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Summary 

This paper characterizes the socioeconomic and environmental analysis of the cattle sector in the 

state of Caquetá, through a survey that assesses the situation of small producers in the prioritized 

municipalities of San Vicente del Caguán, Puerto Rico, Doncello, Cartagena del Chaira, Albania, 

in the benefit and sustainable management of NTFPs and agro-industrial forest byproducts, in this 

context, the harvesting of (4) non-timber species corresponding to Canangucha Palm (Mauritia 

Flexuosa), Milpesos Palm (Oenocarpus Bataua), Boca de Indio (Piptocoma discolor) and 

Veranera (Cratylia argentea) were identified, two (2) agro-industrial byproducts of the stated 

known as Palmiste, Cacao shell (Theobroma cacao) and Copoazú (Theobroma grandiflorum), 

which originate in the region as a nutritional alternative for animals (cattle); it can be inferred that 

in spite of their recognition, the majority of cattle farmers have underestimated these resources, 

and their usability as a feeding alternative for cattle has been little or almost nil in the Amazon 

piedmont, since the findings indicate that in the region a better facilitating infrastructure is needed 

in the form of technical assistance, education and governmental support for the widespread 

adoption of NFTPs. 
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Resumen 

Este artículo caracteriza el análisis socioeconómico y ambiental del sector ganadero en el estado 

de Caquetá, a través de una encuesta que evalúa la situación de los pequeños productores en los 

municipios priorizados de San Vicente del Caguán, Puerto Rico, Doncello, Cartagena del Chaira, 

Albania, en el beneficio y manejo sustentable de PFNM y subproductos forestales agroindustriales, 

en este contexto, el aprovechamiento de (4) especies no maderables correspondientes a Palma 

Canangucha (Mauritia Flexuosa), Palma Milpesos (Oenocarpus Bataua), Boca de Indio (Piptocoma 

discolor ) y Veranera (Cratylia argentea), dos (2) subproductos agroindustriales del dicho conocido 

como palmiste, cáscara de cacao (Theobroma cacao) y copoazú (Theobroma grandiflorum), los 

cuales se originan en la región como alternativa nutricional para los animales ( ganado); se puede 

inferir que a pesar de su reconocimiento, la mayoría de los ganaderos han subestimado estos 

recursos, y su usabilidad como alternativa de alimentación para el ganado ha sido poca o casi nula 

en el piedemonte amazónico, ya que los hallazgos indican que en la región un se necesita una mejor 

infraestructura facilitadora en forma de asistencia técnica, educación y apoyo gubernamental para 

la adopción generalizada de NFTP. 

 

Palabras clave: Sistemas de producción ganadera, recursos forestales, subproductos 

agroindustriales, alimentación animal 

 

Introduction 

UNICEF (2018) One of the challenges facing humanity is economic growth, accelerating the 

risk of food insecurity and malnutrition, this scenario must be reversed and prevent this threat.  

Sustainable agricultural growth of small producers will be effective if it allows increasing income, 

reducing poverty, in the same way strategies must be developed where locally produced goods and 

services can be taken advantage of (Colciencias, Minagricultura & Corpoica, 2016; Bernal, 

Rodríguez y Ortegón, 2020; Hernández, Hernández, Gil y Cárdenas, 2018). Development under a 

traditional approach would lead to the search exclusively to improve parameters that are related to 

profitability forgetting fundamental aspects such as social and environmental ones, hence the 

importance of development under a sustainable approach, therefore it is important to implement 

strategies that allow to know or characterize the productive systems (bovine), forests and natural 

resources present in the region which will allow a holistic view of the system and thus analyze its 

economic-productive viability, the support it can give to society and take into account the 

environmental impacts it can generate. 

According to the third National Agricultural Census (NCA), 50.6% of the rural area is natural 

forest, 40.6% is agricultural, 7.2% is non-agricultural and 0.1% is new urban development.  From 

the agricultural area, 80.5% are pastures and 19.1% are agricultural crops; the grasslands are 

implemented with few introduced grass species (less than 20 species) (Celis et al., 2004). Research 

on new species in Latin America is very poor (Tergas and Sanchez, 1979), in the national and 

regional scientific reports the same type of research is observed, where the species or variety of 

fashion what varies (Carrillo et al., 2007), the characterization of the attributes of the fashionable 

variety has not allowed the advancement of research in genetic resources of the regions (Maass and 

