
Smart Protein: Reimagining safer 
protein production for India

The rising demand 
for protein in India

The looming threat  
of superbugs

The dietary habits in emerging economies are rapidly evolving due to higher disposable incomes 
and increased urbanisation. This change in lifestyle can also be seen in India, where upward 
mobility is leading Indians to increase their consumption of animal-sourced foods (ASF) such 
as meat, eggs, dairy, and seafood. At the same time, growing global evidence suggests that 
over-dependence on ASFs poses substantial risks to public health by increasing the chances of 
antimicrobial resistance (AMR) and zoonotic diseases in human populations. 

Even as India undergoes diet diversification, 
protein deficiency remains a persistent concern 
among a significant share of the population. 
The Food and Agriculture Organisation (FAO) 
projects that by 2050, the global consumption 
of animal protein will rise by two-thirds when 
compared to today’s levels. The demand will be 
led by emerging economies like India, whose 
population is projected to peak at 1.7 billion by 
2050.

Although the per capita consumption of meat is 
below 5 kg in India, as per projections, the per 
capita demand for protein is slated to increase 
by 89% by 2050.  Driven by growing consumer 
preferences towards products such as poultry 
and dairy, the per capita consumption may 
rise up to 10 kg. Currently, India is ranked first 
in milk production, contributing to 24.64% of 
global production. India is the second-largest 
producer of goat meat in the world and one of 
the biggest buffalo meat producers for global 
export. India is also the world’s second-largest 
aquaculture producer, with carp and shrimp as 
the key contributors.  
 
 

Although these increases in consumption and 
production fare much lower than global standards, 
they point to a steadily growing demand for 
quality protein and an overall projected increase 
in the production of ASFs to meet said demand. 
Balancing this demand for protein with innovative, 
sustainable, and nutrient-rich solutions offers 
an opportunity to protect both public health and 
environmental resources. 

Antimicrobial resistance is one of the most 
concerning risks linked to rapidly rising ASF 
consumption. AMR is a grave situation wherein 
bacteria do not respond to antibiotics, resulting 
in extended medical treatment of infections due 
to the infectiveness of the drug, culminating in 
financial and health burdens on patients and 
healthcare systems. The resistant bacteria are 
known as drug-resistant organisms or “superbugs”. 
The World Health Organisation lists AMR as one 
of the top threats to global public health and 
development. In fact, between 2010 and 2030, 
India is predicted to double its antibiotic use 
in animal agriculture with the rise of vertically 
integrated intensive farms.
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Antibiotics are frequently used in industrial 
livestock farming for purposes of therapeutics, 
metaphylactics, and disease prevention. A more 
controversial use of antibiotics is for growth 
promotion and is banned in several countries, 
including the U.S., European Union, and China. 
In India, a specific legislation banning its usage is 
yet to be established. Even for antibiotics that are 
used for health management strategies, there is 
a lacuna in stringent compliance and monitoring 
mechanisms. Over-the-counter (OTC) availability 
of antibiotics allows producers to purchase 
non-prescribed antibiotics, leading to self-
administration and misuse. 

While future demand for antibiotics is expected 
to rise in line with the growing demand for ASFs, 
there is sufficient alarming data on the presence 
of AMR in our current food systems. A significant 
number of studies have documented the presence 
of multidrug-resistant bacteria in meat and 
poultry products in India. For instance, antibiotic-
resistant Staphylococcus aureus was reported 
in cow and goat milk and eggs. Disturbingly, 
southern India is predicted to be one of the global 
hotspots for multi-drug-resistant bacteria in 
freshwater aquatic animals. 

Antimicrobial Resistance 
(AMR) through  
the food chain

Antimicrobials

Infections from drug 
resistant bacteria can be 
more severe and difficult to 
treat than those from drug 
susceptible bacteria

... and can be 
transferred to people 
by eating food

Drug resistant bacteria 
can spread to the 
environment

Drug resistant 
bacteria develop 
in animals

Antimicrobials given to 
food producing animals

... and to food

The risks of AMR are not limited to consumers’ 
direct consumption of ASFs. The resistant bacteria 
can spread to humans through direct contact with 
live animals and carcasses at poultry farms and 
slaughterhouses, and more latently, through the 
environmental contamination of soil, water, and 
air from animal waste run-off. A study revealed 
that certain strains of bacteria in poultry litter 
were tested to be 40–75% resistant to more 
than five types of antibiotics, contributing to this 
environmental hazard.  
 
