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The objective of this work was studying the diet of extensively reared bovines that decreases the emission of greenhouse gases. The study took place in a farm called Campo Dorado located in the district of Huallanca, in the province of Bolognesi, department from Ancash, in Peru. In this study, the sample selected was 4 Brown Swiss cattle between 4 to 5 years of age and weighing between 470 to 570 kg, they were chosen for a population of 70 cattle from the livestock, which were conditioned in chambers separated, specially prepared for monitoring, as the sample. The closed chamber technique was performed on 4 groups (differentiated according to the type of diet followed in the study) with 2 monitoring teams and lasted 5 days. The control group's diet was green grass from the research area, while group 1 had a diet of oat silage, group 2 of oat hay, and group 3 of a mixture of silage and hay. The reductions achieved for methane emissions were: in group 1 the reduction was 16%, for group 2 the reduction turned out to be 29% and for group 3 it was 9%. Regarding the reductions achieved with carbon dioxide for groups 1 and 2, they were 33% and 61% respectively, while for group 3 there was an increase of this last gas by 4%. Therefore, it was concluded that oat hay is the most appropriate diet for reducing greenhouse gas emissions in extensively reared cattle.
Introduction
One of the serious environmental problems linked to the raising of animals such as cattle, goats, sheep, etc., is the emission of gases that generate the greenhouse effect (Shi R. et al., 2022), gaseous emissions from livestock activity are among 14% and 18% of all greenhouse gas emissions on the planet, generating polluting gases such as methane, whose warming potential is up to 25 times greater than carbon dioxide or Nitrous oxide (N2O) whose heating Power is It has been estimated to be 298 more intense than CO2 (Tirado et al., 2018). This problem places the planet in a context of environmental crisis and there is a need to mitigate emissions of human origin, to prevent the earth's temperature from continuing to increase (Hoegh-Gulberg et al., 2018).
The Food and Agriculture Organization (FAO) is aware that livestock production is one of the most important industries related to greenhouse gas emissions compared to other sources of food. In other words, these emissions originate from food production, enteric fermentation, animal waste (Widjaja et al., 2017) and the variations suffered by the fields due to their use is so much so that the livestock supply chains mean 7.1 Gt CO2, which represents 14.5% of the greenhouse gas emissions generated by man's global activity, while only cattle raising (beef, milk) represents about two thirds of that, it’s due to methane gas emissions generated from rumen fermentation (FAO, 2018). The amounts of enteric methane generated by livestock activity are 30% of methane emissions worldwide, it is considered a short-lived climate pollutant, so minimizing enteric methane emissions makes it possible to reduce climate change in the current lifetime (FAO, 2018). Low-carbon livestock production is a possibility, however, political will and actions by organizations around the world must be more decisive. The consumption of meat, milk, skins and leather in low- and middle-income countries is increasing, due to the increase in the world population and its higher income, year after year (FAO, 2018).
In order to proposing solutions to this problem, the generation of methane in cattle that fed on pastures with the addition of oat silage, tannins and concentrates (Moscoso et al., 2017) and supplements with natural pastures (Lipa, 2017) have been investigated, as well as adding legumes (Valencia and Rojas, 2017). All the investigations seek to minimize the environmental contamination produced by the digestion of ruminants through controlled modification of the type of feeding, in such a way that the microbial change occurs naturally; that is, when these supplements are added to the diet, they serve as modulators of rumen microorganisms, helping digestion by reducing methane production without altering milk production (Martinez, 2020).
Livestock in Peru is linked to feeding a society that consumes meat and milk, so livestock grows year after year to meet demand (MINAGRI, 2019). According to the INEI (National Institute of Statistics and Informatics) the largest population of cattle is in the Andes, according to the 4th national agricultural census of the year 2012 in Peru, it indicates that the department of Ancash had 275,292 head of cattle belonging to Holstein, Brown Swiss, Criollo and Other breeds. One of the provinces of Ancash is Bolognesi, which has Huallanca as a district, where 80% of the inhabitants are dedicated to livestock, this activity plays a fundamental role for the economy of the town and for its own consumption, counting this province with 105,085.45 hectares for livestock activity (INEI, 2012). It is with this reality and context that an investigation was carried out with the objective of identifying the best nutritional diet for cattle, among several alternatives that were tested, to reduce the generation of greenhouse gases (methane, CO2) by this type of cattle; In this way, provide a less harmful alternative, and that in the long term allows the reduction in the emission of gases that by their nature are highly harmful to the environment.
Experimental method
Construction of chambers for test cattle
The investigation consisted of placing a bovine in four closed chambers and feeding it with different diets to each one, measuring the generation of gases that it produces. These chambers were built in a shed that had dimensions of 19 m long, 6 m wide and 2.5 m high and inside it the chambers were conditioned in an area provided by the Campo Dorado cattle ranch in the district of Huallanca, province of Bolognesi in the department of Ancash, the place is at an altitude of 4200 meters above sea level, at UTM coordinates 8907224, 285075.
The chambers had dimensions of 3.15 m long, 2.15 m wide and 2.20 m high. Figure 1 shows the design of the chamber and Figure 2 shows how the chambers for bovines were established in the shed.
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Figure 1: Bovine chamber design
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Figure 2: Cameras in the cattle shed.
Bovine sample selection
For the selection of cattle for research, the sample was extracted from a population of 70 individuals of cattle in the town of Huallanca. In a selection for convenience, four breeding female bovines of the Brown Swiss type were chosen, producing milk with a live weight range between 470 kg to 570 kg by means of the weighing tape measure method (considering the circumference of the thorax with respect to its equivalence in kilos), see Figure 3.
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Figure 3: Measurement of bovine weight.
Adaptation of bovines to the chamber
The adaptation of the study bovines to the closed chambers was carried out for a period of 12 days, seeking that the bovines become familiar with their new condition of certain isolation. Prior to the application of the diet, each of the test bovines were dewormed. Figure 4 shows the bovine in the test chamber. The experimental part lasted 5 days, and the gases generated did not constitute a danger to the animals due to their low level of concentration according to environmental air quality standards; In addition, the oxygen concentration was monitored, remaining around 19%, which is the minimum value that must exist in confined spaces (Moore, 2020). The gases were measured with the TESTO X-350 and ALTAIR 4X (Multigas detector) equipment, duly calibrated (See Figure 5).
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Figure 4: Adaptation of bovines in the chambers.
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Figure 5: Gas measurement equipment TESTO X-350 y ALTAIR 4X


