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ABSTRACT

THE EFFECT OF OXIDATION ON SAGO STARCH AND ITS APPLICATION AS EDIBLE
FILM. The oxidation reaction with hydrogen peroxide in sago starch can influence the proximate test value,
physicochemical properties and edible film properties. The hydrogen peroxide formula for starch modifica-
tion is 1, 2, 3 and 4%. The presence of hydrogen peroxide increases the physicochemical properties of sago
starch so that the quality of modified sago starch is better than pure sago starch. Glycerol is used to improve
film flexibility in the manufacture of edible coatings. The characterization of edible film includes water content,
contact angle and elongation. Edible film from modified sago starch shows lower water content compared to
pure sago starch films. The oxidation effect of H,O, on edible film results in changes in the hydrophilic
properties including the contact angle. Edible film of pure sago starch shows a lower contact angle value. The
hydrophilic nature of edible film decreases in the presence of hydrogen peroxide. The high hydrophobicity of
the modified sago starch film is caused by the role of carboxyl groups in the starch molecule chain.
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ABSTRAK

PENGARUH OKSIDASI PADA PATI SAGU DAN APLIKASINYA SEBAGAI EDIBLE FILM.
Reaksi oksidasi dengan hidrogen peroksida pada pati sagu dapat mempengaruhi nilai uji proksimat, sifat
fisikokimia serta sifat edible film. Formula hidrogen peroksida untuk modifikasi pati adalah 1, 2, 3, dan 4%.
Adanya hidrogen peroksida, meningkatkan sifat fisikokimia dari pati sagu sehingga kualitas pati sagu yang
dimodifikasi lebih baik daripada pati sagu murni. Gliserol digunakan untuk meningkatkan fleksibilitas film pada
pembuatan edible coating. Karakterisasi edible film meliputi kadar air, contact angle dan elongasi. Edible film
dari pati sagu yang dimodifikasi menunjukkan kadar air yang lebih rendah dibandingkan dengan film pati sagu
murni. Efek oksidasi oleh H,0, pada edible film menghasilkan perubahan pada sifat hidrofilik termasuk contact
angle. Edible film pati sagu murni menunjukkan nilai contact angle yang lebih kecil. Sifat hidrofilik dari edible
film menurun dengan adanya hidrogen peroksida. Hidrofobisitas yang tinggi dari film pati sagu yang modifikasi
disebabkan oleh peran gugus karboksil yang ada pada rantai molekul pati.

Kata kunci: Oksidasi, Hidrogen peroksida, Sifat fikokimia, Edible film, Hidrofobisitas

INTRODUCTION

Starch is the second most abundant biopolymer  found in the stem with a capacity of up to 300 kg and its
after cellulose found in high level plants, renewable, and  productivity reaches four times greater than rice. [1].
available in all parts of the world. Sago is one of several In terms of quality, natural sago starch has several
tropical plants that contain a very large amount of starch  disadvantages such as inconsistent viscosity or varied
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paste profiles, unusual odor, and faded colors.
Limitations in terms of resistance to shear and low
temperature and having a high tendency towards
retrogradation become constraint factors in terms of
consumer acceptance and application. [2].

To overcome the limitations in terms of
functionalities to be acceptable by consumers, a
modification of sago starch is carried out by using H,O,
which is an oxidizing agent. Oxidation will convert the
hydroxyl group on starch to carboxyl, oxidation will also
break down the glycosidic bonds on starch molecules.
The modified starch with oxidation method is widely used
in the food and nonfood industries where film formation
and adhesion properties are needed. [3].

Edible films are renewable packaging. The
advantages of an edible film include the diffusion of
oxygen and water vapor into the material needed,
inhibiting decay by microbes and its safety for
consumption. Plasticizer is needed to make an elastic
continuous layer. The type of plasticizer used is glycerol.
[4].

The focus of this research is to find out the
characteristics of pure starch and oxidizedly modified
starch for later edible films made from pure sago starch
and oxidizedly modified starch and to characterize the
mechanical properties of edible film from pure starch and
modified starch.

EXPERIMENT METHOD

Materials and Equipment

Sago starch (Ambon), distilled water of 30%
hydrogen peroxide, pure N-hexane K,SO, glycerol
amylose (Merck, Darmstadt, Germany), formaldehyde,
PP indicator, NaOH ethanol pro analyst iodine potassium
iodide acetic acid HCL (Merck, Darmstadt, Germany).
JEOL JEM 1400 Transmission Electron Microscope
(TEM) for microstructure analysis.

