
  

Plant Science Today, ISSN 2348-1900 (online) 

Introduction 

A significant proportion, ranging from 25-50 % of fruits and 

vegetables produced globally is lost along the supply chain 

from farm to table, a phenomenon widely recognized as post-

harvest loss (1). Transport and handling account for 

approximately 25-30 % of these losses. The fruit juice industry 

produces 5.5 million tonnes (Mt) of waste, with 20-30 % treated 

(2). These losses vary by crop, with waste percentages differing 

for various fruits as detailed in Table 1.  

 Fruit by-products like peels, seeds and pomace 

contribute significantly to municipal solid waste. Peels and 

seeds are often discarded during processing despite their 

nutritional value, while pomace remains a major by-product of 

the juice industry (8). Fruit waste, rich in protein, sugars and 

minerals, can address feed scarcity in developing countries. It 

may be fed directly or processed through drying and ensiling 

(9). Additionally, its phytochemicals, fibers and vitamins make 

it a nutritious alternative to conventional feed ingredients. 

Using fruit waste in dairy cow diets enhances milk's fatty acid 

content without reducing production. 

Different wastages in fruit crops 
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Abstract  

The effective utilization of fruit waste offers a significant opportunity to advance sustainable resource management and reduce 
environmental burdens. This comprehensive overview brings together current research on the diverse applications of fruit by-

products, showcasing their potential across various industries. Fruit waste, comprising peels, seeds and pulp, is highly valuable to the 

food, pharmaceutical and cosmetic industries due to its rich content of bioactive compounds such as vitamins, fibre and antioxidants. 

In addition to industrial applications, the integration of fruit waste into agricultural practices, such as compost or biofertilizer, 
improves soil health and enhances crop productivity. These organic amendments reduce dependence on synthetic inputs and 

promote environmentally responsible farming practices. Beyond agriculture and industry, fruit waste is increasingly explored for its 

role in sustainable material and energy development.  Notably, its high carbohydrate and cellulose content make it suitable for biofuel 

production, while its film-forming properties support the creation of biodegradable packaging as a replacement for plastics. 
Furthermore, processed fruit residues are proving to be effective animal feed components, offering nutritional benefits and lowering 

feed costs in livestock production. This review stresses the economic and environmental advantages of fruit waste utilization and 

urges the development of scalable, cost-effective processing technologies to maximize its potential. It underscores the importance of 

ongoing research and cross-sector collaboration among academia, industry and policymakers to unlock the full value of fruit by-
products.  Such efforts are essential to advancing circular economy principles and reducing the environmental impact of food 

production systems. 

Keywords: agricultural benefits; economic and environmental impact; innovative products; nutrient-rich by-products; sustainable use 

of fruit waste 

Fruits Type of waste Percentage of 
losses ( %) 

References 

Mango Seed, peel 25.51 (3) 

Banana Peel 26.5 (4) 

Pineapple Peel 32.12 (5) 

Grapes Stem, seeds, skin 53.00 (6) 

Orange Peel, seeds 29.00 (7) 

Table 1. Different types of fruit wastage and their percentage losses 
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Mango 

Mango processing generates significant waste, mainly peels 

and seeds (10). Its peel makes up 15-20 % of the fruit's weight 

and seeds 20-60 %, depending on the variety (11-13). Mango 

peel is rich in bioactive compounds like dietary fiber, vitamins C 

and E, carotenoids and flavonoids, making it a potential 

functional food (14). It is also a valuable source of aromatic 

compounds for flavoring and volatile compound extraction 

(15). 

 Gallate and penta-O-galloylglucoside from mango 

exhibit antioxidant, anti-tumor and antimicrobial properties, 

highlighting their pharmaceutical potential (16). Mango seed 

kernels, though low in protein, contain essential amino acids 

like leucine and lysine (17). Mango peel pectin has superior 

gelling properties, while its flour is used in various food 

products, including bread, cookies and jams (16). Additionally, 

Pichia pinus yeast is employed to produce lactic acid and single

-cell proteins from mango peel. 

Banana 

Banana processing generates significant waste, with peels 

accounting for 40 % of the fruit's weight (18). Banana cultivation 

also yields large amounts of biomass, with pseudo-stems and 

peduncles being valuable fiber sources. These fibers are used in 

industries for paper, cardboard, tea bags, currency notes and 

polymer composites (19). Rich in cellulose and fiber, banana 

peels are increasingly studied for their potential use as an 

alternative flour source, adding value to this by-product (20). 

Plantain roots and stems are traditionally used to bind leaves 

that serve as baskets, mats and natural packaging materials (21). 

Old leaves serve as bunch covers, large leaves as umbrellas and 

dried leaves as fuel for oyster mushroom cultivation. 

Pineapple 

Pineapple processing generates by-products like peel and core, 

rich in fibers, pectins, sugars, proteins, vitamins, minerals and 

phenolic compounds such as ferulic acid and catechin (22, 23). 

Pineapple peel contains 6.5-35 % hemicellulose, 12-50 % 

cellulose and 5-30 % lignin, while the core has 41.1-43.5 % 

cellulose, 5.78 % lignin and 28.5 % hemicellulose (24). The 

crown has 67.1-85 % cellulose, 13.8 % lignin and 21-21.8 % 

hemicellulose. These by-products are being explored for eco-

friendly biodiesel production, offering economic and 

environmental benefits. 

