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Abstract 
 

 

In many developing countries access to animal protein is limited due to the low 

productivity of livestock systems as a consequence of climate change and the high 

production costs. About 60 to 70% of the total costs of animal production systems go to 

feedstuffs like meat meal, fishmeal and soymeal. Besides, these sources of feed for 

animals are limited and have a big impact in the environment. Insect farming has been 

proposed as a good alternative to improve people’s food security especially in low-

income countries as well as a more sustainable source of feed for animals. Insect-based 

feedstuffs can be considered a good alternative for fishmeal, soymeal and other 

feedstuffs because they are comparably high in nutrients, require less space in their 

production, have a low environmental impact and are already a natural part of the diet 

of fish, poultry and pigs in nature. In spite of all these advantages, there are still some 

barriers and challenges that have to be overcome first in order to get the attention from 

policy makers and other institutions to support and promote the inclusion of insects into 

our food system both as food and feed. One of these main challenges has to do with the 

acceptance of insect farming among farmers. While insect farming as an alternative 

source of feed can yield many benefits for rural communities, negative perceptions and 

insufficient acceptance can be an obstacle to the successful adoption, transference and 

promotion of this innovation among farmers. However, very little is known about the 

determinants that influence farmers’ intention to adopt these practices. The main 

objective of this study was to analyze ex-ante the level of acceptance that insect farming 

practices for animal feed (IFAF) could have among smallholders in Colombia. The 

conceptual framework used was based on the main psychological constructs of the 

Theory of Planned Behavior (TPB) and the Technology Acceptance Model (TAM), two 

popular models used to predict the acceptance of new technologies or innovations, as 

well as the analysis of some socio-economic characteristics. The results indicated that 

the level of Subjective Norm (SN) and the level of Perceived Ease of Use (PEOU) played 

an important role in the intention of farmers towards the adoption of IFAF. 

Characteristics like the level of education of the farmer and the level of importance they 

give to feedstuff attributes were also found significant. 
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CHAPTER ONE 
 

1. INTRODUCTION 

 

1.1  Background 
 
Meeting the global food demand in a sustainable way is one of the biggest challenges of 

this century. According to the United Nations (UN, 2015) the world population is 

expected to reach 9 billion people by 2050. Due to the increasing levels of population, 

urbanization and economic growth in many countries, as well as shifts in people’s diets 

towards a higher consumption of animal foods, fruits and vegetables and bigger efforts 

to alleviate hunger and malnutrition in low-income countries, it is foreseen that food 

production will have to be increased at least 70% in order to meet the global demand 

for food (FAO, 2013b; HLPE, 2016). The demand for protein, especially from animal 

origin, will go up and systems based on poultry, pork and beef are expected to double 

(Moon & Lee, 2015). The demand for meat and milk is expected to be 58% and 70% 

higher in 2050 than the observed levels in 2010 especially in developing countries (FAO, 

2011). This excessive demand for animal products will require of large quantities of 

limited resources for the production of feedstuffs. Additionally, the depletion of 

nonrenewable resources like fossil hydrocarbons is triggering an increase in the demand 

for biofuels, which in turn creates a competition on land-use priorities.  

To face this situation, farmers will have to increase their crop production either by 

expanding their agricultural land to grow the required amounts of food or by enhancing 

the productivity of their existing crops through the use of fertilizers, irrigation, 

technology, etc. But increasing agricultural lands may lead to other problems like loss of 

biodiversity, deforestation, exacerbation of climate change, among others. On the other 

hand, increasing the productivity of the systems already in place, which seems to be a 

more sustainable alternative, can also have big impacts especially regarding water 

availability. It is estimated that agricultural activities already consume 70% of Earth’s 

fresh water, with the irrigation of feed crops using 8% of global water for human 

consumption (FAO, 2009; Foley et al., 2011) and it is predicted that a shortfall of 40% of 

fresh water may take place by 2030 (WWAP, 2015). The projected increment in the 

production of livestock will surely suppose a huge pressure on water/land availability 

and quality, because the more animals are produced the more water and feed crops are 

needed, which in turn will exacerbate the fuel-feed-food competition, one of the major 

threats for food security especially in developing countries (Mekonnen & Hoekstra, 

2012).  

In many developing countries access to animal protein is limited due to the low 

productivity of livestock systems as a consequence of climate change (IPCC, 2008) and 

the high production costs  (Dorward, 2012; Ivanic & Martin, 2008). Around 60 to 70% of 
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the total costs of animal production systems go to feedstuffs like meat meal, fishmeal 

and soymeal (Spring, 2013; van Huis, 2013). These sources of feed for animals are limited 

and have a big impact in the environment. An increase in the demand for animal source 

foods implies that more and more of these resources will be used, will become scarcer 

and maybe fully exhausted putting in danger the sustainability of important food 

systems. For example, aquaculture1 is probably one of the food sectors with the fastest 

growth rate. However, a big obstacle to the sustainable growth of this industry is the 

high cost of feeds, especially fishmeal and fish oil (FAO, 2013a). About 10% of fish 

production is transformed into fishmeal. Global fish reserves are diminishing due to 

overfishing of ocean fish stocks since wild-caught fish are the main protein source of 

fishmeal, upon which many livestock systems are presently relying. So, in this context of 

increasing demand for food and declining availability of agricultural land, water and 

other natural resources, it is urgent to find alternative sources of protein for animal feed 

with low environmental impacts and low economic costs in order to guarantee the food 

security of people especially in developing countries.  

One of these alternatives is insect farming. The use of insects for both food and feed has 

become very popular in recent years, especially after the publication of the report 

“edible insects: future prospects for food and feed security” by the Food and Agriculture 

Organization in 2013 (FAO, 2013a). In that report insects are proposed as a good 

alternative to improve and ensure people’s food security especially in low-income 

countries as well as a more environmentally friendly source of feed for animals. They 

can remarkably contribute to mitigate the increasing demand for sufficient, sustainable 

and affordable proteins. Insects have been proposed as a sustainable alternative for 

fishmeal, soymeal and other feedstuffs because they are comparably high in nutrients, 

require less space in their production, have a low environmental impact and are already 

a natural part of the diet of fish, poultry and pigs in nature, which make them an ideal 

feed alternative (Rumpold & Schlüter, 2013). Since they are cold blooded their feed 

conversion efficiency is high: on average one kg of insect biomass can be produced from 

two kg of biomass (Collavo et al., 2005). Most insects grow very fast because their 

reproductive cycle is short. They require a low initial investment to be reared and 

constitute a great tool of bioconversion that may be used to alleviate waste disposal 

problems in rural areas because they can be reared on different kinds of organic 

materials with low or no economic value, transforming waste biomass into a high value-

added protein-rich material (Gahukar, 2016).  Additionally, the waste or frass obtained 

after the insects are reared can be used as an organic fertilizer and this way the circle of 

nutrient recycling is completed.  (Newton et al., 2005; Rumpold & Schlüter, 2013; 

Sheppard et al., 2002).  

                                                           
1According to FAO Aquaculture or farming in water is the aquatic equivalent of agriculture or farming on 
land. Defined broadly, agriculture includes farming both animals (animal husbandry) and plants 
(agronomy, horticulture and forestry in part). Similarly, aquaculture covers the farming of both animals 
(including crustaceans, finfish and mollusks) and plants (including seaweeds and freshwater 
macrophytes). While agriculture is predominantly based on use of freshwater, aquaculture occurs in both 
inland (freshwater) and coastal (brackish water, seawater) areas. Source: http://www.fao.org 
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Insects have been tested in the diet of different farm animals, either as a full 

replacement of the regular feedstuff or as a supplement ingredient, obtaining positive 

results. For example, the incorporation of insects in the diet of broiler poultry didn’t 

reduce growth rates and, in some cases, it actually increased (Rumpold & Schlüter, 

2013). The study by Marono (2018) showed that better feed conversion is achieved in 

laying hens that include insect meal in their diet, although a more variability of egg sizes 

was observed. Using black soldier fly larvae instead of soya bean oil has been shown to 

have no impact on growth or performance of broiler chickens, which suggests that it is 

a good alternative (Schiavone et al., 2016). Regarding fish, the use of insects in their diet 

is not something new. In Africa and Asia smallholder farmers have been feeding insects 

to their fish for a long time by collecting them when seasonally available or attracting 

them directly to the fish by hanging lights over the fish ponds (van Huis, 2013). Different 

kinds of insects like black soldier fly and housefly larvae, locusts, silkworms and 

mealworms have been tested in the diet of several fish obtaining mixed results regarding 

both the protein content and long-chain fatty acids content. Trials with freshwater fish 

that have an omnivorous diet have shown to perform better when including insects in 

their diet. For example, a replacement of 25% of fishmeal with black soldier fly larvae or 

locusts did not show any adverse effects on the growth of tilapia (FAO, 2013a; Makkar 

et al., 2014). Also, the study by Wang (2017) showed that it is possible to replace up to 

75% of fishmeal with housefly larvae meal in the diet of Nile tilapia without observing 

any negative effects. Similarly, catfish showed no adverse effects when 40%-80% of their 

regular diet was replaced by mealworms (Makkar et al., 2014). On the other hand, 

carnivorous fish have shown to be a bit less efficient. With sea bass, for example, just 

19.5% of fishmeal replacement with black soldier fly larvae was possible without getting 

any adverse effects (Magalhães et al., 2017) and in trials with gilthead sea bream 

positive results were obtained by replacing from 25% to 50% of fishmeal with mealworm 

meal (Iaconisi et al., 2017; Piccolo et al., 2017). 

 

1.2  Problem Statement 
 

In spite of all the great advantages that the use of insects offers not only to improve the 

protein access to the poorest people but also to slow down the environmental impact 

of traditional feed products, there are still some barriers and challenges that have to be 

overcome first in order to get the attention from policy makers and other institutions to 

support and promote the inclusion of insects into our food system both as food and 

feed. One of these challenges has to do with the acceptance of insect farming practices 

among farmers. Small-scale insect farming practices offer several opportunities for 

farmers especially in low-income countries (Chaalala et al., 2018) and represent a 

valuable asset for rural households with the potential to be developed into a new agri-

business sector (van Huis, 2013). However, very little is known about the key factors that 

influence farmers’ intention to adopt these practices. Most studies related to the 

acceptance of insects into our food system have been carried out from the consumer 

perspective and mainly involving the consumption of insects as food (Gere et al., 2017; 
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Hartmann & Siegrist, 2017; Pambo et al., 2016; H. S. G. Tan, Fischer, et al., 2016); only a 

few of them assess the acceptance of insects as feed or include important actors of the 

food system like farmers and producers (Verbeke et al., 2015).  

 
Thus, the present study addresses a specific gap in the literature by examining the 

determinants of farmers’ intentions to adopt insect farming practices for animal feed 

purposes. If insects are to become a sustainable alternative for the increasing demand 

of animal protein around the world with the potential to improve food security specially 

in low income countries, their production has to be supported just like any other 

livestock system. Efforts will have to be made in the development of production 

techniques and knowledge transference. Policy makers, cooperatives, farmer 

associations, etc. may find in these practices a great opportunity to strengthen the rural 

development of their regions and may feel attracted to implement and promote insect 

farming systems. In order to do that they will have to make investments in the training 

of farmers and the provision of technical support. Such technical support should focus 

on the development and application of appropriate and affordable handling, processing 

and storage practices for insects once they are harvested in order to avoid risks for 

human and animal health, which highly depend on how they are reared and processed. 

That is the reason why in order to implement small-scale insect farming in rural areas 

especially in developing countries it is first necessary to assess the level of acceptance 

of these practices among farmers. By analyzing the determinants of insect farming 

acceptance, better strategies can be implemented to improve the transference of 

knowledge and the access to technical support that allow more farmers to feel confident 

to get involved in these practices. 

 

1.3 Research Objectives 
 
The main objective of this study is to analyze ex-ante the level of acceptance that insect 

farming practices for animal feed (IFAF) could have among smallholders in Colombia. 

The conceptual framework used is based on the main constructs of the Theory of 

Planned Behavior (TPB) and the Technology Acceptance Model (TAM), two popular 

models used to predict the acceptance of new technologies or innovations, as well as 

the analysis of some socio-economic characteristics. 

Specifically, this study aims to answer the following research questions: 

• Q1: What are the most relevant determinants that influence farmers’ intention 

to adopt insect farming practices for animal feed? 

