Corrections Notice: This document was corrected in October 2023 to account for an error found after publication in the food composition data for tofu (see main Correction notice text). Corrections in this document are identified with tracked changes.
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Supplementary Methods
Here we provide supplementary details on our methodology for determining the relative food environmental footprints of 35 commonly consumed foods based on portions leveled for priority micronutrient value (hereafter PMV), illustrated in Figures 2, 3 and 4 of our main manuscript. This involved three main steps. First, following a recent approach to priority micronutrient density analysis,1 we built an aggregate global food composition database, with values for calories, phytate,2 and for six micronutrients commonly lacking in diets worldwide: vitamin A, folate, vitamin B12, calcium, iron, and zinc (Supplementary Data 1). Second, we determined portion sizes required to provide an average of one-third of recommended nutrient intakes (RNIs) for the six selected micronutrients, and then determined a functional unit conversion factors to enable a clearer comparison with existing weight and energy based footprints (Supplementary Data 2). Third, once deriving appropriate functional units, we calculated the PMV-levelled environmental footprints – specifically, land use occupation (m2 * year); carbon footprints (kg CO2-eq); freshwater footprints (Litres); acidification footprints (grams of sulphur dioxide equivalents; SO2-eq); and eutrophication footprints (grams of phosphate equivalents; PO43-eq) – using a leading global LCA database developed by Poore & Nemecek.3 Additional mean, 5th percentile, and 95th percentile footprints were calculated for some specific food categories not available in the global LCA database (liver, for instance). A more detailed explanation of the methods is available below.
Building a global food composition database
We adapted an existing approach in priority micronutrient analysis1 to build a global food composition database (Table 1), including 35 foods with values for calories, phytate,2 and for six micronutrients commonly lacking in diets worldwide: vitamin A, folate, vitamin B12, calcium, iron, and zinc. Nutrient values were obtained from US Department of Agriculture (USDA) FoodData Central (FDC)4 and from multiple regional and national food composition tables (FCTs) globally.5 Values from FDC were included in the calculations of composite nutrient values, serving as a reference to ensure plausibility of values from the selected regional and national FCTs and, on a few occasions, they were also used to replace missing values from other FCTs. All foods were included in the forms typically consumed: raw, cooked, or a mix of both.
For foods typically consumed in their cooked form, but with values only available as raw in the selected FCTs, weight yields and nutrient retention factors for different cooking methods were applied.6
For foods analyzed individually (e.g. potatoes, pork), nutrient values were obtained by calculating the medians of country-level composite values from the included FCTs. Such composite values were obtained by averaging nutrient values for different cooking methods (and for raw foods when relevant) and for different cuts of the animal in the case of meat and poultry. For aggregated food groups (e.g. nuts, farmed fish), nutrient values were calculated by averaging regional-level composite values from three geographic regions (Latin America, sub- Saharan Africa, South and Southeast Asia) and from USDA FDC. Such composite values were obtained by calculating the medians of nutrient values for several individual foods (e.g. almonds, walnuts, pistachios, cashews) within a given food group (e.g. nuts), which were derived from multiple national FCTs located in each included geographic region.
Our analysis accounted for differences in the bioavailability of iron and zinc across foods. Regarding iron bioavailability, we assigned foods to one of three levels of iron absorption (20% for ruminant meat, 15% for all other animal-source foods, and 10% for all plant-source foods), based on the proportion of heme to non-heme iron contained.7 The following heme-iron percentages were considered: 68% in ruminant meat, including beef,8–10 and lamb/mutton;10,11 39% in pork;9,10,12–14 26% in poultry,9,10,12–14 fish and seafood,9,12–15 eggs and dairy;13 and 40% in all other meat, including liver.8,13,14 Based on existing approaches,1,7 we assumed 25% and 10% bioavailability for heme and non-heme iron, respectively.
Regarding zinc bioavailability, we assigned foods to one of four levels of zinc absorption (44%, 35%, 30%, and 26%), based on the amount of phytate contained in a portion equivalent to one- third of daily mass intake, assuming an energy density of 1.3 kcal/g (the mean energy density of a minimally processed plant-based, low-fat diet and animal-based, ketogenic diet16) and considering average energy requirements for a moderately active woman of reproductive age.17 We defined the four levels of zinc absorption based on the below phytate ranges:
· 44% (refined diet): ≤ 300 mg
· 35% (semi-refined): 301–600 mg
· 30% (semi-unrefined): 601–900 mg
· 26% (unrefined): > 900 mg
Supplementary Table 1: Aggregate global food composition database

