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Abstract. Edible coating is one form of packaging technology with environmentally friendly theme. The

raw materials of edible coating derived from nature, while the waste is decomposed or even zero waste.

The research of edible coating using experimental design RAL (completely randomized design) with two
factors, namely the type of raw material used tuber starch (cassava, arrowroot and canna) and the

percentage of starch (3%, 4% and 5%) (b/v) with three replications time. The quality analisys of edible
coating includes the physical properties (thickness (mm), tensile strength (N) and elongation (mm)) and
chemical properties (moisture content (%), solubility (%), the water vapor transmissin rate (g/hour) and
peroxide (mek/kg). The research showed that the edible coating with sorbitol plasticizer of arrowroot
starch 4% provide best physicochemical properties (thickness 0,09mm; 1,63N tensile strength; elongation
84,38mm; water content of 11.19%; solubility of 31.40%; the transfer of water vapor 0,16g / h and

3,20mek/ kg).

1. INTRODUCTION

The proper packaging techniques can improve the
quality and reduce damage to foodstuffs. One of the
primary packaging technologies in food is edible
coating. Edible coating is a thin layer on the surface of
foodstuffs made from edible material. Coating aims to
provide selective detentions for mass transfer (oxygen,
moisture, light, lipids, and solutes) and as a carrier of an
additive and to improve the handling of food [1, 2]. Food
coating can reduce weight loss and total acid, able to
maintain fruit color, maintain sensory quality, prevent
rancidity, extend shelf life, protect from the microbial
growth [3, 4, 5]. [6] also state that the coating was
effective in delaying ethylene biosynthesis and reducing
respiration rate.

Edible coating materials directly affect the
morphology and characteristics of produced by coating
[1]. The edible packaging materials can be made from
polysaccharides, proteins and fats, as a single component
or as a mixture [7]. Polysaccharide based coatings
(cellulose and its derivatives, chitin and chitosan, starch,
pectin, pullulan, and alginate), lipid based (waxes and
paraffin, acetoglycerides, resins), and based on proteins
(corn, gelatin, wheat gluten) [5].

The polysaccharide is widely used as an edible
coating is starch [8,9]. Starch polysaccharide content is
glucomannan. This is to function as film-forming. The
advantages of starch as the main material of edible

Corresponding author: tamibptp@yahoo.co.id

coating are as an good oxygen barrier, because starch has
a structure that is compact and has a low solubility
[10,11]. The others advantages are ready availability,
low cost, good filmogenic capacity, forming colorless
and tasteless films [12]. Starch component which is used
in the manufacture of edible coating is amylose.
Amylose produce films that are stronger than the
amylopectin [13]. Each type of starch has amylose
content is different. Amylose content in the starch is
divided into four groups, ie very low (<9%), low (9-
20%), medium (20-25%), and high (25-30%) [14].
Cassava, arrowroot and canna in a row has amylose
content of 19.8% =+ 0.38 (low); 20.8 + 0.42 (low-
medium) and 31.7 + 0.33 (high) [15]. This is different
from the opinion of [16] which states that arrowroot is a
source of starch with high amylose content (35%). The
size and shape of starch granule will affect the quality of
the product processed Starch. Granule size also affects
properties of starch such as starch composition,
gelatinization temperature, crystallization and solubility
[15].

Plasticizers in the edible coating categorized into
three, ie: 1. mono-, di-, and oligosaccharides, 2. polyols
(glycerol, polyethilen glycol and sorbitol) and 3. lipids
and their derivatives [17]. Polyols have the ability to
absorb the water in food products, molecular weight and
low toxicity. Sorbitol is reduced glucose formed by the
oxidation of glucose. Sorbitol has a crystal form, soluble
and stable in water although the long heating [18].
Sorbitol significantly increases the percentage of the
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extension of edible coatings exponentially with an
increase in humidity, and decreases the rate of water
vapor transmission [19]. The additional plasticizer in the
edible coating suspension aims to restrain the coating
cracks in the coated product. The addition levels of
plasticizer must be in accordance with the rules of the

range of 0.1% - 10% of the total weight [20].

The purpose of this research is to study some types of
starch (cassava, arrowroot and canna) in three levels of
concentrations (3%, 4% and 5%) to the quality of edible
coating which is applied on the apples. This study is
expected to provide scientific information on the
physicochemical properties of produced by edible

coating.