 

• Q2: What is the relationship between the characteristics of the farmers and their 

perceptions about insect farming for animal feed? 
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CHAPTER TWO 
 

2. LITERATURE REVIEW 
 

2.1 Background 
 
As it was mentioned before, because of the increasing world population, food 

production will have to increase dramatically too, which is expected to pose big 

environmental and social challenges around the world. The Sustainable Development 

Goals (SDG) were proposed by the United Nations in 2015 as a strategy to address and 

find solutions to 17 global challenges before 2030 (UN, 2015). At least five of these goals 

are directly or indirectly connected to feeding the growing human population 

sustainably (Dicke, 2018). From tackling climate change, protecting ecosystems, 

ensuring sustainable consumption and production patterns to ensuring healthy lives and 

promoting well-being for all at all ages, it seems that when it comes to achieving food 

security there are many factors to take into account. This high interconnection demands 

innovative solutions to address such challenges from all possible angles. Structural 

changes must be made in the way food and feed are produced attending to foreseen 

constraints like the availability of natural resources, water, land and energy (Foley et al., 

2011). Such structural changes also require a new economic perspective based on 

circularity, which gives a lot of emphasis to the preservation of the natural capital, the 

optimization of the available resources and the renewable flow of resources and 

products (Twigger, 2016). 

The use of insects as feed is a very promising alternative and a great tool to achieve food 

security particularly in areas where limited access to food and malnutrition represent 

serious societal problems that will only worsen given the expected future changes 

(Alemu et al., 2017). According to van Huis et al. (2014) the nutritional value of insects 

is comparable to that of regular meat but with a smaller environmental impact because 

their production require less water and land and releases less greenhouse gasses in 

comparison with other livestock like chicken, pigs and cattle (Afton Halloran et al., 2016). 

They are not only rich in proteins and fats but also in other micronutrients like iron, zinc 

and vitamins which play an important role in animal health and nutrition (Rumpold & 

Schlüter, 2013). Their efficiency in the conversion of biomass is another great 

characteristic that makes insects a great tool to fight hunger. For example, 2.2 kg of feed 

on average are enough to produce 1 kg of edible insect biomass from crickets. This is 

much lower than the 25 kg of feed required to produce 1 kg of edible weight from beef 

(van Huis, 2013). Additionally, it’s important to highlight that most feedstuffs used in 

livestock production nowadays are based mainly on fishmeal and soymeal which triggers 

a competition between food and feed systems. For example, between 2012-2014 

approximately 838 megatons of cereals suitable for human consumption, which 

constitute 34% of the total global production of cereals, were used as feed instead of 

food and this amount is expected to rise to 1,100 megatons by 2050 which would 
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represent up to 50% of the global cereal production (Dicke, 2018). This situation, added 

to the increasing demand for fuel crops and the depletion of the ocean stocks represents 

one of the main reasons why finding alternative protein feed sources that do not 

compete with food must be a priority. Insects are a great alternative to be used as feed 

because many of them can be reared on substrates that are not suitable for human 

consumption and therefore don’t create any competition in the availability of food for 

people. This would be a first big step towards achieving the second SDG and all the other 

goals that are interconnected to it and which aim to achieve food security, improve 

nutrition and promote sustainable agriculture. 

 

2.2 Advantages of small-scale insect farming systems  
 
According to Yen (2015), insects can be obtained in three ways: 1) wild harvesting; 2) 

semi-domestication (manipulation of their habitat to increase their production); and 3) 

farming. Currently, about 92% of insects are wild harvested, 6% semi-domesticated and 

only 2% farmed (Yen, 2015). The high share of wild harvested insects may obey to 

traditions and other cultural aspects but also to a lack of knowledge or infrastructure to 

rear insects (Alemu et al., 2017). However, this traditional method is the least 

sustainable one and may have a big impact in the ecosystems by threatening other 

species and altering the food web (Klunder et al., 2012; Rumpold & Schlüter, 2013). 

Insect farming can produce higher amounts of insects and represents a more sustainable 

method for the production of insect biomass, which is more efficient and doesn’t put 

too much pressure on the environment. The adoption of small-scale insect farming 

practices has the potential to increase the availability of high quality feed sources in 

rural communities and at the same time it can enable smallholders to integrate their 

livestock systems into a circular economy approach that has the potential to increase 

both the productivity and profitability of their farm contributing directly and indirectly 

to the protection of the environment (Moon & Lee, 2015).  

Small-scale insect farming offers several advantages for farmers especially in low-

income countries (Chaalala et al., 2018). Besides the nutritional factors that have been 

previously described and which make insects so attractive as a new source of feed, the 

implementation of small-scale insect rearing activities could become a valuable asset for 

rural households that has the potential to be developed into a new agri-business sector 

(van Huis, 2013). Small-scale insect farming systems can be easily incorporated as an 

additional part of their farm systems already in place and provides an alternative 

solution to the management of livestock wastes, crop by-products and other organic 

wastes (Chaalala et al., 2018). The adoption of small-scale insect farming systems can 

also lead to the organization of cooperatives that contribute to the development of their 

local economies which in turn would suppose a big step in the achievement of a 

sustainable development for their communities and villages (Hanboonsong et al., 2013). 

Insect farming can be carried out at different scales. It can be as simple as a cage or as 

sophisticated as a large semi-automated factory (Yen, 2015). The current technology 
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used at factory scale is capable of producing large amounts of insects for feed. However, 

the high investment required to establish and maintain such systems makes the insect 

feed production cost comparable to the one for conventional feed (Moon & Lee, 2015). 

While large-scale production systems might seem more attractive from an industrial 

perspective, there are some cases in which small-scale insect farming systems are more 

appropriate and play a significant role in the livelihoods of entire communities. For 

example, in Thailand a large number of individual farmers are involved in the production 

of crickets processing and distributing them following a small-scale production model 

(Hanboonsong et al., 2013). As a matter of fact, the adoption of small-scale insect 

farming practices is relevant to a great deal of the Asia Pacific region because it offers 

cheaper costs of establishment in comparison with factory scale systems; it allows 

farmers to have greater access to a subsistence food product grown domestically and 

gives them the opportunity to develop their own business in a wide range of settings. 

This type of system can be performed in urban, peri-urban, rural and even non-

productive environments, turning “marginal” or “fragile” lands into a productive 

resource. This way, even if insects are not the main source of income for farmers, it can 

provide them with a longer term and more sustainable food/feed supply (Barthel & 

Isendahl, 2013). 

Additionally, according to Chaalala et al. (2018) the infrastructure required for a small-

scale insect farming system can be built with low-cost materials available locally and 

accessible to most people and in many cases the breeding parameters of such systems 

are aligned to the regional environmental conditions requiring little or no inputs of 

energy for their functioning. Other advantages are the little labor required and a flexible 

work schedule, which facilitates the adoption of these practices in conjunction with the 

regular productive agricultural activities. Small insect colonies are better managed, 

monitored and controlled and makes it easier the standardization of insect batches. 

Moreover, less intensive breeding within a closed production system may reduce the 

impacts of negative externalities and minimizes the risks associated with consanguinity 

and genetic fatigue that can highly affect the overall productivity of bigger systems (De 

Goede et al., 2013). 

Among the different species that are used in insect farming systems the most promising 

and studied ones for their use as feedstuff are two fly species: the black soldier fly 

(Hermetia illucens) and the housefly (Musca domestica). Their popularity is primarily 

based in their capacity to grow on a wide variety of organic materials derived from both 

plants and animals which cannot be used for human consumption including for example: 

fruit and vegetable remains, crop production and food industry byproducts, spoiled 

products, restaurant waste, livestock manure, and even human feces (Banks et al., 2014; 

Makkar et al., 2014; Sprangers et al., 2017; Wang & Shelomi, 2017). These two insects 

have a degradation capacity of 56% and 75% in terms of mass, respectively and 

depending on their diet they may reach protein contents over 40% and other important 

nutrients (Barnard et al., 1998; Newton et al., 2005; Sprangers et al., 2017). 
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From this perspective, it’s possible to infer that the adoption of insect farming practices 

involving the use of these fly species can benefit people and entire communities by 

facilitating the access to an alternative source of protein but also by helping in the 

alleviation of health problems associated with poor sanitation and inadequate waste 

management (Banks et al., 2014). Besides, since various types of substrates can be used 

in their production most of which have low or no economic value and are of no use in 

the food chain, small-scale insect farming can also be interesting and attractive from a 

food security perspective since it avoids the food versus feed competition. Of course, 

the type of substrate used in their production will be influenced by the context in which 

the system is implemented as well as regulatory restrictions and the goal of the 

producer. If high production rates are the main objective, like in factory scale systems, 

higher quality substrates will be required and which are likely to include materials that 

are also used for human consumption or as feed for livestock (Lundy & Parrella, 2015). 

On the other hand, if food security is the priority, there are big opportunities to 

implement waste reduction and circular economy approaches2 and the regulations are 

less rigid, then lower quality substrates like manures and other residues may be a 

suitable option.  

 

2.3 Barriers for the inclusion of insects into the food system 
 
When it comes to including insects into our current food system there are two main 

possibilities: 1) using them as food for human consumption in a direct way or as an 

ingredient in a food product, which is referred to as entomophagy and 2) using them as 

feed for animals within a livestock production system (van Huis, 2013). As it has already 

been said, insects have a great potential not only because they represent an alternative 

source of protein and other valuable nutrients that can contribute to alleviate food 

insecurity but also because their adoption can bring some environmental, economic and 

social benefits especially for people in rural areas in developing countries (Alemu et al., 

2017; Chaalala et al., 2018). However, there are several limitations for the inclusion of 

insects into our food system; some of the most important ones are explained below. 

 

2.3.1 Legislation barriers 

 
The first one of these limitations is the legislative hurdles or barriers for the use of 

insects as food and feed. In the literature it is easy to identify two very well differentiated 

postures about regulation, legislation and policies (RLP) for the inclusion of insects into 

our food system. According to Wilderspin and Halloran (2018), authors from the Global 

North mostly focus on food safety and consumer protection, whereas authors from the 

Global South most often focus on environmental sustainability. This makes sense if we 

take into consideration that in countries where the consumption of insects is an 

                                                           
2 In a circular economy approach, the value of products and materials is maintained for as long as possible. 
Waste and resource use are minimized, and when a product reaches the end of its life, it is used again to 
create further value. Source: https://ec.europa.eu/ 
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important part of traditions and culture, the conservation of wild species has been a 

priority in the design of RLP (Halloran et al., 2015). On the other hand, in countries where 

the consumption of insects is not common, most RLP is focused on issues related to 

perceived health issues and food contamination associated with insects which tend to 

be more restringing when it comes to mass production (Laurenza & Carreno, 2018). 

However, even though in many countries in the Global South people have eaten insects 

for centuries, there are only a few examples of well-established regulations 

encompassing the utilization of insects for food and feed (Halloran et al., 2015). Two of 

these few examples are Kenya and Thailand; in Kenya, the National Guidelines on 

Nutrition and HIV/AIDS takes into account the use of insects as food and in Thailand 

specific Good Agricultural Practices (GAP) are being developed for the entire value chain 

of cricket farming (Wilderspin & Halloran, 2018). In Latin America, the situation is quite 

different and literature regarding the use and regulations of insects for food and feed in 

these countries is very scarce. The Latin American countries with the highest 

consumption of insects are Brazil, Colombia, Venezuela, Ecuador, Peru, and Mexico due 

to their biological and ethnical diversity (Costa-Neto, 2016). However, when the rich 

social and biological diversity found in Latin America is considered, it is possible to 

conclude that the use of insects for food and feed is being underestimated. In fact, 

according to Costa-Neto (2015), governments in Latin America “do not have any interest 

to make any kind of legislation by approving the regular use of insects as human food 

simply because these organisms are considered as pests or as disease vectors, and thus 

must be exterminated”. Although the consumption of insects is not an illegal practice in 

these countries, it has not received the attention and support it deserves to promote 

their production and consumption; in fact, this is done only occasionally and mainly by 

indigenous people who still have not been influenced by the western perception on 

insects which usually lead to the adoption of a negative perception or attitude towards 

the inclusion of insects into our food system like its association with poverty and 

“indianness” due to ethnocentric reasons  (Paoletti et al., 2001). But in general, a lack of 

RLP does not seem to be an obstacle for the consumption of insects in many countries 

in the Global South and, actually, it may even be beneficial for the development of this 

industry since people are not bound by specific ways of farming or collecting insects and 

therefore, they can avoid expensive regulations and standards (Wilderspin & Halloran, 

2018). 

