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Summary

The meat industry faces a critical challenge: a troubling decline in public funding for meat quality research in
the United States, which threatens availability, sustainability and improvement of this essential food source.
Meat quality influences consumer satisfaction and buying decisions, domestic and global demand, and market
competitiveness with other protein sources. Despite the importance of meat quality research, current funding
trends risk undermining efforts to enhance meat quality and develop future scientists, which are vital for the
industry’s continued success.

Research is needed to address the multifaceted challenges of livestock and meat production, including increasing
efficiency, enhancing sustainability, reducing climate impacts, addressing food security, and integrating advanced
technologies such as artificial intelligence and robotics. However, these efforts must also ensure meat quality
remains a focal point to prevent a decline in consumer satisfaction and demand.

The meat industry is a cornerstone of modern society, with a global worth exceeding 1 trillion USD. In the United
States, the meat industry generates over $239 billion in income, supports 1.7 million jobs, and contributes $41
billion in taxes. Its significance extends to both developed and developing nations through robust global trade,
underscoring the need for continued investment in meat quality research.

Historically, topics such as climate change’s impact on agriculture, environmental sustainability, food safety, and
the role of meat in the diet have received substantial funding from government sources. However, meat quality
research has not been prioritized, as evidenced by the USDA’s Fiscal Year 2023 Agriculture and Food Research
Initiative (AFRI) Request for Application (RFA), where “meat” is scarcely mentioned and post-slaughter factors
affecting meat quality are largely ignored.

This paper outlines the priorities for meat science research, examining the current state of funding and
emphasizing the need for science-based solutions and innovation. A paradigm shift is essential to drive
advancements that maintain marketplace competitiveness, address supply chain challenges, and develop a
viable workforce. Recognizing and prioritizing meat quality research is crucial for the United States to sustain its
leadership as a major producer, consumer, and exporter of safe, affordable, high-quality meat products.

It is imperative for policymakers and stakeholders in the agricultural industry to acknowledge the far-reaching
consequences of underfunding meat science research including meat quality. Increased investment is necessary
to foster innovation, support a sustainable future for meat production, and ensure the continued availability of
high-quality meat and meat products for consumers worldwide.
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Introduction

For the purposes of this paper, the term “meat” encompasses skeletal muscle and its associated tissues derived
from mammalian, avian, reptilian, amphibian, and aquatic species harvested for human consumption. Edible co-
products consisting of organs and non-skeletal muscle tissues are also considered meat (Seman et al., 2018).

Addressing the quality, safety, affordability, nutrition, and palatability of meat involves navigating a multitude of
challenges and opportunities. These include evolving and shifting dietary preferences, global economic dynamics,
debates surrounding climate impact, regulatory frameworks, national and international policies, resource
availability, advancements in genomics and microbiology, biosecurity considerations, policy implementation, and
workforce-related issues.

Continuing to discover and research new processes, ingredients and judicious use of resources is imperative
for advancing knowledge and providing solutions to offering meat as part of a sustainable diet while constantly
being mindful of societal needs and consumer preferences. At its core, research advances knowledge and trains
scientists, which is necessary to continually solve evolving challenges. Research funding is necessary to make
fundamental discoveries and find innovative solutions, while also enabling new scientists to be trained and
developed for the future viability of the meat and food industry.

Meat quality encompasses both subjective and objective attributes, including attributes consumers perceive

as important, such as food safety, organic, or animal production methods, (Schrobback et. al. 2023) and
characteristics that are scientifically measurable (Becker, 2002), which makes assessments of quality broad

and complex. Research funding for meat science and meat quality has declined over the past several years
(Krehbiel, 2017). In a review of USDA funded projects covering basic and applied meat research, only six projects
were funded in 2023. Topics such as impacts of climate change on agricultural production, environmental
sustainability, food safety, and the role of meat in the diet have historically been and are currently well funded

by U.S. Department of Agriculture (USDA) through the National Institute of Food and Agriculture (NIFA) and the
Agricultural Research Service (ARS), the U.S. Department of Health and Human Services through the National
Institutes of Health (NIH), and National Science Foundation (NSF). However, meat quality research has not been,
nor is currently, a priority for any funding agency. Previously, researchers in the discipline of meat science often
obtained funding from the USDA Food Quality program in addition to Animal Health and Production and Animal
Products. However, in the USDA Fiscal Year 2023 Agriculture and Food Research Initiative (AFRI) Request for
Application (RFA) for Foundational and Applied Science, the word “meat” only appears six times and only once as
related to meat science research, with essentially no mention of post-slaughter factors that affect meat quality
(USDA, 2023b). The meat industry is the second-largest manufacturing sector in the United States, but receives a
disproportionately low share of research dollars, emphasizing the need for increased investment.

Meat quality is an essential factor in any livestock production or meat-related research because it encompasses
physical and chemical aspects that influence purchase decisions and eating experiences of consumers. It

has been consistently shown that people consume meat and other animal products primarily due to high
levels of eating satisfaction (Miller, 2020). In addition to eating satisfaction, consuming meat provides crucial
nutrition—high-quality protein, essential fatty acids, vitamins, and minerals essential for human health. The
desire to consume meat products underscores the importance of preserving and enhancing meat quality for
individuals (and populations of individuals) to obtain adequate levels of nutrition. Research addressing meat
production challenges will likely result in changes; thus, it is critical that research also ensures eating quality is
maintained or enhanced. In addition, the cultural and social aspects of meat consumption, especially for many
socially disadvantaged populations, are crucial. Eating high-quality meat products is an essential part of many
cultures and should be an available source of nutrition for all people throughout the world. Access to meat not
only provides a nutrient dense food but can be a critical component for avoiding poverty with the two concepts
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explicitly intertwined in many countries (Leroy et al., 2023; Siddiqui et al., 2020; Zaharia et al., 2021).

This paper presents the contributions of meat (and meat science) to the U.S. and global economies, the state

of funding for research on meat quality and explores the potential impact that insufficient funding will have on
research to ensure the availability of high-quality meat and meat products, as well as the development of future
scientists and industry leaders. Change is needed to drive science-based solutions and innovation that maintains
marketplace competitiveness while also addressing the challenges across the meat supply chain, including the
talent pipeline.

Background

To organize, align, and prioritize meat science research needs, the American Meat Science Association (AMSA)
gathered input from scientists with leadership experience in research, education, and policy. The AMSA
represents all aspects meat science with a vision to be recognized for unmatched competence and commitment
to attracting and developing the next generation of scientists and meat industry leaders and providing science-
based meat research and information to various stakeholders. In 2023, AMSA secured a conference grant

from NIFA, which was used to form an ad-hoc planning committee of staff and researchers to plan a summit to
discuss and reach consensus on meat quality research priorities. A group of 35 researchers and industry leaders
representing a diversity of science expertise and experience convened to ideate, discuss, align, and prioritize meat
quality research needs to support sustainable meat production in the future. The conference attendees received
an initial charge from AMSA leadership, and then were separated into three working groups that addressed
specific topics of adding value to meat, meat biochemistry, and meat merchandising value. Each working group
had a discussion leader and recorder that kept track of the main discussion points. After approximately eight
hours of working group discussion, the entire attendee group reconvened and had a broad discussion of research
priorities. During the group discussion, AMSA staff recorded and cataloged the important and recurring points
that came from each working group. The main and recurring points from the working groups are the foundation
for the recommendations found in this manuscript. The importance of the quality of meat underpinned all
discussions and consumer satisfaction was considered throughout the meeting. In particular, the committee
sought to identify funding priorities broadly applicable to all potential funding entities including USDA-NIFA, USDA-
Agricultural Research Service (ARS), industry associations such as National Cattlemen’s Beef Association (NCBA),
National Pork Board (NPB), National Turkey Federation (NTF), National Chicken Council (NCC), Foundation for
Meat and Poultry Research and Education as well as other federal funding sources. This manuscript provides

a review of 1) economic, nutritional, and societal contributions of the meat industry; 2) current meat quality
research trends; 3) emerging topics in meat quality research; 4) challenges and opportunities.
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Contributions of the Meat Industry

