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EXECUTIVE SUMMARY
How we eat determines, to a considerable
extent, how the world is used.
– Wendell Berry

Most food produced in the United States, and increasingly
around the world, comes from an industrial agricultural
system. This system has considerably increased the food
supply over the past century to feed the growing population
and has met the rising demand for resource-intensive foods
such as meat and dairy. However, it is based on assumptions
of climate stability; cheap and plentiful fossil fuel energy;
abundant water, land, and other natural resources; and the
willingness of the public to accept mounting externalized
costs. As these assumptions continue to splinter, this
increasingly precarious agricultural system threatens public
and environmental health and lacks resiliency to tackle
impending threats to global food security.1
Transitioning to diets with more plant-based ingredients is
an essential action to promote health, food security, and
long-term environmental sustainability. However, the impact

on health and sustainability outcomes can vary depending
on the types of foods with which meats are replaced.
This report aims to guide the complex decision-making
process encountered when applying an environmental
nutrition approach to food purchases, specifically when
reducing and replacing meat on the plate.
While this report analyzes individual food categories, diets
should be considered in their entirety when assessing
health and environmental impacts. We acknowledge
that the nutritional quality and environmental impact of
foods consistently vary within food categories depending
upon the methods of production used. As such, nutrition
and consumption recommendations cannot be separate
from recommendations on production changes. Doing so
segregates our food choices from potential health risks
generated by our agricultural decisions.

An environmental nutrition approach recognizes that healthy food cannot be defined by nutritional quality alone,
rather it must come from a food system that conserves and renews natural resources, advances social justice and
animal welfare, builds community wealth, and fulfills the food and nutrition needs of all eaters now and into the future.
Health Care Without Harm aims to construct a food system
that acknowledges and remedies the public health impact
of the entire food lifecycle from production to disposal.
Throughout this report, we repeatedly call out examples
of integrated crop-livestock systems—a form of mixed
production that grows crops and raises livestock primarily on
pasture in a way that they can complement each other and
maximize resource use. When an integrated farming system
applies a regenerative agriculture approach—a model which
taps into the strengths of the ecosystem through healthy soil
microbiology to reduce the use of synthetic inputs, sequester
carbon and preserve clean air, water, and other natural
resources—the potential for optimal social, environmental,
and human health impacts is amplified.
Fundamental to these well-managed production systems
is the cultivation of soil for which pasture-raised animals

and nitrogen-fixing, fiber-rich legumes are integral. This
promising agricultural model reinforces the need to
first reduce our current rates of meat consumption and
production while increasing that of nutrient-rich legumes for
optimal human and environmental health.
This report summarizes and analyzes the available academic
literature on the impacts of whole food protein options
alternative to meat, with an emphasis on legumes, nuts and
seeds, eggs, seafood, and dairy. The associated resource,
“Purchasing Considerations” assists healthcare institutions
and others in the foodservice sector in distilling this
research into values-driven purchasing guidance to support
transitioning menus and purchases to protein options that
may optimize health, environmental, social justice, and
animal welfare outcomes.
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Legumes (pulses and soy)
Legumes, particularly whole legumes and not necessarily
processed legume-derived proteins, provide extensive health
benefits to consumers. Compared to other food groups, they
score the best across indicators of environmental impacts,
including greenhouse gas (GHG), land, and water footprints,
and—with the exception of soybeans—pesticide and fertilizer
use. They also have relatively few social justice concerns directly
associated with their production.

variety of health, environmental, social justice, and animal
welfare impacts. Certain harvesting practices (e.g., bottomtrawling) and transportation options (e.g., air-freighting)
have particularly harmful impacts. Eating forage fish such as
sardines which are lower on the food chain can limit exposure
to contaminants. Forage fish, along with bivalve mollusks, are
generally more ecologically sustainable. Both wild harvesting
and aquaculture production pose numerous concerns for
workers and for export-oriented communities.

Nut and seeds

Dairy

Nuts and seeds provide many health-promoting nutrients, and
regular consumption has been associated with a reduced risk
for certain chronic diseases. Due to their caloric density, and
environmental and social justice concerns (including water use
in almond, walnut, and pistachio production as well as labor
concerns with cashew production) associated with increasing
their production, nuts should be consumed in moderation.
In some cases, seeds may be a healthy and environmentally
sustainable alternative to nuts.

Cow’s milk dairy products (particularly milk and yogurt, not
necessarily cheese or butter) provide many nutrients, and
moderate consumption has been associated with a reduced
risk for certain diseases. While dairy products provide calcium,
there is weak evidence that dairy consumption protects bone
health. Despite traditional dietary advice, little evidence exists
to support low-fat dairy consumption for heart health or
weight management. Full fat grass-fed dairy products also
contain higher (though low compared to fish) concentrations
of beneficial fatty acids. The per serving ecological impacts of
dairy products are relatively low compared to ruminant meat.
However, dairy farms contribute to other ecological, public
health, and animal welfare concerns. Research on plant-based
milk alternatives is also considered. With the exception of soy
milk, these products do not contain nutrition profiles similar
to cow’s milk but are included because they are increasingly
replacing cow’s milk as meal components. Based on the limited
research available, these alternatives have significantly lower
environmental, social justice, and animal welfare impacts per
serving than cow’s milk, with a few exceptions.

Eggs
While the egg white provides most of the protein found in an
egg, the yolk contains most of its other key nutrients. Health
experts have agreed that moderate whole egg consumption
is not likely to lead to an increased risk of cardiovascular
disease and mortality for the general population. Eggs have
relatively low environmental impacts associated with their
production compared to other food groups, though their
production contributes to social justice concerns for workers
and surrounding communities. The intensification of the egg
industry over the past half-century has also elevated key animal
welfare concerns about how hens are raised and fed.

Seafood
Regular consumption of seafood—particularly of fatty fish
and certain mollusks—has been associated with many health
benefits, notably cardiovascular and cognitive function.
However, even accounting for the growth of aquaculture,
there is not enough fish for everyone globally to consume
recommended levels to reap the noted health benefits due
to declining wild stocks and loss of marine biodiversity. The
diversity of harvesting and farming systems, as well as postfarm processing and transportation choices, also lead to a wide

Limitations
Note that this report does not address the impacts of all food
groups, nor the full range of food categories that offer protein
(e.g., grains). Additionally, limitations exist in various areas of
academic literature, especially research on the health impacts
of processed legume-based foods; the environmental and
social justice impacts of nut and seed production; antibiotic
use in layer hens; the impacts of changing feed ingredients
for farm-raised fish; per-serving phosphorus requirements
and leaching concerns across food groups; and the health,
environmental, and social justice impacts of plant-based dairy
and egg alternatives.
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Table 1: Summary of key findings
Compares relative health, environmental, social, and animal welfare impacts of different food groups. Note that this oversimplifies the large
variance in impacts within food groups across species, types of inputs, and regions of production explored further in this report.

Health

Environmental
Inputs

Social justice

Animal welfare

MP
SP

N
N

n/a
n/a

Climate

Land use

(water, fertilizer,
manure, pesticide,
antibiotic use)

Biodiversity

SP
SP

SP
SP

SP
SP

MN
MP

Pulses
Conventional
Organic
Soybeans
Conventional
Organic
Nuts and seeds
Conventional

D*
D*

SP
SP

SP
SP

SN
MP

SN
MP

MN
N

n/a
n/a

MP

SP

MP

SN

MN

n/a

Organic

MP

SP

MP

MN

MN

MN (SN cashews)
MN (unless fair
trade)

n/a

Eggs
Conventional (battery cage)
Enriched colony cages
Cage-free
Free-range
Pasture-raised
Fish+
Wild (forage fish)

MP
MP
MP
MP
MP

MP
MP
N
N
N

N
N
MN
MN
MN

SN
SN
SN
SN
SN

MN
MN
MN
MN
N

MN
MN
SN
N
N

SN
MN(D)
N (D)
MP (D)
MP (D)

MP^

MP

n/a
n/a (SN bottom

n/a

MP

N

D

Wild (all other fish)

MP^

lobster)

trawling: seafloor
impact)

n/a

SN

SN

D

Wild and aquaculture (bivalve mollusks)
Aquaculture (finfish, crustaceans)
Aquaculture (recirculating)
Dairy
Conventional

MP^
MP^
MP^

SP
MN
SN

n/a
MN
MP

SP
SN (D)
SP

SP
SN
MP

N
SN
N

n/a (D)
D
D

MP (D)

MN (D)

MP

SN

MN

SN

Grass-fed

MP (D)

MN (D)

MP

N

SP

N

N

SP

SP

MN

MN

N (SN cashew milk)

SN
(MN(D): coconut
milk)
n/a (MN(D):

Plant-based milk alternatives

MN (SN trawled

coconut milk)

* Moderate health benefits have been associated with consumption of whole soy foods (e.g., edamame, tempeh, tofu, full-fat soymilk) but not necessarily with
processed soy isolates or proteins found in meat analogs, energy bars, and low-fat soy milks, as well as meat extenders.
+
In the case of seafood, labor concerns vary widely between foreign and domestic production. Considering 90% of seafood in the US is imported, ratings
pertain to foreign harvesting practices.
^ Not considering contaminant levels
Common types of fish in each category
Wild (forage fish): sardines, herring, anchovies
Wild (all other fish): lobsters, flatfish, cod, haddock, hake, tuna
Wild and aquaculture (bivalve mollusks): clams, mussels, oysters, scallops
Aquaculture (finfish, crustaceans): salmon, catfish, trout, shrimp, prawns
Aquaculture (recirculating): salmon, trout, tilapia
Graphic methodology: This graphic compiles and compares the evaluated research on the health, environmental, social, and animal welfare impacts of different
food groups considered in this report. Impacts are categorized as strong positive (SP), moderate positive (MP), neutral (N), moderate negative (MN), strong
negative (SN), or debated/uncertain (D) based on the relative per-serving impact of that food group compared to other food groups on that impact factor.
Health rankings were based on the extent of research demonstrating health benefits or risks associated with consuming that food type. When multiple species
and production systems pertain to any one category, a rating was given considering the dominant system from which the largest portion of our food is derived.
Strong positives were only granted to foods with positive benefits attributed to frequent consumption; foods were ranked as moderately positive if moderate
(but limited) consumption is encouraged. Strong environmental positives and negatives were only given when the food type performs significantly well (i.e., has
an extremely low or potential net positive relative environmental impact = strong positive) or poor (i.e., associated with significant or synergistic environmental
concerns). For the social justice rankings, no categories were ranked “positive” given the generally poor labor standards in both domestic and international food
production. However, foods that have been associated with additional labor concerns specific to their production practices have been noted as moderate or
strong negative depending on the extent and strength of concerns. For animal welfare rankings, strong negatives were attributed to food types that have been
associated with significant welfare harms; relative improvements in welfare practices (while taking into consideration new potential harms from these practices)
are noted as moderately negative, neutral, or moderately positive depending on the extent of the difference.

Redefining Protein: Adjusting Diets to Protect Public Health and Conserve Resources

3

GLOSSARY
All-cause mortality: all of the deaths that occur in a population, regardless of the cause.
Arable land: land suitable for growing crops.
Bioavailability: the availability of nutrients to be absorbed by humans and animals during the digestive process.
Extensive/pasture-based: a low-input and low-density agricultural production system. In this report, it refers mostly to livestock
farms which allow cattle to graze freely on pasture.
Food miles: the distance that food travels from the point of production to that of consumption.
Intensive production: a high-input and high-density agricultural production system that raises large numbers of animals or crops
on limited land. In livestock farming, animals are confined and have no access to grazing land; consequently, it is often referred to
as factory farming or industrial food animal production (IFAP).
Integrated crop-livestock systems: a form of mixed production that grows crops and raises livestock in a way that they can
complement each other and maximize resource use.
Semi-intensive production: combines elements of both intensive and extensive production systems. In livestock farming,
animals receive feed in stalls or pens but are allowed to supplement this feed by foraging on natural vegetation and (in the case of
chickens) insects.
Land use change: the conversion of natural forest or grassland into agricultural land.
Pesticides: chemical or biological agents used to deter, incapacitate, destroy, or otherwise discourage pests. Common agricultural
pesticides include herbicides (to control weeds), insecticides (to control insects), and fungicides (to control fungi); others include
insect growth regulators, nematicides (to control nematodes), termiticides (to control termites), and molluscicides (to control slugs/
snails).
Reactive nitrogen (Nr ): nitrogen compounds, including nitrogen oxides (NOx), ammonia (NH3), nitrous oxide (N2O), and nitrate
(NO3-), that have been “fixed” from the unreactive nitrogen gas stored in the atmosphere (N2) to forms of nitrogen that can be used
as proteins and nucleic acids to support the growth of organisms.
Regenerative agriculture: A systems approach to agriculture that focuses operations on activating the natural ecosystems
tendencies to regenerate by incorporating closed nutrient loops, biological diversity, and primary reliance on the internal systems
resources instead of external inputs.
Runoff: water from rain, irrigation, and other activities that collects contaminants—including sediment, nitrogen, and phosphorus
from fertilizers, toxic metals, pesticides, oil compounds, and bacteria—from land and carries them to waterways and eventually
the ocean.
Virtual nitrogen factor: the amount of reactive nitrogen lost to the environment related to the production and consumption of
food per unit of nitrogen consumed.
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INTRODUCTION
Health care institutions are beginning to acknowledge the
public health imperative of embracing an environmental
nutrition framework. In contrast to traditional nutrition
approaches which concentrate on obtaining adequate quantity
and quality of food to meet dietary needs, an environmental
nutrition approach asserts that healthy food must also “come
from a food system that conserves and renews natural
resources, advances social justice and animal welfare, builds
community wealth, and fulfills the food and nutrition needs of
all eaters now and into the future.”2 An environmental nutrition
lens takes into consideration the many health, environmental,
social, and ethical factors associated with food production
and consumption.

For instance, Western dietary patterns that are
high in the consumption of animal products,
along with processed foods, refined sugars,
and fats, have been linked to escalating rates
of chronic non-communicable diseases.3
Processed and red meat consumption
specifically have been associated with an
increased risk for heart disease, stroke,
type 2 diabetes, certain types of cancer
(most notably colorectal), and all-cause
mortality.4-8 Conversely, dietary patterns rich
in a diversity of unprocessed plant-based
foods, with moderate to little meat intake
(including Mediterranean-style, pescatarian,
vegetarian, and vegan diets) reduce the risk
for many of the aforementioned chronic
diseases and adverse health outcomes.3,9-11
These considerations are particularly
important for healthcare professionals.
Contemporary dietary patterns also contribute significantly
to—and will, in turn, be influenced by—the ecological,
socioeconomic, and public health challenges associated with
global food insecurity, climate change, and resource depletion.
Population growth, increasing demand for animal products
(associated with rising disposable income), and anticipated
declines in crop12-14 and livestock production15,16 due to climate
change threaten global food security.17 Livestock production is
a major contributor to greenhouse gas (GHG) emissions, and
diets lower in animal product intake have far lower climate
impacts than typical Western diets.9 Immediate and substantial
a

reductions in animal product consumption, particularly in
countries with the highest per capita intake, will be essential to
keep global mean temperature rise below 2°C, the limit agreed
upon by world leaders to avoid the most severe and irreversible
climate consequences.18 While even 2°C is projected to have
major global impacts, as warming rises above that level, the
likelihood of food and water shortages, increased heat-related
mortality, and more frequent/intense extreme weather events
increases substantially. Moreover, dietary shifts towards
reduced animal product consumption have greater potential for
decreasing climate footprints than the reduction of food miles
or improvements in production practices.19,20
Animal proteins also generally require more water and land
to produce than plant-based proteins. Hence, in the face
of anticipated water21 and land22 scarcity, meat production
and consumption have been called into question as the
most dominant use of finite natural resources in agriculture.
Livestock production of all varieties contributes to water and
air pollution,23 and has been implicated in animal welfare
concerns.24 Moreover, intensive animal production, the
dominant production system for the majority of meat in the
United States, contributes to the growing threat of antibiotic
resistance,25 reduced animal genetic diversity,26 high fossil fuel
energy use,27 and adverse community health impacts.28
Given these considerations, an increasing number of people
over the last decade have been reducing their meat intake
for health, animal welfare/rights, environmental, and social
equity reasons. While the proportion of Americans identifying
as vegetarian has remained roughly the same29 (~3.4% of the
population30,a),31food industry trends suggest a larger shift
occurring in the overall American population towards more
“flexitarian” eating, in which people consume mostly plantbased diets with the occasional inclusion of animal products.32
These trends are in line with recommendations that efforts to
reduce animal product consumption should be focused among
populations with the highest per capita intake.18 The United
States, notably, ranks fifth in per capita meat consumption
globally.33 Consumption estimates indicate that there is ample
room in the average American diet to maintain adequate
protein intake while decreasing animal product consumption.34
To reduce health risks from diet-related diseases and climate
change, some health experts have proposed a target for global
per capita meat consumption (90g/day) that is less than half
of the current levels in developed countries like the United
States.35 The 2015 Dietary Guidelines Advisory Committee also
advised the U.S. Departments of Agriculture (USDA) and Health
and Human Services (HHS) to incorporate guidelines to reduce

Though market research indicates that vegetarianism is increasing amongst young people aged 18-34.31
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meat intake into federal government recommendations,b in line
with the growing evidence in support of dietary patterns that
promote health, food security, and long-term environmental
sustainability.9
Along with other institutional foodservice efforts emerging to
encourage food sustainability,36 Health Care Without Harm’s
“Less Meat, Better Meat” approach encourages reducing the
overall amount of red meat and poultry served and using the
cost savings to purchase more sustainably-produced options.
This report aims to assist the health sector in transitioning
menus and purchases to protein options that may optimize
health, environmental, and social outcomes. It does so by
summarizing and analyzing the available scientific literature on
the impacts of meat protein alternatives, with an emphasis on
legumes (e.g., soy, pulses such as dry beans and lentils), nuts

and seeds, eggs, seafood, and dairy (e.g., milk and plant-based
alternatives, yogurt, cheese).

Such information is critical because the types
of foods with which meats are replaced can
significantly impact the health and sustainability
of altered dietary patterns.
Diets low in GHG emissions are not necessarily healthy; for
instance, processed foods high in sugars, fats, and refined
grains can have low emissions profiles. Moreover, all healthy
diets are not necessarily environmentally sustainable,
especially if they are heavily reliant on air-freighted produce
and fish or water-intensive nuts.3,37 Replacing poultry or pork
with cheese can actually increase dietary ecological footprints
per serving.3 Moreover, there are important social justice
concerns to consider with some meat alternatives, including
certain types of fish and nuts.

FIGURE 1: HEALTH AND ENVIRONMENTAL IMPACTS OF DIFFERENT DIETS

Graphic reprinted with permission from Garnett, T. (2016). Plating up solutions. Science, 353(6305), 1202-1204.

This report aims to guide the complex decision-making process
encountered when reducing and replacing meat on the plate.
Each of the aforementioned food categories is analyzed in
terms of the human health impacts associated with consuming
them as well as the climate, water and land use, input (e.g.,
pesticides, fertilizers), labor, animal welfare, and geographical
considerations associated with their production. The summary
recommendations provide guidance for food purchasing

b

decisions to optimize impact on human and environmental
health. These recommendations are based on existing research
in reference to the general population; they are not intended to
suggest the proportion of foods to consume or address clinical
therapeutic recommendations or restrictions. Limitations of
existing research and opportunities for further research are
also explored.

Sustainability considerations were ultimately excluded from the final 2015 Dietary Guidelines for Americans.
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OVERVIEW OF KEY IMPACT CATEGORIES
The following section provides an overview of the key impact
categories—related to human and environmental health, social
justice, and animal welfare—that were used in the assessments
of the high-protein food categories in this report, as well as
important methodological nuances to guide the analyses of
specific food categories to follow.

HUMAN HEALTH CONSIDERATIONS
This impact factor summarizes the human health benefits
and risks associated with the consumption of foods from each
category. Key nutrients provided, as well as essential nutrients
that may be missing from the profiles of each food group, are
discussed. Nutrients, allergens, and other ingredients (e.g.,
additives) of concern are also examined. It is important to
emphasize that the environmental health concerns—including
climate change, nutrient pollution, antibiotic use, and
indirectly, diminishing ecosystem services and food security—
discussed in the subsequent sections also impact human
health.2 This impact factor concentrates on nutrition-related
individual health impacts for organizational clarity.
While animal products contain all the essential amino acids
and thus constitute a complete source of protein, there are
several plant foods such as soy and quinoa which also contain
a full amino acid profile.38 Although there is some evidence that
suggests reduced bioavailability of plant-based proteins, as
long as sufficient amounts and a variety of plant-based foods
are eaten throughout the day, human health requirements can
be adequately met with plant-based proteins alone.39
Vitamin B12—essential for red blood cell and DNA synthesis,
brain and nervous system health, and energy metabolism—is
the single micronutrient that is not present in high enough
quantities in unfortified plant-based foods. Diets avoiding all
animal products must ensure adequate consumption of B12
through fortified foods or supplementation.40,41 However, for
most omnivoresc who are simply reducing their meat intake,
there should be little concern about not consuming adequate
amounts of B12.42
The health impacts associated with the types of fatty acids
(saturated, monounsaturated, or polyunsaturated) present
in foods are discussed in the context of a number of sections
of this report. A preponderance of evidence from metabolic,
epidemiological, and clinical studies indicates optimal heart
health from replacing saturated fats with non-hydrogenated
unsaturated fats (particularly polyunsaturated).43 Omega-3

fatty acids are polyunsaturated fats of critical importance
to nervous system growth and development, reducing
inflammation, and lowering blood cholesterol levels (thus
lowering the risk of heart disease and stroke).44,45 Long-chain
polyunsaturated fatty acids eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) provide particular benefits, and
health organizations suggest a minimum of 250-500 mg/day
of DHA+EPA.46,47 Humans can also convert another short-chain
omega-3 fatty acid found in plant foods, alpha-linolenic acid
(ALA), into EPA and DHA, although conversion rates are low.48
Beyond the absolute mass of omega-3s consumed, the ratio of
omega-3 to omega-6 polyunsaturated fatty acids (typically low
in Western dietary patterns) is also an important consideration
for achieving positive health outcomes.48,49
Additionally, while one can meet all nutritional needs with little
to no animal product intake,39 populations at risk for iron, zinc,
vitamin B12, and other micronutrient deficiencies may rely on
animal products to prevent health conditions such as anemia
and stunting. While these nutrients can be easily obtained
from plants, seeds, or fortified foods in food-secure regions of
the world, reducing meat and dairy intake may not be in the
best interests of public health in places where socioeconomic
conditions may not allow for easy access to healthy plantbased alternatives.

