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Abstract
Accumulation of non-biodegradable plastics has adversely affected the environment. Hence, there is a need of promoting 
biodegradable polymer packages as substitutes for non-biodegradable plastic packages. Various studies have focused on 
utilisation of seaweed-derived polysaccharides in the development of coatings and films because of their renewability and 
sustainability for food packaging. Alginate, agar, and carrageenan are seaweed-derived polysaccharides that are widely used 
in the development of coatings and films due to their gelling ability. Alginates are mainly extracted from brown algae. Agar 
and Carrageenan are extracted from certain types of red algae. These developed coatings could be successfully utilized to 
extend the shelf life and maintain proper quality parameters of food during the shelf life. Films can be used to partially replace 
non-biodegradable polymer packages found in the market. Thus, the article reviews the basic information and applications 
of edible coatings and films from seaweed-derived polysaccharides in the food industry.
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Introduction

At present, there is an increased interest in biodegradable 
materials for application in food packaging. This increased 
interest in biodegradable polymer packages is mainly due to 
the adverse environmental impact caused by the accumula-
tion of large quantities of non-biodegradable plastic waste 
[1]. Recently, edible films and coatings have emerged as 
alternative eco-friendly packages to replace certain synthetic 
plastic-based packages in the food industry.

Edible coatings and films can be defined as primary pack-
ages which are developed from edible components. Gener-
ally, edible films can be introduced as self-standing struc-
tures in nature, while edible coatings adhere to the surface 
of the food component [2]. Films can be commonly used as 

wrappers or separation layers; and can also form into cas-
ings, capsules, tiny pouches, and bags. Coatings involve the 
formation of films directly on the surface of the food. There-
fore, coatings become part of the product and remain on the 
product itself through the shelf life and consumption [3]. 
Factors such as barrier properties, their capability for physi-
cal and mechanical protection, and capability to improve 
the food appearance are mainly considered when applying 
a coating of film in to a food product [4]. Other than that, 
the degradation rate of the film and release of harmful com-
pounds into the food product by the applied coating or film 
should also be considered when utilizing an edible coating 
or film in the food industry.

Edible coatings and films have received an increased 
attention from consumers due to their advantages. The 
main advantage is that these edible coatings or films are 
regarded as safe to be consumed with food and they are 
eco-friendly. Edible films and coatings protect the food 
product from physical, chemical, and biological degrada-
tion. They prevent the transfer of moisture, gases such as 
oxygen, flavour, and oils between food and the surrounding 
environment and/or between different compartments in a 
heterogeneous food product [5]. They also extend the shelf 
life by protecting food products from surface microbial 
growth, light-induced chemical changes, and oxidation 
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of nutrients. At the same time, some of these coatings 
and films act as carriers of different kinds of active sub-
stances, like antioxidants, antimicrobials, colouring, pre-
servatives, and flavours to improve the quality of food [6, 
7]. Biopolymers such as lipids, proteins, and polysaccha-
rides can be used for the development of biodegradable 
edible films and edible coatings [8]. Plasticizers such as 
glycerol and different types of additives can be included 
in to the formulation to modify and improve the physical 
properties and the functionality of edible films and edible 
coatings. Previous studies have revealed that seaweeds are 
rich sources of polysaccharides [9, 10]. Alginate, agar, and 
carrageenan are the three main polysaccharides found in 
seaweeds. These seaweed-based polysaccharides can be 
utilized in development of edible coatings and films for 
successfully incorporated in the food industry. Thus, the 
main intention of this review article is to provide informa-
tion about applications of seaweed derived alginate, agar 
and carrageenan based edible coatings and films in the 
food industry.

Properties of edible coatings and films

Edible films and coatings are regarded as thin layers of edi-
ble components. They generally act as primary packages 
and are consumed with the food itself [2, 11]. The main 
difference between an edible coating and an edible film is 
that an edible coating is generally applied in liquid form by 
dipping the product into the developed coating formulation 
while edible films are initially developed as sheets and later 
used as wrappers [12]. The development of coatings or films 
for the food industry must be economical. A good coating 
or a film will be transparent to opaque and must have the 
capability to tolerate slight pressure [13]. According to Dhall 
[13], properly applied coatings cover the product adequately. 
Such coatings should be water-resistant and reduce water 
vapour permeability. Another important point is that the 
applied coatings or films should not deplete oxygen or build 
up an excessive amount of carbon dioxide around the food 

commodity since a minimum of 1–3% oxygen is required 
around a commodity to avoid a shift from aerobic respiration 
to anaerobic respiration. Additionally, the coating should 
have the ability to improve the appearance of the product, 
maintain the structural integrity, enhance mechanical prop-
erties, carry active agents such as antioxidants, antimicro-
bials, vitamins, etc. and retain volatile flavour compounds 
in the commodity. Another important thing is that coatings 
or films should show efficient drying performance and are 
also non -sticky. It should not impart an undesirable odour 
or flavour to the food commodity which will affect the actual 
quality of the commodity.

Alginate

Structure of alginate

Alginate is a glycuronan and an acidic linear polysaccharide 
consisting of residues of β-D-mannuronic acid (M block) 
and α-L-guluronic acid (G block) which are arranged in a 
block-wise fashion along the polymer chain. Alginate can 
be homopolymers with polyguluronate or polymannuronate 
arranged in a block-wise manner or heteropolymers with a 
mixed sequence of these residues. Block structures arranged 
along the polymer chain are called G-blocks, M-blocks, and 
MG-blocks [14]. The chemical structure of alginate is shown 
in Fig. 1.

Extraction methods of Alginates from seaweeds

Alginates are mainly extracted from brown algae varieties 
such as Macrocystis, Laminaria, Ascophyllum, Ecklonia, 
Eisenia, Nereocystis, and Sargassum [16]. Strong alkaline 
conditions are used to extract alginates from brown algae. 
Extraction of alginates can be done with or without adding 
formaldehyde. Sodium alginate extracted with a formal-
dehyde pre-treatment was observed lighter in colour than 
those that were extracted without pre-treating with formalde-
hyde. A higher extraction yield was obtained for the method 

Fig. 1   Chemical structure of 
alginate. (Source: [15])
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without a formaldehyde pre-treatment step [17]. Alginate is 
commonly extracted by four main methods. Those methods 
are the hot extraction method, cold extraction method, high 
temperature (80 °C) alkaline extraction method, and room 
temperature alkaline extraction method.

Cold extraction method

Cold extraction is usually carried out at a temperature around 
27 °C. Initially, dried seaweed powder is soaked overnight in 
1% CaCl2 solution at 27 0 C and washed with distilled water. 
After that, the seaweed sample is soaked in 5% HCl solution 
for 1 h and washed with distilled water. Then, stored in 3% 
Na2CO3 overnight before separating the viscous mixture by 
centrifuging at 14,000×g. Finally, extracted sodium alginate 
was precipitated by adding an ethanol/water mixture (1:1, 
v/v) [18]. A previous study has reported the cold extrac-
tion yield of alginate in Sargassum baccularia, Sargassum 
binderi, Sargassum siliquosum and Turbinaria conoides as, 
23.9%, 28.7%, 38.9% and 40.5% respectively [18].

Hot extraction method

In the hot method, samples were treated similarly to the 
cold method, except that the storing time in CaCl2 was 3 h 
at 50 °C [18]. The molecular weight and intrinsic viscosity 
of alginate vary according to the extraction method. Chee 
et al. [18] have observed that the intrinsic viscosity of 
alginate from Sargassum baccularia dropped drastically 
when it was extracted through the hot method compared 
to the cold method. Chee et al. [18] has observed higher 
molecular weights for alginate of Sargassum baccularia, 
Sargassum binderi, Sargassum siliquosum, and Turbinaria 
conoides extracted from the cold extraction method com-
pared to the hot method. A previous study has reported the 
hot extraction yield of alginate in Sargassum baccularia, 
Sargassum binderi, Sargassum siliquosum and Turbina-
ria conoides as, 26.7%, 38.7%, 49.9% and 41.4% respec-
tively [18]. The main advantage of hot extraction method 
over cold extraction method is the extraction yield. Hot 
method extracts more sodium alginate compared to the 
cold method [18].

