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Abstract 

Seaweeds have gained significant attention as sustainable and biodegradable resources for the 

development of edible biofilms and coatings in food packaging applications. The growing concerns 

regarding environmental pollution caused by conventional plastic packaging have accelerated research 

into renewable alternatives with enhanced functional properties. Seaweed-derived polysaccharides, 

including alginate, agar, carrageenan, fucoidan, laminarin, and ulvan, possess excellent film-forming, 

gelling, emulsifying, and biocompatible characteristics, making them suitable for edible coating 

formulations. These biofilms act as protective barriers against moisture loss, oxygen transfer, microbial 

contamination, and lipid oxidation, thereby improving food quality and extending shelf life. Recent 

advancements have focused on incorporating natural antioxidants, antimicrobial compounds, plant 

extracts, essential oils, and nanoparticles into seaweed-based coatings to enhance their mechanical, 

thermal, antioxidant, and antimicrobial properties. Applications have been successfully demonstrated in 

fruits, vegetables, seafood, meat products, and ready-to-eat foods. Furthermore, seaweed-based 

coatings contribute to active and intelligent packaging systems capable of monitoring food quality and 

freshness. Despite their promising potential, challenges such as high production costs, variability in raw 

materials, scalability, and optimization of barrier properties remain. This review highlights the sources, 

properties, applications, coating methods, performance characteristics, current trends, and future 

prospects of seaweed-derived edible biofilms, emphasizing their role as eco-friendly alternatives for 

sustainable food preservation and packaging systems. 

 
Keywords: Seaweed polysaccharides, edible coatings, bioactive packaging, alginate and carrageenan, 

food preservation, sustainable food packaging 

 

1. Introduction 

Developing active food packaging is essential to delivering high-quality, safe food. 

Innovation in packaging technology has focused on creating packaging technologies that can 

actively support food safety. According to Chang et al., (2023) [19], Irimia et al., (2024) [40], 

Lima et al., (2024) [51], Nasution et al., (2023) [60], and others, active packaging is a type of 

packaging material that actively interacts with the internal environment of the packaged 

product in order to prolong shelf life, preserve quality, improve sensory qualities, and 

minimise food waste. Because of their special interaction with food goods, this packaging 

helps prevent perishable food from spoiling and enhances or maintains the safety and quality 

of food products (Drago et al., 2023; Gengatharan & Rahim, 2023) [30, 79]. The presence of 

antimicrobial and antioxidant substances in the packaging material is one factor taken into 

account when creating such packaging (Nasution et al., 2024; Yang et al., 2024) [61, 74]. The 

packaging materials antimicrobial and antioxidant properties greatly lower the dangers to 

food safety (Gengatharan & Rahim, 2023) [79]. They can preserve the sensory qualities of 

fatty foods while shielding them from oxidation processes. Edible film is one type of active 

packaging that is now being developed extensively. During storage, these coatings can 

prevent microbial development, lipid oxidation, and nutritional breakdown by regulating the 

transfer and penetration of oxygen, water vapour, and active chemicals. By releasing active 

agents into the storage environment, adding natural active compounds to biodegradable 

polymers to create such packaging sheets can stop food from spoiling. The presence of 

antimicrobial and antioxidant substances in the packaging material is one factor taken into 

account when creating such packaging (Nasution et al., 2024; Yang et al., 2024) [61, 74].  
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The packaging's antimicrobial and antioxidant properties 

greatly lower the dangers to food safety (Gengatharan & 

Rahim, 2023) [79]. They can preserve the sensory qualities of 

fatty foods while shielding them from oxidation processes. 

Edible film is one type of active packaging that is now being 

developed extensively. During storage, these coatings can 

prevent microbial development, lipid oxidation, and 

nutritional breakdown by regulating the transfer and 

penetration of oxygen, water vapour, and active chemicals. 

By releasing active agents into the storage environment, 

adding natural active compounds to biodegradable polymers 

to create such packaging sheets can stop food from spoiling. 

Because organic phosphorus pollutants, such as organic 

phosphate antioxidants and organic phosphate esters, 

migrate from plastics to food, using plastic wrapping as food 

containers can also be harmful to your health. These 

substances can move to oily, alkaline, and acidic food 

mimics and are present in plastic packaging (Xing et al., 

2023) [73]. In response to customer requests for 

environmentally friendly and sustainable solutions, active 

edible film offers a potentially safer and more natural 

substitute for food contact applications (Haridevamuthu et 

al., 2024; Stanley et al., 2022) [38, 70]. 

 

2. Seaweeds 

In shallow waters at a depth of 180 meters, seaweeds are 

typically found on rocks, pebbles, shells, and marine plants. 

It is quite abundant and grows quickly. The primary uses of 

seaweeds are in food, medicinal, fertiliser, and animal feed. 

Since 1995, seaweed consumption has grown by roughly 

176%. Seaweed cultivation is currently in demand because 

of its many uses, expensive cost (approximately USD 50-

80/ton), and trend of being used as sustainable products. 

However, because they are now restricted to coastal regions, 

seaweed farming and production are extremely limited 

(Nakhate et al., 2021) [80]. Figure 1 illustrates the process for 

creating these seaweed-based FCMs. 

 

 
 

Fig 1: The mechanism for developing seaweed-based food contact materials. (a) Mangoes coated in chitosan- and alginate-based coatings 

enriched with cinnamon essential oil microcapsules (Yin et al., 2019) [76], (b) Active packaging of cold-smoked salmon with Zn-

MgO/Alginate film (Vizzini et al., 2020) [71], (c) Some examples of edible films (Nešic et al., 2020), (d) Intelligent packaging of shrimp and 

durian using ι-carrageenan based colorimetric pH sensor film (Ahmad et al., 2020) [1] 

 

As previously stated, the seaweeds are divided into three 

groups based on their pigmentation: green seaweeds 

(Chlorophyceae), red seaweeds (Rhodophyceae), and brown 

seaweeds (Phaeophyceae). Ulvan is an acidic polymer that 

is produced by the green seaweeds Cladophora, Ulva, and 

Monostroma. Agar and carrageenan are commonly 

produced by the red seaweeds Poryphyra capensis, Aeodes 

orbitosa, and Notogenia stiriata. The polysaccharides 

Alginate, Fucoidan, and Laminarin are produced by the 

brown seaweeds Laminaria pallida, Fucus, and Zonaria 

species. While brown seaweed has a high protein level, all 

seaweed species have a high carbohydrate content, making 

up over 40% of the mass (Nakhate et al., 2021) [80]. 

