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ABSTRACT
Background: A carbon footprint is the sum of greenhouse gas
emissions (GHGEs) associated with food production, processing,
transporting, and retailing.
Objective: We examined the relation between the energy and nu-
trient content of foods and associated GHGEs as expressed as g CO2

equivalents.
Design: GHGE values, which were calculated and provided by
a French supermarket chain, were merged with the Composition
Nutritionnelle des Aliments (French food-composition table) nutri-
ent-composition data for 483 foods and beverages from the French
Agency for Food, Environmental and Occupational Health and
Safety. Foods were aggregated into 34 food categories and 5 major
food groups as follows: meat and meat products, milk and dairy
products, frozen and processed fruit and vegetables, grains, and
sweets. Energy density was expressed as kcal/100 g. Nutrient den-
sity was determined by using 2 alternative nutrient-density scores,
each based on the sum of the percentage of daily values for 6 or 15
nutrients, respectively. The energy and nutrient densities of foods
were linked to log-transformed GHGE values expressed per 100 g
or 100 kcal.
Results: Grains and sweets had lowest GHGEs (per 100 g and
100 kcal) but had high energy density and a low nutrient content.
The more–nutrient-dense animal products, including meat and dairy,
had higher GHGE values per 100 g but much lower values per 100
kcal. In general, a higher nutrient density of foods was associated
with higher GHGEs per 100 kcal, although the slopes of fitted lines
varied for meat and dairy compared with fats and sweets.
Conclusions: Considerations of the environmental impact of foods
need to be linked to concerns about nutrient density and health. The
point at which the higher carbon footprint of some nutrient-dense foods
is offset by their higher nutritional value is a priority area for additional
research. Am J Clin Nutr 2015;101:184–91.

Keywords carbon footprint, energy density, greenhouse gas emis-
sions (GHGEs), nutrient density, diet, France, greenhouse effect

INTRODUCTION

The challenge of ensuring sustainable nutrition security in the
face of climate change has led to renewed concerns about the
future of the current Western diet (1). Sustainable diets are de-
fined by the FAO as those that are nutritionally adequate, af-
fordable, safe, and culturally acceptable while sparing of natural
and human resources (2, 3). Themanymeasures of environmental
sustainability include the use of land, water, and energy resources
as well as biodiversity and the protection of ecosystems (2). One

measure of the environmental impact of food production is the
life-cycle assessment (LCA)6 of the carbon footprint of foods (4)
estimated as greenhouse gas emissions (GHGEs).

Analyses of GHGEs associated with the production of animal
foods have influenced agricultural and farm policies, particularly
in the European Union (5, 6). The major sources of food-asso-
ciated GHGEs are agricultural production, food processing,
transport, distribution, and storage as well as food preparation,
waste, and disposal. The contribution of the agriculture and food
industries to total global GHGEs has been reported to range from
15% to 30% (7, 8).

One common belief is that plant-based diets are more envi-
ronmentally friendly than are diets that contain foods of animal
origin (9, 10). Studies have noted that Mediterranean-style diets
were both healthier and more protective of natural resources than
was the typicalWestern diet (11, 12). However, recent analyses of
diet-associated GHGEs have produced some unexpected results
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(13, 14). In a French study (15), nutrient-dense diets with more
meat, vegetables, and fruit were associated with higher rather
than lower GHGEs (15). The replacement of red meat with
equicaloric amounts of vegetables and fruit led to a net increase in
modeled GHGEs (8). By contrast, among foods with lowest
GHGEs were grains and sweets of high energy content but low
nutritional value (8). Indeed, some analyses have suggested that
the plant food associated with lowest GHGEs is sugar (8, 16, 17).

Researchers in the European Union have begun to explore the
relation between the nutrient density (ND) of foods and their
environmental impact (13, 14), ranging from the carbon footprint
to sustainability of existing fisheries (18). New food patterns may
be able to balance good nutrition with greater sustainability (14,
19, 20). With the use of linear programming, Macdiarmid et al.
(14) showed that reduced-GHGE but nutritious diets could be
achieved without a net increase in cost and without eliminating
meat or dairy products, which are considered to be important
sources of key nutrients in the British diet (21).

The current study examined the relation between the carbon
footprint of foods and their energy and nutrient contents. Nu-
trient-profiling methods (22–24) were applied to a large database
of GHGE values for foods and beverages developed and pro-
vided by the Casino Group, which is one of the world’s largest
food retailers. The question was whether higher GHGEs asso-
ciated with meat and dairy production in France would be offset
in part by their higher energy contents and/or greater nutritional
values (25).