2. MATERIAL AND METHODE

Research conducted at the Laboratory of Postharvest and
Agricultural Machinery BPTP  Yogyakarta. The
materials that is used for edible coating apples
processing are starch and plasticizer (sorbitol). Starch
was made of three types of local tuber from Kulon Progo
Regency Yogyakarta. Research are arranged in a
completely randomized design with two factors and
three replications. The first factor is the type of starch
(cassava, arrowroot and canna) and the second factor is
the levels of starch (3%, 4% and 5%) (w/v) [21]. The
research stage consisted of starch processing and the
edible coating suspension processing (Figure 1 and 2).
Physicochemical qualities edible coating was analyzed
according to several parameters including the thickness
(Digimatic Micrometer), tensile strength and percent
elongation (Mechanical Universal Testing Machine),
moisture content (Oven Method), solubility [22], the
water vapor transmission rate (Water Vapor
Transmission Rate tester Bergerlahr with cup Methode)
and peroxide (Iodometry Titration). Data were analyzed
using Analysis of Variant (ANOVA) followed by real
different test (BNT) with significance level of 5% (a =

0.05%).

3. RESULT AND DISCUSSIONS

The source of starch, concentration and type of
plasticizer affect the properties of the coating/film such
as the thickness of the layer, tensile strength, the
permeability of water vapor, and the solubility of the

film [23].

The use of plasticizers, surfactants, lipids or other
polymers in edible coatings are intended to improve the
functional properties of starch-based films/coatings [12].
Sorbitol platisizers in composite films actually produce
lower water vapor permeability and higher tensile
strength [24]. Research by [25] states that sorbitol

produced films more resistant to puncture than glycerol.

Edible coating quality measurement in this research
was based on physicochemical properties testing.
Testing of physicochemical properties of edible coating
is done by making a sheet from edible suspension. The
following results of testing the quality of edible coating
on the three
types of tubers (cassava, arrowroot and canna) in the
three concentrations levels (3%, 4% and 5%).
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Figure 2. The edible coating manufacturer process
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3.1. The Physical Properties of Edible Coating

3.1.1 Thickness

One of the characteristics of edible coating that greatly
affects the biological nature and shelf life of coated food
products is thickness. The ideal thickness for edible
coatings or films is <0.25 mm [26].

The results of variance analysis showed that the
interaction of treatment types and concentrations starch
provide result were not significantly different to the
thickness of edible coating. The edible coating thickness
ranged from 0.06 to 0.125 mm (Fig 3.). These results are
in accordance with the characteristics of the thickness of
the edible coating (<0.25mm).

There are two treatments that show different results,
ie in the concentration of arrowroot tubers 3% and 5%.
In both treatments, the edible coating thickness is much
higher (0.7 and 0.65 mm). This is not in line with the
opinion of [16] which states that the film thickness of
arrowroot starch ranges from 0.026 + 0.008 to 0.082 +
0.011 mm. This difference may be due to the current
instability create a thin layer from the edible coating
suspension. The thickness of edible coating from cassava
starch and type of plasticizer "sorbitol" ranges from 0.06
to 0.100 mm. Its thickness is similar to the research of
[25] around 0.059 £ 0.005 to 0.081 + 0.005.

Factors that influence the differences in edible
coating thickness is the solution physical properties
(density, viscosity, surface tension, drying time) and the
coating formation technique [27].

Thick coating can restrict the exchange of respiratory
gases, thus causing a product accumulated ethanol is
quite high and increases off flavors [28]. Edible coating
thickness increase proportional to the increase in the
concentration starch used. This is because at the same
volume, the number of constituent polymers and total
dissolved solids that make up the layer increases.
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Figure 3. The Thickness of Edible Coating

3.1.2 Tensile Strength

Some studies state that the tensile strength of coatings or
films using material from polysaccharides (waxy maize,
tapioca, potato, wheat, corn) vary between 10-100 MPa
[26].

The observation of [29] states that the tensile strength
of edible coating increases with increasing starch
concentration. The addition of starch concentration
causes higher amylose content, so the more matrices are
formed, the stronger and the greater the tensile strength
produced.

