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ABSTRACT

Edible film can be used as packing material alté¢rreathat does not give negative impact to therenwent since

it uses cheap and renewable sources. Belitung stach (Xanthosoma sagitifolium) and chitosan asedias the
ingredients in the making process of edible filrthwglycerol as the plasticizer. The characterizat®f edible film
includes thickness, tensile strength, maximumrsti@¢anning Electron Microscopy (SEM), and Foufiesinsform
Infrared Spectroscopy (FT-IR). The obtained restds addition of chitosan 0.5% (PK1) is the besbledfilm if
observed from tensile strength of 84.34 MPa andoshn 1.5% (PK5) from maximum strain of 49.1%. SEM
morphologic photograph shows the surface of time filat is homogeneous and without any fractures.

Keywords: edible film, belitung taro starch, chitosan

INTRODUCTION

Plastic packaging is one of the most used kindawkpging in food and beverage industries. Unfotilgait is
often used for a one-time purpose only and is abiodegradable material that contributes as onth@figgest
waste in the environment. The biodegradable andra@mwent-friendly edible film is regarded as one thé
alternatives to food packaging.

In the past few years, researches about the prioduat edible film are starting to develop. Resbas:lead to the
development of the usage of new materials, devedoprof film producing methods and the improvemeht o
characteristics of the film and its usage. Manynfgaroduced materials such as cassava [1], ricé, [@a8n [4-6],
belitung taro [7-9], mung bean [10], potatoes [2],, bananas [13], wheat [14], and sea produces ascdeaweed
[15], carrageenan [16] has been tested in the ptamuof edible film to achieve better quality difet film. But,
according to properties of the film that is prodiiceuch as the tensile strength, is still unsatisfg. Thus, another
alternative for the raw material of the edible fittill needs to be found.

Edible film made from starch is less elastic andhydrophilic, and to cope with this, another aduditil material
needs to be added to improve its mechanical creistit. The addition of glycerol as the plasticjas intended to
improve its elasticity and to weaken the stiffne$she polymer, and to improve the flexibility die polymers.
Glycerol has the ability to decrease the interryalrbgen bond in the intermolecular bond [2].

Belitung taro starch can be used as the materiadliie film production. Belitung taro@nthosomasagitifoliujris

chosen as the source of starch because of its ghvéag its renewability, its biodegradability, aitdis edible.
Belitung taro contains 34.2% carbohydrate [17]. YWhakes taro better than other materials is itcktes easy to
digest. This is caused by the small size of thecktgranules and it also contains quite a lot oflase (20-25%)
[18].
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Chitosan is one of the co-polymers of D-glucosan@nd N-acetyl-D-glucosamine [6]. Chitosan is obddiffrom

N-deacetylation of chitin [19, 20]. Unlike the irgble characteristic of chitin in most solventsiteban is soluble
in some organic and an organic acids and also featienic polymer [12]. Currently, there are mamplécations
of the usage of chitin and chitosan and their deirres in food industries, food processing, biotextbgy,

agriculture, pharmacy, health, and environment 12,21, 22].

The usage of starch and chitosan in the producti@dible film has been studied many times befBrd, the usage
of starch from belitung taro and chitosan has néesm studied before. This paper illustrates thoelyetion and
characterization of edible film made from belituago starch and chitosan with glycerol as its ptasr for food

packaging purpose.

EXPERIMENTAL SECTION

2.1 Materials

Belitung taro tuber is bought in a traditional metrkn Padang, Indonesian. Food grade of glycerdlauetic acid
(Merck) is obtained from Novalindo Company (Padangonesian). Chitosan is obtained from Chemix Canyp
(Yogyakarta, Indonesian). Belitung taro starch almfrom Belitung taro tuber using modified RF §iasia method
[23].

2.2 Film preparation

Belitung taro starch 5% (w/v) and glycerol 2% (wafe gelatinized in 120 mL diluted water. Chitosaith
variations as follows: 0.5%, 0.75%, 1.0%, 1.25% ar5% (w/v) is dissolved in 30 mL acetic acid 1##u) which

is heated for 10 minutes on the temperature ofG3oth solutions are mixed so the total volumehef mixture
become 150 mL. The mixture is then heated at thpéeature of 65C for 30 minutes. The mixture is poured to a
30 cm x 18 cm x 1 cm glass plate, and is driechattémperature of 7% for seven hours. Later, the mixture is
cooled at room temperature and film layers is rezddvom the cast.