In aquaculture, infectious diseases caused by 
bacteria, viruses, and parasites are a major 
drawback. The economic losses in shrimp farming 
due to diseases are estimated at 5,647 crores 
INR annually. To meet the rising demand for the 
consumption of aquatic animals, the overuse and 
reliance on antibiotics to boost production levels 
are anticipated. Therefore, despite sirens raised 
by bodies such as EAT-Lancet to reduce animal 
antibiotic use by 30% by 2030, its growing and 
currently poorly regulated use in Indian livestock 
systems renders ASFs a significant risk factor for 
the country’s public health systems.

Source: FAO. (2024). Movement of resistant pathogenic bacteria from animals to humans through food chain [Infographic]. 
FAO Knowledge Repository BETA.https://openknowledge.fao.org/items/03d3e3bb-518f-493f-bcce-753313f5a8d5.

2

https://aricjournal.biomedcentral.com/articles/10.1186/s13756-018-0354-9
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-018-0354-9
https://www.jstor.org/stable/26941003
https://www.jstor.org/stable/26941003
https://pubmed.ncbi.nlm.nih.gov/26990514/
https://pubmed.ncbi.nlm.nih.gov/16943017/#:~:text=A%20total%20of%20492%20eggs,in%20egg%20contents%20(1.8%25).
https://www.nature.com/articles/s41467-021-25655-8
https://www.cseindia.org/fst-report-antibiotic-resistance-in-poultry-environment-8851
https://www.sciencedirect.com/science/article/pii/S0048969722071145
https://www.sciencedirect.com/science/article/pii/S0032579119386122
https://openknowledge.fao.org/server/api/core/bitstreams/1656ce43-f3aa-4fc5-b3b5-b93b36e6c7cf/content
https://openknowledge.fao.org/server/api/core/bitstreams/1656ce43-f3aa-4fc5-b3b5-b93b36e6c7cf/content
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(24)01019-5/abstract
 https://openknowledge.fao.org/items/03d3e3bb-518f-493f-bcce-753313f5a8d5


The dangerous risks 
of zoonotic diseases 

Smart protein —  
a safer bet 

Animal- 
sourced foods

Antibiotics

Risk of Zoonoses

Greenhouse gas  
emissions

Land and water use

Contributor to 
food insecurity

Alternative 
proteins

Another major public health concern linked 
to ASFs is the risk of zoonotic diseases and 
food-borne illnesses. ‘Zoonosis’ or zoonotic 
diseases are infectious diseases, transmitted 
between species from animals to humans. Many 
current infectious diseases are considered to 
have a zoonotic origin. Anthropogenic changes, 
particularly in land use and agricultural practices, 
are the major contributors to the increased 
frequency of zoonotic disease emergence and re-
emergence in recent decades. Zoonotic diseases 
can place an immense socio-economic and public 
health burden on countries such as India.

In India, where the regulation and hygiene 
standards in the livestock sector are often 
disparate, ASFs remain notable vectors for 
zoonotic diseases. For ASFs sold at retail 
centres and wet markets, the risk of microbial 
contamination increases with every step of the 
slaughtering and transportation process. 
Although meat in India is available at retail 
outlets, it is more commonly sold in open-air stalls 
where vegetables, fruits, meat, and seafood are 
kept on ice and water to keep them fresh. About 
90% of the poultry meat in India is sold through 
wet market conditions. Products sold at retail 
shops do not reduce the risk of contamination. 
For example, eggs collected from retail outlets 
were found to have bacterial contamination on 
the eggshell, yolk, and albumin.

Some zoonotic diseases that affect humans 
include bovine tuberculosis, highly pathogenic 
avian influenza, anthrax, Campylobacteriosis 
(dysentery), and cysticercosis (pork tapeworm), 
among others. Avian influenza, which is widely 
recurring in India, highlights the public health 
risks posed by industrialised ASF production and 
the urgency to address it. The frequent outbreaks 

of avian flu are linked to poor sanitary conditions 
in farms and live animal markets. Furthermore, 
poultry, seafood, and sheep/goat meat are 
contaminated with Salmonella spp., Cronobacter 
spp., Campylobacter, and other pathogens, which 
are commonly linked to foodborne illnesses. 
Moreover, several other neglected zoonotic 
diseases in poorer regions often go undetected and 
unrecognised, making it difficult to fully understand 
the total impact of zoonotic diseases on human 
health and well-being.

