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Abstract. Increasing hydrophobicity and antioxidant activity was an effort to
improve the quality of edible film. Adding durian seed flour (DSF) and
microemulsion was expected to increase cassava starch (CS)-based edible film
properties. The objective of this research was learned about the effect of DSF and
microemulsion on edible film's physical, mechanical, and antioxidant proper-ties.
Coconut oil was the material for oil in the water microemulsion, where-as green
tea extract was a substitute for the water phase. The DSF was mixed with CS with
various percentages, which were 0%, 20% and 40%. Water as solvent was
combined with microemulsion; the variation was 0%, 10%, 20% and 30%. The
result showed that adding DSF and microemulsion had significantly decreased
tensile strength and elongation but had increased thickness and solubility.
Microstructure analysed by SEM showed a less dense and compact structure
when the DSF and microemulsion had added. Although there were decreases in
physical and mechanical properties, the green tea extract enrichment in
microemulsion had significantly increased antioxidant activity. The range of
antioxidant activity was 17.58 £ 0.48 % to 35.47+ 0.18 %.

Keywords: Solubility, Hydrophobic Film, Microstructure, Elongation, Tensile
Strength, Antioxidant Activity.

1 Introduction

There is an increasing interest in the study and utilization of edible film because it is
renewable and biodegradable (1). The film comprises bio-polymeric materials such as
polysaccharides, lipids, or proteins. Therefore, edible film is considered a “food safety”
and “eco-friendly” packaging system. Among edible film materials, polysaccharides
are excellent, fully biodegradable, usually inexpensive, and have good film-forming
abilities (2).

Cassava starch (CS) is a polysaccharide obtained from cassava root (Manihot
esculenta), an abundant and economical source. The preferred properties of CS include:
high transparency and resistance to acidity also can produce a viscous gel. The CS-
based edible film has good physical and mechanical properties and has been extensively
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The CS-based edible film has good physical and mechanical properties and has been
extensively studied (3-5). The physical and mechanical properties of edible film from
CS generally need modification for further application.

Durian (Durio zibenthinus Murr.) is a tropical fruit that grows in Southeast Asia,
including Indonesia (6). During harvest season, there is abundant durian production
and consumption where the consumable part is only 30-35 % w/w, and the rest are
seed 20-25 % w/w and skin 45-50 % w/w (7). According to reference durian seed
flour has 6.26 = 0.10 % crude protein, 0.57 = 0.05 % crude fat, 2.86 £ 0.09 % ash,
9.70 + 0.07 % water, 80.61 + 0.24 % carbohydrate, 0.85 + 0.01 % crude fiber and
41.42 + 3.56 % starch content (8). The main component of durian seed flour is
polysaccharide, whereas according to (9), a significant fraction of durian seed
polysaccharide is gum (50% or more) along with starch. Meanwhile, according to
reference, durian seed has an 18% gum content (10).

The edible film properties can be improved through the multi-component mixture
of different types of edible polysaccharides. Combining CS and durian seed flour can
improve film characters more than a single component. Due to adding gum, several
studies have shown increased physical and mechanical properties of edible film from
CS. Adding xanthan gum into the CS matrix improved the young modulus, stress at
break, and solubility in water (11). Studied in CS film-forming solutions, showed
evidence there were improvements in the apparent viscosity, storage modulus, and
loss modulus after adding Hsian-Tsao leaf gum (12). Moreover, the combination of
CS-gum film showed more resistance to humidity than a pure commercial pullulan
film (13).

Easily soluble in water is one of the edible packaging weaknesses that limit its
application, mainly when applied to foods with high water content. Therefore, various
studies have been carried out to increase hydrophobicity by adding hydrophobic
materials such as oil (14—-16) or fatty acids (17-19). The main obstacle to increasing
the hydrophobicity of edible packaging is the formation of oil-in-water emulsions.
Therefore, it is necessary to develop technology for its manufacture.

Microemulsions are emulsion systems on a Nano-scale which are
thermodynamically stable and transparent with particle sizes ranging from 5 to 10 nm
(20). Several studies have carried out the addition of microemulsions to the edible
film matrix ((21-23). The results showed significant increases in the film's physical
and mechanical characteristics, especially in water/moisture resistance.