Alginate, Agar, and Carrageenan are the seaweed 

polysaccharides that are most frequently utilised as FCMs 

(Table 1). D-mannuronic acid and L-guluronic acid (G) in a 

variety of molecular weights, ratios, and topologies make up 

alginate. The ratio of mannuronic acid to guluronic acid 

determines the characteristics of alginate. Alginate has a 

greater capacity to establish strong bonds when it contains 

more guluronic acid. On the other hand, a softer and more 

flexible structure is created when the amounts of guluronic 

acid are low. Alginate has special colloidal qualities due to 

its chemical structure, which helps to stabilise and thicken 

films or coatings. Because alginate reacts effectively and 

permanently with divalent and trivalent metal cations to 

form water-insoluble polymers, it is employed as a coating 

material. Alginate is highly transparent and homogeneous, 

and it may form films well (Kocira et al., 2021). 
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Table 1: Seaweed polysaccharides commonly used as food contact materials 
 

Seaweed Polysaccharide Structure Reference 

Brown seaweeds Alginate 

 

Carina et al., (2021) [15] 
Red seaweeds Agar 

 

Green seaweeds Ulvan 

 

 

3. Edible coatings 

According to Bourlieu et al., (2008) [81], edible coatings are 

thin protective layers that are directly placed to a product's 

surface and can be eaten with it. According to Cerqueira et 

al., (2010) [17], they are composed of natural film-formers 

that stick to the product's surface and form a protective layer 

that can help extend its shelf life by minimising or 

preventing natural chemical, biochemical, or 

microbiological degradation processes brought on by gas 

contact, gas diffusion, or water transfer. Adhesiveness to the 

product, a uniform and invisible surface appearance, neutral 

or favourable sensory qualities, a flawless cover, and a 

composition that complies with food standards are all 

essential characteristics of an edible coating. 

4. Edible coatings for RTE sea food products  

The application of edible coatings in RTE food products has 

a lot of potential. Although little study has been done on the 

application of such coatings in RTE muscle food products, 

Yousuf et al., (2021) [77] have highlighted this potential. The 

most recent research on the application of edible coatings in 

RTE fish was reviewed. Studies involving edible coatings 

for muscle RTE goods expanded the scope of the inquiry. 

The characteristics of blends or multi-layer applications, as 

well as single materials with and without additives, are 

investigated. Table 1 summarises some of the major 

conclusions. 

 
Table 2: Edible coatings for Ready-To-Eat fish and meat products 

 

Product Edible coating material and coating method Additional packaging Storage conditions Source 

Ready-to-eat 

seafood 

Chitosan in acetic acid and glycerol, or alginate 

with no glycerol using dipping method 
- 4 and 14 °C 

Bremenkamp et al., 

(2024) [14] 

Retail maki 

sushi 
Chitosan coating applied using spraying method Packed under MAP conditions 4 and 8 °C 

Sorbo et al., (2022) 
[69] 

Smoked sea 

bass fillets 

Chitosan, alginate with glycerol, applied using 

dipping method 
Packed under vacuum 4 °C 

Martinez et al., 

(2018) [55] 

Cold-smoked 

bass fillet 

Corn zein-based coating with lemongrass 

essential oil or nisin applied using spraying 

method 

PVC bags with headspace or in 

vacuum 
4 °C 

Hager et al., (2019) 
[36] 

Cooked and 

peeled shrimps 

Chitosan, glycerol, Tween 80 coating 

incorporated with 0.5% of oregano and thyme 

EO applied with dipping method 

Packed under MAP conditions 

(40% CO₂/60% N₂) in polystyrene 

trays with a PET/PVdC/PE film 

4 °C 
Carrion-Granda et 

al., (2016) [16] 

 

When it came to regulating the safety (microbial growth) 

and quality (water loss and lipid oxidation) of a Ready-to-

Eat (RTE) fish product under ideal and abused storage 

conditions, a chitosan coating containing 1% (w/v) chitosan 

in 1% (v/v) acetic acid and 15% (w/w chitosan) glycerol or 

a 1% (w/v) alginate coating with no glycerol and no 

crosslinking (Bremenkamp and Sousa-Gallagher, 2024) [14]. 

With a three-fold longer shelf life than the uncoated 

products kept at 4°C, the chitosan-coated samples performed 

the best, indicating that edible coatings have a great deal of 

potential to improve the safety and shelf life of RTE fish 

products (Bremenkamp and Sousa-Gallagher, 2024) [14]. 

Additionally, the evaluated coatings showed that they may 

perform protective functions under abusive storage 

environments. A chitosan coating decreased the viable 

counts of mesophilic, psychrophilic, and anaerobic bacteria 

and also delayed oxidation in smoked sea bass fillets packed 

in a vacuum bag and kept at 4 °C (Martínez et al., 2018) [55]. 

Although the items coated with alginate provided better 

protection against oxidation, the development of bacteria 

was not inhibited. The growth of lactic acid and 

psychotropic bacteria was positively inhibited by cooked 

and peeled prawns with a chitosan-thyme coating packed 

under MAP conditions in a tray with a film stored at 4°C for 

up to 12 days (Carrión-Granda et al., 2016) [16]. 

Retail maki sushi with chitosan-coated salmon, particularly 

when combined with low CO2-MAP packaging, was found 

to improve the microbiological stability and maintain the 

colorimetric characteristics of the sample stored at abused 

temperature conditions (8 °C). It was suggested as a suitable 

hurdle technology for safety precautions against temperature 

abuse in the food cold chain (Sørbø and Lerfall, 2022) [69]. 