Room temperature alkaline extraction method

In the room temperature alkaline extraction method, 2% 
w/w Na2CO3 is added to the dried seaweed powder and 
kept for 2 h. After that, it is filtered to obtain the filtrate. 
Then 0.2 N HCl was added to the filtrate and stirred well 
to form insoluble alginic acid. Then the mixture obtained 
was filtered and the resulting residue was dried to obtain 

alginic acid. After that, an excess of 2% w/w sodium car-
bonate solution was added to alginic acid which forms sol-
uble sodium alginate. Finally, an equal volume of ethanol 
was added to the solution to precipitate sodium alginate 
[19]. The alkaline extraction step and alcohol precipita-
tion step can be repeated to maximize the extraction yield 
[20]. A previous study has reported the room temperature 
alkaline extraction yield of alginate from Sargassum Sub-
repandum as, 17.5% w/w [19].

High temperature (80 °C) alkaline extraction method

In the high temperature (80 °C) alkaline extraction method, 
the sample was treated similarly to the room temperature 
alkaline extraction method except that the initial storing time 
of seaweed in 2% w/w sodium carbonate was done at 80 °C 
with constantly stirring it for 2 h [19]. The high tempera-
ture-alkaline extraction method has given higher alginate 
extraction yields for Sargassum Subrepandum compared to 
the room temperature-alkaline extraction method [19]. A 
previous study has reported the room temperature alkaline 
extraction yield of alginate from Sargassum Subrepandum 
as, 21% w/w [19]. As an advantage high temperature (80 
°C) alkaline extraction method has given a higher extraction 
yield over room temperature alkaline extraction method [19].

Properties of alginate

Alginate can be introduced as a polyuronide which is a natu-
ral ion exchanger. Solubility of alginate in a solvent is gov-
erned by pH, ionic strength, and the presence or absence of 
gelling ions in the solvent. Thus, to dissolve alginate in a sol-
vent, it is necessary to make the pH of the solvent be above 
a certain critical value so that the carboxylic acid groups 
of alginate be deprotonated. At the same time, the solvent 
must be free of crosslinking ions. If not, gelation of alginate 
will take place [21]. To make alginate soluble in an organic 
media requires the formation of a tetrabutylammonium 
(TBA) salt. Previous studies have reported that a complete 
dissolution can be observed in alginate when TBA-alginate 
is in polar aprotic solvents containing tetrabutylammonium 
fluoride (TBAF) [22].

Among the properties of alginates, one of the most 
important properties of alginate is its ability to selective 
binding to multivalent cations. That feature is the basis 
of gel formation in alginate [23]. The increasing order of 
affinity of alginate for alkaline earth metals is, Ca2+ < Sr2+ 
< Ba2+. Generally, Mg2+ ions and monovalent cations do 
not form gels with alginate. Divalent cations such as Pb2+, 
Cu2+, Cd2+, Co2+, Ni2+, Zn2+, and Mn2+ can also form gels 
with alginate but their toxic nature limits their usage espe-
cially in the food industry. Gelling properties of alginate are 
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affected by certain factors such as proportion and length of 
the G block in the polymeric chain, the capacity to bind the 
number of ions, the type of gelling ions in the medium, and 
gelling conditions of the medium. When Ca2+ like divalent 
ions are introduced into the alginate solution, it forms diva-
lent salt bridges by bounding Ca2+ ions between two chains. 
Hence, stimulates conformational changes in alginates such 
as alignment of the G-blocks and formation of an egg-box 
model [24]. It is stated that the presence of high content of 
G-Blocks in alginate will create rigid and dense gels, while 
the presence of high content of M-Blocks in alginate will 
build flexible, porous gels. Generally, alginate gels are not 
highly acid-resistant. They shrink at lower pH values [23].

Application of alginate as a coating

Sodium alginate forms thick and stable gels with calcium 
ions in a solution by forming crosslinks between the carbox-
ylate ions of alginate guluronate units and calcium ions [25]. 
Thus, this ability can be used in developing edible coatings 
and films in the food industry. Generally, alginate films are 
considered as poor moisture barriers. But the incorporation 
of Ca2+ ions enhances the moisture barrier property of algi-
nate films [26]. In film formation, the charged state of algi-
nate can be used. Alginate can be used only to increase the 
viscosity of a solution in the absence of divalent ions. How-
ever, the addition of divalent cations into the alginate solu-
tion initiates the gelation through an ion exchange process.

Fruits are highly perishable. The post-harvest quality 
maintained in harvested fruits generally affects the purchase 
decision of consumers. The research by Valero et al. [27] 
has studied the effect of the application of alginate-based 
edible coatings on plum quality during post-harvest storage. 
Plums (Prunus salicina Lindl.), for this study were plucked 
at the commercial ripening stage. 1% and 3% alginate coat-
ings were used. The results of the study revealed that the 
alginate coating could be used to delay the post-harvest rip-
ening process of plumps. Even a 1% level retard the onset 
of ethylene climacteric peak. Both 1% and 3% treatments 
have shown effective in delaying weight loss, acidity loss, 
textural loss, and colour changes in plums. Olivas et al. [26] 
have studied the application of alginate coating on mini-
mally processed “Gala apples” for preservation. Alginate 
films will be a good option to coat fresh apples, because 
these films become stronger when cross-linked with Ca2+ 
ions, and adhere to the apple surface via cross-linking (alg-
inate-Ca-Pectin). Minimally processed freshly cut apples 
have a shorter shelf life than unprocessed apples since they 
are more prone to microbial spoilage, increased respiration 
rate, increased water loss, and increased ethylene produc-
tion. According to the results of the study, it has revealed 
that alginate coatings can successfully maintain the quality 
of apple slices without causing anaerobic respiration. These 

coatings reduce the water loss, textural loss, and browning 
of apple slices. It was observed a higher concentration of 
volatiles in coated apple slices than uncoated apple slices 
during storage.

Diaz-Mula et al. [28] have studied the application of 
alginate-based coatings to preserve quality and bioactive 
compounds present in sweet cherry fruit during storage. 
According to the results, a significant delay in colour change 
was reported in coated fruits than the uncoated control sam-
ple while no significant changes were reported in cherries 
treated with 3% and 5% coating formulations in colour dur-
ing cold storage. Visual observations confirm the absence 
of and decay symptoms in any fruit either control or treated 
during the 16 days of cold temperature storage or after fur-
ther storage life at 20 °C. Generally, weight loss increases 
during the storage period of a fruit. The weight loss incre-
ment for control, 1%, 3%, and 5% treated cherries after 16 
days of cold storage were reported as 6.81 ± 0.08%, 5.93 ± 
0.12%, 4.88 ± 0.15%, and 3.71 ± 0.09% respectively. Results 
have shown that there is a reduction in the weight loss per-
centage of coated cherries than the control and this weight 
loss percentage has decreased with the increment in the coat-
ing concentration. Results have also reported that the respi-
ration rate was very low during cold storage. It is between 
10 and 15 mg CO2 kg−1 h−1. No difference in respiration 
rate was observed among control and coated cherries. Less 
titratable acidity reduction has been observed in coated fruits 
than in the control. According to the results, the initial titrat-
able acidity (TA) of the control sample of cherries at harvest 
was 0.91 ± 0.01 g 100 g−1. Reported titratable acidity of 
control, 1%, 3%, and 5% treated samples after the storage 
period were, 0.57 ± 0.01, 0.77 ± 0.01, 0.81 ± 0.02 and 0.85 
± 0.02 g 100 g−1 respectively. It is also mentioned that the 
effect of coating on acidity retention could be a result of the 
lower respiration rate found in coated fruits. When consid-
ering the texture, reduction in fruit firmness has retarded in 
alginate-treated cherries while control fruits have exhibited 
a significantly higher reduction in firmness. Anthocyanin 
concentration at harvest was recorded as 23.53±2.13 mg 
100 g−1 and this level increased in control fruits until 40.39 
± 2.03 mg 100 g−1 at the end of the storage period, while 
these values were 37.24 ± 1.05, 32.04 ± 1.27, and 26.34 ± 
1.21 mg 100 g−1 for fruits coated with alginate at 1%, 3%, 
and 5% respectively. Increment in this anthocyanin content 
reflects the ripening of these cherries. Hence, the applica-
tion of alginate coating has delayed this ripening process. 
Senturk et al. [29] have developed a uniform alginate-based 
edible coating for freshly cut cantaloupe pieces and straw-
berries. Generally, in the conventional coating process, a 
calcium solution is applied to the fruit after applying the alg-
inate coating. This is to initiate the formation of crosslinking 
between alginate and calcium ions. In this study, a novel 
alginate coating aspect other than the conventional coating 
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process has been discussed. In the novel coating technique, 
an extra immersion step was introduced. Therefore, before 
applying the alginate coating on cantaloupe pieces, canta-
loupe pieces were immersed in a calcium lactate solution 
which is a Ca2+ ion source. This novel alginate coating pro-
cess has enabled to achieve a uniform coating layer on the 
fruit. Alginate coating solution used in the study was com-
prised of sodium alginate (1.25%,w/w), glycerol (2% w/w), 
surface-active agents such as, 1% span 80 (w/w) and 0.2% 
tween 80 (w/w) and Sunflower oil (0.2%, w/w). Stereomi-
croscope images have revealed that the novel coating process 
generates thicker and more homogeneous gel formation on 
the coated fruit. According to the results of weight loss anal-
ysis, the weight loss (%) of cantaloupe samples and straw-
berry samples has increased with the storage time. However, 
the weight loss (%) increment is less in coated cantaloupe 
pieces than in uncoated samples. Thus, an application of 
alginate-based coating has significantly decreased the incre-
ment of weight loss (%) of fresh-cut cantaloupes compared 
to the uncoated. On contrary, a significant increase in the 
water loss in coated strawberries than uncoated strawber-
ries was reported as a negative effect. Maftoonazad et al. 
[30] have studied the Shelf-life extension of peaches by 
studying the effect on the respiration rate, firmness, acid-
ity, pH, total soluble solids (TSS), and desiccation rate of 
peaches by applying sodium alginate and methylcellulose 
based edible coatings. According to the results, the respira-
tion rate, moisture loss, and changes in quality parameters 
were observed to be much lower in coated peaches than in 
the control. The maximum acceptable shelf-life of the con-
trol sample at 15 °C was 15 days while the alginate-coated 
samples have maintained their acceptability up to 21 days 
and methylcellulose-coated samples have maintained their 
acceptability up to 24 days. According to the authors, the 
reduction in respiration rate and transpiration rate of peaches 
due to the application of the coating may be the reason 
responsible for maintaining the quality and increased shelf-
life of peaches. Tabassum and Khan [31] have studied the 
quality parameters and shelf life of freshly cut papaya with 
an application of alginate-based edible coatings containing 
thyme and oregano essential oils in various concentrations as 
the lipid component of the alginate-based coatings. Results 
revealed that incorporation of thyme and oregano essential 
oils to alginate-based edible coating has the potential to 
improve weight loss, slow pH changes, delay consumption 
of organic acids and reduce the respiration rate of fresh-cut 
papaya. Coatings with essential oils have successfully main-
tained the microbial quality of fresh-cut papaya. Alginate 
based coatings can also applied on meat products. Alexander 
et al. [32] have applied an alginate edible coating and basil 
(Ocimum spp.) extracts on beef. Basil has used as an anti-
oxidant in the coating formulation. The inclusion of basil 
extract in the alginate-based edible coating has increased the 

