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 The diminishing availability of petroleum resources, coupled with escalating environmen-

tal and waste management challenges, has intensified the global search for sustainable 

alternatives to conventional petroleum-derived plastics. In 2017, the Higher Council for 

Environment and Urban and Rural Promotion in Khartoum State, Sudan, issued a formal 

decree prohibiting the manufacture and circulation of lightweight plastic bags. Bioplastics 

have emerged as a critical innovation to mitigate these issues by utilizing renewable and 

degradable natural resources. This study investigates a controlled process for the synthesis 

of bioplastics from banana peel (Musa sapientum) waste using a specialized waterbath 

batch reactor system. While previous experimental attempts often yielded inconsistent 

structural outputs, this research refines the methodology through controlled concentration 

and the strategic application of chemical additives. The process involves a multi-stage 

chemical treatment: Hydrochloric Acid (HCl) is utilized to disrupt molecular bonding, 

followed by Sodium Hydroxide (NaOH) for pH neutralization. Sodium Bicarbonate (Na-

HCO₃) is introduced to react with acidic components, facilitating carbon dioxide release 

which creates a characteristic porous grain and expanded texture. Plasticity, flexibility, 

and coherence are further optimized through the incorporation of Glycerol, Gum Arabic, 

and UPOX oil. Characterization via spectroscopy confirmed the retention of the cellulose 

structure, with distinctive peaks at 3379.05 cm⁻¹ and 2929.67 cm⁻¹ aligning with cellulose 

standards. Furthermore, thermal cracking of the produced polymer at 293 °C resulted in 

a significant 70% mass loss, yielding a liquid fraction identified as light naphtha-grade 

fuel. These findings demonstrate that utilizing a batch reactor not only improves the struc-

tural integrity of agro-waste bioplastics but also reveals their potential as a dual-purpose 

precursor for renewable energy applications, offering an interdisciplinary solution to en-

vironmental sustainability.  . 
   

 

1. INTRODUCTION 

 

Environmental pollution represents one of the 

most critical challenges facing modern society. 

Among its major contributors is the extensive use of 

petroleum-based plastics across packaging, 

construction, and consumerproduct industries [1]. 

Although plastics offer versatility and durability, their 

resistance to degradation has resulted in long-term 

accumulation in the environment, with 

decomposition periods extending up to several 

centuries and the potential release of toxic by-

products during degradation [2]. Concurrently, 

growing awareness of fossil fuel depletion has 

highlighted the unsustainability of continued reliance 

on petrochemical plastics [3]. These concerns 

underscore the urgent need to develop alternative 

materials that reduce environmental impact while 

conserving non-renewable resources.  

   In Sudan, Plastic bags and wrappers continue to 

litter both urban and rural environments, obstructing 

drainage systems, polluting water bodies, and harm-

ing animals and ecosystems. In 2017, the Higher 

Council for Environment and Urban and Rural Pro-

motion in Khartoum State, Sudan, issued a formal de-

cree prohibiting the manufacture and circulation of 

lightweight plastic bags. The implementation was 

structured as a phased transition, intended to lead to a 

https://uokej.uofk.ed/
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total cessation of use once industrial and commercial 

stakeholders had reconciled their operational status. 

However, a significant gap emerged: no viable, pub-

licly endorsed alternatives were introduced at the time 

of the ban.  

While the environmental and public health haz-

ards of plastic are substantial, the abrupt prohibition 

of plastic manufacture and distribution carries pro-

found economic implications. Without the integration 

of sustainable alternatives, factories and traders face 

unavoidable financial instability. It is within this crit-

ical tension between ecological necessity and eco-

nomic viability that the impetus for researching alter-

native plastic production methods arises.  

Bioplastics facilitate a circular economy by using 

renewable, bio-based feedstock (e.g., starch, cellu-

lose) to create materials with a lower carbon footprint 

that are often compostable or compatible with exist-

ing recycling, reducing reliance on fossil resources. 

They support sustainability through organic recycling 

(composting) and by reducing waste in landfills, par-

ticularly for food-related packaging [4].  

The utilization of agricultural waste as a raw ma-

terial for bioplastic production has emerged as a 

promising strategy due to its abundance, low cost, and 

minimal competition with food resources [1]. Various 

agro-residues, including bagasse, corn cobs, chitin, 

potato peels, and banana peels, have demonstrated 

potential as biopolymer feedstocks [5]. Despite this 

potential, large-scale adoption remains limited by in-

efficient waste-management systems, insufficient 

data on waste generation, and relatively low produc-

tion yields compared to food-based feedstocks [1]. 

