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Abstract.

Biodegradable plastic from banana peel is durable and transparent. It breaks down naturally in the environment and can
substitute traditional petroleum plastic, which is a source of pollution due to its slow degradation. This research is intended
to improve the physical properties of biodegradable film obtained by the casting solution method from an Aceh variety of
wak banana peel starch with glycerol as a plasticizer.

The authors relied on a factorial completely randomized design with two replications. The variables included the concentrations
of wak banana peel starch (6, 8, and 10%) and glycerol (2, 5, and 8%). The data were subjected to the analysis of variance
(ANOVA). The physical tests covered tensile strength, elongation, water absorption, and biodegradation. The functional groups
of biodegradable films were analyzed using Fourier-transform infrared spectroscopy (FTIR). The morphological structure
was studied by scanning electron microscopy (SEM).

The biodegradation test lasted for two and four days. The sample with less banana peel starch (6-8%) degraded faster. Higher
glycerol concentrations (5-15%) affected the weight of the samples. The plastic samples with 15% glycerol degraded faster
than the samples with minimal glycerol amount. A greater concentration of wak banana peel starch significantly affected
tensile strength and elongation while the effect on water content and water absorption capacity was insignificant. Glycerol
concentration affected water content and tensile strength, but had no significant effect on water absorption capacity and elon-
gation. The ratio between the concentrations of wak banana peel starch and glycerol had a significant effect on tensile strength
and water absorption capacity.

The best results belonged to the sample with 8% wak banana peel starch and 2% glycerol. The research provided new options
for utilizing banana peels as biodegradable packaging and an alternative to traditional plastic. The commercialization and
scalability of this ecologically friendly plastic require further research.
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AHHOTAIMSA.

3 6aHaHOBOM KOXKYpPHI IMOJTydaeTCss OMOAErpaAupyeMBblii IUTACTUK BBICOKOI MPOYHOCTHU U Mpo3padyHocTH. OH eCTeCTBEHHBIM
o0pa3oMm pasnaraeTcst B OKpYysKarollei cpeae ¥ MOXKeT 3aMEHUTh TPAAUIIMOHHBIH TUIACTHK, KOTOPBIH, B CHIIy CBOETO ME/UIEHHOTO
Pa3I0XKEHUs, SIBISETCS OMACHBIM NCTOYHHUKOM 3arpsi3HeHHs. Llenbio JaHHOTO NCCIIeAOBAHUS SABISUIOCH H3YUCHUE (QU3UIECKUX
CBOMCTB OnopasiaraeMoil INIEHKH, U3TOTOBICHHOW M3 KpaxMaja, MOJy4eHHOH MPpH MOMOLIM METO/a JINTHEBOTO PacTBOpa U3
6aHaHOBOH KOXYPBI C INIMIIEPUHOM B Ka4eCTBE IIACTU(HHUKATOPA.

B uccnenoBannu npuMeHsuiach GpakTopHas HOJTHOCTBIO PaHAOMHM3HPOBAaHHASI MOJIEIb C ABYMsI MOBTOpEHUsIMU. B kauecTBe dax-
TOPOB BBIOPaHBI: KOHIICHTpAIIHS KpaxMana 6aHaHOBOU KOKypsI (6, 8 u 10 %) u koHIeHTpauus raunepuHa (2, 5 u 8 %). /lanHbie
ObUIN TTOIBEPTHYTHI qucnepcuonHoMy anannzy (ANOVA). B xozxe skcriepuMenTa H3y4eHsl: IPOYHOCTh Ha Pa3phIB, yUIMHEHNE,
TIOTJIONICHUE BOABI M Onozerpaaanys. OyHKIMOHAIBHBIC TPYIITHI 00pa3oB OHOpa3IaraeMbIX IIICHOK aHATU3HPOBAIIH IIPH IIOMOIIN
nH(ppaKpacHOU CHEKTpocKonuu ¢ nmpeodbpazosanueM Pypne. Mopdorornueckyro cTpyKTypy IKCIEPUMEHTAIBHOTO MIIaCTHKA
U3ydaay ¢ MOMOIIBIO CKAHNPYIOMIEH 3MeKTPOHHOH MUKPOCKOITHH.

