Food Bulletin (2025), 4(1), 1-11

https://doi.org/10.61326/foodb.v4i1.358

=

http://foodbulletin.net

Foo FOOD BULLETIN

e-ISSN: 2979-9848

https://prensip.gen.tr

REVIEW ARTICLE

The Meat Industry and How It Affects Biodiversity

Selin Ozuesen @ « Gulen Yildiz Turp®™

Ege University, Faculty of Engineering, Department of Food Engineering, {zmir/Tiirkiye

ARTICLE INFO

Article History
Received: 22.04.2025
Accepted: 27.06.2025

First Published: 30.06.2025
Keywords

Biodiversity loss
Deforestation

Livestock

Meat industry

ABSTRACT

Biodiversity refers to the variety of life in all ecosystems, including diversity within
species, between species, and among ecosystems. Its loss is one of the most critical
environmental challenges we face today. The main drivers of biodiversity loss are habitat
destruction, overuse of resources, pollution and climate change. The meat industry is one
of the leading sectors that have contributed to these negative impacts on biodiversity
through land occupation, deforestation, greenhouse gas emissions and intensive use of
resources. In order to effectively address the loss of biodiversity, there is an urgent need
for integrated solutions that combine policy measures, technological innovations, changes

in consumer behavior and global cooperation. Sustainable livestock management,
monitoring carbon footprints using life cycle assessment tools, changing feeding habits,
implementing sustainable livestock systems, and applying zero deforestation policies are
promising strategies for reducing damage to biodiversity. However, despite the potential
of these approaches, their implementation faces limitations such as economic barriers,

traceability issues, and cultural resistance to changing dietary habits. This paper assesses
how the meat industry contributes to biodiversity loss through land use, emissions, and
invasive species, emphasizing the environmental effects of livestock farming, and reviews

recent policy and technological efforts aimed at mitigation.
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1. Introduction

Biological diversity is defined as “the variability among
living organisms from all sources, including, inter alia,
terrestrial, marine and other aquatic ecosystems and the
ecological complexes of which they are part; this includes
diversity within species, between species and of ecosystems”
(Mattas et al., 2023). Biodiversity is a vital component of a
healthy and thriving planet. It can be thought of as a complex
web in which each species, from the tiniest bacterium to the
largest whale, performs a specific function. When we lose
biodiversity, we weaken this web, making it more vulnerable to
collapse. A diverse ecosystem is more resilient and better able
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to provide essential needs to humanity. Biodiversity is also
essential for food security. A wide range of plant and animal
species provides us with food and maintaining genetic diversity
within these species is essential for developing livestock that
are resistant to disease and climate change (Stange et al., 2021;
Muluneh, 2021; Scherer-Lorenzen et al., 2022; Arneth et al.,
2023). The primary factors contributing to biodiversity loss
include habitat loss and degradation, overexploitation of natural
resources, pollution, and climate change (Allen & Hof, 2019).
The meat industry plays a pivotal role in shaping environmental
and biodiversity outcomes across the globe. Meat production
and livestock farming often leads to habitat loss and
degradation. It creates environmental consequences, such as
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promoting high levels of greenhouse gases. It demands such
large amounts of water that it puts pressure on dwindling water
resources. It is therefore imperative that we consider the
consequences of our meat production and food choices
(Machovina et al., 2015). Protecting biodiversity is not just an
environmental issue; it's essential for our health, wellbeing and
the future of our planet.

2. The Impact of Meat Industry on
Biodiversity

2.1. The Production of Livestock and Its Ecological
Implications

The meat industry is responsible for about 14.5% of global
greenhouse gas emissions, releasing approximately 7.1
gigatons of CO. annually (Raihan, 2023). Livestock
production is a major source of potent greenhouse gases such
as methane and nitrous oxide, which contribute significantly to
climate change. In addition, the storage and spreading of
manure from these animals generates greenhouse gas emissions
(Grossi et al., 2019). Due to greenhouse gases, the flux of long-
wave radiation reaching the Earth's surface increases, which
raises the surface temperature. As the surface temperature rises,
the rate of evaporation increases, accelerating our planet's water
cycle. In the tropics and mid- to high-latitude regions,
precipitation increases much more than evaporation, which can
lead to increased flood frequency. Conversely, in many arid and

