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Abstract

Climate change is the greatest threat to humanity this century. The impact of dairy cows on climate
change is currently being intensively discussed. There are several ways to reduce methane, carbon
dioxide and nitrous oxide emissions on dairy farms. The aim of this study was to present some
aspects of reducing greenhouse gas emissions in dairy farms to mitigate climate change. It has been
found that methane emissions from dairy farms could be reduced by using feed additives such as
the addition of oilseeds, various oil blends, seaweed, rapeseed cake, grape pomace, increasing the
proportion of grains or changing the feed ratio between rough feed and concentrates. Another
important tool for reducing greenhouse gas emissions is extending the useful life of dairy cows.
The longer the useful life of dairy cows, the fewer animals must be kept as replacements, the lower
the feed requirements and the lower the greenhouse gas emissions. Mastitis is a major problem on
dairy farms worldwide and many cows do not recover after treatment. This means that many cows
must be culled between the first and third lactation. It is noteworthy that the longevity of dairy
cows milked with a suitable milking machine such as the “MultiLactor” (Siliconform, Germany) was
higher. However, the right milking machine for dairy cows is of great importance on the farm as it
ensures a healthy udder and a longer lifespan of the cow, thus reducing greenhouse gas emissions.
In addition, technological improvements in herd management and productivity can help reduce
methane emissions. A notable, computational methods offer the potential to reduce methane
production in dairy cows. This approach is based on molecular dynamics techniques that can be
used to develop inhibitors of methane production.

In conclusion, it is important to make dairy farms as climate-friendly as possible to reduce
greenhouse gas emissions and to take this into account when designing feeding management,
milking technology, animal husbandry and computational methods.

Keywords: Dairy Cow; Feed Additives; Longevity; Milking Machine; Multilactor; Reduce
Methane

Introduction

Climate change is one of the greatest challenges of the 21* century. It can lead to environmental
damage, global food shortages, and poverty [1, 2]. However, the climate system is warming and
the increase in global average temperature is largely due to the strong contribution of greenhouse
gas emissions from human activities [3]. According to a recent study, agriculture is a major source
of methane (CH,) and nitrous oxide (N,O) emissions [4], accounting for approximately 18.4% of
emissions and contributing significantly to human-caused greenhouse gas emissions [5, 6] (Figure

1).

However, emissions from livestock farming and manure contribute about 5.8% to total
greenhouse gas emissions in the agricultural sector [7] and the relationship between global
temperature and the concentration of greenhouse gases in the atmosphere is well established [3]. By
2050, the world's population will grow to around ten billion people [8]. Given our planet's limited
resources, feeding these people will pose an enormous challenge. The question is: Where should
food be produced and how can global warming be counteracted at the same time? [2]. This question
was discussed at the world food forum in Mexico in May 2023. Researchers estimate that large-
scale production of artificial meat and the use of insects as a protein source could only cover 20 to
30 percent of global demand. To compensate for the protein deficiency, intensive meat and milk
production is necessary. However, the intensive production and accumulation of greenhouse gases
in the atmosphere contribute to global climate change [9]. There is clear evidence of greenhouse
gas emissions from the dairy sector and their impact on climate change [10-15]. Astuti et al.
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Figure 1: Methane emission sources in million tons (Mt) (Adapted from the
International Energy Agency [5].

[15] also found that dairy farming contributes significantly to the
accumulation of climate-damaging gases. Therefore, animal protein
must be produced in a more climate-friendly and sustainable manner
and used more productively in the food chain.

On the other hand, climate change poses unprecedented
challenges to the dairy sector. Rising temperatures, weather
variability, and the increasing frequency of extreme weather events
are changing traditional agricultural practices and forcing farmers to
adapt to a new reality [16]. It is noteworthy that the livestock sector
is responsible for about 30% of global greenhouse gas emissions
[17]. However, enteric fermentation produces methane (CH,), feed
production (including processing, transport, and storage) produces
carbon dioxide (CO,) and nitrous oxide (N,0), and manure
management produces methane (CH,) and nitrous oxide (N,0), all
of which contribute significantly to emissions [4, 18, 19]. In addition,
there are greenhouse gas emissions that arise from the rearing of
replacement animals [20]. It is also noted that methane from the gut
is responsible for about 35-55% of total agricultural emissions [21].
The following figure (Figure 2) clearly shows the fermentation of
methane processes and their excretion by the body of cows [22].

Due to this situation, several studies are currently being
conducted to investigate how to reduce gas emissions, particularly
enteric methane emissions from ruminants [3, 13, 23]. According
to these studies, dairy farms can make an important contribution to
improving the efficiency and sustainability of modern agriculture,
which in turn could have a positive impact on climate change [24].
For long-term milk production, it is necessary to investigate feeding,
breeding, husbandry, milking techniques, and management strategies
to reduce methane emissions [25-28]. There are several ways to
reduce methane, carbon dioxide and nitrous oxide emissions on dairy
farms. This study addresses some aspects of reducing greenhouse gas
emissions on dairy farms to mitigate climate change.

The Influence of Some Feed Additives or
Change in Feed Ration on Reducing methane
Emissions in Dairy Cows

Feeding is known to contribute to the release of methane gas in
dairy cows, as it is produced during the digestion of high-fiber food
[13,18,29-31]. This means that the rumen environment can influence
methanogen production [27, 31, 32]. However, the composition and
quantity of these fermentation gases are primarily influenced by
many factors, such as nutrient composition, microbial population
dynamics and the general health of the animal, all of which affect
performance and production [31. Various measures and approaches
have been tested to reduce methane emissions on dairy farms. These

R |

«®
I ==
e @ — ~7

¥
'
@—

iethane Methane

Acetate
Propionate|
B

Figure 2: Fermentation processes, their products, and microbial factors in
dairy cows. Abbreviations: CO, = carbon dioxide; H, = hydrogen; CHO, =
methanal; CH,X = methoxy compounds or methylamines; CH, = methane.
According to Belanger and Pilling [22] with some modifications.

include the development of anti-methane feed additives (AMFAs),
which can reduce methane emissions in the gut to varying degrees by
targeting methanogens, alternative electron acceptors, or the rumen
environment [33-37]. Previous research on the use of phytonutrients
and bioactive components as feed additives is of particular importance
given current regulations on antibiotics and antimicrobials and the
low methane production during rumen fermentation [38-40].

The following table (1) shows some examples of reduced methane
emissions in dairy farms after the use of feed additives or the change
in the feed ratio between rough feed and concentrate.

The table (1) shows that methane production on dairy farms can
be reduced by using certain supplementary feed or by changing the
feed ratio between rough feed and concentrate.

Alabi et al. [43] showed that the combination of essential oil
blends with fumaric acid reduced methane emissions by up to
86% and increased propionate concentration by 9.5%, indicating
significant changes in the composition of the rumen microbiome.
Various essential oils from natural herbs or extracts of tropical plants,
especially garlic, lemon, and mangosteen peels, when ingested,
provide phytochemicals in the form of total polyphenols such as
condensed tannins (CTs), saponins (SPs), curcumin, quercetin, and
other anthocyanins, which are thought to reduce methane production
in the digestive tract of ruminants [47]. Phupaboon et al. [48] found
that feed supplements containing essential oils of plant origin can
be used as feed enhancers for ruminants to increase fermentation
efficiency and as feed additives to suppress methanogen populations
while reducing methane production. However, dietary fats and oils
are known to reduce methane production in the intestine [17, 49].
and simultaneously modulate the rumen microbiome [50]. In a
study by Bayat et al. [51], the addition of sunflower oil (50 g/kg dry
matter) was more effective in reducing intestinal methane production
in high-feed diets than in low-feed diets (feed to concentrate ratio;
feed to concentrate ratio 65:35 vs. 35:65). In addition, several
researchers have investigated the use of rapeseed cake (a by-product
of the petroleum industry) as a feed ingredient with high residual oil
content and low enteric methane production without negative effects
on feed intake [22, 52]. Bayat et al. [53] found that the addition of
vegetable oils or oilseeds to the diet can increase feed efficiency and
increase the nutritional value of fatty acids in milk, in addition to
reducing methane production. Patra [54] found that using the oil
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Table 1: The use of supplementary feed or changing the feed ratio between rough feed and concentrate to reduce methane emissions on dairy farms.

The progedgre and Animal Nr. Supplementary feed Methane reduction Impact on_ milk Authors
application production
Use of three product- Increasing fgedlng level, de;reas}lng decreased CH, per unit meat or milk by Increasgq animal .
; grass maturity, and decreasing dietary 4 productivity by a median [17]
based strategies : on average 12%
forage-to-concentrate ratio of 17%
Comparison with or By using concentrated feed in the With concentrate in the
withorijt concentrate in 30 dairy Introduction of concentrates into the ration, methane production was ration, milk yield (FPCM) [25]
) cows feed ration. reduced from 7.26 to 6.42% of gross increased from 24.9 to
the ration .
energy intake. 33.7 kg/day
. ; Increasing the R:C ratio from 47:53 to
Change in the r_oughage- 16.HOIste|n More forage in the ration 68:32 increased CH4 emission from Milk yield is not changed [41]
concentrate ratio. dairy cows
538 to 648 g/cow per day
Addition of thr_ee oilseeds 16 dairy Addition of sunflower seeds, flaxseeds, Decreased methane production 13% Mllk yield not affected by 42]
to the feed ration cows and Canola seeds oilseed treatments
. L Reduction of gas volume from 181 to
Addition of essential oil .
- ) ., Black Angus | . ) 144 ml/g dry mass and reduction of "
mixture and fumaric acid Different oil blends were used Not specified [43]
) . beef cows methane content from 7.69 to 4.01
to the mixed ration
mg/g dry mass
»
formation with seaweed Y feed paragop to 98%. P
Addition of rapeseed 8 Red cows Addition of 19.2% rapeseed cake to the [Reduced methane production from 14.6 Increase in milk yield from [45]
cake to the feed ration dry matter g/kg milk to 12.3 g/kg milk. 37.5 to 41.5 kg/day.
. Brahman- Addition of 0.20% of the organic matter . .
Addition of seaweed to . . ; . Reduction of methane emissions from .
) Angus cross | intake of Asparagopsis/Taxiformis to ) Not specified [46]
the feed ration o : 12.5 g/kg to 1.0 g/kg dry matter intake.
steers the grain-rich ration.

CH4: Methane, FPCM: Fat-Protein corrected milk, R:C: rough: concentrate

as a dietary supplement can also provide significant benefits against
methane formation. There is evidence that oils and fats can prevent
methane formation by replacing fermentable organic matter in the
diet and bio-hydrogenating unsaturated fatty acids. This reduces
the number of methanogens and protozoa present in the rumen. It
is generally accepted that the presence of feed additives containing
essential plant oils has a significant impact on the development of
methane production [55, 56]. It has been observed that changing feed
composition contributes to reducing methane emissions from dairy
farms [30. For example, increasing the grain content in the feed lowers
rumen pH and increases propionate production. Consequently,
methane production decreases [13]. However, a high-energy diet
reduces methane production per unit of milk (energy-corrected
milk) [57]. This mechanism can be explained physiologically. By
increasing propionate and decreasing acetate and butyrate in the
rumen, the hydrogen equivalents that would otherwise be used for
methanogenesis can be reduced.

It is noteworthy that some feed additives may be effective in
vitro but not in animals. The use of naringin and chitosan had a
positive effect on fermentation in vitro. Propionic acid production
increased, while acetate and methane production decreased by
12% and 31%, respectively. However, in vivo results showed that
neither the administration of chitosan and naringin, individually
or in combination, directly into the rumen had a positive effect on
rumen fermentation nor on intestinal methane production 58]. In
addition, studies have examined the effects of seaweed on methane
emissions. The laboratory study showed that 20 g of Asparagopsis
taxiformis/kg feed with the mentioned algae almost eliminated CH4
formation without negatively affecting the digestibility of the feed 46,
59, 60]. Further studies have shown that when dairy cows were fed
1% Asparagopsis armata, a 67% reduction in methane was observed
and no residues were found in the milk. In addition, trials with tied
cattle showed that the addition of 0.2% organic feed in the form of
dried Asparagopsis reduced methane emissions by up to 98% and
increased weight gain by 42% without affecting feed intake or rumen
function [46]. Stefenoni et al. [61] found that reductions in methane
production (55-80%) were observed in dairy cows fed 0.5 percent dry

matter of Asparagopsis taxiformis. Similar results have shown that
the inclusion of Asparagopsis armata in the diet of dairy cows during
milk production reduces intestinal methane emissions by more than
50 percent [62]. However, it must be emphasized that feeding with
Asparagopsin can cause changes in the rumen mucosa [63]. Recent
studies have shown that feed containing different amounts and
mixtures of seaweed reduces methane emissions in dairy cows [64]
(Table 2).

