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Climatic change
Methane Climate change limits the release of radiation from the earth’s
Bovines Dual Purpose atmosphere, a product of the accumulation of greenhouse gases (GHG) such
Grazing as CO,, methane, ammonia, among others. Ruminants contribute methane to
Supplementation the atmosphere when fed with low quality forage diets, which in the light of

different conservationist organizations, qualifies them as major pollutants.
When Venezuela signed the Kyoto Protocol in 2004, it undertook to establish
a GHG measurement system, as well as scientific research on the subject;
however, there are still no research groups in the country dedicated to the
permanent measurement of GHG contributions from these production
systems. Grazing pastures and forages of medium to low quality, with high
contents of cell wall of low degradability, produce a positive balance towards
the generation of methane of enteric origin, which could be mitigated if these
feeding schemes are improved, tending to improve the digestibility of basic
diets. Methane production by these production systems in the state of Zulia
is calculated at 209 Gg, 7.1 % of the total inventoried at the national level,
however, the lack of research in this area, as well as of systematic inventories
of local herds, prevents obtaining accurate data in this regard.
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Resumen

El cambio climatico limita la liberacion de radiacion de la
atmosfera terrestre, producto de acumulacion de gases de efecto
invernadero (GEI) como el CO,, metano, amoniaco, entre otros.
Los rumiantes aportan metano a la atmodsfera al ser alimentados
con dietas forrajeras de baja calidad, lo que a la luz de diferentes
organizaciones conservacionistas, les califica como grandes
contaminantes. Venezuela al suscribir el Protocolo de Kyoto en 2004
se compromete a establecer un sistema de medicion de GEI, asi
como investigacion cientifica al respecto, sin embargo, actualmente
alin son inexistentes en el pais los grupos de investigacion dedicados
a la medicion permanente de los aportes de GEI por parte de estos
sistemas de produccion. La alimentacion basada en pastos y forrajes
de mediana a baja calidad, con altos contenidos de pared celular de
baja degradabilidad, producen un balance positivo hacia la generacion
de metano de origen entérico, lo que podria mitigarse si se mejoran
dichos esquemas alimenticios a fin de mejorar la digestibilidad de
las dietas basicas. La produccion de metano por estos sistemas de
produccion en el estado Zulia, se calculan en 209 Gg, es decir, 7,1
% del total inventariado a nivel nacional, sin embargo, la carencia de
investigacion en esta area, asi como de inventarios sistematicos de
rebafos locales, impide obtener datos certeros en este sentido.

Palabras clave: cambio climatico, Metano, Bovinos Doble Propdsito,
Pastoreo, Suplementacion.

Resumo

A mudanga climatica limita a libera¢ao de radia¢ao da atmosfera
terrestre como resultado do actimulo de gases de efeito estufa
(GEE), como CO,, metano, amonia, entre outros. Os ruminantes
contribuem com metano para a atmosfera ao serem alimentados
com dietas de forragem de baixa qualidade, o que, de acordo com
varias organizacdes de conservagdo, os qualifica como grandes
poluentes. Quando a Venezuela assinou o Protocolo de Kyoto em
2004, comprometeu-se a estabelecer um sistema de medigdo de
GEE, bem como pesquisas cientificas a esse respeito. No entanto,
ainda ndo existem no pais grupos de pesquisa dedicados a medigao
permanente das contribuicdes de GEE desses sistemas de producao.
As pastagens e forragens de média a baixa qualidade, com alto teor de
parede celular e baixa degradabilidade, produzem um saldo positivo
na geracdo de metano de origem entérica, que poderia ser mitigado
se esses esquemas de alimentag@o fossem aprimorados por meio da
melhoria da digestibilidade das dietas basicas. A producdo de metano
por esses sistemas de producdo no estado de Zulia ¢ estimada em
209 Gg, 7,1 % do total nacional. No entanto, a falta de pesquisas
nessa area, bem como a falta de inventarios sistematicos dos rebanhos
locais, nos impede de obter dados precisos a esse respeito.

Palavras-chave: mudangas climaticas, Metano, Gado de dupla
finalidade, Pastagem, Suplementagéo.

Introduction

Despite being one of the most important oil producers in the world,
Venezuela is a country that contributes a low level of Greenhouse Gas
(GHG) emissions, a similar situation in the case of methane of enteric
origin (MARNR, 2005). In 1994, Venezuela ratified the United Nations
Framework Convention on Climate Change (UNFCCC) and in 2004

acceded to the Kyoto Protocol through Official Gazette No. 38.081 of
December 7, 2004 (Venezuela, 2004, 2010). Venezuela’s adherence to
this convention imposes a series of commitments to be fulfilled, such
as the generation of inventories of GHG emissions by source and their
absorption by sinks, updated periodically; development of national
and/or regional programs to mitigate climate change and adapt to
the potential effects, strengthening scientific and technical research,
promoting the development of technologies, practices and processes
to control, reduce or prevent anthropogenic GHG emissions.

Reading the document of the First National Communication
on Climate Change in Venezuela (MARNR, 2005), the lack of
institutions and research groups actively registering GHG emissions
scientific data, especially in agricultural production systems, is clearly
documented. This leads the discussion to the non-existence of GHG
emission estimates in livestock production systems in Venezuela,
which places the country in a condition of non-compliance with the
commitments acquired with the adhesion to the convention.

On the other hand, ruminant feeding in these systems is based
on medium to low quality pasture and forage, which implies a high
contribution of methane to the atmosphere (Niggli et al., 2009; Vargas
etal.,2012). However, the supplementation options used by livestock
producers are usually commercial concentrate feeds or raw materials
with high contents of easily digestible carbohydrates, which favor the
digestion of the base diet and consequently, a decrease in emissions
(Hristov et al., 2013).

At present, the product of a political and economic crisis that has
driven the costs of goods and services to a state of hyperinflation,
as well as the foreign origin of raw materials for the formulation of
concentrated feed, an activity highly dependent on foreign currencies
controlled and limited by the state, are factors that have increased the
costs of these supplements. This situation has resulted in a decrease in
production levels in dual-purpose livestock, but also in an increase in
the generation of GHGs such as methane and, consequently, a decrease
in the efficiency of dietary energy use (Waghorn and Hegarty, 2011;
Vargas et al., 2012).

