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Abstract

:

Eggs are of considerable importance in feeding the population, as they are a relatively inexpensive and complex food source of very high biological value. The daily animal protein requirement for the human body can be covered with eggs in the cheapest way and with the lowest environmental impact. As animal welfare, as well as environmental and health awareness issues, become increasingly prominent in developed countries, consumer demand for eggs has also changed significantly in recent years, with an increasing number of consumers buying eggs produced in non-cage housing systems. In recent years, cage housing has been more frequently debated in EU member states. An initiative was launched in 2018 to end cage housing technologies and the sale of eggs produced in this way. However, in addition to animal welfare, a number of other factors need to be considered in relation to sustainable production. For this reason, the aim of this research is to provide a comprehensive overview of the sustainability issues of various housing technologies, as well as quality factors affecting consumer health and egg consumption based on the relevant international references and databases. Although there is a growing demand for products produced in non-cage housing systems due to the increasing relevance of environmental protection, health awareness and animal welfare issues in Western societies, research has shown that non-caged production is not the best solution for environmentally, socially and economically sustainable egg production.
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1. Introduction


It is increasingly recognized that eggs are a “miracle food” with the same biological value as breast milk, containing nearly 40 proteins, including bactericidal, potent antigenic and antihypertensive proteins. In addition, eggs contain 18 different amino acids, nine of which are essential. Eggs are a highly nutritious food containing vital vitamins (A, D, E, B1, B2, B3, pantothenic acid, B6, folic acid, vitamin B12) and are very rich in minerals (Fe, Zn, Cu, Mg, I, Se, Ca, P, K). Eggs contain an optimal proportion of saturated and unsaturated fatty acids, while they do not contain carbohydrates and trans fats. In recent years, several studies [1,2,3,4] addressed the impact of egg consumption on the human body. The obtained results show that eggs also contain a number of nutrients that, in addition to being part of the essential diet, also play a significant role in maintaining health. Contrary to the previous misconception about cholesterol [4], recent research results show that eggs do not increase cholesterol levels or the risk of related diseases [5]. For this reason, international recommendations suggest the regular consumption of eggs as part of a healthy diet [6,7]. It is important to note that the human body’s daily need for animal protein can be covered with eggs in the cheapest way and with the least environmental impact. In addition to being an essential food, eggs play an important role in maintaining health due to their functional properties and can also be easily enriched with beneficial ingredients. The positive properties of eggs include the improvement of brain functions, fetal development and the immune system, while their consumption reduces the risk of cardiovascular and tumor diseases, as well as age-related eye diseases (cataract, macular degeneration), thrombosis, vasoconstriction and the age-related loss of skeletal muscle mass and function (sarcopenia) [5,8,9,10,11,12,13,14,15].



Global hen egg production increased by 24.4% over the past decade, bringing production to close to 76.8 million tons in 2018, which is expected to increase further in the future, as the demand for animal protein increases [16]. About 35% of the amount of eggs produced globally originates from China. In addition, a significant amount of eggs is produced in the U.S. (6.5 million tons) and India (5.2 million tons). The top three countries account for nearly 53% of world egg production [16].



There was a slight increase in egg production in the EU28 countries in the last decade (+5.8%), but the European Commission [17] forecasts that Member States’ production could increase by a further 9% by 2030. The amount of eggs produced by the EU28 countries accounted for 9.3% of global production in 2018, with the most significant producing countries being France (11.9%), Germany (11.9%), Spain (11.8%), the United Kingdom and Northern Ireland (10.9%), Italy (10.9%), the Netherlands (9.9%) and Poland (9.2%), which accounted for almost three quarters of EU production. Self-sufficiency in the EU28 has ranged between 102 and 104% in recent years as a result of export orientation. The EU28 countries’ exports of eggs and egg products amounted to 219 thousand tons in 2018, making it the world’s second largest exporter. In contrast, imports of eggs and egg products were much lower, amounting to 27 thousand tons in 2018 [17].



Council Directive 99/74/EC has a great impact on the EU egg sector, as it lays down the minimum requirements for the protection of laying hens. According to the directive and related regulations, laying hens in the EU Member States can only be kept in EU-compliant enriched cages or non-caged housing from 2012, and eggs placed on the market can only come from such systems.



There are several housing systems used in egg production. These may be caged or non-cage systems. Caged housing systems can be classified as conventional cages and EU-compliant enriched (or furnished) cages, while non-cage systems are either barn (single-level), aviary (multilevel), free-range or organic housing. Enriched cages may offer more height and space than conventional cages and are equipped with a number of devices to meet the natural needs of laying hens (e.g., nest boxes, perches and a litter area which permits scratching and dust bathing) [18]. In the literature, non-cage systems are identified in many cases as alternative housing; however, the latter term refers to barn and aviary systems. Barn or floor management systems may either be pure indoor systems or combined with outdoor facilities. These are always single-level systems in which the ground floor, or part of it, is covered with litter. Aviaries are always multilevel systems, with several levels of perforated floors in addition to the ground floor. This system may also be either a pure indoor system or equipped with outdoor access. Moreover, outdoor systems may either be conventional free-range systems or organic systems [18]. Windhorst [19] reviews the advantages and disadvantages of housing systems from animal welfare aspects. A more detailed description of each housing technology can be found in LayWel [20] and in the study of Zhao et al. [21].



According to European Commission [22] data, in 2019, 47.8% of laying hens were kept in enriched cages, 29.3% in barn and aviary systems, 17.0% in free-range housing, while the proportion of organic housing was only 5.9%. However, the proportion of these housing systems is different in each Member State. In Malta, Lithuania, Portugal, Slovakia, Poland and Latvia, the vast majority of laying hens (>80%) are kept in enriched cages. In contrast, non-caged housing is dominant in the Netherlands, Denmark, Sweden, Germany, Austria and Luxembourg.



In recent years, a number of studies have examined the quality, content and production characteristics of different housing systems and explored differences between them. Most of this research compares production in a cage system to a non-caged system, and only a small number of literature sources compare the housing types in the latter group (aviary, barn, free-range, organic housing). In addition to changes in macroeconomic factors over the past decade, consumer demand has also changed significantly at the global level. Consumers, especially in the EU28 countries, tend to increasingly prefer eggs from non-cage systems as they believe that eggs produced in these housing systems are of better quality than eggs produced in caged systems [23].



