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Abstract. One of the most enormous waste is plastic. Most plastic waste
can damage the environment on land and in the oceans. Food packaging
plastic is switched from conventional to natural materials. The research goal
is an analysis of biodegradable, edible film plastic materials. A combination
of corn starch (CS) (4, 3.5, 3, 2.5, 2% w/v), iota-carrageenan (IC) (0, 0.5, 1,
1.5, 2% w/v), and butterfly pea flower extraction (BPE) (0, 4, 8% v/v) can
be developed as edible biodegradable films. The method used in this
research is bench casting. These edible films are characterized based on
physico-mechanical properties, water properties, and biodegradation. The
results of water vapor permeability as water properties in CS/IC3 samples
was 19.449 ¢ mm/m?.h.kPa, and in the CS/IC/BPE 3-2 samples was 12.596
g.mm/m>.h.kPa. Based on the results, the tensile strength as physical-
mechanical properties of the samples increased as the iota-carrageenan and
BPE content occurred in the CS/IC5 sample with a value of 3.32 MPa and
the CS/IC/BPE 5-2 sample with a value of 4.93 MPa. The CS/IC/BPE
sample extensively reduced cherry tomato weight loss and increased the
duration of storage of the studied tomatoes by 10 days. The research shows
that the natural material CS/IC/BPE produces a good edible film for
packaging.

1 Introduction

The use of plastic is inseparable from human activities. The ever-increasing use of plastic
due to its robust nature, good flexibility, and affordable price makes plastic an option for food
packaging. Conventional plastics, which are not environmentally friendly, take hundreds of
years to degrade by nature and produce high carbon emissions [1]. The plastic industry has
made non-degraded plastic by nature. Edible film is a thin layer used as food packaging to
extend the shelf life of food.
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Natural polymers such as polysaccharides, proteins and lipids can be used to make edible
films[2]. Polysaccharides are natural polymers generated from starch, glycone, agarose, and
cellulose. Starch is widely used as a raw material for making edible films. Starch comes from
several plants, such as rice, potatoes, taro, corn, etc. Starch has primary polymer elements,
namely amylose and amylopectin [3].Corn starch is a natural polymer that has many sources.
Corn starch offers renewable characteristics, biodegradability, edibility, cheap cost, excellent
mechanical resistance, and water-holding ability, making it a good material for packaging
and food preservation applications [4], [5]. Iota carrageenan is an extract from marine algae
or red algae. Films mixed with iota carrageenan produce good mechanical properties and
lower permeability than previous studies on arrowroot starch and iota carrageenan [2].
Carrageenan has three types, namely kappa, iota, and lambda. Iota carrageenan has good
elasticity properties for food packaging manufacturing compared to kappa, which is stiff and
brittle, and lambda, which does not have gel properties [6]. Butterfly pea flowers contain
anthocyanins that are useful for natural food coloring. Anthocyanin extracts can be a mixture
in film making because they have good mechanical, physical, and barrier properties [7]. The
film can be used to monitor the freshness of packaged pork in combination with
anthocyanins. Because of the eco-friendly nature of natural films, they can attract consumers,
retailers, and manufacturers for food packaging [8].

The study hypothesized that incorporating anthocyanins in starch and carrageenan bases
would help obtain the film's moisture-barrier and physico-mechanical properties. This study
aimed to obtain a new biodegradable material from corn starch, iota carrageenan, and
anthocyanins from butterfly pea flower extract.

2 Materials and methods

2.1 Material

Corn starch from PT Daesang Agung Indonesia, West Java, Indonesia. Butterfly pea flowers
from a butterfly pea garden in Mojolaban, Sukoharjo, Central Java, Indonesia. Iota
Carrageenan from Indonesia's handmade chemical shop, Surabaya, East Java, Indonesia.
Glycerol was purchased from CV. Indrasari Semarang, Central Java, Indonesia.