2.3 Characterization of ediblefilm

2.3.1 Thickness of belitungtar ofilm

Thickness of edible film is obtained from measuratie five different locations using screw microeewith 0.01
mm accuracy. The mean values are used to calauketanical properties. Measurement of thicknessnslucted
at the temperature of 2&.

2.3.2 Mechanical properties

Mechanical properties that are measured are tesisd@agth and maximum strain with using a UniverBasting
MachineCOM-TEN testing machine 95T seri@edel. The tests are carried out according toABEéM D638 2005
[24].

2.3.3 Scanning Electron Microscopy (SEM) characterization
The morphology of edible film’'s surface is analyaesing Scanning Electron Microscopy (SEM) HitacB480N.
The accelerating voltage is 8.00 kV with the wogkitistance of 5.7 mm and 6.0 mm.

2.3.4 Fourier Transform Infra-Red (FT-IR) Spectroscopy
The functional cluster inside edible film is anayzusing FT-IR Thermo Nicolet iS10. Spectra is rded at a
spectral wave with obtained wave number betweenci®0and 4000 cm.

RESULTSAND DISCUSSION

Edible film made from starch and chitosan (PK1, PRR3, PK4, and PK5) that is produced has softasexfclear,
transparent, homogenous and flexible. The colochitosan is yellow, so, addition of more chitosa@uses the
film’s color to be more yellow (Figure 1.a — 1.Eprmation of film is based on gelatinization pracesen starch’s
granules expanded in size and exploded which wikad to all parts and forms colloid dispersiomwiter when
flour is heated. Gelatinization process is markeit whe color change in flour mixture that is pleized by the
glycerol and mixture will become thicker. Dryingogess will result to shrinking due to released wate gel will

form a stable bioplastic. Starch with high amylteses| will form harder gel [2].
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(d)
Figure 1. Ediblefilm PK 1 (a), PK2 (b), PK3 (c), PK4 (d), PK5 (e)

@ (b) © ©
3.1Thickness of ediblefilm

Edible film thickness that is produced during reskds around 100 — 200 um (Table 1). Film thiclengsnds to
raise as more chitosan is added.During gelatimmatirocess, starch clotting takes place when demration
happened. That clotting forms water-absorbant fgigh mixture viscocity is affected by water absaodpicapacity
on materials that will affect film thickness. Usagfepolysacaride as the main material to this edfilin causes a
high viscosity that will produce greater thickngks Usage of film as packaging must be adaptegroalucts it will
pack and is affected to film thickness. Film medbaincharacteristic is also affected by film thielss.

Table 1. Thickness of belitung taro starch ediblefilm and chitosan

Film name Starch concentration (%) Chitosan comaoh (%) Thickness (um)

PK1 5 0,50 100
PK2 5 0,75 100
PK3 5 1,00 100
PK4 5 1,25 180
PK5 5 1,50 200

3.2 Ediblefilm mechanical characteristics

The components of belitung taro starch edible fira belitung taro starch, chitosan, and glycerbictv affect the
produced edible film’'s mechanical characteristiesom previous researches, edible film from belitdiawgp starch
has tensile strenght of 25.72 MPa [8]. Additiorchitosan gives higher strain tensile strenght (E)g.The highest
tensile strenght is recorded when 0.5% chitosanljH& added, which is 84.34 MPa, and it decreasemare
chitosan is added. On the other hand, a differesitlt is reported that by adding thermoplasticodainh, it gives a
significant effect to the decrease of tensile gfherof the mixture based on corn starch and thelastip chitosan
[4].

The more hydrogen bonds found in edible film, th@rger its chemical bond will be. Stronger chernlwand
needs big amount of energy to break the bond, tbugach maximum strain needs bigger force. Hyeindgonds
formed also cause the increase of matrix amouidénthe edible film. During drying process, glatiaed starch
will bond each other forming a compact and straimg fatrix [25].
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Figure 2.Tensile strength of edible filmbelitung taro starch-chitosan
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From previous researches, edible film made fronitlbej taro starch has maximum strain of 14.4% Bgjlitung
taro starch edible film with variations of chitosaddition give higher maximum strain (Fig. 3). Thigest
maximum strain is obtained when adding 1.5% chitd®K5) which is 49.1%.
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Figure 3.Maximum strainof edible film belitung tar o starch-chitosan

Maximum strain is affected by the decrease of laisit uniformity due to the increase of amorf paitaring the
production process of edible film, adamage to alystructure of the starch takes place due to teghperature in
gelatinization mechanism and mixing. Plasticizepished into starch matrixes by the change of Istaricro-

structure. Effectivity of glycerol as plasticizar biodegradable plastic is caused by the small sfzglycerol

molecules compared to starch molecules, thuséladively easy to penetrate between the polymainshin starch.
Next, plasticizer will decrease starch inter-molacunteractions (cohesion) by forming hydrogen d®metween
hydroxyl chain in starch molecules and plasticidacro-molecular chains inside starch will againridhat results
to the increase of film flexibility [26].