antioxidant activity and has reduced the meat lipid oxidation 
more effectively than the coating without basil. The results 
have also reported that the coating could decrease the weight 
loss and could increase the tenderness of meat. They have 
concluded that the application of an edible coating contain-
ing natural compounds with antioxidant activity in animal 
meat products can improve their characteristics during shelf-
life. Matiacevich et al. [33] have studied the application of 
an alginate, thyme oil and propionic acid for the preserva-
tion of fresh chicken breast. The sensorial analysis results 
have shown that there is no significant differences between 
coated and uncoated samples. Thus, there is no influence on 
buying decisions of consumers. The selected coating for-
mulation developed using alginate (1% w/w) and propionic 
acid (0.5% w/w) was successful in increasing the shelf life 
of chicken breast by 33% with the lowest dehydration. Ruan 
et al. [34] have determined the effect of sodium alginate 
and carboxymethyl cellulose edible coating with epigallo-
catechin gallate on quality and shelf life of fresh pork stored 
at 4 ± 1 °C for 7 days. Results revealed that the fresh pork 
coated with the coating had a significant inhibitory effect 
on its microbial growth, lipid oxidation and total volatile 
basic nitrogen. Thus, application of sodium alginate, car-
boxymethyl cellulose and an epigallocatechin gallate based 
coating can prevent the decay and significantly increase the 
shelf life of fresh pork. Summarised findings on some of the 
applications of alginate-based edible coatings on foods are 
given in Table 1.

Application of alginate as a film

Pavlath et al. [35] have developed pliable biodegradable 
films from alginic acid with comparable physicochemical 
properties such as strength and insolubility in water, to those 
of synthetic non-biodegradable films used in food packs. 
This polymer is nontoxic. Hence, it could be used in food 
packaging. Alginic acid can form complexes by interacting 
with multivalent ions. The research states that the compo-
nents can be mixed to cast as films. When the components 
are mixed, since the gel formation is instantaneous, it pre-
vents casting. Uniform gelation in a film can be obtained 
by immersing a previously casted alginate-based film in an 
aqueous solution of multivalent cations. In this method, the 
concentration of the solution and the time period of exposure 
of the film to the multivalent cation solution could be used to 
control or influence the film properties. Multivalent ions of 
analytical reagents, CaCl2·2H2O, AlCl3·6H2O, FeCl2·4H2O, 
CuCl2·2H2O, ZnCl2, and MgCl2·6H2O have been used in the 
study. Gel formation in films has been done by two tech-
niques known as immersion and mixing. According to the 
results, air-dried sodium alginate films were not moisture 
resistant and readily dissolved in distilled water. Through 
immersing them in multivalent ions, their solubility has 
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decreased due to the formation of crosslinking between the 
carboxyl group of alginate and multivalent ions. The forma-
tion of cross-linking is a function of time and concentra-
tion. When alginate films were immersed in a multivalent 
ion solution, two competitive processes occur as dissolution 
of sodium alginate and diffusion of the multivalent ions to 
form cross-links. Thus, if the concentration of the solution 
is low, dissolution of the alginate film is prominent. Hence, 
an optimum concentration of the multivalent ions should 
be chosen. According to the results, treatment with magne-
sium salt has not given acceptable films at any concentration 
or treatment time. In zinc and iron, higher concentrations 
(10%) were needed to cause the insolubility of the film. They 
have reported that, depending on the applied ion, the tensile 
strength of the film will change [35]. The study done by 
Rhim  [36] has developed an alginate-based film following 
a modified procedure to develop water-resistant alginate-
based films with the aid of cross-linking alginate with Cal-
cium ions. Control films in the study were without applying 
any CaCl2 treatment. Modified films were developed using 
two methods of CaCl2 treatments. The first method which 
is known as “mixing film” is by mixing different amounts 
of CaCl2 directly into the film-forming solution. The sec-
ond method which is known as “immersion film” was 
developed by soaking the alginate films in different CaCl2 
solutions. According to the results, the thickness of the film 
has changed according to the method. In the research, the 
moisture content of alginate films was observed to be dif-
ferent according to the preparation method. The moisture 
content of immersion films was significantly lower than the 
control films while the moisture content of mixing films was 
significantly higher than the control films. Thus, such a dif-
ference may be due to a change in hydrophilicity of films 
which intern affect the water sorption or permeation proper-
ties of films. The research has revealed that the thickness of 
the ‘mixed films’ was the thickest followed by the control 
and the ‘immersion films’. The reason behind less thickness 
of immersion films was solubilisation of alginate in CaCl2 
solution. The results of the study revealed that the thickness 
of the immersion films can be increased by increasing the 
concentration of the CaCl2 solution. Research results also 
revealed that alginate films possess a higher tensile strength 
which is around 33.6 ± 3.1 MPa. Application of CaCl2 treat-
ment can further increase the tensile strength of these films 
while elongation at break has decreased by CaCl2 treatment. 
Hence, the highest elongation at break and the lowest tensile 
strength were observed in the control film. A higher tensile 
strength was observed in immersion films than mixing films 
while a higher elongation at break was observed in mix-
ing films than immersion films. Results of the study have 
also revealed that the water vapour permeability of immer-
sion films has decreased significantly while the change in 
water vapour permeability of mixed alginate films was not 

