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Abstract

Waste disposal problems have attracted scientists around the world to explore the use of renewable resources to
produce biodegradable films and coatings. Indonesia has diverse renewable resources of biopolymers that originated
from seaweeds such as carrageenan, agar, and alginate. Carrageenan is considered as a potential biopolymer for
edible film manufacture due to its characteristic range. This study aimed to develop carrageenan-based edible film
using alginate and polyethylene glycol as plasticizers. Edible film made from -carrageenan with the addition of
alginate and polyethylene glycol (PEG) as plasticizers was tested for its mechanical properties, water vapor
transmission rate (WVTR) and water solubility.  Blending -carrageenan with alginate (0%, 0.25%, 0.5%, 0.75%,
and 1.0% w/v) increased tensile strength, thickness, and water solubility, but reduced elongation at break, WVTR,
and moisture content. The addition of PEG (1%, 2%, and 3% w/v) reduced tensile strength and water solubility, but
increased elongation at break, thickness, and moisture content. This study recommended that the best carrageenan-
based edible film was obtained from a formula using 1% alginate (w/v) and 1% PEG (w/v).
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1. Introduction

Renewable, degradable, and edible films have
attracted scientists around the world, including
Indonesia to develop food and non-food packaging
applications. Edible film characteristics such as good
biodegradability, biocompatibility, environmental
friendliness, availability and even edibility (Salmieri &
Lacroix, 2006) support its application as food
packaging. Biodegradable films represent eco-friendly
food packaging because they are constructed using
natural polymeric ingredients such as sodium alginate
and carrageenan (Ma, Jiang, Ahmed, Qin, & Liu, 2019).
The films can inhibit the reduction of food quality by
limiting the loss of moisture and reducing the rate of
unwanted chemical reactions. Edible films can prevent
food spoilage and microbial contamination in food
products (Sánchez-Ortega et al., 2014). Edible films
also offers excellent barriers to oxygen and carbon
dioxide. Good mechanical properties of edible films
are usually determined by its water-solubility of

hydrocolloids such as carrageenan and alginate.
Carrageenan and alginate have been explored as
sources of film-forming material (Tavassoli-Kafrani,
Shekarchizadeh, & Masoudpour-Behabadi, 2016).

Edible film is eatable film usually used for food
coating and is generally made from natural ingredients
such as polysaccharides, proteins, fats or a
combination of those materials (Cerqueira et al., 2011).
Indonesia has diverse biopolymers originated from
seaweed, such as carrageenan, agar and alginate,
which considered as promising natural renewable
materials for biofilm and bioplastic production because
of its cost-effective, biodegradability and non-toxic
properties (Meng et al., 2018; Rajendran, Puppala,
Raj, Sneha, & Rajam, 2012).

Red seaweed (Eucheuma cottonii) is a source of
-carrageenan which is very abundant in Indonesian
water (KKP, 2014). Hence, it is a potential renewable
sources for natural biofilm industry  in Indonesia.  As
a source of linear sulphated polysaccharides -
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carrageenan- is soluble in hot water, and forms a strong
gel at room temperature (Fardhyanti & Julianur, 2016;
Imeson, 2000; Menon, 2011). Even though -
carrageenan has the ability to form a strong gel, this
carrageenan is capable of forming an edible film with
low tensile strength and low elasticity (Pascalau et
al.,  2012). Therefore, other compounds are required
to improve the mechanical properties of carrageenan-
based edible film.  Alginate is an alternative material
recommended to improve the performance of the film.

Alginate, a linear copolymer containing block of
(1,4)- linked -D-mannuronate (M) and -L-guluronate
(G) residues, is a naturally occurring anionic polymer
typically obtained from brown seaweed such as
Sargassum, Laminaria, Ascophyllum (Lee & Mooney,
2012). Alginate produced a film with higher tensile
strength and elongation than that of carrageenan
(Pascalau et al., 2012). The combination of  -
carrageenan and alginate is expected to produce an
edible film expressing mixed characteristics of both
hydrocolloids to increase its tensile strength and
elongation. The mechanical and physical properties
of edible film can be further improved by introducing a
plasticizer in the formula.

