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In Pakistan, the agricultural sector is undergoing significant changes towards more sustainable practices and 
efficient waste utilization. This study investigates the innovative concept of repurposing discarded potato 
peels as fruit wax to facilitate the export of oranges, a vital agricultural commodity in Pakistan. By embracing 
this eco-friendly approach, the research not only tackles the pressing issue of waste management but also 
introduces a valuable solution to boost the orange export industry. Through a rigorous experimental inquiry, 
the effectiveness of potato peel wax in preserving the freshness and extending the shelf life of oranges during 
transportation was thoroughly examined. This research underscores the importance of adopting creative 
waste utilization strategies to promote sustainability in the Pakistani agricultural sector. By utilizing potato 
peel waste as fruit wax, the study proposes a practical solution to waste management challenges while 
simultaneously enhancing the quality and marketability of exported oranges. Through meticulous 
experimental evaluation, the study confirms the effectiveness of potato peel wax in prolonging the freshness 
and durability of oranges, positioning it as a compelling and environmentally friendly alternative to 
traditional fruit wax. Ultimately, this research provides valuable insights into the integration of sustainability, 
waste management, and economic development within the Pakistani agricultural industry. 
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1. INTRODUCTION  

Most of the Pakistan's territory is characterized by aridity, with 
approximately 80% located in arid and semi-arid zones (Ahmad et al., 
2019). Out of the total geographical area of 79.6 million hectares, only 23 
million hectares are under cultivation. The national economy heavily 
relies on irrigation, which sustains approximately 75% of cultivated land, 
with the remaining 4.0 million hectares dependent on rainfall (Idrees, et 
al., 2022). Agriculture serves as a cornerstone of Pakistan's economy and 
society, contributing approximately 20–25% to the GDP and providing 
employment to over 60% of the rural population (Muhammad et al., 2016). 
Over recent years, the agricultural sector's share of GDP has gradually 
declined, contributing 21.4%, 20.9%, and 19.53% in 2015, 2016, and 
2017, respectively, while engaging a decreasing portion of the workforce 
during the same period.   In 2018, citrus fruit cultivation in Pakistan 
(Figure 1) spanned 200,461 hectares, yielding 2,247,956 tons at a rate of 
112,139 hectograms per hectare (Cheem et al., 2021). Despite 
outperforming Afghanistan in citrus yield, Pakistan lags regional 
competitors like Iran, China, and India. This gap in productivity is 
primarily attributed to high costs, price instability, limited capital, 
technological deficiencies, and pest-related challenges (Memon et al., 
2017). 

The agriculture sector in Pakistan has historically pursued an 
unsustainable trajectory due to the degradation of agricultural resources 
(Zulfiqar et al., 2017). Post-harvest losses, quality deterioration, and 
nutrient depletion in stored fruits further exacerbate this issue. Changes 
in the nutritional quality of fresh produce during storage underscore the 
importance of ensuring product safety and extending shelf life (Pott et al., 
2020). Research in post-harvest management is critical to mitigating these 
losses, preserving quality, and enhancing the sustainability of the 

agricultural system (Naseer, et al., 2019). A key aspect of sustainability is 
the development of innovative technologies and practices that minimize 
environmental harm, improve food productivity, and provide accessible 
solutions for farmers (Al-Agele et al., 2021). The global rise in 
environmental awareness and consumption rates has intensified research 
into renewable and biodegradable materials to replace petrochemical-
based and non-biodegradable substances (Malagurski et al., 2017; 
Regubalan et al., 2018). 

 

Figure 1: Citrus Export in Pakistan 
(https://www.jmbexporters.com/fruits/orange) 

Fruits and vegetables, vital for human nutrition, face significant challenges 
due to their limited post-harvest lifespan. As living tissues, they are 
susceptible to physiological and biochemical changes caused by physical 
or pathological factors, leading to financial losses (Palou et al., 2015). 
Consumer demand for fresh and healthy produce has increased globally, 
with preferences influenced by appearance, texture, color, aroma, 
freshness, and flavor (Saba et al., 2018). Most fruits and vegetables, 
containing 70–90% water, experience rapid respiration and moisture loss 
upon detachment from their nutrient source, which degrades quality, 
nutrients, and shelf life while increasing the risk of microbial spoilage 
(Parajuli et al., 2019). Although fruits naturally possess waxy surfaces to 
reduce water loss, these natural defenses are often insufficient for 
prolonged storage and transport (Zhang et al., 2021). 
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2. LITERATURE REVIEW 