Citrus 

Citrus processing produces various wastes, including solid 

waste (peels, seeds, rags) and liquid waste (wash water, can 

cooler overflows and effluents) (25). Citrus peel, a byproduct of 

juice production, is rich in phenols and flavonoids with 

antioxidant and health benefits, but lacks commercial value. 

This study focuses on citrus extracts, particularly Eco-enzyme, 

known for its phenolic compounds and biological effects (26). 

Orange peel essential oils mainly consist of limonene (94 %), 

with smaller amounts of myrcene, linalool and other 

compounds. Limonene is known for its insecticidal properties 

(27). Citrus seed processing yields oil (20-40 % of seed weight) 

and seed meal, with the oil being rich in unsaturated fatty 

acids, especially linoleic acid, along with oleic, stearic, palmitic 

and α-linolenic acids (28). 

Jackfruit 

Jackfruit waste includes unused peels and seeds, which are rich 

in pectin, fiber and starch (29, 30). While edible, jackfruit seeds 

have a short shelf life, but drying them deactivates antinutritional 

compounds, making them suitable for flour production.  

Apple 

Apple pomace, a byproduct of apple processing, is rich in 

carbohydrates, fiber, vitamins and antioxidants, with 

polyphenols concentrated in the peels (9). It contains 10-15 % 

pectin and significant amounts of insoluble and soluble fiber 

(31). Additionally, waste from apple orchards, including leaves 

and branches, can be processed into biofuels like hydrogen, 

ethanol and methane (32). 

Degradable packaging materials 

The increased use of plastic has harmed the environment and 

animal welfare (33). Developing biodegradable packaging from 

renewable sources like starch, cellulose and pectin derived 

from fruit peels and seeds is essential for replacing plastic 

materials (34). 

 Biodegradable packaging research can be categorized 

into four types: 1) Anti-corrosive for durable metals, 2) 

Pharmaceutical for packaging medical items, 3) Electronic 

packaging for protecting components and 4) Food packaging 

to prevent contamination and extend shelf life (35). 

 Fruit processing byproducts contain carbohydrates 

such as cellulose and starch, which can replace traditional 

starches in films and coatings (36). 

Mango 

Mangoes are rich in pectin, a natural gelling agent (37). 

Plasticizers like glycerol, sorbitol and polyethylene glycol 

enhance flexibility and permeability by disrupting polymer 

hydrogen bonds (38). Sorbitol improves film strength and 

elasticity (39). Nayak and Rayaguru's method for extracting 

starch from mango seed kernels involved washing, slicing, 

peeling and sun-drying the kernels, followed by oven drying at 

105 °C. The dried kernels were ground and soaked in sulfur 

dioxide for four days at varying mass-to-liquid ratios (1:5, 1:10, 

1:15, 1:20), with starch yield depending on the ratio and 

soaking time (40). Mango Kernel Flour (MKF)/glycerol films 

were prepared by mixing distilled water with 5 % w/w MKF, 

heating to 90 °C and stirring for 30 min. Glycerol (50 % w/w of 

MKF) was added, followed by further stirring. The mixture was 

sonicated to remove bubbles and poured into Petri plates to 

dry for 48 hrs (41). 

Banana 

Banana pseudo-stems are rich in cellulose fibers (42), yet 

remain underutilized. One innovative application involves the 

use of the ionic liquid 1-allyl-3-methylimidazolium chloride 

([AMIm][Cl]) along with delignified fibers to create regenerated 

cellulose films for sustainable mango packaging (43). 

Additionally, banana peel fibers, often from food industry 

waste, offer a sustainable alternative to polyethylene or 

polystyrene (44). Banana peels are soaked in 0.2 M sodium 

metabisulfite solution for 45 min to act as a preservative and 

antioxidant (45). After boiling for 30 min, the peels are drained, 

dried and blended into a paste.  To prepare filmogenic 

suspensions, banana peel flour, cornstarch and water were 

https://plantsciencetoday.online


3 

Plant Science Today, ISSN 2348-1900 (online) 

heated to 90 °C, stirred and homogenized. Glycerol was 

added and the mixture was stirred further before filtering and 

pouring into Petri dishes to form starch banana peel film (46). 

Citrus 

Orange peels, rich in starch and pectin, hold potential for 

bioplastic production due to their strength-enhancing 

properties (47). Limonene in the peels can be oxidized with 

CO2 to create bioplastics, but industrial use remains limited 

(48). Sweet orange peel was washed, sun-dried for 20 hrs, 

oven-dried at 60 °C for 18 hrs and ground into fine powder 

(100 µm) before storage at room temperature (49). PVA 

dissolved in hot water was heated to 90 °C and stirred for 2 

hrs. OPP (5-20 %) was added, stirred further and the mixture 

was poured onto a glass plate to set before removing the film. 

(50-52). 

Jackfruit 

Starch, a cheap and renewable resource, is widely used for 

biodegradable films (48). Using jackfruit seed starch for 

bioplastics can help reduce waste from the jackfruit seed (53). 

