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Abstract. The aim of this work was to investigate the effect of gellan gum (GG), calcium
chloride (CaCly) and glycerol concentration on physical appearance of the film. It was found
that, after heated at 50 °C for 24, hours the films were successfully produced using low amount
of GG (0.50, 0.75, and 1.00 g) with effective concentration of CaCl, (5 mM) and glycerol (50
% (w/w)). The film was not well dried at 40 °C while at 70 and 100 °C, the film formed was
easily to rupture due to the overheated. At 1.5 g GG the film cannot be produced due to the
formation of highly viscos and sticky formulated solution. The effective glycerol concentration
was within the range of 30-50 % (w/w, based on GG weight). At 60 and 70 % (w/w) of glycerol,
the films started to distort at the edge due to high concentration of the plasticizer.

1. Introduction

Gellan gum is a type of microbial polysaccharide that is produced from fermentation of the
Pseudomonas elodea. It is composed of a tetrasaccharide repeating unit of two B-D-glucose, one -
Dglucuronic acid and one a-L-rhamnose [1, 2]. Native gellan contains a substitution of an -glycerate
group at C, and a partial substitution of acetate group at Ce of 1,3-p-D-glucose. However, the
commercial product based on gellan gum has much lower sol-gel transition temperature and higher in
gel strength compared to native product. The commercial gellan gum product has been completely
deacetylated and de-esterified by alkali treatment [3-6]. The remarkable properties which has been
displayed by the gellan gum gel compared to the other polysaccharide gels are that they are heatresistant
and less pH-sensitive [4]. Therefore, gellan gum has been widely used in food industry as a thickening
agent [7, 8]. Moreover, gellan gum is one of the most promising in situ gelling polymers in the human
body and applicable for biomedicine technology, such as drug delivery vehicles, protein immobilization
media and wound dressing materials [9-14]. However, the applications of GG gel have their own
limitation due to the poor stability in physiological conditions and low in mechanical strength. Thus,
researchers focused on synthesizing GG film with good mechanical properties to extend their
applications on food packaging, edible film and coating. It can be obtained by incorporating the
crosslinker and plasticizer into the GG during the formulation. It is important to note that GG carries a
net negative charge from the carboxylic groups present in the glucaronic acid residues which is the
determining factor to the ability of GG hydrogel to transform into film after sufficient heat treatment.
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Thus the presence of cation as cross-linker to the negative charge of GG is important for gelation process
and film forming [15, 16]. The GG chain will be rapidly cross-linked to form the three-dimensional
network with addition of cations. K*, Na*, and Ca?* are among the commonly used cations to form strong
and durable GG film. Somehow, divalent Ca?* is widely used as can form stronger gels than monovalent
cations [17]. Besides the cross-linker, plasticizer is another important additive in the film formulation
especially for biodegradable films [18-20]. The addition of plasticizers can improve the mechanical
properties of edible films and various plasticizers, such as polyols, have been employed to increase the
flexibility and workability of these films. Among the plasticizers, glycerol is one of the most broadly
used in film-making techniques, and it has been successfully employed in the production of
polysaccharide-based edible films [21-24]. It is a water soluble, polar, and low molecular weight non-
volatile substance, which makes glycerol a suitable plasticizer to be used with a compatible water-
soluble polymer [22]. However, to our best of knowledge there are no specific investigations about the
effect of plasticizer concentration on the properties of GG film so far. Therefore, the purposes of this
work were to: (1) develop a novel edible film based on GG; and (2) determine the effect of heat
treatment, GG content, and concentration of cross-linker (CaCl,) and plasticizer (glycerol) on the
physical appearance of the resulting films.

2. Experiments

2.1 Materials

Low-acyl gellan gum (Kelcogel®, CP Kelco, lot number 5C1574A), Glycerol (lot number STBC1888V)
were purchased from Sigma-Aldrich, Malaysia; as a plasticizer to reduce the brittleness of film. Calcium
Chloride (CaCly, lot number K47117278604, Mw 110.98 g/mol) was obtained from Merck, Malaysia.
All materials were used as received.

