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Abstract

:

The sustainability of future poultry production needs to be improved in order to meet global challenges. The global chicken population has expanded significantly in recent decades, due to increased human demand for eggs and chicken meat. Therefore, it is critically important to mitigate challenges to the sustainability of modern poultry production, such as pollution, the depletion of finite natural resources and animal welfare issues. This study systematically mapped the scientific literature on farm-level sustainability in egg and chicken meat production. The concept of sustainability was considered holistically, covering its economic, environmental and social dimensions, each consisting of a broad range of different aspects that may contradict or reinforce each other. The literature published between January 2000 and March 2020 with a geographical focus on Europe, North America and Australia–New Zealand, were included. The literature search resulted in a total of 428 hits, but after the exclusion of articles that did not match the scope of the study, only 26 papers remained for the systematic mapping. Of these, only three papers covered all three dimensions of sustainability. Aspects of economic sustainability were addressed in 10 papers, aspects of environmental sustainability in 18 papers, and aspects of social sustainability in 23 papers. The findings in this study are an important foundation for the discussion and prioritisation of future actions to increase knowledge of farm-level sustainability in egg and chicken meat production.
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1. Introduction


The domestic chicken (Gallus gallus domesticus), i.e., the broiler chicken and the laying hen [1], originates from the wild jungle fowl species Gallus g. gallus and Gallus varius [2]. Until industrialisation, breeding was mainly concerned with various body features such as colouring. However, human demands for productive performance, livability and health have influenced the domestication process over centuries [3]. The large genetic variation in, and adaptability of, the domestic chicken make it suitable for almost all climates on Earth, from the tropics to the temperate zones [1]. The global chicken population has increased greatly in recent decades, from 3.9 billion in 1961 to 22.8 billion in 2017 [4]. The broiler chicken population far exceeds the total number of other domestic birds in the world, including turkeys, geese and ducks, and also exceeds the largest global populations of wild bird species [4,5,6]. In 2017, total consumption of chicken meat (excluding indigenous breeds) was nearly 110 million tonnes, which was 12 times the amount in 1961. Similarly, global egg production increased by 450% between 1961 and 2017, to a total of 80 million tonnes [4].



The reason for this considerable growth in the domestic poultry population is the growing global human population, which is predicted to exceed 10 billion by 2055 [7], combined with a global increase in average per capita income. Poultry production provides humans with a source of animal protein, and also constitutes the main income for many farms and farming families around the world. Poultry production thereby contributes to some of the 17 global Sustainable Development Goals (SDG) set by the United Nation in 2016, including SDG1: Zero hunger, SDG3: Good health and wellbeing and SDG8: Decent work and economic growth [8]. However, poultry production may also jeopardise other SDGs, including SDG13: Climate action and SDG15: Life on land. The major challenges of modern poultry production include its contribution to emissions of greenhouse gases, loss of biodiversity and depletion of finite natural resources [9]. For a sustainable future poultry production, it is critical that these challenges are overcome. Efforts to develop a more sustainable future poultry production would benefit from a clear understanding of the current state-of-the-art, including how sustainability is considered and assessed, and on which future actions and research, prioritisations can be based. The literature to date considers various aspects of farm-level sustainability in egg and poultry meat production, but there have been no attempts to systematically map current knowledge.



The aim of this study was thus to perform a systematic mapping of the scientific literature on sustainability performance in egg and chicken meat production, including the environmental, economic and social dimensions of sustainability. We focused on studies conducted in Europe, North America, Australia and New Zealand, to enable emphasis on production systems based in similar economic contexts.



Sustainable agriculture has previously been defined as management and utilisation of the agricultural ecosystem in a way that maintains biological diversity, regeneration capacity, vitality, productivity and the ability to fulfil—today and in the future—significant ecological, economic and social functions at local, national and global levels, and does not harm the ecosystem [10]. The ecological aspects are central when considering sustainability in animal food production. However, the economic dimension of sustainability is also crucial, since agriculture is run by private firms for which revenues need to exceed costs, at least over the long term. There are also specific aspects of animal production, such as animal welfare, public health impacts and ethical considerations related to animal husbandry [11], which relate strongly to the social acceptance of production. This means that truly sustainable farm animal production requires these aspects to be taken into account. In fact, animal welfare has even been proposed as a fourth dimension of sustainable agriculture [11], and some authors have previously tried to incorporate animal welfare into life cycle analyses (LCA) of animal production [12]. The different dimensions of sustainable development (environmental, economic, social) may be in conflict, meaning that there are trade-offs between them, or they may function to reinforce each other.



In poultry production, environmental sustainability includes aspects ranging from the environmental impact of required feed production to the pollution caused by different production systems, and to the management of resulting harmful waste products. Nutrient pollution and emissions of, e.g., greenhouse gases, are considerable environmental challenges that require the identification of new solutions to reduce the environmental impact [13,14,15]. The intensive use of scarce natural resources, such as land exploitation and large monocultures of grain and soy, is another major environmental concern associated with the expansion of poultry production [16,17].