Feeding a growing world population that demands 
higher amounts of protein would mean raising 
the overall food production to almost double. The 
growing risks of zoonotic diseases, food-borne 
illnesses, and alarming rates of AMR indicate 
the urgent need to reduce the reliance and 
overdependence on ASFs to fulfil growing food 
and protein requirements. The planetary burden 
of ASFs coupled with the dangerous public health 
risks requires a paradigm shift in food production 
systems. Furthermore, as India grapples with a 
persistent malnutrition crisis, improving our food 
habits to ensure a better intake of micro- and 
macronutrients such as protein becomes even 
more critical.
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The adoption of smart proteins presents a remarkable pathway to address the public 
health concerns associated with current practices in ASF production, providing a 
safer and more sustainable option. Smart proteins do not require antibiotics for 
their production, thereby eliminating the risk of antibiotic resistance. They are a 
technological solution that harnesses agri-tech and bioprocessing to make proteins 
that could provide similar taste and texture to typical ASFs. Globally, the three 
primary modalities of plant-based, fermentation-derived, and cell-cultivated proteins 
are on the rise and increasingly being seen as a means to achieve food security and 
resilience. By investing in smart proteins, India can reduce the public health threat 
posed by antibiotic-resistant superbugs and zoonotic diseases and make significant 
strides towards providing safer, more sustainable nutrition to its people.

4

https://pubmed.ncbi.nlm.nih.gov/30660336/


References
1. Cao, Y., & Li, D. (2013). Impact of increased demand for animal protein products in Asian countries: Implications on 

global food security. Animal Frontiers, 3(3), 48–55. https://doi.org/10.2527/af.2013-0024 

2. Kumar, G. S., Kulkarni, M., & Rathi, N. (2022b). Evolving food choices among the urban Indian Middle-Class: A Qualitative 

study. Frontiers in Nutrition, 9. https://doi.org/10.3389/fnut.2022.844413 

3. Bhutia, D. (2014). Protein energy malnutrition in India: The plight of our under five children. Journal of Family Medicine 

and Primary Care, 3(1), 63. https://doi.org/10.4103/2249-4863.130279 

4. Jain, A., Sharma, S., Kim, R., & Subramanian, S. (2023). Food deprivation among adults in India: an analysis of specific 

food categories, 2016–2021. EClinicalMedicine, 66, 102313. https://doi.org/10.1016/j.eclinm.2023.102313 

5. World Agriculture: Towards 2015/2030 - An FAO perspective. (n.d.). https://www.fao.org/4/y4252e/y4252e05c.htm 

6. Tilman, D., Balzer, C., Hill, J., & Befort, B. L. (2011). Global food demand and the sustainable intensification of agriculture. 

Proceedings of the National Academy of Sciences, 108(50), 20260–20264. https://doi.org/10.1073/pnas.1116437108 

7. Devi, S. M., Balachandar, V., Lee, S. I., & Kim, I. H. (2014). An outline of meat consumption in the Indian population 

- a pilot review. Korean Journal for Food Science of Animal Resources, 34(4), 507–515. https://doi.org/10.5851/

kosfa.2014.34.4.507 

8. Ibid n5 

9. Year End Review 2023: Achievement of the Department of Animal Husbandry and Dairying (Ministry of Fisheries, Animal 

Husbandry and Dairying). (n.d.). https://pib.gov.in/PressReleseDetail.aspx?PRID=1988609®=3&lang=1 

10. National Research Centre on Meat, Indian Council of Agricultural Research, Gupta, K. B., & Indian Council of Agricultural 

Research. (2015). Vision-2050: A perspective Plan for meat research for the next 35 years. Indian Council of Agricultural 

Research. https://nrcmeat.icar.gov.in/docs/Vision-2050.pdf 

11. White paper: Antimicrobial resistance in the animal sector in India. (2024). FAO https://doi.org/10.4060/cc9535en 

12. Van Boeckel, T. P., Brower, C., Gilbert, M., Grenfell, B. T., Levin, S. A., Robinson, T. P., Teillant, A., & Laxminarayan, R. 

(2015). Global trends in antimicrobial use in food animals. Proceedings of the National Academy of Sciences, 112(18), 

5649–5654. https://doi.org/10.1073/pnas.1503141112 

13. Chauhan, A. S., George, M. S., Chatterjee, P., Lindahl, J., Grace, D., & Kakkar, M. (2018). The social biography of antibiotic 

use in smallholder dairy farms in India. Antimicrobial Resistance and Infection Control, 7(1).  