ENVIRONMENTAL HEALTH CONSIDERATIONS
Most food produced in the United States, and increasingly
around the world, comes from an industrial agricultural system.
This system has considerably increased the food supply over
the past century to feed the growing population and meet
the rising demand for resource-intensive foods like meat and
dairy. However, it is based on assumptions of climate stability;
cheap and plentiful fossil fuel energy; abundant water, land,
and other natural resources; and the willingness of the public
to accept mounting externalized costs. As these assumptions
continue to splinter, this increasingly precarious agricultural
system threatens public and environmental health and lacks
resiliency to tackle impending threats to global food security.1
This section summarizes the environmental health impacts
that are analyzed related to each food product category in
this report. Climate change; the use of land and other inputs
including water, nutrients (e.g. fertilizers), pesticides, antibiotics,
hormones, and other pharmaceuticals; and biodiversity and
ecosystem function are all discussed.

c
Adults over age 50 are also advised to obtain most of their vitamin B12 through fortified foods or supplements due to the prevalence of malabsorption of the vitamin from
animal sources within this demographic group.42
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Climate change
Human diets contribute to climate change through emissions
of greenhouse gasses (GHG), including carbon dioxide
(CO2), methane (CH4), and nitrous oxide (N2O), involved in
producing, processing, transporting, preparing, and disposing
of food. Agricultural production is the food system stage
with the largest climate impacts, so, in most cases, the types
of foods people eat and how those foods are produced are
more important than how far they travel or how they are
processed.50,51,d Due to relative efficiencies in producing calories
compared to animal products, grains, legumes, and root
vegetables have the lowest GHG footprints per serving and per
kilogram of protein than eggs, dairy, poultry, and pork, while
beef and lamb have the highest profiles, across production
systems (e.g., intensive/industrial vs. extensive/pasturebased)(Figure 2).3,50 This hierarchy of climate impacts is due
to the fact that livestock production, as a whole, accounts for
14.5% of globale human-related GHG emissions—which is more
than the global transportation sector and makes up the vast
majority of emissions from agriculture and land-use change.52
Crop production releases GHG emissions through on-farm
energy and machinery use (CO2), soil management practices
such as fertilizer application and tilling (N2O, CO2), burning
agricultural residues on fields (CH4, N2O), rice cultivation
(CH4), and deforestation and grassland conversion to
increase cropland (CO2).53 Major sources of livestock-related
GHG emissions include enteric fermentation (CH4), manure
management (CH4, N2O), feed crop productionf (as discussed
in the previous sentence), and deforestation to produce feed
crops and pasture (CO2).5254The system (e.g., pasture-based/
extensive vs. industrial/intensive) and region of production
create variances (which are further explored in this report)
though differentials in GHG-intensity between animal
protein categories almost universally outweigh production
system differences.16,50
Carbon dioxide equivalents
This unit attempts to express the collective impact of different GHGs in a
single number based on a comparison to the amount of CO2 that would
have the same global warming potential, typically over 100 years.55 Debate
exists over the extent to which relatively short-term but more potent
methane emissions (of which animal agriculture is the top contributor in the
United States53) are and should be prioritized through such a metric, and
over whether the 100-year potential (or the CO2 eq unit at all) is the most
effective way to assess climate impacts across GHGs and sectors.56,57

Life cycle assessments (LCAs) of food products generally
report climate impacts in carbon dioxide equivalents (CO2eq)
(see Sidebox). This report employs the metric because it
is the standard unit used in existing literature on foods’
climate impacts.
FIGURE 2: CLIMATE IMPACTS OF DIFFERENT PROTEIN FOOD GROUPS
PER KILOGRAM OF PROTEIN
Beef and veal extensive

l

Beef and veal intensive

lll

l
ll

l

l l

640

l

l l
l

= data point

l
l
l
lll l l
l
l
l
l

Pig meat
l
l
ll

Poultry meat

l

Sheep meat

l

l

l

750

l

ll l
l
ll
lll

Milk
ll

Eggs

l
l
ll
l

Fish from aquaculture
Vegetal protein

l

l
l

Beef from dairy cows

Other fish and shellfish

l
ll

l

l
ll
l l

l

ll l
l
lll

l ll l l
ll
l
l
ll l
l
l
ll

Other meat substitutes

l

0

l
ll

l

540

l

l

50

100

150

200

250

kg CO2 eq per kg protein

The values above depict emissions associated with production up to
the point of retail (“cradle-to-retail”). Note that “vegetable protein”
includes pulses and 100% plant-based meat substitutes. “Other meat
substitutes” include meat substitutes containing egg or milk protein. The
carbon sequestration potential for pasture-based (extensive) beef is not
included because most studies do not account for this (see p.14).
Graphic reprinted with permission from Nijdam, D., Rood, T., &
Westhoek, H. (2012). The price of protein: Review of land use and
carbon footprints from life cycle assessments of animal food
products and their substitutes. Food Policy, 37(6), 760-770.

Land use
The production of animal-based foods comprises the majority
of global diet-related land requirements58,59 and land use per
unit of protein is lower for plant-based proteins than animalbased ones (Figure 3).60,61 However, estimates of land use
requirements are only meaningful when broken down into
which types of land are required to produce different foods:
grazing/pasture land vs. arable cropland.62 Some have pointed
out that while beef and other ruminant products appear to
be the most land-intensive foods, if they are raised and fed
solely on pasture that is unsuitable for growing crops (currently
a rare practice in U.S. cattle farming), then shifting diets away
from these products does not necessarily free up cropland to
feed more people as typically suggested.62,g Raising poultry
and hogs, on the other hand, may appear less land-intensive,
but always relies on feeding grains that could be otherwise
consumed directly by humans.37

d
Transportation, processing and/or cooking can represent a significant proportion of certain foods’ impacts.50 Air-freighting produce and seafood can more than double the
GHG footprint of these items. Processing and cooking foods with otherwise low climate footprints may also increase their relative post-farm gate emissions.
e
Livestock production represents a smaller proportion of the United States’ total emissions (agriculture as a whole contributes only 9%) due to relatively high emissions from the
energy and transportation sectors, and the fact that land use change/deforestation is not a big concern compared to other countries.53
f
Globally, 62% of crops produced by mass are directly consumed by humans, while 35% go to animal feed and 3% to biofuels, seed, and other industrial products. In North
America, only 40% of crops are devoted to human food.54
g
Debate exists over how much land could be used for cultivating crops,62 but most ruminant meat and dairy (by production volume) in industrialized countries are produced in
intensive systems where cattle eat feed grown on arable land. On average globally, ruminant meat relies on cropland, water, and nitrogen resources to the same extent per unit of
protein as pork and poultry, placing similar pressure on edible plant production possibilities.16
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Some agroecology proponents thus encourage raising animals
solely on land unsuitable for crop production or in an integrated
system (See Sidebox) where they graze on crop residues in the
field and supply nutrients in mixed cropping systems.63,64 One
study mapping the land use potential of an agriculture system
in which animals were reared only on non-arable pasture,
food waste, and agricultural crop remains (i.e., an “ecological
leftover” approach) in Western Europe found that meat
consumption would still need to significantly decrease, as it
would supply only half of the meat currently consumed in the
region (45 kg carcass weight/person/year). 65
Shifting towards less meat-heavy diets could reduce the
demand on land clearing for agricultural use (a leading
contributor to global GHG emissions and biodiversity loss),
especially in regions of the world such as the Amazonian
rainforest where land clearing is the least ecologically
favorable.66,67 It could open up land for other purposes,
including reforestation (regrowing vegetation on pastures can
lead to substantial – though transienth – CO2 uptake) or biofuel
production to reduce reliance on fossil fuels.68,69 Some also
argue that it could be used to preserve extensive (i.e., pasturebased) production systems which may sequester carboni and
provide additional biodiversity benefits in certain landscapes.65

Integrated Crop-livestock Systems
Integrated crop-livestock systems are a form of mixed
production that grows crops and raises livestock in a way
that they can complement each other and maximize
resource use. Integrated systems decrease the need for
inputs such as feed crops for fodder and fertilizer. For
example, a herd of ruminants (sheep, goats or cattle) can
graze a pasture and build up the soil. The animals are
provided with fodder from nitrogen-binding legumes,
weeds and other crop residues. They provide draught and
manure for crops while enriching the soil with nutrients.70
When an integrated crop-livestock system applies a
regenerative agriculture approach—a model which taps
into the strengths of the ecosystem through healthy
soil microbiology to reduce the use of synthetic inputs,
sequester carbon, and preserves clean air, water, and
other natural resources—the potential for optimal social,
environmental, and human health impacts is amplified.
Citation: Rodale Institute. Regenerative Organic Agriculture and
Climate Change. 2014. Available at: https://rodaleinstitute.org/
assets/WhitePaper.pdf

FIGURE 3: LAND USE OF DIFFERENT PROTEIN FOOD GROUPS PER
KILOGRAM OF PROTEIN
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Note that “vegetable protein” includes pulses and 100% plant-based
meat substitutes. “Other meat substitutes” include meat substitutes
containing egg or milk protein. The vast majority of livestock in the
United States are raised in intensive monoculture systems; this figure
does not account for land use from mixed species grazing systems.
Graphic reprinted with permission from Nijdam, D., Rood, T., &
Westhoek, H. (2012). The price of protein: Review of land use and
carbon footprints from life cycle assessments of animal food
products and their substitutes. Food Policy, 37(6), 760-770.

Water use
Assessing how much freshwater is required to produce foods,
known as the “water footprint,” also requires adopting a more
nuanced perspective than conveyed by a single number. The
water footprint includes both direct and indirect water use,
encompassing water consumption and pollution throughout
the full production cycle.71 It is typically divided into three
components: green water (e.g., rainwater that does not run
off), blue water (e.g., water from rivers, lakes, and aquifers
used to irrigate or process product), and gray water (e.g.,
water needed to dilute pollutants generated in production).
Considerable variability exists in both animal and crop
production systems and regions in terms of the amounts and
distributions of green/blue/gray components.72,73 The impact of
these different components is highly spatially and temporally
dependent, contingent on local availability of water resources
(both physical and economic), infrastructure, and seasonal
precipitation levels.74,75
The water footprints of animal-based foods are largely
determined by three main factors—feed conversion efficiency
of the animal, feed composition, and origin of the feed—in
addition to direct water consumption by the animal.76 The
type of production system (e.g., grazing, mixed, or industrial)
is important because it influences all three main factors. For
instance, ruminants (e.g., cows, sheep) raised completely on
rain-fed grass (green water) on grazing land unsuitable for crops
have a very different impact on water supplies than ruminants
finished at concentrated animal feeding operations (CAFOs), to
which water must be delivered (in the form of feed produced

h
Any trees cut down or destroyed by fire will return the carbon to the atmosphere.
i
Debate exists over the extent to which the carbon sequestration potential of properly managed pastures and rangeland is canceled out by the methane released from
ruminant animals’ digestive processes (pg. 40).
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with green and blue water and blue water in the drinking source
for the animal) and from which water-borne waste/pollutants
must be diluted (gray water).76 While green water usage does
not put pressure on surface or ground water resources to the
same extent as blue water, these footprints are not irrelevant,
as green water could theoretically be used more efficiently to
produce human food in areas where grassland could also grow
crops.16 Further research on this potential is needed, especially
as most water use in global livestock production is related to
feed crop cultivation, which uses mostly green water.16,j
The water footprint of plant-based foods is determined by the
green or blue water necessary for the crop to grow, as well as
the gray water necessary to dilute excess fertilizers, pesticides,
and other pollutants in surface and ground water associated

with crop production.73 The water footprints of both animal and
plant-based foods also account for water use during processing
and packaging. Per kilogram of protein, animal products
generally have a larger water footprint than crop products
(Figure 4). The same is true for water footprint per calorie; the
average water footprint per calorie of beef is 20 times larger
than that of grains and starchy roots.76 These trends have thus
revealed that vegetarian and other low-meat diets generally
have lower water footprints than traditional Western diets.77-79
Caveats must be made, however, as certain fruits, vegetables,
and especially nuts can have relatively high water footprints.
Thus, some healthier diets higher in water-intensive produce
items have been found to increase water stress, most notably
when foods are sourced from areas of water scarcity.80

FIGURE 4: WATER FOOTPRINT
OF DIFFERENT
FOOD
GROUPS
PER
KILOGRAM
OFofPROTEIN
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Graphic made by authors. Data used with permission from Mekonnen, M.M., & Hoekstra, A.Y. (2012). A global assessment of the water footprint of farm animal
products. Ecosystems, 15(3), 401-415.

Fertilizer use
The rapid increase in the use of fertilizers, both synthetically
produced and those derived from animal manures, has
considerably increased the food supply over the past century.
This increase has largely been driven by the Haber-Bosch
process, a method of synthesizing ammonia from atmospheric
nitrogen (N).81 While this process has helped us feed the
rapidly growing global population, the availability of and
endless supply of N has led to excess N accumulation in the
environment. The Haber-Bosch process is also very energy-

intensive, so the manufacturing of synthetic fertilizer has a
high GHG footprint. Meanwhile, phosphorus (P) in fertilizer is
derived from mining global phosphate rock sources, which are
concentrated in only a few countries—making them vulnerable
to geopolitical conflicts—and are expected to be depleted by
the end of the century, threatening long-term food production
capacities.82
When excess reactive nitrogen (Nr ) and phosphate (PO43-) enter
the environment from fertilizers, they degrade the quality of

j
Although feed crop cultivation depends mostly on green water, the blue water footprint is still important. In the United States, and particularly in the West, a significant amount
of crops and forages grown for animal feed (e.g. alfalfa) are being produced with blue water.
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surface and ground water (Nr , PO43-) and air (Nr ), and contribute
to climate change (Nr ), stratospheric ozone depletion (Nr ),
and biodiversity loss (Nr , PO43-).83,84 Nitrate and phosphate
runoff and ground water contamination cause eutrophication
of freshwater and coastal ecosystems, whereby excess
nutrient levels lead to toxic algae blooms that deplete oxygen
levels in the water and kill fish, plants, and other aquatic
life.85 Meanwhile, excess levels of nitrate in drinking water
have been associated with birth defects following prenatal
consumption86 and with certain types of cancer among adult
consumers (stomach, colorectal, non-Hodgkin lymphoma,
thyroid, ovarian).87-89 Reactive nitrogen released into the lower
atmosphere increases smog, particulate matter, and groundlevel ozone pollution, which cause respiratory illnesses, reduced
lung function, and premature deaths. On the other hand, Nr
released in the upper atmosphere as nitrous oxide can damage
stratospheric ozone and is also a potent greenhouse gas.84,90
Researchers have created an N footprint calculator to measure
the amount of Nr lost to the environment related to the
production and consumption of food, energy, goods, and
services.91 Food production and consumption are responsible
for 71% of the average American’s N footprint.91 Although food
production, particularly of meat, is responsible for more N
emissions than any other footprint component,91 substantial
differences exist between types of meat (poultry and pork
are significantly more N-efficient than beef) and plant-based
foods (legumes and grains are generally more N-efficient
than vegetables).92,93
Phosphorous footprints have also been determined. The
average American diet is associated with the second highest
dietary P footprint in the world, 82% of which was attributed
to animal product consumption.94 P requirements follow
a relatively similar hierarchy of resource requirements as N
inputs, with beef being the least P-efficient (significantly less
than pork and poultry), and pulses and starchy roots being
the most P-efficient by far.95 A plant-based diet dramatically
decreases the mined phosphate required to produce the food
consumed in a conventional meat-heavy diet.95 One estimate
suggests that if U.S. consumers shifted to a plant-based diet,
the country’s phosphorus fertilizer demand could decrease
by 44%.96
While average N and P footprint values help convey the scale
and sources of nutrient losses from fertilizer application,
it is important to emphasize that the amount of leaching
depends on soil and climate conditions, and can differ largely
between countries and between regions within the same
country.60 The region where food is produced is also particularly
important to consider when assessing the impacts of these
pollutants. For instance, California’s water crisis is amplified
by N contamination of ground water from intensive dairy,
nut, feed crop (e.g., alfalfa, corn), and produce farms,97 which
disproportionately harms low-income Latino farmworker

communities.98,99 Nitrate-contaminated drinking water has
also been an issue for residents in a number of Midwestern
states who live in proximity to industrial corn, hog, dairy, and
poultry farms.100,101 Concentrated intensive poultry production
in the Delmarva watershed (comprised of parts of Delaware,
Maryland, and Virginia) significantly contributes to the
eutrophication of the Chesapeake Bay.102,103 Algae blooms
observed in Lake Erie are largely attributable to P runoff
from agricultural practices, placing considerable expense on
communities who depend on the lake for their water supply.104
Meanwhile, excess nutrients leached from farms along the
Mississippi River Basin are the leading cause of the Gulf of
Mexico’s Dead Zone,105 which could even impact aquaculture
production in the region.106
It is also worth noting that, beyond nutrient pollution, fertilizers
derived from animal manure frequently contain hormones,
pesticides, and non-metabolized veterinary drugs.107 Thus,
contamination of ground water by non-synthetic fertilizer
leaching can also harm humans relying on that water for
drinking and other household uses.

Pesticide use
Chemical pesticides (e.g., herbicides, insecticides, fungicides)
used in agriculture can measurably improve the yields and
quality of crops, and indirectly food security, farmer livelihoods,
and consumer affordability.108 However, their use also
contributes to a number of risks to human – most notably
for farmworkers and nearby agricultural communities – and
environmental health. Farmworkers are at an increased risk of
acute pesticide poisoning and other pesticide-related illnesses,
including some cancers; nervous system and reproductive
disorders; and respiratory, skin, cardiac, liver, and kidney
conditions.109 Residents living in proximity to industrial crop
farms with high pesticide use are also at risk for many of these
harms.110 Children’s developing organ systems and smaller
bodies are especially sensitive to such pesticide exposure.111,112
At this time, there is little evidence that pesticide use represents
a significant health risk for those consuming conventionallyproduced food items,113 though there is controversy over the
extent to which chronic, low-level exposure to pesticides
through food consumption (even below established risk
thresholds) could pose health risks to consumers. Conventional
produce has a 30% higher risk for pesticide contamination than
organic produce, and a few studies have found significantly
lower urinary pesticide levels among children consuming
organic versus conventional diets.114 However, there is little
evidence at this time that these differences would have clinical
significance.114 Questions remain about the possible synergistic
effects of consuming low-level amounts of multiple different
pesticides, particularly those with a similar mechanism of
action.115 The potential risk is cause enough to limit or avoid
pesticide exposure whether through food consumption or in
general while additional research is established.
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The use of certain pesticides, however, has also been
implicated as a threat to other non-target organisms—including
birds, amphibians, aquatic organisms, and beneficial insects—
especially when persistent in the environment and as a
potential surface and ground water contamination threat.116,117
Pesticides are considered one of the many contributors to
the rapidly declining populations of pollinators, threatening
future food security given that 75% of crops worldwide depend
on insect pollination (mostly by bees).118 Theories have been
put forward that chronic, sub-lethal pesticide exposure may
compromise the health of individual bees, and ultimately lead
to lethal impacts on colonies already weakened by disease.118,119
Neonicotinoids, a class of insecticides introduced to the
agricultural market in the early 1990s, have become particularly
suspect culprits and are increasingly being banned in attempts
to support pollinators. Debate remains over the extent to
which these specific insecticides contribute to pollinator
collapse,120 especially as other fungicides and insecticides have
also been associated with poor colony health.121 The heavy
use of agricultural fungicides has also been implicated in the
rise of fungal resistance to anti-fungal medicines (through
a similar mechanism as the development of antibiotic
resistance), which has particularly serious consequences for
immune-suppressed individuals.122

Antibiotic, hormone, and other pharmaceutical use
The overcrowded, confined, and often unsanitary living
conditions of most food animals in the United States today
(p.13) rely on a number of pharmaceutical drugs for disease
treatment and prevention. About 72% of “medically important”
antibiotics—which come from classes of antibiotics that are
medically important to the treatment of human disease such
as penicillins, macrolides, and cephalosporins—sold in the
United States are used for animal agriculture, not for human
medicine.123 The overuse of non-therapeutick antibiotics in
animal agriculture has thus been implicated as a significant
contributor to the growing threat of antibiotic-resistant
infections because such practices diminish the effectiveness
of lifesaving drugs.124 Antibiotics are not solely used in meat
production, however; they are also used in aquaculture, dairy,
and egg production, as further discussed in this report.125,126
Dairy cows and farmed fish are also commonly fed hormones
to increase and sustain their milk production (cows) and for
growth promotionl (farmed fish).127 All birds and mammals,
including humans, emit hormones in their waste, which
eventually ends up in rivers and waterways. Both natural
and synthetic estrogens have been associated with negative

reproductive (e.g., endocrine disruption) and developmental
impacts for aquatic organisms, even at low levels.128,129 Concerns
have been raised that elevated levels of these endocrinedisrupting chemicals in the widespread environment could
directly harm humans, too, though more research is needed to
determine the extent of risk.130

Biodiversity and ecosystem function
Declining biodiversity threatens many important ecosystem
services that support long-term food security including
pollination, pest control, water retention, soil fertility, and
nutrition enhancement.131-133 Agricultural biodiversity is
threatened by a number of agricultural practices including
increasing genetic uniformity in crop varieties and livestock
breeds, monoculture production systems (to produce crops
for both human and animal consumption as well as animal
products for human consumption), clearing of biodiverse
land (e.g., rainforests, mangroves, grassland) to increase
food production, soil management strategies (e.g., tilling),
heavy use of pesticides and other agrochemicals, and certain
fishing practices.