2.2 Extraction of anthocyanin of butterfly pea flower (BPE)

Dried butterfly pea flowers are used for anthocyanin extraction raw materials. Aquadest is a
solvent of anthocyanins, with a ratio of solid and liquid 1:20. The extraction is carried out at
a temperature of 45°C for 60 minutes.

2.3 Production of biodegradable edible film

The edible film solution was made following the procedure from the previous study [2]. Corn
starch (CS), iota carrageenan (IC), glycerol (Gly), and anthocyanins from butterfly pea flower
extract (BPE) were prepared, as shown in Table 1. The film solution was prepared by
dissolving corn starch into aqua dest heated to a temperature of 70°C on the hot plate stirrer
with constant stirring at 200 rpm for 5 minutes. IC was added to the solution with further
heating until well mixed, then anthocyanin extract was added with continuous stirring and
finally added with glycerol at the same speed until the solution was mixed. The solution was
transferred to a film mold and then dried in an oven at 40°C for 7 hours. The dried film was
stored in a desiccator before further analysis.
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Table 1. Edible film combination ratio

Film Code (%,C VE/W) (%,Ivcv/w) Glyw(;)/iog%f)dry (355,)
csi 0
CS/BPEI-1 4 0 30 4
CS/BPEI-2 g
e 0
CS/IC/BPE2-1 35 0,5 30 4
CS/IC/BPE2-2 8
CS/IC3 0
CS/IC/BPE3-1 3 I 30 4
CS/IC/BPE3-2 8
CS/IC4 0
CS/IC/BPE4-1 25 1,5 30 4
CS/IC/BPE4-2 8
CS/ICS 0
CS/IC/BPES-1 2 2 30 4
CS/IC/BPES-2 8

2.4 Physico-mechanical properties

2.4.1  Film thickness

A digital micrometer was used to measure the film thickness in three different areas. Take
a random area of the film at three points of the film and measure the film thickness using
a digital micrometer.

2.4.2 Tensile strength and elongation

A universal testing machine (UTM) was used to determine the tensile strength. Samples
were cut into 25 x 5 mm strips and measured at 1 mm/s. [2].
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2.5 Barrier Properties of the film

2.5.1  Water vapour permeability

The gravimetric method from ASTM E96-95 was used to evaluate the water vapour
permeability of film samples. [9]. In a test chamber, a glass beaker containing dry silica
gel (10 g) and covered with a circular film sample was retained. The glass beaker was
weighed every 24 hours for seven days. The water vapour permeability value can be
calculated using below:

wr ()= 4 )

.mm
wvp (mih kPa) [S(RHl RHZ)] (2)
Where:
WVT= water vapour transmission (g/m*h’
G = weight lost (g)
A =surface area of the beaker (m?)
WVP= water vapour permeability
RH, = relative humidity of dry silica
RH, = relative humidity of the test chamber

2.5.2 Swelling index

Film strips (20mmx20mm) soaked in 30ml deionized water for 5 hours at 25°C. The
solution is filtered, and the film sample is wiped using soft paper and weighed. The
swelling test was calculated using the equation below [2]:

Swelling (%) = [ x 100 3)
Wo
2.5.3 Moisture content

Film samples were cut to 2 cm X 2 cm, then weighed and dried in the oven at 105°C for
24 hours. Then, the dried sample was weighed again to calculate the moisture content
using the equation below [10]:

Wi—-wa

moisture content (%) = x 100 (4)

2.6 FTIR

Film samples were analyzed with an FTIR spectrometer. All analyzed samples FTIR
spectra are presented as transmission (%) in the wavelength range 400 to 4000 cm™.[11].
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2.7 Packaging tests

The packaging test was conducted using cherry tomatoes. Cherry tomatoes were weighed
before the packaging test, and the weighted cherry tomatoes were put into a small glass
beaker and covered with a film sample for ten days. After ten days, the cherry tomatoes
were weighed again to determine their progress during the packaging test. The packaging
test will calculate the mass of cherry tomatoes lost using the equation [2]:

wight loss (%) = [(W%ﬁ) X 100] (5)

