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Abstract

Atmospheric concentrations of greenhouse gases (GHGs) are increasing,
and the average global temperature is increasing. Consequently, nations
are striving to make evidence-based decisions to achieve the emission
reduction targets set by international agreements such as the Kyoto
Protocol and the Paris Agreement. The principal GHGs are carbon
dioxide (CO,), methane (CH,4) and nitrous oxide (N,0), together with
fluorinated gases. GHG emissions play a crucial role in climate change
because they absorb infrared radiation from the Earth's surface, thereby
increasing the amount of energy reaching the lower atmosphere and
contributing to global climate change. Isotopic techniques are widely
used to attribute GHG emissions to their sources. Stable isotope ratios
(e.g., *C/**C, *>N/**N) provide an isotopic “fingerprint” of the origin of
CH, and N,0, whereas radiocarbon (**C), which is absent from fossil
fuels, distinguishes fossil-derived CO, from biogenic CO,; when
combined with atmospheric concentration data, these ratios allow the
contribution of each source to be estimated. The World Meteorological
Organization and the International Atomic Energy Agency support GHG
monitoring as part of global technical cooperation initiatives. Many
nations cannot employ isotope tracking to monitor and analyze
greenhouse gas emissions; international and regional collaboration is
crucial for reducing the negative effects of climate change on
environmental livestock production and animal health.
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1. Introduction
Human activities and natural sources emit greenhouse
gases (GHGs) into the atmosphere. Atmospheric
greenhouse gas (GHG) emission concentrations have
increased by approximately 39%, and the concentration
of CHs has more than doubled since the industrial
revolution.[l Agriculture, forestry, and other land use
sectors account for approximately 20% to 24% of the
total global anthropogenic greenhouse gas emissions.[2!
However, within the agricultural sector specifically,
activities account for more than 60% of global
anthropogenic non-CO2 GHG emissions, driven primarily
by methane (CH4) and nitrous oxide (N20).3 The animals
are responsible for 18% of GHG emissions. The three
main GHGs that cause climate change and global warming
are 6% N0, 16% CHa, 76% COz and 2% fluorinated gases.
Nitrous oxide (N20) emissions are released via
agricultural fertilizers, industrial processes, and fossil
fuel burning; CHs emissions from enteric fermentation
and manure management systems; and CO; emissions
from changes in land use caused by the need for feed
grains, grazing land, and agricultural activities.
Fluorinate gas emissions from synthetic, highly potent
industrial chemicals used in refrigeration and cooling
systems (Fig. 1).14

The primary sources of GHG emissions are the
manufacturing, agricultural, and energy sectors;
agricultural emissions make up more than 24% of total
emissions.[2] The first two GHG components are carbon
dioxide (CO) and CH,4, with CH4 having a 25-fold greater
short-term warming potential than CO, does.l51 One
significant human-induced source of methane (CH,)
emissions in the agricultural sector is livestock, which
accounts for 18% of total global GHG emissions.
Ruminant livestock account for 93% of all livestock GHG
emissions worldwide, with dairy cows producing the
highest amount of GHG emissions.l¢l This study analyzed
the GHG emission characteristics of lactating Holstein
dairy cows to provide a basis for developing strategies to
reduce GHG emissions. Jia et al. (2022) reported that CH,
and CO, emissions from the respiration of cows were
measured using a green feed system.”! The green feed
system indicated that the total CO, production, which
includes both CH, and CO, emissions, was 19,201 g/d.
Additionally, total CO, per dry matter intake was
measured at 831 g/kg, while total CO, per energy-
corrected milk was 531 g/kg. CH, production, expressed
in CO; equivalents, was 8,304 g/d. Furthermore, the CO,
equivalent per DMI was 359 g/kg, and the CO, equivalent
per energy-corrected milk was 229.5 g/kg. One powerful
GHG that significantly affects the global climate is
atmospheric CH,;. Among the most prevalent trace gases
in the atmosphere, CO, is the main cause of global climate
change. Rising GHG concentrations in the atmosphere
caused an increase in environmental temperatures and,
consequently, climate change. The rising average
temperature of the atmosphere, or global warming, is the
most evident sign of climate change. Every year, the
global temperature increases by 0.40 to 0.70°C.
According to the Intergovernmental Panel on Climate
Change, by the year 2100, the average global surface
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temperature could increase by 1.88 to 4.00 degrees
Celsius. An increase in the global average surface
temperature strongly affects food security in developing
nations.[581 As projected by climate models, temperatures
are expected to increase by 0.3 to 4.8°C over the next
century, with significant consequences for agriculture
and livestock production.9
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- ~ .
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Fig. 1: Global distribution of livestock-sector greenhouse
gas emissions by major domestic animal categories.