SOCIAL JUSTICE CONSIDERATIONS
Rapid industrialization, concentration, and vertical integration
in the food system over the past century have increased
efficiencies of scale, reduced costs for large-scale producers,
and lowered consumer prices. These same changes have
also contributed to the decline in value of workers’ wages
and loss of farmers’ and citizens’ autonomy over food
production, processing, distribution, and retail.36 Industrial
food production and processing in the United States also
present many physical, mental, and social health concerns,
which fall disproportionately on food system workers (most
of whom are immigrant and migratory) and their families as
well as residents of nearby communities (predominantly of
color and low-income). Food production, aquaculture, and
food processing are strenuous and dangerous professions
with exceptionally high rates of occupational injuries.109,134
Workers also face increased risk for respiratory illnesses,
bacterial infections, digestive tract disorders, and other health
conditions from exposure to pathogenic bacteria, pesticides,
drug residues, hormones, heavy metals, excess nutrients, and
other contaminants.109,134 These risks are often compounded
by poor working conditions, substandard wages and housing,
and inadequate labor rights (including lack of workers’
compensation and healthcare benefits).135-137 Residents living
in proximity to industrial crop and/or food animal production

k
Considerable debate exists over how to classify antibiotic use. The U.S. Food and Drug Administration (FDA) considers disease treatment, control, and prevention to be
therapeutic uses, though other public health experts consider disease prevention to be non-therapeutic.24
l
Although studies have documented how antibiotics can be used for growth promotion in aquaculture, the extent to which antibiotics are used (whether for disease treatment,
disease prevention, or growth promotion) is relatively unknown.
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operations are at risk for many of the same health concerns as
workers due to local air and water pollution.28,110,138 Neighbors of
industrial food animal production operations also report high
rates of stress, among many quality of life disruptions.28,138
It is important to consider the socioeconomic implications
that large-scale shifts towards more plant-based diets could
have for current food producers and consumers, domestically
and globally. Importing significant amounts of food from other
countries displaces the environmental and social impacts
associated with their production to the places where the
foods are produced. This can be especially concerning when
these regions of production have high poverty levels and few
labor and environmental protections, making them ripe for
exploitation through global market integration. For instance,
rampant Amazonian rainforest deforestation over the last two
decades to create pasture for cattle grazing or cropland to
produce feed for poultry and pigs, meat and dairy cattle, and
farmed-raised fish has been implicated in a number of social
justice concerns for local residents. These include increased
levels of income inequality and accelerated land consolidation,
in addition to contributing to rapid degradation of one of the
world’s most biodiverse hotspots.139
Inequities in global trade are not exclusive to animal-based
foods. Many plant-based foods highlighted for their superior
nutritional profiles (e.g., quinoa, chia seeds, goji berries, millet,
teff) are indigenous to other countries, predominantly in
the Global South. The importing of such foods by wealthier
consumers from the Global North has presented social and
ethical questions raised by these trade dynamics. For example,
in what some refer to as the “quinoa quandary,” debates exist
over the degree to which the rapidly increased global demand
for quinoa (mainly grown in Bolivia and Peru) has improved
the livelihoods of poorer growers by raising its cash value, or
priced out local inhabitants who have traditionally relied on
quinoa for high-quality nutrients and food security.140 It may
also encourage the adoption of more unsustainable intensive
production methods that deplete long-term soil quality and
biodiversity, and may raise difficulties for local residents if
the boom ends or varieties that grow in other places are
developed.140 Critiques exist about the extent to which fair trade
certifications (related to many imported products like coffee)
alleviate some of these concerns or reinforce trade, labor,
gender and other social inequities.36
Wide-scale shifts towards more plant-based diets may also
depend on changes in agronomic and horticultural research
priorities, food and farm policies (at all jurisdiction levels),
extension services, farmer knowledge and training, and
infrastructure.62,141 Livestock production also employs 1.3 billion
people and supports the livelihood of 600 million smallholder

m

farmers globally, and it is important to emphasize that
messages advocating reducing meat consumption should be
concentrated in industrialized countries with high consumption
rates and fewer employees of the system.142,m On the whole,
there is little consideration of the positive or negative impacts
that shifting dietary patterns could have on producers, as most
literature around healthy and sustainable diets concentrates on
public health and environmental impacts. Thus, comprehensive
analysis is still needed to assess the macroeconomic and
agricultural policy needs for and potential consequences of
shifting towards more sustainable and healthier diets.141
Each of the following sections provides an overview of key
social justice considerations that have been raised about the
food product category at hand. This report is not meant to be
comprehensive, and given the complexities related to trade
markets, many unanticipated socioeconomic consequences
of scaling up or scaling back consumption of any food product
are likely to occur. Nevertheless, by prioritizing the procurement
of food from suppliers that work to avoid—or, if necessary,
mitigate—these social injustices, hospitals and other healthcare
facilities may help shift the infrastructure of the current food
system toward one that supports the health and wellbeing of
workers and communities.

ANIMAL WELFARE CONSIDERATIONS
Rising demand for meat has facilitated rapid intensification of
food animal production in the United States, and increasingly
around the world, since the 1950s. Animals are often raised
in large numbers, confined in small spaces, and subject to
poor conditions that contribute to numerous physical and
psychological harms, including illness, painful body alteration,
and extreme stress.24 They are often fed antibiotics, hormones,
and other drugs to prevent disease and increase growth
rates, but these may also harm animals and human workers,
surrounding communities, and public health in general (p.12).
Animal welfare concerns are not exclusive to conventional
farms, and also exist on organic or more “natural” farms.24,143
Reducing demand for meat products may mitigate some of
these concerns, although many also occur in the production
of dairy, eggs, and fish. This report discusses important
animal welfare considerations related to these foods, and the
supplementary recommendations review key animal welfare
considerations to prioritize when purchasing meat alternatives
from these categories.

Efforts to moderate increasing animal product demand will also be required in rapidly industrializing countries to ensure long-term global food security.56
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LIMITATIONS OF THIS REPORT
EXCLUDED FOODS

DATA LIMITATIONS

This report does not address the full range of food categories
that offer protein, a non-trivial exclusion given that other foods
not typically categorized as “protein foods” contribute nearly
half of the protein available in the U.S. food supply and a
majority of the protein consumed worldwide.34,144 For instance,
whole grains may provide significant amounts of protein,
varying from 5 g per cup of cooked brown rice to 10 g (20% of
the daily value recommendation for adults) per cup of cooked
wheat berries, teff, or amaranth.145 The environmental impacts
of grains also varies greatly.146,n Some grains are used to make
products used as alternatives to traditional animal products,
including seitan, oat milk, and brown rice protein powder.
Moreover, emerging sources of proteins, such as mycoproteins
(e.g., “Quorn”), edible insects, microalgae, in-vitro meat, and
lab-grown dairy products,147-149 were excluded due to their
relatively rare presence in current food supply chains, though
they represent opportunities for further research.

When estimating contributions to climate change from
foods or dietary patterns, it is important to clearly identify
the boundaries of consideration. For example, estimates of
GHG emissions that focus on food production up until a food
leaves a farm (or landing site, in the case of wild seafood) may
differ considerably from those that evaluate emissions from
production all the way to consumption.56,154 The latter includes
post-production transport, processing, packaging, storage,
distribution, and preparation whereas the former does not. Most
studies cited in this report were based on lifecycle assessments
(LCAs) of foods from just the production phase to maintain
methodological consistency when comparing LCAs. Given this
limitation, important considerations for other lifecycle stages
are noted when possible (e.g., emissions for processing milk
into cheese or soybeans into processed soy products, or highimpact transportation methods). Water footprint methodologies
generally report impacts from production through to retail
stages, so these concerns were less of a concern for those data.

FUNCTIONAL UNIT SELECTION

The type of allocation method, meaning how one accounts
for “co-products” like the meat that comes from retired dairy
cows or parts of plants that are not consumed directly but
used in other forms (e.g., straw derived from wheat or rice;
almond hulls, shells, and biomass that can be used for feed,
bedding, or electricity generation) can significantly change the
environmental footprints associated with many foods.61,155,156
Lifecycle assessments results also vary depending on whether
soil organic carbon stocks—and hence soil carbon emissions or
sequestration potential—are considered. Debates remain over
whether the potential of regenerative farming practices such
as grazing cattle on well-managed pastureland to sequester
carbon is profound157,158 or overstated.159 Given the profound
uncertainties and assumptions underlying it, most LCAs of
current production systems do not include carbon sequestration
potential.60,61

The health and environmental impacts of animal and plant-based
foods can vary in significant ways depending on which functional
unit is used to compare them (e.g., per kilogram of protein, per
kilogram of product, per serving, per calorie).56 This issue came
into the spotlight recently as a study garnered media attention
for its statement that lettuce was “three times worse in GHG
emissions” than bacon and associated claims that vegetarian diets
were worse for the environment.150 This quote was based on a
per calorie comparison, which can be misleading given that these
foods have substantially different caloric densities and are not
typically consumed in similar calorie amounts.151 Since vegetables,
unlike root crops and legumes, are not primarily consumed for
calories or protein, some experts recommend comparing them on
a per serving basis.3 Others urge comparing the impacts of meals
containing similar nutritional value152 or entire dietary patterns153
rather than individual foods to avoid such problems. Given that
this report seeks to guide the process of choosing protein foods,
comparisons are made on a per kilogram of protein basis, though
per serving comparisons are also included given that, although
they contain adequate amounts of protein, plant-based diets
generally do not fully replace original animal-based protein
intakes when avoiding meat products.146 Per kilogram of product
comparisons are only used when no other functional units were
available in the study being cited and the data was deemed
important enough to include.

Regional physical and socioeconomic variations can also lead
to different crop yields and feed conversion factors.16,50 Most
LCA reviews present global averages for different ecological
impacts, and hence do not go into depth on such differences.
This report included many such reviews because of their
comprehensive scope and useful summary analyses. However,
it does incorporate references to studies that account for the
differential geographical impacts of production to highlight key
considerations to keep in mind when choosing the source of
certain food items.

n
For example, rice has a GHG footprint four times greater per serving than that of oats, rye, and wheat, though it is still significantly lower than that associated with meats on a
per serving basis.146
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LEGUMES (PULSES AND SOY)
The term “legume” refers to plants with fruit enclosed in a
pod. Legumes are a large family of plants including more
than 600 genera and more than 13,000 species.160 Wellknown legumes include alfalfa, clover, dry beans, fresh peas,
soybeans, peanuts, lupins, and mesquite. This section assesses
the health, environmental, and social impacts of producing
and consuming pulses and soybeans. Due to their similar
nutritional profiles, peanuts are often grouped with tree nuts
and are thus assessed in the nuts and seeds chapter (pp.2124). Note that some studies describe the impacts of legumes
as a whole; others specify their results apply to only pulses or
soy. For each impact discussed below, this report uses the term
described in the original source cited.

a more ecologically sound and sustainable form source of
nutrients compared to synthetic fertilizers.164 Planting legumes
in rotation with cereal crops also reduces disease potential and
helps control weeds and insects in both crops.163,165

FIGURE 5: WHAT ARE LEGUMES?

Pulses (i.e., grain legumes) are a subset of food legumes, a term
restricted to those used for the dried seed. Dried beans, lentils
and peas are the most common varieties.166 The most popular
available dry bean and pea varieties in the United States
include pinto, navy, black, great northern, garbanzo (chickpeas),
kidney, lima, and mung beans; as well as black-eyed and
pigeon peas.167 They can be prepared and consumed in many
forms including whole or split, ground into flour, or fractionated
into protein, fiber, and starch.160 As the practice of incorporating
leguminous plants into crop rotations grows, pulse production
in the United States is rising. 168 The principal growing regions
of dry beans, lentils, and peas are the Northern Plains states
(North Dakota, Nebraska, Montana), upper Midwest (Michigan,
Minnesota), eastern Washington, northern Idaho, and northeast
Oregon.168 Production in the Northern Plains is the most rapidly
growing, where pulses fit well into established crop rotations.167
That said, the United States exports 43% of the dry beans
and 83% of the other pulses (excluding soybeans) it produces
while importing 63% of the supply consumed (predominantly
from Canada).169

Graphic reprinted with permission from Pulse Canada.

Global soybean production has grown tenfold over the past
half century—from 27 million tons in 1961 to 278 million tons
in 2013170—and is expected to grow another 33% by 2050.139
Soybeans are now the second-most-planted field crop in
the United States after corn, with 83.7 million acres planted
in 2016.168 Of that, 94% was planted in genetically modified
herbicide-resistant varieties (see Sidebox, pg.20).168 Fewer
than one percent of total soybean acres was in organic
production.171 More than 80% of soybean acreage is in the upper
Midwest (the “Corn Belt”), where corn-soybean rotations are
common, although significant amounts are planted in the
South and Southeast.172 While the United States is the world’s
second largest soybean producer, it also imports significant
quantities (>15,000 tons, in some cases over 300,000 tons)
of soybeans (SB), soybean meal (SM), soybean oil (SO), and
soy sauce (SS) from Canada (SB, SM, SO, SS), China (SB, SS),
Argentinao (SB), and India (SB).169 173,174,17

Legumes play a critical role in supporting food security,
agricultural sustainability, and overall ecosystem resilience
through their unique capacity to increase soil fertility and
promote agro-biodiversity.161 Symbiotic bacteria that live on
the roots of legumes “fix” nitrogen gas from the atmosphere
into biologically active forms of nitrogen that can be used by
plants. With legumes’ ability to replenish soil nitrogen (and in
some cases, also free soil-bound phosphorous162,163,), rotating
leguminous crops with other crops can increase nutrient
availability to benefit the crops to follow and thus provide

About 85% of the world’s soybean crop is processed into meal
for animal feed and vegetable oil.139 Two percent of that meal

o
Numerous social justice and environmental concerns have been implicated with the export-driven soy industry in Latin America, including adverse health and environmental
impacts for nearby communities associated with heavy agrochemical use, land consolidation and displacement of indigenous communities, and elevated climate impact due to
land use change/deforestation.139,173-175 This report concentrates on the impact of soy production in the United States given that it accounts for the vast majority of soy consumed
in the country directly or indirectly via animal feed (for domestically raised livestock) or processed foods. The United States does import significant amounts of farm-raised fish,
however, which may be fed soybean meal derived from Latin America (further research needed).
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further processed into soy flours and derivatives for food
use (e.g., lecithin, an emulsifier). Soy oil is used for cooking,
in margarine, and also for other goods including soaps and
cosmetic products. Approximately 6% of soybeans are used
directly as human food.139 Food uses of soybeans include whole
soybeans (e.g., edamame, soy nuts), traditional soy foods made
from whole full-fat soybeans (e.g., tofu, full-fat soymilk) and
fermented soybeans (e.g., miso, tempeh, soy sauce, natto), as
well as processed meat analogs, energy bars, and low-fat soy
milks made from soy protein isolate, soy protein concentrate,
or textured soy protein (i.e., TVP). Meat processing companies
also commonly use TVP as a “meat extender” to make meat
products cheaper.176

Products derived from soy

FIGURE 6: PRODUCTS DERIVED FROM SOY
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grains in diets rich in fruits and vegetables.180,181 The large
prospective, observational Nurses’ Health Study II reported
that substituting one serving/day of legumes for one serving/
day of red meat in young adulthood was associated with a 15%
lower risk of breast cancer among all women and 19% lower risk
among premenopausal women.182
Iron from pulses is not particularly well absorbed by the human
body (i.e., bioavailable) but this can be increased by eating
pulses with vitamin C-containing foods (e.g., squeezing lemon
juice onto lentil or chickpea dishes). Pulses are quite low in
fat and relatively low in caloric density. Although they have a
fairly high carbohydrate content (50%–65%), they are slowly
digested. The glycemic index of pulses varies with cooking and
processing; for instance, the glycemic index of canned beans is
higher than dry, cooked beans, although still lower than bread.183
Pulses contain low levels of several compounds often called
“anti-nutrients,” including enzymes, enzyme inhibitors, and
lectins. These compounds can interfere with various digestive
enzymes, including trypsin, chymotrypsin, and amylase,
reducing the bioavailability of some nutrients. Their effect
is sharply reduced, however, with cooking and especially
sprouting, which denature the anti-nutrients and improve
nutrient absorption from and overall digestibility of pulses.184,185

Soy

eggs

Milk
Production

egg
Products

Dairy
Products

Graphic reprinted with permission from World Wide Fund for Nature
(2014). The Growth of Soy: Impacts and Solutions. Gland, Switzerland:
WWF International. Available at http://wwf.panda.org/what_we_do/
footprint/agriculture/soy/soyreport/index.cfm

HUMAN HEALTH CONSIDERATIONS
Pulses
Pulses are part of the legume family, but the term “pulse”
refers only to the dried seed and does not include fresh beans
or peas. Although they are related to pulses because they are
also edible seeds of podded plants, soybeans and peanuts
differ in that they have a much higher fat content, whereas
pulses contain little fat.
Pulses are rich in fiber and protein and have high levels of
minerals including iron, zinc, magnesium, and potassium as
well as folate and other B-vitamins.177 Regular consumption
of pulses has been associated with various health benefits,
including decreased risk of cardiovascular disease, diabetes,
obesity, and colorectal cancer.178,179 These benefits may be
increased when pulses are combined with tree nuts and whole

Whole soy is a complex food containing protein, carbohydrates,
fat, and fiber. Soy provides a “complete” plant-based
protein source, meaning that it contains all essential amino
acids.186 Soybeans also contain many compounds that
impact human health, including saponins, lecithin, phytates,
protease inhibitors, phenolic acids, phytosterols (including
phytoestrogens like isoflavones), and omega-3 fatty acids.187
Many of the health impacts related to consuming soybeans
and soy-based food products depend on whether the soy
is consumed in a whole food form or as a more processed
product made from isolated soy protein or extracts.
The health benefits associated with consuming soy in
observational studies of humans are related to whole soy food
consumption; there is conflicting evidence about whether
processed soy isolates (including soy supplements containing
isolated phytoestrogens/isoflavones) may cause adverse
health effects.188
Moderate consumption (e.g., 1-2 servings/day) of whole
soy foods (e.g., edamame, tofu, tempeh, full-fat soymilk)
has been associated with cardiovascular benefits, including
improved blood cholesterol profile and modestly lower
triglycerides, particularly in people whose baseline levels are
elevated.189,190 There is no evidence of this effect from isolated
soy proteins or extracts (e.g., soy found in processed soy
meat analogs, energy bars, and low-fat soy milk).191 Whole
soy dietary protein is associated with modestly improved
measures of bone health and, in a large prospective study
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of Chinese women, with reduced risk of fractures.192,193
Fermenting may also increase the bioavailability of iron and
zinc from soybeans.194,195 Consumption of soy (in all forms,
whole, isolated, supplements) has also been associated with
reduced menopausal symptoms including hot flashes.196
There has been controversy over whether isoflavones in soy,
which can act like estrogens in the body, can cause cancer.
However, isoflavones also have anti-estrogen properties
(depending on the tissues they are in),197 as well as antioxidant and anti-inflammatory effects that work to suppress
cancer growth. Observational studies have found that higher
consumption of dietary whole soy products is associated with
modestly decreased breast cancer risk.198 This association is
even stronger with higher whole soy consumption in childhood
and adolescence. Ultimately, whole soy is a complex food
with a mixture of isoflavones and many other compounds
that should not be considered in isolation. Thus, the health
benefits may not apply to fractionated soy supplements.
The American Cancer Society recommends against taking
soy supplements due to the unnaturally high isoflavone
concentration, but recognizes that moderate consumption
of soy foods is considered safe, indeed protective.199
Highly processed soy foods are often high in sodium and
commonly filled with additives including artificial flavors,
gums, colorings, and preservatives. Controversy exists as
to the real safety of the approved food additives on the
market. For example, many of the approved food additives
in the United States are banned in other countries due to
conclusions by regulatory agencies of a lack of safety.200 One
consumer group, the Center for Science in the Public Interest,
ranks a list of common food additives based on human
health and safety risks associated with their consumption.201

ENVIRONMENTAL HEALTH CONSIDERATIONS
Compared to other food groups, legumes generally have
the lowest environmental impacts associated with their
production across indicators, including GHG, land, and water
footprints, and—with the exception of soybeans—pesticide
and fertilizer use. Legumes may also enhance soil, aboveground vegetative and invertebrate biodiversity, and benefit
an entire agricultural operation in various ways
when they are planted as components of cropping
rotations or even integrated crop-animal systems.