The plasticizer is needed to produce a thin edible
film with smooth surfaces (Murdinah, Darmawan, &
Fransiska, 2007). The preferred characteristics of
plasticizers are small size, high polarity, more polar
groups per molecule, and more distance between polar
groups in the molecule, that increase the effect of
plasticization on the polymer system (Rodriguez,
Madera, & Pelegrín, 2018). Making polysaccharides
or protein-based edible films generally requires
plasticizers (Skurtys et al., 2010). Several compounds
have been used as plasticizers for edible film
production e.g., glycerol, sorbitol and polyethylene
glycol (PEG) (Balqis, Khaizura, Russly, & Hanani,
2017). PEG affected the physical and mechanical
properties of edible film, which produced thicker, higher
tensile strength, and higher WVTR film (Marpongahtun,
2016). In addition, it is a safe, odorless, oily and non-
volatile polymer, mainly used as a solvent, dispersing

agent, and suppository base in medical application
(Abdel-Rahman, Abdel-Mohsen, Fouda, Al Deyab, &
Mohamed, 2013). This study aimed to investigate the
effect of alginate and PEG as plasticizers on the
mechanical and barrier properties of -carrageenan-
based edible films. Alginate was used to improve
tensile strength and PEG was employed to improve
elongation. This study investigated the mixture of
alginate and PEG with -carrageenan as a new
composite to take advantages from possible
synergistic effects in forming gel based on their
mechanical and WVTR properties.

2. Material and Method

2.1. Material

Sodium alginate and -carrageenan were extracted
from Sargassum sp. and E. cottonii, respectively.
Characteristics of -carrageenan and alginate are
shown in Table 1. The polyethylene glycol /PEG 400
(Sigma-Aldrich, Singapore) was used as plasticizers.

2.1.1. Preparation of -carrageenan

E. cottonii, as the source of -carrageenan, was
harvested from the Serang waters, Banten - Indonesia.
-carrageenan was extracted using a method
previously described by Peranginangin, Rahman, &
Irianto (2011). Dried E. cottonii was soaked in water
for 30 min, washed and rinsed several times. The
seaweed was treated using 8% Potassium Hydroxide
(KOH) at 60-65 °C for 120 min. The seaweed was
then rinsed with water and extracted using water at
80-85 °C for 120 min with stirring regularly. Celite (3%
by weight) was added during extraction process
(Peranginangin et al., 2011). The extract was filtered
using a filter press, then cooled to 25 °C.  As much
1% Potassium Chloride (KCl) solution with a ratio of
filtrate: KCl solution of 1 : 2 (v/v) was added into the
filtrate, and continuously stirred for 30 min until the
formation of  -carrageenan gel. The gel was put in
the filter cloth, pressed and sun dried.

Characteristics -carrageenan Alginate

Yield (%) 23.89 ± 2.40 31.24 ± 3.32

Moisture content (%) 11.24 ± 0.35 8.23 ± 0.13

Ash content (%) 31.15 ± 0.92 13.95 ± 0.75

Viscosity (cP) NA 37.00 ± 0.87

Gel strength (g/cm2) 270.62 ± 0.63 NA

Note: NA : not analyzed

Table 1. Characteristics of -carrageenan and alginate used as film forming materials
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2.1.2. Preparation of sodium alginate

Sargassum sp. was purchased from Binuangeun,
Banten, Indonesia. Extraction of alginate from
Sargassum sp. was conducted using a method
developed by Yunizal (2000). Dried Sargassum sp.
was submerged in 1% Hydrogen Chloride (HCl) for 60
min, washed and rinsed several times. The seaweed
was extracted using 2% Sodium Carbonate (Na2CO3)
(w/v) at 60-70 oC for 120 min and stirred regularly. A
vibrator screen was employed to filter the extract.  After
the filtrate was cooled to 25 °C,  10% HCl v/v  was
added and rinsed several times. Thirty percent of
Sodium Hydroxide (NaOH) (v/v) was then added to
obtain pH 8 and subsequently poured into isopropyl
alcohol (IPA) with a proportion of filtrate to IPA of
approximately 1 : 2 (v/v) and continuously stirred for
30 min until the formation of alginate gel. The gel was
transferred into the filter cloth, pressed and sun dried.

