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ABSTRACT
Objective: To analyze the alternative sources of food for livestock production to mitigate greenhouse gas emissions in 

Mexico.

Design/methodology/approach: A document archive analysis was carried out about the use of certain industrial and 

agricultural wastes in Mexico in the last decade, and how these can serve as an alternative source of animal feed; these 

offer certain chemical properties that promote the mitigation of greenhouse gas emissions in livestock systems and also 

generate an added value in the agricultural and industrial sector.

Results: Agricultural and industrial production in Mexico generates an important amount of wastes that are not exploited; 

in parallel, livestock production in Mexico is growing exponentially, which demands a surface and consumption of natural 

resources. Therefore, agricultural and industrial residues in Mexico represent a potential alternative source of animal feed, 

which offers a reduction in the surface destined to the production of food for animals and gives an added value to the 

industrial and agricultural residues in the country.

Study limitations/implications: The alternative sources of food adjust to the agricultural and industrial sectors.

Findings/conclusions: The use of agricultural residues, industrial wastes, and other alternate sources of food is suggested 

as a sustainable alternative in the reduction of GHG in livestock systems and a contribution to the mitigation of climate 

change in Mexico.

Keywords: ruminants, alternative sources of fodder, methane, ruminal fermentation.

INTRODUCTION

It is estimated that by the year 2050, the Earth’s population will be approximately 9 billion 

(FAO, 2017). This promotes an increase in the livestock sector to supply the 

dietary needs of the population (Ramírez-Ramírez, 2016). This increase in the production implies an increase in the use 

of natural resources and spaces, which is why its optimization ought to be contemplated.
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The disposition of natural resources has been affected 

by climate change, mainly because of the increase in 

greenhouse gases (GHG) whose origin is anthropogenic. 

The main gases associated to this effect are carbon 

dioxide (CO2), methane (CH4) and nitrous oxide (NO2) 

(Martínez-Prado, 2016). 

Ruminants contribute with 53% of the total 

anthropogenic emissions of CH4 (Hernández-Medrano, 

2018). Methane is synthesized as a product of anaerobic 

ruminal fermentation, and its synthesis represents a 

loss of energy for animals, which is quantified in up to 

12% (Vélez  et al.,  2014). In addition, the caloric power 

of CH4 is 21 times higher than CO2 (Valencia-Trujillo 

& Rojas-López, 2019). In Mexico, the agriculture and 

livestock activity contributes with close to 71% of the 

total emissions of CH4 (Saynes-Santillán et al., 2016). 

In this sense, the farming sector covers 73% of the 

national territory. The economic activity of livestock 

production has a population of 33.8 million bovines 

and represents 3.8% of the national GDP (SIAP, 2018). 

Therefore, sustainable alternatives are sought that can 

serve as feed for livestock, and which in addition can 

cover the basic nutritional requirements of the animal, 

established by the National Research Council (White 

et al., 2017). Additionally, it is hoped that the alternative 

sources suggested do not represent a direct competition 

in the use of resources for human consumption and, 

at the same time, can reduce GHG emissions through 

modifications in the diet that ensure changes in ruminal 

anaerobic fermentation (Buitrago-Guillén et al., 2018). 

As a result of this, diverse methods and systems have 

been proposed, as well as alternative food sources that 

contribute to the mitigation of GHG in livestock systems, 

which are already in use or can be applied in Mexico. 

Based on this, alternative sources of food for livestock 

production were analyzed with regard to mitigation of 

greenhouse gas emissions in Mexico.

Silvopasture systems

Livestock production in Mexico is carried out by different 

systems: intensive, extensive and mixed. In the first, 

producing animals are stabled in an area that does not 

constitute the land where their main sources of food are 

sown, so they depend on being supplied with feed, energy 

and other necessary inputs for livestock production; 

in the second, the producing animals are kept in large 

land extensions and are fed mainly on seasonal grasses 

and fodders, with which they are in constant contact; 

meanwhile, in the third type of exploitation, the crops 

of animal and human food sources and the productive 

animals, are in constant contact. This last system 

produces more than 50% of total meat production and 

more than 90% of the total milk production in the world 

(FAO, 2014a). In fact, the silvopasture system is included 

among mixed production systems. The silvopasture 

system (SPS) is one where forestry, agricultural and 

livestock production activities are combined, and which 

also contributes to mitigate the effects of climate change 

(Arciniega-Torres and Flores-Delgado, 2018).