Economic Value of Meat. The meat industry is a significant contributor to global economic growth and societal
well-being. According to a report published by the Food and Agriculture Organization of the United Nations (OECD-
FAO. 2021), the global meat industry alone was valued at $897 billion U.S. dollars in 2021 and was forecasted to
increase to over $1.3 trillion by

2027 (Figure 1, Shahbandeh, 2022) while employing many people worldwide. The meat, poultry and seafood
markets are expected to have a compound annual growth rate (CAGR) of 6.4% in 2027 valued at $2.07 trillion
(Research and Markets, 2023).
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Figure 1. Global value of the meat industry in 2021 and forecast
for 2022 and 2027 (in billion U.S. dollars) (Shahbandeh, 2022)

In the U.S., the meat industry is the largest contributor of annual cash receipts among agricultural commodities,
and 2021 annual sales from meat and meat products contributed $433 billion to the nation’s agricultural economy
(USDA-Economic Research Service [ERS], 2021). Furthermore, the U.S. meat industry is a significant contributor
to household incomes by generating over $239 billion in salaries annually (NAMI, 2020). In terms of employment
and supporting livelihoods, U.S. companies that produce, process, distribute and sell meat and poultry products
employ as many as 1.7 million people nationally and generate an additional 4.3 million jobs in supplier and
ancillary industries such as transportation, packaging, and marketing (NAMI, 2020) while contributing $1.221
trillion, or 5.67% of the GDP, to the U.S. economy. The meat industry employs about one-third (30.6%) of the
total food and beverage workforce (Figure 2, USDA-ERS, 2021).

Beyond job creation, the U.S. meat and poultry industry and its

employees pay over $45.33 billion in taxes, which is in addition to
Federal Taxes 563,887,826,000 federal business taxes (Table 1, NAMI, 2020). The beef industry
State Taxes $45,333,361,900 alone contributed over $60 billion to the U.S. economy (NCBA,
$109,221,187,900 2023) while the poultry industry (including eggs) provided over two
million jobs, $125.6 billion in wages, $555.9 billion in economic

Table 1. Taxes Generated in the United States by the activity, and $33.7 billion in government revenue (U.S Poultry and
Meat and Poultry Industry (NAMI, 2020)

Total Taxes
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U.S. Food & Beverage Manufacturing Employees
by Industry, 2021
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Figure 2. U.S. food & Beverage Manufacturing Employees by Industry, 2021
Note: Totals may not equal 100 due to rounding.

Source: USDA, Economic Research Service using data from the U.S. Department of Commerce, Bureau of Census, 2021 Annual
Survey of Manufactures. Available at: https://www.ers.usda.gov/data-products/ag-and-food-statistics-charting-the-essentials/ag-

and-food-sectors-and-the-economy/

Egg Association, 2022). Farming and processing sectors associated with pork production are responsible for
supporting more than $35 billion in personal income and boosts economic activity in related services such as
trucking, grain elevators, insurance, and other rural-based businesses (National Pork Producers Council, 2021).

The projections for meat consumption appear robust based on USDA 10-year projections for the 2024-2032
period (Figure 3, USDA, 2023a). The contributions of the meat industry are projected to remain strong, based on
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Figure 3. U.S. Per Capita Meat Disappearance, 2002-2032
(USDA, 2023a)

consumption and projected demand. Globally, poultry, pork, beef, and sheep meat consumption are projected
to grow 15%, 11%, 10%, and 15%, respectively, by 2032 (Figure 4), and the global per capita average demand for
meat will increase by 2%, from the 2020-2022 base period to 2032. Poultry meat is expected to account for 41%
of the protein consumed from all meat sources in 2032. Consumers in middle- and high-income countries are
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Figure 4. US Meat Exports 2002 to 2032 (USDA, 2023a)
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predicted to shift to
cheaper meat and
meat cuts due to
revised spending
priorities (Figure 5,
OECD-FAQ, 2023).
These consumption
projections counter
any suggestions

of emerging “meat
avoidance” behavior
and support the
importance of
advancing meat
research (Tonsor and
Lusk, 2022).

The U.S. meat
industry also
has a significant

9 ®| Meat Quality Research Priorities: Outcomes from a Technical Summit



% . Sheep Meat . Poultry Meat Pig Meat . Beef And Veal

100 . . e .
90 o | . T .

80 B B B T e F

Production Consumption Production Consumption Production Consumption

-10

World Developed Countries Developing Countries

Source: OECD/FAQ (2022), “OECD-FAO Agricultural Outlook”, OECD Agriculture statistics (database), http://dx.doi.org/10.1787/agr-outl-data-en

Fig. 5 Projected Global demand - Growth in meat production and per capita consumption on a protein
basis, 2020-2022 to 2032 (OECD-FAQ, 2023)

export market. The animals, meats, and products category of U.S. agriculture exports grew 22% from 2020 to
2021 with a value of $39 billion (USDA, Economic Research Service, 2023). In 2022, the combined value of beef
and pork exports alone was almost $20 billion (USMEF, 2022), and all meat exports combined are projected to
increase by 2032 (Figure 4). Specifically, U.S. beef exports are expected to grow almost 15% from 2.9 billion to
3.3 billion Ibs. The U.S. is expected to maintain its position as the 2nd largest pork exporter, behind the European
Union (EU), while poultry exports are expected to increase by almost 1 billion Ibs. by 2032. Competitiveness for
export markets relies, in part, on processing efficiencies and meat quality, and both require ongoing research for
continuous improvement to occur.

Nutritional value of meat. Meat supplies important nutrients, most-notably the macro-nutrients protein and fat,
and various micro-nutrients including vitamins and minerals, such as B12, zinc, and iron (Figure 6). Several of
these nutrients are critical to global health and well-being. Studies show that animal-sourced food consumption
in low- and middle-income countries is positively associated with children’s cognitive development, verbal ability,
activity level, and behavior (Krebs et al., 2011). Nutrition contributed from meat, eggs, and dairy in the first 1000
days of life (conception through pregnancy to two years of age) impact quality of later life (Alonso et al., 2019).
Critical micronutrients are an important consideration which may not always be easily or conveniently obtained
with meat-free diets and are often already suboptimal in underserved segments of the world where access to
fresh or high-quality frozen meat may be limited (Headey et al., 2018; Leroy et al., 2023; Zaharia et al., 2021).

U.S. meat exports have far-reaching potential for contributing to the nutritional stability of developing countries
where access to other sources of protein may be limited. It is critical that high quality protein from animal-sourced
foods be available to potentially prevent stunting and other facets of malnutrition (Adegosan et al., 2020). In
developed countries, meat is an important part of many people’s diets and contributes to overall health and well-
being, and there is growing evidence that it plays a key role as a nutrient dense, highly satiating meal component
(Morrel and Fiszman, 2017).