Pengelly, 2021; Mercado, 2018; Duarte, Barrientos y Castro, 2019); Bearing in mind the fact that 

the bovine production systems of Caquetá are based mainly and exclusively on extensive grazing 

of monocultures of grasses, where Braquiarias predominate, which are characterized by low levels 

of protein and high levels of fiber (Canchila et al. 2009); Taking into account the above panorama, 

it can be seen that the forest area is a source of forest resources with potential to be used as raw 

materials for the elaboration of balanced feed for animal production, especially for cattle, which is 
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the agricultural production system that occupies the largest area, which can be carried out through 

the implementation of technological packages and research products that take into account the 

rational use of natural resources (Rodríguez et al. , 2020; Arrieta, Lora y Sánchez, 2018; Palacios, 

Ortiz, Nuñez y Porras, 2019). 

Historically, the rural population and communities living in tropical forests have been 

characterized by the use of the territory and ecosystems to satisfy their needs through the 

appropriation of nature, such as agriculture, livestock, fishing and, above all, the collection, use 

and processing of non-timber forest resources (NTFRs) and agro-industrial resources, many of 

which are currently commercialized and contribute to the local and national economy. In this way, 

Mukerji (1997), points to NTFR as a viable alternative to promote conservation through sustainable 

economic development alternatives that allow both the conservation of natural areas and the 

development of the human communities that inhabit them.  The present chapter intends to carry 

out research oriented to the sustainable use and management of Non-Timber Forest Resources 

(NTFR) and Agro-industrial forest resources in the state of Caquetá, as a nutritional alternative for 

animals (cattle) contributing to the generation of new scientific knowledge in the territory for the 

most representative productive sectors and at the same time, as a means to improve the welfare of 

rural populations and to conserve existing forests. 

 

Theoretical Framework 

Utilization of Non-Timber Resources of the NTFR Forest 

People living near forests obtain a large amount of forest and non-forest products for direct 

consumption or for sale in the local or regional market. Products obtained from the forest that are 

not lumber or timber are called NTFR (Gerez and Purata, 2008). NTFR include all those biological 

materials, excluding timber, that are extracted from natural forests for human use (Beer and 

McDermott, 1989) including broad categories of food and food additives, fiber, silks, biomass, 

phytochemicals and aromatic chemicals, oils, resins and other exudates, organic building materials, 

decorative items and animal products (Chandrasekharan et al., 1996). Other NTFR that are 

harvested are honey, bushmeat, edible insects (Kaeslin and Williamson, 2010) as well as 

ornamental and medicinal vegetation, roots, rhizomes, fruits and seeds (Tejeda et al., 1998). 

Beer and McDermott (1996) define NTFRs as all biological materials other than wood that 

are extracted from forests for human use, including food, medicines, spices, essential oils, resins, 

gums, latex, tannins, dyes, ornamental plants, wildlife (products and live animals), fuelwood and 

raw materials, especially rattan, bamboo, small wood and fibers. FAO (1999) defines NTFRs as all 

goods of biological origin, other than timber, originating from forests, other wooded land and trees 

outside forests. The FAO team that carried out the Global Forest Resources Assessment (FAO, 

2010) defines them as those products obtained from forests that are tangible and physical objects 

of biological origin, other than timber, which includes all plant and animal products harvested in 

areas defined as forests, whether natural or planted. 

From this definition, among the NTFRs, 16 groups were identified classified into two 

categories according to the plant and animal kingdom which are as follows: a) plant products/raw 

materials which include: 1) food; 2) fodder; 3) raw materials for medicines and aromatic products; 

4) raw materials for dyes and colorants; 5) raw materials for utensils and handicraft and 

construction products; 6) ornamental plants; 7) exudates; 8) other plant products; and b) animal 

products/raw materials classified as: 9) live animals; 10) hides, skins and trophies; 11) wild honey 

and beeswax; 12) game meat; 13) raw materials for medicines; 14) raw materials for dyes; 15) 

other edible animal products; and 16) other non-edible animal products. González mentions that 

currently, there are more than 4,000 NTFPs of interest, of which at least 150 are traded through 
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regulated markets and are important in international trade, including honey, gum Arabic, rattan, 

bamboo, cork, nuts, mushrooms, resins, essential oils, and parts of plants and animals for 

pharmaceuticals. In order to promote NTFRs, it must be ensured that the populations which take 

advantage of them, benefit from the expansion of markets and that it is sustainable, each country 

needs a balance between conservation and sustainable use of its tropical forests and a good option 

could be their use, important in some economies, not only because of their contribution to the GDP, 

but also because they are a good subsistence option for different rural communities, even though 

they are not recognized worldwide, which has led to a legal vacuum and specifically in Colombia 

there is a lack of protocols to regulate their sustainable use (García & Polanía, 2007; Restrepo, 

2019). 

