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Abstract

The increasing generation of animal waste from livestock, poultry, and aquaculture has emerged as a major
environmental concern, while simultaneously presenting an untapped source of valuable biomolecules for
sustainable technological applications. Recent advances in green nanotechnology have demonstrated that
animal waste, including urine, manure, eggshells, feathers, fish waste, and other agro-industrial by-
products, can serve as cost-effective and renewable precursors for the eco-friendly synthesis of diverse
nanomaterials. Rich in proteins, amino acids, polysaccharides, minerals, enzymes, and other reducing and
stabilizing compounds, these waste streams enable the fabrication of metal, metal oxide, carbon-based,
and biopolymeric nanoparticles without the need for hazardous chemicals. The resulting nanomaterials
have shown promising biological activities, including antimicrobial, antioxidant, anticancer, anti-
inflammatory, wound healing, and drug delivery capabilities, alongside significant environmental
applications such as wastewater treatment, pollutant degradation, heavy metal removal, biosensing, and
soil remediation. This review provides a comprehensive overview of the emerging role of animal waste-
derived nanomaterials, highlighting their synthesis strategies, physicochemical characteristics, and
functional properties.
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1. Introduction

2. Animal waste types and physicochemical properties

The term animal waste refers to manures (liquid and solid forms), hairs, feathers, and other debris
produced during the handling or processing of eggs, meat, wool, leather,pearls, milk, and other products.
The surge in demand for these goods, driven by the increasing population and evolving lifestyles in
developing nations, has resulted in a substantial rise in animal waste production in recent years. Animal
waste can be broadly classified into three major groups, including poultry waste, livestock waste, and
aquaculture waste.
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2.1. Poultry waste

Poultry industry has played a crucial role in ensuring a sufficient food supply for humans, meeting more
than one-third of the global demand for meat and eggs. In 2021, the global consumption of poultry meat
was 121.59 million tons, and is expected to increase by 181 million tons by 2050. Similarly, global poultry
egg consumption has also increased from 61.7 million tons to 76.8 million tons between 2008 and
2018().Poultry practices have been estimated to produce millions of tones waste in the form of manure,
feathers, hatchery waste, and slaughtering waste across the world. Manure, which is primarily made up of
spilled feed and other bedding ingredients, is the most prevalent form of waste generated by poultry
industry. This type of waste contains considerable amount of elemental and non-elemental components
such as nitrogen, phosphorus, potassium, carbon and other organic matters. Feathers are another major
form of poultry waste, as each chicken produces approximately 5-10% of its body weight in feathers. The
primary component of chicken feathers is keratin, a fibrous protein that is resistant to solvents and
constitutes around 80% to 90% of the dried feather weight (). The poultry hatchery waste consisted of
plenty of solid and semi-solid waste in bird hatching practices, including dead birds, egg shells, dead
embryos, and decaying tissue. This waste contains substantial amount of calcium, phosphorus, proteins,
and other organic matters.

There is also a substantial amount of waste generated in the process of poultry slaughtering. When a
chicken bird is slaughtered, approximately 60-70% of its biomass is converted into meat, while the
remaining portion, including offal, visceral organs, blood, and bones, is discarded as waste. These wastes
contain both organic and inorganic matter. For example, offal is estimated to be composed of 54% lipids,
32% proteins, 5.3% total nitrogen, and 0.6- 0.9% methane. The visceral trimmings and bones are also
composed of proteins, lipids, phosphorous and other organic substances.