Pg 10 ®| Meat Quality Research Priorities: Outcomes from a Technical Summit



100%

90%
80%
70%
60%
50% M Seafood
Dairy
40% M Plant
Eggs
30% 88
B Meat
20%
10%
0%
@
S
§$

Figure 6. Nutrient contributions of food groups (Figure generated using data from the DELTA Model®

Note: The contribution of food groups to the global supply of nutrients and dietary fiber from food, with all forms of meat for human
consumption (including organ meat and processed meats) highlighted. The values for protein and the indispensable amino acids
have been corrected for bioavailability from the contributing food items, but not for minerals and vitamins (note that, for instance, the
average bioavailability of iron and zinc in ruminant meat is 2 and 1.7 times as high, respectively, as that of pulses (Beal and Ortenzi,
2022). Adapted from Smith et al. (2022).

The societal value of meat. Beyond economic and nutritional benefits, the meat industry also plays a critical

role in society. The meat industry provides a source of cultural identity and tradition. In many parts of the world,
meat is a significant part of local cuisine and social traditions. In discussing the societal role of meat, Leroy

et al. (2023) highlighted that meat consumption is often linked to social occasions and celebrations, bringing
people together and reinforcing cultural identity along with its critical role in human nutrition. In addition, livestock
production is the main/only source of income for families in many areas.

That the meat industry provides a substantial contribution to both national and international economies, its
value and significance are indisputable. Moreover, the meat industry’s role in job creation, export markets, and
nutritional security underscores its importance. Beyond economic and nutritional aspects, meat has cultural
significance and many roles in fostering social connections and traditions.
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Current Trends And Priority In Meat

Quality Research

Meat quality research priorities — Outcomes of a research summit

There are several areas of focus for meat quality research. The meat science community recognizes the
importance of production sustainability, reduction of utilized resources, climate change, and social change as
major investment areas for research. A significant set of challenges facing meat science are to ensure that
quality, eating satisfaction, and consumer acceptance of meat products are maintained as the other issues
involved with livestock and meat production are also investigated. For U.S. consumers, taste, freshness, and
safety are more important than price or other factors in meat purchasing decisions (Figure 7, Tonsor and Lusk,
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Figure 7. Factors influencing consumer meat purchasing decisions (Tonsor and Lusk, 2022) (a higher
Mean Importance value is more influential to a purchasing decision)

2022). These factors are crucial to consider across all research priority areas outlined below. In these consumer
surveys, the research priority areas were determined with the understanding that quality of meat, of which

taste, and freshness are major components, and its measurements would be foundational to all research and
considered through all work (Tonsor and Lusk, 2022). Therefore, “meat quality” was not a stand-alone focus area,
rather a consideration within all research areas and may be more heavily weighted in some priority areas.

The AMSA research priorities summit identified that meat quality research should be a component of funding for
the following research priority areas (1) resource utilization, climate impact, and sustainability; (2) food security,
nutritional value, and food as medicine; (3) food waste; and (4) securing the future of meat science through talent,
training, and technology (Table 2).

The specific topics within these priority areas are expanded on below and focus on how research to address
these priorities affect meat quality.
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Resource Utilization,
Climate Impact &
Sustainability

Food Security, Nutritional
Value and Impact on
Human Health

Efficiency and productivity technologies
(Hormone implants, beta agonists)

Genetics
(Genetic selection, gene editing, beef
and dairy cross genetics)

Feeding strategies
(Additives, time on feed, co-grazing
small ruminants, microbiome)

Time on feed/carcass size
(Over feeding/excess fat/large
carcasses/chilling cost)

Novel products
(Biologics, cell-based products, hot-boned

Nutritional Benefits
(Macro and Micronutrients, Protein, Amino Acids,
Vitamins, Minerals, Essential Fatty Acids)

Nutrient Variability and Bio Availability
(Livestock feeding regimes, Concentration
of nutrients)

Food as “Medicine"
(Human Gut Microbiome, Fermented Meats, Role
in Digestion, Metabolism, Immune Function)

Food Security
(Affordability, availability, Fish/Seafood and Small
Ruminant sources)

Meat Processing and Cooking Methods

(Cold chain, color, spoilage, packaging, microbi-
ome, oxidation)

Defects reduction

(Blood splash, dark cutters, woody poultry breast,
“spaghetti” texture poultry meat, beef liver
abscesses, soft pork bellies, seafood defects)

Consumer expectations
(palatability thresholds, sensory techniques)

meat use) (Smoking, Curing methods, Safety, Shelf life)
Future of Meat: Talent,
Food Waste Training and Technology
Advancement
Shelf life People leaders

(Science leaders, problem solvers within
university, industry and government)

Automation and Al Research/machine
learning technologies

(Robotics, sensing, prediction, biomarkers,
grading, nanotechnology)

Table 2: Research Categories and Specific Priority Needs
Research addressing these priorities significantly influences meat quality.
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Resource utilization, climate impact, and sustainability

Efficiency and productivity technologies. As noted earlier, global demand for meat is projected to remain strong,
therefore, meat science research is required in an effort to find ways to mitigate possible environmental impacts
of meat production. Products, methods, technologies, ingredients, and strategies for raising livestock in a more
efficient manner have the potential to impact the climate positively. The positive climate impact often comes
from reduced feed consumption or reduced time on feed, which reduces the accompanying inputs such as water
for growing crops for feed. Efficiency can also be accomplished by feeding regimes, nutrition and genetics that




enable an animal to grow to harvest weight faster and/or with less feed. Maintaining affordability, being mindful
of climate impact, and not impacting quality is the ongoing challenge, which requires research for answers and
assurances.

One such example is animal growth technologies that enable livestock to grow more efficiently. Specific to

beef cattle, hormone implants have been used in the industry for more than 60 years and improve growth rate
and feed conversion of cattle (Smith and Johnson, 2020). The efficiency associated with anabolic implants has
been shown to decrease greenhouse gas emissions from cattle by 8.9%, and overall land use by 9.1% (Capper
and Hayes, 2012), which can substantially lessen the environmental impact of beef production. This technology
is valuable to sustain profitable operations and will continue to evolve. Hormone implants offer significant
economic benefits to the livestock producer due to lower feed costs because the animal is much more efficient
at converting feed to lean growth. This technology benefits the environment by reducing the resources needed to
produce a pound of meat. The consumer benefits as that efficiency keeps meat prices affordable, but research on
meat quality and carcass impact must continue as this technology evolves with new combinations and doses of
hormones to optimize animal growth and meat quality (Johnson et. al., 2013).

