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ARTICLE INFO ABSTRACT

Article history The edible film aims to improve the shelf life and safety of food by providing
Received 26/01/24 a physical barrier to external influences to prevent food deterioration.
Revised 25/03/24 Arrowroot starch has high amylose content and excellent gelling ability,
Accepted 22/04/24 and it is massively produced in Indonesia. At the same time, glycerol has

water-soluble and polar properties. So, studies were carried out on edible
film based on arrowroot starch as the polysaccharide and glycerol as the
plasticizer. This study was contributed to investigate the effect of the
concentration of arrowroot starch (3, 4% wi/v) and glycerol (1.25, 1.5, and

Keywords 1.75% w/v) on physical properties (thickness by micrometer, functional
ArfoWroot: group by FTIR, molecular structure surface by SEM) of edible film. The
Edible Filr;r results showed that increasing the concentration of arrowroot starch and

glycerol could increase tensile strength. Besides that, the formulations of

gl::?e;rol' 30% arrowroot starch with 12.5% glycerol and 40% arrowroot starch with
Ste)llrch ’ 17.5% glycerol had the best tensile strength of 27.24 and 22.88 MPa,

respectively. However, the results of the morphological analysis of the
edible film on the arrowroot starch-glycerol formulation still contained
pores and cracks.

d. 10.12928/jafost.v5i1.9494 This work is licensed under a Creative Commons Attribution-Share Alike 4.0

1. INTRODUCTION

Edible film is a thin layer made from edible materials that can be applied as a protective
coating for food or placed on top of or between food components (Nogueira et al., 2021). Edible
film can be produced from hydrocolloids, fats, and composites (Nogueira et al., 2018a).
Hydrocolloid films exhibit superior mechanical properties, making them ideal for
strengthening the structure of films and preventing their easy breakage. They are also highly
effective as barriers to transferring oxygen, carbon dioxide, and fat (Nasution et al., 2019).
Edible films can be made from polysaccharides like starch as raw materials. Due to its
affordability, renewable nature, and favorable physical properties, starch is frequently utilized
in the food industry as a biodegradable film substitute for plastic polymers. Several previous
studies have examined edible film, namely edible film made from sorghum starch (Nogueira
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et al., 2021) and edible film made from starch from cassava peel waste and using glycerol as a
plasticizer (Cengristitama & Ramlan, 2022). Therefore, research on starch-based edible films
with good mechanical properties and high water resistance is good (Tafa et al., 2023).

This study examines an edible film produced from starch derived from arrowroot starch
and glycerol plasticizer (Nogueira et al., 2018b). Arrowroot starch is used as a source of starch
because its utilization is not optimal, and it is abundant in almost every region (Nogueira et al.,
2018b). Arrowroot starch is generally only used as a substitute for wheat in food processing,
such as cakes, cakes, and bread (Fidianingsih et al., 2022).

Gelatinization is essentially used to create edible films made of starch (Maharijaya et
al., 2020). Gelatinization happens if a specific amount of water is added and heated to a high
temperature (Utama et al., 2018). The presence of hydrogen bonds during gelatinization causes
the amylose bonds to tend to be close to one another. The drying process will result in shrinkage
(Mahiuddin et al., 2018) as a result of the release of water so that the gel will form a stable
film using glycerol as a plasticizer (content between 20-70%) for edible films based on a
mixture of starch, gelatin, and sodium alginate. Plasticizers are organic materials with low
molecular weight that are added to weaken the stiffness of the polymer while increasing
flexibility and extensibility (Eslami et al., 2023).

Glycerol is one type of plasticizer that can be used to create edible films, and glycerol
provides higher solubility compared to other plasticizers, such as sorbitol in starch-based edible
films (Zotek-Tryznowska & Cichy, 2018). The purpose of using glycerol is to break down
internal hydrogen bonds in intermolecular bonds, which helps to prevent water from
evaporating from the product (Hamzah et al., 2021). It also dissolves in each polymer chain to
help the molecules move around more easily, has a lower O2 permeability, and is abundant,
inexpensive, and non-toxic (Nasution et al., 2019). This study contributes to determining the
effect of adding glycerol on the physical and mechanical characteristics of arrowroot flour
edible film, as well as determining the concentration of added glycerol in arrowroot flour edible
film, which shows the best physical and mechanical characteristics of edible film.