Nevertheless, advancements in biotechnology and in-

creased governmental support are expected to en-

hance the feasibility of agro-waste-derived bioplas-

tics in the near future.  

      Banana peels were selected in this study as a 

representative starchy agricultural residue due to 

their high availability and rich polysaccharide con-

tent. Approximately 80% of banana biomass, includ-

ing peels, stems, and leaves, are discarded without 

further utilization [6]. In Sudan's commercial banana 

industry, covering approximately 23,000 hectares, 

annual production has reached approximately 

1,150,000 tons annually [7]. While this reflects sig-

nificant agricultural growth, it also generates a mas-

sive volume of biomass waste. Given that peels 

alone constitute approximately 40% of the fruit's to-

tal weight [8], Sudan generates an estimated 46,000 

tons of banana peel waste annually .This waste is 

mainly concentrated in the fertile regions of Kassala 

State (particularly the Gash Delta), the River Nile 

and Blue Nile States, and Gezira State, where mar-

kets such as Wad Medani serve as hubs for fruit pro-

cessing [9]. This substantial residue presents a criti-

cal environmental challenge.   

    Banana peels contain significant amounts of 

starch, cellulose, hemicellulose, lignin, and pectin, 

with cellulose content reported to be approximately 

18.71% [6]. Cellulose is a linear polymer composed 

of β-(1→4)-linked D-glucose units, represented by 

the empirical formula (C₆H₁₀O₅)ₙ. Its structural uni-

formity, chemical stability, biodegradability, and non-

toxicity make cellulose an attractive material for pol-

ymeric applications [10]. In addition, the presence of 

hydroxyl (–OH) functional groups enhances intermo-

lecular bonding and contributes to desirable material 

properties (Table 1).  

 
Table 1. Compositions of a Banana Peel (Source 

Songklanakarin Journal of Science and Technology) [5]  

Items Content (g/100 g dry matter)     

Protein  8.6±0.1   

Fat  13.1±0.2   

Starch  12.78±0.9   

Ash  15.25±0.1   

Total dietary fiber  50.25±0.2   

 

The production of bioplastics from Musa sapien-

tum (banana) peels has been widely explored due to 

the significant polysaccharide profile of the biomass, 

specifically its starch, cellulose, and pectin content. 

However, previous literature reveals that conven-

tional synthesis methods—typically utilizing stand-

ard laboratory beakers and unregulated heating—of-

ten suffer from poor reproducibility and inconclusive 

mechanical outcomes. These limitations are largely 

attributed to insufficient process control and subopti-

mal additive formulations, often restricted to basic 

plasticizers such as glycerol.  

To address these challenges, this study introduces  

a stainless-steel batch reactor system designed to en-

hance paste concentration and thermal homogeneity 

during synthesis. Unlike traditional methods, this ap-

proach optimizes the additive system through the stra-

tegic integration of Gum Arabic and U-POX oil to im-

prove material flexibility and molecular coherence, 

facilitating “self-separation” of the polymer film.  

The research further bridges the gap between ma-

terial synthesis and energy recovery; advanced Fou-

rier Transform Infrared (FTIR) spectroscopy is em-

ployed to verify the retention of the cellulose back-

bone, while thermal cracking protocols are utilized to 

evaluate the bioplastic's potential as a precursor for 

light naphtha fuel. By integrating these process mod-

ifications, this work aims to advance sustainable ma-

terials engineering and provide a scalable model for 

the value-added utilization of agricultural waste.  