ITo pesynbpTatam TecTa Ha OHOpa3IaracMoCTh 00pa3ell ¢ MEHBIIIMM COJIepKaHneM kpaxmaia (6—8 %) pasmaraincs OsicTpee. bosee
BBICOKHE KOHIICHTpAIMH TimieprHa (5—15 %) mpuBenu K yTspkeneHuro 00pasos. O6pa3is! iacTuka ¢ 15 % ranmepuna pasiaraich
ObIcTpee, YeM 00pa3Isl ¢ MUHIMAILHBIM CO/IepKaHUEM IIINIepruHa. BrIcoKast KOHIIEHTpaIHs Kpaxmaia U3 6aHaHOBOH KOXXypHI
CYIIECTBEHHO BIIMsIA HA IPOYHOCTH U YUIMHEHHUE, a BIUSHHC Ha COJICPIKaHUE BOJBI M BOAOIOTTIONIAIONIYIO CIIOCOOHOCTh 0Ka3aI0Ch
He3HaYuTedbHBIM. KOHIIEHTpanus IIuepruHa okaszajaa 3HAaYNTeIbHOE BIMSIHNE Ha COJIePKaHHe BOABI U IPOYHOCTD, IIPU 3TOM
3 ekt Ha BOOMOITIOMIAOIIYIO CIOCOOHOCTD M yNIMHEHHE OblT He3HaYnTeNbHbIM. COOTHOIICHHE MEX/y KOHIICHTpalUeil kpaxmana
13 6aHAHOBOM KOXypBbI U IIULEPHHA CYIIECTBEHHO BJIMSIIO HA IPOYHOCTh U BOAONOMIOLIAIOIIYIO CIIOCOOHOCTh 9KCIIEPUMEHTAIBHOIO
oOpa3sia OnopasiaraeMoro MmiacTUKa.

Hawnmydmme pe3yabTaTsl IpoJeMOHCTpHPOBaA obpasen ¢ 8 % kpaxmana u3 6aHaHOBOH KOXYpHI 1 2 % rimnepuHa. MccnenoBanue
BBISIBUJIO HOBBIE BO3MOXKHOCTH HCIIOJIB30BaHNsI OaHAHOBOI KOXKYpPBI B Ka4eCTBE CHIPHS AJIS IPOU3BOJCTBA OHOpa3iaraeMoi
YNAKOBKH U albTepPHATUBHI TPAJAUINOHHOMY IIACTHKY. KoMMeprmanusaus 1 MaciTabupyeMocThb IPOeKTa TPEOYIOT JalbHEHITX
UCCIIETOBAHMM.

Karouesnie ciioBa. bananosas koxypa, kpaxmai, OnoJerpaianus, Mpounece pa3ioKeHns!, IPOHUIIAEMOCTh, IUIACTUK, KCTPAKIIUS
Js nurupoBanus: Upmasuru, Ausap Y. Cunre3 6ropasznaraeMoro miacTika u3 6aHaHOBOI KOXKYPBI C TIIHIIEPUHOM B KauecTBE

mnactTuukaropa / TeXHUKa ¥ TEXHOJIOTUS MUIIEBBIX Mpou3BoACTB. 2024. T. 54. Ne 3. C. 546-557. (Ha anrmn.) https://doi.org/
10.21603/2074-9414-2024-3-2527

Introduction plastic 500 years to deteriorate, and when it finally does,
Plastic has a wide range of forms, including sheets, it becomes toxic. Plastic pollution of soil and water may
panels, and films, each of which has its own advanta- have disastrous consequences. It affects people, e.g.,
ges. Depending on the application, plastic may be made by upsetting hormone balance or thyroid hormone axis.

more flexible, which is an industrial benefit. Plastic is As a result, biodegradable plastic emerges as a viable
more affordable than any other packaging. It is strong, remedy for every issue [1].

aesthetically pleasing, and lightweight; in addition, it co- Starch is elastic and resembles petroleum-based poly-
mes in a variety of sizes and shapes. However, excessive mers, which makes it a key ingredient in the production
use of plastic has made it a major pollutant. It takes of biodegradable plastics. Starch comes from tuberous

547


https://orcid.org/0000-0002-0274-8894
https://orcid.org/0000-0002-9395-8028
https://ror.org/0240hnb85
https://doi.org/10.21603/2074-9414-2024-3-2527
https://doi.org/10.21603/2074-9414-2024-3-2527
mailto:irmayanti@serambimekkah.ac.id
https://orcid.org/0000-0002-0274-8894
https://orcid.org/0000-0002-9395-8028
http://crossmark.crossref.org/dialog/?doi=10.21603/2074-9414-2024-3-2527&domain=pdf

Irmayanti et al. Food Processing: Techniques and Technology. 2024,54(3):546-557

plants, e.g., potatoes, sweet potatoes, jicama, cassava,
and arrowroot. The amount of starch in the mix defines
the mechanical and physical properties of the biodegra-
dable plastic produced. The synthesis of biodegradable
plastics from tuberous plants has been well investigated.
New alternatives for plastic synthesis are required to
obtain more variety. Banana peel is a novel and prospec-
tive source of biodegradable plastic.

Banana peel is an easily obtained byproduct of food
production that is discarded as waste and has no market
value. However, banana peel is rich in starch and may be
utilized as a raw material for such creative food wrapper
as edible film, its main advantages being rapid degra-
dation and edibility [2].