	Food (100 g)
	kcal
	Vit A (mcg RAE)
	Folate (mcg DFE)
	Vit B12 (mcg)
	Calcium (mg)
	Iron (mg)
	Zinc (mg)
	Iron Abs
	Zinc Abs
	Phytate (mg)

	Peas
	97
	26
	64
	0
	32
	1.7
	1.4
	0.10
	0.26
	441

	Other pulses a
	134
	1
	100
	0
	31
	2.5
	1.2
	0.10
	0.26
	443

	Soymilk
	45
	0
	16
	0
	18
	0.5
	0.2
	0.10
	0.30
	129

	Tofu b
	11697
	1
	2264
	0
	20931
	2.41.7
	1.02
	0.10
	0.26
	250441

	Wheat and rye (bread)
	260
	0
	72
	0
	53
	2.1
	1.1
	0.10
	0.44
	49

	Maize (meal)
	65
	1
	21
	0
	6
	0.5
	0.2
	0.10
	0.35
	55

	Oats (oatmeal)
	73
	3
	5
	0
	17
	0.8
	0.7
	0.10
	0.26
	810

	Rice
	160
	0
	6
	0
	10
	0.6
	0.7
	0.10
	0.26
	256

	Potatoes
	90
	99
	9
	0
	18
	0.8
	0.3
	0.10
	0.44
	9

	Cassava
	162
	5
	17
	0
	19
	0.4
	0.3
	0.10
	0.35
	60

	Groundnuts
	588
	0
	152
	0
	58
	2.4
	2.7
	0.10
	0.26
	760

	Nuts cb
	602
	1
	42
	0
	76
	4.3
	3.7
	0.10
	0.26
	694



1

	Food (100 g)
	kcal
	Vit A (mcg RAE)
	Folate (mcg DFE)
	Vit B12 (mcg)
	Calcium (mg)
	Iron (mg)
	Zinc (mg)
	Iron Abs
	Zinc Abs
	Phytate (mg)