Under a situation like the one described, it is necessary to
generate research oriented to the efficient use of pastures and forages
as basic feeds in the diet of ruminants, as well as the valuation of
supplementary raw materials whose detailed knowledge of chemical
composition, digestibility and biological quality in general, will allow
a rational use that complements the basic pasture and guarantees an
optimal rumen functioning, with minimum emission of GHGs such
as methane.

The objective of this review is to analyze the existing information
in the literature on ruminant feeding systems and, based on the
available regional herd data, to calculate the production of enteric
methane by these herds in order to determine if there really is a high
contribution of this gas to the pool of GHG produced in the country.

Methods

This review is referred to the calculation of methane production
by regional bovine herds, however, the inexistence of specialized
national literature on this aspect of digestive physiology in Venezuelan
institutions, lead to the use of literature originated in other latitudes,
where there is the capacity to carry out measurements of methane
production of enteric origin under different experimental conditions.
This bibliographic support allowed documenting the physiological
and metabolic processes that give rise to methane as a result of the
use of different dietary regimes; however, it is pointed out that such
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information is generated under genetic, productive, climatic and
dietary conditions very different from Venezuelan conditions.

Literature was used preferably with a feeding management
based on grazing or by the inclusion of vegetable sources for animal
feeding, however, for the purpose of contrasting different dietary
schemes, articles that used some type of strategic supplementation
through concentrated feeds or raw materials were also considered. It is
important to point out that predominantly, research on this subject has
been carried out in countries with strengths in these measurements.
Thus, to document basic principles, classical literature (Church,
1988; Johnson and Johnson, 1995, Kurihara et al., 1999), necessary to
record the physiological basis of ruminant GIT, as well as the role of
the ruminal microbiota in the production of GHG (Hoover and Miller,
1991), was found. Similarly, opinions of environmental organizations
such as Greenpeace (2009, 2018) and journalists such as Lombardero
(2007) are documented, necessary to discuss the stigmatization and
defense of ruminants as GHG generators.

Regional Estimates of Enteric Methane Production

The Intergovernmental Panel on Climate Change (IPCC)
generates scientific information on the current state of climate change
and potential impacts on the environment and economy (IPCC, 2006,
2019; Smith et al., 2014). In the 1996 IPCC Guidelines and Good
Practice Guidance (IPCC, 1996), the simplest and most common
methodological approach to combine information on the extent
to which human activity takes place (called activity data or DA) is
performed with coefficients that quantify emissions or removals per
unit of activity. These are called Emission Factors (EF). The basic
equation is therefore: Emissions = DA x EF.

IPCC methodologies use the concepts of good practices alluding
to the care of overestimates and uncertainties; “Tiers” referring to
levels of complexity, from the use of values reported in literature
to the use of models based on feed quality and productive states
of the herd; key categories to refer to the constituent age groups of
the regional herds; among other key concepts for the definition of
particular regional conditions. In a recently revised version, the IPCC
manual (2019) points out the use of Tier 2 or 3 methodologies, for
which it is necessary to have gross energy consumption (GEC) figures
and methane conversion factors for specific categories of livestock
or models based on the consumption of specific nutrients; however,
since there is no research of this type in Venezuela, this methodology
cannot be used.

On the other hand, in the methodology described in IPCC (2006),
it specifies that the main livestock categories and subcategories can
be classified according to the guidelines in Table 1, which are adapted
to the livestock categories used in dual purpose production systems
(DPPS) in the Maracaibo Lake basin.

For the purposes of this review, the Tier 1 methodology was used,
which consists of EF derived from the literature, which is multiplied
by the number of animals present in a country. These factors have also
been suggested by IPCC (2006) according to the type of animal and
geographical location, factors similar to those presented by Ungerfeld
et al. (2018), which correspond to 72 kg.head.year! for dairy cows
and 56 kg.head'.year' for other types of animals (beef cattle, bulls,
calves, heifers). However, IPCC (2019) made changes for these FE,
for which it introduces the classification of high (3,400 kg milk.
head'.year') and low production (1,250 kg milk.head'.year") dairy
production systems, the latter classification in which Venezuelan
production systems fall. In this sense, IPCC (2019) specifies 78
kg.head'.year! for dairy cows and 58 kg.head'.year! for other types
of animals (beef cattle, bulls, calves, heifers).

Table 1. Representative livestock categories.

Main livestock

. Livestock subcategories
categories

High-producing cows that have calved at least once
and are used primarily for milk production.
Low-producing cows that have calved at least once
and are used primarily for milk production.

Mature milking cows
or buffaloes

Females
Cows used to produce calves for meat
Cows used for more than one productive purpose:
milk, meat, leather.
Males
Bulls used primarily for reproductive purposes
Steers used mainly for traction

Other mature cattle
or non-lactating
buffaloes

Preweaned calves
Replacement heifers
Growing cattle or buffaloes/post-weaning calves
Confinement cattle fed diets >90 % concentrates

Source: IPCC (2006, 2019).

Growing cattle or
buffaloes

The non-existence of national herd inventories available for
consultation prevents having official figures for their use in the
calculations pursued in this document; however, it was necessary
to use indirect sources, such as FAO’s FAOSTAT database (2023),
which has an inventory of the Venezuelan herd until the year 2021
of 16,221,020 cattle. On the other hand, the Venezuelan Minister of
People’s Power for Productive Agriculture and Lands, in October
of this year, referred on the social network Twitter that Venezuela
has 17,292,202 animals to date, of which 11,931,619 females and
5,360,583 males, while the state of Zulia has 18.60 % of the herd
and is the largest producer (Castro, 2023). The proportions referred
by Castro (2023), the only official source of this information, allow
calculating a herd of 3,216,350 animals for the state of Zulia. From
the ULA-CIAAL (2011) document, a proportion of cows of 35 %
can be extracted, which results in 1,125,723 cows and the rest of the
age categories in 2,090,627 animals, estimated inventories that were
used for the calculation of CH, of enteric origin incorporated into the
environment.