Wak banana, or king banana, is a popular name for
Musa (ABB Group) Pisang Awak, or Musa paradisiaca
var.awak. Its peel contains more carbohydrates (31.8 g)
than other banana cultivars, which makes it a viable al-
ternative material for new biodegradable plastic. Its high
carbohydrate content means good prospects as a plasti-
cizer. Unfortunately, bioplastics derived from starch are
of non-waterproof (hydrophilic) nature. Hydrophobic
substances, e.g., chitosan and glycerol, can be added to
starch-based bioplastics in order to enhance their me-
chanical characteristics [3].

Biodegradable film needs a plasticizer, i.e., a non-
volatile substance with a high boiling point that, when
added to another material, can make it more plastic. Plas-
ticizers reduce film brittleness, enhance permeability to
gases, water vapor, and solutes, as well as improve plas-
ticity. The list of popular plasticizers used in biodegra-
dable films includes glycerol, beeswax, polyvinyl alcohol,
and sorbitol [4]. Top of Form.

Kadam and Datta proved that biodegradable film de-
rived from banana peel was more optimal than synthetic
polymers and controls [1]. Saleh and Utami, who stu-
died mulu bebe banana peel starch and biodegradable
plastic with chitosan and glycerol, reported a water con-
tent of 13.389-19.621%, density of 0.047-0.112 g/cm?,
tensile strength of 0.983—4.790 MPa, elongation of 1.402—
13.317%, and water absorption of 12.407-82.194% [3].
This research aims at improving the physical properties
of biodegradable film made from starch obtained by the
casting solution method from wak banana grown in the
Province of Aceh, Sumatra, Indonesia, and glycerol as
a plasticizer.

Study objects and methods

The tools used in this research included a small buc-
ket, a knife, a blender, a small sieve, filter paper or thin
cloth, a small pot, measuring glass, a stove, a spoon,
an oven, a clock or stopwatch, and a digital scale. The
analytical tools involved a Kao strength-testing device,
a micrometer screw, an oven, an analytical balance, a
tensile tester, a scanning electron microscope (SEM),
and a Fourier-transform infrared (FTIR) spectrometer.
The materials included green wak banana peel obtai-
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ned from Lambaro Market, Aceh Besar, glycerol, wa-
ter, and 70% alcohol.

Making banana peel starch. The starch extraction
was carried out following the method described by Saleh
and Utami (3), with slight modifications. The procedural
steps involved washing and peeling the bananas in run-
ning water, followed by grinding the peels in a blender.
After that, we added distilled water to facilitate crushing
with a banana peel-to-distilled water ratio of 200 g to
250 mL. Then, we filtered the banana peel paste through
cheesecloth and placed it in a 1,000 mL beaker. The
banana peel filtrate settled there for 24 h until sediment,
which was separated from supernatant. The obtained se-
diment was then reconstituted with an additional 250 mL
of distilled water and left for another 24 h until sediment
formed again and was separated from supernatant. Sub-
sequently, we dried the sediment in an oven at 70°C
for 24 h and sieved it through a no.100 mesh sieve.

Making biodegradable plastic. Forming biodegra-
dable plastic from banana peels followed a modified
procedure developed by Kadam and Datta [1]. We dis-
solved banana peel starch at concentrations of 6, 8, and
10% in 6% acetic acid by stirring at 70°C. Once all the
solutions were dissolved, the banana peel starch solu-
tion was stirred for 15 min until the mix became homo-
geneous. After that, we added glycerol at concentrations
of 2, 5, and 8%, stirred it, and heated for 15 min until the
temperature reached 70°C. Subsequently, we poured the
biodegradable plastic solution into molds pre-cleaned
with 96% alcohol. The molds remained in the oven at
70°C for 7 h. Upon leaving the oven, they were left to
cool down to room temperature (28°C). The physical tests
included such parameters as tensile strength, elongation,
water absorption, and biodegradation. The functional
groups of biodegradable films were analyzed using a
Fourier-transform infrared (FTIR) spectrometer. The
morphological structure underwent scanning electron
microscopy (SEM).

Water content test. We placed 2 g of fine-ground
material into a pre-weighed crucible to be dried in the
oven at 100-105°C for 3-5 h, followed by cooling it
in a desiccator for 15 min and re-weighing. After that,
we calculated the moisture content using the formula
introduced by Irmayanti et al. [5]:

Moisture content = (W, — W,) / W < 100

where W was the initial weight and W, stood for the
sample weight after drying, i.e., the final weight.

Water absorption test. To test the water absorption,
we placed 5 g of each sample in 100 mL of boiling water
and heated them until complete gelatinization for 5 min.
Once completely gelatinized, the plastic was weighed,
and the water absorption was measured as the change
before and after heating [6].

Tensile strength test. The samples remained in a
room with standard temperature and humidity 23 + 2°C,
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52% for 24 h. Then, they were cut into standard size
pieces of 2 x 8 cm. The initial length before adding load
was recorded, and the testing was carried out by clamping
both ends of the sample.

Elongation test. Elongation measurements followed
the same procedure as the tensile strength test and was
expressed as a percentage.