In 2018, a civic initiative called “End the Cage Age” was launched in the EU to end cage housing. The collection of signatures in support of the initiative ended in September 2019 with around 1.5 million signatures and is expected to be submitted to the European Commission in September 2020, which should take a position on the issue. In this context, several retail chains in Europe have recently announced that they do not plan to sell eggs originating from caged housing systems in their shops from 2025, which could have a significant impact on the situation of the egg sector in Member States where producers use cages. Caged housing is becoming a subject of debate among supporters of animal welfare and protection, as well as researchers and producers [24]. The impact of different housing systems on the health and behavior of birds is still considered a significant issue today. However, in addition to animal welfare, there are many aspects to sustainability, including economic issues, environmental factors, human health and food safety, as well as various social values [25]. Gunnarsson et al. [26] systematically mapped these factors based on scientific publications on poultry over the past two decades. The Coalition for Sustainable Egg Supply (CSES) project [27,28,29] evaluated three egg production systems (conventional cage, enriched colony, and cage-free aviary) in the U.S. from the aspects of animal behavior and well-being, environmental impact, egg safety and quality, food affordability, and worker health. Most of the scientific papers published on the CSES project are also processed in our study.



It is important to note that these systems not only affect the behavior, productivity and health of birds, but also have a major impact on the environment, as well as on egg quality, and thus indirectly on consumers (even from a health point of view) and consumer decisions [30]. For this reason, it is important to examine the possible environmental and economic effects of egg production and impacts on the quality of eggs in different systems, and how these effects influence consumers.



The aim of this research is to explore and compare the sustainability issues of different housing technologies, as well as quality factors affecting consumer health and egg consumption. More specifically, the following five subaims were formulated: to identify the effects of different housing systems on: (1) the quality aspect; (2) the environmental issues; (3) the animal welfare, animal health and food safety aspects; (4) the production efficiency and economic aspects of egg production; (5) to these patterns compared with consumer preferences.




2. Materials and Methods


In this study, qualitative research was performed through a systematic literature review. A systematic review seeks to systematically search for, appraise and synthesize research evidence and findings. The synthesis is typically a narrative and the analyses may be chronological, conceptual and thematic [31,32]. This qualitative research method is of an exploratory nature, making it possible to get to know the studied area in detail, as well as to explore and compare previous research results and their circumstances. Our results obtained in this manner cannot be quantified or measured; however, the aim of these examinations is to explore and understand the regularities between the environmental, economic and social effects of different housing systems.



The major international literature and databases related to the topic were reviewed and evaluated. Based on Boar et al. [32], the methodology used in our paper is summarized in Table 1. Relevant and up-to-date literature sources were collected using mainly Google Scholar, Web of Science and Scopus, while some data related to the egg sector were extracted from Food and Agriculture Organization of the United Nations (FAO) and European Commission (EC) databases. Technical literature databases were searched with the keywords listed in the table. Similarly to the work of Gunnarsson et al. [26], the fit of search results to the topic was judged based on their title and abstract. As a next step, a content analysis was performed on the selected literature. We also reviewed the bibliography of the literature collected in this way, and we expanded the range of relevant literature using the snowball method. If the quantity and the quality of results in the online databases were insufficient in relation to certain areas of the study, the sources used were supplemented with related publications collected by the authors in previous years. As a result, certain resources are not available electronically, only in printed form.



In searching for literature sources, the results were mainly focused on the years between 2010 and 2020. Older sources were processed only if the main findings were not out of date. A geographical limitation was also set, mainly to include studies conducted in Europe and North America, enabling a focus on studies on production systems in similar economic and technological contexts. Research results from different geographical areas were included in the study only in small numbers. In line with the aim of the study, the primary objective was to explore the differences between conventional and enriched/furnished cage systems and aviary, barn, free-range, organic, and various non-cage systems. For this reason, sources focusing on only one housing system or those comparing only the characteristics of different cage systems were excluded. After applying the exclusion criteria, 104 articles were included in the review.



This study addresses the effects of different housing technologies on egg quality and content values, as well as environmental, animal welfare, animal health and food safety issues. Although egg-related consumer preferences were not highlighted in a separate subchapter, scientifically substantiated facts were compared with them when examining each issue. The synthesized results were presented in a narrative way and in tabular form, edited into subchapters according to each topic.




3. Results


In developed countries, especially in Europe and the USA, the issue of animal welfare is gaining prominence [33,34,35,36,37,38], similarly to environmental consciousness [39,40] and health awareness [41,42,43]. In line with this tendency, consumer demand for eggs has also changed significantly in recent years. This work provides a comprehensive review of different housing technologies in relation to the factors affecting egg quality, as well as environmental, animal welfare, animal health, food safety and economic issues.



3.1. Egg Quality Issues


An increasing number of consumers are recognizing the health benefits of egg proteins, vitamins and minerals. One of the most important aspects for consumers when choosing food is that the product is safe and healthy to eat [44], i.e., it does not contain substances that could endanger their health (microorganisms, mycotoxins, pesticides, antibiotics, etc.). In addition, there is a growing interest in products produced in an alternative way (cage-free, antibiotic-free, alternative feeding) [45,46]. Żakowska-Biemans and Tekień [47] found that price and housing system had the most significant importance in shaping Polish consumers’ preferences, while other attributes such as egg size and package size were far less important. Many consumers believe that eggs from free-range and organic farming are healthier and of better quality than those produced in caged housing systems [29,46,48,49,50]. Thus, in line with recent nutritional trends, consumers demand healthy and balanced food products. For this reason, consumers also pay increased attention to the quality parameters of eggs [51].



Based on the findings of Senbeta et al. [52], it can be concluded that the color of the eggshell and egg yolk, egg size, as well as nutrient composition, significantly influence consumer attitudes and their choice of eggs during their purchases. Although consumers are not able to judge the internal characteristics of the egg during purchase, their decisions could be aided by the information about the content of the egg, presented on the packaging (extra yellow, enriched in vitamins, etc.).



Several researchers [53,54,55,56,57] state that the quality of table eggs is influenced by production factors such as the age of the hen, genetics, or feeding, and point out that the comparison of the quality of eggs from farms with different housing technologies should be treated with caution. Regarding different housing systems, there is no particular technology which is suitable for the production of eggs with superior quality [58], and the higher price of eggs from alternative housing does not necessarily mean a quality difference similar to that of prices [59]. However, several studies focus on the quality characteristics of eggs from different housing systems, as summarized in Table 2. These studies tend to conclude that housing systems have a significant effect on egg weight, shape, eggshell color, thickness, firmness and the characteristics of the egg white and egg yolk. Englmaierová et al. [60] found that housing technologies significantly influenced egg weight, and while eggs produced in aviary and enriched cage systems had higher average weights, eggs originating from barn housing systems had lower weights. Galic et al. [61] reported the same result, i.e., the largest and heaviest eggs were produced in enriched cage systems. Perić et al. [54] compared eggs from traditional caged systems, omega-3-enriched eggs and eggs from free-range housing in terms of their external and internal properties which affect egg quality, using samples from one of the largest supermarkets. As a result, a significant difference was found in the fat content of egg yolks, which was lower for eggs produced in traditional technology. Furthermore, free-range eggs showed better shell quality compared to products from caged housing systems. In addition, in the examined sample, the yolk of free-range eggs had the lightest color, which is a finding completely opposite to consumer expectations [62]. According to other research [61,63], free-range eggs and their yolks were heavier in weight and the latter was more intensely colored, while the shell of eggs produced in caged housing systems was thicker. At the same time, other indicators of egg quality (e.g., protein and shell weight, protein and yolk pH) were not affected by the given housing technology [63]. In addition, the study of Minelli et al. [64] revealed that eggs produced in organic systems were lighter in weight and even eggshell fracture toughness was lower in organic farming than in traditional cage systems.