	Tomatoes
	23
	30
	18
	0
	12
	0.5
	0.3
	0.10
	0.44
	2

	Root vegetables
	56
	294
	16
	0
	25
	0.6
	0.3
	0.10
	0.44
	24

	Onions and leeks
	45
	23
	36
	0
	40
	0.9
	0.2
	0.10
	0.44
	0

	Brassicas
	27
	12
	32
	0
	40
	0.5
	0.3
	0.10
	0.44
	7

	Other vegetables dc
	31
	68
	33
	0
	46
	0.8
	0.3
	0.10
	0.44
	10

	Berries and grapes
	64
	3
	15
	0
	19
	0.4
	0.1
	0.10
	0.44
	5

	Citrus fruits
	48
	7
	22
	0
	34
	0.3
	0.1
	0.10
	0.44
	13

	Apples
	62
	3
	3
	0
	6
	0.3
	0.0
	0.10
	0.44
	1

	Bananas
	95
	4
	20
	0
	9
	0.3
	0.2
	0.10
	0.44
	22

	Other fruits ed
	51
	31
	33
	0
	14
	0.4
	0.3
	0.10
	0.44
	25

	Dark chocolate
	504
	1
	8
	0
	36
	4.3
	1.7
	0.10
	0.35
	84

	Olive oil
	900
	0
	0
	0
	1
	0.2
	0.0
	0.10
	0.44
	0

	Eggs
	158
	160
	45
	1.1
	50
	1.6
	1.1
	0.15
	0.44
	0

	Cow’s milk
	67
	44
	5
	0.4
	120
	0.1
	0.4
	0.15
	0.44
	0

	Cheese
	359
	213
	16
	1.0
	707
	0.5
	3.0
	0.15
	0.44
	0

	Beef
	231
	3
	7
	2.0
	10
	2.8
	5.3
	0.20
	0.44
	0

	Lamb and mutton
	220
	2
	6
	2.7
	11
	2.2
	3.7
	0.20
	0.44
	0

	Pork
	242
	2
	3
	0.7
	23
	1.6
	2.6
	0.15
	0.44
	0

	Poultry
	194
	25
	3
	0.4
	13
	0.8
	1.5
	0.15
	0.44
	0

	Farmed fish fe
	123
	10
	10
	1.8
	39
	0.8
	0.7
	0.15
	0.44
	0

	Crustaceans
	89
	8
	12
	1.3
	74
	1.2
	2.2
	0.15
	0.44
	0

	Bivalves
	87
	77
	19
	23.5
	113
	4.8
	3.6
	0.15
	0.44
	0

	Liver gf
	159
	8757
	322
	48.3
	10
	11.8
	4.9
	0.15
	0.44
	0

	a Assorted legumes other than peas. b ANutrient values for tofu were corrected post-publication because of a data entry error in the original FCT. c Assorted tree nuts. dc Assorted vegetables other than tomatoes, root vegetables, onions and leeks, and brassicas. ed Assorted fruits other than berries and grapes, citrus fruits, apples, and bananas. fe Includes an array of different fish species. gf From different animals, including beef, lamb/goat,
pork, and chicken. Abs: absorption; DFE: dietary folate equivalent; RAE: retinol activity equivalent; Vit: vitamin.



Food category selection and terminology
We sought to provide priority micronutrient value-adjusted food environmental footprints for the same selection of commonly consumed foods listed in the Supplementary Data of a global meta-data LCA study examining the environmental impacts of different foods.3 While the table lists 43 foods, we removed most sweeteners, uncommon oils, and beverages from the list.
Specifically, we do not provide an assessment for barley (beer); beet sugar; cane sugar; coffee; rapeseed oil; soybean oil; and wine. Further, we added one especially nutrient-dense food to our list for illustrative purposes – liver (see details below for how we calculated values). Finally, we use slightly different terminology for some foods: while the authors of the meta-data LCA study use the terms “pig meat” and “poultry meat,” we refer to them as “pork” and “poultry”, respectively. For beef, we use the average of the meta-data study’s values for “bovine meat (beef herd)” and “bovine meat (dairy herd)”.

Determining portion sizes leveled for priority micronutrient value
To level food portions for PMV, we followed a previously developed approach that identified micronutrient-dense foods for the general adult population, as well as for groups with increased nutritional requirements.18 An aggregate score was created for each food to identify the portion size required (grams) to provide a target priority micronutrient value. The target PMV was set at an average of one-third of recommended intakes across the six selected micronutrients: vitamin A, folate, vitamin B12, calcium, iron, and zinc. The average share of recommended intakes (ASRI) across the six micronutrients (A), for a given quantity of calories and grams (i), of a given food (j), was calculated as:
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Put simply, the target PMV corresponds to an ASRI equal to one-third, so we used the formula above to calculate the quantity in grams (i) of each food necessary to achieve an ASRI of one- third. The resulting food portions were used as denominator (or functional unit) when assessing foods’ environmental footprints across multiple impact categories.
As indicated in the formula, each micronutrient’s contribution was capped at 100% of recommended intakes, which means that each micronutrient can contribute nothing or up to one-half of the total score. To illustrate this, a food containing only two of the six nutrients would provide 100% of recommended intakes of both nutrients, while a food with a perfectly even proportion of recommended intakes across all six nutrients would provide 33.3% of recommended intakes of all six nutrients—each micronutrient thus contributing an equal one- sixth of the total score. This approach ensures that for foods to rate high, they need to be high in at least two micronutrients, and that foods with very high densities of individual micronutrients are not rated higher for providing amounts well above recommended intakes or above upper limits.
Conversion factor to level for energy density assumptions
One of our objectives was to allow a comparison of environmental footprints of foods when levelled for mass, energy, and PMV. However, to ensure comparability, it is important to maintain the same assumptions are being made about the nutritional and energy density of each food item. However, while the original study from which we derived environmental footprint values3 bases the functional units on retail stage food portions, our original Global Food Composition database (Table 1) draws from edible portions of foods. There was thus a discrepancy between the two data sets which needed to be levelled to ensure a sound comparison. We therefore sought to determine a conversion factor such that the energy density assumptions underlying our calculation of PMV matched the energy density assumptions of the original study from which we were deriving environmental footprints.
However, because the original study’ supplementary information document only provides information for the assumed energy density for a handful of foods (wheat and rye, maize, oats, rice, potatoes, and cassava) – not the full list of foods incorporated in the study – we contacted the lead author of the study to acquire a list of the assumed energy density values for all foods

