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Chapter

Climate Change Mitigation

in Livestock Production:
Nonconventional Feedstuffs and
Alternative Additives

Pamanes-Carrasco Gerardo, Herrera-Torves Esperanza,
Murillo-Ortiz Manuel and Reyes-Jdquez Damidn

Abstract

Livestock production has widely contributed to increase global production of
greenhouse gases (GHG), mostly through digestive fermentation in ruminants.
Moreover, emissions derived from livestock are estimated over 14% of the total
anthropogenic GHG emissions to atmosphere. In addition, methane emitted from
ruminal enteric fermentation is responsible for 25% of the total global methane
emissions, which turns livestock activity into a main promoter of the climate change
effect. However, these emissions may be diminished by modifying livestock diets
through alterations in forage-concentrate ratios, the supplementation of feed addi-
tives, and the inclusion of alternative feedstuffs not commonly used as forage and
protein sources in farm animal feeding. Additionally, the use of nonconventional
teedstuffs is highly recommended since their production does not compete with
human feeding and may provide metabolites used as methanogenesis suppressors.
Likewise, agricultural by-products should be considered as potential feedstuffs for
animal production by increasing the livestock efficiency and reducing the energy
losses due to methane synthesis.

Keywords: methanogenesis inhibitors, nonconventional forages, feedstuff additives,
secondary metabolites, methanogens

1. Introduction

The world’s population have substantially increased in the last decades, and it is
expected to keep increasing for the next 30 years until the population reaches 9.8
billion in 2050 [1]. Consequently, there is a growing demand for food and natural
resources for human surviving. Livestock represents a main source of protein and
energy for human consumption, as well as an important basis of financial revenues
for families at rural areas. However, this economic activity is positively correlated
to the climate change (CC) effect [2]. In the last centuries, CO, and NO, emissions
have increased 31 and 16%, respectively; whereas, methane has increased twofold.
Approximately, 40% of the methane emitted to atmosphere is originated from
natural sources [2]; the remaining 60% is originated from anthropogenic sources
(livestock, rice crops, fossil fuel exploitation, and dump).
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In this way, emissions derived from livestock are estimated over 14% of the total
anthropogenic greenhouse gases (GHG) emitted to atmosphere, which account
approximately 50 gigatons of CO, equivalents per year (GTons-CO, equiv./yr) [3].
In addition, livestock is a major non-CO, GHG producer (CH, and NO,); these gases
possess a higher trapping heat index compared to at least 25 times for CO, [3].

Climate change effect has risen the average planet temperature approximately
1°C. In fact, polar caps are melting rapidly, which have increased the sea levels as
a consequence [3]. If these trends keep on going, the CC effect will reach a non-
return point, causing irreparably damages to the planet [4]. In addition, the UN
encouraged developing countries (mainly Latin American countries) to strengthen
their efforts to avoid an increase over 1.5°C in the temperature of the planet.
Nevertheless, since CO, emissions increased substantially in the latest years, a 3°C
rise of the temperature is expected by the end of the century [5].

Due to the latter, worldwide researchers and governments attempt to mitigate
livestock gases production by changing livestock diets and offering alternative
feedstuffs as an important strategy to mitigate GHG emissions and CC effect.

2. Ruminal enteric fermentation and methanogenesis

Methanogenesis was once considered a singular type of fermentation. However,
in some respects, a very unique biochemistry is involved. The process is carried
out by strictly anaerobic bacteria, all of which belong to the phylum Euryarchaeota
in five orders that include mesophiles and thermophiles: Methanobacteriales,
Methanococcales, Methanomicrobiales, Methanopyrales, and Methanosarcinales.
Methanogens can be found in freshwater and marine environments, cold
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Figure 1.
Synergic relationship between Ruminococcus albus and methanogens (adapted from [10]).
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sediments, and hydrothermal vents as free cells living in symbiosis within animals
which produce methane as well as in symbiosis with anaerobic methane oxidation-
promoting bacteria [6].

Ruminal degradation of fiber and starch generates hexoses which later are
fermented through the glycolysis pathway. Pyruvate, as a final product of the
glycolysis, is converted into volatile fatty acids (VFA), mainly acetic, propionic, and
butyric acid, through different metabolic pathways. These VFA are rapidly absorbed
by the animal and are used as energy source, while other products such as H, and
CO, are generated. However, the hydrogen produced in the glycolysis inhibits
NADH+H" ferredoxin oxidoreductase enzyme, which impedes NAD regeneration
when a low H, pressure is present [7]. Therefore, methane production is essential
for obtaining a high-performing rumen ecosystem, because H, accumulation is
avoided, which could then inhibit dehydrogenase activity in later re-oxidation
cofactors. An efficient H, capture in the rumen contributes to increase the rate of
fermentation by the lack of its inhibitory effect on the microbial degradation of
vegetative material [8, 9]. Hence, thermodynamically methane synthesis is favored.
Figure 1 represents the synergic relationship between Ruminococcus albus and
methanogens, as an example of the expressed earlier [10].

3. Fermentation modifiers

The rumen is an anaerobic bioreactor which contains a great diversity of micro-
organisms, such as bacteria, fungi, protozoa, and archaea. From all of these, just
a few have been cultivable and virtually identified. However, the newer molecular
biology techniques have widely contributed to the identification of ruminal micro-
organisms, as well as the activity from each consortium in the ruminal fermenta-
tion. Feedstuffs’ degradation in the rumen is effectuated by microorganisms with
different goals and at different proportions. In addition, the enzymatic and degra-
dative activity of every consortium may be affected by several factors, such as diet,
season, inherent characteristics of the ruminant’s breed, geographic zone, feeding
strategies, physiological conditions, intake, etc. [11]. Hence, modification in the
ruminal fermentation can be achieved by alterations on the previously mentioned
variables, showing positive changes in efficiency and productivity of the animal.
Therefore, diverse targets have been defined through modification in the ruminal
fermentation: (a) to decrease the ruminal methane synthesis through the increase
of propionate production; (b) to improve fibers’ ruminal digestion; (c) to increase
undegradable rumen protein in order to increase the bypass protein to lower tract
which later will be absorbed by the animal through the intestine walls; and (d) to
reduce rapidly degradable carbohydrates in rumen [12]. According to the latter,
diverse options have been studied to cover two or more targets.