Exemplary and type of food
Regarding the intake stage, the bovines were provided with green grass and two kinds of feed, hay and silage in morning and afternoon shifts. One bovine was provided with a diet based on natural grass from the study site, it was considered a control bovine, and bovines 1, 2, and 3 were provided with a diet of silage and hay in the manner as it is detailed in Table 1. Figure 6 shows the types of diets for each specimen.

Table 1: Type of intake per bovine
	Bovine and weight (kg)
	Type of diets (feeding)
	Amount of diet (kg))

	control bovine (570)
	Green grasslands
	50

	Bovine 1 (470)
	silage
	40

	Bovine 2 (490)
	Hay
	25

	Bovine 3 (510)
	Ensilage and Hay (Mix: 50% of each)
	34
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Figure 6: Types of diets
Results
Methane emission
With the bovines in the closed chambers, each bovine was fed with the assigned diet. At the same time, the methane emission was monitored for 5 days. The result is presented in Table 2, where it stands out that in the chamber with bovine 2, where the diet used was hay, the generation of methane (CH4) was lower than the other bovines, resulting in 28.66 % less than that generated by the control bovine; likewise, bovine 1 and 3 generated 16.46 % and 9.14 % less than the control bovine, after the test time. Likewise, Table 3 shows the percentage of daily average oxygen was around 19 % to guarantee the oxygenation conditions of the animals.

	Table 2: Methane emission (L/day)
	Day
	control bovine
	Bovine 1
	Bovine 2
	Bovine 3

	1
	1403.29
	1140.18
	1052.47
	1315.59

	2
	1359.44
	1184.03
	964.76
	1271.74

	3
	1491.00
	1184.03
	1052.47
	1315.59

	4
	1447.15
	1271.74
	1096.32
	1359.44

	5
	1491.00
	1227.88
	964.76
	1271.74

	Average
	1438.38
	1201.57
	1026.16
	1306.82

	Reduction
	0 %
	16.46%
	28.66%
	9.14%



	Table 3: oxygen in the chamber
	Day
	control bovine (%)
	Bovine 1 (%)
	Bovine 2 (%)
	Bovine 3 (%)