Procedure

Oxidised Modification of Sago Starch with
Hydrogen Peroxide: Pure sago starch is oxidized using
Hydrogen Peroxide with concentrates of 1, 2, 3 and 4%
according to the method carried out by Catarina et al
(2016) [5]. 100 grams of pure sago starch were dissolved
in distilled water to produce starch suspensions. Then
it wass stirred using a stirrer at room temperature then
H,O, was added. After that, stir for 120 minutes. Next,
cleaning was done 4 times using distilled water. Then it
was filtered and dried at a temperature of 500 °C for 48
hours. The dried starch powder produced was smoothed
using a 100 mesh filter.

The Making of Edible Film: The making edible
film was conducted using pure sago and modified sago
which contains the optimal concentration of H,O,. The

sample was weighed 5 grams and then mixed with
100 mL of distilled water. Then stirred for 30 minutes at a
temperature of 600 °C. Glycerol was added as a plasticizer
with a concentration of 1% (v/v). 10 grams of sample
was poured on a petri dish with a diameter of 100 mm.
The sample was dried overnight at a temperature of
450°C.[6].

Characterization

Characterization of pure sago and sago which
has been modified by oxidation includes water content,
fat content and ash content based on Nielsen method, S
(2017) [7], amylose content, and protein content based
on the Northrop (1926) method [8], solubility and
swelling power were carried out based on Senanayake
et al (2013) [9] method, gelatinization temperature was
carried out based on Akpa et al (2012) [10] method, and
the determination of carboxyl groups was carried out
based on Biduski et al (2017) [11] method. Modified
functional group analysis of pure cassava starch and
sago using FTIR at wave numbers 4000-400 cm™.
Analysis of functional group of pure cassava starch and
modified sago used FTIR at wave number 4000-400 cm-
1. Morpho-logical analysis of pure cassava starch and
modified sago used a scanning electron microscope
(SEM) HITACHI SU3500. Water content analysis on
edible film was carried out by the method (Moreno etal.,
2017) [6], contact angle with Ballesterosa et al (2018)
[12] method, and SEM, tensile strength and elongation
were carried out on edible coating.

RESULTS AND DISCUSSION

The results of the proximate analysis of pure sago
and modified sago are presented in Table 1. Based on
the water content data shown in Table 1, the water content
will decrease with increasing H,O, concentration so that
it is in accordance with the predetermined specification
standards. The water content of pure sago starch has
not met SNI standard 3729:2008 Sago Flour and also
Codex Stan 301R-2011 which requires that the maximum
permissible water content in sago flour is 13% b/b. [13,14].

High water level can cause sago starch to be easily
damaged because it is susceptible to attack by fungi
and other microflora. [5]. (Catarina etal., 2016). Minimum
standard value for ash content is <7. Pure and modified
sago meet the specification standards. Ash content

Table 1. Results of proximate test of pure and modified sago.

Proximat test Sago native 1,0,

starch 1% 2% 3% 4%
Moisture content (%) 55.67 1026 995 9.17 848
Ash content (%) 1.04 056 057 0.58 0.78
Protein content (%) 0.0125 0.025 0.043 0.043 0.012
Lipid content (%) 241 141 130 1.07 092
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increases with increasing H,O, concentration. Protein
levels have a minimum standard value of 9.9. Protein
levels and the fat content of pure and modified sago
tend to decrease with increasing concentration of H,0,.
The ability of starch to hold water is known by
using the swelling power test. Swelling power value of
pure and modified sago starch can be seen in Figure 1.
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Figure 1. Swelling power solubility index.

The swelling power value increases as H,0, level
increases. It increases due to the integration of starch
granules during the oxidation process. The increase in
swelling power value is possible due to the porous
structure of starch granules (SEM results can be seen in
figure 7) because of the introduction of a carboxyl group
that makes the starch absorb more water and can hold
the absorbed water. [15].

The percentage of starch released after the
swelling of starch granules can be seen using solubility
index testing. The solubility value of sago starch tends
to increase. Increased solubility can function in the
encapsulation of food products and food additives.
Solubility of modified starch tends to increase due to
depolymerization and weakening of the internal structure
of starch granules. [16].