SPSs can be systematic (as live fences, pastures, passages, 

etc.) or non-systematic (disperse in pasturelands or 

grazing) with broad forest density (Buitrago-Guillén et 

al.,  2018; Cisneros, 2019). The types of trees that can 

be included in this system are varied, since they can be 

native species or else introduced.

In this sense, the species selected for the SPS are 

distributed in a way that they take advantage of the 

characteristics of the land, obtaining benefits in the 

sectors implicated, such as the livestock contention 

fences and the exploitable forest volume, which 

improves water retention in the soil and decreases 

erosion (Canizales-Velázquez et al., 2019). This allows 

for a regeneration of nutrients and microorganisms in 

the soil, in addition to regulating the temperature in the 

zone (Villanueva, 2018). 

Authors like Cuartas (2014) and Molina et al. (2015) 

mention tree species like Leucaena leucocephala, which 

are used in SPSs due to their protein content (27% raw 

protein). The same authors mention that animals fed with 

L. leucocephala presented reductions of 21% in methane 

production when compared with animals that consume 

the traditional diet.

There are studies that report a decrease of 20% in the 

production of CH4 in diets with the inclusion of mulberry 

(Morus Alba) compared to diets based on star grass 

(Cynodon plectostachyus) (Rodríguez-Quiros et al., 

2013). In regions like Africa, India and South America, the 

use of mesquite (Prosopis spp.) is recurrent in the SPSs. 

Mesquite has around 50 different species, of which all 

have a high protein value and are consumed by bovine, 

ovine and caprine livestock, among other ruminants; in 

addition, they are species resistant to extreme climate 

conditions, since they adapt to arid climates and their 

production is considerably high (Armijo-Najera et al., 

2019). In addition, mesquite leaves and pods have shown 
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to decrease the production of CH4 in vitro compared 

to species like African moringa (Moringa stenopetala) or 

French sesban (Sesbania sesban) (Melesse et al., 2017). 

This is due to the content of secondary metabolites and 

phenolic compounds that affect the synthesis of ruminal 

methane and, therefore, its production (Ramírez-Rojo et 

al., 2019).

Likewise, white oak (Quercus sp.) is another species 

with high possibility of being incorporated to a SPS, 

since its leaves show high concentrations of secondary 

metabolites like condensed tannins (CT), which show 

positive effects on the consumption and ruminal 

fermentation of a fodder (Tavendale et al., 2005). The 

presence of CT contributes to the decrease in the 

synthesis of enteric methane in diets where the oak leaf 

is included (Torres-Fraga et al., 2018). In addition, certain 

studies show a reduction of 21.24% in the production 

of CH4 in the enteric fermentation of ruminants in vitro 

when ground leaves of Quercus spp. are supplied instead 

of fodder of Avena sativa L. (Rajkumar et al., 2015). 

Agricultural residues 

In recent years, the resulting stubbles or residues from 

harvests have emerged as an alternative to feed livestock 

and decrease the production of enteric ruminal CH4 

(Caballero-Salinas et al., 2017). In addition, these residues 

tend to have a high fiber content, which represents 

an obstacle in the diet of humans, but not in that of 

ruminants. Supplementation with this type of residues 

decreases the costs of food without increasing the use 

of natural resources, thus achieving an integral use of 

the harvest.

In most Asian countries, production of rice (Oryza sativa 

L.) is high; the total production in Asia in 2014 was 

estimated at 538.8 million tons of rice straw, which is 

used to feed mainly the livestock in the region (Devendra 

and Thomas, 2002; FAO, 2014b). However, this residue 

presents high fiber content, which is why it is treated 

previously with additives like commercial urea or 

fibrinolytic enzymes that increase their degradability, or 

else, it is supplied as a dietary supplement (Phongphanith 

& Preston, 2016; Nguyen et al., 2020). The objective of 

pretreatment with urea, in addition to improving the 

digestibility, is decreasing the generation of ruminal 

enteric CH4, since highly fibrous foods tend to increase 

the production of methanogenic bacteria (Yanti-Yayota, 

2017). In this sense, Mexico cultivates close to thirty 

thousand ha of rice, with a yield of 4.9 t ha1, and it 

is expected that this production will continue in this 

direction until the year 2050, which generates an array 

of possibilities (Delgadillo-Ruíz et al., 2016).