https://doi.org/10.1186/s13756-018-0354-9 

14. Kakkar, M. (2017). Antibiotic resistance and its containment in India. BMJ: British Medical Journal, 358.  

https://www.jstor.org/stable/26941003

5

https://doi.org/10.2527/af.2013-0024 
https://doi.org/10.3389/fnut.2022.844413 
https://doi.org/10.4103/2249-4863.130279
https://doi.org/10.1016/j.eclinm.2023.102313 
https://www.fao.org/4/y4252e/y4252e05c.htm
https://www.fao.org/4/y4252e/y4252e05c.htm
https://www.pnas.org/doi/full/10.1073/pnas.1116437108
https://doi.org/10.5851/kosfa.2014.34.4.507 
https://doi.org/10.5851/kosfa.2014.34.4.507 
https://pib.gov.in/PressReleseDetail.aspx?PRID=1988609=3&lang=1 
https://openknowledge.fao.org/items/03d3e3bb-518f-493f-bcce-753313f5a8d5
https://doi.org/10.1073/pnas.1503141112
https://doi.org/10.1186/s13756-018-0354-9 
https://www.jstor.org/stable/26941003


15. Bhattacharyya, D., Banerjee, J., Bandyopadhyay, S., Mondal, B., Nanda, P. K., Samanta, I., Mahanti, A., Das, A. K., Das, G., 

Dandapat, P., & Bandyopadhyay, S. (2016). First Report on Vancomycin-ResistantStaphylococcus aureusin Bovine and 

Caprine Milk. Microbial Drug Resistance, 22(8), 675–681. https://doi.org/10.1089/mdr.2015.0330 

16. Suresh, T., Hatha, A., Sreenivasan, D., Sangeetha, N., & Lashmanaperumalsamy, P. (2005). Prevalence and antimicrobial 

resistance of Salmonella enteritidis and other salmonellas in the eggs and egg-storing trays from retails markets of 

Coimbatore, South India. Food Microbiology, 23(3), 294–299. https://doi.org/10.1016/j.fm.2005.04.001 

17. Schar, D., Zhao, C., Wang, Y., Larsson, D. G. J., Gilbert, M., & Van Boeckel, T. P. (2021). Twenty-year trends in antimicrobial 

resistance from aquaculture and fisheries in Asia. Nature Communications, 12(1).  

https://doi.org/10.1038/s41467-021-25655-8 

18. FST Report: Antibiotic resistance in Poultry environment. (2018) CSE  

https://www.cseindia.org/fst-report-antibiotic-resistance-in-poultry-environment-8851 

19. Gržinić, G., Piotrowicz-Cieślak, A., Klimkowicz-Pawlas, A., Górny, R. L., Ławniczek-Wałczyk, A., Piechowicz, L., Olkowska, 

E., Potrykus, M., Tankiewicz, M., Krupka, M., Siebielec, G., & Wolska, L. (2022). Intensive poultry farming: A review of the 

impact on the environment and human health. The Science of the Total Environment, 858, 160014.  

https://doi.org/10.1016/j.scitotenv.2022.160014 

20. Dhanarani, T. S., Shankar, C., Park, J., Dexilin, M., Kumar, R. R., & Thamaraiselvi, K. (2009). Study on acquisition of 

bacterial antibiotic resistance determinants in poultry litter. Poultry Science, 88(7), 1381–1387.  

https://doi.org/10.3382/ps.2008-00327 

21. Ibid n11 

22. Mendelson, M., Lewnard, J. A., Sharland, M., Cook, A., Pouwels, K. B., Alimi, Y., Mpundu, M., Wesangula, E., Weese, J. S., 

Røttingen, J., & Laxminarayan, R. (2024). Ensuring progress on sustainable access to effective antibiotics at the 2024 UN 

General Assembly: a target-based approach. The Lancet, 403(10443), 2551–2564.  

https://doi.org/10.1016/s0140-6736(24)01019-5 

23. Greger, M. (2007). The Human/Animal Interface: Emergence and resurgence of zoonotic infectious diseases. Critical 

Reviews in Microbiology, 33(4), 243–299. https://doi.org/10.1080/10408410701647594 

24. Waage, J., Grace, D., Fèvre, E. M., McDermott, J., Lines, J., Wieland, B., Naylor, N. R., Hassell, J. M., & Chan, K. (2022). 

Changing food systems and infectious disease risks in low-income and middle-income countries. The Lancet Planetary 

Health, 6(9), e760–e768. https://doi.org/10.1016/s2542-5196(22)00116-4 

25. Muthukumar, M., Naveena, B. M., Banerjee, R., & Barbuddhe, S. B. (Eds.). (2021). Handbook of Meat and Poultry 

Processing. In ICAR National Research Centre on Meat.  

https://niftem-t.ac.in/olapp/pmfme/upload/mt_handbook_meat.pdf 

26. Jain, A. K., & Yadav, R. (2017). Study of antibiotic resistance in bacteria Isolated from table egg. International Journal of 