Other researchers have not confirmed the above-described findings [66,77]. De Reu et al. [77] analyzed the bacterial contamination of the air, as well as the quality of eggs and eggshells, and found only a small difference between enriched cage and non-cage systems, while the difference between barn and aviary housing systems was negligible. Although there is no correlation between eggshell color and egg content quality [78], the brown coloration of the shell is an important shell quality trait and has a positive influence on consumer preference in certain parts of the word [79]. Brown eggs dominate the markets of most of Europe, Southeast Asia, Australia, New Zealand, much of Africa and some countries in South America. In other regions of the world, consumers prefer white eggs [30,80].



Several studies describe the differences in the composition of eggs from caged and non-cage housing systems. Based on the findings of Matt et al. [65], there is a significant difference between the eggs of hens kept in conventional and organic systems, as differences were found in their vitamin, cholesterol, calcium and potassium contents. The calcium content of organic eggs was significantly lower than that of those from conventional caged housing systems. The cholesterol and potassium concentrations were higher in the case of organic keeping. This finding is also confirmed by Küçükyılmaz et al. [66], who found lower omega-3 content in the yolks of eggs produced in organic systems than in eggs produced in the traditional system. Experts also point out that there may be significant differences in the feeding used in different types of housing systems, which can greatly affect the quality properties of eggs. The observed differences in experiments [54,55,63,64,65,66,68,70,72,73,76,81] with different diets could also be traced back to feeding parameters. The research results of [75,82] also support these findings, as they claim that differences/changes in feeding affect egg quality parameters even more directly than housing. Radu-Rasu et al. [83] stated that, under similar dietary conditions, non-cage systems resulted in hens producing eggs with higher nutritive values (lower concentrations of total lipids, cholesterol and gross energy) than in other systems. Similar results were obtained by two other studies [69,71], i.e., the overall quality of eggs produced in a free-range system was better than that of eggs from conventional cage and enriched cage systems. In contrary, Kraus et al. [58] found that most of the values of the main quality traits were better in eggs from enriched cages compared to barns under similar feeding circumstances.



Sokolowicz et al. [72] examined the quality characteristics of eggs produced in different alternative housing systems and found differences in egg weight, shape and egg yolk color intensity between each system. The yolks of free-range and organic eggs are more intense in color than those produced in the barn system. For this reason, it can be concluded that (free-range) housing technologies which also utilize green areas are advantageous in this respect.




3.2. Environmental Issues


An increasing number of consumers are buying eggs produced in non-cage systems [45,46] because, on the one hand, they believe that eggs produced in an alternative way are healthier and of better quality and, on the other hand, in the knowledge that they have done something to protect their health, as well as animals and the planet [84]. This point of view is confirmed by the research of Bombik et al. [85], according to which organic farming systems integrate environmentally friendly production practices, support biodiversity and the protection of natural resources, while ensuring animal welfare. Rahmani et al. [86] found that consumers perceived caged eggs as the type of eggs with the highest greenhouse gas emissions and water use, which is not true. Several environmental factors were measured and evaluated in different studies to compare different housing systems (Table 3). Research findings related to the environmental issues of egg production among different housing systems are summarized in Table 4.



Egg production, similarly to other intensive productions, has a negative impact on the environment through greenhouse gas emissions, as well as soil and water pollution. Birds, feed, manure, and other equipment related to housing systems are potential sources of the environmental footprint regarding livestock management [95]. The livestock and manure management practices of different housing systems may result in varying sizes of environmental footprint [89]. Although table eggs are consumed worldwide as a valuable and inexpensive source of protein, there is still only a small number of studies addressing the environmental impacts of egg production [95].



In terms of environmental impact, caged systems are more favorable, as Horn [96] states that high-performance populations in highly concentrated housing systems provide the most efficient and least environmentally harmful solutions. Fróna et al. [97] highlight that intensive farming means the most effective utilization of agricultural land and water resources. Based on the findings summarized in Table 4, it can be concluded that resource use (water, forage area, energy) and pollutant (ammonia, methane, carbon-dioxide) emissions also change negatively from caged to non-cage housing systems, which causes a significant environmental impact. In a review article [98], the authors concluded that concentrations of ammonia gas are commonly high in aviaries and floor housing systems in which manure is not regularly removed. Thus, manure management is a key point concerning the layer house environment. In addition to harmful gas emission, particulate matter concentration is also higher in the non-cage systems.




3.3. Animal Welfare, Animal Health and Food Safety Issues


Higher concentrations of particulate matter and harmful gas exposure in some housing systems, as described in the previous subchapter, could play a significant role in the development and incidence of respiratory diseases in birds [98], which is particularly important from an animal health point of view. It should also be mentioned that emissions of harmful gases, as well as high concentrations of particulate matter, pose a significant health risk to human resources. The impact of housing technologies on the health and safety of workers has been studied in only a few publications. In one of these works, Whyte [87] found that workers in barn systems are exposed to more dust and higher ammonia concentrations than people working in caged housing systems. Ochs et al. [99] pointed out that consumers do not recognize the threat of negative impacts on worker health and safety in alternative housing systems, as opposed to conventional cages.



The researchers working on the project LayWel [35] concluded that, with the exception of conventional cages, all systems have the potential to provide satisfactory welfare for laying hens. However, maximizing this potential in practice is hindered by several factors, including management, group size, use of certain medical treatments, climate, feed, housing design, beak trim, as well as different responses by different genotypes and interacting effects [35,100]. Several animal welfare, animal health and food safety factors were evaluated in different studies to compare different housing systems (Table 5). Research findings related to animal welfare, animal health and food safety issues among the housing systems are listed in Table 6.



Despite the fact that some animal welfare organizations and consumers consider non-cage systems to serve the purpose of animal welfare at all times as opposed to caged housing [35,47], the greater freedom of mobility achieved by increasing the group size increases the risk of bone fractures, as well as feather pinching and cannibalism [88,100,103,118]. A study [119] which analyzed the effect of keel fracture on production parameters found that this injury caused changes in the behavior of laying hens and reduced animal welfare, production performance, feed intake, and eggshell quality. A survey among Belgian producers [114] revealed that health- and production-related parameters are considered to be more important by producers for hen welfare as compared to behavior-related parameters. A survey [120] focusing on consumer preferences in the U.S. revealed that consumers consider less hen stress, more natural hen behavior, as well as the improved health and welfare of workers to be important. If housing systems are weighted based on consumer preference for animal and worker welfare characteristics, the preferred system is the enriched housing system [120]. Hartcher and Jones [115] also agree with these findings, highlighting that furnished cages retain the benefits of conventional cages in terms of hygiene and efficiency of production, and offer some benefits of non-cage systems. Moreover, they state that animal welfare in non-cage systems is currently highly inconsistent, and needs to be addressed by management practices, genetic selection, further research, and appropriate design and maintenance of the housing environment.



