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Potential of Fermented Fruit Peels for the Production of Industrially Important Enzymes



ABSTRACT
Background: Fruit peel waste constitutes a significant proportion in organic waste generated daily in our communities. Processing this waste into value-added products hold the potential to mitigate the environmental waste challenge. 
Objective: This study aimed to evaluate the potential of fermenting fruit peels for the production of industrial enzymes, focusing specifically on amylase, cellulase, pectinase, protease, and lipase. 
Methods: The fruit peels used include banana, papaya, and mango individually and in combination. The peels were subjected to a 90-days natural fermentation in a mixture with brown sugar and water. The fermented solutions were characterized on the basis of color appearance, aroma, pH, and biocatalytic attributes.
Results: The color of the fermented solutions was ranges from yellowish-brown to dark brown after 90 days fermentation. The smell was fresh/sour and fresh, and all samples exhibited acidic pH between 2.7–3.4. biocatalytic assays indicated that all the solutions possessed amylase, cellulase, pectinase, protease, and lipase activities.
Conclusion: The results revealed that fruit peels fermentation is a valuable process for repurposing organic waste such as fruit peels in to value added products. Through this, a vast amount of multi-enzyme can be obtained within a short period of time. This holds a promising potential as cost effective, environmentally friendly, and sustainable process in various industries including food, animal feed supplements, juice/pulp clarity, textiles, detergents, paper, and leather among others.
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Introduction
Fruit peels constitute a substantial portion of food processing waste, often discarded despite being valuable sources of phytochemicals such as phenolics, flavonoids, carotenoids and organic acids [1]. Inappropriate disposal of these residues not only leads to resource mismanagement but also contributes to greenhouse gas emissions and landfill accumulation, which remain pressing global concerns. Converting such waste streams into value-added products aligns with the principles of the circular economy, where agricultural byproducts are reintegrated into productive use through sustainable biotechnological processes. Among the available strategies, fermentation has emerged as an efficient and eco-friendly method for valorizing fruit peel waste. Fermentation of peels produces solutions usually regarded as eco-enzymes or garbage enzymes, which are naturally enriched with organic acids, phenolics and other metabolites [2]. These products are low-cost, scalable and environmentally compatible, making them promising for both industrial and household applications. The multifunctionality of fermented fruit peels solutions makes them suitable biotechnological solutions. 
Primarily, microorganisms, animals, and plants are the major sources of enzymes, with microbial being the source that is widely preferred largely due to their economic viability and easier downstream processing. Microbial enzymes are critical tools across many industries due to their specificity, ability to work under mild conditions and lower environmental impact than chemical catalysts [3]. Microbial enzymes such as amylases feature in starch liquefaction, brewing and food processing; cellulases degrade cellulose to simpler sugars useful for bioethanol and biorefinery; pectinases are used in fruit juice clarification, textile processing and waste treatment; proteases and lipases appear in detergents, pharmaceuticals, leather processing and organic waste bioconversion [4]. Various industrial sectors require more than a single enzyme, for example; detergent industry, production of biofuel through lignocellulosic hydrolysis, and animal feed improvement [5–7]. Considering the economic benefit for such applications, a source that can produce multiple enzymes would be of much interest. In addition, simple, easily available, and accessible substrates are important requirement for the production of cheaper industrial products. A recently released Enzymes Market Size review estimated the enzyme market at a value of USD 60.48 billion during 2023 and this was anticipated to grow further annually from 2024 to 2030 at growth rate of 6.5% [8]. Although, advanced technologies were suggested as a major driving force in this market estimate [9].
The indiscriminate waste disposal especially the agro-industrial, fruits, and vegetable wastes is a major concern for our environment. Considering this challenge, the focus is now on re-purposing  these organic wastes because of the abundant bio-constituents present in them [10]. Production of compounds such as secondary metabolites, organic acids, and proteins/enzymes can be achieved by utilizing such substances as substrates for microbial fermentation [11]. Remarkably, various bioprocesses can apply microbial enzymes as tools or end products. Therefore, organic waste especially fruit peels can serve as good substrates for microbial fermentation capable of producing multiple enzymes. This study evaluated the potential of fermenting fruit peels for the production of industrially important enzymes by fermenting banana, papaya, and mango fruit peels.