2.2 Preparation of GG Film

Gellan gum (GG) solution was prepared by dissolving GG (0.00, 0.50, 0.75, 1.00 and 1.50 g) into 100
mL distilled water under continuous stirring for 2 h at 70°C. (30, 40, 50, 60, and 70 % (w/w), relative
to GG) of glycerol and (2, 5 and 10 mM) calcium chloride (CaCl;) was added into the gellan gum
solution. Then, the mixture was stirred for 15 minutes and the resulting suspension was casted onto an
acrylic plate. After removing bubbles, the samples were dried for 24 h (at room temperature, 40, 50, 70
and 100°C) in an oven. All films were preconditioned in a desiccator (27 °C, 50% relative humidity
(RH)) for at least 2 days prior to testing.

Table 1. Testing parameter of the experimental design

Type Testing Parameter
Heat temperature, °C Room temperature, 40, 50, 70, and 100
Concentration of gellan gum, g 0.00, 0.50, 0.75, 1.00, and 1.50
Concentration of CaCl,, mM 2,5,10
Concentration of glycerol, % (w/w) 30, 40, 50, 60, and 70

*percentage weight relative to gellan gum

3. Results and Discussion

Figure 1 shows the produced samples when gellan gum suspension was dried at different temperature
for 24 h. After drying at room temperature (RT), the samples were presented in hydrogel form (figure
1(a)). Hydrogel can be described as a solution that shows a behaviour similar to gels at low shear stresses
however act as fluids at higher shear stresses [27]. Hydrogel resulted from gellan gum is not a real gel
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but a fluid or paste-like material which shows soft texture with a yield stress. It provides an appropriate
environment for a proper texture formation and inhibition of sedimentation or suspension of particles in
liquid gel structures [28]. This hydrogel is classified as physical gels category because in these gels
joining points are formed through physical reactions such as hydrogen bonds, hydrophobic bonds and
cross-sectional joints by the aid of cations [29]. The random coils would form double helices structure
with neighbouring chains through hydrogen bonds and van der Waals forces [29]. Subsequently, the
aggregation would occur to generate a continuous there dimensional (3D) network giving rise to a gel.

Heat treatment was carried out at higher temperature because the existence of -OH groups is
important for changes occurred in solution during heating, as it is involved in reactions with other sugars
[31]. At 40 °C, the GG film was formed however it is not well dried thus the film was stacked on the
casting plate and cannot be peel off (figure 1(b). At this temperature, the gellan gum which was initially
in the membrane suspension liquid, is fully stretched and displaced, thus the integration among them is
promoted to produce the film. The formation of film is an initial stage of gellan gum gelatinization
accompanied by formation of double helical structures and during heating process strands are formed
from the structures which aggregate in the presence of cation to form a three-dimensional hard and brittle
gelatin network [32]. After being heated at 50 °C for 24 hours, free standing GG film was formed (figure
1(c)). Meanwhile, at 70 and 100 °C, the produced films were torn apart and ruptured attributed to
overheat as the degeneration of film-forming materials may occur, resulting in larger molecules break
within the polymer chain (figure 1(d), 1(e)).

Figure 1. Samples after drying at (a) room temperature, (b) 40 °C, (c) 50 °C, (d) 70 °C,
and (e) 100 °C for 24 hours.

The effect of GG mass which were 0.00, 0.50, 0.75, 1.00 and 1.50 g on the physical appearance of
films was examined. Films are not able to be formed when the formulation without the gellan gum,
presumably due to the lack of intermolecular interactions upon film dehydration. When 0.50, 0.75 and
1.00 g of gellan gum was used, a films was successfully produced as shown in figure 2(a), 2(b) and 2(c),
respectively. Among the produced films, 1.00 g GG is the best film as nice spherical shape was observed
without shrinkage and distortion as compared to 0.5 and 0.75 g GG films. At the highest amount of GG
studied (1.50 g), the film cannot be produced due to the formation of highly viscos and sticky suspension
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as observed visually (figure 3(a)) and determined by mildly rubbing between two fingers (figure 3(b)).
In general, the stickiness of gel was increased with the increasing of polymer concentration as it leads
to more intense aggregation of the polymer chains and stronger physical and chemical crosslinking [33].
Thus, at higher polymer concentrations more inter-chain cross linking occurs leading to a significant
increase in viscosity of gel.