used in the study, but this list did not entirely match the stated assumed energy densities as listed in the study’s associated Supplementary Information. Instead, we extrapolated the underlying assumed energy density values in energy-based footprint values published by Our World in Data.19 We were able to do this because Our World in Data uses the footprint values from the original study by Poore & Nemecek, the benefit being that the former offers environmental footprint values for (nearly) all the foods in the assessment (as opposed to just the handful of foods in Poore & Nemecek. With these values we were then able to determine an energy-density based conversion factor to adjust our functional units for both energy and PMV to match roughly the same food portion retail weight assumptions made by Our World in Data (see Energy Density Conversion tab in Supplementary Data 2).
Determining priority micronutrient value-adjusted food environmental footprints
Once we obtained adjusted functional units for both energy and PMV, determining environmental footprints was a fairly straightforward process. First, we converted mean, 5th percentile, and 95th percentile footprint values from the primary global LCA meta-data study3 for five of its originally stated impact categories (based on retail weight values) – land use occupation (m2 * year); carbon footprints (kg CO2-eq); freshwater footprints (Litres); acidification footprints (grams of sulphur dioxide equivalents; SO2-eq); and eutrophication footprints (grams of phosphate equivalents; PO43-eq) to the impact per g or mL of food Retail Weight. Then, we multiplied each food’s energy-leveled and PMV-leveled portion (in grams) to determine the mean, 5th percentile, and 95th percentile footprints, across five different environmental indicators – land use, greenhouse gases, freshwater use, acidification impact, and eutrophication impact – per 1000kcals and per target PMV (Supplementary Data 3).
Special food equivalency and translation cases
For illustrative purposes we sought to include in this assessment two one additional food that is well known for being very high in nutrient density – liver. To determine the footprints for animal liver meat, we used an average of meta-data footprint values for lamb and mutton; poultry meat; pig meat; and the average of bovine meat from dairy and beef herds.
Limitations
As with all global LCAs, there are limitations to both the functional use and universal applicability of the final tabulated values in Supplementary Data 3 and Figure 2 (main manuscript). Namely, both the nutrient composition and environmental impacts of foods vary greatly from one food item to another – even within the same food category or between similar food categories – depending on a range of geographically-specific factors, as well as data quality. This means final values simply represent the mean data from the source data. As far as nutrient composition goes, we sought to mitigate such variability and uncertainties in nutrient values by building a global food composition database with aggregate values from multiple regional and national FCTs, including the robust USDA FDC. With regards to environmental footprint values, we used the most comprehensive LCA meta-data study available.3

Data Availability

General data sources. Our main data sources for nutritional composition of foods are USDA FoodData Central (available at https://fdc.nal.usda.gov/) and FAO/INFOODS Food Composition Databases (available at https://www.fao.org/infoods/infoods/tables-and- databases/faoinfoods-databases/en/), along with food energy density values extrapolated from Our World in Data (available at https://ourworldindata.org/environmental-impacts-of-food).
For source data on the GHG emissions, land use, freshwater use, acidification potential and eutrophication potential for common foods, we use Poore & Nemecek (2018)5 Data Table 2 (available at https://www.science.org/doi/suppl/10.1126/science.aaq0216/suppl_file/aaq0216_datas2.xls).
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