significant. CaCl2 treatment has significantly affected the 
water solubility of films. Control alginate films without any 
treatment have completely dissolved in water. Mixing films 
has also disintegrated in water making it impossible to meas-
ure the water solubility of mixing and control films. The 
immersion films showed less water solubility. Hence, they 
have concluded that immersion films have improved proper-
ties than the direct addition of Ca2+ into the polymer blend. 
The study by Lim et al. [17] has developed a bio plastic 
film using the extract of Sargassum siliquosum. Statistical 
analysis of results of the study has shown that a bio-plastic 
film could be developed by using a mixture containing 2 g 
of extracted alginate powder and 15% w/w of sorbitol fol-
lowed by the treatment with 75% w/w of CaCl2. In the study, 
the authors have predicted an optimised film with a tensile 
strength of 33.90 MPa, elongation at break of 3.58%, water 
vapour permeability of 2.63 × 10−10 g Pa−1 s −1 m−1, and 
water solubility of 33.73%. Alginate films developed incor-
porating cottonseed protein hydrolysates act as successful 
active packages for the preservation of fatty food susceptible 
to oxidation and microbial growth. These films have shown 
inhibitory effects against Staphylococcus aureus, Colletotri-
chum gloeosporioides, and Rhizopus oligosporus. A con-
trolled and gradual diffusion of the compounds embedded 
in the film was observed when fatty foods were simulated. 
Thus, it shows that alginate films with cottonseed protein 
hydrolysates show promising effects as active packaging for 
the preservation of fatty foods [37]. Polymeric films incorpo-
rated with antimicrobial nanoparticles are also used in food 
packaging. Films developed with cellulose, sodium alginate, 
and copper oxide nanoparticles have been used to increase 
the shelf life of freshly cut pepper. Active packing film with 
cellulose nano whisker (0.5%) and Sodium alginate (3%) 
embedded with CuO Nanoparticles (5 mM) was successful 
in preventing the microbial contamination in freshly cut pep-
per up to 7 days [38]. The study done by Lourenco et al. [39] 
have utilized alginate-based edible films containing natural 
antioxidants from pineapple peel on beef steaks for micro-
bial spoilage control, colour preservation, and barrier to lipid 
oxidation in beef steaks under the storage at 4 0 C for five 
days. Results showed that control films without active com-
pounds had no significant effect on decreasing the microbial 
load of aerobic mesophilic and Pseudomonas spp., while the 
films containing encapsulated hydroalcoholic pineapple peel 
extract showed a significant inhibitory effect on microbial 
growth of meat at two days of storage. Alginate films con-
taining peel encapsulated extract were effective for maintain-
ing the colour hue and intensity of red beef meat samples. 
Thus, the pineapple peel antioxidants have the potential to 
retard lipid oxidation in meat samples. Summarised findings 
on alginate-based films that can be used as biodegradable 
packaging in the food industry are given in Table 2.
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Agar

Structure of agar

Carrageenan and agar can be introduced as the principal 
sulphated polysaccharides found in red seaweeds (Rhodo-
phyta). The main difference to distinguish highly sulphated 
carrageenan from the less sulphated agar is the presence of 
D-galactose and anhydro-D-galactose in carrageenan and 
the presence of D-galactose, L-galactose, or anhydro-L-
galactose in agar [40].

Agar can be introduced as, water-soluble and gel-form-
ing polysaccharide which are the extracts of agarophyte 
members of Rhodophyta [41]. Agar are most commonly 
extracted from red seaweeds Gelidium and Gracilaria [42]. 
Agar is composed of agarose and agaropectin. These aga-
rose and agaropectin differ in their physicochemical prop-
erties. Agarose can be introduced as a neutral polysaccha-
ride and it is responsible for the gelling ability of agar. The 
basic repeating unit of agarose is the alternating 1,3-linked 
β-d-galactopyranose and 1,4-linked 3,6-anhydro-α-l-
galactopyranose. Agaropectin is comprised of d-galactose, 
3,6-anhydro-l-galactose. Agaropectin consists of several 
substituent groups such as sulphates, methyl esters, and 
pyruvates at different positions along the polysaccharide 
chain. Thus, agar is lightly sulphated [43, 44]. Agar can be 
extracted by alkaline treating the algal sample or without 
alkaline treating the algal sample. The chemical structure 
of agar is shown in Fig. 2.

Extraction methods of Agar from seaweeds

Agar extraction without alkaline treatment

In non-alkaline treated extraction procedure, dried seaweed 
sample was boiled for 2 h with distilled water and filtered 
to separate agar from the algal residue [41]. Generally, the 
yield of agar extraction from Gracilaria species varies due to 
factors such as seasonal variation, environmental conditions, 

extraction methods, and physiological factors [46]. It is 
stated that agar extraction at low temperature is responsible 
for lower extraction yields with higher sulphate concentra-
tions [46]. Viscosity analysis results of agar extracted from 
Gracilaria fisheri, Gracilaria edulis and Gracilaria sp. 
revealed that the viscosity of the non-alkaline treated agar 
was higher than that of the alkaline treated agar [41]. The 
agar extraction yield of Gracilaria fisheri, Gracilaria edulis 
and Gracilaria sp. without an alkaline treatment are 13.33 
± 1.78, 10.90 ± 0.92 and 39.42 ± 0.71 respectively [41].

Agar extraction with alkaline treatment

In the alkaline treated extraction procedure, the dried algal 
sample was incubated in 5% NaOH solution at 80 0 C for 
2 h. Then washed to remove excess NaOH and neutral-
ized in a 2% H2 SO4 solution for 1 h. Then, after complete 
eliminating of acids by washing in running tap water, agars 
can be extracted by boiling in water as described earlier. 
Finally extracted agar can be solidified and dried [41]. The 
agar extraction yield of Gracilaria fisheri, Gracilaria edu-
lis and Gracilaria sp. with an alkaline treatment are 39.55 
± 7.59, 34.34 ± 1.74 and 31.30 ± 1.79 respectively [41]. 
Generally, agar extracted from Gelidium has a low degree 
of substitution with low sulfate content, which will result 
in agars with high gel strength. On the other hand, agars 
from Gracilaria/Gracilariopsis have usually higher sulphate 
contents which will result in lower gelling capability [43]. 
Hence, the sulphate content of agar affects the gel strength. 
Praiboon et al. [41] have extracted agar from two Thai spe-
cies of Gracilaria (G. fiaheri and G. edulis) and one Japa-
nese species (Gracilaria sp.). Results for the analysed sam-
ples have revealed that the gel strength of the alkaline treated 
agar is higher than the non-alkaline treated agar [41]. Since 
the gel strength of the extracted agar is high, it will be an 
advantage and will result in stronger edible films and coat-
ings. Thus, it is better to select alkaline treated agar which 
developing edible films and coatings.

Properties of agar

Generally, the physical properties and gelation of agar are 
related to the chemical structure of agar. Gelation is one of 
the most important properties of agar. Due to this property, 
agar can form reversible gels by cooling a hot aqueous solu-
tion [47]. Gelation of agar takes place when cooling the agar 
sol to a temperature below the gelation point of agar. During 
the gel state, agar molecule chains form a three-dimensional 
network by associating with each other. The basic structural 
units of this network are double helix [48]. Agar can be 
extracted by treating with NaOH or without NaOH treat-
ment. It is reported that the gel strength of the crude extract 

Fig. 2   Chemical structure of agar. (Source: [45])
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has increased with an increase in the concentration of NaOH 
treatment. Deformation of gels has decreased after applica-
tion of the alkaline treatment. Decrement of deformation of 
gels after alkaline treatment is independent of the concen-
tration and the incubation period in the alkaline treatment. 
But, gel strength is dependent on both these factors. Young’s 
modulus of agar has also increased with the increase in 
NaOH concentration of the alkaline pre-treatment [49]. Agar 
obtained from the non-alkaline treatment has shown a higher 
sulphate content than agar obtained after alkaline treatment. 
According to a previous study, higher methoxyl content in 
agar was obtained from non-alkaline treated agar [49].