The mortality rate may be higher for aviary housing technology compared to other systems, mainly due to hypocalcaemia, ventilation, cloacal prolapse, foot disease, and cold or other diseases [121]. Comparing the furnished cages and aviary systems, Tauson [101] states that birds in both systems may show favorable production results, but aviaries are less predictable due to irregular outbreaks of flock cannibalism, especially in non-beak-trimmed birds.



In addition, Lay et al. [107] state that certain diseases, mainly caused by parasites, may occur more frequently in non-cage systems. As a result, veterinary interventions are more frequent and the number of veterinary drugs and vaccines used is higher [100]. As a consequence of more frequent veterinary interventions, Cepero and Hernándiz [53] suggest that the risk of residues of antimicrobials, anthelmintics and various anticoccidials may be higher for eggs produced in non-cage housing systems. Several studies [57,60,104,105,110,116] also confirmed this finding and found that housing technologies significantly affect the number of bacteria on the surface of eggs and the level of microbial contaminants. In the case of conventional and enriched cage systems, eggshell contamination values in terms of both total bacterial counts and Escherichia coli are significantly lower compared to eggs from alternative technologies (aviary, barn), and the highest contamination was found in the case of barn housing. A review article [122] concluded that, when moving from cages to non-cage systems, the prevalence of Salmonella in laying hens increases. Parisi et al. [110] also found that free-range eggs, where hens have more contact with eggs after oviposition, have greater microbiological contamination on the eggshell surface than eggs produced in conventional cage systems. These phenomena pose a much greater risk to human health and consumers are likely to be unaware of these threats in many cases. However, Jones et al. [123] highlight that hen strain has an effect on egg microbial levels for various housing systems, i.e., egg safety should be considered when making hen strain selections for each housing system. In addition, the management of housing systems has a significant role in controlling the microbial contamination level of eggs [111].



The most common chemical contamination of eggs, i.e., increased levels of dioxin-like compounds, is identified with free-range and organic housing technologies [109]. Several previous studies [102,109,124] examined dioxin levels in eggs. Based on the obtained results, experts have concluded that dioxin levels in products from organic farming were higher, exceeding the permissible value in many cases. The reason for this phenomenon may be partly due to the fact that, in organic farming, laying hens may be exposed to sources of dioxins other than feed, in contrast to cage systems. According to de Vries et al. [124], possible soil contamination, and the consumption of various plants and insects may increase the dioxin content of eggs. For this reason, in areas involved in organic farming, monitoring the level of soil contamination requires increased attention.




3.4. Production Efficiency and Economic Issues


Modern egg production is a capital-intensive activity that requires relatively large facilities and, therefore, long-term investment [99]. In the EU, the transition to enriched cage housing has entailed significant additional costs for participants in the sector, and egg producers must comply with a number of environmental, animal welfare and food safety legislations. The additional costs of complying with EU standards were estimated to account for about 16% of production costs in 2017 [125], which puts EU producers at a significant international competitive disadvantage.



In addition to the additional costs associated with establishing alternative systems compared to traditional housing technologies [126], production costs are also higher, as production efficiency deteriorates in these systems (reduced egg production, lower stocking density, increased specific labor use, increased specific feed consumption, increased energy use, etc.) [88,90]. The results of Tauson [100] showed increased feed intake and mislaid eggs in non-cage systems, especially in litter. The findings obtained by other studies [60,127,128,129,130] also demonstrated that feed consumption is significantly higher in non-cage systems and thus the feed conversion ratio is worse than in conventional and enriched cage systems. In addition, Philippe et al. [131] reported lower laying rates and a high proportion of mislaid eggs in aviaries. Among other indicators, a decrease in the efficiency of labor use in non-cage systems was highlighted by Stadig et al. [114]. Certain studies [56,66,75] demonstrated that housing systems (cage vs. barn/organic) had no effect on egg production. In fact, in a small-scale study [130] egg production per hen per day was found to be higher in the free-range system, but it was similar in conventional cage and enriched cage systems. In an industrial experiment [132], the best production efficiency (egg production and feed conversion rate) was found in an enriched cage system compared to conventional cage and barn systems. In addition to the fact that higher feed conversion increases the average cost as feed costs account for a significant share of production costs, it also indirectly raises environmental and related sustainability issues, as an increased feed demand leads to higher resource use in feed production (arable land, water, chemicals, fossil resources, etc.).



Several studies [125,126,133,134,135,136] confirm that the caged housing system is the most economical method of egg production. The average cost is different in caged and non-cage systems, and the production costs of eggs in enriched cages and non-cage systems may be higher by about 6–13% and 21–100%, respectively, compared to conventional cages (Table 7). In addition to alternative housing methods, organic housing is becoming increasingly popular in Europe, despite the fact that it is much more expensive to produce eggs using this method due to higher feed consumption or lower productivity [137].



In addition to production cost, sales price is also an important economic issue. Rising production costs also mean that the differences between housing systems must be reflected in sales prices in order for the production process to be profitable. For this reason, it is important to know whether consumers in the given country/region are able or willing to pay a higher price for eggs produced in alternative housing systems before retail chains decide to show preference to eggs from non-cage housing systems. If a certain proportion of consumers are unwilling to pay more for eggs produced in alternative housing systems, it may lead to a decrease in turnover in stores, which could once again put their management in a difficult situation, thereby affecting producers as well.



With respect to consumer preferences, there are differences between regions and countries; moreover, these preferences are changing over time. According to a recent Polish study [47], the heterogeneity within the sociodemographic and socioeconomic characteristics confirms that niche markets for products produced with higher animal welfare standards do exist. A study [138] focused on consumer habits in British Columbia, Canada, also shows that the market is heterogeneous, and even though the number of consumers buying eggs from non-cage systems is increasing, a significant proportion of consumers (less educated, older, price sensitive, major chain store buyers, store flyer users, and those having less concern regarding animal welfare issues) are disinterested in how eggs are produced and decide which eggs to buy mostly based on their price. Two other studies from the USA [139,140] similarly highlight that most consumers are not willing to pay significantly higher prices for non-caged and organic attributes. In addition, price-conscious consumers, if accepting higher prices, are more likely to require explicit justification of returns in quality [141]. Another U.S. study [142] found that consumers place more weight on animal welfare issues than environmental issues in their egg-purchase decisions, but food cost remains one of the most important factors for over a third of them.