2. MATERIALS AND METHODS
2.1. Materials

The materials used: Arrowroot starch, glycerol, and aquadest. Equipment used such as
spatula, beaker glass, thermometer, cabinet dryer, magnetic stirrer (Tensolab 5000, MesdanLab
Italy), FTIR (Thermo Scientific Nicolet iS10, ThermoFisher Scientific America), and Scanning
Electron Microscopy (JEOL JSM-6360LA, JEOL Japan).

2.2. Research Methods

The first stage is preparation, in which the arrowroot starch is weighed according to the
treatment at 3% and 4% wi/v. The second stage is preparing and characterizing edible films
(Abdullahi et al., 2014). In this research, some variables are varied, and variables are
determined. The varied variables are arrowroot starch concentration (3% and 4% wi/v) and
glycerol concentration (1.25, 1.5, and 1.75% wi/v) based on the total mixture of edible film
formulation (Warkoyo, 2019).

Arrowroot starch is dissolved in a certain amount of distilled water with a total volume
of 50 ml, stirring for + 20 minutes using a stirrer. The mixture was then heated to 70°C, the
gelatinization temperature of arrowroot starch, using a magnetic stirrer. A certain amount of
3% glycerol concentration solution was added to the mixture and stirred for five minutes after
the mixture had been heated for twenty-five minutes. Air bubbles or other mixed-in impurities
are eliminated when the solution is cooled. Next, a glass mold measuring 14 x 2.5 cm was filled
with £150 grams of solution and dried for approximately 4 hours at 70°C. After that, the mold
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is removed and allowed to cool for about 20 minutes. The Edible Film is next taken out of the
mold and prepared for different types of characterization analysis (Subando et al., 2023).

2.3. Thickness Analysis of Edible Film

The thickness of the resulting film was measured using a micrometer with an
accuracy of 0.0001 mm. Measurements were conducted at five different places to obtain an
average thickness representing the sample (Zamani, 2015).

The tensile strength testing process used a MesdanLab strength tool type, the
Tensolab 5000, manufactured from MesdanLab Italy. The test was carried out by clamping the
end of the sample with a tensile testing machine (Karlan & Rahmadhia, 2022; Shamsuri &
Darus, 2020). Next, the initial thickness and length of the sample are recorded. When the start
button on the computer is pressed, the tool will pull the sample at a speed of 100 mm/minute
until the sample breaks (Dewi & Husni, 2020). The tensile strength value is obtained by
dividing the maximum stress by the cross-sectional area. The cross-sectional area is obtained
by multiplying the initial length of the sample by the initial thickness of the sample. The tensile
strength test was carried out on three edible film samples, and the average was calculated. The
tensile strength of bioplastics is calculated by the equation (1).

Fmax
i ®

T =

Where t is Tensile Strength (MPa), Fmax is Maximum Voltage (N), and A is cross-
sectional area (mm?). Elongation at break measurements was carried out in the same way as
tensile strength testing. Elongation is expressed as a percentage and calculated by the equation
(2). Meanwhile, elasticity (Young's modulus) is obtained by comparing tensile strength with
elongation (Ndukwe et al., 2021).

Strain at break (mm)
Initial length (mm)

Elongation (%) = X 100% 2

2.4. Functional Group Analysis with FTIR (Fourier Transform Infrared Spectroscopy)

Samples are examined using FTIR. The relevant spectrum is found after the sample is
inserted into the set holder. The end product will be a diffractogram showing the relationship
between wave number and intensity. A spectrophotometer operating at room temperature was
used to record the FTIR spectrum (Montoya-Escobar et al., 2022).

2.5. Morphological Analysis with SEM (Scanning Electron Microscope)

Scanning electron microscopy (SEM) JEOL JSM-6360LA manufactured by JEOL
Japan. The edible film samples were fastened to the set holder following a double adhesive
application and vacuum-coated gold metal coating. The topographic picture was then examined
and magnified 500 times after the sample had been placed into the SEM (Rianto, 2022).