https://www.google.com/search?q=circular+economy&oq=bioblastics+as+circular+economy&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIJCAEQIRgKGKABMgkIAhAhGAoYoAHSAQoyNTI0N2owajE1qAIIsAIB8QWE2rVXzUFujw&sourceid=chrome&ie=UTF-8&mstk=AUtExfARiePSKVYd5CTmOhGQoQOHY1uZvp7Oa86IXm4jRV_rB9rfsihHb4646KTNCckU4YnoMxSENdxfoDlGRdDV2GQHObtc2CZcivebzb3S2qdQVAcGGQs6uBRuCVuXVwaxch83IGs-BuqEMAqV49oqUnmG69YUY1WZsH5xuRs-p9NC1KE&csui=3&ved=2ahUKEwj-ndGnt_2SAxWdNvsDHdvaLe0QgK4QegQIARAE
https://www.google.com/search?q=circular+economy&oq=bioblastics+as+circular+economy&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIJCAEQIRgKGKABMgkIAhAhGAoYoAHSAQoyNTI0N2owajE1qAIIsAIB8QWE2rVXzUFujw&sourceid=chrome&ie=UTF-8&mstk=AUtExfARiePSKVYd5CTmOhGQoQOHY1uZvp7Oa86IXm4jRV_rB9rfsihHb4646KTNCckU4YnoMxSENdxfoDlGRdDV2GQHObtc2CZcivebzb3S2qdQVAcGGQs6uBRuCVuXVwaxch83IGs-BuqEMAqV49oqUnmG69YUY1WZsH5xuRs-p9NC1KE&csui=3&ved=2ahUKEwj-ndGnt_2SAxWdNvsDHdvaLe0QgK4QegQIARAE
https://www.google.com/search?q=circular+economy&oq=bioblastics+as+circular+economy&gs_lcrp=EgZjaHJvbWUyBggAEEUYOTIJCAEQIRgKGKABMgkIAhAhGAoYoAHSAQoyNTI0N2owajE1qAIIsAIB8QWE2rVXzUFujw&sourceid=chrome&ie=UTF-8&mstk=AUtExfARiePSKVYd5CTmOhGQoQOHY1uZvp7Oa86IXm4jRV_rB9rfsihHb4646KTNCckU4YnoMxSENdxfoDlGRdDV2GQHObtc2CZcivebzb3S2qdQVAcGGQs6uBRuCVuXVwaxch83IGs-BuqEMAqV49oqUnmG69YUY1WZsH5xuRs-p9NC1KE&csui=3&ved=2ahUKEwj-ndGnt_2SAxWdNvsDHdvaLe0QgK4QegQIARAE
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2 MATERIALS AND METHODS 

 

In this study, banana peels were selected as a rep-

resentative starchy agricultural residue suitable for 

conversion into bioplastics. All experimental work re-

lated to waste processing and bioplastic production 

was conducted in 2017 at the Unit Operations Labor-

atory, Department of Chemical Engineering, Univer-

sity of Khartoum. Fresh banana peels were collected 

from the university’s cafeteria and used as the pri-

mary raw material. The chemical reagents and addi-

tives employed in this study included hydrochloric 

acid (HCl) “is utilized to disrupt molecular bonding”, 

sodium hydroxide (NaOH) “for pH neutralization”, 

sodium bicarbonate (NaHCO₃)” is introduced to react 

with acidic components”, acetic acid, propane-1,2,3-

triol (glycerol), Gum Arabic, and Oil.” for Plasticity, 

flexibility, and coherence are further optimized 

through the incorporation “  

The experimental setup comprised standard labor-

atory equipment, including stainless steel knives, 

measuring cylinders (50 and 1000 mL), beakers (50 

and 1000 mL), a digital mass balance (PGW 4502, 

ADAM, maximum capacity 4500 g with 0.01 g read-

ability), Petri dishes, filter mesh, and filter paper. Ad-

ditional equipment included a Bunsen burner 

(IKATHERM HCT model), a commercial blender 

(Waring model), a refractometer (Traditional Abbe 

KARL KOLB, German model), a stainless-steel batch 

reactor (Kuhlwasser Entering Reaktionskessel, Ger-

man model), and a laboratory oven (Heraeus model).  

 

2.1 Preparation of Banana Peels and Production of 

Biofilm from Banana Paste  

In the present work, bioplastic production in-

volved a series of preliminary preparation steps fol-

lowed by the final formation of bioplastic films. More 

than ten experimental runs were performed to opti-

mize the production process. During each experi-

mental run, the processing strategy, as well as the type 

and quantity of chemical additives, was systemati-

cally varied in order to identify the conditions that 

yielded bioplastics with improved physical proper-

ties. The type and quantity of chemical reagents and 

additive materials were varied systematically through 

successive experimental trials until optimum bio-

plastic formation was achieved, as described below.  

 

2.1.1 Initial Approach  

The preparation of banana paste was initially carried 

out following the procedure reported in previous stud-

ies, as shown below:[11].   

1. Distilled water (800 mL) was placed in a 

beaker and heated on a Bunsen burner.   

2. Banana peels were then added to the beaker, 

followed by the addition of 25 g of sodium bi-

carbonate,   

3. 5 mL of 0.5 M hydrochloric acid (HCl), and 

sodium hydroxide (NaOH) prior to the boiling 

process.   

4. The mixture was boiled for 30 minutes, after 

which the water was decanted.   