Figure 3. (a) Highly viscos, and (b) sticky GG suspension produced using 1.50 g GG.

The gelation mechanism of GG suspension depends on the nature of cations present as cross-linker.
The divalent cation cross-linker promotes the gelation much more effectively than the monovalent cation
as they can form ionic bonds directly with the carboxylic acid groups at different GG chains, resulting
in the aggregation of the double helices by the inter-chain bridging [34, 35]. One of the capabilities of
GG is forming a physical gelation by addition of physical cross-linker (Ca?*). The physical gelation
mechanism actually occurred at two stages which is when the temperature of hot GG solution is
decreased, the molecules of GG undergo a conformational thermo reversible change from random coils
structure to double helices structure [36, 37]. This occurs in GG either with or without additions of ions.
However, with addition of cations, the gelation was follow up with the aggregation of the double helical
elements with water through hydrogen formation to form three-dimensional (3D) network [38]. In this
research the cross-linker (Ca?*) function was observed at 2, 5 and 10 mM. As shown in figure 4(a)-4(c),
the films were successfully produced at all studied concentration. It can be observed that increasing the
concentration of cross-linker resulted in a significant decrease of the solubility of the biofilms. This
indicates that the Ca?* actually promoted to the crosslinking formation between the polymer chains, thus
increasing the concentration of Ca?* makes the intermolecular bonds more cohesive and arranged,
thereby reduce the solubility of the films.



The International Fundamentum Sciences Symposium 2018 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 440 (2018) 012006 doi:10.1088/1757-899X/440/1/012006

Figure 4. The film produced using different concentration of CaCl, cross-linker (a) 2 mM (b) 5 mM,
and (c) 10 mM.

In film formulation, the plasticizer was used to enhance the film flexibility and decreased brittleness.
There are verities of plasticizers available commercially in the market such as polyethylene glycol 400
(PEG), sorbitol, propylene glycol (PG), ethylene glycol (EG), and glycerol. However in this study
glycerol was selected due as it is the most effective plasticizers for GG films fabrication as recorded in
other previous study [39]. Figure 5 shows the produced film using different concentration of glycerol.
Good films were produced at low concentration of glycerol used in film formulation especially at 50
w/w %. They are in good shape as well. However, the shape of the films can be altered depending on
the casting plate used in the experiment. At higher concentration of glycerol (60 and 70 w/w %), a defect
can be observed on the produced film as they were distorted attributed to the limited dispersion
capability of the GG solution at higher glycerol concentration. When the plasticizer concentration
exceeds polymer compatibility limits, it will cause the phase separation as well as physical exclusion of
the plasticizer [40]. The other problems that often encountered in the formation of the films at higher
glycerol concentration are the films tend to be sticky and they will be difficult to handle either for
characterization or application.

Figure 5. The produced films at different concentration of glycerol (a) 30 % (w/w), (b)
40 % (w/w), (c) 50 % (w/w), (d) 60 % (w/w), and (e) 70 % (w/w).
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4. Conclusion
This study demonstrated that GG could be used as a film-forming material. Good film was produced at

1.00 g GG with 5 mM CaCl; cross-linker and 50 w/w % glycerol as plasticizer after dried at 50 °C for
24 hours. Based on the visual and preliminary characterisations, it can be concluded that glycerol is an
appropriate plasticizer for GG films. Overall, the results of the present study indicates that GG with the
effective CaCl, and glycerol could be regarded as an appropriate formulation for films synthesis.

5. References

[1] Jansson P, Lindberg B, and Sandford P 1983 J. Carbohydr. Res. 124 135

[2] O'Neill M, Selvendran R, and Morris V 1983 J. Carbohydr. Res. 124 123

[3] Chandrasekaran R.and Thailambal V 1990 J. Carbohydr. Poly.12 431

[4] Mazen F, Milas M, and Rinaudo M 1999 Int. J. Biol. Macromolec. 26 109

[5] Rinaudo M 2001 Food Hydrocolloids 15 433

[6] Morris V In A. M. Stephen (Ed.) ed. 1995, New York: Marcel Dekker. 341

[71 Morrison N, Clark R, Chen Y, Talashek T, and Sworn G 1999 Springer 127

[8] Omoto T, Uno Y, and Asai | 1999 Springer 123

[91 Coviello T, Dentini M, Rambone G, Desideri P, Carafa M, Murtas E, Riccieri F, and Alhaique F
1998 J. of Control. Release 55 57