2.2. Livestock waste:

Livestock husbandry is a crucial contributor to food and nutrient security in many developing countries
across Asia, Africa, Europe, and Latin America. It has been a significant source of income and
employment in such nations through the production and trade of various livestock-derived products, such
as milk, meat, leather, and horn, at both the national and international levels. In recent decades, the
increasing demand for these products, driven by the growing population and changing lifestyles, has led
to a substantial rise in global livestock waste generation. Livestock derived waste can be categorized into
two primary groups: manure and slaughtering waste. Livestock manure mainly comprises of dung or poof,
urine, feed residue, and discarded water. Elderly cattle animal typically produce 30-40 kg of dung and 10-
12 liter of urine daily. Mature horses generate 14 kg of dung, whereas mature pigs produce 4 kg of dung.
On average, sheep and goats produce 2 kg of dung and 5-10 liter of urine per day. Livestock dung
contains ash, cellulose, hemicelluloses, several essential and trace elements such as carbon, calcium,
magnesium, manganese, nitrogen, sulfer, boron, and zinc. Livestock urine also contains different types of
organic and inorganic substances including minerals, salts, hormones, and amino acids. For instance, cow
urine contains 95% water, 2.5% urea, minerals, 24 types of salts, hormones, amino acids, and 2.5%
enzymes(). Livestock slaughtering waste are the most abundant waste of commercial municipal solid
waste. In 2021, the total world meat production is 354.82 million tons and is mainly contributed by pigs
(120.37 million tons), beef and buffalo (76.77 million tons), sheep and goats (16.36 million tons),
horse(0.7 million tons), and camel (0.6 million tons). Generally, the bovine slaughterhouse generates solid
waste of 27.5% of the animal weight whereas for goat and sheep slaughterhouse, the waste generation is
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equivalent to 17% of animal weight. Similarly, during pig slaughtering, an average waste generation is

2.3 kg/head that is equivalent to 4% of animal weight.

3. Synthesis and applications of animal waste derived nanomaterials

3.1. Biomedical application

Type of Used waste | Synthesised Size and Application | Reference
animal nanomaterials | shape of
waste NMs
Livestock Cow urine Silver oxide - Anticancer Venkatesh and
waste (Ag20) NPs Appikonda, 2026
Cow urine Bismuth Size 38.1 Antioxidant Ghotekar et al.,
vanadate nm; shape | and anticancer | 2025
(BiVO4) NPs | spherical properties
Cow urine zinc oxide, 420.7, anticancer and | Hiremath et al.,
iron oxide and | 200.7, and | anti- 2025
zinc-iron 247.7+27.9 | inflammatory
nanoparticle nm, properties
composite irregular
shape
Cow urine copper 232.76 nm; | Antimicrobial | Angle et al., 2025
distillate (Cu)NPs and
antioxidant
properties
Cow urine Carbon dots - Cancer Chellachamy
diagnosis and | Anbalagan et al.,
targeted 2024
cancer therapy
Cow urine silver oxide 18 nm; Anti-oxidant | Allaka et al., 2023
NPs spherical properties
Cow dung Silver NPs 39 nm; Antimicrobial | Das et al., 2025
rounded properties
Cow dung Nanocellulose | - Wound Yadav et al., 2025
dressings,
antimicrobial
coatings, and
tissue
engineering
Cow dung Mg doped - biological Koparde et al.,
carbon dots probe for 2024
(M-CDs) cancer cells
imaging
Cow dung hydroxyapatite | - Biomedical Razak and
(HAp) NPs applications Gamagedara, 2025
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Donkey Silver NPs 36 nm Antimicrobial, | Mousavi-Khattat
dung anticancer and | et al., 2022
DNA
cleavage
Cow dung copper 51.8 nm Antibacterial | Yao et al., 2021
(Cu)NPs properties
Sheep blood Silver(Ag) Spherical, Antibacterial | Kakakhel et al.,
serum NPs 32.49 nm activity 2021
Goat fur Silver NPs 11.67-31.47 | antioxidant, Akintayo et al.,
nm; anticoagulant, | 2020
thrombolytic
agents
Goat and Silver NPs Antibacterial | Chikkanna and
sheep fecal properties Neelagund, 2018
matter
Sheep milk | Platinum(Pt) 9 nm; drug Gholami-Shabani
NPs Spherical discovery and | et al., 2016
gene transfer
technologies
Poultry Chicken Calcium NPs | - pro- Nagchowdhury et
waste eggshells angiogenic al., 2025
properties
Chicken calcium oxide | 5-30nm; Antimicrobial | Hemmami et al.,
eggshells (CaO) NPs spherical properties 2024
Chicken hematite (a- spherical Antioxidant, | Ayub et al., 2023
eggshells Fe203) NPs antibacterial
and bone
implantation
pigeon silver NPs 135 nm; Antimicrobial | Awad et al., 2019
dropping Spherical and anticancer
Aquaculture | Fish waste Nanosilver 2t020nm, | Antimicrobial | Das et al., 2024
waste 20-40 nm properties
Biofloc Silver NPs 22.4 nm Antimicrobial | Gomes et., 2024
Waste activity
Discarded Chitosan NPs | 248 nm; delivery of Balde et al., 2020
shells of spherical anti-
Carinosquilla inflammatory
multicarinata drug
Crab shells Apatite NPs 24.4 nm, As Bhattacharjee et
needle-like | biomaterial in | al., 2019
nanorods bone/teeth
implants
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Other Dead silver NPs 79 and 91 antioxidant Keskin and
biowaste honeybees nm and Keskin, 2026

