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Food footprint 
part III



Carbon footprint of food products

We have previously looked at the comparisons in carbon footprint of food 
products based on mass: GHG emissions from one kilogram of food 
product. 
It’s also important to look at these comparisons in terms of nutritional units: 
this gives a measure of how low or high-impact different foods have in 
supplying protein or energy/calories. 
The following slides show the carbon footprint of foods as measured per 
100 grams of protein, and per 1000 kilocalories.

https://ourworldindata.org/environmental-impacts-of-food#you-want-to-reduce-the-carbon-footprint-of-your-food-focus-on-what-you-eat-not-whether-your-food-is-local






Where do emissions 
come from? 



Sources of GHG emissions by stage

Crippa, M., Solazzo, E., Guizzardi, D. et al. (2021) Food systems are 
responsible for a third of global anthropogenic GHG emissions. 

This study adds a lot of value because it quantifies the breakdown of 
emissions by stages of the supply chain. 

The majority of emissions – over two-thirds – came from land use change and 
the on-farm production of the food itself. The remainder came from supply 
chain emissions and consumer cooking and waste.

https://www.nature.com/articles/s43016-021-00225-9
https://www.nature.com/articles/s43016-021-00225-9
https://www.nature.com/articles/s43016-021-00225-9
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supplying protein or energy/calories.

In the visualizations here we show the eutrophying emissions of foods,

measured in grams of phosphate equivalents (gPO₄eq) per kilogram, 100

grams of protein, and per 1000 kilocalories. These charts are interactive

so you can add and remove products using the ‘add food’ button.

Food miles
IN THIS SECTION

Most food travels by sea, not by air

Whether food travels by sea or air makes all the difference

Very little of global food is transported by air;
this greatly reduces the climate benefits of
eating local
People often think that eating ‘local’ – buying foods which are produced

close to home – is one of the most effective ways to reduce our carbon

footprint.

This is certainly true for foods that are transported by plane. But the

reality is that very little of our food is.

Most food travels by sea, not by air

One simple way to compare the means of transport for food is to sum up

how many kilometers planes with food freight travel; and compare this to

how how many kilometers trains, and ships, and trucks do.

But this does not give the complete picture because a boat can carry much

more food for a given distance than a truck can. To give an informative

comparison, we use a metric called ‘food miles’; this is calculated as the

distance each transport method covers multiplied by the quantity of food

transported (by mass). This gives us a comparison of food miles in tonne-

kilometers.

The chart here shows the share of global ‘food miles’ by transport method.

This data is sourced from the work of Joseph Poore and Thomas Nemecek,

published in the journal Science in 2018.

As the data here shows, only 0.16% of food miles come from air travel.

Most – nearly 60% – comes by boat.

You can see this data in absolute terms, in tonne-kilometers, here.

Whether food travels by sea or air makes all the di!erence

Transporting food by air emits around 50 times as much greenhouse gases

as transporting the same amount by sea. More specifically, 0.023

kilograms of carbon dioxide-equivalents (CO eq) per tonne-kilometer by

sea, versus 1.13 kilograms CO eq by air. We see these emission factors for

different transport modes in the table.

For food that is transported by sea, transportation doesn’t actually add

much to the carbon footprint. Since most of our food is transported by sea,

transport emissions only account for 6% of the carbon footprint of food,

on average.

But for those food items that travel by air, travel distance does have a large

impact. We should avoid air-freighted goods where we can.

Which foods are air-freighted? How do we know which products to avoid?

Foods which are air-freighted tend to be those which are highly

perishable. This means they need to be eaten soon after they’ve been

harvested. In this case, transport by boat is too slow, leaving air travel as

the only feasible option. 

Some fruit and vegetables tend to fall into this category. Asparagus, green

beans and berries are common examples of air-freighted goods.

It is often hard for consumers to identify foods that have travelled by air,

since they’re rarely labeled as such. This makes them hard to avoid. A

general rule is to avoid foods that have a very short shelf-life and have

traveled a long way (many labels have the country of ‘origin’ which helps

with this). This is especially true for foods where there is a strong

emphasis on ‘freshness’: for these products, transport speed is a priority.

Example: how does the footprint of vegetables change if they travel across
the world by plane vs. boat?

Food waste
IN THIS SECTION

Food waste is responsible for 6% of global greenhouse gas emissions

Food waste is responsible for 6% of global greenhouse gas emissions

Food production accounts for around one-quarter – 26% – of global

greenhouse gas emissions.  This is a lot, but it’s slightly easier to digest

when we remind ourselves that food is a basic human need. 

What’s harder to make sense of is the amount of greenhouse gas

emissions which are caused in the production of food that is never eaten.

Around one-quarter of the calories the world produces are thrown away;

they’re spoiled or spilled in supply chains; or are wasted by retailers,

restaurants and consumers.  To produce this food we need land, water,

energy, and fertilizer inputs. It all comes at an environmental cost.

Joseph Poore and Thomas Nemecek (2018), in their large meta-analysis of

global food systems, published in Science, estimated how much of our

greenhouse gas emissions come from wasted food.

In the visualization here I show the emissions from wasted food in the

context of global greenhouse gas emissions.

The study by Poore and Nemecek (2018) found that almost one-quarter –

24% – of food’s emissions come from food that is lost in supply chains or

wasted by consumers. Almost two-thirds of this (15% of food emissions)

comes from losses in the supply chain which result from poor storage and

handling techniques; lack of refrigeration; and spoilage in transport and

processing. The other 9% comes from food thrown away by retailers and

consumers.

This means that food wastage is responsible for around 6% of total global

greenhouse gas emissions.  In fact, it’s likely to be slightly higher since

the analysis from Poore and Nemecek (2018) does not include food losses

on the farm during production and harvesting.

To put this in context: it’s around three times the global emissions from

aviation.  Or, if we were to put it in the context of national emissions, it

would be the world’s third largest emitter.  Only China (21%) and the

United States (13%) emitted more.

Environmental impacts of milk
IN THIS SECTION

Dairy vs. plant-based milk: what are the environmental impacts?