5. The treated banana peels were subsequently 

placed on filter paper and allowed to dry for 

approximately 30 minutes.   

6. After incubation, the peels were completely 

dried and mechanically ground using a mixer 

until a homogeneous paste was obtained.  

Polymer production from the banana paste was 

also conducted according to the method described in 

previous studies as shown below: [12].   

1. A mass of 25 g of banana paste was transferred 

into a 50 mL beaker,   

2. and 5 mL of 0.5 N HCl was added with manual 

stirring. Subsequently,   

3. 2 mL of glycerol was incorporated and mixed 

thoroughly.   

4. Sodium hydroxide (0.5 N) was then added 

gradually to neutralize the pH of the mixture 

to approximately 7.   

5. The resulting mixture was poured onto a glass 

Petri dish and placed in an oven at 130 °C until 

drying was completed.   

To ensure uniform heat distribution, the partially 

dried paste was transferred onto aluminum foil and 

returned to the oven for further drying, yielding the 

final bioplastic product.as shown in Figure 1.   

 

 
Figure 1.   Final bioplastic product obtained us-

ing the initial approach. (Source: Authors’   experi-

ment) 

 

2.1.2 Final Approach  

The initial procedure was further improved by in-

troducing a stainless-steel batch reactor to enhance 

paste concentration and homogeneity, in addition to 

incorporating new additive materials. Multiple exper-

imental samples were prepared with varying types 

and quantities of additives until optimal bioplastic 

properties were achieved.   
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A. Method of Preparation of Banana Paste  

1. Banana peels were initially cut into small pieces 

using stainless-steel knives and weighed.  

2. A total mass of 869 g of banana peels was mixed 

thoroughly with 800 mL of distilled water until a 

homogeneous mixture was obtained, after which 

the total mass of the mixture was recorded. Sub-

sequently,   

3. 1604 g of the prepared mixture was transferred 

into a stainless-steel batch reactor.   

4. The reactor consisted of a vessel equipped with 

an agitator and an integrated heating and cooling 

system, connected to an under-vacuum arrange-

ment to ensure safe operation at relatively low 

temperatures and pressures. This conFig-

ureuration provided effective mixing of the con-

tents and enhanced heat transfer between the re-

actor walls and the mixture. On other hand the 

mechanical agitation and vacuum system allowed 

for a more uniform polymer matrix compared to 

traditional methods  

5. The concentration of the mixture was measured 

using a refractometer “Traditional Abbe model” 

prior to loading into the batch reactor and subse-

quently monitored during reactor operation.   

6. Samples were withdrawn at regular time intervals 

using an injection syringe while maintaining the 

operating temperature at 60 °C until the desired 

concentration was achieved. The recorded con-

centration values are presented in Table 2.  

 

Table 2. Concentration Rate of Banana Paste during 

Batch Reactor Operation.  

Time (h)  Concentration 

Rate  

Temperature 

(°C)  

Initial  2.5  Room  tempera-

ture @30  

2.0  5.0  60  

2.5  6.0  60  

 

To facilitate particle size analysis, 1 L of distilled 

water was added to 100 g of the prepared paste. The 

resulting suspension was subjected to filtration using 

a series of mesh sieves arranged in descending order 

of mesh size. Each sieve allowed the passage of par-

ticles smaller than those retained by the preceding 

sieve. The particle size distribution obtained after fil-

tration is summarized in Table 3.  

 

B. Method of Production of Polymer from Banana 

Paste  

Polymer production was carried out by first pre-

paring the required chemical reagents, followed by 

their sequential addition to the banana paste, as fol-

lows:  

 
Table 3. Mesh Size Distribution of Banana Paste Granules. 

Mesh size (µm)  Weight after filtration (g)  

595  27.71  

420  10.38  

250  1.98  

180  0.89  

150  0.80  

  

1. A mass of 25 g of the prepared paste was 

placed into a 50 mL beaker, as shown in 0.  

2. Hydrochloric acid (HCl) was added to the 

paste and mixed manually in order to disrupt 

intermolecular bonding within the starch 

structure. This step was followed by the grad-

ual addition of sodium hydroxide (NaOH) to 

neutralize the pH of the mixture to approxi-

mately 7.  

3. Subsequently, sodium bicarbonate (NaHCO₃) 

was introduced to the mixture to react with re-

sidual acidic components, resulting in the re-

lease of carbon dioxide gas. The evolution of 

gas caused expansion of the paste and contrib-

uted to the formation of its characteristic tex-

ture and granular structure. Acetic acid was 

then added to the mixture to complete the 

chemical treatment process.  

