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Abstract 

The inappropriate use of antibiotics in poultry farming and the presence of antibiotic residues 

in the environment significantly impact the development of resistance among microorganisms 

present in the production ecosystem. The environment of the henhouse, including chicken 

manure, creates excellent conditions for the spread of antibiotic-resistant bacteria (ARBs). 

The presence of ARBs in the litter often leads to the transfer of antibiotic resistance genes 

(ARGs) through horizontal gene transfer (HGT). Considering the risks associated with the 

agricultural use of manure, all sanitation treatments applied to poultry litter before its 

agricultural use should effectively eliminate physicochemical (antibiotic residues, heavy 

metals) and microbiological (ARBs, ARGs) hazards. This review aims to analyse the current 

practices in rational manure management, aligned with bio-economy principles, and evaluate 

their effectiveness in reducing the spread of antibiotic resistance and pathogens in the poultry 

production ecosystem. This review considered biological, chemical and physical processes for 

poultry litter treatment applicable in livestock settings, including the use of biopreparations, 

humic substances, and aluminosilicates during chicken rearing. Post-rearing methods such as 

the application of organic additives, minerals (calcium compounds), and silver-based nano 

preparations are also discussed, along with biological and physical methods such as storage, 

anaerobic digestion, composting and pasteurisation. 
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Intensive livestock farming exerts pressure on natural resources (Johnson and 

Villumsen, 2017). Larger scales of production contribute to higher profitability but 

simultaneously escalate environmental risks and can lead to environmental degradation 

(Augustyńska-Prejsnar et al., 2018). In developed countries, large-scale factory farms pose 

significant challenges, annually generating hundreds of millions of tons of faeces that require 

proper disposal (Jia et al., 2018). Much of the excreta from slaughtered broilers is managed as 

fertiliser and end up in agricultural fields through surface spillage or soil application. 

However, introducing manure into the soil is associated with ecological, hygienic, and 

sanitary hazards (Skowron et al., 2015; Gaballah et al., 2021; Otieno and Mageto, 2023). The 

potential presence of pathogens in litter that can infect humans and animals necessitates 

practical measures to reduce the risks associated with their spread in soil, water and plants via 

organic manures (Zalewska et al., 2021). The spread of antibiotics and antibiotic-resistant 

bacteria (ARBs) through poultry manure has become increasingly important (Męcik et al., 

2023). The introduction of antibiotics and their active metabolites into soil can promote the 

selection of antibiotic-resistant bacterial strains. Consequently, microorganisms with 

developed drug resistance mechanisms in this environment may facilitate their transfer to 

other microorganisms through horizontal gene transfer (HGT) (Racewicz et al., 2020).  

Given the risks associated with the agricultural use of manure, all hygiene treatments 

applied to poultry litter before its agricultural use should aim, in addition to improving 

physicochemical properties, to primarily reduce its microbiological activity (Zhao et al., 

2021). Therefore, proper management of chicken manure must be based on the knowledge of 

the survival of microorganisms within it and an understanding of the factors affecting their 

viability (Skowron et al., 2015).  

The literature reviewed in this study indicates that adhering to appropriate handling 

standards for poultry manure enhances microbiological safety. However, detailed discussions 

regarding the molecular mechanisms involved in the transmission of antibiotic resistance to 

soil bacteria remain limited. Given the current understanding, comprehending the dynamics of 

the spread of ARBs and antibiotic resistance genes (ARGs) in poultry litter and surrounding 

farm environments is crucial for establishing effective husbandry practices to reduce this 

phenomenon. Therefore, this review aims to present different methods of poultry litter 

hygiene to compare their effectiveness in eliminating ARBs and ARGs in the poultry 

production environment. 