semiarid regions, precipitation decreases, and soil moisture is
lost, leading to increased drought frequency. Changes in the
patterns of seasonal precipitation and runoff will alter the
hydrological characteristics of aquatic systems, affecting
species composition and ecosystem productivity. Aquatic
organisms exhibit sensitivity to alterations in the frequency,
duration, and timing of extreme weather events. Precipitation
events, including floods and droughts, have been demonstrated
to exert an influence on populations of aquatic organisms.
These changes also affect water availability on the terrestrial
surface. Significant portion of emitted CO, dissolves in the
ocean water releasing carbonic acid which increases the acidity
of the sea water. For instance, rising acidification of the sea
water causes a negative effect on crustaceans. The external
skeletons of crustaceans are composed of aragonite, a prevalent
form of calcium carbonate, which is capable of dissolution in
acidic seawater (Manabe, 2019; Prakash, 2021; Shivanna,
2022). The practice of fish aquaculture demands substantial
quantities of feed, thereby exerting significant pressure on
terrestrial ecosystems, and concurrently generating nutrient
emissions from manure and feed spills, with the potential to
result in water eutrophication (Crenna et al., 2019). Livestock
production is responsible for the consumption of 29% of the
world's agricultural water resources, to meet the nutritional
requirements of the animals (Lahlou et al., 2021). Table 1
summarizes the human activities involved in breeding different
animals and their impact on biodiversity.

Table 1. Relationship between meat production, human interventions and the impact on biodiversity.

Animal Impacts Generated by Human Interventions

Impact on Biodiversity

Dairy Vegetatlon clearance and modification altered grazing Low impact: dairy calves do not graze intensively.
calves regimes
Beef Large-scale deforestation, overgrazing, methane emissions, High impact; significant land use change and
cattle habitat loss greenhouse gas emissions.
Shee Overgrazing, soil erosion, vegetation modification, fencing Moderate to high impact; especially in fragile
P limiting wildlife movement ecosystems like grasslands.
Pios Land clearance for feed crops (soy, maize), water pollution Moderate impact: concentrated feedlots and feed
& from manure, habitat fragmentation production are key concerns.
Intensive farming, high feed demand (grains, soy), waste Lower land use per kg meat, but indirect pressures
Poultry . . . - .
generation, high energy use from feed crop production can affect biodiversity.
. Minimal human intervention when wild-harvested; if farmed, Low impact when sustainably hunted; moderate if
Wild deer . . . ) . . .
may involve fencing and localized habitat alteration intensively farmed.
Bison Semi-wild grazing, potential to restore prairie ecosystems if ~ Can have positive impact; supports biodiversity when

managed ecologically

managed as part of regenerative systems.

(van Zanten et al., 2019; Clark et al., 2020; Crippa et al., 2021; Springmann et al., 2021)

2.2. Land Use & Deforestation

Meat production has a significant impact on land
occupation; for example, beef requires 30 million square
kilometers of land to produce, while pork and poultry each
require less than two million square kilometers (IATP, 2018).
The correlation between the meat industry and biodiversity loss
is exemplified by numerous case studies, which underscore the
substantial impacts of land-use practices associated with

livestock production. A notable example is evident in South
Africa, where grazing practices represent the primary catalyst
for land-use modification, resulting in substantial biodiversity
losses (Slayi et al., 2024). This phenomenon is characterized by
both consumption and production patterns, with significant
declines in potential per capita plant loss observed across the
region. The demand for meat products in more industrialized
countries has been identified as a key driver of environmental
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degradation in biodiversity hotspots (Sun et al., 2022).
Colombia offers a further critical case study in understanding
biodiversity loss associated with the meat industry. In this
context, livestock-related land use contributes to the largest
consumption-related losses within Key Biodiversity Areas, as
extensive pastures often displace rich, diverse ecosystems. The
widespread impacts of livestock production not only endanger
local species but also intensify soil erosion and habitat
fragmentation. Indonesia is a pertinent example of production-
based impacts resulting from forest management practices for
cattle grazing and fodder crops. The region is experiencing a
profound decline in biodiversity due to massive deforestation,
which is disrupting the habitats of both terrestrial and aquatic
species (Gonzalez-Gonzalez et al., 2021; Shaihk, 2021; Castro-
Nunez et al., 2021; Negret et al., 2021). The Brazilian domestic
market accounts for a larger share of beef production and
therefore of deforestation risk. However, according to Zu
Ermgassen et al. (2020), it is important to note that export
markets are also increasingly sourcing from regions at higher
risk of deforestation. Zero deforestation commitments made by
some Brazilian slaughterhouses cover a significant portion of
exports in the Amazon region but have not fully eliminated
deforestation risk due to partial implementation, lack of
tracking of indirect suppliers, and limited geographic coverage
(Zu Ermgassen et al., 2020). This underscores the urgent need
for targeted conservation efforts to address the adverse impacts
of the meat industry on global biodiversity.

