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ABSTRACT
Background: Agar is an inexpensive biopolymer capable of forming
films with desirable appearance and functional properties; however,
like many natural polymers, its low mechanical strength limits its
broader industrial applications. This study investigated the extraction
of agar from Gracilaria algae and its subsequent modification for the
development of polymeric films.
Aim: The aim of this study was to enhance the physical and
mechanical properties of agar-based films for food packaging
applications through chemical modification and the incorporation of
citric acid, B-cyclodextrin, and polyethylene glycol.
Methods: Agar was first extracted from Gracilaria using an alkaline
extraction procedure, after which a carboxymethylation process was
performed to improve its functional performance. Carboxymethyl
agar (CMA) was used as the base polymer to formulate a control film
and four modified films. The modifying agents polyethylene glycol,
citric acid, and B-cyclodextrin were incorporated into CMA in
different combinations. The five final film formulations were
evaluated for water vapor permeability, water absorption,
transparency, and tensile strength to assess the impact of chemical
modification and additive incorporation.
Results: Alkaline extraction increased the agar yield to 9.93%. In the
modified films, both water vapor permeability and water absorption
decreased significantly due to enhanced intermolecular cross-linking.
Tensile strength improved markedly, reaching up to 241 MPa, and
the transparency of the films also increased relative to the control.
Conclusion: The CMA + PEG + CA + B-CD formulation exhibited
the most favorable overall performance, indicating that
carboxymethyl agar based films represent promising biodegradable
alternatives to synthetic polymers for food packaging applications.
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Extended Abstract

Introduction: Agar, a natural polysaccharide
derived from red algae, is increasingly being
considered a viable biopolymer for sustainable
packaging applications. Its inherent ability to form
transparent and flexible films makes it attractive
for replacing conventional plastics. However,
despite these advantages, agar-based films suffer
from several limitations, including brittleness,
high hydrophilicity, and weak mechanical
strength, which hinder their industrial use. These
shortcomings arise primarily from the linear
structure of agar molecules and the lack of strong
intermolecular interactions within the film matrix.
As a result, researchers have sought to enhance
agar’s functionality through physical blending and
chemical modification techniques. Among these,
carboxymethylation has emerged as one of the
most promising strategies due to its ability to
introduce functional carboxymethyl groups,
improving solubility, flexibility, and compatibility
with other additives. The primary aim of this
study was to enhance the performance of agar-
based films by combining chemical modification
via carboxymethylation with the inclusion of
citric acid (CA), p-cyclodextrin (B), and
polyethylene glycol (PEG). The specific
objectives were to (1) evaluate how these
modifications affect mechanical properties such as
tensile strength and elongation at break; (2) assess
improvements in water vapor permeability
(WVP), water absorption, and optical
transparency; and (3) determine the optimal
combination of additives that would result in the
best balance between strength, flexibility, and
barrier performance suitable for food packaging
applications.

Materials and Methods: Agar was extracted
from Gracilaria persica using an alkaline
pretreatment with sodium hydroxide to remove
pigments, proteins, and sulfate esters that
negatively influence gel formation. The extraction
yield was 9.93% of the algae’s dry weight,
confirming the efficiency of the alkaline method.
The extracted agar was subsequently subjected to
carboxymethylation by reacting it with
chloroacetic acid under controlled alkaline
conditions. This process introduced
carboxymethyl (-CH.COOH) groups into the
polymer backbone, improving water solubility
and intermolecular interactions. The modified
polymer, carboxymethyl agar (CMA), was
neutralized, filtered, washed with ethanol, and
oven dried at 60°C, a drying method proven to

maintain gel integrity while minimizing porosity
compared to freeze-drying. Five types of films
were prepared: CMA alone, CMA + PEG, CMA +
PEG + CA, CMA + PEG + B, and CMA + PEG +
CA + B. Each formulation was cast into uniform
films and dried at ambient temperature. Physical,
mechanical, and barrier properties were measured
following standard ASTM protocols. Tensile
strength, elongation at break, transparency, water
vapor permeability (WVP), and water absorption
were analyzed.