3.1 Nonfibrous carbohydrates

Carbohydrate fermentation is the main source of energy for the ruminant.
Quantity and quality of rapidly degradable carbohydrates, usually known as
nonfibrous carbohydrates (NFCs), depends on the feedstuff. Thus, NFCs contained
in corn (Zea mays) are mostly starch, whereas, in molasses, NFCs are mainly
composed by mono- and disaccharides. Depending on the NFC type and the
supplied feedstuff, certain pathways for synthesis may be favored. For example,
whether increases in the structural carbohydrates are observed, the propionate
synthesis pathway is enhanced. This pathway is beneficial to the animal since it
reduces methane synthesis [13]. Otherwise, an increase in mono- and disaccharides
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decreases microbial protein synthesis through reductions in the abundance of
ammonia-utilizing cellulolytic bacteria [14]. Moreover, high NFC concentrations
tend to increase VFA production which could cause ruminal acidosis.

3.2 Fibrous carbohydrates

It has been demonstrated that increases in dry matter intake reduce methane
production [15]. Moreover, increases in digestibility is expected in fibrous mate-
rial whether it is fine ground, as well as augmentations in the passage rate through
increases in the turnover rate. Therefore, if turnover rate is increased, the pas-
sage rate would also increase. Hence, through augmentations in the passage rate,
microorganisms that possess a lower growth rate, such as protozoa and archaea,
will defaunate, thus decreasing methane production [16]. Otherwise, digestibility
and methane production could be increased by increasing the retention time [17].
Additionally, by increasing the intake above the minimum for maintenance, the ani-
mal methane production will arise proportionally. This phenomenon will provoke
areduction in methane production per production unity [18]. Therefore, an animal
fed under a pasture basis will produce less methane as part of the GHG produced
compared to an animal fed with a high-concentrate or high-fiber proportion diet.

3.3 Bypass protein

The protein contained in ruminants’ feedstuffs could be divided into two
groups: degradable rumen protein (DRP) and undegradable rumen protein (URP).
The first is degraded in rumen, and it is used as a nitrogen source in the microbial
protein synthesis; the second escapes from ruminal degradation and is transported
to the lower tract where it is susceptible of being absorbed by the animal in the form
of amino acids [19]. In spite of several reasons to name it bypass protein, one of the
main characteristics is its low retention time in rumen or, the inverse action, the
high passage rate. In the case of high passage rates, microorganisms which pos-
sess a low growth rate will tend to defaunate; this is the case of the methanogens.
Thus, methanogenesis will be affected and methane production will be reduced.
Nowadays, some secondary metabolites are identified as protein protectors, by
forming complexes with proteins and avoiding their degradation in rumen. The
latter allows proteins to go through the low tract and to be absorbed after liberating
complexes due to the acidic pH in the intestine [20].

4. Feed additives

Some strategies are focused on providing feed additives to modify the presence
or absence of methanogens, protozoa, or the direct or indirect inhibition of ruminal
methanogenesis [21]. By supplementing feed additives, good results are observed
in methane production and productive performance. These strategies imply the use
of high nutritive quality forages, organic acids, ionophores, probiotics, vegetable
extractives, and secondary metabolites from different plants [22]. However, the
most used are presented and briefly discussed:

* Ionophores: lonophores are additives which possess a proved antimicrobial
effect on some ruminal and cultivable strains, especially gram-positive bacte-
ria [23]. Ionophore compounds like monensin and lasalocid have demonstrated
to modify rumen fermentation and decrease methane emissions. The latter
can be elucidated due to the fact that ionophores, as mentioned earlier, present
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affinity to hydrogen- and formate-producing, butyrate-producing, lactate-pro-
ducing, and ammonia-producing bacteria, all of them gram-positive. However,
succinate- and propionate-producing bacteria are resistant to ionophores [24].
Hence, it is assumed that reductions in the methanogenesis pathway are due

to the hydrogen capture by propionate-producing bacteria, limiting methano-
genesis through the restriction of hydrogen availability in the CO, reduction
pathway. Unfortunately, prolonged use of monensin in steers has shown a

loss of methanogenesis inhibition action and a resistance of bacteria to these
antibiotics [25].

* Homoacetogens: Homoacetogens are a group of acetate-producing bacteria
which can convert carbon dioxide into acetate using hydrogen [26]. The
acetogenesis is a competitive pathway against methanogenesis for hydrogen
use. Additionally, the production of ruminal acetate can be used as an energy
source for the animal [27]. However, the thermodynamics of the reactions are
more favorable to methanogenesis, and the use of ruminal homoacetogens as
additives did not suppress methanogenesis in all the studies [28, 29].

* Essential oils: The effect of the addition of some essential oils into methano-
genesis is through the capture of hydrogens in the biohydrogenation process of
unsaturated fatty acids in the rumen [30]. Likewise, some medium-chain fatty
acids contained in vegetable oils have demonstrated suppression of methano-
genesis through the reduction of methanogens and ciliate [31]. In addition,
some authors stated that the methanogenesis suppression with coconut oil was
due to a change in methanogens population [32].

* Yeast cultures: The most used yeast culture in livestock research is Saccharomyces
cerevisiae, and it has been used as a fermentation modifier [23]. Additionally,
yeast cultures have been used as rumen fermentation modifiers and promot-
ers of microbial growth [33]. In fact, rumen fibrolytic bacteria have a clear
preference for a nitrogen source for ammonia production, and this is enhanced
by yeast cultures for microbial protein synthesis [34]. Moreover, recent reports
have suggested the stabilization of pH through a decrease in lactate production
when using in vitro yeast cultures [35]. Thus, the antimethanogenic action is
suggested through the improvement of fiber digestion and increasing ammo-
nia-utilizing bacteria [36].

* Others: Vaccination and the use of bacteriophages are a different alterna-
tive for methane mitigation. Hence, vaccines against methanogens like
Methanobrevibacter spp. have been applied to sheep presenting methane reduc-
tions of 7.7% [37]. Likewise, the use of phagaes against rumen archaea has been
suggested by other authors as a strategy for methane abatement [22].