4. A mixture of additives, including (Gum Ara-

bic, glycerol, and U-POX oil), was subse-

quently introduced to the treated paste to func-

tion as plasticizing and property-enhancing 

agents. Upon thorough manual stirring, self-

separation of the mixture was observed, ac-

companied by the formation of a white phase, 

which is indicative of cellulose-based bio-

plastic formation., as shown Figure 3.  

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Fourier Transform Infrared (FTIR) Spectros-

copy Analysis  

Fourier Transform Infrared (FTIR) spectroscopy was 

employed using an attenuated total reflectance Fou-

rier transform infrared (ATR-FTIR) technique to in-

vestigate the chemical changes occurring in the sam-

ples before and after polymer formation. This analy-

sis was conducted to identify the principal functional 

groups present in banana peels, banana paste, and the 

final bioplastic product. Cellulose, which is a linear 

polymer composed of β-glucose units, is character-
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ized by prominent 𝐶–𝐻 stretching vibrations and hy-

drogen-bonded 𝑂–𝐻 functional groups.  

 

 

Figure 2.  Sample prepared banana paste. 

 (Source: Authors’   experiment) 

 

.  

  
 

Figure 3.  Self-separation of the mixture and for-

mation of bioplastics.  (Source: Authors’ experi-

ment)  separated bioplastic material was then trans-

ferred into a Petri dish and dried in an oven at 60 °C 

until a constant mass was achieved, as shown Figure 

4.  

  

  
 

Figure 4.  Final bioplastic product obtained from 

banana peels. (Source: Authors’   experiment)  

  

The FTIR spectra of the dried paste (untreated bi-

oplastic) exhibited characteristic absorption peaks at 

3417.63 and 2927.74 cm⁻¹, while the treated bio-

plastic samples showed corresponding peaks at 

3379.05 and 2929.67 cm⁻¹. In addition, the presence 

of an absorption band around 1060 cm⁻¹, attributed to 

𝐶–𝑂 and 𝐶–𝐻 stretching vibrations, further confirmed 

the cellulose structure. The spectra were recorded 

over a wavenumber range of 500–4000 cm⁻¹ using a 

Perkin-Elmer FTIR spectrophotometer (model FTIR-

8400s). All FTIR measurements were performed at 

the Central Laboratory, Center Campus, University of 

Khartoum.  

The standard FTIR spectrum of cellulose is char-

acterized by prominent absorption bands at 3354.0 

and 2900.7 cm⁻¹ [10]. In the present study, similar 

peaks were observed at 3417.63 and 2927.74 cm⁻¹ for 

the dried banana paste (untreated bioplastic), and at 

3379.05 and 2929.67 cm⁻¹ for the final bioplastic pro-

duced from banana peels (treated bioplastic). In addi-

tion, an absorption band appearing around 1060 cm⁻¹, 

corresponding to 𝐶–𝑂 and 𝐶–𝐻 stretching vibrations, 

was detected in both samples. The increased intensity 

of these characteristic bands suggests an enhance-

ment in the crystalline nature of the samples, as illus-

trated in the corresponding FTIR spectra. The pres-

ence of these dominant absorption bands with com-

parable relative intensities confirms the cellulose-

based structure of the produced bioplastics, as shown, 

Figures 5 and 6.  

 

3.2 Thermal Cracking Analysis  

Thermal cracking analysis was conducted to fur-

ther verify the polymeric nature of the produced bio-

plastic. Thermal degradation of thermoplastic poly-

mers typically occurs when sufficient thermal energy 

is supplied to transform the material from a solid state 

to a molten phase [9]. In this study, thermal cracking 

experiments were performed at the Unit Operations 

Laboratory, Department of Chemical Engineering, 

University of Khartoum.  

 

  

  
Figure 5.  FTIR spectra of the dried banana paste 

(untreated sample). (Source: Authors’ Result of ex-

periment, 2017). 

 

 

The experimental setup consisted of a semi-batch 

reactor equipped with an electric heater and con-

nected to a condenser system designed to convert 

evolved vapors into liquid products. Temperature 

measurements were continuously monitored using 

thermocouples.  
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Figure 6 .  FTIR spectra of the final bioplastic 

produced from banana peels. (Source: Authors’ Re-

sult of experiment, 2017). 