Economic sustainability in poultry production, often referred to in terms of, e.g., the economic output, productivity and efficiency of the production process, correlates strongly with the other dimensions of sustainability in poultry production. For example, the prevention of zoonotic diseases such as salmonellosis or avian influenza is not only of major importance for public health, but also has significant economic consequences [18]. Improving bird health and immunity is not only an animal welfare issue, but also affects the efficiency of the process by which production inputs are converted into production outputs, and thus the economic return of this process [19,20]. This also applies to environmental sustainability, as reduced production efficiency may lead to inefficient resource use, and hence a higher impact per unit of, e.g., meat produced. However, the correlation is not solely positive, as, e.g., concerns about potentially large economic costs associated with improving animal welfare, have been voiced by industry stakeholders (e.g., [21]).



The social sustainability of poultry production is complex [22]. The use of antibiotics and resulting residues and resistant bacteria in soil, as well as in food products, poses a threat to human health [23,24]. The working environment may also constitute a risk to human health, since workers are exposed to noise, and an increased risk of respiratory diseases and injuries [25,26]. Moreover, the odours emitted by poultry houses may negatively affect neighbouring residents [27]. Another significant aspect is the importance of preserving animal biodiversity, as some poultry species have been lost through intensive farming [28,29]. On the other hand, poultry production contributes to food security and provides consumers with an affordable protein source.



In poultry production, it may be argued that genetic selection for increased productivity has been conducted with little attention to poultry welfare, and that the often very intensive processes applied in modern poultry production compromises animal welfare [28]. Another aspect to consider is the potentially negative economic consequences of legislation established with the intention to increase animal welfare, although such consequences may also be positive [21]. In other words, animal welfare may not only be perceived as important in itself, but also in terms of the other dimensions of sustainability.



By systematically mapping the existing literature on the farm-level sustainability of egg and chicken meat production in Europe, North America, Australia and New Zealand, in this study we sought to collate important knowledge on sustainability in egg and poultry meat production. This is useful as it provides a solid basis for highlighting research gaps and for prioritising future research to enhance sustainability.




2. Materials and Methods


2.1. Definition of Fundamental Concepts


2.1.1. Environmental Sustainability


Environmental sustainability is a natural, science-based dimension and, in principle, concerns the total impacts on ecosystems caused by human activities. The most commonly used tool for the quantification of environmental impacts is life cycle assessment (LCA), where flows of resources (energy, land, water etc.) into the production system and emissions from the system are quantified, and potential impacts described. The environmental impact caused by emissions, in all spatial scales, should also be included, as should the perspective of resource availability locally, regionally and globally. The scope of assessments of environmental sustainability should be the function of the production, and not the organisational boundaries, i.e., all flows to and from the production system need to be considered, regardless of economic ownership [30]. There are other methods besides LCA, most of which are similar regarding the basic principles but may use different approaches, in particular for the description of impacts. In this study, we included studies on the local impacts of poultry production and associated feed production, such as ammonia emissions from houses and manure storage, field emissions, and soil quality and biodiversity in crop production.




2.1.2. Economic Sustainability


From a theoretical perspective, economic sustainability can be considered in two ways. One way is to focus on the sustainable use of natural resources within a defined economic system, meaning that economic sustainability is achieved when the economic activity is not undertaken at the cost of natural resources. The economic concept of external effects is useful in understanding and fully capturing the costs associated with production. The other way is to focus on the growth of the economic system, which means that, in order to achieve economic sustainability, there must be a return on capital invested in the firm. An interesting distinction can be made between weak and strong sustainability [31,32], which allows a distinction to be made between natural and economic capital. In particular, weak sustainability is about keeping the sum of those two types of capital. Strong sustainability is about keeping each type separately [32]. There is no clear consensus on how best to measure economic sustainability [33]. However, the sustainability accounting standards produced by the Global Reporting Initiatives [34] provide a perspective on which aspects to consider. In terms of economic indicators, this includes aspects such as costs, revenues, profit and investments.




2.1.3. Social Sustainability


Social sustainability is the least well-defined and most often overlooked dimension of sustainability [22]. Social sustainability can be defined as the ability of a community to develop processes and structures that not only meet the needs of its current members, but also support the ability of future generations to maintain a healthy community. In the present study, the concept of social sustainability applied included topics such as social equity, livelihood, health equity, community development, labour rights, community resilience and animal welfare.





2.2. Systematic Mapping Approach


A systematic mapping approach, also known as evidence gap mapping, was used in this study. Systematic mapping is a transparent, robust and repeatable method for identifying, collecting and sorting the relevant literature on a particular research topic [35]. It provides a structured overview of the research area [36], without aiming to answer a specific question [37]. Instead, the method serves to identify the state-of-the-art within a given research area, helps to identify knowledge gaps where future research is needed and provides useful information preceding, e.g., policy-making decisions [37]. Using a systematic mapping approach, no further synthesis of study results is performed. In contrast, a systematic review aims to answer a specific research question [37], through gathering relevant literature, further synthesising the results using an appropriate methodology, e.g., meta-analysis [36,37], and identifying knowledge gaps. In this study, the systematic mapping was complemented by a procedure where data were extracted from the studies included, in order to evaluate how the sustainability dimensions were described in these studies. This was done using a standard template, defined keywords and coding.