Genetics. Livestock farmers are constantly evolving practices and exploring new techniques that can include
everything from diets to genetics to animal handling, all of which have implications for meat quality that need

to be understood. Dairy cows serve a dual purpose of providing milk and beef via offspring that are not kept as
breeding animals. In recent years, dairy farms have started breeding dairy cows to beef bulls, creating a genetic
cross referred to as “beef-on-dairy” (McWhorter et al., 2020). Livestock managers increasingly utilize this strategy
to optimize the value of the calf for beef, which helps reduce the environmental impact of meat production by
reducing the number of beef cows needed to meet demand and produce a more efficient calf for beef production.
Meat quality is an essential consideration in the beef on dairy crossbred strategy. Research has shown that meat
from conventional dairy cattle is generally leaner than meat from beef cattle and the ribeye area is smaller than
conventional beef. While this genetic and management strategy benefits the profitability of the farm by generating
a meat producing calf with feed conversion and meat yield benefits contributed from the beef genetics, the meat
quality is not negatively impacted (Foraker et al., 2022). Other research has shown the meat from beef on dairy
crosses is more tender and flavorful than straight beef genetics (0'Quinn et al. 2016). The economic benefit to
the dairy farmer for the adoption of this genetic “strategy” is that that value of the calf increases and contributes
additional meat to the supply chain from a calf that would otherwise not have optimal meat quality or yield. The
results of research in this area have led to increased implementation of beef on dairy breeding and demonstrate
the importance of meat quality research in conjunction with livestock production changes. Another potential
strategy for optimizing meat production that needs significant research is gene-editing. Emerging gene-editing
technology targets to reduce human and livestock diseases and these initiatives are paving the way for this
technology to become more mainstream in the livestock industry (Workman et al., 2023). Genetics and genomics
can be used to optimize meat production and quality through genomic enhancements. For example, the woody
breast condition in poultry can be addressed through genetics, as well as genetic influences on growth, muscle
development, and quality (Zhang et al., 2021). Gene editing may also have ramifications on eating quality and
meat color while addressing livestock production issues, such as disease. Meat scientists working in conjunction
with animal geneticists can provide robust assessment of impact.

Feeding strategies, time on feed, and carcass size. The agriculture sector accounts for 10.6% of U.S.
greenhouse gas emissions (EPA, 2021). Greenhouse gases are a contributor to climate change, thus, reducing any
greenhouse gas is an emerging and growing area of interest to be accompanied by research on impacts to animal
health and meat quality. Methane comprises 11.5% of all greenhouse gases in the U.S. and is more impactful

at trapping heat in the atmosphere than CO2 (EPA, 2021). Domestic livestock such as cattle, swine, sheep, and
goats produce methane (CH4) as part of their normal digestive process. The contribution of cattle, specifically, to
the biogenic gas cycle due to their ability to digest grass is significant. Sustaining demand for beef ensures that
grazing cattle play a vital role in beef production, contributing to regenerative agriculture and the biogenic carbon
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cycle. Research exploring various livestock production strategies such as feed additives or genetic selection for
animals with low methane emissions (FAQ, 2023) should include end-product quality. Reducing the use of water in
livestock and meat production should also be considered in investigations.

The gut microbiome, which refers to the microbial communities that inhabit various digestive tract components
of animals, also plays a crucial role in animal health, productivity, and environmental impact. Research has shown
that feeding strategies, such as the use of probiotics and prebiotics, can alter the gut microbiome and reduce
methane emissions from livestock (Carrazco, 2021). Probiotics are live microorganisms that can improve gut
health, while prebiotics are non-digestible carbohydrates that promote the growth of beneficial bacteria in the gut.
Therefore, research into feed strategies that improve the microbiome could help reduce the environmental impact
of meat production while improving animal health and productivity and should be optimized for meat quality as
well.

The general health of an animal is a crucial consideration in meat production, and the health status of an animal
through its productive life has implications on meat quality. A healthy animal consumes a predictable and planned
diet designed by nutritionists for desired carcass outcomes. When an animal is ill, consumption patterns change,
and possibly the composition of the animal changes, which impacts meat quality. In addition, some illnesses
require the use of antibiotics to treat the disease and avoid animal suffering. However, the overuse of antibiotics
important to humans can lead to antibiotic resistance among animals and humans, which is a public health
concern. Therefore, research into alternative approaches to disease prevention, such as vaccination and improved
animal husbandry practices, could help reduce the reliance on antibiotics in livestock production.

Animal welfare and handling also play a crucial role in meat production. Improper handling and welfare practices
can lead to stress, injury, and disease in animals, which can impact animal productivity and meat quality.
Therefore, research into animal welfare and handling practices, such as the use of low-stress handling techniques,
improved husbandry practices, and modernized housing conditions, could help improve animal health and
productivity while reducing the environmental impact of meat production. Significant amounts of meat quality
research have been conducted on the correlation of animal handling and undesirable meat conditions, specifically
high pH, dark, firm, and dry (DFD) and low pH, pale, soft, and exudative (PSE), both caused by different degrees
and timing of stress before slaughter. Beyond meat quality, research has led to understanding animal behaviors
and to ensuring the utmost humane treatment of animals to the end of life. New stunning methods are continually
being explored that reduce animal stress by rendering the animal quickly and humanely insensible, and the most
recent significant change has been in adoption of carbon dioxide stunning for pigs (Channon et al. 2002).

Current production practices that emphasize meat quality, and especially quality grade in beef result in decreased
feed efficiency at the end of the feeding period and cause significant amounts of excess fat that is trimmed off.
Research is needed to determine what time on feed endpoint optimizes meat quality, so market signals do not
encourage longer, inefficient feeding that produces excess waste fat. Production practices, especially for pigs and
pork that emphasize growth at the expense of meat quality, specifically for the pork loin need to be addressed as
pork loin value has continued to decrease relative to the rest of the pork carcass.

Current trends toward heavier animals as a means of efficiency for more output per head has created other issues
that can impact meat quality (Wu et al., 2017). Heavier carcasses can have longer processing and chilling times,
which can negatively affect tenderness and juiciness, while also increasing energy input and costs. Research is
needed for developing breeding and feeding strategies that optimize carcass size and reduce energy input are
necessary while optimizing meat quality.

Livestock that have fulfilled their productive life of creating offspring are culled from the breeding herd but are
an important contributor to the meat supply and food chain. Each has unique features and delivers meat quality
differing from livestock bred and fed for strictly meat purposes. Research on optimizing the utilization of these
animals can contribute more food sources or potentially new offerings if further studied. Sow meat, which is
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meat from a female pig that had at least one litter of piglets, are a more mature animal than market pigs and
thus are typically sourced for hot-boned whole carcass sausage. New processing technologies could improve the
utilization of culled sows and minimize waste. Bull meat is also from more mature male animals compared to
market steers, and discovery-based research helped discover the important functional value of this mature meat,
especially for sausage (Swan & Boles, 2002). Research is needed to enhance the purpose and value of the meat
animal at every life stage to optimize each animal’s contribution to the food supply.

Beyond the common sources of meat in the U.S., small ruminants, such as goats, sheep and rabbits, or non-
domesticated ruminants such as bison and deer, offer opportunities for new product offerings in the meat
industry. Co-grazing cattle with small ruminants, such as sheep and goats, improve resource use and makes meat
production more sustainable because they preferentially consume different plants commonly found in pastures
(Pophiwa et al., 2020). Understanding consumer acceptance and education around these non-traditional animal
proteins is important for developing successful marketing strategies. Additionally, creative solutions emerge with
innovative technology being driven by goals in the U.S. to slow or neutralize global warming potential. An example
is the installation of solar panels to generate energy, often to run livestock farms. A solution for optimizing growth
of grass and weeds under the panels is to graze with goats. Raising practices must also be understood with these
animals to have a holistic view of contribution and value. Further, the co-mingling of small and large ruminants
can help reduce the environmental impact of meat production by improving pasture utilization and reducing the
need for chemical fertilizers.