Pure sago starch requires high temperatures to
experience gelatinization. The presence of water forms
hydrogen bonds between OH groups of sago starch
with water molecules. This bond replaces the hydrogen
bond between the pure starch chain which results in
bond dissociation. [17].

The decrease in gelatinization temperature
(Figure 2) due to oxidation effects can weaken the granular
structure and disintegration occurs during the
modification process. Oxidation of sago starch is one
method that modifies the rheological properties of sago
starch which results in depolymerization and weakens
granular structure. [18]. As a result, the gelatinization
temperature decreases due to the influence of the entry
of hydroxyl group into the polymer chain and makes the
bond unstable. [17]. Amylose content of pure and
modified sago starch is presented in Figure 3. The
amylose content increases when H,O, is added.
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Figure 2. Gelatinization temperature of sago starch
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Figure 3. Amylose content of sago starch.

The increase in amylose content is related to the
depolymerization of molecular bonds of sago starch
where the length of sago starch bonds breaks the chain
so that there is a shortening of the sago molecular bonds
and is divided into a large number. [5]. Oxidation of sago
starch causes degradation of amylose and amylopectin
molecules in a-1,4-glycosidic bonds. Oxidation with
H,0, results in an increase in the amylose value of starch.
[19].

During the oxidation process, the OH group in
the sago starch molecule will be oxidized to carbonyl
and carboxyl. The sequential reaction to the OH group
in the sago starch molecule in the initial stage will be
oxidized to the carbonyl group then into the carboxyl
group. [20].

The carboxyl group content (Figure 4) increases
with increasing H,O, added. This is due to further
oxidation of the carbonyl group to the carboxyl group.
[19]. The reaction that occurs between pure sago starch
and H,0, as follows.
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Figure 4. The carboxyl group content in sago starch.
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Based on Figure 5, OH group will be oxidized by
H,0, to form a compound containing the carboxyl group.
Based on the graph in Figure 4, the highest value of the
carboxyl group is obtained with a value of 0.599% with
H,0, concentrations of 3 and 4%. The value of carboxyl
group obtained has proven that a complete oxidation
reaction occurs by H,0,. [21].

OHOH OOOH
& o)
OH T HO, —» OH
oH oH

Figure 5. Reaction of native sago and H,0,.

Transition temperature (To, Tp and Tc) and
enthalpy energy (AHg) are related to gelatinization
temperature of pure and modified sago starch presented
in Table 2. The onset temperature (To) of oxidizedly
modified starch is higher than pure sago starch.

Table 2. The enthalpy energy are related to gelatinization
temperature of pure and modified sago starch

Gelatinization
H,0, Temperature Enthalpy (AHg)
Sample
P W 0 1p I g
O (O (O
Native sago 0 40 103 120 11.2
Modified of sago 1 60 90 120 1.5

To increase of modified sago starch was due to
depolymerization in the amorphous region which served
to destabilize the crystals. After the amorphous region
is degraded, the crystal domain is destroyed due to the
destabilizing effect. Therefore, gelatinization of modified
sago starch produced occurred at a higher temperature
than pure sago starch. [22].

Modified sago starch has lower Tp than pure
sago starch. This is due to a decrease in crystallinity.
In the oxidation treatment process, the amorphous
region of the modified starch is destroyed first then
the crystalline region is partially oxidized causing
instability in the crystal and amorphous regions which
causes a lower melting temperature after the oxidation
treatment [23].

Enthalpy energy from modified sago starch is
lower than pure sago starch. This is due to oxidation by
H,0, which weakens the granules of starch and possibly
also due to partial degradation of the sago starch
molecule. As aresult, less energy is needed to gelatinize
modified starch. [22].

Thermal stability of pure and modified sago were
analyzed using TGA and DTA analysis. TGA and DTA
curves of pure and modified sago starch are shown in
Figures 6 and 7.

From these data, it is known that the thermal
degradation of pure and modified sago has similarities.
This shows that the modified sago does not significantly
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Figure 6. TGA graph of pure and modified sago starch.
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Figure 7. DTA graph of pure and modified sago starch

change the thermal stability. Pure and modified sago each
decomposed at 295.90C and 291.80C with a residual
weight of 85%. The small change in thermal stability
between pure and modified sago is due to the small
content of the carboxyl group obtained at modified sago
which is equal to 0.599%. Therefore, it does not
significantly change the constituent structure of
modified sago.

