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ABSTRACT:  

Introduction: One of the biggest difficulties of the twenty-first century is to feed nine to ten billion 

people sustainably by 2050 while minimising environmental effect (such as greenhouse gas (GHG) 

emissions, biodiversity loss, land use change, and loss of ecosystem services). In recent years, societal 

emphasis has been focused on the environmental effect of food consumption. Pressure on the 

environment is rising as food consumption rises.  

Objectives: Therefore this study was carried out with the objective to determine the carbon footprint 

of high protein foods and to create awareness among public about the environmental effects by high 

protein food (Non-vegetarian foods). 

Methods: Carbon dioxide (CO2) is the most significant Green House Gas emitted by food intake, 

followed by methane (CH4) and nitrous oxide (N2O). CO2 emissions occurred during agricultural 

activities, farm input production, transportation, processing, and food preparation. The carbon 

footprint of the foods was determined per year.  

Results: The study result highlights that meat and dairy have a high carbon footprint which should be 

avoided followed by lightly processed dairy (such as yogurt, butter and cheese) have a medium carbon 

footprint and has been recommended rarely.  Pulses had low effect on environment were also high on 

protein and recommended without any restrictions.  

Conclusions: Knowledge about the carbon footprint of food has the potential to impact sustainable 

transformation procedures in the crucial field of nutrition. Future decision-making to include 

environmental sustainability in nutrition advice can be aided by understanding the carbon footprints of 

various suggestions. 

 

1. Introduction 

Over the past 10 years, plant-based nutrition has 

attracted a lot of interest (Feher et al., 2020). In the 

ecological discussion on whether to promote more 

sustainable sources, the demand for naturally high-

protein meals is on the rise (Cramer et al., 2017). 

Concerns about both health and the environment are 

brought up by the large percentage of animal protein 

consumed in affluent nations (Fresan et al., 2018). The 

environment is under more pressure as food 

consumption rises. Research on how food consumption 

affects the environment often focuses on energy usage 

and trash creation, with little attention paid to 

greenhouse gas (GHG) emission. The most significant 

GHG resulting from food intake is carbon dioxide 

(CO2), followed by methane (CH4) and nitrous oxide 

(N2O) (Kramer et al., 2009). 

The entire amount of GHGs emitted by a product is 

known as its carbon footprint. It is frequently 

represented as the carbon dioxide equivalent of all 

released GHGs. A GHG emissions assessment can be 

used to determine a product's carbon footprint. Once a 

carbon footprint's size is established, a plan may be 

developed to minimise it through technological 
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advancements, improved process and product 

management, and alternative consumption patterns. The 

manufacturing, transportation, processing, and 

preparation of food items are only a few of the 

processes that result in the emission of GHG. A sizable 

portion of the world's total GHG emissions are caused 

through food chains. According to Steinfeld et al. 

(2006), animal products alone are responsible for 18% 

of worldwide GHG emissions. 

Protein is a dietary macronutrient that plays a wide 

range of structural and functional roles in the body. 

Large molecules known as proteins are composed of 

chains of amino acids. In a nutshell, digestion converts 

them into amino acids. Amino acids perform essential 

tasks; for instance, some are utilised for 

neurotransmission (Layman et al., 2015). In order to 

provide energy for our body, amino acids can be further 

broken down (Sakami et al., 2013). Finally, they may 

also be put back together by the organism to create 

various types of proteins that perform a variety of other 

crucial tasks in our body (Layman et al., 2015). In other 

words, without proteins, human existence is not 

conceivable. 

All nine indispensable (necessary) amino acids are 

present in protein sources such meat, chicken, fish, 

eggs, isolated soy protein, and dairy products (milk, 

cheese, and yoghurt), which are regarded as high-

quality protein sources. Plant, legume, grain, nut, seed, 

and vegetable proteins may be lacking in one or more 

essential amino acids, hence these foods are regarded as 

lower-quality sources of protein (Feher et al., 2020). 

This industry accounts for 18% of all GHG emissions in 

India (INCCA, 2010). Methane emissions from enteric 

fermentation in ruminants (63%) and rice fields (21%), 

nitrous oxide emissions from applying nitrogen fertiliser 

and manure to agricultural soil (13%) and manure 

management and burning of crop leftovers (2.7%) are 

the main sources of emissions from agriculture. 

2. Objectives 

Therefore this study was carried out with the objective 

to determine the carbon footprint of high protein foods 

and to create awareness among public about the 

environmental effects by high protein food (Non-

vegetarian foods). 

 

3. Methods 

Selection of samples 

According to NIN (2011), the amount of protein needed 

depends on age, physiological condition, and stress. 

Infants and children who are growing, pregnant women, 

and people who are unwell or under stress all need more 

protein. So, the selected foods are good source of 

proteins like pulses and animal foods like milk, egg, 

meat products and fish.  

Carbon footprint 

The total amount of greenhouse gases produced over the 

course of a product's life cycle is known as the "Carbon 

Footprint." Although the Carbon Footprint has gained 

popularity and is widely acknowledged in scientific and 

industrial circles, it must be augmented by utilising a 

thorough input indicator to analyse biotic and abiotic 

material fluxes over a longer time horizon (Schmidt., 

2008). 