antimicrobial
properties
Termites silver NPs, 28.4,19.6, | Antioxidant Surya et al., 2025
Wings zinc oxide NPs | and 11 nm, | and anticancer
and silver- respectively | properties
doped zinc
oxide NPs
Gland Silver NPs 10 to 20 nm | Antibacterial, | Ajaykumar et al.,
extract of antioxidant 2023
Mupli beetle and anticancer
properties
Insect (Mang | Silver NPs Spherical, Antioxidant Jakinala et al,
mao) wings 40-60 nm and 2021
antimicrobial
activity
Cockroach Silver NPs Spherical, Insecticidal Khatami et al.,
wings less than 50 | properties 2019
nm

3.2. Environmental restoration
Used Synthesised Charterstics | Application Reference
animal nanomaterials | of NMs
waste
Cow urine zinc cobaltite | Size 28.27 photocatalyst for Pagar et al., 2026

(ZnCo204) nm wastewater treatment
NPs (Rhodamine B dye)
Cow urine CuO nano 15.76 nm; Photodegradation Nandisha, 2023
bundle bacillus-like | (malachite green dye)
structures and treating refractory
pollutants from
wastewater
Cow urine Silver NPs 90-200 nm; | photo catalytic Sarvalkar et al.,
spherical degradation(Methylene | 2021
blue and Crystal violet)
Cow urine Graphene High Environmental Chamoli et al.,
nanosheets conductivity | assessment 2020
(GNs) and
transparency
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Cow urine Silver oxide Size 20 nm; | photo catalytic Vinay et al., 2019
NPs spherical degradation (methylene
shape blue )and
photoluminescence
Pig manure | cobalt-loaded | - peroxymonosulfate Jiang et al., 2026
biochar (Co- activation and water
BC) remediation
Cow dung Mg doped - biological probe for Koparde et al.,
carbon dots environmental pollutant | 2024
(M-CDs) sensing
Cow dung Porous - modified electrode Ramalingam et al.,
activated fabrication and super 2020
carbon capacitor
Goat Zinc oxide 3-11 nm Environmental Jha and Prasad,
slaughter (ZnO) NPs protection 2016
waste
Chicken calcium oxide | 5-30nm; adsorbents for heavy Hemmami et al.,
eggshells (CaO) NPs spherical metal (Pb, Cr, Cd, Hg) | 2024
remediation
Chicken egg | calcium oxide | rod-shaped | photocatalytic Adaikalam et al.,
shell (CaO) NPs degradation(methylene | 2024
blue) and
electrochemical
applications
Chicken egg | CaO irregular photocatalyst for heavy | Rani et al., 2023
shell nanocrystals surface metal removal
nanohybrid

3.3. Other Miscellaneous applications (Green energy, sustainable agriculture)

4. Rules/regulations concerning the safety issues

5. Concluding remarks and future possibilities

References

1. Ghotekar, S., Mishra, S. R., Ahmaruzzaman, M., Basnet, P., Lin, K. Y. A., Rahdar, A., & Oza, R.
(2024). A novel eco-benevolent synthesis of BiVO4 nanoparticles using cow urine for antioxidant,
anticancer, and photocatalytic activities. Biomass Conversion and Biorefinery, 14(23), 29613-29629.

2. Angle, G. P, Nadaf, S., Prabhu, S., Ayyanar, M., & Gurav, S. (2025). Eco-synthesis, process
optimisation, and therapeutic assessment of cow urine distillate derived copper nanoparticles.
Scientific Reports, 15(1), 42977.