2.6. Data Analysis

The data obtained were analyzed using descriptive analysis methods using IBM SPSS
22 methods. Then, data processing in this research used ANOVA analysis of variance at = 5%
to ascertain whether the therapy had a notable impact. A differentiating test using the DMRT
was performed on the data to determine if there was a significant effect.
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3. RESULT AND DISCUSSION
3.1. Color of Arrowroot Starch and Glycerol Edible Film

Starch gelatinization can be accelerated by high levels of amylopectin and low levels
of amylose by making starch less soluble in water, which is necessary for the starch to swell
only in hot water (Jiang et al., 2022). There is a lot of space when amylopectin levels are high,
and the mixing biopolymer will fill this space. A comparison of amylose and amylopectin
levels in arrowroot starch in this study shows that arrowroot starch can be utilized as a potential
ingredient to produce certain types of edible film (Alcazar-Alay & Meireles, 2015).

Water content analysis is conducted to determine the amount of water contained in food
ingredients, in this case, the water content of arrowroot starch, and to simplify the subsequent
process. The water content of the edible arrowroot starch produced in this study was 11.16%
(w/w). Based on the result, the water content of arrowroot starch is very close to the Slli
standard water content of arrowroot starch, which is 14%. The water content of starch as an
essential ingredient in edible film affects its shelf life. The higher the water content of starch,
the shorter its shelf life because it becomes contaminated with microbes faster. In making this
edible film with a relatively high-water content of arrowroot starch, this is not a big problem
because, in making an edible film, arrowroot starch is dissolved in water, and then to prevent
microbial growth, it is recommended that the basic ingredient of arrowroot starch not be stored
for too long so that the starch from arrowroot remains ideal for use as a base material for edible
films (Fakhouri et al., 2019).

The humidity of the surrounding air is another determining factor, and it is connected
to the type and nature of the material, its storage location, and any treatments it has received.
Knowing the starch brightness value, which will influence the edible product or preparation
results, the whiter the starch used, the more transparent the edible film produced will be. This
degree of brightness was measured using a chromameter on several samples based on the mesh
sieve results (Marta et al., 2023).

Table 1. Color of arrowroot starch and glycerol edible film.

Sample L a* b*
AlB1 88.81 + 0.37% -0.82 +0.108% -1.77+ 0.48?
AlB2 89.18 + 0.24% -0.76 £ 0.0212 -1.48+0.11%
AlB3 89.36 + 0.21° -0.79 £ 0.0712 -1.72+ 0.242
A2B1 88.60 + 0.099% -0.72 £ 0.028% -1.5+ 0.23?
A2B2 89.05+ 0.081%° -0.73 £ 0.035% -1.64 £0.172
A2B3 88.14 + 0.099% -0.83 + 0.049% -1.53+ 0.16%

Different letter notations indicate significant differences (p<0.05) in response values due to treatment.

The test results show that the degree of brightness for the edible film produced from
arrowroot starch measuring > 200 mesh has a brightness value of L*89.36, a* -0.79, and b*
-1.71 with a pale gray starch color, which, when viewed from the a and b values, displays the
distinctive bright color and bluish-red color. The L value indicates the brightness level of the
edible film with arrowroot starch. The higher the measured L value, the brighter the actual
visible color. With an L value of arrowroot starch of 89.36, arrowroot starch is suitable for
making edible films because it will produce transparent edible films that are supportive of
aesthetics and marketing (Nogueira et al., 2019).

3.2. FTIR of Arrowroot Starch and Glycerol Edible Film

The characteristics of edible films produced from glycerol and arrowroot starch are
presented, and each mixing step is completed using the FTIR spectroscopy technique.
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Identifying the functional groups present in each stage of the edible film mixing
process attempts to figure out the mixing mechanism and determine whether or not the edible
film contains new functional groups. The FTIR spectrum displayed in Figure 1 indicates that
no new functional groups were formed during the edible film formation process (Choque-
Quispe et al., 2021).
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Figure 1. FTIR spectrum of arrowroot starch and glycerol edible film. A1B1 (arrowroot 3% +
Glycerol 1.25%); A1B2 (arrowroot 3% + Glycerol 1.5%); A1B3 (arrowroot 3% + Glycerol
1.75%); A2B1 (arrowroot 4% + Glycerol 1.25%); A2B2 (arrowroot 4% + Glycerol 1.5%);

A2B3 (arrowroot 4% + Glycerol 1.75%).