Pharma and Bio Sciences, 8(1). https://doi.org/10.22376/ijpbs.2017.8.1.b668-674

6

https://doi.org/10.1089/mdr.2015.0330
https://doi.org/10.1016/j.fm.2005.04.001
https://doi.org/10.1038/s41467-021-25655-8 
https://www.cseindia.org/fst-report-antibiotic-resistance-in-poultry-environment-8851
https://doi.org/10.1016/j.scitotenv.2022.160014
https://doi.org/10.3382/ps.2008-00327
https://doi.org/10.1016/s0140-6736(24)01019-5
https://doi.org/10.1080/10408410701647594
https://doi.org/10.1016/s2542-5196(22)00116-4
https://niftem-t.ac.in/olapp/pmfme/upload/mt_handbook_meat.pdf
https://doi.org/10.22376/ijpbs.2017.8.1.b668-674


27. A High-Level brainstorming session on Avian influenza under one health approach. (n.d.).  

https://pib.gov.in/PressReleaseIframePage.aspx?PRID=2033822 

28. Reddy, T. P., Harika, D., & Ramya, P. (2021). Screening of raw meat samples for E. coli and Salmonella spp. and their 

antibiotic resistant patterns. The Pharma Innovation Journal, SP-10–5, 159–161.  

https://www.thepharmajournal.com/archives/2021/vol10issue5S/PartC/S-10-4-62-741.pdf 

29. Prabhakar, P., Lekshmi, M., Ammini, P., Nayak, B. B., & Kumar, S. (2020). Salmonella contamination of seafood in landing 

centers and retail markets of Mumbai, India. Journal of AOAC International, 103(5), 1361–1365.  

https://doi.org/10.1093/jaoacint/qsaa042 

30. Bhandare, S. G., Sherikar, A., Paturkar, A., Waskar, V., & Zende, R. (2006). A comparison of microbial contamination on 

sheep/goat carcasses in a modern Indian abattoir and traditional meat shops. Food Control, 18(7), 854–858.  

https://doi.org/10.1016/j.foodcont.2006.04.012 

31. Preventing the next pandemic - Zoonotic diseases and how to break the chain of transmission. (2006). UNEP https://www.

unep.org/resources/report/preventing-future-zoonotic-disease-outbreaks-protecting-environment-animals-and 

32. UN Population Division. (2009). Global agriculture towards 2050: population growth.  

https://www.fao.org/fileadmin/templates/wsfs/docs/Issues_papers/HLEF2050_Global_Agriculture.pdf 

33. Willett, W., Rockström, J., Loken, B., Springmann, M., Lang, T., Vermeulen, S., Garnett, T., Tilman, D., DeClerck, F., Wood, 

A., Jonell, M., Clark, M., Gordon, L. J., Fanzo, J., Hawkes, C., Zurayk, R., Rivera, J. A., De Vries, W., Sibanda, L. M., . . . 

Murray, C. J. L. (2019). Food in the Anthropocene: the EAT–Lancet Commission on healthy diets from sustainable food 

systems. The Lancet, 393(10170), 447–492. https://doi.org/10.1016/s0140-6736(18)31788-4 

34. Incidence of antibiotic residues in farmed shrimps from the southern states of India. (2012). In Indian Journal of Geo-

Marine Sciences (Vols. 41–41, Issue 4, pp. 344–347). https://krishi.icar.gov.in/jspui/bitstream/123456789/51813/1/

Incidence%20of%20antibiotic%20residues%20in%20farmed%20shrimps%20from%20the%20southern%20

states%20of%20India.pdf

7

https://pib.gov.in/PressReleaseIframePage.aspx?PRID=2033822
https://www.thepharmajournal.com/archives/2021/vol10issue5S/PartC/S-10-4-62-741.pdf
https://doi.org/10.1093/jaoacint/qsaa042
https://doi.org/10.1016/j.foodcont.2006.04.012
https://www.unep.org/resources/report/preventing-future-zoonotic-disease-outbreaks-protecting-environment-animals-and
https://www.unep.org/resources/report/preventing-future-zoonotic-disease-outbreaks-protecting-environment-animals-and
https://www.fao.org/fileadmin/templates/wsfs/docs/Issues_papers/HLEF2050_Global_Agriculture.pdf 
https://doi.org/10.1016/s0140-6736(18)31788-4 
https://krishi.icar.gov.in/jspui/bitstream/123456789/51813/1/Incidence%20of%20antibiotic%20residues%
https://krishi.icar.gov.in/jspui/bitstream/123456789/51813/1/Incidence%20of%20antibiotic%20residues%
https://krishi.icar.gov.in/jspui/bitstream/123456789/51813/1/Incidence%20of%20antibiotic%20residues%