2.3. Search of Literature


A comprehensive search was performed using several information sources to obtain an unbiased sample of the published literature. The following online literature databases were searched to identify the relevant literature:




	
Scopus;



	
Web of Science Core Collection;



	
CABI: Cab Abstracts.








The time span for the searches was set to papers published from 1 January 2000 to 20 March 2020, when the searches were conducted.



The search results were imported into EndNote X8TM. A separate library was made for each search in the different databases. When the search was complete, all the libraries were incorporated into one new library and the number of references found was recorded. Using the automatic function in the EndNote X8TM software, any duplicates were removed. The library was then manually searched for references relevant to the topic. In addition to articles addressing the three dimensions of sustainability, a geographical limitation was also set, to only include studies conducted in Europe, North America, Australia and New Zealand, enabling a focus on studies on production systems in similar economic contexts. The exclusion due to geographical origin was done manually and was not set up in the searches. Papers both on poultry specifically as well as on farm animal production in general, explicitly including poultry, were included. Furthermore, only full text papers in English were included. Initially, the titles of the papers were scanned and papers that clearly did not fall within the scope of this study were removed. Abstracts of the remaining papers were then read to identify relevant papers.



To find relevant papers dealing with poultry, the following search terms were used: ‘chicken* OR broiler* OR poultry OR egg* OR hen OR hens’. These were combined with search terms for the three dimensions of sustainability (see Table 1), which were defined through an iterative process among co-authors with different expertise. This ensured that possible search terms typically used in different research areas were included.





3. Results


The literature search resulted in a total of 428 hits, of which 234 hits (55%) originated from CABI: Cab Abstracts, 120 hits (28%) originated from Scopus and 74 (17%) hits originated from Web of Science Core Collection. After removing duplicates and articles that did not match the scope of the study, i.e., non-peer reviewed reports, book chapters and review papers, a total of 26 papers remained (20 from Europe, five from North America and one from Australia), which were used in the systematic mapping process (see Appendix A).



The papers were assessed regarding the different dimensions of sustainability, and whether one, two or all three of these were covered in each article. During this mapping process, it became clear that aspects of environmental, economic or social sustainability were sometimes mentioned briefly, e.g., in the abstract or introduction, without actually being further explored in the paper. Therefore, “mentioned” was added as a third category, besides “covered” and “not covered”, for mapping the papers regarding their scope.



Of the 26 papers analysed (see Appendix A), only three covered all three sustainability dimensions, of which two also covered the animal welfare aspect. Six papers covered two dimensions, whereas 15 covered only one dimension of sustainability. Two papers did not explicitly cover any specific sustainability dimension, but merely mentioned two each (Figure 1 and Figure 2).



Environmental sustainability was covered in 13 papers in total, economic sustainability in nine papers and social sustainability in 14 papers. Environmental sustainability was also mentioned in five papers, economic sustainability in one and social sustainability in nine. Animal welfare was covered in one and mentioned in two papers addressing economic sustainability, and mentioned in three papers on environmental sustainability. In the papers covering or mentioning social sustainability, animal welfare was covered in three and mentioned in two.



In the three papers covering all three dimensions, all applied a holistic view. One of theses papers described a long-term study in which experimental farms were established to evaluate different possibilities of operating ecological agriculture whilst being, e.g., self-sustaining and economically viable as well as ethically acceptable, whilst stimulating biodiversity. Another of these papers applied an integrated systems approach to evaluate different already existing poultry production systems regarding environmental preservation, economic feasibility and human food needs and quality of life. More specifically, the potential impact of carbon pricing on the agricultural sector was assessed in one paper, including a reduction in carbon emissions, economic consequences and social aspects such as employment and household disposable income.



One aspect of environmental sustainability dealt with in the papers was the evaluation of new methods for waste management, e.g., biotechnologies for the bioconversion and recycling of organic waste products such as feathers, manure and litter (three papers). The efficient use of resources, e.g., land for poultry feed production, within different poultry production systems, and the ecological footprints of these, were also emphasised (five papers). Nitrogen and phosphorus pollution and emissions of carbon dioxide, ammonia, greenhouse gases, heavy metals and particles were also evaluated from an environmental perspective, considering different housing systems (six papers). While the objective of some papers was merely to describe a particular issue, others aimed at evaluating and providing new methods and technologies to deal with such challenges.



Economic sustainability, but no other dimensions, were explicitly covered in one paper only, in which the economic consequences of applying broiler welfare laws were assessed. In the remaining articles in which economic sustainability aspects were covered or mentioned, this was done in combination with at least one other dimension. Economic viability and efficiency, production costs (feed, material, labour, etc.), production performance (egg production, meat quality, mortality, etc.), revenue and net income were important aspects considered together with environmental and social aspects. For instance, papers evaluating new biotechnologies for waste management or novel methods enabling reductions in, e.g., greenhouse gas or particulate matter emission rates, did not do so solely from an environmental perspective, but also considering the potential positive or negative economic consequences (five papers).