According to FAO, the production and consumption of NTFRs satisfy food, housing and 

health needs, in addition to generating income, which for 2014 amounted to approximately 88 

billion USD, coming mostly from NTFR of plant origin (77 billion USD), followed by NTFR of 

animal origin (10.5 billion USD) and the collection of medicinal plants (700 million USD), which 

accounts for 1/6 of timber forest production. 

Despite this great potential and that according to the Colombian Environmental Information 

System (IDEAM, 2018), the State of Caquetá, is located in the Amazon Natural Region presenting 

6,492. 919 ha of natural forest area, statistics of forest areas harvested in NTFR extraction are 

unknown, in the State some NTFRs have been identified, these have not been registered or 

systematized; reason for which there is a vacuum of information or theoretical reference on these 

resources at local and regional scale; Likewise, it is assumed that with the decrease of the rural 

population due to the effects of displacement to urban areas, traditional knowledge about NTFR, 

their uses and characteristics are being lost in the cultural memory of their inhabitants; thus, the 

information on traditional knowledge identified in this research can serve as support for educational 

programs on conservation of cultural practices and care of natural resources. 

Regarding the use of NTFR for animal consumption, there are some records which are 

presented below: 

C. argentea is a shrub native to the Amazon, the central part of Brazil and areas of Peru, 

Bolivia, Colombia and northeastern Argentina and is characterized by its wide adaptation to 

tropical lowland areas with droughts of up to 6 months and acid soils of low fertility of the Ultisol 

and Oxisol type (Argel and Lascano 1998).  The efficiency of C. argentea in ruminant feeding is 

evidenced in the work carried out in lambs, where supplementation with C. argentea improved dry 

matter intake (from 1.01 to 1.11 kg/MS/day) and protein digestibility (from 52 to 63%), which 

demonstrates the potential of C. The use of fresh C. argentea in cattle supplementation increased 

DIVMS (from 55.6 to 60.8%), and increased dry matter intake from 32 to 43% (Ibrahim et al 2001), 

this is mainly due to the good level of protein it contains (Celis 2004; Martínez, Barbosa, Amaya 

y Guzmán, 2020).  Boca de indio (Piptocoma discolor) is one of the few large trees of the large 

botanical family of Asteraceae and was reported by CIPAV in 2011 as a promising forage tree for 

the development of livestock systems in the Amazonian piedmont region (Hurtado et al. 2011). 

Guayara et al., (2009) evaluated the biomass production of Piptocoma discolor, in an intensive 

silvopastoral system and Álvarez et al., (2018), carried out a nutritional and mineral 

characterization in two landscape units, demonstrating this the potential of the species in bovine 

feeding for the region. 

Quispe et al., (2009), reported good protein contents (11.33%) at animal level works have 

been carried out in supplementation to improve productive levels in different livestock production 

systems. Lima et al. (2018), evaluated the effect of supplementation with Mauritia flexuosa oil in 

crossbred lactating goats, evaluating behavioral, physiological and hematological responses in 
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these animals. Farias et al. (2020), compared the effects of adding Mauritia flexuosa oil in sheep 

and evaluated physiological responses, feeding behavior and water intake. Ferreira et al. (2016), 

evaluated the physicochemical composition and ruminal degradability of Leucaena ensiled with 

different levels of Mauritia flexuosa fruit husk, works that report the use and acceptance of 

Canangucha in ruminant feeding. Queiroz et al, (2020), evaluated the inclusion of patauá meal 

(Oenocarpus bataua) in elephant grass silages for cattle feed, where they showed that the inclusion 

of patauá meal has positive effects on the chemical composition and effluent loss in silages since 

it significantly increased dry matter, organic matter, crude protein, insoluble nitrogen in neutral 

and acid detergent, ethereal extract, lignin and non-fibrous carbohydrates, contributing to reduce 

the environmental impact caused by the production of effluents during tropical grass silage and 

providing a potential use of patauá palm for animal feed. 

 

Agroindustrial by-products 

According to Saval (2012), defines agroindustry as the economic activity that is dedicated to 

the production and/or primary agricultural, livestock or forestry transformation for commercial 

purposes; in the same way they originate some by-products or waste that cause problems with their 

final disposal (Cury et al., 2017); which can be converted into raw material for another product 

(SAVAL, 2012), in this same sense the environmental and economic benefits in the use of these 

wastes have promoted sustainable development (Corredor & Pérez, 2018). 

