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Environmental Impact
of Food Animal
Production

Animal food products are a vital component of the
global diet, and the question of how to sustainably
provide meat, milk, eggs, and fibre to an increasing
world population has become a hot topic. Animall
agriculture can impact the environment through
pollution, greenhouse gas emissions, and the
intensive use of resources such as energy and

water. The National Animal Nutrition Program

(NANP) Summit Committee gathered experts to

share advancements in the sustainable farming
of various animals used in food production and
to explore the impact of climate change and the

sustainability of animal agriculture.
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Gathering Animal Nutrition Leaders

The National Animal Nutrition Program (NANP) promotes
animal nutrition research by providing a forum for scientists
from diverse but related fields to share their findings. The
NANP 2023 Summit organising committee gathered experts
such as ecological engineering specialist Dr Marty Matlock
from the University of Arkansas; agricultural engineer Dr

C Alan Rotz from the US Department of Agriculture (USDA)

and Pennsylvania State University; animal science expert

Dr Ermias Kebreab from the University of California; poultry
and swine expert Dr Peter Ferket from North Carolina State
University; and animal biosciences and aquaculture specialist
Dr Dominique Bureau from the University of Guelph. These
researchers work in diverse fields to address issues relating to
sustainable animal agriculture from a range of perspectives.

Animal agriculture is diverse, and different practices and
products impact the environment in different ways. Water
and land use affects local ecosystems, and greenhouse
gases (GHGS) such as nitrous oxide, enteric methane
(produced by microbial fermentation in cattle), manure
methane, and carbon dioxide impact the climate.

Cattle (beef and dairy), swine, poultry, and aquaculture
(growing and harvesting aquatic plants, animals, and

other organisms) have different GHG emission profiles and
impacts on the local and global environment. Sustainable
animal agriculture involves understanding the emissions and
environmental impacts of each production practice and how
each can be reduced.

Life Cycle Assessment in Animal Agriculture

Animal agriculture is an intricately complex production
system of many interconnected variables. Life cycle
assessment (LCA) emerges as a vital approach to compiling
and evaluating all the inputs, outputs, and environmental
impacts of a production system throughout its entire

life cycle, including all the stages of the system, from
consumption to waste disposal.

Ecological engineering expert Dr Matlock uses LCAs to obtain
quantitative, risk-based assessments of various agriculture
production scenarios to inform and enhance decision-
making. Dr Matlock states that difficult decisions must be
made to ensure we can feed an expanding global population,
and LCA is a key tool used to inform decision-making.

LCA involves attributional analysis, which includes current
and historical perspectives of a product system, assessing
minor changes in production, and comparing systems, as
well as consequential analysis, which evaluates the potential
impacts of a system compared to its current state. LCAs are
complex and can be used for any product. In the case of
animal agriculture, LCAs include all aspects of the production
of animal feed, transportation, animal care and feeding, meat
processing, and transportation. As such, agricultural LCAs can
be particularly complicated, touching on almost every part of
the agricultural biosphere and technosphere.

As an example, Dr Matlock studied the climate impact of
crops using LCA by adjusting parameters such as disease,
insect, and weed control and found that the climate impact
on corn increases when there is no disease, weed, or insect
control. These studies also showed that the creation of
specific feed grain or corn that cattle can more quickly
convert from starch to sugar has a significantly reduced
environmental impact in terms of climate change and land,
water, and fossil energy usage.



Climate Change and Beef Cattle Production

Dr Rotz from the USDA combined LCA and mathematical
models of entire beef cattle production systems to determine
how various factors contribute to GHG emissions and climate
change. He estimates that in operations across the USA, an
average of 21 kilograms of GHGs are released per kilogram of
beef carcass weight produced; over half as enteric methane
and almost a quarter as nitrous oxide from feed production.
Considering the full life cycle of beef cattle through
consumption and waste, this contribution is still under 4% of
the country’s total GHG emissions.

The efficiency of producing animal-derived food has
improved over time, with GHG emissions from US beef
production being 20% lower than 50 years ago while
producing 20% more meat. However, ammonia from feed
yards and pastures — which accounts for 30% of all the
ammonia released in the country — and nitrogen leaching
into the groundwater both have an important environmental
impact.

Mitigation approaches will be essential to improving the
sustainability of beef production. Dr Rotz suggests that the
beef industry could reduce its environmental impact through
efficient feeding, using feed supplements that reduce
methane emissions, and rapid manure collection. As most
GHG emissions from beef cattle come from calf-rearing and
grazing (‘cow-calf operations’), Dr Rotz states that improving
feed efficiency and digestibility, cow longevity, and reducing
mortality all significantly impact emissions. Other options
include solar panels for energy production, chemicals that
reduce nitrous oxide emissions (nitrification inhibitors’), and
strategies to enhance carbon sequestration in the soil.

