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NEEM BASED BIOPLASTIC PRODUCTION FROM WASTE BANANA PEELS
AND ITS SUSTAINABLE USE FOR GREEN APPLICATION

Due to unfavourable environmental consequences, our society is seeing a replacement for
conventional plastics. Thereby, bioplastic is a suitable substitute, as it can be synthesized from different
waste supplements and replace with petro based polymer. Due to the non-degradable quality of
conventional plastic in nursery plants, their use increases severe environmental issues and general
irritation. Hence, substitute potential bioplastic material over traditional plastics is required. Making
bioplastic from the Banana peel is an effective solution that reduces the use of non-renewable raw
materials. This paper highlights the use of natural substrates (Neem and Banana peel) for bioplastic
production and their application in the nursery. The main motive is to produce bioplastic from waste
Banana peels, which serve as organic material with abundant availability, cost-efficient, and
environment-friendly properties with Neem extract's addition. It is used as a plant support for reducing
pollution and evaluating the tensile strength and its degradation.
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IMPOU3BOACTBO BUOIIVIACTUKA HA OCHOBE HUMA U3 OTXO10B
BAHAHOBOM KOXXYPBI 1 ETO YCTOMYUBOE UCITIOJIb30BAHUE B
IKOJOI'MYECKHN YUCTBIX HEJIAX

H3-3a Hebazonpusamuuvlx 9KOI02UYECKUX NOCAEOCMEUI Haule 00Wecmeao uwem 3ameHy 0ObIYHbIM
naacmuxam. buonnacmux seisemcsa nooxoosuell 3aMeHoU, MaxK KaK e20 MOJMCHO CUHME3Uposamy U3
PA3NIUUHBIX 000A60K 0OMX0008 U 3aMeHUMb NOIUMEPOM HA OCHO8e Hedmu. H3-3a moeo, umo 00bIuHbIlL
NAACTUK 6 CAJICEHYAax He paszniacaemcs, €20 UCNONb306aHue ycyeyOlsaem cepbesHble 3KOA02UYecKue
npobaemul u gvizvigaem obujee pasopasxcenue. Credosamenvro, mpebdyemcs 3ameHa NOMeHYUATbHO20
buoniacmuka mpaouyuouHvlM niacmuxkom. Mzcomoenenue buoniacmuxa uz OAHAHOBOU KOXHCYPbl —
appexmuenoe pewenue, no3goaAOUjee COKPAMUMb UCNONLI0BAHUE HEB0300HOGIAEMO20 Cbipbs. B
9MOtl cmamve paccKazvleaemcsi 06 UCNONb30BAHUU HAMYPATbHBIX cYOCpamos (Huma u OaHanosou
KOJCYpbl) 051 NPOU3BOOCMEA OUONIACTRUKA U UX NpUMeHeHUuU ¢ numomHukax. OCHOBHbIM MOMUBOM
ABNAENCA  NPOU3BOOCMBO OUONAACMUKA U3 OMX0008 OAHAHOBOU KOJICYPLl, KOMOpblEe CLYHCaAm
Op2aHUYeCKUM MAMEPUATOM C 8bICOKOU OOCTHYNHOCBIO, IKOHOMUYHOCTNBIO U IKOIOSUHECKU YUCTHBIMU
ceoticmeamu ¢ dobasnenuem sxkempaxma Huma. OH UCNOTBLIYEmCs 8 Kauecmae NoO0epIUCKU PACMEeHUl
0715 YMEHbUEHUS 3A2PAHEHUS U OYEHKU NPOYHOCMU HA PACMAJICEHUE U ee 0e2padayuu.

Kniouesvie cnosa: Ouonnacmux, 6uopasnazaemocmo, HuM, OAHAHOBAA KOXCYPA, 3€leHOe
npUMeHeHue, YCMoudugoCnp.
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BAHAH KABDBII'bIHBIH KAJIIBIKTAPBIHAH BUOIIJTACTUKA OHAYPYY
KAHA AHBI KAIIBLJI KOJIAOHYY YUYH TYPYKTYY TAUJAJIAHYY