3 Results and discussion
3.1 Physico-mechanical properties
3.1.1 Film thickness

The highest thickness was obtained on the CS/BPE1-2 film, which was 0.13 mm, and the
lowest was in the CS/ICS film, which was 0.06 mm (Table 2). The decrease in film
thickness in each fraction of corn starch and iota carrageenan is also influenced by the
decrease in dry matter soluble in the film former. The decrease in starch content in the
film matrix and the increased content in iota carrageenan can reduce film thickness, as
found by Abdillah & Charles (2021) and Thakur et al. (2016) [2], [11]. The addition of
anthocyanin extracts from the butterfly pea flower showed an increase in thickness
compared to the control film. The increase in film thickness is due to changes in gelatin
chain confirmation with the addition of butterfly pea flower extract, as found by Gasti et
al. (2021)[7]. The increase in film thickness was due to an increase in the concentration
of butterfly pea flowers and film matrix.

3.1.2 Tensile strength and elongation

The results of Table 2 show that the highest tensile strength shown in CS/IC/BPES-2 film
is 4.93 mPa and decreases in samples with reduced iota Carrageenan concentration and
increased corn starch content in CS1 samples as well research conducted on arrowroot
starch and iota carrageenan [2]. Increasing anthocyanin content also increases the tensile
strength value of corn starch film and iota Carrageenan edible films [7].

Increasing corn starch on the film can increase the film value of corn starch and iota
carrageenan. Increasing dry matter can increase elasticity in corn starch films and iota
carrageenan, as in the research of Abdillah & Charles (2021)[2]. Increasing the
anthocyanin content in corn starch films can reduce the elongation value caused by the
formation of crosslinking interactions between phenolic groups and striped flower
extracts and -NH groups; and -OH from the film matrix, which decreases the flexibility
of the film, also reducing the consequences of plasticizers [7]. In research, Yong et al.
(2022)[12] found that adding anthocyanins to the film matrix did not change the TS value
significantly due to the small addition of anthocyanins.
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3.2 Barrier properties of the film
3.2.1 Water vapor permeability

The addition of iota carrageenan can reduce the WVP value compared to the CS1 films
that do not contain iota carrageenan, namely 18,335 g.mm/m? kPa.h, which goes down to
the CS/IC2 film with iota carrageenan 0.5% w/v to 13.852 g.mm/m2.kPa.h, as well as
research conducted by Abdillah & Charles (2021)[2] and Thakur et al. (2016)[11].
CS/IC/BPE3-1 films decreased the WVP value from CS/IC3 films without anthocyanins.
The addition of anthocyanin to the film matrix had no significant impact on the CS/IC
film's WVP value. [12], [13].

3.2.2 Swelling index

Because of the physical hydrogel characteristic of iota carrageenan as a water absorber,
decreased corn starch content can enhance the swelling index. As in CS/IC3 film, which
is 140.483% to 178.497% (CS/IC4 films) due to the increased iota carrageenan content
[2], [11]. The addition of anthocyanin extracts from the butterfly pea flower also increased
the swelling index from 222.135% to 269.658% [8].

3.2.3 Moisture content

Increased concentrations of iota carrageenan and the addition of anthocyanin extracts can
reduce the moisture content, which shows the limited ability of water absorption when
releasing anthocyanins. The addition of 0.5% w/v iota carrageenan increased the moisture
content by 25.95% (CS/IC2) from CS/BPE1-2 samples, which do not contain iota
carrageenan but contain 8% v/v anthocyanin extract by 40.86% and decrease the moisture
content as iota carrageenan increases in the film matrix. The results of this study are
similar to those of Thakur et al. (2016)[11]. Adding anthocyanin extracts can reduce the
film matrix's moisture content, as in Koshy et al.'s research (2021)[8].