5. Conventional and nonconventional forage sources

As expressed before in this chapter, the increasing global population demands
for a higher feed production, converting animal feeding production into a
natural competitor for human feeding production in the search for arable lands.
Consequently, diverse researches have focused into trying different forage sources
which were not conventional as animal feeding before but now could be con-
sidered as alternative forage sources [38, 39]. Nonconventional forages include
a wide variety of perennial plants and agriculture and commercial by-products
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which do not compete with human feeding. Therefore, diverse advantages can be
observed when utilizing alternative forages such as (a) a considerable reduction

in the feeding source costs; (b) exploitation of nutrients contained in agriculture
by-products which otherwise would not be used (these by-products could be high
in rapidly digestible carbohydrates or in fiber, both suitable for ruminants); and (c)
an increase in the by-product cost which eventually will create economic benefits
for producers and the productivity chain supply. Moreover, some agricultural
by-products do not need any processing to be offered as animal feeding, hence the
desirability of these by-products. Some of the ruminants feeding produced under
this basis are:

a. Crop by-products such as garlic leaves, onion leaves, cocoa husks, coconut
meal, cracked rice, sugarcane bagasse, molasses, tapioca discards, oat straws,
and some aquatic crops like water hyacinth and azolla [38-41]

b.Perennial crops, seeds, and leaves of shrubs and trees like Leucaena, gua-
muchil, mesquite, mango, ebony, etc. [42-44]

Some farmers are still not aware of the nutritional value contained in by-
products or in the form to be included into the productivity chain of animal feeding
in an efficient way. In this regard, Asia and Africa are heavily focused on attempting
to reach this goal. Due to the nature of some agricultural by-products, these tend to
decompose in a short time. Hence, some techniques should be used to preserve and
increase their shelf life. Therefore, some of the preservation techniques commonly
used are listed as follows:

I. Silages: Many of the agricultural by-products are obtained in huge quanti-
ties due to the nature of the crops. However, the high humidity contents
contribute to a short lifetime due to the rapidly appearance of fungi and,
eventually, a decomposition. Therefore, the silage elaboration is a recom-
mended preservation method due its large periods of storage, and it can
always be offered fresh and with certain aroma provided from the fatty
acids synthetized in the lactic fermentation which will add palatability for
ruminants [45].

I1. Chemical treatments: Some agricultural residues obtained from cereal crops
are treated with chemicals to increase their digestibility. Thus, by-products
with high lignocellulosic complexes could be treated with ammonia in
anaerobic conditions to enhance lignin and fiber hydrolysis, which will
improve their digestibility [46]. However, this process requires special
plastic sheets that increases costs and could become an unaffordable process
for small producers. In this way, previous researches have reported diverse
alternatives using mud and eliminating the use of plastic sheets [47].

III. Multi-nutritional blocks: Another conservation technique which involves the
utilization of high humidity agricultural by-products is the elaboration of
multi-nutritional blocks [48]. This technology is very flexible and allows the
producer to use ingredients considered as indispensable in animal feeding.
Additionally, important nutrients could be available for longer periods of
time since the useful life of these blocks is very extensive. Although in dry
seasons, drought decreases considerably the nutritional quality of forages.
These blocks are generally offered as supplementation in livestock feeding in
rangelands as part of an extensive feeding system, and they are commonly
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elaborated to supplement vitamins and minerals, such as zinc and copper
[49]. However, recent investigations are using more ingredients to improve
their nutritional value and turn this into a more versatile practice.

IV. Supplementation: Supplementation is extensively used, especially if there is
a deficient feed due to poor nutritional quality of some ingredients. By using
this technique, some essential nutrients will be delivered to the livestock
which otherwise could not be obtained by the animal itself. Nevertheless,
the acquisition of ingredients for supplementation is unaffordable for
some small producers. On the other hand, there are certain agricultural
by-products which could be offered to the livestock and contain certain
important nutrients at very low or even null cost. In this way, shrub and tree
seeds could be a very good option. Leucaena, guamuchil, and ebony seeds
are rich in protein and unsaturated lipids; these are being used without any
affections in productive performance in small ruminants at very low cost.

In this way, shrubs and trees seeds could be a very good option. Leucaena,
Vicia faba, ebony and other seeds are rich in protein and unsaturated lipids;
these are being used without any affections in productive performance in
small ruminants at a very low cost [50-53].

6. Plant metabolites

In the last years, ruminants have been target of several feeding strategies aim-
ing to reduce ruminal methane production and emissions; most of them have been
stated earlier in this chapter. However, the use of secondary metabolites arises as a
viable and newer alternative in this concern. There is evidence which proves certain
secondary metabolites, such as condensed tannins, saponins, and alkaloids, reduce
methane production in in vivo and in vitro assays [54]. Generally, the mechanisms
of action of these compounds point out to certain metabolic pathways:

I. Tannins: Tannins are water-soluble polyphenol polymers with a high and
diverse molecular weight. They can form complexes with proteins, mainly,
and metal ions, amino acids, and polysaccharides in a lesser extent. These
metabolites are normally synthetized in shrubs, trees, legumes, fruits, cere-
als, and grains [55]. Tannins are divided into two groups: condensed tannins
(CTs) and hydrolysable tannins (HTs).

Hydprolysable tannins: These are complex molecules attached to a polyol group
as a central core which are partially or fully esterified with a phenolic group (e.g.,
gallic acid). The remaining phenolic groups could be later esterified or oxidized to
produce more complexes with HTs [55].

Condensed tannins: These compounds are also known as proanthocyanidins and
are mainly polymers of the flavan-3-ol units which are bind by interflavonoids
C3-C8 and C4-C6 linkages, such as catechin and epicatechin. The methanogenic
activity conferred to tannins is mostly due to the condensed tannins; CTs attach to
proteins and avoid their degradation in rumen. Additionally, CT decrease metha-
nogenesis through a reduction in fiber digestion [56]. Some studies affirm that CT
enhances acetate formation via acetogenesis; this metabolic pathway uses hydrogen
for acetate synthesis and reduces methanogenesis [57].