Discussion

Ruminant feeding

Ruminants have become one of the most important species from
the agri-food point of view, due to the production of milk and meat
that serve as a source of protein for the human diet, as well as other
benefits, such as work and companionship. These animals feed on
plant species, predominantly grasses, which in turn serve as substrate
for the microorganisms that cohabit the rumen, predominantly
bacteria, fungi, protozoa and bacteriophages (Dearing et al., 2017;
Wang et al., 2017; Xia et al., 2020).

In the Venezuelan DPPS, crossbred Bos taurus % Bos indicus
animals are fed grazing as a basic diet (Urdaneta, 2009). Pena et
al. (1997) and Pariacote et al. (2012) report that in the Rosario and
Machiques de Perija municipalities of Zulia state, this livestock
production system predominates, using Brahman, Holstein and Brown
Swiss breeds with different levels of crossbreeding and grazing on
grasses with high proportion of cell wall contents (Adesogan et al.,
2019).
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These grasses are fermented by rumen microorganisms producing
volatile fatty acids (VFA) that feed the energy metabolism of these
animals, taking advantage of their capacity to degrade cellulose
(Church, 1988; Reyes Gutiérrez, 2012). Grazing of tropical grasses,
incorporating structural carbohydrates in different proportions,
produces more methane and promotes a higher acetic acid:propionic
acid ratio than fermentation of non-structural carbohydrates (Hyland
etal.,2016; Valencia-Salazar et al., 2022). In these diets, energy losses
to form methane are 8 to 12 % of the gross energy (GE) consumed
by the animal, but in the case of diets where commercial concentrates
(more than 90 % grain and high energy) are incorporated, methane
losses can be as low as 2 to 3 % of GE intake (Johnson and Johnson,
1995; Methol, 2005; Hyland et al., 2016).

Cattle production systems are the main producers of methane
among domestic ruminants, generating 7-9 times more methane
than sheep and goats. In cattle and other ruminants, approximately
80 % of methane is generated in the rumen, a product of cellulose
digestion by rumen microorganisms, while about 20 % comes
from the decomposition of fecal matter (Roman and Hernandez-
Medrano, 2016). At the rumen level, the conversion of CO, to CH,
in microbial fermentative processes confers to the carbon product of
this conversion a Global Reheating Power (GRP) 21 times greater
than CO, (de Blas et al., 2008). As a result of these processes,
carbohydrates and proteins are cleaved to their simplest chemical
elements, such as monosaccharides and amino acids, which are
assimilated by microorganisms by specific metabolic pathways and
result in volatile fatty acids (VFA), CO,, CH, and heat (McDonald et
al., 1979; Vargas et al., 2012).

When analyzing the phenomenon physiologically, the production
of enteric methane in ruminants is carried out by pathways that
require important energetic inputs, which are provided by the diet.
There are several dietary factors that affect the digestion process
of raw materials in the ruminant GIT, among them the relationship
between the consumption of pasture, forage and concentrate feeds.
Animals with high contents of concentrates are subject to a decrease
in the pH of the rumen content due to a high digestibility of this
product and a decrease in the buffering power of this medium due to
a dilution effect of the forage content. This decreases the populations
of cellulolytic flora to the benefit of amylolytic flora, which decreases
fiber digestion, leading to a decrease in acetic acid production and
an increase in propionic acid, which in turn leads to a decrease in
pH by release of protons (H,) increasing enteric methane production
(Oldham et al., 1977; Johnson and Johnson, 1995; de Blas et al.,
2008; Vargas et al., 2012).

Dietary factors and enteric methane emission in ruminants

The incorporation of highly digestible diets improves the use of
the energy contained in their carbohydrates, which translates into a
decrease in methane emissions. There are pasture species that are
more efficient in milk production, partly because of their low enteric
methane production due to a greater efficiency in protein and energy
metabolism. Likewise, as the age of the plant increases, methane
production increases due to the effect of the increase in lignocellulosic
fractions (Carmona et al., 2005).

The non-utilization of energy due to methane gas production
is due to many factors: amount and type of feed, manipulation of
ruminal fermentation, addition of lipids, type of carbohydrate in the
diet and processing of forages (Carmona et al., 2005). These factors, if
controlled or manipulated, could become efficient alternatives for the
control of this type of emissions. Chandramoni et al. (2000) evaluated

different proportions of forage and concentrate feed incorporation
(F:C; 92:8, 50:50 and 30:70) in confinement sheep, recording the
production of methane of enteric origin in relation to gross energy
and found that in the diet with a high proportion of forages (92:8),
methane production was higher (3.93 %) than in 50:50 and 30:70
(3.34 % and 2.98 %, respectively). The findings of these researchers
led to the conclusion that less methane is produced in starch-rich diets
than in high-fiber diets.

The inclusion of supplements high in easily digestible
carbohydrates promotes changes in the ruminal microflora towards an
increase in amylolytic populations, which translates into a decrease
in the digestion of fibrous fractions, leading to a lower proportion of
acetate and a higher proportion of propionate (Oldham et al., 1977).
This metabolic scenario drives the rumen environment towards a
lower methane emission as described by Van Kessell and Russell
(1996).

In the Venezuelan DPPS, the use of commercial concentrate feeds,
alternative raw materials (produced or not within the production unit)
or agro-industrial by-products, traditionally constituted the elements
used as feed materials to make up for the deficiencies inherent to the
medium to low quality of pastures and forages used as basic diet in
ruminants.

In a review by Ungerfeld et al. (2018), the processes by which,
carbohydrates during glycolysis and oxidative decarboxylation
of pyruvate to acetyl-CoA, reduce cofactors that are reoxidized to
continue ruminal fermentation are summarized; these cofactors
transfer electrons to protons forming H,, which is transferred from
the fermenting organisms to methanogenic Archaea, which use it to
reduce CO, to CH, (Carmona et al., 2005).