Conversely, when it comes to the Global North or western countries, regulations have 

posed a stronger barrier for the development of the insect farming industry both for 

food and feed. Countries like the United Kingdom (MacEvilly, 2000) and the United 

States (Wilkie, 2018) have established regulations for insects in food products but just 

because they are perceived as a contaminant and those regulations don’t acknowledge 

insects as a source of food (Laurenza & Carreno, 2018). In the European Union, some 

member states like Finland and Germany have prohibited the commercial production of 

insects for human consumption while some others like the Czech Republic allows their 

commercialization and production but do not have a specific legal framework for it 

(Lähteenmäki-Uutela & Grmelová, 2016). Regarding insects for feed, in the EU producers 
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must comply with the methods provided for it in Regulation (EC) 142/2011. Once insects 

are processed in accordance with those specific standards they can be used either as 

insect Processed animal proteins (PAPs), as hydrolyzed proteins or fat and as whole live 

insects. These possibilities for using insects and/or their derived products in animal feed 

are also regulated. Insects PAPs are prohibited as feed for farmed livestock animals (i.e. 

ruminant and monogastric animals) although on July 2017 a few species of insects were 

approved to be used as feed for aquaculture animals in the EU and it is expected to be 

allowed also for poultry very soon. Insect PAPs are also authorized in feed for pet food 

without any specific restrictions on insect species that may be used (unlike for 

aquaculture animals). Regarding insect fats and hydrolyzed proteins, they are 

authorized in feed for farmed animals (i.e. aquaculture and monogastric livestock 

animals) and pet food animals, without restrictions as to the insect species. And finally, 

the feeding of live insects to farmed and pet food animals are not subject to limitations 

at EU level but are often regulated at the national level (such products are traditionally 

used as feed for niche markets such as birds, reptiles or zoo animals) (IPIFF, 2019). One 

of the major limiting factors in the EU is that insects must be raised according to the 

regulations design for conventional livestock implying that waste products cannot be 

used as feed for them which reduces the environmental benefits of the use of insects as 

feed. In February 2019 Brussels based, International Platform of Insects for Food and 

Feed (IPIFF)3, unveiled a guidance document on the best practices in quality and hygienic 

insect production which will be subject to further discussion and evaluated by the EU 

commission and national authorities. The document could serve as a valuable source of 

information to EU and national public authorities, particularly at a time when EU policy 

makers are reflecting on the possible authorization of insect proteins in poultry feed.  

 

2.3.2 Food Safety Risks 

 
Another limitation is the risks related to both human and animal health. Although it is 

widely acknowledged that the use of insects for food and feed is a very promising 

industry, there are several studies that discuss possible health-related problems 

associated with insects such as microbiological risks (Stoops et al., 2016; Wynants et al., 

2017), chemical risks (Charlton et al., 2015; Poma et al., 2017; Purschke et al., 2017), 

allergenicity risks (Ribeiro et al., 2018; Srinroch et al., 2015), and some others (Gallo, 

2018). However, most of these issues are not completely understood or manageable 

because there are many factors intervening. According to a study by the European Food 

Safety Authority (EFSA, 2015) “the specific production methods, the substrate used, the 

stage of harvest, the insect species, as well as the methods used for further processing 

will all have impact on the possible presence of biological and chemical contaminants in 

                                                           
3 The International Platform of Insects for Food and Feed (IPIFF) is an EU non-profit organization, which 
represents the interests of the insect production sector towards EU policy makers, European stakeholders 
& citizens. Originally created in 2012, the association is today composed of 51 members. Most IPIFF 
members are European small and medium size enterprises who produce insects for the European market. 
The association also welcomes insect producing companies located outside Europe, research institutes 
and other actors along the food supply-chain. Source: http://ipiff.org 
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insect food and feed products”. What is clear is that the food and feed industry will 

require important adaptations if they want to incorporate insects as an alternative 

ingredient keeping the efficiency and product quality as well as providing the same 

guarantees in terms of hazard identification, risk assessment and traceability that 

regular foods and feedstuffs currently offer (Rumpold & Schlüter, 2013). Despite all 

these issues, at least when it comes to the use of insects for animal feed, there is a 

general consensus in the literature (Makkar et al., 2014; van Huis, 2013) that it is possible 

to rear insects on a wide variety of low value by-products, bringing back valuable 

ingredients from organic waste materials derived from agriculture, food industries and 

other sectors into the food chain and which can be efficiently used in the diet of several 

farm animals. For this reason, insect farming could be of great benefit in developing 

countries where feed regulations may be less strict, people struggle to access animal 

protein and the climatic conditions are ideal for the cultivation of insects at a small scale 

(Chaalala et al., 2018; Giroud et al., 2016).  

 

2.3.3 Consumers’ acceptance 

 
The next limitation that has received a lot of attention in recent years has to do with 

consumers’ acceptance. In relation with the use of insects as a source of food for 

humans it’s possible to find two very well differentiated psychological reactions. The 

first one is mostly that of countries where the consumption of insects is a common part 

of the daily life: insects represent a valuable resource, the knowledge about the species 

that are edible is considered a traditional wisdom passed down from one generation to 

another and, in some cases, they have become the main source of protein (Dobermann 

et al., 2017; Kinyuru et al., 2013). According to Kinyuru et al. (2015), edible Insects are a 

suitable alternative of food nutrients which should be encouraged especially in countries 

and regions where access to food is limited. Insects can aid in the management of 

nutrient deficiency and overall food security if their use is supported and promoted. 

However, an opposite reaction is found in other parts of the world. Recent studies have 

shown that western consumers, particularly Europeans tend to be more cautious and, 

in some cases, reluctant to get involved in the consumption of insects and insect-

containing foods (Caparros Megido et al., 2016; Gere et al., 2017; Verbeke et al., 2015). 

The main influential factors or determinants seem to be disgust-based rejection, food 

neophobia, interest in the environment, familiarity, and attachment to meat (Hartmann 

& Siegrist, 2017; Looy et al., 2014). It seems that insects offered as a whole are more 

suitable for consumers looking for new culinary experiences but it is quite unlikely that 

people who are more neophobic, attached to meat and uninterested in the environment 

feel attracted to eat insects in this way. Alternatively, if insects are offered in a 

convenient, attractive and more familiar way (e.g insect powder in the form of chips or 

cookies) there is an increase in the willingness to try them which can eventually lead to 

an increase in the acceptance of unprocessed/whole insects (Caparros Megido et al., 

2016; Hartmann & Siegrist, 2017; H. S. G. Tan et al., 2017). Another important aspect 

which has been less explored in the literature is the acceptance of meat from animals 
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fed with insects or insect-based feedstuffs. Although only a few studies have been 

conducted on this matter, preliminary results seem to indicate that most people are 

willing to eat these products (PROteINSECT, 2016; Verbeke et al., 2015). 

In order to motivate consumers to include insects in their diets, marketing and 

information campaigns have been suggested as efficient ways to generate positive 

associations that may eventually lead to overcome the negative emotions related to the 

idea of eating insects (Hartmann & Siegrist, 2017). For example, the study by Pambo et 

al.  (2017) showed that the provision of information on benefits of edible insects and 

perceived negative aspects of processed insect-based foods can motivate/demotivate 

people to consume such products. However, providing information to consumers can 

have mixed effects, for example, the study by Verneau et al. (2016) showed that 

displaying information about the benefits of eating insects has a positive effect in 

acceptance and willingness to eat. The study by Schouteten et al. (2016) which analyzed 

the emotional and sensory profile of young adults as target consumers of insect-, plant- 

and meat-based burgers under blind, expected and informed conditions, showed that 

although insect-based burgers generated low expectations and low overall liking under 

both the blind and informed conditions, the liking for the insect-based burger was 

significantly higher under the informed condition. They attribute this assimilation effect 

in part to the fact that during the informed evaluation, some statements about the 

benefits and food safety of the insect-based burger were presented, which might have 

had a positive impact in the consumers’ emotional profile. However, during the same 

study around 10% of participants were unwilling to eat the insect-based burger during 

the informed session although they had already tried the same burger under the blind 

condition. The study by Barsics et al. (2017) showed that providing information about 

insect-based products could change the consumers’ perceptions of such products and 

limit their acceptance.  

But in spite of the increasing number of studies published in recent years on the 

acceptance of edible insects (Gmuer et al., 2016; Hartmann et al., 2015; House, 2016; 

Lensvelt & Steenbekkers, 2014; Pambo et al., 2016; Ruby et al., 2015; H. S. G. Tan et al., 

2015; H. S. G. Tan, Fischer, et al., 2016; H. S. G. Tan, van den Berg, et al., 2016; Verbeke, 

2015), further research is still required in order to better understand how consumers 

can be persuaded to consume insects and incorporate them in their diet on a regular 

basis. Such goal comes with great challenges given that when looking at the current 

literature available on the use of insects as food it is possible to observe that research 

interests are not homogeneous, there are several methods used for analyzing consumer 

behavior and therefore the results are often controversial (Mancini et al., 2019).  

 

2.3.4 Production capacity and farmer’s adoption 

 
Although it is evident that convincing western consumers of the benefits and advantages 

of entomophagy will be a great challenge, the inclusion of insects into our food system 

in the form of an animal feed could be a better starting point. As it has been mentioned 



13 
 

before, insects have become good candidates as an alternative more sustainable 

feedstuff due to their high nutrient content, better conversion efficiency, environmental 

benefits, etc. However, the vast majority of studies available on the acceptance of 

insects are mostly focused on food or food ingredients rather than for feed and mainly 

from the consumer’s perspective, leaving out other important actors of the food system 

such as farmers. Insect-based feed, as an innovation, should be assessed not only from 

the consumer perspective but, more importantly, from the producer perspective since 

the use of insects in animal feed may have a big impact on the market affecting the 

revenue of farmers and consequently their decision to support or not this new industry 

(Gahukar, 2016; Moon & Lee, 2015). According to Kamrath et al., (2019), befitting the 

complexity of the food supply chain, it is not only important to identify the factors 

influencing the acceptance and adoption of an innovation by consumers but also by 

other key supply chain actors. All relevant decision maker units, i.e. chain actors, need 

to be considered in any innovation adoption process, specifically in the global food 

system these key actors are farmers, processors, retailers and consumers (Knickel et al., 

2018). However, when it comes to the acceptance of insects as feed by farmers only a 

few studies have been conducted. One of these studies comes from Verbeke et al. 

(2015) in which the results of a survey among farmers, agricultural sector stakeholders 

and regular consumers in Belgium are reported. Some of the main findings of that study 

revealed that attitudes towards the idea of using insects for animal feed are generally 

favorable, especially for fish and poultry. Farmers were the most critical ones, which 

obeys to the general concern that consumers may reject meat products from insect-fed 

animals although the same study showed that contrary to the farmer’s concern, most 

people seem willing to accept the use of insects in animal feed. Additionally, they found 

that the perceived risks such as microbiological contamination or chemical residues in 

the food chain were outweighed by perceived benefits like improved sustainability of 

livestock production, lower dependence on imported protein sources and lower 

environmental impact. Another study, this time from the consumer perspective, 

analyzed the interest, attitude and willingness to buy of people regarding finfish 

products fed on insect meals in Italy (Mancuso et al., 2016) and they found that about 

90 % of consumers had a positive attitude towards insect meal as feed, and most of the 

people interviewed intended to buy and eat fish fed with insect meals, as long as the 

hygiene requirements are met. 

So, apparently in general there is a more positive reaction from people to use insects for 

feed in comparison to the use of insects for food (Verbeke et al., 2015). However one of 

the main limitations for the use of insects as animal feed is the limited quantity of insects 

that are currently produced (Dobermann et al., 2017). If insects are to be considered a 

viable micro-livestock, first it will be necessary to develop systems that make possible 

to produce them en masse but also in a sustainable, safe and efficient way (De Goede et 

al., 2013; Lundy & Parrella, 2015). Although recently new advances have been made to 

increase the production of insects with artificial diets and controlled conditions (Dossey 

et al., 2016; Giroud et al., 2016; Makkar et al., 2014), the costs involved are very high 

and preclude small-scale farmers from getting involved in this sector since only 
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entrepreneurs with enough economic resources and an industrial scale vision can afford 

it (Rumpold & Schlüter, 2013). However, we tend to forget that the small, domestic 

rearing can also yield big amounts of insects and that humans have been doing it for 

over 7.000 years with silkworms for the production of silk, bees for the production of 

honey and other species for uses like pest control and medicinal products (Rumpold & 

Schlüter, 2013). Unfortunately, to date most studies are focused on the production of 

insects from a large-scale industry point of view (Giroud et al., 2016; Sánchez-Muros et 

al., 2016) and it seems that the potential of small-scale farmers in the production of 

insects is overlooked or underestimated. Besides, as mentioned before, the studies on 

acceptance of insects are mainly addressed from a consumers’ perspective and leave 

out of the picture farmers, which are probably the most important actors in the food 

system for their role as producers or suppliers. Therefore, it is important to come up 

with new ideas and studies that involve the participation of farmers, not only because 

they have a great potential as providers of insects within a supply system just like with 

any other livestock industry but also because by supporting small-scale farmers in the 

adoption of insect farming practices new processes can be developed which can have a 

positive impact in their livelihoods not only as an extra income but also by improving 

their food/feed security (Durst & Hanboonsong, 2015). The objective of this study is in 

line with this issue; whether the goal is to make farmers less dependent on expensive 

and unsustainable feed sources or to turn them into potential suppliers of insects for 

the growing insect-based feed industry, it is necessary to determine first what are the 

main factors influencing their decision to get involved in these practices (Ayieko et al., 