Climate change
When GHG impact (up to point of retail) is compared per
unit of protein, legumes by far have the lowest values (4 – 10
kg CO2-eq/kg protein) compared to other animal protein
sources, such as poultry (10 – 30), eggs (15 – 42), pork (20

– 55), and beef (45 – 640).61 Processing legumes into meat
substitutes raises their GHG impacts: slightly for vegetablebased substitutes (6 – 17), and significantly for substitutes that
include egg or milk protein isolates (17 – 34). A more recent
LCA review of global average values (though considering only
production phase) found even more striking results, with
pulses having 3.7% the GHG-intensity per unit of protein as
eggs, 2.7% the footprint of dairy, 2.5% the footprint of poultry
and pork, and only 0.4% the footprint of ruminant meat.3
Some studies have also analyzed the emissions associated
with completely plant-based meals in contrast to
meals containing meat or other animal products. These
comparisons may add additional nuance, such as by
differentiating animal products based on what they were
fed or adding in the impacts of additional ingredients,
which can significantly change the overall climate impacts
associated with meals.202 For instance, one analysis of
farm to retail emissions found that a meal with tomatoes,
rice, and pork was estimated to have nine times higher
emissions than a meal of potatoes, carrots, and dry peas.152

The Dirt on Your Plate:
How much of an environmental impact do
different meals have?
One study compared GHG emissions from
farm to consumer associated with four different
meals containing equivalent amounts of protein
and calories.202
The components of the meals were 1) pork chop
produced with conventional soy-based feed, plus
potatoes, tomatoes and bread, 2) pork chop produced
with feed based on peas and rapeseed, plus potatoes,
tomatoes and bread, 3) sausage in which 10% of the
animal protein has been replaced with pea protein,
plus bread and tomatoes, and 4) a fully vegetarian pea
burger plus bread and tomatoes.
The authors concluded that the vegetarian meal had
approximately half to two-thirds (it studied the meals
in two different locations) of the global warming
potential than all of the meals with animal protein.
However, in terms of energy use alone, a completely
vegetarian pea burger meal required the same amount
of energy as other meat-containing meals; more
energy-efficient processing of vegetarian products
would reduce their climate impacts.
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Land use
Pulses also have a relatively low land footprint. One LCA review
reported the land footprint for pulses to range from 10 – 43 m2/
kg proteinp and meat substitutes from 4 – 25 m2/kg protein.61
These values were slightly lower or roughly comparable to
farmed seafood (13 – 30 m2/kg protein), poultry (23 – 40 m2/
kg protein), milk and cheese (26 – 54 m2/kg protein), and pork
(40 – 75 m2/kg protein). They were all much lower than the
land footprint for beef, which ranged from 37 m2/kg protein
for culled dairy cows to 1430 – 2100 m2/kg protein for cattle
raised on extensive pastoral farms. Another study comparing
the land used to produce meat protein (including land used to
grow feed) versus a processed soy protein product found that
the land requirements to produce the same amount of meat
protein were 6–17 times larger for meat protein.203
Some studies have also compared land footprints based on
dietary patterns, providing a more holistic view of the land use
requirements for more plant-based diets versus diets with
various amounts of meat and animal product intake. One
analyzed the land requirements in New York state for 42 diets
ranging from 0 – 381 g/day (0 – 12 oz./day) of meat and eggs
and 20 – 45% total calories from fat.204 The authors found
a nearly five-fold difference in per capita land requirements
across diets. Ultimately, meat increased the land requirements
of diets more so than fat, but diets which included modest
levels of meat and fat consumption could feed slightly greater
numbers of people than vegetarian diets which provided
significant quantities of fat (due to the need to grow additional
oil crops). They concluded that diet should be considered in
its entirety when assessing environmental impacts, including
land use.
A recent study also compared land-use requirements of
ten different diets in the United States.62 The baseline diet
reflected current dietary consumption data. It was compared
with a series of dietary patterns beginning with a healthy
omnivorous diet meeting USDA dietary guidelines and then
progressively altered by adding increasing percentages of
people following an ovo-lacto vegetarian diet. Three completely
vegetarian dietary patterns (which excluded all animal flesh)
were also included: ovo-lacto vegetarian, lacto-vegetarian, and
vegan. Land requirements decreased steadily across the five
healthy omnivorous diets as meat intake declined. The total
land requirements for the three vegetarian diets were all low,
though the authors emphasized that the kind of land (grazing,
perennial cropland, or cultivated cropland) impacted by these
diets varies considerably. The differential in terms of land
saved by eating less or no meat was smaller when considering
only cultivated cropland requirements instead of full land
use requirements. This is significant given that much land in
p

the U.S. is not suitable for growing food crops and hence any
grazing land saved would not necessarily feed more people
(though it could be used for other purposes – see p.9).

Water use
Global average water footprints of pulses and soy are generally
considerably lower than those of animal protein sources,
whether calculated per ton of product or per unit of nutritional
value.76 The water footprint per gram of protein for milk, eggs,
and chicken meat is about 1.5 times larger than for pulses.76
For beef, the water footprint per gram of protein is six times
larger than for pulses. The water footprint breakdown for pulses
is 78% green water, 3% blue water, and 18% gray water. When
growing, legumes fix nitrogen (N) into the soil, which reduces
the need for chemical fertilizers. But depending on cropping
systems, soil type, rainfall, and management practice (e.g., crop
rotations, fallowing, tilling vs. no-till), N leaching from legumes
into surface and ground water can be significant, particularly
after harvest and during a fallow period.205 The larger relative
global average gray water footprint of pulses compared to
many other crops is based on estimates of N leaching and the
water necessary to dilute it to safe levels and can vary widely. A
vast majority of soy in the United States is entirely rain-fed and
has little or no blue water footprint during production. It does,
however, contribute to gray water requirements and require
blue water during processing.

Fertilizer use, nitrogen leaching, and gaseous emissions
In addition to their food value, legumes are also important
in cropping systems for their ability to fix N and increase
the fertility of the soil. This role derives from the symbiotic
relationship that legumes have with bacteria that are able to
fix atmospheric N into a form that is usable by plants. Before
the development and use of synthetic N fertilizers, legumes
were often included in integrated cropping systems to supply
and replenish soil nitrogen. They still are common in certain
instances, such as corn-soy rotations. With synthetic N fertilizer,
many farmers rely less on legumes, but they are essential in
organic operations which do not rely on manure or compost.
As with N-fertilized fields (pp.10-11), N can leave legume-based
cropping systems through leaching into surface or ground
water, or through gaseous emissions as ammonia, nitric oxides,
nitrous oxide (N2O), or nitrogen gas (N2).164 The greatest risk of
N leaching from legume-based systems occurs during fallow
periods after crop residue has been incorporated into the soil
and before a subsequent crop. This can be minimized with the
appropriate use of cover crops where possible. N2O releases
from N-fertilized and legume fields are similar but the total
global warming potential is much greater in fertilized fields
largely because of the energy required to make N fertilizers.164

These land use requirements are averages of the square meters occupied per year per kilogram of protein.
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Ammonia releases can be minimized or even eliminated by
incorporating amendments into the topsoil.164 No-till cropping
in an N fertilized field helps increase soil carbon sequestration
but does not offset the energy requirements for N fertilizer
production. A legume-based system is superior in terms of
reduced contributions to global warming.
One study that compared a variety of food groups found that
pulses (along with nuts) have the lowest total Nr lost to the
environment per kilogram of protein consumed—known as the
virtual N factor—at 64 g N lost/kg protein.206 The difference
between pulses and other commonly consumed “protein
foods” was stark: fish and poultry had a six-fold greater N factor
than pulses; milk, cheese, eggs, and pork had a 9-fold greater N
factor, and beef had a 17-fold greater N factor.206 Another study
found that the production of one kilogram of pork yielded a six
times greater eutrophication potential and required 3.4 times
as much fertilizer as the same amount of dry peas. 207

Pesticide use
Pesticide use varies greatly among legumes. Depending on
the seed variety, soil type, and growing conditions, pulses
can be vulnerable to several different fungal diseases,
including ascochyta blight, leading to the use of fungicides in
conventional systems. Selection of more resistant varieties for
planting helps reduce the need for fungicides. A variety of other
herbicides, seed treatments, insecticides, and fumigants are
approved for use in pulse production and storage operations
but the specifics of their use differs with region, soil type, and
cropping system particulars.208 Although dry beans and peas
generally have low levels of pesticide residues themselves,
a number of these pesticides have been associated with
farmworker poisoning, long-term chronic health problems
for farmworkers and people who live near farms, water
contamination, and wildlife and pollinator toxicity.209
28,656 acres of dry beans and 17,887 acres of dry peas and
lentils were grown organically in 2011 (2.3% and 1.4% of total
acres planted in those crops, respectively).210,211 Without using
chemical insecticides, herbicides, or fungicides, weed control
and fungal diseases are challenging, but organic operations
use well-designed crop rotations and production practices to
maintain yields.
Conventional soybean farmers have long used a variety
of pre- and post-emergent herbicides, insecticides, and
fungicides to control weeds, insects, and fungi, respectively.
Since the development of the first genetically modified crops
in the early 1990s (see Sidebox, p.20), farmers have rapidly
adopted the use of herbicide-tolerant (Ht) varieties,q which
comprise over 94% of soybean acres now planted in the
United States. Glyphosate-tolerance is the most common
Ht variety of soybeans. Consequently, glyphosate is the top
q

pesticide used on soybeans in the United States, with over
100 million pounds applied to 89% of planted acres in 2012,
followed by chlorimuron-ethyl (11%), 2,4-D, 2-EHE (11%) and
flumioxazin (11%).212 Insecticides were applied to 18% of soybean
acres and fungicides to 11%. Many pesticides approved for
use in conventional soybean production are associated with
long-term chronic health problems for people who work on
and live near farms, water contamination, and wildlife and
pollinator toxicity.213
Organic soybeans were planted on 132,411 acres, comprising
0.18% of the total soybean acres planted in the United States in
2011.210,211 The vast majority of these organic soybeans are used
to produce whole soy foods for human consumption like tofu,
tempeh, and soymilk.
It is more efficient to consume plant protein directly rather
than use it to feed livestock. Farm animals eat fairly large
amounts of plant-based feed compared to the smaller
amount humans need to receive the same amount of calories
and protein. This animal feed is derived from crops that
were sprayed with pesticides, thus meats and other animal
products can have more pesticides embedded throughout their
production process than associated with crops for direct human
consumption. For instance, one study found that producing
one kilogram of pork involved 1.6 times as much pesticide use
as the same amount of dry peas.207 Another study found that
meat protein required six times more biocides (pesticides and
disinfectants) to produce than the same amount of soybeanbased vegetable protein.203

Biodiversity and ecosystem function
Legume-supported cropping systems significantly impact
agricultural biodiversity both above and below ground. Through
their capacity to fix nitrogen into soil (through symbiotic
relationships with microorganisms), legumes may enhance
soil biodiversity by increasing microbial biomass and activity
in the soil, although this depends on management practices
including soil disturbance (e.g., tilling), chemical pest control,
nutrient (e.g., fertilizer) inputs, and duration of cropping.165
Soil biodiversity promotes resistance and resilience against
disturbance and stress, improves water and nutrient use
efficiencies in crop production, and suppresses soil-borne
disease.224 By improving N availability and soil structure and
chemistry as well as increasing the structural complexity of
vegetation (indirectly increasing pollination services and habitat
availability), legume cropping may also improve above-ground
vegetative and invertebrate biodiversity.165
Additionally, legumes can benefit an entire agricultural
operation in various ways when planted as components of
multiple cropping systems—e.g. intercropping, crop rotation,

There are no insect-resistant (i.e., Bt) varieties of soybeans as there are with corn and cotton.
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and agroforestry.165 These systems feature diversity rather than
monoculture. Animals in appropriate numbers for the scale
and region of the operation can also be introduced and, when
managed properly, add value. Collectively, an integrated cropanimal system may improve the use of resources (e.g., energy,
light, and water), soil fertility, and yields, while also diminishing
risks of crop failure.163

SOCIAL JUSTICE CONSIDERATIONS
Many soy-based meat analogs and other foods containing
isolated soy protein are processed with hexane.225 This solvent
is a neurotoxin and highly explosive, posing serious health
and safety risks to workers in food processing plants. It is also
a hazardous air pollutant, contributing to the formation of

ground-level ozone and its associated health impacts (p.11). U.S.
Department of Agriculture organic regulations restrict the use of
hexane in food processing, though only soy products with the
USDA organic seal guarantee its absence (foods “made with
organic ingredients” may still utilize ingredients extracted with
hexane).
Workers on pulse and soybean farms often experience poor
working conditions, inadequate labor rights, substandard
wages and housing, and high rates of occupational injuries
and health hazards similar to other farmworkers in the United
States (pp.12–13).

HERBICIDE-TOLERANT CROPS
Ninety-four percent of soybean, 89% of cotton, and 89% of corn acreage planted in the United States are now genetically modified
(GM) to be herbicide-tolerant,a meaning the crop is not harmed when using “broad-spectrum” herbicides that kill a wide range of
weeds in a single quick application.214 Herbicide tolerant (Ht) crops may also reduce the need to till fields, theoretically lowering soil
erosion and carbon emissions, though conservation tillage is not always linked to Ht crops in practice.215-217
Glyphosate-tolerance (i.e., “Roundup Ready”) is the most common variety of Ht crops.218 After decades of glyphosate use in cornsoy rotations, the growth of “superweeds” resistant to the herbicide have become a growing problem. To counteract this problem,
some farmers have been applying more and multiple herbicides, leading to what some refer to as an “herbicide treadmill.”
A recent study found that the use of Ht crop technology led to a 239 million kilogram increase in herbicide use in the United States
between 1996 and 2011 compared to what would have been applied in the absence of Ht crops.218 Soybeans accounted for 70%
of the total increase across the three Ht crops. Even accounting for decreased insecticide applications due to the use of Bt crops
(another GM trait – see footnote below), overall pesticide use increased by about 7%. New varieties of “stacked” GM soybeans
which combine resistance to both glyphosate and 2,4-D (Enlist Duo) or dicamba (Roundup Ready Xtend) were recently approved
and entered the market in 2016. Some fear these new additions could lead to the development of multi-herbicide-resistant
superweeds.219
Significant debates exist over health impacts related to these herbicides. The International Agency for Research on Cancer (IARC)
classified glyphosate as “probably carcinogenic to humans” and 2,4-D as “possibly carcinogenic to humans” in 2015 based on
evidence of human exposure and animal experiments.220,221 Other review panels convened by the U.S. Environmental Protection
Agency (EPA), European Food Safety Authority, and United Nations Food and Agriculture Organization (FAO) and World Health
Organization (WHO) have recently disagreed with IARC’s classification regarding glyphosate, concluding that glyphosate is unlikely
to cause cancer in humans.222
A recent study has also raised concerns about the potential contribution of these herbicides to the growing antibiotic resistance
crisis, as low levels of dicamba; 2,4-D; and glyphosate were found to induce antibiotic resistance in E.coli and Salmonella bacteria,
and certain combinations of the three herbicides could cause even greater effects.223 While these herbicides were not found in
sufficient quantities to induce antibiotic resistance through food consumption, they could lead to resistance developed among
farmworkers, nearby residents within a “spray drift” range, and honeybees (which are sometimes treated with antibiotics to cure
bacterial infections).223

a
Herbicide tolerance is one type of GM trait; others include insect resistance (through the insertion of the gene for the soil bacterium Bt, Bacillus thuringiensis, which is
toxic to certain insects), virus resistance, drought tolerance, micronutrient biofortification, growth promotion, and consumer benefits. Traits for herbicide tolerance and insect
resistance comprise 99% of the acres of commercially available GM crops planted over the past 20 years.216,217
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NUTS AND SEEDS
Tree nuts are defined as “a hard-shelled dry fruit or seed with
a separable rind or shell and interior kernel.” 226 This report
focuses on the most commonly consumed nuts in the United
States: peanuts, cashews, almonds, pistachios, pecans, and
walnuts,227 though in some cases it highlights considerations
for alternatives to common nuts like seeds (e.g., sunflower,
pumpkin/pepita, sesame, hemp, chia) that may be more
affordable, less allergenic, and less-resource intensive. Although
peanuts are actually a legume, not a tree nut, they are typically
categorized as a nut due to their nutrient profile similarities228
and therefore are included in the broad category of “nuts” in
this report.
A large proportion of nuts available in the United States are
produced domestically. California supplies nearly 100% of the
country’s almonds, walnuts, and pistachios,229 and a significant
proportion of these nuts globally (including 82% of the world’s
almonds and around 40% of its pistachios). Georgia, Florida,
and Alabama supply the majority of peanuts.230 Georgia is
the country’s primary producer of pecans.231 Most cashews,
however, are imported from Vietnam and India.169,232 With
the exception of sunflower seeds, which primarily come from
North and South Dakota,233 most of the edible seeds in the
United States are imported. Sesame seeds mainly come from
India and Guatemala,169 hemp seeds from Canada (though
as domestic production begins with recent state legislation,
this will likely change234), and chia seeds from Argentina and
Bolivia235 (domestic production is also beginning236).
While demand for most nuts has remained relatively stable,
Americans now consume over five times as many almonds
per capita as in 1965, and almonds recently surpassed peanuts
as the most eaten nut (as a snack, not including nut butter)
in the country.237 California nut production has responded to
meet rising domestic and global demand. The number of acres
planted with bearing almond trees has increased from 100,000
acres in 1964 to 590,000 in 2005 to 870,000 in 2014.238,239
Pistachio production has more than doubled since 2005
(from 105,000 to 221,000 acres) and walnut production has
increased by a third (from 215,000 to 290,000 acres).239

HUMAN HEALTH CONSIDERATIONS
Nuts are nutritional powerhouses. Although nuts are high in
dietary fat, these unsaturated fatty acids and monounsaturated
r

fats are essential to healthy body function. Described as a
“heart healthy” food due to their protective effects against
coronary heart disease and diabetes,240 nuts are rich in
macronutrients such as protein and fiber, as well as potassium,
calcium, iron, phosphorus, zinc, copper, and thiamin.227,228
Certain nuts and seeds including walnuts, flax, chia, and hemp
seeds are also notably high in the omega-3 fatty acid, ALA.241
Additionally, nuts are an efficient way of reaching adequate
intake of vitamin E and magnesium, for which the majority
of Americans do not meet the recommendations.227 Nut
consumption has also been negatively correlated with both
total and cause-specific mortality, meaning that eating nuts
can decrease one’s risk of death due to diseases such as cancer,
heart disease, and respiratory disease.242
Due to the high prevalence of nut allergies in the United States,
serving nuts in cafeterias could be hazardous. Peanut and tree
nut allergy is the leading cause of fatal allergic reactions in the
United States and prevalence is also on the rise.243
Thus, this protein alternative may be an unrealistic or
unsafe meat replacement in some settings and for
some people.
Most seeds are not common allergens, and sunflower seed
“butter” is becoming an increasingly common and affordable
alternative to peanut or almond butter.244 Sunflower seed butter
is also an excellent source of magnesium, phosphorus, copper,
manganese, and selenium, and a good source of protein, zinc,
and niacin.244 Tahini, a paste made from sesame seeds, is also
rich in nutrients including niacin, thiamin, calcium (particularly
in unhulled tahini), iron, and phosphorus, though it is typically
not consumed in similar recipes as other nut or seed butter.245
While nut and seed butter contain relatively similar amounts of
calories and grams of fat per serving, they differ with regards to
their fatty acid composition (e.g., the proportions of saturated,
monounsaturated and polyunsaturated, including omega-3
and omega-6, fatty acids).244
Peanuts, tree nuts, and some seedsr are often contaminated
with aflatoxins, a family of natural toxins produced by a certain
species of mold in warm, humid conditions. Chronic, sub-lethal
exposure to aflatoxins has been shown to cause liver cancer
in humans (particularly among those infected with hepatitis
B).246,247 Though the risk for aflatoxin harm is small in the United
States compared to countries where groundnuts are dietary
staples, it is not insignificant.248 Aflatoxins often accumulate

Other grains, animal foods, and spices are also susceptible to aflatoxin contamination.
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during food storage. Consumers Union research from 2002
found that peanut butter that is ground fresh in health food
stores (which may be stored in conditions ample for fungal
growth and have infrequent turnover) has higher aflatoxin
levels than its highly-processed and regulated conventional
counterparts.249 Organic foods may also be more likely to be
contaminated with aflatoxin due to the avoidance of synthetic
fungicides in organic farming methods.250

Land use

ENVIRONMENTAL HEALTH CONSIDERATIONS

Water use

Research on the environmental impacts of nut production is
limited compared to that of other food categories. While nuts
have relatively low GHG, land use, and N footprints per serving,
significant amounts of water and pesticides are used in their
production.