In this sense, it is necessary that these wastes are transformed, generate goods destined for 

the local market with greater added value, economic income and solve problems, in the same way 

take advantage of technological alternatives (Yepes et al., 2008; Mirabella et al., 2014). 

Industrialization promotes human development when it uses available resources that improve 

people's well-being and quality of life (Wang et al., 2020). 

On the other hand, agro-industrial resources are used in animal feed because of their 

nutritional contributions (protein and/or energy, etc. ), additionally, it is a strategy that helps in 

environmental conservation because they are potentially polluting (Martin 2009), as is the case of 

palm kernel cake, used as a non-conventional food source available in oil palm (Elaeis guineensis) 

processing zones, which is obtained from harvesting the palm bunch, composed of fruit, which is 

processed to obtain the oil mechanically, leaving the palm kernel (Vargas and Zumbado, 2003). 

In Colombia there are more than 360,000 hectares a (2012) in 73 municipalities of the country 

distributed in four productive zones (Gómez and Ospina, 2016). The oil is obtained from the fruit 

of the oil palm (Elaeis guineensis) both from the pulp between 40 and 50% in crude oil, in a smaller 

portion oil is obtained from the kernel 5% average and is called palm kernel oil from the crude oil 

are generated several by-products such as cooking oil, margarines, soaps and detergents, cosmetics 

varnishes, gums and inks and lately for biofuels in addition to the kernel of the fruit the residues 

obtained in the extraction process can be used and it is called almond or palm kernel cake to 

generate animal feed (Gómez and Ospina, 2016). "The first harvest is obtained around 3 years after 

planting, the fruits in bunches with units of 1000 to 4000, weigh up to 15 kilos depending on the 

care of the crop, the vegetative period of the palm is more than 100 years, but under economic 

exploitation is from 25 to 30 years" (Gómez and Ospina, 2016). 

Similarly, the increase in cocoa production causes the organic remains such as cocoa waste 

to increase, turning this waste into a problem for production units, organizations and government 

institutions (Ponguillo Lucín, 2018). In fact, Cardona et al. (2002) determined that the use of cocoa 

is an alternative for feeding ruminants; the elaboration of feed made from cocoa by-products has 

become a sustainable alternative for the incorporation of animal diets due to its excellent nutritional 

content (protein, lipids, dietary fiber and epicatechin) (Delgado et al., 2021). 
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In the state of Caquetá, 394 hectares are planted with palm, with a yield of 3,991 kg/ha, with 

a better yield than at the national level (3,299 kg/ha) (Gobernación del Caquetá, 2007) and 1,847 

hectares are reported planted with cocoa, where one of the varieties is Copoazú, with a production 

of 48 tons of dry beans/year. 847 hectares planted with cocoa, where one of the varieties is 

Copoazú, with production of 48 tons of dry beans/year, an approximate of 4,320 tons of agro-

industrial residue represented in cocoa husk nullly exploited corresponding to 90% of the fruit, 

which indicates high availability of this organic residue to be transformed, which corresponds to 

approximately 25720 kg of cocoa per year (ACAMAFRUT, 2017, Gómez et al. 2012), taking into 

account the amount of relative humidity that contains 23.34 (Acuña, 2017), the amount of DM/year 

is 6003 kg DM/year (data adapted from Gómez et al 2012 and Acuña, 2017); Brenes (1990), 

determined that the use of cocoa husk is an alternative for ruminant feeding, due to its chemical 

composition: 3.2% potassium, 6.25% crude protein and 27% crude fiber, it can be used in fresh 

form with good acceptance and rapid digestibility, which allows high dry matter intakes in 

ruminants, they have used it in Costa Rica, Brazil, and Africa in cattle, sheep and goat feeding 

replacing up to 60% of traditional feed and in non-ruminant animals replacing traditional feed up 

to 20% in pigs and 10% in poultry. In the State of Caquetá there are 817 ha of Amazonian fruit 

trees (CORPOAMAZONIA, 2018). 

 

Cattle production systems   

According to Mahecha et al., (2002), cattle production systems in Colombia are generalized 

production models developed in almost the entire country, mostly by small producers, where cattle 

ranching is considered a socioeconomic sector with great importance for the development of the 

countryside, likewise, it has been and is strongly criticized for its low productive performance and 

high negative impact on the environment.   