Novel products. Meat production is enhanced when all the products from slaughter and processing are utilized,
and the greatest amount of value is obtained. The non-meat portion of livestock, referred to as by-products or
co-products, represents a large amount of value, and is not always captured, especially by small and mid-sized
processors. Approximately 10% of the value of cattle and 6% of the value of pigs is derived from co-products
(Marti et al., 2012). Biologics are essentially molecules or tissues extracted from harvest co-products that

could be repurposed for added value for animal or human health benefits. Research is needed to determine
extractability, yield, and biological effectiveness amongst other attributes of these biologics. Therefore, research
to optimize the benefits of small and large ruminant co-mingling is needed for this approach to meat production
to be fully realized. Assessment of final product quality and consumer acceptance is always needed as new
production models evolve. Basic or foundational research is also necessary when exploring innovative or novel
areas to begin building a knowledge base.

Food security, nutritional value, and food as medicine

Meat, with its abundance of macro and micronutrients, positively impacts nutritional status and wellbeing of the
general public. While some potential negative health implications are associated with certain meat products and
require ongoing exploration, it is essential to acknowledge and further research the positive nutritional benefits
that meat offers, including those related to global food security. Beyond a rich source of protein, the essential
amino acids, vitamins, and minerals in meat and seafood provide important macronutrients in the human diet,
many of which are more bioavailable in these products when compared with plant-based meat alternatives. To
better understand the role of meat in human nutrition, it is important to continue research on various aspects
including its composition, impact of processing methods, and consumer perceptions which impact consumption
patterns, and therefore, personal health. The role of meat in global food security has long been recognized

but takes on additional importance as the rate of the global population rapidly increases and climate change
influences where and how crops and livestock are raised.

Apart from serving as a vital protein source crucial for the construction and restoration of body tissues, protein
also plays a significant role in sustaining a robust immune system and in the creation of hormones and enzymes
essential for bodily functions. The digestibility of proteins determines the degree of availability of amino acids
and has been shown to be greater for meat compared to plant-based proteins. Further, cooking and processing
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of foods can affect availability of nutrients (Bailey et al., 2020) underscoring the importance of studying their
effects on human health for informed dietary recommendations and interventions. Red meat is a rich source of
essential fatty acids, including omega-3 and omega-6 fatty acids, which play a critical role in brain development
and function, plus providing vitamins and minerals, including iron, zinc, and vitamin B12, which are essential

for maintaining overall good health (Leroy et al., 2023). Many of these micronutrients are found in higher
concentrations in meat compared to plant-based sources and the ratio of these nutrients in meat can vary
depending on the type of meat and the feeding practices of the animals. For example, grass-fed beef may have a
different nutrient profile compared to grain-fed beef due to the nutrient variations of the feed types.

Because meat contains high concentrations of many essential nutrients per calorie, this makes it an important
food for meeting the nutrient requirements of the body, particularly for those with increased nutrient needs,
such as pregnant women, children, and athletes. Additionally, protein from animals is more efficiently absorbed
compared to plant proteins (Pinckaers et al., 2023). Affordable, nutritionally dense foods are necessary for food
security and public health.

There is growing interest in precision nutrition, the concept of “food as medicine” and balancing plant and
animal sourced foods. These dietary approaches involve tailoring diets to individual needs based on genetic,
environmental, and lifestyle factors. Understanding meat as a tool for improving health outcomes and preventing
diet-induced chronic disease and must consider the nutrient density and environmental impact of different

food sources when making dietary choices. Funding research collaborations between public health specialists,
nutritionists, medical professionals, and meat scientists would be powerful in accelerating an improved
understanding of how meat could contribute to food as medicine.

Furthermore, collaboration between the NIFA and NIH is needed to understand how altering nutrient composition
of animal-sourced foods can be used to prevent or treat diet-induced chronic human diseases. This area of
study leads further into the need to understand the fate of foods during digestion and the microbiome of the
human gut. The microbiome refers to the collection of microorganisms that live in the gut and play a vital role

in digestion, metabolism, and immune function. Fermented meats, such as sausages and cured meats, can
contain beneficial microorganisms that may promote a healthy gut microbiome. However, some epidemiological
studies claim excessive consumption of processed meats can also have negative impacts on the microbiome.
Research focused specifically on this potential causality is crucial, because perceptions and decisions with large
implications are being made on epidemiological, rather than evidence-based cause-and-effect studies regarding
meat in the diet.

Impact of processing. The processing of meat can involve various steps creating finished products that meet
consumers’ needs and keep foods safe for reasonable shelf life. However, the term “processed meats” is
misunderstood and misused thereby creating confusion and leading to implications that it negatively impacts
health. Research to verify the impact of processing on nutritional composition and digestibility of meat would be
timely and useful as nutritional recommendations are being determined. For example, cooking methods such as
smoking or curing, and grinding whole muscle cuts to form patties are all forms of processing meat. Curing and
smoking have been shown to improve amino acid absorption (Marusic¢ et al., 2013), but the rate and degree of
heating of proteins can affect specific amino acid availability in human diets and needs to be better understood
(Bailey et al., 2020).

Defining “ultra-processed” is a topic for the entire food industry and may have implications for future dietary
guidelines. Data from complete multi-disciplined research is needed to contribute to these discussions.

Seafood and fish. Seafood is also an important source of protein, omega-3 fatty acids, and essential
nutrients, and a healthy contribution to diets (Hosomi et al., 2012). Seafood and fish research are important
so that they meet consumer expectations while remaining affordable and because they are prominent
sources of nutrition in many regions of the world. Advancing the understanding of nutritional components
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and bioavailability may differ for different populations. In addition, greater research focused on shelf life of
seafood is important for the industry.

Food waste

Reduction of defects. Food waste is not only a loss of potential nutrition, but also has an economic and
environmental impact. Losses can be due to quality defects, such as discoloration, lack of storage life, low
palatability, and other factors. One estimate is that the U.S. beef industry loses $3.74 billion annually due to
discoloration. The discarded meat equates to 780,000 head of cattle wasted along with the resources to raise
them (Ramanathan et al., 2022). The pork and poultry industry are both addressing muscle myopathies, ham
halo effect, and woody breast, as examples, which cause product defects, discarded product, and loss of sales
(Gonzalez, 2020). Poultry myopathies are estimated to cost the industry $200 million up to $1 billion (Kuttappan
et al.,, 2016; Huang and Ahn, 2018). Research is necessary to find solutions to these issues and reduce economic
losses and food waste. For instance, through improvements guided by research studies, the pork industry has
been able to report significant improvements in consistency and quality of pork such as two-fold improvement
in subjective color scores since 2018 (Pork Checkoff, 2023). Desirable color increases purchase likelihood and
decreases waste. Research to address wasted food potential can impact various areas of the meat industry
including nutrition through available food otherwise wasted, improved cost of finished products, and reduced
impact on the environment.

Quality optimization and defect reduction are important in the meat industry to ensure that meat products meet
consumer expectations. This can involve addressing issues such as soft pork bellies in bacon, soft texture in
seafood, or continuing to explore new methods for cutting a carcass into new meat cuts that meet consumer
needs. The most recent Beef Quality Audit (NCBA, 2022) reported that $59/head was lost to various quality
defects partly due to 28.5% of livers being condemned (as noted above), leading to large economic losses to
the beef industry. Addressing meat quality defects and optimizing the full carcass use are both important to the
industry.