2.2. Method

2.2.1. Preparation of edible film

Edible film was prepared using solvent casting
method by casting film forming solution on the 16 cm
x 16 cm acrylic plates and subsequently dried
(Fransiska, Giyatmi, Irianto, Darmawan, & Melanie,
2018). The film forming solution was prepared by
dissolving -carrageenan (1% w/v) and alginate (0%,
0.25%, 0.5%, 0.75%, and 1.0% of w/v) simultaneously
in distilled water and mixed thoroughly using a
magnetic stirrer at 80°C for 15 min. PEG was then
added (1%, 3%, 5% w/v). The mixture was heated at
80°C for another 10 min until a homogeneous solution
was obtained. The mixture was casted on acrylic plate
and dried at 40°C for 24 h to form a film. The dried
films were manually peeled off from the acrylic plate
and then stored in a desiccator at 25 ± 2°C for 48 h.

2.2.2. Edible film characterizations

2.2.2.1. Tensile strength and elongation

Tensile strength and elongation of edible film were
measured using Texture Analyzer (TAXT Plus, Stable
Micro System, UK) (Balqis et al., 2017) with
modification on the sample and measurement method.
Films were cut into 2 cm x 15 cm and fixed in a film
grip. The measurements were made with 10 cm initial
distance of grip separation, 3 mm/s test speed and 3
g trigger force. Tensile strength (maximum force/initial
cross-sectional area) and elongation values at break

were determined using a software package of Texture
Expert V.1.15 with the following equations:

Tensile strength: (F x a)/A
Elongation: (L1-L0)/L0 x 100%

Note:
F: Force (N); a: 9.8 m/s2, A: thickness x film wide
(m2), L0 : Initial film length (m), L1 : Length of film when
it is broken (m)

 2.2.2.2  Water vapor transmission rate
      (WVTR)

WVTR of edible film was measured according to a
method described by Razzaq et al. (2016). WVTR
was gravimetrically determined using metal cups
equipped with an exposed area metal disc. Edible
film was sealed in a metal cup containing distilled
water, and then cup was placed in an incubator at
37°C, ± 24% RH for 24 h. The mass of water loss was
measured. The WVTR is the rate of water mass loss
at the specific area for 24 h (g/m2/24h).

2.2.2.3  Thickness

A digital micrometer (Mitutoyo, Japan) with an
accuracy level of  0,001 mm was used to measure the
thickness of edible films. Thickness was randomly
measured from ten spots of each film, and the average
value was calculated and reported as thickness in
millimeters (mm).

2.2.2.4. Water solubility

Water solubility was measured by weighing a 3 x
3 cm2 cut f ilm and placed in an aluminum cup
containing 50 mL distilled water, and then heated to
100°C for 30 min (Murni, Pawignyo, Widyawati, &
Sari, 2013). After the cup was sealed to prevent water
evaporation, it was subsequently incubated at 25 °C
and periodically shaken for 24 h. Undissolved film was
dried in an oven at 40 °C until a constant weight of the
film was achieved.

Water solubility (%)= (Wo-Wf)/Wo x 100%
Note:
Wo : initial dry weight of the film, W f : weight of the
insoluble film

2.2.2.5. Moisture content

The moisture content of edible films was measured
according to a method described by Farhan & Hani
(2017). Edible film was cut into 2×2 cm2  strips and
placed on crucible porcelain dishes for moisture
content analysis.
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2.2.2. Statistical analysis

Experiments were conducted in triplicates. The
data were analyzed using ANOVA followed by  Tukey’s
post-hoc test. The significance level was defined as
P<0.05 (Page, Braver, & Mackinnon, 2003). Since
there is no standard for edible film available in
Indonesia, SNI (Indonesian National Standard)
7818:2014 for biodegradable plastic bags was used
to compare the parameter values measured in this
study.