Application of agar as coatings

Agar is a biopolymer with a simple extraction process. Agar 
is practically used as gelling, stabilizing, and encapsulating 
agents in pharmaceutical and biotechnological industries 
[50]. Additionally, previous research studies have utilized 
agar in development of edible coatings and films. The study 
“Biodegradable Agar extracted from Gracilaria Vermiculo-
phylla: Film Properties and application to Edible Coating” 
done by Sausa et al. [50] has applied the coating developed 
by extracted agar on cherry and tomatoes. Results have 
shown that coatings made with extracted agar and glycerol 
have become effective in extending the shelf life of cherries 
and tomatoes. Agar as a polysaccharide coating agent resem-
bles chitosan and gum Arabic for controlling postharvest 
diseases. Ziedan et al. [51] have developed an agar-agar-
based edible coating for the management of postharvest dis-
eases and to improve banana fruit quality. These post-harvest 
diseases include crown rot, neck rot, and finger rot which 
are mainly caused by Colletotrichum musae and Fusarium 
moniliforme [52]. Concentrations of 0.5, 1.0, and 2 g L−1 of 
agar colloids were the coatings used in the study. Coating by 
dipping in a 2 g L−1 colloid suspension for 10 min has given 
the most effective results while low concentrations such as 
0.5 and 1.0 have become less effective since the less thick-
ness of the coating and inability of the coating to completely 
cover the fruit surface. The application of agar-based coat-
ings has shown effective in extending the storage shelf life 
of banana fruits by decreasing the weight loss percentage 
and fruit firmness loss [51]. The study by Cerqueira et al. 
[53] has applied coatings developed by polysaccharides from 
different sources for cheese. Chitosan, galactomannan from 
Gleditsia triacanthos, and agar from Glacilaria birdiae were 
the polysaccharides obtained for the study. Results reported 
an extensive mold growth on the surface of uncoated cheese 
when compared with the coated cheese. The study done by 
Moreno et al. [54] has developed three coating formulations 
with agar, alginate, and agar/alginate blend enriching with 
Larrea nitida (Ln) polyphenols. In the study, antioxidant 
and antiviral properties of Zuccagnia punctata Cav., Larrea 

divaricata Cav., Larrea cuneifolia Cav., Larrea nitida Cav. 
(Ln) and Tetraglochin andina Ciald were studied. Ln extract 
was incorporated into the film formulation since, Ln extract 
has shown the most promising antimicrobial and antioxi-
dant properties compared to other studied extracts, being 
a potential antiviral compound for the foodborne virus. 
These coatings have shown antiviral activity when applied 
to blueberries against murine norovirus (MNV). Thus, it is 
recorded that these coatings could be used as an alternative 
to reduce or eliminate foodborne viruses and protect the food 
against the oxidative processes. The coating formulation of 
agar and Ln extract was able to reduce the infectivity of 
MNV below the limit of detection after overnight incuba-
tion at 25 °C and after 4 days storage at 10 °C. A study done 
by Zhang et al. [55] have applied agar/sodium alginate and 
agar/sodium alginate and ginger essential oil based edible 
coatings on beef and the quality and shelf-life of fresh beef 
during refrigerated storage at 4 °C were studied. Microbial 
colony growth (total viable counts, psychrotrophs, Escheri-
chia coli, Staphylococcus aureus, yeasts and molds), phys-
ico-chemical (thiobarbituric acid reactive substances, per-
oxide value), pH value, sensory evaluation, odor (electronic 
nose) and texture characteristics (springiness, chewiness and 
hardness) have analysed. Results revealed that the coating 
treatments significantly (p < 0.05) retarded the oxidation of 
beef slices with thiobarbituric acid reactive substances and 
has reduced the microbial counts. Summarized findings on 
the application of agar-based edible coatings to improve the 
quality of food are given in Table 3.

Application of agar as films

The agar/glycerol films (commercial and Gracilaria 
extracted) have shown good properties. One of the main 
functions of food packaging is to reduce the moisture con-
tent transferred between food and the surrounding. Agar is 
a hygroscopic biopolymer compared to other biopolymers 
such as “Sargaço”, κ,ι-carrageenan, and commercial algi-
nate. Therefore, agar-based films reduce moisture content 
migration from food and the surroundings than “Sargaço”, 
κ,ι-carrageenan, and commercial alginate-based films. The 
oxygen permeability was identical for both commercial 
and Gracilaria extracted agar/glycerol films. The oxygen 
permeability of commercial and Gracilaria extracted agar/
glycerol films were observed to be higher when compared to 
the synthetic polymers used in food packaging. Developed 
agar/glycerol films were transparent and optically clear [50]. 
Even though most studies utilize plasticizers in developing 
films, some studies report on the production of sustainable, 
cost-efficient, and successful food packaging films from 
unpurified agar extracts which contain impurities such as 
other polysaccharides like floridean starch and proteins 
which in turn exerts a plasticizing effect [56]. Wang et al.
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[57] have developed and characterized an agar-based edible 
film reinforced with nano-bacterial cellulose which has a 
potential to be used as a packaging for food industry. Results 
have revealed that the addition of nano-bacterial cellulose at 
10% level has significantly decreased the moisture content, 
water solubility and water vapor permeability of films and 
has increased the tensile strength. Phan et al. [5] have stud-
ied the functional properties of films developed using agar 
and starch varieties. As starch-based films, cassava starch-
based, normal rice starch-based and waxy rice starch-based 
films have been studied. According to the results, transpar-
ent, clear, homogeneous and flexible film was obtained from 
an aqueous solution of 3% agar which was plasticized with 
glycerin. A similar appearance has been observed for the 
film made of cassava starch, except for its less flexibility than 
agar-based film. Films obtained from the normal rice starch 
and waxy rice starch were slightly opaque and brittle. The 
average thickness of the agar-based and waxy rice starch-
based films were observed to be between 35 and 38 μm, 
whereas that of cassava starch and normal rice starch-based 
films varied between 48 and 50 μm. The authors suggested 
that these differences in thicknesses could be due to the 
differences in the viscosity and the matter concentration 
of the film-forming solutions. The authors have also taken 
Environmental scanning electron microscopic view of these 
films. According to the results, agar-based film micrograph 
has shown relatively smooth and continuous cross-section 
without pores or cracks, which confirms a dense and homo-
geneous structure while starch-based films have displayed 
an irregular and rough structure. On the other hand, agar-
based film has displayed higher moisture sorption at the 
same RH conditions, which shows to have better moisture 
barrier properties than cassava starch-based film. Finally, 
they have revealed that agar-based and cassava starch-based 
films which were plasticized with glycerine, were transpar-
ent, clear, homogeneous, flexible, and easily handled. Thus, 
the results have suggested that agar-based film and cassava 
starch-based films, which show better functional proper-
ties, are promising systems to be used as food packaging 
or coating instead of normal rice starch-based and waxy 
rice starch-based films. Guerrero et al. [44] have studied 
the surface characterization of agar-based films developed 
by agar extracted from Gelidium sesquipedale (Rhodopyta). 
Agar-based films have been developed by incorporating dif-
ferent amounts (25 and 50%) of soy protein isolate (SPI) 
using a thermo-moulding method. Functional groups of soy 
protein isolates and agar were studied by Fourier transform 
infrared (FTIR) spectroscopy and the surface composition 
of agar-based films by X-ray photoelectron spectroscopy 
(XPS). Replacement of agar by SPI alters the surface of 
agar-based films, such as the orientation of the hydrophobic 
groups and hydrogen bonding interactions. These alterations 
were observed by measuring the contact angle. Changes in 

orientation of the hydrophobic groups and hydrogen bond-
ing interactions influence the functional properties of films. 
Thus, the study has concluded that SPI contents lower than 
25% could be adequate to prepare films with good functional 
properties. The authors have also stated that the interactions 
between polysaccharides and proteins could promote the 
formation of a compact and reinforced three-dimensional 
network. Previous studies have also studied the impact of 
addition of essential oils, plant extracts, and nanoparticles in 
to edible films and coatings. In most of the time, some essen-
tial oils and nanoparticles cannot be implemented in food 
formula directly, therefore, as a solution for that application 
of such substances as a part of food packaging is becoming 
popular [58]. It is stated that the addition of nanoparticles 
can improve the mechanical and antimicrobial properties 
of food packaging [59]. Gold nanoparticles are becoming 
popular in nanopackaging due to their antibacterial charac-
teristics as well as their inert and nontoxic nature [60]. Atef 
et al. [61] have characterized the physical, mechanical, and 
antibacterial properties of agar-cellulose bionanocomposite 
films incorporated with savory essential oil. Results revealed 
that the savory essential oil (SEO) incorporated films can be 
used as active packaging for foods in order to improve the 
shelf life and safety. Incorporation of savory essential oil 
has decreased tensile strength, young’s modulus and water 
solubility and has increased the percent elongation at break 
of films. These films were more effective against gram posi-
tive bacteria than gram negative bacteria. De Lacey et al. 
[62] have developed agar-based films containing green tea 
extract and probiotic bacteria for extending the shelf life of 
fish. The results of the study has concluded that the films 
with green tea extract and probiotic films could extend the 
shelf-life of the coated fish fillets approximately for a week 
and it could be a way to incorporate beneficial probiotic 
bacteria to the fish. Da Rocha et al. [63] have studied the 
effects of agar-based films incorporated with fish protein 
hydrolysate or clove essential oil on flounder (Paralichthys 
orbignyanus) fillets shelf-life. The study has concluded that 
the clove essential oil can be used as a natural biopreserva-
tive to extend the flounder fillet shelf life. Summarized find-
ings on agar-based films that can be used as biodegradable 
packaging in the food industry are given in Table 4.