Characteristics of poultry production 

Poultry farming systems 

Poultry farming is one of the world’s most crucial meat production sectors. In year 

2022, the global poultry population (laying hens and broilers) reached 26.6 billion (Statista, 

2024). The largest chicken producer in 2021 was China, with 11.1 billion chickens, followed 

by the United States of America, with 9.3 billion chickens, and third and fourth place went to 

Brazil and Indonesia, with 6.1 and 4.6 billion broilers, respectively (Statista, 2024). 

According to the forecast for October 2023, the world production of chickens for slaughter 

has increased by 0.4 per cent to approximately 102 million tons (USDA, 2023). At the same 

time, meat consumption will increase by 0.6% to reach a ceiling of almost 100 million tons 



 

 

 

 

(USDA, 2023). At the same time, poultry meat consumption is forecasted to increase by 5%, 

reaching 12.5 million tonnes (EC, 2023). 

Various farming systems have been used for poultry production. According to the 

adopted classification, these are intensive, semi-intensive, and extensive farming (Safitri and 

van Asselt, 2024). In intensive housing systems, there is barn-slatted and deep litter for 

maintaining broilers. Semi-intensive farming is aimed at a slightly slower weight gain in 

animals. The third type is the extensive keeping system, which is mainly used in small 

backyard farms and organic production. These systems include free-range production with 

lower stocking densities and minimal environmental impacts (Dal Bosco et al., 2021).  

To increase productivity, profitability and profits, poultry are increasingly maintained 

on large-scale farms, where a highly industrialised and concentrated production profile 

dominates (Mottet and Tempio, 2017). However, the intensification of poultry production is 

associated with an increased amount of waste products, such as manure, and the emission of 

ammonia (NH3), carbon dioxide (CO2), hydrogen sulphide (H2S), methane (CH4), organic 

acids, and other odorous compounds into the environment (Myszograj, 2012). Ammonia and 

carbon dioxide in livestock buildings are primarily formed by microbiological processes in 

which uric acid and undigested proteins are broken down (Stuper-Szablewska et al., 2018). 

Other chemical contaminants present in poultry production include heavy metals, pesticides, 

detergents, disinfectants, antibiotic residues and coccidiostats (Kyakuwaire et al., 2019). 

Poultry farms also emit physical (dust) and biological (bacteria, fungi, and endotoxins) 

pollutants (Skóra et al., 2016). The number of microorganisms in the livestock housing varied. 

The largest number of saprophytic and potentially pathogenic bacteria are found in animal 

faeces, followed by bedding and floor surfaces (Augustyńska-Prejsnar et al., 2018). 

Poultry waste management 

One of the main byproducts of poultry farming is droppings or manure. Poultry manure 

is composed of a mixture of faeces, urine, wasted feed, bedding materials and feathers. It 

contains a wide range of nutrients (i.e. nitrogen and phosphorus) and is rich in micro- and 

macroelements that are essential for plants (Guo et al., 2018; Shi et al., 2018).  

The need to protect the natural environment forces us to take measures to reduce the 

negative impacts of poultry farms, including the management of manure and waste generated 

during the production cycle (Myszograj, 2012). The negative impact of poultry manure on soil 

can be prevented by implementing effective best management practices (BMPs) at the early 

stages of poultry production (Dróżdż et al., 2020). For example, in some countries, bedding 

used in one production cycle can be reused, provided that it has been physically and/or 

biologically disinfected. In Europe, the bedding in each facility is replaced after each 

production cycle (Myszograj, 2012). 

A common method of utilising poultry manure is agricultural (fertiliser) use 

(Manogaran et al., 2022). Poultry manure is one of the best available organic fertilisers for 

improving soil fertility (Adeyemo et al., 2019). Poultry manure can be applied directly to 

agricultural crops or after processing, e.g. by composting as fertiliser or compost (Dróżdż et 

al., 2020). 