Materials and Methods

Materials
The materials for fermentation included fresh banana, papaya, and mango peels, in addition to brown sugar and distilled water. Fresh banana (musa acuminate), papaya (carica papaya) and mango (mangifera indica) peels were sourced directly from fruit vendors at the central market in Birnin Kebbi. The selection of these specific fruit peels was based on their availability, organic nature and potential to yield beneficial enzymes during the fermentation process.

Methods 

Production of Fermented Solutions	
The collected fresh fruit peels were cut into smaller pieces using a sterile stainless-steel knife. Each of the fruit peel was separately put in an airtight plastic container followed by addition of brown sugar and water in a ratio of 1:3:10. The mixture was then mixed thoroughly. Additionally, a mixture containing all three (3) fruit peels was prepared using the same ratio. Fermentation was conducted for three (3) months under sun-protected conditions at room temperature. To prevent rupture due to gas buildup, the containers were opened periodically to release accumulated gases. After 90 days of fermentation, the solutions were filtered using a muslin cloth. The filtered solutions were stored in sterile plastic bottles at 4°C until further analysis. An illustration of this process is presented in figure 1.
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Figure 1. Schematic illustration of the fermentation process using banana, mango and papaya fruit peels.

pH Measurement
The pH values of solutions were measured before and after the 90-day fermentation period using a calibrated pH meter.
[bookmark: _Toc205282812]Determination of Amylase Activity
Amylase activity was assessed using cassava starch as a substrate adopting a method described previously [12]. A 0.5 mL aliquot of the fermented solution was mixed with solubilized cassava starch of varying concentrations (0.2%, 0.4%, 0.6%, 0.8% and 1% w/v) in 0.1 M phosphate buffer (pH 7). The mixture was incubated at 50°C for 30 minutes. The release of reducing sugars was determined using the 3,5-dinitrosalicylic acid (DNS) method. The reaction mixture, including 3 mL of DNS reagent, was heated for 10 minutes, followed by the addition of 10 mL of distilled water. Absorbance was measured at 540 nm using a spectrophotometer. Enzyme blanks were prepared using heat-denatured samples to account for non-enzymatic sugar release. One unit (U) of amylase activity was defined as the amount of enzyme required to release 1 µmol of glucose per minute under assay conditions.
[bookmark: _Toc205282813]Determination of Cellulase Activity
[bookmark: _Toc205282814]Cellulase activity was determined using carboxymethyl cellulose (CMC) as a substrate [13]. A 0.5 mL aliquot of fermented solution was mixed with solubilized CMC of varying concentrations (0.2%, 0.4%, 0.6%, 0.8% and 1% w/v) in 0.1 M phosphate buffer (pH 7). The mixture was incubated at 50°C for 30 minutes and the released reducing sugars were quantified using the DNS method. Absorbance was recorded at 540 nm. Enzyme blanks were included to correct for non-enzymatic sugar release. One unit (U) of cellulase activity was defined as the amount of enzyme needed to release 1 µmol of glucose per minute.
Determination of Pectinase Activity
Pectinase activity was determined using powdered orange peel as a substrate [14]. The amount of reducing sugars released was measured at 540 nm. One unit (U) of pectinase activity was defined as the quantity of enzyme releasing 1 µmol of galacturonic acid per minute.
[bookmark: _Toc205282815]Determination of Protease Activity
Protease activity was determined using casein as a substrate [15]. A 0.5 mL aliquot of fermented solution was mixed with casein solutions of varying concentrations (0.2%, 0.4%, 0.6%, 0.8% and 1% w/v) in 0.1 M phosphate buffer (pH 7) and incubated at 50°C for 30 minutes. The reaction was stopped by adding 0.5 mL of 20% trichloroacetic acid (TCA). After centrifugation at 13,000 rpm for 15 minutes at 4°C, absorbance was measured at 280 nm. The blank contained heat-denatured enzyme and casein. One unit (U) of protease activity was defined as the enzyme required to release 1 µg of tyrosine per mL per minute.
[bookmark: _Toc205282816]Determination of Lipase Activity
Lipase activity was determined by titrimetric assay of lipids using olive oil as a substrate [16]. A blank and test flask were prepared with 2.5 mL of water, 1 mL of HCl buffer, 3 mL of olive oil and 1 mL of fermented solution (added only to the test flask). After 15 minutes of incubation at 37°C, 3 mL of 95% ethanol and thymolphthalein were added. The mixture was titrated with NaOH until a light blue color appeared. One unit (U) of lipase activity was defined as the enzyme liberating 1 µmol of fatty acid per minute.