Zhang et al. [65] found that feed containing condensed tannins
(CT) reduced methane (CH4) emissions and improved milk
production. Based on the observations, L. bicolor CT significantly
reduced CH4 and ammonia nitrogen production while maintaining
dry matter digestibility in vitro. However, L. bicolor CT can effectively
improve rumen fermentation and reduce CH4 production.

Interestingly, it has been observed that longer rumination
times reduce methane emissions and methane content in milk [13].
Beauchemin et al. [42] indicate that replacing grass silage with maize

Table 2. Dry matter feed intake (kg/day), milk yield, and methane emissions
of Holstein dairy cows fed diets containing different amounts and mixtures of
seaweed according to Reynolds et al. [64] with some modifications.

Treatment groups?
Parameters SEM
Control | AN:FV:AT AN:FV FV:AN

Number of cows 10 10 10 10
DMI* 22.6 22.9 24.3 23.7 0.684
Milk yield kg/d 31.5 33.0 31.4 33.1 1.40
ECM Kg/d 35.9 37.4 34.4 35.3 1.76
CH4 g/kg 4592 417° 45220 4352 17.0
CH4 g/Kg DMI 20.912 18.42° 18.72% 18.57° 1.065
CH4 g/Kg ECM 13.36% 11.44° 14.217 13.20%® 1.09

1 DMI: Dry matter feed intake, 2 Treatment diets: Control, no seaweed; AN:
FV:AT = Ascophyllum nodosum (AN), Fucus vesiculosus (FV), and Asparagopsis
taxiformis (AT) at 5:45:50 and 1.5 g/kg diet DM; AN: FV at 90:10 and 6.5 g/kg diet
DM; FV:AN at 90:10 and 17.5 g/kg diet DM.

a, b Treatment means with different superscripts tend to be different at P < 0.08
based on paired t-tests; SEM: Standard error; ECM: Energy Corrected Milk;
CH4: Methane.
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Figure 3: Methane production (CH,) of multiparous Holstein dairy cows (n
= 24, 205 + 39 day in milk) with different grape pomace treatments. CON
= Feed with a total mixed ration without grape pomace; 10% GP = Add
10% grape pomace on a dry matter basis; and 15% GP = Add 15% grape
pomace on a dry matter basis. The letter differences a and b were significant
(P<0.05). Error bars represent +SEM [70].

silage promotes the fermentation of propionate instead of acetate
in the rumen and thus reduces methane production in dairy cows.
When maize silage completely replaced grass silage in the diet of
dairy cows, a reduction in methane emissions of 8 to 11 percent
was observed [66]. However, due to its high biomass production
and high content of fermentable carbohydrates, maize is one of the
most important high-yield feeds in ruminant feeding [67, 68]. In this
context, it is important to select good maize varieties that improve
feed digestibility and reduce intestinal methane emissions, in line
with global efforts to combat climate change [69]. A study by Parnian-
Khajehdizaj and Moharramnejad [2] found that a specific maize
variety (TWC647) improved fermentation efficiency and reduced
environmental pollution in the laboratory. The results of Akter et
al. [70] showed interesting results that the addition of grape pomace
reduced methane emissions and improved milk quality in dairy cows
(Figure 3).

However, grape pomace has been reported to reduce methane
emissions from cattle in vitro [71, 72] and in vivo [73, 74]. The above
results are due to the fact that the lipid and tannin content of grape
pomace has anti-methanogenic [75] and immunomodulatory effects
[76]. This means that tannins in grape pomace can negatively affect
neutral detergent fiber (NDF) digestion and rumen degradation by
altering microbial proteins in the rumen, thus reducing microbial
activity and methane production [77]. Therefore, the addition of
grape pomace to dairy cow feed can make an excellent contribution
to achieving the goal of methane reduction [70].

Considering the above findings, to meet future feed additive
needs, the livestock industry needs to develop natural feed additives
that improve nutrient efficiency, provide alternatives to antibiotics,
and reduce methane emissions from ruminants.

The Impact of Milking Technology on
Reducing Methane Emissions in Dairy Cows

At first glance, milking machines seem to have nothing to do
with climate protection. However, milking is an essential part of
dairy farming to improve milk production and quality. If the milking
machine settings and the design of the teat liner are suitable for all
dairy cows on the farm [78], the udder condition remains healthy
and the cows stay on the farm for a long time, as sick cows with
severe mastitis are replaced from the farm. The longer cows are kept
on the farm, the fewer cows need to be kept for reproduction, the
less feed is needed and the lower the greenhouse gas emissions [25,

79-81]. The research results showed that improved animal health
not only led to higher milk productivity but also to a significant
reduction in greenhouse gas emission [24]. However, health
welfare and longevity have a significant impact on the amount of
greenhouse gas emissions per kg of milk produced [82-84]. In this
context, increasing individual cow production is often cited to reduce
methane emissions by reducing maintenance requirements [85].
This means that lower greenhouse gas emissions are associated with
a longer longevity of dairy cows on the farm [25, 86]. Von Soosten
et al. [84 reported in a model that cows with five to eight lactations
reduced their emissions per kilogram of milk by approximately 40%
compared to cows slaughtered after their first lactation. Similarly,
Vellingo and de Vries [82] showed that extending the lifespan of
cows from two to six years reduced greenhouse gas emissions per
kilogram of fat-protein-modified (FPCM) milk by 14-19%. However,
good health can increase the longevity of cows, which has a positive
impact on the environment [87] To increase life longevity, it is
important to understand the biological causes of increased parity
[88]. In general, a longer lifespan of dairy cows can lead to lower
greenhouse gas emissions per unit of product because cows produce
more milk over their lifetime, require fewer cow replacements [80],
and cause fewer emissions by raising younger cows [89, 90]. Thus,
increased milk production and the absence of health problems such
as metabolic disorders, lameness or mastitis reduce the risk of culling
and greenhouse gas emissions [91]. However, efforts to increase the
longevity of dairy cows have so far failed because increased number
of lactation and milk production increase the risk of health problems,
culling of cows or death of animals on farms [86, 88, 92]. In practice,
it has been shown that higher milk yield per cow leads to a shorter
productive lifespan and, at the same time, an increased replacement
rate [25]. Therefore, dairy cows’ longevity has decreased in most high
milk-producing countries over time [86, 92]. This means that dairy
cows have no real physiological performance potential, as the average
slaughter age is significantly below their maximum milk production
in the 4™ or 5" lactations [24, 91, 93]. It is important to know that
increased life expectancy is an indicator of the welfare of animals on
the farm [94]. Beaudeau et al. [95] found that udder diseases have
the greatest direct influence on the risk of culling. Several lines of
evidence indicate that the culling rate due to clinical and subclinical
mastitis ranges between 20 and 40% of the dairy cow population [93,
96]. The authors assume an average loss of two to three Liters of milk
per cow per day due to production diseases. These mastitis problems
also occur in industrialized countries [93. Studies by Betschold et al.
[97] showed that mastitis pathogens were detected in 19% of milk
quarter samples in southern Germany (Bavaria) between 2023 and
2024.

The main reason for the short longevity of most cows is that
farmers do not use the right milking machines to keep their cows
healthy. One of the most promising solutions to address these
challenges is the introduction of appropriate milking technologies to
maintain udder health [98]. In view of the research results of various
studies showing that the premium milking machine “MutiLactor”
(Siliconform, Germany) contributes to the fight against climate
change [78, 99, 100]. With this milking system, cows can enter the
parlour voluntarily and ruminate during milking. They behave calmly
and contentedly. This demonstrates that the milking machine is very
well suited for lactating cows (Figure 4).

An interesting comparison of the milk parameter results of seven
Bavarian dairy farms using a suitable milking machine (MultiLactor)
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Figure 4: MultiLactor milking machine during milking in a tandem milking
parlour according to Kaskous [100].

Table 3: Milk parameter results from seven dairy farms with the average milk
parameters for the whole of Bavaria.

parameter Milk yield | Fat | Protein | SCC 1000 | Lactation
kg/year % % Cells/ml number
Bavaria Dairy cows* 8797 4.17 3.53 208 3.1
7 Dairy farms** 9296 4.28 3.57 123 3.7

* Milk parameters of dairy cows in the state of Bavaria, Germany, according
to LKV Bayern in 2024. ** Dairy farms use the MultiLactor milking system
(Siliconform, Germany).

with the average milk parameters of all Bavarian dairy farms showed
that the seven dairy farms not only increased their milk production
but also improved milk quality and extended the longevity of the
dairy animals [100, 101] (Table 3).

However, it should be noted that milking is not only about the
well-being and health of the cows, but also about the functional
reliability and efficiency of the milking machine [102]. This reduces
stress and improves overall animal health. Consequently, healthier
cows are more productive and produce more milk, which is crucial
in times of extreme environmental stress. Therefore, extending the
productive lifespan of dairy cows is an effective way to reduce climate
impacts and improve the profitability of milk production [25]. This
means that milking technologies can play an important role in
mitigating the impacts of climate change by improving the efficiency
of milk production, reducing emissions, and improving resource use.
Finally, appropriate milking systems can increase the efficiency of
the milking process and contribute to improving animal health and
welfare, thereby reducing greenhouse gas emissions on dairy farms.

The Impact of Dairy Husbandry and
Management in Dairy Farms on Reducing
Methane Emissions

There are many opportunities in this sector to contribute to climate
protection by reducing emissions. A reduction in disease and parasite
prevalence on dairy farms would in principle lead to a reduction in
emission intensity, as healthier animals are more productive and thus
cause fewer emissions per unit of production [1, 24]. However, good
management is particularly important during the transition period of
lactation, as metabolic disorders during this phase pose a significant
risk for productivity and economic losses, as well as an increase in
greenhouse gas emissions [24]. This means that poor health and
welfare of dairy cows on farms are associated with behavioural and
metabolic changes that can lead to increased greenhouse gas emissions
12]. It is important to note that the emission intensity of milk
production is lowest in developed countries (between 1.3 and 1.4 kg
CO; equivalent per kg of fat- and protein-corrected milk). In contrast,

higher emission intensities are observed in developing countries such
as South Asia, sub-Saharan Africa, West Asia, and North Africa
(between 4.1 and 6.7 kg CO, equivalent per kg of fat- and protein-
corrected milk) [1]. In addition, there are numerous opportunities
to reduce greenhouse gas emissions from the dairy industry. For
example, measures to promote the construction of biogas plants
on dairy farms to process manure and prevent its discharge into
waterways are crucial for reducing methane emissions [103]. This
means that by using technologies such as anaerobic digestion, which
converts manure into biogas, methane emissions can be reduced and
renewable energy can be generated. Interestingly, reports from China
indicate an increased focus on technological innovations in animal
feed, which have significant implications for reducing belching and
bloating in cows, the two largest sources of methane emissions on
dairy farms [103]. In addition, the use of precise feeding techniques
that ensure that cows receive right nutrients without overfeeding can
reduce methane and nitrous emissions from manure. This means
that improvements in herd management and productivity enabled
by technologies such as milking technology can help reduce methane
emissions per unit of milk produced.

Impact of Breeding on Reducing Greenhouse
Gas Emissions

Numerous reports have shown that methane emissions from
cattle and sheep can be significantly reduced through breeding
programs. However, measurements on a total of 14,000 Dutch cows
and the analysis of DNA profiles showed that methane emissions
vary by up to 25 percent depending on genetic factors. To achieve this
goal, breeding cows and bulls with the lowest methane emissions are
selected, considering other relevant traits such as fertility, health, and
longevity. Consequently, genetic selection of cows with low methane
(CH,) emissions could be an effective and sustainable strategy
to reduce greenhouse gas emissions from dairy cows [104, 105].
However, several studies have shown that the heritability of methane
traits in dairy cows is low to moderate, ranging from 0.11 to 0.33 [106,
107]. Manzanilla-Pish et al. [108] reported that animals with lower
methane production process feed more efficiently.

How Can Dairy Cows Maintain Their Milk
Production While Reducing Greenhouse Gas
Emissions in the Face of Climate Change?