The morphology of pure and modified sago starch
was analyzed using SEM to see granules from both.
From Figure 8 it can be seen that there has been a stretch
of granular bond due to the influence of H,0,. This
stretch of bond is very clearly seen because in pure
sago starch, the formed granular bond still looks very
strong. The presence of H,O, as an oxidizing agent
results in depolymerization and weakening of the internal
structure of starch granules caused by changes in the
group in the modified starch. As a result,
physicochemical properties of starch may be better than
pure sago starch [26].

Pure sago starch has large granules with many
rough surfaces. This happened due to the treatment
carried out during the study. Pure sago starch is treated



The Effect of Oxidation on Sago Starch and Its Application as Edible Film (Dewi Sondari)

Figure 8. SEM analysis of (a). pure sago starch and
(b). modified sago starch.

by grinding when the preparation process is done so
that the surface of pure sago starch has large granules
with many rough surfaces. On the other hand, modified
sago starch has small grains with a smooth surface due
to nongrinding process. [27].

Characterization of Edible Film

The water content of edible film from pure and
modified sago starch can be seen in Table 3. The water
content of edible film from pure sago starch is higher
than that of modified one. The presence of glycerol in
the film formula causes an increase in the hydrophilic
nature of the film. Whileas edible films from modified
sago starch have a lower water content. The starch
molecule chain is broken by H,O, so that the water
content value decreases. The water content of the film
affects the ability to absorb water in a film. The high
water content causes the quality of the film to have a
shorter service life due to bacterial interference. [28].

Table 3. Moisture content of edible film.

Sample Gycerol (%) Mo M Mc
Edible film of 1 41.4802 41.3591 0.29
Native sago
Edible film of 1 50.9304 50.7973 0.26
modified sago 15 515333 51.3486 036

2 48.6136 48.2868 0.67
2.5 49.3323 48.9662 0.73

The quality of edible film can be seen from the
hydrophilic nature of a film that can be determined using
contact angles testing. The results of the testing from
pure and modified sago can be seen in Figure 9.

Pure sago starch has a smaller contact angle value
than modified sago starch. The contact angle value of
pure sago starch containing 1% glycerol was 41.92, while

@ | ) !

Figure 9. Contact angle (a). Pure sago starch (b). Modified
sago starch.

that of modified sago starch containing 1% glycerol was
45.47. The effect of oxidation by H,0, on edible film results
in changes in the contact angle that significantly
increases the contact angle value. [12].

The results obtained showed that the hydrophilic
properties of sago starch correlated with the contact
angle value. The high contact angle value of modified
sago starch caused a decrease in the hydrophilic
properties of modified sago starch films and improved
hydrophobic properties. Likewise, the opposite is true
of pure sago starch. The hydrophobic nature of the edible
film of the modified sago starch results in better film
quality because the film is impermeable to water so it
has very good quality when used as a food coating
material. [12].

Lengthening is defined as the percentage of
changes in film length when the film is pulled out. Films
made from starch are easily damaged. Increasing the
concentration of the material, will increase the matrix
formed, so the film will become strong. However,
increasing the concentration of the material also causes
adecrease in the ratio of glycerol as a plasticizer to starch,
resulting in a decrease in the elongation of the film when
exposed to the force, which then causes the film to break
easily. The elongation value of modified sago starch is
2.68 mm and pure sago starch of 2.32 mm. [21]. In natural
sago starch, the granule bond is still very strong so that
the formed film becomes rigid and starched. This causes
the value of film elongation from natural sago starch
smaller than the film of modified sago starch.

CONCLUSION

Modified sago starch has better quality than pure
sago starch reviewed from physicochemical properties.
The highest carboxyl group value was obtained at H,0O,
concentration of 4% which proved that OH group of
sago starch was completely oxidized. Enthalpy energy
from modified sago starch has decreased due to the
oxidation effect of H,O, which can weakens the starch
granules. The molecular weight of pure sago starch is
lighter, making it easier to decompose.

Edible films from modified sago starch have a
lower water content than those from pure sago starch.
The water content of the film affects the ability to absorb
water in a film. The high water content causes the quality
of the film to have a shorter service life due to bacterial
interference. The hydrophilic nature of edible film
decreases due to the presence of H,0,. Modified sago
starch has a film that is more hydrophobic than pure
sago starch. The elongation value of modified sago
starch was 2.68 mm.
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