2. Impact of GHG emissions on climate change and
animal productivity
GHG emissions into the atmosphere drive climate change,
which in turn adversely affects animal production and
reproduction.itol  Climate change-related  high-
temperature stress is among the main factors affecting
livestock productivity worldwide, and its severity is
determined by several interacting factors.ittl The
outcomes are erratic rainfall, flooding, frequent droughts,
glacier melting, a danger to biodiversity, a rise in plant
and animal illnesses, and an endless array of public
health issues.[121The summer temperatures in most of the
world’s nations exceed 45°C, which is 18°C higher than
the highest essential temperature for dairy cattle. Even
with moderate humidity, high-yielding dairy cows
become uncomfortable when temperatures exceed 27°C.
The availability of grain and fodder, animal stress,
particularly heat-related stress, and animal physiological
and reproductive activity are the four ways in which
climate change may affect the animal production
system.[13l When temperatures increase, animals expend
energy by panting and perspiring; this is how nature
facilitates their cooling through the process of
evaporation.4 Milk yield can decline by up to 50%
during summer, and exotic or crossbred cattle are more
susceptible to heat stress losses than native cattle are.[1s]
When temperatures exceed 27 degrees Celsius and the
relative humidity reaches 80%, cows suffer from heat-
induced depression, as reflected by reduced food intake
and decreased production.t3I

In many developing countries, ambient temperatures
can exceed 40°C for a period of up to six months.itel
Approximately one-third of the world’s cow population
resides in tropical and subtropical regions. This
highlights the importance of reducing the instances of
feed consumption, milk production, and reproductive
rates. This decline in these crucial metrics can severely
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affect food security and jeopardize the livelihoods of
farmers in these regions. When the heat generated by
metabolism, combined with heat from the environment,
surpasses the heat that the cattle expel from their bodies,
heat stress occurs. Heat stress can arise from an
unfavorable combination of environmental factors, such
as precipitation, wind speed, solar radiation, relative
humidity, and ambient temperature. According to
Habeeb et al. these external conditions tend to shift the
physiological variables of an animal away from their
equilibrium levels.l'4 Heat stress has become a major
focus of cattle research. Mammals use both sensible and
insensible methods to remove heat from their body,
maintaining thermal equilibrium. In addition to emitting
significant amounts of heat into the environment, cattle
also attempt to mitigate the severity of heat stress by
lowering the generation of metabolic heat. The primary
reason for a decline in feed efficiency is either a decrease
in metabolic heat production or an increase in energy
expenditure  for thermoregulatory  processes.[”]
Numerous detrimental effects on physiology, behavior,
productivity, reproduction, health, and well-being are
examples of general reactions to temperature stress.
These consequences, therefore, must impact the quantity
and quality of livestock products that may be
produced.i3181 Furthermore, 20-30% of plant and animal
species are likely to face an increased risk of extinction as
warming continues, with serious consequences for food
security in developing countries. !