Using an edible crude nano-coating solution based on 

carboxymethyl chitosan, a water-soluble derivative of 
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chitosan, and garlic aqueous extract, spiced cooked RTE 

chicken meat reduced the growth of microbes and slowed 

the rate of lipid oxidation and protein breakdown (Diao et 

al., 2020) [27]. With an emphasis on the inhibition of Listeria 

monocytogenes, cold-smoked sunshine bass fillets coated 

with corn zein-based coating containing lemongrass 

essential oil or nisin and packed in bags with headspace air 

or vacuumed were examined. The results demonstrated that 

both coatings decreased the cell count in both investigated 

packaging systems (Hager et al., 2019) [36]. Over the course 

of the 42-day testing period, it was discovered that the nisin-

treated samples were the most efficient additives against L. 

monocytogenes. Additionally, it was found that samples 

treated with corn zein-lemongrass essential oil in bags 

containing headspace air were the only ones that prevented 

the growth of spoiling organisms. A chitosan coating on 

RTE meatballs was studied by Antoniadou et al. (2019) [7]. 

In addition to the inhibition effect on L. monocytogenes, 

other microbial populations were also counted, resulting in a 

shelf-life extension of about 14 days. Other studies that 

concentrated on controlling L. monocytogenes in RTE meat 

products confirmed a positive effect of edible coatings with 

or without antimicrobials to reduce or even inhibit the 

growth. The results of the sensory test demonstrated that the 

RTE meat balls' sensory qualities were unaffected by the 

chitosan covering. For RTE roast beef kept in cool storage, a 

packaging system including an edible chitosan covering 

devoid of additives and a synthetic polymer bag was 

investigated (Beverly et al., 2008) [11]. The goal was to 

investigate how the coating preparation solvent solution and 

chitosan molecular weight affected the decrease effect 

against L. monocytogenes. When compared to lactic acid 

solvent, chitosan coating made with an acetic acid solution 

was more successful in lowering L. monocytogenes. 

Additionally, the study verified that L. monocytogenes on 

the surface of RTE roast beef products may be managed 

with chitosan coatings. Cold-smoked salmon was also used 

to investigate the anti-listerial properties of chitosan-based 

edible coatings combined with vacuum packaging (Jiang et 

al., 2011) [43]. 

The population of L. monocytogenes on cold-smoked 

salmon was found to be inhibited by a chitosan coating 

devoid of antimicrobials during vacuum storage under 

refrigeration; however, tested chitosan coatings containing 

antimicrobials exhibited the strongest anti-listerial action. 

With an emphasis on L. monocytogenes, Jiang et al., (2011) 
[43] investigated the impact of edible coatings on two RTE 

turkey products to regulate microbial development. In 

addition to several antimicrobials in single and binary 

combinations, various polysaccharide coatings were 

investigated as carrier materials. On the turkey products, 

alginate, kappa-carrageenan, pectin, xanthan gum, and 

starch showed good adhesion and stability. The product's 

texture, colour, scent, and general look were unaffected by 

the coatings that were applied. Pectin was marginally less 

effective than the other antimicrobial treatments, but the 

efficiency of the various treatments were similar throughout 

the studied carrier materials. Overall, it was demonstrated 

that, depending on the antimicrobials chosen, alginate-based 

coatings can enhance the safety of poached and roasted 

turkey by preventing the growth of L. monocytogenes and 

lowering background microbiota levels over the course of an 

8-week storage period at 4 °C. Another study used vacuum 

packing into high barrier pouches and edible antimicrobial 

coatings to prevent the growth of L. monocytogenes on 

roasted turkey (Jiang et al., 2011) [43]. Sliced roasted turkey 

was used to test coatings made of starch, chitosan, alginate, 

and pectin with various antimicrobials throughout both cold 

and frozen storage. The findings shown that frozen storage 

may increase the efficacy of pectin-based antimicrobial 

edible coatings, which show promise in improving the 

safety of RTE poultry items. The investigated 

polysaccharide-based carrier coatings containing 

antimicrobials exhibited anti-listerial efficacy in the 

following order: pectin, alginate, chitosan, and starch. 

Edible coatings for RTE fish items, including fried prawns, 

smoked fish bass, smoked salmon and retail maki sushi, 

were studied in these experiments. Roast beef, fried meat 

balls, cooked chicken breast, and cooked turkey meat were 

the RTE meat products under investigation. The main focus 

was on edible coatings based on chitosan, either with or 

without antibacterial additives. Furthermore, as 

antimicrobial carrier coatings, corn-zein, pectin, alginate, 

starch, gelatine, kappa-carrageenan, and xanthan gum were 

investigated. The suppression of microbial growth, with a 

focus on L. monocytogenes, a prevalent foodborne pathogen 

in RTE meals, was the primary goal of the edible coating 

investigations. It was demonstrated that adding a coating 

protection layer to the food product's surface enhanced 

existing packaging techniques such high barrier synthetic 

films, pouches, or trays, extending the safety and quality of 

RTE items. In addition to being a viable fresh-keeping 

technique for RTE items (Diao et al., 2020) [27], edible 

coating techniques may also be an appropriate barrier 

technology for safety precautions against temperature abuse 

in the food cold chain (Sørbø and Lerfall, 2022) [69]. In 

addition to microbial destruction, only a small number of 

research examined other protective characteristics such fat 

oxidation or water loss (Martínez et al., 2018) [55]. In the 

case of RTE food goods, little research has been done on 

how an edible coating might safeguard food products' 

physical, biological, or chemical quality alterations while 

serving a variety of packaging purposes. The potential 

application of a coating as an integrated component of a 

packaging system can be increased by managing certain 

degradation processes. It was observed that the tested edible 

coatings were not designed to replace the functions of the 

current packaging system, but rather as an additional layer 

of protection for the core container. Further research is 

necessary to determine whether an edible coating and an 

outer layer work well together as an eco-packaging design 

alternative. It was also observed that only composite 

coatings containing antimicrobials and a polysaccharide 

carrier substance were investigated. RTE seafood items 

were not used to test other possible techniques, such as 

blends or multilayer coatings, to enhance coating 

performance (López-Caballero et al., 2005) [53]. 