A recent European study [143] found that price is the most important attribute for Hungarian and Italian consumers, followed by the nutrition and health claim and the organic production labeling. In both countries, similar consumer groups (“Price Sensitive and Quality Optimizing Opportunist Consumers” and “Health Conscious Buyers”) were identified. In Italy and Hungary, approximately 40–45% of the consumers are more interested in the affordability of food choices than in environmental and health consequences. Compared to this segment, health conscious buyers (46–49%) are willing to pay a higher price premium for eggs with an organic label and nutrition claims [143].



An earlier Spanish study [43] also found that price is the most important attribute in determining consumer preferences and only some groups of consumers are willing to pay the premium necessary for alternative methods of production. A Norwegian survey [144] noted that there is a segment of consumers willing to pay a substantial premium for organic eggs, but this segment is limited in size. A UK study [145] highlights contradictions in consumer views especially relating to the subject of perceived benefits of different methods of production.





4. Discussion and Conclusions


The results presented in this systematic literature review have several limitations. The published results compare the properties of egg production in caged and non-caged systems. However, more research would be needed with the aim to study egg production in several different housings at the same time, thus ensuring that the study conditions (experiment size, duration, hybrid, feed, management, etc.) are the same. It was an additional limitation that some of the available literature, especially those focusing on consumer habits, could no longer be considered relevant (i.e., older than 5 years) as consumer trends were changing relatively rapidly and continuously. Therefore, no general conclusion can be drawn from the results of previous surveys. The research was further complicated by the fact that egg producers in different geographical locations use different housing methods and production conditions (management, feeding, genetic background, etc.), i.e., it is difficult to compare the results of research performed in different countries. The research report summarizing the results of the CSES project [29] also highlights that the generalization and comparison of the specific results of research carried out in a given country under given conditions should be treated with caution. Nevertheless, in order to achieve the set objectives, the authors tried to objectively examine the issues related to the housing technological effects of egg production. For this reason, it is one of the strengths of this study that it explores and compares the sustainability issues of different housing technologies, as well as the factors affecting consumer health and egg consumption with a multidisciplinary approach, as opposed to reviews focusing on a more specific topic (e.g., quality, food security).



In this study, consumer preferences were compared to the scientific findings (according to the fifth subaim of this study) which focused on quality, environmental and animal welfare, animal health, food safety, production efficiency, as well as the economic aspects of the different housing systems used in egg production. In many cases, consumer preferences are not in harmony with scientific facts and do not serve sustainability-related purposes. In the opinion of the authors, this phenomenon can also be explained by the fact that, when buying eggs, the majority of consumers do not have enough information about the differences between the various types of housing. In addition, according to a recent study from the U.S. [44], balanced and real information about egg production had a positive effect on consumer willingness to pay for conventional eggs compared to non-caged eggs. The results of Ochs et al. point out the potential public misunderstanding of the costs and benefits associated with the “cage-free” egg label [146]. Eggs from free-range and organic housing systems are commonly regarded as having a better taste and being yellower in color, and by choosing to buy eggs produced in this way, these consumers are convinced that they do something to protect their health, as well as animals. For this reason, the proportion of different housing systems varies depending on consumer needs. In order to provide the widest possible range of information on the differences between caged and non-cage housing systems to producers in the sector, as well as consumers, a number of studies have been carried out in recent years, mainly in Europe, to examine the effects of different housing systems on egg quality, nutrient content, the environment and the welfare of laying hens.



Regarding the first subaim of this study, several contradictory results can be found in the literature about the external and internal quality of eggs, due to the fact that the quality of table eggs is influenced by several production factors such as the age of the hen, genetics, feeding and housing systems. In addition, significant interactions of these factors may be found in most of the observed quality parameters. In general, it can be concluded that eggs produced in caged systems are heavier and the eggshell quality is better in most cases compared to non-cage systems. The majority of studies show that the yolk of free-range eggs was heavier and more intense in color, while higher levels of cholesterol and potassium were found in organic housing, and some parts of the eggs weighed less, and the eggshell had poorer fracture resistance than in caged-system eggs.



For the second subaim of this study, from an environmental point of view, it should be noted that ammonia, nitrous oxide and methane emissions, as well as particulate matter concentrations, are usually higher in the case of non-caged systems, and the demand for water and feed production is increasing. These factors pose a significant risk of developing respiratory diseases, they increase the environmental load and can also have a negative impact on worker health. In addition, concerning to the third subaim of this study, it has been confirmed that despite the fact that hens have more space and freedom, the mortality, the risk of bone fractures, as well as feather pecking and cannibalism is higher in non-cage systems than in enriched cage systems. Moreover, eggs produced in caged housing systems have lower rates of veterinary drug residues and microbial contaminants on their surface and contain lower levels of dioxin than products from non-caged housing technologies.



The fourth subaim of this review dealt with the production efficiency and economic questions. It has been shown that there is an increase in the average cost when comparing caged housing systems to non-caged technologies, in parallel with the deterioration of production efficiency, especially due to increasing feed and labor use. However, a significant proportion of consumers in heterogeneous markets (containing market segments of different characteristics) are not willing to pay the resulting increased sales prices. In this context, according to the authors’ opinions, the price-sensitive consumer segment remains, although the cage-free egg market is increasing, even if its proportion varies from country to country. For this reason, it is important that the current anti-cage lobby and trend in the EU does not lead to a decision to permanently phase out the sale of enriched (EU-compliant) cage technology and eggs from enriched cage systems. This decision would result in the consumer segment, which does not choose eggs on the basis of animal welfare and other considerations of its purchase, being deprived of their choice/decision and the preferences of the consumer group that buys eggs from non-cage systems for the protection/welfare of the animals would be forced on them. Sustainable food choices must be affordable and able to meet the need of different segments of consumers [143] and it is important to serve heterogeneous preferences [144]. For this reason, a heterogeneous market should serve its consumers with differentiated products, including the difference between various housing technologies.



In light of the obtained research findings, it can be concluded that, although there is a growing demand for alternative, non-caged products as environmental and health awareness and animal welfare issues are becoming more popular, non-caged production is not the best solution for environmentally, socially and economically sustainable egg supply. The authors of this paper recommend decision-makers (policy-makers, non-governmental organizations, industry) to consider the objective information presented here, i.e., the advantages and disadvantages of each housing type from as many aspects of sustainability as possible when making future decisions on egg production technology. This topic requires a multidisciplinary approach as well as a high degree of communication with food system stakeholders to ensure that the research results contribute to informed decision-making [28]. It is an important message of this study for decision-makers that it is necessary to look at the possibility of cage-free production in terms of both environmental protection and sustainability, as previously only animal welfare was in focus. It is important that the decision to phase out cage systems takes into account not only the needs of a narrow consumer group, in whose preferences animal welfare plays a greater role, but also consumers for whom animal welfare is only a secondary consideration when buying eggs, and who usually decide based on the price. We recommend that the possibility of using enriched cage housing technology in egg production not be eliminated. Rather, the decision should be left to the market, instead of authorities deciding about permissible housing technologies on the basis of a lobbying activity. Moreover, the authors believe that future research should also focus on the effects of different feeds and genetic backgrounds on sustainable egg production and their interactions in relation to each housing technology. Moreover, experiments and developments would be needed to reduce and eliminate the current negative effects and disadvantages of the current non-cage technologies in relation to cage housing systems.
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Table 1. Summary of methodology used in the study.