The newest researches trend in edible film has focused on incorporating bioactive
plant extract that is rich in antioxidant and antimicrobial to create active package
materials. For example, green tea extract had extensively used in edible film making
(24-27). The previous study showed improvements in the mechanical properties and
bioactivities of the edible film after adding green tea extract (28). Green tea leaves are
one of the richest sources of antioxidants: catechin, theaflavin, thearubigin, oxy
aromatic acid, flavonol, flavone and tannin (29). Meanwhile, incorporating tea
polyphenols into microemulsion can control the release of bioactive compounds and
increase bioavailability. There are few studies on developing microemulsion-enriched
green tea extract CS-based edible film. Thus, this research aimed to study the effect of
adding durian seed flour and microemulsion enriched with green tea extract on edible
film characters. The microemulsion was an oil-in-water system where coconut oil was
hydrophobic and green tea extract was a hydrophilic phase.
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2 Materials and Methods

2.1 Materials

Materials performing edible film were cassava starch (CS) (79.56 = 3.63 %
carbohydrate, 6.72 = 0.47 % protein, 1.07 £ 0.23 % lipid, 10.01 + 1.18% water and
2.64 + 0.58 % ash), durian seed flour (DSF) and coconut oil microemulsion. DSF was
produced by steam blanched (100°C) the chip of durian seed (0.2 - 0.5 mm thick) for
5 min before drying. After drying, the chip was crushed (Basic Analytical Mill IKA
2900000 A11) and screened for an 80-mesh Taylor Sieve. The proximate analysis of
flour showed that the water content was 9.36 + 1.04 %, the lipid content was 1.02 +
0.45 %, the protein content was 8.26 + 0.77 %, the ash content was 3.68 + 0.47 %,
and the carbohydrate was 77.68 £ 0.73 %. The other materials for edible film
preparation were glycerol as a plasticizer, Isolate Soy Protein (SPI) (8.81 + 0.32 %
carbohydrate, 81.06 + 1.47 % protein, 0.28 + 0.03 % lipid, 6.42 + 1.18% water and
5.41 £ 0.62 % ash) and silica gel to control the atmosphere's relative humidity (RH).
The microemulsion was prepared from coconut oil (“Barco ), tween 20 (Merck)
lecithin (“NaturesPlus”) and green tea (“Kepala Jenggot”). All chemicals for analysis
were obtained from a local distributor (Merck) with pro analysis grade.

2.2. Green tea extract preparation

Green tea extract preparation began with heating 500 mL of distilled water until
100°C. Two g of green tea (a sachet) were put in distilled water and stirred for 10 min
to maximize the extraction process. The solution stood at room temperature for 15
min and was filtered (Whatman Filter Paper with 2.5 pm pore size) to obtain the
green tea extract, which was kept in the refrigerator at 4°C before being applied for
edible film preparation.

2.3. Microemulsion preparation

The preparation of microemulsion referred to the research of reference with
modification (30), began by mixing 1.35 g of coconut oil with 0.34 g of lecithin and
7.31 g of the tween 20 at room temperature, then continuing with heating at 50°C and
stirring for 5 min. The mixing process used a hot plate magnetic stirrer (Thermo
Scientific Cimarec) at a speed of 250 rpm. Then add green tea extract, little by little,
as much as 72 g, while heating for 12 min at 50°C. The emulsion was kept at room
temperature for edible film preparation.

2.4. Edible film preparation

The wet process was applied and thus consisted of solution forming, casting, drying
and peeling processes (1). The solution forming began with mixing CS and DSF
where the total flour weight was 5 g. The variation of DSF added was 0%, 14.3% and
28.6%. Then, the mixed flour was added to water where the water volume variation
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was 100 mL, 90 mL, 80 mL, 70 mL. The slurry was mixed using a spatula and heated
using a hot plate magnetic stirrer to a temperature of 70°C for + 15 min. Then, 2 g of
SPI (Soy Protein Isolate) was added and stirred for 10 min until homogeneous. The
microemulsion was added according to the predetermined variations that were 0, 10
mL, 20 mL and 30 mL. For the last, 2 g of glycerol was added and heated while
stirred again for 15 min until homogeneous. The final gel was poured into the mold
where 10 g for each 10 cm?® Before dried the gel was tempered at room temperature
for 15 min. They were then dried using an oven cabinet at 50°C for + 12 h.