II. Saponins. According to their chemical structure, they are divided into
two groups: steroids and triterpenoids. Steroids are predominantly in
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plants and are composed of 27 carbon atoms in the central skeleton of
its molecule (e.g., spirostanol and furostanol). Otherwise, triterpenoids
are composed mainly of aglycones with 30 carbon atoms in its molecule
(e.g., oleanane) [58]. These are the most common types of saponins,
especially in legumes [59]. Methanogenic action of saponins occurs by
protozoa defaunation which is associated to methanogens. Moreover,
saponins enhance production of propionate, a natural competitor of
methane in hydrogen capture [58]. Nevertheless, some studies affirm
that methane inhibition action by saponins is dose and time dependent
and not conclusive [59].

I1I. Flavonoids. Flavonoids are phenolic compounds (like tannins); how-
ever, these contain only 15 carbon atoms linked to 2 aromatic rings
connected through a 3-carbon bridge [60]. These metabolites are
particularly studied for human purposes, and their biological benefits
to health correlated to their consumption [61]. Almost all flavonoids
are conjugated to glycosides and are common to find hydroxyl groups
in carbons with four, five, and seven positions [60]. In addition, flavo-
noids stimulate microbial metabolism and reduce methane production
through enhancing acetogenesis pathway and increasing hydrogen
capture in propionate anabolism, in a similar way as described earlier
with saponins [28, 59].

7. Other feedstuffs

Since the 1970s, ruminal microbes and their effect on ingested nutrients have
been subject of intensive research [27]. Ruminal microorganisms are crucial for the
digestive performance of animals. Addition of feedstuffs in diets of ruminants has
led to investigate their effects on the absorption and utilization of nutrients as well
as the ruminal environment and conditions. Genetically modified Escherichia coli
showed a ruminal methanogenesis mitigation effect in sheep [62]. Other researches
[63] reported that Lactococcus lactis produces nisin, which has demonstrated anti-
microbial activity against Gram-positive bacteria, resulting in a mitigation effect on
ruminal methane emission.

p1-p4 galacto-oligosaccharides (GOS), along with glucose, fructose, and starch,
present in the rumen are used by Bifidobacterium and Lactobacillus as substrates to
produce lactate and acetate. Lactate is one of the main transitional compounds during
propionate production, which competes against methanogens for available hydrogen.
As aresult, methane production can be decreased by GOS consumption [64].

7.1 Probiotics

Probiotics are commonly defined as “live micro-organisms which, when
administered in adequate amounts, confer a health benefit on the host.” Other
authors indicate that a probiotic food carries 106-107 CFU/g viable probiotic cells,
until the shelf life of the product is reached [65]. Probiotic foods contain sensitive
ingredients, such as probiotic cells that require protection against oxidative stress,
high acidity, freezing, shear stress, and other undesirable factors. Although micro-
encapsulation has been primarily used to protect bioactive ingredients due to its
advantages [66], co-extrusion technology has become an emerging alternative to
encapsulate probiotic bacteria.
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8. Extrudates and extrusion process
8.1 The use of the extrusion process in the supplementation of probiotics

Extrusion processing using oil and alginate solutions to create emulsions as
core medium [67] has found a favorable survival of probiotic L. acidophilus at 4°C
for 50 days. Over the years and because of technological advances, extrusion has
become an almost unlimited cooking processing alternative due its inherent versa-
tility. Multiple studies had focused on designing and evaluating the incorporation
of biomass, distillery by-products, fruit pomaces, agro-industrial by-products,
and dairy residues [68]. One of the main advantages of the thermal and pressure
conditions during extrusion is the inactivation of antinutritional factors, elimina-
tion of pathogens, improved digestibility, reduced level of toxins, as well as the
bitterness of some oil plants (flax, cotton, peanut, and sunflower) while achieving
the desired organoleptic characteristics by properly adjusting residence times,
specific energy absorbed, and pressure effects on the raw materials [67]. Other
authors extruded rye whole meal to decrease microbial contamination and used it
as cultivation medium for the evaluation of supplementation of dairy cow ration
with P. pentosaceus BaltBio02 (9.6 log10 CFU g~" head ™' day™") [69]. Obtained
results showed an increase (P < 0.05) of milk yield but did not affect milk composi-
tion or ruminal fermentation parameters. Lactobacillus sakei KTU 05-6 (9.6 log10
CFU g head™" day ™) was also analyzed but showed no significant impact on yield
or ruminal parameters.

On the other hand, a different study evaluated the effect of different doses of
probiotic containing 1.6 x 109 CFU/g of Bacillus licheniformis and 1.6 x 109 CFU/g
of Bacillus subtilis on in vitro digestibility of concentrates and forages [70]. These
authors concluded that 3 g head™" d™" of probiotic increased by 10.9% starch
digestibility after 12 h of incubation, indicating a promotion of NDF digestibility
in roughages and starch in concentrates, although no significant changes were
obtained of acetate, propionate, and butyrate molar ratios, possibly due to negli-
gible changes on H" concentrations that affect the environmental pH of ruminal
microorganisms [71]. An enhanced VFA production results in a pH reduction and
growth inhibition of fermenting fibrous carbohydrate bacteria, which compromise
NDF digestibility.