DKON02UATBIK JHCASLIMCHI3 Kecenemmepoen Viam Ouz0un KOOM KAOUMKU NIACMMACCANapObl
AIMauimulpyyHy myypa Kepyn sxcamam. buonnacmux siraiieikmyy aimawmsipyyyy 00ayn canaiam,
AHMKEHU aHbl ap Kanoau Kanoblk Komyﬂmaﬂapdaﬂ cmtmes@en, nempo He2uzuHoe2u noaumep MeHeH
anmawmuipyyea 6onom. Ilumomnukmepoe Kaoumku niacmmacca 6y3yaoau mypeanoblKman, anapobl
KOJIOOHYY KypU IKONOSUANILIK KOULOUNOPOY HCAHA HCANBL KbIHCHIPOAHYVHY Kyuemom. [lemex, canimmyy
naacmmaccaza Kapaeaﬂda nomeHuuaﬂayy OUONIACMUKANILIK Mamepuafz()bl amvawimoslpyy majnan
KblIblHam. baunanovin KabObleblHaH OUONIACMUKA JHCACOO0 KAUpa Heapanbazan Huuku 3ammapobvl
KOJIOOHYYHY a3aumKaH 3¢hgpexmusoyy weuum 6oayn canaram. byn kaeaz buoniacmuka eHOypyy YUYH
mabuewitl cyocmpammapovt (Hum sicana banan kabvievin) KOTOOHYYHY JHCAHA ANapObl RUMOMHUKIMEPOE
KOJIOOHYYHY baca beneuneim. Heauzeu momue — 6aHanObii KaObleblHbIH KAIObIKMAPIHAH OUONIACUKA
OH()YpYY, ajl OPSAHUKAIbIK Mamepual Kamapsvl Kblamam Kbsliam, ajl Heewm IKCMPAKMbIHbIH KOULYJIMACHl
MEHEH KON JHCEMKUIUKMYY, IKOHOMUKANbIK HCAKMAH YHOM()YY AHcaHa aimaﬂa—qeﬁpeee 3bIAIHCHL3. Ey]l
OYNeanyyHy azaumyy Heand YolHALYy KYUYH HCAHA GHbIH OV3YIYULYH 0AAN00 YHYH 6CYMOYKMYK KOI000
Kamapwl KOJOOHYIAM.

O30Kkmyy ce3zodep: buoniacmukanvik, buodezpadayus, Hum, banan xabwvievl, Kawwln konoownyy,
MypYKmMyyiyK.

Plastic consumption is more than that of the world average in developing countries due
to the higher urbanization and economic development [1]. In our regular life, plastic materials
are the most broadly used polymer. Over 140 million tons of petroleum-based polymers are
generated each year from raw materials, crude oil, coal, and natural gas and applied to plastics
and their derivatives [2]. CO2 and many other toxic compounds are emitted in plastic
degradation [3]. It is approximated that about 2.8 kg of CO: is evolved on burning 1 kg of
plastic [4]. The excess produced plastic is deposited as a landfill. It is degraded slowly, causing
the original products to remain in landfills for hundreds or even thousands of years and
unfavorably affect waterways, lands, and oceans [5, 6].

Due to the environmental problems of non-biodegradable plastic, the evolution of bio- plastic
arises. Bioplastic origin is cellulose, starch, sugar, etc., which are primarily renewable [7]. Starch is
the typical source of bioplastic production, and starch-based plastics are served a promising raw
material for manufacturing plastic and safe for the environment [8]. A good point of supply for
starch and organic material is that banana peels serve as large availability, cost efficiency, and
environment-friendly properties. Reducing the use of non-renewable raw materials makes
bioplastic from the Banana peel an effective solution. Some studies have been investigated for the
production of bioplastic film using Banana peels. Ghamande et al. (2018) formed bioplastic from
Banana peels using meta-bisulphate to prevent microorganisms and glycerol for increasing
flexibility [9]. Noor et al. (2017) studied bioplastic film formation with two starch sources, corn
starch and Banana peel starch, with different corn concentrations [10]. Jayachandra et al. (2016)
reported using fruit waste, mainly Banana peel, for bioplastic production, as a potential alternative
source for conventional plastics [11].

Currently, due to the non-degradable nature of conventional plastic in nursery plants,
their use raises severe environmental issues so that bioplastic will be a trendy, ecological, and
user-friendly alternative to this. It will be beneficial for the surroundings if the resulting
bioplastic degrades back into CO> and water. Degradation happens when the soil microbial
consortia begin consuming bioplastics, and the final release of monomers to the environment
has less hazardous impacts on the landscape. Thus, to create a sustainable situation and limit
plastic waste disposal in the environment, bioplastics generation earned a lot of recognition due
to biodegradability [12].
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However, this study presents some adequate viable methodologies for investigating the
product's quality produced using the bioplastics materials. The materials synthesized
usingBanana peels have the properties of flexibility, user-friendliness, and degradation
tractable. The main motive is to produce bioplastic made from Banana peels with Neem
extract's addition and use it as a plant support for reducing pollution. Materials and methods

1.1 Materials

Banana peels, Neem leaves, Glycerol, HCI, NaOH, Na>S;0s and Distilled water were
used in this study.

1.2 Preparation of Banana Peel Paste

Waste Banana samples (Musa acuminata) were collected from the local market of
Nagpur city, India. Afterward, the Banana peel was removed and washed to ensure proper
cleaning. The cleaned skin was sliced with scissors in small pieces and dip in (0.2M) sodium
metabisulphite solution for 40 minutes, which acts as an antioxidant and preservative,
increasing the biodegradation period of plastic. Banana peels are boiled in distilled water, and
the peels are now left to dry on filter paper; after drying, a uniform paste is formed.

1.3 Production of Neem based bioplastics

Neem leaves were collected and washed properly to remove dust. The extract is contained
in a beaker after crushing the Neem leaves and then filtered using filter paper. The purified
extract is boiled to increase concentration. This Neem Extract is added in 100 g of Banana paste
with 0.5 N HCI and stirred properly. The mixture is kept some time to provide sufficient
residence time by adding Glycerol as a Plasticizer. NaOH was used to adjust the desired pH,
i.e., neutral. The mixture was cast onto a flat platform and dried at temperature 600C for 6
hours. Once set, bioplastic film was cooled to ambient temperature and is stored in dry
conditions.