Figure 1 (A) shows that the FTIR results of starch show the absorption of C-O after the
addition of arrowroot 3% + glycerol process in Figure 1 (B and C). After the edible film in
Figure 1 (D) was formed, After the addition of arrowroot 4% + glycerol process in Figure 1 (B
and C), the absorption of the OH group experienced a widening due to interactions and the
possibility of water absorption in the edible film (Basiak et al., 2018). Figure 1 (A) shows that
the FTIR results of starch show the absorption of C-O groups at a wave number of 858.66 cm"
- OH group at absorption 3398.11 — 3414.11 cm™!; NH at absorption 1638.68 cm™; and C-O
2930.22 cm®, but with a minimal absorption intensity. After the addition of arrowroot 3% and
glycerol too much (Figure 1 (B)), the NH absorption intensity widened, increased, and was
quite sharp at the wave number 1638.68 cm™ and the wave number 1548.22 cm™. The intensity
of OH absorption is also wider and stronger, which shows that NH and OH groups are
influenced by glycerol.

After the addition of 4% arrowroot in Figure D, the absorption intensity of the NH group
is not too wide, nor does the intensity of the OH group decrease due to the loss of water
molecules. After adding too much glycerol in Figure 1 (D), the FTIR spectrum is almost the
same and does not show a significant difference but experiences a slight shift, while the OH
becomes sharper and stronger due to glycerol, which has many OH groups. After the edible
film in Figure 1 (E and F) was formed, the absorption of the OH group experienced a widening
due to interactions and the possibility of water absorption in the edible film. The NH absorption
intensity and peak sharpness increase significantly, indicating that a membrane has formed.

The findings of the FTIR analysis show that physical mixing and hydrogen interactions
within chains are necessary for the production of edible film. The proposed hydrogen
interactions between amylose, amylopectin, and glycerol chains in edible film are shown in
Figure 2. The illustration of the presence of hydrogen bonds in the form of edible film is shown
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in Figure 2. This hydrogen bond occurs when an O or N atom molecule in glycerol interacts
with an H atom from amylose, amylopectin, or glycerol. This hydrogen interaction can also
happen between amylose and amylose with amylopectin. Based on the interactions, it can be
inferred that arrowroot starch and glycerol can enhance the mechanical properties of the edible
film by forming hydrogen bonds between chains, causing the edible film to become tighter and
stiffer. Glycerol is added to the edible film to decrease hydrogen interactions, make it less stiff,
and become elastic (Choque-Quispe et al., 2021).

Table 2. Mechanical properties of arrowroot starch and glycerol edible film.

Sample Fmax Tensile Strain at Tmax
(N) Strength (MPa) (%)
A1B1 21.48 +0.14° 26.54 + 0.98° 1.71 +0.03?
Al1B2 16.33 + 0.66" 25.27 + 1.03° 2.02 +0.382
A1B3 7.28 +3.122 15.58 + 6.24? 2.38 + 0.562
A2B1 8.73 + 0.35% 14.15 + 0.822 2.36 + 0.09?
A2B2 16.73 + 0.21° 17.84 + 0.03% 2.10 + 0.69?
A2B3 18.91 + 2.37%¢ 22.42 + 0.65 2.21 +0.512

a.b.¢ Different letter notations indicate significant differences (p<0.05) in response values due to treatment.

Different starch concentrations produce significantly different Fmax responses, namely
30% starch concentration produces Fmax 21.48 £+ 0.14 N, tensile strength 26.54 + 0.98 MPa,
while 40% produces Fmax 8.73 £ 0.35 N, tensile strength 14.15 + 0.82 MPa. The mechanical
characteristics of the final edible film are significantly influenced by the components, which
include glycerol as a plasticizer and arrowroot starch as a mixing biopolymer. The three
variables that influence the mechanical properties of edible film are elongation, tensile strength,
and Young's modulus. Table 1 is a table of the mechanical properties of the edible film, while
the arrowroot starch and glycerol formulations can all be tested for their mechanical properties.
This shows that edible film made from starch alone produces low mechanical properties of
around 8 MPa. The following is a table of test results analyzing the mechanical properties of
arrowroot starch edible film. Table 1 shows that the samples A1B1 (30% of arrowroot starch
and 12.5% of glycerol) and A2B3 (40% of arrowroot starch and 17.5% of glycerol) have the
best tensile strength values of 26.54 MPa and 22.42 MPa, respectively. Glycerol addition
quantity and tensile strength are directly correlated.