METHODS

Data development

GHGE values for 661 foods and beverages were developed and
provided by the Casino Group in 2012. The Casino Group has
.12,000 retail outlets in France operating the brands Hyper
Géant Casino, Casino Supermarché, Monoprix, Franprix, and
Leader Price. Casino is the largest food retailer in Latin America
and Brazil.

The 661 foods included fresh and processed meats and dairy
products, grains, fats, and sweets. Data for fresh producewere not
available, and vegetables and fruit were either frozen or pro-
cessed. Calculations were based on an attributional LCA fol-
lowing the International Organization for Standardization
14040–44 (26, 27) and the French regulation BP X 30–323 (28)
guidelines. On the basis of current practices, the attributional
LCA used a range of life-cycle inventory databases (29, 30) to
estimate GHGE values associated with current agricultural
production methods, processing, packaging, distribution to the
store, and in-store storage (26, 27, 31). GHGE data were ex-
pressed as the g CO2 equivalent/100 g or g CO2 equivalent/100
kcal.

An attributional LCA does not address indirect effects such as
land-use change or other potential changes in the food systems.
Current GHGE values were for food products as purchased in the
store and did not include transportation by consumers from
a retail center to the home, home preparation, home disposal, or
waste. Estimates of consumer-specific GHGEs indicated that
transport to home, storage at home, preparation, and disposal may
represent 16% of total food-related emissions and 2.7% of all
GHGEs (32).

Of 661 foods, several foods were available in different package
sizes. Their GHGE values varied, but nutrient compositions were
the same (e.g., cola beverages, smoked salmon, potato chips,
ham, eggs, rice, and yogurt were all available in numerous
package sizes). For these foods, median GHGEs were based on
available package sizes. Sales data that would have permitted the
differential weighting of package sizes were not available. Water
and diet beverages (,5 kcal/100 g) were excluded from analyses
as were nonreconstituted ingredients such as oils, ground coffee,
syrups, flour, and pastry mixes. After median values were de-
rived and exclusions were applied, 483 foods and beverages
were available for analysis.

For those foods, GHGE values were merged with the publicly
available Composition Nutritionnelle des Aliments (French food
composition table) (CIQUAL) database (33) provided by the French
Agency for Food, Environmental, Occupational and Health and
Safety. Study staff manually matched foods from the Casino
database with the nutrient-composition data from the CIQUAL.
Individual foods in the Casino database were aggregated into 34
categories following a modified CIQUAL grouping scheme. The
CIQUAL database, which has been used to calculate energy and
nutrient intakes in dietary surveys in France, is intended to reflect
the French food supply. The number of foods in the Casino data-
base within each CIQUAL category ranged from 2 to 69 foods,
and the median number of foods per category was 11 (IQR: 6–17).
The largest categories were meats and products (n = 69), sweet
biscuits (n = 33), yogurts (n = 28), cakes and pastries (n = 27),
and pasta (n = 25). CIQUAL nutrient-composition data were
used to derive the energy density and ND metrics for foods, food
categories, and food groups.

ND profiles

Two alternative nutrient-profile models (22, 23) were used to
assess the ND of foods. All ND calculations used reference values
described in Table 1. Reference values were derived from the
French Apports Nutritionnels Conseillés (French Reference
Dietary Intakes) (ANC) (34). The average of the recommended

TABLE 1

Reference values for nutrients used to construct ND-6 and ND-15 nutrient-

profiling models1

Nutrients Reference values

Protein,2 g 50

Potassium,2 mg 2840

Dietary fiber, mg 25

Magnesium,2 mg 390

Vitamin A, mg 700

Vitamin C, mg 110

Vitamin E, mg 12

Iron, mg 16

Calcium,2 mg 900

Phosphorus,2 mg 750

Vitamin D,2 mg 5

Thiamin, mg 1.25

Riboflavin, mg 1.55

Niacin, mg 12.5

Folate, mg 315

1All nutrients were included in the ND-15 score. ND, nutrient density.
2Included in the ND-6 score.
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amount for men and women was used when ANC values dif-
fered by sex. When ANC values were lacking, alternative stan-
dards were used, notably those from the United States Institute
of Medicine (35). In general, the 2 sets of reference values were
comparable.