The range of social sustainability aspects included in the papers was broad. One main aspect emphasised was working conditions and workers’ health, respiratory health in particular, considering the poor air quality, bacterial contamination and high concentrations of particulate matter in poultry houses (four papers). In addition, public health in terms of food safety, e.g., persistent organic pollutants such as dioxin contamination of eggs, was covered (three papers). Consumer opinions about the environmental impact of different poultry production systems, as well as animal welfare and ethically acceptable poultry production (one paper), and consumer willingness to pay for the latter, was also explored (one paper). Animal welfare and bird health was also briefly mentioned (six papers), but never further specified, in association with, e.g., costs due to animal welfare legislation or new methods aimed at improving indoor air quality. One paper considered several social sustainability aspects in a social LCA, including the individual worker, local communities, value chain partners and society as a whole.



The majority of papers, on specific or somewhat broader research areas, e.g., indoor air quality, new technology for waste management and the environmental impact of different production systems, seem to allow for a direct application of results across country borders, assuming similar poultry production systems. Only a few papers, especially on consumer opinion, national legislation and assessment of environmental impact on regional basis, were more country-specific, yet useful in a wider geographical context and not limited to national application.



Of the 26 articles included in this systematic mapping, eight were on broilers (of which one was not specifically on broilers, but on farm animal production in general) and ten were on laying hens (of which two were not specifically on hens, but on farm animal production in general). Eight of the papers did not specify poultry production further, and five of these were not specifically on poultry, but on farm animals in general.




4. Discussion


In this study, we used a systematic mapping method to obtain an overview of the current scientific literature (defined as original research papers published in peer-reviewed journals) on farm-level sustainability in egg and chicken meat production, including the social, environmental and economic dimensions of sustainability. The method further enabled the identification of the state-of-the-art within this research area, which provides a basis for discussing knowledge gaps. We found that only a limited number of papers covered all three sustainability dimensions within poultry production. This is surprising, considering i) that sustainability has been discussed in society for more than three decades, since the emergence of the Brundtland report in 1987 [38], and ii) that poultry production is an important part of the animal food production system in most countries. A larger proportion of the papers mapped covered one or two sustainability dimensions. Papers dealing with environmental or social sustainability were more common than papers considering economic sustainability, which was also more commonly covered or mentioned in association with one of the other two dimensions than on its own.



Using a systematic mapping approach means that search terms are carefully identified, to enable as great a coverage as possible of the published literature within the scope of the study. Due to the challenge of creating search strings that are specific and which give relevant results, yet at the same time are fully inclusive, no search can be flawless. In particular, this approach is associated with a risk of accidentally leaving out important search terms, which can bias the final results. Although our mapping contained search terms for all three dimensions of sustainability, there may be additional studies that relate to these dimensions, but which did not appear among the hits as they might not contain the words specifically used in our search strings. Thus, there may be other relevant papers that were not located in our searches. Another major challenge in this study was the very wide definitions of the three dimensions of sustainability used in the scientific literature. For example, the term environmental sustainability was used in different papers to describe studies ranging from full-scale LCA studies to energy use in a process line. Moreover, as our search strings included the word “egg”, several papers dealing with fish egg and eggplants had to be excluded after the initial searches. Nevertheless, the search strings used here can be considered quite comprehensive and the mapping probably covered a majority of studies dealing with farm-level sustainability in egg and chicken production.



Animal welfare was not included as a criterion in social sustainability when mapping the literature, but it was added during the reading process, as animal welfare is closely linked to the surrounding society’s view of animal production. However, the dimension of sustainable development to which animal welfare belongs is not evident, as it can be considered to be related to all three dimensions. Improved animal health and a reduced use of antibiotics is not only important for bird welfare, but for economic (reduced costs, increased productivity and product quality), social (public health) and environmental reasons (increased resource efficiency, reduced drug residues and resistant bacteria in soil) [24,39]. The concerns about animal welfare voiced by the public reflect the social acceptance of animal production, implying that animal welfare can also be considered to be closely related to social sustainability. Thus, in this study, animal welfare is regarded as an aspect of the social sustainability dimension. Alternatively, it should perhaps be treated as a dimension on its own. It should also be noted that other aspects of sustainable development may be interrelated in similar ways. However, our systematic mapping revealed that the current literature (although, in several papers, more than one dimension of sustainability was briefly mentioned in, e.g., the introduction, without further exploration onwards) does not describe these interrelations or discuss possible trade-offs or synergies between different aspects. This is an important area for future research.



Systematic mapping involves search processes that are conducted using the same comprehensive method as a full review, but does not extend to a full critical data synthesis [35,40,41]. The systematic mapping method is useful in that vast and potentially diverse research areas, such as that considered in this paper, can be investigated (mapped) in a comprehensive way, whereas a systematic review enables substantial analysis of a more narrowly defined topic. In this study, we complemented the systematic mapping by extracting data from the studies to describe how the three sustainability dimensions were considered, using a standard template and defined keywords. This allowed us to create a more detailed overview of the literature compared with a regular systematic mapping approach.