 

5. Seaweeds application as food contact materials 

5.1 Active packaging 

In order to prolong shelf life, increase safety, and improve 

sensory qualities while maintaining product quality, active 

packaging is a novel technique that can be defined as a type 

of packaging in which the package, the product, and the 

environment interact. According to European regulation 

(EC) No 450/2009, active packaging refers to packaging 

systems that interact with food in a way that "deliberately 

contains components that would release or absorb 
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substances into or from the packed food or the environment 

surrounding the food." The active packaging approach 

integrates existing food packaging concepts with the 

preservation qualities of antimicrobials and other 

substances. Food-derived chemicals are either absorbed by 

the packaging around the food or discharged into the food or 

the environment. Active packaging systems come in two 

varieties: active-releasing systems (emitters) and active-

scavenging systems (absorbers). The emitters add 

substances to packed food or the headspace, such as 

antimicrobial compounds, flavours, ethylene, carbon 

dioxide, antioxidants, or ethanol, while the absorber 

eliminates unwanted molecules from food or its 

surroundings, such as moisture, carbon dioxide, oxygen, 

ethylene, or odour (Biji et al., 2015) [13]. 

The amount of active compounds like antioxidants and 

antimicrobials required may be decreased by using active 

packaging rather than directly adding them to the food. The 

majority of fresh and processed foods have microbial 

growth or meal degradation on their surfaces. Therefore, it 

is customary to add active compounds to the majority of the 

diet. Additionally, when active compounds are introduced 

directly to food, their activity may be decreased or inhibited 

due to interactions with food ingredients and/or during food 

processing. Therefore, it might be more effective to add 

active substances through active packaging rather than 

adding them to the food's bulk. Moisture control packaging, 

oxygen scavengers, carbon dioxide generating systems, 

antimicrobial active packaging, ethylene scavengers, and 

flavour and odour absorbent packaging are only a few of the 

several active food packaging systems currently under 

development (Sharma et al., 2020) [67]. 

The most popular kind of active packaging is Oxygen 

Scavengers (OS), which function by taking oxygen out of 

the surrounding air and stopping it from reacting with the 

product. One way to preserve food in an oxygen-free 

environment is through vacuum packaging (Rao and 

Sachindra, 2002). Another technology for eliminating 

oxygen from the headspace of food packing is Modified 

Atmosphere Packaging (MAP), which modifies the 

packaging environment. MAP is a more flexible method 

than vacuum packing, which mainly concentrates on 

eliminating oxygen from the headspace (Dey and Neogi, 

2019) [26]. Additional oxygen scavenging packaging 

techniques include systems based on iron, platinum group 

metals, unsaturated hydrocarbons, tocopherol, ascorbic acid, 

enzymes, and microorganisms. Nevertheless, it has been 

discovered that MAP or vacuum packaging can lower the 

potentially hazardous residual oxygen content in the 

headspace to just 0.5-2 vol%. Conversely, oxygen 

scavengers can reduce oxygen levels to less than 0.1 vol% 

percent, extending the shelf life (Mills et al., 2005) [57]. As 

shown in Figure 2, Andrade et al., (2021) [5] created an 

active covering of whey protein concentrate and Fucus 

vesiculosus extract to prevent chicken breasts from 

oxidising their lipids. 

 

 
 

Fig 2: Whey protein control film and active film with 1% Fucus vesiculosus (brown seaweed) extract (Source: Andrade et al., 2021) [5] 

 
Table 3: Recent application of seaweed polysaccharides in active and intelligent packaging 

 

Packaging matrix Active component Properties of the packaging material Reference 

Sodium alginate Lemongrass oil 
 Controlled release of lemon grass oil due to microencapsulation 

 Films were able to inhibit growth of E. coli and L. monocytogenes 
Bustos et al., (2016) 

Furcellaran 
Gelatin hydrolysate/ 

Rosemary extract 

 Increased thickness, water content, and tensile strength 

 Colour changes in different pH were observed 

 High antioxidant activity 

Jancikova et al., 

(2010) 
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Sodium alginate 

Carboxymethyl 

cellulose, CaCl₂, 

Pyrogallic acid 

 Higher elongation at break 

 Increased moisture content, water vapor permeability, and oxygen 

permeability 

 Effective against E. coli and S. aureus 

Han and Wang 

(2017) 

Gelidium 

sesquipedale 

Polyvinyl alcohol, 

Nanocellulose 

 Enhanced properties for the incorporation and release of bioactive 

extracts 

De Oliveira et al., 

(2019) 

Fucus vesiculosus Whey protein 

 Strengthened the thickness, tensile strength, and elastic modulus 

 Inhibit lipid oxidation of packaged poultry meat, at least for 25 days of 

storage 

Han and Wang 

(2017) 

 

5.2 Smart and intelligent packaging 

During transit, storage, retail sales, and use, intelligent 

packaging monitors a product's quality, safety, and location. 

The European Food Safety Authority (EFSA) defines 

intelligent packaging materials as "items and materials that 

monitor the state of packaged food or the environment 

surrounding the food" (2009). They do not interact with the 

packaged product, but they may transfer its conditions (Biji 

et al., 2015) [13]. The future of food packaging, according to 

experts, will be the next generation of intelligent packaging. 

The perception of packaging has undergone yet another 

significant change as a result of intelligent packaging 

technologies, which convert conventional packaging 

communication functions into intelligent communication. 

According to Barska and Wyrwa (2017) [9], there are two 

most popular kinds of intelligent packaging. While the 

second directly evaluates the product's quality inside the 

packaging and may come into direct contact with food, 

requiring additional food safety and quality controls, the 

first is based on assessing elements outside the packaging 

(Dainelli, et al., 2008) [24]. As shown in Table 3, the three 

fundamental technologies used in intelligent packaging 

systems are typically data carriers, indications, and sensors 

(Ghaani et al., 2016) [33]. 

 

5.2.1 Data carriers 

Data carriers facilitate the efficient flow of information 

across the supply chain. Data carriers are used to defend 

against theft, imitation, automation, and traceability (Muller 

and Schmid, 2019) [59]. To guarantee this, data carriers 

transmit and store information on distribution, storage, and 

other aspects. They are therefore commonly found on 

tertiary packaging. The most popular data carriers are RFID 

(Radio Frequency Identification) tags and barcode labels 

(Ghaani et al., 2016) [33]. 