Jackfruit seeds were cleaned, cubed and blended with water. 

The slurry was filtered and the starch was separated after 

settling for 24 hrs. The wet starch was oven-dried at 65 °C for 

12 hrs, ground and sifted into a fine powder (54). Jackfruit 

starch solution was stirred for 24 hrs, gelatinized at 95 °C and 

mixed with glycerol and anthocyanin. The solution was 

poured onto a Mylar plate, spread evenly and dried at 30 °C 

for 24 hrs (55) . 

Apple 

Red apple pomace, comprising 25-30 % of raw apples, is rich 

in phenolic compounds. PVA films with apple pomace exhibit 

antioxidant properties, but whole pomace reduces tensile 

strength and elongation (56). Apple peels were washed, sun-

dried, ground and sieved (60-mesh) to obtain a fine powder, 

which was then stored in an airtight container. Apple peel-

based edible films were made using high-pressure 

homogenization. Increasing glycerol concentration (23-44 %) 

reduced moisture content and improved barrier properties, 

making them suitable for food wrapping. 

Animal feed in agriculture 

Mango 

Mango peels, rich in sugars (13.2 %), are energy-rich feed but 

unsuitable for ruminants due to high moisture and acidity. 

Adding nitrogen or protein improves energy utilization and a 

mixture of rice straw and beans promotes fermentation for 

palatable silage (57). Incorporating Leucaena leaves into 

mango peel silage with rice straw improved digestibility to 60 

% (58). Substituting maize bran with up to 37.5 % processed 

mango fruit boosted sheep growth without affecting welfare 

(59).  

Banana 

Goats, dairy cattle, beef cattle and rabbits readily consume 

banana waste due to its digestibility (60–63). Calves fed 

banana waste showed improved growth (62), Dairy cows fed 

banana peels increased milk production. Dried, ripe plantain 

peels replace corn for goats, while dried banana peels can be 

fed to pigs up to 20 % without affecting growth (64). 

Pineapple 

Pineapple juice extraction produces waste (peels, pomace, 

crowns), accounting for 33 % of processing by-products (64). 

Raw pineapple waste is high in dry matter and fiber but low in 

minerals, containing soluble sugars, crude protein and pectin 

(65). Silage with pineapple waste and chicken litter reduces 

feed costs and pineapple waste can replace up to 50 % of 

roughage in dairy calf feed without affecting milk production 

(66). Anaerobic digestion slurry can be used as animal                

feed (67). 

Citrus 

Pigs can consume up to 5 % dried citrus pulp and fresh pulp 

should be mixed with hay or straw for better ensiling. Cattle 

enjoy ensiled orange pulp, which improves silage quality (64). 

Citrus pulp, mixed with straw, creates high-quality silage and 

helps buffer rumen pH due to its high fiber. It is a safer feed 

alternative to grain for dairy cows on high-concentrate                       

diets (68). 

Apple 

Apple pomace is a valuable feed for calves and provides 1.86 

Mcal of metabolizable energy per kg of dry matter for lactating 

dairy cows (69). Holstein cows fed 15 % ensiled apple pomace 

showed improved milk yield and composition (70). 

Biofuel production: Fruit wastes, rich in sugars and 

carbohydrates, can be used for bioethanol production through 

enzymatic hydrolysis with xylanase and cellulase enzymes. 

Pineapples and bananas are effective sources and cleaning 

fruit wastes with water and steam, followed by fermentation 

with Saccharomyces cerevisiae, produces bioethanol (71). 

Fermenting apple pomace and overripe bananas with baker's 

yeast can yield alcohol concentrations of 48 % after distillation 

(72) . 

 Bioethanol can be produced from pineapple and 
jackfruit waste through acid hydrolysis and fermentation with 

Saccharomyces cerevisiae, yielding 0.090 % ethanol from 

pineapple and 0.045 % from jackfruit (73). Orange and mango 

peels can also be fermented with bacterial strains like 

Enterobacter cloacae, Pseudomonas aeruginosa and 

Bacillus cereus to produce ethanol (74). 

 Banana peels, with high cellulose and low lignin, are 

ideal for bioethanol production. Ethanol yield depends on pH, 

typically around 4.5 to 5.5 for maximum enzyme activity 

during hydrolysis (75). Fruit wastes like bananas, apples and 

pomegranates can also serve as substrates, reducing 

bioethanol production costs. Converting daily household 

waste into ethanol offers a promising solution. 

 

Conclusion 

Fruit waste holds immense potential for contributing to 

sustainable practices across multiple sectors. Rich in bioactive 

compounds, fibers and nutrients, these by-products can be 

efficiently transformed into high value outputs such as 

biofertilizers, biodegradable packaging, biofuels, these by-

products can be efficiently transformed into high value outputs 

and animal feed. This review emphasizes the need for innovative 

processing techniques and collaborative efforts to maximize the 

value of fruit by-products. Adopting these strategies supports a 
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circular economy, minimizes environmental impact and 

promotes sustainable development. 

 

Authors' contributions 

DP and PSK prepared the original draft. KSVS, IM, VVAG and RG 

corrected and edited the manuscript. 