3. Hiremath, N. G., Kokare, B., Bhinge, S. D., Patil, S. B., Mane, R., Kulakarni, A., ... & Prasad, S.
(2025). Facile Synthesis and Surface Characterization of ZnO-Fe304 Metal Nanoparticles

[JFMR260483922 Volume 8, Issue 4, July-August 2026 6



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

10.

11.

12.

13.

14.

15.

Composite Using Cow Urine from the Bos Taurus Breed and Its Applications. BioNanoScience,
15(1), 122.

Venkatesh, Y., & Appikonda, M. D. K. (2026). Eco-friendly synthesis of silver oxide nanoparticles
using cow urine for potential breast cancer therapy. Inorganic and Nano-Metal Chemistry, 56(1), 58-
65.

Yadav, K., Sharma, A., Siraj, N., & Verma, S. (2025). Advanced 3D-Printed Nanocellulose
Composites from Cow Dung for UV Shielding and Antibacterial Applications in the Biomedical
Sector. BioNanoScience, 15(4), 564.

Koparde, S. V., Nille, O. S., Kolekar, A. G., Kamble, P. A., Tiwari, A. P., Kolekar, G. B., & Pawar,
S. P. (2024). Transforming waste into multifunctional nanomaterials: Mg-doped carbon dots from
cow dung for Y (III) detection and biomedical applications. Inorganic Chemistry Communications,
170, 113357.

Pagar, K., Pagar, B., Mishra, S. R., Gadore, V., Roy, S., Ahmaruzzaman, M., ... & Ghotekar, S.
(2026). Insights Into a Bio-Waste-Mediated Eco-Friendly Synthesis of ZnCo0204 Nanoparticles for
the Sunlight-Aided Photocatalytic Decomposition of Rhodamine B Dye. Catalysis Surveys from
Asia, 1-19.

Chellachamy Anbalagan, A., Korram, J., Doble, M., & Sawant, S. N. (2024). Bio-functionalized
carbon dots for signaling immuno-reaction of carcinoembryonic antigen in an electrochemical
biosensor for cancer biomarker detection. Discover nano, 19(1), 37.

Allaka, G., King, M. F. L., Yepuri, V., & Narayana, R. L. (2023). Synthesis of silver oxide
nanoparticles using gomutra mediation and their investigations on anti-oxidant property. Materials
Today: Proceedings. 10.1016/j.matpr.2023.06.086.

Das, M., Acharya, D. K., Hembrom, M., & Nayak, 1. (2025). Biosynthesis of silver nanoparticles
using cow dung extract and evaluation of their antibacterial potentials. Microbes and Infectious
Diseases, 6(3), 6107-6116.

Yao, Q., Qu, H., Guo, Y., Zhao, Z., Qiao, L., Wu, H., ... & Liu, Y. (2021). Capturing copper on cow
dung-based biochar adsorbents for reuse in water bacterial decontamination. Colloid and Interface
Science Communications, 45, 100515.

Mousavi-Khattat, M., Nourbakhshan, H., Afrazeh, S., Aminorroaya, S. H., & Shakeran, Z. (2022).
Donkey dung—mediated synthesis of silver nanoparticles and evaluation of their antibacterial,
antifungal, anticancer, and DNA cleavage activities. BioNanoScience, 12(3), 877-889.

Chikkanna, M. M., & Neelagund, S. E. (2018). Effect of sheep and goat fecal mediated synthesis and
characterization of silver nanoparticles (AgNPs) and their antibacterial effects. Journal of
Nanofluids, 7(2), 309-315.

Akintayo, G. O., Lateef, A., Azeez, M. A., Asafa, T. B., Oladipo, I. C., Badmus, J. A., ... & Yekeen,
T. A. (2020, March). Synthesis, bioactivities and cytogenotoxicity of animal fur-mediated silver
nanoparticles. In IOP conference series: materials science and engineering (Vol. 805, No. 1, p.
012041). IOP Publishing.

Ayub, M., Bashir, M., Majid, F., Shahid, R., Khan, B. S., Saeed, A., ... & Khan, M. (2023).
Eggshell-Mediated hematite nanoparticles: synthesis and their biomedical, mineralization, and
biodegradation applications. Crystals, 13(12), 1699.