Carrageenan

Structure of carrageenan

Carrageenan is found in certain red seaweeds. Carra-
geenan can be extracted from red algae varieties such as 
Chondrus, Gigartina, Eucheuma, and Hypnea [64]. They 
are galactose-rich polysaccharides. The composition of 
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carrageenan is comprised of water-soluble linear sulfated 
galactans, 3-linked β-d-galactopyranose, 4-linked α-d-
galactopyranose, or 4-linked 3,6-anhydrogalactose [65]. 
There are three major types of carrageenan with differ-
ences in chemical structures and properties. Those 3 types 
are, kappa carrageenan (k-carrageenan), iota carrageenan 
(ι-carrageenan) and lambda carrageenan (λ-carrageenan). 
Kappa carrageenan has 3-linked, 4-sulfated galactose and 
4-linked 3,6-anhydrogalactose in its structure. Iota car-
rageenan has a structure analogous to kappa carrageenan, 
but iota carrageenan has an additional sulfate ester group 
on C-2 of the 3,6-anhydrogalactose residue. Lambda car-
rageenan is with 2-sulfated, 3-linked galactose unit, and a 
2,6-disulfated 4-linked galactose unit [66]. The chemical 
structure of carrageenan is shown in Fig. 3.

Extraction of carrageenan from seaweeds

During the extraction of native carrageenan, the seaweed 
samples are placed in bi-distillated water (50 mL g−1), 
pH 7 at 85 °C for 3 h. But, the industrial carrageenan 
extraction method follows an alkaline extraction process. 
There, seaweed samples were placed in a solution (150 
mL g−1) of NaOH (1 M) at 80 °C for 3 h followed by 
neutralization to pH 8 with HCl (0.3 M). After the extrac-
tion, solutions were filtered hot, under suction, twice, 
through cloth and glass fibre filter. Then the filtered 
extract was evaporated in a vacuum to one-third of the 
initial volume. Finally, carrageenan was precipitated by 
adding the warm solution to twice its volume of ethanol 
(96%) [67]. Extraction of carrageenan from Eucheuma 
cottonii with and without 0.5% alkaline treatment has 
given a yield of 35.1 and 49.4% respectively [68]. Alka-
line treated extraction of carrageenan from Hypnea bry-
oides has given a yield of 33% [69]. Mostly, carrageenan 
is precipitated by adding alcohol. 2-propanol is the com-
monly used. Kappa-type carrageenan can alternatively be 
precipitated as gelled fibers by spraying the solution into 
a cold 1-13% KC1 [68].

Properties of Carrageenan

Carrageenan is identified as a sulphated polygalactan. The 
ester-sulfate content of carrageenan is up to 15 to 40% and 
the average relative molecular mass can be above 100 kDa. 
Carrageenan is grouped into different types as λ, κ, ι, ε, and 
µ considering the solubility in potassium chloride. Factors 
that affect for properties of carrageenan type are the num-
ber and position of ester sulphate groups and 3,6-anhydro-
galactose content present. Higher levels of ester sulphate 
content in carrageenan type reflect lower solubility and 
lower gel strength of carrageenan type [70]. Commercial 
carrageenan have shown that sulphate ester group content 
of κ-carrageenan, ι-carrageenan, and λ-carrageenan can 
be 25–30%, 28–38%, and 32–39% respectively. However, 
differences in sulphate contents can occur due to changes 
in seaweed species and batch [71]. It was reported that 
λ-Carrageenan is readily soluble in cold or hot aqueous 
solutions while κ carrageenan is soluble in hot solutions. 
κ-carrageenan precipitates when an aqueous solution is 
treated with potassium ions [70]. Generally, carrageenan 
forms highly viscous aqueous solutions. The viscosity of 
the solution depends on factors such as temperature, concen-
tration, presence or absence of other solutes, type of carra-
geenan, and molecular weight. Viscosity increases with the 
concentration and decreases with temperature. Depolymeri-
sation of carrageenan occurs during acid catalysed hydroly-
sis and complete loss of carrageenan functionality occurs at 
elevated temperatures and low pH values [70]. When proper 
conditions were given, aqueous solutions of κ-carrageenan 
and ι-carrageenan form thermo-reversible sol-gels. But this 
gelation does not take place in λ-carrageenan due to the pres-
ence of more electrolyte groups. Carrageenan is heavily used 
in the food industry as gels or viscous agents [72].

Application of carrageenan as coatings

Previous studies have mentioned that the usage of carra-
geenan as a food additive dates back to the 15th century [73]. 
Application of Carrageenan-based edible coatings and films 
could be possible for foods such as fresh and frozen meat, 
ham or sausages casings, oily foods, dry solid foods, in soft 
capsules, and non-gelation capsules [74]. Banu et al. [75] 
have studied the effect of the application of edible coatings 
by the extracts of Kappaphycus alvarezii and Sargassum 
tenerrimum on quality characteristics and shelf life of tomato 
(Lycopersicon esculentum mill). The study focused on the 
factors such as weight loss, texture, ascorbic acid content, 
juice content, total acidity of the uncoated (control) and 
coated tomatoes during the storage period [75]. According 
to the results, coating by 3% K. alvarezii extract was more 
effective in maintaining the weight of the tomatoes. Texture 
losses can be seen prominently during the prolonged storage 

Fig. 3   Chemical structure of carrageenan. (Source: [15])
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of tomatoes. Thus the results of the study revealed that the 
texture of the coated tomatoes was firm and fresh than the 
control. It was also noticed that the increase in coating con-
centration has increased the firmness. Tomatoes coated with 
3% K. alvarezii extract were effective to maintain the firm-
ness of the fruit and increased the shelf life for 28 days. 
Tomatoes coated with 3% K. alvarezii extract were also 
effective in maintaining the highest juice content and lowest 
reduction in total acidity during the shelf life of 28 days. 
From the results, it was also observed that there was a drastic 
decrease in the ascorbic acid content of tomatoes during the 
shelf life. The research results have found that the effective-
ness of the retention of ascorbic acid content during the stor-
age life was considerably high when tomatoes were coated 
with 3% K. alvarezii extract. Similarly, the application of 3% 
of S. tenerrimum extract coating also showed a higher reten-
tion in ascorbic acid during the storage period than the con-
trol sample [75]. Research on the application of carrageenan 
as an alternative coating for papaya has been conducted by 
Hamzah et al. [76]. Papaya is a climacteric fruit. Hence, it 
continues to ripen throughout the post-harvest life. A lot of 
changes take place in fruits during ripening. Though these 
changes are important, an uncontrolled ripening process can 
lead to rapid degradation of the quality of papaya leading to 
a high post-harvest loss. Thus, it is important to control the 
ripening process during storage and distribution to supply 
the best quality papaya to consumers. At present, a variety 
of post-harvest treatments such as hot water treatment, modi-
fied or controlled atmosphere packaging, and gamma irradia-
tion have been applied to maintain the post-harvest quality 
of papaya. Another technique that is gaining attention as a 
post-harvest treatment for fruit including papaya is the appli-
cation of edible coatings. Hence, Hamzah et al. [76] have 
studied the application of carrageenan as an alternative coat-
ing for papaya. They have also optimized the carrageenan-
based edible coating by response surface methodology. For 
the optimization, carrageenan concentration and glycerol 
concentration have been used as the two independent vari-
ables and the optimization study was carried out using a 
two-factor central composite design (CCD). Through opti-
mization, they have predicted the levels of carrageenan con-
centration and glycerol concentration that would give maxi-
mum firmness and lowest colour components According to 
the results, carrageenan concentration contributed more 
significantly to the fruit firmness and glycerol contribute 
more towards the changes in colour components. The best 
coating formulation was found as carrageenan and glycerol 
levels at 0.78% (w/v) and 0.85% (w/v) respectively. Applica-
tion of carrageenan-based edible coating on papaya has 
resulted in higher firmness and lower colour component 
value (L* a* b*) indicating a delay in ripening and extension 
of the shelf-life of coated papaya. Ribeiro et al. [77] have 
studied the ability of starch, carrageenan, and chitosan-based 