2.3. Invasive Species

The symbiotic relationship between the meat industry and
invasive species poses significant challenges to biodiversity,
presenting a complex web of ecological interactions driven
largely by agricultural practices. The expansion of livestock
production has facilitated the spread of both intentional and
unintentional invasive species, which can disrupt local
ecosystems. Domestically produced beef for instance,
represents substantial land use that not only threatens native
vegetation but also creates habitat for invasive flora and fauna.
These species often outcompete native organisms for resources,
subsequently leading to a decline in biodiversity (Sesay et al.,
2024). In regions such as the southern United States and South
America, for instance, the proliferation of wild boars (Sus
scrofa) has been intensified by land conversion for livestock
grazing. These animals have been shown to thrive in disturbed
landscapes, where they compete with native species, trample
vegetation, and spread disease, all of which is indirectly
supported by the agricultural conditions created for beef
production (Bevins et al., 2014). Similarly, in northern
Australia, pastures cleared for cattle have created ideal breeding
grounds for cane toads (Rhinella marina), a species originally
introduced to control beetles in sugarcane fields, but which has
now expanded into grazing lands. These toxic amphibians have

devastated populations of native carnivores such as monitor
lizards and snakes, further illustrating the ecological
consequences tied to meat production systems (Pettit et al.,
2021). These examples highlight the complex and frequently
overlooked relationship between livestock agriculture, the
demand for meat, and biological invasions.

3. Solution Suggestions
3.1. Tracking Carbon Footprint

The term “carbon footprint” refers to the total volume of
greenhouse gas (GHG) emissions that are produced directly and
indirectly by a specific individual, organization, event, or
product. A multitude of greenhouse gases (GHGs) have been
identified, including carbon dioxide, methane, nitrous oxide,
hydrofluorocarbons and sulfur hexafluoride, among others.
Among these gases, CO, is the predominant contributor
because its emission rate is higher than that of other gases. The
monitoring of CF values can serve as a catalyst for both
companies and local authorities to initiate action. Life cycle
assessment (LCA) is a tool used to evaluate the potential
environmental impact of a product throughout its life cycle
(Finnveden & Potting, 2014). Expanding the use of tools such
as LCA within the meat sector can be applied to identify
opportunities to improve the environmental performance of
systems. As showed in Table 1, some example studies have
employed the life cycle assessment (LCA) method to assess the
carbon footprint of meat products.

The Global Livestock Environmental Assessment Model
(GLEAM), developed by the FAO, is a robust tool used to
evaluate the ecological footprint of livestock value chains.
GLEAM quantifies the use of natural resources in the livestock
sector using a life cycle assessment approach. It provides
estimates of methane, carbon dioxide and nitrous oxide
emissions at various stages of production (Global Livestock
Environmental Assessment Model, 2025). There are many
farm-scale process simulation models that help estimate
greenhouse gas emissions and footprints. The DairyGEM,
FarmAC, DairyWise, and Holos models use simple data and
process-based information for this estimation. These whole-
farm tools help farmers and decision-makers understand their
farms' environmental impact and develop effective emission
reduction strategies. Such tracking systems are currently used
on many dairy farms, but they have not become widespread in
other livestock activities or in the breeding of beef cattle
(Samad et al., 2025). The development of models that monitor
GHS emissions on farms and production lines, and that
calculate ecological footprints, represents a valuable strategy
for reducing the environmental impact of the meat industry. The
data from these models will be important tools in understanding
the impact of the meat sector on biodiversity.
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Table 2. Studies on CF calculations conducted in different countries using the LCA method.