Food packaging serves to protect food products from various 
deteriorating factors, such as dust, temperature fluctuations, light 
exposure, microorganisms, physical impacts, shocks, and environmental 
contaminants. Additionally, it ensures food safety and quality, prolongs 
shelf life, and reduces food waste (Mangaraj et al., 2019). According to 
statistician's statistical findings, the annual growth rate of petroleum-
based packaging production globally stands at 8%, with less than 5% of it 
being recycled. Consequently, there is a gradual buildup of plastic waste in 
the environment, with millions of tons of plastic packaging materials 
ending up in landfills annually, posing a significant challenge for the 
planet. The escalating worries regarding plastic-induced environmental 
pollution have spurred the innovation of biodegradable packaging films 
(Sedayu, et al., 2019; Cazón et al., 2017). The strong connection between 
hydrogen and carbon atoms within the polymer molecules found in 
petrochemical-based films renders them resistant to biodegradation 
(Dhegihan et al., 2018). Polypropylene, ethylene, and polyolefin are 
popular packaging materials because of their favourable properties and 
affordability. However, their non-biodegradable nature presents a major 
drawback (Tavassoli-Kafrani et al., 2016). Polysaccharides and proteins 
have the potential to serve as viable alternatives to plastic material in 
succession (Hassan et al., 2018). 

Edible coating is a technique employed to prolong the shelf life and 
maintain the freshness of fresh fruit and minimally processed fruit and 
vegetables (Kumar et al., 2019). These coatings function as protective 
barriers, enhancing the skin's resistance to the diffusion of oxygen, carbon 
dioxide, and water vapor. This delay in the natural physiological ripening 
process and reduction in microbial growth in foods and their key effects 
(Basiak et al., 2019). Edible coatings are made using biodegradable large 
molecules like carbohydrates, proteins, and lipids (Mohamed et al., 2020). 
As per the literature, edible coating creates a thin layer on food applied in 
liquid form. On the other hand, edible films, which utilize similar 
macromolecules, require pre-formation prior to application, forming solid 
sheets that encircle food products (Suhag et al., 2020). Starch, abundant in 
nature, serves as the primary energy source for plants due to its 
prevalence among natural carbohydrates (Thalmann et al., 2017). This 
macromolecule has been widely utilized in the production of edible films 
and coatings because of its capacity to create a seamless structure. 
Additionally, its abundance, safety, affordability, and rheological 
characteristics make it highly favorable for such applications (Versino et 
al., 2016). The global starch market is segmented into four main sources: 
corn, potato, sweet potato, and cassava. Corn starch has been the most 
utilized for producing biodegradable plastic, likely because corn accounts 
for the largest share of starch production globally; approximately 65% of 
sweet potatoes and cassava follow behind, comprising 13% and 11% of 
the starch market (Luchese et al., 2017). Starch-based coatings that are 
colorless and oil-free are ideal for extending the shelf life of various 
products, such as fruit and vegetables. Various methods, including 
panning, dipping, spraying, and fluidizing beds (figure 2) can be employed 
to apply these coatings. The choice of technique depends on factors such 
as the nature of the product, its surface characteristics, and the desired 
outcomes of the coating (Suhag et al., 2020). 

The panning technique involves placing the product into a spacious 
revolving bowl known as the pan. The fluidized bed technique is widely 
studied across industries such as chemical, pharmaceutical, and food for 
coating applications. The method aims to achieve a uniform coating with 
specific qualities largely influenced by droplet formation and their 
physical state. Essentially, it involves spraying a coating solution onto 
fluidized powders to form a shell-like structure (Wentzlaff et al., 2019). 
The dipping technique is widely favored for its convenience, enabling 
thorough and uniform coverage of surfaces, even those that are uneven or 
complex (Miteluț et al., 2021). The spraying technique is highly utilized for 
coating material deposition because of the extensive range of 
macromolecules available and its versatility in handling irregular shapes 
and various sizes (Ambaw, et al., 2017). 