 

Compliance with ethical standards 

Conflict of interest: Authors do not have any conflict of 

interests to declare. 

Ethical issues: None 

Declaration of generative AI and AI-assisted technologies in 
the writing process: Used Grammarly AI software to improve 

grammar and language. 

 

References 

1. Bancal V, Ray RC. Overview of food loss and waste in fruits and 
vegetables: From issue to resources. In: Fruits and vegetable 

wastes: Valorization to bioproducts and platform chemicals. 
Springer. 2022:3–29. https://doi.org/10.1007/978-981-16-9527-8_1 

2.  Ali A, Riaz S, Sameen A, Naumovski N, Iqbal MW, Rehman A, et al. 

The disposition of bioactive compounds from fruit waste, their 
extraction and analysis using novel technologies: A review. 

Processes. 2022;10(10):2014. https://doi.org/10.3390/pr10102014 

3. Ali SY, Hossain MM, Zakaria M, Hoque MA, Ahiduzzaman M. 
Postharvest losses of mangoes at different stages from harvesting 

to consumption. Int J Bus Soc Sci Res. 2019;7(4): 21–6. 

4. Mebratie MA, Haji J, Woldetsadik K, Ayalew A, Ambo E. 
Determinants of postharvest banana loss in the marketing chain 

of central Ethiopia. Food Sci Qual Manag. 2015;37:52–63. 

5. Ningombam S, Noel A, Singh J. Post-harvest losses of pineapple 
at various stages of handling from the farm level up to the 

consumer in Manipur. Int J Agric Sci. 2019;11:9235–7. 

6.  Rajabi S, Lashgarara F, Omidi M, Hosseini SJF. Quantifying the 
grapes losses and waste in various stages of supply chain. In: 

Biological Forum. Research Trend. 2015:225. 

7.  Thapa S, Sapkota S, Adhikari D. Effect of different postharvest 
treatments on prolonging shelf life and maintaining quality of 
sweet orange (Citrus sinensis Osbeck.). Sustainability in Food and 

Agriculture. 2020;1(2):69–75. https://doi.org/10.1007/978-981-16-

9527-8_1 

8. Lau KQ, Sabran MR, Shafie SR. Utilization of vegetable and fruit by
-products as functional ingredient and food. Front Nutr. 

2021;8:661693. https://doi.org/10.3389/fnut.2021.661693 

9. Soni D, Saxena G. Hidden potential of fruit waste and its utilization. 
Sustainability, Agri, Food and Environmental Research. 2021;9
(3):469–79. https://doi.org/10.7770/safer-V0N0-art2213 

10. Cheok CY, Mohd Adzahan N, Abdul Rahman R, Zainal Abedin NH, 
Hussain N, Sulaiman R, et al. Current trends of tropical fruit waste 
utilization. Crit Rev Food Sci Nutr. 2016;58(3):1–27. https://

doi.org/10.1080/10408398.2016.1176009 

11. Sagar NA, Pareek S, Sharma S, Yahia EM, Lobo MG. Fruit and 
vegetable waste: Bioactive compounds, their extraction and 

possible utilization. Compr Rev Food Sci Food Saf. 2018;17(3):512
–31. https://doi.org/10.1111/1541-4337.12330 

12. Mwaurah PW, Kumar S, Kumar N, Panghal A, Attkan AK, Singh VK, 
et al. Physicochemical characteristics, bioactive compounds and 
industrial applications of mango kernel and its products: A 

review. Compr Rev Food Sci Food Saf. 2020;19(5):2421-46. https://

doi.org/10.1111/1541-4337.12598 

13. Sharma L, Saini CS, Sharma HK, Sandhu KS. Biocomposite edible 
coatings based on cross linked-sesame protein and mango puree 

for the shelf life stability of fresh-cut mango fruit. J Food Process 
Eng. 2019;42(1):e12938. https://doi.org/10.1111/jfpe.12938 

14. Serna-Cock L, García-Gonzales E, Torres-León C. Agro-industrial 
potential of the mango peel based on its nutritional and 
functional properties. Food Reviews International. 2016;32(4):364

–76. https://doi.org/10.1080/87559129.2015.1094815 

15. Bonneau A, Boulanger R, Lebrun M, Maraval I, Valette J, Guichard 
É, et al. Impact of fruit texture on the release and perception of 

aroma compounds during in vivo consumption using fresh and 
processed mango fruits. Food Chem. 2018;239:806–15. https://

doi.org/10.1016/j.foodchem.2017.07.017 

16. Wadhwa M, Bakshi MPS, Makkar HPS. Wastes to worth: value 
added products from fruit and vegetable wastes. CABI Reviews. 

2016;(2015):1–25. https://doi.org/10.1079/PAVSNNR201510043 

17. Ravani A, Joshi D. Mango and it’s by product utilization-a review. 
Energy (kcal). 2013;74(44):2013. 

18. Sharma R, Oberoi HS, Dhillon GS. Fruit and vegetable processing 
waste. In: Agro-industrial wastes as feedstock for enzyme 
production. Elsevier.2016:23–59. https://doi.org/10.1016/B978-0-

12-802392-1.00002-2 

19.  Matani AG, Bhatkar PP, Doifode SK. Currency note paper and 
banana fiber pulp waste utilization and its effect of density, 

moisture and temperature on wood products. Group (New 
York).9:0–33. 