 

5.2.2 Indicators 

A material's presence or absence, the degree of a substance's 

interaction with other compounds, or the concentration of a 

particular substance are all detected by indicators. This 

information is visualised through direct modifications, like 

different colour intensities (Ahmed et al., 2018) [2]. 

According to the indicator, they are placed either inside or 

outside the package (Muller and Schmid, 2019) [59]. Time-

temperature indicators, freshness indicators, and leakage 

indicators are the most common forms of intelligent 

packaging available. According to their purpose, the 

indicators are divided into three categories: time-

Temperature Integrators or Indicators (TTI), Critical 

Temperature Indicators (CTI), and Critical 

Temperature/Time Integrators (CTTI) (Barska and Wyrwa, 

2017) [9]. 

 

5.2.3 Sensors 

According to Lee et al., (2015) [50], a sensor is a device that 

uses a signal to detect or measure a physical or chemical 

property in order to identify, quantify, or detect energy or 

matter. A sensor and a receptor are the two components that 

make up most sensors. It is possible to identify some 

chemical or physical analytes by measuring their presence, 

activity, composition, or concentration. Additionally, the 

receptor transforms chemical or physical information into an 

energy form that the transducer, the second unit, can detect 

(Mlalila et al., 2016) [58]. Furthermore, the measured signal 

is transformed into an analytical signal that may be used by 

the transducer. It is possible to employ a thermal, chemical, 

optical, or electrical signal (Kerry et al., 2006) [48]. Gas 

sensors, chemical sensors, and biosensors are a few 

examples of the several kinds of sensors that track different 

attributes. 

 

6. Effects of seaweeds on food contact materials 

6.1 Mechanical properties 

The quality of polymer films appropriate for food packaging 

is determined by mechanical factors like tensile strength, 

elastic modulus, and elongation at break. These measures 

demonstrate the film's ability to withstand a variety of 

stresses that arise during the handling, preparation, and 

storage of packaged food without losing its integrity. The 

connections and solubility of the chemicals as well as the 

intermolecular interactions between polymer chains largely 

dictate the mechanical properties of composite films made 

by the blending process. Furthermore, rather than only 

hydrogen interactions with water molecules, the presence of 

integrated chemicals may cause structural changes in the 

film matrix, leading to a less dense structure that may allow 

for enhanced interaction between components. Numerous 

research have also examined the effect of seaweed 

polysaccharide addition on mechanical quality. More than 

half of the examined studies showed an increase in tensile 

strength when seaweed polysaccharides were included into 

the matching polymer. Food packaging films with superior 

mechanical qualities were created using alginate and starch 

(Maizura et al., 2007) [54]. Alginate-based films and other 

agar/starch-based films exhibit superior mechanical 

properties (Wu et al., 2009) [72]. Huq et al., (2012) [39] used 

solution casting to create a nanocrystalline cellulose 

reinforced alginate-based nanocomposite film. According to 

the study, the tensile strength of the nanocomposite 

reinforced with 5 weight percent nanocrystalline cellulose 

content is 37% higher than that of the control. But Goonoo 

et al. (2017) [34] have also created a polysaccharide content 

blend that includes polyhydroxybutyrate-co-valerate and 

fucoidan. At 27 °C, 60% relative humidity, and a crosshead 

speed of 10 mm/min, the tensile strength was measured. 

There was an increase in flexibility and a drop in tensile 
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modulus for the Fucoidan/Polyhydroxybutyrate-co-valerate 

combination. 

 

6.2 Physical properties 

It is challenging to predict morphological changes after the 

addition of elements like seaweed polysaccharides since 

they heavily rely on the interaction between the polymer and 

the seaweed. However, the integration of several 

compounds could lead to gaps and other modifications that 

could impact engineering properties in the future, therefore 

they are worth researching. It has been shown that the 

monomer sequence affects the physical characteristics of 

alginates. The most important physical characteristics of 

alginates are the preferential binding of multivalent cations, 

which forms the basis for gel formation, and the fact that the 

sol/gel transition of alginates is independent of temperature 

(Draget and Taylor, 2011) [29]. Using Scanning Electron 

Microscopy (SEM), Jumaidin et al., (2016) [44] created an 

agar film with varying amounts of sugar palm starch and 

examined the surface morphology. According to the study, 

the SEM picture showed a smooth, uniform surface with no 

sugar palm starch phases or clusters after adding Agar to the 

mixture, suggesting that the two film components are 

miscible and interact well. However, breaking structures 

emerged on the surface as the Agar concentration rose, 

which may have been caused by a higher filler content in the 

film matrix and polymer-polymer bonding. Lopes et al., 

(2017) [52] used SEM analysis of Polyhydroxy butyrate film 

samples to examine the morphological alterations brought 

about by the addition of esterified alginate to the 

Polyhydroxy butyrate blend. The Polyhydroxy butyrate 

blend's morphological structure changed with the addition of 

the polysaccharide, showing a thick, rough, and open 

surface texture. Eghbalifam et al., (2015) [31] created a poly 

vinyl alcohol/sodium alginate film and examined the films' 

surface morphology. The SEM image analysis revealed that 

the blend film had a homogenous texture, indicating high 

miscibility and no phase separation. 

 

6.3 Chemical properties 

The safety and effectiveness of FCMs are mostly 

determined by chemical properties like hydrophilicity or 

hydrophobicity as well as the makeup of a film including 

functional groups in FCM (Carina et al., 2021) [15]. The 

static contact angle of gelatin and sodium caseinate films 

combined with brown seaweed Ascophyllum nodosum (A. 

nodosum) extract was measured in a study by Kadam et al., 

(2021) [45] using the sessile drop technique. The contact 

angle decreased when seaweed extract was added. When 

more seaweed extract was added, the hydrophilicity of both 

films increased. Furthermore, the inclusion of seaweed 

extract greatly boosted the polar component of the surface 

free energy. The seaweed extract's high hydroxyl group 

content increased the polar component of surface free 

energy, which in turn increased the films' hydrophilicity. In 

a different study, the addition of Grapefruit Seed Extract 

(GSE) significantly affected the hydrophobicity of 

composite films based on carrageenan. The Water Contact 

Angle (WCA) of the control carrageenan film was greater 

than that of the Carrageenan/GSE composite film. Because 

GSE is hydrophilic, the WCA of the composite films 

decreased dramatically as the concentration of GSE 

increased (Kanmani and Rhim, 2014) [46]. 