In the mapping process, a number of aspects emerged, providing a basis to discuss research gaps and prioritise future actions and research. Although it was not within the scope of the current study to develop an exhaustive list of prioritised areas for future research, only to provide a basis for the reader to do so, we would like to highlight the following. First, it is obvious that few studies to date have considered all three dimensions of farm-level sustainability in egg and poultry production. This calls for (i) development at conceptual and modelling levels of more holistic sustainability assessments at farm level and (ii) the empirical application of such methods and approaches in egg and poultry production. Second, the mapping revealed that a broad set of aspects of sustainability dimensions have been considered in the literature. While acknowledging the contribution of previous research, future studies should take one step back and consider, at a conceptual level, how the different dimensions of sustainability in egg and poultry production are best measured at farm level, based on a conceptual understanding of sustainability. This would enable stronger theoretical underpinnings and better comparisons between studies. Finally, no previous study has attempted to assess how the dimensions and aspects of sustainability are interlinked in egg and poultry production, although this would provide a useful basis for better understanding how the individual aspects of sustainability can be enhanced. A way forward would be to perform an interdisciplinary study in order to develop a conceptual framework for a sustainability performance assessment of poultry production at farm and territorial level, where all three dimensions of sustainability are assessed, including potential synergies and conflicts between sustainability goals and targets.




5. Conclusions


We systematically mapped the scientific literature on farm-level sustainability in poultry meat and egg production, including all dimensions of sustainable development (environmental, economic, and social). We found that only a limited number of papers analysed all three sustainability dimensions within poultry production, but papers covering one or two of the three dimensions were more common. However, few of these actually describe interrelations or discuss possible trade-offs or synergies between the different aspects. Papers dealing with environmental or social sustainability were more frequent than papers analysing economic sustainability. These findings provide an important foundation for discussions and prioritisations of future actions to increase the knowledge of farm-level sustainability in egg and chicken meat production.
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Appendix A


The 26 papers that were analysed further, of which three papers were found to include all three sustainability dimensions; i.e., economic, environmental and social sustainability.



	
Arrebola, J.P.; Castano, A.; Esteban, M.; Bartolome, M.; Perez-Gomez, B.; Ramos, J.J. Differential contribution of animal and vegetable food items on persistent organic pollutant serum concentrations in Spanish adults. Data from BIOAMBIENT.ES project. Sci. Total Environ. 2018, 634, 235–242.



	
Boggia, A.; Paolotti, L.; Antegiovanni, P.; Fagioli, F.F.; Rocchi, L. Managing ammonia emissions using no-litter flooring system for broilers: Environmental and economic analysis. Environ. Sci. Policy 2019, 101, 331–340.



	
Bródka, K.; Kozajda, A.; Buczynska, A.; Szadkowska-Stanczyk, I. The variability of bacterial aerosol in poultry houses depending on selected factors. Int. J. Occup. Med. Environ. Health 2012, 3, 281–293.



	
Camara, E.E.G.d.; Duarte, E.A.; Ferreira, L. Overall assessment of environmental impacts of animal production in Portugal. Anais Inst. Super. Agron. 2000, 48, 9–40.



	
Castellini, C.; Boggia, A.; Cortina, C.; Bosco, A.d.; Paolotti, L.; Novelli, E.; Mugnai, C. A multicriteria approach for measuring the sustainability of different poultry production systems. J. Clean. Prod. 2012, 37, 192–201.



	
Dios, M.; Souto, J.A.; Casares, J.J. Emissions inventory analysis for an urban (industrial)-rural (agricultural) environment. WIT Trans. Ecol. Environ. 2010, 129, 383–392.



	
Janczak, D.; Mazurkiewicz, J.; Czekała, W.; Myszura, M.; Kozłowski, K.; Jeżowska, A. A Possibility of Functioning Biogas Plant at a Poultry Farm. J. Ecol. Eng. 2019, 20, 225–231.



	
Kiley-Worthington, M. Ecological agriculture. Integrating low input, high productive farming with wildlife conservation. Results from the Experimental Farm La Combe, Drome France. Open J. Ecol. 2014, 4, 744–763.



	
Lima, I.M.; McAloon, A.; Boateng, A.A. Activated carbon from broiler litter: Process description and cost of production. Biomass Bioenergy 2008, 32, 568–572.



	
Meng, S. Is the agricultural industry spared from the influence of the Australian carbon tax? Agric. Econ. 2015, 46, 125–137.



	
Ochs, D.S.; Wolf, C.A.; Widmar, N.J.O.; Bir, C. Consumer perceptions of egg-laying hen housing systems. Poult. Sci. 2018, 97, 3390–3396.



	
Osei-Owusu, A.K.; Kastner, T.; de Ruiter, H.; Marianne Thomsen, M.; Caro, D. The global cropland footprint of Denmark’s food supply 2000–2013. Glob. Environ. Chang. 2019, 58, 101978.



	
Pelletier, N. Social sustainability assessment of Canadian egg production facilities: Methods, analysis, and recommendations. Sustainability 2018, 10, 1601.



	
Piskorska-Pliszczynska, J.; Strucinski, P.; Mikolajczyk, S.; Maszewski, S.; Rachubik, J.; Pajurek, M. Pentachlorophenol from an old henhouse as a dioxin source in eggs and related human exposure. Environ. Pollut. 2016, 208, 404–412.



	
Prosekov, A.; Petrov, A.; Lisitsyn, A.; Ulrich, E.; Dyshlyuk, L.; Dolganuk, V.A. Selection of conditions for the biodegradation of poultry wastes industry. Res. J. Pharm. Biol. Chem. Sci. 2016, 7, 2659–2664.