From the edible film, tensile strength of around8®9- 84.34 MPa is obtained with maximum straimamiund 6.9 —
49.1%. According to Table 2, if mechanical charaste of belitung taro starch and chitosan edibilm is

compared to edible films from previous researchesitung taro starch and chitosan edible film hastey
mechanical characteristics.

Table 2. Comparison of the mechanical characteristics of edible filmbelitung taro starch-chitosanand edible film some previous studies

Research Tensile strength (MPp) Maximum strain [%&longation of break (%
Belitung taro starch-chitosan 84.34 49.1 -
Corn starch-chitosan [4] 15 - 108
Corn starch-chitosan [6] 20 9.09 -
Mung bean starch-gliserol-chitosan [1P] 38 - 0.75
Potato starch-chitosan [11] 10.61 - -
Cassava starch-chitosan [11] 9.27 - -
Chitosan-potato starch [12] 13 - 3
Wheat starch-chitosan [14] 48 - 4.6
Breadfruit starch-chitosan [22] 16.34 6.0

3.3 Maorphology analysiswith Scanning Electron Microscopy (SEM)

Visual observation of edible film shows that ediffilen has soft surface. Surface morphology of esliblm is
decided using SEM with 1000x magnification. The neigaph shows that PK1 film that is produced dottawe
any fractures and is homogenous (Fig.4a). A differesult is obtained from PK3 film that is lessriagenous
(Fig.4b). The presence of white peaks shows disgerkitosan particles inside starch matrixes, whiefans not all
chitosan is dissolved in acetic acid solution. Ti@re chitosan added, the less the solubility wal] that causes a
decrease of the mechanical characteristic valissi(e strength and maximum strain). The same tréswdlso
reported which is film layer that contains staretmoparticles become uneven and rough, and withiaddif 15%

nanoparticles will cause aggregation of the nartapyas and micro phase separation between nanojesrtand
matrixes [5].
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@ BRG]
Figure 4. SEM micrograph (x 1000) of ediblefilm PK1 (a), PK3 (b)

3.4 Analysiswith Fourier Transform Infra-Red (FTIR)

Analysis of functional chains in PK3 edible film ¢é®@nducted using FTIR. Figure 5a shows that thenridilR
spectra of PK3 edible film which is alkene groupsabsorption of 924.51 and 993 ¢mC-O-C stretching of
1077.36 and 1149.98 ¢he-O stretching di-alkyl ether; C-H alkene bendisgiibstituted at 1410.32 érrcarboxyl
anion stretching at 1559.34¢mC=C non-conjugated alkene amides at 1636.59; dH alkene stretching at
2921.09 crit; and O-H vibration polymeric association stretghgmoups at absorption of 2931.13tm
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Figure5. FTIR spectra of ediblefilm PK3 (a), FTIR spectra of edible filmbelitung taro starch (b)

PK3 film FTIR spectra has a similarity with beliutaro starch film spectra (Fig.5b). This similanheans that
both has similar functional clusters even they eigpee a little turbulence at the wave number. Diggest
difference between both spectra is on OH groug@KS film has a high and wide intensity due to additof OH

groups from chitosan. Greater interaction and watesorbency on edible film can cause a wideninghim

absorption of OH groups [27]. This result has ailsirity with previous research [4], which was aliigeak at 3300
cmi’, 3280 crit, and 3286 cithat identifies the presence of OH groups.

CONCLUSION

The addition of chitosan 0.5% (PK1) is the besbledfilm if viewed from its tensile strength of 84. MPa and
chitosan 1.5% (PKD5) if viewed from its maximum giraf 49.1%. SEM morphological photos show thatghegface
of edible film PK1 structure doesnot have any fueg$ and is homogenous. Functional cluster testtrsem FT-
IR shows a significant absorption on OH groups.
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