2.5. Films thickness measurement

This measurement used a micrometer (Mitutoyo Corp., Code No. 543-551-1, Model
ID-F125, Japan) with an accuracy of 0.001 mm. Measuring thickness was at three
positions on the cut specimen, and then the average value was taken.

2.6. Mechanical properties

Mechanical properties measured in this research were elongation and tensile strength.
The specimen size was a width of 1 cm and a length of 8 cm. Before measurement,
the film was for 24 hr placed in a desiccator containing silica gel. Then the
mechanical properties were measured using the Universal Testing Machine
(Shimadzu). The tensile strength was calculated with this formula: ¢ = A/F where ¢ =
tensile strength (N / mm?); F = tensile force (N); A = area of work (mm?). Following
the tensile strength procedure, elongation was measured with this formula: € = Al/ly;
where Al = length addition (mm); 1, = Initial length (mm). Tensile strength and
elongation measurements were repeated five times for each sample.

2.7. Solubility

The method to measure solubility referred to reference (31) which calculated
according to the following formula:
S =(Ws/W1) x 100%

Where S = solubility; Ws = W2 — W1; Ws = weight of soluble film; W2 = weight of
dried insoluble film; W1 = weight of the dried film. Square shape (2 cm?) samples cut
from edible plastic sheet and dried at 105 °C for 24 h and weighted (W1). The dried
samples were dipped in 100 mL water for 24 h, and then the insoluble film was dried
for 24 h and weighed (W2). The solubility measurement was repeated three times for
every sample.

2.8. Microstructure Observation

Before observation, the film was cut 1.5 cm wide and 3 cm long and was folded like a
straight chair using double-sided tape. The microstructure of the cross-section area
was recorded by Scanning Electron Microscope (SEM, TableTop Hitachi TM3000).

2.9. Antioxidant Activity

Antioxidant activity was presented as a percentage of DPPH inhibition referred to
(32). For each sample, the measurement was repeated three times. Four mg of edible
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Une ml ot extract mixed with 2.5 ml ethanol and 4UU pM DPPH reagent and then
received ethanol that was added until the final volume was 5 ml. Before lying in the
dark room for 20 min, the sample solution was stirred virgiously (vortex). The
absorbance of sample and blank was read at 517 nm. The capability to scavenge
DPPH radical was calculated by the following formula.
% Inhibition = (A0 - A1)/A0 x100%

A0 = Absorbency of solution without a sample (blank); A1 = Absorbency of solution
with a sample.

2.10. Data Analysis

This study used three repetitions of the experiment. The data result of the experiment
was subjected to a two-way analysis of variance. In contrast, the least significant
difference (LSD) at a significance level of 0.05 was calculated using the Tukey test.
All results were expressed as the average of all the repetitions. The statistical software
package (Minitab) was used in data calculation.

3. Results and Discussion

Table 1 is the result of the physical and mechanical properties measurement. The
physical properties are thickness and solubility, while the mechanical properties are
tensile strength and elongation.

Table 1. The physical and mechanical properties of edible film with variations of
microemulsion and DSF percentage.

Samples Th(ir<r:ll;r11)ess Tensi(l]\e/[;t;;:ngth Elor(loia)tion Solubility (%)
i bt
%
0 0.16 £0.01¢ 1.13 £0.05* 70.89 £0.71°  17.58 +0.40°
0 14.3 0.21+0.01°¢ 0.80 +0.03° 64.33+£0.75* 19.36 +0.20%
28.6 0.22 £0.03¢ 0.76 £ 0.05° 42214098  20.28+0.27%
0 0.19 +0.01¢ 0.87 +0.05 46.79 £0.56%  21.04+0.40°
10 14.3 0.22 +0.02% 0.82 +0.05° 43.79 £0.58%  24.08+0.43°

28.6 0.21+0.01° 0.78 +0.04° 31.38+£0.62¢ 25.30+0.08%

0 0.19 +0.03% 0.77 +0.02° 47.47+£0.52°  25.2442.66"

20 14.3 0.22 £0.02¢ 0.45 + 0.04¢ 4545+0.61¢ 30.84+1.07°




96 T. Lindriati et al.

28.6 0.26 +0.01* 0.22 4 0.03% 21.57+£0.42¢ 30.59£1.17°

0 0.22 +0.00¢ 0.34 £ 0.05% 27.82 +0.32f 35.17+£0.42°

30 14.3 0.25 +0,00° 0.29 +0.03¢ 20.91 £ 0.81¢" 35.47+£2.18*

28.6 0.28 +0.00* 0.19 + 0.04¢ 15.69 +0.31" 33.65+1.84%

Note: The same letters in the same column indicated no significantly different (p <
0.05).