20. Gomes AAB, Ferreira ME, Pimentel TC. Bread with flour obtained 
from green banana with its peel as partial substitute for wheat 
flour: Physical, chemical and microbiological characteristics and 

acceptance. Int Food Res J. 2016;23(5). 

21. Mohapatra D, Mishra S, Sutar N. Banana and its by-product 
utilisation: an overview. 2010. 

22. Li T, Shen P, Liu W, Liu C, Liang R, Yan N, et al. Major polyphenolics 
in pineapple peels and their antioxidant interactions. Int J Food 
Prop. 2014;17(8):1805–17. https://

doi.org/10.1080/10942912.2012.732168 

23. Sarangi PK, Singh AK, Srivastava RK, Gupta VK. Recent progress 
and future perspectives for zero agriculture waste technologies: 

Pineapple waste as a case study. Sustainability. 2023;15(4):3575. 
https://doi.org/10.3390/su15043575 

24. Polania AM, Londoño L, Ramírez C, Bolivar G, Aguilar CN. 
Valorization of pineapple waste as novel source of nutraceuticals 
and biofunctional compounds. Biomass Convers Biorefin. 2023;13

(5):3593–618. https://doi.org/10.1007/s13399-022-02811-8 

25.  Maqbool Z, Khalid W, Atiq HT, Koraqi H, Javaid Z, Alhag SK, et al. 
Citrus waste as source of bioactive compounds: extraction and 

utilization in health and food industry. Molecules. 2023;28
(4):1636. https://doi.org/10.3390/molecules28041636 

26. Benny N, Shams R, Dash KK, Pandey VK, Bashir O. Recent trends 
in utilization of citrus fruits in production of eco-enzyme. J Agric 
Food Res. 2023;13:100657. https://doi.org/10.1016/

j.jafr.2023.100657 

27. Ramadhani AN, Malik AF, Fitriana WR. Utilization of wasted cooking oil 
and essential oil of sweet orange peel (Citrus sinensis) as 

aromatherapy candles. Equilibrium Journal of Chemical Engineering. 
2023;7(2):191. https://doi.org/10.20961/equilibrium.v7i2.80308 

28.  Kaur S, Panesar PS, Chopra HK. Citrus processing by-products: an 
overlooked repository of bioactive compounds. Crit Rev Food Sci 
Nutr. 2023;63(1):67–86.  

29. Pragalyaashree MM, Monikca A, Blessie F, Deivanayagame T. 

Jackfruit processing and utilization of its waste: A review. Asia-
Pacific J Sci Technol. 2023;28(4). 

30.  Sarangi PK, Srivastava RK, Singh AK, Sahoo UK, Prus P, Dziekański 

https://plantsciencetoday.online
https://doi.org/10.1007/978-981-16-9527-8_1
https://doi.org/10.3390/pr10102014
https://doi.org/10.1007/978-981-16-9527-8_1
https://doi.org/10.1007/978-981-16-9527-8_1
https://doi.org/10.3389/fnut.2021.661693
https://doi.org/10.7770/safer-V0N0-art2213
https://doi.org/10.1080/10408398.2016.1176009
https://doi.org/10.1080/10408398.2016.1176009
https://doi.org/10.1111/1541-4337.12330
https://doi.org/10.1111/1541-4337.12598
https://doi.org/10.1111/1541-4337.12598
https://doi.org/10.1111/jfpe.12938
https://doi.org/10.1080/87559129.2015.1094815
https://doi.org/10.1016/j.foodchem.2017.07.017
https://doi.org/10.1016/j.foodchem.2017.07.017
https://doi.org/10.1079/PAVSNNR201510043
https://doi.org/10.1016/B978-0-12-802392-1.00002-2
https://doi.org/10.1016/B978-0-12-802392-1.00002-2
https://doi.org/10.1080/10942912.2012.732168
https://doi.org/10.1080/10942912.2012.732168
https://doi.org/10.3390/su15043575
https://doi.org/10.1007/s13399-022-02811-8
https://doi.org/10.3390/molecules28041636
https://doi.org/10.1016/j.jafr.2023.100657
https://doi.org/10.1016/j.jafr.2023.100657
https://doi.org/10.20961/equilibrium.v7i2.80308
https://doi.org/10.1080/10408398.2021.1943647


5 

Plant Science Today, ISSN 2348-1900 (online) 

P, et al. The utilization of Jackfruit (Artocarpus heterophyllus L.) 

waste towards sustainable energy and biochemicals: The 
attainment of zero-waste technologies. Sustainability. 2023;15

(16):12520. https://doi.org/10.3390/su151612520 

31.  Wang ChaoJin WC, Lai QingHua LQ. Advances in comprehensive 
utilization of fruit peel in China. 2016.   

32. Duan Y, Mehariya S, Kumar A, Singh E, Yang J, Kumar S, et al. 
Apple orchard waste recycling and valorization of valuable 

product-A review. Bioengineered. 2021;12(1):476–95. https://

doi.org/10.1080/21655979.2021.1872905 

33. Drzal LT. Natural fibers, biopolymers and biocomposites. CRC 
Press; 2005. 

34. Birania S, Kumar S, Kumar N, Attkan AK, Panghal A, Rohilla P, et 
al. Advances in development of biodegradable food packaging 

material from agricultural and agro-industry waste. Journal of 
Food Process Engineering. 2022;45.  