9. Current strategies
9.1 Methane reduction through improvement of the forage quality

There is a lot of information about supplementation of secondary metabolites,
certain additives, and increasing concentrate fraction in the diet of livestock to
abate methane emissions. However, some producers in developing countries are
not able to afford these alternatives. Otherwise, methane production in rumi-
nants in developing countries is directly correlated to a poor quality in feedstuffs
offered to livestock, by decreasing the efficiency and productivity for productive
unit [72]. In this way, the strategies that producers and researchers in developing
countries use imply the production of improved forage sources which is cheaper
than the acquisition of some supplements. Additionally, the use of these forage
sources may increase the fertility in the soil which is desirable for nitrogen fixation.
Consequently, by improving the quality and quantity of forage, the productivity
will increase, and methane production will be reduced by productive unit.
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9.2 Vaccination and chemical compounds

On the other hand, other researchers have focused their efforts on evaluating
the inclusion of protected lipids and nitrate compounds [73, 74]. In addition, the
use of some nitrate compounds showed no effect on organoleptic and nutritional
properties in edible products for ruminants [75]. However, both strategies could be
discarded by increases on fiber digestibility and a reduction of dry matter intake.
Otherwise, the acquisition and use of these compounds in livestock will substan-
tially increase production costs and market price. In the past decades, chemical
compounds were used as inhibitors in methane synthesis through vaccination or
the analogue supplementation. Nevertheless, methanogen defaunation is not a
viable long-term alternative since microorganisms are easily adaptable to different
environments. Additionally, the use of other additives, like ionophores, is forbidden
in the USA. In this way, the use of plant extractives and especially metabolites arises
as a sustainable alternative; however, there are not conclusive results which lead
to a punctual design of dietary strategies. The latter is exposed since some of these
metabolites may be present in edible products of ruminants affecting their organo-
leptic properties [76]. In addition, further studies are required to demonstrate the
effectivity of extractable compounds of plants which are well perceived by the
population as an alternative for chemical compound supplementation.

10. Conclusions

Methane and GHG mitigation in livestock is possible through different strate-
gies, most of them as dietary alterations. However, it is necessary to carry out
conclusive in vivo studies evaluating the use of metabolites and extractable plants’
compounds, as well as the use of alternative forage sources which may provide
directly these metabolites affecting the presence of ruminal methanogens and pro-
tozoa. Moreover, each region or geographic zone has different forage sources even
perennial that can be produced locally. The incorporation of these into livestock
feeding arises as a viable and sustainable alternative for mitigating GHG emissions,
especially methane.

Acknowledgements

The authors would like to acknowledge the National Council of Science and
Technology (CONACYT) for indirect support of some researchers. Likewise, the
authors would like to acknowledge the Forestry and Wood Industry Institute and
Veterinary Medicine and Husbandry Faculty of the UJED, as well as the Durango
Institute of Technology and Technological Institute of the Valle del Guadiana for the
facilities.

10



Climate Change Mitigation in Livestock Production: Nonconventional Feedstuffs and Alternative...
DOI: http://dx.doi.org/10.5772/intechopen.89433

Author details

Pimanes-Carrasco Gerardo™, Herrera-Torres Esperanzaz, Murillo-Ortiz Manuel?®
and Reyes-Jiquez Damian*

1 CONACYT, Durango State Juarez University, Durango, Dgo, Mexico

2 TecNM, Valle del Guadiana Institute of Technology, Durango, Dgo, Mexico
3 Durango State Juarez University, Durango, Dgo, Mexico

4 TecNM, Durango Institute of Technology, Durango, Dgo, Mexico

*Address all correspondence to: gerardo.pamanes@gmail.com

IntechOpen

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

11



Livestock Health and Farming

References

[1] Alexandrato N, Bruinsma J. World
agriculture towards 2030/2050: The
2012 revision. In: ESA Working Paper.
Vol. 12(03). Rome: FAO; 2012

[2] WMO. WMO Greenhouse Gas
Bulletin No. 14: The State of Greenhouse
Gases in the Atmosphere Based

on Global Observations through

2017. Geneva, Switzerland: World
Meteorological Organization; 2018

[3] Intergovernmental Panel on
Climate Change (IPCC). Summary
for policymakers. In: Climate Change
2014, Mitigation of Climate Change.
Contribution of Working Group III
to the Fifth Assessment Report of the
Intergovernmental Panel on Climate
Change. 2014

[4] UN. World ‘Nearing Critical Point
of No Return’ on Climate Change,
Delegate Warns, as Second Committee
Debates Sustainable Development.

In: Second Committee Seventy-Third

Sesién, United Nations. New York:
USA. October 2018

[5] Butler JH, Montzka SA. The

NOAA Annual Greenhouse Gas Index
(AGGI). Published online Spring 2015.
Retrieved October 5, 2015, from: http://
www.esrl.noaa.gov/gmd/aggi/aggi.
html

[6] Fenchel T, King GM, Blackburn TH.
Microbial biogeochemistry and extreme
environments. In: King G, editor.
Bacterial Biogeochemistry. Elsevier

Ltd; 2012. pp. 143-161. DOI: 10.1016/
B978-0-12-415836-8.00008-6

[7] Hegarty RS, Gerdes R. Hydrogen
production and transfer in the rumen.
Recent Advances in Animal Nutrition.

1999;12:37-44

[8] Ribeiro LG, Machado FS, Campos MM,
Guimaraes R, Tomich TR, Reis LG, et al.

12

Enteric methane mitigation strategies in
ruminants: A review. Revista Colombiana
de Ciencias Pecuarias. 2015;28:124-143.
DOI: 10.17533/udea.rccpv28n2a02

[9] McAllister TA, Newbold CJ.
Redirecting rumen methane to reduce
methanogenesis. Australian Journal of
Experimental Agriculture. 2008;48:
7-13. DOI: 10.1071/EA07218

[10] Moss AR, Jouany JP, Newbold J.
Methane production by ruminants: Its
contribution to global warming. Annals
of Zootechnia. 2000;49(3):231-254

[11] Hook SE, Wright A, Mcbride BW.
Methanogens: Methane producers of the
rumen and mitigation strategies. Archaea.
2010:945785. DOI: 10.1155/2010/945785

[12] Morgavi DP, Forano E, Martin C,
Newbold CJ. Microbial ecosystem and
methanogenesis in ruminants. Animal.
2010;4(7):1024-1036. DOI: 10.1017/
$1751731110000546

[13] Ferraro S, Mendoza G, Miranda A,
Gutierrez C. In vitro gas production
and ruminal fermentation of glycerol,
propylene glycol and molasses.
Animal Feed Science and Technology.
2009:112-154. DOI: 10.1016/j.
anifeedsci.2009.07.009

[14] Bach A, Calsamiglia S, Stern MD.
Nitrogen metabolism in the rumen.
Journal of Dairy Science. 2005;88(E9-
E21):73133-73137. DOI: 10.3168/jds.
S0022-0302

[15] Molano G, Clark H, Knight TW,
Cavanagh A. Methane emissions from
growing beef cattle grazing hill country
pasture. Proceedings of the New

Zealand Society of Animal Production.
2006;66:172-175

[16] Hegarty RS. Reducing rumen
methane emissions through elimination



Climate Change Mitigation in Livestock Production: Nonconventional Feedstuffs and Alternative...