Increased global temperatures are affecting the health and
productivity of livestock. Cows are particularly sensitive to heat
stress, which can lead to reduced milk production, lower fertility
rates and increased susceptibility to disease. Farmers must find ways
to mitigate these impacts to maintain productivity [109]. However,
climate change is exacerbating water scarcity and poses a challenge
to the production of fodder crops and the health of livestock,
particularly in developing countries [109]. Nevertheless, heat stress
affects the longevity of dairy cows and the profitability of the farm.
Physiological, when high temperatures and humidity overwhelm a
cow's natural cooling mechanisms, resulting in reduced productivity,
fertility, and overall health [110-112]. Due to long summers and
high temperatures, heat stress in cows is difficult to manage in many
countries. Therefore, maintaining dairy farm profitability and herd
welfare is crucial under such conditions. As a result, dairy cows suffer
from the following problems [93, 110-114]:

. Reduced milk production: Cows suffering from heat stress
eat less and experience physiological and hormonal changes, leading
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Figure 5: Three-dimensional ribbon structure of target molecules for
the discovery of methanogenesis inhibitors. (A) Methyl-CoA reductase

M  (Methanothermobacter thermautotrophicus) [119]; (B) Predicted
structure of 4-(B-D-ribofuranosyl) aminobenzene-5'-phosphate synthase
[120; (C) Coenzyme F420H2: NADP+ oxidoreductase (FNO) from
Archaeoglobus fulgidus [121]; (D) Subunit B of the enzyme A1A0 ATP
synthase from Methanosarcina mazei [122]; (E) HMG-CoA reductase
from Methanothermococcus thermolithotrophicus [123]; (F) Isopentenyl
phosphate kinase from Thermoplasma acidophilum [124].

to lower milk production. Every liter of milk lost means a loss of
income.

. Reproductive problems: Heat stress disrupts hormonal
balance and makes it difficult for cows to conceive and give birth.
This leads to longer calving intervals and a smaller number of calves
over their lifetime.

. Health and longevity: Chronic heat stress leads to claw
problems, a weakened immune system, and diseases such as mastitis,
often resulting in premature slaughter. Each premature slaughter
increases the cost of replacing a cow that has not yet reached its peak
productivity.

. Costs of herd turnover: Raising or purchasing replacement
calves is expensive, and high herd turnover reduces the efficiency of
investments such as housing and milking equipment.

. Herd longevity: Healthier cows stay in the herd longer,
spreading costs and increasing profits, as well as reducing methane
emissions.

Interestingly, direct measurement of CH, production in heat-
stressed dairy cows usually shows lower values, as feed intake often
decreases under heat stress [115]. However, prolonged exposure to
a hot environment is expected to increase methane concentrations
in dairy cows, highlighting the need to mitigate heat stress and its
environmental impacts [115, 116].

Computer-aided Methods for Reducing
Methane Emission

Of particular note is the potential use of computational methods to
reduce methane production in ruminants. This approach is based on
molecular dynamics techniques that can be used to develop inhibitors
of methane production [3]. The increased use of computational
research techniques, including artificial intelligence, is encouraged to
reduce methane production in livestock farming more efficiently and
cost-effectively. Methanogens have been observed to possess unique
physiological properties, including metabolic pathways that differ
from those of other rumen microorganisms. Therefore, inhibition

of rumen methane production should not cause disturbances to
other rumen microorganisms such as bacteria, fungi and protozoa
involved in proper digestion. However, inhibition of rumen methane
emissions can lead to changes in hydrogen partial pressure and
fermentation parameters in the rumen, which can indirectly affect the
composition of the rumen microbiome [117]. Interestingly, several
methanogen-specific enzymes were identified that are responsible for
the formation of inhibitors [118]. Figure (5) shows the structure of
some enzymes that inhibit the process of methane formation.

In addition, this research project investigates identified
methanogenic enzymes as potential targets for the development of
inhibitors.

Conclusion

- Inclusion of additives in the diet of dairy cows to inhibit methane
formation can be economically viable, as it can increase the cow's
productivity through improved nutrition while reducing greenhouse
gas emissions.

- By optimizing milking technology, greenhouse gas emissions
on dairy farms can be reduced because dairy cows stay healthier and
their life expectancy on the farm increases.

- Optimal animal husbandry and good management are crucial
for udder health and increased milk yield. This increases the lifetime
productivity of dairy cows and thus reduces greenhouse gas emissions.

References

1. FAO (Food and Agriculture Organization of the United Nations. Climate
change and the global dairy cattle sector. The role of the dairy sector in a
low-carbon future. Rom 2019, pp. 1-34.

2. Parnian-Khajehdizaj F, Moharramnejad S. Forage maize type influences
on methane emissions, nutrient degradation, and fermentation profiles in
ruminants. Scientific Reports. 2025, 15(1), 19433.

3. Ranaweera K.K.T.N, Baik M. I silico docking and molecular dynamics for
the discovery of inhibitors of enteric methane production in ruminants -
A review. Anim. Biosci. 2025, 38(1), 1-18.

4. DrewsJ. Berechnung von Treibhausgasemissionen. Milchpraxis. 2025, 59
(2),29-30

5. IEA (International Energy Agency). Global Methane Tracker-
Understanding methane emissions. Report, Paris, 2023. https://www.iea.
org/reports/global-methane-tracker-2023, Licence: CC BY 4.0.

6. Mehmood T, Hassan M.A, Li X, Ashraf A, Rehman S, Bilal M, Obodo
R.M, Mustafa B, Shaz M, Bibi S, Shakoor A. Mechanism behind
sources and sinks of major anthropogenic greenhouse gasses-Chapter.
In: Dervash M.A, Wani A.A, editors. Climate change alleviation for
sustainable progression: Floristic prospects and arboreal avenues as a
viable sequestration tool. 1** ed. Oxon, UK, CRC Press. 2023. pp. 114-126.

7. Ritchie H. Sector by sector: where do global greenhouse gas emissions
come from? Oxford, England: Published online at our world in data. org.
2020. Retrieved from: 'https://ourworldindata.org/ghg-emissions-by-
sector' [Online Resource]

8. FAO (Food and Agriculture Organization). Global Agriculture Towards
2050. FAO, Rome, Italy. 2009 pp. 1-4.

9. Styles D, Gonzalez-Mejia A, Moorby J, Foskolos A, Gibbons J. Climate
mitigation by dairy intensification depends on intensive use of spared
grassland. Global Change Biology. 2018, 24, 681-693.

10. Caro D, Davis S.J, Bastianoni S, Caldeira K. Global and reginal trends
in greenhouse gas emissions from livestock. Climatic Change. 2014, 126,
203-216.

WebLog Open Access Publications

wjvsah.2025.j0103


http://www.weblogoa.com
https://openknowledge.fao.org/server/api/core/bitstreams/8749a956-0725-414f-8c35-58a5db0c2b5c/content
https://openknowledge.fao.org/server/api/core/bitstreams/8749a956-0725-414f-8c35-58a5db0c2b5c/content
https://openknowledge.fao.org/server/api/core/bitstreams/8749a956-0725-414f-8c35-58a5db0c2b5c/content
https://openknowledge.fao.org/server/api/core/bitstreams/8749a956-0725-414f-8c35-58a5db0c2b5c/content
https://www.nature.com/articles/s41598-025-03936-2
https://www.nature.com/articles/s41598-025-03936-2
https://www.nature.com/articles/s41598-025-03936-2
https://www.nature.com/articles/s41598-025-03936-2
https://pmc.ncbi.nlm.nih.gov/articles/PMC11725728/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11725728/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11725728/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11725728/
https://www.iea.org/reports/global-methane-tracker-2023
https://www.iea.org/reports/global-methane-tracker-2023
https://onlinelibrary.wiley.com/doi/10.1111/gcb.13868
https://onlinelibrary.wiley.com/doi/10.1111/gcb.13868
https://onlinelibrary.wiley.com/doi/10.1111/gcb.13868
https://onlinelibrary.wiley.com/doi/10.1111/gcb.13868
https://link.springer.com/article/10.1007/s10584-014-1197-x
https://link.springer.com/article/10.1007/s10584-014-1197-x
https://link.springer.com/article/10.1007/s10584-014-1197-x

Shehadeh Kaskous

WebLog Journal of Veterinary Science and Animal Husbandry

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

La H, Hettiaratchi J.P.A, Achari G, Dunfield P.F. Biofiltration of methane-
Review. Bioresour Technol. 2018, 268, 759-772.

Grossi G, Goglio P, Vitali A, Williams A.G. Livestock and Climate
change: Impact of livestock on climate and mitigation strategies. Animal
Frontiers. 2019, 9(1), 69-76.

Baceninaite D, Dzermeikaite K, Anatanaitis R. Global warming, and dairy
cattle: How to control and reduce methane emission. Animals. 2022, 12,
2687.

Scoones I. Livestock, methane, and climate change: The politics of global
assessments. WIREs Climate Change. 2023, 14(1), 790.

Astuti P.K, Ayoob A, Strausz P, Vakayil B, Kumar S.H, Kusza S. Climate
change and dairy farming sustainability; a causal loop paradox and its
mitigation scenario-Review. Heliyon. 2024, 10(3), €25200.

Nascimento B.M, Gaddis K.L.P, Koltes J.E, Tempelman R.J, VandeHaar
M.J, White H.M, Pefagaricano F, Weigel K.A. Impact of heat stress on
dry matter intake and residual feed intake in mid lactation dairy cows. J.
Dairy Sci. 2025, 108 (7), 7345-7353.

Arndt C, Hristov A.N, Price W.], McClelland S.C, Pelaez A.M, Cueva
S.F, Oh J, Dijkstra J, Banning A, Bayat A.R, Crompton L.A, Eugene M.A,
Enahoro D, Kebreab E, Kreuzer M, McGee M, Martin C, Newbold C.],
Reynolds C.K, Schwarm A, Shingfield K.J, Veneman J.B, Yanez-Ruiz D.R,
Yu Z. Full adoption of the most effective strategies to mitigate methane
emissions by ruminants can help meet the 1.5 °C target by 2030 but not
2050. Proc. Natl. Acad. Sci. 2022, 119(20), €2111294119.

Garnsworthy P.C, Difford G.F, Bell M.] Bayat A, Huhtanen P. Comparison
of methods to measure methane for use in genetic evaluation of dairy
cattle. Animals. 2019, 9, 837.

Hardan A, Garnsworthy P.C, Bell M.J. Detection of methane eructation
peaks in dairy cows at a robotic milking station using signal processing.
Animals. 2022, 12(1), 26.

Wolf P, Groen E.A, Berg W, Prochnow A, Bokkers E.A.M, Heijungs R, de
Boer I.].M. Assessing greenhouse gas emissions of milk production: which
parameters are essential? International Journal of life cycle assessment.
2017, 22, 441-455.

Holtshausen L, Benchaar C, Krobel R, Beauchemin K.A. Canola meal
versus soybean meal las protein supplements in the diets of lactating dairy
cows affects the greenhouse gas intensity of milk. Animals. 2021, 11, 1636.

Belanger J, Pilling D. The State of the World’s Biodiversity for Food
and Agriculture. FAO Commission on Genetic Resources for Food and
Agriculture Assessments, Rome. Report. 2019, 572, pp. 1-529.

Mostert P.F, van Middelaar C.E, Bokkers E.A.M, de Boer L.J.M. The
impact of subclinical ketosis in dairy cows on greenhouse gas emissions
of milk production. J. Cleaner Production. 2018, 171,773-782.

Enculescu M. Review on the influence of dairy cattle health effects on
greenhouse gas emissions. Series D. Animal Science. 2024, Vol. LXVII;
NO.1, 93-101.

Grandl F, Fuger M, Kreuzer M, Zehetmeier M. Impact of longevity on
greenhouse gas emissions and profitability of individual dairy cows
analysed with different system boundaries. Animal. 2019, 13(1), 198-208.

Gresakovd L, Holodovd M, Szumacher-Strabel M, Huang H, Slésarz P,
Wojtczak J, Sowinska N, Cieslak A. Mineral status and enteric methane
production in dairy cows during different stages of lactation. BMC Vet.
Res. 2021, 17(1), 287.

Mikula R, Pszczola M, Rzewuska K, Mucha S, Nowak W, Strabel T. The
effect of rumination time on milk performance and methane emission of
dairy cows fed partial mixed ration based on maize silage. Animals. 2022,
12(1), 50.

Kozlowska M, Cieslak A, Jozwik A, El-Sherbiny M, Gogulski M, Lechniak
D, Gao M, Yanza Y.R, Szumacher-Strabel M. Effects of partially replacing

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

grass silage by lucerne silage cultivars in a high-forage diet on ruminal
fermentation, methane production, and fatty acid composition in the
rumen and milk of dairy cows. Animal Feed Science and Technology.
2021, 277, 114959.