2016). Once these factors are well understood better strategies can be created to 

motivate them to be part of a bigger scheme of production and to transfer the 

knowledge they need in a more effective way. This in turn could make it easier to 

develop a system in which both, farmers and the food industry, cooperate and benefit 

from each other under a circular economy model based on insects. For example, Bogorni 

et al. (2017) suggested that an integrated management system between the Black 

Soldier Fly and poultry production could be a good idea. They proposed the 

incorporation of a poultry waste treatment based on insect production to the standard 

vertical poultry production system. In order to do so, the chicken meat industry would 

have to introduce a technological package, providing training and assistance to the 

farmers in management practices and insect rearing techniques in order to produce an 

alternative source of protein. On the other hand, farmers would have to be responsible 

for the production of insects following the indications provided by the industry. By 

performing insect farming through the use of poultry manure in each farm and 

supported or financed by the agroindustry sector, costs could be minimized and both 

environmental benefits and social responsibilities would be generated.  
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CHAPTER THREE 
 

3. THEORETICAL FRAMEWORK 
 

3.1 Farmers’ acceptance of technologies and innovations 
 
The term acceptance is generally defined as “an antagonism to the term refusal and 

means the positive decision to adopt and use an innovation” (B. Simon, 2001). In the 

specific case of this study the innovation we refer to is the adoption of insect farming 

practices at a small scale by farmers with purposes of animal feed. Insects can be farmed 

not only by entrepreneurs with large facilities but also by resource-poor producers 

looking for alternative sources of feed for their livestock (Chaalala et al., 2018). But in 

order to achieve this, farmers should first be willing to adopt these practices and receive 

training both, in rearing techniques and quality control (Gahukar, 2016). Once small 

units of production are in place they could be developed into a collective system 

involving entire communities with a larger production capacity and higher participation 

in the local markets as it has been done in Korea and Thailand (Hanboonsong et al., 2013; 

S. A. Kim et al., 2008). Before any technology can be promoted and investments can be 

made in its diffusion, people in charge of decision making need to identify and 

understand the factors that influence the targeted people in their decision to adopt such 

system; this way decision makers can be more objective during the development 

process and make the right choices (Mathieson, 1991). Answering the question of why 

people accept or not new technologies or innovations may be very helpful to design 

better methods, evaluate current systems and predict the response of users when new 

systems are developed (Dillon & Morris, 1996; Senyolo et al., 2018).  

Technology transfer and the timely adoption of appropriate innovations is an important 

component of effective farm management and improvement (Guerin, 1999). For many 

years the adoption of innovations in agriculture has been a topic of great interest in 

agricultural research (Feder et al., 1985; Feder & Umali, 1993; Meijer et al., 2015; 

Senyolo et al., 2018). Just like with any business, farmers are certainly interested in 

maximizing their production and making a profit (Methorst, 2016). However, models 

focused on economic variables alone cannot encompass all the factors influencing their 

behavior and motivations in decision making (Deary et al., 1999; Thaler, 2016). 

Traditional economic theory as well as some more recent neoclassical economic 

approaches state that people’s behavior and decision making are based purely on 

rational choice (Becker, 1962; Blume & Easley, 2005; Henry, 2014; H. A. Simon, 1955). In 

other words, they assume that people have rational preferences among outcomes, 

always effort to maximize utility and act in a dependent way based on relevant and full 

information and, therefore, people’s behavior can be predicted based on the 

assumption that they will make the decisions that yield the optimal result given budget 

constraints and knowledge. However, new evidence is challenging such assumptions 

showing that most of the time people are not the rational decision makers that 
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traditional economic models have described (Frederiks et al., 2015). It has become well 

known, that people are not always rational, objective and utility-maximizing and, 

instead, they tend to base their decisions on more subjective beliefs (Ajzen, 2015; 

Fishbein & Ajzen, 2010).  

From this perspective, traditional economic models may be useful to explain farmers’ 

behavior regarding technology adoption when such innovations are easy to adopt, have 

clear economic advantages, their complexity is low and there are no other factors to 

take into consideration (Sinden & King, 1990; Thaler, 2016). But in real life all these 

conditions are rarely met when adopting modern innovations. In fact, the people’s 

decisions are sometimes poorly predicted by economic models (Austin et al., 1998; 

Frederiks et al., 2015) and in many cases a person may not adopt an innovation even 

though there is solid economic evidence suggesting that they should do it (Guerin, 1999; 

Planing, 2015). For that reason predicting people’s behavior requires a more holistic 

approach rather than focusing on individual external factors (Frederiks et al., 2015; 

McDonald et al., 2016; Planing, 2015). Different researchers and experts have proposed 

several theories and models that try to predict people’s intention and the socio-

psychological constructs that connect that intention with actual behavior (Rohollah 

Rezaei et al., 2018).  

 

3.1.1 Theory of Planned Behavior 

 
One of the earliest approaches to analyze the behavior of people was the Theory of 

Reasoned Action (TRA) proposed by Ajzen & Fishbein (1980). According to this theory, 

there are three main cognitive components that can predict and explain any human 

behavior and they are a) attitudes (how favorable or unfavorable a person perceives a 

behavior), b) social norms (social influence), and c) intentions (the decision of an 

individual to do or don’t do a behavior). Some years later, Ajzen (1985) introduced a new 

variable in order to complement the TRA and develops a new model known as the 

Theory of Planned Behaviour (TPB) (Zhou et al., 2016). The new variable added is 

perceived behavioral control (PBC) and could be defined as the extent to which an 

individual perceives a behavior to be under his/her volitional control (Fielding et al., 

2005). In this new model, behavioral intention (BI) indicates the individual’s readiness 

to perform certain behavior and can be considered as the motivation an individual needs 

to get engaged in such behavior (Ajzen, 1991). According to this model, intention is the 

most substantial predictor of behavior and therefore, an immediate antecedent of that 

behavior (Ajzen, 2002). The more someone intends to engage in a given behavior, the 

more probabilities for its performance (Mullan & Wong, 2009). Although both TRA and 

TPB assume that an individual’s behavior is affected by his/her behavioral intention, in 

the TPB a more realistic limitation is composed and a self-efficacy type factor is achieved 

by adding the PBC variable (Taherdoost, 2018). So, in brief, according to the TPB model 

there are three main factors that affect an individual’s behavioral intention and they are 

a) behavioral attitude, b) subjective norms, and c) perceived behavioral control, which 

are next described in the context of this study. 
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a) Attitude 

 
Positive or negative evaluation an individual does over a behavior determines a 

personal factor called attitude (Ajzen & Fishbein, 1980). In other words, it represents 

the degree of an individual's assessment of a behavior as favorable or unfavorable 

(Ajzen, 2002; C.-S. Tan et al., 2017). In the literature, a positive relationship between 

attitude and behavioral intention has been reported showing that, generally, a more 

positive attitude towards a behavior can lead to a greater intention of performing 

such behavior (Chen, 2016; Gao et al., 2017; Rohallah Rezaei et al., 2018; van Dijk et 

al., 2016). For example, if a farmer believes that insect farming can be beneficial for 

their family (e.g. because it can improve their access to protein meals) or for their 

animals (e.g. because insects can be used in the diet of some livestock), it indicates 

that their attitude towards insect farming is positive and therefore it is more likely 

that this farmer is willing to adopt these practices. 

b) Perceived Behavioral Control  

 
Perceived Behavioral Control (PBC) can be defined as an individual's perceptions or 

beliefs about the possibility of access to the knowledge, resources and opportunities 

required to adopt certain behavior (Ajzen, 1985). The main emphasis of this 

construct is the extent to which an individual perceives the adoption of such 

behavior is under his/her volitional control (Fielding et al., 2005). The effect of PBC 

on behavioral intention has been reported in several studies showing that the higher 

the degree of control individuals have over a behavior the stronger is their intention 

to perform it (Chen, 2017; Clayton & Griffith, 2008; Mullan et al., 2013; Shapiro et 

al., 2011). In this particular case PBC is related to the beliefs farmers have about the 

presence of factors that may be an obstacle or an advantage to perform insect 

farming practices in their farms. These factors can be external to the individual like 

time, money, social capital, etc. or internal to the individual like skills, knowledge, 

autonomy, etc. (Lubran, 2010). When farmers feel they have enough control over 

such factors they will more likely form an intention to engage in insect farming 

practices. 

c) Subjective Norm 

 
Subjective norm can be defined as the social pressure that is exerted on an individual 

to engage or not in a particular behavior (Ajzen & Fishbein, 1980). In other words, 

this construct represents the personal perception of a behavior under the influence 

of other people's attitudes. People show a higher intention to perform a behavior 

when they feel that such behavior is validated by the people who are important for 

them (Shin & Hancer, 2016). For example, if farmers feel that their family support 

them in the adoption of insect farming practices there’s more possibilities that they 

intend to get involved in these activities. Many studies applying the TPB model have 

reported that subjective norm is a key factor influencing behavioral intention 
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(Arunrat et al., 2017; Chen, 2016; Hou et al., 2016; Ivanic & Martin, 2008; Rohollah 

Rezaei et al., 2018). 

 

3.1.2 Technology Acceptance Model 

 
Another model derived from the TRA model is the Technology Acceptance Model (TAM), 

first introduced by Davis (1989). The TAM is a model for the analysis of acceptance 

processes of information technologies and although it was originated from the previous 

models it has a different structure and relies on conceptualized beliefs (Flett et al., 

2004). The TAM proposes that users’ acceptance and usage of a technology is 

determined by three factors; a) perceived usefulness, b) perceived ease of use and c) 

attitude towards use (Davis, 1989). Consequently, in TAM not only the behavioral 

intention is important but also two main beliefs (i.e. perceived usefulness and ease of 

use) have a big influence on the attitude of the user. Although this model was initially 

developed for information systems research, it has been widely used for the analysis of 

people’s behavior regarding technology adoption in general up to the point of becoming 

probably one of the most widely cited models in this field (Schaak & Mußhoff, 2018). 

The first two constructs of this model, which we will include in our analysis, are next 

described in the context of this study. 

a)  Perceived Usefulness 

 
Perceived Usefulness (PU) is usually referred to as the degree to which a person 

believes that using a particular innovation will enhance the productivity of their job 

(Davis, 1989). This construct is theorized to be a key factor for acceptance because 

people tend to assume a positive attitude and a stronger behavioral intention 

towards the use of a new technology that is believed to positively impact their 

business or job performance (Ducey & Coovert, 2016). In the perspective of this 

study, for example, farmers who perceive that insect farming can improve their 

income or help them to save money in feedstuff for their livestock are more likely to 

assume a better attitude towards these practices and, therefore, there are more 

probabilities that they get involved in it. There are several studies indicating a strong 

influence of PU on intention to use indicating that, normally, people are more likely 

to take up a technology if they find it useful (Flett et al., 2004; H. Y. Kim et al., 2017; 

Micheels & Nolan, 2016; Nabhani et al., 2016). 

b)  Perceived Ease of Use 

 
Perceived Ease of Use (PEOU) refers to the extent to which a person believes that 

using a new technology will be free of effort (Davis, 1989). In other words, it is a 

perception of the ease or difficulty of learning and using a given technology. PEOU 

is theorized to be another important factor influencing acceptance of new 

technologies because the stronger the belief of a person about his/her capacity to 

use a given innovation the higher is their intention to use it (Ducey & Coovert, 2016). 

Previous research provides evidence on the effect PEOU has on technology 
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adoption, whether directly or indirectly affecting perceived usefulness, indicating 

that when people feel a technology is easy to learn and use they are more likely to 

embrace it (Flett et al., 2004; H. Y. Kim et al., 2017; Neves et al., 2015). In this 

particular case, if farmers perceive that insect farming practices are easy to 

understand and implement in their farms there will be more chances that they 

intend to get involved in such activities. 

The theories and models mentioned above have been applied in a wide range of fields 

in order to predict and understand people’s behavior and intentions such as for voting 

(Nemeslaki et al., 2016), donating blood (Saha & Chandra, 2018), choice of 

transportation (Zhang et al., 2019), education (Bourgonjon et al., 2013; Pynoo et al., 

2011; Scherer et al., 2019), computer usage (Ducey & Coovert, 2016), social media usage 

(Veldeman et al., 2017), consumer preferences (Bearth & Hartmann, 2017; Mogendi et 

al., 2016) and farmers’ adoption of technologies and innovations (Adnan et al., 2019; 

Kabbiri et al., 2018; Naspetti et al., 2017), among many others. However, up to date 

there are no studies investigating the factors influencing farmers’ intentions to adopt 

insect farming practices for animal feed (IFAF). While insect farming as an alternative 

source of feed can yield many benefits for rural communities, negative perceptions and 

insufficient acceptance can be an obstacle to the successful adoption, transference and 

promotion of this innovation among farmers. Hence, it is necessary to investigate what 

are the most relevant determinants of such acceptance so that better strategies can be 

implemented to encourage farmers to adopt these practices and to improve the 

technical support and knowledge transference in rural areas in a more efficient way. 