Arguably the largest environmental impact related to nuts
concerns the amount of irrigation water needed to produce
them, especially for those grown primarily in drought-ridden
California. These concerns have been amplified among recent
reports of rivers being diverted (threatening endangered
salmon) and aquifers being over-pumped to irrigate almond
orchards, which require steady supplies of water even during
droughts in contrast to crop fields which can lie fallow.254,255
Most articles on this topic discuss almond production,
though pistachios and walnuts carry similar vulnerabilities as
production acreages increase while the state’s drought causes
surface water deliveries to fall.256 Consequently, yields have
declined for both almonds, due to kernel size and weight
decrease, and walnuts, due to a sets-per-tree decrease.229

Climate change
The carbon footprint of nut production is relatively low
compared to that of other foods, particularly meat. A review of
LCAs found that the global warming potential (up to the point
of retail) for tree nuts ranged from 0.43 – 3.77 kg CO2-eq/kg,
with an average global value of 1.42 kg CO2-eq/kg. 50 Chestnuts
had the lowest GHG-intensity (.43 kg CO2-eq/kg), while
sunflower seeds, cashews, walnuts, pistachios, and almonds
all had relatively similar average values (1.41 – 1.74 kg CO2-eq/
kg). Because of their status as legumes, peanuts required only
61% of this footprint (0.87 kg CO2-eq/kg). Because this data
was only available on a per kilogram of product basis, it is
difficult to directly compare to other food groups, since nuts are
not typically consumed in similar volumes as other meat and
animal products. Further research that provides this data on a
per servings or per kilogram of protein basis would offer a more
meaningful comparison to other food groups.
The effects of climate change, coupled with California’s drought
conditions pose challenges for future almond production.
Successful agricultural production of almonds relies heavily on
cooler winter temperatures, known as “winter chill,” which are
vital for producing homogeneous and economically sufficient
yields.251 With average temperatures on the rise, declining crop
yields, crop quality, or even complete crop failures may result.251
In fact, the number of safe winter chill hours in Central Valley,
the primary nut growing region of California, is predicted to
decrease 30-60% by mid-century (compared to 1950 levels)
and by up to 80% by the end of the century.251 Additionally,
higher average temperatures have caused snowmelt from
nearby mountains to decline, requiring many nut growers to tap
into ground water wells from which the water supply is already
diminishing.252

There is limited information available on the land use involved
in nut production, making it difficult to assess this aspect
of nuts’ environmental impact. One study found California
almond production required 21.2 square meters of land to
produce per kilogram of protein, which was greater than kidney
beans (15.5), but less than chicken (32.2), eggs (37.6), and beef
(282.6). It did not differentiate this land use based on cropland
and pasture.253

Based on global averages, nuts have the highest water
footprints per unit of protein (139 L/g protein) compared to
pulses (19), eggs (29) milk (31), chicken (34), pork (57), and
beef (112).76 A relatively high proportion of this global footprint
(15%) comes from its blue water footprint related to nuts’
irrigation needs. Seven and half percent is related to its gray
water footprint, while its green water footprint comprises the
other 77%. Chestnuts, peanuts, and walnuts have substantially
smaller water footprints than almonds, cashews, pistachios.73,257
Another study, however, found that California almonds
specifically have a green plus blue water footprint of only 23
L/g protein, compared to a beef protein water footprint of
109 L/g protein.253
More research is needed to clarify these large discrepancies
between the global average and California-specific water
footprints. Part of the discrepancies may stem from increased
irrigation efficiencies, as 70% of California almond producers
now use micro-irrigation, which uses 20-25% less water than
conventional sprinkler systems by delivering small amounts of
water directly to plants’ roots.258,259 These improvements have
meant that although almond acreage has increased by 67%
since 2000,260 the amount of irrigated farmland in California
has remained relatively constant.256 It is also worth noting
that alfalfa production for animal feed (predominantly used

s
Preliminary results from a forthcoming study indicate that nuts and seeds have an extremely low average climate impact per serving, only slightly higher than pulses and
soy.445
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to feed dairy cattle in the state but also for export to China)
requires even more of California’s water supply resources (15%)
than almond production (10%) – and over 30% of the state’s
agricultural water use directly or indirectly supports animal
production, so nuts are not the sole food product of concern in
the California water crisis.261

Fertilizer use
Research on the amount of fertilizer used to produce nuts
is relatively limited. One study found that nuts, on par with
pulses, have the lowest amount of Nr lost to the environment
through fertilizer application, food processing, and consumer
food waste per kilogram of protein consumed (virtual N
factor).262 Fish and poultry had a six-fold greater N factor;
milk, cheese, eggs, and pork had a 9-fold greater N factor, and
conventional beef had a 17-fold greater N factor.262 There are
currently no comparisons of the amount of mined P fertilizer
required to produce different types of food per serving or per
unit of protein consumed. A comparison based on mass of the
food (which has limitations given that people do not consume
similar volumes of food per serving across food groups – see
p.14) shows that tree nuts require about 17 times as much P per
kilogram of food as pulses and starchy roots, twice as much as
grains, 1.5 times as much as milk, half as much as eggs, a third
as much as poultry meat, 22% of pork, and 11% of beef.263

Pesticide use
There is limited research on the impacts of pesticide use in
nut agriculture. Cashew production in India relies heavily on
endosulfan, a highly toxic pesticide associated with numerous
health disorders for villagers living near farms where it has been
aerially sprayed.264 The pesticide is illegal in over 80 countries
and it is being phased out by 2022 in India.264 California-grown
nuts are also heavily treated with pesticides, with almonds
second to wine grapes as the crops treated with the greatest
amount of pesticides in 2014.265 The rise of the almond,
walnut, and pistachio industries have been accompanied
by a significant growth in the number of acres treated with
fungicides, herbicides, and insecticides.265 Glyphosate is the
most common pesticide used on nuts (nuts represent nearly
half of the total acreage treated with this herbicide in California)
and has been increasing due to the development of herbicideresistant “superweeds” (see Sidebox, p.20).265 Another pesticide
of concern, chlorpyrifos, are also heavily used in California
almond and walnut production,265 despite being recently
classified as a California restricted material for their associations
with adverse neurodevelopmental effects, endocrine
disruption, and lung cancer, with the risks disproportionately
experienced by farmworkers and their families, rural school
children, and other residents.266,267 A number of other pesticides
approved for use in almond, walnut, pistachio, peanut,
cashew, pecan, chestnut, and hazelnut production have been
t

associated with farmworker poisoning, long-term chronic health
problems for farmworkers and people who live near farms,
water contamination, and wildlife and pollinator toxicity.268 One
study found that pesticide use was the only category of inputs
in which almond production was more resource-intensive
than beef production,t with a pesticide ratio of 103.6 grams
(almonds) to 93 grams (beef).253
Pesticide use varies greatly depending on production practices.
In a paper assessing the sustainability of various Florida
crops, Florida pecans were given a moderate sustainability
score due to the advancement of sustainable pest control
methods, such as using ladybug beetles to control aphids
and using leguminous cover crops to control or maintain other
pest populations.269

Biodiversity and ecosystem function
The almond industry has also been implicated in the collapse
of pollinator populations. 1.4 million colonies (about 60%
of the country’s managed colonies) are transported across
the country to California each year to pollinate almond trees
during the spring.270 According to the Pollinator Stewardship
Council, up to 25% of these “mercenary pollinator bees” were
damaged by the end of the 2014 almond bloom, due to the
mixed spraying of pesticides and fungicides on the almond
trees.271 Given that almond pollination represents a significant
proportion of beekeepers’ incomes (more than selling honey),
improved transparency and management practices around
pesticide use by almond producers are necessary to maintain
the codependent relationships of these industries.

SOCIAL JUSTICE CONSIDERATIONS
Recent reports have brought attention to the poor working
conditions and inhumane treatment of workers involved with
cashew production in Vietnam and India.272 In the difficult
process of extracting cashew nuts from the shells, workers
are exposed to two corrosive chemicals: cardol and anacardic
acid.273 Moreover, contact with cashew resin can cause itching
and burning of the skin.274
In India, thousands of workers have gone on strike for higher
pay, as most currently earn $2.50 for a ten-hour day.273 In
Vietnam, thousands of noted drug users (though a fraction of
the country’s total cashew producers) are forced into cashew
production as “treatment” for their addiction.274 In these
“treatment centers,” that offer no legitimate form of therapy or
treatment, workers must meet a daily quota of cashews to husk
and peel, typically 4,800 nuts, requiring work of up to six or
seven hours below the minimum wage.275 Even more alarming
are workers’ reports of physical abuse in the form of electric
shocks, beatings, and being locked in “punishment rooms.”274

This accounts only for pesticide use to produce animal feed. It does not account for insecticides used to control pests on animals directly.
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Relatively few labor concerns have been implicated specifically
in domestic nut production, however, poor working conditions,
inadequate labor rights, substandard wages and housing,
and high rates of occupational injuries have been reported by
workers on nut farms similar to other farmworkers in the United
States (see pg.12-13). These include 370, 79, and 22 reported
incidents of acute farmworker pesticide poisoning in Californian
almond, walnut, and pistachio production, respectively, from
1992-2010.268 Additionally, N contamination of groundwater
from intensive nut production contributes to California’s water
crisis,276 which disproportionately harms low-income Latino
farmworker communities.277,278

LIMITATIONS
Research on the environmental impacts of nut production is
limited compared to that of other food categories, and relative
to evidence about the health impacts of their consumption.
The majority of research regarding the relationship between
nut production and environmental health focuses on almond
agriculture’s water use and vulnerabilities due to California’s
drought. Information is relatively lacking on the water use,
especially region-specific, of other nuts and seeds. Although
there is a growing amount of research regarding the GHG
emissions resulting from nut production, data and relevant
units vary, making it challenging to compare results across
studies. Lastly, further research is needed on the land and
pesticide use involved in nut production.

Pecan plant. Florida pecans were shown to incorporate sustainable pest control methods (Nodigio/flickr)
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EGGS
While many different types of eggs are consumed, including
duck, quail, roe, and caviar, chicken eggs are by far the most
commonly consumed eggs in the United States and are
the focus of this section. Prior to World War II, most eggs in
the United States came from a large number of producers
with small flocks (<400 hens).279 With the adoption of new
technologies and a consolidated, specialized industry, egg
production has intensified incredibly over the past halfcentury and, though remaining slightly lower in per capita
availability, has more than doubled in terms of total production
volume.279,280 Raising over 100,000 hens at one facility is
now common; 77% of laying hens in the U.S. are located on
such farms,281 with some farm flocks totaling over five million
hens.279 The United States is the third largest egg producer
in the world, after China and the European Union.282 In 2015,
commercial farmers in the United States produced over 95.7
billion table eggs for human consumption from a flock of
330—366 million laying hens at any one time.283 Approximately
half of laying hens are located in only five states: Iowa, Ohio,
Indiana, Pennsylvania, and Texas.283 There are very few exports
or imports in the U.S. egg market.282,284
Eggs are produced in a number of different housing systems
including cages (e.g., battery cages and enriched colony cages),
aviary operations (i.e., barn-raised), free-range, and pastureraised.u The vast majority of commercially sold eggs produced
around the world, with the exception of a few countries in the
European Union, are laid by caged hens.282 A recent industry
estimate indicates that 94% of eggs in the United States come
from caged hens.285 Conventional battery cage operations
house 200,000 hens per site, while enriched colony and aviary
operations house 50,000 hens.286 Free-range and pasturebased systems are relatively small scale and niche operations
in the United States,282 with an average of 300 hens/farm
documented in one study of California pasture-based
farmers.287 Increasingly, institutions, retailers, and consumers
are demanding eggs that do not come from battery cages,
and due to these pressures (and legislation in certain states—
most notably, California), many operations are transitioning
to either cage free barn-raised aviaries or to enriched colony
cages, which include perches, nesting areas, and material to
encourage foraging and dustbathing.282 Both of these housing
systems may also include deep-litter bedding which allows
animals to express more of their natural behaviors, absorb
manure, and provide warmth for animals in cold weather.24
In the past few years, some companies have begun developing
and marketing plant-based egg substitutes, intended to

replace eggs in processed foods such as mayonnaise, cookie
dough, and other baked goods. While these may provide
environmental, health, and social benefits compared to
traditional egg-based products,288 no peer-reviewed research
currently exists assessing these alternatives.

EGG HOUSING SYSTEMS
Battery cages: The conventional housing system for 94%
of hens in the United States which confines hens in indoor
cages (<80 square inches/hen), preventing them from
performing natural behaviors including perching, nesting,
foraging, and even spreading their wings. Conventional
operations house hundreds of thousands of birds in
one facility and over five million in some operations.
Enriched colony cages: Provide hens more freedom
of movement than conventional battery cages
(116 square inches/hen) and raise hens in smaller
groups (60 hens/cage) than cage-free aviaries to
reduce natural aggressions. They include perches,
nesting areas, and material to encourage natural
behaviors such as foraging and dustbathing.
Typical operations house about 50,000 hens.
Cage-free barn-raised aviaries: Hens are housed indoors
and can roam freely in an open floor area and multiple
floor levels where they can perch, scratch, forage, nest,
and dustbathe. Hens are raised in flocks with around
50,000 hens and do not necessarily have outdoor access.
They have about 144 square inches of floor space per hen.
Free-range: Hens are provided outdoor access, though
third-party certification systems vary in terms of
minimum outdoor time (from no minimum to at
least six hours/day) and space (from 288 to 3,139
square inches) requirements. The outdoor area does
not necessarily need to have any living vegetation.
Pasture-raised: Hens can range and graze on pasture
(covered by substantial amounts of growing vegetation)
to supplement their grain-based diet. Third-party
certification systems vary in terms of minimum outdoor
time (from no minimum to at least six hours/day) and
space (from 576 to 15,552 square inches) requirements.
These are relatively small scale and niche operations in
the United States, averaging about 300 hens/farm.
Sources: Coalition for Sustainable Egg Supply (2016) and the Humane
Society of the United States (2016)

u
In contrast to ruminants such as cows, who can rely solely on grasses and pasture for food, pasture-raised hens are still fed a grain-based diet; it is merely supplemented when
they graze pasture.76, 284
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HUMAN HEALTH CONSIDERATIONS
Eggs contain a number of important nutrients, including
choline, selenium, biotin, B vitamins (including B12), iodine,
molybdenum, and omega-3 fatty acids. While the egg white
contains most of the protein found in an egg, the yolk contains
most of its other key nutrients, including omega-3 fatty acids;
fat-soluble vitamins A, D, E, and K; carotenoids, most other
B vitamins, and choline. Choline is critical for preventing liver
disease, atherosclerosis, and possibly neurological disorders,
and egg yolks are the most concentrated source of the nutrient
in American diets.289,v The Institute of Medicine recommends
adult women consume 425 mg of choline per day (and
men, 550 mg/day), though most Americans fall short of this
recommendation. One large egg contains 125 mg of choline.
One egg also contains 212 mg of cholesterol. Previously,
health experts recommended limiting egg yolk consumption
to keep dietary cholesterol intake less than 300 mg/day, as
it was believed that dietary cholesterol intake was linked to
higher blood cholesterol levels (a risk factor for cardiovascular
disease). A growing number of studies have shown that
moderate egg consumption is not likely to lead to an increased
risk of cardiovascular disease and mortality for the general
population.290 Thus, the most recent 2015 Dietary Guidelines
for Americans removed its claim that cholesterol is a “nutrient
of concern for overconsumption” on the grounds that there is
not adequate evidence to support a quantitative limit, though
it still encourages eating patterns relatively low in dietary
cholesterol.47 Some experts have advised a more cautious
approach to dietary cholesterol intake that acknowledges
that for certain populations, egg consumption could play
a role in the development of diabetes for those who are
at risk, cardiovascular disease in those with diabetes, and
worsening coronary risk factors for “hyper-responders to dietary
cholesterol” (about 25% of the population).291 Others have
questioned the fact that most of the studies (11/12 in one highly
influential review) refuting eggs’ influence on raising blood
cholesterol levels have been funded by the egg industry.292
The nutrients found in an egg vary based on the feed consumed
by the hen. Hen feed is increasingly being enriched with
omega-3 fatty acids from flaxseed (which increases egg yolk
concentrations of ALA, and also, to some extent, DHA that hens
convert from ALA), fish oil or microalgae (both of which yield
eggs rich in DHA and, to a lesser extent, EPA).293 Studies have
found that consuming these omega-3 enriched eggs, which can
contain up to 200 mg of DHA per yolk (health organizations
suggest a minimum of 250-500 mg/day of DHA+EPA294),
may lower risk factors for cardiovascular disease.293 A few
studies have also demonstrated that raising hens on pasture,
where they can graze legumes rich in omega-3 fatty acids (e.g.,
clover, alfalfa) and grasses can also double DHA concentrations
v

(providing 150-169 mg per yolk) in eggs compared to
conventionally fed caged hens.295,296 Pasture-feeding hens,
particularly of grass, can also more than double the vitamin E
content of egg yolks.295

ENVIRONMENTAL HEALTH CONSIDERATIONS
Climate change
Eggs have a relatively low GHG emission profile. Per kilogram of
protein, eggs have a GHG emissions profile (15 – 42 kg CO2eq/
kg protein) relatively comparable to milk (28 – 43 kg CO2e/
kg protein), chicken (10 – 30 kg CO2eq/kg protein) and pork
(20 – 55 kg CO2eq/kg protein).3,60,61 However, when comparing
climate impacts per serving, eggs require less than half the
GHG emissions as dairy, poultry, and pork, though legumes
retain the lowest profile by far.3 Some studies have found slight
differences in climate impact based on the type of production
system: free-range eggs have a modestly (10 – 18%) larger GHG
footprint than caged eggs,297,298 but these increases are generally
outweighed by eggs’ much lower relative footprint than dairy
and meats. Some suggest that deep-litter cage systems hold
the greatest potential for improvements in reducing emissions
than conventional battery cage systems.297

Land use
A review of four LCAs of eggs found that eggs require about
29—52 m2 per year to produce per kilogram of protein, roughly
the same amount of land to produce as chicken (23—40 m2/
kg protein), milk and cheese (26—54 m2/kg protein), and
pork (40—75 m2/kg protein).61 In contrast, beef production
requires 37—2100 m2/kg protein. This specific review did not
differentiate based on cropland vs. pasture needs, though other
studies have noted that the land footprint of layer hens, even
pasture-raised ones, relies entirely on cropland (~76% from corn
grain, and 24% from soybean meal).299 When looking at solely
the cropland required for annual feed crop production, meat
cattle, chickens (both broilers for meat and layer hens for eggs),
hogs, and turkeys require relatively similar amounts, whether
compared per unit of edible energy or per unit of protein.299 Milk
production requires roughly half as much annual cropland per
unit of edible energy and a third less per unit of protein.299
Due to the high density/concentration of battery cage systems,
these systems have a lower land use footprint; to raise the
same number of hens without cages requires four times the
land area needed in conventional cage systems.300 These
“efficiencies,” though, must be considered in light of serious
concerns about animal welfare. In addition, integrated
crop-animal systems such rotational grazing of
chicken in cropland can offer benefits such as pest
control, even distribution of manure, and decreased
need for inputs including feed, fertilizer, and pesticides.301

Other dietary sources of choline include chicken, turkey, salmon, shrimp, soy beans, chickpeas, beef, lentils, scallops, cod, collard greens, broccoli, and Brussels sprouts.145
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Water use

Pesticide use

Per kilogram of protein, the global average water footprint
for eggs (similar to milk and chicken meat) is approximately
1.5 times larger than for pulses.76 The largest proportion of
the water footprint comes from green water (79%), followed
by 13% from gray water and 7% from blue water. The water
footprint associated with grazing/pasture-based poultry (and
consequently, their eggs) is generally higher than that of mixed
or industrial/caged systems, due to a lower feed conversion
efficiency.72

Layer hens depend on feed comprised solely of corn and
soy,299 and thus producing their feed contributes to the
increasing rate of glyphosate use (the “pesticide treadmill”)
in corn and soy monocultures to control the development
of herbicide-resistant superweeds (see p.20). Given the
relatively efficient feed conversion ratio of chickens compared
to ruminant animals, the pesticide use per output of poultry
products is lower than for larger animals fed similar cropbased feeds. One study comparing the environmental
impacts of producing different protein foods found that one
kilogram of eggs required 12.7 g of pesticide inputs, only
slightly higher than the same amount of kidney beans (8.9 g),
lower than chicken meat (15.5 g), and substantially lower than
beef (93 g) and almonds (103.6 g).253

Fertilizer use and eutrophication potential
The manure from laying hens is either collected, dried, and
stored to be later applied to cropland as fertilizer or soil
amendments, or—in the case of pasture-raised hens—is
directly excreted onto pastures. Poultry manure enhances
soil fertility and improves crop and/or pasture growth,
however, proper management is essential to avoid excessive
application or runoff from rainfall, even in pasture-based
operations.300 Phosphate is of particular concern, given
that poultry manure has relatively low levels of nitrogen (N)
compared to phosphorus and plants need about eight times
more N than phosphorus (P). Thus, when applying poultry
manure to cropland to meet the N requirements of plants, P
concentrations and loads can build up and run off into nearby
freshwater systems. Phosphate runoff—and its eutrophication
implications—is the biggest water quality issue related to hen
management.300 There are currently no comparisons of the
P footprint for different types of food per serving or per unit
of protein consumed. A comparison based on mass of the
food (which has limitations given that people do not consume
similar volumes of food per serving across food groups – see
p.14) shows that eggs require significantly more mined P
fertilizer to produce than pulses (31 times more), milk (nearly
three times more), and tree nuts (nearly twice as much), but
less than poultry (66% as much), pork (40% as much), and
beef (21% as much).95
Nitrogen runoff from manure, in addition to N losses that
occur to produce the feed animals consume, is also a
concern. One study comparing the amount of Nr lost to the
environment per unit of protein consumed (virtual N factor)
for various food groups found eggs to have a virtual N factor
of 608 g N lost/kg protein, which was higher than pulses
and nuts (64), fish (416), poultry (432), and milk and cheese
(576), though equivalent to pork (608) and almost half of beef
(1104).206
One LCA review looking more closely at different egg
production systems found that more intensive industrial/
caged systems had slightly lower eutrophication potential
than cage-free systems from phosphate and nitrate leaching
per kilogram of eggs.60

Antibiotic use
Antibiotics are used to increase egg production and improve
feed efficiency among layer hens on intensive farms, though
consumer and advocacy groups may not monitor the use of
antibiotics as closely in this species as they do for other food
animal species. Medically important antibiotics approved
by the FDA for use in egg layers include Erythromycin
Thiocyanate, Bacitracin Zinc, and Bacitracin Methylene
Disalicylate.302

Biodiversity and ecosystem function
Layer hens depend on feed comprised solely of corn
and soy,299 thus their production is directly implicated in
biodiversity concerns (along with other health and ecological
concerns) related to monoculture crop production and heavy
agrochemical usage (p.20). Pasture-based hen operations vary
greatly in terms of which breed types are raised, which may
help counteract trends towards genetic uniformity in livestock
breeds.287 When integrated into a crop-livestock farm,
pasture-raised hens can also improve species richness
on farms, pollinator habitats, and weed and pest
management, through the benefits of adding pasture
to crop farms and hens’ consumption of weeds and insects
(which decrease the need for external inputs of pesticides and
the biodiversity harms associated with them).303

SOCIAL JUSTICE CONSIDERATIONS
The different production systems used to raise laying
hens have varying impacts for farmers, farmworkers, and
surrounding communities. One study found that European
egg producers fared better economically from operations
in which hens had outdoor access than other housing
operations.297 The higher costs associated with the feed,
labor, and infrastructure needed to produce cage-free eggs
do not always benefit producers, however. For instance,

Redefining Protein: Adjusting Diets to Protect Public Health and Conserve Resources

27

another study in the United States concentrating specifically
on pasture-based operations found that only 50% of such
operations were directly profitable to farmers.287 The authors
noted though that 78% of the pastured poultry farmers
surveyed reported indirect profits due to attraction of new
consumers; enhanced customer loyalty; and savings on
fertilizer, fuel, and pest control.
Farmworkers also face different health and safety risks
depending on the production system. Studies have found
that workers in cage-free barns or aviary houses are exposed
to significantly higher concentrations of airborne particles,
ammonia, and endotoxin, which pose respiratory health risks,
than workers in conventional or enriched houses.286,304 The
poorer air quality comes from the fact that many non-cage
systems use litter bedding on the floor to collect manure
instead of manure belts.300 Given the lower stocking densities
associated with these operations, ventilation is minimized to
conserve heat during cold weather. However, less ventilation
means ammonia emissions and airborne particulates from the
manure and dust concentrations from the litter are higher than
in non-cage systems. Elevated levels of ammonia also harm
hens’ health and decrease egg quality, and when released to
the atmosphere, contribute to acid rain. Moreover, as with other
animal farms (p.13), these increased air emissions can reduce air
quality for nearby residents.