Lassen ], Lovendahl P, Madsen J. Accuracy of non-invasive breath
methane measurements using Fourier transform infrared methods on
individual cows. J. Dairy Sci. 2012, 95, 890-898.

Ayanfe N, Tapio I, Ahvenjérvi S, Rinne M, Sairanen A, Bayat A.R. Can
high-lipid concentrates offset the high enteric methane production
caused by high-forage diets fed to lactating dairy cows? J. Dairy Sci. 2025,
TBC (Not yet published)

Arevalo-Turrubiate M, Roca-Fernandez A.I. Recent Research on
Livestock Microbiota, Its Role in Digestion, and Its Impact on Methane

Emissions. Ruminants-MDPI. 2025, 5, 25.

Huang H, Szumacher-Strabel M, Patra A.K, Slusarczyk S, Lechniak D.
Chemical and phytochemical composition, in vitro ruminal fermentation,
methane production, and nutrient degradability of fresh and ensiled
Paulownia hybrid leaves. Anim. Feed Sci. Technol. 2021, 279, 115038.

Honan M, Feng X, Tricarico ].M, Kebreab E. Feed additives as a strategic
approach to reduce enteric methane production in cattle: Modes of action,
effectiveness, and safety. Anim. Prod. Sci. 2022, 62,1303-1317.

Abd El Tawab A, Liu Q, Han X. Feed additives strategies to control
methanogenesis in ruminants, Review. Archiva Zootechnica. 2024, 27(2),
90-125.

Del Prado A, Vibart R.E, Bilotto F.M, Faverin C, Garcia F, Herique F.L,
Leite F.F.G.D, Mazzetto A, Ridoutt B.G, Yanez-Ruiz D.R, Bannink A.
Feed additives for methane mitigation: Assessment of feed additives as
a strategy to mitigate enteric methane from ruminants-Accounting; How
to quantify the mitigating potential of using anti-methanogenic feed
additives. J. Dairy Sci. 2025, 108(1), 411- 429.

Belanche A, Bannink A, Dijkstra J, Durmic Z, Garcia F, Santos F.G,
Huws S, Jeyanathan J, Lund P, Mackie R.I, McAllister T.A, Morgavi D.P,
Muetzel S, Pitta D.W, Yaiez-Ruiz D.R, Ungerfeld E.M. Feed additives
for methane mitigation: A guideline to uncover the mode of action of
antimethanogenic feed additives for ruminants. J. Dairy Sci. 2025, 108,
375-394.

Durmic Z, Duin E.C, Bannink A, Belanche A, Carbone V, Carro M.D,
Criisemann M, Fievez V, Garcia F, Hristov A, Joch M, Martinez-
Fernandez G, Muetzel S, Ungerfeld E.M, Wang M, Yanez-Ruiz D.R. Feed
additives for methane mitigation: Recommendations for identification
and selection of bioactive com pounds to develop antimethanogenic feed
additives. J. Dairy Sci. 2025, 108, 302-321.

Goncagul, G, Ayaz, E. Antimicrobial effect of garlic (Allium sativum).
Recent Pat. Antiinfect Drug Discov. 2010, 5, 91-93.

EeK.Y,NgW.], Hew P.S,Mah K.S, Lim L.X, Kee S.Y, Law M.Y. Optimizing
protein hydrolysates of rice bran: physicochemical, antioxidant,
antibacterial properties, and chemometric analysis for functional food
potential. Measurement Food. 2024,13, 100141.

Manlapig J.J.D, Kawakami S, Matamura M, Kondo M, Ban-Tokuda T,
Matsui H. Effect of rice bran extract on in vitro rumen fermentation and
methane production. Anim. Sci. J. 2024, 95(1), e13923.

Aguerre M.], Wattiaux M.A, Powell ].M, Broderick G.A, Arndt C. Effect
of forage-to-concentrate ratio in dairy cow diets on emission of methane,
carbon dioxide, and ammonia, lactation performance, and manure
excretion. J. Dairy Sci. 2011, 94, 3081-3093.

Beauchemin K.A, McGinn S.M, Benchaar C, Holtshausen L. Crushed
sunflower, flax, or canola seeds in lactating dairy cow diets: Effects on
methane production, rumen fermentation, and milk production. J. Dairy
Sci. 2009, 92, 2118-2127

Alabi J.O, Okedoyin D.O, Anotaenwere C.C, Wuaku M, Gray D, Adelusi

WebLog Open Access Publications

wjvsah.2025.j0103


http://www.weblogoa.com
https://link.springer.com/article/10.1007/s10584-014-1197-x
https://academic.oup.com/af/article/9/1/69/5173494
https://academic.oup.com/af/article/9/1/69/5173494
https://academic.oup.com/af/article/9/1/69/5173494
https://academic.oup.com/af/article/9/1/69/5173494
https://pmc.ncbi.nlm.nih.gov/articles/PMC9559257/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9559257/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9559257/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9559257/
https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.790
https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.790
https://wires.onlinelibrary.wiley.com/doi/10.1002/wcc.790
https://www.sciencedirect.com/science/article/pii/S2405844024012313
https://www.sciencedirect.com/science/article/pii/S2405844024012313
https://www.sciencedirect.com/science/article/pii/S2405844024012313
https://www.sciencedirect.com/science/article/pii/S2405844024012313
https://www.sciencedirect.com/science/article/pii/S0022030225003716
https://www.sciencedirect.com/science/article/pii/S0022030225003716
https://www.sciencedirect.com/science/article/pii/S0022030225003716
https://www.sciencedirect.com/science/article/pii/S0022030225003716
https://www.sciencedirect.com/science/article/pii/S0022030225003716
https://www.pnas.org/doi/10.1073/pnas.2111294119
https://www.pnas.org/doi/10.1073/pnas.2111294119
https://www.pnas.org/doi/10.1073/pnas.2111294119
https://www.pnas.org/doi/10.1073/pnas.2111294119
https://www.pnas.org/doi/10.1073/pnas.2111294119
https://www.pnas.org/doi/10.1073/pnas.2111294119
https://www.pnas.org/doi/10.1073/pnas.2111294119
https://www.pnas.org/doi/10.1073/pnas.2111294119
https://pmc.ncbi.nlm.nih.gov/articles/PMC6826463/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6826463/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6826463/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6826463/
https://www.mdpi.com/2076-2615/12/1/26
https://www.mdpi.com/2076-2615/12/1/26
https://www.mdpi.com/2076-2615/12/1/26
https://www.mdpi.com/2076-2615/12/1/26
https://link.springer.com/article/10.1007/s11367-016-1165-y
https://link.springer.com/article/10.1007/s11367-016-1165-y
https://link.springer.com/article/10.1007/s11367-016-1165-y
https://link.springer.com/article/10.1007/s11367-016-1165-y
https://link.springer.com/article/10.1007/s11367-016-1165-y
https://pubmed.ncbi.nlm.nih.gov/34073093/
https://pubmed.ncbi.nlm.nih.gov/34073093/
https://pubmed.ncbi.nlm.nih.gov/34073093/
https://pubmed.ncbi.nlm.nih.gov/34073093/
https://openknowledge.fao.org/server/api/core/bitstreams/50b79369-9249-4486-ac07-9098d07df60a/content
https://openknowledge.fao.org/server/api/core/bitstreams/50b79369-9249-4486-ac07-9098d07df60a/content
https://openknowledge.fao.org/server/api/core/bitstreams/50b79369-9249-4486-ac07-9098d07df60a/content
https://openknowledge.fao.org/server/api/core/bitstreams/50b79369-9249-4486-ac07-9098d07df60a/content
https://www.sciencedirect.com/science/article/abs/pii/S0959652617323119
https://www.sciencedirect.com/science/article/abs/pii/S0959652617323119
https://www.sciencedirect.com/science/article/abs/pii/S0959652617323119
https://www.sciencedirect.com/science/article/abs/pii/S0959652617323119
https://animalsciencejournal.usamv.ro/pdf/2024/issue_1/Art11.pdf
https://animalsciencejournal.usamv.ro/pdf/2024/issue_1/Art11.pdf
https://animalsciencejournal.usamv.ro/pdf/2024/issue_1/Art11.pdf
https://animalsciencejournal.usamv.ro/pdf/2024/issue_1/Art11.pdf
https://www.sciencedirect.com/science/article/pii/S175173111800112X
https://www.sciencedirect.com/science/article/pii/S175173111800112X
https://www.sciencedirect.com/science/article/pii/S175173111800112X
https://www.sciencedirect.com/science/article/pii/S175173111800112X
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-021-02984-w
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-021-02984-w
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-021-02984-w
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-021-02984-w
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-021-02984-w
https://www.mdpi.com/2076-2615/12/1/50
https://www.mdpi.com/2076-2615/12/1/50
https://www.mdpi.com/2076-2615/12/1/50
https://www.mdpi.com/2076-2615/12/1/50
https://www.mdpi.com/2076-2615/12/1/50
https://www.sciencedirect.com/science/article/abs/pii/S0377840121001450
https://www.sciencedirect.com/science/article/abs/pii/S0377840121001450
https://www.sciencedirect.com/science/article/abs/pii/S0377840121001450
https://www.sciencedirect.com/science/article/abs/pii/S0377840121001450
https://www.sciencedirect.com/science/article/abs/pii/S0377840121001450
https://www.sciencedirect.com/science/article/abs/pii/S0377840121001450
https://www.sciencedirect.com/science/article/abs/pii/S0377840121001450
https://www.sciencedirect.com/science/article/pii/S0022030212000410
https://www.sciencedirect.com/science/article/pii/S0022030212000410
https://www.sciencedirect.com/science/article/pii/S0022030212000410
https://www.sciencedirect.com/science/article/pii/S0022030212000410
https://www.mdpi.com/2673-933X/5/2/25
https://www.mdpi.com/2673-933X/5/2/25
https://www.mdpi.com/2673-933X/5/2/25
https://www.mdpi.com/2673-933X/5/2/25
https://www.sciencedirect.com/science/article/pii/S0377840121002248
https://www.sciencedirect.com/science/article/pii/S0377840121002248
https://www.sciencedirect.com/science/article/pii/S0377840121002248
https://www.sciencedirect.com/science/article/pii/S0377840121002248
https://www.sciencedirect.com/science/article/pii/S0377840121002248
https://www.researchgate.net/publication/348947577_Feed_additives_as_a_strategic_approach_to_reduce_enteric_methane_production_in_cattle_modes_of_action_effectiveness_and_safety
https://www.researchgate.net/publication/348947577_Feed_additives_as_a_strategic_approach_to_reduce_enteric_methane_production_in_cattle_modes_of_action_effectiveness_and_safety
https://www.researchgate.net/publication/348947577_Feed_additives_as_a_strategic_approach_to_reduce_enteric_methane_production_in_cattle_modes_of_action_effectiveness_and_safety
https://www.researchgate.net/publication/348947577_Feed_additives_as_a_strategic_approach_to_reduce_enteric_methane_production_in_cattle_modes_of_action_effectiveness_and_safety
https://www.sciencedirect.com/science/article/pii/S0022030224014036
https://www.sciencedirect.com/science/article/pii/S0022030224014036
https://www.sciencedirect.com/science/article/pii/S0022030224014036
https://www.sciencedirect.com/science/article/pii/S0022030224014036
https://www.sciencedirect.com/science/article/pii/S0022030224014036
https://www.sciencedirect.com/science/article/pii/S0022030224014036
https://www.sciencedirect.com/science/article/pii/S0022030224014036
https://www.sciencedirect.com/science/article/pii/S0022030224014000
https://www.sciencedirect.com/science/article/pii/S0022030224014000
https://www.sciencedirect.com/science/article/pii/S0022030224014000
https://www.sciencedirect.com/science/article/pii/S0022030224014000
https://www.sciencedirect.com/science/article/pii/S0022030224014000
https://www.sciencedirect.com/science/article/pii/S0022030224014000
https://www.sciencedirect.com/science/article/pii/S0022030224014000
https://pubmed.ncbi.nlm.nih.gov/19929845/
https://pubmed.ncbi.nlm.nih.gov/19929845/
https://pubmed.ncbi.nlm.nih.gov/19929845/
https://www.sciencedirect.com/science/article/pii/S277227592400008X
https://www.sciencedirect.com/science/article/pii/S277227592400008X
https://www.sciencedirect.com/science/article/pii/S277227592400008X
https://www.sciencedirect.com/science/article/pii/S277227592400008X
https://www.sciencedirect.com/science/article/pii/S277227592400008X
https://onlinelibrary.wiley.com/doi/10.1111/asj.13923
https://onlinelibrary.wiley.com/doi/10.1111/asj.13923
https://onlinelibrary.wiley.com/doi/10.1111/asj.13923
https://onlinelibrary.wiley.com/doi/10.1111/asj.13923
https://www.sciencedirect.com/science/article/pii/S0022030211002955
https://www.sciencedirect.com/science/article/pii/S0022030211002955
https://www.sciencedirect.com/science/article/pii/S0022030211002955
https://www.sciencedirect.com/science/article/pii/S0022030211002955
https://www.sciencedirect.com/science/article/pii/S0022030211002955
https://www.sciencedirect.com/science/article/pii/S0022030209705260
https://www.sciencedirect.com/science/article/pii/S0022030209705260
https://www.sciencedirect.com/science/article/pii/S0022030209705260
https://www.sciencedirect.com/science/article/pii/S0022030209705260
https://www.sciencedirect.com/science/article/pii/S0022030209705260
https://www.mdpi.com/2673-933X/3/4/31

Shehadeh Kaskous

WebLog Journal of Veterinary Science and Animal Husbandry

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

0.0, Ike K.A, Olagunju LK, Dele P.A, Anele U.Y. Essential oil blends
with or without fumaric acid influenced in vitro rumen fermentation,
greenhouse gas emission, and volatile fatty acids production of a total
mixed ration. Ruminants. 2023, 3, 373-384.