Since the components of the aforementioned models have been proved to be relevant 

factors to predict people’s behavior, in this study they are used and assessed as 

determinants of intention to adopt IFAF. 
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CHAPTER FOUR 
 

4. MATERIALS AND METHODS 
 

4.1 Study Design 
 
In order to analyze ex-ante the level of acceptance that insect farming for animal feed 

(IFAF) could have among smallholders in Colombia, a combination of the Theory of 

Planned Behavior (TPB) and the Technology Acceptance Model (TAM) was proposed to 

explore the determinants of their intention to adopt such practices (Fig. 1). The rationale 

behind this approach was based on the main assumption of these two models, which 

suggest that certain beliefs or perceptions can influence a person’s intention to use a 

technology, and that this intention is predictive of a person’s use of that technology 

(Ajzen, 1991; Davis, 1989). Five psychological constructs were included in the 

questionnaire and were used in the models as independent variables (Table 1): attitude 

towards use (4 items), perceived behavioral control (6 items), subjective norm (4 items), 

perceived usefulness (4 items) and Perceived ease of use (3 items); the first three 

belonging to the TPB and the last two belonging to the TAM and were addressed in the 

description of our theoretical framework in the previous section. The information above 

leads to the following research question: 

 
- Q1: What are the most relevant determinants that influence farmers’ intention 

to adopt insect farming practices for animal feed? 

 
Additionally, In the literature, it is usually found that the adoption of innovations in 

agriculture can also be a function of diverse external factors such as the socio-economic 

characteristics of the farmer and the characteristics of the farm (Adrian, Norwood, & 

Mask, 2005; Feder & Umali, 1993; Marra & Carlson, 1987). For example, the age of 

farmers has been evaluated in adoption by researchers and has been frequently 

hypothesized to be negatively related with adoption (Adesina & Baidu-Forson, 1995; 

Gloy & Ladue, 2003; Oude Lansink, Van Den Berg, & Huirne, 2003). The education level 

of the farmers as well as their years of experience in agriculture have been found to 

influence positively on the adoption of innovations (Knowler & Bradshaw, 2007; Mishra, 

Wilson, & Williams, 2009). Regarding the characteristics of the farm it has been found 

that farm size can positively influence farmers’ decision to adopt (Feder & Umali, 1993; 

Knowler & Bradshaw, 2007), showing that the larger the scale of operations in the farm 

are the more farmers are willing to embrace and implement new technologies.  

In the TPB and the TAM these external variables are assumed to influence intention 

through their respective components or constructs (Tambotoh et al., 2015). However, 

they have been criticized for not considering these variables explicitly (Beedell & 

Rehman, 1999; Daxini et al., 2018).  Some studies have tackled this limitation by 

including some explicit socioeconomic and background variables in their extended 
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models to explain farmers’ intentions (Arunrat et al., 2017; Micha et al., 2015; Rossi 

Borges & Oude Lansink, 2015). We also take into consideration some of these variables 

and assess their effect on the farmers’ behavioral intention to adopt insect farming 

practices. Additionally, we analyze the relationship between those variables and the 

psychological constructs of the original models. Hence, we formulate the next research 

question:  

- Q2: What is the relationship between the characteristics of the farmers and 

their perceptions about insect farming for animal feed? 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Integration of the Theory of Planned Behavior (TPB) and the Technology Acceptance Model (TAM) 
Source: Own elaboration based on Ajzen (1985) and Davis (1989) 

 

4.2 Study area 
 

In line with the objective of this study we wanted to evaluate the acceptance of insect 

farming practices for animal feed in the context of a developing country. The study area 

was confined to the Department of Santander, located in the central northern part of 

Colombia (Fig. 2). According to the latest National Agricultural Census (DANE, 2016), out 

of the 33 departments that make up Colombia, Santander ranks on the sixth place 

regarding the number of agricultural production units4, 57% of its area is dedicated to 

the livestock production sector, it is the department with the highest percentage of 

poultry production and the second one with the highest participation in the aquaculture 

                                                           
4 The agricultural production unit (in Spanish, Unidad de Producción Agrícola - UPA) is a unit of 
organization of agricultural production that can be formed by a part of a farm, a complete farm, a set of 
farms or parts of continuous or separate farms in one or more municipalities, regardless of size, land 
tenure and number of farms that comprise it. In order to be considered as such it must meet the following 
conditions: 1) It produces agricultural, forestry, livestock or aquaculture goods that are used for 
continuous consumption and / or sale. 2) It has a single natural or legal producer that assumes the 
responsibility and risks of the productive activity. 3) It uses at least one of the means of production such 
as infrastructure, machinery, equipment and / or labor.  Source: DANE, 2016. 
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sector in the country. These characteristics make the study area very convenient for the 

purpose of this research given that the acceptance of insect farming practices for animal 

feed might be more relevant in a context in which farmers are involved in the livestock 

production sector, and therefore it is more likely that they are interested in looking for 

new sources of feedstuff for their animals.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Geographic location of the study area 
Source: Own elaboration 

 

4.3 Instruments and data collection 
 

A seven-section questionnaire was developed.  The aim of the first section was to elicit 

basic information about the farmer. It encompassed questions about their 

socioeconomic characteristics, the characteristics of their farm, their farming 

experience, etc. Some questions in this section also aimed to determine whether or not 

they had any previous knowledge about insect farming, as well as to assess the 

importance they give to three key feedstuff attributes (price, efficiency and 

sustainability). In the next five sections respondents were asked to answer how much 

they agreed or disagreed with some statements about insect farming by using a 5-point 

Likert scale (from 1 = “strongly disagree” to 5 = “strongly agree”). Each one of these 5 

sections were made up of statements corresponding to a different construct: Attitude 

(ATT), Perceived Usefulness (PU), Perceived Behavioral Control (PBC), Perceived Ease of 

Use (PEOU) and Subjective Norm (SN) respectively. The content and wording of the 

statements was based on other technology acceptance studies (Table 1) and were 

adapted to match the topic of insect farming and the context. The last section consisted 

only in one question regarding the intention of the farmers to get involved in insect 

farming practices for animal feed in the future and they were asked to answer simple 

yes or no. The original questionnaire was written in English and translated into Spanish 

trying to use a language as simple as possible so that farmers, even with low education 
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levels, could understand it. For this reason, extensive crosschecking, editing and pre-

testing was conducted among farmers, agriculture students and professors before 

sending out the final questionnaire. In total 100 interviews were carried out by students 

of the faculty of food and agriculture of the Universidad Industrial de Santander in 

Colombia. In order to do so, they performed a random sampling among the farmers in 

different communities belonging to the study area. The data was collected on paper 

forms and then uploaded into an online questionnaire platform (Qualtrics) for the 

analysis thereof.  
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Table 1. Table 1. Description of the TPB and TAM constructs. 

Construct Definition Item Code Item Wording References 

Theory of Planned Behavior (TPB) 

Attitude 

A farmer’s positive or 
negative feeling 
associated with the 
adoption of insect farming 
practices for animal feed. 
It represents the degree to 
which a farmer assesses 
these practices as 
favorable or unfavorable. 

ATT1 
Adopting Insect Farming practices in my farm can be 
beneficial for me and my family.  

 (Rohollah Rezaei et al., 
2019) 
 
(Karapandzin et al., 
2019) 

ATT2 
Adopting Insect Farming practices in my farm can be 
beneficial for my animals.  

ATT3 
Insect Farming can help better managing the organic 
waste in my farm.  

ATT4 Insects can help in the nutrition of some of my animals. 

Perceived 
Usefulness 

It represents the extent to 
which a farmer believes 
that using insect farming 
practices will enhance 
his/her farm performance.  

PU1 
Finding other sources of feed for my animals is important 
to my farming needs.  

 (McDonald et al., 2016) 
 
(Sharifzadeh et al., 
2017) 

PU2 Insect Farming can help me save money in feedstuff.  

PU3 Insect Farming can increase the profit of my farm.  

PU4 
Insect Farming practices would be worth the additional 
effort. 

Perceived 
Behavioral 
Control 

It shows the farmers' 
beliefs in the possibility of 
access to the required 
knowledge, resources and 
opportunities to adopt 
insect farming practices. 

PBC1 
The decision to adopt Insect Farming practices in my farm 
is under my control.  

 (Daxini et al., 2019) 
 
(Rohollah Rezaei et al., 
2018) 
 
(Hyland et al., 2018) 

PBC2 
Whether I adopt Insect Farming practices or not is entirely 
up to me.  

PBC3 
I have sufficient knowledge to set a small Insect Farming 
system in my farm. 

PBC4 
I know people or have contacts that can teach me how to 
set an Insect Farming system.  

PBC5 
Setting a small Insect Farming system in my farm is 
something I can afford. 

PBC6 
I have enough time to adopt a small Insect Farming 
system on my farm. 

Technology Acceptance Model (TAM) 

Perceived 
Ease of Use 

It represents the extent to 
which a farmer believes 
that adopting insect 
farming practices would 
be free of effort. 

PEOU1 Insect Farming is a system easy to understand.  (McDonald et al., 2016) 
 
(Flett et al., 2004) 
 
(Schaak & Mußhoff, 
2018) 

PEOU2 
Insect Farming is a system that would be easy to 
implement on my farm.  

PEOU3 
Breeding and collecting insects would be an easy task for 
me. 

Subjective 
Norm 

A person perception of 
relevant opinions on 
whether to adopt insect 
farming for animal feed or 
not. It shows the farmers' 
perception of these 
practices under the 
influence of other 
people's attitudes. 

SN1 
Most members of my family would support me to adopt 
Insect Farming practices to feed my animals. 

 (Daxini et al., 2019) 
 
(Senger et al., 2017) 

SN2 
Most people who buy my animal products would approve 
that I use insects as feed.  

SN3 
Most people whose opinions I value would approve that I 
adopt an Insect Farming system to feed my animals.  

SN4 
I would adopt Insect Farming practices to feed my animals 
even if other farmers in my community didn't do it. 
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Table 2. Construct validation based on Cronbach's Alpha coefficients. 

4.4 Data analysis 
 

The collected data was analyzed using the Statistical Package for Social Sciences (SPSS version 

25).  Descriptive statistics were used to analyze frequency tables and calculate means. Univariate 

statistics like crosstabs and correlations were used to analyze differences among groups and 

correlations between the metric variables of the model respectively. Independent sample t-tests 

were performed to test for mean differences towards the psychological constructs, the 

construct measuring the importance of feed features and the intention to adopt insect farming 

practices regarding the farmers’ socioeconomic characteristics.  

The reliability of the scales used to measure the five psychological constructs as well as the 

construct to measure the overall importance farmers give to key feedstuff attributes was 

investigated by means of Cronbach’s alpha coefficient (Table 2). A Cronbach’s α coefficient 

higher than 0.6 indicates that the results of the different statements used for Attitude, Perceived 

Usefulness, Perceived Behavioral Control, Perceived Ease of Use, Subjective Norm and Feed Key 

Attributes can be summed, and that the mean can be used to represent these constructs (Borges 

et al., 2014; Bruijnis et al., 2013). Intention to adopt insect farming practices for animal feed and 

its determinants were analyzed by performing several binary logistic regressions taking the 

constructs and socioeconomic variables as predictor variables. Intention-to-adopt was analyzed 

as a (yes/no) dummy variable. 

 
 

Construct N of Items Cronbach's Alpha 

ATT 4 0.892 
PU 4 0.917 
PBC 6 0.692 

PEOU 3 0.855 
SN 

FEED 
4 
3 

0.824 
0.766 
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CHAPTER FIVE 
 

5. RESULTS AND DISCUSSION 
 

5.1 Sample description 
 

5.1.1 Socioeconomic characteristics 

 
The sample consisted of 61% males and 39% females, which goes in line with the 

national average in Colombia characterized for a population of 63.6% male farmers and 

36.4% female farmers according to the latest National Agricultural Census (DANE, 2016). 

The average age of the farmers was 50.5 years old, with the majority of farmers (86%) 

being older than 35; this is also a good representation of the national context in which 

over the 76% of the farmers are above 35 years old (DANE, 2016). The average level of 

farming experience was of 31.9 years. Most farmers’ highest education level was 

primary school (45%), followed by secondary school (18%) and higher education (10%). 

However, a good deal of the sample included farmers without any formal education 

some of who could read and write (23%) and others who could not (4%). These are the 

expected results given that at a national level the highest level of education reached by 

the 57.4% of producers residing in the rural areas is Primary School, followed by No 

Formal Education indicated by 19.2% of the total resident producers (DANE, 2016). The 

total farm size ranged from 0.5 to 92 hectares, with an average of 9.17 hectares, 

however almost 60% of the farms in this study were below 5 hectares. This is also in line 

with the reality of the agricultural sector in Colombia, which is characterized by high 

levels of inequality considering that 69.5% of producers in Colombia occupy only the 

5.2% of the total area of UPA in the country, corresponding to farms with a size less than 

5 hectares, while 0.2% of producers are in the UPA of 1,000 and more hectares, which 

occupy 32.8% of the total area (DANE, 2016). Regarding family size, the average was 

3.78 members with 71% of total households having between 1 and 3 family members; 

these are also the expected figures given that the national average is 3.3 people per 

household (DANE, 2016). Regarding family workforce, 82% of the households had 

between 0 and 2 family members actively involved in the farm activities. With respect 

to the economic performance of the farms, 65% of farmers stated a somewhat good 

performance, followed by neither good nor bad (23%) and extremely good (10%); only 

2% of the farmers scored their farm economic performance negatively. Additionally, 

67% of the farmers indicated not to earn any off-farm income.  