3. Results and Discussion

3.1. Tensile Strength

Tensile strength values of -carrageenan based
edible film are presented in Figure 1. The film tensile
strength significantly increased along with the
increasing of alginate proportion in the film. Meanwhile,
the tensile strength of  film significantly decreased
along with the increasing PEG proportion in the film.
Tensile strength of carrageenan-based film in this
study varied between 2.83±0.16 to 43.13±0.33 MPa.
SNI 7818:2014 describes that minimum tensile strength
for biodegradable plastic bag is 13.7 MPa. Thus, the
tensile strength of  edible films with PEG 1%  addition
(15.18-43.13 MPa) met the standard for a
biodegradable plastic bag.  An important requirement
of edible films  for food packaging is good mechanical
properties. Poor elasticity or strength of  film potentially

leads to premature cracking during production,
handling, storage and consumption (Sothornvit &
Rodsamran, 2008). Tensile strength and elongation
at break are properties mostly investigated by edible
film developers. Tensile strength represents the
resistance of the film to elongation or its stretching
capacity (Ma, Jiang, Ahmed, Qin, & Liu, 2019).

The highest and lowest tensile strength for -
carrageenan-based edible film were obtained from
mixture with 1% alginate and 1% PEG; and 0%
alginate and 5% PEG, respectively. The tensile
strength of the -carrageenan-based edible film at a
certain level of PEG significantly increased (P<0.05)
along with the addition of alginate. By increasing the
alginate level in the mixture, the films became stronger
with higher tensile strength values, probably due to
the presence of a linear structure of alginate.  This
result was similar to a study by Ye et al. (2017) which
reported that through proper blending between
carrageenan and alginate, a slower cross-linking has
occurred, and it enhanced material uniformity and
mechanical strength.

Results from the current study revealed that the
addition of PEG as a plasticizer reduced tensile
strength. This observation was in accordance with a
study by Rachmawati, Triwibowo, & Widianto (2015)
which mentioned that plasticizer addition decreased
the tensile strength of chitosan-based edible film.
Bourtoom (2008) described that the involvement of a
plasticizer agent in biodegradable film manufacture

*Note: The same letter in the bar denotes no significant differences (P>0.05)

Figure 1. Tensile strength of -carrageenan-based edible films at different concentrations of alginate and PEG
            mixture compared to the minimum standard of the tensile strength (SNI 7818:2014 in red line)
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reduced brittleness of polymer packaging by disrupting
the hydrogen bonds between polymer chains. The size
of the plasticizer molecule is relatively small, and it is
easier to distribute between the polymer bonds and
to break the polymer chain efficiently.

3.2. Elongation

Elongation of -carrageenan-based edible films at
different levels of alginate and PEG varied between
2.33±0.15% to 13.33±1.11 % (Figure 2), while the
elongation value for biodegradable plastic bags as
mentioned in SNI 7818:2014  is between 400 –
1,120%.  In fact, all carrageenan-based films
developed in this study showed a small elongation
percentage compared to the standard of biodegradable
plastic bags, which probably due to the utilization of
alginate and carrageenan as natural polymer in the
film. Natural polimer usually produced a smaller
elongation percentage than a syntetic polymer
(Prachayawarakorn & Pomdage, 2014)

Elongation is a percentage increase in the length
of the edible film measured from the initial length of
withdrawal to breaking up of the films (Krochta & De
Mulder-Johnston, 1997). The highest elongation of -
carrageenan-based edible film was obtained from the
mixture with 0% alginate and 5% PEG.  Generally,
the addition of different levels of alginate and PEG in
the film was significantly affected the elongation value
of carrageenan-based edible films.

In this study, the elongation of edible films
significantly increased with the addition of PEG but
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Figure 2. Elongation of -carrageenan-based edible films  at different concentrations of alginate and PEG

decreased with the addition of alginate (P<0.05).
Several authors reported the trend of increasing
elongation and decreasing the tensile strength of
edible film by the addition of plasticizer (Ahmadi,
Kalbsi-Ashtari, Oromiehie, Yarmand, & Jahandideh,
2012; Larotonda, Torres, Gonçalves, Sereno, & Hilliou,
2016; Olivas & Barbosa-Canovas, 2008; Wypych,
2004). PEG as a plasticizer significantly affected the
elongation of edible film, as a results of the reduced
intermolecular forces between polymer chains after
the addition of PEG (Šešlija et al., 2018).