Methane, the main electron sink in the rumen, during propionate
formation also incorporates metabolic hydrogen from reduced
cofactors. Thus the production of acetate, and to a lesser extent
butyrate, from hexoses results in the release of reducing equivalents
that will be mostly available for methanogenesis, while propionate
production incorporates reducing equivalents competing with CH,
formation (Bonilla-Sandi et al., 2020).

While it is true that there is a direct relationship between the level
of dry matter intake and CH, production (Hristov et al., 2013), it is
also true that the nutritional composition of the diet plays an important
role in CH, production. The presence of insoluble cell wall fiber in the
diet favors a higher acetate:propionate ratio and, consequently, higher
CH, production. In contrast, fermentation of soluble carbohydrates
results in lower CH, production (Rivas-Martinez et al., 2023).

Estimation of methane production in ruminants

Advances in the understanding of ruminal fermentation have
allowed the development of mathematical models for the prediction
of enteric methane emission in ruminants. Hristov et al. (2013) and
Ungerfeld ef al. (2018) have generated prediction equations with
different levels of complexity, estimating such emissions by relating
different productive stages, chemical composition of the diet, animal
products such as milk fat, or with animal behavior such as feed intake
or with live weight.

Johnson and Johnson (1995) in a detailed review of different
aspects related to CH, emissions in ruminants, state that when daily
feed intake (DFA) increases, the percentage of dietary GE lost as CH,
(Y ) decreases on average 1.6 % per level of intake, however, the
linear mathematical model to predict this decrease fails and therefore
limits its extrapolation from laboratory to field. When highly available
carbohydrates are fed at limited intakes, high fractional CH, losses
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occur, while at high intakes of highly digestible diets, low fractional
CH, losses occur.

Yan et al. (2000) after a meta-analysis similar to the previous one
developed CH, prediction models based on digestible energy intake
(DEC) including silage acid detergent fiber (ADF) (or DMI ratios)
and feed intake level. However, in the review by Hristov et al. (2013)
it is concluded that the validity of ¥ _is questionable, since according
to Ellis et al. (2010), this parameter does not have the ability to
differentiate between a change in CH, produced due to an increase in
DMI and a change in CH, due to increases in dietary fat content, to
which they propose to express energy losses in CH, based on GE (or
per unit of animal product), which will more adequately reflect forage
quality and other mitigation practices, such as the inclusion of grains
or fats in diets.

For growing, grazing-fed lambs, Hegarty et al. (2010) proposed
the following relationships between feed intake, digestibility (55 to
85 %) and CH, production:

* The increase in DMI is associated with a linear increase
in average daily weight gain (ADG), with the rate of ADG
higher in feeds of higher digestibility.

*  The increase in DMI is associated with an increase in CH,
production. In diets with low to moderate digestibility, such
as those in Australian extensive grazing systems, CH, release
per unit of additional intake is greater than when there is a
high intake of highly digestible feeds.

*  CH, production per unit of metabolizable energy (ME) intake
is lower in diets with high energy densities.

* Although an increase in the intake of any diet reduces the
intensity of emissions in the growth phase (g CH,.kg"! LWG),
the intensity of emissions at any DMI level is lower in highly
digestible feeds than in low digestible feeds.

*  Small changes in energy intake result in small changes in CH,
production, but large changes in the productive performance
of the animal.

In the meta-analysis of Hristov et al. (2013) a total of 377
observations were analyzed, which allowed to ensure with an R? =
0.86 that DMI (specifically digestible OM) is the most important
promoter of CH, production in ruminants, so that the dietary effect
and forage quality on intake is of utmost importance. The authors
clarify that, when using such an equation, the prediction error could
be higher with increases in DMI, since changing DMI to a narrower
range (ie. 10 % increase from approximately 18 to 20 kg.day™) would
result in higher variability, making further research necessary to
nurture these predictions.

Dry matter intake and DE are the most important determinants
of milk and meat production, but the meta-analysis by Hristov et
al. (2013) did not include increased production or decreased enteric
CH, relative to production when increasing DMI. CH, increases with
increasing DMI, but if this phenomenon is viewed from a lens of
increased milk and meat production, CH, decrease would only be
achieved with increased feed efficiency and genetically determined
productive potential in herds that would tend to be lower in high-tech
production systems.

Enteric methane contributions

Industrial processes and the burning of fossil fuels make a
significant contribution of GHGs, which have been estimated
and discussed in the workshops of the IPCC, a body established
by the United Nations Environment Program (UNEP) and the
World Meteorological Organization (WMO) to generate scientific

information on the current state of climate change and possible
impacts on the environment and the economy (Smith ez al., 2014).

According to the results of those workshops, agriculture contributes
about 14 % of GHGs, while, of these, methane occupies 18 %, and
animal agricultural production systems about 20 %, mostly due to
enteric fermentation (Smith et al., 2014). On the other hand, some
environmental conservationist organizations have pointed to cattle
as the main species responsible for this phenomenon. Greenpeace
(2009) in Brazil, points to the cattle-producing meat activity, not only
for the deforestation of 19,368 km? per year of the Brazilian Amazon
rainforest, but, consequently, for the increase of GHGs resulting from
this activity. The subsidiary of this same global organization in Spain,
ensures that, in this country, the livestock sector emitted in 2015 more
than 86 million tons of CO,  originated in the production of fodder
and grains for animal feed, followed by methane emissions produced
in the digestion of ruminants (Greenpeace, 2018).

In Venezuela, the extinct Ministry of Environment and Renewable
Natural Resources (MARNR), in inter-institutional workshops,
yielded figures of 2,950 Gg total CH,, while enteric fermentation
registers 757.2 Gg, i.e. 25.7 % of the total produced in the country.
For Zulia state, the national herd data referred to by Castro (2023)
and the EFs specified by IPCC (2006; 2019) and Ungerfeld et al.
(2018), allow calculating an estimated 209 Gg of CH, contributed by
this herd, which represents 7.1 % of the total CH, inventoried at the
national level and 27.6 % of the CH, of enteric origin reported in the
MARNR report (2005). Although these calculations place Venezuela
in very conservative conditions with respect to GHG emissions to the
atmosphere, it is also true that they should be taken with caution, since
the data were not produced under the conditions of the productive
systems, nor under Venezuelan agro-climatic conditions.