Table 2. physicomechanical properties and barrier properties of edible film

Film Thickness TS Elongation | MC PWV Swelling
(g.mm/m
0, 0, o,
Code (mm) | Mpa) | (%) o) | Fepany | )
CSl1 0,10 1,15 42,32 18,22 18,335 154,255
CS/BPE1-1 0,11 2,37 29,79 36,67 14,197 155,799

CS/BPEI1-2 0,13 3,19 20,10 40,86 13,551 188,563

CS/1C2 0,08 1,96 36,14 25,95 13,852 75,294
CS/IC/IBPE2- 0,08 2,50 25,81 55,00 16,161 102,387
CS/ICQBPE} 0,10 3,71 17,29 33,61 18,825 96,120

CS/IC3 0,07 2,57 34,49 50,00 19,449 140,483
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COMOBPES- 1 008 | 335 | 2168 | 5889 | 13,103 | 341378
COMCBPES 1 009 | 415 | 1892 | 4977 | 12,59 | 214728
CS/IC4 007 | 2.84 | 2941 | 3635 | 13,823 | 178497
CS/ IC/IBPE“' 007 | 376 | 1908 | 2439 | 17,872 | 311,429
CS/ IC;BPE“' 008 | 447 | 2499 | 4538 | 19,851 | 227,037
CS/ICS 006 | 326 | 2499 | 2919 | 13,601 | 59,415
COMCBPES 1 007 | 428 | 1724 | 5357 | 18331 | 222135
Cs/ IC;BPES' 007 | 493 11,51 | 47,05 | 19,051 | 269,658
3.3 FTIR

All films displayed the same FITR spectra pattern. In all samples, the OH group is seen at
3267 — 3306 cm™!, while the C-H group is observed at 2931 —2942 cm, signifying glycerol,
starch, and glucose units. With the addition of Iota Carrageenan to composites, the CS/IC2
film -OH value increased to 3291 cm! in this investigation. This phenomenon is interpreted
as mixing corn starch, iota carrageenan, and glycerol, increasing hydrogen bond interactions
and tensile strength [2]. The bands shifted from 3291, 2926, 1646, and 998 cm™!, respectively,
to 3293, 2927, 1644, and 999 cm!. The interaction of the matrix functional groups of corn
starch/iota carrageenan film with butterfly pea flower extract causes this band shift. FTIR
results show that anthocyanins have high compatibility with the corn starch/iota carrageenan
film matrix and produce the uniform film through intermolecular interactions between the -
OH group of anthocyanin extract and the -N-H, O-H, and O-H groups of corn starch and iota
carrageenan without modification in molecular structure, this study is following the research

report from Gasti et al. (2021)[7].
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Fig 1. FT-IR edible film of corn starch and iota carrageenan with anthocyanins
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3.4 Packaging tests

Tomato cherry control not coated with edible film experienced a weight loss of 14.739%
smaller than tomatoes covered with edible film CS1, CS/IC2, and CS/IC/BPE3-1, which
reached more than 30% and experienced faster decay. In contrast to tomatoes covered with
other edible films, tomatoes experience shrinkage. Tomatoes that experienced the smallest
weight loss were in sample CS/IC/BPE4-1 containing 2.5% corn starch, 1.5% iota
carrageenan, and 4%v/v anthocyanin extract. Tomato weight loss and softening are
connected with moisture loss, which leads in fresh fruit crispness loss [14].
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Fig 2. Weight loss tomatoes coated edible film corn starch and iota carrageenan with
anthocyanins

4 Conclusion

The biodegradable film of corn starch (CS), iota carrageenan (IC), and butterfly pea flower
extract (BPE) blends has physicomechanical and barrier properties that support their
characterization as biodegradable films and prove effective biopolymers for producing films
with potential food packaging applications. The thickness and flexibility combined with the
corn starch are potential food packing materials. The IC fraction was responsible for
increased tensile strength, a larger swelling index, and a decrease in WVP. FTIR results
indicated an interaction between the film matrix and butterfly pea flower extract
anthocyanins. CS/IC/BPE samples shown important advantages for increasing shelf life and
food quality, suggesting their prospective applications in the food the sector, which strives to
minimize its reliance on synthetic polymers.