35. Gupta P, Toksha B, Rahaman M. A review on biodegradable 
packaging films from vegetative and food waste. The Chemical 
Record. 2022;22(7):e202100326. https://doi.org/10.1002/

tcr.202100326 

36.  Yadav A, Kumar N, Upadhyay A, Pratibha, Anurag RK. Edible 
packaging from fruit processing waste: A comprehensive review. 

Food Reviews International. 2023;39(4):2075–106. https://
doi.org/10.1080/87559129.2021.1940198 

37. Nguyen HDH, Nguyen HVH, Savage GP. Properties of pectin 
extracted from vietnamese mango peels. Foods. 2019;8(12):629. 
https://doi.org/10.3390/foods8120629 

38. Bourtoom T, Chinnan MS. Preparation and properties of rice 
starch–chitosan blend biodegradable film. LWT – Food Science 
and Technology. 2008;41(9):1633–41. https://doi.org/10.1016/

j.lwt.2007.10.014 

39. Susmitha A, Sasikumar K, Rajan D, Padmakumar MA, Nampoothiri 
KM. Development and characterization of corn starch-gelatin 

based edible films incorporated with mango and pineapple for 
active packaging. Food Biosci. 2021;41:100977. https://

doi.org/10.1016/j.fbio.2021.100977 

40.  Admase AT, Sendekie ZB, Alene AN. Biodegradable film from 
mango seed kernel starch using pottery clay as filler. J Polym 

Environ. 2022;30(8):3431–46. https://doi.org/10.1007/s10924-022-
02449-7 

41. Gomez-Caturla J, Ivorra-Martinez J, Quiles-Carrillo L, Balart R, 
Garci-Garcia D, Dominici F, et al. Improvement of the barrier and 
mechanical properties of environmentally friendly mango kernel 

flour/glycerol films by varying the particle size of mango kernel 
flour. Ind Crops Prod. 2022;188:115668. https://doi.org/10.1016/

j.indcrop.2022.115668 

42. Guimarães JL, Frollini E, da Silva CG, Wypych F, Satyanarayana 
KG. Characterization of banana, sugarcane bagasse and sponge 

gourd fibers of Brazil. Ind Crops Prod. 2009;30(3):407–15. https://

doi.org/10.1016/j.indcrop.2009.07.013 

43. Ai B, Zheng L, Li W, Zheng X, Yang Y, Xiao D, et al. Biodegradable 
cellulose film prepared from banana pseudo-stem using an ionic 
liquid for mango preservation. Front Plant Sci. 2021;12:625878. 

https://doi.org/10.3389/fpls.2021.625878 

44. Yusof NN, Yusoff M. Investigation of chemical analysis and 
physical properties of bio-polymer waste banana peel fibre 

composite. IOP Conf Ser Earth Environ Sci. 2020;596(1):012042. 

https://doi.org/10.1088/1755-1315/596/1/012042 

45. Arjun J, Manju R, Rajeswaran SR, Chandhru M. Banana peel starch 
to biodegradable alternative products for commercial plastics. 
GSC Biol Pharm Sci. 2023;22(2):234–44. https://doi.org/10.30574/

gscbps.2023.22.2.0066 

46.  Medeiros Silva VD, Coutinho Macedo MC, Rodrigues CG, Neris dos 
Santos A, de Freitas e Loyola AC, Fante CA. Biodegradable edible 

films of ripe banana peel and starch enriched with extract of 

Eriobotrya japonica leaves. Food Biosci. 2020;38:100750. https://

doi.org/10.1016/j.fbio.2020.100750 

47.  Yaradoddi JS, Banapurmath NR, Ganachari SV, Soudagar MEM, 
Sajjan AM, Kamat S, et al. Bio-based material from fruit waste of 
orange peel for industrial applications. Journal of Materials 

Research and Technology. 2022;17:3186–97. https://

doi.org/10.1016/j.jmrt.2021.09.016 

48. Abdul Rahman W, Syafiqah Ismail A, Aishatun Majid N. 
Preparation and characterization of biocomposite film derived 

from microcrystalline cellulose (MCC) of jackfruit rind waste. 
Mater Today Proc. 2022;66:4055–60. https://doi.org/10.1016/

j.matpr.2022.06.071 

49. Sambudi NS, Lin WY, Harun NY, Mutiari D. Modification of poly 
(lactic acid) with orange peel powder as biodegradable 

composite. Polymers (Basel). 2022;14(19):4126. https://
doi.org/10.3390/polym14194126 

50. Ahmed I, Zia MA, Hussain MA, Akram Z, Naveed MT, Nowrouzi A. 

Bioprocessing of citrus waste peel for induced pectinase 
production by Aspergillus niger; its purification and 

characterization. J Radiat Res Appl Sci. 2016;9(2):148–54. https://
doi.org/10.1016/j.jrras.2015.11.003 

51.  Balaji A, Karthikeyan B, Swaminathan J, Sundar Raj C. Thermal 

behavior of cardanol resin reinforced 20 mm long untreated 
bagasse fiber composites. Int J Polymer Anal Characterization. 