Reducing water usage will also be a key point moving forward,

as 2,000 litres of water are needed to produce a kilogram of
beef, almost all of which goes into irrigating plants for animal
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feed. This water usage is particularly important in Western
states that increasingly experience droughts.

Climate Impact of Dairy Farming

The US dairy industry is committed to achieving GHG
neutrality (Where GHG emissions related to a process are
balanced by GHG removal), optimising water use, and
improving water quality by optimising manure and nutrient
usage by 2050.

Dairy farming expert Dr Kebreab states that the majority of
methane from dairy cows is enteric, while the rest mostly
comes from manure. Dr Kebreab simulated various scenarios
in which methane emissions were reduced by 30% and 50%
and then maintained at a constant rate. Although this kind of
reduction positively impacts total emissions, it does not lead
to GHG neutrality, which means the industry will still contribute
to rising global temperatures. Addressing GHG emissions
using several strategies, such as feed/milk efficiency, feed
additives, genetic selection, carbon sequestration, and
manure management, is necessary to reach GHG neutrality.

As in beef cattle production, in dairy cattle, there is a direct
link between the product yield —in this case, milk — of each
animal and environmental impact: the higher the yield, the
lower the impact per unit of food produced. The average milk
yield of dairy cows is currently 10,000 kilograms of milk per
cow per year, compared to under 3,000 kilograms in the 1960s.
With genetic selection practices, this could increase to 25,000
by 2050. Dr Kebreab also noted a 45% reduction in total GHG
emissions per unit of food produced from dairy farming from
1964 to 2014, mostly due to improved feed production and
efficiency, and greater milk production.
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Farming efficiency has improved over
time, with GHG emissions from US
beef production being 20% lower than
50 years ago while producing 20%

more meat.
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Poultry grows much larger and faster
than in the past, and the ratio of
feed to edible products has steadily
decreased in the last 70 years.
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Around 70% of global animal emissions come from low-
income countries. Dr Kebreab and his colleagues aim to
reduce GHG emissions related to agriculture in low-income
countries, and they have developed a feed formulation
software using local feed options in local languages across
Southeast Asia and Africa. This could allow farmers in low-
income countries to reduce the emission intensity from their
animals by formulating appropriate diets.

Sustainable Poultry and Swine Production

GHG emissions from poultry and swine are much lower than
those of beef or dairy cattle. However, expert Dr Ferket states
that nitrogen emissions are still significant for both animals,
and reducing nitrogen emissions through improved nutrition
will be the most efficient means of doing so while maintaining
high levels of swine and poultry production. GHG emissions
per unit of food produced, as around 60-80% of these
emissions are related to feed production.

As with cattle, emissions can be lowered by improving

the ratio of feed consumed to edible product through
genetically selecting animals with improved growth and feed
efficiency, using feed formulation strategies that minimise
the presence of excess nutrients, improving feed digestibility
using additives, precision feeding, and using sustainable
alternatives to soybeans and corn.

Poultry grows much larger and faster than in the past, and
the ratio of feed to edible products has steadily decreased
over the last 70 years. Dr Ferket states that a feed formulation
strategy will be key to approaching a target 11 ratio between
feed and edible broiler products by 2025. In this case, the

amount of feed required would only be slightly greater than
the amount of edible food produced.

Optimising feed involves precisely determining animal needs
in terms of required nutrients such as amino acids. Dr Ferket
showed that feeding pigs and poultry synthetic amino acids
and less crude protein reduces GHG emissions by 39% for
swine and 30% for poultry.

The poultry industry is seeking to swap high-protein soybean
meal for other, more sustainable ingredients, as reducing
crude protein levels in feed reduces nitrogen emissions and
the climate impact of feed production. Up-cycling food waste
could be another key strategy, and Dr Ferket reported that
adding just under 10% of thermally processed supermarket
food waste to corn and soybean meal feed lowers GHG
emissions, land use, and water consumption more than other
feed options.

Environmental Effects of Aquaculture

The aquaculture industry — breeding, rearing, and harvesting
aquatic species like fish, shellfish, and algae — is growing
steadily in various regions of the world but less so in the USA.
Aquaculture expert Dr Bureau stated that global aquaculture
accounts for less than 0.5% of human-caused GHG
emissions, about the same as sheep production. Aquaculture
comprises the production of a diverse variety of aquatic
species of all types and sizes. It employs production systems,
feeds and husbandry methods that vary widely from one
geographic region to another, making it difficult to make
broad generalisations about the environmental impact of
aquaculture.
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The type of production system, production intensiveness, and
waste disposal all impact the environment. The constraints of
each system differ widely, from low-tech Vietnamese catfish
pond farms where feed contributes to the vast majority of
emissions to modern closed or semi-closed land-based
recirculation aquaculture systems requiring elaborate
infrastructures and high operating costs (e.g. energy). The
latter have much higher GHG footprints, half of which are
related to feed.