In Mexico, one of the most common residues for bovine 

livestock feed is maize (Zea mays L.) stubble, which has 

considerable nutritional characteristics for the diet of 

ruminants (Prieto et al., 2016); in addition, maize stubble 

represents up to 40% of the total residue fodder in the 

dry season (Caballero-Salinas et al.,  2017). This residue 

is offered to the animals as a dry fodder or in ensilage 

(Gómez-Gurrola et al., 2016). Authors like Carro (2018) 

reported a decrease of CH4 of 13% per unit of dry matter 

ingested in animals fed with maize ensilage. Additionally, 

ensilages have been generated with maize stubble 

and by adding nopal (Opuntia ficus indica) fodder and 

yeasts, whose mixture causes a reduction in ruminal 

methanogenesis (González-Arreola et al., 2019).

Other elements like cotton seed meal, a yield from 

residues of the cotton (Gossypium hirsutum L.) harvest 

which is commonly used in ruminant diet, is supplied as 

paste or protein supplement (Muro-Reyes et al., 2017). 

However, its production is costly and not very accessible 

for livestock producers of low financial income, which 

is why substituting them by residues or other more 

affordable additives and which also help to decrease 

GHG would be highly desirable. In this regard, there are 

various studies that have considered the incorporation 

of other sources of fodder of high protein content that 

show a decrease in the production of ruminal enteric 

methane (Pámanes-Carrasco et al., 2019).

Weeds and shrubs

Some plants considered as weeds present particular 

characteristics inherent to the plant, such as production 

of secondary metabolites, which can influence the 

fermentation of foods consumed by the ruminant 

(Lezcano-Más et al., 2016).

In Colombia, extensive production presents low 

production of fodders for bovine livestock, which is why 

botón de oro (Mexican sunflower, Tithonia diversifolia) 

is studied as an alternative source of fodder. Although 

this plant is considered a weed in this country, it can 

present raw protein contents of 17-29%, as well as a 

digestibility of up to 76%. Its high contents of DM, paired 

with the values of digestibility, present possibilities in the 

decrease of production of CH4 through the reduction 

of microorganisms in charge of ruminal methanogenesis 
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(Londoño et al., 2019); the inclusion of 20% of this plant 

as part of the fodder fraction of the total portion has 

managed to decrease the population of methanogens 

up to 50% (Mahecha-Ledesma et al., 2018). In Mexico, 

botón de oro is used in the diet of small ruminants such 

as sheep. There are previous studies that describe the 

supply of botón de oro as part of the fodder fraction 

in 10% and managed to manipulate the ruminal biota 

through the reduction in the population of methanogens 

and protozoa, and as consequence, the emissions of 

enteric CH4 due to the increase in the population of 

cellulolytic bacteria (Rodríguez-García, 2017). 

Forest residues

The forestry sector in Mexico generates approximately 

2.8 million m3 of residues per year, mostly sawdust. The 

use of sawdust as a food source in livestock production 

is not prohibited; however, depending on the case and 

the characteristics of the productive herd, it could result 

in a very costly practice. There are few studies that 

endorse the use of wood carbohydrates as a source 

of energy for ruminants; however, their use in cases 

of emergency where there is no source of fiber for the 

animal diet is perfectly justified; in addition, this scenario 

is highly probable if climate change continues with its 

current course (Rinne and Kuoppala, 2019). On the other 

hand, it has been shown that the use of sawdust favors 

weight gain (Fregoso-Madueño et al., 2017). In addition, 

the smaller the size of the particle is, the lignocellulose 

will be degraded in less time, favoring the production of 

volatile fatty acids (VFAs) and promoting the decrease of 

CH4 (Hamano et al., 2017).

Agroindustrial residues 

The industry of transformation of agricultural products 

generates residues as part of its production line. The 

characteristics of these residues allow them to emerge as 

potential dietary complements in ruminant production. In 

this sense, Colombia is an important producer of mango 

(Mangifera indica L.) concentrate and juice; however, its 

seed, skin and pulp are discarded and can be susceptible 

of ensilage and increase the nutritional value of the fodder 

due to its high content of fiber carbohydrates (Borrero-

Manrique et al., 2017). Despite there being no studies that 

back the effect of these residues in the production of 

ruminal enteric methane, it could be inferred that the use 

of these ensilages can decrease the production of CH4 

due to the high digestibility and high content of soluble 

carbohydrates that they have (Guzmán et al., 2019). Just 

in Mexico, around 54 million tons of organic residues of 

fruits and vegetables are generated, among which there 

are lime (Citrus spp.), pear (Pyrus communis L.), mango, 

papaya (Carica papaya L.), pineapple (Annanas comosus), 

banana (Musa paradisiaca), orange (Citrus sinensis), 

carrot (Daucus carota), tomato (Solanum lycopersicum), 

lettuce (Lactuca sativa), potato (Solanum tuberosum L.) 

and cabbage (Brassica napus L.) (Valdez-Vazquez et al., 

2010). Thus, any industry that generates organic wastes 

becomes a potential supplier of alternative sources of 

feed for ruminants.