Characteristics of arrowroot starch are the result of extracting arrowroot tubers from the
arrowroot plant (Maranta arundinaceae L.), which is a type of tuber that has a starch content
of around 80 - 85%, so arrowroot tubers are not inferior to other tubers which are considered a
source of starch, such as cassava starch tree (85%), cassava starch (63%), and potato starch
(8%) (Nogueira et al., 2021). Starch is composed of two important fractions: amylose, a linear
fraction, and amylopectin, a branch fraction. Planting is still widespread in rural areas, but its
sustainability is increasingly threatened. In arrowroot tubers, the amylose and amylopectin
content is 15.21% and 84.79%, respectively (Malki et al., 2023; Rahmadhia et al., 2023).

Where A1B1 is 30% of arrowroot starch and 12.5% of glycerol; A1B2 is 30% of
arrowroot starch and 15% of glycerol; A1B3 is 30% of arrowroot starch and 17.5% of glycerol;
A2BL1 is 40% of arrowroot starch and 12.5% of glycerol; A2B2 is 40% of arrowroot starch and
15% of glycerol; A2B3 is 40% of arrowroot starch and 17.5% of glycerol; and average aO is
0,146 mm; bO is 5 mm; Lc is 50 mm; Fmax is 15,5563 N.

Adding glycerol can raise the tensile strength, but the tensile strength value tends to
decrease with increasing starch. Because glycerol can create hydrogen bonds between chains
to make the edible film tighter, glycerol, as a plasticizer, is inclined to increase the tensile
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strength value in specific formulations. According to the research findings, the function of
glycerol can be seen as indicated by the greater elongation value in small arrowroot starch and
glycerol formulations. In contrast, in small arrowroot starch formulations, the role of glycerol
is less visible due to the lack of starch, which tends to be less active in interacting with hydrogen
and other monomers in edible film (Rahmadhia et al., 2022; Wulandari et al., 2017).

This tensile strength analysis is used to determine the strength and deformation of the
film at the breaking point. A higher percentage of arrowroot starch (40%) results in a lower
tensile strength value. However, glycerol addition can raise tensile strength. The tensile
strength value is inversely proportional to the amount of arrowroot starch added. This is
because more hydrogen interactions will be contained in the edible film, so the bonds between
chains will be stronger and more difficult to break because a large amount of energy is required
to break the bond.

The tensile strength values of A1B1 (30% of arrowroot starch and 12.5% of glycerol)
and A2B3 (40% of arrowroot starch and 17.5% of glycerol) samples, namely 26.54 MPa and
22.42 MPa, respectively. This result meets the standard tensile strength values, with a
biodegradable plastic tensile strength value of 10-100 MPa and seen from the tensile strength
value of polypropylene of 10-100 MPa, namely 24.7, which is quite close to (Nogueira et al.,
2017). When glycerol is present, the plasticizer molecules cause the starch to become less
compact, decrease intermolecular interactions, and increase polymer mobility (Nogueira et al.,
2021). Tensile strength decreases, and elongation rises with an increase in glycerol
concentration.

3.3. Edible Film Surface Morphology of Arrowroot Starch and Glycerol Edible Film

The findings of the surface morphology analysis of the arrowroot starch-glycerol edible
film are shown in Figure 2. Based on Figure 2(b), it can be seen that the molecular structure
surface of the arrowroot starch edible film does not appear to be dense. Starch fibers with a
relatively large particle size (20-30 mesh) that do not dissolve completely are thought to cause
cracks in the edible film. More water will be absorbed if the structure is less dense or the fibers
are cracked. The image also shows a less smooth and porous surface. A surface that is not
smooth indicates that the film is less homogeneous.

However, the tensile strength value tends to increase with increasing glycerol
concentration. Because glycerol contains several active compounds that can influence the
tensile strength value of the edible film produced, it also has to be adjusted by adding the right
amount of starch. This follows (Warkoyo, 2019) statement that the tensile strength value of
edible film will weaken as the concentration of active ingredients increases because there are
interactions between molecules, which can weaken as the amount of active ingredients added
increases. The tensile strength values of arrowroot starch concentration and glycerol
concentration meet JIS (Japanese Industrial Standard) standards. Whereas, according to the JIS
1975 Standard (Japanese Industrial Standard), the tensile strength value of the edible film is at
least 3.92 Mpa (Rahmiatiningrum et al., 2019).
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Figure 2. A) Scanning electron microscopy of edible film with arrowroot starch 3% and
glycerol 1.5%; B) Scanning electron microscopy of edible film with arrowroot starch 4% and
glycerol 1.5%.