Country Calculated Product Scope Related CF value Malln.source of Reference
Area Standards emissions
IPCC Climate
Change Report
2023, Indirect
Industrial Scope 1 & GHG Protocol, 0(;(1)9:7 ;E;g emissions Wrobel-
Poland meat Pork 5 ISO 14040 (ISO deq ) Jedrzejewska
production 14040, 2009) procuc (electricity et al. (2025)
and ISO 14044 consumption)
(ISO 14044,
2009)
Fish:
Max: 4.8103
kgCOze/kg Breeding
Min: 4.2833
kgCOZeq/kg And
China i‘;‘lsierﬂofon feé‘cffeosd §°8‘Zp3e P& pAs2050 Li et al. (2024)
P p Shrimp: Cooking
Max: 4.6731 Process
kgCOze/kg Parameters
Min: 4.1657
kgCOze/kg
Beef exported to Animal-sourced
USA: 22.08 (enteric methane
New Exported Beef and Scope 1 &  ISO 14040:2006  kgCOzeq/kg meat CH.) Mazzetto et al.
Zealand Sheep 2&3 ISO 14044:2006 Sheep exported to . (2023)
USA: 14.62 Expreta nitrous
kgCO2eq/kg meat oxide (N:0).

Pricing policies are political processes that global
authorities discuss in order to reduce greenhouse gas emissions,
particularly carbon emissions. A carbon tax or carbon price
taxes a product or process directly in proportion to its
greenhouse gas emissions, measured in metric tons of carbon
dioxide equivalent (tCO,.), based on the principle that the
polluter should pay. A carbon border tax is a tax applied based
on the carbon footprint of imported products. The goal is to
align the carbon costs of imported products with those of
domestic producers and prevent “carbon leakage”. This way,
precaution is taken against countries that do not have a carbon
pricing system (Eslamipoor & Sepehriyar, 2024; Hua et al.,
2024). These pricing policies have the potential to reduce
carbon footprints by prompting companies to prioritize the
management of their carbon emissions.

3.2. Changing Dietary Patterns

The production of meat has been shown to have an
environmental impact that is up to 100 times greater than that
of a plant-based diet, which contributes to greenhouse gas
emissions, deforestation, and water depletion (Rust et al.,

2020). Recent studies have shown that some dietary patterns are
based on four health and nutritional sustainability advantages:
low environmental impact, rich biodiversity, high socio-
cultural food values, and positive local economic returns
(Mazzocchi et al., 2019). For instance, poultry meat produces
4000 g/kg of CO», whereas seasonal vegetables produce 815
g/kg of CO,. Vegetables and fruits require less than 1000 L of
water and about 3 m2 /kg, whereas beef needs about 19,000 L
and 144 m2 /kg (Truzzi et al., 2020). The Mediterranean dietary
pattern, being a mostly plant-based diet, which include less
meat products, can protect the environment from further losses
and can therefore play an important role in supporting
biodiversity (Tucci et al., 2021). A reduction in the driving
forces affecting biodiversity can be achieved through the
modification of dietary habits on a daily basis and the regulation
of meat consumption in light of its environmental impact. Table
3 explain the differences in diet and impact on land, water and
carbon footprint. Of the three dietary patterns, the
Mediterranean diet exhibited the lowest values: 14.8 m?/day of
land use, 2,500 L/day of water use, and 3.9 kg COze/day. The
Western diet demonstrated the highest values for all of these.
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Table 3. Different human diets and their effects on land use, water use and carbon footprint.

. . Land use Water use Carbon footprint
Diet Type Main foods consumed (m?/day) (L/day) (kg CO3cq/day)
Mediterranean Fruits, vegetables, legurpes, whole grains, olive oil; 14.80 ~2.500 39
moderate fish consumption, low meat intake

Western Processed foods, refined grains, meat and meat 33.15 ~5.000 6.8
products

European Dairy products, meats, grains; reflects local 2511 ~3.800 55

agricultural practices

(Mazzocchi et al., 2019; Lorgeril et al., 2020; Belgacem et al., 2021; Eustachio Colombo et al., 2021; Ridoutt et al., 2017)

3.3. Sustainable Livestock Practices

An important step in reducing the main drivers of
biodiversity loss is developing more efficient, resource-
conserving animal production systems with the help of
scientific development. This includes sustainable animal
husbandry, organic practices, and certification. There is an
urgent need to identify and document Nationally Appropriate
Mitigation Actions (NAMA) in the livestock sector. These
actions have the potential to significantly reduce greenhouse
gas emissions and promote the resilience of rural communities
that depend on livestock for their livelihoods (van Dijk et al.,
2015). Fostering collaboration and research on bonding policy
frameworks can bridge the gap between the aspiration for
sustainable  livestock practices and their practical
implementation. This approach can ultimately conserve
biodiversity while meeting the global demand for meat (Ruane
& Restrepo, 2024).