Glasson C.RK, Kinley R.D, de Nys R, King N, Adams S.L, Packer M.A,
Svenson J, Eason C.T, Magnusson M. Benefits, and risks of including the
bromoform containing seaweed Asparagopsis in feed for the reduction of
methane production from ruminants. Algal Research. 2022, 64, 102673.

Bayat AR, Vilkki J, Razzaghi A, Leskinen H, Kettunen H, Khurana R,
Brand T, Ahvenjérvi S. Evaluating the effects of high-oil rapeseed cake or
natural additives on methane emissions and performance of dairy cows. J.
Dairy Sci. 2022, 105, 1211-1224.

Kinley R.D, Martinez-Fernandez G, Matthews M.K, de Nys R, Magnusson
M, Tomkins N.W. Mitigating the carbon footprint and improving
productivity of ruminant livestock agriculture using a red seaweed. J.
Clean. Prod. 2020, 259, 120836.

Wanapat M, Kongmun P, Poungchompu O, Cherdthong A, Khejornsart
P, Pilajun R., Kaenpakdee S. Effects of plants containing secondary
compounds and plant oils on rumen fermentation and ecology. Trop
Anim Health Prod. 2012, 44, 399-405.

Phupaboon S, Muslykhah U, Suriyapha C, Sommai S, Matra M, Dagrew
G, Prachumchai R, Wanapat M. Encapsulated phytogenic oils enhance
in vitro rumen fermentation and reduce methane emissions. BMC
Veterinary Research. 2025, 21, 352-363.

Boadi D, Benchaar C, Chiquette J, Massé D. Mitigation strategies to
reduce enteric methane emissions from dairy cows: Update review. Can.
J. Anim. Sci. 2004, 84, 319-335.

Martin C, Morgavi D.P, Doreau M. Methane mitigation in ruminants:
from microbe to the farm scale. Animal. 2010, 4(3), 351-365.

Bayat A.R, Ventto L, Kairenius P, Stefanski T, Leskinen H, Tapio I,
Negussie E, Vilkki J, Shingfield K.J. Dietary forage to concentrate ratio
and sunflower oil supplement alter rumen fer mentation, ruminal
methane emissions, and nutrient utilization in lactating cows. Transl.
Anim. Sci. 2017, 1, 277-286.

Brask M, Lund P, Weisbjerg M.R, Hellwing A.L.F, Poulsen M, Larsen
M.K, Hvelplund T. Methane production and digestion of different
physical forms of rapeseed as fat supplements in dairy cows. J. Dairy Sci.
2013, 96, 2356-2365.

Bayat A.R, Tapio I, Vilkki ], Shingfield K.J, Leskinen H. Plant oil
supplements reduce methane emissions and improve milk fatty acid
composition in dairy cows fed grass silage-based diets without affecting
milk yield. J. Dairy Sci. 2018, 101, 1136-1151.

Patra A.K. The effect of dietary fats on methane emissions, and its other
effects on digestibility, rumen fermentation and lactation performance in
cattle: A meta-analysis. Livest. Sci. 2013, 155, 244-254.

Albarki H.R, Suntara C, Wongtangtintharn S, Iwai C.B, Jayanegara
A, Cherdthong A. Sustainable animal nutrition and feeding strategies
for reducing methane emissions and enhancing feed digestibility with
encapsulated black soldier fly larvae oil. Sustainability. 2025, 17, 3155.

Phupaboon S, Matra M, Sommai S, Dagaew G, Suriyapha C, Prachumchai
R, Wanapat M. Microencapsulation efficiency of fruit peel phytonutrient-
based antimicrobial to mitigate rumen emission using in vitro
fermentation technique. Ital. J. Anim. Sci. 2024, 23(1), 664-677.

Knapp J.R, Laur G.L, Vadas P.A, Weiss W.P, Tricarico ].M. Invited review:
Enteric methane in dairy cattle production: Quantifying the opportunities
and impact of reducing emissions. J. Dairy Sci. 2014, 97, 3231-3261.

Jiménez-Ocampo R, Montoya—Flores M.D, Herrera-Torres E, PAmanes-
Carrasco G, Arceo-Castillo J.I. Effect of Chitosan and Naringin on Enteric
Methane Emissions in Crossbred Heifers Fed Tropical Grass. Animals.
2021, 11, 1599.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Machado L, Kinley R.D, Magnusson M, de Nys R, Tomkins N.W.
The potential of macroalgae for beef production systems in Northern
Australia. J. Appl. Phycology. 2015, 27(5), 2001-2005.

Abbott D.W, Aasen I.M, Beauchemin K.A, Grondahl A, Gruninger R.
Seaweed and Seaweed Bioactives for Mitigation of Enteric Methane:
Challenges and Opportunities. Animals 2020, 10, 2432.

Stefenoni H.A, Raisdnen S.E, Cueva S.F, Wasson D.E, Lage C.F.A,
Melgar A, Fetter M.E, Smith P, Hennessy M, Vecchiarelli B, Bender J,
Pitta D., Cantrell C.L, Yarish C, Hristov A.N. Effects of the macroalga
Asparagopsis taxiformis and oregano leaves on methane emission, rumen
fermentation, and lactational performance of dairy cows. J. Dairy Sci.
2021, 104, 4157- 4173.

Roque B.M, Salwen J.K, Kinley R, Kebreab E. Inclusion of Asparagopsis
armata in lactating dairy cows’ diet reduces enteric methane emission by
over 50 percent. J. Clean. Prod. 2019, 234, 132-138.

Li X, Norman H.C, Kinley R.D, Laurence M, Wilmot M, Bender H,
Nus R, Tomkins N. Asparagopsis taxiformis decreases enteric methane
production from sheep. Anim. Prod. Sci. 2016, 58, 681-688.

Reynolds C.K, Humphries D.], Kiinzel S, Rodehutscord M, Lignou S,
Fagan C.C, Methven L, Norton G, Alzahrani A, Feldmann J, Desnica
N, Gunnlaugsdottir H, Pétursdottir A.H. Effects of feeding dairy cows
seaweed mixtures on feed intake, methane emission, milk production,
and milk mineral and fatty acid composition. J. Dairy Sci. 2025 (In press).

Zhang],HeY, Zhang H, Xing Y, Li A, Guo D, Wang, J. Effects of condensed
tannins in Lespedeza bicolor leaves on in vitro rumen fermentation and
methane emissions. New Zealand Journal of Agriculture Research. 2025,
68, 1-19.

Van Gastelen S, Antunes-Fernandes E.C, Hettinga K.A, Klop G, Alferink
S.J.J, Hendriks W.H, Dijkstra J. Enteric methane production, rumen
volatile fatty acid concentrations, and milk fatty acid composition in
lactating Holstein-Friesian cows fed grass silage- or corn silage-based
diets. J. Dairy Sci. 2015, 98, 1915-1927.

Cueva S.F, Wasson D.E, Martins L.F, Riisdnen S.E, Silvester T, Hristov
AN. Lactational performance, ruminal fermentation, and enteric gas
emission of dairy cows fed an amylase-enabled corn silage in diets with
different starch concentrations. J. Dairy. Sci. 2024, 107, 4426-4448.

Martins L.F, Cueva S.F, Wasson D.E, Silvestre T, Stepanchenko N, Hile
M.L, Hristov A.N. Separate offering of forages and concentrates to
lactating dairy cows: Effects on lactational performance, enteric methane
emission, and efficiency of nutrient utilization. J. Dairy. Sci. 2024, 107,
4587- 4604.

Negussie E, de Haas Y, Dehareng F, Dewhurst R.], Dijkstra J, Gengler N,
Morgavi D.P, Soyeurt H, van Gastelen S, Yan T, Biscarini F. Large-scale
indirect measurements for enteric methane emissions in dairy cattle: A
review of proxies and their potential for use in management and breeding
decisions. J. Dairy Sci. 2017, 100(4), 2433-2453.

Akter A, Li X, Grey E, Wang S.C, Kebreab E. Grape pomace
supplementation reduced methane emissions and improved milk quality
in lactating dairy cows. J. Dairy Sci. 2025, 108(3), 2468-2480.

Kara K, Oztas M.A. The effect of dietary fermented grape pomace
supplementation on in vitro total gas and methane production,
digestibility, and rumen fermentation. Fermentation (Basel). 2023, 9, 741.

Russo V.M, Jacobs J.L, Hannah M.C, Moate P.J, Dunshea F.R, Leury B.J.
In vitro evaluation of the methane mitigation potential of a range of grape
marc products. Anim. Prod. Sci. 2017, 57, 1437-1444.

Moate P.J, Williams S.R.O, Torok V.A, Hannah M.C, Ribaux B.E,
Tavendale M.H, Eckard R.J, Jacobs J.L, Auldist M.J, Wales W.J. Grape
marc reduces methane emissions when fed to dairy cows. J. Dairy Sci.
2014, 97, 5073-5087.