4. CONCLUSIONS

In the range of the arrowroot starch (3, 4% w/v) and glycerol concentration (1.25, 1.5,
and 1.75% wi/v), the increasing concentration of arrowroot starch and glycerol could increase
tensile strength. Besides that, the formulation of 30% of arrowroot starch with 12.5% of
glycerol and 40% arrowroot starch with 17.5% of glycerol produces high tensile strength of
26.54 MPa and 22.42 MPa, respectively. However, the results of the morphological analysis
of the edible film in the arrowroot starch-glycerol formulation still contain pores and cracks.

ACKNOWLEDGMENT

This research received internal research grants from Institut Technology Telkom
Purwokerto.

REFERENCES

Alcézar-Alay, S. C., & Meireles, M. A. A. (2015). Physicochemical properties, modifications
and applications of starches from different botanical sources. Food Science and
Technology (Brazil), 35(2), 215-236. https://doi.org/10.1590/1678-457X.6749

40



Arifani and Tamalea Journal of Agri-Food Science and Technology (JAFoST) 5(1) 2024: 33 — 43

Basiak, E., Lenart, A., & Debeaufort, F. (2018). How glycerol and water contents affect the
structural and functional properties of starch-based edible films. Polymers, 10(4).
https://doi.org/10.3390/polym10040412

Cengristitama, & Ramlan, S. (2022). Pengaruh penambahan plasticizer gliserol dan kitosan
terhadap karakteristik plastik biogradable berbahan dasar pati sukun. Tedc, 16(2), 102—
108.

Choque-Quispe, D., Froehner, S., Ligarda-Samanez, C. A., Ramos-Pacheco, B. S., Palomino-
Rincon, H., Choque-Quispe, Y., Solano-Reynoso, A. M., Taipe-Pardo, F., Zamalloa-
Puma, L. M., Calla-Florez, M., Obregon-Yupanqui, M. E., Zamalloa-Puma, M. M., &
Mojo-Quisani, A. (2021). Preparation and chemical and physical characteristics of an
edible film based on native potato starch and nopal mucilage. Polymers, 13(21), 1-15.
https://doi.org/10.3390/polym13213719

Dewi, M. Y., & Husni, A. (2020). Characterization of Biobased Alginate/Glycerol/ Sunflower
Oil as Biodegradable Packaging. E3S Web of Conferences, 147.
https://doi.org/10.1051/e3sconf/202014703004

Eslami, Z., Elkoun, S., Robert, M., & Adjallé, K. (2023). A Review of the Effect of Plasticizers
on the Physical and Mechanical Properties of Alginate-Based Films. Molecules, 28(18).
https://doi.org/10.3390/molecules28186637

Fakhouri, F. M., Nogueira, G. F., de Oliveira, R. A., & Velasco, J. I. (2019). Bioactive edible
films based on arrowroot starch incorporated with cranberry powder: Microstructure,
thermal properties, ascorbic acid content and sensory analysis. Polymers, 11(10).
https://doi.org/10.3390/polym11101650

Fidianingsih, 1., Aryandono, T., Widyarini, S., Herwiyanti, S., & Sunarti. (2022). Arrowroot
(Maranta arundinacea L.) as a new potential functional food: A scoping review.
International Food Research Journal, 29(6), 1240-1255.
https://doi.org/10.47836/ifrj.29.6.02

Hamzah, F. H., Sitompul, F. F., Ayu, D. F., & Pramana, A. (2021). Effect of the Glycerol
Addition on the Physical Characteristics of Biodegradable Plastic Made from Oil Palm
Empty Fruit Bunch Pengaruh Penambahan Gliserol terhadap Sifat Fisik Plastik
Biodegradable Berbahan Dasar Tandan Kosong Kelapa Sawit. Jurnal Teknologi Dan
Manajemen Agroindustri, 10(3), 239-248.