Dairy vs. plant-based milk: what are the environmental impacts?

Milk is a dietary staple across many countries in the world. But dairy can

contribute a lot to the greenhouse gas emissions of our food. In typical EU

diets, it accounts for just over one-quarter of the carbon footprint,

sometimes as much as one-third.

Growing awareness of this means many are looking to plant-based

alternatives. In the UK, surveys suggest one-quarter of adults now drink

some non-dairy milks (although not always exclusively). It’s even more

popular in younger demographics with one-third of 16 to 23-year-olds

opting for them.

There is now a range of ‘plant-based’ milk alternatives available, including

soy, oat, almond, rice, and coconut. This raises two common questions: are

plant-based milks really better for the environment, and which is best?

In the chart here we compare milks across a number of environmental

metrics: land use, greenhouse gas emissions, water use, and

eutrophication – the pollution of ecosystems with excess nutrients. These

are compared per liter of milk.  At the end of this article I address some

of the differences in the nutritional quality of these milks, which is

important to consider in certain populations.

Cow’s milk has significantly higher impacts than the plant-based

alternatives across all metrics. It causes around three times as much

greenhouse gas emissions; uses around ten times as much land; two to

twenty times as much freshwater; and creates much higher levels of

eutrophication.

If you want to reduce the environmental footprint of your diet, switching

to plant-based alternatives is a good option.

Which of the vegan milks is best? It really depends on the impact we care

most about. Almond milk has lower greenhouse gas emissions and uses

less land than soy, for example, but requires more water and results in

higher eutrophication. 

All of the alternatives have a lower impact than dairy, but there is no clear

winner on all metrics.

Common FAQs on this topic:
How does the nutritional profile of dairy compare with plant-based

milks?

In the figures above we look at the comparison of milks per liter. A liter of

dairy milk is not comparable to a liter of plant-based milk in terms of its

nutritional profile.

Dairy milk tends to be higher in calories, and importantly, contains more

protein. 100ml of cow’s milk will contain around 3.4 grams of protein,

versus 0.5 grams in almond milk. The protein in dairy is also a more

‘complete’ protein source, which means it has the full profile of essential

amino acids.

Most plant-based milks have a similar calcium content to cow’s milk –

almond and cow’s milk both have around 120 milligrams per 100ml, for

example. 

One of the benefits of plant-based milks is that they are often fortified

with vitamins and minerals. Vitamin D, for example, is often added. Cow’s

milk naturally contains very little vitamin D, although it is possible to buy

fortified varieties. Vitamin B  is one micronutrient that only occurs in

animal products; vegans are therefore at risk of deficiency without

supplementation. However, most plant-based milks are now fortified with

vitamin B .

From a nutritional perspective, the replacement of dairy with plant-based

milks is unlikely to be a concern for those with a diverse diet, and for those

who do not rely on milk as an important source of protein. It is possible to

meet these requirements from other foods – such as a combination of

legumes, meat substitutes, and grains. However, for certain demographics

– especially young children, and those on lower incomes with poor dietary

diversity – this might be an inappropriate switch. 

The average person in many lower-income countries gets most of their

calories from cheap, energy-dense crops like cereals and tubers (like

cassava). This can be more than three-quarters of an individual’s calorie

intake. These diets do not provide the diversity of nutrients needed for

good health – they are likely to be deficient in a number of micronutrients,

and protein (once we adjust for quality). Without access to foods that are

fortified with vitamins and minerals, often small amounts of animal

protein – such as milk – provide one of the few sources of complete

protein and micronutrients in their diet.

In such cases, removing dairy from a person’s diet without sufficient

replacements could have a negative impact on health and nutrition. For

most people in middle-to–high income countries, however, this is unlikely

to be an issue.

I’ve heard that soy is linked to deforestation in the Amazon. Is this a

concern for soy milk?

One of the largest concerns about alternatives such as soy milk is that

they drive deforestation in the Amazon region. It’s true that the growing

demand for soy has been one of the drivers of Brazilian land-use change.

Although, by far, the largest driver has been pasture for beef production.

But, it’s important to note what this soy is used for. 95% of Brazilian soy is

used for animal feed.  Globally, more than three-quarters of soy, by mass,

is used for animal feed. The other main co-product is soybean oil. This

means that very little of Amazonian land-use pressures from soy have

been driven by crops for direct human consumption; most is for animal

feed.

Another factor to consider here, especially for European consumers, is

that most of Brazil’s soy crop is genetically modified (some estimates put

this figure at 94%). There are strict regulations on the use of GM soy for

direct human food in the European Union. Most of the soy consumed in

Europe is produced in Europe.

Soy yields are similar in the EU as they are in Brazil and the rest of South

America – 3 tonnes per hectare in France versus 2.9 tonnes in Brazil. In

fact, some EU countries have higher yields, such as Spain (3.3 tonnes) and

Italy (4 tonnes). So the environmental impact of EU soy will be lower than

in South America.

Endnotes

1. Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science, 360(6392), 987-992.

2. FAO. (2011). The state of the world’s land and water resources for food and agriculture (SOLAW) – Managing systems at risk. Food and Agriculture Organization of the United Nations, Rome and Earthscan, London.

3. Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science, 360(6392), 987-992.

4. Bar-On, Y. M., Phillips, R., & Milo, R. (2018). The biomass distribution on Earth. Proceedings of the National Academy of Sciences, 115(25), 6506-6511.

5. ‘Barren land’ refers to land cover in which less than one-third of the area has vegetation or other cover; barren land typically has thin soil, sand or rocks and includes deserts, dry salt flats, beaches, sand dunes, and exposed

rocks.

6. This data is sourced from the UN Food and Agriculture Organization. Other studies confirm this distribution of global land: in an analysis of how humans have transformed global land use in recent centuries, Ellis et al.

(2010) found that by 2000, 55% of Earth’s ice-free (not simply habitable) land had been converted into cropland, pasture, and urban areas. This left only 45% as ‘natural’ or ‘semi-natural’ land.