	
Rojano, F.; Bournet, P.E.; Hassouna, M.; Robin, P.; Kacira, M.; Choi, C.Y. Modelling heat and mass transfer of a broiler house using computational fluid dynamics. Biosyst. Eng. 2015, 136, 25–38.



	
Röös, E.; Patel, M.; Spångberg, J.; Carlsson, G.; Rydhmer, L. Limiting livestock production to pasture and by-products in a search for sustainable diets. Food Policy 2016, 58, 1–13.



	
Röös, E.; Patel, M.; Spångberg, J. Producing oat drink or cow’s milk on a Swedish farm—Environmental impacts considering the service of grazing, the opportunity cost of land and the demand for beef and protein. Agric. Syst. 2016, 142, 23–32.



	
Röös, E.; Sundberg, C.; Tidaker, P.; Strid, I.; Hansson, P.A. Can carbon footprint serve as an indicator of the environmental impact of meat production? Ecol. Indic. 2013, 24, 573–581.



	
Szwedziak, K.; Grzywacz, Z.; Wrotkowski, K. The Application of Microbial Additive in Poultry Production as a Way to Reduce Emission of Harmful Gases into the Environment. Rocz. Ochr. Srodowiska 2018, 20, 417–429.



	
Tudorache, M.; Custura, I.; Van, I.; Miclosanu, E.P.; Vidu, L. Influence of applying broiler welfare laws on unit cost. Sci. Pap. Series D Anim. Sci. 2014, 57, 212–215.



	
van Overmeire, I.; Pussemier, L.; Waegeneers, N.; Hanot, V.; Windal, I.; Boxus, L.; Covaci, A.; Eppe, G.; Scippo, M.L.; Sioen, I.; et al. Assessment of the chemical contamination in home-produced eggs in Belgium: General overview of the CONTEGG study. Sci. Total Environ. 2009, 407, 4403–4410.



	
Vander Naald, B.; Cameron, T.A. Willingness to pay for other species’ well-being. Ecol. Econ. 2011, 70, 1325–1335.



	
Viegas, S.; Faisca, V.M.; Dias, H.; Clerigo, A.; Carolino, E.; Viegas, C. Occupational exposure to poultry dust and effects on the respiratory system in workers. J. Toxicol. Environ. Health. Part A 2013, 76, 230–239.



	
Winkel, A.; Riel, J.W.v.; Emous, R.A.v.; Aarnink, A.J.A.; Koerkamp, P.W.G.G.; Ogink, N.W.M. Abatement of particulate matter emission from experimental aviary housings for laying hens by spraying rapeseed oil. Poult. Sci. 2016, 95, 2836–2848.



	
Zhao, Y.; Zhao, D.; Ma, H.; Liu, K.; Atilgan, A.; Xin, H. Environmental assessment of three egg production systems—Part III: Airborne bacteria concentrations and emissions. Poult. Sci. 2016, 95, 1473–1481.








References


	



Hughes, B.O.; Mench, J.A.; Appleby, M.C. Poultry Behaviour and Welfare; CAB International: Wallingford, UK, 2004. [Google Scholar]

	



Sawai, H.; Kim, H.L.; Kuno, K.; Suzuki, S.; Gotoh, H.; Takada, M.; Takahata, N.; Satta, Y.; Akishinonomiya, F. The Origin and Genetic Variation of Domestic Chickens with Special Reference to Junglefowls Gallus g. gallus and G. varius. PLoS ONE 2010, 5. [Google Scholar] [CrossRef] [PubMed]

	



Gunnarsson, S. Technologies for Increasing the Productivity of Poultry: Welfare Implications. In Are We Pushing Animals to Their Biological Limits? Welfare and Ethical Implications; Grandin, T., Whiting, M., Eds.; CAB International: Wallingford, UK, 2018; pp. 63–75. [Google Scholar]

	



FAO. FAOSTAT Database. Available online: http://www.fao.org/faostat/en/#home (accessed on 22 February 2019).

	



Anonymous. Invasive Species Compendium. Available online: http://www.cabi.org/isc/datasheet/66441 (accessed on 22 February 2019).

	



Bennett, C.E.; Thomas, R.; Williams, M.; Zalasiewicz, J.; Edgeworth, M.; Miller, H.; Coles, B.; Foster, A.; Burton, E.J.; Marume, U. The broiler chicken as a signal of a human reconfigured biosphere. R. Soc. Open Sci. 2018, 5. [Google Scholar] [CrossRef] [PubMed]

	



UN. Probabilistic Population Projections based on the World Population Prospects: The 2017 Revision. Available online: https://www.un.org/development/desa/publications/world-population-prospects-the-2017-revision.html (accessed on 22 February 2019).

	



UN. Sustainable Development Goals. Available online: https://www.un.org/development/desa/en/news/sustainable/sustainable-development-goals.html (accessed on 22 February 2019).