 

Prior to the experiment, the bioplastic samples 

were accurately weighed and placed inside the semi-

batch reactor. The heating process was initiated grad-

ually, leading to the evolution of vapors as the tem-

perature increased. These vapors were condensed into 

liquid oil within the condenser, while a portion of the 

products existed as non-condensable gases and the re-

maining fraction formed solid ash, as shown in Figure 

7. The entire thermal cracking process required ap-

proximately one hour, during which the polymer was 

fully transformed from the solid phase to a molten 

state at a temperature of 293 °C.  

 

3.2.1 Results of GC Analysis  

The results of gas chromatography (GC–FID) 

analysis using a flame ionization detector were con-

sistent with the initial hypothesis. The upper liquid 

layer was confirmed to be a fuel fraction, with its 

chemical composition indicating classification as 

light naphtha (see Appendices). The dark coloration 

of this layer was attributed to process-related factors, 

likely associated with incomplete pyrolysis. In con-

trast, the lower liquid layer was identified as water.  

These results are illustrated in Figure 8 

 

  

  
Figure 7.  Liquid oil obtained as the final product 

after thermal cracking. (Source: Authors’ experi-

ment, 2017). 

.  

  

    
Figure 8.  FID Chromatogram result. (Source: 

Authors’ Result of experiment, 2017). 

  

3.3. Comparison with recent results with literature 

and conventional plastics  

This study focused primarily on material for-

mation and chemical characterization. Mechanical 

testing, biodegradability assessment, and large-scale 

processing analysis were beyond the scope of the pre-

sent work and should be addressed in future studies  

The results indicate that increasing the glycerol 

content led to a noticeable improvement in the flexi-

bility of the produced bioplastics. In addition, the in-

corporation of UPOX oil and Gum Arabic, particu-

larly at higher ratios, further improved the material 

properties, resulting in enhanced cohesion and the oc-

currence of self-separation accompanied by the for-

mation of a white phase .On other context, while the 

glycerin -based formulation produced a semi -solid 

and brittle material ,the introduction of a mixture of 

Gum Arabic and UPOX Oil resulted in a  

significantly more flexible and cohesive film, 

which exhibited   spontaneous separation  (self-peel-

ing) from the evaporation dish.   

The presence of hydrochloric acid (HCl) and so-

dium hydroxide (NaOH) at appropriate concentra-

tions was found to be a critical factor influencing the 

strength of the bioplastic. Hydrochloric acid facili-

tates the hydrolysis of amylopectin, which is neces-

sary to promote film formation through hydrogen 

bonding among glucose chains in starch. Excessive 

amylopectin content restricts film formation and 

leads to a reduction in starch recovery. Conversely, 

bioplastics composed predominantly of linear amyl-

ose tend to exhibit excessive hardness.  

Sodium hydroxide was primarily used to neutral-

ize the pH of the reaction medium. Acid hydrolysis 

modifies the physicochemical properties of starch 

without altering its granular structure. Accordingly, 

acetic acid (vinegar) was introduced to cleave the 

branched structure of amylopectin, promoting the for-
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mation of linear amylose chains, which are more fa-

vorable for bioplastic film development.  

 

 3.4 Effect of Glycerol as a Plasticizer  

Plasticizers, also referred to as dispersants, are ad-

ditives that enhance the plasticity and flexibility of 

materials. Their most common applications are in 

polymer systems, particularly polyvinyl chloride 

(PVC), with glycerol and sorbitol being widely used 

examples. When incorporated into polymer matrices, 

plasticizers improve processing characteristics and 

impart flexibility to the final product. Similar effects 

are observed when plasticizers are used in materials 

such as concrete, clays, and related composites, in-

cluding those containing U-POX oil and Gum Arabic.  

Glycerol (glycerin) is a simple polyol (sugar alco-

hol) that is colorless, odorless, viscous, sweet-tasting, 

and nontoxic [5]. In starch-based bioplastics, glycerol 

acts by reducing intermolecular forces between poly-

mer chains, thereby increasing chain mobility and im-

proving flexibility. As a result, higher glycerol con-

centrations yield more flexible bioplastics, whereas 

lower glycerol contents produce harder materials. 

While glycerol serves as the primary plasticizer by in-

tercalating between cellulose chains to reduce inter-

molecular forces [11], the integration of Gum Arabic 

in this study provides a secondary structural matrix 

that enhances molecular coherence and surface finish.  