Table 1. Summary of methodology used in the study.





	Research Objectives



	(1) To identify the effects of different housing systems on the quality aspect of egg production.

(2) To identify the effects of different housing systems on the environmental issues of egg production.

(3) To identify the effects of different housing systems on the animal welfare, animal health and food safety aspects of egg production.

(4) To identify the effects of different housing systems on the production efficiency and economic aspects of egg production.

(5) To compare these patterns with consumer preferences.



	Initial Inclusion Criteria



	Documents available in Google Scholar, in Web of Science, in Scopus and materials collected for years by authors of this study.



	Setting the Inclusion Criteria



	(1) keywords: egg housing; non-cage egg production; alternative egg production; egg housing environment; environmental effect table egg in the different production system; ammonia contamination in eggs production; egg production emission; bacteriological contamination of eggshell; physical contamination of eggshell; eggs dioxin different housing system; contamination on eggshell; eggs contamination alternative system; antibiotic in egg production; antibiotic-free egg production; effect of housing system on egg quality; cleanliness of eggshell; the interior quality of eggshell; effect of eggshell quality; content of table hen eggs; laying hen housing productivity; production cost of eggs in the different housing system; consumer preferences eggs; consumer preference eggshell colour; housing system consumer preference; health awareness egg consumption; egg sustainability;

(2) relevant documents from the bibliography of selected papers;

(3) timeframe: 2010–2020;

(4) geographical limitation: Europe, North America;

(5) housing systems: cage housing (conventional and/or enriched/furnished cage) vs. non-cage housing (aviary and/or barn and/or free-range and/or organic); non-cage housing vs. non-cage housing;



	Applying the Exclusion Criteria



	After the reading of title and abstracts, only documents that were focused on

(1) the sustainability issues and quality aspects of egg production in various housing systems and

(2) egg consumer preferences were selected.



	Content Analysis



	In-depth analysis and classification of papers by key topics.

Overview and compare findings of selected papers.



	Critical Discussion and Conclusion
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Table 2. Egg quality traits in different housing systems and different studies.






Table 2. Egg quality traits in different housing systems and different studies.





	
Studies

	
Analyzed Housing System

	
Evaluated Egg Quality Traits




	
EW

	
SI

	
ESC

	
EST

	
ESS

	
AH/W

	
HU

	
YW

	
YC

	
C/N

	
SC






	
Minelli et al. (2007) [64]

	
CC, O

	
√

	
-

	
-

	
-

	
-

	
-/√

	
√

	
√

	
√

	
√

	
-




	
Matt et al. (2009) [65]

	
CC, O

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
√

	
-




	
Yenice et al. (2016) [55]

	
Cage, FR

	
√

	
√

	
-

	
√

	
√

	
√/-

	
√

	
-

	
√

	
√

	
-




	
Anderson (2011) [49]

	
Cage, FR

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
√

	
-




	
Küçükyılmaz et al. (2012) [66]

	
CC, O

	
√

	
√

	
-

	
√

	
√

	
√/-

	
√

	
-

	
√

	
√

	
-




	
Kralik et al. (2013) [63]

	
Cage, FR

	
√

	
√

	
-

	
√

	
√

	
√√

	
√

	
√

	
√

	
-

	
-




	
Jones et al. (2014) [67]

	
CC, EC, AV/B

	
√

	
-

	
-

	
-

	
√

	
√/-

	
√

	
-

	
-

	
-

	
-




	
Samiullah and Chousalkar (2014) [68]

	
CC, FR

	
√

	
-

	
-

	
√

	
√

	
√/-

	
√

	
-

	
√

	
-

	
-




	
Yang et al. (2014) [69]

	
Cage, FR

	
√

	
√

	
-

	
√

	
√

	
√/-

	
-

	
-

	
√

	
-

	
-




	
Ferrante et al. (2015) [70]

	
AV/B, O

	
√

	
-

	
-

	
-

	
-

	
-/√

	
-

	
√

	
-

	
-

	
√




	
Englmaierová et al. (2017) [60]

	
CC, EC, AV/B

	
√

	
√

	
-

	
√

	
√

	
√

	
√

	
-

	
-

	
-

	
-




	
Yilmaz Dikmen et al. (2017) [71]

	
CC, EC, FR

	
√

	
√

	
√

	
√

	
-

	
-/√

	
√

	
√

	
√

	
-

	
-




	
Perić et al. (2016) [54]

	
CC, FR

	
√

	
√

	
√

	
√

	
√

	
√/-

	
√

	
-

	
√

	
√

	
√




	
Sokolowicz et al. (2018) [72]

	
B, FR, O

	
√

	
√

	
√

	
√

	
√

	
√/-

	
√

	
√

	
√

	
-

	
-




	
Sokolowicz et al. (2018) [73]

	
AV/B, FR, O

	
√

	
√

	
√

	
√

	
√

	
√/-

	
√

	
√

	
√

	
√

	
-




	
Vlčková et al. (2018) [57]

	
EC, FR

	
√

	
-

	
-

	
√

	
√

	
-/-

	
-

	
-

	
-

	
-

	
-




	
Zita et al. (2018) [56]

	
Cage, B

	
√

	
√

	
√

	
√

	
√

	
-/-

	
√

	
-

	
√

	
-

	
-




	
Galic et al. (2019) [61]

	
EC, AV/B, FR

	
√

	
√

	
-

	
√

	
-

	
-/√

	
-

	
√

	
-

	
-

	
-




	
Kraus et al. (2019) [58]

	
EC, B

	
√

	
√

	
√

	
√

	
√

	
-/√

	
√

	
√

	
-

	
-

	
-




	
Vlčková et al. (2019) [74]

	
EC, FR

	
√

	
-

	
-

	
-

	
-

	
-

	
√

	
-

	
-

	
-

	
-




	
Ghanima et al. (2020) [75]

	
Cage, B

	
√

	
-

	
-

	
√

	
-

	
-

	
√

	
-

	
-

	
√

	
-




	
Popova et al. (2020) [76]

	
Alternative with pasture, B

	
√

	
√

	
-

	
√

	
-

	
√/√

	
√

	
√

	
-

	
√

	
-








Conventional cage (CC), enriched cage (EC), aviary (AV), barn (B), free-range (FR), organic (O), egg weight (EW), shape index (SI), eggshell color (ESC), eggshell thickness (EST), eggshell strength (ESS), albumen height/weight (AH/W), yolk weight (YW), yolk color (YC), content/nutrient (C/N), shell cleanness (SC).
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Table 3. Environmental factors in different housing systems and different studies.