Two alternative ND profiles were constructed. Most ND
models assess the ratio of nutrients to calories (22). Each ND
measure was the sum of percentage daily values for n nutrients,
calculated per a 100-kcal reference amount. Higher ND scores
represented higher nutrient densities. The ND-6 model was based
on protein, vitamin D, calcium, phosphorus, potassium, and
magnesium (23). The ND-15 model, which was based on the
previously published Naturally Nutrient Rich score (36), was
based on the sum percentage of daily values for protein, fiber,
vitamins A, C, D, and E, thiamin, riboflavin, niacin, folate, cal-
cium, iron, phosphorus, potassium, and magnesium. The cal-
culations truncated the daily value for each nutrient at 100% to
avoid extreme values for a single nutrient from influencing the
total score.

Analytic approach

We analyzed the relation between GHGEs and energy density
by 34 food categories sorted into 5 major food groups as follows:
meat and meat products, milk and dairy products, frozen and
processed fruit and vegetables, grains, and sweets. These anal-
yses accounted for the number of individual foods within each
category so that categories with more foods had greater weight.
To ensure that results were not affected by aggregating food
groups, correlation analyses were repeated at the individual food
level.

For each ND measure, quantitative analyses were also conducted
at the individual food level. Quintiles for each ND score were
estimated. In linear regression models with the log-transformed
GHGE per 100 kcal as the outcome, the geometric mean GHGE
per 100 kcal was estimated at each quintile of ND. This ap-
proach was conducted for all foods (n = 483) and for the 5
major food groups. Trends were evaluated with a trend test
whereby the midpoint of each quintile was entered into a linear
regression model as a continuous variable. All analyses were
conducted with Stata 12.0 software (StataCorp LP). P, 0.05 was
considered significant.

RESULTS

GHGE components by major food group

Figure 1A provides the breakdown of GHGE values per 100-g
edible portion for the 5 major food groups by agricultural
production, processing, transportation, packaging, and in-store
components. Consistent with past reports (8), meat and meat
products, followed by dairy, were associated with highest GHGEs
per 100 g product. By contrast, grains, sweets, and frozen
and processed fruit and vegetables were associated with lower
GHGEs.

Figure 1B shows corresponding GHGE values expressed per
100 kcal. Overall, 58% of emissions were from agriculture, and
an estimated 15% of emissions were from transportation and in-
store storage. Although meat products were associated with
highest GHGEs from agriculture, frozen and processed fruit and

vegetables had higher associated GHGEs for transport and
storage. GHGEs were calculated per 100 kcal food product.
Corresponding GHGE values calculated per 100 g and 100 kcal
expressed as medians and interquartile intervals are provided in
Supplemental Table 1.

Figure 2 shows that the estimated carbon cost of different
foods can vary depending on whether GHGE values are ex-
pressed per kg or kcal food. Shown in Figure 2A are geometric
means of GHGE values for the 34 CIQUAL food categories/
100 g. The sizes of circles denote numbers of foods within each
of the 34 food categories. On a per-weight basis (100 g), processed
meats, meat dishes, cheeses, and processed fish were associated
with higher GHGE values. Lowest GHGEs per 100 g were ob-
tained for sugar, sweet rolls, flatbreads, milk, and grain snacks
and chips.

In general, more–energy-dense food categories were associ-
ated with higher geometric mean GHGEs per 100 g. The strength
of the association differed substantially across meat, dairy, pro-
cessed and frozen fruit and vegetables, and other products.
Although the weighted group-level correlation coefficient be-
tween the geometric mean energy density and GHGE per 100 g
was only 0.10 overall, it was much stronger within specific
food groups. Values were r = 0.92 for dairy, r = 0.77 for meat,
r = 0.32 for processed and frozen fruit and vegetables, and r =
0.77 for sweets (P , 0.01). The coefficient for grains was neg-
ative (r = 20.31) indicating that grains supplied energy at
a much lower carbon cost than did other food groups.

The expression of GHGEs per 100 kcal altered the nature of
this relation. Figure 2B shows that food groups of lower energy
density, such as processed and frozen vegetables, were associated
with higher GHGEs per 100 kcal. Lowest GHGEs per 100 kcal
were obtained for sugar, sweet rolls, grain snacks and chips,
biscuits, and chocolate.