An impactful example of the importance of cross discipline collaboration to address meat quality occurred as
corn became more than a feedstuff. When corn began being utilized as a biofuel (ethanol, an alternative to non-
renewable fossil fuels) a by-product stream was generated that became a new feed source for livestock. As has
always been the case, diet impacts meat quality. In the instance of DDGs (dry distillers’ grains) were included in
pig feed rations, the belly fat became softer which negatively impacted quality and processing yield. When DDGs
were too high in the feed ration, the bellies were difficult to manage in processing and the resulting bacon cooked
differently (McClelland et al., 2012). Meat scientists at many institutions conducted research to fully understand
the varying impacts of this new feed ingredient and ultimately provided data for the livestock industry to guide
inclusion rate limits so the highly valuable pork product (the belly) could continue to be converted to quality bacon
without adding cost to processing. Meat scientists continue to collaborate with feedstuffs providers as they adapt
to pressures and opportunities such as use of climate resilient grains and also by-products of biofuels as they
also work to provide environmentally friendly renewable energy fuel.

Shelf life. Color is one of the critical factors that influences meat quality and shelf life (Ramanathan et al., 2022).
Meat discoloration is a common issue that results from a range of factors, such as oxidation, lipid oxidation,
microbial growth, and enzymatic reactions. Developing strategies to improve meat color stability and minimize
the formation of undesirable pigments will minimize the waste of food that did not sell, due to color alone. Color
is such a critical variable to determining meat quality that a Meat Color Guideline was developed and published
to guide research by the meat science community (King et al., 2023). The necessity for extensive and detailed
guidelines when conducting research on this one attribute (color) is testament to the rigor and research required
to maintain quality of meat and subsequent consumer demand.
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Another factor impacting shelf life is microbial stability. Because microbial growth can impact shelf life, rapid
detection methods are critical to identify specific microorganisms that cause spoilage, color, and off-flavor
problems, especially in comminuted products. Traditional microbiological methods are time-consuming and
require expertise, while rapid detection methods can provide results in a few hours, aiding in informed decision-
making which may keep food from entering the waste stream due to reduced shelf life. The research areas of
microbial testing to ensure safe food and adequate shelf life are crucial to public health and a sustainable and
consistent meat supply. Numerous bacteria can reduce the shelf life of meats leading them to be discarded

or reduced in value. Researchers are constantly challenged to find strategies that better identify and control
microbial populations in meat production systems. Sanitary practices throughout production and processing, plus
equipment design are both critical areas to include in this research area.

The development of new packaging materials and technologies can improve shelf life, reduce spoilage, and
minimize waste. Packaging continues to be an area of innovation and also critical to consumer purchasing
decisions. Not only must packaging be functional to provide physical and biological protection, but eye appealing
and sustainable for consumer acceptance. Collaborations between engineers, chemists, microbiologists, social
scientists, and meat scientists are necessary to assess the performance of new packaging materials. Films
delivering antimicrobials to inhibit microbial growth, for instance, continue to be a critical area of discovery. Shelf
life and product formulation research are important for maintaining the quality of meat products and consumer
acceptance.

Consumer demand for single-ingredient foods or simple ingredient statements poses challenges for maintaining
a reasonable shelf life of meat. Many ingredients serve as antimicrobials and their removal can shorten shelf life
leading to wasted food before it gets through the supply chain to consumers. Methods to keep meat safe and
with a reasonable shelf life continue to be explored. For example, natural curing with celery powder or arginine

is one method to generate nitric oxide as part of producing a shelf stable product that is visually appealing and
meets consumer expectations (Modrow and Osburn, 2020; Posthuma et al., 2018).

Maintaining proper temperature control is critical to preserving the quality and safety of meat products. Focusing
on developing new technologies to monitor and maintain the proper temperature throughout the meat supply
chain will minimize loss due to shortened shelf life or loss due to cold chain failure. Temperature control is also
important to minimize protein and lipid oxidation. Oxidation is a chemical reaction that occurs when meat is
exposed to air, which can result in changes to product characteristics. While some oxidation is normal during the
cooking and storage of meat, excessive oxidation can lead to the formation of compounds, such as free radicals,
that impact taste, tenderness, color, and other meat attributes (Honikel, 2009).

The waste of food (and of resources) can also occur during the various processing steps of meat. Water

is imperative for cleaning, sanitation, and other steps in slaughter. The volume of wastewater can have
environmental implications if not reclaimed. Research needs include developing sustainable methods to treat,
recycle, and manage meat processing wastewater. Research is important for meeting environmental regulations
but also for microbial safety for reuse in other purposes at the facility. Carbon dioxide is commonly used for
chilling meat formulations for purposes of handling or forming into processed products. Developing sustainable
methods to capture and re-use carbon dioxide would help cost and the environment.

Meat products can have imperfections from natural causes or created from missteps in processing or animal
handling. Continually working to reduce these imperfections by understanding the biomechanisms can help
correct or mitigate the defect that can affect marketability to the consumer. Examples include woody breast in
poultry, mentioned earlier, blood splash in neck region muscle due to improper exsanguination, dark-firm-dry meat
and pale-soft-exudative meat are examples of defects that require additional research to better understand the
cause so they can be prevented or find ways to utilize the meat in alternative products acceptable to consumers.
Managing biological variability of the live animal and processing variability of the meat are the starting points.
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Co-products, also known as offal, refer to the internal organs and entrails of an animal. Co-products are a valuable
source of nutrients, serving many purposes that add value to the overall carcass, such as biomedical products

or pet food. However, co-products can also generate waste if not utilized efficiently. Smaller processors may not
have opportunities to optimize co-products’ use and could benefit from newly identified revenue streams and
products. The development of new edible products and biologics, plus growth of export markets will drive value
of the whole animal, which keeps cost to consumers more affordable and improves overall sustainability of meat
production. These products also have expectations of quality from consumers and defects must be minimized.
Beef on dairy crossbred cattle have a higher incidence of liver abscesses (Nagaraja, 2023). The cattle are often
treated with antibiotics to reduce abscesses and ensure good animal well-being but leads to the research need to
identify antibiotic alternatives for treatment or methods to reduce reliance on antibiotics as a treatment method
to reduce the risk of developing antibiotic resistance (Reinhardt and Hubber, 2015).

Disposal of all types of non-edible product streams from processing facilities may or may not be considered
waste, depending on the ability to create a purpose or value. Averting some streams from landfills, such as
through paper recycling, has an environmental value. Repurposing or finding use for other waste steams may
create economic values, such as some pet treats. Innovation in the input and output streams, as well as within,
processing facilities can provide sustainability benefits for the business and environment (Shirsath and Henchion,
2021).