The influence of types and concentrations starch to
the tensile strength is presented in Figure 4. The results
of variance analysis showed that the interaction of types
and concentrations starch significantly. Cassava starch
provide the lowest the tensile strength values for all
concentrations (0.54 to 1.10 N/mm2) compared with
arrowroot (1.63 to 1.83 N/mm2) and canna (2.44 to 4.06
N /mm?2). While the canna starch has the highest tensile
strength values (with a rigid gel strength) forming edible
coating which is more rigid than edible coating from
cassava and arrowroot starch. Increasing concentrations
of starch and amylose in the film suspension increases
the number of hydroxyl groups and produce rigid film
[30]. The higher levels of amylose and starch
concentrations used, the edible coating come stronger.
Cassava is a tuber that has a low amylose content while
arrowroot and canna into the medium and high category.

Each type of starch has different levels of amylose
and amylopectin (cassava, arrowroot, and canna).
Amylose and amylopectin exhibit different behaviors
with respect to gelation and the development of
crystallinity [19].

Amylose crystallinity is only slightly affected by the
addition of plasticizers, whereas amylopectin does not
have enough time to crystallize before the water content

reaches very low values during the drying process
Rindlav-Westling ef al., 1998 in [19].

Plasticizers increase the crystallinity in amylopectin.
Increased crystallinity makes cassava flour films more
fragile, increases tensile strength and modulus of
elasticity and strain is relatively lower [19].

This is consistent with the opinion of [19], that the
concentration and type of starch (differences in the
composition of amylose and amylopectin in each type of
starch) greatly determine the increase in tensile strength.
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Figure 4. Tensil Strength of Edible Coating

3.1.3 Elongation

Starch-based coating is easily broken, the higher the
concentration would reduce flexibility [30]. Elongation
inversely proportional to the tensile strength. [26]
mentioned that the elongation is expressed as the
percentage of change in the original length of film before
breaking and gives a measure of the extensibility of the
films, and edible films or coatings made from
polysaccharides have elongation values ranging from 1-
80%. A high elongation value indicates the edible
coating is getting more elastic.

Research by [29] states that starch content has no
significant effect on the elongation of edible coatings,
because it is influenced by the main constituent
components (starch) and additives (plasticizers) (both
types and levels).

Results of variance analysis showed that the canna
starch provides low elongation properties for all levels of
concentration (42,94% - 61,19%) than arrowroot starch
(67,86% - 141,36%) and cassava starch (107,47% -
130,91%) (Fig 5.). In starch-based edible coating canna,
the increase in concentrations starch causes elongation
value go down. The results of the study are consistent
with observations by [31] which states that the addition
of starch will increase the ratio of starch and plasticizer,
so that the characteristics of plastic edible coating
(elongation) decreases. Conversely, the arrowroot and
cassava starch, the starch concentration rises, the
elongation becomes greater. This is in line with the
report of [32] which states that the elongation of edible
coating tends to increase with the addition of cassava
starch to the fixed amount of plasticizer (glycerol).

The difference the size and shape of three types of
starch granules affect the value of the elongation. Canna
starch has a starch granule size of the biggest, namely
42,3um while cassava and arrowroot is 15.9 pm and 21.1
pum [15]. The larger the size of the granules causes the
chain bond more easily broken, so the edible coating
made from starch canna have properties more rigid,
brittle and inelastic.

Cassava Arrowroot Canna edulis

3% of starch @4% of starch @5% of starch

Figure 5. Elongation of Edible Coating
3.2. Chemical Properties of Edible Coating

3.2.1 Moisture Content

Water content in food affect the stability, appearance,
texture and taste of food, as well as an controlling the
growth of microorganisms [33]. Edible coating that have
low water levels will be better able to reduce the damage
and extend the shelf life of foodstuffs.

The water content of edible coating ranged between
11.34% - 45.27% in the combined treatment of various
types and concentrations starch (Fig 6.). Edible coatings
are made from cassava and arrowroot starch has a low
water content, ie 11.345% - 16.94%, while those made
from canna starch has high water content (26.40% -
45.27%).

Observation of [34] states that the type of plasticizer
and the concentration of plasticizer have a significant
effect on the edible coating moisture content produced.
This is in line with research by [19] which states that the
concentration and hydrophilicity of sorbitol is a factor in
determining the moisture affinity of edible coatings
based on cassava flour.

The use of sorbitol plasticizers produces lower water
content compared to glycerol [34]. This is reinforced by
the opinion of [10] who said that sorbitol has a lower
ability to bind water compared to glycerol.

The difference in molecular weight of each type of
plasticizer and starch can cause an increase in water
content. The greater molecular weight causes a greater
gap between molecules, so that it can be inserted by
water molecules and ultimately results in an increase in
water content Goldberg and Williams, 1988 in [34].