The authors acknowledge the financial support from Diponegoro University Project 2023.

Reference

[1] E. Kamsiati, H. Herawati, and E. Y. Purwani, “POTENSI PENGEMBANGAN
PLASTIK BIODEGRADABLE BERBASIS PATI SAGU DAN UBIKAYU DI



E3S Web of Conferences 503, 09005 (2024) https://doi.org/10.1051/e3sconf/202450309005
ISAC-ICCME 2023

INDONESIA / The Development Potential of Sago and Cassava Starch-Based
Biodegradable Plastic in Indonesia,” J. Penelit. dan Pengemb. Pertan., vol. 36, no.
2,p. 67 (2017)

[2] A. A. Abdillah and A. L. Charles, “Characterization of a natural biodegradable edible
film obtained from arrowroot starch and iota-carrageenan and application in food
packaging,” Int. J. Biol. Macromol., vol. 191, no. July, pp. 618—626 (2021)

[3] R. K. Gupta, P. Guha, and P. P. Srivastav, “Natural polymers in bio-
degradable/edible film: A review on environmental concerns, cold plasma
technology and nanotechnology application on food packaging- A recent trends,”
Food Chem. Adv., vol. 1, no. November, p. 100135 (2022)

[4] S. Luo et al., “Preparation of corn starch/rock bean protein edible film loaded with
D-limonene particles and their application in glutinous rice cake preservation,” Int.
J. Biol. Macromol., vol. 206, no. January, pp. 313-324 (2022)

[5] J. A. do Evangelho et al., “Antibacterial activity, optical, mechanical, and barrier
properties of corn starch films containing orange essential oil,” Carbohydr. Polym.,
vol. 222, no. April, p. 114981 (2019)

[6] M. Krempel, K. Griffin, and H. Khouryieh, Hydrocolloids as emulsifiers and
stabilizers in beverage preservation. Elsevier Inc., (2019)

[7] T. Gasti et al,, “Smart biodegradable films based on chitosan/methylcellulose
containing Phyllanthus reticulatus anthocyanin for monitoring the freshness of fish
fillet,” Int. J. Biol. Macromol., vol. 187, no. June, pp. 451-461 (2021)

[8] R. R. Koshy, J. T. Koshy, S. K. Mary, S. Sadanandan, S. Jisha, and L. A. Pothan,
“Preparation of pH sensitive film based on starch/carbon nano dots incorporating
anthocyanin for monitoring spoilage of pork,” Food Control, vol. 126, no. February,
p- 108039 (2021)

[9] [ASTM] American Society for Testing and Materials, “Standard Test Methods for
Water Vapor Transmission of Materials 1 material science View project
photocatalytic View project,” no. October (2019)

[10]  G. Ghoshal and M. Kaur, “Optimization of extraction of starch from sweet potato
and its application in making edible film,” Food Chem. Adv., vol. 3, no. August 2022,
p- 100356 (2023)

[11]  R. Thakur et al., “Characterization of rice starch-i-carrageenan biodegradable edible
film. Effect of stearic acid on the film properties,” Int. J. Biol. Macromol., vol. 93,
pp- 952-960 (2016)

[12]  H. Yong, J. Liu, J. Kan, and J. Liu, “Active/intelligent packaging films developed by
immobilizing anthocyanins from purple sweetpotato and purple cabbage in locust
bean gum, chitosan and k-carrageenan-based matrices,” Int. J. Biol. Macromol., vol.
211, no. May, pp. 238-248 (2022)

[13] M. Alizadeh-Sani et al., “pH-responsive color indicator films based on
methylcellulose/chitosan nanofiber and barberry anthocyanins for real-time
monitoring of meat freshness,” Int. J. Biol. Macromol., vol. 166, pp. 741-750 (2021)

[14] M. Ahmed, P. Saini, U. Igbal, and Kirti, “Bio cellulose-based edible composite
coating for shelf-life extension of tomatoes,” Food Humanit., vol. 1, no. June, pp.
973-984 (2023)