[10] Ferrance J 2007 J. of Chromatogr. A 1165 86

[11] Nanjawade, B K, F Manvi, and A Manjappa 2007 J. of Control. Release 122 119

[12] Ismail N A, Razali M H, and Mat Amin K A 2017 In AIP Conference Proceedings 1885 020045

[13] Ismail N A, Mat Amin K A, and Razali M H 2018 Materials Letters 228 116

[14] Ismail N A, Mohamad S F, Ibrahim M A, and Mat Amin K A 2014 Advances in Biomaterials,
20141

[15] Smrdel P, Bogataj M, and Mrhar A 2008 Sci. Pharm. 76 77

[16] Smrdel P, Bogataj M, Zega A, Planinsek O, and Mrhar A 2008 J. of Microencapsulation 25 90

[17] Moxon S and Smith A 2016 Int. J. Biol. Macromol. 84 79

[18] Bertuzzi M, Vidaurre E, Armada M, and Gottifredi J 2007 J. Food Eng. 80 972

[19] Rivero S, Garcia M, and Pinotti A 2010 Innov. Food Sci. & Emerging Tech. 11 369

[20] Vanin F, Sobral P, Menegalli F, Carvalho R, and Habitante A 2005 Food Hydrocolloids 19 899
[21] Ahmadi R, Kalbasi-Ashtari A, Oromiehie A, Yarmand M, and Jahandideh F 2012 J. Food
Eng. 109 745

[22] Ghasemlou M, Khodaiyan F, Oromiehie A, and Yarmand M 2011 Food Chem. 127 1496

[23] Khazaei N, Esmaiili M, Djomeh Z, Ghasemlou M, and Jouki, M 2014 Carbohydr. Polym. 102
199

[24] Piermaria J, Bosch A, Pinotti A, Yantorno O, Garcia M, and Abraham A 2011 Food
Hydrocolloids 25 1261

[25] ASTM. Designation D882-12. 2012, Philadelphia, PA: Americ. Soc. for Testing and Materials.

[26] ASTM. Designation E96-95. 1995, Philadelphia, PA: American Soc. for Testing and Materials.

[27] Guvendiren M, Lu H and Burdick J 2012 Soft Matter 8 260

[28] Young N 2002 Special Publication-Royal Society of Chemistry ¢ 278 226 [29] Williams P and
Glyn P, Cambridge: Woodhead. 2000, ISBN 1-85573-501-6.

[30] Garcia M, Alfaro C, Calero N, and Mufioz J 2011 Biochem. Eng. J. 55 73

[31] Banik R and Santhiagu A 2006 Biotechnology Letters 28 1347

[32] Ogawa E, Matsuzawa H, and Iwahashi M 2002 Food Hydrocolloids 16 1

[33] Dail, Liu X, LiuY,and Tong Z 2008 Eur. Polym. J. 44 4012

[34] Kanesaka S, Watanabe T, and Matsukawa S 2004 Biomacromolecules 5 863

[35] Miyoshi E and Nishinari K 1999 Phys. Chemistry and Industrial Application of Gellan Gum 68



The International Fundamentum Sciences Symposium 2018 IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 440 (2018) 012006 doi:10.1088/1757-899X/440/1/012006

[36] Miyoshi E, Takaya T, and Nishinari K 1996 Carbohydr. Polym. 30 109

[37] Chandrasekaran R, Millane R, Arnott S, and Atkins E 1988 Carbohydr. Res. 175 1

[38] Morris E, Gothard M, Hember M, Manning C, and Robinson G 1996 Carbohydr. Polym. 30 165
[39] Yang L and Paulson A 2000 Food Res. International 33 563

[40] Donhowe I and Fennema O 1993 J. of Food Processing and Preservation 17 247

Acknowledgments

The authors are grateful to Universiti Malaysia Terengganu (UMT) for providing the facilities to carry
out this project and Malaysia Ministry of Higher Education for the financial support vote FRGS 59358
and MyBrain15 (MyPhD).