Starch is a polysaccharide containing amylose and
amylopectin. Amylose and amylopectin content of each
type of starch is different. Canna starch has the highest
amylose content, followed by arrowroot starch and
cassava starch. Amylose is a type of starch that is soluble
in water and has a molecular weight of 50,000-200,000,
while amylopectin is a type of starch that is insoluble in
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water with a molecular weight of 70,000 to one million.
It is estimated that the water content of edible coatings
based on canna starch is higher than the other two types
of starch.
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Figure 6. Moisture Content of Edible Coanting

3.2.2 Solubility

The value of solubility in edible coatings is used to
determine the ability to dissolve and hold water. High
solubility will produce edible coatings that dissolve
easily but do not have the ability to retain water.

Increased starch concentration (polysaccharide type)
tends to reduce the value of the solubility of edible film.
This is due to the level of dissolved solids and the
number of bonds between molecules in the edible
coating solution which increases [35, 29]. On the other
hands, [36] explained that the addition of sorbitol can
reduce intermolecular forces so as to increase water
solubility.

Results of variance analysis to solubility of edible
coating made from cassava starch, arrowroot and canna
in three levels of concentrations showed significant
differences (Fig 7.). Solubility ranges between 26.421%
- 39.513%. Edible coatings are made from starch canna
has the highest solubility (39.513%) and indicate if the
starch concentration increases, the solubility decreases.
The size and shape of starch granule also affects the
solubility of edible coating [15].
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Figure 7. The solubility of Edible Coating

3.2.3 Water Vapour Transmission Rate (WVTR)

[37] mentioned that the edible coatings made from starch
have good ability as a gas barrier (02 and CO2) but are
not good as a water barrier. This is due to its high
hydrophilicity and the presence of polar plasticizing
molecules (to improve the flexibility of edible coatings).
The addition of sorbitol on starch-based edible coating
solution is able to improve the flexibility of the film,
mechanical properties, the permeability of oxygen and
water vapor [37]. Sorbitol is a type of plasticizer suitable
for edible coatings made from starch.

The results of variance analysis, all treatment types
and the concentration of starch to the water vapor
transmission (WVTR) show significant differences. In
the third types starch with 3% concentration level has
WVTR fairly stable between 0.161 to 0.172
gH20/m2hour. This is consistent with what was stated
by [16] that starches and plasticizers (glycerol) in edible
coatings have no significant effect on water vapor
permeability, while in the level of concentration of 4%
and 5% indicate that the increasing concentration of
starch cause WVTR go down (Fig 8.). WVTR declined
due to the increase in soluble solids in suspension, as
well as the increase in the concentration of amylose
molecules forming hydrogen bonds stronger, resulting in
a compact structure [7]. Cassava starch and canna in the
4% concentration gives the highest WVTR values (0.214
and 0.225 gH20/m2hour). From the three types of
starch, arrowroot of starch types which have the lowest
WVTR in the all concentration levels.
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Figure 8. Water Vapor Transmission rate of Edible Coating

3.2.4 Peroxide

Peroxide was the amount of fat index that has undergone
oxidation. Peroxide is very important to identify the
level of fat oxidation. Fat in the manufacture of edible
coating role as a carrier of flavor, dyestuff and forming
texture. Sorbitol is a type of synthetic lipid that function
as plasticiser. Results of variance analysis showed that
the peroxide from all treatments was significantly
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different. Peroxide of the range of 3.203 - 4,050mek/kg
(Fig. 7). Peroxide is included in the low threshold. The

high value of peroxide can accelerate the process of

rancidity and undesirable flavor in the food.

Peroxide (mleg/kg)
a D
6,000 EE §3 2 Ei 2 Ei ;i 5%
4,000 il D e O o
2,000 |- ﬁq R 1B
B e |
0,000 : :

Cassava Arrowroot Canna edulis
03% of starch E4% of starch 5% of starch

Figure 9. Peroxide of Edible Coating

4,

CONCLUSION

Each type of starch has amylose content, size and shape

of

the granules. Differences in the type and level of

starch concentration was significantly determines the
quality of the edible coating. Edible coatings having
good physical properties: the thickness of thin (<0.20
mm), low tensile strength (not brittle / rigid) and high
elongation (elastic). Edible coatings are both also have
the following chemical properties of the water content,
water vapor transmission and low peroxide and has a
great solubility. Seventh physicochemical properties of
the best edible coating produced by the type of arrowroot
starch at a concentration level of 4%.
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