5.1.2 Previous knowledge 

 
When farmers were asked if they had any previous knowledge about insect farming for 

animal feed (IFAF), 86% of the participants expressed not to have any previous 

knowledge about it. These are expected results given that the use of insects for animal 

feed is an unknown innovation in the rural areas of Colombia mainly because it has not 
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been promoted yet by the government and it is mostly known by researchers or 

university students. Among the remaining 14% of farmers who expressed to have a 

previous knowledge 35.7% reported to have an average level of knowledge, followed by 

28.6% poor, 14.3% very poor, 14.3% good and 7.1% very good level of knowledge 

respectively.  
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Table 3. Overview of farmers' characteristics  

Characteristics   Frequency Percent Min Max Mean SD 

Gender 
Male 61 61%     

Female 39 39%     
                

Age (years)    23 82 50.50 13.159 

Farming experience (years)    2 60 31.90 15.473 

Farm size (hectares)    0.5 92 9.17 14.683 

Family size    1 11 3.78 1.801 

Family members working in the farm    0 10 1.59 1.602 

        

Education level 

Without formal education / 
Can't read & write 4 4%         

Without formal education / 
Can read & write 23 23%     

Primary school 45 45%     

Secondary school 18 18%     

Higher Education 10 10%     
 

       

Farm economic performance 

Extremely bad 1 1%         

Somewhat bad 1 1%     

Neither good nor bad 23 23%     

Somewhat good 65 65%     

Extremely good 10 10%     
 

       

Off-farm income 
Yes 33 33%         

No 67 67%     

        

Previous knowledge about insect farming 

Yes (total) 14 14%         

Very poor 2 14.3%     

Poor 4 28.6%     

Average 5 35.7%     

Good 2 14.3%     
Very good 1 7.1% 

    

No 86 86%     
                

Intention to adopt insect farming for 
animal feed 

Yes 81 81%     

No 19 19%     
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Table 4. Overview of farmers' perceptions about the importance of 3 key feedstuff attributes. N=100 

5.1.3 Importance given to feedstuff attributes 

 
The importance farmers give to some key attributes related to feedstuffs was also 

investigated (Table 4). The three key attributes are related to 1) the price, 2) the 

efficiency, and 3) the sustainability of the feedstuff respectively. The results show that 

most farmers (>90%) chose a moderately level of importance and above for the three 

options, which is also reflected in the mean values, showing that in fact they do care 

about key attributes when looking for feed products or feed alternatives. Only a small 

percentage of participants (4%-6%) indicated low levels of importance to these 

attributes.  

 

Level of importance regarding feedstuffs 

 

Percentage 
 

FEED1 
Price 

FEED2 
Efficiency 

FEED3 
Sustainability 

1 - Not at all important 1% 2% 1% 

2 - Slightly important 4% 4% 3% 

3 - Moderately important 50% 45% 49% 

4 - Very important 21% 28% 22% 

5 - Extremely important 24% 21% 25% 

Mean 
Standard Deviation 

3.63 
0.92 

3.62 
0.93 

3.67 
0.92 

 

5.1.4 Perceptions and beliefs about insect farming practices for animal feed 

 
As it was described before, farmers were asked to indicate how much they agreed or 

disagreed with some statements about insect farming by using a 5-point Likert scale 

(from 1 = “strongly disagree” to 5 = “strongly agree”). These statements which are based 

on the TPB and TAM models played two important roles. First, the summated scale of 

the answers provided by the farmers allowed us to compose the overall constructs 

which were later used as predictor variables of intention in the logistic regression 

models, and second, the mean of the scores to the individual statements gave us some 

good insights on the perceptions and beliefs farmers have about insect farming practices 

for animal feed. Table 5 summarizes the mean values of the individual statements as 

well as the mean values of the constructs representing each one of the components 

taken from the TPB and TAM models. It is possible to observe that farmers more 

frequently agreed with the statements related to the Attitude and Perceived Usefulness 

constructs, and more frequently disagreed with the statements of the Perceived 

Behavioral Control construct. More specifically, the statement (PU1) “Finding other 

sources of feed for my animals is important to my farming needs” was the one with the 

highest score (4.31) which indicates that most farmers agreed with the importance of 

alternative feedstuffs for the improvement of their business. Interestingly, the 

statement with the lowest value (2.06) was (PBC4) “I know people or have contacts that 

can teach me how to set an Insect Farming system” indicating that most farmers didn’t 

agree with it and highlights one of the most important factors hindering the acceptance 
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*Based on the farmers’ choices of a Likert scale from 1 (strongly disagree) 
to 5 (strongly agree) 

Table 5. Overall scores for the statements belonging to the five constructs of the TPB and TAM models. N=100 

of insect farming practices among farmers which is the poor access to extension services 

and knowledge transference. 

 

 

Item Mean* SD 

ATT1 3.88 1.00 

ATT2 3.91 1.05 

ATT3 4.21 1.05 

ATT4 4.12 0.95 

Construct ATT 4.03 0.88 

PU1 4.31 0.91 

PU2 4.17 1.00 

PU3 3.98 1.05 

PU4 3.88 1.11 

Construct PU 4.09 0.91 

PBC1 4.02 1.14 

PBC2 3.94 1.10 

PBC3 2.24 1.26 

PBC4 2.06 1.36 

PBC5 3.17 0.96 

PBC6 3.23 1.28 

Construct PBC 3.11 0.75 

PEOU1 3.39 1.07 

PEOU2 3.59 1.03 

PEOU3 3.34 1.15 

Construct PEOU 3.44 0.95 

SN1 3.63 1.18 

SN2 3.36 1.04 

SN3 3.53 1.07 

SN4 3.91 1.09 

Construct SN 3.61 0.89 

 

 

5.1.5 Intention to adopt 

 
Regarding the intention of farmers to adopt insect farming for animal feed (IFAF), the 
majority of the participants (81%) were interested and willing to adopt or implement 
these practices in the future. The remaining participants (19%), which indicated that 
they were not interested in adopting these practices in the future, were asked about the 
reasons behind their decision and were provided with some options based on the 
literature (Rodriguez et al., 2008; Vanclay, 1992), and which are displayed on Table 6. 
The suggested options are related to the main barriers that have been found to hinder 
the adoption of innovations by farmers and were adapted accordingly to this topic. In 
this case the most predominant reason for which farmers are not interested in adopting 
insect farming practices is related to a perceived high demand of time (36.8%), which 
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* N=19  

Table 6. Overview of farmers’ main reasons to reject IFAF. 

farmers consider could interfere with other important activities in their farm. The next 
most predominant reason is related to the knowledge, skills or education required to 
adopt these practices (31.6%) followed by farmers who would not do it because they 
found it disgusting (21.1%) and farmers who could not do it because the farm was not 
theirs (21.1%).  
 
 
 

Category Wording Frequency Percentage* 

Economics 

It is too costly for me 0 0.0 

I don't think it is profitable 3 15.8 

It is a risky investment 0 0.0 

Education and 
Information 

I don't have enough information about it 6 31.6 

I don't have the knowledge or education it requires 3 15.8 

There's not enough institutional support for this 1 5.3 

Resistance to 
change 

I find it difficult to understand how it works 0 0.0 

It is not feasible on my farm 3 15.8 

I don't have the time for this 7 36.8 

I find it disgusting 4 21.1 

Social 
Considerations 

Some people may think this is inappropriate 2 10.5 

I don't know anyone else doing this 1 5.3 

Infrastructure and 
land tenure 

I don't have the infrastructure for this 2 10.5 

I can't do it because I don't own the farm 4 21.1 

        

 

5.2 Univariate Statistics 
 

5.2.1 Relationship between the farmers’ characteristics and their perceptions about 

Insect Farming for Animal Feed (IFAF) 

 
Chi-Squared tests were used to explore the relationship between the farmers’ 

characteristics and the psychological constructs (Table 7). Each of these variables were 

recoded into two or three categories. This test compares the observed frequencies or 

proportions of cases that occur in each of the categories. A Pearson Chi-Squared value 

with an asymptotic significance below 0.05 indicates a significative difference between 

the two variables compared. It is based on a crosstabulation table, with cases classified 

according to the categories in each variable. The results from the crosstabulation in our 

analysis indicated that there was a significative difference between male and female 

farmers regarding their level of Perceived Behavioral Control on insect farming for 

animal feed (IFAF). Almost 54% of the female farmers disagreed with the statements 

belonging to PBC, a significative difference compared with the 29.5% of male farmers 

who disagreed. These results seem to confirm the higher level of control that male 

farmers tend to have over the female farmers in rural areas in Colombia regarding the 

decision making in their farms (DANE, 2016). Another significative difference regarding 

PBC was observed between farmers with and without any previous knowledge about 



32 
 

IFAF. As could be expected, 43% of those who didn’t have any previous knowledge 

disagreed with the PBC statements in comparison with only a 14.3% of those with some 

previous knowledge. This can be due to the fact that farmers without any background 

on IFAF may feel that they first need to obtain certain skills, resources or knowledge 

without which they don’t feel in control to perform such practices. Another significative 

difference was found between farmers with small farms (<5 hectares) and farmers with 

larger farms (>5 hectares) regarding their level of Perceived Ease of Use on insect 

farming practices. Almost 44% of the farmers with small farms agreed with the 

statements of PEOU contrasting with the 18.2% of farmers with larger farms who 

agreed. This could be due to the fact that larger farms may have more activities going 

on that demand a lot of time and, therefore, the farmer may feel that the 

implementation of these new practices could become a burden that interferes with their 

job. Finally, another significative difference regarding PEOU was observed between the 

farmers with and without off-farm income. Almost 58% of the farmers with off-farm 

income agreed to the PEOU statements, whereas just 28.4% of farmers without off-farm 

income agreed with them. This result could be explained if it is assumed that farmers 

whose income don’t depend only on the activities of the farm may feel more attracted 

or willing to try new systems and adopt innovations, and therefore perceive it as 

something easy to try because even if in the end the new system doesn’t work out well 

it would not jeopardize the economy of their household.  

Additionally, independent-samples t-tests were used to compare the mean score, on 

some continuous variables (constructs), for two different groups of subjects within the 

variables related to the characteristics of the farmers (Table 8). Like the Chi-Squared 

test, these tests are also used to determine whether there is a statistically significant 

difference but this time in the mean scores for the two groups compared. A value equal 

or less than 0.05 indicates that there is a significant difference in the mean scores on the 

dependent variable for each of the two groups. The results of this analysis corroborated 

the significative differences found in the previous analysis regarding PBC, i.e. the mean 

level of the PBC construct differed between males and females and between farmers 

with and without previous knowledge about IFAF. However, an extra significative 

difference was observed indicating that the mean level of the PBC construct also differed 

between farmers with good farm economic performance and farmers with bad farm 

economic performance. This seems to suggest that farmers with a better economic level 

perceive a higher level of control on the decision making of their farms as well as have 

more access to the resources that may be required to adopt IFAF. With respect to the 

PEOU construct, the t-test results corroborated the significative difference between 

farmers with and without off-farm income. Although in this case farm size didn’t 

represent a significative difference in the mean levels of PEOU, the farmers’ level of 

education did. This may suggest that farmers with higher levels of education could 

perceive insect farming practices like something they could understand or implement 

more easily that those with lower levels of education, maybe because they count on 

some more knowledge or skills related to these kinds of innovations. Other continuous 

variables used in this analysis and which allow us to understand better the perceptions 
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of farmers regarding feed alternatives were the levels of importance farmers allocated 

to three key feedstuff attributes; price, efficiency and sustainability (FEED1, FEED2 and 

FEED3 respectively) (Table 8). The results obtained indicated that the mean level of 

importance allocated to these three attributes differed between the farmers with and 

without previous knowledge about IFAF. In other words, this may suggest that the more 

knowledge farmers have about IFAF the more importance they tend to give to feedstuff 

attributes. Other significative differences were found between farmers with high and 

low levels of educations regarding the level of importance allocated to the feed price, 

and between farmers with good and bad farm economic performance with respect to 

the sustainability of the feedstuff. This may suggest that for farmers with higher levels 

of education and higher incomes, feed attributes tend to be more important than for 

those farmers with lower levels of education and lower incomes. 

 

5.2.2 Relationship between the farmers’ characteristics and their intention to adopt IFAF 

 
Chi-Squared tests were also used to explore the differences among the characteristics 

of the farmers in relation with their intention to adopt IFAF (Table 7). The results 

indicated a significative difference between farmers with high and low education levels. 