The carbon footprint of the selected foods were 

calculated per year by using the formula, 

 

 

 

 

Whereas here,  

Consumption of items / day (kcal/day) – The energy 

in kcal of selected food items consumed                       

by the subjects, the energy was calculated for each food 

items using IFCT nutritive value book (2017). 

365 – Number of days in a year 

Emission factor – Adjusted daily emission factor for a 

particular harvested area. 

 

 

 

Carbon footprint = Consumption of items / day 

(kcal/day) × 365 × Emission factor (kgco2ekcal) 
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4. Results 

 

 

 

Figure: I Comparison of protein content and carbon footprint of pulses 
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From Figure I, it was clear that carbon footprint of 

Khesar dhal (128.36 kgco2ekcal/yr) was higher when 

compared to other pulses followed by cowpea (97.68 

kgco2ekcal/yr) whereas protein content of that were 

19.50g and 20.36g respectively. The least carbon 

emission among pulses were found in lentil which was 

21.78 kgco2ekcal/yr which was followed by moth beans 

(42.90 kgco2ekcal/yr) and their protein were 22.87g and 

19.75g respectively. 

 

Figure IV Protein content of meat and meat products 

Figure IV shows the protein content of meat and meat 

products which was clear that beef (79.2g) contains 

more protein followed by hen (26.6g) and fowl (25.9g). 

Egg (13.3g) has low protein compared to other meat 

products followed by goat (18.5g) and buffalo (19.4g).  

Figure II and III Comparison of protein content and 

carbon footprint of  of milk and milk products  

Figure II and III depicts the comparison of protein 

content and carbon footprint of  of milk and milk 

products, whereas the protein content of skimmed milk 

powder was higher and cow’s milk was lower. But 

when compared, the effect of buffalo’s milk on 

environment was lower and whole milk powder was 

higher. 

Figure V Carbon footprint of meat and meat 

products  

Figure V clearly shows that when compared all the 

other meat products egg (126.29 kgco2ekcal/yr ) has 

less impact on environment followed by duck (256.23 

kgco2ekcal/yr). among the meat products beef (2319.57 

kgco2ekcal/yr) has higher impact on environment and 

followed by pork (2039.98 kgco2ekcal/yr). 
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Figure: VI Comparison of Protein content and Carbon footprint of high protein foods 
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Figure : VI highlights the Comparison of Protein 

content and Carbon footprint of high protein foods. It 

shows that the protein content of meat and meat 

products were higher compared to pulses and milk and 

milk products. The carbon footprint of meat and meat 

products were very much higher followed by milk and 

milk products. But, pulses had the low effect on 

environment and hence recommended without any 

restrictions. 

5. Discussion 

When it comes to food, pulse crops clearly outperform 

all other food groups in terms of both carbon and water 

footprints (Gephart et al., 2016; Scarborough et al., 

2012; Song et al., 2016). Diets with larger amounts of 

plant-sourced vs animal-sourced proteins have been 

shown to have lower carbon footprints (Heller & 

Keoleian, 2014; Tilman et al., 2011; UN, 2016). 

During recent years, the livestock sector has been 

revealed as one of the main contributors to climate 

change, representing 18% of anthropogenic greenhouse 

gas (GHG) emissions (Steinfeld et al., 2006). This 

number has further been disaggregated, showing that 

the dairy sector2 (including meat by-products) is 

responsible for 4.0% of global emissions. If emissions 

are divided between dairy products and by-products (i.e. 

beef), dairy products represent 2.7% of global GHG 

emissions (Gerber et al., 2010). 

The largest environmental burden for animal food 

products is created at the primary production stage. For 

dairy products in industrialised countries about 80% of 

GHG emissions occur before the farm gate. As a global 

average, the GHG emissions amount to 2.4 kg carbon 

dioxide equivalent (CO2e) per kg milk at farm gate 

(including emissions for transport and processing). 

There is a significant variation between regions; from 

approximately 1.5 kg CO2e per kg milk in Europe, 

North America and Oceania to 7.5 kg CO2e per kg milk 

in Sub-Saharan Africa. In Northern Africa, Asia and 

Central and South America the emissions are between 

roughly 2 and 5 kg CO2e per kg milk (Gerber et al., 

2010). 

6. Conclusion  

The results show that ruminant meat and dairy have a 

high carbon footprint per g of protein; while other meats 

(such as pig and poultry) and protein-rich, lightly 

processed, dairy (such as yogurt) have a much lower 

carbon footprint. According to this study, changing 

one's eating habits presents opportunities to reduce 

greenhouse gas emissions. Choosing food products that 

have less of an impact on the environment might be one 

strategy for lowering GHG emissions. Locally produced 

foods, decreased mutton consumption, and the 

replacement of meat and milk with alternative plant 

proteins are some strategies to cut down on the GHG 

emissions caused by food consumption. However, when 

substituting food products with nutritional benefits 

(vitamins, proteins, and minerals) are just as significant 

as calorific value and GHG emission. 