coatings to extend the shelf life of strawberries. According 
to the results of the study, strawberry has a low energy sur-
face. Strawberry surface has a surface tension of 28.94 
mN/m, and it has a polar and a dispersive component of 5.95 
and 22.99 mN/m, respectively. The critical surface tension 
of the strawberry surface is 18.84 mN/m. Analysis results 
after the application of coating solutions revealed that oxy-
gen permeability and opacity of carrageenan coating were 
significantly lower than that of starch coating. It has been 
confirmed that the addition of calcium chloride to coatings 
decreases the microbial growth rate of the fruit, the mini-
mum rate of microbial growth was obtained with strawber-
ries coated with chitosan and calcium chloride. The mini-
mum loss of firmness was observed in strawberries applied 
with carrageenan coating and calcium chloride. The mini-
mum weight loss was observed in strawberries coated with 
chitosan and carrageenan coatings, both with calcium chlo-
ride. The study done by Khojah [78] has developed a coating 
comprising of fish gelatin, k-Carrageenan, and extracts 
obtained from pomegranate peels for preserving the fish fil-
lets. Gelatin extracted from blue tilapia (Oreochromis 
aureus) was microencapsulated with k-Carrageenan loaded 
with different concentrations of 0.5%, 1.0%, 1.5%, and 2.0% 
pomegranate peel extract. Carrageenan : Gelatin weight ratio 
of 1:2 was maintained during the entire experiment by taking 
a carrageenan concentration of 0.75% w/v and a gelatin solu-
tion of 1.5% w/v. 1% of microcapsule powder was used for 
coating. Generally, within the storage microbial counts tend 
to increase in fish. Application of gelatin/carrageenan/pome-
granate peel extract-based coating could effectively reduce 
the microbial counts of total aerobics, psychrotrophs, yeast 
and molds, and enterobacteriaceae groups throughout 30 
days of refrigerated storage. The count decrease was depend-
ent on the concentration of pomegranate peel extract in the 
coating formulation. The analysis of spoilage chemical 
parameters such as total volatile basic nitrogen, peroxide 
value, and thiobarbituric acid reactive substances in coated 
samples indicated that application of the coating based on 
the given components could hinder the increase of their val-
ues during storage. Finally, all the coated samples were 
judged as “acceptable” for consumption, up to the 30th day 
of storage by the sensory analysis. Tran et al. [79] have 
developed a composite film combining alginate, kappa car-
rageenan, glycerol, and gac pulp (Momordica cochinchinen-
sis). Gac pulp is a rich source of pectin, essential oil, and 
carotenoids thus, this material could be a good source to be 
incorporated in composite films Gac pulp, sodium alginate, 
kappa-carrageenan affect the thickness and tensile strength 
of films. They have found that sodium alginate and carra-
geenan significantly affect the physical and mechanical prop-
erties of the film, while Gac pulp significantly affects the 
colour parameters and physical properties. The suggested 
optimum formulae is 1.03% w/v, 0.65% w/v, 0.4% w/v and 
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0.85% w/v of sodium alginate, kappa-carrageenan, Gac pulp 
and glycerol respectively. It is stated that the films prepared 
under these optimum conditions are suitable to be used as a 
food coating. There are also previous studies which used 
carrageenan based coatings with ZnO nano particles to 
inhibit the growth of food pathogens like E.coli and S. 
aureus in mangoes in order to preserve the shelf life of man-
goes. Application of carrageenan and ZnO nanoparticle 
based coating has resulted in reducing total acidity, maintain 
firmness and delay the discoloration and decay [80, 81]. 
Zhou et al. [82] have developed a konjac glucomannan/car-
rageenan based edible coating incorporating camellia oil to 
evaluate the effect of the application of the coating on qual-
ity and shelf life of chicken meat. The results revealed that 
the application of the coating formulation is successful in 
extending the shelf life of chicken meat by decreasing the 
weight loss, pH, thiobarbituric acid reactive substance, total 
volatile nitrogen and microbial counts when compared to 
uncoated samples. Summarized findings on the application 
of carrageenan-based edible coatings to improve the quality 
of food are given in Table 5.

Application of carrageenan as films

Karbowiak et al. [74] have studied the wetting properties at 
the surface of iota-carrageenan-based edible films and the 
structural and functional properties of those films. The film 
composition was comprised of 3% of Carrageenan, 30% of 
anhydrous glycerol, fat, and Glycerol monostearate. Three 
different concentrations of fat as 30%, 60%, and 90% (w/w 
total solid basis) were studied. In conclusion, it is stated 
that charged polysaccharides such as carrageenan, which 
possesses a strong electrolyte character due to their sul-
phate groups can interact with other film components such 
as lipids and additives and the resulting macromolecular 
network after gelation affect the water barrier properties of 
the film. Tye et al. [71] have studied the preparation and 
characterization of native seaweed, alkaline modified, and 
unmodified carrageenan-based films. In the study, physical, 
mechanical, water vapour barrier properties and thermal 
properties of carrageenan-based films were studied. Further, 
variations of carrageenan after chemically modifying were 
determined using Fourier Transform Infrared Spectroscopy 
(FTIR) analysis. According to the results, unmodified car-
rageenan is suitable to produce biopolymer films with the 
best mechanical properties such as films with high tensile 
strength and Young’s modulus while chemically modified 
Carrageenan-based films have exhibited better thermal 
stability and water vapour barrier property. Chemically 
modified carrageenan-based films are less hydrophilic as 
compared to the native seaweed and unmodified carra-
geenan films. FTIR analysis shows that alkali modification 
of the carrageenan has removed the hydroxyl and sulphate Ta
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ester groups in the carrageenan structure and has formed 
3,6-anhydrogalactose, which will result in improving the 
flexibility of the film. Variation of extraction temperature 
will also cause significant changes in the properties of films. 
According to the results, an increase in extraction tempera-
ture has resulted in reducing the tensile strength and Young’s 
modulus, but it has improved the elongation at break and 
hydrophobicity. Thus, it shows that the chemically modifi-
cation of carrageenan can enhance all the properties of the 
film provided that an appropriate extraction temperature was 
selected. Nur et al. [83] have developed kappa-carrageenan-
based films from Euchema cottoni incorporated with various 
types of plant oils such as olive oil, corn oil, soybean oil, 
and sunflower oil. Films were developed by dissolving 1% 
(w/v) of kappa-carrageenan in distilled water and incorpo-
rating 50% of glycerol (w/w based on carrageenan powder 
weight), plant oil (1–3% v/v) and Tween 80 as an emulsifier 
in quantities proportional to the plant oil. Films developed 
by incorporating lipids were thicker than the films developed 
without incorporating lipids and the thickness increased with 
the increase in oil concentration. Pérez-Mateos et al. [84] 
stated that an increase in thickness of films with the increase 
in oil concentration may be due to conformational changes 
in the film matrix. According to previous research, carra-
geenan-based films have exhibited good gas barrier proper-
ties but, those films possess high water permeability due to 
their hydrophilic nature. Hence, the high water permeability 
of these films limit their application as food packaging in 
the food industry [85]. This incorporation of plant oils has 
improved the water vapour permeability of films by signifi-
cantly reducing the moisture content and solubility of films 
in water. The observed decrease in moisture content of films 
incorporated with plant oils may be due to a decrease in the 
hydrophilic nature of carrageenan films since the hydroxyl 
groups present in carrageenan interact with the plant oils. 
Polysaccharide and oil interact and form non-covalent bonds 
between the hydroxyl group of carrageenan and plant oils, 
which in return would reduce the hydroxyl group availability 
for interaction between carrageenan and water molecules, 
which would consequently lead to a more water-resistant 
film [86]. The incorporation of plant oils will also affect 
the plasticizing effect of films. Among the developed films, 
the carrageenan-based film developed by incorporating 
olive oil was the best film with the best water barrier and 
mechanical properties [83]. Manuhara et al. [7] have devel-
oped a semi-refined kappa carrageenan-based edible film for 
nano-coating application on minimally processed food. The 
film solution was prepared by dissolving 1, 1.5, and 2 g of 
carrageenan in 100 mL of distilled water and incorporating 
sorbitol (1% v/v) as a plasticizer at 60 ° C. When the carra-
geenan concentration was increased in the film formulation, 
film thickness and tensile strength have increased but elon-
gation at break and water vapor transmission rate (WVTR) 