On the positive side, livestock contributes to the health and
fertility of soil and grasslands. Additionally, some grassland
systems have the potential to offset global emissions through
biomass (Zubieta et al., 2021). Grazing plays a critical role in
maintaining these semi-natural grasslands. Semi-natural
grasslands require continuous livestock grazing or traditional
haying methods to maintain their biodiversity. The cessation of
grazing is predicted to result in the disappearance of species-
rich areas, leading to high extinction rates of plants, insects and
fungi. The meat sector, therefore, has an important role to play
in maintaining important biodiversity, particularly in traditional
agricultural landscapes, through sustainable grazing practices
(Eriksson, 2021). The debate on grass-fed versus grain-fed beef
production is a critical aspect of understanding environmental
impact. Grass-fed cattle typically roam on pastures, receiving
their nutrients from natural forage. In contrast, grain-fed cattle
are often housed in confined animal feeding operations
(CAFOs) where they are fed a diet primarily consisting of
grains such as corn and soy. This dietary distinction has
profound implications for the environmental footprint of beef
production. Studies indicate that grass-fed systems may have a
lower carbon footprint over their lifespan due to improved soil
health and carbon sequestration practices associated with
regenerative grazing techniques (Caradus et al., 2024).
Although the transition of livestock to grazing systems can

synergize with the accretion of soil and grassland biomass, it
typically antagonizes indigenous biodiversity (Moran & Blair,
2021).

Nieto et al. (2018) investigated greenhouse gas emissions
originating from beef production on farms located in
Argentina's semi-arid rangelands. Using statistical methods,
they explored how these emissions are influenced by current
farm management practices. The study emphasizes that
enhancing production efficiency plays a key role in promoting
environmental sustainability within the livestock sector. Their
analysis revealed that farms implementing improved animal
husbandry, rotational grazing systems, and benefiting from
technical support exhibited lower emission levels per unit of
product. According to the findings of the meta-analysis by
Gérard (2025) the smallest recorded carbon footprint value was
9.48 kilograms of COzq per kilogram of live weight, while the
largest value was 27.30 kilograms of COx¢q. Study emphasized
that the reason for this difference is nutrition and feed type. A
10% increase in the amount of grazing in cattle diets has been
shown to increase the carbon footprint by 0.85 kg COz¢q per kg
of live weight while 10% increase in straw intake has been
shown to cause an increase of 1.2 kg COxcq per kg of live weight
(Gérard, 2025).

Using agricultural by-product’s that are not suitable for
human consumption as part of livestock feed is one method
considered to improve the environmental sustainability of
livestock production., Using olive byproducts in ruminants’
diets reduces production costs and mitigates the environmental
burden. Additionally, an improvement in the nutritional value
of the derived products is observed (Tzamaloukas et al., 2021).
A variety of mitigation strategies have been proposed to reduce
enteric methane emissions. These strategies include, but are not
limited to, modifications of diet, vaccinations, chemical
additives, and genetic selection (Samad et al., 2025). As stated
in the review by Pinotti et al. (2021), the utilization of former
food products (FFPs) and bakery by-products (BBPs) as animal
feed is an important subject of sustainable feeding studies. The
findings of the research indicate that the utilization of food
losses as sustainable ingredients in feed formulations presents
a promising alternative to cereal grains for both monogastric
and ruminants. This approach enhances the sustainability of
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livestock production while reducing competition between
animal and human nutrition.