3.1. Thickness

The result of the ANOVA test showed that DSF and microemulsion significantly
affected the thickness of the edible film. Table 1 shows that the edible film with the
highest thickness value was the highest DSF and microemulsion proportion (30%
microemulsion and 28.6% DSF). That thickness value was not significantly different
from 20% microemulsion and 28.6% DSF edible film. The lowest thickness was
edible films without DSF and microemulsion addition. That was not significantly
different from the same level of DSF with 10% and 20% of microemulsion.
Increasing the DSF percentage resulted in thicker edible film because of the high
fiber content in DSF. Previous studies (33,34) showed the same result where the
addition of tobacco stem and baggage powder on cassava peel and CS edible films
increased thickness because of the high fiber content of tobacco stem and baggage
powder. The same trend was also shown in the addition of microemulsions. There was
an increase in thickness as more microemulsion was added to the edible film solution.
Each component in the microemulsion has a role in increasing the thickness. The
component is tween 20 and lecithin (15) and the main is oil (16). Adding more
material increased the total mass of edible film related with the increase of thickness.

3.2. Tensile strength

DSF and microemulsion significantly lowered the tensile strength (P<0.05). The
interaction of those two parameters had a significant effect on tensile strength (Table
1). The interaction treatment of DSF and microemulsion that produced the highest
tensile strength was film without DSF and microemulsion; on the contrary, the lowest
was film with the highest amount of DSF and microemulsion. The highest value of
tensile strength was 1.13 + 0.05 MPa, whereas the research of reference showed, the
tensile strength of DSF film was 2.14 + 0.20 MPa (35). The difference in flour's
particle size was the reason for lowering tensile strength. The particle size of DSF in
our research was 80 mesh, and reference was -100/+140 mesh. Reducing particle size
probably resulted in increasing molecular interaction and producing a film with better
tensile strength (36). The microstructural cross-sectional by SEM showed that
increased DSF and microemulsion made a more porous and less compact structure.
These phenomena caused a decrease in tensile strength. The less compact structure
decreased tensile strength (37,38). The mechanical properties of starch-based edible
film depended on the physical properties of starch—water—plasticizer gel formed by
molecular ordering and subsequent chain aggregation/crystallization. DSF and
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microemulsion probably disturbed the gel formation and interaction of
starch—water—plasticizer, which resulted in the less tight edible film matrix.

3.3. Elongation

Table 1 shows that increasing DSF and microemulsion decreased the elongation, and
the interaction of those two parameters significantly affected elongation (P<0.05). The
film without DSF and microemulsion had the highest elongation value, 70.89 + 0.71
%. The lowest was obtained from the highest addition of DSF and microemulsion,
where the value was 15.69 + 0.31%. The DSF and microemulsion did not support the
edible film structure, whereas the result of SEM showed a more porous and less
compact structure along with the addition of DSF and microemulsion Fig 1 and Fig 2.

The high fiber concentration may interfere with the starch gelatinization process.
Starch gel is one of the important components of the edible film matrix. A less
viscous gel results in a less compact and porous film. In conjunction with the
addition of microemulsion, the presence of lipids caused the intervention of
hydro-gen bonds between molecules in the matrix of edible film. The hydrophobicity
of lipids disrupted the gelatinization process. In addition, the content of tween 20 in
micro-emulsion can reduce the surface tension, which interferes with the formation of
the edible film matrix (39).

The measurement of mechanical properties (tensile strength and elongation)
showed that DSF had a negative effect in the form of a decrease in mechanical
properties. Although it is expected that DSF will have a positive effect due to its gum
content. This may be due to the DSF preparation process, which involves high
temperatures and mechanical forces. The gum extraction process is usually obtained
from fresh fruit (10,40). Extraction of gum from DSF required a defeated process
using petroleum ether solvent (10). According to the reference, the use of high
temperatures should be avoided in the gum extraction process (9). Therefore, the DSF
in this study is thought to have a very low gum content.