Conclusions

The feeding of grazing ruminants, based on the consumption of
high proportions of vegetable cell walls, generates a greater proportion
of methane of enteric origin in animal production systems.

The incorporation of supplements that improve the digestibility
of basic forage diets helps to reduce the generation of methane
of enteric origin in grazing ruminants, which also leads to a more
efficient productive performance, being able to achieve a shorter
stay of animals within the system, which translates into a lower
contribution of methane to the group of GHG that are incorporated
into the environment.

According to calculations made on the basis of data generated
by governmental institutions, the contribution of methane of enteric
origin was about 209 Gg, that is, 7.1 % of the total inventoried in
Venezuela, estimates that should be considered with caution, given
the foreign origin of the partial data used.

At present, Venezuela does not have scientific work teams with
the technological capabilities or research projects that contemplate
the permanent monitoring of GHG emissions produced in ruminant
production systems. However, there are laboratories in different
university or research institutions in the state, which have a
minimum installed capacity and the human talent to implement such
measurement systems.

Literature cited

Adesogan, A.T., Arriola, K.G., Jiang, Y., Oyebade, A., Paula, E.M., Pech-
Cervantes, A.A., Romero, J.J., Ferraretto, L.F., & Vyas, D. (2019).

This scientific publication in digital format is a continuation of the Printed Review: Legal Deposit pp 196802ZU42, ISSN 0378-7818.



6-7 | Vergara-Lopez. Rev. Fac. Agron. (LUZ). 2023, 40 (Supplement): e2340Spl05

Symposium review: Technologies for improving fiber utilization. Journal
of Dairy Science, 102(6): 5726-5755. https://doi.org/10.3168/jds.2018-
15334

Bonilla-Sandi, D. J., Noboa-Jiménez, L., Portuguez-Molina, V., Quinto-Urena, F.,
y Rojas-Gutiérrez, J. J. (2020). Metanogénesis microbiana en animales
poligastricos. Nutricion Animal Tropical, 14(1): 36-49. http://dx.doi.
org/10.15517/nat.v14i1.42578

Carmona, J. C.; Bolivar, D. M., y Giraldo, L. A. (2005). El gas metano en la
produccion ganadera y alternativas para medir sus emisiones y aminorar
su impacto a nivel ambiental y productivo. Revista Colombiana de
Ciencias Pecuarias, 18(1): 49-63. https://www.redalyc.org/articulo.
0a?1d=295022952006

Castro, W. [@wcastroPSUV]. (2023, 7 de Noviembre). Venezuela cuenta con un
rebafio vacuno de 17.292.202 animales; 11.931.619 hembras y 5.360.583
machos. El estado Zulia con el 18,60 % [Tweet]. https://twitter.com/
weastroPSUV/status/1713936750643495322

Chandramoni, S. B, Jadhao , C. M., Tiwari , C. M., & Khan, M. Y. (2000).
Energy metabolism with Particular reference to methane production in
Muzaffarnagari sheep fed rations in roughage to concentrate ratio. Animal
Feed Science and Technology, 83: 287-300. https://doi.org/10.1016/
S0377-8401(99)00132-7

Church, D. C. (1988). The classification and importance of ruminant animals.
En: D. C. Church (Ed.). The ruminant animal digestive physiology and
nutrition. Waveland Press, Inc. Prospect Heights, Illinois, USA. pp 1-13.

Dearing, M. D., & Kohl, K. D. (2017). Beyond Fermentation: Other Important
Services Provided to Endothermic Herbivores by their Gut Microbiota.
Integrative and Comparative Biology, 57(4): 723-731. https://doi.
org/10.1093/icb/icx020

de Blas, C., Garcia-Rebollar, P., Cambra-Lopez, M., y Torres, A. G. (2008).
Contribucion de los rumiantes a las emisiones de gases con efecto
invernadero. XXIV Curso de Especializacion FEDNA. Madrid, 23 y 24
de octubre de 2008. pp 121-150. http://fundacionfedna.org/sites/default/
files/08CAP_IX.pdf

Ellis, J. L., Bannink, A., France, J., Kebreab, E., & Dijkstra, J. (2010). Evaluation
of enteric methane prediction equations for dairy cows used in whole farm
models. Global Change Biology, 16: 3246-3256. https://doi.org/10.1111/
j.1365-2486.2010.02188.x

Food and Agriculture Organization of the United Nations (FAO). (2023).
FAOSTAT. Data. Production. Crops and livestock products. Recuperado
el 1 de noviembre de 2023 en https://www.fao.org/faostat/en/#data

Hegarty, R. S., Alcock, D., Robinson, D. L., Goopy, J. P., & Vercoe, P. E. (2010).
Nutritional and flock management options to reduce methane output and
methane per unit product from sheep enterprises. Animal Production
Science, 50: 1026-1033. https://doi.org/10.1071%2FAN10104

Hoover, W. H. y T. K. Miller. (1991). Rumen digestive physiology and microbial
ecology. Veterinary Clinics of North America: Food Animal Practice.
7(2): 311-323. https://doi.org/10.1016/s0749-0720(15)30801-x

Hyland, J.J., Styles, D., Jones, D.L., & Williams, A.P. (2016). Improving livestock
production efficiencies presents amajor opportunity to reduce sectoral
greenhouse gas emissions. Agricultural Systems, 147, 123-131. http:/
dx.doi.org/10.1016/j.agsy.2016.06.006

Grupo Intergubernamental de Expertos sobre Cambios Climaticos, IPCC. (1996).
Libro de trabajo para el inventario de gases de efecto invernadero.
Directrices del IPCC para los inventarios nacionales de gases de efecto
invernadero, version revisada. En: J.T. Houghton, L.G. Meira Filho, B.
Lim., K. Tréanton, I. Mamaty, Y. Bonduki, D.J. Griggs and B.A. Callander
(Eds.). https://www.ipcc-nggip.iges.or.jp/public/gl/spanish.html