Ellis, E. C., Klein Goldewijk, K., Siebert, S., Lightman, D., & Ramankutty, N. (2010). Anthropogenic transformation of the biomes, 1700 to 2000. Global Ecology and Biogeography, 19(5), 589-606.

The major uncertainties – and explanation for discrepancies – in these assessments is the allocation of ‘rangelands’: in some regions it can be difficult to accurately quantify how much of rangelands are used for grazing, and

how much is free from human pressure. Despite this uncertainty, most analyses tend to converge on an estimate of close to half of habitable land being used for agriculture.

7. Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science, 360(6392), 987-992.

The UN Food and Agriculture Organization (FAO) provide global statistics on crop and food production, supply chains, and food available for human consumption.

In 2013, the global average per capita energy availability from vegetal products was 2370 kilocalories per person per day, and 514kcal from animal products. Animal products therefore accounted for [514 / (514 + 2370) *

100] = 18% of the world’s calories.

The global average per capita protein availability from vegetal products was 49 grams per person per day, and 32g from animal products. Animal products therefore accounted for [32 / (32 + 49) * 100] = 39% of the world’s

protein.

The figures given here are slightly lower for protein production (37% of the world total) because seafood from wild capture fisheries are not included (as they are not grown on terrestrial land).

8. The number of species evaluated and threatened with extinction on the IUCN Red List is available from their summary statistics found here. In 2019, 28,338 were listed as threatened with extinction. Species can be filtered

by threat categories in the IUCN’s search function here. In 2019, 24,001 species were threatened by ‘agriculture and aquaculture’. Note that species can have multiple threats; this therefore does not mean agriculture was

the only threat for such species.

9. Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science, 360(6392), 987-992.

10.  IPCC, 2014: Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, R.K. Pachauri and L.A. Meyer

(eds.)]. IPCC, Geneva, Switzerland, 151 pp.

11. Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science, 360(6392), 987-992.

12. 6% of land use change results from conversion from food for human consumption, and 12% for the production of animal feed. Savannah burning (2% of food emissions) is largely burning of bush land in Africa to allow animal

grazing. Emissions from cultivated organic soils (4%) are split between human food and animal feed. This is where very high carbon soils are used for cropland, and this releases carbon. It’s a major issue in palm plantations

and also in some Northern Hemisphere countries.

This means food for direct human consumption is equal to 6% (land use change) + 2% cultivated soils = 8%

Livestock is equal to 12% (land use change) + 2% savannah burning + 2% cultivated soils = 16%.

13. Gustavsson, G., Cederberg, C., Sonesson, U., Emanuelsson, A. (2013). The methodology of the FAO study: ‘Global food losses and food waste—extent, causes and prevention’ – FAO, 2011. Swedish Institute for Food and

Biotechnology (SIK) report 857, SIK.

14. The 2018 Pew Research Center Survey polled people across the world on global threats: in many countries more than 8-in-10 people said that climate change was a major threat to their country. Even in countries which

showed less concern, a large percentage saw it as a major threat: 59% in the US said it was a serious threat.

This was a marked increase in concern from similar polls conducted a few years earlier.

15. Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science, 360(6392), 987-992.

16. To express all greenhouse gases in carbon dioxide equivalents (CO -eq), they are each weighted by their global warming potential (GWP) value. GWP measures the relative warming impact one molecule or unit mass of a

greenhouse gas relative to carbon dioxide over a given timescale – usually over 100 years. For example, one tonne of methane would have 34 times the warming impact of tonne of carbon dioxide over a 100-year period.

GWP100 values are used to combine greenhouse gases into a single metric of emissions called carbon dioxide equivalents (CO e). CO e is then derived by multiplying the mass of emissions of a specific greenhouse gas by

its equivalent GWP100 factor. The sum of all gases in their CO e form provide a measure of total greenhouse gas emissions.

17. Sandström, V., Valin, H., Krisztin, T., Havlík, P., Herrero, M., & Kastner, T. (2018). The role of trade in the greenhouse gas footprints of EU diets. Global Food Security, 19, 48-55.

18. Weber, C. L., & Matthews, H. S. (2008). Food-miles and the relative climate impacts of food choices in the United States. Environmental Science & Technology.

19. This figure is very similar to the previous estimates we looked at from Joseph Poore and Thomas Nemecek (2018) where transport accounted for 6% of emissions.

20. Hospido, A., i Canals, L. M., McLaren, S., Truninger, M., Edwards-Jones, G., & Clift, R. (2009). The role of seasonality in lettuce consumption: a case study of environmental and social aspects. The International Journal of Life

Cycle Assessment, 14(5), 381-391.

21. Carlsson-Kanyama, A., Ekström, M. P., & Shanahan, H. (2003). Food and life cycle energy inputs: consequences of diet and ways to increase efficiency. Ecological Economics, 44(2-3), 293-307.

22. ’Food miles’ are measured in tonne-kilometers which represents the transport of one tonne of goods by a given transport mode (road, rail, air, sea, inland waterways, pipeline etc.) over a distance of one kilometre. Poore &

Nemecek (2018) report that of the 9.4 billion tonne-kilometers of global food transport, air-freight accounted for only 15 million. This works out at only 0.16% of the total; most foods are transported by boat.

23. Temperature-controlled transport by sea generates 23g CO eq per tonne kilometer, whereas temperature controlled air transport generates 1130g CO eq per tonne kilometer.

24. We get this footprint value as: [9000km * 0.023kg per tonne-kilometer / 1000 = 0.207kg CO eq per kg].

25. The average footprint of avocados is around 2.5kg CO eq per kg.

26. The mean emissions from beef very much depend on whether it’s sourced from dairy herds or from dedicated beef herds. Beef from dairy herds tends to have a lower footprint since its footprint is essentially ‘shared’ with

dairy co-products. The mean footprint of beef from dairy herds is 17 kgCO eq; from dedicated beef herds it’s 50 kgCO eq. Around 56% of global beef production comes from dedicated beef herds; and 44% from dairy

herds. The mean footprint is approximately 35 kgCO eq [56% * 50 + 44% *17 = 35 kgCO eq]. Note that if you use the median footprint, this figure is 25 kgCO eq – more than 60 times higher than peas.

27. Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science, 360(6392), 987-992.

28. CO  is the most important GHG, but not the only one – agriculture is a large source of the greenhouse gases methane and nitrous oxide. To capture all GHG emissions from food production researchers therefore express

them in kilograms of ‘carbon dioxide equivalents’.

To express all greenhouse gases in carbon dioxide equivalents (CO2-eq), they are each weighted by their global warming potential (GWP) value. GWP measures the relative warming impact one molecule or unit mass of a

greenhouse gas relative to carbon dioxide over a given timescale – usually over 100 years. GWP100 values are used to combine greenhouse gases into a single metric of emissions called carbon dioxide equivalents (CO2eq).

CO2eq is then derived by multiplying the mass of emissions of a specific greenhouse gas by its equivalent GWP100 factor. The sum of all gases in their CO2eq form provide a measure of total greenhouse gas emissions.

29. This 25 kgCO eq figure represents the median emissions from beef production. You might notice that this is lower than our earlier figure of 35 kgCO eq – this represents the mean emissions from beef. Because of the skew

in production – a small number of producers create most impact – the mean and median values can be quite different.

30. Here, by ‘largest impact’ I have taken the 90th percentile value. This means that 90% of global pea, tofu or nut production has a carbon footprint less than this figure.

31. Here, by ‘lowest impact’ I have taken the 10th percentile value. This means that only 10% of global production has a carbon footprint below this figure.

32. The European Environment Agency reports that the EU’s total greenhouse gas emissions in 2017 were approximately 4.5 billion tonnes of carbon dioxide equivalents.

33. MacLeod, M., Gerber, P., Mottet, A., Tempio, G., Falcucci, A., Opio, C., Vellinga, T., Henderson, B. & Steinfeld, H. (2013). Greenhouse gas emissions from pig and chicken supply chains – A global life cycle assessment. Food and

Agriculture Organization of the United Nations (FAO), Rome.

34. German, R. N., Thompson, C. E., & Benton, T. G. (2017). Relationships among multiple aspects of agriculture’s environmental impact and productivity: a meta-analysis to guide sustainable agriculture. Biological Reviews,

92(2), 716-738.

35. Gerber, H. Steinfeld, B. Henderson, A. Mottet, C. Opio, J. Dijkman, A. Falcucci, G. Tempio, “Tackling climate change through livestock: A global assessment of emissions and mitigation opportunities” (FAO, 2013).

36. Sandström, V., Valin, H., Krisztin, T., Havlík, P., Herrero, M., & Kastner, T. (2018). The role of trade in the greenhouse gas footprints of EU diets. Global Food Security, 19, 48-55.

37. Due to data availability on trade flows and national emission factors for fish and other seafood were not included in this analysis. The authors note that the items included in the analysis accounted for approximately 95% of

energy intake in EU diets.

38. Crippa, M., Solazzo, E., Guizzardi, D. et al. Food systems are responsible for a third of global anthropogenic GHG emissions. Nature Food (2021).

39. Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science, 360(6392), 987-992.

40. You might think that this figure of 6% is strongly dependent on where in the world you live – that if you live somewhere very remote, that the role of transport must be much higher. But this is not really the case.

Let’s take the example of beef from a beef herd. The average footprint of this beef is approximately 60 kilograms of CO eq per kilogram of beef. Let’s compare the transport footprint of buying from your local farmer (who

lives just down the road from you), versus someone in the UK transporting beef from Central America (approximately 9000 kilometers away).

Transporting food by boat emits 0.023 kilograms of CO eq per tonne of product per kilometer. To transport the 9000 kilometers from Central America to the UK therefore emits 0.207 kilograms CO eq [9000km * 0.023kg

per tonne-kilometer / 1000 = 0.207 kg CO eq per kg]. This is only equivalent to 0.35% of the total footprint of the 60 kilograms of CO eq per kilogram of beef. 

If you buy from your local farmer – let’s assume you walk there, and have zero transport emissions – your beef footprint is 59.8 kilograms CO eq per kilogram [we calculate this as 60kg – 0.2kg]. It makes almost no

difference.

Especially for foods with a large footprint, transport as a share of the food’s total emissions is fairly insensitive to the distance travelled.

41. These emissions factors by transport mode are those applied in the analysis by Joseph Poore and Thomas Nemecek (2018), published in Science. These emission factors are sourced from Ecoinvent v3.3, a comprehensive

database which is commonly used in international life-cycle analyses (LCA). Emission factors can span a range of values depending on factors such as the efficiency of vehicle used; packing/loading density of freight;

distribution between passenger and freight allocation in shared transport; amongst other factors.

42.  Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science, 360(6392), 987-992.

43. Searchinger, T. et al. (2018). Creating a Sustainable Food Future—A Menu of Solutions to Feed Nearly 10 Billion People by 2050. World Resources Institute.

44. Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science, 360(6392), 987-992.

45. Food production is responsible for 26% of global greenhouse gas emissions; and food waste is responsible for 24% of that figure. Therefore food waste as a share of global emissions is [24% * 26% = 6%].

46. Latest data from the World Resource Institute’s CAIT Climate Data Explorer reports that aviation accounts for 1.9% of global greenhouse gas emissions. Food losses and waste accounts for around 6% – around three times

the share from aviation. You can explore emissions by sector from the World Resources Institute here.

47. This comparison of food waste and countries is now common, and sometimes criticised for the fact that it double-counts emissions.We’re comparing food waste with country emissions without accounting for the fact that

these ‘food waste’ emissions are also included in national emissions figures. To make this accurate, the emissions of each country should be slightly lower than their reported values because we should remove the emissions

from food waste for each.

This is a valid criticism. However, even if we were to remove food waste emissions from each country’s total, this ranking would remain the same. Food waste would not fall down the rankings since its 4th placed competitor

– India – would see a slight drop in emissions. And it’s not possible that it would overtake the United States or China; the amount of emissions therefore allocated to food waste would be much smaller than the current gap.