Interestingly, 100% of the farmers belonging to the group with higher education levels 

stated a positive intention to adopt IFAF. In other words, all the negative answers to this 

question came from farmers with low levels of education. This seems to suggest that the 

more access to education farmers have, the more willing they are to adopt new and 

innovative systems in their farms. Similar results have been found in other studies in 

which education has been positively associated to adoption of innovations (Knowler & 

Bradshaw, 2007; Läpple et al., 2015). However, differences in farming experience and 

farm size, which have also been positively associated with adoption of innovations 

(Läpple et al., 2015; Mishra et al., 2009), were not significative in our results. 

Additionally, independent samples t-tests were used to compare the mean scores, on 

the constructs as well as on the three key feedstuff attributes, for the groups of farmers 

intending and not intending to adopt IFAF (Table 8). The results indicated significative 

differences among all the mean scores. Farmers who intended to adopt IFAF allocated 

higher scores to the importance of feedstuff attributes. Also, they tended to agree at a 

higher level with the statements from the five psychological constructs. These results 

seem to corroborate that the more importance farmers give to key feed attributes and 

the more positive are their perceptions or beliefs towards IFAF then the more positive 

is their intention to adopt these practices. 
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* Significant <0.05 
 

(-) Values omitted due to violation of assumptions of Chi-Square concerning the 'minimum expected cell frequency' 

FEED1=price; FEED2=efficiency; FEED3=sustainability 
* Significant <0.05 

Table 7. Significance values of the Chi-Square Tests 

Table 8. Significance values of the Independent-Samples t-tests 

 

 

 

 

  Significance (2-tailed) 
 

 Feed Attributes Psychological Constructs 
2 Cat. Variables  
 

FEED1 FEED2 FEED3 ATT PU PBC PEOU SN 

Age 0.196 0.834 0.906 0.827 0.768 0.397 0.804 0.999 

Sex 0.573 0.537 0.256 0.656 0.126   0.013* 0.697 0.364 

Education   0.044* 0.696 0.132 0.294 0.607 0.062   0.028* 0.051 

Farming experience 0.608 0.854 0.591 0.624 0.999 0.684 0.263 0.493 

Farm size 0.824 0.726 0.330 0.467 0.412 0.650 0.177 0.971 

Family size 0.359 0.217 0.407 0.855 0.177 0.561 0.855 0.680 

Family workforce 0.146 0.480 0.330 0.134 0.663 0.753 0.671 0.862 

Farm income level 0.279 0.266   0.006* 0.190 0.244   0.047* 0.422 0.250 

Off-farm income 0.615 0.421 0.980 0.902 0.206 0.390   0.023* 0.192 

Previous knowledge   0.010*   0.022*   0.038* 0.665 0.681   0.017* 0.291 0.420 

Intention to adopt   0.006*   0.007*   0.003*   0.006*   0.002*   0.000*   0.000*   0.000* 

 

 
 

5.3 Binary logistic regressions 
 

Binary logistic regressions were performed to assess the impact of a number of factors 

on the intention of farmers to adopt insect farming for animal feed (IFAF). Four models 

were assessed, each one containing different independent variables (Table 9). For the 

variables in each model collinearity statistics were checked in order to avoid the 

violation of regression analysis assumptions, this is, tolerance values should not be 

below 0.1 and Variance Inflation Factor (VIF) values should not be greater than 10. A 

rule of thumb found in the literature (Sileshi, 2015) was taken as a guideline to control 

for the number of variables used in the models. In this particular case, with 100 cases 

  Asymptotic Significance (2-sided) 

 2 Cat. Variables 
ATT 

(3 cat) 
 

PU 
(3 cat) 

 

PBC 
(3 cat) 

 

PEOU 
(3 cat) 

 

SN 
(3 cat) 

 

INT 
(2 cat) 

 

Age  - - 0.599 0.594 0.984 0.223 

Sex - 0.137   0.026* 0.657 0.812 0.830 

Education 0.342 0.645 0.188 0.114 0.067   0.003* 

Farming experience - - 0.167 0.431 0.100 0.110 

Farm size - 0.686 0.960   0.017* 0.725 0.468 

Family size - - 0.254 0.698 0.305 0.594 

Family workforce - 0.160 0.891 0.770 0.219 0.175 

Farm income level 0.216 0.161 0.082 0.091 0.838 0.462 

Off-farm income 0.570 0.704 0.557   0.017* 0.511 0.076 

Previous knowledge  -  -   0.011* 0.594 0.551 0.223 
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Table 9. Description of the variables in each binary logistic regression model 

there should not be more than 6 predictors variables. Correlation analysis were also 

performed in order to discard variables highly correlated (i.e. with values >0.7). 

 

Model 
Dependent 

variable 
Value 

Description 
Independent 

Variables 
Value Description 

Collinearity Statistics 

Tolerance VIF 

1 INT 
Dummy  

(0= no, 1= yes) 

ATT 
Mean Score 

5-point Likert scale 

0.706 1.417 

PBC 0.653 1.532 

SN 0.599 1.668 

2 INT 
Dummy  

(0= no, 1= yes) 

PU 
Mean Score 

5-point Likert scale 

0.812 1.232 

PEOU 0.812 1.232 

3 INT 
Dummy  

(0= no, 1= yes) 

ATT 

Mean Score 
5-point Likert scale 

0.431 2.318 

PBC 0.611 1.636 

SN 0.471 2.123 

PU 0.441 2.266 

PEOU 0.529 1.889 

4 INT 
Dummy  

(0= no, 1= yes) 

Age years old 0.685 1.459 

Education level from 1 to 5 0.599 1.670 

Farm Size number of hectares 0.981 1.019 

Family Size number of members 0.945 1.058 

FEED 
Mean Score 

5-point Likert scale 
0.907 1.102 

 

5.3.1 Results of the first model 

 
Table 10 presents the results of the first binary logistic regression model including the 

estimated coefficients (β), Wald χ2-statistics, significance levels, odds ratios (Exp(β)) and 

goodness-of-fit statistics. The predictor variables used in this model are the three 

psychological constructs belonging to the Theory of Planned Behavior (attitude, 

perceived behavioral control and subjective norm). The model was statistically 

significant, χ2 (3, N = 100) = 47.15, p <0 .001, demonstrating that the model performs 

well in distinguishing between farmers who intend to adopt IFAF and those who do not. 

The model as a whole explained between 37.6 % (Cox and Snell R2) and 60.5% 

(Nagelkerke R2) of the variance in the intention to adopt, and correctly classified 97.5% 

of the farmers who reported a positive intention and 63.2% of those who reported a 

negative intention. The overall accuracy of classification is the weighted average of 

these two values (91.0%). When only the constant was included, the model correctly 

classified only 81.0% of farmers. As shown in Table 10, only one of the independent 

variables made a unique statistically significant contribution to the model (subjective 

norm). Its β value is positive. This suggests that farmers who have a more positive 

perception of insect farming under the influence of other people’s attitudes are more 

likely to answer yes to the question whether they intend to adopt insect farming or not. 
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Goodness-of-fit statistics: Omnibus Tests of Model Coefficients = Model χ2 (3, N=100) = 47.15 (p < 0.001); 
Hosmer and Lemeshow Test = 0.35; Cox & Snell R2 = 0.37; Nagelkerke R2 = 0.60; 91.0% correct predictions 
(correct classification for 97.5% of farmers indicating to intend to adopt and for 63.2% of those who do 
not) compared to 81.0% correct predictions for the null model without any predictor variables. 

Goodness-of-fit statistics: Omnibus Tests of Model Coefficients = Model χ2 (2, N=100) = 22.23 (p < 0.001); 
Hosmer and Lemeshow Test = 0.92; Cox & Snell R2 = 0.19; Nagelkerke R2 = 0.32; 84.0% correct predictions 
(correct classification for 96.3% of farmers indicating to intend to adopt and for 31.6% of those who do 
not) compared to 81.0% correct predictions for the null model without any predictor variables. 

Table 10. Results of binary logistic regression with TPB constructs as predictors of farmers’ intention to adopt 
IFAF (N=100) 

Table 11. Results of binary logistic regression with TAM constructs as predictors of farmers’ intention to adopt 
IFAF (N=100) 

The Exp (β) values are the odds ratios (OR) for each predictor variable. According to 

Tabachnick and Fidell (2013), the odds ratio represents 'the change in odds of being in 

one of the categories of outcome when the value of a predictor increases by one unit'. 

So, in this case, a one-unit increase in the subjective norm score was associated with a 

factor 21.5 times higher in the odds of intention to adopt IFAF. 

 
 

Variable                 β                    SE                 Wald                   Sig              Exp (β) 

ATT -0.316 0.512 0.380 0.537 0.729 

PBC 0.184 0.651 0.080 0.777 1.202 

SN 3.069 0.847 13.131 0.000 21.523 

 

 

 

5.3.2 Results of the second model 

 
Table 11 presents the results of the second binary logistic regression model. The 

predictor variables used in this model are two psychological constructs belonging to the 

Technology Acceptance Model (perceived usefulness and perceived ease of use). The 

model was statistically significant, χ2 (2, N = 100) = 22.23, p <0 .001, demonstrating that 

this model performs relatively well in distinguishing between farmers who intend to 

adopt IFAF and those who do not. The model as a whole explained between 19.9 % (Cox 

and Snell R2) and 32.1% (Nagelkerke R2) of the variance in the intention to adopt, and 

correctly classified 96.3% of the farmers who reported a positive intention and 31.6% of 

those who reported a negative intention. The overall accuracy of classification was 84.0 

% of cases. When only the constant was included, the model correctly classified only 

81.0% of farmers. As shown in Table 11, again only one of the independent variables 

made a statistically significant contribution to the predictive capacity of the model 

(perceived ease of use). Its β value is positive, suggesting that the easier farmers 

perceive IFAF is, the more likely they are to answer yes to the question whether they 

intend to adopt these practices or not. The Exp (β) value for the significative variable 

indicated that a one-unit increase in the perceived ease of use score was associated with 

a factor 3.3 times higher in the odds of intention to adopt IFAF.  

 

 

Variable  β SE Wald Sig Exp (β) 

PU 0.468 0.307 2.324 0.127 1.597 

PEOU 1.218 0.375 10.526 0.001 3.380 
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Goodness-of-fit statistics: Omnibus Tests of Model Coefficients = Model χ2 (5, N=100) = 47.23 (p < 0.001); 
Hosmer and Lemeshow Test = 0.62; Cox & Snell R2 = 0.37; Nagelkerke R2 = 0.60; 91.0% correct predictions 
(correct classification for 97.5% of farmers indicating to intend to adopt and for 63.2% of those who do 
not) compared to 81.0% correct predictions for the null model without any predictor variables. 

Table 12. Results of binary logistic regression with PBC and TAM constructs as predictors of farmers’ intention 
to adopt IFAF (N=100) 

5.3.3 Results of the third model 

 
Table 12 presents the results of the third binary logistic regression model. The predictor 

variables used in this model are the five psychological constructs used in the previous 

two models belonging to TPB and the TAM (attitude, perceived behavioral control, 

subjective norm, perceived usefulness and perceived ease of use). The model was 

statistically significant, χ2 (5, N = 100) = 47.23, p <0 .001, demonstrating that this model 

performs well in distinguishing between farmers who intend to adopt IFAF and those 

who do not. The model as a whole explained between 37.6 % (Cox and Snell R2) and 

60.5% (Nagelkerke R2) of the variance in the intention to adopt, and correctly classified 

97.5% of the farmers who reported a positive intention and 63.2% of those who 

reported a negative intention. The overall accuracy of classification was 91.0% of cases. 

When only the constant was included, the model correctly classified only 81.0% of 

farmers. As shown in Table 12, again only one of the independent variables made a 

statistically significant contribution to the predictive capacity of the model (subjective 

norm). Its β value is positive, and just like in the first model, it suggests that farmers who 

have a more positive perception of insect farming under the influence of other people’s 

attitudes are more likely to answer yes to the question whether they intend to adopt 

insect farming or not. The Exp (β) value for the significative variable indicated that a one-

unit increase in the subjective norm score was associated with a factor 22.7 times higher 

in the odds of intention to adopt IFAF. 

 
 

Variable  β SE Wald Sig Exp (β) 

ATT -0.351 0.600 0.341 0.559 0.704 

PBC 0.195 0.648 0.091 0.763 1.216 

SN 3.123 0.942 10.989 0.001 22.710 

PU 0.112 0.580 0.037 0.847 1.119 

PEOU -0.119 0.559 0.046 0.831 0.887 

 

 

 

5.3.4 Results of the fourth model 

 
Table 13 presents the results of the fourth binary logistic regression model. Five 

predictor variables were used in this model and they are related to the characteristics 

of the farmers, their farms and their perception about the importance of some feedstuff 

attributes. The model was statistically significant, χ2 (5, N = 100) = 24.84, p <0 .001, 

demonstrating that this model performs relatively well in distinguishing between 

farmers who intend to adopt IFAF and those who do not. The model as a whole explained 

between 22.0 % (Cox and Snell R2) and 35.4% (Nagelkerke R2) of the variance in the 

intention to adopt, and correctly classified 95.1% of the farmers who reported a positive 
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Goodness-of-fit statistics: Omnibus Tests of Model Coefficients = Model χ2 (5, N=100) = 24.84 (p < 0.001); 
Hosmer and Lemeshow Test = 0.63; Cox & Snell R2 = 0.22; Nagelkerke R2 = 0.35; 84.0% correct predictions 
(correct classification for 95.1% of farmers indicating to intend to adopt and for 36.8% of those who do 
not) compared to 81.0% correct predictions for the null model without any predictor variables. 