Morphological structure analysis (SEM). The cross-
sectional morphological structure of the new biodegra-
dable film was observed using a scanning electron mic-
roscope (SEM) analyzer (ZEOL, Germany). Before tes-
ting, the samples were placed in a desiccator with 54%
humidity at room temperature. The biodegradable film
was prepared by breaking it down in liquid nitrogen and
then observing it according to standard procedures.

Fourier transform infrared (FTIR) test. The infra-
red spectra of the biodegradable film samples were mea-
sured using potassium bromide (KBr) pellets with a FTIR
Prestige-21 Shimadzu spectrophotometer at wave lengths
between 4,000 cm™' and 400 cm™'. The sample was pla-
ced into the set holder and searched with an appropriate
spectrum. The result was obtained in the form of spectra
of the relationship between the wave length and the in-
tensity. The FTIR spectrum was recorded with the spectro-
meter at room temperature [7].

Statistical evaluation. Every experiment was conduc-
ted in triplicate, with a mean + SD. All experimental data
went through SPSS 26.0 for Microsoft. The significant
changes in the physicochemical and sensory properties
were defined using the Duncan’s Multiple Range Test,
with p < 0.05.

Results and discussion

The biodegradable plastic made from the Aceh variety
of wak banana peelstarch was similar to biodegradable
plastics made from other starch raw materials. It had
a clear, slightly yellowish color and a smooth soft sur-
face. It was non-porous and did not crack.

Figure 1. Biodegradable plastic from 10% banana peel
starch and 5% glycerol

Pucynok 1. O6paser 6uopasznaraemoro miactuka ¢ 10 %
Kpaxmalia 6aHaHOBOH KOXYpHI U 5 % TiaunepuHa
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Water content test. The average water content of
the biodegradable plastic from banana peel starch with
glycerol ranged from 47.33 to 49.00%, with an average
of 80.39%. The highest water content was 49.00% and
belonged to the sample with 10% banana peel starch
and glycerol concentrations of 2, 5, and 8% (Samples
P.G,, P.G,, P.G,, see Table 1). The lowest water content
of 47.33% was detected in the sample with 6 and 8%
banana peel starch and 2 and 8% glycerol (Samples P G,
and P,G,, see Table 1). Table 1 demonstrates the average
water content in different biodegradable plastic samples.

The analysis of variance showed that the concentra-
tion of banana peel had a significant effect (p < 0.05)
on water content while the concentration of glycerol
and the ratio between the concentrations of banana peel
and glycerol had none (p > 0.05). Figure 1 illustrates the
effect of the concentration of banana peel starch on the
water content in the experimental biodegradable plastic.

Figure 2 shows quite clearly that a higher concen-
tration of banana peel starch correlated with a greater
water content. The phenomenon could be explained by
the fact that banana peel starch possesses hydrophilic
properties and easily binds water. Amalia et al. explained
the increase in water content by the hydrophilic nature
of starch, which attracts and forms hydrogen bonds with

Table 1. Average values of water content in biodegradable
plastic from banana peel starch with glycerol as plasticizer

Tabnuna 1. CpesHue 3HaYeHUs COACPIKAHUS BOIBI
B OMopasiaraeMoM IUTaCTHKE, MOJTYYEHHOT0 H3 KpaxMaia
06aHaHOBOI KOXKYPHI C [00aBICHHEM TIHIEPUHA
B KauecTBe miactudukaropa

Concentration of Concentration of glycerol (G)
wak banana peel G =2% G =5% G = 8%
starch (P) ! : }
P, =6% 47.33 48.00 48.00
P,=8% 48.67 48.67 47.33
P,=10% 49.00 49.00 49.00
60 1 47.782 48.227 49.00°
50 A
E" 40 -
g 30 -
o
8 20 -
<
B 10 -
0
G, =2% G,=5% G;=8%

Glycerol concentration, %

Figure 2. Effect of concentration of wak banana peel
on water content in biodegradable plastic

PucyHok 2. 3aBHCHMOCTb COJIEPIKAHUS BOJBI B OHOpa3iaraeMom
IUTACTHKE OT KOHIIEHTPALIHMK KpaxMaia 0aHaHOBOH KOXYypHI
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water molecules [8]. Fitrianti et al. studied biodegra-
dable plastic made from walur tuber starch and reported
the optimal water content of 9.45% for the combination
of 78% walur starch and 22% glycerol [9]. The bioplas-
tic samples containing glycerol exhibited the greatest
moisture content values. This effect was described by
Cerqueira et al., who found that glycerol was made up
of hydroxyl groups that had an attraction for water mole-
cules, allowing the molecules to form hydrogen bonds
and incorporate water in their structure [10]. According
to Galietta and Di Gioia and Guilbert et al., the hydro-
philic nature of glycerol enables it to bind water during
the polymerization process, thus increasing the water
content of the polymer material as glycerol mass is em-
ployed [11, 12]. Furthermore, Amatullah et al. reported
that the capacity of glycerol to bind water during the
polymerization process also helped in the production
of biodegradable plastics because it made the polymer
material less brittle over time, eventually forming more
flexible properties [13]. The fact that we used glycerol
to modify the water content was consistent with the fin-
dings reported by Praseptiangga et al. [14].