 

6.4 Thermal properties 

The changes in material properties throughout the heating 

process can be ascertained with the aid of thermal analysis 

techniques (Wang et al., 2016, Assadpour et al., 2020) [82, 

83]. The thermal profiles of polymers and their composites 

are frequently examined using the Thermogravimetry 

Analysis (TGA) and Differential Scanning Calorimetry 

(DSC) techniques (Jafarzadeh & Jafari, 2020) [84]. The 

difference in the amount of heat required to raise the 

temperature of the material and the reference as a function 

of temperature and time is measured using DSC (Garavand 

et al., 2017) [32]. Thermal properties such as glass transition 

temperature (Tg), melting temperature (Tm), and 

crystallization temperature (Tc) can be determined from a 

DSC measurement (Jafarzadeh and Jafari, 2020) [84]. The 

endothermic peak specific energy values (170.9-197.1 J/g) 

of chitosan-based edible films including seaweeds (FH, FP) 

and seaweed extracts (FHE, FPE) were greater in DSC 

analysis than those of chitosan-only films (<100 J/g). Thus, 

the addition of seaweeds enhances both the films' ability to 

absorb water and the interactions between the polymer and 

water. Furthermore, the addition of seaweed had no effect 

on the Tg of the edible films. Nevertheless, the Tg of 

chitosan films was not adversely affected by the inclusion of 

seaweed. DSC investigation of gelatin films containing A. 

nodosum extract revealed two distinctive transitions 

between 53.6 and 58.9 °C and 124.3 and 132.3 °C in another 

study. The first transition was not greatly affected by the use 

of seaweed extract. On the other hand, with the addition of 

seaweed, a significant rise in the transition temperature was 

seen for the second transition. After seaweed was added, the 

non-disulfide covalent bond may have increased the stability 

of the film network, raising the films' transition temperature. 

Furthermore, the inclusion of A. nodosum extract 

significantly decreased the Tg of the sodium caseinate films; 

this could be because the low-molecular-weight components 

of the seaweed extract have a plasticising effect (Kadam et 

al., 2015) [45]. 

 

6.5 Antimicrobial properties 
One crucial feature of FCMs that can be utilised to increase 
food safety is their antimicrobial qualities. Antimicrobial 
qualities enable the growth of microbes to be blocked or 
decreased, preventing food deterioration, decreasing food 
waste, and extending the food product's shelf life (Carina et 
al., 2021) [15]. The chemical components that give seaweeds 
their antibacterial properties include proteins, fatty acids, 
carbohydrates, and phenols. Fucoidan demonstrated 
antimicrobial activity against E. coli, S. aureus, P. 
aeruginosa, A. hydrophila (Alboofetileh et al., 2019) [3], and 
Sargassum, while essential oil extracted from Undaria 
Pinnatifida demonstrated antimicrobial activity against S. 
aureus and S. Typhimurium (Patra et al., 2017) [64]. 
According to Chakraborty et al., (2017) [18], Myriocystum 
shown antibacterial efficacy against Vibrio parahemolyticus, 
Vibrio, and A. hydrophilla. When added to polyvinyl 
alcohol, Kappaphycus alvarezii red seaweed extract 
maintained its antibacterial efficacy against S. aureus and B. 
cereus (Kanatt et al., 2015) [85]. The use of these crude 
seaweed extracts as antibacterial agents in food packaging 
has not received much research. However, the seaweed 
polysaccharide has no discernible antibacterial activity, 
according to certain studies. Salmonella enterica and 
Klebsiella pneumonia were not susceptible to the 
antibacterial action of the sodium alginate-ferulic acid film 
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(Yerramathi et al., 2021) [75]. To boost the antibacterial 
action of seaweeds, essential oils, plant extracts, or 
nanoparticles have been added. S. aureus was completely 
inhibited by the Carrageenan-Starch film combined with 
Carvacrol, whereas the film containing Carvacrol exhibited 
no antibacterial activity. Additionally, olive leaf extract was 
added to the carrageenan-based packing material to suppress 
psychrophile bacterial growth up to five times during the 
preservation of lamb meat (Martiny et al., 2020) [56]. By 
adding zinc oxide nanorods to cellulose that was separated 
from the green seaweed Ulva fasciata, Bhutiya et al. (2018) 
[12] produced an active food packaging material. Both gram-
positive (S. aureus, B. ceresus, S. thermophilis) and gram-
negative (E. coli, P. aeruginous) bacteria were susceptible 
to the antimicrobial activity of this packing material. 

 

6.6 Antioxidant properties 
Food contact materials' antioxidant qualities are essential for 
lowering protein deterioration and lipid oxidation in 
packaged foods. Food products' quality, nutritional content, 
shelf life, and attractiveness are all significantly impacted by 
lipid oxidation. One of the main causes of food spoilage, 
which leads to a significant quantity of food waste, is lipid 
oxidation. Antioxidants are therefore added to films and 
coatings during active packaging, increasing the materials' 
antioxidant qualities (Carina et al., 2021) [15]. In addition to 
gradually migrating to the food product's surface during 
storage, these integrated antioxidant agents can reduce the 
issues related to lipid oxidation. Antioxidant qualities are 
present in the majority of seaweeds utilised as FCMs. For 
instance, Kanatt et al., (2015) [85] studied the bioactive 
properties of Kappaphycus alvarezii, red seaweed, and this 
film exhibited good antioxidant activity when measured by 
the DPPH (2,2-diphenyl-1- picrylhydrazyl) assay. Up to 25 
days of storage, the addition of Fucus vesiculosus seaweed 
extract to a Whey protein film enhanced the antioxidant 
potential and prevented lipid oxidation in the chicken breast 
(Andrade et al., 2021) [5]. However, the use of essential oils 
and plant extracts that can lessen the food product's lipid 
oxidation strengthens the materials' antioxidant qualities. 
The antioxidant activity of the gelatin-sodium alginate film 
was enhanced by the addition of tea polyphenols (Dou et al., 
2018) [28]. Ferulic acid increased the antioxidant capacity of 
a sodium alginate edible film many times. Carrageenan 
films with different concentrations of olive leaf extract were 
also studied. The films' antioxidant qualities grow as the 
amount of olive leaf extract increases (Da Rosa et al., 2020) 
[23].  