Risks of poultry manure management 



 

 

 

 

Antibiotic contaminants in poultry litter 

Waste management problems in intensive poultry production primarily relate to manure 

disposal. Manure generated on farms seriously threatens human and animal health, as well as 

the environment. Environmental problems related to the use of poultry relate to the risks 

associated with ammonia and greenhouse gas emissions as well as chemical (antibiotic 

residues) and biological (ARBs) contamination of water and soil (Dróżdż et al., 2020).  

Antibiotics in poultry are usually administered to the whole flock and are used to treat 

disease (therapy) and prevent disease (metaphylaxis) (Roth et al., 2019). Antibiotics used to 

promote growth were banned in the EU in 2006, in the USA in 2017, and in China in 2020. 

Although the use of antibiotics in poultry farming is subject to legal regulations, the scale of 

its use is not fully known. Consumption reports are obtained from pharmaceutical companies 

and, in most cases, are based on the sale value of their sales (Abdallah et al., 2024). Obtaining 

information only on the total amount of antibiotics sold in tons or kilograms is not a reliable 

indicator of their actual consumption. Therefore, the PCU (Population Correction Unit) 

monitors this parameter - defined as the ratio of antibiotics used per kilogram of animal 

weight in a given country. However, it should be emphasised that over the last decade, use of 

antibiotics in the poultry industry has decreased from 14,347.37 tons in 2010 (148 mg/PCU) 

to 4,736.91 tons in 2020 (35.4 mg/PCU) (Ardakani et al., 2024).  

Despite the implementation of various restrictions and antimicrobial management 

programs, antibiotics such as tetracyclines, sulphonamides, tylosin and fluoroquinolones are 

still used in excessive quantities worldwide because of their broad-spectrum activity, 

relatively low toxicity, and affordability (Lyu et al. 2020; Wallinga et al., 2022; Mulchandani 

et al., 2023). These, together with faeces or urine, end up on farmland as organic fertilisers 

(Berendsen et al., 2015). These fertilisers are not subject to laboratory control due to the 

presence of antibacterial substances, making them a potential threat to the natural 

environment (Osinski, 2022). 

Antibiotics are unchanged in manure or poultry manure from livestock farms at 

concentrations ranging from a few μg/kg to several hundred mg/kg (Osinski, 2022). This is 

because antibiotics can be excreted in large amounts in urine and faeces after administration, 

and it has been reported that between 17 and 90% of them are excreted unmetabolised or as 

active metabolites (Berendsen et al., 2015; Spielmeyer et al., 2018). This evidence agrees with 

the findings from other researchers who reported detecting high concentrations of 

antimicrobials in faeces from several production animals. In particular, these researchers 

found significant evidence of tetracyclines, sulphonamides, and amphenicols in droppings 

from broiler chickens and manure from cattle and swine with drug concentrations that ranged 

from 1.4 µg to 300 mg of drug per kg, or L of faeces (Martínez-Carballo et al., 2007). A study 

conducted on chicken broiler farms in Egypt found elevated levels of chlorotetracycline and 

oxytetracycline residues in broiler chicken litter and faeces. The concentrations of these 

residues were 6.05 and 2.47 μg/g for chlorotetracycline and 5.9 and 1.33 μg/g for 

oxytetracycline, respectively (Mahmoud and Abdel-Mohsein, 2019). The results of tests on 

chicken manure samples from large-scale farms in Brazil and Chile confirmed the presence of 

high concentrations of oxytetracycline and fluoroquinolones, with the highest concentrations 

of enrofloxacin (Parente et al., 2019; Yévenes et al., 2021). Similar results were obtained in 



 

 

 

 

Chinese studies, with the maximum concentration of this chemotherapeutic agent in chicken 

manure exceeding 1420 mg/kg (Zhao et al., 2010). For comparison, the concentrations of 

enrofloxacin in chicken manure, oscillating between 2.8 and 8.3 mg/kg, have been recorded in 

Austrian studies (Martínez-Carballo et al., 2007). In the same experiment, the concentration 

of sulfadiazine in chicken manure was 51 mg/kg, and sulphonamide potentiated with 

trimethoprim did not exceed 17 mg/kg (Martínez-Carballo et al., 2007). Sulphonamides, in 

combination with trimethoprim, are therefore unstable in litter, which has also been confirmed 

by other researchers (Zhao et al., 2010; Wegst-Uhrich et al., 2014).  