	



Vaarst, M.; Steenfeldt, S.; Horsted, K. Sustainable development perspectives of poultry production. World’s Poult. Sci. J. 2015, 71, 609–620. [Google Scholar] [CrossRef]

	



Tilman, D.; Cassman, K.G.; Matson, P.A.; Naylor, R.; Polasky, S. Agricultural sustainability and intensive production practices. Nature 2002, 418, 671–677. [Google Scholar] [CrossRef] [PubMed]

	



Stern, S.; Sonesson, U.; Gunnarsson, S.; Öborn, I.; Kumm, K.I.; Nybrant, T. Sustainable development of food production: A case study on scenarios for pig production. Ambio 2005, 34, 402–407. [Google Scholar] [CrossRef] [PubMed]

	



Scherer, L.; Tomasik, B.; Rueda, O.; Pfister, S. Framework for integrating animal welfare into life cycle sustainability assessment. Int. J. Life Cycle Assess. 2018, 23, 1476–1490. [Google Scholar] [CrossRef]

	



Chávez-Fuentes, J.J.; Capobianco, A.; Barbušová, J.; Hutňan, M. Manure from our agricultural animals: A quantitative and qualitative analysis focused on biogas production. Waste Biomass Valorization 2017, 8, 1749–1757. [Google Scholar] [CrossRef]

	



Xin, H.; Gates, R.S.; Green, A.R.; Mitloehner, F.M.; Moore, P.A.; Wathes, C.M. Environmental impacts and sustainability of egg production systems. Poult. Sci. 2011, 90, 263–277. [Google Scholar] [CrossRef]

	



Sarikaya, E.; Demirer, G.N. Biogas production from broiler manure, wastewater treatment plant sludge, and greenhouse waste by anaerobic co-digestion. J. Renew. Sustain. Ener. 2013, 5. [Google Scholar] [CrossRef]

	



Gomiero, T.; Paoletti, M.G.; Pimentel, D. Energy and Environmental Issues in Organic and Conventional Agriculture. Crit. Rev. Plant Sci. 2008, 27, 239–254. [Google Scholar] [CrossRef]

	



Mottet, A.; Tempio, G. Global poultry production: Current state and future outlook and challenges. World’s Poult. Sci. J. 2017, 73, 245–256. [Google Scholar] [CrossRef]

	



Ferreira, A.J.P.; Revolledo, L. Current perspectives in avian salmonellosis: Vaccines and immune mechanisms of protection. J. Appl. Poult. Res. 2012, 21, 418–431. [Google Scholar] [CrossRef]

	



Maslić-Strižak, D.; Spalević, L.; Rašeta, M.; Branković, L.I. Breeding broiler chickens in the industrial poultry production. Tehnol. Mesa 2012, 53, 1–7. [Google Scholar] [CrossRef]

	



Wang, J.; Yue, H.; Wu, S.; Zhang, H.; Qi, G. Nutritional modulation of health, egg quality and environmental pollution of the layers. Anim. Nutr. 2017, 3, 91–96. [Google Scholar] [CrossRef] [PubMed]

	



Tudorache, M.; Custura, I.; Van, I.; Miclosanu, E.P.; Vidu, L. Influence of applying broiler welfare laws on unit cost. Sci. Pap. Series D Anim. Sci. 2014, 57, 212–215. [Google Scholar]

	



Vallance, S.; Perkins, H.C.; Dixon, J.E. What is social sustainability? A clarification of concepts. Geoforum 2011, 42, 342–348. [Google Scholar] [CrossRef]

	



Silbergeld, E.K.; Graham, J.; Price, L.B. Industrial Food Animal Production, Antimicrobial Resistance, and Human Health. Annu. Rev. Public Health 2008, 29, 151–169. [Google Scholar] [CrossRef]

	



Amador, P.; Duarte, I.M.; da Costa, R.P.R.; Fernandes, R.; Prudencio, C. Characterization of Antibiotic Resistance in Enterobacteriaceae From Agricultural Manure and Soil in Portugal. Soil Sci. 2017, 182, 292–301. [Google Scholar] [CrossRef]

	



Just, N.; Kirychuk, S.; Gilbert, Y.; Letourneau, V.; Veillette, M.; Baljit, S.; Duchaine, C.; Singh, B. Bacterial diversity characterization of bioaerosols from cage-housed and floor-housed poultry operations. Environ. Res. 2011, 111, 492–498. [Google Scholar] [CrossRef]

	



Viegas, S.; Faísca, V.M.; Dias, H.; Clérigo, A.; Carolino, E.; Viegas, C. Occupational Exposure to Poultry Dust and Effects on the Respiratory System in Workers. J. Toxicol. Environ. Health Part A 2013, 76, 230–239. [Google Scholar] [CrossRef]

	



Fournel, S.; Pelletier, F.; Godbout, S.; Lagacé, R.; Feddes, J.J.R. Odour emissions, hedonic tones and ammonia emissions from three cage layer housing systems. Biosyst. Eng. 2012, 112, 181–191. [Google Scholar] [CrossRef]

	



Sokolowicz, X.; Herbut, E.; Krawczyk, J. Poultry production and strategy for sustainable development of rural areas. Ann. Anim. Sci. 2009, 9, 107–117. [Google Scholar]

	



Hodges, J. Conservation of Genes and Culture: Historical and Contemporary Issues 1. Poult. Sci. 2006, 85, 200–209. [Google Scholar] [CrossRef] [PubMed]

	