Moate P.J, Jacobs J.L, Hixson J.L, Deighton M.H, Hannah M.C, Morris

WebLog Open Access Publications

wjvsah.2025.j0103


http://www.weblogoa.com
https://www.mdpi.com/2673-933X/3/4/31
https://www.mdpi.com/2673-933X/3/4/31
https://www.mdpi.com/2673-933X/3/4/31
https://www.mdpi.com/2673-933X/3/4/31
https://www.mdpi.com/2673-933X/3/4/31
https://www.sciencedirect.com/science/article/pii/S2211926422000443
https://www.sciencedirect.com/science/article/pii/S2211926422000443
https://www.sciencedirect.com/science/article/pii/S2211926422000443
https://www.sciencedirect.com/science/article/pii/S2211926422000443
https://www.sciencedirect.com/science/article/pii/S2211926422000443
https://www.sciencedirect.com/science/article/pii/S0022030221010146
https://www.sciencedirect.com/science/article/pii/S0022030221010146
https://www.sciencedirect.com/science/article/pii/S0022030221010146
https://www.sciencedirect.com/science/article/pii/S0022030221010146
https://www.sciencedirect.com/science/article/pii/S0022030221010146
https://www.sciencedirect.com/science/article/pii/S0959652620308830
https://www.sciencedirect.com/science/article/pii/S0959652620308830
https://www.sciencedirect.com/science/article/pii/S0959652620308830
https://www.sciencedirect.com/science/article/pii/S0959652620308830
https://www.sciencedirect.com/science/article/pii/S0959652620308830
https://pubmed.ncbi.nlm.nih.gov/21842136/
https://pubmed.ncbi.nlm.nih.gov/21842136/
https://pubmed.ncbi.nlm.nih.gov/21842136/
https://pubmed.ncbi.nlm.nih.gov/21842136/
https://pubmed.ncbi.nlm.nih.gov/21842136/
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-025-04812-x
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-025-04812-x
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-025-04812-x
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-025-04812-x
https://bmcvetres.biomedcentral.com/articles/10.1186/s12917-025-04812-x
https://cdnsciencepub.com/doi/10.4141/A03-109
https://cdnsciencepub.com/doi/10.4141/A03-109
https://cdnsciencepub.com/doi/10.4141/A03-109
https://cdnsciencepub.com/doi/10.4141/A03-109
https://www.sciencedirect.com/science/article/pii/S1751731109990620
https://www.sciencedirect.com/science/article/pii/S1751731109990620
https://www.sciencedirect.com/science/article/pii/S1751731109990620
https://pubmed.ncbi.nlm.nih.gov/32704652/
https://pubmed.ncbi.nlm.nih.gov/32704652/
https://pubmed.ncbi.nlm.nih.gov/32704652/
https://pubmed.ncbi.nlm.nih.gov/32704652/
https://pubmed.ncbi.nlm.nih.gov/32704652/
https://pubmed.ncbi.nlm.nih.gov/32704652/
https://www.sciencedirect.com/science/article/pii/S0022030213001045
https://www.sciencedirect.com/science/article/pii/S0022030213001045
https://www.sciencedirect.com/science/article/pii/S0022030213001045
https://www.sciencedirect.com/science/article/pii/S0022030213001045
https://www.sciencedirect.com/science/article/pii/S0022030213001045
https://www.sciencedirect.com/science/article/pii/S0022030217311256
https://www.sciencedirect.com/science/article/pii/S0022030217311256
https://www.sciencedirect.com/science/article/pii/S0022030217311256
https://www.sciencedirect.com/science/article/pii/S0022030217311256
https://www.sciencedirect.com/science/article/pii/S0022030217311256
https://www.sciencedirect.com/science/article/abs/pii/S1871141313002552
https://www.sciencedirect.com/science/article/abs/pii/S1871141313002552
https://www.sciencedirect.com/science/article/abs/pii/S1871141313002552
https://www.sciencedirect.com/science/article/abs/pii/S1871141313002552
https://www.mdpi.com/2071-1050/17/7/3155
https://www.mdpi.com/2071-1050/17/7/3155
https://www.mdpi.com/2071-1050/17/7/3155
https://www.mdpi.com/2071-1050/17/7/3155
https://www.mdpi.com/2071-1050/17/7/3155
https://www.tandfonline.com/doi/full/10.1080/1828051X.2024.2337688
https://www.tandfonline.com/doi/full/10.1080/1828051X.2024.2337688
https://www.tandfonline.com/doi/full/10.1080/1828051X.2024.2337688
https://www.tandfonline.com/doi/full/10.1080/1828051X.2024.2337688
https://www.tandfonline.com/doi/full/10.1080/1828051X.2024.2337688
https://www.sciencedirect.com/science/article/pii/S0022030214002896
https://www.sciencedirect.com/science/article/pii/S0022030214002896
https://www.sciencedirect.com/science/article/pii/S0022030214002896
https://www.sciencedirect.com/science/article/pii/S0022030214002896
https://www.mdpi.com/2076-2615/11/6/1599
https://www.mdpi.com/2076-2615/11/6/1599
https://www.mdpi.com/2076-2615/11/6/1599
https://www.mdpi.com/2076-2615/11/6/1599
https://www.mdpi.com/2076-2615/11/6/1599
https://link.springer.com/article/10.1007/s10811-014-0439-7
https://link.springer.com/article/10.1007/s10811-014-0439-7
https://link.springer.com/article/10.1007/s10811-014-0439-7
https://link.springer.com/article/10.1007/s10811-014-0439-7
https://www.mdpi.com/2076-2615/10/12/2432
https://www.mdpi.com/2076-2615/10/12/2432
https://www.mdpi.com/2076-2615/10/12/2432
https://www.mdpi.com/2076-2615/10/12/2432
https://www.sciencedirect.com/science/article/pii/S0022030221000928
https://www.sciencedirect.com/science/article/pii/S0022030221000928
https://www.sciencedirect.com/science/article/pii/S0022030221000928
https://www.sciencedirect.com/science/article/pii/S0022030221000928
https://www.sciencedirect.com/science/article/pii/S0022030221000928
https://www.sciencedirect.com/science/article/pii/S0022030221000928
https://www.sciencedirect.com/science/article/pii/S0022030221000928
https://www.sciencedirect.com/science/article/abs/pii/S0959652619321559
https://www.sciencedirect.com/science/article/abs/pii/S0959652619321559
https://www.sciencedirect.com/science/article/abs/pii/S0959652619321559
https://www.sciencedirect.com/science/article/abs/pii/S0959652619321559
https://www.researchgate.net/publication/305768532_Asparagopsis_taxiformis_decreases_enteric_methane_production_from_sheep
https://www.researchgate.net/publication/305768532_Asparagopsis_taxiformis_decreases_enteric_methane_production_from_sheep
https://www.researchgate.net/publication/305768532_Asparagopsis_taxiformis_decreases_enteric_methane_production_from_sheep
https://www.researchgate.net/publication/305768532_Asparagopsis_taxiformis_decreases_enteric_methane_production_from_sheep
https://www.sciencedirect.com/science/article/pii/S0022030225004278
https://www.sciencedirect.com/science/article/pii/S0022030225004278
https://www.sciencedirect.com/science/article/pii/S0022030225004278
https://www.sciencedirect.com/science/article/pii/S0022030225004278
https://www.sciencedirect.com/science/article/pii/S0022030225004278
https://www.sciencedirect.com/science/article/pii/S0022030225004278
https://www.tandfonline.com/doi/abs/10.1080/00288233.2025.2486021
https://www.tandfonline.com/doi/abs/10.1080/00288233.2025.2486021
https://www.tandfonline.com/doi/abs/10.1080/00288233.2025.2486021
https://www.tandfonline.com/doi/abs/10.1080/00288233.2025.2486021
https://www.tandfonline.com/doi/abs/10.1080/00288233.2025.2486021
https://www.sciencedirect.com/science/article/pii/S0022030215000119
https://www.sciencedirect.com/science/article/pii/S0022030215000119
https://www.sciencedirect.com/science/article/pii/S0022030215000119
https://www.sciencedirect.com/science/article/pii/S0022030215000119
https://www.sciencedirect.com/science/article/pii/S0022030215000119
https://www.sciencedirect.com/science/article/pii/S0022030215000119
https://www.sciencedirect.com/science/article/pii/S0022030224009081
https://www.sciencedirect.com/science/article/pii/S0022030224009081
https://www.sciencedirect.com/science/article/pii/S0022030224009081
https://www.sciencedirect.com/science/article/pii/S0022030224009081
https://www.sciencedirect.com/science/article/pii/S0022030224009081
https://www.sciencedirect.com/science/article/pii/S0022030224009093
https://www.sciencedirect.com/science/article/pii/S0022030224009093
https://www.sciencedirect.com/science/article/pii/S0022030224009093
https://www.sciencedirect.com/science/article/pii/S0022030224009093
https://www.sciencedirect.com/science/article/pii/S0022030224009093
https://www.sciencedirect.com/science/article/pii/S0022030224009093
https://www.sciencedirect.com/science/article/pii/S0022030217301066
https://www.sciencedirect.com/science/article/pii/S0022030217301066
https://www.sciencedirect.com/science/article/pii/S0022030217301066
https://www.sciencedirect.com/science/article/pii/S0022030217301066
https://www.sciencedirect.com/science/article/pii/S0022030217301066
https://www.sciencedirect.com/science/article/pii/S0022030217301066
https://www.sciencedirect.com/science/article/pii/S0022030224014164
https://www.sciencedirect.com/science/article/pii/S0022030224014164
https://www.sciencedirect.com/science/article/pii/S0022030224014164
https://www.sciencedirect.com/science/article/pii/S0022030224014164
https://www.mdpi.com/2311-5637/9/8/741
https://www.mdpi.com/2311-5637/9/8/741
https://www.mdpi.com/2311-5637/9/8/741
https://www.mdpi.com/2311-5637/9/8/741
https://www.publish.csiro.au/AN/AN16495
https://www.publish.csiro.au/AN/AN16495
https://www.publish.csiro.au/AN/AN16495
https://www.publish.csiro.au/AN/AN16495
https://www.sciencedirect.com/science/article/pii/S0022030214004305
https://www.sciencedirect.com/science/article/pii/S0022030214004305
https://www.sciencedirect.com/science/article/pii/S0022030214004305
https://www.sciencedirect.com/science/article/pii/S0022030214004305
https://www.sciencedirect.com/science/article/pii/S0022030214004305
https://www.mdpi.com/2076-2615/10/6/976

Shehadeh Kaskous

WebLog Journal of Veterinary Science and Animal Husbandry

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

G.L, Ribaux B.E, Wales W.], Williams S.R.O. Effects of feeding either red
or white grape marc on milk production and methane emissions from
early-lactation dairy cows. Animals (Basel). 2020, 10, 976.

Bhatta R, Uyeno Y, Tajima K, Takenaka A, Yabumoto Y, Nonaka I, Enishi
O, Kurihara M. Difference in the nature of tannins on in vitro ruminal
methane and volatile fatty acid production and on methanogenic archaea
and protozoal populations. J. Dairy Sci. 2009, 92, 5512-5522.

Santillo A, Ciliberti M.G, Ciampi F, Luciano G, Natalello A, Menci R,
Caccamo M, Sevi A, Albenzi, M. Feeding tannins to dairy cows in different
seasons improves the oxidative status of blood plasma and the antioxidant
capacity of cheese. J. Dairy Sci. 2022, 105, 8609-8620.

Oliveira L.N, Pereira M.A.N, Oliveira C.D.S, Oliveira C.C, Silva
R.B, Pereira R.A.N, DeVries T.J, Pereira M.N. Effect of low dietary
concentrations of Acacia mearnsii tannin extract on chewing, ruminal
fermentation, digestibility, nitrogen partition, and performance of dairy
cows. J. Dairy Sci. 2023, 106, 3203-3216.

Kaskous S, Pfaffl M.W. Milking machine settings and liner design are
important to improve milking efficiency and lactating animal welfare-
Technical Note. AgriEngineering. 2023, 5, 1314-1326.

Zehetmeier M, Hoffman H, Sauer J, Hofmann G, Dorfner G, Obrien D.
A dominance analysis of greenhouse gas emissions, beef output and land
use of German dairy farms. Agriculture Systems. 2014, 129, 55-67.

Bell M.], Gamsworthy P.C, Stott A.W, Pryce J.E. Effect of changing cow
production and fitness traits on profit and greenhouse gas emissions of
UK dairy systems. Journal of Agricultural Science. 2015, 153, 138-151.

Han R, Mourits M, Hogeveen H. The association of dairy cattle longevity
with farm level technical inefficiency. Front. Vet. Sci. 2022, 9, 1-10.

Vellinga T.V, de Vries M. Effectiveness of climate change mitigation
options considering the amount of meat produced in dairy systems.
Agric. Syst. 2018, 162, 136-144.

Mostert P.F, Bokkers E.A.M, de Boer 1.].M, van Middelaar C.E. Estimating
the impact of clinical mastitis in dairy cows on greenhouse gas emissions
using a dynamic stochastic simulation model: a case study. Animal.
2019,12, 2913-2921.

Von Soosten D, Meyer U, Flachowsky G, Danicke S. Dairy cow health and
greenhouse gas emission intensity. Dairy. 2020, 1(1), 20-29.

Capper J.L, Baumann D.E. The role of productivity in improving the
environmental sustainability of ruminant production systems. Annual
Review of Animal Biosciences. 2013, 1, 469-489.

Dallago G.M, Wade K.M, Cue R.L, McClure J.T, Lacroix R, Pellerin D,
Vasseur E. Keeping dairy cows for longer: A critical literature review on
dairy cow longevity in high milk-producing countries. Animals. 2021,11,
808.

Bianchi M.C, Gislon G, Mondini S, Bava L, Tamburini A, Sandrucci A,
Zucali M. Can technology mitigate the environmental impact of dairy
farms? Cleaner Environmental Systems. 2024, 12, 100178.

Sheedy D.B, Golder H.M, Garcia S.C, Liu Z, Moate P, Reddy P, Rochfort
S.J, Pryce J.E, Lean LJ. A large multisite lipidomic investigation of parity
and aging in dairy cows. J. Dairy Sci. 2025, 108(3), 2897-2913.

Vredenberg I, Han R, Mourits M, Hogeveen H, Steeneveld W. An
empirical analysis on the longevity of dairy cows in relation to economic
herd performance. Front. Vet. Sci. 2021, 8, 646672.

Da Costa L. Longevity in dairy cows matters to climate change. Farm and
Dairy. 2024, January 18 pp.1-3. (https://www.Farmanddairy.com).

De Vries A. Cow longevity economics: The cost benefit of keeping the cow
in the herd. Cow longevity conference, Gainesville, USA. 2013, pp.22-52.