 The liquid oil obtained after the thermal cracking 

process exhibited phase separation into two distinct 

layers. The upper layer was dark in color, character-

ized by low density and high viscosity, whereas the 

lower layer appeared yellow in color with compara-

tively higher density, as shown in Figure 7. This 

phase separation prompted further investigation into 

the nature of each layer. It was hypothesized that the 

upper dark layer corresponded to a fuel fraction, 

while the denser lower layer was likely composed 

primarily of water. To verify this assumption and de-

termine the chemical composition of the liquid prod-

ucts, gas chromatography (GC) analysis was per-

formed, as shown in Figure 8. The analyses were 

conducted at the Petroleum Laboratories for Re-

search and Studies (PLRS).  

It is essential for future research to investigate the 

impact of additive composition on thermal cracking 

outcomes. While these additives are necessary for 

mechanical properties, their effect on fuel yield re-

quires quantitative analysis.  

 On the other hand, from the above results to com-

pare That the FTIR results of the untreated dried ba-

nana paste and the treated final bioplastic show the 

functional groups expected for polysaccharide-rich 

materials (cellulose/starch). In the untreated paste, the 

broad O–H stretching band was observed at 3417.63 

cm⁻¹ and the C–H stretching band at 2927.74 cm⁻¹, 

while the treated bioplastic showed corresponding 

peaks at 3379.05 cm⁻¹ and 2929.67 cm⁻¹ . These val-

ues are close to the cellulose reference bands reported 

in the manuscript (≈3354.0 cm⁻¹ for O–H and 2900.7 

cm⁻¹ for C–H), supporting the conclusion that the pro-

duced film retains a celluloseconsistent backbone. A 

band near *~1060 cm⁻¹* was also detected in both 

materials, consistent with C–O/C–H vibrations typi-

cal of polysaccharides. This FTIR pattern (broad O–

H ~3300–3400 cm⁻¹, C–H ~2900 cm⁻¹, and strong C–

O bands ~1000–1150 cm⁻¹) agrees with bana-

napeel/starch bioplastic FTIR spectra reported in the 

recent literature [13]. In other words, our FTIR results 

are comparable to Ref. [13] in terms of the key poly-

saccharide bands, indicating that the chemical back-

bone is consistent with previously reported banana-

peel bioplastics  

A second comparison point is the processing strat-

egy. In this work, a stainless-steel batch reactor was 

used to concentrate and homogenize the banana paste 

prior to film formation. The paste concentration in-

creased from 2.5 (initial, ~30 °C) to 5.0 after 2.0 h at 

60 °C and reached 6.0 after 2.5 h at 60 °C . Recent 

studies commonly concentrate banana-peel slurry/gel 

using beaker heating and then cast films [13,14]. 

Compared with these approaches [13,14], our con-

trolled concentration profile (2.5 → 6.0 at 60 °C) pro-

vides a more controlled pre-casting step, which may 

improve reproducibility of paste viscosity and film 

formation even without adding new measurements.   

The formulation behavior observed in this study is 

also consistent with established bioplastic formula-

tion trends. The manuscript reports that increasing 

glycerol improves flexibility, whereas glycerol-only 

samples can remain semi-solid/brittle; in contrast, in-

corporating Gum Arabic and U-POX oil improved 

cohesion and enabled spontaneous separation (“self-

peeling”) from the evaporation dish. This qualitative 

trend is consistent with recent reports that plasticizer 

ratio and multi-component formulation strongly af-

fect film integrity and handling in banana-peel and 

agro-waste bioplastic films [14,15]. Therefore, our 

observed formulation effect (glycerol vs glycerol+ 

Gum Arabic +oil) is consistent with the direction of 

effects reported in Refs. [14,15], even though me-

chanical testing was not performed here.  

Thermal conversion provides an additional point 

of comparison. The semi-batch cracking test showed 

complete transition from solid to molten at approxi-

mately 293 °C  over about one hour, with approxi-

mately 70% mass loss and a condensed liquid that 

separated into two layers. GC analysis identified the 

upper layer as a light-naphthagrade fuel fraction, 

while the lower layer was water. This behavior is con-
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sistent with biomass thermal conversion literature 

showing that starch/cellulose-rich components can 

generate volatile organic products and condensable 

liquids during pyrolysis/cracking [16]. Thus, our 

cracking outcome (melting near 293 °C and conden-

sable fuel fraction) is qualitatively consistent with the 

product formation mechanisms described in Ref. 

[16].  