Most of the country's livestock area is used for the development of pastures in extensive cattle 

raising systems, which are characterized by low efficiency in land use, in addition to great 

environmental deterioration due to problems such as deforestation, burning and loss of 

biodiversity, factors that have led cattle raising to be seen as a productive sector that threatens 

global ecological sustainability (Mahecha 2003). 

Vergara (2010), states that most cattle production systems in the country are characterized by 

low technological levels; all productivity indicators show this, including the percentage of the herd 

that is slaughtered, meat yield, exports, meat quality and the duration of the cattle cycle.  These 

conditions generate low liquidity in the business and high production costs, affecting the 

profitability of the activity and, consequently, low income for the producer. 

According to FEDEGAN (2006), there are barriers that affect cattle production systems in 

Colombia such as: 

 Low Specialization of breeding, rearing, milk or meat activities. 

 Insufficient technical and business training for cattle farmers. 

 Low productivity indexes. 

 Incipient development in genetic improvement. 

 High production costs. 

 Informality. 

 Insufficient technology transfer. 

 Competitive gaps with leading countries. 

 Low consumption rates. 

 Non-compliance with the regulatory framework. 
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 Inadequate access to financial resources. 

 The predominance of extensive cattle raising over intensive cattle raising. 

 

According to Velázquez, the predominant cattle production systems in the Colombian 

Amazon are dual-purpose cattle ranching systems, which are implemented by indiscriminately 

slashing and burning the forest to establish pastures. Productive indicators are generally low, with 

stocking capacities of less than one head per hectare, 180-day lactation and milk production below 

the national average, among others. (Velázquez et al., 2012).  

According to Anderson and Wadsworth (1995), dual-purpose bovine production systems 

(DPBPS) are defined as cattle farms that produce both milk and meat to be sold, where a percentage 

of the cows in the herd are partially milked and the excess milk is consumed by the calves directly 

from the mammary gland. 

 

Methodology 

This research is exploratory because the study to be determined is very little investigated or 

recognized and descriptive, it makes previous considerations about the depth of the study, thus 

generating a diagnosis provided by secondary and tertiary sources that will offer approaches to the 

scientific study it intends to dimension. 

 

Methodological Design 

A systematic review of scientific documents has been carried out, through the databases 

(Scopus, Redalyc, Scielo, DOAJ), taking into account the search equations of Boolean operators, 

on animal feeding alternatives with non-timber forest resources (NTFR) and agro-industrial, whose 

purpose is to generate scientific knowledge on these animal feeding alternatives, in the state of 

Caquetá, emphasizing that the study will have a differential approach due to the characteristics of 

the territory, determined with the participatory collaboration of the beneficiaries in such a way that 

it can serve as useful scientific support information to be delivered to the community and decision-

making entities as inputs for their potential agro-industrial use and also for the preservation, 

conservation and sustainable use for competitiveness.  Simultaneously, based on a study, a 

qualitative analysis will be made through in-depth surveys of cattle producers in the state of 

Caquetá, and exercises will be carried out to exchange knowledge and know-how with the 

community through participatory action research strategies, gathering basic socio-economic and 

ecological information on the productive units in the prioritized municipalities. 

108 properties were selected, prioritizing in the five (5) Municipalities (Cartagena del Chaira 

8, Albania 17, El Doncello 6, Puerto Rico 18 and San Vicente del Caguán 59, taking into account 

the DANE survey (2014), for the valuation of the supply and socio-economic characterization of 

agro-industrial and non-timber production systems for the identification of productive niches and 

nutritional levels required in the development of animal feed in the State of Caquetá, in the 16 

municipalities of the state that report planting and production areas of these raw materials, the 

compilation of existing information on crop production and management will be carried out, which 

will allow defining the types and particular characteristics of the production systems identified at 

the level of the prioritized municipalities. This exercise will also make it possible to determine 

physical, environmental, socioeconomic, cultural and technological requirements and activities 

that will make it possible to define the local technological level and crop management alternatives 

according to the needs and conditions of the producers and their territory.  In order to know the 

state of scientific knowledge worldwide, a bibliometric analysis was carried out based on the 
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database obtained from Scopus, which was analyzed through the Bibliometrix web interface in 

relation to the use of non-timber forest resources (NTFR) and agro-industrial by-products as a 

source of feed for cattle. 