34. Solubility

Solubility is an edible film’s property essential to evaluate, mainly if the film is
purposed to coat/wrap high-moisture food. The low-solubility edible film is suitable
for application in high-moisture food or high relative humidity room. As shown in
Table 1, the solubility of edible film ranged from 17.58 + 0.40 % to 35.47 + 0.42 %.
The increase of DSF significantly increased solubility (P<0.05), but the
microemulsion did not significantly influence the solubility (P>0.05). The result
showed that the higher solubility followed the lower tensile strength and elongation.
The increase in solubility generally indicates the more brittle edible film’s structure,
which causes a decrease in mechanical properties. Previous studies showed that the
reinforcement of fiber in the edible film matrix increased solubility and decreased
tensile strength value (33,34). The solubility of CS film in the research of reference
was 22%, which increased to around 31% after addition of sorbate (41). The result
also indicated that increasing solubility decreased mechanical properties.

3.5. Microstructure Analyzes
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SEM can be used to observe the microstructure arrangement, one of which is the
structural arrangement of the different components in the composite film. Fig. 1
shows cross-sectional arrangement micrograph of different samples. As can be seen,
the CS film without DSF and microemulsion exhibited a compact and continuous
structure. It increased DSF, and microemulsion caused a less dense and porous
arrangement. The smooth and compact cross-section without any crack or separation
indicates good compatibility.

The addition of DSF and microemulsion caused significant changes in the film’s
morphology, which became uneven. The roughness increased the cross-sectional
micrographs of the films with increasing DSF and microemulsion. However, there
was no evidence of microemulsion droplets separated from the biopolymer blend.
These showed that microemulsion could disperse in the film matrix. A similar result
in structure of biopolymer-blend film incorporated with nano-emulsified oils had been
previously reported by (42).

TM3030Plus 201900518 LU
TM3030Plus 2015/05/14

2019/05114

Fig 1.a. Fig 1.b. Fig 1.c.
Figure 1. Cross-sectional image of edible films with the addition of durian seed
flour (a = 0% microemulsion and 0% DSF; b = 0% microemulsion and 14.3% DSF;
¢ = 0% microemulsion and 28.6% DSF

Ty

TM3030Plus.

TM3030Pius 2019/05/14 1Ly

2019/05/14 1Ly

Fig 2.a Fig 2.b Fig 2.c
Figure 2. Cross-sectional image of edible films with the addition of microemulsion
(a = 10% microemulsion and 0% DSF; b = 30% microemulsion and 0% DSF; ¢ =
30% microemulsion and 28.6% DSF)

TM3030PIus

Fig 2.a and Fig 2.b was film microstructure at the same level in DSF addition and
differed in microemulsion percentage. Fig 2.b showed a big pore (blue circle) in
higher microemulsion content, probably because tween 20 and lecithin disturbed the
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gelatinization process of CS. The research of reference showed a decrease in tensile
strength and elongation along with tween 20 and lecithin addition (15). The role of
surfactant in the stabilized emulsion was lowering surface tension between two
different phases, which probably caused lowering gel consistency and produced a
porous matrix.

Comparing Fig 1.c and Fig 2.c, both was edible CS film which had 28.6% DSF
but different level of microemulsion. Fig 2.c shows the based material’s insoluble part
(the red circle). It is probably DSF fiber. It lowered the surface tension because the
presence of tween 20 and lecithin in microemulsion lowered the ability of tapioca gel
to bind the fiber and produce an inconsistency matrix.

3.6. Antioxidant activity

Fig 3 shows that adding microemulsion into the edible film matrix significantly
(p<0.05) increased antioxidant activity; otherwise, when DSF was added, there was
no significant effect. The green tea extract content in microemulsion can increase the
antioxidant activity of edible film. The study of reference showed the antioxidant
activity of edible films were around 50% after incorporating 20% green tea extract in
edible films solution (27). The range of antioxidant activity in this research was from
17.58 £ 0.48 % to 35.47+ 0.18 %, which was lower than the result of reference (27)
because the green tea extract was incorporated in microemulsion before being added
in edible films matrix.