Dr Bureau uses nutritional models that can very accurately
predict farm waste outputs, such as solid organic wastes
and solid and dissolved nitrogen and phosphorus waste
outputs, although he stresses that predicting environmental
impact from aquaculture operations is much more
complicated than simply predicting waste outputs.

Studies have shown that shrimp aquaculture operations emit
about 7 kilograms of GHG per kilogram of shrimp produced.
One of the issues is that many shrimp producers have
limited insight into the number of live shrimp and biomass
in their systems at any point in time due to limited visibility
into the pond and potentially a high mortality rate. This issue
often leads to overfeeding. Tackling this major issue would
lower feed use in the system and, therefore, reduce the
environmental footprint of shrimp farming operations. For
this purpose, Dr Bureau and collaborators have developed
and commercialised software applications (AquaOp Feed
and AquaOp Farm) that can help improve the sustainability
of aquaculture feed formulations and improve production
and feeding management on farms. The broad adoption

of digital tools by farmers could contribute to substantially
reducing GHG emissions and waste outputs by aquaculture
operations.
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Impact of Food Waste

All experts at the NANP Summit highlight food waste as a
significant issue. Dr Matlock stresses that while the industry
aims to improve the efficiency and effectiveness of
production, food is regularly thrown away at the consumer
level. According to Dr Rotz, 33% of all food and 22% of meat
are wasted in the USA, with similar numbers globally.

Dr Ferket also underlines the problem of food waste, stating
that the economic impact of food waste in the USA is equal
to the GHG emissions of more than 42 coal-fired power
stations, enough water and energy to power more than

50 million homes, the amount of fertiliser used over the
whole country to grow all plant-based foods for national
human consumption, or an agricultural land zone the size of
California and New York State combined. Potential options
for reducing this food waste include adding even a small
proportion of it to livestock feed or ‘upcycling' it for this
purpose by improving its nutritional quality with the addition
of other ingredients.

A Sustainable Outlook

As animal agriculture shifts towards more sustainable
practices, addressing food waste will be key to permanently
lowering emissions, in combination with other methods
tailored to each animal agriculture production process.

The NANP continues to bring diverse researchers together

to share their perspectives and insights, with the aim of
ensuring the long-term sustainability of animal-source foods.
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Dr Matlock stresses that while

the industry aims to improve the
efficiency and effectiveness of
production, food is regularly thrown
away at the consumer level.
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MEET THE SUMMIT ORGANIZING COMMITTEE

The National Animal Nutrition Program, USA

The National Animal Nutrition Program (NANP) was established

in 2010 as a forum for identifying high-priority issues related to
animal nutrition. The program is supported by the Experiment
Station Committee on Organization and Policy, the State
Agricultural Experiment Stations, and Hatch Funds provided by the
National Institute of Food and Agriculture in the US Department of
Agriculture. Dr Phillip Miller (Kermit Wagner Distinguished Professor
in Animal Science at the University of Nebraska-Lincoln and NANP
Choir) and Dr Donald Beitz (Distinguished Professor at lowa State
University and 2023 Summit Chair) work with their NANP committee
colleagues to provide an integrated, systemic approach to
collecting, sharing, and disseminating science-based information
to foster high-priority agricultural studies and identify gaps in

both industry and research. The NANP committee organised

three summits over the last ten years, allowing a wide range of
animal nutrition experts to share their findings and address key
challenges faced by the modern agricultural industry, with a
particular focus on domestic agricultural species such as beef
cattle, dairy cattle, swine, and poultry. For more information, please
see https://animalnutrition.org/summits.

COMMITTEE MEMBERS

Phil S Miller, University of Nebraska

Donald C Beitz* lowa State University

Joel S Caton, North Dakota State University
Gary Cromwell, University of Kentucky

Ryan N Dilger, University of lllinois

Delbert M Gatlin [II*, Texas A&M University
Arthur L Goetsch, Langston University

Nancy A Irlbeck* Washington State University
Merlin Lindemann, University of Kentucky
Heidi A Rossow, University of California

Brian C Small, University of Idaho

Luis O Tedeschi* Texas A&GM University

Carey A Williams* Rutgers, The State University of New Jersey

*Summit organising committee members

@ SPEAKERS

Dr Marty Matlock, University of Arkansas

Dr C Alan Rotz, US Department of Agriculture (USDA) and
Pennsylvania State University

Dr Ermias Kebreab, University of California-Davis

Dr Peter Ferket, North Carolina State University

Dr Dominique Bureau, University of Guelph

@ CONTACT

pmilleri@unl.edu

https://animalnutrition.org/
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FUNDING

Sponsored by aglnnovation (State Agricultural Experiment
Stations), Hatch Funds provided by the National Institute of

Food and Agriculture (NIFA) of the United States Department
of Agriculture (USDA), and TechMix (Stewort, Minnesoto).
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