2018;23(1):70–7. https://doi.org/10.1016/j.jrras.2015.11.003 

52. Perumal AB, Sellamuthu PS, Nambiar RB, Sadiku ER. 
Development of polyvinyl alcohol/chitosan bio-nanocomposite 

films reinforced with cellulose nanocrystals isolated from rice 
straw. Appl Surf Sci. 2018;449:591–602. https://doi.org/10.1016/

j.apsusc.2018.01.022 

53. Vargas-Rechia CG, Reicher F, Sierakowski MR, Heyraud A, Driguez 
H, Szymanska-Chargot M, et al. A profile of the South African table 

grape market value chain. Bioresour Technol. 2015;6(1):1–14. 

54.  Wahidin M, Srimarlita A, Sulaiman I, Indarti E. Transparency and 
thickness of jackfruit and durian seed starch edible film. IOP Conf 

Ser Earth Environ Sci. 2021;667(1):012030. https://
doi.org/10.1088/1755-1315/667/1/012030 

55. Costa LA da, Diógenes ICN, Oliveira M de A, Ribeiro SF, Furtado RF, 

Bastos M do SR, et al. Smart film of jackfruit seed starch as a 
potential indicator of fish freshness. Food Science and 

Technology. 2021;41(2):489–96. https://doi.org/10.1590/fst.06420 

56. Lan W, Wang S, Zhang Z, Liang X, Liu X, Zhang J. Development of 
red apple pomace extract/chitosan-based films reinforced by TiO₂ 

nanoparticles as a multifunctional packaging material. Int J Biol 
Macromol. 2021;168:105–15. https://doi.org/10.1016/

j.ijbiomac.2020.12.051 

57. Lalramhlimi B, Mukherjee D, Chakraborty I, Ghosh N, 
Chattopadhyay A, Dey RC. Fruit and vegetable wastes as livestock 

feeds. In: Fruits and vegetable wastes: Valorization to bioproducts 
and platform chemicals. Springer. 2022:139–68. https://

doi.org/10.1007/978-981-16-9527-8_6 

58. Sruamsiri S, Silman P. Nutritive value and nutrient digestibility of 
ensiled mango by-products. 2009. 

59.  Ibrahim TA, Jamilu M, Agboola LO, Abdu SB, Hasaan MR, Kailani 

AI. Growth performance of Yankasa sheep fed increasing levels of 
processed mango (Mangifera indica) fruits replacing maize bran. 

Livestock Research for Rural Development. 2020;32(9):144. 

60.  Álvarez S, Méndez P, Martínez-Fernández A. Fermentative and 
nutritive quality of banana by-product silage for goats. J Appl 

Anim Res. 2015;43(4):396-401.  

61. Katongole CB, Bareeba FB, Sabiiti EN, Ledin I. Nutritional 
characterization of some tropical urban market crop wastes. 

Anim Feed Sci Technol. 2008;142(3-4):275–91. https://
doi.org/10.1016/j.anifeedsci.2007.09.002 

62. Xue Z, Mu L, Cai M, Zhang Y, Wanapat M, Huang B. Effect of using 

https://doi.org/10.3390/su151612520
https://doi.org/10.1080/21655979.2021.1872905
https://doi.org/10.1080/21655979.2021.1872905
https://doi.org/10.1111/jfpe.13930
https://doi.org/10.1002/tcr.202100326
https://doi.org/10.1002/tcr.202100326
https://doi.org/10.1080/87559129.2021.1940198
https://doi.org/10.1080/87559129.2021.1940198
https://doi.org/10.3390/foods8120629
https://doi.org/10.1016/j.lwt.2007.10.014
https://doi.org/10.1016/j.lwt.2007.10.014
https://doi.org/10.1016/j.fbio.2021.100977
https://doi.org/10.1016/j.fbio.2021.100977
https://doi.org/10.1007/s10924-022-02449-7
https://doi.org/10.1007/s10924-022-02449-7
https://doi.org/10.1016/j.indcrop.2022.115668
https://doi.org/10.1016/j.indcrop.2022.115668
https://doi.org/10.1016/j.indcrop.2009.07.013
https://doi.org/10.1016/j.indcrop.2009.07.013
https://doi.org/10.3389/fpls.2021.625878
https://doi.org/10.1088/1755-1315/596/1/012042
https://doi.org/10.30574/gscbps.2023.22.2.0066
https://doi.org/10.30574/gscbps.2023.22.2.0066
https://doi.org/10.1016/j.fbio.2020.100750
https://doi.org/10.1016/j.fbio.2020.100750
https://doi.org/10.1016/j.jmrt.2021.09.016
https://doi.org/10.1016/j.jmrt.2021.09.016
https://doi.org/10.1016/j.matpr.2022.06.071
https://doi.org/10.1016/j.matpr.2022.06.071
https://doi.org/10.3390/polym14194126
https://doi.org/10.3390/polym14194126
https://doi.org/10.1016/j.jrras.2015.11.003
https://doi.org/10.1016/j.jrras.2015.11.003
https://doi.org/10.1016/j.jrras.2015.11.003
https://doi.org/10.1016/j.apsusc.2018.01.022
https://doi.org/10.1016/j.apsusc.2018.01.022
https://doi.org/10.1088/1755-1315/667/1/012030
https://doi.org/10.1088/1755-1315/667/1/012030
https://doi.org/10.1590/fst.06420
https://doi.org/10.1016/j.ijbiomac.2020.12.051
https://doi.org/10.1016/j.ijbiomac.2020.12.051
https://doi.org/10.1007/978-981-16-9527-8_6
https://doi.org/10.1007/978-981-16-9527-8_6
https://doi.org/10.1080/09712119.2014.978782
https://doi.org/10.1016/j.anifeedsci.2007.09.002
https://doi.org/10.1016/j.anifeedsci.2007.09.002