 

7. Coating application methods 

The product surface can be coated with biobased materials 

by vacuum impregnation, spraying, or dipping. Please see 

Senturk Parreidt et al. (2018) [63] and Andriani & Handayani 

(2023) [6] for more specific details. The biopolymer must be 

dissolved in a solvent in order to prepare the initial coating 

formulation. This must be followed by component addition, 

homogenisation, and a degassing step (filter, ultra-bath, 

centrifugation, or resting). Other procedures, such as 

heating, may be required to guarantee structural breakdown 

or enhance dissolving capabilities, depending on the coating 

ingredients. The most popular coating technique in 

laboratories is dipping (Senturk Parreidt et al., 2018) [63]. 

After dipping the product into a coating formulation for a 

predetermined amount of time, excess solution is drained 

out, and the solvent is evaporated to dry the product. To 

guarantee a continuous film formation on the product's 

surface, the coating procedure is usually repeated using the 

same or a different solution. Products with intricate and 

uneven surfaces can be evenly coated by dipping. The 

viscosity of the coating formulation allows for some control 

over the coating thickness (Cisneros-Zevallos and Krochta, 

2003) [21]. However, coatings applied by dipping are 

typically thicker than those applied by spraying (Senturk 

Parreidt et al., 2018) [63]. Coating hydrophilic product 

surfaces with a hydrophobic coating solution may present 

challenges. By encouraging the physical and chemical 

bonding of oppositely charged materials, a layer-by-layer 

coating technique can resolve this problem (Andriani & 

Handayani, 2023) [6]. The possibility of cross-contamination 

when several items are dipped in the same coating solution, 

which could cause product components to dissolve into the 

coating solution, is one disadvantage of the dipping 

procedure. 

Spraying is a coating technique in which a nozzle is used to 

disperse the coating solution as droplets over the desired 

food surface area. This technique has a number of benefits, 

including the ability to manage the solution's temperature, 

producing a homogeneous coating with a controllable 

thickness, requiring less coating solution because of the high 

spraying pressure, and being appropriate for multilayer 

applications. Working with a wider product surface area is 

also made possible by this method's avoidance of coating 

solution contamination. The characteristics of the coating 

solution (density, viscosity, and surface tension), the 

operating conditions (flow rate, air pressure, etc.), and the 

system settings (nozzle design, spray angle, etc.) all have an 

impact on the coating effectiveness of the spraying system. 

It is crucial to take into account the coating solution's spray-

flowing properties, where a low viscosity is ideal. However, 

a problem may arise since many biobased polymers have a 

high viscosity at low polymer concentrations. It is feasible 

to combine the dipping and spraying techniques, which 

offers benefits including a thinner layer, improved coverage, 

and regulated thickness (Amanatidou et al., 2000) [4]. 

A third coating technique that uses the same dipping and 

draining procedures as the dipping method is vacuum 

impregnation. To guarantee quick and direct migration of 

the coating material into the samples' porous tissues, 

vacuum impregnation involves coating the samples in a 

vacuum chamber. The process involves extracting liquids 

and gases from the product's pores and substituting them 

with coating solutions while atmospheric pressure is 

restored (Zhao et al., 2019) [78]. To guarantee full coating 

coverage surrounding the product, samples were frequently 

left to dry after the coating application before being further 

packed or stored. There have been reports of drying at room 

temperature, in cold storage, or at higher temperatures with 

turbulent or laminar air movement. There are very few 

studies on edible coatings for RTE seafood or comparable 

products that use vacuum impregnation or spraying; the 

majority of studies use the dipping method. To close the gap 

between research and practical applications, more study of 

the spraying techniques is advised. 

 

8. Coating performance measurement methods 

Adhesiveness, water and gas barriers, antibacterial and 

antioxidant capabilities, appearance, taste, and feel are all 

significant coating characteristics. This section's goal is to 

give a summary of the approaches utilised to verify and 
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contrast coating performances. According to Bourlieu et al., 

(2008) [81] and López-Caballero et al., (2005) [53], the 

viscoelastic properties of the coating formulations such as 

pH value, elastic modulus, viscosity modulus, solubility, 

phase angle as a function of temperature, and electrical 

charge are crucial for guaranteeing simple handling and 

application and boosting industrial feasibility. 

The adhesiveness, coating thickness, and coating integrity 

characteristics are important when the coating is applied to 

the product. The type of material and the quantity of 

contacts or bonds between the coating and support 

determine how adhesive the coating material is on the 

product (Comaposada et al., 2018) [22]. By measuring the 

product of interest's contact angle both before and after 

coating, some researchers examined coating adhesiveness 

(Cerqueira et al., 2010) [17]. Additionally, imaging analysis 

can be used to assess the coating's penetration and surface 

integrity. A Scanning Electron Microscope (SEM) can be 

used to measure the coating thickness. 

Relevant details regarding the coating's performance can be 

found in its barrier qualities against gas and water. The 

barrier characteristics of dry-cast films (permeability) or the 

barrier measures of the coating immediately applied to the 

product (resistance) are used to assess the barrier efficacy of 

coating materials. However, because food contact can have 

a significant impact on the barrier qualities of the coating 

material applied to the product, assessing the barrier 

qualities of casted coating films has the drawback that it is 

frequently challenging to extrapolate the results (Guo et al., 

2014) [35]. When comparing the performance of various 

coatings, factors such as water activity, relative humidity, 

water loss rate, surface area, saturation pressure, and storage 

temperature are taken into account. The rate of water loss 

(g/h) or the water vapour resistance of the coating (s/cm) are 

measured to assess the relative water loss of coated products 

(Ben-Yehoshua et al., 1985) [10]. This approach has been 

used for a variety of coatings and food products, despite the 

fact that research on the impact of barrier qualities on edible 

coatings with the product is still restricted. This technique 

makes it possible to evaluate the effectiveness of various 

coating materials on a range of products. Measuring the gas 

exchange rates (such as O2 or CO2) of the coated product 

with the headspace volume in a closed system is another 

straightforward way to investigate the gas barrier of a 

coating (Cerqueira et al., 2010) [17]. 