401
357 b %i?
30 cbf- g

25_ =7
20
15
10
5 -
0

0%
14.30%
28.6%

Percentage inhibition %

0% 10% 20% 30%

Microemulsion percentage

Figure 3. The antioxidant activity of edible films with varied addition of DSF and
microemulsion.

4. Conclusion

In conclusion, durian seed flour and microemulsion significantly affected decreasing
tensile strength and elongation, increasing thickness and solubility. The
microstructure analyzed by Scanning Electron Micrograph showed within DSF, and
microemulsion addition film structure got less dense and compact, which caused
deterioration of mechanical properties. Otherwise, the microemulsion significantly
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improved the antioxidant activity of the film. The improvement was because of the
microemulsion enriched with green tea extract. The range of antioxidant activity was
17.58 £ 0.48 % to 35.47 £ 0.18 %.

Acknowledgements

This research funding was through student thesis reworking grants from The Jember
University Research and Community Service Institute.

Authors’ Contributions

The first author was the corresponding author and the one who was responsible with
the all-research process and output. The second, third and fourth authors were
coauthors. The fifth and sixth authors

References

1. Gamboni JE, Colodro MV, Slavutsky AM, Bertuzzi MA. Selection of the conveyor belt
material for edible film production by a continuous casting process. Brazilian J Food
Technol. 2021;24:1-13.

2. Cazoén P, Velazquez G, Ramirez JA, Vazquez M. Polysaccharide-based films and coatings
for food packaging: A review. Food Hydrocoll [Internet]. 2017;68:136—48. Available
from: http://dx.doi.org/10.1016/j.foodhyd.2016.09.009

3. Prakash Maran J, Sivakumar V, Sridhar R, Prince Immanuel V. Development of model for
mechanical properties of tapioca starch based edible films. Ind Crops Prod [Internet].
2013;42(1):159-68. Available from: http://dx.doi.org/10.1016/j.indcrop.2012.05.011

4. AJIYA DA, JIKAN SSB, TALIP BA, MATIAS-PERALTA HM, BADARULZAMAN
NA, YAHYA S. Physical Properties of Edible Films Based on Tapioca Starch as Affected
by the Glycerol Concentration. Int J Curr Res Sci Eng Technol. 2018;1(Spl-1):410.

5. Pump Y. JCNaR Production and Characterization of Edible Film from A Mixture of
Tapioca Flour , Yellow Pump ( Cucurbita. 2020;02(02):121-31.

6. Aziz NAA, Jalil AMM. Bioactive compounds, nutritional value, and potential health
benefits of indigenous durian (Durio zibethinus Murr.): A review. Foods. 2019;8(3).

7. Leemud P, Karrila S, Kaewmanee T, Karrila T. Functional and physicochemical
properties of Durian seed flour blended with cassava starch. J Food Meas Charact
[Internet]. 2020;14(1):388-400. Available from:
https://doi.org/10.1007/s11694-019-00301-6

8. Permatasari ND, Witoyo JE, Masruri M, Yuwono SS, Widjanarko SB. Nutritional and
Structural Properties of Durian Seed ( Durio Zibenthinus Murr.) Flour Originated from
West Kalimantan, Indonesia. IOP Conf Ser Earth Environ Sci. 2021;1012(1):6-12.

9. Amid BT, Mirhosseini H. Optimisation of aqueous extraction of gum from durian (Durio
zibethinus) seed: A potential, low cost source of hydrocolloid. Food Chem [Internet].
2012;132(3):1258-68. Available from: http://dx.doi.org/10.1016/j.foodchem.2011.11.099

10.  Amin AM, Ahmad AS, Yin YY, Yahya N, Ibrahim N. Extraction, purification and
characterization of durian (Durio zibethinus) seed gum. Food Hydrocoll.
2007;21(2):273-9.