In recent times, there has been a notable rise in the production of fruits 
and vegetables to satisfy the growing demand from consumers. Around 0.9 
billion tons of fruit and over 1 billion tons of vegetables were cultivated in 
2017. According to the FAO report, we generate an estimated 1.3 billion 
tons of food waste and losses annually. Food waste and product generation 
have adverse environmental, economic, and social effects globally. 
Initiatives such as the EU’s Farm to Fork Strategy aim to reduce waste, 
which can lower production costs and improve food system efficiency. 
Additionally, waste reduction efforts promote sustainability, enhance food 
security, and improve nutrition (Poyatos-Racionero et al., 2018). Waste 
valorization, integral to the pursuit of a circular economy, involves 
converting food waste into value-added products like fuels and fertilizers. 

This approach, prioritized by the government and the food sector, offers 
economic, social, and environmental benefits by reducing waste and 
maximizing resource efficiency (Garcia-Garcia et al., 2019; Sindhu et al., 
2019). Recent research suggests that leveraging advancements in food 
packaging technology can effectively mitigate food waste and byproducts 
by incorporating natural materials derived from waste and byproducts 
into packaging solutions, representing a progressive move toward eco-
conscious waste valuation (Tumwesigye et al., 2016; Torres-León et al., 
2018). Fruit and vegetable peels, pomace, and seeds are rich in bioactive 
compounds like proteins, fibres, colorants, and phytochemicals, offering 
various health benefits such as antioxidants, antimicrobial properties, and 
anti-inflammatory effects (Baiano et al., 2014; Sagar et al., 2018; Ran et al., 
2019). 

 

Figure 2: Different method of coating a) panning b); fluidized bed c); 
dipping d); and spraying (DOI: (10.1002/star.202100279)) 

The growing global plastic consumption has spurred interest in using 
biopolymers derived from agricultural and food processing waste to make 
biodegradable materials, particularly for food packaging applications 
(Matheus, et al., 2013). Alongside the rising need for recycling and waste 
minimization, it is imperative that food maintain high quality and safety 
standards, ensuring extended shelf life (Basumatary, et al., 2020). 
Packaging made from fruit and vegetable waste is gaining attention for its 
unique properties. When used in packaging, these waste materials offer 
benefits like increased antioxidant and antimicrobial activity, improved 
mechanical strength, and better quality for preserved fruits. 

Our research aims to address many challenges by achieving the following 
objectives: 

• To develop an innovative and sustainable solution for post-harvest 
fruit preservation by repurposing potato peels to extract starch as a 
biodegradable wax coating for oranges. 

• To address the critical challenges of agricultural waste management 
by providing a practical approach to recycling and reusing waste 
materials. 

• To enhance the shelf life and export potential of citrus fruits in 
Pakistan while reducing reliance on synthetic and petrochemical-
based coatings. 

• To contribute to sustainable agricultural practices by integrating 
waste recycling and environmental conservation into post-harvest 
management strategies. 

This study introduces a novel approach to enhance post-harvest fruit 
preservation, combining environmental sustainability and economic 
benefits. By repurposing potato peels, a commonly discarded waste 
material into a biodegradable fruit wax, this research not only reduces 
waste but also provides an eco-friendly alternative to conventional 
coatings. These advancements align with the global shift towards 
sustainable practices while addressing the unique challenges faced by 
Pakistan's agricultural sector. 

3. MATERIALS AND METHOD 

This study was conducted in department of chemistry (February 2024 to 
June 2024), Rawalpindi Women University by undergraduate students for 
their graduate research thesis project. Fresh oranges (Citrus sinensis) from 
the Rutaceae family were purchased at a local market and selected for 
their consistent size, color, and free of visible defects. First, we got some 
fresh potatoes and properly washed them to remove any dirt or 
contaminants. The potatoes were subsequently peeled, and the skins 
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weighed approximately 20 g. A predetermined amount of water, about 
250 ml, was measured and poured into a boiling pot. We added the 
collected potato peels to the water and heated the mixture until it boiled. 
The boiling process continued until the water quantity was reduced to 
approximately half of the original volume. Care was taken to ensure that 
the water did not evaporate completely and that the potato peels were 
adequately submerged throughout the boiling process. 