Results and Discussion: The alkaline extraction
and carboxymethylation significantly influenced
agar’s chemical structure and film-forming
properties. Fourier-transform infrared (FTIR)
analysis confirmed the introduction of carboxyl
and hydroxyl groups, which increased the
potential for hydrogen bonding and ester
formation. The CMA + PEG + CA + B film
showed the most notable improvements in all
evaluated parameters. The tensile strength
increased from 18.6 MPa in the unmodified agar
film to 30.04 MPa, while the elongation at break
rose from 126% to 247%, indicating enhanced
flexibility —and molecular mobility.  This
improvement is attributed to the synergistic
effects of PEG and CA, where PEG acted as a
plasticizer, reducing intermolecular rigidity, and
CA served as a cross-linking agent, forming ester
bonds that strengthened the polymeric network.
Water vapor permeability (WVP) decreased to
0.0072 g/m-s-Pa, and water absorption dropped to
4.52%, showing a marked reduction in
hydrophilicity. These results suggest that the
incorporation of CA and PEG reduced the number
of available hydroxyl groups by forming
hydrogen and ester linkages, thereby limiting
water interaction sites. The cross-linked matrix
became denser and less permeable to moisture
diffusion. Furthermore, B-cyclodextrin contributed
to enhanced compatibility and dispersion of
additives within the polymeric matrix, leading to
reduced phase separation and increased surface
smoothness. Transparency measurements showed
a 3.4% increase compared to pure agar films,
confirming improved homogeneity and light
transmittance. Scanning electron microscopy
(SEM) images revealed smoother, more compact
structures for modified films, particularly in CMA
+ PEG + CA + B, which had fewer cracks and
voids. The morphological evidence supports the
mechanical ~ findings, showing a strong
relationship between cross-linking density and
film integrity. The improved physical and barrier
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properties also imply a longer shelf life for
packaged food products and better moisture
resistance. These findings align with prior studies
(Abraham et al., 2018; Othman et al., 2021) that
reported enhanced performance of
polysaccharide-based  films after chemical
modification and incorporation of plasticizers and
cross-linkers.

Conclusion: This study demonstrated that the
combination of carboxymethylation and the
incorporation of citric acid, B-cyclodextrin, and
polyethylene glycol substantially improved the
overall properties of agar films extracted from
*Gracilaria persica*. The optimal formulation,
CMA + PEG + CA + B, exhibited the highest
tensile strength (30.04 MPa), elongation (247%),
lowest WVP (0.0072 g/m-s-Pa), and lowest water
absorption (4.52%). The enhanced transparency
and smooth morphology further validate the
film’s improved quality. The dual role of citric

acid as both a cross-linking and plasticizing agent
contributed significantly to maintaining flexibility
while improving strength. The environmentally
friendly nature of the process, combined with the
use of non-toxic additives, makes the approach
suitable for scalable production of biodegradable
films. These modified agar-based films represent
a promising substitute for petroleum-derived
plastics in food packaging, agricultural coatings,
and pharmaceutical applications. Future work
should focus on long-term stability studies,
optimization of additive ratios, and assessment of
biodegradation kinetics under real environmental
conditions. Overall, the research confirms that
carboxymethylated agar composites can bridge
the gap between natural polymers and synthetic
plastics, offering an efficient and sustainable
alternative for modern packaging industries.
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Table 2: Physical properties of the film
(transparency and water vapor permeability)

Sample transparency WVP
(9/m.s.Pa)
CONTROL 2.39+0.001¢ 0.0093+0.042
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CMA+B+CA 2.65+0° 0.0074 £0.02°
CMA+PEG 2.72+0.001° 0.0087+0.03"

CMA+PEG+CA+B  3.4+0.01* 0.0072+0.01°

Numbers with different small letters indicate
significant differences at the 5% level
according to Duncan’s test (p < 0.05).
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Table 3:water absorption rate of control
and other treatments

Sample Water absorption (%)
CONTROL 9.47 +0.30°
CMA+PEG+CA 6.11+0.92°
CMA+B+CA 5.36+0.10¢
CMA+PEG 8.31+0.59°
CMA+PEG+CA+B 4.52+0.18°

Numbers with different small letters indicate
significant differences at the 5% level

according to Duncan’s test (p < 0.05).
*CMA-= carboxymethyl Agar , B=beta-cyclodextrin,
P= Polyethylene glycol, A= Citric acid.
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Table 4: The results of the tensile test

Sample elongation (%) tensile strength
(Mpa)
CONTROL 136.71+0.39°  17.55+4.25P
CMA+PEG+CA 157.19+6.71°  19.33+2.70°
CMA+B+CA 145.67+8.32° 18.5+4.62°
CMA+PEG 160.41+15.48° 21.20+1.33°

CMA+PEG+CA+B 247.09+32.38* 30.04+5.59%

Numbers with different small letters indicate
significant differences at the 5% level
according to Duncan’s test (p < 0.05).
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