DIVYA  ET AL  6     

https://plantsciencetoday.online 

banana by-products and other agricultural residues for beef cattle 

in southern China. Trop Anim Health Prod. 2020;52:489–96. 
https://doi.org/10.1007/s11250-019-02031-9 

63. Ekwe OO, Osakwe II, Nweze BO. The effect of replacing maize with 
cassava “sievate” using banana leaves as basal forage in the diet 

of weaned rabbit. Ozean J Appl Sci. 2011;4(1):52–8. 

64. Wadhwa M, Saini JK, Bakshi MPS. Potential of bottle gourd 
pomace as feed for goat bucks. Small Rumin Res. 2013. 

65. Pereira ES, Regadas Filho JGL, Freitas ER, Neiva JNM, Candido 
MJD. Energetic value from by-product of the Brazil agroindustria; 
2009. 

66. Sruamsiri S. Agricultural wastes as dairy feed in Chiang Mai. 
Animal Sci J. 2007;78(4):335–41. https://doi.org/10.1111/j.1740-
0929.2007.00445.x 

67. Rani DS, Nand K. Ensilage of pineapple processing waste for 
methane generation. Waste Management. 2004;24(5):523–8. 
https://doi.org/10.1016/j.wasman.2003.10.010 

68. Crawshaw R. Co-product feeds: animal feeds from the food and 
drinks industries R Crawshaw Nottingham University Press, 
Nottingham, 2001. J Sci Food Agric. 2003;83(4):362–2. https://

doi.org/10.1002/jsfa.1326 

69. Council NR, Nutrition C on A, Nutrition S on DC. Nutrient 
requirements of dairy cattle: 2001. National Academies 

Press; 2001. 

70. Ghoreishi SF, Pirmohammadi R, Yansari AT. Effects of ensiled 
apple pomace on milk yield, milk composition and DM intake of 

Holstein dairy cows; 2007. 

71. Jahid M, Gupta A, Sharma DK. Production of bioethanol from fruit 
wastes (banana, papaya, pineapple and mango peels) under 

milder conditions. J Bioprocess Biotech. 2018;8(3):1–11. https://
doi.org/10.4172/2155-9821.1000327 

72. Borah D, Mishra V. Production of biofuel from fruit waste. Int J Adv 

Biotechnol Res. 2011;1(1):71-4. 

73. Gosavi P, Chaudhary Y, Durve-Gupta A. Production of biofuel from 
fruits and vegetable wastes. Yeast. 2004;17. 

74. Vinotha T, Umamaheswari N, Pandiyan J, Al-Ghanim KA, Nicoletti 
M, Govindarajan M. Biofuel Production from mango and orange 

peel and tapioca shells by fermentation using consortium of 
bacteria: Agricultural and food waste valorization. Fermentation. 

2023;9(7):678. https://doi.org/10.3390/fermentation9070678 

75.  Hamzah MA, Alias AB, Ahmad NE. Production of biofuel (bio-
ethanol) from fruitwaste: Banana peels. Int J Eng Adv Technol. 

2019;9(1):5897–901. https://doi.org/10.35940/ijeat.A3024.109119 

 
Additional information 

Peer review: Publisher  thanks Sectional Editor and the other anonymous 
reviewers for their contribution to the peer review of this work. 

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy 

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations. 

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is 
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics, 
NAAS, UGC Care, etc 
See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting 

Copyright: © The Author(s). This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution and reproduction in any medium, provided the 
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/) 

Publisher information:  Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited, 
Thiruvananthapuram, India. 

 

https://plantsciencetoday.online
https://doi.org/10.1007/s11250-019-02031-9
https://doi.org/10.1111/j.1740-0929.2007.00445.x
https://doi.org/10.1111/j.1740-0929.2007.00445.x
https://doi.org/10.1016/j.wasman.2003.10.010
https://doi.org/10.1002/jsfa.1326
https://doi.org/10.1002/jsfa.1326
https://doi.org/10.4172/2155-9821.1000327
https://doi.org/10.4172/2155-9821.1000327
https://doi.org/10.3390/fermentation9070678
https://doi.org/10.35940/ijeat.A3024.109119
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