ANIMAL WELFARE CONSIDERATIONS
Industry practices for housing and treating laying hens have
increasingly come under scrutiny over the past few decades.
There are disadvantages for hen welfare associated with both
conventional cage and non-cage systems.282 The confined
housing quarters and high density associated with conventional
battery cage systems have been criticized for the restrictions
they impose on hens’ movement and behavior. Similar to
broiler chickens (i.e., those intended for meat consumption),
laying hens commonly have their toenails, spurs, and beaks
clipped—often without anesthesia or other forms of pain relief—
in industrial farms to control the animals’ aggressive behavior
when they are under extreme stress.24 Beak cutting also occurs

Free-ranging chicken at a Midwest farm and portable coop. When integrated as
a crop-livestock farm, pasture-raised hens can improve soil health and promote
weed and pest management (Lindsey J. Scalera)

in many cage free and free range operations. Meanwhile,
the primary concerns associated with non-cage systems
relate to hen health. One study comparing the behavior of
chickens found that those living in non-battery cage systems
and who had outdoor access were better able to perform
natural behaviors.297 However, they were also at risk for new
harms, including increased mortality from cannibalism and
higher disease incidence. Better-managed farms were able to
effectively reduce most of these additional risks. Additionally,
hens from all systems are typically purchased from hatcheries
that kill (often by live maceration or shredding) the hundreds
of newborn male chicks hatched in the United States per year,
though this practice will likely be phased out by 2020 with the
application of sex-selective abortion technology.305

LIMITATIONS
Research on antibiotic use in layer hens as well as the
environmental and social justice impacts of different hen
caging systems is relatively limited. The impacts of plant-based
egg alternatives should also be thoroughly assessed.

A woman weighs fresh local eggs at Tillian Farm Development Center in Ann Arbor, MI (Lindsey J. Scalera)
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SEAFOOD
Americans consider the term seafood to encompass all edible
aquatic life from both the ocean and freshwater sources,
including fish, shellfish, and sea vegetables. Given that the
impact of terrestrial vegetables is not thoroughly assessed in
this report, sea vegetables (e.g., seaweed, algae) are also not
assessed, though their relatively high concentrations of protein
and other micronutrients may prompt further exploration as a
meat alternative in the future.306
Fish and shellfish may be fished/hunted from wild fisheries
or farmed in aquaculture facilities, either in ponds, near or
off-shore enclosures in large lakes or oceans, or inland tanks.
Given that most of the world’s fisheries are now fully exploited,
depleted, or recovering, and global catches have continued to
decline since their peak in 1996,307 aquaculture is becoming
increasingly common. In fact, aquaculture now supplies
approximately half of all seafood consumed by humans307 and
has surpassed global beef production.308 Aquaculture is still
relatively rare within U.S. seafood production: U.S. commercial
fisheries landed approximately 7.8 billion pounds (3.5 million
metric tons) of edible fish and shellfish, while freshwater plus
marine aquaculture produced an additional 608 million pounds
(276,000 metric tons) in 2014.309 However, Americans consume
a significant amount of aquaculture-produced fish given
that 90% of the fish Americans consume (by edible weight)
is imported, including domestic varieties processed overseas
(and 41% of what is caught in U.S. commercial fisheries is
exported).309 This disparity comes from the fact that the United
States exports much of its highest quality, wild fish to other
countries, and imports mostly farm-raised fish, both for
cheaper prices and to satisfy the limited palate of American
consumers compared to those in other countries.310 Less than
two percent of imported seafood is inspected, raising concerns
about the traceability of production, harvesting, labor, and food
safety practices.311 Thus, while such imports provide healthy and
affordable nutrients for many Americans, this trade could be
supporting industries harmful to human health, social justice,
and environmental sustainability.

HUMAN HEALTH CONSIDERATIONS
The health benefits of fish and shellfish are largely based on
their categorization as a lean fish, fatty/oily fish (e.g., large
pelagic fish as well as small forage fish), mollusk or crustacean.
Fatty fish and certain mollusks (e.g., Pacific oysters, mussels)
are particularly high in the two “marine” omega-3 fatty acids
EPA and DHA,312 and dietary patterns incorporating regular
fish consumption have been associated with a reduced risk
of cardiovascular disease in adults and improved cognitive
development in infants and young children.47,313 Some have

suggested a role for omega-3 in dementia prevention and
improved cognitive function for older people, as well as
decreased inflammatory-related conditions, allergies, and
skin health, though the evidence supporting these health
benefits is limited at this time.314 Most fish and shellfish also
provide good sources of protein, selenium, vitamins D and B12,
taurine, choline, and iodine.315 To achieve many of the health
benefits associated with fish, the 2015 Dietary Guidelines for
Americans recommend that the general population consumes
at least 8 oz. (two servings) of a variety of fish and shellfish per
week, including some fatty fish, to benefit from many of these
different nutrients.
Some canned seafood (e.g., anchovies) may be high in sodium,
so health experts recommend checking nutrient labels to
choose lower-sodium options. Some shellfish, especially
crustaceans, contain relatively high levels of dietary cholesterol,
though recent advice indicates that this is not as much of a
concern as once thought for the general population (see p.26).
DIFFERENT TYPES OF FISH
lean fish

fatty/oily fish

bivalve mollusks

crustaceans

demersal fish:
cod
haddock
pollock
flatfish

large pelagic fish:
salmon
mackerel
trout
albacore tuna

clams
mussels
oysters
scallops

shrimp
prawns
crabs
lobster

small forage fish:
sardines
herring
anchovies

Pollutants from human industrial activities and agricultural
pesticides often end up in streams, rivers, and oceans, causing
heavy metals (e.g., mercury, cadmium, lead) and persistent
organic pollutants (e.g., DDT, PCBs, dioxin, and some flame
retardants) to accumulate in the tissues of aquatic animals and
plants.316 Some studies have found that farm-raised fish fed
with wild forage fish have higher levels of persistent organic
compounds like dioxins and PCBs than wild fish,317 though
a meta-analysis by the 2015 Dietary Guidelines Advisory
Committee found no significant differences in the levels of
mercury and dioxins in wild versus farmed fish. Despite the
risks associated with consuming fish from any source, experts
agree that in general, the benefits of fish consumption still
outweigh the potential health risks from contaminants,
but consumers should be aware of fish advisories,
including in their states, and preferentially consume
fish with lower contamination levels.313 ,318,319 Even for
the most at-risk consumers – pregnant or lactating women and
young children – the FDA and EPA recommend a minimum
of 8 oz. and maximum of 12 oz. of fish consumption per week,
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though they are encouraged to avoid fish with the highest
levels of methyl mercury contamination: shark, swordfish,
king mackerel, and tilefish.320 Contaminants accumulate most
heavily in older, larger, predatory fish, so eating fish lower on the
food chain is an important way to limit exposure. As with other
foods, experts also recommend eating a diversity of seafood to
reduce contamination from a single source.47
The nutrients and contaminants in seafood may also vary
based on whether it was farmed or wild-caught. Concerns have
been raised about the fact that many of the nutritional benefits
of seafood may not be as strong in fish raised via aquaculture
compared to wild fish. However, a recent literature review of
data from feeding trials and farmed/wild comparison studies
found that farmed fish can share similar nutrient profiles as
wild fish and may have higher total levels of polyunsaturated
fatty acids (omega-3 + omega-6).106 However, these profiles
vary greatly based on the predatory status of the fish species
and feed ingredients. The 2015 Dietary Guidelines Committee
noted that farmed carnivorous fish (e.g., Atlantic salmon,
rainbow trout, and cod) had equivalent or higher levels of
EPA+DHA compared to wild fish due to supplemented feed,
while herbivorous/omnivorous fish (e.g., tilapia, catfish,
carp) had lower levels compared to their wild counterparts.321
Additionally, compared to fish fed with feed derived from
fish oil, farmed fish fed vegetable oil-derived feed (mostly
herbivorous/omnivorous fish yet increasingly carnivorous
species too) generally have lower relative fractions of omega3s to omega-6s, which may not provide many of the health
benefits associated with fish consumption.106

ENVIRONMENTAL HEALTH CONSIDERATIONS
While current dietary recommendations encourage increased
seafood consumption (especially of oily fish), others have
pointed out that these conflict with efforts to address declining
wild stocks and marine biodiversity, especially in face of
global population growth and socioeconomic and food
security concerns for populations of poorer, fish-exporting
countries.313,322 Aquaculture systems do not mitigate these
challenges, due to additional environmental impacts as well as
constraints on their growth associated with their dependence
on marine and terrestrial food supplies.106,w Moreover, there
is not enough fish for everyone globally to consume as
recommended for health benefits, even including the growth
of aquaculture.323
The environmental impacts of fish and shellfish consumption
are far from equivalent, however, as the diversity of harvesting
and farming systems, as well as post-farm processing and
transportation choices, lead to a wide variety of environmental

impacts. Certain harvesting practices, most notably bottomtrawling in which nets are dragged across the ocean floor, have
harmful implications for climate, biodiversity, and marine
ecosystem integrity and function.
Aquaculture practices also range greatly. Bivalve mollusks, for
instance, filter surrounding water to obtain nutrients and thus
do not require feed or other inputs. Their filtering services also
confer positive environmental benefits. On the other hand,
farmed carnivorous finfish rely on feed made with wild fish,
which provide superior nutritional profiles of farmed fish as
previously discussed, but can further stress wild fish stocks.106
Meanwhile, feeding fish terrestrial crops shares many similar
ecological and social concerns associated with the production
of other animal feed, especially as soy is the most used
terrestrial aquaculture feed ingredient324 (see p.20).
The development of recirculating aquaculture systems (which
treat and reuse wastewater) and aquaponics systems (which
combine recirculating aquaculture with hydroponic vegetable
production) may provide some environmental benefits over
conventional systems, though also have steep energy (and thus
climate), labor, and feed costs.325 This section summarizes the
varying environmental impacts of different fish and shellfish
species and harvesting/production systems.

Climate impact
The GHG emissions of fish vary the most of any other food
group assessed in this report. On the lowest end of climate
emissions are herring, pilchard, and certain mussels, which
rival pulses and meat substitutes as some of the least-GHG
intensive protein foods, responsible for about 4 kg CO2eq/
kg protein (up to point of retail).61 At the highest end is trawled
lobster, which requires 540 kg CO2eq/kg protein, far higher
than poultry, eggs, pork, or dairy (which range from 10—68
kg CO2eq/kg protein) and higher than certain types of beef
(industrial beef ranges from 45—210 kg CO2eq/kg protein while
extensive/pasture-raised beef range from 58—643 kg CO2eq/
kg protein).61
When comparing to other fish, global warming potential is often
assessed based on the mass of edible fish. Pilchard, herring,
pollock, carp, mackerel, and certain mussels all have GHG
profiles (up to point of retail) around 1—2 kg CO2eq/kg edible
fish.50,61 Tuna, sea bass, haddock, and cod average around 3
kg CO2eq/kg edible fish, though these can be as high as 6 kg
CO2eq/kg edible fish.50 Lobster has the highest climate impact,
at up to 28 kg CO2eq/kg edible fish.50 Part of the wide variance
relates to how fish are harvested. Fish caught through bottomtrawling—including lobsters, redfish, flatfish, cod, and hake—can
have some of the highest climate impacts (nearly three times
the GHG-footprint of non-trawled seafood in one review3).

w
Resources (land, water, fertilizer) are not available to support an aquaculture industry that significantly increases in size unless accompanied by dietary shifts away from beef
and pork to chicken and farmed fish and/or aquaculture production is expanded solely for species that do not require feed (oysters, clams, mussels, some types of carp, seaweed).
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Some of these fish can also be caught or produced in other
ways such as midwater trawling above the seabed (cod, hake),
longlines (cod), traps (crustaceans like lobsters), or aquaculture
(flatfish).61 Midwater trawling generally takes significantly less
energy, and therefore has a lower climate impact, than bottomtrawling or longlines.326
Farmed pangasius, a type of catfish, has a GHG-footprint of
3 kg CO2eq/kg fillet, while farmed salmon and trout average
around 4 kg CO2eq/kg fillet (ranging from 2 – 8 or 6 kg CO2eq/
kg fillet, respectively).50,61 Aquaculture farms using near or
off-shore enclosures in the ocean (e.g., salmon, sea trout, sea
bass) are relatively less energy-intensive than land-based
recirculating aquaculture systems farming carnivorous species
(e.g., salmon, turbot, trout, shrimp), which are energy-intensive
and require high-protein feed. Tropical shrimp and prawn
fisheries and farms also have relatively high climate impacts,
with an average GHG footprint of 15 kg CO2eq/kg edible
fish.50 Given that shrimp is the most popular type of seafood
in the United States (representing 26% of per-capita seafood
consumed, by mass309), this is an important impact to consider.
New, and still relatively rare, recirculating aquaculture systems
have particularly high energy requirements and therefore
climate impacts—higher than every other food group per
serving except ruminant meat.3 That said, they can provide
other sustainability benefits including significant water savings
(p.32), efficient use of land otherwise unsuitable for food
production, and improved conditions for cultured fish such
as enhanced feed conversion efficiencies and reduced risk of
disease outbreaks.325
Though transportation accounts for only 11% of the GHG
emissions associated with food products in general, it can
play a relatively large role in seafood emissions (15-55%).61 Air
freight is the most energy intensive transport form, followed by
truck transport, and then bulk shipping carriers which have the
lowest energy use by far. These are important considerations
to take into account when purchasing seafood, given its status
as the most traded food commodity globally327 and the high
demand for fresh fish, whose perishability often necessitates
air freight.328
In addition to contributing to global climate change, fish
harvesting and production are also experiencing new
vulnerabilities due to climate-related stresses on marine
ecosystems and species including ocean acidification, rising
water temperatures, and declining biodiversity.329,330 Although
fish stocks are expected to increase in some regions, the total
impacts of climate change and ocean acidification, combined
with other anthropogenic pressures (e.g., overfishing, habitat
modification, and nutrient runoff/eutrophication discussed on
p.11) will be severely negative on a global scale.331 These factors
contribute to the decline of wild fishing stocks, and also harm
aquaculture operations through mortality of shellfish from

acidic water, reduced catches of feed fish, increased severity of
floods to fish and shrimp ponds in tropical coastal areas, and
increased risk for disease in freshwater fish.331

Land use
Although one might not typically consider seafood to have a
terrestrial land footprint (and indeed, many studies assessing
diet-related land footprints leave out seafood62,68), the
production of aquaculture feed increasingly relies on terrestrial
crops for soybean meal (as a protein source to replace wild
fish) and vegetable oils (e.g., soy, corn, canola, palm, and
sunflower).106 Farmed aquatic species generally have a superior
feed conversion efficiency (lower or comparable to chicken, and
significantly lower than hogs and beef cattle), which means
that fewer feed inputs, and associated land use, are required to
produce the same amount of animal protein.106 One LCA review
quantifying this impact found that farmed fish fed vegetal
feed required between 13 – 30 m2 of terrestrial land per year
to produce the feed per kg protein, which was comparable to
meat substitutes (4 – 25 m2/kg protein) and dry pulses (10 –
43 m2/kg protein), as the protein foods with the lowest land
use requirements.61 Only four percent of animal feed crops
produced globally are currently used in aquaculture operations,
but this is expected to continue increasing.332 Experts do not
expect an increase in aquaculture production to decrease
demand for other forms of land-animal production, nor for
an increase in terrestrial feed crops in aquaculture to reduce
pressure on wild forage fish or total crop-based feed (from
higher relative feed efficiency of fish), because of rising global
demand for meat and fish.106
It may also be important to view the land footprint of fish
and shellfish in terms of the land area (and consequently
biodiversity and ecosystem function – see p.33-34) impacted
by harmful fishing practices like bottom trawling.61 One study
found that the area of the sea floor affected by bottom trawling
to be approximately 100 times larger than the land area needed
to produce the chicken feed for production of a 0.2 kg fillet.333

Water use
Water inputs are another measure not typically associated
with seafood production and are not included in most water
footprint comparisons.76 However, it is required both directly
on-farm in certain aquaculture systems as well as indirectly
through the production of feed for farmed fish. One study
found that the water needed to produce fish from conventional
inland (e.g., pond) aquaculture systems was significantly higher
than the amount of water needed to produce equivalent
amounts of eggs and dairy.334 Most (98%) of the water use in
terrestrial animal production is related to the production of
animal feed, whereas most of the water footprint of inland
(outdoor pond) aquaculture systems comes not from feed uses
(on average, 33%) but from the need to replace pond water
due to evaporative losses. Water use on inland conventional

Redefining Protein: Adjusting Diets to Protect Public Health and Conserve Resources

31

aquaculture farms varies widely, however, ranging from 3,000
– 45,0000 L/kg of seafood (averaging 5,200 L/kg), with
the highest footprints being extensive (low-density) inland
ponds.325 Intensifying the number of fish in ponds can decrease
this impact, but the greatest decreases in water footprints
comes from indoor recirculating aquaculture systems (RAS)
which may use as little as 16 L/kg (marine RASs with artificial
saltwater) to 50 L/kg (freshwater RASs) including the water
use in feeds.325 Almost no freshwater inputs are required for
coastal marine RASs that use saltwater. These represent bestcase scenarios, however, and it is important to remember the
trade-offs that might need to be made given the high energy
requirements (and thus climate impacts) of RASs (see p.31). It
is worth mentioning that one study found that 90% of global
aquaponics operations (which incorporate RAS with hydroponic
vegetable production) use drinking water as an input, so such
operations could put a further strain on resources in waterscarce regions.335 More research into aquaponic systems is

warranted to fully weigh the costs as compared to benefits.
The pollution of freshwater resources with nutrients, drugs, and
chemicals from the effluents of aquaculture systems must also
be considered though has not been quantified yet.336
While feed production comprises a relatively smaller proportion
of the water use related to aquaculture than on-farm use
(especially for pond systems), aquaculture production also
contributes to the growing pressures on freshwater resources
through terrestrial feed ingredients. One study has quantified
the green, blue, and gray water footprintx associated with the
fish feed needed to produce one kilogram of edible fish from
a variety of species (Figure 7).336 These feed-related water
footprints vary greatly. The average (weighted by production
volume) water footprints of farmed fish and crustaceans fed
commercial aquafeed were 1974 L/kg (83% green water, 9%
blue water, and 8% gray water), which is lower on a per ton basis
than other kinds of intensively produced meats.y

FIGURE 7: FEED-RELATED WATER FOOTPRINTS OF FARM-RAISED FISH

Green, blue, and gray feed water footprints are reported per ton of fish and crustacean for the species investigated. Mean values are shown where
applicable.
Reprinted with permission from Pahlow, M., Van Oel, P.R., Mekonnen, M.M., & Hoekstra, A.Y. (2015). Increasing pressure on freshwater resources due
to terrestrial feed ingredients for aquaculture production. Science of the Total Environment, 536, 847-857.

x
Note these water footprint figures are based on global averages. The water footprints may vary considerably based on whether certain species rely more on feed ingredients
produced in irrigated or rain-fed regions.
y
Though feed inputs represent the largest proportion of meats’ water footprints, these figures are not directly comparable because the aquaculture water footprints only look at
the water used for feed.336
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Fertilizer and pesticide use
Some aquaculture systems use pesticides (often called
parasiticides) directly in their operations to treat or prevent
infectious bacterial, viral, or parasitic diseases and to control
algae growth on nets.337 For instance, shrimp farms and
hatcheries commonly use organophosphates (neurotoxins),
malachite green (a potential carcinogen), and organotin
compounds (endocrine disruptors) to control burrowing shrimp;
kill insects, fungi, parasites, wild crustaceans, and other pests;
and for hatcheries.338 Many of these pesticides, which are
illegal on U.S. fish farms, are used on shrimp farms abroad
and then importedz into the United States.338 Other pesticides
commonly used in salmon aquaculture operations (often to
treat infestations of sea lice) include pyrethroids, avermectins,
hydrogen peroxide, and Chitin synthesis inhibitors.337 The health
impacts of consuming fish raised with these pesticides have
not been thoroughly assessed, though some negative effects
on non-target organisms (from discharges of fish farms into
surrounding waters) have been reported, which could indirectly
reduce biodiversity of surrounding areas.337
Other aquaculture systems which incorporate feed derived
from vegetable oil rely on fertilizer (and associated nitrogen and
phosphorus pollution) and pesticide use associated with the
production of the feed ingredients.106 Given that soy is currently
the most used terrestrial aquaculture feed ingredient,324
increasing demand for farm-raised fish can contribute to
growing concerns over the increasing rates of pesticide use (the
“pesticide treadmill”); the development of herbicide-resistant
superweeds; and (if imported from Latin America) Amazonian
deforestation and negative health, social, and ecological
impacts for nearby communities (see p.20). Nutrient pollution
also enters aquatic ecosystems directly from uneaten feed and
the discharge of fish wastes from some aquaculture systems,
many of which are not treated.339
On the other hand, some aquaculture systems have relatively
few negative impacts. Oysters, mussels, and other filter feeding
species require virtually no inputs. Similarly, some closed
recirculating aquaculture systems producing low trophiclevel finfish (e.g., tilapia) have been found to require little to
no agrochemical and pharmaceutical inputs. Incorporation
with hydroponic vegetable production can also decrease the
need for fertilizer and pesticide inputs in vegetable production
(though energy and water inputs can be significantly high,
which can make these operations costly and ecologically
concerning in certain regions).335
Quantifying the Nr losses to the environment associated with
both production and consumption (virtual N factor), fish is
associated with 416 g N lost/kg protein.206 This value accounts
for 50% wild-caught fish and 50% farmed fish to reflect typical

consumption trends in the United States. The virtual N factor
of wild-caught fish is only 18% of farmed fish because there are
not any anthropogenic N inputs for producing wild-caught fish;
Nr losses only occur from processing and food waste. Farmed
fish production, on the other hand, also includes Nr losses
related to feed inputs and waste management. In comparison
to other food groups, the average N factor of fish is higher than
pulses and nuts (64), relatively close to poultry (432) and milk
and cheese (576), and significantly lower than beef (1104).206
Current comparisons of P footprints across food groups do not
include fish.95,96,263

Antibiotic use
A growing area of concern related to the aquaculture industry
relates to its contributions to antibiotic resistance. Most
aquaculture operations in the United States rely on vaccines to
prevent disease rather than antibiotics as opposed to terrestrial
animal agriculture, which up until recently also allowed the use
for growth promotion. Thus, in the United States, medically
important antibiotics are only used in aquaculture operations
to treat diseases for which there is no vaccine. Nevertheless,
many other countries from which the United States imports
farmed seafood (predominantly from Asia) have less strict
regulations regarding antibiotic use, and also add antibiotics
to fish baths and feed to prevent disease.340 Moreover, given
the ease with which antibiotics and resistant genes can spread
through water, even low and legal levels of antibiotics used in
domestic aquaculture operations can significantly contribute
to the problem.340 If antibiotic residues remain on farmed fish
that have been dosed with antibiotics, or if they reach wild
fish and shellfish nearby that are also consumed by humans,
antibiotic use in aquaculture may also contribute to food safety
problems.337