Han & Gennadios (2005) classified the elongation
of film into four categories, i.e., inferior (<1 %),
marginal (1-10 %),  good  (>10-100%)  and superior
(> 100%). In our study, -carrageenan-based films with
3% or 5% PEG and 0% alginate produced a “good”
elongation, while others composition of PEG and
alginate mixture resulted in “marginal” elongation.

3.3. Water Vapor Transmission Rate

Water vapor transmission rate (WVTR)  is the most
important and extensively studied properties for edible
films because of its association with deteriorative
reactions in foods (Ahmadi et al., 2012). A low WVTR
value prevents moisture transfer between food and
surrounding atmosphere (Bajpai et al., 2011). In our
study, the WVTR values of -carrageenan-based
edible films at different levels of alginate and PEG
varied between 3.12±0.50 to 7.68±0.19 g/m2/24h
(Figure 3). -carrageenan-based edible film with the
highest WVTR was obtained through the addition of
0% alginate and 1% PEG. An edible film with the lowest

Giyatmi et al./Squalen Bull. of Mar. and Fish. Postharvest and Biotech. 15 (1) 2020, 41-51
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WVTR was observed from edible film with 1 % alginate
and 5% PEG. WVTR of -carrageenan-based edible
film decreased with the addition of alginate. The
addition of PEG in the -carrageenan-based edible
film did not significantly affected WVTR value (P>0.05).
The water barrier of -carrageenan-based edible film
increased with increasing concentration of alginate.
These results were in accordance with a study by
Murdinah et al. (2007) where the addition of alginate
produced the film with lower WVTR.  This occurrence
was probably due to the nature of alginate, which was
able to bind water better (Tavassoli-Kafrani et al.,
2016). As a consequence, the film mixture produced
a gel matrix which can decrease the WVTR of edible
film.

3.4. Thickness

The thickness of -carrageenan-based edible film
at different levels of alginate and PEG varied from
0.037±0.006 mm to 0.084±0.002 mm (Figure 4). The
thickness of edible films significantly increased with
increasing level of alginate and PEG (P<0.05). The
film thickness is an essential parameter for packaging
(Suryaningrum, Basmal, & Nurochmawati, 2005). The
film thickness depended on the film composition and
processing parameters (Garcia, Pinotti, Martino, &
Zaritzky , 2009), and the amount of dissolved soluble
in the film-forming solution (Murni et al., 2013). The
increasing of thickness also occurs due to the rise in
the total amount of solids in the film-forming solution.
Increasing the total amount of solids in the solution
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Figure 3. WVTR of -carrageenan-based edible films at different concentrations of alginate and PEG mixture

brings more polymers as matrix constituents.
Thickness was influenced by the viscosity and
constituent polymers as well (Lismawati, 2017).

As shown in Figure 4, the addition of alginate and
PEG increased the thickness of the edible film as the
consequence of the increasing the amount of dissolved
solids in the edible film (Sitompul & Zubaidah, 2017).
The PEG as a plasticizer absorbed and bond more
moisture to some extent and led to an increase in the
film thickness (Sitompul & Zubaidah, 2017).  An edible
film should be thin enough, so it will be acceptable
when it is applied for food product (Han & Gennadios,
2005). Generally, the edible film thickness is less than
0.3 mm (Pavlath & Orts, 2009). Edible film from sugar
palm fruit with polyethylene glycol was thicker (0.226
mm) (Sitompul & Zubaidah, 2017) than -carrageenan-
based film with addition alginate and PEG. The
thickness values of -carrageenan-based edible films
with glycerol as a plasticizer were 0.03-0.08 mm (Rusli
et al., 2017), which were close to the thickness of the
edible film obtained in this study.