Notarnicola, B.; Sala, S.; Anton, A.; McLaren, S.J.; Saouter, E.; Sonesson, U. The role of life cycle assessment in supporting sustainable agri-food systems: A review of the challenges. J. Clean. Prod. 2017, 140, 399–409. [Google Scholar] [CrossRef]

	



Ayres, R.U.; van den Bergh, J.C.J.M.; Gowdy, J.M. Strong versus weak sustainability: Economics, natural sciences and consilience. Environ. Ethics 2001, 23, 155–168. [Google Scholar] [CrossRef]

	



van den Bergh, J.C.J.M. Externality or sustainability economics? Ecol. Econ. 2010, 69, 2047–2052. [Google Scholar] [CrossRef]

	



Montiel, I.; Delgado-Ceballos, J. Defining and Measuring Corporate Sustainability: Are We There Yet? Organ. Environ. 2014, 27, 113–139. [Google Scholar] [CrossRef]

	



Alliances, G.S. Global Reporting Initiative. Available online: https://www.globalreporting.org/standards/ (accessed on 8 April 2020).

	



Snilstveit, B.; Vojtkova, M.; Bhavsar, A.; Stevenson, J.; Gaarder, M. Evidence & Gap Maps: A tool for promoting evidence informed policy and strategic research agendas. J. Clin. Epidemiol. 2016, 79, 120–129. [Google Scholar] [CrossRef]

	



Petersen, K.; Vakkalanka, S.; Kuzniarz, L. Guidelines for conducting systematic mapping studies in software engineering: An update. Inf. Softw. Technol. 2015, 64, 1–18. [Google Scholar] [CrossRef]

	



James, K.L.; Randall, N.P.; Haddaway, N.R. A methodology for systematic mapping in environmental sciences. Environ. Evid. 2016, 5, 7. [Google Scholar] [CrossRef]

	



Brundtland, G.H. Our Common Future—Call for Action. Environ. Conserv. 1987, 14, 291–294. [Google Scholar] [CrossRef]

	



Mie, A.; Andersen, H.R.; Gunnarsson, S.; Kahl, J.; Kesse-Guyot, E.; Rembialkowska, E.; Quaglio, G.; Grandjean, P. Human health implications of organic food and organic agriculture: A comprehensive review. Environ. Health 2017, 16, 22. [Google Scholar] [CrossRef] [PubMed]

	



O’Connor, A.M.; Sargeant, J.M. An introduction to systematic reviews in animal health, animal welfare, and food safety. Anim. Health Res. Rev. 2014, 15, 3–13. [Google Scholar] [CrossRef] [PubMed]

	



Gough, D.; Oliver, S.; Thomas, J. An Introduction to Systematic Reviews, 2nd ed.; SAGE Publications Ltd.: London, UK, 2017; p. 352. [Google Scholar]








[image: Sustainability 12 03033 g001 550] 





Figure 1. Number of the poultry articles covering and/or mentioning different aspects of sustainability (in brackets: number of articles merely mentioning different aspects); 1 only mentioning environmental and social aspects, but not covering any of the dimensions. 
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Figure 2. Keywords of the poultry articles covering and/or mentioning different aspects of sustainability; Economic—Blue; Environmental—Green; Social—Yellow. 
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Table 1. Library search terms for environmental, economic and social sustainability.
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	Sustainability Dimensions
	Search Terms 1





	Environment
	(“environmental impact assessment” OR (environment* W/2 assessment) OR (environment* W/2 impact) OR (environment* W/2 protection) OR (climate W/1 change*) OR biodiversity OR ecosystem* OR pollution OR deforestation OR eutrophication OR (habitat W/2 destruction) OR (land W/2 degradation) OR (ozone W/2 depletion) OR “acid deposition” OR (odour W/2 emission) OR “air quality” OR “biochemical oxygen demand*” OR “chemical oxygen demand*” OR (nitrogen W/2 balance) OR (nitrogen W/2 cycle) OR (carbon W/2 cycle) OR eco-toxicity OR “carbon footprint” OR LCA OR “life cycle assessment”)



	Economic
	((agricultur* W/2 development) OR (agricultur* W/2 production) OR (farm* W/2 comparison*) OR (farm W/2 entrant*) OR (farm W/2 result*) OR (farm W/2 development) OR production OR diversification OR intensification OR “technical efficiency” OR “economic efficiency” OR “eco-efficiency” OR profit OR econom* OR return OR ”economic viability” OR ”economic performance”)



	Social
	((attitude* W/2 work) OR labour OR labor OR (quality W/2 life) OR “living condition*” OR “rural welfare” OR (work* W/2 condition*) OR “rural development” OR “social welfare” OR “social security” OR “social service*” OR “social equity” OR (health W/2 service*) OR “social status” OR (women W/2 status) OR “equal right*” OR equality OR (rural W/2 employment) OR livability OR “health equity” OR “labour rights” OR “labor rights” OR “social justice” OR “social capital” OR (community W/2 development) OR (community W/2 resilience))







1 For the searches in Web of Science Core Collection and CABI: CAB Abstracts the Boolean operator NEAR was used and for the search in Scopus, the Boolean operator W was used. * The word was truncated for wider search.
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