11.  Arismendi C, Chillo S, Conte A, Del Nobile MA, Flores S, Gerschenson LN.
Optimization of physical properties of xanthan gum/tapioca starch edible matrices
containing potassium sorbate and evaluation of its antimicrobial effectiveness. Lwt
[Internet]. 2013;53(1):290-6. Available from: http://dx.doi.org/10.1016/j.1wt.2013.01.022



Cassava Starch-Based Edible Film with Durian Seed Flour 101

12.  Chen CH, Kuo WS, Lai LS. Rheological and physical characterization of
film-forming solutions and edible films from tapioca starch/decolorized hsian-tsao leaf
gum. Food Hydrocoll [Internet].  2009;23(8):2132—40.  Available from:
http://dx.doi.org/10.1016/j.foodhyd.2009.05.015

13.  Kim SRB, Choi YG, Kim JY, Lim ST. Improvement of water solubility and humidity
stability of tapioca starch film by incorporating various gums. Lwt [Internet].
2015;64(1):475-82. Available from: http://dx.doi.org/10.1016/j.1wt.2015.05.009

14. Rojas-Graii MA, Tapia MS, Martin-Belloso O. Using polysaccharide-based edible
coatings to maintain quality of fresh-cut Fuji apples. Lwt. 2008;41(1):139-47.

15.  Li X, Tu ZC, Sha XM, Ye YH, Li ZY. Flavor, antimicrobial activity, and physical
properties of composite film prepared with different surfactants. Food Sci Nutr.
2020;8(7):3099-109.

16.  Lee JS, Lee E sil, Han J. Enhancement of the water-resistance properties of an edible
film prepared from mung bean starch via the incorporation of sunflower seed oil. Sci Rep
[Internet]. 2020;10(1):1-15. Available from: https://doi.org/10.1038/s41598-020-70651-5

17.  Fakhouri FM, Martelli SM, Caon T, Velasco JI, Buontempo RC, Bilck AP, et al. The
effect of fatty acids on the physicochemical properties of edible films composed of
gelatin and gluten proteins. Lwt [Internet]. 2018;87:293-300. Available from:
http://dx.doi.org/10.1016/j.1wt.2017.08.056

18.  Ma Q, Hu D, Wang H, Wang L. Tara gum edible film incorporated with oleic acid.
Food Hydrocoll [Internet]. 2016;56:127-33. Available from:
http://dx.doi.org/10.1016/j.foodhyd.2015.11.033

19.  Nursyabani I, Rochima E, Handaka AA, Panatarani C, Joni IM. Lauric Acid on
Edible Film : A Review. Glob Sci journals. 2020;8(2):4005-9.

20.  Flanagan J, Singh H. Microemulsions: A potential delivery system for bioactives in
food. Crit Rev Food Sci Nutr. 2006;46(3):221-37.

21.  Zhang M, Zhao Q, Lin Y, Wang H, Shui R, Wang S, et al. Fabrication and
characterization of tea polyphenol W/O microemulsion-based bioactive edible film for
sustained release in fish floss preservation. Food Sci Nutr. 2022;10(7):2370-80.

22.  Yuan L, Feng W, Zhang Z, Peng Y, Xiao Y, Chen J. Effect of potato starch-based
antibacterial composite films with thyme oil microemulsion or microcapsule on shelf life
of  chilled meat. Lwt  [Internet].  2021;139:110462.  Available  from:
https://doi.org/10.1016/j.1wt.2020.110462

23.  Ochoa TA, Garcia-Almendarez BE, Reyes AA, Pastrana DMR, Lopez GFG, Belloso
OM, et al. Design and Characterization of Corn Starch Edible Films Including Beeswax
and Natural Antimicrobials. Food Bioprocess Technol [Internet]. 2017;10(1):103—14.
Available from: http://dx.doi.org/10.1007/s11947-016-1800-4

24.  Kristam P, Eswarapragada NM, Bandi ER, Tumati SR. Evaluation of edible polymer
coatings enriched with green tea extract on quality of chicken nuggets. Vet World.
2016;9(7):685-92.

25.  Pajak P, Socha R, Lakoma P, Fortuna T. Antioxidant properties of apple slices stored
in starch-based films. Int J Food Prop [Internet]. 2017;20(5):1117-28. Available from:
http://dx.doi.org/10.1080/10942912.2016.1203931

26.  Kim KM, Lee BY, Kim YT, Choi SG, Lee JS, Cho SY, et al. Development of
Antimicrobial Edible Film Incorporated with Green Tea Extract [Internet]. Vol. 15, Food
Science and Biotechnology. 2006. p- 478-81. Available from:
http://www.earticle.net/article.aspx?sn=79015

27.  Siripatrawan U, Harte BR. Physical properties and antioxidant activity of an active
film from chitosan incorporated with green tea extract. Food Hydrocoll [Internet].
2010;24(8):770-5. Available from: http://dx.doi.org/10.1016/j.foodhyd.2010.04.003



102 "T. Lindriati et al.