If we accounted for this double-counting, the rankings would stay the same.

48. The food system and losses data in the study by Poore and Nemecek (2018) relates to the year 2010. Emissions from food losses and waste were 3.3 billion tonnes of carbon-dioxide equivalents (CO eq) – 2.1 GtCO eq

from supply chain losses, and 1.2 GtCO eq from consumer waste.

The World Resource Institute’s CAIT Climate Data Explorer reports that in 2010, the top three emitters were China (9.8 GtCO eq; 21%); the USA (6.1 GtCO eq; 13%) and India (2.5 GtCO eq; 5.3%). Food waste would

therefore lie between the USA and India.

49. Sandström, V., Valin, H., Krisztin, T., Havlík, P., Herrero, M., & Kastner, T. (2018). The role of trade in the greenhouse gas footprints of EU diets. Global Food Security, 19, 48-55.

50. Despite a large share of the population saying they now drink plant-based alternatives, dairy milk still dominates the UK market in terms of sales volume (with 96% for white milk). Market surveys suggest people favor

cow’s milk versus vegan milks for particular uses e.g. hot versus cold drinks.

51. This data comes from the largest meta-analysis of food impacts to date, published by Joseph Poore and Thomas Nemecek (2018) in Science. In this study, the authors looked at data across more than 38,000 commercial

farms in 119 countries and quantified their environmental impacts taking into account the entire production chain – from land-use change through to retail and packaging.

Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science, 360(6392), 987-992.

52. One way of comparing the quality of different protein sources is using their Protein Digestibility-Corrected Amino Acid Score (PDCAAS). This score looks not only at the total protein they provide but also digestibility, and

whether there are particular deficiencies of specific amino acids. Most animal proteins tend to score very highly on PDCAAS. Plant-based foods such as soy also score very highly. But achieving a complete animo acid profile

on a vegan diet requires a mix of grains, legumes and meat-free substitute proteins.

Schaafsma, G. (2000). The protein digestibility–corrected amino acid score. The Journal of Nutrition, 130(7), 1865S-1867S.

Young, V. R., & Pellett, P. L. (1994). Plant proteins in relation to human protein and amino acid nutrition. The American Journal of Clinical Nutrition, 59(5), 1203S-1212S.

53. Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science, 360(6392), 987-992.

FAOstat: UN Food and Agriculture Organization (FAO) Statistics. Available at: http://www.fao.org/faostat/en/#data.

Cite this work

Our articles and data visualizations rely on work from many different people and organizations. When citing this entry, please also cite the underlying data sources. This entry can be cited as:

BibTeX citation

Reuse this work freely

All visualizations, data, and code produced by Our World in Data are completely open access under the Creative Commons BY license. You have the permission to use, distribute, and reproduce these in any medium, provided

the source and authors are credited.

The data produced by third parties and made available by Our World in Data is subject to the license terms from the original third-party authors. We will always indicate the original source of the data in our documentation, so

you should always check the license of any such third-party data before use and redistribution.

All of our charts can be embedded in any site.

39

CC BY

Share of global food miles by transport method
Food miles are measured in tonne-kilometers, which is a unit of measure of freight transport which represents
the transport of one tonne of goods over a distance of one kilometre. Shown is each transport method's share
of global food miles.

Source: Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science
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Emission factors for freight by transport mode (kilograms of CO eq per tonne-kilometer)

Transport mode
Ambient transport (kg CO eq per

tonne-kilometer)

Temperature-controlled transport (kg CO eq per

tonne-kilometer)

Road Transport 0.2 0.2 to 0.66

Rail Transport 0.05 0.06

Sea / Inland Water

Transport
0.01 0.02

Air Transport 1.13 1.13
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Environmental footprints of dairy and plant-based milks
Impacts are measured per liter of milk. These are based on a meta-analysis of food system impact studies
across the supply chain which includes land use change, on-farm production, processing, transport, and
packaging.

  Align axis scales

Source: Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science.
OurWorldInData.org/environmental-impacts-of-food • CC BY

Land use
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Dairy milk 8.95 m²

Oat milk 0.76 m²

Soy milk 0.66 m²

Almond milk 0.5 m²

Rice milk 0.34 m²

Greenhouse gas emissions

0 kg 1 kg 1.5 kg 2 kg 2.5 kg 3 kg

Dairy milk 3.15 kg

Rice milk 1.18 kg

Soy milk 0.98 kg

Oat milk 0.9 kg

Almond milk 0.7 kg

Freshwater use

0 L 200 L 400 L 600 L

Dairy milk 628.2 L

Almond milk 371.46 L

Rice milk 269.81 L

Oat milk 48.24 L

Soy milk 27.8 L

Eutrophication
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Dairy milk 10.65 g

Rice milk 4.69 g

Oat milk 1.62 g

Almond milk 1.5 g

Soy milk 1.06 g
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Eutrophying emissions per kilogram of food product
Eutrophying emissions represent runoff of excess nutrients into the surrounding
environment and waterways, which affect and pollute ecosystems. They are measured in
grams of phosphate equivalents (PO₄eq).

Add food

Source: Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and
consumers.
OurWorldInData.org/environmental-impacts-of-food • CC BY

0 g 50 g 100 g 150 g 200 g 250 g 300 g 350 g

Beef (dairy herd) 365.29 g
Beef (beef herd) 301.41 g

Fish (farmed) 235.12 g
Prawns (farmed) 227.22 g

Cheese 98.37 g
Lamb & Mutton 97.13 g

Pig Meat 76.38 g
Poultry Meat 48.7 g

Rice 35.07 g
Eggs 21.76 g
Nuts 19.15 g

Groundnuts 14.14 g
Milk 10.65 g
Peas 7.52 g

Tomatoes 7.51 g
Wheat & Rye 7.16 g

Maize 4.03 g
Bananas 3.29 g

Citrus Fruit 2.24 g
Apples 1.45 g

Cassava 0.69 g
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Eutrophying emissions per 100 grams of protein
Eutrophying emissions represent runoff of excess nutrients into the surrounding
environment and waterways, which affect and pollute ecosystems. They are measured in
grams of phosphate equivalents (PO₄eq).