Greenpeace. (2009). Amazon Cattle footprint. Ma to Grosso: State of Destruction.
Greenpeace Brazil. 16 pp. https://www.greenpeace.org/usa/wp-content/
uploads/legacy/Global/usa/report/2009/1/amazon-cattle-footprint-mato.
pdf

Greenpeace. (2018). La insostenible huella de la carne en Espafna. Greenpeace
Espana, Marzo 2018. 28 pp. https://es.greenpeace.org/es/sala-de-prensa/
informes/la-insostenible-huella-de-la-carne-en-espana/

Hristov, A.N., Oh, J., Lee, C., Meinen, R., Montes, F., Ott, T., Firkins, J., Rotz, A.,
Dell, C., Adesogan, A., Yang, W., Tricarico, J., Kebreab, E., Waghorn, G.,
Dijkstra, J., & Oosting, S. (2013). Mitigacion de las emisiones de gases
de efecto invernadero en la produccion ganadera — Una revision de las
opciones técnicas para la reduccion de las emisiones de gases diferentes
al CO,. Editado por Pierre J. Gerber, Benjamin Henderson y Harinder P.S.
Makkar. Produccion y Sanidad Animal. FAO Documento No. 177. FAO,
Roma, Italia. https://www.fao.org/3/13288S/i3288s.pdf

Intergovernmental Panel on Climate Change (IPCC). (2006). Agriculture, Forestry
and Other Land Use (AFOLU). World Meteorological Organization
(WMO) and the United Nations Environment Programme (UNEP).
https://www.ipcc-nggip.iges.or.jp/public/2006gl/

Intergovernmental Panel on Climate Change (IPCC). (2019). 2019 Refinement
to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories,
Volume 4, Agriculture, Forestry and Other Land Use, Calvo Buendia, E.,
Tanabe, K., Kranjc, A., Baasansuren, J., Fukuda, M., Ngarize S., Osako,
A., Pyrozhenko, Y., Shermanau, P. and Federici, S. (Eds). Published: IPCC,
Switzerland. https://www.ipcc-nggip.iges.or.jp/public/2019rf/vol4.html

Johnson, K. A., & Johnson, D.E. (1995). Methane emissions from cattle. Journal
of Animal Scienc, 73: 2483-2492. https://doi.org/10.2527/1995.7382483x

Kurihara, M., Magner, T., Hunter, R. A. and McCrabb, G. J. (1999). Methane
production and energy partition of cattle in the tropics. British Journal
of Nutrition, 81: 227-234. https://doi.org/10.1017/S0007114599000422

Lombardero, X. (2007). Una vaca contamina mas que un coche. Los Domingos de
la Voz. 11 de marzo de 2007. http://www.climantica.org/climanticaFront/
resource/Los_Domingos LV _110307.pdf

MARNR. (2005). Primera comunicacién nacional en cambio climatic en
Venezuela. Ministerio del Ambiente y Recursos Naturales Renovables
(MARNR), Programa de las Naciones Unidas para el Desarrollo (PNUD)
y Fondo Mundial para el Medio Ambiente. Caracas. 36 pp. https://unfccc.
int/sites/default/files/resource/vennc01.pdf

McDonald, P., R. A. Edwards and J. F. D. Greenhalgh. (1979). Nutricion animal.
Segunda Edicion. Editorial ACRIBIA, Zaragoza, Espaiia. ISBN 84 200
0136 8. 462 pp.

Methol, M. (2005). Emision de metano en sistemas pastoriles de produccion
ganadera. Proyecto INIA-EPA: “Mitigation of Methane Emissions by
Ruminants in Uruguay”, US EPA Assistance Agreement Number 829270
01. 53 pp. http://www.ainfo.inia.uy/digital/bitstream/item/4922/1/
METHOL-M.-2005.-Emision-de-metano.pdf

Naciones Unidas. (1998). Protocolo de Kyoto de la convencion marco de las
Naciones Unidas sobre el cambio climatico. FCCC/INFORMAL/83
GE.05-61702 (S) 130605 130605. 24 pp. https://unfccc.int/resource/docs/
convkp/kpspan.pdf

Niggli, U., FlieBbach, A., Hepperly, P., & Scialabba, N. 2009. Low Greenhouse Gas
Agriculture: Mitigation and Adaptation Potential of Sustainable Farming
Systems. FAO, April 2009, Rev. 2 — 2009. https://www.researchgate.net/
publication/28686245 Low_Greenhouse Gas_Agriculture Mitigation
and_Adaptation Potential of Sustainable Farming Systems

Oldham, J. D., Buttery, P. J., Swan, H. & Lewis. D. (1977). Interactions between
dietary carbohydrate and nitrogen and digestion in sheep. Journal of
Agricultural Science, Cambridge, 89: 467-479. https://doi.org/10.1017/
S0021859600028392

Pariacote, F. A., Chirinos, Z., y Zambrano, R. (2012). Gestion de recursos
genéticos en un rebafio bovino tipo de doble propdsito de la region de
Perija, Venezuela. Actas Iberoamericanas de Conservacion Animal, 2:
137-141. http://www.uco.es/conbiand/aica/templatemo_110_lin_photo/
articulos/2012/Trabajo044 AICA2012.pdf

Pefia, M. E., F. Urdaneta, G. Arteaga y A. Casanova. (1997). Caracterizacion
del recurso animal en sistemas de ganaderia bovina de doble proposito.
Revista de la Facultad de Agronomia (LUZ), 14(5): 573-587. https://
www.revfacagronluz.org.ve/v14_5/v145z010.html

Reyes Gutiérrez, J. A. (2012). Evaluacion de la digestibilidad in situ de los
nutrientes y variables ruminales del ensilado de cafia de azucar con
diferente fuente de proteina. Tesis de maestria. Universidad de Guadalajara,
Centro Universitario de Ciencias Biologicas y Agropecuarias. Zapopan,
Jalisco, Meéxico. 93 pp. http://repositorio.cucba.udg.mx:8080/xmlui/
bitstream/handle/123456789/4783/Reyes_Gutierrez_Jose_Andres.
pdf?sequence=1&isAllowed=y