Biodiversity and ecosystem function
Aquatic ecosystem biodiversity is threatened by some
common industrial fishing practices, including bottom trawling
and dredging, which destroy the seabed and maintain high
by-catch rates.341 Meanwhile, farmed fish fed terrestrial
soybean meal and vegetable oils are directly implicated in
biodiversity concerns (along with other health and ecological
concerns) related to monoculture crop production and heavy
agrochemical usage (p.20).106 Shrimp farming has also caused
the destruction of 38% of the world’s mangrove forests (and
other fish farming an additional 14%), which are important
habitats for many key species and also protect tropical and
sub-tropical coastlines from sea erosion, tidal waves, and
hurricanes.342
Some fishing and aquaculture operations can support
biodiversity and general aquatic ecosystem health. One
study ranked ecological (including impacts on local habits

z
The FDA inspects less than two percent of seafood imported into the United States, so it is likely that shrimp contaminated with detectable levels of pesticide residues are
reaching consumers.
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and biodiversity, use of native species, use of fishmeal
and derivatives,aa stocking density, waste treatment) and
socioeconomic (including whether the product supplies
international or domestic demand, the use of chemicals and
pharmaceuticals, traceability, and employment practices)
indicators for fish production and consumption.343 The authors
noted that mollusks and sea vegetables tend to be farmed
more sustainably than finfish or crustaceans. Thus, countries
that produced the most bivalve mollusks (e.g., mussels,
oysters, and cockles) received the highest scores, due largely
to the strong socioeconomic benefits associated with their
production. Those who intensively farmed shrimp and salmon
were considered some of the least sustainable options, due
to their high use of pharmaceuticals, export-oriented focus,
and poor waste management practices. These filter-feeding
shellfish purify water by removing or reducing nitrogen and
other nutrients (thereby reducing the impacts of eutrophication
discussed on p.11), particulate matter, silt, bacteria, and viruses,
as well as clarifying it.344 Thus, beyond their role in moderating
important nutrient cycles, bivalves help create and sustain
marine biodiversity by improving the habitat and providing
protection for other aquatic organisms. Bivalve beds have been
found to have a higher variety and biomass of invertebrates
and finfish than similar areas without bivalves.344 A number
of studies have also found that integrating finfish farming
with bivalves and seaweeds (creating a polyculture
operation) offers a more sustainable approach to
aquaculture, most notably of salmon.345

SOCIAL JUSTICE CONSIDERATIONS
Both wild harvesting and aquaculture production pose
a number of concerns for workers and export-oriented
communities, especially in the Global South. A number
of investigations have reported on human trafficking and
modern-day slavery conditions in fisheries around the world,
from Southeast Asia (most notably in Thailand, Indonesia,
and Myanmar) to Hawaii, where boys and men in have been
enslaved to meet the demand for low-cost fish (especially
shrimp).311,346,347 These operations have been implicated for
low wages and even non-payment, brutal working and living
conditions, child labor, and lack of rights to associate and
collectively bargain. These fishing boat operations remain
notoriously difficult to monitor and regulate, especially as they
are often delivered fuel and other supplies by additional ships
so the fishing boats do not have to land for years.
Commercial fishing and aquaculture workers also face a
number of occupational health and safety risks. Commercial
fishing is one of the most hazardous and deadliest
occupations, with a fatality rate 31 times the average rate for

workers.313 Workers generally face extreme weather conditions,
long working hours, strenuous physical labor, and confined
living conditions. Meanwhile, aquaculture workers may be
exposed to a number of toxic chemicals and harmful gasses
that increase their risks for respiratory and skin illnesses, as
well as poisoning events.348 They may also be exposed to dust
aerosols containing antibiotics which could increase their risk
for contracting bacterial infections (including antibiotic-resistant
strains) and potentially create problems related to allergies or
toxicity.337
Fish harvesting and farming also impact the socioeconomic
wellbeing of producers and communities domestically and
abroad. Export-oriented fish harvesting reduces the food
security of local populations who have traditionally relied on
wild fish as a primary protein source. Meanwhile, some have
suggested that export-oriented aquaculture can support
poorer economies by providing employment opportunities.
However, analyses accounting for both the environmental
and socioeconomic impacts of aquaculture operations have
found that export-oriented aquaculture externalizes the
environmental costs associated with its operations to these
places, risking their marine food security and long-term
sustainability of their ecosystems to produce these exports.343
Projected increases in global aquaculture production are
also expected to threaten the food security of lower-income
populations who rely on the feed ingredients (terrestrial crops
and wild forage fish).332 This is particularly concerning following
reports of forced land evictions of smallholder terrestrial
farmers in countries such as Bangladesh to make way for
flooding lands for more shrimp farming.349 Additionally, the
falling prices and market oversupply that have accompanied
the transformation of certain fishing industries (e.g., shrimp)
from primarily wild-harvested to primarily aquaculture has
had social ramifications for smaller farms and hatcheries who
cannot compete with the larger firms.350

ANIMAL WELFARE CONSIDERATIONS
The growth of the aquaculture industry has been accompanied
by increased attention to the welfare of farmed fish. Studies
have demonstrated that fish have the capacity to suffer and
feel pain, albeit in a different way than terrestrial animals.351
Concerns have been raised about how aquaculture practices
related to stock densities, water and environmental quality,
infection rates, handling, netting and grading, transport, and
genetic manipulation can impact stress, pain, and suffering
experienced by fish including during killing and processing.351, 352
Current certification schemes for aquatic animals tend to focus
on environmental sustainability considerations though may
briefly mention animal welfare.

aa Considered a negative ecological indicator in this study for its impact on wild stocks (herbivorous fish were automatically given a score of 10/10 on this indicator), though as
discussed in other parts of this section, the ecological impacts of terrestrial feed are not insignificant.
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LIMITATIONS
More research is needed on the health, environmental, social,
economic, and animal welfare impacts of transitioning to
more sustainable aquaculture operations. It will be especially
important to track and monitor changing nutritional
profiles and ecological impacts as feed ingredients change.
Additionally, while the U.S. government has begun to
leverage its role as a major fish importer to pressure industry
to reduce illegal, unreported, and unregulated fishing,
challenges remain due to mislabeled seafood and the limited
availability of seafood certified according to comprehensive
third-party standards.
Hospital chefs display creative seafood food meals for the Rhode Island Seafood
Throwdown, an event hosted by Health Care Without Harm and the Northwest
Altantic Marine Alliance (Northwest Altantic Marine Alliance)

Angenette, Captain Ron Borjeson and his grandson landing fluke, a seasonally abundant but underutilized white fish from the Northwest Atlantic waters.
(Northwest Altantic Marine Alliance)
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DAIRY (MILK, CHEESE, YOGURT)
AND PLANT-BASED ALTERNATIVES
Dairy products include milk and its derivatives such as cheese,
yogurt, butter, ice cream, and whey protein powder. Globally,
milk from a variety of animals, including cows, goats, buffaloes,
sheep, horses, and camels, is used for dairy products for
human consumption.353 The vast majority of dairy products
in the United States, however, come from cows’ milk, with 9.3
million milk cows in the country compared to only 375,000
milk goats.354,355 This section thus concentrates on the impacts
of cow’s milk dairy products. Given the recent proliferation of
plant-based alternatives to dairy products, research available
on these products will also be touched upon. Although plantbased dairy alternatives are not nutritionally similar to cow’s
milk dairy (with the exception of soy milk), they are included
in this report because people often consume them when
replacing animal products, and often assume they are high
protein foods while that is not often the case.
Despite having less than 1% of the world’s milk animals, the
United States produces 12% of the world’s milk (the second
largest producer after India) and 25% of the world’s cheese
(the top producing country).170 In 2015, 208 billion pounds
of milk were produced, much of which was transformed
into the 11.8 billion pounds of cheese, 4.7 billion pounds of
butter, 2.3 billion pounds of dry milk powders, and 1.4 billion
pounds of frozen dairy products produced.354,356 One-third of
milk production (by sales) in the United States comes from
California and Wisconsin, with other top producing states in
the West and North.357 There are also regional differences in
herd sizes, as dairy herds in the Southwest and West are much
larger than those in the Upper Midwest and Northeast.358 Most
dairy products consumed in the United States are produced
domestically, though some specialty cheeses are imported
from Europe.169
Rapid consolidation has occurred within the dairy industry over
the last few decades, with over 49% of cows in 2012 raised on
farms with over 999 cows (compared to only 10% in 1993) and
less than 17% of cows raised on farms with fewer than 100 cows
(compared to 49% in 1993).359 The size of very large farms has
also grown exponentially: while only 31 farms in 1993 had over
3,000 milk cows, by 2012, there were 440 such farms, many
with over 5,000 cows.359 The intensification of dairy farms has
had implications for the feeding practices of dairy cattle—most
intensive operations rely on large proportions of concentrates
such as grains and other crops in feed and little to no meadow
grazing,ab as well as environmental, animal welfare, and social
justice implications to be further explored in this section.
ab

The U.S. Department of Agriculture estimates that when
examining milk equivalents, per capita dairy consumption
has increased by 16% since 1975.360 Others, looking at the
mass (in pounds) of dairy products available, note that per
capita consumption has decreased by 19%.361 This discrepancy
comes from the fact that fluid milk and cream consumption
has decreased significantly, while the consumption of dairy
products which require larger amounts of milk-equivalents
to produce per serving than drinking milk directly have
increased. Cheese consumption, for instance, has nearly tripled
since 1970.361
Some of the decreases in fluid milk consumption may be due
to consumers switching to plant-based alternatives to dairy
products. Market trends demonstrate a rapid proliferation
over the last decade of consumer interest in milk, yogurts,
creamers, and ice creams made from almonds, soy, and
coconut (and less commonly, flax, hemp, rice, cashews, oats,
sunflower, hazelnuts, or quinoa).362 These beverages are created
by suspending dissolved or disintegrated plant material in
water to create a liquid that resembles milk.363 Plant-based
cheese alternatives are also becoming more popular, including
those made from soy, tapioca starch, cashews and other
nuts. Plant-based dairy alternatives represent a relatively low
(8%) share of the total “milk” market364 but are expected to
continue increasing.362,365 Additionally, some companies are
also developing ways to produce milk by creating milk proteins
through the fermentation of cow DNA with other nutrients.
The first “animal-free” dairy product is anticipated to be on
the market in 2017,366 so no peer-reviewed research on the
environmental, health, and social impacts of these alternatives
currently exists.367

HUMAN HEALTH CONSIDERATIONS
Cow’s milk dairy
The health benefits and risks associated with dairy
consumption have been the subject of much debate over
the past few decades. Cow’s milk dairy products offer many
nutrients, including calcium, phosphorus, vitamin B12, protein,
potassium, zinc, choline, magnesium, and selenium.47 The
nutritional benefits vary based on the type of product. Milk and
yogurt have the healthiest nutrition profiles, providing more
potassium and vitamins A and D (due to fortification), and less
sodium and saturated fat than cheese and other processed
dairy products.47 However, as nutrition experts increasingly

Less than five percent of lactating cows in the United States have year-round access to grazing pasture.425
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emphasize the importance of focusing on the impacts of
dietary patterns and not of single macronutrients, the effects
of consuming dairy products within dietary patterns have been
debated.
For instance, conventional nutrition advice discourages the
consumption of whole milk and other high-fat dairy products
in favor of low-fat milk and dairy. These recommendations
were adopted on the basis that replacing saturated fats with
polyunsaturated fats both lowers blood LDL-“bad”-cholesterol
levels, thereby reducing the risk for cardiovascular disease,
and reduces calorie intake, thereby promoting better weight
management.47 Some recent studies have critiqued such
advice, emphasizing that there is no clear evidence to support
the association between saturated fat intake from dairy and
cardiovascular disease,368-370 nor of health benefits gained
from switching to low-fat (and thus lower-calorieac) dairy
products for weight management.371 Others argue that concerns
remain, which are likely due to differences between and
among saturated fats of various chain lengths.372 If saturated
fats are replaced with polyunsaturated fats, the types of
polyunsaturated fats substituted in also influence the impacts
of the switch, with higher omega-3:omega-6 ratios being the
most health-promoting.369,373
Meanwhile, even though dairy products are rich in calcium,
there is weak evidence that dairy product consumption protects
bone health.374 Meta-analyses and long-term epidemiological
studies have found that no clear association between milk/
dairy consumption (or calcium-only supplementation) and
reduced bone fracture risk.375-377 There was also controversy
in the 1990s (much of which still persists online378) that high
animal protein intake contributes to the leaching of calcium
from bones. More recent evidence from epidemiological,
clinical, and meta-analysis studies contradicts this claim and
actually suggests that dietary protein works synergistically with
calcium to improve calcium retention and bone health.379,380
Ultimately, while calcium intake is an important nutrient
for bone health, other critical factors include an adequate
intake of vitamin D (found in fortified milk and plant-based
alternatives, and can be made by skin exposed to the summer
sun), weight-bearing physical activity, and vitamin K intake
(in green leafy vegetables).381 Calcium absorption and bone
health are also heavily associated with genetic dispositions.
Approximately 61% of people globally are lactose-intolerant,
affecting up to 100% of American Indians and Asians, up to
80% of African Americans, Latinos, and Ashkenazi Jews, and up
to 15% of people of northern European descent.382,383 For many

people with these ethnic backgrounds, dietary calcium needs
might not be nearly as high as people of northern European
descent.384 Given these differences, some have even suggested
that dietary recommendations emphasizing dairy consumption
are racially biased.385 Beyond dairy products and fortified dairy
alternatives, many other foods are good sources of calcium
(with varying bioavailability), including leafy green vegetablesad
(e.g., collard greens, kale, broccoli, bok choy, and Brussels
sprouts), canned fish with bones, calcium-set tofu, black-eyed
peas and white beans, sesame seeds, and almonds.
Beyond its implications for bone health, studies have found
that moderate (1-2 servings/day) dairy product consumption
(particularly of milk and not necessarily cheese or butter) is
associated with a lower risk for colorectal cancer, high blood
pressure, stroke, type II diabetes, and bladder cancer.386-388
Emerging research is also indicating that fermentedae dairy
products (e.g., soured milk, yogurt, certain cheeses) may play
a beneficial role in the human gut microbiome and immune
function, provide particular cardiovascular health benefits, and
have better bone health implications than non-fermented dairy
products, though more research on this area is needed.377,387389
A few studies have posited that modern-day dairy farming
practices (in which milking cows are nearly always pregnant and
thus have elevated levels of estrogen and progesterone) may
be contributing to accelerated sexual maturation in children,390
male reproductive disorders,391 and hormone-related cancers
(e.g., breast, ovarian, uterine, prostate, endometrial).392 One
study which quantified the levels of two estrogen hormones in
milk samples found that the concentrations of these hormones
increased in dairy products with greater percentages of milk
fat and in organic milk products. However, the concentrations
of these hormones—in all milk samples—were minuscule
relative to the levels of these hormones naturally produced
by and circulating in the human body.393 Other evidence to
date has not found a clear association between dairy product
consumption and breast, ovarian, or endometrial cancer.394-396
High intake (>2,000 mg/day) of calcium in general, however,
is associated with an increased risk of prostate cancer, with
limited evidence suggesting that milk and dairy products are a
cause.397-399
Some studies have also assessed how different farming
systems and feeding practices of dairy cows affect the
nutritional quality of dairy products. Grass-feeding has been
found to increase the concentration of omega-3 fatty acids and
conjugated linoleic acid (CLA), a beneficial fatty acid produced
by ruminants, in animal products including milk, compared

ac Note that many low-fat dairy products have added sugars, which growing evidence suggests are harmful to health,403 or flavorings to recover some of the taste lost when fat is
removed.
ad Due to their high oxalate concentration (which inhibits calcium absorption), some leafy green vegetables (e.g., spinach, chard, beet greens) should not be considered good
sources of calcium.388
ae These possible benefits to the microbiome are not exclusive to fermented dairy products; they may also be provided through fermented vegetables and legumes, though
more research is needed.
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to cows lacking routine access to pasture and fed substantial
quantities of grains.400 Given that these benefits are found
in the fat of milk, only full-fat grass-fed dairy products can
be considered good sources of these nutrients. As organic
regulations require a minimum amount of pasture feeding,
organic milk has been found to have higher concentrations of
omega-3 fatty acids and possibly beneficial trans-fatty acids,
and significantly lower (i.e. healthier) omega 6 to omega 3
ratios.114,373 High-fat organic milk products should still not be
considered significant sources of omega-3 fatty acids, however,
as the quantities provided are significantly lower than those
found in fish and those recommended by health experts (250500 mg/day of DHA+EPA). Three servings of full-fat organic
dairy products only provide 35 mg of EPA and no DHA, in
contrast to conventional dairy products which provide 27 mg of
EPA.373
Plant-based dairy alternatives
Plant-based dairy alternatives vary greatly in their nutritional
profiles. Fortified soy milks contain similar amounts of
protein, calcium, and vitamin D as cow’s milk, and are thus
the only plant-based milk alternatives considered an equal
replacement to milk in the Dietary Guidelines.47 Many other
milk-alternative beverages and yogurts are also fortified with
calcium and vitamins A, D, B2, B12, and E, but they do not

provide as much protein as soy or cow’s milk. To avoid any
negative health implications for those replacing cow’s milk
with these alternatives, it is important to ensure adequate
protein is consumed from other foods in the diet (for most
Americans, this should not be a concern34), and that one has
chosen fortified products (Table 2).363 The calcium in fortified
plant milk can be absorbed at similar rates as cow’s milk when
the type of calcium added is calcium carbonate; the absorption
rate is slightly lower when tri-calcium phosphate is added.401
It is important to shake the beverages before pouring, as the
calcium settles to the bottom of the container and without
being dispersed, may not be consumed.402
Given the growing evidence base against the consumption
of added sugars,403 the sugar content of plant-based dairy
alternatives must be considered. Unsweetened products
can contain as little as 0 g of sugar, but some sweetened
beverages can contain up to 19 per serving. Other ingredients,
including flavorings, sodium, and stabilizers are often
added. The stabilizer carrageenan, a seaweed derivative, is
commonly used,af despite extensive, though controversial,
research demonstrating that the additive is associated with
gastrointestinal inflammation and higher rates of intestinal
lesions, ulcerations, and malignant tumors.404 Frequent
consumption of rice milk may also be a concern, particularly for
young children, given the relatively high levels of arsenic.405

Cows walk through a field at the Double J Jerseys organic dairy farm near Monmouth, OR. Over a billion pounds of U.S. organic milk products were sold during the first five
months of 2016, a 5.4% increase from last year, and the highest sales volume ever recorded by the USDA. (Lynn Ketchum)

af

Carrageenan is also found in other processed foods including flavored cow’s milk and yogurts, ice cream, processed meats, frozen dinners, and chewable vitamins.
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TABLE 2: KEY NUTRITIONAL AND OTHER CONSIDERATIONS OF DIFFERENT MILK PRODUCTS
calories

protein (g) fat
(g)

sugar (g)
(naturally
occurring)

other nutrients

environmental
considerations

social justice

animal welfare

whole milk

149

8

8

12

reduced fat
(2%)

122

8

5

12

calcium (30%), vitamin
B12 (16%), vitamins A
and D may be added

relatively high GHG
and water footprint
compared to other milk
beverages

numerous concerns for
workers and surrounding
communities

significant concerns re:
housing conditions, feed,
and treatment of dairy
cows

skim

83

8

0

12*

4

1* (all low-

often fortified with
calcium (30-45%),
vitamins B12 (25—50%),
A, D, and E

pesticide use (particularly non-organic soy
for non-organic soy)
processing poses health
and safety risks to
workers

cow’s milk

plant-based milk alternatives
soy milk

80

7

fat varieties
have added
sugar)

almond milk

30—40

1—2+

3

0*

coconut milk
(beverage)

45—60

0—1

4—5

<1*

rice milk

70

0—1

2.5

0*

flax milk

25

0+

2.5^

0*

hemp milk

70

2—3 g

5^

0*

cashew milk

25

<1+

2

0*

oat milk

130

4

2.5

12—19

blue water footprint

high pesticide use poses
risks to workers and
communities
monkey harvesting
ethics

relatively high GHG
footprint

significant labor
concerns

Nutritional info per 1 cup (8 oz.) of unsweetened product.
*Some products may have added sugars (and consequently higher calorie counts), including “original” flavors of plant-based milk beverages (which
may contain 7—14 g per serving).
+
Some products may have added pea or rice protein concentrate.
^May contain omega-3 fatty acids (approximately 1.2 g serving)
Sources: USDA ARS (2016), Food Composition Databases: Nutrient Lists and websites of leading companies, including Silk, DREAM, Pacific, Living
Harvest, and Good Karma Foods.

ENVIRONMENTAL HEALTH CONSIDERATIONS
Relative to ruminant meat, milk has a relatively low climate,
land, and water footprint, however, that does not negate its
environmental impact. Whole milk generally has the lowest
ecological footprint per serving, with slightly higher impacts
associated with skim milk as well as (skim and full-fat) yogurt
and cheese due to processing. While the intensification of dairy
farms over the last two decades has lowered the climate, land,
and water footprints of dairy products on a per serving basis,
it has also contributed to a number of other ecological, public
health, and animal welfare concerns, including nitrate leaching
and contamination of drinking water, antibiotic resistance, and
adverse worker and community physical, mental, and social
health impacts.

ag

Based on a limited number of mostly non-peer-reviewed
studies, plant-based dairy alternatives seem to have
significantly lower impacts on most environmental metrics per
serving than cow’s milk, due to the relatively lower impacts of
their primary ingredients (e.g. soybeans, almonds, etc.) and
avoided impacts from animals, manure, and feed production.
However, it is important to recognize that this comparison is
not completely equal given the lower amounts of protein (in all
products except soy milk) and nutrients (though these may be
added through fortification).