In the year 2006, the use of glycerol was legally allowed 

as a safe animal food according to the United States 

Food and Drug Administration (FDA, 2006). In addition, 

its inclusion in the diet of ruminants can be done through 

pellets, extruded or raw in a mixture with the fodder, 

where the concentration supplied varies according to 

the purity of glycerol (Hidalgo-Hernández et al., 2017). 

Likewise, glycerol has been included in the diet of 

ruminants as substitute of molasses (non-crystallized 

honeys from the process of sugar production), which 

generates similar concentrations of volatile fatty acids. 

The catabolism of glycerol in the rumen increases the 

formation of propionic acid, which promotes weight 

gain of the animal. In addition, propionate is an H ion 

sink, which generates a natural competition with the 

synthesis of CH4, favoring propionate synthesis (Martin-

Nazly et al., 2019).

The coffee industry generates residues that could be 

used in animal feed. Such is the case of coffee pulp 

(Coffea sp.). Previous studies show that when coffee 

pulp is ensilaged with sugarcane (Saccharum spp.), 

molasses and urea, the fodder acquires nutritional 

values of 30 to 33% of raw protein and fiber, respectively 

(Flórez-Delgado and Rosales-Asensio, 2018). These 

characteristics allow for it to be incorporated in up to 

30% of the total dry base portion without affecting the 

production and integrity of the livestock. However, there 

are no studies that encourage the effects of this type of 

ensilage on methanogenesis or ruminal methanogenics.

Aquatic macrophytes

The term aquatic macrophytes is given to plants that 

have at least the vegetative part of the plant visible at 

plain view, on the surface of the aquatic bodies where 

they grow permanently or periodically (Thomaz et al., 

2008). In addition, macrophytes do not represent a direct 

competition to the diet of humans, nor do they hoard the 

use of natural resources. In this way, plants like aquatic 
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lily (Eichhornia crassipes) present 

comparable nutritional values to 

those of a fodder of medium quality 

(Murillo-Ortíz et al., 2018); there 

are even studies that indicate the 

content of raw protein and fiber is 

15.5 and 15%, respectively (Rúales 

et al., 2018). Likewise, other species 

such as Oryctolagus cuniculus 

have a content of raw protein and 

neutral detergent fiber (NDF) of 18 

and 34%, respectively, in addition 

to a digestibility of up to 90% (Silva-

Borges et al., 2019). Presently, the 

use of macrophytes happens as 

a source of fodder in the diet of 

rabbits. In a similar way, Limnobium 

laevigatum has a protein content 

of 16% and a fibrous part of 7% 

(Aponte, 2017); both species are 

highly reproductive in tropical 

zones. Additionally, Murillo-Ortíz 

et al. (2018) reported a decrease 

in methane when they included 

aquatic lily as part of the fodder 

fraction in in vitro diets. Because of 

this, it is possible that the inclusion 

of macrophytes represents a real 

alternative in the mitigation of GHG 

in livestock systems. However, the 

cultivation of these plants in natural 

aquatic bodies represents a latent 

risk for the existence of flora and 

fauna because the stagnation of 

these on the surface of the aquatic 

body prevents the passage of light 

and photosynthesis taking place in 

plants adequately; in addition, their 

presence consumes much oxygen, 

which decreases the availability of it 

for the native flora and fauna (Zingel 

et al., 2006). Although there are no 

studies that guarantee increases in 

the production of aquatic lily under 

hydroponic cultivation, there are 

studies that suggest its feasibility 

(Giri and Patel, 2012). 

CONCLUSIONS
Industry in Mexico, as well as 

forestry and agricultural production, generate wastes whose aim is uncertain. 

However, the use of these can find an integral and sustainable use in livestock 

production. The exploitation of the diverse sources of feed can represent 

a sustainable alternative in the mitigation of GHG in Mexico, as well as a 

decrease in agricultural and industrial wastes. Additionally, the use of these 

residues allows for surfaces devoted to sowing sources of food for animals 

to change crops or decrease, as a feasible alternative against the erosion 

of cultivation lands. In addition, the incorporation of silvopasture systems 

in livestock production in Mexico could emerge as a viable option in the 

reduction of lands for livestock exploitation, as well as in their erosion.
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