The future of meat: Talent, training, and technology advancement

Leadership and labor force development. There is a critical shortage of individuals with basic and applied
training that are needed in the future to fill important roles at USDA and in other government departments

and agencies, faculty, and university leadership positions as well as a myriad of industry positions. With the
continued strong demand for meat products worldwide, significant challenges related to labor availability and
creating a highly skilled workforce need to be addressed. Recently launched workforce development programs,
funded at the state and federal level as part of the American Rescue Plan (USDA, 2022) are a positive step in
addressing part of the challenge. Some examples include the Meat Mastery Program offered at Oklahoma State
University (Oklahoma State University, 2023) and University of Nebraska — Lincoln (University of Nebraska,
2023). The number of students from agricultural backgrounds is continually shrinking, thus, we must recruit
non-traditional students into the meat science discipline. This will require reaching out and engaging with a more
diverse segment of students to generate interest in the many opportunities to make a difference in the world

by enhancing food security, human health, and sustainability through livestock and meat. The diversification

of the workforce will require future training and education in various fields. Those who engage with problems,
new concepts, and solutions during the research phase will arise as leaders and pioneers in advancing new and
emerging technologies. The foundation for developing the pipeline of future leaders in industry, academia, and
government is training provided by graduate research experiences. The National Needs Fellowship Program
(USDA, 2023c) is an example of support for training of scientists through research projects.
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Emerging Topics in Meat Quality

Research

Automation and artificial intelligence. Automation and engineering include modern processing and
manufacturing technologies, such as artificial intelligence (Al) and machine learning, robotics, nanotechnology,
and remote sensing. These technologies can be used to predict yield and quality, which can lead to the greatest
utilization and value of meat as well as reduce labor costs, improve safety, and increase process efficiency.
Robotics, engineering, and automation will help ease labor shortages, but significant investment in equipment
and the skills to develop and operate these technological advancements will be needed. Al is quickly evolving,
and understanding the potential may ease some of the challenges faced by the meat industry such as enabling
automation and improving efficiency in production processes. Al can optimize tasks such as sorting, grading, and
packaging meat, leading to increased productivity and reduced labor costs. A vast amount of data is generated
throughout the supply chain, from production to distribution and consumption. Biostatistics with Al and machine
learning models to analyze this data can help identify trends and patterns that can inform decisions related to
production, distribution, efficiency, and even food safety. A skilled workforce with expertise in data science and
analytics is needed to analyze these data and extract important insights.

New technologies. Determining meat quality requires measurements, tests, and standards upon which research
can be based. Biomarkers are measurable indicators of meat quality and can provide information on freshness,
tenderness, and flavor. Research should focus on identifying new biomarkers that accurately predict meat quality
and stability. Having sensory feedback (human and machine) is critical for determining the impact of changes in
the meat production system, from live animal through to consumer. New methods and new sensory technology
must continue to be assessed and evolved to provide qualitative and quantitative responses to better understand
the impact of variables on the final product. Understanding consumer expectations and limits for key attributes
such as tenderness, color, or juiciness are important in the meat industry. Surveys can be used to gather
information about consumer preferences and help guide product development.

Beyond government funded, independent research is the opportunity to collaborate and partner with other
systems related to food and agriculture such as bioengineering. Cell-cultured meat may fall into this area

and exploration of this frontier is important to meat science for understanding cell growth, processing steps,
consumer views, food safety, regulation and labeling compared to traditional meat. Expanding public-private
partnerships must continue as a means of accelerating research and students must be involved to expose and
advance basic principles of meat science toward solutions and toward new ideas for the future of meat.
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Challenges & Opportunities

Status of research funding

USDA-NIFA. Research on meat quality has received funding from various sources including competitive and
foundational funds from the USDA. Grant funding for meat quality through the USDA is typically directed through
NIFA and is found in the AFRI request for proposals across different research priority areas such as food quality,
novel foods, and animal growth and product quality. NIFA-AFRI programs have played a historically significant
role in funding meat science research and supporting graduate training for future leaders in meat science across
industry, academia, and government. However, AMSA scientists and researchers are concerned by the recent
trend of decreased funding for overall U.S. agricultural research (Figure 8) (USDA-ERS, 2022) and by the decline
in number of meat related projects funded. In a review of research grant awards over the past two decades

and across priority areas, projects focused on meat have declined and the priority areas typically funding meat
research appear to have shifted focus. The data show:

v Improving Meat Quality area funded 13 projects worth $4,460,629 2016-2018 with a decline of
$900,000 between 2016 to 2018 and was then discontinued.

v Novel and Innovative Foods (A1364) funded eight meat related projects between 2020-2022 totaling
$3,319,704. Only four of those grants were solely on meat quality for $1,657,954. The others had
either heavy engineering or human health concepts.

v" The Novel Foods area has directed more funding toward meat analogs, $4,305,787 across eight
projects with six of the eight awarded to one institution.

v' The Food Manufacturing priority area had been another area of potential funding for meat
researchers, but no grants were funded in this area during 2017-2018.

The elimination and/or shift in priority areas leaves few options for meat quality research funding (Table 3, USDA
2023d). Previously, researchers in meat science often obtained funding from the Food Quality program in addition
to Animal Health and Production and Animal Products.

Million 2019 U.S. dollars
8,000

7,500
7,000
6,500
6,000
5,500

5,000

Figure 8. Total Public Funding of Agriculture and Food Research and Development in the U.S. 1997-2019

Source: USDA/Economic Research Service, 2022
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Program | Total number | Number of % of total Meat quality % of total
area of research | meat quality | number of grants Total research grants | funding amount
Fiscal | priority grants research funded in meat funding funding to meat quality
Year ¥ code funded grants funded | quality research amount amount research
2016 Al1361 17 5 29% $6,079,213 $1,816,746 29%
2017 Al1361 17 4 24% $5,359,672 $891,651 17%
2018 A1361 16 4 25% $5,386,818 $1,752,232 33%
2019 A1364 17 3 18% $7,765,862 $1,399,000 18%
2020 A1364 16 1 6% $6,765,923 $199,389 3%
2021 A1364 25 4 16% $11,921,247 $1,657,260 14%
2022 A1364 28 3 11% $13,319,423 $1,188,505 9%

Table 3. Trends in competitive grants funding in meat quality research# through two priority areas in the USDA NIFA AFRI Foundational and
Applied Science Program during 2016 — 2022 (adapted from USDA 2023d).

# Research on post-harvest aspects of skeletal muscle as food, including postmortem muscle biochemistry and meat processing.

W The upper limit for grants was $500,000 in fiscal years 2016 — 2020 and was increased to $650,000 in fiscal years 2021 - 2022

A1361 = Improving Food Quality (2016 - 2018; 3 years)

A1364 = Novel Foods and innovative Manufacturing Technologies (2019 - 2022; 4 years)

AFRI was established by Congress in the 2008 Farm Bill and re-authorized in the 2018 Farm Bill. The program
was re-authorized to be funded at $700 million a year. The Consolidated Appropriations Act of 2023 funds AFRI
at $455 million. NIFA provides AFRI grants to support research, education, and extension activities in six Farm
Bill priority areas: 1) Food Safety, Nutrition, and Health, 2) Animal Health and Production and Animal Products,
3) Agriculture Systems and Technology, 4) Agriculture Economics and Rural Communities, 5) Bioenergy, Natural
resources, and Environment, 6) Plant Health and Production and Plant Products.

AFRI-funded science is vital to meeting food, fiber, and fuel demands as the world’s population races toward a
projected 9 billion by 2050 concomitant with diminishing land and water resources and increasingly variable
climatic conditions. AFRI programs also are crucial for developing new technologies and a workforce that will
advance national security, energy self-sufficiency, and the health of Americans (NIFA, 2023a). Within AFRI, 13
meat-related projects were funded in 2016-2018.

NIFA's AFRI funding portfolio includes both single- and multi-function research, education, and extension grants
that address key problems of national, regional, and multi-state importance. AFRI-funded projects sustain all
components of agriculture, including farm efficiency and profitability, ranching, renewable energy, forestry (both
urban and agroforestry), aquaculture, rural communities and entrepreneurship, human nutrition, food safety,
biotechnology, and conventional breeding. These projects also create jobs and help develop the next generation
of agriculture and food scientists.