Acknowledgement 

The author would like to express sincere gratitude to the 

Indian Council of Social Science Research (ICSSR) for 

providing the financial support, which was instrumental 

in completing this research. The author also wishes to 

thank Avinashilingam Institute for Home Science and 

Higher Education for Women for offering the necessary 

facilities and resources to conduct this study. 

References 

1. Cramer, H., Kessler, C. S., Sundberg, T., Leach, 

M. J., Schumann, D., Adams, J., &amp; Lauche, 

R. (2017). Characteristics of Americans choosing 

vegetarian and vegan diets for health reasons. 

Journal of Nutrition Education and Behavior, 

49(7), 561-567.e1. doi:10.1016/j.jneb.2017.04.011 

2. Fehér, A., Gazdecki, M., Véha, M., Szakály, M., 

&amp; Szakály, Z. (2020). A comprehensive 

review of the benefits of and the barriers to the 

switch to a plant-based diet. Sustainability, 12(10), 

4136. doi:10.3390/su12104136 

3. Fresán, U., Martinez-Gonzalez, M. A., &amp; 

Sabate, J. (2018). Bes-Rastrollo M. The 

Mediterranean diet, an environmentally friendly 

option: Evidence from the Seguimiento 

Universidad de Navarra (SUN) cohort. Public 

Health Nutr, 21, 1573–1582. 

4. Gephart, J. A., Deutsch, L., Pace, M. L., Troell, 

M., &amp; Seekell, D. A. (2016). Shocks to fish 

production: Identification, trends, and 

consequences. Global Environmental Change: 

Human and Policy Dimensions, 42, 24–32. 

doi:10.1016/j.gloenvcha.2016.11.003 

http://www.jchr.org/


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2025) 15(2), 1444-1450 | ISSN:2251-6727 

 
 

 

1450 

5. Gerber, P. J., Steinfeld, H., Henderson, B., Mottet, 

A., Opio, C., &amp; Dijkman, J. (2010). Tackling 

climate change through livestock - A global 

assessment of emissions and mitigation 

opportunities. Rome. 

6. Heller, M. C., &amp; Keoleian, G. A. (2015). 

Greenhouse gas emission estimates of U.s. dietary 

choices and food loss. Journal of Industrial 

Ecology, 19(3), 391–401. doi:10.1111/jiec.12174 

7. INCCA, 2010. India: Greenhouse Gas Emissions 

2007. Indian Network for Climate Change 

Assessment (INCCA), The Ministry of 

Environment &amp; Forests, Government of 

India, p. 63. 

8. Kramer, K. J., Moll, H. C., Nonhebel, S., &amp; 

Wilting, H. C. (2009). Greenhouse gas emissions 

related to Dutch food consumption. Energy Policy, 

27(4), 203–216. doi:10.1016/s0301- 

4215(99)00014-2. 

9. Layman, D. K., Anthony, T. G., Rasmussen, B. B., 

Adams, S. H., Lynch, C. J., Brinkworth, G. D., 

&amp; Davis, T. A. (2015). Defining meal 

requirements for protein to optimize metabolic 

roles of amino acids. The American Journal of 

Clinical Nutrition, 101(6), S1330–S1338. 

doi:10.3945/ajcn.114.084053 

10. National Insitute of Nutrition. Dietary Guidelines 

for Indians- A Manual. (2011). Hyderabad. India. 

11. Sakami, S., Kolesnikov, A. V., Kefalov, V. J., 

&amp; Palczewski, K. (2013). P23H opsin knock-

in mice reveal a novel step in retinal rod disc 

morphogenesis. Human Molecular Genetics, 

23(7), 1723–1741. doi:10.1093/hmg/ddt561 

12. Scarborough, P., Allender, S., Clarke, D., 

Wickramasinghe, K., &amp; Rayner, M. (2012). 

Modelling the health impact of environmentally 

sustainable dietary scenarios in the UK. European 

Journal of Clinical Nutrition, 66(6), 710–715. 

doi:10.1038/ejcn.2012.34 

13. Schmidt, J. (2008). The Big Climate Database v1, 

Denmark: Methodology report. 2.-0 LCA 

consultants. 

14. Song, K., Qu, S., Taiebat, M., Liang, S., &amp; 

Xu, M. (2019). Scale, distribution and variations 

of global greenhouse gas emissions driven by U.S. 

households, Environment International. Part A, 

133. 

15. Steinfeld, H., Gerber, P., Wassenaar, T., Castel, 

V., Rosales, M., &amp; De Haan, C. (2006). The 

Livestock, Environment and Development. 

Livestock’s Long Shadow: Environmental Issues 

and Options (pp. 978–9251055717). Rome, Italy: 

Food and Agriculture Organization of the United 

Nations. 

16. Tilman, D., &amp; Clark, M. (2011). Global diets 

link environmental sustainability and human 

health. Nature, 515(7528), 518–522. 

doi:10.1038/nature13959 

17. World Population Prospects: The 2017 Revision, 

key findings, and advance tables. (2016). New 

York, NY. 

http://www.jchr.org/