Previous studies have shown that antibacterial substances in animal faeces can reach the 

upper layers of the soil, where they are collected or washed into surface waters, and can also 

penetrate into the groundwater (Merchant et al., 2012; Yang et al., 2019). The influx of 

antibiotics and their residues into the soil through natural fertilisers is estimated to be several 

hundred grams per hectare, often at concentrations exceeding several hundred μg/kg of soil 

(Cycon et al., 2019; Gaballah et al., 2021). The largest component is tetracyclines, which are 

commonly used in poultry farming (Massé et al., 2014). Other groups of antibiotics with 

considerable concentrations in manure are fluoroquinolones and sulphonamides. The 

concentrations of oxytetracycline and chlortetracycline in some agricultural lands may reach 

extremely high levels, whereas the concentrations of ciprofloxacin, norfloxacin, and 

tetracycline are typically considerably lower (Cycon et al., 2019). 

Antibiotic residues occurring in the soil, even at small concentrations, affect the 

microbiome and resistome of soil. Using organic fertilisers from large-scale farms also poses 

a risk related to the penetration of antibacterial substances into plants, thereby affecting 

human and animal health (Tian et al., 2021; Tripathi et al., 2023; Symochko et al., 2023)  

Microbial hazards 

Sustainable broiler chicken production requires the use of bedding materials that are 

highly absorbent, comfortable for chickens and safe for the environment (Shao et al., 2015). 

Poultry litter, as a byproduct, contains a vast number of microorganisms, including intestinal 

bacteria (e.g. Lactobacilli and E. coli) (Rychlik et al. 2023). Environmental conditions, bird 

rearing type, bird age, and bird breed and health strongly influence the quantity and quality of 

litter microbiota (Horyanto et al., 2024). Moreover, the microbiological quality of litter 

significantly affects the production results, health, quality of carcasses and welfare parameters 

of chickens (Garcês et al., 2013; Ramadan et al., 2013). 

Approximately 1010 CFU is found in 1 g of poultry litter, with gram-positive bacteria 

such as Staphylococcus saprophyticus, Weissella jogaejeotgali, Corynebacterium casei, 

Lactobacillus gasseri and Lactobacillus salivarius Brevibacterium, Brachybacterium, 

Salinococcus and Dietzia accounting for almost 90% of the chicken manure microbiota 

(Kubasova et al., 2022). An average flock of 22,000 broilers generates more than 18,000 kg of 

poultry manure per shed (Cook et al., 2014). The litter also serves as a reservoir of bacteria 

that, upon introduction into the soil, can potentially propagate epizootics and zoonoses on 

farms (Gontar et al., 2022). This situation most likely occurs when crops are cultivated on 

fertilised land for direct consumption or on pastures immediately before grazing (Muhammad 

et al., 2019; Ali Mirza et al., 2020). 



 

 

 

 

Humidity, temperature, and pH are the three most important factors affecting the 

survival of pathogens in faeces (Soliman et al., 2018). Pathogenic bacteria that pose risks to 

both humans and animals include Actinobacillus, Bordetella, Campylobacter, Clostridium, 

Corynebacterium, Escherichia coli, Globicatella, Listeria, Mycobacterium, Salmonella, 

Staphylococcus and Streptococcus (Zhao et al., 2010). Salmonella spp. are most frequently 

isolated from faecal samples and chicken litter (Chen and Jiang, 2014). The population of 

Salmonella spp. in chicken litter ranges from 4 to 1.1 × 105 CFU/g of litter (Chinivasagam et 

al., 2010). E. coli is found in chicken litter at rates as high as 100%, and the O157:H7 strain is 

not detected in broiler chicken litter samples (Shepherd Jr et al., 2010). The population of E. 