Jiang, Y., Chen, Y., Zhao, C., Liu, G., Shi, Y., Zhao, L., Wang, Y., Wang, W., Xu, K., Li, G.,
Dai, Q., & Huo, Z. (2022). The Starch Physicochemical Properties between Superior and
Inferior Grains of Japonica Rice under Panicle Nitrogen Fertilizer Determine the
Difference in Eating Quality. Foods, 11(16). https://doi.org/10.3390/foods11162489

Karlan, L. S., & Rahmadhia, S. N. (2022). Physicochemical Characteristics Of Baby Java
Orange Peel Pectin (Citrus sinensis) And Corn Starch-Based Edible Film With Glycerol
Plasticizer. Jurnal Teknologi Pertanian, 23(2), 119-128.
https://doi.org/10.21776/ub.jtp.2022.023.02.3

Maharijaya, A., Nur Salma, L., & Amarilis, S. (2020). Produksi dan Kualitas Umbi Beberapa
Genotipe Kentang (Solanum tuberosum L.) Koleksi IPB untuk Olahan Keripik Kentang.
Jurnal Agronomi Indonesia (Indonesian Journal of Agronomy), 48(3), 275-282.
https://doi.org/10.24831/jai.v48i3.32979

Mahiuddin, M., Khan, M. I. H., Kumar, C., Rahman, M. M., & Karim, M. A. (2018). Shrinkage
of Food Materials During Drying: Current Status and Challenges. Comprehensive
Reviews in  Food Science and Food  Safety, 17(5), 1113-1126.
https://doi.org/10.1111/1541-4337.12375

Malki, M. K. S., Wijesinghe, J. A. A. C., Ratnayake, R. H. M. K., & Thilakarathna, G. C.
(2023). Characterization of arrowroot (Maranta arundinacea) starch as a potential starch

41



Arifani and Tamalea Journal of Agri-Food Science and Technology (JAFoST) 5(1) 2024: 33 — 43

source for the food industry. Heliyon, 9(9), e20033.
https://doi.org/10.1016/j.heliyon.2023.e20033

Marta, H., Rizki, D. I., Mardawati, E., Djali, M., Mohammad, M., & Cahyana, Y. (2023).
Starch Nanoparticles: Preparation, Properties and Applications. Polymers, 15(5), 1-31.
https://doi.org/10.3390/polym15051167

Montoya-Escobar, N., Ospina-Acero, D., Velasquez-Cock, J. A., Gomez-Hoyos, C., Serpa
Guerra, A., Gafian Rojo, P. F., VVélez Acosta, L. M., Escobar, J. P., Correa-Hincapié, N.,
Triana-Chavez, O., Zuluaga Gallego, R., & Stefani, P. M. (2022). Use of Fourier Series
in X-ray Diffraction (XRD) Analysis and Fourier-Transform Infrared Spectroscopy
(FTIR) for Estimation of Crystallinity in Cellulose from Different Sources. Polymers,
14(23). https://doi.org/10.3390/polym14235199

Nasution, R. S., Harahap, M. R., & Yahya, H. (2019). Edible Film dari Karaginan (Eucheuma
cottonii) Asal Aceh, Indonesia: Karakterisasi dengan FTIR dan SEM. Elkawnie, 5(2),
188. https://doi.org/10.22373/ekw.v5i2.5567

Ndukwe, C. O., Ezurike, B. O., & Okpala, P. C. (2021). Comparative studies of experimental
and numerical evaluation of tensile properties of Glass Fibre Reinforced Polyester
(GFRP) matrix. Heliyon, 7(5), e06887. https://doi.org/10.1016/j.heliyon.2021.e06887

Nogueira, G. F., Fakhouri, F. M., & de Oliveira, R. A. (2018a). Extraction and characterization
of arrowroot (Maranta arundinaceae L.) starch and its application in edible films.
Carbohydrate Polymers, 186, 64—72. https://doi.org/10.1016/j.carbpol.2018.01.024

Nogueira, G. F., Fakhouri, F. M., & de Oliveira, R. A. (2018b). Extraction and characterization
of arrowroot (Maranta arundinaceae L.) starch and its application in edible films.
Carbohydrate Polymers, 186(December 2017), 64-72.
https://doi.org/10.1016/j.carbpol.2018.01.024

Nogueira, G. F., Fakhouri, F. M., Velasco, J. ., & de Oliveira, R. A. (2019). Active edible
films based on arrowroot starch with microparticles of blackberry pulp obtained by freeze-
drying for food packaging. Polymers, 11(9). https://doi.org/10.3390/polym11091382