has decreased. Thus, the recommended formulation was the 
formulation with 2% carrageenan. 2% carrageenan-based 
film demonstrated a thickness of 0.053mm, tensile strength 
of 21.14 MPa, Elongation at break (%) of 12.36%, and a 
water vapour transmission rate of 9.56 g/h.m2. The study 
done by Simona et al. [87] has developed films comprised 
of carrageenan, orange essential oil, trehalose, glycerol, and 
Tween 20 or Tween 80 in different proportions. If these films 
were used to pack dried fruits, trehalose in the film will 
assist in preserving the aroma and colour. Essential oils in 
the film will enhance the antioxidant property and will pro-
vide an antimicrobial effect to the food. It is stated that both 
these orange essential oil and trehalose possess UV protec-
tive properties. As the final outcome, the research showed 
that the combination of orange essential oil and trehalose in 
carrageenan-based films can develop films with good bar-
rier protection against UV-VIS radiation. This property is 
essential to reduce lipid oxidation in foods. The barrier pro-
tection against UV-VIS radiation increases with the increase 
of the concentration of trehalose and orange essential oil. 
These films have also shown resistance to Gram-positive 
bacteria (Staphylococcus aureus). The study done by Farhan 
et al. [88] have used a semi refined kappa carrageenan based 
active edible film developed incorporating water extract 
of germinated fenugreek seeds on chicken breast. Results 
have revealed that the films have a good capability to con-
trol the microorganism growth on the surface of chicken 
breast samples. Martiny et al. [89] have studied the effect 
of carrageenan films with olive leaf extract for lamb meat 
preservation. Incorporation of olive oil extract has increased 
the thickness and water vapour permeability of the film and 
has decreased the tensile strength of the film. Incorporation 
of olive leaf extract has successfully decreased the growth 
rate of psychrophiles in packaged lamb meat. Summarized 
findings on carrageenan-based films which can be used as 
biodegradable packaging in the food industry are given in 
Table 6.

Advantages of usage of seaweed‑based coatings 
and films in the food industry

At present, the application of edible films as well as edible 
coatings have received more consideration as promising 
methods to enhance the shelf life and quality of various 
food products. Edible coatings and films provide various 
functions in foods such as physical protection, moisture, and 
gas inhibition, carriers of many active compounds such as 
antioxidants, probiotics, antimicrobial, and flavouring agents 
[90–93].

Alginate, agar, and carrageenan are seaweed-derived 
natural food ingredients that are generally regarded as safe 
materials to be used in food. Therefore, alginate, agar, and 
carrageenan can be used in formulations of edible films and 
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coatings in functional food without any safety risk [94]. 
Generally, food additives like, antimicrobials, probiotics, 
antioxidants, vitamins, and flavour compounds that are 
incorporated into foods are highly sensitive to external fac-
tors such as gases (oxygen), temperature, and light. Thus, 
the application of a coating developed using alginate, agar, 
or carrageenan would act as a shield and protect the food 
product against losing these valuable compounds due to 
harsh environmental conditions [94]. Alginate, agar, and 
carrageenan are highly hydrophilic, films out of these poly-
saccharides can act as barriers to oxygen, protecting the food 
against lipid oxidation. The quality loss of packed food is 
commonly caused by oxygen [94]. Oxygen is responsible 
for degradation processes in foods such as lipid oxidation, 
enzymatic browning, microbial degradation, etc. Lipid oxi-
dation causes off-flavour, off-colour, and nutrient loss in 
foods. Therefore, the application of an edible coating or a 
film with good oxygen barrier properties could effectively 
reduce these degradation processes in foods. Additionally, 
the effect of oxygen on food could also be delayed with the 
incorporation of antioxidant agents, such as ascorbic, and 
citric acids into coating and film formulations of alginate, 
agar, or carrageenan [95]. Another issue in the food indus-
try is the incompatibility of the solubility of food additives 
and food which result in phase separation and precipitates 
in the food. Usage of cinnamon leaf oil as a preservative in 
food causes phase separation is an example of such an issue. 
Encapsulation of such kinds of additives with edible coating 
matrices developed using seaweed-based polysaccharides is 
an important method that can be equipped to improve the 
solubility of insoluble additives. Moreover, one of the most 
attractive advantages of the use of alginate, agar, and carra-
geenan in edible coatings is the ability to control the release 
of encapsulated bioactive compounds by simple parameters 
such as humidity, temperature, changes in pH, and mechani-
cal rupture of the matrix. This control of the release of the 
additive at a given point is crucial to improve quality and 
ensure food safety and functionality [96, 97]. Seaweed-based 
coatings are considered as less expensive packaging mate-
rials which can be used in the food industry. These coat-
ings and films can improve the aesthetic appearance of a 
food product by minimizing the impact of physical damage, 
hiding scars, and improving surface shine. Other than that, 
the application of proper packaging in fruits and vegeta-
bles plays a main role in protecting the harvested products, 
minimizing respiration rate and ripening, reducing ethylene, 
eliminating microbial activities, and controlling water loss 
[98]. Seaweed-polysaccharide based coatings and films can 
act as moisture barriers when applied on the surface of fruits 
and vegetables which prevent weight loss during posthar-
vest storage. Other than that, alginate, agar, and carrageenan 
coatings and films act as gas barriers for controlling gas 
exchange between the fresh produce and its surrounding 

atmosphere, which would slow down respiration rate, dete-
rioration, enzymatic oxidation, browning discoloration, and 
texture softening during storage. Application of alginate, 
agar, and carrageenan coatings or films will also restrict the 
exchange of volatile compounds between the fresh produce 
and its surrounding environment which prevents the loss 
of natural volatile flavor and color compounds from fresh 
produce and the acquisition of foreign odours [97].

Limitations of usage of seaweed‑based coatings 
and films in the food industry

There are certain limitations of using seaweed hydrocol-
loids in the development of edible coatings and films. One 
limitation is that it is difficult to optimize and control the 
production of agar, carrageenan, and alginate since the yield 
of those hydrocolloids are highly dependent on the origin, 
geographical location, and harvesting season of the seaweed 
source. Additionally, extraction variables such as tempera-
ture, extraction time, seaweed source, particle size, pH, and 
concentrations of solvents affect the hydrocolloid yield and 
their rheological properties [99]. The extraction process 
of these hydrocolloids with an optimum yield and quality 
requires large quantities of chemicals such as formaldehyde, 
potassium chloride, sodium hydroxide, potassium hydroxide, 
etc. Overflows of pollutants and effluents generated during 
extraction steps with these chemicals due to the lack of con-
trol throughout the whole production process could pose a 
serious threat to human health and the environment [99]. 
Costs involved in the extraction processes are another issue. 
As an example, precipitation of alginate and carrageenan 
requires large quantities of ethanol. Ethanol is a highly 
expensive chemical. Therefore, a high cost is involved in the 
extraction process of alginate and carrageenan [99]. Another 
negative point is that most of these films and coatings devel-
oped using alginate, agar, and carrageenan suffer due to their 
high sensitivity to moisture, and other stress factors such 
as, high pressure, ultrasound, microwave radiations, electric 
field, and other radiations. Therefore, commercial applica-
tions of these films and coatings have become limited [8].

Conclusions

Alginate, agar, and carrageenan are polysaccharides that 
are extracted from marine algae. Under proper conditions, 
these extracts can form gels. Gel formation of alginate is 
mainly governed by its ability to selectively binding to 
multivalent cations, while the gel formation ability of agar 
and carrageenan are related to their chemical structure. 
These extracts can be successfully utilized for the devel-
opment of edible coatings and edible films to be utilized 
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as packaging in the food industry. The principle behind 
the formation of films and coatings using these extracts is 
their gel-forming ability. These coatings and films can be 
applied to fruits, vegetables, dairy products, meat-based 
products, and some other dry food items. Application of 
seaweed-derived coating on fruits has shown positive 
results on post-harvest quality of fruits. When these coat-
ings were applied on fruits, decrements in weight loss, 
decrements in post-harvest diseases due to microbial 
growth, decrements in textural losses, decrements in acid-
ity losses, and colour changes have observed most of the 
time. Thus, the application of a coating on fruits can suc-
cessfully delay the ripening process of climacteric fruits 
enabling extension of the post-harvest shelf life. When 
these coatings were applied on some other food items such 
as cheese and beef, it will reduce the microbial growth 
within the shelf life.

Films can be used to partially substitute non-biodegrad-
able polymer-based packages utilized in the food industry. 
They can be commonly used as wrappers, or separation 
layers or can be formed into casings, capsules, and tiny 
pouches. By incorporating Ca2+ divalent cations, alginate 
films with higher tensile strength could be obtained. No such 
ions were used in developing agar or carrageenan-based 
film. However, commercialization of these films and coat-
ings made out of natural polymers is limited due to their 
high sensitivity to moisture, and other stress factors such 
as high pressure, ultrasound, microwave radiations, electric 
field, and other radiations. Therefore, it is suggested to con-
duct further research on improving the commercial qual-
ity of edible films and coatings to expand the commercial 
applications.
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