coli in used bedding was 4.2 × 105 CFU/g (Chinivasagam et al., 2010). Campylobacter 

prevalence of Campylobacter in litter or faecal samples of slaughtered chickens can range 

from 0% to 100%, with an average population level of approximately 105 CFU/g in faecal 

samples (Stern and Robach, 2003). Listeria monocytogenes is generally absent from chicken 

litter and poultry composts, suggesting that this pathogen does not appear to be a significant 

concern in chicken litter-based organic fertilisers (Shepherd Jr et al., 2010; Zhao et al., 2010). 

Introducing ARBs into the soil environment through manure may temporarily boost their 

abundance and potentially transmit this trait to soil bacteria such as Proteus and Pseudomonas 

(Sun et al., 2015). 

 

Antibiotic resistance in poultry litter 

Intensive treatment of livestock, including poultry, is the leading cause of ARBs in 

animals and the environment (Li et al., 2024). Consequently, frequent or inappropriate use of 

antibiotics in animals increases the prevalence of multidrug-resistant (MDR) bacterial strains 

(Zhao et al., 2010). The emergence of antibiotic-resistant strains is genetically determined and 

typically spreads through HGT. This transfer is often mediated by mobile genetic elements 

(MGE) such as plasmids, transposons and associated integrons. The spread of antibiotic 

resistance can occur among taxonomically similar groups of bacteria and strains of different 

serovars, species, genera and families (Racewicz et al., 2020). This phenomenon is often 

associated with commensal and enteropathogenic bacteria, such as Salmonella spp., E. coli, 

Campylobacter spp. and Enterococcus spp. (Urban-Chmiel et al., 2022; Juricova et al. 2021). 

Studies have suggested an association between antibiotic use and the spread of ARGs in 

the environment (Marshall and Levy, 2011). ARGs are transmitted between poultry and the 

environment through faeces, sewage and air (Chen et al., 2025). In recent years, the transfer 

of ARGs from manure to the environment after the application of natural or organic fertilisers 

has frequently been observed (Wang et al., 2016). ARGs have been found in soil after the 

application of pig manure (Jechalke et al., 2013) and poultry manure (Cook et al., 2014). 

However, ARG contamination in poultry farming environments differs greatly from that in 

other livestock environments. These differences are due to the use of different breeding 

practices, physiological traits, manure management methods, and environmental transmission 

pathways (Korver, 2023). 

Furthermore, ARG concentrations in fertilised soil can be up to 28,000 times higher 

compared to unfertilised soil (He et al., 2020). ARGs and MGEs, especially transposons and 

associated integrons, were found to be closely associated with manure and their increased 



 

 

 

 

abundance in soil is a direct result of the application of this fertiliser to arable fields (Qian et 

al., 2018; Wang et al., 2020). 

ARGs can confer resistance to various classes of antibiotics, including: tetracyclines 

(tet), sulphonamides (sul), β-lactams (bla), macrolides (erm), aminoglycosides (aac), 

quinolones (qnr), colistin (mcr), vancomycin (van) and MDR (Huang et al., 2019). The most 

commonly detected classes of ARGs in animal waste, including poultry waste, include tet, sul, 

erm, qnr and bla, which correspond to the primary classes of antibiotics used in animal 

husbandry (Qian et al., 2018; Hurst et al., 2019; Bai et al., 2024). Tet and sul resistance genes 

are frequently found in manure, manure-fertilised soil samples, agricultural and non-

agricultural soils, wastewater, and surface water in feedlots, indicating their extensive 

potential for dissemination (Martínez-Carballo et al., 2007). 