3.5. Water Solubility and Moisture Content

3.5.1. Water solubility

The water solubility of -carrageenan-based edible
film at various levels of alginate and PEG varied
between 71.03±0.61% to 97.23±0.70% (Figure 5).
Water solubility is one of the important properties for
the edible film because this parameter indicates the
biodegradability of  the  film (Singh et al., 2015). The
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Figure 5. Water solubility of -carrageenan-based edible films at different concentrations of alginate and PEG

-carrageenan-based edible film with the highest water
solubility was obtained from the addition of 1% alginate
and 1% PEG in this study. An edible film with the
lowest water solubility was exhibited from film with 0
% alginate and 5% PEG. The water solubility of
carrageenan-based edible film significantly increased
with alginate addition (P<0.05). On the other hand,
the water solubility of -carrageenan based edible film

significantly decreased with the addition of a higher
amount of PEG addition (Figure 5).

The edible films in this study were prepared from
carrageenan and sodium alginate with cross-linking
through calcium chloride, showed negligible solubility
in water (Pascalau et al., 2012). The different methods
of film preparation will produce different characteristics
of edible films. A possible explanation of that
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occurrence is that the hydroxyl group of PEG
increases the water absorption of edible film, but the
PEG is not diluted in the water due to the capability
of carrageenan and alginate to bind to the water (Balqis
et al., 2017; Hambleton, Voilley, & Debeaufort, 2011).
Alginate has the ability to retain and bind water. The
water solubility of palm fruit film with PEG as a
plasticizer was 54% (Sitompul & Zubaidah, 2017),
which was lower than the water solubility of -
carrageenan-based edible film. Meanwhile, the water
solubility of the edible film made from carrageenan
and glycerol (as a plasticizer) was 60.51-74.20%
(Rusli et al., 2017), which was slightly lower than that
of -carrageenan-based edible film from this study.
The edible film with higher water solubility was
suggested to be applied in ready to eat products (Pitak
& Rakshit, 2011).

3.5.2. Moisture content

The moisture content of the edible films resulted
from various levels of alginate and PEG varied from
5.24±0.83% to 49.19±0.47% in this study (Figure 6).
The addition of alginate and PEG at different levels
affected the moisture content of -carrageenan-based
edible films. The addition of alginate reduced moisture
content while the addition of PEG increased moisture
content. Plasticizers, including PEG increased
humectant and water holding capacity of edible film,
which bond water being more difficult to evaporate
(Rangel-Marrón, Montalvo-Paquini, Palou, & López-

Malo,, 2013; Sitompul & Zubaidah, 2017). Therefore,
this situation increased the moisture content of the
edible film (Ahmadi et al., 2012; Godbillot, Dole, Joly,
Rogé & Mathlouthi , 2006).  Low concentrations of
polysaccharide (alginate) allowed greater availability
of free water to contribute in the polymerization. As a
result, it provides a film with higher moisture content
(Rangel-Marron et al.,  2013).  The moisture content
of the edible film has an essential role in the stability
of coated products. Therefore, the edible film is
expected to have low water content; hence it prevents
from the addition of water to the product during the
application as the primary packaging. As a
consequence, i t prevents the product f rom
deterioration and increase shelf life (Rusli et al., 2017).

The moisture content of edible films varied
depending on the base material, plasticizer, and
method used to produce the edible film (Rangel-Marron
et al., 2013  Godbillot et al., 2006). Composite films
from alginate, gluten, and beeswax have moisture
content ranged from 21.95% to 24.63%; while sugar
palm fruit edible film with PEG (as a plasticizer) has
moisture content around 21.74% (Sitompul &
Zubaidah, 2017). Moreover, the moisture content of
the -carrageenan-based film with glycerol (as a
plasticizer) was about 17.14-20.86% (Rusli et al.,
2017). The moisture contents of the film with 1% PEG
at different concentrations of alginate were lower than
the -carrageenan-based edible films prepared using
3% and 5% PEG (Figure 6).
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Figure 6. Moisture content of -carrageenan-based edible films added with different concentrations of alginate
       and PEG
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4. Conclusion

Mixing -carrageenan with alginate increased
tensile strength, thickness, and water solubility of the
edible film, but reduced elongation at break, WVTR,
and moisture content. The addition of PEG to -
carrageenan based edible film reduced tensile
strength, and water solubility, on the contrary,
increased elongation at break, thickness, and moisture
content. Overall, -carrageenan based edible film with
1% alginate and 1% PEG was considered as the best
formula, revealing the lowest WVTR value and moisture
content as well as high tensile strength.
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