DOI: http://dx.doi.org/10.5772/intechopen.89433

of rumen protozoa. Australian Journal
of Agricultural Research. 1999;50:
1321-1327. DOI: 10.1071/AR99008

[17] Pinares-Patino CS, Baumont R,
Martin C. Methane emissions by
Charolais cows grazing a monospecific
pasture of timothy at four stages of
maturity. Canadian Journal of Animal
Science. 2003;83(4):769-777.

DOI: 10.4141/A03-034

[18] Henry B, Charmley E, Eckard R,
Gaughan J, Hegarty R. Livestock
production in a changing climate:
Adaptation and mitigation research in
Australia. Crop and Pasture Science.
2012;63:191-202. DOI: 10.1071/CP11169

[19] Tandon M, Siddique RA. Role of

bypass proteins in ruminant production.

Dairy Planner. 2016;4(10):11-14. DOL:
10.13140/RG.2.2.16615.04003

[20] Newbold CJ, de la Fuente G,
Belanche A, Ramos-Morales E,
McEwan NR. The role of ciliate
protozoa in the rumen. Frontiers
in Microbiology. 2015;6:1313. DOL:
10.3389/fmicb.2015.01313

[21] Boadi D, Benchaar C, Chiquette J,
Massé D. Mitigation strategies to reduce
enteric methane emissions from dairy
cows: Update review. Canadian Journal
of Animal Science. 2004;84:319-335.
DOI: 10.4141/A03-109

[22] Broucek J. Options to methane
production abatement in ruminants:
A review. Journal of Animal and Plant
Sciences. 2018;28:348-364

[23] Nagaraja TG, Newbold CJ, Van
Nevel CJ, Demeyer DI. Manipulation
of ruminal fermentation. In:

Hobson PJ, Stewart CS, editors. The
Rumen Microbial Ecosystem. 2nd ed.
London: Blackie Acad. Profess; 1997.
pp- 523-632

[24] Mitsumori M, Sun W. Control of
rumen microbial fermentation for

13

mitigating methane emissions from the
rumen. Asian-Australasian Journal of
Animal Sciences. 2008;21. DOI: 10.5713/
ajas.2008.r01

[25] McCaughey WP, Wittenberg K,
Corrigan D. Methane production by
steers on pasture. Canadian Journal of
Animal Science. 1997;77:519-524.
DOI: 10.4141/A96-137

[26] Diekert G, Wohlfarth G. Metabolism
of homoacetogens. Antonie Van
Leeuwenhoek. 1994;66:209-221. DOI:
10.1007/BF00871640

[27] Orskov ER, Ryle M. Energy
Nutrition in Ruminants. London:
Elsevier Applied Science; 1990. p. 149

[28] Thauer RK, Jungermann K,
Decker K. Energy conservation in
chemotrophic anaerobic bacteria.
Bacteriological Reviews.
1977;41:100-180

[29] Lopez S, McIntosh FM, Wallace R],
Newbold CJ. Effect of adding acetogenic
bacteria on methane production by mixed
rumen microorganisms. Animal Feed
Science and Technology. 1999;78:1-9.
DOI: 10.1016/S0377-8401(98) 00273-9

[30] Benchaar C, Greathead H. Essential
oils and opportunities to mitigate
enteric methane emissions from
ruminants. Animal Feed Science and
Technology. 2011;166-167:338-355. DOL:
10.1016/j.anifeedsci.2011.04.024

[31] Dohme-Meier F, Machmueller A,
Estermann L, Pfister B, Wasserfallen P,
Kreuzer M. The role of the rumen ciliate
protozoa for methane suppression
caused by coconut oil. Letters in Applied
Microbiology. 1999;29:187-192. DOL:
10.1046/j.1365-2672.1999.00614.x

[32] Machmuller A, Soliva CR,
Kreuzer M. Methane-suppressing
effect of myristic acid in sheep as
affected by dietary calcium and forage



Livestock Health and Farming

proportion. British Journal of Nutrition.
2003;90:529-540. DOI: 10.1079/
BJN2003932

[33] Hristov AN, Varga G, Cassidy T,
Long M, Heyler K, Karnati SKR, et al.
Effect of Saccharomyces cerevisiae
fermentation product on ruminal
fermentation and nutrient utilization
in dairy cows. Journal of Dairy Science.
2010;93:682-692. DOI: 10.3168/
jds.2009-2379

[34] Newbold CJ, McIntosh FM,
Wallace R]. Changes in the microbial
population of a rumen-simulating
fermenter in response to yeast culture.

Canadian Journal of Animal Science.
1998;78:241-244. DOI: 10.4141/A97-086

[35] Marden JP, Julien C, Monteils 'V,
Auclair MR, Bayourthe C. How does live
yeast differ from sodium bicarbonate to
stabilize ruminal pH in high-yielding
dairy cows? Journal of Dairy Science.
2008;91:3528-3535. DOI: 10.3168/
jds.2007-0889

[36] McGinn SM, Beauchemin KA,
Coates T, Colombatto D. Methane
emissions from beef cattle: Effect of
monensin, sunflower oil, enzymes,
yeast, and fumaric acid. Journal of
Animal Science. 2004;82:3346-3356.
DOI:10.2527/2004.82113346x

[37] Wright AD, Kennedy P, O’Neill C,
Toovey A, Popovski S, Rea S, et al.
Reducing methane emission in sheep
by immunization against rumen
methanogens. Vaccine. 2004;22:
3976-3985. DOI: 10.1016/jvaccine.
2004.03.053