This negative relation was also observed within food groups as
follows: dairy (r = 20.35, P = 0.003), meat (r = 20.33, P ,
0.001), grains and other foods (r = 20.78, P , 0.001), pro-
cessed and frozen fruit and vegetables (r = 20.72, P , 0.001),
and sweets (r = 20.87, P , 0.001). Individual-level correlation
coefficients were similar, and all had P values , 0.001.

These analyses suggested that sweets, chocolate, sweet rolls,
snacks and chips, and candy and cakes had the lowest carbon
costs per calorie and per gram. The higher carbon cost per 100 g
processed meats and dairy was reduced after conversion to
calories. In contrast, lower GHGEs for low–energy-density foods
calculated per 100 g were increased after conversion to 100 kcal.

GHGE values and ND of foods

The ND-6 nutrient-profile model was based on the sum per-
centage of daily values for 6 index nutrients per reference amount
(100 kcal). Figure 3A shows the association between the geo-
metric mean of ND 6 and geometric mean of GHGEs both ex-
pressed per 100 kcal. Data are shown for 34 food categories.
Consistent with past results on nutrient profiling (22), processed
vegetables, milk, yogurts, eggs, poultry and fish, and fortified
breakfast cereals were the most–nutrient-dense food categories
(37). With the exception of breakfast cereals and fresh fish, these
foods tended to have higher GHGE values than did grains and
sweets. There was a positive association between ND-6 scores
and higher GHGEs.
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Figure 3B shows the association between the geometric mean
of ND 15 and geometric mean of GHGEs both expressed per
100 kcal. Processed fruit and vegetables, eggs, fish, and breakfast
cereals and bars were the food categories with the highest ND-15
scores followed by for yogurts and white cheese. Again, therewas
a positive association between ND-15 scores and higher GHGEs.

DISCUSSION

By building on previous research on the carbon footprint of
foods in France (8, 15), the current study merged nutrient-
composition data for a large number of supermarket foods with
their GHGE value, as calculated by a major supermarket chain.

To our knowledge, this is the first analysis of GHGEs associated
with 483 unique foods and beverages in 34 product categories as
sold in France. Analyses showed that grains and sweets, includ-
ing sweetened beverages, were associated with lower GHGEs,
whereas meat and dairy products were associated with higher
GHGEs when calculated per 100 g of product. Grains and sweets
continued to be associated with lower GHGEs when GHGEs
were expressed per 100 kcal.

Although frozen and processed fruit and vegetables were
associated with very-low GHGEs when calculated per 100 g,
their low energy densities raised the carbon footprint when
GHGEs were expressed per 100 kcal. These data support previous
results (8) that were based on 73 foods; in both cases, the choice

FIGURE 1 Mean GHGEs for broad food groups by GHGE origin. GHGE values are expressed per 100 g (A) and 100 kcal (B). The reference group for
comparisons was the grains and other foods category. This broad food category was used as the reference group because it had a large sample size and
intermediate GHGE compared with the other broad food groups on both the per 100-g and per 100-kcal scales. yP , 0.001, z0.001, P , 0.01, *0.01, P ,
0.05. GHGE, greenhouse gas emission; prod., products; veg., vegetables.
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of the functional unit (100 g or 100 kcal) dramatically influenced
the results. It is important to note that the sustainability of al-
ternative diets, matched for energy and nutrient adequacy, can
only be made on the basis of calories and nutrient contents and
not per gram of weight (19).

The carbon footprint, estimated through GHGEs, has become an
important criterion for assessing the environmental sustainability
of alternative diets. In the current analyses, sweets, syrups, and soft
drinks were associated with lowest GHGEs whether expressed per
calories or per grams. However, even though sugar and sweets may
have a low environmental impact, they cannot be viewed as the
most-sustainable foods because the FAO definition of sustainable
diets makes a direct reference to population well-being and health
(2). The current results were consistent with earlier observations
that some nutrient-dense foods did not have the lowest carbon
footprint and vice versa (13, 14). In this study also, more nutrient-
dense foods, including meats and poultry, milk and dairy products,
and frozen and processed fruit and vegetables were associated with
higher GHGEs expressed per 100 kcal.

The question whether the healthiest diets were also the most
environmentally sustainable has been raised previously (8, 14, 15).

Consistent with other data from the United Kingdom and France
(13, 15), the current analyses showed that some of the lowest
GHGEs were associated with foods of low nutritional value, in-
cluding sweets. In past analyses, sugar appeared to have a lower
carbon footprint than that of many other foods (13, 32), and the
lowest GHGE food patterns had one-third more added sugars than
did healthier alternatives. The modeled high-sugar diets were also
the cheapest (13, 32).