Water absorption test. The water absorption analy-
sis was conducted to determine the ability of the expe-
rimental plastic to absorb water after soaking. It was
intended to show whether the novel bioplastic had pro-
perties close to those of synthetic plastic because plastic
consumers prefer materials that meet specific require-

glycerol (Sample P G, see Table 2). The lowest water ab-
sorption (142.70%) was recorded in the sample with 8%
banana peel and 5% glycerol (Sample P,G., see Table 2).
Table 2 shows the average water absorption of biode-
gradable plastic [15].

The variance analysis indicated that the concentra-
tion of banana peel and glycerol had no significant effect
(p > 0.05) on water absorption while the ratio between the
concentrations of banana peel and glycerol did (p < 0.05)
(Fig. 2).

According to Figure 3, a higher concentration of ba-
nana peel starch and glycerol corresponded with a more
powerful water absorption. Probably, the intermolecular
mobility reduced the regularity of biodegradable plas-
tic [16]. As the concentration of banana peel starch increa-
sed, the water absorption tended to rise. This phenome-
non was evident in the samples with 2% glycerol (G))
at 6, 8, and 10% banana peel starch, 5% glycerol (G,)
at 8 and 10% banana peel starch, and 8% glycerol (G,)

Table 2. Average water absorption, %, values of
biodegradable plastic from banana peel with glycerol
as plasticizer

Tabnuua 2. CpegHue 3HaYCHUS BOJIOMOTIIONIEHUS, %0,
OuopasnaraeMoro IacTUKa U3 Kpaxmajia 0aHaHOBOW KOXKYpPbI
¢ 100aBJICHNEM TIIMIEpPUHA B KAYECTBE TIaCTU(PUKATOpA

. Concentration of Concentration of glycerol (G)
ments, e.g., water resistance [15]. wak banana peel
The average water absorption of biodegradable plas- starch (P) G, =2% G,=5% G,=8%
tic from banar(lia ffeel i’fzrc;loz)vith?,dgfgrgg/lt gly(}:lerol concen- P = 6% 718933 387.000 232700
trations ranged from 142.700 to 387.00%, with an average
. . P, =8% 231.500 142.700 258.133
0f 241.667%. The highest water absorption (387.00%) Pz - z 5 . e
was in the sample with 6% banana peel starch and 5% ;= 10% 77767 95.000 31267
. 450 9 387.000°
S 400 A
)
£ 350 A 1176
< (4
§* 300 A . . 258.1334 77{ 7
S 250 4 218.933 232.700 231.500 231.267°¢
2 I I 195.000°
200 A
B 20 142.700°
2 150 -
5 100
<
= 50 -
0 T T 1
P, =6% P, =8% P;=10%
Banana peel starch concentration
G1:2% IG2=5% DG3:8%

Figure 3. Effect of concentration ratio between banana peel starch and glycerol on water absorption capacity
of biodegradable plastic

Pucynok 3. 3aBHCHMOCTb BOJOIOIJIOIIAIOIIEH CTOCOOHOCTH OHOPa3IaraeMoro miacTuka OT COOTHOIICHHS MEX/Y KOHLEHTPALUIMH
KpaxMmalia 0aHaHOBOU KOXKYpBI H TIHIIEPHHA
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at 6 and 8% banana peel starch. Higher glycerol concen-
trations tended to increase the water absorption, probably,
because starch tends to have more hydroxyl (OH) groups,
allowing it to absorb more water. According to Ermawati,
Rahmadhia, high glycerol concentrations could enhance
the water absorption of biodegradable plastic due to the
properties of glycerol as a plasticizer [17]. Yuxia et al.
wrote that glycerol did not bind to starch molecules at
high concentrations but interacted with water molecules
through hydrogen bonds, reducing the compactness of
the starch matrix [18]. It happened because glycerol is
a hygroscopic substance that can absorb water well. Addi-
tionally, glycerol has hydrophilic properties, indicating
that a material with hydrophilic groups interacts with
water quite easily [19].

An edible film is usually a mix of glycerol with a
greater water vapor permeability: the thicker the edible
film, the more hydrophilicity it affects, depending on
the concentration [20]. In our research, the weight of the
edible film rose every hour as the amount of glycerol
grew. It happened because glycerol is hydrophilic and
can bind water. By increasing the hydrophilic component
of the membrane, producers let water vapor seep into it,
speeding up the transmission of water vapor. Similarly,
Musavi and Bagheripoor reported that the glycerol com-
bination used to create edible film had a greater capacity
for absorbing water [21]. Vapor transmission membrane
and water barrier control water evaporation and function
well as an oxygen, carbon dioxide, and lipid barrier.