[38] Murillo OM, Herrera TE, Corral LA,
Pamanes CG. Effect of inclusion of
graded level of water hyacinth on

in vitro gas production kinetics and
chemical composition of alfalfa hay
based beef cattle diets. Indian Journal of
Animal Research. 2018;(8):52, 1298-
1303. DOI: 10.18805/ijar.11417

14

[39] Ifiiguez L. The challenges of
research and development small
ruminant production in dry

areas. Small Ruminants Research.
2011;98(1-3):12-20. DOI: 10.1016/j.
smallrumres.2011.03.010

[40] Watanabe Y, Suzuki R, Koike S,
Nagashima K, Mochizuki M, Forster R],
et al. In vitro evaluation of cashew nut
shell liquid as a methane-inhibiting
and propionate-enhancing agent of
ruminants. Journal of Dairy Science.
2010;93:5258-5267. DOI: 10.3168/
jds.2009-2754

[41] VastaV, Nudda A, Cannas A,

Lanza M, Priolo A. Alternative resources
and their effects on the quality of

meat and milk from small ruminants.
Animal Feed Science and Technology.
2008:223-246. DOI: 10.1016/j.
anifeedsci.2007.09.020

[42] Chriyaa A. The use of shrubs in
livestock feeding in low rainfall areas.
Life support systems. Land Use, Land
Cover and Soil Sciences. 2004:5

[43] Vandermeulen S, Ramirez-Restrepo
CA, BeckersY, Claessens H, Bindelle J.
Agroforestry for ruminants: A review
of trees and shrubs as fodder in
silvopastoral temperate and tropical
production systems. Animal Production
Science. 2018;58:767-777. DOI: 10.1071/
AN16434

[44] Tiemann T, Lascano C, Wettstein H,
Mayer A, Kreuzer M, Hess H. Effect of
the tropical tannin-rich shrub legumes
Calliandra calothyrsus and Flemingia
macrophylla on methane emission and
nitrogen and energy balance in growing
lambs. Animal. 2008;2(5):790-799.
DOI: 10.1017/S1751731108001791

[45] Simone GO, Telma TTB,

dos-Santos PM, Primavesi O,

Frighetto R, Lima MA. Effect of tannin
levels in sorghum silage and concentrate
supplementation on apparent



Climate Change Mitigation in Livestock Production: Nonconventional Feedstuffs and Alternative...

DOI: http://dx.doi.org/10.5772/intechopen.89433

digestibility and methane emission in
beef cattle. Animal Feed Science and
Technology. 2007;135(3-4):236-248.
DOI: 10.1016/j.anifeedsci.2006.07.012

[46] Shreck A, Buckner DC, Erickson G,
Klopfenstein T, Cecava JM. Digestibility
of crop residues after chemical
treatment and anaerobic storage. In:
Nebraska Beef Cattle Reports MP. 2011.
p. 94

[47] Ben-Salem H, Nefzaoui A,

Makkar HPS. Towards better utilization
of non-conventional feed sources by
sheep and goats in some African and
Asian countries. In: Ben-Salem H,
Nefzaoui A, Morand-Fehr P, editors.
Nutrition and Feeding Strategies of
Sheep and Goats under Harsh Climates.
Zaragoza: CIHEAM; 2004. pp. 177-187

[48] Salem H, Nefzaoui A. Feed blocks
as alternative supplements for sheep
and goats. Small Ruminant Research.
2003;49:275-288. DOI: 10.1016/
S0921-4488(03)00144-5

[49] Mohammed ID, Baulube M,
Adeyinka IA. Multi-nutrient blocks.

[: Formulation and production under

a semi-arid environment of north

East Nigeria. Journal of Biological
Sciences. 2007;7:389-392. DOI: 10.3923/
jbs.2007.389.392

[50] Mohammadabadi T,

Jolazadeh A. Replacement of alfalfa
hay (Medicago sativa L.) with subabul
(Leucaena leucocephala) leaf meal in
diets of Najdi goats: Effect on digestion
activity of rumen microorganisms.
Tropical Animal Health and
Production. 2017;49. DOI: 10.1007/
s11250-017-1330-8

[51] Martine C, Copani G,

Niderkorn V. Impacts of forage legumes
on intake, digestion and methane
emissions in ruminants. Legume
Perspectives. 2016;12:24-25

15

[52] Yanez-Ruiz DR, Martin-Garcia

Al, Weisbjerg MR, Hvelplund T,
Molina-Alcaide E. A comparison of
different legume seeds as protein
supplement to optimise the use of low
quality forages by ruminants. Archives
of Animal Nutrition. 2009;63(1):39-55.
DOI: 10.1080/17450390802611479

[53] Liischer A, Mueller-Harvey I,
Soussana JF, Rees RM, Peyraud JL.
Potential of legume-based grassland-
livestock systems in Europe: A review.
Grass and Forage Science. 2014;69(2):
206-228. DOI: 10.1111/gfs.12124

[54] Velez TM, Campos R, Sanchez-
Guerrero H. Use of plant secondary
metabolites to reduce ruminal
methanogenesis. Tropical and

Subtropical Agroecosystems.
2014;17:489-499

[55] Patra A, Saxena J. Exploitation
of dietary tannins to improve rumen
metabolism and ruminant nutrition.
Journal of the Science of Food and
Agriculture. 2011;91:24-37. DOI:
10.1002/jsfa.4152

[56] Naumann HD, Tedeschi LO,

Zeller WE, Huntley NF. The role of
condensed tannins in ruminant animal
production: Advances, limitations and
future directions. Revista Brasileira de
Zootecnia. 2017;46(12):929-949. DOI:
10.1590/s1806-92902017001200009

[57] Becker PM, Van Wikselaar G,
Franssen M, De Vos Ric M, Hall R,
Beekwilder J. Evidence for a hydrogen-
sink mechanism of (+)catechin-
mediated emission reduction of the
ruminant greenhouse gas methane.
Metabolomics. 2014;10. DOI: 10.1007/
s11306-013-0554-5

(58] Thakur M, Melzig M, Fuchs H,
Weng A. Chemistry and pharmacology
of saponins: Special focus on cytotoxic
properties. In: Botanics: Targets and
Therapy. 2011. p. 1. DOI: 10.2147/BTAT.
S17261