Microbial, chemical, and physical investigations can be used 

to evaluate how the coating affects food sample 

deterioration. The growth of bacteria, yeast, and mould can 

be measured to assess antimicrobial qualities; the particular 

strains used depend on the food product and storage 

conditions of interest. Water loss, water activity, nitrogen 

degradation, and fat oxidation (peroxide value, 

malondialdehyde value, total volatile basic nitrogen, or 

trimethylamine-nitrogen), as well as pH variations and 

adenosine triphosphate breakdown during storage, can all be 

measured to track physical-chemical deterioration (Socaciu 

et al., 2018) [68]. A colorimeter can be used to analyse 

changes in the product's appearance, and a texture analyser 

can evaluate the coated and non-coated goods' hardness, 

elasticity, cohesiveness, adhesiveness, chewiness, and 

gumminess (López-Caballero et al., 2005) [53]. The look, 

smell, texture, firmness, colour, taste, juiciness, and flavour 

of coated goods can all be studied through sensory 

evaluations. The literature has employed a variety of 

techniques to assess coating performance (Andriani and 

Handdayani, 2023) [6]. However, there are still no 

established techniques for assessing the barrier, penetration, 

and integrity of the coating. Furthermore, because the 

coating qualities are greatly influenced by the product or 

interactive properties, it is difficult to compare coatings 

applied to various food products. Indirect measurements are 

still widely used in coating investigations, and there are few 

direct methods for examining the coating qualities. 

 

9. Current trends and future prospects of the utilization 

of seaweeds for edible coatings 

Seaweeds have emerged as one of the most promising 

renewable resources for the development of edible coatings 

due to their biodegradability, abundance, non-toxicity, and 

excellent film-forming properties. Recent research has 

focused on seaweed-derived polysaccharides such as 

alginate, agar, carrageenan, fucoidan, laminarin, and ulvan, 

which serve as natural coating materials for fruits, 

vegetables, seafood, meat products, and ready-to-eat foods. 

These polysaccharides provide effective barriers against 

moisture loss, oxygen transmission, and microbial 

contamination, thereby extending shelf life and maintaining 

food quality. Seaweed-based coatings are increasingly being 

combined with natural bioactive compounds, including 

antioxidants, antimicrobial agents, essential oils, and plant 

extracts, to create active edible coatings with enhanced 

preservation capabilities. A major current trend is the 

incorporation of seaweed extracts rich in phenolic 

compounds, pigments, and antioxidants into edible coatings. 

These bioactive components improve oxidative stability and 

inhibit microbial growth while enhancing the nutritional 

value of foods. Another important development is the use of 

green extraction technologies, such as Pressurized Liquid 

Extraction (PLE), ultrasound-assisted extraction, and 

supercritical fluid extraction, which enable the sustainable 

recovery of valuable compounds from seaweeds. 

Furthermore, seaweed polysaccharides are being integrated 

with nanoparticles, proteins, and other biopolymers to 

improve mechanical strength, water resistance, and 

functional performance. Industrial applications have also 

expanded, with seaweed-based edible films and coatings 

already being commercialized for packaging and food 

preservation. Future prospects for seaweed-based edible 

coatings are highly promising. Advances in nanotechnology, 

smart packaging, and active coating systems are expected to 

produce multifunctional coatings capable of monitoring 

food freshness while simultaneously extending shelf life. 

The development of customized coatings tailored to specific 

food products and storage conditions will further enhance 

their commercial value. Increased consumer demand for 

sustainable, plastic-free packaging solutions and stricter 

environmental regulations are likely to accelerate the 

adoption of seaweed-derived coatings. However, challenges 

such as large-scale production, cost reduction, 

standardization of raw materials, and optimization of barrier 

properties must be addressed. Overall, seaweed-based edible 

coatings represent a sustainable and innovative technology 

with significant potential to replace synthetic packaging 

materials and contribute to a greener and more efficient food 

preservation industry. 
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10. Conclusion 

Seaweeds represent a valuable and sustainable source of 

biopolymers for the development of edible biofilms and 

coatings with significant potential in modern food 

packaging systems. The presence of naturally occurring 

polysaccharides such as alginate, agar, carrageenan, 

fucoidan, laminarin, and ulvan provides excellent film-

forming, gelling, thickening, and stabilizing properties that 

support the production of biodegradable food contact 

materials. Seaweed-based coatings effectively reduce 

moisture loss, lipid oxidation, microbial growth, and quality 

deterioration, thereby enhancing food safety and extending 

the shelf life of a wide range of products, including fruits, 

vegetables, seafood, meat products, and ready-to-eat foods. 

Research findings demonstrate that the incorporation of 

natural antioxidants, antimicrobial agents, plant extracts, 

essential oils, and nanoparticles significantly improves the 

mechanical strength, thermal stability, barrier performance, 

and functional properties of seaweed-derived coatings. In 

addition to serving as edible protective layers, these 

materials have shown considerable promise in active and 

intelligent packaging applications capable of monitoring 

food freshness and quality during storage and distribution. 

Their biodegradability, renewability, and compatibility with 

food systems make them attractive alternatives to 

conventional petroleum-based packaging materials. Despite 

these advantages, several challenges continue to limit large-

scale industrial adoption. Variability in seaweed 

composition, high production costs, limited cultivation 

capacity, scalability issues, and the need for improved water 

resistance and mechanical properties require further 

investigation. Future research should focus on advanced 

extraction technologies, nanotechnology-assisted 

formulations, multilayer coating systems, and smart 

packaging innovations to enhance functionality and 

commercial feasibility. Overall, seaweed-based edible 

biofilms offer a promising pathway toward environmentally 

friendly, sustainable, and high-performance food packaging 

solutions that can contribute significantly to reducing plastic 

waste while ensuring food quality, safety, and shelf-life 

extension. 
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