1.4 Testing methods 2.4.1Tensile Strength

For testing the tensile strength of the bioplastic, specimens were placed in the grips of a
Universal Test Machine at a specified grip separation and pulled until failure. Tensile strength
(MPa) was displayed from the tensile test. Five specimens were measured for sample tensile
strengths and represented the average result of these.

1.4.2 Biodegradability test

Soil burial degradation test was conducted for determination of the biodegradable
behaviour of bioplastics. The test was performed by using the samples of bioplastic film. The
time interval of 45 days was considered, and the film was observed accordingly. Degradation
testing serves to determine the extent of damage to bioplastics.

1.4.3 Microbial testing

For biofilm microbial testing, the nutrient media is prepared by the addition of nutrient
agar into the distilled water. To remove present contaminants, the solution is sterile and then
poured into petri plates and kept undisturbed until the media is solidified. The bacterial culture
is inoculated, and the pieces of bioplastics are kept on the nutrient media. The petri plates are
kept in the incubators for the microbial growth.

1.5 Application of Neem based bioplastic in nursery

Neem based bioplastic produced has applied in the nursery for plant samples. The plant is
being wrapped by the polymeric film such that it is biodegradable so it can be buried directly into
the soil. Thus, environmental pollution can be reduced. The growth of plants in the plant support
made of bioplastic with the time interval required for the proper growth is studied.
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2. Results and discussion

The Neem based bioplastic produced from Banana peels has the natural colour as
yellowish, and it is in the form of a thin sheet. Tensile strength is the highest pull that can be
achieved until the film can bear before breaking up [13]. The tensile strength of prepared Neem
based bioplastic material was found to be 9.13 MPa.

For the biodegradable test of bioplastic, the results showed that continuous
biodegradation is taking place at certain time intervals, which gives the assurance that the Neem
based bioplastic film produced is 100% biodegradable. Figure 1 shows the process of
biodegradation of bioplastic. It shows the biodegradation effect on the piece of bioplastic from
the initial stage to an interval of 45 days. It is observed that the strength and thickness of the
bioplastic decrease as it is exposed to biodegradation. Biodegradation is dependent on various
factors like exposed surface area, the microbial activity of the environment, temperature,
moisture, pH, and molecular weight of the bioplastics [14]. Because of the higher microbial
biodiversity soil environment contained a high number of bioplastic-degrading microorganisms
than in other situations such as marine waters. It was reported that the fungal species in soil or
compost had a more tendency to degrade starch-based bioplastics [15]. Once this bioplastic film
is buried into the soil, it will be transformed into carbon dioxide and water.

The test for microbial testing showed that there is not much growth of fungus in the petri
plates containing bioplastic since the Neem-based bioplastic has the pesticidal properties and
the petriplates used as a sample which does not contain any bioplastic in it exhibits the growth
of fungus.

Initial stage
After 15 days
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After 30 days
Completely degraded after 45 days
Figure 1: Different stages showing biodegradation of bioplastic film.

2.1 Application of Neem based bioplastic in Nursery

Final Initial Intermediate
Figure 2: Neem based polymeric film for plantlet support.

Figure 2 shows the plant's growth in the plant support made of bioplastic with the time
interval required for the proper development. The Neem-based polymeric film produced has
pesticide properties. Plantlet support is completed by letting the plant be wrapped with
bioplastic and buried directly into the soil. Neem also has pesticide properties; therefore, the
plant gets the fertilizer directly, and there is no necessity for external fertilizer. Bioplastic is
used to prevent environmental pollution, as it is easily biodegradable and can be transformed
into simpler molecules. The bioplastic does not get accumulated in nature. Conventional
plastics are petroleum-based plastics and require a high amount of energy for production. The
Neem-based bioplastic is the bioplastic, which partially restricts the attack of small pests. The
Neem has natural pesticidal features and prevents bioplastic from pests. Pests can damage the
integrity of the bioplastic and thus results in a weak sheet of bioplastic. To prevent the damage
pesticide property of Neem is helpful. They can be made in various colors and have an esthetic
look for the consumers to buy. They certainly would not cause any pollution as their
composition is entirely from biomasses and does not contain toxins.
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3. Conclusions

The Neem based polymeric film produced has pesticidal properties, and the application
of plantlet support can be made successfully by letting plant to be wrapped with bioplastic and
can be buried directly into the soil. The product is helpful for environmental protection. It will
help reduce plastic pollution and is the best possible alternative for traditional oil and
petroleum- based plastic. The bioplastic obtained from the Banana peel with the additional
Neem as a substrate is useful as plant support. The tensile strength gained is of 9.13 MPa.
However, the prepared bioplastic has satisfactory degradation properties, and tensile properties
can make it feasible for its utilization at commercial scale.

Conflict of interest: On behalf of all authors, the corresponding author states that
there is no conflict of interest.
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