Tensile strength test. Tensile strength is an important
mechanical property of plastic because it is related to

concentration ranged from 0.40 to 3.00 MPa, with an
average of 1.16 MPa. The highest tensile strength of
3.00 MPa belonged to the sample with 8% banana peel
starch and 1% glycerol (Sample P,G, see Table 3). The
lowest tensile strength of 0.40 MPa was observed in the
sample with 10% banana peel starch and 8% glycerol
(Sample P,G,, see Table 3). Table 3 demonstrates the
average tensile strength of the experimental biodegra-
dable plastic.

The variance analysis showed that glycerol concen-
tration had a highly significant effect (»p < 0.01) on the
tensile strength while the banana peel starch concentra-
tion and the ratio between banana peel and glycerol con-
centrations had a significant effect (p < 0.05). Figure 3
illustrates the effect of the ratio between banana peel
starch and glycerol concentrations on the tensile strength
of the experimental biodegradable plastic.

Figure 4 shows that a higher concentration of banana
peel starch corresponded with a higher tensile strength
while a higher concentration of glycerol correlated with
a lower tensile strength. The dependance could be explai-
ned by the fact that excessive plasticizer concentrations
made the material more elastic, which lowered its tensile

Table 3. Average tensile strength values, MPa,
of biodegradable plastic from banana peel starch
with glycerol as plasticizer

Ta6bnuna 3. Cpennue 3HaueHus npoynoctu, Mlla,
Ouopa3ziaaraeMoro IjacTHKa U3 Kpaxmajga 0aHaHOBOU KOXKYpPbI
¢ 100aBICHUEM IIIMIIEPUHA B KayecTBe miactudukaropa

its ability to protect the products it covers. Plastic with Coicgntration Olf Cofcemration Ofoglyceml Q) -
high tensile strength serves as food packaging that pro- wa St;gﬁ“é; ce G =2% G,=5% Gy=8%
tecti fsod l[tzezrr]ls during handling, transportation, and P = 6% 045 072 048
marketing . —
In our research, the average tensile strength of biode- P, = SA; 3.00 0.60 0.96
gradable plastic made from banana peels with glycerol P,=10% 2.76 1.06 0.40
337 3.00° .
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=
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Figure 4. Effect of concentration ratio between banana peel starch and glycerol on tensile strength of biodegradable plastic
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strength [7]. The decline also occurred due to the addi-
tion of more starch, which resulted in a greater matrix
formation, causing the film matrix structure to become
more robust, thus providing greater strength to support
external loads. As the glycerol and starch composition
reached its maximum, excessive glycerol did not mix
completely. This change in mechanical properties was
related to the ratio between starch and glycerol. Accor-
ding to Echeverria ef al. the melting temperature, tensile
strength, and Young’s modulus decrease as the glycerol
content grows, i.e., the tensile strength decreases as the
glycerol volume increases [23].

The tensile strength was highest in the samples with
2% glycerol: because the amount of glycerol added was
still very small, the plastic with a high tensile strength did
not break readily. It happened because stronger chemi-
cal connections that need a lot of energy to break appear
when plastic contains a greater number of hydrogen bonds.
In this study, the tensile strength values of the bioplastic
met the specified standards. The increasing amount of
glycerol without balancing the starch composition pre-
vented some components to mix perfectly, leading to an
increase and subsequent decrease in tensile strength va-
lues. Dalimunthe reported that the tensile strength values
went down as the glycerol concentration increased [24].
It happened because when glycerol mixed with polymer
solutions, it formed hydrogen bonds between molecu-
les, thus reducing the interaction between polymer mole-
cules and making polymer molecule movement easier.
McHugh and Krochta reduced hydrogen bonds in the
film by increasing plasticizer content [25]. As a result,
it increased flexibility, causing the film to be more fle-
xible, thus reducing tensile strength values. Sanyang et al.
explained that the phenomenon of decreasing tensile
strength due to the effect of increasing plasticizer con-
centration could be described through the behavior of the
plasticizer, which reduces the attractive forces between
starch molecules and promotes the formation of hydrogen
bonds between starch and plasticizer molecules [26].

Elongation test. Elongation indicates the state of
plastic after it changes in length during stretching [27].
In our research, the average elongation values of biode-
gradable plastic from banana peel starch with different
glycerol concentrations ranged from 49.92 to 115.43%,
with an average of 80.39%. The highest elongation value
of 115.43% was found in the sample with 10% banana
peel and 3% glycerol (Sample P,G,, see Table 4). The lo-
west elongation value of 49.942% occurred in the sample
with 6% banana peel and 8% glycerol (Sample P G,, see
Table 4). Table 4 shows the average elongation values
of the experimental biodegradable plastic.

The variance analysis showed that the concentra-
tion of wak banana peel starch significantly affected the
elongation values (p < 0.05) while the concentration
of glycerol and the ratio between the concentrations of
banana peel starch and glycerol had no significant effect
(p > 0.05). Figure 5 illustrates the effect of the concentra-
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tion of banana peel starch on the elongation values of
the experimental biodegradable plastic.