 Finally, compared with conventional LDPE, the 

present material has the advantage of being pro-

duced from renewable agricultural residue (banana 

peels) and processed using low-temperature casting 

and drying. Because the film is polysaccharide-

based, it is expected to be more biodegradable than 

LDPE; however, biodegradation rate was not meas-

ured in this study. However, LDPE typically exhibits 

superior water resistance and mechanical perfor-

mance compared with starch/cellulose films, so it 

takes centuries to degrade. In this study, mechanical 

and barrier testing (tensile strength, elongation at 

break, water uptake, and water-vapor permeability) 

were not measured; therefore, direct performance 

equivalence to LDPE cannot be claimed and  

should be addressed in future work    

  

3.4. Limitation and Future Work  

Future research is recommended to explore the 

utilization of the produced material for:  

1. Quantitative Mechanical Characterization: Fu-

ture research should prioritize standardized 

ASTM testing to determine precise engineering 

values for Tensile Strength (MPa), Young’s Mod-

ulus, and Elongation at Break. This data is essen-

tial for comparing the material's performance 

against conventional low-density polyethylene 

(LDPE).  

2. Long-Term Biodegradability and Soil Impact: 

Given Sudan’s specific soil pH and arid climate, 

longitudinal studies on the degradation rate of the 

bioplastic in local environments are necessary to 

ensure that its breakdown products do not nega-

tively affect soil nitrogen levels or local microbi-

ology.  

3. Biofuel generation is through thermal cracking.  

4. Validation  of  Molded  Non-Struc-

tural  

Applications: While non-structural items—such 

as door handles or interior trim—are hypothesized as 

viable applications, empirical validation is required. 

Research should utilize standardized injection mold-

ing or 3D printing techniques to test the durability and 

wear-resistance of banana-peel bioplastics in these 

specific forms [15].  

1. The valorization of waste materials for the pro-

duction of value-added products aligns with the 

principles of green engineering and sustainable 

development. Such research efforts play a critical 

role in reducing environmental pollution while 

simultaneously promoting economic benefits. 

Continued experimental optimization and devel-

opment are therefore essential to enhance the per-

formance of ecofriendly materials and support 

sustainable waste management strategies.  

2. Simultaneous evaluation of mechanical proper-

ties and thermal degradation efficiency across 

various formulations. The objective is to identify 

the optimal composition that achieves the best 

balance between material performance during its 

service life and efficient energy recovery at its 

end of life.  

  

CONCLUSIONS 

 

This study contributes to the synthesis and charac-

terization of natural polymeric materials derived from 

agricultural waste “Banana Peels”. While the present 

findings demonstrate promising technical feasibility, 

further investigation is required to fully realize the 

economic and environmental potential of such mate-

rials. A series of experimental trials was conducted to 

achieve bioplastics with desirable properties, as sum-

marized in Table 2 . These trials involved systematic 

variation of additive type and concentration to obtain 

optimal material performance.  

The experimental approach was initially based on 

previously reported methods and subsequently en-

hanced through procedural modifications, including 

the introduction of a batch reactor to increase paste 

concentration and the incorporation of additional 

plasticizing and property-enhancing agents. Based on 

the results obtained, the following conclusions can be 

drawn:  

1. The use of a batch reactor significantly increased 

paste concentration and improved textural prop-

erties without altering the intrinsic structure of 

the banana peel material.  

2. Glycerol acted as an effective plasticizer by facil-

itating molecular mobility between starch chains, 

thereby increasing flexibility. Higher glycerol 

contents resulted in more flexible bioplastics, 

whereas lower amounts produced comparatively 

harder materials.  

3. Sodium bicarbonate (NaHCO₃) reacted with 

acidic components in the paste to release carbon 

dioxide, leading to paste expansion and the for-

mation of a characteristic porous texture.  

4. Acetic acid (vinegar) contributed to the break-

down of branched starch structures into smaller, 

more manageable chains, thereby enhancing bio-

plastic formation.  
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5. The combined addition of U-POX oil and locally 

available additive like -Gum Arabic is a qualita-

tive leap that further enhanced the quality and 

overall performance of the produced bioplastics.  

 

The study confirms that biodegradable bioplastics 

can be successfully produced from banana peels using 

a batch reactor in combination with appropriate 

chemical additives. Thermal degradation of the bio-

plastic occurred at approximately 293 °C, indicating 

potential for further conversion processes.   
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Appendix A2: Final Paste after Drying Data 
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Appendix B1: Bioplastics from Banana Peels Final Result 
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Appendix B2: Bioplastics from Banana Peels Final Result Data 
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Appendix C: Gas Chromatography (GC) raw reports  
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Appendix D: FID Chromatogram Result   
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