3.4. Zero Deforestation Policies

Zero deforestation policies aim to stop the conversion of
natural forests for agriculture or other land uses, and are
particularly critical in the meat sector, where livestock
production and the cultivation of feed crops (such as soy) are
major drivers of forest loss, especially in tropical areas such as
the Amazon. Cattle-driven deforestation threatens not only the
integrity of the Amazon biome, but also the global climate
(Levy et al., 2023). Several public and private sector initiatives
have emerged to promote zero deforestation in the meat sector.
In Brazil, the 2012 Forest Code requires landowners in the
Amazon to conserve 80% of their forest cover (Seymour &
Harris, 2019). Major meatpackers have made zero deforestation
commitments, pledging not to source cattle from recently
deforested lands, particularly under the G4 Agreement
(Heilmayr et al., 2020). European Union introduced the EU
Deforestation Regulation (EUDR) in 2023, which prohibits the
import of products such as beef and soy unless they are certified
as deforestation-free and legally produced (European Union,
2023).

4. Limitations

While each of the investigated solutions is intended to be
implemented in different ways, various restrictions in practice
have been identified.

Carbon pricing solutions are currently widely supported for
implementation within green policy frameworks, there are
negative aspects that must be considered. Carbon tax would
increase the prices of goods and services that are carbon-
intensive, such as fuel, electricity, and certain consumer
products. People with lower incomes generally spend a larger
proportion of their income on basic consumption (such as
heating, transportation, and food), all of which often involve
carbon emissions. In contrast, higher-income individuals are
more likely to save or invest part of their income, which may
not be directly affected by the carbon tax. Lower-income
households often cannot afford the upfront costs of cleaner,
energy-efficient technologies, such as electric vehicles, solar
panels, or better-insulated housing. For these reasons, a flat
carbon tax disproportionately affects low-income households.
While carbon taxes have the potential to reduce emissions, they
can exacerbate income inequality if support measures are not in
place, such as rebates, targeted assistance for lower-income
groups or progressive income taxation (Dietsch, 2024;
Gokhale, 2021).

In order to reduce the meat sector's impact on biodiversity,
it is essential to implement sustainable livestock farming
practices. A significant challenge that must be addressed is the
cost of implementing sustainable livestock practices. It is

crucial to create accessible resources and develop support
policies to reach farmers with limited resources. In many
societies, women in smallholder structures are responsible for
food processing and producing meat products. Empowering
women and innovating women’s education have positively
changed household diets and nutrition in some rural
communities. However, many rural regions still have low levels
of women's education and awareness of sustainability. In order
to increase sustainable practices in underdeveloped areas, the
education of women must be prioritized (Akash et al., 2022).

Changing dietary habits is challenging because they are
deeply intertwined with cultural, social, and psychological
factors. Studies show that people’s daily dietary preferences are
influenced by various factors, including automaticity of habits,
taste, accessibility, and social environment, as well as
individual consciousness and environmental concerns
(Dagevos & Verbeke, 2022). A meta-analysis by Cheng et al.
(2024) demonstrated that consumers' intention to purchase
green food (food with a reduced environmental impact or that
is labeled as sustainable) is positively influenced by eight key
factors, including environmental and health awareness, green
attitudes, knowledge about green products, social norms, price
sensitivity, perceived behavioral control, and perceived
usefulness. When it comes to deep-rooted habits such as meat
consumption, behavioral change can be limited even when
environmental and health benefits are known (Hartmann &
Siegrist, 2017). An experiment conducted by Hughes et al.
(2023) among meat eaters in the UK found that a pictorial
warning label on a meal containing meat significantly reduced
the choice of meat meal compared to an unlabeled control
group. Climate change labels reduced the choice of meat
consumption by 7.4%. Kukowski et al. (2023) found evidence
that people who individually support reducing climate change
are more likely to support policies that reduce meat
consumption. As a result, concern about climate change and
environment was identified as a persuasive factor in switching
to alternatives. To influence people to change their food choices
and dietary habits, consumption advertising campaigns,
environmental education, promote Mediterranean diet’s
positive sides can be beneficial tools. Modified portion sizes
and the use of alternative menu options promote diets with a
smaller environmental impact, such as flexitarian, vegetarian,
and vegan lifestyles can make effective changes (Moran &
Blair, 2021). Although the environment can be an effective
motivator for changing eating habits, overcoming cultural
influences and past experiences is still not easy.