 

Findings and Discussion 

Bibliometric analysis 

Through the bibliometric analysis carried out in the Scopus database of bibliographic 

references and citations using the Boolean formulas constructed in relation to the use of non-timber 

forest resources (NTFR) and agro-industrial by-products, including promising resources linked to 

the territorial identity of the peasant communities such as the Canangucha (Mauritia Flexuosa) and 

Milpesos (Oenocarpus Bataua) palms, Similarly, forage woody plants such as Boca de Indio 

(Piptocoma discolor) and Veranera (Cratylia argentea), which due to their bromatological 

properties are a potential source for cattle feed, it became evident that the scientific production of 

documents worldwide during the last five years with emphasis on the use of NTFR is led by authors 

from Brazil with an average of 72 publications, followed by Mexico, China and Colombia with an 

average of 14, 8 and 6 respectively.  In this way, it is possible to perceive that scientific production 

is related to the economies where bovine livestock contributes to economic growth (Table 1), as is 

the case of the United States and Brazil, which are the first and second producers of cattle 

worldwide respectively (Orús, 2021), with Brazil as a differentiating factor that it is the country 

that has the largest area of the Amazon with 4. 245,278 km2, that is, 63.7% (Otero, 2008), which 

means that it has a greater amount of non-timber resources and, in turn, a greater number of research 

and scientific documents. 

On the other hand, in terms of the average number of scientific documents with emphasis on 

the use of by-products derived from agroindustry, Brazil is the country with the highest scientific 

production with an average of 115 publications, followed by China and the United States with an 

average of 73 and 30, respectively.  Thus, it is evident that scientific production is subject to some 

of the economies with the greatest agroindustrial development worldwide, which concentrate the 

generation of scientific documents oriented to nutritional aspects for the potentialization of the 

production of agroindustrial derivatives. 
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Figure 1. Trend of the conceptual structure of the scientific production of the use of NTFR as a 

feed source for cattle. 

 
The trend in the conceptual structure of scientific production on the use of NTFR as a feed 

source for cattle has cross-cutting elements such as ruminants, bioactive compounds, fatty acid and 

milk (Figure 1), since many current research studies show the potential benefits to human health 

of a regular intake of milk, However, it has now been demonstrated that milk fatty acids have 

specific properties that are linked to important physiological functions such as the production of 

bioactive compounds, maintenance of the intestinal microbiota, weight control and prevention of 

chronic inflammatory diseases (Gómez & De la fuente. , 2018).  Likewise, methane emissions 

related to livestock stand out as an emerging issue (Figure 1), due to global trends on climate 

change, efficient use of resources, decrease in pollution and other environmental indicators, which 

have forced producers to implement practices and systems designed to reduce environmental 

impacts through evaluations that allow quantifying and comparing the effects of these strategies 

over time, Therefore, a wide variety of tools and models have been developed that seek to empower 

communities to quantify the environmental impacts generated by their production systems, which 

in turn satisfies the need of today's consumers for information on how their food is produced 

(Capper, 2021).   
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Figure 2. Trend of the conceptual structure of the scientific production of the use of agro-industrial 

by-products in cattle feed. 

 
The trend in the conceptual structure of scientific production linked to the use of agro-

industrial by-products is given by the cross-cutting elements milk, probiotics, antioxidants, which 

are going from being emerging to cross-cutting (Figure 2), given the interest of current production 

models that have recognized the potential of agro-industrial wastes, since they still contain in their 

composition a high nutritional content and a large amount of bioactive compounds that are used as 

a source of antioxidants for the development of biotransformations that generate finished products 

of high biological quality (Vicenssuto & Castro. , 2020), which is related to the topics nutrition, 

digestibility, additives, biogas, anaerobic digestion and energy (Figure 2), which have the tendency 

to become driving or consolidated topics, due to the processes carried out to transform agro-

industrial by-products from waste to usable raw material, being anaerobic fermentation the most 

widespread, since this allows creating usable compounds such as biogas and generating renewable 

energy (Villa et al., 2020), as well as the evaluation of different by-products as additives in diets 

used in animal feed to determine their digestibility and their effect on animal nutrition (Gasco et 

al., 2020).  On the other hand, the consolidated topics in current research are protein, antioxidant 

activity and polyphenols, while the emerging ones are beef cattle in relation to cocoa husk, as new 

trends in scientific research (Figure 2).  

 

Characterization of the use of NTFRs and agro-industrial by-products in cattle production 

systems in the prioritized municipalities in the state of Caquetá. 