	1
	1403.29
	1140.18
	1052.47
	1315.59

	2
	1359.44
	1184.03
	964.76
	1271.74

	3
	1491.00
	1184.03
	1052.47
	1315.59

	4
	1447.15
	1271.74
	1096.32
	1359.44

	5
	1491.00
	1227.88
	964.76
	1271.74

	Average
	1438.38
	1201.57
	1026.16
	1306.82

	Reduction
	0 %
	16.46%
	28.66%
	9.14%






Emission of carbon dioxide (CO2)
Regarding the emission of carbon dioxide in 5 days of monitoring generated by the bovines, the results are presented in Table 3; With the hay diet in cattle 2 less CO2 was generated evidencing a reduction of up to 61% in CO2 generation compared to the control bovine that was fed with natural grass. On the other hand, bovine 1 also had a significant decrease (31 %), while bovine 3 generated more CO2 than the control bovine (4%).
Table 3: Emission of carbon dioxide L/day
	Day
	control bovine
	Bovine 1
	Bovine 2
	Bovine 3

	1
	2.76
	1.38
	1.10
	2.76

	2
	2.62
	1.24
	0.96
	2.76

	3
	2.34
	1.52
	1.10
	2.76

	4
	2.89
	1.93
	0.96
	2.76

	5
	2.62
	2.76
	0.96
	2.76

	Final average
	2.65
	1.76
	1.02
	2.76

	Reduction
	
	33 %
	61 %
	-4 %


Discussion
The results obtained in the present study present similarities with respect to the study carried out by Moscoso et al. (2017) in which one of the dietary treatments with tannin had a methane gas emission reduction of 21.6 %, that is, a percentage difference of only 7.4 %, this is probably due to a similar method if studies such as for example, the geographical altitude, breed of bovines, (although they differ in terms of the ages of the study specimens), similar environments in which the experiments were carried out, as well as in the emission determination technique; On the other hand, the differences may be due to the fact that in the dry season the temperatures are higher than in the wet seasons, in such a way that the higher the temperature there will be a higher concentration of methane.
Regarding food supplements, Chino (2016) states that tannin-based supplements reduce the degradability of nutrients in the diet, even inhibiting enzymatic action, greatly reducing the number of cellulite bacteria, causing a reduction in the emission of enteric methane by 28%, similar to what was achieved in the present research, with a hay-only diet (with a higher amount of carbohydrates), which was reduced by 28.66%; In addition, the diets that are chopped, ground facilitate the digestion of bovines, which at the end of the digestive process also prevents the generation of methane.
The methane reduction in the research presented reached 28.66 %, very close to what was achieved in the study carried out by Lipa (2017) which managed to reduce 30 %, coincidentally both studies have in common the altitude of the places where it was carried out. the experimental stage that was 4300 and 4200 meters above sea level, respectively; however, the differences in the ages of the bovines used for the study (between 3 to 4 years of difference) must be taken into account, which surely intervenes in the digestion process of the diet.
It also corroborates what was said by Alayón et al. (2018) in which they affirm that the diet based on legumes such as hay, and the use of concentrates rich in carbohydrates, inhibit the production of methane by bovines, mitigating its emission into the environment; In the same way, Valencia and Rojas (2017) through the use of a tannin diet managed to reduce 15 % of methane in cattle. On the other hand, the results regarding carbon dioxide show what Alayón et al. (2018) had established that a legume such as hay also has a decisive influence on the reduction of said greenhouse gas with reductions close to 61 %. In the investigation, no advantageous results were obtained with respect to mixed diets of hay and silage, so other types of diets will continue to be tested to corroborate the effectiveness in reducing methane and carbon dioxide to the environment.
This type of research should be complemented with the determination of greenhouse gases (methane and carbon dioxide) that are produced in the feces of cattle (Hanafiah et al., 2021).
Conclusions
It is established that the diet in cattle is an important factor in the generation of methane and carbon dioxide through belching and bloating of these animals. That one way to effectively reduce this type of gases, which are precursors of the greenhouse effect and ultimately generate climate change, is through the modification of the bovine diet. In the investigation that was carried out, it was found that the feeding of bovines based on oat hay meant a reduction of 28.66 % in the generation of methane and 61 % in carbon dioxide by bovines compared to a natural diet with grass. green of the place; however, a reduction was also found when silage-based diets were used with less efficiency and without positive results when tested with a mixed mixture of hay and silage. The findings of this research allow us to search for ways to improve diet management practices in cattle, in order to avoid the generation of greenhouse gases that are harmful to the environment.
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