After boiling, the pot was removed from heat, and the water was allowed 
to cool slightly to achieve a semi-hot temperature. We monitored the 
temperature with a thermometer to ensure it stayed within the desired 
range. The presence of starch extracted from potato peels was determined 
using the Fehling test. A few millimeters of extracted starch solution were 
taken into test tubes, and the Fehling test was performed. Since starch is a 
non-reducing sugar, it gives negative results in the test. The oranges were 
dipped into the semi-hot water containing the potato peel extract for a 
brief period, ensuring that each orange was evenly coated with the extract. 
The starch extracted from the potato peels formed a protective coating on 
the orange surface. Finally, we placed both coated and uncoated oranges 
in separate storage containers and kept them in a controlled environment 
at room temperature. The shelf life of the oranges was monitored regularly 
for 30 days. 

3.1 Color 

Color evaluation was performed by visualizing the mobile camera photos 
with human eye taken over the period of 30 days observations.  

3.2 Firmness 

Firmness was measured using an FT-011 fruit pressure tester by pressing 
both coated and uncoated oranges over a 30-day period. 

3.3 Statistical Analysis 

Data were analyzed using MS Excel. 

4. RESULTS AND DISCUSSION 

4.1 Visual and Physical Observations 

The oranges coated with potato peel wax exhibited remarkable 
preservation over time. Coated oranges maintained their firmness and 
visual appeal much longer than uncoated oranges (Table 1). By March 12, 
uncoated oranges began to show signs of aging such as surface softening 
and discoloration. By March 22, uncoated oranges displayed significant 
spoilage, including discoloration, shriveling, and a mushy texture. In 
contrast, the coated oranges showed minimal signs of aging. By April 1, 
uncoated oranges were nearly entirely spoiled, while coated oranges 
retained most of their quality. 

Table 1: Qualitative study of potato waxes coated oranges with uncoated oranges in 30 days. 

Days Coated Uncoated 

1st day 

(March 3rd, 
2024) 

 

 

 

 

 

 

5th day 

(March 7th, 
2024) 

  

10th day 

(March 
12th, 2024) 
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Table 1 (cont): Qualitative study of potato waxes coated oranges with uncoated oranges in 30 days. 

15th day 

(March 
17th, 2024) 

 

 

20th day 

(March 
22nd, 2024) 

  

25th day 

(March 
27th, 2024) 

  

30th day 

(April 1st, 
2024) 

  

4.2 Quantitative Observations 

The quantitative results of the study, including weight loss, firmness, and 
spoilage percentage, confirmed the positive impact of the potato peel wax 
on prolonging the shelf life of oranges (Table 2). Below are the detailed 
observations: 

4.2.1 Weight Loss 

Coated oranges exhibited only a 5.6% weight loss after 30 days, compared 
to 18.3% for uncoated oranges. This indicates reduced moisture loss, 
which is critical in preventing spoilage. 

4.2.2 Firmness 

Firmness measurements in Newtons (N) revealed that on Day 0, both 
coated and uncoated oranges had an initial firmness of 35 N. By Day 30, 
coated oranges maintained a firmness of 29 N, whereas uncoated oranges 
dropped to just 12 N. 

4.2.3 Decay Percentage 

By Day 30, 70% of the uncoated oranges were completely spoiled, while 
only 20% of the coated oranges showed signs of decay. 

Table 1: Quantitively study of potato waxes coated oranges with 
uncoated oranges in 30 days. 

Date 
Weight Loss 

(%) 
Firmness (N) Spoilage (%) 

March 3 (Day 
0) 

0.0 35 0 

March 12 (Day 
10) 

Coated: 1.2 / 
Uncoated: 5.7 

Coated: 33 / 
Uncoated: 28 

Coated: 0 / 
Uncoated: 10 

March 22 (Day 
20) 

Coated: 3.5 / 
Uncoated: 12.4 

Coated: 31 / 
Uncoated: 20 

Coated: 5 / 
Uncoated: 50 

April 1 (Day 
30) 

Coated: 5.6 / 
Uncoated: 18.3 

Coated: 29 / 
Uncoated: 12 

Coated: 20 / 
Uncoated: 70 

4.3 Contribution to Sustainability 
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The use of potato peel wax significantly reduced spoilage and food waste, 
promoting sustainable agricultural practices. This aligns with eco-friendly 
solutions, as agricultural by-products like potato peels are converted into 
valuable resources, helping reduce environmental waste and supporting 
the circular economy. 