28.  Lindriati T, Simon BW, Yunianta. Edible film from jack bean flour for use as an
antioxidative packaging incorporating extract of green tea. Int J Adv Sci Eng Inf Technol.
2015;5(4):344-8.

29.  Yashin A, Yashin Y, Nemzer B. Determination of Antioxidant Activity in Tea
Extracts, and Their Total Antioxidant Content. Am J Biomed Sci. 2011;322-35.

30. Yang J, Xu H, Wu S, Ju B, Zhu D, Yan Y, et al. Preparation and evaluation of
microemulsion-based transdermal delivery of Cistanche tubulosa phenylethanoid
glycosides. Mol Med Rep. 2017;15(3):1109-16.

31.  GONTARD N, DUCHEZ C, CUQ J -L, GUILBERT S. Edible composite films of
wheat gluten and lipids: water vapour permeability and other physical properties. Int J
Food Sci Technol. 1994;29(1):39-50.

32. Hanafi M, Dewi RT, Fajriah S, Darwaman A, Artanti N, Lotulung P, et al.
Assessment of the DPPH and -glucosidase inhibitory potential of gambier and qualitative
identification of major bioactive compound. J Med Plants Res. 2009;3(10):736-57.

33. Lindriati T, Rusdianto AS, Pakartiko B, Adha FA. Journal la lifesciPhysical
Mechanical Properties of Biodegradable Plastics from Cassava Starch with Variation of
Bagasse and Glycerol. 2021;02(01):9-19.

34. Muhaimin M, Lindriati T, Rusdianto AS. The addition of tobacco stem powder in the
cassava peels biodegradable plastic. IOP Conf Ser Earth Environ Sci. 2020;472(1).

35.  Retnowati DS, Ratnawati R, Purbasari A. A biodegradable film from jackfruit
(Artocarpus heterophyllus) and durian (durio zibethinus) seed flours. Sci Study Res Chem
Chem Eng Biotechnol Food Ind. 2015;16(4):395—404.

36. Banerjee R, Chen H, Wu J. Milk protein-based edible film mechanical strength
changes due to ultrasound process. J Food Sci. 1996;61(4):824-8.

37.  Zheng K, Xiao S, Li W, Wang W, Chen H, Yang F, et al. Chitosan-acorn
starch-eugenol edible film: Physico-chemical, barrier, antimicrobial, antioxidant and
structural properties. Int J Biol Macromol [Internet]. 2019;135:344-52. Available from:
https://doi.org/10.1016/j.ijbiomac.2019.05.151

38.  Valenzuela C, Abugoch L, Tapia C. Quinoa protein-chitosan-sunflower oil edible
film: Mechanical, barrier and structural properties. Lwt [Internet]. 2013;50(2):531-7.
Available from: http://dx.doi.org/10.1016/j.1wt.2012.08.010

39.  Bak A, Podgorska W. Interfacial and surface tensions of toluene/water and air/water
systems with nonionic surfactants Tween 20 and Tween 80. Colloids Surfaces A
Physicochem  Eng  Asp [Internet].  2016;504:414-25.  Available from:
http://dx.doi.org/10.1016/j.colsurfa.2016.05.091

40. Nagpal M, Aggarwal G, Jain UK, Madan J. Extraction of gum from Abelmoschus
Esculentus: Physicochemical peculiarity and antioxidant prepatent. Asian J Pharm Clin
Res. 2017;10(9):174-9.

41. Flores S, Fama L, Rojas AM, Goyanes S, Gerschenson L. Physical properties of
tapioca-starch edible films: Influence of filmmaking and potassium sorbate. Food Res Int.
2007;40(2):257-65.

42.  Ghiasi F, Golmakani MT, Eskandari MH, Hosseini SMH. A new approach in the
hydrophobic modification of polysaccharide-based edible films using structured oil
nanoparticles. Ind Crops Prod [Internet]. 2020;154(June):112679. Available from:
https://doi.org/10.1016/j.indcrop.2020.112679



Cassava Starch-Based Edible Film with Durian Seed Flour 103

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Cassava Starch-Based Edible Film with Durian Seed Flour Addition and Green Tea Extract Enriched Microemulsion