The use of non-timber forest resources - NTFRs and agro-industrial by-products in animal 

feed in cattle production systems is an effective and sustainable nutritional alternative that proposes 

the use of various resources that have great potential for cattle intake, contributing to the reduction 

of the cost structure and the use of raw materials that are wasted due to lack of knowledge of their 

properties.  It also allows for a paradigm shift from traditional cattle ranching based on grazing 

large tracts of land to an innovative system that would supplement and/or complement forage 

grasses that provide low levels of protein (Cipaguata et al., 1998). The state of Caquetá has not 

been oblivious to this reality, which is why these production systems are characterized by being 
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extensively based on monocultures of protein-poor grasses that are not sufficient for the nutritional 

demand of livestock, as reflected in the territory's production indicators. 

It should be added that, faced with the problem of nutritional requirements, the productive 

systems have decided to supply different complements that guarantee the minimum nutritional 

values such as: concentrates, mineralized salts and nutritional blocks; which increase costs and 

decrease the profitability of the cattle herds. However, systems with a cattle inventory of less than 

150 head of cattle are forced to look for alternatives that do not represent high monetary values 

because this activity is the main or only source of income for their productive units, for which they 

have been using NTFR, while agro-industrial by-products have not been used due to the lack of 

knowledge of their potential in animal intake. 

 

Figure 3. Relationship of nutritional supplies of cattle production systems with inventory of head 

of cattle in the prioritized municipalities. 

 
It is necessary to highlight that of the five municipalities where the study was carried out, 

only in San Vicente del Caguán and Albania NTFRs have been used in low proportion due to the 

lack of knowledge of the capacity of these products and the little articulation between the academy 

and the Colombian countryside; in the transmission of knowledge that generates sustainable 

practices that positively impact the producers and the environment (Figure 3). 

It is evident that the traditional livestock model developed in the state of Caquetá has a 

feeding system where the main and, in most cases, the only source of food is extensive grazing, as 

stated by Canchila et al 2009; which leads to a dependence on commercial concentrates, nutritional 

blocks, among others, to supplement their feed. And that in productive units that have more than 

150 head of cattle; they do not use feeding alternatives found in the environment. 
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Figure 4. Use of Non-Timber Forest Resources and Agro-industrial By-products for cattle feed. 

 
It is worth mentioning that, in terms of the use of NTFR, Piptocoma Discolor or popularly 

known as Boca indio, Congo or Mulato, is the only species used in cattle feed in the municipalities 

mentioned above, so producers are unaware of the potential of species such as Cratylia Argéntea, 

Palma de Canangucha and Palma de Mil pesos. Bocaindio is an arboreal species, which is found 

inside stubble and secondary forests being used mainly for timber uses constituting an important 

source of income that serves to complement the earnings of rural households; being a pioneer 

species that regenerates in disturbed and sugarcane forests, it is ideal for sustainable management 

(Figure 4) (Erazo et al., 2014). 

Likewise, agro-industrial by-products such as cocoa or palm kernel have not been used in 

food due to the lack of knowledge of producers regarding the nutritional contributions of these 

products. For example, in several production units, cocoa crops were found where cocoa was used 

as fertilizer for the plantations themselves, ignoring the uses, potential and economic and 

environmental benefits that could be generated with the use of this large volume of cocoa. It should 

be emphasized that countries with a higher degree of industrial development are pioneers in the 

use of HS in ruminant feeding; being significant the results obtained in intake, nutrient digestibility, 

milk production yields and economic profitability while countries such as Colombia would have a 

great potential in the use of NTFR (Godoy et al., 2021; Pazla et al., 2018). 
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Figure 5. Indebtedness in cattle production systems. 

 
On the other hand, it is evident that most of the producers who have acquired debt have 

acquired it with the purpose of investing in livestock activity through financial entities, informal 

lenders and relatives or friends, for amounts ranging between 3 and 10 SMMLV; highlighting that 

it has been the main destination of the investment compared to other activities such as crop 

production, household needs, among others. Despite the fact that the impacts of livestock farming 

in the State have been negative against the model it practices and its role in deforestation, the 

livestock sector in Colombia generates 19% of rural agricultural employment being close to 6% of 

national employment contributing approximately 1.4% of the National GDP and about 19% of the 

agricultural GDP (Figure 5) (FEDEGAN, 2017).  

 

Figure 6. Technical assistance received in the last year (2019).   

 
Due to the technical assistance to cattle production systems has been scarce due to the lack 

of coordination between the state, organizations, academia and the Colombian countryside, there 

is a need to dialogue and build knowledge, generating the social appropriation of knowledge in the 

communities on various topics that allow the resolution of environmental problems and challenges 

in the different production systems.  