Knaus W. Dairy cows trapped between performance demands and
adaptability. Journal of the Science of Food and Agriculture 2009, 89,
1107-1114.

93. Wangler A, Blum E, Bottcher I, Sanftleben P. Lebensleistung und
Nutzungsdauer von Milchkithen aus der Sicht einer effizienten
Milchproduktion. Ziichtungskunde. 2009, 81(5), 341-360.

94. Bruijnis M.R.N, Meijboom F.L.B, Stassen E.N. Longevity as an animal
welfare issue applied to the case of foot disorders in dairy cattle. J. Agric.
Environ. Ethics. 2013, 26, 191-205.

95. Beaudeau F, Seegers H, Ducrocq V, Fourichon C, Bareille N. Effect of
health disorders on culling in dairy cows: a review and a critical discussion.
Ann. Zootech. 2000, 49, 293-311.

96. Yanga D.S, Jaja LF. Culling, and mortality of dairy cows: why it happens
and how it can be mitigated. FI000Res. 2022, 1(10), 1014.

97. Bechtold V, Petzl W, Huber-Schlenstedt R, Sorge U.S. Distribution of
bovine mastitis pathogens in quarter milk samples from Bavaria, southern
Germany, between 2014 and 2023-A retrospective study. Animals. 2024,
14, 2504.

98. Hovinen M, Pyorild S. Invited review: Udder health of dairy cows in
automatic milking. J. Dairy Sci. 2011, 94, 547-562.

99. Kaskous S. The effect of using quarter individual milking system
“MultiLactor” on improvement of milk performance and milk quality
of different dairy cow’s breeds in different farms. Emirates J. Food and
Agriculture. 2018, 30(1), 57-64.

100.Kaskous S, Al-Najjar K, Pfaffl M.W. Influence of the new wavy liner
“Stimulor StressLess” on milk yield performance and its quality in dairy
cows: Results of a field study. Mechanical Engineering Advances. 2024,
2(2),1752-1771.

101.LKV Bayern. Gesundheit und Robustheit Milchleistungspriifung in
Bayern. Erzeugungs-und Qualititsmonitoring. Landeskuratorium der
Erzeugerringe fiir tierische Veredlung in Bayern e.V. Jahres Report. 2024,
pp. 1-133.

102.Benz B. Tierwohl: Worauf es beim Melken ankommt. BW Agrar,
Landwirtschaftliches Wochenblatt. 2023, 190, 27- 29.

103.Liu J. Milking the dairy industry for lower greenhouse gas emissions in
China. New Security Beat Report. 2023, March 2, pp. 1-5.

104. Garnsworthy P.C, Craigon ], Hernandez-Medrano J.H, Saunderns N.
Variation among individual dairy cows in methane measurements made
on farm during milking. J. Dairy Sci. 2012, 95, 3181-3189.

105. Lassen J, Difford G.F. Review: Genetic and genomic selection as a methane
mitigation strategy in dairy cattle. Animal. 2020, 14(S3), s473-s483.

106.Lassen ], Lovendahl P. Heritability estimates for enteric methane
emissions from Holstein cattle measured using non-invasive methods. J.
Dairy Sci. 2016, 99, 1959-1967.

107.Pszczola M, Rzewuska K, Mucha S, Strabel T. Heritability of methane
emissions from dairy cows over a lactation measured on commercial
farms. J. Anim. Sci. 2017, 95, 4813-4819.

108. Manzanilla-Pech C.I.V, Lovendahl P, Gordo D.M, Difford G.F, Pryce J.E,
Schenkel F, Wegmann S, Miglior F, Chud T.C, Moate P.J, Williams S.R.O,
Richardson C.M, Stothard P, Lassen J. Breeding for reduced methane
emission and feed-efficient Holstein cows: An international response. J.
Dairy Sci. 2021, 104, 8983-9001.

109.Dutta D, Sherwood S.C, Meissner K.J, Jucker M. Low latitude mesospheric
clouds in a warmer climate. Atmospheric Science Letters. 2024, 255(6),
e1209.

110.Becker C.A, Collier R.J, Stone A.E. Invited review: Physiological and
behavioural effects of heat stress in dairy cows. J. Dairy Sci. 2020, 103,
6751- 6770.

111.Tao S, Orellana Rivas R.M, Marins T.N, Chen Y.-C, Gao J, Bernard
J.K. Impact of heat stress on lactational performance of dairy cows.
Theriogenology. 2020,150, 437-444.

WebLog Open Access Publications

wjvsah.2025.j0103


http://www.weblogoa.com
https://www.mdpi.com/2076-2615/10/6/976
https://www.mdpi.com/2076-2615/10/6/976
https://www.mdpi.com/2076-2615/10/6/976
https://www.mdpi.com/2076-2615/10/6/976
https://www.sciencedirect.com/science/article/pii/S0022030222005586
https://www.sciencedirect.com/science/article/pii/S0022030222005586
https://www.sciencedirect.com/science/article/pii/S0022030222005586
https://www.sciencedirect.com/science/article/pii/S0022030222005586
https://www.sciencedirect.com/science/article/pii/S0022030222005586
https://www.sciencedirect.com/science/article/pii/S0022030223001546
https://www.sciencedirect.com/science/article/pii/S0022030223001546
https://www.sciencedirect.com/science/article/pii/S0022030223001546
https://www.sciencedirect.com/science/article/pii/S0022030223001546
https://www.sciencedirect.com/science/article/pii/S0022030223001546
https://www.sciencedirect.com/science/article/pii/S0022030223001546
https://www.mdpi.com/2624-7402/5/3/83
https://www.mdpi.com/2624-7402/5/3/83
https://www.mdpi.com/2624-7402/5/3/83
https://www.mdpi.com/2624-7402/5/3/83
https://www.sciencedirect.com/science/article/abs/pii/S0308521X14000560
https://www.sciencedirect.com/science/article/abs/pii/S0308521X14000560
https://www.sciencedirect.com/science/article/abs/pii/S0308521X14000560
https://www.sciencedirect.com/science/article/abs/pii/S0308521X14000560
https://pure.sruc.ac.uk/ws/portalfiles/portal/18133424/14861319.pdf
https://pure.sruc.ac.uk/ws/portalfiles/portal/18133424/14861319.pdf
https://pure.sruc.ac.uk/ws/portalfiles/portal/18133424/14861319.pdf
https://pure.sruc.ac.uk/ws/portalfiles/portal/18133424/14861319.pdf
https://www.frontiersin.org/journals/veterinary-science/articles/10.3389/fvets.2022.1001015/full
https://www.frontiersin.org/journals/veterinary-science/articles/10.3389/fvets.2022.1001015/full
https://www.frontiersin.org/journals/veterinary-science/articles/10.3389/fvets.2022.1001015/full
https://www.sciencedirect.com/science/article/pii/S0308521X17306340
https://www.sciencedirect.com/science/article/pii/S0308521X17306340
https://www.sciencedirect.com/science/article/pii/S0308521X17306340
https://www.sciencedirect.com/science/article/pii/S0308521X17306340
https://www.sciencedirect.com/science/article/pii/S1751731119001393
https://www.sciencedirect.com/science/article/pii/S1751731119001393
https://www.sciencedirect.com/science/article/pii/S1751731119001393
https://www.sciencedirect.com/science/article/pii/S1751731119001393
https://www.sciencedirect.com/science/article/pii/S1751731119001393
https://www.mdpi.com/2624-862X/1/1/3
https://www.mdpi.com/2624-862X/1/1/3
https://www.mdpi.com/2624-862X/1/1/3
https://www.annualreviews.org/content/journals/10.1146/annurev-animal-031412-103727
https://www.annualreviews.org/content/journals/10.1146/annurev-animal-031412-103727
https://www.annualreviews.org/content/journals/10.1146/annurev-animal-031412-103727
https://www.annualreviews.org/content/journals/10.1146/annurev-animal-031412-103727
https://pmc.ncbi.nlm.nih.gov/articles/PMC7999272/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7999272/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7999272/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7999272/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7999272/
https://www.sciencedirect.com/science/article/pii/S2666789424000163
https://www.sciencedirect.com/science/article/pii/S2666789424000163
https://www.sciencedirect.com/science/article/pii/S2666789424000163
https://www.sciencedirect.com/science/article/pii/S2666789424000163
https://www.sciencedirect.com/science/article/pii/S0022030224013742
https://www.sciencedirect.com/science/article/pii/S0022030224013742
https://www.sciencedirect.com/science/article/pii/S0022030224013742
https://www.sciencedirect.com/science/article/pii/S0022030224013742
https://www.frontiersin.org/journals/veterinary-science/articles/10.3389/fvets.2021.646672/full
https://www.frontiersin.org/journals/veterinary-science/articles/10.3389/fvets.2021.646672/full
https://www.frontiersin.org/journals/veterinary-science/articles/10.3389/fvets.2021.646672/full
https://www.frontiersin.org/journals/veterinary-science/articles/10.3389/fvets.2021.646672/full
https://www.farmanddairy.com/columns/longevity-in-dairy-cows-matters-to-climate-change/808637.html
https://www.farmanddairy.com/columns/longevity-in-dairy-cows-matters-to-climate-change/808637.html
https://www.Farmand
https://scijournals.onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.3575
https://scijournals.onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.3575
https://scijournals.onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.3575
https://scijournals.onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.3575
file:///D:/Weblog/WJRM_9022/V1/I/google.com/search?q=Lebensleistung+und+Nutzungsdauer+von+Milchk�hen+aus+der+Sicht+einer+effizienten+Milchproduktion.+Z�chtungskunde&oq=Lebensleistung+und+Nutzungsdauer+von+Milchk�hen+aus+der+Sicht+einer+effizienten+Milchproduktion.+Z�chtungskunde&gs_lcrp=E
file:///D:/Weblog/WJRM_9022/V1/I/google.com/search?q=Lebensleistung+und+Nutzungsdauer+von+Milchk�hen+aus+der+Sicht+einer+effizienten+Milchproduktion.+Z�chtungskunde&oq=Lebensleistung+und+Nutzungsdauer+von+Milchk�hen+aus+der+Sicht+einer+effizienten+Milchproduktion.+Z�chtungskunde&gs_lcrp=E
file:///D:/Weblog/WJRM_9022/V1/I/google.com/search?q=Lebensleistung+und+Nutzungsdauer+von+Milchk�hen+aus+der+Sicht+einer+effizienten+Milchproduktion.+Z�chtungskunde&oq=Lebensleistung+und+Nutzungsdauer+von+Milchk�hen+aus+der+Sicht+einer+effizienten+Milchproduktion.+Z�chtungskunde&gs_lcrp=E
file:///D:/Weblog/WJRM_9022/V1/I/google.com/search?q=Lebensleistung+und+Nutzungsdauer+von+Milchk�hen+aus+der+Sicht+einer+effizienten+Milchproduktion.+Z�chtungskunde&oq=Lebensleistung+und+Nutzungsdauer+von+Milchk�hen+aus+der+Sicht+einer+effizienten+Milchproduktion.+Z�chtungskunde&gs_lcrp=E
https://link.springer.com/article/10.1007/s10806-012-9376-0
https://link.springer.com/article/10.1007/s10806-012-9376-0
https://link.springer.com/article/10.1007/s10806-012-9376-0
https://link.springer.com/article/10.1007/s10806-012-9376-0
https://www.researchgate.net/publication/248854923_Effect_of_health_disorders_on_culling_in_dairy_cows_A_review_and_critical_discussion
https://www.researchgate.net/publication/248854923_Effect_of_health_disorders_on_culling_in_dairy_cows_A_review_and_critical_discussion
https://www.researchgate.net/publication/248854923_Effect_of_health_disorders_on_culling_in_dairy_cows_A_review_and_critical_discussion
https://www.researchgate.net/publication/248854923_Effect_of_health_disorders_on_culling_in_dairy_cows_A_review_and_critical_discussion
https://pmc.ncbi.nlm.nih.gov/articles/PMC9356254/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9356254/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9356254/
https://www.mdpi.com/2076-2615/14/17/2504
https://www.mdpi.com/2076-2615/14/17/2504
https://www.mdpi.com/2076-2615/14/17/2504
https://www.mdpi.com/2076-2615/14/17/2504
https://www.mdpi.com/2076-2615/14/17/2504
https://www.sciencedirect.com/science/article/pii/S0022030211000038
https://www.sciencedirect.com/science/article/pii/S0022030211000038
https://www.sciencedirect.com/science/article/pii/S0022030211000038
https://www.researchgate.net/publication/322992869_The_effect_of_using_quarter_individual_milking_system_MultiLactor_on_improvement_of_milk_performance_and_milk_quality_of_different_dairy_cows_breeds_in_different_farms
https://www.researchgate.net/publication/322992869_The_effect_of_using_quarter_individual_milking_system_MultiLactor_on_improvement_of_milk_performance_and_milk_quality_of_different_dairy_cows_breeds_in_different_farms
https://www.researchgate.net/publication/322992869_The_effect_of_using_quarter_individual_milking_system_MultiLactor_on_improvement_of_milk_performance_and_milk_quality_of_different_dairy_cows_breeds_in_different_farms
https://www.researchgate.net/publication/322992869_The_effect_of_using_quarter_individual_milking_system_MultiLactor_on_improvement_of_milk_performance_and_milk_quality_of_different_dairy_cows_breeds_in_different_farms
https://www.researchgate.net/publication/322992869_The_effect_of_using_quarter_individual_milking_system_MultiLactor_on_improvement_of_milk_performance_and_milk_quality_of_different_dairy_cows_breeds_in_different_farms
https://www.newsecuritybeat.org/2023/03/milking-dairy-industry-greenhouse-gas-emissions-china/
https://www.newsecuritybeat.org/2023/03/milking-dairy-industry-greenhouse-gas-emissions-china/
https://www.newsecuritybeat.org/2023/03/milking-dairy-industry-greenhouse-gas-emissions-china/
https://www.sciencedirect.com/science/article/pii/S0022030212002925
https://www.sciencedirect.com/science/article/pii/S0022030212002925
https://www.sciencedirect.com/science/article/pii/S0022030212002925
https://www.sciencedirect.com/science/article/pii/S0022030212002925
https://www.sciencedirect.com/science/article/pii/S0022030216000588
https://www.sciencedirect.com/science/article/pii/S0022030216000588
https://www.sciencedirect.com/science/article/pii/S0022030216000588
https://www.sciencedirect.com/science/article/pii/S0022030216000588
https://www.sciencedirect.com/science/article/pii/S002203022100597X
https://www.sciencedirect.com/science/article/pii/S002203022100597X
https://www.sciencedirect.com/science/article/pii/S002203022100597X
https://www.sciencedirect.com/science/article/pii/S002203022100597X
https://www.sciencedirect.com/science/article/pii/S002203022100597X
https://www.sciencedirect.com/science/article/pii/S002203022100597X
https://rmets.onlinelibrary.wiley.com/doi/10.1002/asl.1209
https://rmets.onlinelibrary.wiley.com/doi/10.1002/asl.1209
https://rmets.onlinelibrary.wiley.com/doi/10.1002/asl.1209
https://rmets.onlinelibrary.wiley.com/doi/10.1002/asl.1209
https://www.sciencedirect.com/science/article/pii/S0022030220303829
https://www.sciencedirect.com/science/article/pii/S0022030220303829
https://www.sciencedirect.com/science/article/pii/S0022030220303829
https://www.sciencedirect.com/science/article/pii/S0022030220303829
https://pubmed.ncbi.nlm.nih.gov/32173067/
https://pubmed.ncbi.nlm.nih.gov/32173067/
https://pubmed.ncbi.nlm.nih.gov/32173067/