[JFMR260483922 Volume 8, Issue 4, July-August 2026 7



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

16. Nagchowdhury, P., Haque, S., Patra, U., Londhe, S., Banerjee, R., & Patra, C. R. (2025).
Investigation for the pro-angiogenic properties of eggshell-derived nanoparticles. Biomedical
Materials, 20(4), 045013.

17. Khatami, M., Iravani, S., Varma, R. S., Mosazade, F., Darroudi, M., & Borhani, F. (2019).
Cockroach wings-promoted safe and greener synthesis of silver nanoparticles and their insecticidal
activity. Bioprocess and biosystems engineering, 42(12), 2007-2014.

18. Kakakhel, M. A., Wu, F., Feng, H., Hassan, Z., Ali, L., Saif, L, ... & Wang, W. (2021). Biological
synthesis of silver nanoparticles using animal blood, their preventive efficiency of bacterial species,
and ecotoxicity in common carp fish. Microscopy Research and Technique, 84(8), 1765-1774.

19. Jakinala, P., Lingampally, N., Hameeda, B., Sayyed, R. Z., Khan M, Y., Elsayed, E. A., & El
Enshasy, H. (2021). Silver nanoparticles from insect wing extract: Biosynthesis and evaluation for
antioxidant and antimicrobial potential. PloS one, 16(3), €0241729.

20. Surya, P., Bello, I. T., Sathishkumar, R. S., Alahmadi, T. A., Almoallim, H. S., Prakash, R. S., &
Jaganathan, S. K. (2025). Biosynthesis and Characterization of Termites Wings Extract Derived
Silver, Zinc, and Silver-Doped Zinc Oxide Nanoparticles for Antioxidant and Anticancer Activity.
Chemistry & Biodiversity, 22(7), €202402466.

21. Ajaykumar, A. P., Sabira, O., Sebastian, M., Varma, S. R., Roy, K. B., Binitha, V. S., ... & Vignesh,
A. R. (2023). A novel approach for the biosynthesis of silver nanoparticles using the defensive gland
extracts of the beetle, Luprops tristis Fabricius. Scientific Reports, 13(1), 10186.

22. Keskin, M., & Keskin, $. (2026). Apis mellifera L. for Eco-Friendly Silver Nanoparticles: Green
Synthesis, Antioxidant and Antimicrobial Activities. Biotechnology and Applied Biochemistry,
73(3), 1036-1044.

A. Awad, M., M. Alkhulaifi, M., S. Aldosari, N., Alzahly, S., & Aldalbahi, A. (2019). Novel eco-
synthesis of PD silver nanoparticles: characterization, assessment of its antimicrobial and
cytotoxicity properties. Materials, 12(23), 3890.

23. Gholami-Shabani, M., Gholami-Shabani, Z., Shams-Ghahfarokhi, M., Akbarzadeh, A., Riazi, G., &
Razzaghi-Abyaneh, M. (2016). Biogenic approach using sheep milk for the synthesis of platinum
nanoparticles: the role of milk protein in platinum reduction and stabilization. International journal
of nanoscience and nanotechnology, 12(4), 199-206.

24. Bhattacharjee, B. N., Mishra, V. K., Rai, S. B., Parkash, O., & Kumar, D. (2019). Structure of apatite
nanoparticles derived from marine animal (crab) shells: an environment-friendly and cost-effective
novel approach to recycle seafood waste. ACS omega, 4(7), 12753-12758.

25. Balde, A., Hasan, A., Joshi, 1., & Nazeer, R. A. (2020). Preparation and optimization of chitosan
nanoparticles from discarded squilla (Carinosquilla multicarinata) shells for the delivery of anti-
inflammatory drug: Diclofenac. Journal of the Air & Waste Management Association, 70(12), 1227-
1235.

26. Das, K., Krishnani, K. K., Upadhyay, A. K., Shukla, S. P., Prasad, K. P., Chakraborty, P., & Sarkar,
B. (2024). Fish waste capped and colloidal nanosilver and its valorization as natural zeolite
conjugates for application in aquaculture. Journal of Dispersion Science and Technology, 45(7),
1281-1295.