Rivas-Martinez, M. 1., Cobos- Peralta, M. A., Ley-de Coss, A., Barcena- Gama,
J. R., & Gonzalez- Mufioz, S. S. (2023). Produccion de metano in vitro
y caracteristicas fermentativas de gramineas forrajeras templadas y
tropicales. Ecosistemas y Recursos Agropecuarios, 10(1): €3393. https://
doi.org/10.19136/era.alOn1.3393

Roman Ponce, S. I. y Juan Heberth Hernandez-Medrano, J. H. (2016). Produccion
y mediciéon de Metano (CH,) en el Ganado Bovino. Revista Ganadero,
Julio-Agosto 2016. http://dx.doi.org/10.13140/RG.2.2.21578.57281

Smith P., Bustamante, M., Ahammad, H., Clark, H., Dong, H., Elsiddig, E. A.,
Haberl, H., Harper, R., House, J., Jafari, M., Masera, O., Mbow, C.,
Ravindranath, N. H., Rice, C. W., Robledo Abad, C., Romanovskaya,
A., Sperling, F., & Tubiello, F. (2014). Agriculture, Forestry and Other
Land Use (AFOLU). 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 [Edenhofer,
0., R. Pichs-Madruga, Y. Sokona, E. Farahani, S. Kadner, K. Seyboth, A.
Adler, 1. Baum, S. Brunner, P. Eickemeier, B. Kriemann, J. Savolainen,
S. Schlémer, C. von Stechow, T. Zwickel y J.C. Minx (eds.)]. Cambridge
University Press, Cambridge, United Kingdom and New York, NY,
USA. https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3 ar5
chapter11.pdf

Universidad de los Andes (ULA), Centro de Investigaciones Agroalimentarias
(CIAAL). (2011). Elementos resaltantes de los resultados del VII Censo
Agricola Nacional 2007-2008. Presentacion realizada en el curso:
elementos claves de la coyuntura agroalimentaria actual en Venezuela
julio 2011. http://www.saber.ula.ve/handle/123456789/33534

Ungerfeld, E. M., P. Escobar-Bahamondes, C. Muifioz. (2018). Prediccion y
mitigaciénde las emisiones de metano de los rumiantes. Agroproductividad,
11(2): 34-39. https://core.ac.uk/download/pdf/249319991.pdf

Urdaneta, F. (2009). Mejoramiento de la eficiencia productiva de los sistemas
de ganaderia bovina de doble propdsito (taurus-indicus). Archivos
Latinoamericanos de Produccion Animal, 17(3 y 4): 109-120. https://ojs.
alpa.uy/index.php/ojs_files/article/view/644/577

This scientific publication in digital format is a continuation of the Printed Review: Legal Deposit pp 196802ZU42, ISSN 0378-7818.


https://doi.org/10.3168/jds.2018-15334
https://doi.org/10.3168/jds.2018-15334
http://dx.doi.org/10.15517/nat.v14i1.42578
http://dx.doi.org/10.15517/nat.v14i1.42578
https://www.redalyc.org/articulo.oa?id=295022952006
https://www.redalyc.org/articulo.oa?id=295022952006
https://twitter.com/wcastroPSUV/status/1713936750643495322
https://twitter.com/wcastroPSUV/status/1713936750643495322
https://doi.org/10.1016/S0377-8401(99)00132-7
https://doi.org/10.1016/S0377-8401(99)00132-7
https://doi.org/10.1093/icb/icx020
https://doi.org/10.1093/icb/icx020
http://fundacionfedna.org/sites/default/files/08CAP_IX.pdf
http://fundacionfedna.org/sites/default/files/08CAP_IX.pdf
https://doi.org/10.1111/j.1365-2486.2010.02188.x
https://doi.org/10.1111/j.1365-2486.2010.02188.x
https://doi.org/10.1071%2FAN10104
https://doi.org/10.1016/s0749-0720(15)30801-x
http://dx.doi.org/10.1016/j.agsy.2016.06.006
http://dx.doi.org/10.1016/j.agsy.2016.06.006
https://www.ipcc-nggip.iges.or.jp/public/gl/spanish.html
https://www.greenpeace.org/usa/wp-content/uploads/legacy/Global/usa/report/2009/1/amazon-cattle-footprint-mato.pdf
https://www.greenpeace.org/usa/wp-content/uploads/legacy/Global/usa/report/2009/1/amazon-cattle-footprint-mato.pdf
https://www.greenpeace.org/usa/wp-content/uploads/legacy/Global/usa/report/2009/1/amazon-cattle-footprint-mato.pdf
https://es.greenpeace.org/es/sala-de-prensa/informes/la-insostenible-huella-de-la-carne-en-espana/
https://es.greenpeace.org/es/sala-de-prensa/informes/la-insostenible-huella-de-la-carne-en-espana/
https://www.fao.org/3/I3288S/i3288s.pdf
https://www.ipcc-nggip.iges.or.jp/public/2006gl/
https://www.ipcc-nggip.iges.or.jp/public/2006gl/
https://www.ipcc-nggip.iges.or.jp/public/2019rf/vol4.html
https://doi.org/10.2527/1995.7382483x
https://doi.org/10.1017/S0007114599000422
http://www.climantica.org/climanticaFront/resource/Los_Domingos_LV_110307.pdf
http://www.climantica.org/climanticaFront/resource/Los_Domingos_LV_110307.pdf
https://unfccc.int/sites/default/files/resource/vennc01.pdf
https://unfccc.int/sites/default/files/resource/vennc01.pdf
http://www.ainfo.inia.uy/digital/bitstream/item/4922/1/METHOL-M.-2005.-Emision-de-metano.pdf
http://www.ainfo.inia.uy/digital/bitstream/item/4922/1/METHOL-M.-2005.-Emision-de-metano.pdf
https://unfccc.int/resource/docs/convkp/kpspan.pdf
https://unfccc.int/resource/docs/convkp/kpspan.pdf
https://www.researchgate.net/publication/28686245_Low_Greenhouse_Gas_Agriculture_Mitigation_and_Adaptation_Potential_of_Sustainable_Farming_Systems
https://www.researchgate.net/publication/28686245_Low_Greenhouse_Gas_Agriculture_Mitigation_and_Adaptation_Potential_of_Sustainable_Farming_Systems
https://www.researchgate.net/publication/28686245_Low_Greenhouse_Gas_Agriculture_Mitigation_and_Adaptation_Potential_of_Sustainable_Farming_Systems
https://doi.org/10.1017/S0021859600028392
https://doi.org/10.1017/S0021859600028392
http://www.uco.es/conbiand/aica/templatemo_110_lin_photo/articulos/2012/Trabajo044_AICA2012.pdf
http://www.uco.es/conbiand/aica/templatemo_110_lin_photo/articulos/2012/Trabajo044_AICA2012.pdf
https://www.revfacagronluz.org.ve/v14_5/v145z010.html
https://www.revfacagronluz.org.ve/v14_5/v145z010.html
http://repositorio.cucba.udg.mx:8080/xmlui/bitstream/handle/123456789/4783/Reyes_Gutierrez_Jose_Andres.pdf?sequence=1&isAllowed=y
http://repositorio.cucba.udg.mx:8080/xmlui/bitstream/handle/123456789/4783/Reyes_Gutierrez_Jose_Andres.pdf?sequence=1&isAllowed=y
http://repositorio.cucba.udg.mx:8080/xmlui/bitstream/handle/123456789/4783/Reyes_Gutierrez_Jose_Andres.pdf?sequence=1&isAllowed=y
https://doi.org/10.19136/era.a10n1.3393
https://doi.org/10.19136/era.a10n1.3393
http://dx.doi.org/10.13140/RG.2.2.21578.57281
https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter11.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/ipcc_wg3_ar5_chapter11.pdf
http://www.saber.ula.ve/handle/123456789/33534
https://core.ac.uk/download/pdf/249319991.pdf
https://ojs.alpa.uy/index.php/ojs_files/article/view/644/577
https://ojs.alpa.uy/index.php/ojs_files/article/view/644/577