Livestock Health and Farming

[59] Patra A, Saxena J. The effect and
mode of action of saponins on the
microbial populations and fermentation
in the rumen and ruminant production.
Nutrition Research Reviews.
2009;22:204-219. DOI: 10.1017/
S0954422409990163

[60] Crozier A, Jaganath IB,

Clifford MN. Phenols, polyphenols and
tannins: An overview. In: Crozier A,
Clifford MN, Ashihara H, editors. Plant
Secondary Metabolites Occurrence
Structure and Role in the Human Diet.
Chennai, India: Blackwell Publishing;
2006. pp. 1-24

[61] Yao LH, You-Ming J, Francisco
SJT-B, Nivedita D, Riantong S,

Shuang C. Flavonoids in food and their
health benefits. Plant Foods for Human
Nutrition. 2004;59:113-122. DOI:
10.1007/s11130-004-0049-7

[62] Sar C, Mwenya B, Pen B, Takaura K,
Morikawa R, Tsujimoto A, et al. Effect
on ruminal administration of Escherichia
coli wild type or a genetically modified
strain with enhanced high nitrite
reductase activity on methane emission
and nitrate toxicity in nitrate-infused
sheep. British Journal of Nutrition.
2005;94:691-697. DOI: 10.1079/
BJN20051517

[63] Sar C, Mwenya B, Pen B,

Morikawa R, Takaura K, Kobayashi T,

et al. Effect of nisin on ruminal methane
production and nitrate/nitrite

reduction in vitro. Australian Journal of
Agricultural Research. 2006;56:803-810.
DOI: 10.1071/AR04294

[64] Gamo Y, Mii M, Zhou XG,

Sar C, Santoso B, Arai I, et al. Effects

of lactic acid bacteria yeasts and
galactooligosaccharide supplementation
on in vitro rumen methane production.
In: Takahashi ], Young BA, editors.
Proceedings of the 1st International
Conference on Greenhouse Gases

and Animal Agriculture (GGAA),
Obihiro, Japan, 7-11 Nov. 2001, Obihiro,

16

Hokkaido, Japan. 2001. pp. 371-374.
Journal of Animal Science. 2008;86
(14 Suppl):E287-E292

[65] Saarela M, Mogensen G, Fonden R,
Matto J, Mattila-Sandholm T. Probiotic
bacteria: Safety, functional and

technological properties. Journal of
Biotechnology. 2000;84:197-215

[66] Sun-Waterhouse D, Peyta L,
Wadhwa SS, Waterhouse G. Storage
stability of phenolic-fortified avocado
oil encapsulated using different
polymer formulations and co-extrusion
technology. Food and Bioprocess
Technology. 2011;5. DOI: 10.1007/
s11947-011-0591-x

[67] Tanvi S, Sun-Waterhouse D,

Brooks J. Co-extrusion encapsulation of
probiotic Lactobacillus acidophilus alone
or together with apple skin polyphenols:
An aqueous and value-added delivery
system using alginate. Food and
Bioprocess Technology. 2014;7. DOI:
10.1007/s11947-013-1129-1

[68] Harper JM. Food extruders and their
applications. In: Mercier C, Linko P,
Harper JM, editors. Extrusion Cooking.
St. Paul, MN: American Association of
Cereal Chemists, Inc; 1989. pp. 1-16

[69] Lele V, Zelvyte R, Monkeviciene I,
Kantautaite J, Stankevicius R. Milk
production and ruminal parameters

of dairy cows fed diets containing
Lactobacillus sakei KTUO05-6 and
Pediococcus pentosaceus BaltBio02. Polish
Journal of Veterinary Sciences, Warsaw.
2019;22(2):327-335. DOI: 10.24425/
pjvs.2019.129224

[70] Oliveira CA, Sousa DO, Penso JF,
Menegucci PF, Silva LFP. Effect of
different doses of a Bacillus-based
probiotic on the in vitro digestibility

of concentrates and forages. Journal of
Animal Science. 2016;94 (Suppl. 5):654.
DOI: 10.2527/jam2016-1353

[71] Pinho RMA, Santos EM, de
Oliveira JS, Gleidson GPC, Alves JP.



Climate Change Mitigation in Livestock Production: Nonconventional Feedstuffs and Alternative...
DOI: http://dx.doi.org/10.5772/intechopen.89433

Relationship between forage neutral
detergent fiber and non-fibrous
carbohydrates on ruminal fermentation
products and neutral detergent

fiber digestibility in goats. Revista
Colombiana de Ciencias Pecuarias
Medellin. 2019;32(2):126-138. DOI:
10.17533/udea.rccpv32n2a06

[72] Berhanu Y, Olav L, Nurfeta A,
Angassa A, Aune ]. Methane emissions
from ruminant livestock in Ethiopia:
Promising forage species to reduce CH,
emissions. Agriculture. 2019;9:130.
DOI: 10.3390/agriculture9060130

[73] Latham EA, Anderson RC,
Pinchak WE, Nisbet DJ. Insight on
alterations to the rumen ecosystem by
nitrate and nitrocompounds. Frontiers
in Microbiology. 2016. DOI: 10.3389/
fmicb.2016.00228

[74] Storry EJ, Brumby EP, Tuckley B,
Welch AV, Stead D, Fulford JR. Effect
of feeding protected lipid to dairy cows
in early lactation on the composition
of blood lipoproteins and secretion

of fatty acids in milk. The Journal of
Agricultural Science. 1980;94:503-516.
DOI: 10.1017/50021859600028495

[75] Chengjian Y, Rooke J, Cabeza I,
Wallace J. Nitrate and inhibition of
ruminal methanogenesis: Microbial
ecology, obstacles, and opportunities
for lowering methane emissions
from ruminant livestock. Frontiers in
Microbiology. 2016;7. DOI: 10.3389/
fmicb.2016.00132

[76] Vaikundamoorthy R, Zhen S,
Hwang I. The potential role of
secondary metabolites in modulating
the flavor and taste of the meat. Food
Research International. 2019;122. DOI:
10.1016/j.foodres.2019.04.007

17