27. Gomes, R. M., Ramirez, J. R., Araujo, A. C., Pereira, A. C., Couto, C. M., Rojas, C., ... &
Monserrat, J. M. (2024). Biovalorization of Aquaculture Biofloc Waste through Polyphenol

[JFMR260483922 Volume 8, Issue 4, July-August 2026 8



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

Extraction by Alkaline Hydrolysis and Green Nanoparticle Synthesis Optimization. Processes, 13(1),
29.

28. Vinay, S. P., Nagaraju, G., Chandrappa, C. P., & Chandrasekhar, N. (2019). Novel Gomutra (cow
urine) mediated synthesis of silver oxide nanoparticles and their enhanced photocatalytic,
photoluminescence and antibacterial studies. Journal of Science: Advanced Materials and Devices,
4(3), 392-399.

29. Ramalingam, R. J., Sivachidambaram, M., Vijaya, J. J., Al-Lohedan, H. A., & Muthumareeswaran,
M. R. (2020). Synthesis of porous activated carbon powder formation from fruit peel and cow dung
waste for modified electrode fabrication and application. Biomass and Bioenergy, 142, 105800.

30. Chamoli, P., Srivastava, T., Tyagi, A., Raina, K. K., & Kar, K. K. (2020). Urea and cow urine-based
green approach to fabricate graphene-based transparent conductive films with high conductivity and
transparency. Materials Chemistry and Physics, 242, 122465.

31. Nandisha, P. S. (2023). Bio-mediated synthesis of CuO nano bundles from Gomutra (cow urine):
Synthesis, characterization, photodegradation of the malachite green dye and SBH mediated
reduction of 4-nitrophenol. Materials Science and Engineering: B, 295, 116607.

32. Sarvalkar, P. D., Mandavkar, R. R., Nimbalkar, M. S., Sharma, K. K., Patil, P. S., Kamble, G. S., &
Prasad, N. R. (2021). Bio-mimetic synthesis of catalytically active nano-silver using Bos taurus (A-
2) urine. Scientific Reports, 11(1), 16934.

33. Jiang, F., Wang, T., Zhao, Y., Wu, Z., You, J., Zhang, P., ... & Chen, Z. (2026). Waste valorization
of pig manure into cobalt biochar for pathway-selective peroxymonosulfate activation and water
remediation. Bioresource Technology, 134931.

34. Hemmami, H., Zeghoud, S., Ben Amor, I., Alnazza Alhamad, A., Tliba, A., Alsalme, A., ... &
Barhoum, A. (2024). Green synthesis of CaO nanoparticles from chicken eggshells: antibacterial,
antifungal, and heavy metal (Pb2*, Cr2*, Cd2* and Hg2") adsorption properties. Frontiers in
Environmental Science, 12, 1450485.

35. Rani, M., Keshu, Usha, & Shanker, U. (2023). Chicken egg shell waste derived calcium oxide based
nanohybrid for rapid removal of heavy metal ions from water: green synthesis, kinetics and
reusability. ChemistrySelect, 8(16), €202203540.

36. Jha, A. K., & Prasad, K. (2016). Synthesis of ZnO nanoparticles from goat slaughter waste for
environmental protection. Int J Curr Eng Technol, 6(1), 147-151.

37. Razak, M., & Gamagedara, T. P. (2025). Green synthesis and characterization of hydroxyapatite
nanoparticles using cow dung for biomedical applications. Ceylon Journal of Science, 54(3).

38. Sharma, S., Thakur, S., Kumari, P., Chandel, S., & Shandilya, M. (2025). Bio-synthesized ZnO NPs
using cow urine in vitro & in vivo efficacy against late blight pathogen. Inorganic and Nano-Metal
Chemistry, 55(3), 362-372.

39. Adaikalam, K., Hussain, S., Anbu, P., Rajaram, A., Sivanesan, L., & Kim, H. S. (2024). Eco-friendly
facile conversion of waste eggshells into CaO nanoparticles for environmental applications.
Nanomaterials, 14(20), 1620.

[JFMR260483922 Volume 8, Issue 4, July-August 2026 9



http://www.ijfmr.com/