Add food

Source: Poore, J., & Nemecek, T. (2018). Additional calculations by Our World in Data.
OurWorldInData.org/environmental-impacts-of-food • CC BY

0 g 20 g 40 g 60 g 80 g 100 g 120 g 140 g 160 g

Beef (dairy herd) 185.1 g
Dark Chocolate 174.2 g

Prawns (farmed) 153.8 g
Beef (beef herd) 151.2 g

Coffee 138.2 g
Fish (farmed) 103.1 g

Tomatoes 68.3 g
Rice 49.4 g

Lamb & Mutton 48.5 g
Pig Meat 47.2 g

Cheese 44.6 g
Bananas 36.6 g

Milk 32.3 g
Poultry Meat 28.1 g

Potatoes 20.5 g
Eggs 19.6 g
Nuts 11.7 g

Wheat & Rye 5.9 g
Groundnuts 5.4 g

Maize 4.2 g
Peas 3.4 g
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Eutrophying emissions per 1000 kilocalories
Eutrophying emissions represent runoff of excess nutrients into the surrounding
environment and waterways, which affect and pollute ecosystems. They are measured in
grams of phosphate equivalents (PO₄eq).

Add food

Source: Poore, J., & Nemecek, T. (2018). Additional calculations by Our World in Data.
OurWorldInData.org/environmental-impacts-of-food • CC BY

0 g 50 g 100 g 150 g 200 g

Prawns (farmed) 220.6 g
Coffee 197.4 g

Beef (dairy herd) 133.8 g
Fish (farmed) 131.4 g

Beef (beef herd) 110.4 g
Pig Meat 32 g

Lamb & Mutton 30.6 g
Poultry Meat 26.3 g

Cheese 25.4 g
Milk 17.8 g

Dark Chocolate 16.8 g
Eggs 15.1 g
Rice 9.5 g

Citrus Fruit 7 g
Bananas 5.5 g

Potatoes 4.8 g
Nuts 3.1 g

Apples 3 g
Wheat & Rye 2.7 g

Groundnuts 2.4 g
Peas 2.2 g

Maize 0.9 g
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GHG emissions from waste

Poore and Nemecek (2018) found that almost one-quarter of food’s emissions 
come from food that is lost in supply chains or wasted by consumers.  
Two-thirds of this comes from losses in the supply chain which result from poor 
storage and handling techniques; lack of refrigeration; and spoilage in 
transport and processing. The other 9% comes from food thrown away by 
retailers and consumers. 
This means that food waste is responsible for around 6% of total global 
greenhouse gas emissions.  
To put this in context: it’s around three times the global emissions from 
aviation. Or it would be the world’s third largest emitter. Only China (21%) and 
the United States (13%) emitted more.
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supplying protein or energy/calories.

In the visualizations here we show the eutrophying emissions of foods,

measured in grams of phosphate equivalents (gPO₄eq) per kilogram, 100

grams of protein, and per 1000 kilocalories. These charts are interactive

so you can add and remove products using the ‘add food’ button.

Food miles
IN THIS SECTION

Most food travels by sea, not by air

Whether food travels by sea or air makes all the difference

Very little of global food is transported by air;
this greatly reduces the climate benefits of
eating local
People often think that eating ‘local’ – buying foods which are produced

close to home – is one of the most effective ways to reduce our carbon

footprint.

This is certainly true for foods that are transported by plane. But the

reality is that very little of our food is.

Most food travels by sea, not by air

One simple way to compare the means of transport for food is to sum up

how many kilometers planes with food freight travel; and compare this to

how how many kilometers trains, and ships, and trucks do.

But this does not give the complete picture because a boat can carry much

more food for a given distance than a truck can. To give an informative

comparison, we use a metric called ‘food miles’; this is calculated as the

distance each transport method covers multiplied by the quantity of food

transported (by mass). This gives us a comparison of food miles in tonne-

kilometers.

The chart here shows the share of global ‘food miles’ by transport method.

This data is sourced from the work of Joseph Poore and Thomas Nemecek,

published in the journal Science in 2018.

As the data here shows, only 0.16% of food miles come from air travel.

Most – nearly 60% – comes by boat.

You can see this data in absolute terms, in tonne-kilometers, here.

Whether food travels by sea or air makes all the di!erence

Transporting food by air emits around 50 times as much greenhouse gases

as transporting the same amount by sea. More specifically, 0.023

kilograms of carbon dioxide-equivalents (CO eq) per tonne-kilometer by

sea, versus 1.13 kilograms CO eq by air. We see these emission factors for

different transport modes in the table.

For food that is transported by sea, transportation doesn’t actually add

much to the carbon footprint. Since most of our food is transported by sea,

transport emissions only account for 6% of the carbon footprint of food,

on average.

But for those food items that travel by air, travel distance does have a large

impact. We should avoid air-freighted goods where we can.

Which foods are air-freighted? How do we know which products to avoid?

Foods which are air-freighted tend to be those which are highly

perishable. This means they need to be eaten soon after they’ve been

harvested. In this case, transport by boat is too slow, leaving air travel as

the only feasible option. 

Some fruit and vegetables tend to fall into this category. Asparagus, green

beans and berries are common examples of air-freighted goods.

It is often hard for consumers to identify foods that have travelled by air,

since they’re rarely labeled as such. This makes them hard to avoid. A

general rule is to avoid foods that have a very short shelf-life and have

traveled a long way (many labels have the country of ‘origin’ which helps

with this). This is especially true for foods where there is a strong

emphasis on ‘freshness’: for these products, transport speed is a priority.

Example: how does the footprint of vegetables change if they travel across
the world by plane vs. boat?

Food waste
IN THIS SECTION

Food waste is responsible for 6% of global greenhouse gas emissions

Food waste is responsible for 6% of global greenhouse gas emissions

Food production accounts for around one-quarter – 26% – of global

greenhouse gas emissions.  This is a lot, but it’s slightly easier to digest

when we remind ourselves that food is a basic human need. 