Contrary to some assumptions, the most–nutrient-dense foods
did not have the lowest carbon footprint (13, 14). Some tradeoffs
in balancing nutrition with the environmental impact and cost of
diets may need to be made (17, 38). The identification of foods
and diets that provide optimal amounts of nutrients at low
monetary and carbon costs is one research priority (19, 20).
Future analyses will examine the relative carbon cost of pro-
viding a 15% daily value of selected nutrients by major food
groups. The higher GHGE cost of some meat and dairy products
may be compensated for, to some extent, by their higher nutri-
tional value.

The study had a number of strengths. GHGE values for 483
foods and beverages were linked to nutrient-composition data and

FIGURE 2 Association between geometric mean energy density for 34 food categories and GHGE values per 100 g (A) and 100 kcal (B). Sizes of circles
indicate numbers of individual foods within each food category. GHGE, greenhouse gas emission; Proc., processed.
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aggregated into 34 food categories and 5 major food groups. To
our knowledge, this is the largest number of foods available in the
literature to date (15). Published studies used from 7 to 391 foods
to evaluate the carbon cost of individual foods and total diets (8,
10, 13–15).

This study also had a number of important limitations. First,
the foods available in the Casino and CIQUAL databases were
not necessarily representative of eating habits or food patterns in
France. This database included a high number of processed
meats, but it lacked fresh produce. Fruit and vegetable products,
including juices, were processed or frozen. However, the con-
clusions of this report would be influenced only if the foods
excluded systematically differed in their relation between ND
and GHGE values.

Second, the current measures of ND measures were subsets of
previously published nutrient-profiling models, focusing on
nutrient adequacy and on foods’ contents of protein, fiber, vi-
tamins, and minerals. More-extensive nutrient profiling needs to
be conducted to assess the relation between composite ND
scores and GHGEs associated with beverages and foods. The
data used in the current study did not account for protein quality

or bioavailability measures for calcium and iron. Third, the
current GHGE calculations expressed in g CO2 equivalents ac-
counted for food production, transportation to the market, and
in-store storage but did not account for transport to the home,
storage, cooking, and waste, which would have result in
a modest underestimate of the GHGEs for foods that required
refrigeration or cooking. Finally, analyses of the association
between ND and GHGE values for individual foods may not
reflect the carbon footprint of different-type diets.

Efforts to decrease global GHGEs while maintaining nutri-
tionally adequate, affordable, and acceptable diets need to be
guided by considerations of the ND and environmental impact of
different foods and food groups. In a series of recent studies, the
principal sustainability measure was carbon cost expressed in
terms of GHGEs (8, 14, 15). Testing the relation between nutrient
profile of foods and their carbon footprint can help identify those
food groups that provide both calories and optimal nutrition at
a low carbon cost. Of course, the carbon cost is only one of many
metrics that can be used to assess the environmental impact of
food production (20). Other metrics, in varying stages of de-
velopment, include the use of water resources by agrofood

FIGURE 3 Association between ND-6 score (A) and ND-15 score (B) and geometric mean GHGE per 100 kcal for 34 food categories. Sizes of circles
indicate numbers of individual foods within each group. GHGE, greenhouse gas emission; ND, nutrient density; Proc., processed.
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industries (39, 40) and the global impact of land-use change (41).
As these new metrics are integrated with GHGE emissions, our
views on the relation between the ND of foods and their envi-
ronmental impact will most likely evolve.

However, the carbon cost is by no means the only measure of
sustainable agriculture. Because of concerns regarding the impact
of agricultural production on global climate change, it is im-
portant to develop additional metrics (42) to assess crop bio-
diversity and the use of water resources and land-use change (34).

In conclusion, analyses of ND and GHGEs for a large number
of foods and beverages revealed that many foods with low
GHGEs also had relatively low nutritional values. In particular,
some of the lowest GHGE values were observed not for processed
fruit and vegetables but for sugar and sweets. By contrast, higher
GHGEs associated with meat and dairy products were linked to
their higher ND. More studies are needed to determine the re-
lation between the nutrient adequacy of individual foods and total
diets in relation to multiple sustainability measures including
carbon costs. One question is whether the higher GHGE cost of
some foods can be offset by their higher nutritional value.
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