4.3.1 Fehling Test Validation 

The Fehling test confirmed that the potato peel extract contains non-
reducing starch, which, despite giving a negative result in the test, 
effectively contributed to the preservation of oranges by forming a 
protective coating. 

4.4 Effectiveness Of Potato Peel Wax As A Coating Material 

The results clearly demonstrate that potato peel wax provides an effective 
and sustainable means of extending the shelf life of oranges. The starch 
extracted from potato peels forms a protective layer that minimizes 
moisture loss, thus preventing spoilage and maintaining fruit firmness. 
These findings corroborate similar studies on biodegradable coatings, 
supporting the notion that natural, plant-based alternatives can reduce 
post-harvest losses effectively (Yousefi et al., 2023; Khan et al., 2023). The 
preservation of fruit quality over extended storage periods suggests that 
this approach could be beneficial for the export of citrus fruits from 
Pakistan, where the agricultural sector plays a vital role in the economy. 

4.4.1 Post-Harvest Loss Reduction and Export Potential 

One of the major challenges for the citrus export industry in Pakistan is the 
high post-harvest losses, especially due to spoilage during transit. By 
utilizing potato peel wax as a coating, these losses can be significantly 
reduced, enhancing the competitiveness of Pakistani oranges in 
international markets. This solution also lowers reliance on synthetic 
coatings, which are often costly and non-biodegradable, offering an 
economic advantage. Moreover, as Pakistan produces a large quantity of 
potato products, this method can help address waste management issues. 
The recycling of potato peel waste not only provides an eco-friendly 
alternative to synthetic waxes but also contributes to the local economy by 
turning food industry waste into a valuable product. 

4.4.2 Sustainability and Environmental Implications 

This study addresses two critical environmental concerns: food waste and 
synthetic waste. The potato peel, typically discarded by the food 
processing industry, is a readily available by-product in Pakistan, where a 
large amount of potato-based products are produced. By converting this 
waste into a functional fruit wax, this study offers a sustainable solution 
that reduces the environmental burden of both food waste and the use of 
petroleum-based synthetic coatings. The recycling of potato peel into a 
valuable agricultural resource aligns with circular economy principles, 
where waste is transformed into a resource, reducing environmental 
impact and promoting resource efficiency (Liu et al., 2023; Hameed et al., 
2022). 

4.4.3 Waste Management and Recycling in Pakistan 

Waste management is a growing concern in Pakistan, particularly in the 
agricultural and food processing sectors. The potato peel, which is often 
discarded, constitutes a large proportion of food waste generated in the 
country. By tapping into this waste stream for fruit preservation, this 
study not only provides a functional coating solution but also contributes 
to addressing Pakistan's pressing waste management challenges. The 
concept of recycling potato peel waste for creating biodegradable coatings 
can inspire further innovations in utilizing agricultural by-products for 
sustainable applications. This strategy could reduce landfill waste, 
minimize environmental pollution, and offer a local, scalable solution for 
food preservation in Pakistan's agricultural sector. 

5. CONCLUSION 

This study reveals the potential of reusing potato peel waste as an eco-
friendly fruit wax to enhance the export quality of oranges from Pakistan. 
Extensive research demonstrated that oranges coated with potato peel-
derived starch had a significantly longer shelf life and better preserved 
freshness compared to uncoated ones. This innovative approach not only 
addresses waste management challenges by transforming agricultural 
waste into a valuable resource but also supports sustainable agricultural 
practices by reducing the reliance on synthetic packaging materials. The 
results indicate that potato peel wax can effectively protect and preserve 
the quality of oranges during transit, boosting their marketability and 
economic value. Furthermore, the use of potato peel wax as a fruit coating 
offers a sustainable solution to both environmental and economic 
concerns in Pakistan. By recycling agricultural waste, this study presents 

a promising solution to fruit preservation and waste management issues, 
positioning Pakistan as a leader in sustainable agricultural practices. 
Future research should focus on scaling this solution and exploring its 
application to other fruit types, ensuring broader environmental and 
economic benefits for the region. 
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