What’s harder to make sense of is the amount of greenhouse gas

emissions which are caused in the production of food that is never eaten.

Around one-quarter of the calories the world produces are thrown away;

they’re spoiled or spilled in supply chains; or are wasted by retailers,

restaurants and consumers.  To produce this food we need land, water,

energy, and fertilizer inputs. It all comes at an environmental cost.

Joseph Poore and Thomas Nemecek (2018), in their large meta-analysis of

global food systems, published in Science, estimated how much of our

greenhouse gas emissions come from wasted food.

In the visualization here I show the emissions from wasted food in the

context of global greenhouse gas emissions.

The study by Poore and Nemecek (2018) found that almost one-quarter –

24% – of food’s emissions come from food that is lost in supply chains or

wasted by consumers. Almost two-thirds of this (15% of food emissions)

comes from losses in the supply chain which result from poor storage and

handling techniques; lack of refrigeration; and spoilage in transport and

processing. The other 9% comes from food thrown away by retailers and

consumers.

This means that food wastage is responsible for around 6% of total global

greenhouse gas emissions.  In fact, it’s likely to be slightly higher since

the analysis from Poore and Nemecek (2018) does not include food losses

on the farm during production and harvesting.

To put this in context: it’s around three times the global emissions from

aviation.  Or, if we were to put it in the context of national emissions, it

would be the world’s third largest emitter.  Only China (21%) and the

United States (13%) emitted more.

Environmental impacts of milk
IN THIS SECTION

Dairy vs. plant-based milk: what are the environmental impacts?

Dairy vs. plant-based milk: what are the environmental impacts?

Milk is a dietary staple across many countries in the world. But dairy can

contribute a lot to the greenhouse gas emissions of our food. In typical EU

diets, it accounts for just over one-quarter of the carbon footprint,

sometimes as much as one-third.

Growing awareness of this means many are looking to plant-based

alternatives. In the UK, surveys suggest one-quarter of adults now drink

some non-dairy milks (although not always exclusively). It’s even more

popular in younger demographics with one-third of 16 to 23-year-olds

opting for them.

There is now a range of ‘plant-based’ milk alternatives available, including

soy, oat, almond, rice, and coconut. This raises two common questions: are

plant-based milks really better for the environment, and which is best?

In the chart here we compare milks across a number of environmental

metrics: land use, greenhouse gas emissions, water use, and

eutrophication – the pollution of ecosystems with excess nutrients. These

are compared per liter of milk.  At the end of this article I address some

of the differences in the nutritional quality of these milks, which is

important to consider in certain populations.

Cow’s milk has significantly higher impacts than the plant-based

alternatives across all metrics. It causes around three times as much

greenhouse gas emissions; uses around ten times as much land; two to

twenty times as much freshwater; and creates much higher levels of

eutrophication.

If you want to reduce the environmental footprint of your diet, switching

to plant-based alternatives is a good option.

Which of the vegan milks is best? It really depends on the impact we care

most about. Almond milk has lower greenhouse gas emissions and uses

less land than soy, for example, but requires more water and results in

higher eutrophication. 

All of the alternatives have a lower impact than dairy, but there is no clear

winner on all metrics.

Common FAQs on this topic:
How does the nutritional profile of dairy compare with plant-based

milks?

In the figures above we look at the comparison of milks per liter. A liter of

dairy milk is not comparable to a liter of plant-based milk in terms of its

nutritional profile.

Dairy milk tends to be higher in calories, and importantly, contains more

protein. 100ml of cow’s milk will contain around 3.4 grams of protein,

versus 0.5 grams in almond milk. The protein in dairy is also a more

‘complete’ protein source, which means it has the full profile of essential

amino acids.

Most plant-based milks have a similar calcium content to cow’s milk –

almond and cow’s milk both have around 120 milligrams per 100ml, for

example. 

One of the benefits of plant-based milks is that they are often fortified

with vitamins and minerals. Vitamin D, for example, is often added. Cow’s

milk naturally contains very little vitamin D, although it is possible to buy

fortified varieties. Vitamin B  is one micronutrient that only occurs in

animal products; vegans are therefore at risk of deficiency without

supplementation. However, most plant-based milks are now fortified with

vitamin B .

From a nutritional perspective, the replacement of dairy with plant-based

milks is unlikely to be a concern for those with a diverse diet, and for those

who do not rely on milk as an important source of protein. It is possible to

meet these requirements from other foods – such as a combination of

legumes, meat substitutes, and grains. However, for certain demographics

– especially young children, and those on lower incomes with poor dietary

diversity – this might be an inappropriate switch. 

The average person in many lower-income countries gets most of their

calories from cheap, energy-dense crops like cereals and tubers (like

cassava). This can be more than three-quarters of an individual’s calorie

intake. These diets do not provide the diversity of nutrients needed for

good health – they are likely to be deficient in a number of micronutrients,

and protein (once we adjust for quality). Without access to foods that are

fortified with vitamins and minerals, often small amounts of animal

protein – such as milk – provide one of the few sources of complete

protein and micronutrients in their diet.

In such cases, removing dairy from a person’s diet without sufficient

replacements could have a negative impact on health and nutrition. For

most people in middle-to–high income countries, however, this is unlikely

to be an issue.

I’ve heard that soy is linked to deforestation in the Amazon. Is this a

concern for soy milk?

One of the largest concerns about alternatives such as soy milk is that

they drive deforestation in the Amazon region. It’s true that the growing

demand for soy has been one of the drivers of Brazilian land-use change.

Although, by far, the largest driver has been pasture for beef production.

But, it’s important to note what this soy is used for. 95% of Brazilian soy is

used for animal feed.  Globally, more than three-quarters of soy, by mass,

is used for animal feed. The other main co-product is soybean oil. This

means that very little of Amazonian land-use pressures from soy have

been driven by crops for direct human consumption; most is for animal

feed.