It should be noted that Albania has been the municipality with the highest percentage of 

training in livestock issues while in the municipality of Doncello its community has not received 
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any training. This shows the low level of coverage of training and technical assistance for the 

livestock sector in the state of Caquetá. As mentioned by Contreras and Rodríguez (2017) in the 

agricultural sector, its development and increased competitiveness depends, among other factors, 

on its capacity for technological innovation and the technical assistance received from different 

institutions, both state and private. Technical assistance or rural extension has been characterized 

by levels of coordination and articulation that have not achieved the expected impacts in terms of 

coverage and technological adoption by the sectors involved, as well as the scarce depth of 

organizational and commercial aspects that are vital for the agricultural business (Figure 6) 

(Contreras and Rodríguez, 2017).   

 

Figure 7. Benefits received from the organizations to which producers belong.                   

 
In turn, the main form of association in cattle production systems are the Community Action 

Boards (CABs), which directly or indirectly have coordinated the few trainings and technical 

assistance activities between producers, the government and/or organizations. On the other hand, 

it is highlighted that no producer is part of any association or cooperative, thus evidencing the lack 

of management and accompaniment by governmental entities for the creation of agricultural 

associative organizations in the state. Also, highlighting the lack of knowledge, negative 

experiences in joint work or the absence of leadership in the communities, which are determining 

factors that prevent the creation of associative organizations (Figure 7) (Estrella and Flores, 2020). 
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Figure 8. Perception of the level of income from livestock activity in properties where NTFR is 

used.  

 

 

The perception of the producers regarding the level of income that livestock activity 

contributes to the family economy indicates that most producers are directly dependent on these 

production systems for the subsistence of their families; however, the farms where the use of 

NTFRs varies, and in some units livestock is a secondary economic activity, with the use of other 

types of resources being a more constant and substantial source of income, due to the diversification 

of the activities carried out within the productive unit in relation to NTFRs (Figure 8).  The 

intensification of pasture-based livestock systems is a necessary strategy to mitigate the 

environmental impacts generated by activities such as deforestation and to improve the livelihoods 

of people who depend on livestock, since livestock farms are currently characterized by low 

incomes and low productivity, However, the adoption of strategies that make use of NTFR is 

limited by structural factors that interact with the personal perceptions of the ranchers that prevent 

them from shaping the information that would allow them to understand the costs and benefits of 

adopting this type of strategy (Arbuckle and Roesch. , 2015). 

Producers who harvest NTFRs perceive this as a strategy to increase the economic value and 

competitiveness of the farm, while ranchers who do not harvest NTFRs recognize that the use of 

such resources is necessary to maintain livelihoods given declining profits due to rising input costs 

and increasing state environmental oversight, however, However, producers who harvest and those 

who do not agree that there are many barriers that prevent a high adoption of this type of model in 

the region, such as the difficulty of obtaining skilled labor, poor infrastructure, limited forms of 

marketing with a non-regulatory and unfavorable environment for the producer, in addition to 

cultural practices that in most cases drive decisions regardless of the possibilities of maximizing 

benefits (Cortner et al. , 2019). 

 

Conclusions 

The scientific production of documents worldwide concerning the use of non-timber forest 

resources (NTFPs) and agro-industrial by-products as alternative feed for cattle has been carried 

out mainly by the countries with the highest level of industrialization in the agricultural sector, 

such as China, the United States and Brazil, mainly developed by agricultural sciences and biology, 
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where they have been studied individually or in conjunction with other raw materials, evaluating 

their effects, nutritional contributions, degree of nutritional value and d egree of digestibility 

and daily weight gain in cattle. 

The producers of the bovine production systems of the prioritized municipalities mostly have 

present the species of the NTFR, however, the use of these as an alternative animal feed has been 

at very low levels, being used only the Boca Indio (Piptocoma discolor) by some of the producers 

of the municipalities of San Vicente del Caguán and Albania.  

Agro-industrial by-products are not used in any bovine production system as a feeding 

alternative, which indicates that there is a lack of knowledge or interest on the part of producers to 

use them as an alternative for animal nutrition. 

The results suggest that research and research processes should focus not only on agronomic 

and socioeconomic aspects, but on the contrary, they should raise awareness of the potential 

benefits of adopting systems that make use of NTFR through models that quantify and 

communicate the potential risks of adoption and mitigation strategies to help producers understand 

the benefits of converting from extensive to intensive feeding systems and the potential risks and 

ways in which they can be minimized and enable farmers to more effectively weigh the benefits 

and costs of using NTFR. Moreover, the findings indicate that better enabling infrastructure in the 

form of technical assistance, education and government support for widespread adoption of NTFR 

is needed in the region.    
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