] [PubMed]
Jost, V.; Kobsik, K.; Schmid, M.; Noller, K. Influence of plasticizer on the barrier, mechanical and grease
resistance properties of alginate cast films. Carbohydr. Polym. 2014, 110, 309-319. [CrossRef] [PubMed]
Amaral, R.D.A ; Achaerio, I; Benedetti, B.C.; Pujola, M. The influence of edible coatings, blanching ultrasound
treatments on quality attributes shelf life of vacuum packaged potato strips. LWT Food Sci. Technol. 2017, 85,
449-455. [CrossRef]

Rojas-Grau, M.A.; Raybaudi-Massilia, R-M.; Soliva-Fortuny, R.C.; Avena-Bustillos, R.J.; McHugh, T.H.;
Martin-Belloso, O. Apple puree-alginate edible coating as carrier of antimicrobial agents to prolong shelf-life
of fresh-cut apples. Postharvest Biol. Technol. 2007, 45, 254-264. [CrossRef]

Chiumarelli, M.; Ferrari, C.C.; Sarantopoulos, C.I.; Hubinger, M.D. Fresh cut “Tommy Atkins” mango
pre-treated with citric acid coated with cassava (Manihot esculenta Crantz) starch or sodium alginate.
Innov. Food Sci. Emerg. Technol. 2011, 12, 381-387. [CrossRef]

Jiang, T. Effect of alginate coating on physicochemical and sensory qualities of button mushrooms (Agaricus
bisporus) under a high oxygen modified atmosphere. Postharvest Biol. Technol. 2013, 76, 91-97. [CrossRef]
Costa, C.; Conte, A.; Buonocore, G.G.; Lavorgna, M.; del Nobile, M.A. Calsium-alginate coating loaded with
silver-montmorillonite nanoparticles to prolong the shelf-life of fresh-cut carrots. Food Res. Int. 2012, 1,
164-169. [CrossRef]

Montero Calderon, M. Internal quality profile and influence of packaging conditions on fresh-cut pineapple.
Ph.D. Thesis, Universitat de Lleida, Lleida, Spain, March 2010.

Chiabrando, V.; Giacalone, G. Effects of alginate edible coating on quality and antioxidant properties in
sweet cherry during postharvest storage. Ifal. |. Food Sci. 2015, 27, 173-180.

Maftoonazad, N.; Ramaswamy, H.S.; Marcotte, M. Shelf-life extension of peaches through sodium alginate
and methyl cellulose edible coatings. Int. |. Food Sci. Technol. 2008, 43, 951-957. [CrossRef]

Rojas-Grau, M.; Oms-Oliu, G.; Soliva-Fortuny, R.; Martin-Belloso, O. The use of packaging techniques to
maintain freshness in fresh-cut fruits vegetables: A review. Int. ]. Food Sci. Technol. 2009, 4, 875-889. [CrossRef]
Wanstdts, K.G.; Seideman, S.C.; Donnely, L.S.; Quenzer, N.M. Sensory attributes of precooked, calcium
alginate-coated pork patties. J. Food Sci. 1981, 44, 732-735.

Williams, S.K.; Oblinger, ].L.; West, R.L. Evaluation of a calcium alginate film for use on beef cuts. J. Food Sci.
1978, 43, 292-296. [CrossRef]

Kerry, ].P.; O’Grady, M.N.; Hogan, S.A. Past, current potential utilization of active intelligent packaging
systems for meat muscle-based products: A review. Meat Sci. 2006, 74, 113-130. [CrossRef]

Raeisi, M.; Tabaraei, A.; Hashemi, M.; Behnampour, N. Effect of sodium alginate coating incorporated with
nisin, Cinnamomum zeylanicum, and rosemary essential oils on microbial quality of chicken meat and fate of
Listeria monocytogenes during refrigeration. Int. J. Food Microbiol. 2016, 238, 139-145. [CrossRef]

Vital, A.C.P,; Guerrero, A.; de Oliveira Monteschio, J.; Valero, M.V.; Carvalho, C.B.; de Abreu Filho, B.A.;
Madrona, G.S.; do Prado, LN. Effect of edible and active coating (with rosemary and oregano essential oils)
on beef characteristics and consumer acceptability. PLoS ONE 2016, 11, e0160535. [CrossRef]

Ruan, C,; Zhang, Y,; Sun, Y.; Gao, X.; Xiong, G.; Liang, J. Effect of sodium alginate and carboxymethyl cellulose
edible coating with epigallocatechin gallate on quality and shelf life of fresh pork. Int. J. Biol. Macromol. 2019,
141, 178-184. [CrossRef] [PubMed]