7-7 | Vergara-Lopez. Rev. Fac. Agron. (LUZ). 2023, 40 (Supplement): ¢2340Spl05

Valencia-Salazar, S. S., Jiménez-Ferrer, G, Molina-Botero, 1. C., Ku-Vera, J. C.,
Chirinda, N., & Arango, J. (2022). Methane Mitigation Potential of Foliage
of Fodder Trees Mixed at Two Levels with a Tropical Grass. Agronomy,
12: 100. https://doi.org/10.3390/agronomy 12010100

Van Kessel, J. A. S., & J. B. Russell. (1996). The effect of pH on ruminal
methanogenesis. FEMS Microbiology Ecology, 20: 205-210. https://doi.
org/10.1111/5.1574-6941.1996.tb00319.x

Vargas, J.; Cardenas, E.; Pabon, M.; Carulla, J. (2012). Emision de metano entérico
en rumiantes en pastoreo. Archivos de Zootecnia, 61: 51-66. https://www.
uco.es/servicios/ucopress/az/index.php/az/article/view/2958

Venezuela. (2010). Venezuela y el cambio climatico: Hay que cambiar el sistema,
no el clima, Embajada de la Republica Bolivariana de Venezuela en
Estados Unidos. 1099 30th Street, N.W., Washington DC., 20007.
Oficina de Prensa y Comunicaciones, 12 de octubre de 2010. http://www.
venezuela-us.org

Wang, S., Giller, K., Kreuzer, M., Ulbrich, S. E., Braun, U., & Schwarm A. (2017).

Contribution of Ruminal Fungi, Archaea, Protozoa, and Bacteria to the
Methane Suppression Caused by Oilseed Supplemented Diets. Frontiers
in Microbiology, 8:1864. https://doi.org/10.3389/fmicb.2017.01864

Waghorn, G.C. and Hegarty, R.S. (2011). Lowering ruminant methane

emissions through improved feed conversion efficiency. Animal Feed
Science and Technology, 166—-167: 291-301. https://doi.org/10.1016/j.
anifeedsci.2011.04.019

Xia, C. Q., Pei, C. X, Huo, W. J., Liu, Q., Zhang, C. X., & Ren, Y. S. (2020).

Forestomach fermentation and microbial communities of alpacas (Lama
pacos) and sheep (Ovis aries) fed maize stalk-based diet. Journal of
Animal and Feed Sciences, 29(4), 323-329. https://doi.org/10.22358/
jafs/131230/2020

Yan, T., Agnew, R. E., Gordon, F. J., & Porter, M. G. (2000). Prediction of methane

energy output in dairy and beef cattle offered grass silage-based diets.
Livestock Production Science, 64: 253-263. https://doi.org/10.1016/S0301-
6226(99)00145-1

This scientific publication in digital format is a continuation of the Printed Review: Legal Deposit pp 196802ZU42, ISSN 0378-7818.


https://doi.org/10.3390/agronomy12010100
https://doi.org/10.1111/j.1574-6941.1996.tb00319.x
https://doi.org/10.1111/j.1574-6941.1996.tb00319.x
https://www.uco.es/servicios/ucopress/az/index.php/az/article/view/2958
https://www.uco.es/servicios/ucopress/az/index.php/az/article/view/2958
http://www.venezuela-us.org/
http://www.venezuela-us.org/
https://doi.org/10.3389/fmicb.2017.01864
https://doi.org/10.1016/j.anifeedsci.2011.04.019
https://doi.org/10.1016/j.anifeedsci.2011.04.019
https://doi.org/10.22358/jafs/131230/2020
https://doi.org/10.22358/jafs/131230/2020
https://doi.org/10.1016/S0301-6226(99)00145-1
https://doi.org/10.1016/S0301-6226(99)00145-1