Figure 5 shows that a higher concentration of banana
peel starch resulted in higher elongation values. It hap-
pened due to the increased fiber content. According to
Hoque and Janaswamy, banana peels are abundant in to-
tal dietary fibers (43—50%), starch (3%), and lignocel-
lulosic fiber [28, 29].

The high starch concentration in banana peel increa-
sed the elongation. The highest elongation was in the
sample with 10% banana peel starch: at this concentration,
the amount of dissolved solids in the plastic could stretch
the polymer bonds in the starch, resulting in a more fle-
xible biodegradable plastic. The stretching of starch poly-
mer bonds as affected by glycerol and starch increased
elongation. When combined with glycerol, starch with its
high amylose content increased plastic elongation [30].

In our research, the elongation values were higher
than those obtained by Oluwasina et al. [31]. In their
study, the elongation values ranged from 10.85 to 24.55%
while in this research it was 80.39%.

Biodegradation tests. Biodegradation tests determi-
ned how quickly the experimental plastic could degrade
under the action of various microorganisms. We used
soil as medium because it contains various types of deco-
mposing microorganisms, i.e., fungi and bacteria, which
fuel the degradation process [32]. In our study, the bio-

Table 4. Average elongation values, %, of biodegradable
plastic from banana peel starch with glycerol as plasticizer

Tabnuna 4. Cpennue 3HaYeHUs yIJIUHEHUs, %, OuopasnaraeMoro
IUTACTHKA U3 KpaxMmasia 0aHaHOBOH KOXYPBI C TIHIEPHHOM

Concentration of Concentration of glycerol (G)
wak banana peel (P) | G, =2% G,=5% G, =8%
P =6% 85.59 50.40 49.92
P,=8% 78.25 88.07 61.01
P, =10% 11543 103.94 90.90

120 H 103.42¢
100 -
=X 75.78b
s 8071  erom
.2
< 60 A
50
g 40
o
20 ~
0 1
P =6% P, =8% P3;=10%

Banana peel starch concentration

Figure 5. Effect of concentration of banana peel starch
on elongation of biodegradable plastic

Pucynok 5. 3aBHCHMOCTD yATMHEHHs OHOpa3IaraeMoro miacTuka
OT KOHIIEHTPAIHU KpaxMaaa 0aHaHOBOH KOXYypBI



Upmasnmu [u op.] Texnuxa u mexnonozusa nuwegvix npouzeoocms. 2024. T. 54. Ne 3. C. 546-557

degradable plastic was made from starch, which is an
organic component, easily decomposed by soil micro-
organisms. Aspergillus niger is a fungus that plays a signi-
ficant role in plastic degradation. It contains a-amylase
that breaks glycosidic bonds in starch into shorter po-
lymers, e.g., glucose [33]. This is what makes organic
plastic environmentally friendly.

The samples of biodegradable plastic stayed in soil
for 2 and 4 days. Table 5 shows the alterations that oc-
curred during the storage of biodegradable plastic in soil.

Table 5 clearly demonstrates that samples P.G , P.G,,
and P,G, remained on day 2. On days 2 and 4, all other

samples degraded completely. The two-day storage pro-
ved that a combination of low starch addition (6—8%)
led to faster degradation. Higher concentrations of glyce-
rol (5-15%) affected the weight of the degraded samples.
The plastic samples with 15% glycerol underwent a faster
degradation process compared to the samples with a lower
glycerol content.

The phenomenon could be explained by the hydro-
philic nature of glycerol. It accelerates water absorption,
allowing microorganisms to degrade plastic samples more
quickly. Additionally, the OH groups in glycerol and
starch can initiate hydrolysis reactions after absorbing

water from the soil. As a result, starch degrades into small
pieces until it eventually disappears in the soil. Poly-
mers degrade due to the process of damage or a decrease
in quality caused by the breaking of chain bonds in the
polymer. This process depends on the ability of plastic to
absorb water: more water makes it easier for the material

reduction of 40-50% from the average initial weight
0of 0.17 g. On day 2, the weight reduction percentage
reached 40%. By day 4, the biodegradable plastic had
completely degraded.

