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Abstract - Edible film is a thin and transparent
plastic made from edible materials and protects
material from damage due to the environment
and microorganisms disaster. Polylactic acid
(PLA) is one of polymer which potentially used
as raw material of edible films. PLA is a very
fragile nature material, so it necessary
combining PLA with nanocrystaline cellulose
(CNC) to improve it is properties. Combining
PLA with nanocrystaline cellulose (CNC) could
increase the mechanical properties of tensile
strength and elongation at break of PLA. The
aim of this study was to obtain the the best
formulation of PLA-CNC to get the optimum
tensile strength and elongation at break of PLA.
The result showed that the addition of CNC was
decrease tensile strength and increased
elongation at break. The best mechanical
properties of edible film is reached by using 20%

CNC.
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1. INTRODUCTION

Packaging is a coordinated
system to prepare goods to be ready to
be transported, distributed, stored, sold
and used. Currently, the packaging
materials commonly used are plastic

polymers, because they are

lightweight, inexpensive, easily
obtainable and shaped according to the
product to be packaged. However, the
use of plastic has caused serious
problems. The nature of plastic that is
not easily biodegradable has caused
environmental ~ damage.  Another
negative aspect is that plastic polymers
which are not heat-resistant can cause
contamination through the
transmission of the monomer to
packaged materials so that they do not
meet food safety rules. With increasing
public awareness of the importance of
healthy living, encouraging the use of
safer and healthier food packaging
technologies. One type of packaging
that is environmentally friendly is

edible film and coating.

Edible film as food packaging
can be formulated in the form of nano
technology, which allows it to control
the release of bioactive compounds
contained in it (Quirds-Sauceda et al.,
2014).

Nanoparticles function as
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carrier material and distribute bioactive
compounds throughout the food
2009). One

polymer that has the potential to be

(Bouwmeester et al.,
developed as a raw material for edible
films is polylactic acid (PLA). PLA is
a polymer that is biocompatible,

biodegradable and derived from
renewable resources (Mofokeng, JP, &
Luyt, AS., 2015). PLA can be obtained
from lactic acid derived from sugar,
starch and cellulose (Lasprilla et al.,
2012). PLA is a non-toxic and non-
carcinogenic polymer for the human
body so it is very good to use for food
packaging applications.

Previous research that had been
carried out was the making of PLA
from lactic acid by direct

polycondensation  method  without
catalyst. The optimum results obtained
were at gradual polycondensation
temperature (150°C for 2 hours and
continued 180°C for 2 hours). The
PLA produced had a molecular weight
(Mw) of 2820. The PLA produced was
brittle (Rahmayetty, 2017b). The very
fragile nature of PLA with elongation
at break of less than 10% will limit the
polymer processing conditions (Rasal
& Hirt, 2010). PLA films for food
packaging applications must have high
elasticity  at

room temperature,

transparency and low crystallinity (EI-
Hadi, Ahmed M., 2017).

Modification of PLA by
blending or composite with other
polymers can improve the mechanical
properties of tensile strength and
elongation at break of PLA. The choice
of polymer to make PLA composite
material will affect the characteristics
of the composite polymer produced.
Cellulose is a polymer derived from
plant cellulose fiber which has
abundant availability. Cellulose in the
form of nanoparticles or known as
nanocrystaline cellulose (CNC) is
commonly used to improve the
mechanical properties of biopolymer-
based materials (Eichhorn et al., 2010).
According to Jalal Uddin et al., 2011,
CNC has a high crystalline structure
and has excellent properties such as
tensile strength and elasticity modulus.
CNC
strengthening

Adding 2% of CNC weight to poly

is an effective material for
polymer  materials.
(vinyl alcohol) (PVA) can increase
modulus tests by 49% (Chen et al.,
2012); the use of 5% CNC weight into
chitosan-based edible films increased
tensile strength by 26% (Khan et al.,
2012); and on CNC-natural rubber

nanocomposite  applications,  both
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tensile strength and tensile modulus
values increase respectively 38% and
433% (Zhang et al., 2014). The CNC
concentration added to the polymer
will greatly affect the tensile strength
and elongation modulus values of the
composite polymer produced. Based
on the description above, research on
making edible coating films from
PLA-CNC composites needs to be
done to produce packaging material
with good characteristics.

2. MATERIAL AND METHODS
2.1 Materials

Commercially available PLA
pellets (PLA; Ingeo ™ Biopolymer
4060D) was supplied by NatureWorks
LCC , USA and cellulose nanocrystals
(CNC) powders was purchased from
Sigma-Aldrich,

Chloroform was obtained from Merck,

Singapore.