Climate change
Cow’s milk dairy
The global dairy sector accounts for 4% of total anthropogenic
GHG emissions.406,ag The vast majority (78-83%) of these
dairy-related emissions in industrialized countries comes from

This includes the emissions associated with culled dairy cows that become beef because these are byproducts of the dairy system and would not be produced on their own.
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on-farm activities (i.e., excludes processing and transport).406 A
review of LCAs of dairy products found that the GHG footprint
of milk (from production through to point of retail) ranges
from 28 – 43 kg CO2-eq/kg protein and cheese ranges from
28 – 68 kg CO2-eq/kg protein.61 These ranges are comparable
to the GHG-intensity of eggs (29 – 52 kg CO2-eq/kg protein)
and poultry (23 – 40 kg CO2-eq/kg protein).3,60,61 Although
producing one kilogram of cheese generally requires 6-7 kg of
milk, the serving size of cheese is much smaller (one serving
milk = one cup = 244 g; one serving of cheese = one oz. = 28
g). Thus, a typical serving of milk and cheese contain roughly
similar amounts of milk and have similar GHG-footprints
(though the extra processing of cheese raises it slightly61).3 The
energy use and global warming potential required to process
milk into dairy products like cheese is smaller relative to the
processing of meat products, which is one reason for the
differences between milk and meat protein.60
Compared to cattle for meat production, livestock
management systems of dairy farms do not vary as greatly
in climate impacts. Studies have shown how raising cattle in
extensive pastoral systems (i.e., grass-feeding) results in more
GHG emissions per unit of beef compared to those fed higher
proportions of concentrate feed.407-410 This is due to differences
in how starches and forage pasture are digested, the slower
growth rates and reproductive cycles of extensive systems, and
the relatively improved feed conversion efficiency in intensive
systems due to the fact that animals do not/cannot walk as
much to find food.61 Some suggest that accounting for the
carbon sequestration potential (see p.14) of well-managed
pastureland through cattle grazing can more than offset these
differences,407,411,412 however, others indicate that intensive
feedlot production is still more GHG-efficient even accounting
for carbon sequestration potential.409,410 ,413 In dairy systems,
however, feed conversion efficiency ratios do not vary as much
because even extensive systems require grazing to take place
relatively close to milking facilities so animals do not walk
very far.61 Because of this, the GHG intensity of milk between
systems only varies from 1 – 1.5 kg CO2-eq/kg milk, compared
to beef which varies from 9 – 42 kg CO2-eq/kg beef (industrial
systems) to 12 – 129 kg CO2-eq/kg beef (extensive pastoral
systems).61 Nevertheless, the higher intensities of grass-fed
dairy are related to lower milk productivity per cow combined
with lower digestibility of feed.406
The impacts of climate change on animal agriculture have
not received as much attention as its contributions. However,
climate change is anticipated to harm livestock health
and productivity by decreasing the quantity and quality of
feeds (both crops and grazing pastures); contributing to
heat and water stress for animals; changing the distribution
of and increase the prevalence and intensity of livestock
diseases; and contributing to genetic diversity losses among
livestock breeds.15,414 Heat stress caused by extreme summer

temperatures can significantly impact milk production and
birthing rates of cattle.415 One study that assessed the potential
impact of climate change on dairy cow performance in the
United States projected substantial declines in milk production
(10-20%) and conception rates (up to 35%) during summer
season production and reproduction, with some regions (the
Southeast and Southwest) expected to face the greatest
declines.416 Another study found that milk production in the
Northeastern United States could decline by 10-25% by the end
of the century.417
Plant-based dairy alternatives
The climate impact of plant-based dairy alternatives depends
on the primary ingredient with which it was made, whether
that be almonds (p.22), soybeans (p.17), or other seeds, nuts,
or grains. On a per-serving basis, the few products that have
been tested have been found to have lower GHG-intensities
compared to cow’s milk. The average GHG-intensity of almond
and coconut milk (from production through to retail) is 0.42 kg
CO2-eq/L, while soy milk values average 0.88 kg CO2-eq/L.50
Tetrapaks have a slightly lower impact than cartons.418 In
comparison, the climate impact of cow’s milk in North America
averages 1.34 kg CO2-eq/L.50

When switching to plant-based dairy alternatives, it is
important to not assume there is a reduction in climate
emissions (or land use) without decreasing meat demand
to offset the loss of culled dairy cows.419 Additionally, when
transitioning farms to accommodate more plant-based
diets, crop rotations that include perennial crops (e.g., grass—
clover) should be incorporated to maintain soil structure and
sequestration benefits.419

Land use
Cow’s milk dairy
Milk and cheese production share a roughly similar land use
footprint per kg of protein (26 – 54 m2/kg protein), with eggs
(29 – 52 m2/kg protein), poultry (23 – 40 m2/kg protein), pork
(40 – 75 m2/kg protein); whereas beef production requires
up to 2100 m2/kg protein.60,61 Given that cows are ruminant
animals which can graze on pastures unsuitable for crop
production while poultry and hogs cannot, these land use
footprints must be differentiated in terms of cropland and
pasture land (see pp.8-9). Broken down in this way, milk
(from cattle raised using 30% concentrate feed, 70% forage
pasture) requires significantly less cropland per kilogram of
protein compared to ruminant meat, pork, and even pulses,
with cropland needs rising with increasing proportions of
concentrate feed in the diet.68 This particular efficiency for
dairy cows supports the findings of one study that compared
the land use requirements of entire dietary patterns in the
United States. It found that the cultivated cropland needs (0.12
ha/person/year) for lacto-vegetarian diets (e.g., vegetarian
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diets that include dairy products) were lower than those for
strictly vegan diets (0.13 ha/person/year), both of which were
significantly lower than the needs for the baseline average
American diet (0.18 ha/person/year).62
Dairy farming on peat soils (i.e., unsuitable for growing food
crops) has higher land efficiency than dairy farming on sandy
soils.16 One study measured this in terms of a land use ratio
(LUR), finding that the LUR for dairy cows on sandy soils was
2.10, meaning that twice as much human digestible protein
could be produced if this land were used directly to grow crops.
Dairy cows on peat soils, however, had a LUR of 0.67, meaning
that the animals produced more human digestible protein per
square meter than crops and were thus efficient in contributing
to global food supply.420 Grass-fed/pasture-based/extensive
dairy production requires slightly more (6%) land per unit of
protein than intensive and semi-intensive systems because
of its lower feed conversion efficiency, a consequence of lower
reproduction rates and milk yields.16 However, nearly all (>99%)
of this land is permanent grassland, while 25% of the land
footprint of intensive and semi-intensive systems is arable
cropland.16 Dairy production in the United States is dominated
by intensive systems (see p.36).
Plant-based dairy alternatives
Few studies have evaluated the land required to produce plantbased milk alternatives. Given that the land use efficiency
of dairy cows depends on the type of soil and system of
production, direct comparisons for plant-based products
cannot be easily made.

Water use
Cow’s milk dairy
Nineteen percent of the global water footprint of farm animal
production is attributable to dairy cattle.76 Milk production
requires, on average globally, approximately 31 L of water per g
protein (85% green water, 8% blue water, and 7% gray water).76
This is about 1.6 times the water footprint of pulses (19 L/g
protein), and roughly similar to eggs (29 L/g protein) and
chicken (34 L/g protein).76 It is almost half the water footprint
of pork (57 L/g protein) and less than one-third the water
footprint of beef (112 L/g protein).76
Plant-based dairy alternatives
As most plant-based dairy alternatives do not have high
protein contents, a per-serving comparison of the water
footprint to conventional dairy products is more meaningful
than comparisons based on units of protein. The global average
water footprint—which includes green, blue, and gray water—

for cow’s milkah is 1020 L/kg.76 The average water footprint for
soymilkah is 376 L/kg. 421 Given the high blue water footprint of
almonds (p.23), almond milk has been blamed for contributing
to California’s water crisis.254 However, based on the protein
content of a typical serving of almond milk, only a small
amount of almonds is present in almond milk. Thus the water
footprint of almond milkah is not as high as one might think:
approximately 238 L/kg of almond milk.ai
When comparing only the irrigation water needs of these
products, almond milk’s blue water footprint is relatively higher
at 56 L/kg; this is still lower than cow’s milk at 86 L/kg,76
but significantly higher than soy milk at 12.3 L/kg.73 Another
(non-peer-reviewed) study that assessed the water required to
produce plant-based milk alternatives, aj including processing
and packaging water needs, found that almond milk required
67 L/kg to produce, while coconut milk and soy milk required
less, at 3 L/kg and 23 L/kg, respectively.418 One may argue,
however, that while the per serving total or solely blue water
footprints of almonds are smaller than dairy milk, the increasing
demand for almond milk is incentivizing farmers to continue
planting almond trees in California, which could further
intensify the water crisis there. Conversely, dairy production
could occur anywhere, though it is worth re-emphasizing that
California is the top dairy-producing state in the country. Given
that oats, sunflower seeds, and hemp seeds have less than
one-third of the water footprint per ton compared to almonds
or other nuts,73 and that these crops can be grown in a diversity
of climates outside of California, plant-based milk alternatives
made from these crops would have significantly lower water
footprints.

Fertilizer use and eutrophication potential
Cow’s milk dairy
By one USDA estimate, the manure from just 200 milking cows
produces as much nitrogen (N) as sewage from a community of
5,000 to 10,000 people.422 One study comparing the amount
of Nr lost to the environment per kilogram of protein consumed
for various food groups found milk and cheese have a virtual N
factor of 576 g N lost/kg protein, which was higher than pulses
and nuts (64), relatively close to fish (416) and poultry (432),
and significantly lower than beef (1104).206

While semi-intensive dairy production requires approximately
one-third more land per unit of protein than intensive systems,
intensive dairy systems (which raise the vast majority of dairy
cattle in the United States) require around 10 – 15% more newfixed-nitrogen per unit of protein due to the synthetic fertilizer
needed to produce their feed.16 This indicates that intensive

ah Based on ingredients alone; does not include packaging.
ai
This value was calculated based on the global average water footprint for almonds at 16,095 L/kg73 and the assumption that a half gallon of almond milk contains around 28 g
of almonds, given that an 8 oz. serving of almond milk contains 1 g protein and a 28 g serving of almonds contains 6 g protein.
aj
Although not specified, it was assumed that water use attributed to the ingredients only accounted for blue (i.e., irrigation) water.
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dairy adds a net input of Nr, contributing to the disruption of
global N cycle, rather than recycling already-existing N from
organic manure application. Among pasture-based dairy
operations, a recent study found that with no change in N
fertilizer use, nitrate leaching actually declined with increasing
stocking rate. The authors emphasized that, as long as feed
imports are not increased, grazing more cows per acre on wellmanaged grazing paddocks could reduce the negative impact
of dairy farms on local water quality.423
There are currently no comparisons of the P footprint for
different types of food per serving or per unit of protein
consumed. A comparison based on mass of the food (which
has limitations given that people do not consume similar
volumes of food per serving across food groups – see p.14)
shows that milk requires 11 times more mined P fertilizer to
produce per kilogram than pulses, but less than that required
to produce tree nuts (63% as much), eggs (34% as much),
poultry (22% as much), pork (14% as much), and beef (only 7%
as much).263
Pasture-raised cattle can have a higher P-fertilizer requirement
systems per serving compared to intensive feedlot due to
its less efficient use of feed.263 These requirements, however,
would be significantly lower if the cattle graze solely on
unfertilized rangeland rather than on fertilized fields or if they
eat cropped hay during portions of the year. Measures of
mined P requirements also do not account for how much of
this phosphorus leaches into runoff. One study (of beef cattle)
found less P in excrement from grass-fed cows compared to
those raised in feed lots.407
Plant-based dairy alternatives
The fertilizer use and eutrophication potential associated
with plant-based dairy alternatives vary based on the type of
crop from which the plant-milk is produced and how the land
spared from switching from cow’s milk products to more these
alternatives might be used.419 Little research has assessed these
impacts.

Pesticide use
The vast majority (78%) of dairy cattle in the United States
rely solely on concentrate feed, which is comprised of alfalfa,
corn, and soy.299 Given concerns about the increasing rate
of glyphosate use (the “pesticide treadmill”) in corn and soy
monocultures to control the development of herbicide-resistant
superweeds (see p.20), increasing demand for non-grass-fed
dairy could further exacerbate these problems.
Given the relatively high use of pesticides in almond production
(see pp.23-24), pesticide inputs are also a consideration for
almond milk production (though again, the amount of almonds
in almond milk is so low that it is not as big of a factor as nut
consumption directly).

Antibiotic, hormone, and other pharmaceutical use
Cow’s milk dairy
In contrast to poultry and swine operations, dairy cows
generally receive antibiotics on an individual basis and not
at the herd or flock level.424 However, antibiotics including
penicillins, cephalosporins, and other beta-lactam drugs are
still widely used both for treatment of clinical mastitis (16%
of all lactating dairy cows in the United States receive each
year425) and to prevent and control future udder or uterus
infections (nearly all dairy cows at the end of lactation).424
Some dairy cattle (17% by a 2007 USDA statistic426) are also
fed recombinant bovine growth hormone (rBGH) which
increases milk production by 11 – 15%, but also causes a
smaller but significantly increased risk for mastitis in cows (as
well as lameness, foot problems, and other animal welfare
harms).427-429 Increased use of antibiotics to treat increased
cases of mastitis may also contribute to the development of
antibiotic-resistant bacteria.

Some concerns have also been raised about potential direct
health harms from consuming milk produced by rBGH-treated
cows, particularly from the hormone’s potential to increase
levels of IGF-1 in humans. A number of review panels, including
those convened by the FDA and American Cancer Society, state
that there is no clear evidence that drinking milk with or without
rBGH treatment increases levels of IGF-1 to a range significant
enough to increase the risk for prostate or breast cancer or other
negative health effects.427,430 However, Health Care Without
Harm, along with many other countries and organizations,
including Canada, all EU nations, and the American Public
Health Association, formally oppose the use of rBGH based on
the evidence of harm to animals and possible human health
concerns.431,432
Even without the use of synthetic hormones, it is estimated
that pregnant and cycling cows contribute about 92% of the
endogenous (i.e., natural) hormones excreted by livestock
species in the United States.433 Given the number of dairy cattle
in the United States, and the fact that dairy waste does not go
through wastewater treatment as most human waste does,
the natural hormones from dairy cattle may be contributing to
reproductive and developmental harms being observed among
other organisms in the environment (p.12). One study estimates
that the combined natural and synthetic estrogens emitted
by dairy cows and swine total more than 10 times the amount
of estrogen coming from wastewater treatment plants in the
United States.434 A significant increase in dairy cattle numbers,
regardless of whether they are treated with synthetic hormones,
would increase estrogen excretions to the environment.433
Plant-based dairy alternatives
Plant-based dairy alternatives do not have concerns
associated with antibiotic resistance. Some concerns have
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been raised about the phytoestrogens in soy products, though
observational studies have found that consuming whole soy
foods may actually provide protective benefits (see pp.16-17). It
is worth mentioning that these benefits are associated with the
consumption of full-fat (i.e., whole) soy products, as low-fat soy
milk is typically made from isolated soy proteins.

Biodiversity and ecosystem function
The vast majority (78%) of dairy cattle in the United States
rely solely on concentrate feed, which is comprised of alfalfa,
corn, and soy.299 Increasing demand for non-grass-fed dairy
could further exacerbate biodiversity concerns (along with other
health and ecological concerns) related to monoculture crop
production and heavy agrochemical usage (p.12). Extensively
grazing cattle on pasture, on the other hand, can support high
species and habitat biodiversity for both plants and animals in
certain landscapes through cows’ selective defoliation
due to dietary choices, treading, nutrient cycling, and
seed dispersal (seeds pass through the cow’s digestive
system and also attach to the cow’s skin).419,435,436

SOCIAL JUSTICE CONSIDERATIONS
Intensive dairy farming poses a number of concerns for
workers and surrounding communities. Accompanying the
intensification and consolidation of the dairy industry over
the past two decades, dairy farms increasingly rely on hired
labor which is often in short supply and experiences rapid
turnover.358 Although opportunities exist for exploiting oneself
or one’s family as laborers, the increased reliance on hired
labor present additional concerns about farmworker rights
and wellbeing. Farmworkers on dairy farms in Vermont,
organizing through Migrant Justice, launched a campaign in
2014 to protest low wages and wage theft, long working hours,
discrimination, subpar housing conditions, and poor health
and safety conditions, including lack of access to water or
bathrooms.437 Their Milk With Dignity Code of Conduct, based
on the Coalition of Immokalee Workers’ Fair Food Campaign,
calls for the rights to free speech and association without
retaliation; dignified wages; dignified schedules, rest, and
leisure; freedom of movement; equal treatment and respect
without discrimination; dignified housing; and a healthy, safe,
and secure workplace.438
As with other agricultural workers, dairy farmworkers also
face health risks. Farmworker exposure to airborne pollutants
such as particulate matter, pathogenic bacteria, endotoxins,
and noxious gases and odors are associated with respiratory
conditions.109 Elevated concentrations of cow allergen have
been found inside barns, sheds, stables, and the living quarters
of current and former dairy farmworkers, which may increase
their risk for allergic sensitization and disease, as well as
exacerbate asthma for sensitized individuals.439,440

Industrial dairy farms, similar to other industrial food animal
operations, can also negatively impact the surrounding
community. A recent study found that more than half of
the homes in close proximity (<0.25 mile) to industrial dairy
operations had levels of the inflammatory agent endotoxin
that would be high enough to cause respiratory health
problems.441 Elevated levels of cow allergen were also found,
which poses similar health risks as those described above for
workers. Moreover, as discussed earlier in this report (p.11), dairy
farms in California, Wisconsin, and other Midwestern states
are some of the key contributors to elevated levels of nitrate
in the drinking water of surrounding communities. These
findings are particularly concerning in California where these
farms—and their associated threats to health and well-being—
are concentrated primarily in communities of color and lowincome communities that lack the socioeconomic and political
power to prevent, mitigate, or adapt to these environmental
inequities.98,99
It is also worth considering the ethical implications of
purchasing plant-based milk alternatives. Given the poor labor
practices associated with the cashew industry (p.24), cashewbased milk and cheese alternatives may not be the most
socially just options.

ANIMAL WELFARE CONSIDERATIONS
The health and welfare of dairy cows vary based on the herd
size, production volume, and type of production system,
though there are not always straightforward solutions to
maximizing animal welfare. Conventional dairy farms have
come under increasing scrutiny for many common practices.
For instance, calves are usually separated from cows shortly
after calving and individually housed despite better health and
social wellbeing for calves housed in small groups.358 Dairy cows
often have their horns removed or tails docked, or are castrated,
without anesthesia or other forms of pain management.24
Despite the fact that cows are ruminant animals evolved to
feed on pasture and grasses, less than 5% of dairy cows in the
United States have year-round access to pasture and most
are housed in tie-stalls with restricted movement and ability
to express social behaviors.442 Moreover, many farms have
adopted breeds that produce high volumes of milk without
consideration for the breeds’ adaptations to cope with climatic
temperatures and diseases, which can lead to compromised
health and wellbeing for cows.358
Other forms of raising dairy cows provide some improvements
to animal welfare. In addition to having more freedom of
movement, cows in free stalls or grazing pastures have been
found to have lower incidence and prevalence of many
diseases, with the exception of lameness.358 Some studies have
found that cows raised on organic farms have less mastitis,
lameness, and hock lesions compared to those on conventional
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farms, but other studies have reported no differences.358
Some of these discrepancies may be due more to differences
in management practices such as cow cleanliness and stall
maintenance than to differences inherent in certain production
systems. Increased prevalence of many diseases (except
lameness) and mortality rates have also been associated with
increasing herd size, while increased milk production per cow
has been associated with poorer health for the cow.358
Plant-based milk alternatives may not seem to be associated
with animal welfare concerns at first. However, some may
consider the impact that farming coconuts has on monkeys,
who are stolen from the wild or bred on farm to harvest
coconuts in Thailand. Given their high levels of intelligence,
the fact that these animals are employed in chained working
conditions raises ethical dilemmas for the continued expansion
of the coconut industry.443,444 445

LIMITATIONS
There is very limited published research on the impacts
of alternatives to traditional cow’s milk dairy products.
Significantly more research on the health, environmental
(including LCAs), and social justice implications of both
alternatives derived from nuts, legumes, and grains, as well as
from fermented animal DNA, is merited.
(Lindsey J. Scalera)

Integrated crop-livestock systems are a form of mixed production that grows crops and raises livestock in a way that they can complement each other and maximize
resource use. This intercropping includes aubergines, spaghetti squash and chickens. The chickens are pastured free-range in potager and cover crops like lettuce and
cabbage (Irene Kightley/flickr)
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ACRONYMS
ALA: alpha-linolenic acid, a short-chain omega-3 fatty acid

HHS: United States Department of Health and Human Services

CAFO: concentrated animal feeding operation

Ht: herbicide-tolerant

CH4: methane

IFAP: Industrial food animal production

CO2: carbon dioxide

LCA: life-cycle assessment

CO2eq: carbon dioxide equivalent (see Sidebox on p.__)

N: nitrogen

DHA: docosahexaenoic acid, a long-chain omega-3 fatty acid

Nr: reactive nitrogen

EPA: eicosapentaenoic acid, a long-chain omega-3 fatty acid

N2O: nitrous oxide

EPA: United States Environmental Protection Agency

P: phosphorus

EU: European Union

PO43-: phosphate

FAO: United Nations Food and Agriculture Organization

RAS: recirculating aquaculture system

FDA: United States Food and Drug Administration

rBGH: recombinant bovine growth hormone

GHG: greenhouse gas

USDA: United States Department of Agriculture

GM: genetically modified

WHO: United Nations World Health Organization

Dried legumes for sale at a market (Katjung/flickr)
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Health Care Without Harm seeks
to transform the health sector
worldwide, without compromising
patient safety or care, so that it
becomes ecologically sustainable
and a leading advocate for
environmental health and justice.
With offices in the United States, Europe, Latin
America, and Asia, HCWH is an international
coalition of hospitals and health care systems,
medical professionals, community groups, healthaffected constituencies, labor unions, environmental
and environmental health organizations, and
religious groups.
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