Table 13. Results of binary logistic regression with farmers’ characteristics as predictors of their intention to 
adopt IFAF (N=100) 

intention and 36.8% of those who reported a negative intention. The overall accuracy of 

classification was 84.0% of cases. When only the constant was included, the model 

correctly classified only 81.0% of farmers. As shown in Table 13, this time two of the 

independent variables made a statistically significant contribution to the predictive 

capacity of the model (education and the feed construct). Their β values are positive, 

suggesting that farmers with higher levels of education and farmers who care about the 

attributes of the feedstuff are more likely to answer yes to the question whether they 

intend to adopt insect farming or not. Their Exp (β) values indicated that a one-unit 

increase in the education and the feed construct scores were associated with a factor 

3.0 and 3.4 times higher in the odds of intention to adopt IFAF respectively. 

 
 

Variable  β SE Wald Sig Exp (β) 

Age 0.001 0.028 0.001 0.979 1.001 

Education 1.122 0.453 6.137 0.013 3.072 

Farm size 0.042 0.033 1.623 0.203 1.043 

Family Size 0.092 0.184 0.249 0.617 1.096 

FEED 1.248 0.512 5.937 0.015 3.485 

 

 

 

5.3.5 Discussion 

 
The results obtained indicated that the intention of farmers to adopt IFAF is strongly 

influenced by the Subjective Norm (SN), which showed to be the most significative 

construct not only among the TPB constructs but also among the TAM constructs. This 

could be an evidence that farmers who perceive insect farming as a “normal activity” 

and therefore count on the support of their families to perform such activities and don’t 

feel judged by other people may be more willing to get involved in IFAF. These results 

are consistent with those from other studies in which SN has been found to be a 

significative determinant of innovation adoption among farmers (Borges et al., 2014; 

Schaak & Mußhoff, 2018; Senger et al., 2017). Another construct that showed to be 

relevant, although at a lower level, was Perceived Ease of Use (PEOU) which indicated 

to be significative over Perceived Usefulness (PU), the other TAM construct. These 

results differ from what is commonly found in the literature. For example the study by 

Flett et al. (2004) concluded that although PEOU is indeed a significative determinant of 

technology adoption, PU exerts a greater relative influence on adoption and usage 

behavior than PEOU, however in our results PU was not significative. Besides, other 

studies like the ones from Adrian et al. (2005) and Sharifzadeh et al. (2017), concluded 

that PEOU was not a significant determinant of intention to adopt. The other constructs, 

Attitude (ATT) and Perceived Behavioral Control (PBC), which have been found to be 

significative determinants of innovation adoption among farmers (Borges et al., 2014; 
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Rohollah Rezaei et al., 2019; Shin & Hancer, 2016) did not show to be a significative 

predictors of intention to adopt IFAF. Regarding the characteristics of the farmers, the 

results obtained indicated that the education level of the farmer played a determinant 

role in their intention to adopt IFAF. This goes in line with other studies in which the 

education level of the farmers has been found significative in their intention to  adopt 

agricultural innovations (Daxini et al., 2018; Läpple et al., 2015; Mishra et al., 2009). The 

other socioeconomic characteristics included in the model were not significative in the 

prediction of intention to adopt IFAF. This is also consistent with the results from 

Martínez- García et al. (Martínez-García et al., 2013) who concluded that socioeconomic 

characteristics like age, experience and family size were not a significative factor 

influencing the adoption of improved natural grassland by farmers in Mexico. However, 

in the same study they also concluded that education level was not significant whereas 

farm size was found to be a significative factor, differing from the results we obtained. 

The study by Fielding et al. (2005) also found that the socioeconomic characteristics of 

farmers don’t play a relevant role in their intention to manage riparian zones in 

Australia. Similar results were reported by Bruijnis et al. (2013) who concluded that the 

socioeconomic characteristics of the farmers were not significative factors influencing 

farmers’ intention to improve the foot health of dairy cows in the Netherlands. Finally, 

the results in the last model also indicated that the importance farmers give to feedstuff 

attributes is also a significative determinant of intention to adopt IFAF, which gives us 

an insight about the perception of farmers with respect to the characteristics they 

expect from alternative feed sources like insect farming. Of course, the studies 

mentioned in this section are just partly related to the topic of IFAF, they all have in 

common that are innovations and try to measure the levels of acceptance or intention 

to adopt among farmers. Up to date there are no other studies that have investigated 

the acceptance of insect farming for animal feed among farmers and for this reason 

some of the results obtained in this study may differ at different levels and the 

comparisons made are simply indicative.  
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CHAPTER SIX 
 

6. CONCLUSIONS 
 

6.1 Summary and Conclusion 
 

In recent years insects have been proposed as a more sustainable source of protein and 

other nutrients that can be used as an alternative feed for animals in order to minimize 

the use of other less sustainable feedstuffs like fishmeal or soymeal, whose high levels 

of production is currently exacerbating many environmental problems. Several studies 

have shown the efficiency of insect-based products in the diet of different farm animals 

and how the use of insects can bring great benefits for entire communities especially in 

developing countries. These benefits include improvements in food security, access to 

high quality protein foods, business opportunities, minimization of feed costs, waste 

management, among others. However, most of the research around insect production 

is conducted from an industrial scale perspective and little is known about the potential 

and limitations of small scale producers in this industry, specifically that of farmers who 

may find in these practices a great opportunity to diversify their production systems and 

improve their livelihoods. Additionally, to date most studies available on the acceptance 

of insects have been carried out from the consumer perspective rather than from a 

producer perspective, which poses a barrier for our understanding about the potential 

that insect farming may have among farmers, especially in the context of developing 

countries, where these practices may bring great benefits and improvements in rural 

development.  

The main objective of this study was to shed some light on this matter by analyzing ex-

ante the level of acceptance that insect farming practices for animal feed (IFAF) could 

have among smallholders in Colombia. The conceptual framework used was based on 

the main constructs of the Theory of Planned Behavior (TPB) and the Technology 

Acceptance Model (TAM), two popular models used to predict the acceptance of new 

technologies or innovations, as well as the analysis of some socio-economic 

characteristics. The rationale behind this approach was based on the main assumption 

of these two models, which suggest that certain beliefs or perceptions can influence a 

person’s intention to use a technology, and that this intention is predictive of a person’s 

use of that technology. 

The results from this study indicated that Subjective Norm is the most influential 

determinant of IFAF adoption. This psychological construct belongs to the Theory of 

Planned Behavior and can be defined as the social pressure that is exerted on an 

individual to engage or not in a particular behavior; in other words, it represents the 

personal perception of a behavior under the influence of other people's attitudes. In this 

case it was observed that farmers who felt supported by their families and didn’t feel 

judged by other people were more willing to adopt IFAF. This highlights how important 

the social component of any innovation adoption is. In order for farmers to embrace 
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new systems like this they need to feel supported, encouraged and above all not judged 

by other people, specially those who are really significant for them or those with which 

they have a lot of interaction and respect for. Another determinant of IFAF adoption in 

this study was Perceived Ease of Use. This psychological construct belongs to the 

Technology Acceptance Model and refers to the perception of people about the ease or 

difficulty of learning and using a given technology. In the context of this study, these 

results suggest that farmers who perceived IFAF as a system easy to perform and 

implement in their farms are the ones who are more willing to adopt these practices. 

This is relevant given that systems like these can seem very complicated and intimidating 

at first if farmers lack the right information and training; but in reality, they can be 

developed at small scale and their implementation can be quite simple and beneficial. 

Therefore, knowledge transference and extension services must be provided first in 

order to encourage farmers to engage actively in these practices.  

Regarding the individual characteristics of the farmers, their education level was found 

to be a determinant of IFAF adoption. These results indicate that farmers with higher 

levels of education were more willing to adopt these practices than those with lower 

levels of education. In other words, the higher the level of education of farmers is, the 

higher their intention to adopt new and innovative systems in their farms. Another 

determinant of IFAF adoption was shown to be the level of importance farmers give to 

certain key feedstuff attributes like price, efficiency and sustainability. The results 

obtained indicated that the more importance a farmer gives to these attributes the 

higher is his/her intention to adopt IFAF. This may suggest that, when looking for feed 

alternatives, farmers need to perceive that the new product in question has the 

potential to cover their needs not only economically but also in terms of performance 

and sustainability. Therefore, one more time this highlights the importance of providing 

information about the characteristics and benefits of these alternative systems to 

farmers so that they feel confident to try them and get involved.  

The relationship between certain characteristics of the farmers and their perceptions 

towards IFAF were also analyzed and it was found that there was a difference between 

female and male farmers regarding their levels of perceived behavioral control, which 

corroborates the leading role of men in household decision making, especially in the 

context of rural areas in developing countries. PBC levels were also found to differ 

among farmers with and without any previous knowledge about IFAF. The levels of 

Perceived Ease of Use were found to differ among farmers with relatively large and small 

farms as well as between farmers with and without off-farm income. These two 

characteristics are highly related to the economic position of the farmer and may 

suggest that the better their economic status of farmers is, the more positive is their 

perception about the easiness to use IFAF. Other characteristics like age, farming 

experience, family size and family workforce didn’t show any significant differences 

regarding the perceptions of farmers towards IFAF.  Intention to adopt IFAF was also 

examined in order to find differences among the several characteristics of the farmers 

used in the analysis and indicated that one more time education was a significant factor 

showing differences between the farmers with higher and lower levels of education. 
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Additionally, all multi-item constructs showed significant differences in their mean 

values with respect to the farmers’ intention to adopt IFAF, which reinforces the results 

already described. Finally, the two most important barriers indicated by the farmers as 

the reasons why they don’t intend to adopt these practices are related to a perceived 

high demand of time and a perceived lack of knowledge, skills or education without 

which they don’t feel confident enough to get involved. 

 

6.2 Limitations of the study 
 

During the development of the present study there were some limitations that are 

important to consider. The most relevant one has to do with the imbalance in the 

dependent variable (intention to adopt). While some researchers have concluded that 

this imbalance doesn’t really affect the performance of regression analysis, given the 

dichotomous nature of the variable (yes/no), results might have been more precise if 

the answers obtained had been more balanced. This takes us to the second limitation 

which is the sample size. Even though the number of cases in this study are sufficient to 

perform the different analysis that have been described, a bigger sample size could have 

allowed us to have a more realistic representation of the farmers and maybe a more 

even range of answers especially of that regarding intention to adopt IFAF. On the other 

hand, as it has been already described before, the objective of this study was to identify 

ex-ante the level of acceptance these alternative practices could have among farmers in 

the context of a developing country; however this is a very broad concept and the reality 

of farmers in Colombia can highly differ from farmers in other developing countries 

especially in countries where these systems have received more attention from the 

government and have already been promoted among farmers. Finally, another 

limitation of this study is the general approach used to describe insect farming. While it 

can be convenient to have a general idea of the perceptions of the farmers about these 

practices, such perceptions might be affected by the nature of the system itself since 

there are different species of insects and different ways of breeding them.  

 

6.3 Implications and suggestions for future studies 
 

The results obtained in this study could possibly be used as a reference or at least a 

starting point for policy makers and other stakeholders involved in the development and 

promotion of new feed alternatives especially in developing countries. While more 

support is needed in the promotion of these practices among farmers in order for them 

to become aware of the existence of these alternatives, adequate plans for extension 

and training need to be simultaneously provided so that farmers feel confident enough 

to participate. Policies and strategies should take into consideration the social aspects 

of the innovations since the results of this study have shown that they are a significant 

determinant of intention to use and adoption. Further studies that differentiate 

between farm systems and insect species would be needed in order to understand in 

amore holistic way the limitations or barriers farmers deal with when adopting insect 
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farming practices for animal feed. Additionally, it would be interesting to analyze not 

only the potential level of adoption or intention to adopt but also analyze cases with 

farmers or communities in which these systems have already been performed and are 

currently working so that comparisons can be made and results of studies like this one 

can be assessed from a more practical perspective. Finally, future studies addressing this 

topic could also take into consideration the context of different developing countries 

and make comparisons that allow them to identify key determinants of farmers’ 

acceptance towards insect farming but in relation to their specific national realities.  
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Appendix 2. Pictures of the interviews for data collection among farmers in Colombia 
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