Results

pH of Fermented Solutions
On both day 0 and day 90 of fermentation, all the fermented solutions exhibited acidic pH, however, a decrease in pH was observed at day 90 compared to day 0 of fermentation. The pH values of all the fermented solutions are presented in table 1.
Table 1: pH of Fermented Solutions
	Solutions
	pH (day 0)
	pH (day 90)

	BPS
	3.4
	2.8

	PPS
	2.9
	2.5

	MPS
	3.0
	2.2

	MFPS
	2.7
	1.9




Determination of Enzymatic Activity
Analysis of the enzymatic activities indicated that all the target enzymes including amylase, cellulase, pectinase, protease, and lipase were present in all of the fermented solutions. In this study, the highest enzyme activity shown at the highest substrate concentration were considered for each enzyme. Mango peels solution showed the highest amylase activity of 5.30 U/mL and papaya peels solution has the lowest activity of amylase which was 2.10 U/mL as shown in Fig. 2a. For cellulase, the highest activity was observed in the mixed fruits peels solution at 5.75 U/mL, while papaya peels solution recorded the lowest cellulase activity of 3.60 U/mL (Fig. 2b). Banana peels solution exhibited the highest pectinase activity of 3.35 U/mL and papaya peels solution with the lowest pectinase activity of 1.85 U/mL (Fig. 2c). Protease activity was found to be greatest in mango peels solution at 7.17 U/mL and the lowest protease activity was recorded in the mixed fruit peels solution which had 4.70 U/mL (Fig. 2d). For lipase, the mango peels solution showed the highest activity of 6.67 U/mL, while banana peels solution recorded the lowest at 1.67 U/mL, this result is displayed in table 2. In all cases, a consistent increase in the enzyme activity was observed as the concentration of substrate was increased.
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Figure 2: Activities of enzymes from different fermented solutions. (a) Amylase, (b) Cellulase, (c) Pectinase, and (d) Protease.
Table 2: Lipase activity
	Solutions
	Lipase Activity (U/mL)

	PPS
	4.00

	MPS
	6.67

	BPS
	1.67

	MFPS
	5.67



Discussion
In recent years, the utilization of fruit waste for production of value adding products has gained more attention. This highlights the recognition of fruit waste as a valuable resource for sustainable industrial applications. The paradigm of circular economy and advances in bioprocessing technologies have contributed further to this expansion reinforces the potential of fruit wastes in various sectors of industry. Considering these, the present study investigated the potential of fermented fruit peels for the production of industrially important enzymes. The solutions were produced after fermentation of fruit peels from banana, mango, and papaya peels. The common characteristic feature of a fermented solution from fruit peels is determined by pH, as seen in table 1, the pH of all the fermented solutions was acidic and this because organic acids and other metabolites are produced due to the breakdown of larger organic substances by the microbes during fermentation [17]. As the smaller components from the breakdown of larger molecules accumulate, they can change the pH of the solution and this could be the reason why a change in pH was observed between the start and the end of fermentation in our study. These results aligned well with various literatures on the acidic nature of solutions produced from fruit peels [18–22].
Various industries require multitude of enzymes for their processes, some of these enzymes include amylase, pectinase, cellulase, protease, and lipase. Although the specific activities of different enzymes found in fermented fruit peels solutions varied widely, amylase, cellulase, pectinase, protease, and lipase are the more frequently reported [22–24]. This shows that our results followed the similar trend with the current literature on how diverse fermented fruit waste are in exhibiting biocatalytic potentials. An interesting aspect of our result is that, the production of multiple enzymes from the fermentation of banana, mango, and papaya peels have been highlighted. Only a few literatures have reported the production of multiple enzymes from the fermentation of these fruit peels. Out study also underscore the potential in the production of multienzymes through the fermentation of fruit peels which can serve as a very important aspect of industrial processes because biocatalysts are advantageous compared to chemical catalysts. Additionally, the use of inexpensive materials is vital for industrial commercialization because it can lead to production of cheaper products. Considering this, our study suggest that banana, mango, and papaya fruit peel wastes are viable materials for natural fermentation that could be used for the cost-effective simultaneous production of various enzymes.
Conclusion
This study, investigated the potential of fermenting fruit peels for industrially important enzymes production. Fermented solutions of banana, mango, and papaya peels are enriched with multiple active enzymes, including amylase, cellulase, pectinase, lipase and protease, indicating their potentials for the ecofriendly, cost-effective, and sustainable alternative technology for the production of enzymes of industrial applications.
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