Table 3. Environmental factors in different housing systems and different studies.





	
Studies

	
Analyzed Housing System

	
Evaluated Environmental Factors




	
GHGE

CO2/CH4/N2O

	
AE

NH3/SO2

	
PO4/NO3

	
PM

	
NRU

E/L/W/N






	
Whyte (2002) [87]

	
Cage, B

	
-/-/-

	
√/-

	
-/-

	
√

	
-/-/-/-




	
Bessei et al. (2011) [88]

	
CC, EC, AV, B, FR

	
√/√/√

	
√/-

	
-/-

	
-

	
-/√/-/√




	
Xin et al. (2011) [89]

	
cage, non-cage

	
√/√/√

	
√/-

	
-/-

	
√

	
√/√/-/-




	
Dekker et al. (2011) [90]

	
CC, B, FR, O

	
√/√/√

	
√/√

	
-/-

	
-

	
√/√/√/√




	
Shepherd et al. (2015) [91]

	
CC, EC, AV

	
√/√/-

	
√/-

	
-/-

	
√

	
-/-/-/√




	
Zhao et al. (2015) [92]

	
CC, EC, AV

	
√/√/√

	
√/-

	
-/-

	
√

	
-/-/-/-




	
van Asselt et al. (2015) [93]

	
EC, B, FR, O

	
√/-/-

	
√/√

	
√/√

	
√

	
√/√/√/√




	
Pelletier (2017) [94]

	
CC, EC, B, FR, O

	
√/-/-

	
-/√

	
√/-

	
-

	
√/√/-/√








Conventional cage (CC), enriched cage (EC), aviary (AV), barn (B), free-range (FR), organic (O), greenhouse gas emission (GHGE), acidifying emissions (AE), particulate matter (PM), natural resources use (NRU), energy (E), land (L), water (W), nutrient (N).
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Table 4. Research findings related to environmental issues of egg production in different housing systems.






Table 4. Research findings related to environmental issues of egg production in different housing systems.





	Studies
	Main Findings





	Whyte (2002) [87]
	Exposure to particulate matter and ammonia concentration is higher in B than in cage systems.



	Bessei et al. (2011) [88]
	The resource use and harmful gas emission per hen unit are steadily growing from CC, through small group housing to B.



	Xin et al. (2011) [89]
	The treatment or presence of hen manure may pose significant environmental load on the quality of air and water. In addition, processing the manure has a relatively high energy demand. The air quality (ammonia and dust) is usually lower in non-caged systems than in cage housing. The resources use of egg production (feed, energy and land) is less efficient in non-caged systems than in cage housing, which leads to a larger carbon footprint.



	Dekker et al. (2011) [90]
	Based on an LCA analysis, it is projected that a ban on CC in the European Union increases the global warming potential, land occupation and acidification potential per kg of egg produced. Resource use and emissions change negatively from cage housing to non-cage systems. Of non-cage technologies, O systems have the lowest global warming potential, energy use, fossil phosphorus use, and nitrogen and phosphorus surplus, whereas land occupation and nitrogen and phosphorus deficit are lowest for B systems.



	Shepherd et al. (2015) [91]
	The highest house-level ammonia emissions were observed in the AV housing, followed by CC and EC. House-level methane emissions were similar for all houses. The particulate matter concentration was the highest in the AV housing, while similar results were obtained in the CC and EC. The manure storage accounts for 60-70% of the farm’s ammonia output.



	Zhao et al. (2015) [92]
	Comparing the CC, EC and AV housing systems, air quality (ammonia and particulate matter concentration) is the worst in the AV housing system.



	van Asselt et al. (2015) [93]
	In the Netherlands, comparing the EC, AV, FR and O systems using a scoring method, EC was the best system according to the environmental dimension of sustainability.



	Pelletier (2017) [94]
	Among five housing technologies considered (CC, EC, free run, FR, O), both the life cycle inventory and impact assessment results suggested quite similar levels of performance between the non-organic systems. In case of O production, lower research use and emission intensity was found.







Conventional cage (CC), enriched cage (EC), aviary (AV), barn (B), free-range (FR), organic (O).
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Table 5. Animal welfare, animal health and food safety factors in different housing systems and different studies.






Table 5. Animal welfare, animal health and food safety factors in different housing systems and different studies.





	
Studies

	
Analyzed Housing System

	
Evaluated Animal Welfare, Animal Health and Food Safety Factors




	
H/F/B

	
I/C

	
D/P

	
FP/C

	
M

	
PP

	
MO/AB

	
D/R






	
Tauson (2002) [101]

	
EC, AV

	
√

	
-

	
-

	
√

	
-

	
-

	
-

	
-




	
Kijlstra (2004) [102]

	
FR, O

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
√




	
Tauson (2005) [100]

	
CC, EC, AV, B, FR, O

	
√

	
√

	
√

	
√

	
√

	
-

	
-

	
-




	
Rodenburg et al. (2008) [103]

	
EC, AV/B

	
√

	
√

	
-

	
-

	
√

	
-

	
-

	
-




	
de Reu et al. (2008) [104]

	
CC, EC, AV

	
-

	
-

	
-

	
-

	
-

	
-

	
√

	
-




	
Vučemilo et al. (2010) [105]

	
CC, AV

	
-

	
-

	
-

	
-

	
-

	
-

	
√

	
-




	
Sherwin et al. (2010) [106]

	
CC, EC, B, FR

	
-

	
√

	
-

	
-

	
-

	
-

	
-

	
-




	
Bessei et al. (2011) [88]

	
CC, EC, AV, B, FR

	
√

	
√

	
√

	
√

	
-

	
-

	
-

	
-




	
Lay et al. (2011) [107]

	
CC, EC, AV/B, FR

	
√

	
√

	
√

	
-

	
-

	
√

	
-

	
-




	
de Vylder (2011) [108]

	
CC, EC, AV, B

	
-

	
-

	
-

	
-

	
-

	
-

	
√

	
-




	
Holt et al. (2011) [109]

	
EC, AV, B, FR, O

	
-

	
-

	
-

	
-

	
-

	
-

	
√

	
√




	
Englmaierová et al. (2014) [60]

	
CC, EC, AV, B

	
-

	
-

	
-

	
-

	
-

	
-

	
√

	
-




	
Parisi et al. (2015) [110]

	
CC, FR

	
-

	
-

	
-

	
-

	
-

	
-

	
√

	
-




	
Jones et al. (2015) [111]

	
CC, EC, AV

	
-

	
-

	
-

	
-

	
-

	
-

	
√

	
-




	
Cotter (2015) [112]

	
CC, EC, AV

	
-

	
-

	
-

	
-

	
-

	
√

	
-

	
-




	
van Asselt et al. (2015) [93]

	
EC, B, FR, O

	
√

	
√

	
√

	
√

	
√

	
-

	
√

	
√




	
Cepero and Hernándiz (2015) [53]