Heat stress, particularly during the summer months,
poses a significant challenge for the dairy sector. Rising
temperature and humidity have adverse effects on
various aspects, including milk production, feed intake,
feed efficiency, reproduction, health, and even the growth
rate of farm animals.'9 A significant challenge facing
dairy production is the instability of weather conditions
attributed to global climate change. For cattle farmers
worldwide, heat stress is a significant concern. In 2015, a
herd of 100 cows in the European Union was associated
with a loss of between 70 and 550 kg of milk daily
compared with previous years. On the basis of current
milk prices, projected losses are expected to increase
from an estimated US$670 million in 2014 to US$2.2
billion annually by the end of the century.i201 The USA
ranks among the top producers of cow's milk globally,
accounting for 14.2% of total production in 2014,
according to statistical information from the FAO.
Following the USA are India, China, Germany, and Brazil.
One factor contributing to the decline in milk production
is environmental variance.20l Predicting heat stress is
crucial for sustaining global milk production levels,
particularly in light of the geographical distribution of the
largest producers of milk worldwide and the increasing
heat stress challenges encountered by dairy cows.
However, a more significant concern for breeders may be
reproductive issues. Fertility, much like milk output, is
also influenced by heat stress; however, issues related to
fertility are more difficult to identify and tend to become
evident over time. Heat stress impairs fertility,
diminishes the effectiveness of insemination, and
complicates the identification of estrus in cows.
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Furthermore, heat stress increases the incidence of
stillbirth, postpartum paralysis, calving problems, and
irritation of the uterine mucous membrane.[211 A negative
energy balance can lead to decreased sperm production
in stud bulls, the formation of ovarian cysts, interference
with germinal vesicle maturation, and fluctuations in
steroid concentrations, which may ultimately result in
embryonic death.?21 Oxidative stress negatively affects
animal production when an animal is exposed to heat
stress conditions. Additionally, hyperthermia and other
physiological abnormalities are among the detrimental
consequences of heat stress in dairy cows.231 Therefore,
it may be possible to prevent large financial losses caused
by heat stress by identifying specific genomes or gene
markers related to heat tolerance and genetically
selecting animals containing those genes.24 Heat stress
has a detrimental effect on the health and biological
functions of dairy cows, resulting in decreased milk
production.[2s Insulin resistance and mammary epithelial
apoptosis, which are induced by oxidative stress under
heat stress conditions, are responsible for the reduced
milk protein and casein contents.26l Therefore,
identifying genes or genetic markers associated with heat
tolerance and selecting animals that carry them may help
prevent large economic losses caused by heat stress.[24