Mueller, who also studied the degradation ability of
plastic in a soil burial test, concluded that the degradation
capability of synthesized plastic was affected by various
factors, e.g., soil type, microbial type, and humidity [34].
A study by Rusdianto ef al. managed to degrade plastic
completely within a month using the same method but
with maleic acid as a plasticizer [35]. In biodegradability
tests, water should be able to penetrate the structure of the
material to facilitate biological (microbial) activity [36].
This finding was further supported by Song et al., in

Table 5. Plastic biodegradation test

Ta6nuua 5. Pe3ynbraTel TecTa Ha OHOAErpaganuio MIacTUKa

G, G, G, Total
P, 0 0 0 0
P, 0 0 0 0
P, 40 50 52 142
40 50 52 Mean =47.3

Table 6. Functional group analysis by Fourier-transform
infrared (FTIR) spectrometry
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Figure 6. Effect of banana peel starch and glycerol on functional groups in biodegradable plastic
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a

Biodegradable plastic display
with 100x magnification

b

Biodegradable plastic display
with 1.000x magnification

C

Biodegradable plastic display
of starch with 1.200x magnification

Figure 7. Morphology of biodegradable plastic from banana starch by scanning electron microscope (SEM)

Pucynox 7. Mopdouorus 6nopasiaraeMoro miactika u3 6aHaHOBOTO KpaxmMaia 1o pe3yIbTaTaMm
CKaHUPYIOLIEH 3JEKTPOHHONW MUKPOCKOIUHI

whose soil burial test the biodegradable plastic deve-
loped holes that would affect the polymer matrix and
make the plastic brittle [37]. In our study, the plastic
degraded more quickly because glycerol absorbed mois-
ture from the air.

Functional group test. The functional group test
involved Fourier-transform infrared (FTIR) equipment.
FTIR spectrometry is widely employed to identify a com-
pound because different (organic) compounds have dif-
ferent FTIR spectra. Vibrations of chemical bonds in a
molecule cause absorption bands predominantly in the
spectral range of 4000-400 cm™' [38].

The synthesized biodegradable plastic was chemi-
cally characterized by analyzing the end groups using
the FTIR method (Table 6).

Figure 6 illustrates the effect of concentrations of
banana peel starch and glycerol containing two types
of functional groups, namely hydroxyl groups (-OH)
in the range of 3655-3584, classified as alcohols and
phenols. The absorption of the alkene C=C was in the
range of 2000-2200.

The FTIR spectra made it possible to analyze how
monomers combine to generate polymers. The hydrogen-
linked polymeric OH stretch vibrations of starch were
represented by a large, strong band at 3655.11 m™', as
seen in the FTIR spectra of banana peel starch [39, 40].
The prevalence of -CH, groups with C-H stretch peaked
at2812.21 cm™' [41]. Between 600 and 1500 cm™" was
the starch fingerprint zone [42]. Within the fingerprint re-
gion, the distinctive starch peaks overlapped one another.
As a result, bands appeared at 1637 and 1479.40 cm™!,
which corresponded to the C-C stretch and C-O-C gly-
coside linkages, respectively [39, 43]. According to Weli-
gama Thuppahige et al. [42], the band at 1869.02 cm™!
corresponded to N-H primary amine bends of proteins
linked to banana peel starch. The moisture (10-13.5%)
and protein (3%) contents of starch are accepted by the
codex criteria for their exceptional quality [42, 44].

Our plastic was hydrophilic because the functional
groups were the same as its constituent component, i.e.,
starch. Thus, a physical blending process occurred. Plas-
tic is biodegradable if the carbonyl C=0O group is visible
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in the absorption region of the 1600s and the C-O ester
appears in the range of the 1100s. The results of the
functional group analysis indicated a low transmission
of infrared rays, which means that few bonds or func-
tional groups were well-identified, resulting in a very
dark sample color.

Scanning electron microscopy (SEM). Scanning
electron microscopy is a method used to create images
of microscopic surfaces. An electron beam with a diame-
ter between 5 and 10 nm is passed along the sample. The
interactions between them result in such phenomena as
high-energy electron reflection, low-energy secondary
electron formation, electron absorption, X-ray formation,
or visible light formation (cathodoluminescence) [45].

Figure 7 indicates that the surface of the biodegra-
dable plastic was smooth. However, white spots were
visible in the images at all three levels of magnification.
Probably, they were starch granules that did not mix ho-
mogeneously with other materials.

In the image, each particle is bound to another one,
indicating excellent density and resulting in a relatively
low water absorption compared to other biodegradable
plastics. Almalik ef al. conveyed a similar notion, attri-
buting imperfect mixing and non-homogeneous morpho-
logical structure of the film to incomplete stirring and
the presence of chitosan, which is insoluble in organic
solvents [46].

The surface was not free from air bubbles. The forma-
tion of air cavities was caused by stirring and molding,
which affected the surface structure of the biodegradable
plastic. The better the molding process, the faster the
evaporation of water vapor contained in the material. As
a result, particles moved upwards during the water evapo-
ration process, thus making intercellular layers merge.

Conclusion

Banana peel starch significantly affected tensile
strength and elongation while having no significant ef-
fect on water content and water absorption in the expe-
rimental biodegradable plastic. Glycerol concentration
had a significant effect on water content and tensile
strength but none on water absorption and elongation.
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The ratio between the concentrations of wak banana peel
starch and glycerol concentrations significantly affected
tensile strength and water absorption. The best results be-
longed to the sample with 8% banana peel starch and 2%
glycerol: its water content was 48.00%, water absorp-
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