http://dx.doi.org/10.3390/coatings10020166
http://dx.doi.org/10.1002/pi.2943
http://dx.doi.org/10.1002/fsn3.202
http://dx.doi.org/10.1016/j.carbpol.2017.04.079
http://www.ncbi.nlm.nih.gov/pubmed/28521996
http://dx.doi.org/10.1016/j.carbpol.2014.03.096
http://www.ncbi.nlm.nih.gov/pubmed/24906761
http://dx.doi.org/10.1016/j.lwt.2017.03.062
http://dx.doi.org/10.1016/j.postharvbio.2007.01.017
http://dx.doi.org/10.1016/j.ifset.2011.02.006
http://dx.doi.org/10.1016/j.postharvbio.2012.09.005
http://dx.doi.org/10.1016/j.foodres.2012.03.001
http://dx.doi.org/10.1111/j.1365-2621.2006.01444.x
http://dx.doi.org/10.1111/j.1365-2621.2009.01911.x
http://dx.doi.org/10.1111/j.1365-2621.1978.tb02288.x
http://dx.doi.org/10.1016/j.meatsci.2006.04.024
http://dx.doi.org/10.1016/j.ijfoodmicro.2016.08.042
http://dx.doi.org/10.1371/journal.pone.0160535
http://dx.doi.org/10.1016/j.ijbiomac.2019.08.247
http://www.ncbi.nlm.nih.gov/pubmed/31476396

Foods 2020, 9, 1440 50f5

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Pavli, E; Argyri, A.A; Skandamis, P.; Nychas, G.J.; Tassou, C.; Chorianopoulos, N. Antimicrobial activity of
oregano essential oil incorporated in sodium alginate edible films: Control of Listeria monocytogenes and
spoilage in ham slices treated with high pressure processing. Materials 2019, 12, 3726. [CrossRef] [PubMed]
Kristam, P.; Eswarapragada, N.M.; Bandi, E.R.; Tumati, S.R. Evaluation of edible polymer coatings enriched
with green tea extract on quality of chicken nuggets. Vet. World 2016, 9, 685-692. [CrossRef]

Marcos, B.; Aymerich, T.; Monfort, ].M.; Garriga, M. Use of antimicrobial biodegradable packaging to control
Listeria monocytogenes during storage of cooked ham. Int. J. Food Microbiol. 2007, 120, 152-158. [CrossRef]
Wu, Y,; Weller, CL;, Hamouz, E; Cuppett, S; Schnepf, M. Moisture loss and lipid oxidation for
precooked ground-beef patties packaged in edible starch-alginate-based composite films. J. Food Sci. 2001,
66, 486493. [CrossRef]

Millette, M.C.L.T;; le Tien, C.; Smoragiewicz, W.; Lacroix, M. Inhibition of Staphylococcus aureus on beef by
nisin-containing modified alginate films beads. Food Control 2007, 18, 878-884. [CrossRef]

Concha-Meyer, A.; Schobitz, R.; Brito, C.; Fuenes, R. Lactic acid bacteria in an alginate film inhibit Listeria
monocytogenes growth on smoked salmon. Food Control 2011, 22, 485-489. [CrossRef]

Bazargani-Gilani, B. Activating sodium alginate-based edible coating using a dietary supplement for
increasing the shelf life of rainbow trout fillet during refrigerated storage (4 + 1 °C). J. Food Saf. 2018, 38,
€12395. [CrossRef]

Martinez, O.; Salmeron, J.; Epelde, L.; Vicente, M.S.; de Vega, C. Quality enhancement of smoked sea
bass (Dicentrachus labrax) fillets by adding resveratrol and coating with chitosan and alginate edible films.
Food Control 2018, 85, 168-176. [CrossRef]

Cai, L; Wang, Y,; Cao, A,; Lv, Y,; Li, J. Effect of alginate coating enriched with 6-gingerol on the
shelf life and quality changes of refrigerated red sea bream (Pagrosomus major) fillets. RSC Adv. 2015, 5,
36882-36889. [CrossRef]

Jalali, N.; Ariiai, P; Fattahi, E. Effect of alginate/carboxyl methyl cellulose composite coating incorporated
with clove essential oil on the quality of silver carp fillet and Escherichia coli O157:H7 inhibition during
refrigerated storage. J. Food Sci. Technol. 2016, 53, 757-765. [CrossRef] [PubMed]

Mastromatteo, M.; Conte, A.; Faccia, M.; del Nobile, M.A.; Zambrini, A.V. Combined effect of active
coating and modified atmosphere packaging on prolonging the shelf life of low-moisture Mozzarella cheese.
J. Dairy Sci. 2014, 97, 36-45. [CrossRef] [PubMed]

® © 2020 by the author. 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 (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.3390/ma12223726
http://www.ncbi.nlm.nih.gov/pubmed/31718078
http://dx.doi.org/10.14202/vetworld.2016.685-692
http://dx.doi.org/10.1016/j.ijfoodmicro.2007.06.003
http://dx.doi.org/10.1111/j.1365-2621.2001.tb16137.x
http://dx.doi.org/10.1016/j.foodcont.2006.05.003
http://dx.doi.org/10.1016/j.foodcont.2010.09.032
http://dx.doi.org/10.1111/jfs.12395
http://dx.doi.org/10.1016/j.foodcont.2017.10.003
http://dx.doi.org/10.1039/C5RA04551G
http://dx.doi.org/10.1007/s13197-015-2060-4
http://www.ncbi.nlm.nih.gov/pubmed/26787996
http://dx.doi.org/10.3168/jds.2013-6999
http://www.ncbi.nlm.nih.gov/pubmed/24239077
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