The AFRI portfolio includes Coordinated Agricultural Projects (CAP) and Food and Agricultural Science
Enhancement (FASE) grants. CAP grants are large, multi-million-dollar projects that often involve multiple
institutions. FASE grants help institutions become more competitive and attract new scientists and educators to
careers in high-priority areas of agriculture.
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In the FY 2023 RFA for Foundational and Applied Science, the word “meat” only appears six times and once as
related to meat science research, with essentially no mention of post-slaughter factors that affect meat quality
(NIFA, 2023a). The livestock and the meat industry stand as dominating economic forces in American agriculture,
constituting the largest sector. Remarkably, the meat industry, holding the position of the second-largest
manufacturing sector, commands a disproportionately low share of research dollars, emphasizing the urgent call
for increased investment in this vital area.

Other funding sources. Research on meat quality has received support from various USDA programs, such as
the Sustainable Agricultural Research and Education program, Small and Family Farm, and others. USDA-ARS
funds research on quality of red meat, poultry, and seafood, subject to annual congressional appropriations.
Additionally, federal funding for meat quality studies has been granted by Health and Human Services via the NIH,
the NSF, and the Department of Defense, among others.

While industry sources like commodity check-off programs or trade associations have historically funded meat
quality research, diminishing funding levels over time have coincided with decreased program receipts. Private
funding from meat processing companies, equipment suppliers, ingredient manufacturers, animal health, and
meat marketing companies is available, but the resulting research findings may not always be published and
shared to advance the science of meat quality. Finally, the USDA Agricultural Marketing Service has implemented
a program offering technical resources to meat processors on crucial quality aspects like creating value-added
products, marketing, and quality assurance, but did not include research funding.

A historical review of U.S. public meat research funding between 1980 to 1997 (Miller, 2002) showed the
proportions directed toward meat quality, food safety, and product development. Meat quality had the highest
proportion of funding until 1995 after which food safety was more prominent. Not only does this show the history
of commitment to meat research, but also it demonstrates the responsiveness to public concerns about emerging
foodborne pathogens at the time, which were associated with animal products and human ilinesses. Decades of
fundamental, basic, and applied meat science research has had a profound impact on food security, food safety,
and product quality. A few examples (Table 4) highlight the importance of research, some foundational and
contributing to global practices, while others demonstrating the need for immediate investigation and solutions to
maintain a consistent meat supply.

Example 1 The fundamental resgarch funde’d by USDA AFRI in early 2000 The concern for the future of meat
helped understand mitochondria’s role in beef color. The knowledge )

gained from those studies was instrumental in designing modified science research extends beyond
atmospheric packaging currently used by meat retailers and using the United States. A comprehensive

oxygen scavengers commonly included in meat packaging during .
shipping to preserve quality. A review of the work can be found in report on the future of meat science

Ramanathan and Mancini (2018). by the year 2030 provided results

Example 2 Abnormal postmortem muscle metabolism in pork carcasses resulted and conclusions based on an
in large economic losses due to the prevalence of pale, soft, and international survey of people and

exudative meat (Brewer and McKeith, 1999). . .
groups involved with meat research.
Fundamental research in muscle metabolism determined the factors,

including genetics, feeding, and animal handling that caused quality Among the conclusions were that “a
defects, and genetic selection and production practices decreased the strong universal consensus exists

incidence of quality defects in pork (Hamilton et al., 2003) and almost that the Meat Industry and research
eliminated the condition that led to meat waste.

community face serious threats
that must be urgently addressed”

Understanding the causes and developing interventions that improve and that diminished resources,
chicken breast quality are essential to ensure palatability of and the closure or reduction of major
demand for chicken (Ahmed et al., 2021). Correcting the causes of meat science entities, and a critical
the undesirable muscle tissue condition helps ensure a positive eating
experience for consumers and reduces meat waste.

Example 3 Woody breast myopathy is a major concern affecting the palatability
and processing characteristics of chicken breast.

decline in expert personnel due to
retirements and low replacement
rates are key challenges facing

Table 4: Historically Impactful Meat Quality Research Examples
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the field (Polkinghorne, et al., 2022). Additional perspective on the topic was provided in Animal Frontiers
(Polkinghorne et al., 2023) outlining the depth of the challenges, such as the closure of Meat Research Institute
(Bristol, United Kingdom) in 1990 and MIRINZ in New Zealand both due to lack of funding.

Training future scientists and problem solvers

The training of new scientists is crucial for providing leadership, technical support, advancements, research

and development, quality assurance, and meat safety. In 2023, AMSA membership reflected 214 academic
researchers affiliated with various universities, were training 213 graduate students and postdoctoral researchers
to meet the industry’s need for scientific and technical support. Additionally, programs at community colleges and
high schools, many that were established post-pandemic, further support the need to address supply chain issues
and increase local meat production. Meat science is a well-established discipline at the intersection of animal
and food science and is an important part of ensuring the availability of high-quality meat. The growing number of
members of the AMSA attests to the importance of meat science not just in a research or academic setting, but
with companies involved in global food production. Graduate student training through research projects provides
the pipeline of future industry, academia, and government leaders.

As research to address the challenges in meat production progresses, the quality of the final product must always
be considered, as it is a key factor driving ultimate demand for meat products. The trend of decreased funding for
meat quality research will result in negative implications for the future of a critically important food source, the
industry’s economic impact potential and development of future scientists and industry leaders.

The implications of continued underfunding of meat quality research are numerous. Suggestions to address and
change the trajectory include:

1. Granting agencies to include meat quality specific language in current and future funding
opportunities.

2. Granting agencies to increase and prioritize funding for meat “quality” research within the existing
programs by revaluating areas where meat quality research is an important component of high
priority issues and increasing investment as funding is available.

3. Granting agencies prioritize meat quality research as appropriate by including language from this
report when implementing future Farm Bills.

4. Ancillary research related to meat quality to become an integral part of existing appropriate programs.

5. Federal agencies to fund interdisciplinary research related to meat including areas such as
engineering, food safety, economics, human nutrition, and food as medicine.
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Conclusion

An impactful opportunity exists for policy makers to increase funding for, and prioritization of, meat quality
research and to provide greater access and availability of funding for these critically important topics. There is
significant risk associated with historically underfunded research in meat quality, and if this challenge persists
over a long period of time these impacts will be seen throughout the animal agriculture industry. Holistically, a
paradigm shift is needed to drive innovation and value creation to continue to provide a sustainable, nutritious
food source, grow the talent pipeline, and maintain global competitiveness of this important industry.

It is vital for those involved in the agricultural industry to recognize the impact of consistently underfunding

meat science research, a fact that should be echoed in industry talks, policy making, and discussions with key
players. Meat science is not just a niche; it is essential to our global food chain, and research institutions, their
infrastructure, and these programs rely on federal funding support as well as funding from industry partners.
Underfunding has far-reaching consequences, affecting not only the meat industry but also broader areas like
livestock sustainability, climate impact, food security, and waste reduction. As outlined in this document, funding
is most critical to four areas: 1) resource utilization, climate impact, sustainability; 2) food security; 3) food waste;
and 4) technology and training for the future of meat, while recognizing that meat quality is a critical component
of all the research priority areas. This recognition is essential to maintain the global leadership of the U.S. as one
of the largest producers, consumers, and exporters of safe, affordable, high quality meat products.
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