Another factor to consider here, especially for European consumers, is

that most of Brazil’s soy crop is genetically modified (some estimates put

this figure at 94%). There are strict regulations on the use of GM soy for

direct human food in the European Union. Most of the soy consumed in

Europe is produced in Europe.

Soy yields are similar in the EU as they are in Brazil and the rest of South

America – 3 tonnes per hectare in France versus 2.9 tonnes in Brazil. In

fact, some EU countries have higher yields, such as Spain (3.3 tonnes) and

Italy (4 tonnes). So the environmental impact of EU soy will be lower than

in South America.
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Share of global food miles by transport method
Food miles are measured in tonne-kilometers, which is a unit of measure of freight transport which represents
the transport of one tonne of goods over a distance of one kilometre. Shown is each transport method's share
of global food miles.

Source: Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science
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Emission factors for freight by transport mode (kilograms of CO eq per tonne-kilometer)

Transport mode
Ambient transport (kg CO eq per

tonne-kilometer)

Temperature-controlled transport (kg CO eq per

tonne-kilometer)

Road Transport 0.2 0.2 to 0.66

Rail Transport 0.05 0.06

Sea / Inland Water

Transport
0.01 0.02

Air Transport 1.13 1.13
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Environmental footprints of dairy and plant-based milks
Impacts are measured per liter of milk. These are based on a meta-analysis of food system impact studies
across the supply chain which includes land use change, on-farm production, processing, transport, and
packaging.

  Align axis scales

Source: Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and consumers. Science.
OurWorldInData.org/environmental-impacts-of-food • CC BY

Land use

0 m² 2 m² 4 m² 6 m² 8 m²

Dairy milk 8.95 m²

Oat milk 0.76 m²

Soy milk 0.66 m²

Almond milk 0.5 m²

Rice milk 0.34 m²

Greenhouse gas emissions

0 kg 1 kg 1.5 kg 2 kg 2.5 kg 3 kg

Dairy milk 3.15 kg

Rice milk 1.18 kg

Soy milk 0.98 kg

Oat milk 0.9 kg

Almond milk 0.7 kg

Freshwater use

0 L 200 L 400 L 600 L

Dairy milk 628.2 L

Almond milk 371.46 L

Rice milk 269.81 L

Oat milk 48.24 L

Soy milk 27.8 L

Eutrophication

0 g 2 g 4 g 6 g 8 g 10 g

Dairy milk 10.65 g

Rice milk 4.69 g

Oat milk 1.62 g

Almond milk 1.5 g

Soy milk 1.06 g
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Eutrophying emissions per kilogram of food product
Eutrophying emissions represent runoff of excess nutrients into the surrounding
environment and waterways, which affect and pollute ecosystems. They are measured in
grams of phosphate equivalents (PO₄eq).

Add food

Source: Poore, J., & Nemecek, T. (2018). Reducing food’s environmental impacts through producers and
consumers.
OurWorldInData.org/environmental-impacts-of-food • CC BY

0 g 50 g 100 g 150 g 200 g 250 g 300 g 350 g

Beef (dairy herd) 365.29 g
Beef (beef herd) 301.41 g

Fish (farmed) 235.12 g
Prawns (farmed) 227.22 g

Cheese 98.37 g
Lamb & Mutton 97.13 g

Pig Meat 76.38 g
Poultry Meat 48.7 g

Rice 35.07 g
Eggs 21.76 g
Nuts 19.15 g

Groundnuts 14.14 g
Milk 10.65 g
Peas 7.52 g

Tomatoes 7.51 g
Wheat & Rye 7.16 g

Maize 4.03 g
Bananas 3.29 g

Citrus Fruit 2.24 g
Apples 1.45 g

Cassava 0.69 g
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Eutrophying emissions per 100 grams of protein
Eutrophying emissions represent runoff of excess nutrients into the surrounding
environment and waterways, which affect and pollute ecosystems. They are measured in
grams of phosphate equivalents (PO₄eq).

Add food

Source: Poore, J., & Nemecek, T. (2018). Additional calculations by Our World in Data.
OurWorldInData.org/environmental-impacts-of-food • CC BY

0 g 20 g 40 g 60 g 80 g 100 g 120 g 140 g 160 g

Beef (dairy herd) 185.1 g
Dark Chocolate 174.2 g

Prawns (farmed) 153.8 g
Beef (beef herd) 151.2 g

Coffee 138.2 g
Fish (farmed) 103.1 g

Tomatoes 68.3 g
Rice 49.4 g

Lamb & Mutton 48.5 g
Pig Meat 47.2 g

Cheese 44.6 g
Bananas 36.6 g

Milk 32.3 g
Poultry Meat 28.1 g

Potatoes 20.5 g
Eggs 19.6 g
Nuts 11.7 g

Wheat & Rye 5.9 g
Groundnuts 5.4 g

Maize 4.2 g
Peas 3.4 g
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Eutrophying emissions per 1000 kilocalories
Eutrophying emissions represent runoff of excess nutrients into the surrounding
environment and waterways, which affect and pollute ecosystems. They are measured in
grams of phosphate equivalents (PO₄eq).

Add food

Source: Poore, J., & Nemecek, T. (2018). Additional calculations by Our World in Data.
OurWorldInData.org/environmental-impacts-of-food • CC BY

0 g 50 g 100 g 150 g 200 g

Prawns (farmed) 220.6 g
Coffee 197.4 g

Beef (dairy herd) 133.8 g
Fish (farmed) 131.4 g

Beef (beef herd) 110.4 g
Pig Meat 32 g

Lamb & Mutton 30.6 g
Poultry Meat 26.3 g

Cheese 25.4 g
Milk 17.8 g

Dark Chocolate 16.8 g
Eggs 15.1 g
Rice 9.5 g

Citrus Fruit 7 g
Bananas 5.5 g

Potatoes 4.8 g
Nuts 3.1 g

Apples 3 g
Wheat & Rye 2.7 g

Groundnuts 2.4 g
Peas 2.2 g

Maize 0.9 g
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