	
CC, EC, AV, B, FR, O

	
-

	
-

	
-

	
-

	
-

	
-

	
√

	
√




	
Zhao et al. (2016) [113]

	
CC, EC, AV

	
-

	
-

	
-

	
-

	
-

	
-

	
√

	
-




	
Stadig et al. (2016) [114]

	
CC, EC, AV, B, FR

	
√

	
√

	
√

	
√

	
√

	
-

	
-

	
-




	
Hatcher and Jones (2017) [115]

	
cage, non-cage

	
√

	
√

	
√

	
√

	
-

	
-

	
-

	
-




	
Galvão et al. (2018) [116]

	
CC, FR

	
-

	
-

	
-

	
-

	
-

	
-

	
√

	
-




	
Vlčkova et al. (2018) [57]

	
EC, FR

	
-

	
-

	
-

	
-

	
-

	
-

	
√

	
-




	
Gast et al. (2019) [117]

	
CC, EC

	
-

	
-

	
-

	
-

	
-

	
-

	
√

	
-




	
Fulton (2019) [118]

	
CC, EC, AV

	
-

	
√

	
√

	
-

	
√

	
-

	
-

	
-








Conventional cage (CC), enriched cage (EC), aviary (AV), barn (B), free-range (FR), organic (O), housing, feeding and behavior (H/F/B), injuries and condition (I/C), disease and parasitic (D/P), feather pecking and cannibalism (FP/C), mortality (M), physiological parameters (PP), microorganisms and airborne bacteria (MO/AB), dioxin and residues (D/R).
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Table 6. Research findings related to animal welfare, animal health and food safety issues of egg production in different housing systems.






Table 6. Research findings related to animal welfare, animal health and food safety issues of egg production in different housing systems.





	Studies
	Main Findings





	Kijlstra (2004) [102]
	The dioxin level is higher in eggs from FR and O housing than in caged eggs.



	Tauson (2005) [100]
	The main issues related to housing in larger groups: misplaced eggs, increased feed intake, air quality (ammonia and dust levels), catching of spent hens, parasitic infection and feather pecking.



	Rodenburg et al. (2008) [103]
	Birds are more active and their bones are stronger in non-cage housing than in EC. The mortality rate, the frequency of bone fractures and the particulate matter concentration in the air are lower in the case of EC.



	Vučemilo et al. (2010) [105]
	Alternative production systems are more favorable from the aspect of animal welfare and behavioral requirements; however, they are dissatisfactory in terms of pollutants in the air and hygiene, as they can represent a greater risk of horizontal contamination of the egg content.



	Sherwin et al. (2010) [106]
	Hens in B systems have the highest prevalence of old fractures, emaciation, poor plumage condition, abnormal egg calcification, and the highest corticosterone.

Vent pecking was most common in FR flocks. The lowest prevalence of problems occurred in hens in EC.



	Bessei et al. (2011) [88]
	In B housing, the litter makes it possible for birds to bathe in dust and to peck in the dirt; however, intestinal parasites are a threat. Increasing the group size in EC and B increases space, which possibly leads to increased risk of bone fracture, feather pecking and cannibalism.



	Lay et al. (2011) [107]
	Mortality is generally lower in EC than in CC, and mortality can reach unacceptably high levels in non-cage systems. EC may reduce the risk of bone breakage compared with CC or non-cage systems. Hens in CC and EC have less bumblefoot and footpad dermatitis than more extensively housed hens, but claw health is worse in CC than in all other systems.



	de Vylder (2011) [108]
	Increased bird-to-bird Salmonella Enteritidis transmission was detected in the AV and floor system compared with cage systems. Contamination with Salmonella Enteritidis is more common in eggs produced in AV, compared to cage systems and B.



	Englmaierová et al. (2014) [60]
	The bacterial contamination of the eggshell fluctuates more in alternative housing systems than in the case of the cage.



	Parisi et al. (2015) [110]
	FR eggs have greater microbiological contamination on the eggshell surface than eggs produced in CC.



	Jones et al. (2015) [111]
	Particulate matter also affects the microbiology of the environment and eggs.

In non-cage systems, floor eggs have the greatest opportunity for exposure to high levels of microorganisms and human pathogens.

During the management of housing systems, it is important to reduce and control the amount of aerobes and coliforms, as well as the level of Salmonella and Campylobacter spp. in the B system.



	Cotter (2015) [112]
	Physiological measures did not show differences in stress between CC, EC and AV systems.



	van Asselt et al. (2015) [93]
	In the Netherlands, comparing the EC, AV, FR and O systems using a scoring method, FR was the best system according to the social dimension (food safety, animal welfare, and human welfare) of sustainability.



	Zhao et al. (2016) [113]
	Based on the comparison of the CC, EC and AV housing systems, the highest airborne total bacteria concentrations were observed in the AV system. However, airborne total bacteria concentrations were higher in all three housing systems than the level recommended for the human environment.



	Stadig et al. (2016) [114]
	Belgian egg farmers currently using cage systems were more satisfied with hen health than farmers with non-cage systems.

According to Belgian farmers who shifted to non-cage systems from CC, feather pecking, cannibalism, smothering and mortality were perceived to be higher in non-cage systems compared to CC.



	Hatcher and Jones (2017) [115]
	The risk of the emergence and spreading of infectious diseases, as well as feather pecking, is the lowest in non-cage systems.



	Galvão et al. (2018) [116]
	CC systems have better hygiene and sanitary status than FR systems.



	Vlčkova et al. (2018) [57]
	The numbers of Escherichia coli and Enterococcus and the total number of microorganisms were higher in FR eggs compared to EC eggs.



	Gast et al. (2019) [117]
	S. Enteritidis deposition inside eggs can vary between genetic lines of infected laying hens, but housing these hens in two different systems did not affect the production of contaminated eggs.



	Fulton (2019) [118]
	The mortality, keel bone fractures and other skeletal abnormalities were greatest for AV compared with CC and EC.

EC housing is better for the health and welfare of layers than CC or AV housing.







Conventional cage (CC), enriched cage (EC), aviary (AV), barn (B), free-range (FR), organic (O).
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Table 7. Average cost in different housing systems.
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Housing

Systems

	
Average Cost (%) in Different Studies




	
Netherlands (2007–2008) [90]

	
USA (2011) [126]

	
USA (2011) [133]

	
France (2012) [134]

	
Hungary (2012–2015) [135]

	
EU (2015, 2017) [125,136]






	
Conventional cage

	
100

	
100

	
100

	
100

	
no data

	
100




	
Furnished cage

	
no data

	
no data

	
113

	
no data

	
100

	
106




	
Barn/aviary

	
112–115

	
140

	
136

	
113

	
139

	
123




	
Free-range

	
115–117

	
no data

	
no data

	
128

	
no data

	
no data




	
Organic

	
185

	
no data

	
no data

	
213

	
no data

	
no data
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