Shehadeh Kaskous

WebLog Journal of Veterinary Science and Animal Husbandry

112.Chen L, Thorup V.M, Ostergaard S. Modelling the effects of heat stress on
production and enteric methane emission in high-yielding dairy herds. J.
Dairy Sci. 2025,108, 3956-3964.

113.Gernand E, Konig S, Kipp C. Influence of on-farm measurements for heat
stress indicators on dairy cow productivity, female fertility, and health. J.
Dairy Sci. 2019, 102, 6660-6671.

114.Menta P.R, Machado V.S, Pineiro ]J.M, Thatcher W.W, Santos J.E.P,
Vieira-Neto A. Heat stress during the transition period is associated with
impaired production, reproduction, and survival in dairy cows. J. Dairy
Sci. 2022, 105, 4474-4489.

115.Souza V.C, Moraes L.E, Baumgard L.H, Mueller N.D, Rhoads R.P,
Kebreab E. Modelling the effects of heat stress in animal performance
and enteric methane emissions in lactating dairy cows. J. Dairy Sci. 2023,
10(7), 4725-4737.

116.Chen L, Thorup V.M, Kudahl A.B, Ostergaard S. Effects of heat stress
on feed intake, milk yield, milk composition, and feed efficiency in dairy
cows: A meta-analysis. J. Dairy Sci. 2024, 107(5), 3207-3218.

117.Mackie R.I; Kim, H Kim, N.K Cann, I. Hydrogen production and
hydrogen utilization in the rumen: key to mitigating enteric methane
production. Anim. Biosci. 2024, 37(2), 323-336.

118.Henderson G, Cook G.M, Ronimus R.S. Enzyme- and gene-based
approaches for developing methanogen-specific com pounds to control
ruminant methane emissions: A review. Anim. Prod. Sci. 2018, 58, 1017-
1026.

119.Duin E.C, Wagner T, Shima S, Prakash D, Cronin B, Yanez-Ruiz D.R,

Duval S, Rumbeli R, Stemmler R.T, Thauer R.K, Kindermann M. Mode
of action uncovered for the specific reduction of methane emissions from
ruminants by the small molecule 3-nitrooxypropanol. Proc. Natl. Acad.
Sci. USA. 2016, 113(22), 6172-6177.

120.Jumper J, Evans R, Pritzel A, Green T, Figurnov M, Ronneberger O,
Tunyasuvunakool K, Bates R, Zidek A, Potapenko A, Bridgland A, Meyer
C, Kohl S.A.A, Ballard A.], Cowie A, Romera-Paredes B, Nikolov S, Jain R,
Adler ], Back T, Petersen S, Reiman D, Clancy E, Zielinski M, Steinegger
M, Pacholska M, Berghammer T, Bodenstein S, Silver D, Vinyals O,
Senior A.W, Kavukcuoglu K, Kohli P, Hassabis D. Highly accurate
protein structure prediction with AlphaFold. Nature. 2021, 596, 583-589.

12

—_

.Warkentin E, Mamat B, Sordel-Klippert M, Wicke M, Thauer RK,
Iwata M, Iwata S, Ermler U, Shima S. Structures of F420H2: NADP+
oxidoreductase with and without its substrates bound. EMBO J. 2001,
20(23), 6561-6569.

122.Kumar A, Manimekalai M.S.S, Griiber G. Structure of the nucleotide-
binding subunit B of the energy producer A1A0 ATP synthase in complex
with adenosine diphosphate. Acta Crystallogr D Struct. Biol. 2008, 64(Pt
11), 1110-1115.

123.Sneha P, Doss C.G.P. Molecular dynamics: New frontier in personalized
medicine. In: Donev R, editor. Advances in protein chemistry and
structural biology. 1st ed. Oxford, UK: Elsevier Inc, 2016. pp. 181-224.

124.Mabanglo M.F, Schubert H.L, Chen M, Hill C.P, Poulter C.D. X-ray
structures of isopentenyl phosphate kinase. ACS Chem. Biol. 2010, 5,
517-527.

WebLog Open Access Publications

10

wjvsah.2025.j0103


http://www.weblogoa.com
https://pubmed.ncbi.nlm.nih.gov/32173067/
https://www.sciencedirect.com/science/article/pii/S0022030224014346
https://www.sciencedirect.com/science/article/pii/S0022030224014346
https://www.sciencedirect.com/science/article/pii/S0022030224014346
https://www.sciencedirect.com/science/article/pii/S0022030224014346
https://www.sciencedirect.com/science/article/pii/S0022030219304497
https://www.sciencedirect.com/science/article/pii/S0022030219304497
https://www.sciencedirect.com/science/article/pii/S0022030219304497
https://www.sciencedirect.com/science/article/pii/S0022030219304497
https://www.sciencedirect.com/science/article/pii/S0022030222001436
https://www.sciencedirect.com/science/article/pii/S0022030222001436
https://www.sciencedirect.com/science/article/pii/S0022030222001436
https://www.sciencedirect.com/science/article/pii/S0022030222001436
https://www.sciencedirect.com/science/article/pii/S0022030222001436
https://www.sciencedirect.com/science/article/pii/S0022030223002680
https://www.sciencedirect.com/science/article/pii/S0022030223002680
https://www.sciencedirect.com/science/article/pii/S0022030223002680
https://www.sciencedirect.com/science/article/pii/S0022030223002680
https://www.sciencedirect.com/science/article/pii/S0022030223002680
https://www.sciencedirect.com/science/article/pii/S0022030223012122
https://www.sciencedirect.com/science/article/pii/S0022030223012122
https://www.sciencedirect.com/science/article/pii/S0022030223012122
https://www.sciencedirect.com/science/article/pii/S0022030223012122
https://pubmed.ncbi.nlm.nih.gov/38186257/
https://pubmed.ncbi.nlm.nih.gov/38186257/
https://pubmed.ncbi.nlm.nih.gov/38186257/
https://pubmed.ncbi.nlm.nih.gov/38186257/
https://www.researchgate.net/publication/299647022_Enzyme-_and_gene-based_approaches_for_developing_methanogen-specific_compounds_to_control_ruminant_methane_emissions_a_review
https://www.researchgate.net/publication/299647022_Enzyme-_and_gene-based_approaches_for_developing_methanogen-specific_compounds_to_control_ruminant_methane_emissions_a_review
https://www.researchgate.net/publication/299647022_Enzyme-_and_gene-based_approaches_for_developing_methanogen-specific_compounds_to_control_ruminant_methane_emissions_a_review
https://www.researchgate.net/publication/299647022_Enzyme-_and_gene-based_approaches_for_developing_methanogen-specific_compounds_to_control_ruminant_methane_emissions_a_review
https://www.researchgate.net/publication/299647022_Enzyme-_and_gene-based_approaches_for_developing_methanogen-specific_compounds_to_control_ruminant_methane_emissions_a_review
https://pubmed.ncbi.nlm.nih.gov/27140643/
https://pubmed.ncbi.nlm.nih.gov/27140643/
https://pubmed.ncbi.nlm.nih.gov/27140643/
https://pubmed.ncbi.nlm.nih.gov/27140643/
https://pubmed.ncbi.nlm.nih.gov/27140643/
https://pubmed.ncbi.nlm.nih.gov/27140643/
https://www.nature.com/articles/s41586-021-03819-2
https://www.nature.com/articles/s41586-021-03819-2
https://www.nature.com/articles/s41586-021-03819-2
https://www.nature.com/articles/s41586-021-03819-2
https://www.nature.com/articles/s41586-021-03819-2
https://www.nature.com/articles/s41586-021-03819-2
https://www.nature.com/articles/s41586-021-03819-2
https://www.nature.com/articles/s41586-021-03819-2
https://pubmed.ncbi.nlm.nih.gov/11726492/
https://pubmed.ncbi.nlm.nih.gov/11726492/
https://pubmed.ncbi.nlm.nih.gov/11726492/
https://pubmed.ncbi.nlm.nih.gov/11726492/
https://pubmed.ncbi.nlm.nih.gov/11726492/
https://pubmed.ncbi.nlm.nih.gov/19020348/
https://pubmed.ncbi.nlm.nih.gov/19020348/
https://pubmed.ncbi.nlm.nih.gov/19020348/
https://pubmed.ncbi.nlm.nih.gov/19020348/
https://pubmed.ncbi.nlm.nih.gov/19020348/
https://pubmed.ncbi.nlm.nih.gov/26827606/
https://pubmed.ncbi.nlm.nih.gov/26827606/
https://pubmed.ncbi.nlm.nih.gov/26827606/
https://pubmed.ncbi.nlm.nih.gov/26827606/
https://pubs.acs.org/doi/10.1021/cb100032g
https://pubs.acs.org/doi/10.1021/cb100032g
https://pubs.acs.org/doi/10.1021/cb100032g

	Title
	Abstract
	Introduction
	The Influence of Some Feed Additives or Change in Feed Ration on Reducing methane Emissions in Dairy
	The Impact of Milking Technology on Reducing Methane Emissions in Dairy Cows
	The Impact of Dairy Husbandry and Management in Dairy Farms on Reducing Methane Emissions 
	Impact of Breeding on Reducing Greenhouse Gas Emissions
	How Can Dairy Cows Maintain Their Milk Production While Reducing Greenhouse Gas Emissions in the Fac
	Computer-aided Methods for Reducing Methane Emission 
	Conclusion
	References
	Table 1
	Table 2
	Table 3
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5