Zero deforestation policies (ZDC) initiatives aim to protect
forests around the world, especially the Amazon. However,
challenges remain in terms of implementation and traceability
(Vallim & Leichsenring, 2025). Smallholder farmers' capacity
to adapt to Zero-deforestation policies is constrained by several
factors. These include limited education, financial constraints,
uncertain land ownership. This dynamic has the potential to
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exclude producers with limited financial and educational
capacity, thereby exacerbating existing inequalities in rural
land use, livelihoods, and poverty rates (Grabs et al., 2021).
However, a meta-analysis by Busch and Ferretti-Gallon (2023)
indicated that deforestation is associated with greater
accessibility of land (e.g., slope areas affected less) and higher
economic returns from agriculture, livestock, and timber, as
well as not associated with the level of deforestation, education,
and gender (Busch & Ferretti-Gallon, 2023). It is imperative to
identify the fundamental factors influencing the efficiency of
ZDC through the findings of more extensive research.

Verifying, monitoring, auditing, and reporting are essential
to reducing deforestation through ZDCs. This requires
traceability, or knowing product origins, and transparency, or
sharing this information, across supply chains. Although tools
like satellite monitoring, Trase data, the Internet of Things
(IoT), and blockchain technology support this, they are not
ideal or complete solutions. While the palm oil sector is making
progress toward transparent zero deforestation policies, the
meat sector is still falling behind (Bager et al., 2022; Bager &
Lambin, 2022).

5. Conclusion

The meat industry faces an unprecedented challenge:
meeting the demand for animal protein while reducing resource
use and impact on biodiversity. This issue is closely linked to
processes such as habitat destruction for animal feed
production, increased greenhouse gas emissions, and water
pollution. Meat production exerts profound impacts on
ecosystems through land use and deforestation (particularly due
to the extensive land required for cattle farming), greenhouse
gas emissions (notably the release of potent gases such as
methane and nitrous oxide), and the spread of invasive species
(resulting from agricultural activities that disrupt natural
habitats). Various solutions have been proposed to mitigate
these negative impacts. Among these are the widespread
adoption of carbon footprint monitoring tools by companies
and local authorities to improve environmental performance,
using instruments such as Life Cycle Assessment (LCA) and
the Global Livestock Environmental Assessment Model
(GLEAM), as well as the implementation of pricing policies
like carbon taxes. Furthermore, promoting dietary shifts
towards plant-based or Mediterranean diets, alongside
sustainable livestock practices (including resource-efficient
systems, organic farming, Nationally Appropriate Mitigation
Actions (NAMAs), pasture management, and the use of food
waste in animal feed), holds significant potential for alleviating
pressure on biodiversity. Zero-deforestation policies also play
a critical role by preventing the conversion of forests into
agricultural or other land uses. However, the implementation of
these solutions faces notable limitations. Carbon pricing
mechanisms may disproportionately affect low-income
households, exacerbating income inequality. The high costs of

sustainable livestock practices and the difficulty of reaching
farmers with limited resources present considerable challenges.
Moreover, altering dietary habits is hindered by cultural, social,
and psychological barriers, such as deeply rooted traditions and
taste preferences. In addition, the full implementation of zero-
deforestation commitments remains problematic due to
shortcomings in monitoring indirect suppliers and geographic
coverage limitations. Socio-economic dilemmas also arise,
such as the unequal distribution of sustainability benefits
among communities and the threat that reducing demand for
animal products may pose to local economies. Despite these
challenges, robust and effective government policies and
corporate initiatives are essential for conserving biodiversity
and reducing the environmental impacts of the meat sector. It is
necessary to approach habitat conservation as a complex system
encompassing the interactions among all living components.
Existing initiatives, such as current zero-deforestation
commitments and the European Union's “Farm to Fork”
strategy, represent important steps; however, shortcomings in
implementation must be addressed. To strengthen future
actions, it is crucial to better define the boundaries of
comprehensive changes aimed at biodiversity conservation, to
explore their implementation through multidisciplinary teams
from different perspectives, and to enhance overall awareness.
As consumer awareness of the environmental impacts of food
choices increases, demand for sustainable meat production is
expected to continue driving innovation within the meat
industry. At the same time, the overall impact of production
systems on biodiversity must be thoroughly assessed. In this
context, the development, implementation, and systematic
monitoring of national policies are of great importance.
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