Jakarta, Indonesia.
2.2 Methods

The CNC

dissolved in chloroform and then was

powder  was

sonicated for 5 minutes to get the
dispersed phase. PLA in the form of
solids was dissolved in chloroform (2
grams of PLA in 50 ml of chloroform).
The CNC that has been dispersed in

chloroform was added to the PLA
solution with a certain ratio. The CNC
fraction added to the PLA solution was
varied ie 2.5%, 5%, 10% and 20%
(w/w). Poly ethylene glicole (PEG)
was added as much as 10% as
plasticizer. Melt compounding was
carried out Dby sonicated for 10
minutes. The solution was then poured
in a glass plate to form a film with a
thickness of 0.5 mm and dried for 1
day. Chloroform drying and removal
was carried out at a temperature of
60°C. The dried film was removed

from the plate and analyzed.

2.3 Characterization of mechanical
properties

The analysis of edible film
mechanical properties were tensile
strength and elongation at break.
Tensile strength and elongation at
break weer
ASTM D882-02 method. Films were

cut manually into 1.5x10 cm and then

determined using the

stretched by Instron 5585H tensometer
using at a crosshead speed of 12.5
mm/min. Testing conditions include
humidity of 505 and
temperature of 23+2°C. At least 5

relative

samples per treatment were tested and

values were averaged.
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3. RESULTS AND DISCUSSION
3.1 Visual of edible film

The resulting PLA-CNC composite
edible film has a white visual shape
with a flexible structure, as shown in
Figure 1.

(b)

Figure 1 composite edible film of
PLA-CNC (a) 5% CNC (b) 20%
CNC
Increasing concentration of CNCs in
PLA matrik causes the edible film
visual form not homogeneous due to
uneven PLA and CNC mixing. In this
study mixing PLA and CNC using
only a sonicator with a frequency of 15
kHz for 10 minutes and without using
a homogenizer. Uneven mixing affects
the shape and mechanical strength of

edible films.

3.2 Characteristics of mechanical

properties of edible films

The characteristics of the
mechanical properties of the edible
films produced were analyzed through
tensile strength and elongation at break
tests. The mechanical properties of
edible films are shown in Figure 2.
Figures 2 and 3 show that the addition
of CNC
properties of edible films. The addition
of 25% (w/w) CNC from PLA
produces the highest tensile strength of

improved the mechanical

15.72%. The same results were also
informed by Agustin et al. Increased
tensile strength caused by CNC as a
filler that fills the PLA matrix and the
presence of CNC and PLA interface
adhesion forces. Interface adhesion
from PLA and CNC is caused by both
containing hydroxyl groups that form
hydrogen bonds interfaces. A strong H
bond between the CNC and PLA faces
causes effective reinforcement of the
matrix. However, increasing the
number of CNCs can cause damage to
mechanical properties. As the number
of CNC increases, elongation at break
also increases. The highest elongation
at break is 22.4% at the addition of

20% CNC.
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The increase of elongation at
break from PLA-CNC blend film was
caused by CNC which fills the PLA
matrix and the presence of plasticizers
in the form of polyethylene glycol by
10% (W) of PLA and CNC total
weight.

20 ~
15.72

15 -
10 - 8.631 8.413 7.675

tensile strength (MPa)

0 2.5 5 10 20
% CNC

Figure 2 tensile strength edible film

elongation at break
(%)

% CNC

Figure 3 elongation at break edible

film

Comparison of edible film results with
standard edible films is shown in Table
1. Based on tensile strength and
elongation at
addition of 20% CNC produces the

best edible film characteristics.

break analysis, the

Table 1 Comparison of edible film
characteristics with standard of edible

films
Treatment (PLA : | Tensil | Elongati
CNC) e on at
streng | break
th (%)
(MPa
)
T1(100:0) 1.2 478
T2 (100: 2.5) 15.72 9.54
T3 (100:5) 8.63 14.65
T4 (100 : 10) 8.41 | 18.40
T5 (100 : 20) 7.68 22.4
Standard of edible 2 25-45
film
(bbp4b.litbang.kkp.
go.id)

4. CONCLUSION

Addition of CNC to PLA matrix was
increase tensile strength and elongation
at break from edible film. Mechanical
edible films that
approached the standard edible film
were obtained by adding 20% CNC to
the PLA matrix (TS5 100: 20), with
tensile strength and elongation at break
were 7.68 MPa and 22.4%
respectively.

properties  of
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