Nogueira, G. F., Leme, B. de O, Santos, G. R. S. dos, Silva, J. V. da, Nascimento, P. B., Soares,
C. T., Fakhouri, F. M., & de Oliveira, R. A. (2021). Edible Films and Coatings Formulated
with Arrowroot Starch as a Non-Conventional Starch Source for Plums Packaging.
Polysaccharides, 2(2), 373-386. https://doi.org/10.3390/polysaccharides2020024

Rahmadhia, S. N., Saputra, Y. A., Juwitaningtyas, T., & Rahayu, W. M. (2022). Intelligent
Packaging as a pH-Indicator Based on Cassava Starch with Addition of Purple Sweet
Potato Extract (Ipomoea batatas L.). Journal of Functional Food and Nutraceutical, 4(1),
17-27. https://doi.org/10.33555/jffn.v4i1.90

Rahmadhia, S. N., Sidqgi, A. A., & Saputra, Y. A. (2023). Physical Properties of Tapioca Starch-
based Film Indicators with Anthocyanin Extract from Purple Sweet Potato (Ipomea
batatas L.) and Response to pH Changes. Sains Malaysiana, 52(6), 1685-1697.
https://doi.org/10.17576/jsm-2023-5206-06

Rahmiatiningrum, N., Sukardi, S., & Warkoyo, W. (2019). Study of Physical Characteristic,
Water Vapor Transmission Rate and Inhibition Zones of Edible Films from Aloe vera
(Aloe barbadensis) Incorporated with Yellow Sweet Potato Starch and Glycerol. Food
Technology and Halal Science Journal, 2(2), 195.
https://doi.org/10.22219/fths.v2i2.12985

Rianto, D. (2022). Scanning Electron Microscopy for Nanostructure Analysis of Hybrid
Multilayer Coating. Pillar Of Phisycs, 15(2), 119-128.

Shamsuri, A. A., & Darus, S. A. A. Z. M. (2020). Statistical Analysis of Tensile Strength and
Flexural Strength Data from Universal Testing Machine. Asian Journal of Probability and
Statistics, August, 54—-62. https://doi.org/10.9734/ajpas/2020/v9i330230

42



Arifani and Tamalea Journal of Agri-Food Science and Technology (JAFoST) 5(1) 2024: 33 — 43

Subando, T. R., Pranoto, Y., & Witasari, L. D. (2023). Optimization and Characterization of
Arrowroot Porous Starch Using Thermostable o-amylase by Response Surface
Methodology. ResearchSquare, 1-25. https://doi.org/10.21203/rs.3.rs-2440776

Tafa, K. D., Satheesh, N., & Abera, W. (2023). Mechanical properties of tef starch based edible
films:  Development and process optimization. Heliyon, 9(2), e13160.
https://doi.org/10.1016/j.heliyon.2023.e13160

Utama, C. S., Sulistiyanto, B., & Kismiyati, S. (2018). the Effects of Water Addition and
Steaming Duration on Starch Composition of Wheat Pollard. Reaktor, 17(4), 221.
https://doi.org/10.14710/reaktor.17.4.221-225

Warkoyo, Y. W. N. H. (2019). Characterization of Edible Film from Starch of Taro (Colocasia
esculenta (L.) Schott) with Addition of Chitosan on Dodol Substituted Seaweed
(Eucheuma cottonii L.). Food Technology and Halal Science Journal, 1(1), 22.
https://doi.org/10.22219/fths.v1i1.7544

Wulandari, D., Erwanto, Y., Pranoto, Y., & Rusman, R. (2017). the Properties of Edible Film
Derived From Bovine Split Hide Gelatin With Isolated Soy Protein Using Various Levels
of Glycerol in the Presence of Transglutaminase. Buletin Peternakan, 41(3), 319.
https://doi.org/10.21059/buletinpeternak.v41i3.24329

Zamani, M. R. (2015). Al-Si Cast Alloys - Microstructure and Mechanical Properties at
Ambient and Elevated Temperature Al-Si Cast Alloys - Microstructure and Mechanical
Properties at Ambient and Elevated Temperature. In Dissertation Series (Issue 7).

Zotek-Tryznowska, Z., & Cichy, L. (2018). Glycerol Derivatives As a Modern Plasticizers for
Starch Films. 217-222. https://doi.org/10.24867/grid-2018-p27

43