3. Estimation of GHG using Isotopic and Nuclear
techniques

Extreme weather events are becoming more frequent as
a result of rapid global climate change in response to
rising anthropogenic GHG emissions. The average global
temperature is increasing because GHGs are trapped in
the atmosphere; thus, the average global temperature of
GHGs is increasing. Many nations struggle to accurately
identify the sources of GHG emissions and trace them
back to their origins. This constraint makes it difficult for
countries to make evidence-based decisions to achieve
the reduced emission objectives set by international
agreements such as the Kyoto Protocol and the Paris
Agreement. By identifying the sources of GHG emissions
and quantifying their amounts, countries can
strategically target the most significant sources of
pollution, thereby aiding in the achievement of climate
change goals. Measurement and analysis of greenhouse
gas emissions are crucial for tracking progress toward
global climate objectives and for minimizing carbon
footprints.271 Capturing, using, lowering, and storing
greenhouse gases, which are critical in problems such as
global warming and climate change, requires an
understanding  of  their  sources, emissions,
measurements, and management.i28l GHGs include
various gases, but CO,, CH; and N,O emissions from
agricultural sources play a significant role in the overall
increase in the GHG effect. Emissions of greenhouse
gases, especially changes in atmospheric concentrations,
significantly impact global climate change. These GHGs
are important because they absorb infrared radiation
from the Earth's surface, increasing the amount of energy
that reaches the lower atmosphere's surface, even
though they make up a lesser portion of the atmosphere
than nitrogen and oxygen.2?9) To determine the
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components and drivers of GHGs, stable isotopes such as
12C and 13C, 14N and ?°N, and 1¢0 and 180 may be used.[30
These stable isotopes do not undergo radioactive decay
and are primarily measured using stable isotope ratio
mass spectrometry (IRMS) to track mass-dependent
fractionation processes. The highest priority on scientific
agendas worldwide is the measurement of GHGs released
into the atmosphere. The need to study hesitation when
developing GHG emission inventories has increased
alongside increasing global concern and cooperation
regarding climate change. The IPCC emphasizes the need
to perform uncertainty analyses and provides
recommendations for how to carry them out.31 In
contrast, nuclear techniques utilize radioisotopes to
estimate GHG emissions using techniques such as
isotopic fingerprinting, which examine the ratios of
isotopes found in the atmosphere to identify the sources
and concentrations of these gases. Radioisotopes
demonstrate changes in global atmospheric circulation,
possibly caused by global warming.32  Vital
radioisotopes, particularly radiocarbon (**C), are
analyzed via accelerated mass spectrometry or beta
counting to track radioactive decay. This is instrumental
in distinguishing between contemporary biological
sources of carbon and ancient fossil fuel sources. This
distinction arises because fossil fuels have undergone
decay to the point where measurable levels of **C are no
longer present. Nuclear methods offer a precise approach
for measuring GHG emissions originating from industrial
and agricultural activities, thereby facilitating the
identification of their sources. To guarantee the
consistency of the data used in climate change
monitoring, the International Atomic Energy Agency
(IAEA) has also set criteria for calibrating carbon isotope
ratios. Scientists may analyze isotopes in GHG emissions
in the air and determine their origin and concentration
by using the nuclear method known as “isotopic
fingerprinting”. As part of an international technical
cooperation effort, the IAEA and the World
Meteorological Organization are assisting with the
tracking of GHG emissions. International and regional
collaboration is needed since many nations cannot
monitor and analyze GHG emissions via isotopic tracing.
Other isotopes, such as stable isotopes and cosmogenic
radionuclides, offer important insights into atmospheric
circulation and gas transport. This information
significantly contributes to our understanding of the
global carbon cycle and the budgets of greenhouse
gases.i331 Carbonaceous components in the atmosphere
are directly linked to climate change, which poses a
significant threat to our planet. To improve our
understanding of the global carbon cycle and diminish
the negative effects of climate change on the environment
and human and animal health, Zhang et al. contend that a
deeper understanding of the emission sources and
environmental fate of carbonaceous components is
crucial.34 To measure the flow of carbon in different
carbon reservoirs, such as CH, and CO, reservoirs,
radiocarbon (**C), which is fully destroyed in fossil fuels,
is a perfect instrument. Nuclear power stations also have
a pronounced effect on the total amount of CO; in the
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atmosphere through sea-air gas exchange. According to
Zhang et al. nuclear power facilities also emit CO,, which
must impact the surrounding air concentrations of
1%C0,.34 Nitrous oxide depletes the ozone layer in
addition to being a significant greenhouse gas. Natural
processes in terrestrial ecosystems and seas release N,0.
Anthropogenic N,O emissions, which are caused mainly
by agricultural and other land use activities, are linked to
the intensification of cultivation and other human
activities, such as increased use of synthetic fertilizers,
inefficient use of irrigation water, deposition of excreta
grazing animals, excessive and ineffective application of
farm effluents and animal manure to croplands and
pastures, and management practices that promote soil
organic  nitrogen  mineralization and carbon
decomposition.3s]

4. Conclusion

Rising GHG concentrations in the atmosphere have
caused increases in environmental temperatures and,
consequently, climate change. The rising average
temperature of the atmosphere is the most evident sign
of climate change. The production of dairy products is
encountering significant challenges because of the
increasing variability in climatic conditions resulting
from global climate change. For cattle farmers
worldwide, heat stress is crucial. To mitigate greenhouse
gas emissions from livestock systems, innovations in
animal gastrointestinal feeding are becoming
increasingly crucial. Advancements in understanding the
role of microbial ecology in food metabolism are opening
up new avenues for reducing emissions and enhancing
productivity. These developments support the adoption
of climate-smart farming practices designed to address
the impacts of climate change. Emphasis is placed on
microbial ecology, particularly its influence on food
metabolism. Radioisotopes may be used to estimate GHG
emissions using isotopic fingerprinting, which examines
the ratios of isotopes found in the atmosphere to identify
the sources and concentrations of GHGs.
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