Information regarding the presence of ARGs in chicken litter is limited, mainly 

stemming from industrialised countries, such as the USA, China, and Australia, but is largely 

absent in developing countries experiencing rapid growth in the poultry industry and chicken 

manure usage (Kyakuwaire et al., 2019). The findings from studies confirming the high 

frequency of strains showing resistance to multiple antibiotics in animal faeces are of specific 

concern (Xu et al., 2022a; Wang et al., 2023). For example, in the USA, all (100%) tested 

samples of chicken broiler manure were found to be contaminated with E. coli containing 

genes causing resistance to more than seven antibiotics, specifically amoxicillin, ceftiofur, 

tetracycline, sulphonamides, nalidixic acid and sarafloxacin (Kyakuwaire et al., 2019). In 

turn, ampicillin and tetracycline resistance genes have been detected in E. coli-contaminated 

composted poultry litter (Kyakuwaire et al., 2019).  

In a Chinese study describing the spread of ARGs in pig, poultry and cattle farms, the 

frequency of selected genes in a production ecosystem was assessed. The ermB, tetM and sul2 

genes were detected at the highest concentrations and frequencies, with average levels 

exceeding 109 copies/g and detection frequencies higher than 90% (Wang et al., 2016). In 

soil, tet and sul were the most dominant genes, exhibiting absolute concentrations 2–4 orders 

of magnitude higher than other ARGs tested, with sul2 having the highest concentration (1.73 

× 109 copies/g), followed by tetC, tetM and sul1 with concentrations higher than 108 copies/g 

(Wang et al., 2016). In contrast, an experiment by Han et al. (2018) confirmed that the amount 

of ARGs in fertilised soils decreased over time but after 120 days remained higher than in 

unfertilised soils.  

Heavy metals in animal husbandry also been shown to increase the risk of spreading 

ARGs in the environment (Guo et al., 2018). Copper (Cu) is an essential animal metal listed 

as a priority contaminant. Typically, at concentrations two to three orders of magnitude higher 

than those of antibiotic residues, metals can increase bacterial resistance to erythromycin and 

stimulate plasmid-mediated HGT conjugation processes (Ji et al., 2012; Zhang et al., 2016). 

The co-transfer of ARGs and metal resistance genes (MRGs) by MGEs has been observed in 

environments such as the soil and human gut (Rosewarne et al., 2010). 

Processing poultry litter before application in the field has the potential to reduce the 

abundance of antibiotic resistance genes and, thus, the risk of contamination of crops or water 

resources (Subirats et al., 2021). 

 



 

 

 

 

Prevention of the spread of ARBs, ARGs through poultry litter 

Most organic fertiliser management plans focus on volume reduction or nutrient 

management, with less emphasis on the risks associated with bacteria carried by poultry 

manure. Awareness of the risks associated with introducing resident pathogenic 

microorganisms into the soil environment with chicken manure and the potential for further 

spread through the dietary route necessitates prior treatment of this manure to reduce the 

presence of these bacteria (Chen and Jiang 2014). 

The survival rate of the test microorganisms in chicken manure depends on several 

factors that are often strongly interrelated. The most important factors are temperature, dry 

matter, dry organic matter content, pH, presence of antagonistic natural microflora, initial 

abundance of test microorganisms, nutrient abundance of the fertiliser, and redox potential 

(Soliman, Sallam, and Abouelhassan, 2018). 

Many methods are currently being used to sanitise poultry litter. These methods can be 

categorised into physical, biological, and chemical methods. This review categorises 

strategies that can be utilised during chicken rearing and post-production. A schematic 

representation of methods to prevent the transmission of bacteria and antibiotic resistance 

genes in poultry faeces is presented in Figure 1. 

 

Sanitation methods for poultry litter used in the presence of birds 

For the sake of bird safety and to minimise the burden on the external environment of 

poultry production, increasing attention is being paid to natural methods of litter hygiene. 

Among these, the most notable are those applicable at an early stage of poultry production, 

such as in the presence of livestock. Examples of such treatments include the addition of 

chemical and biological additives to poultry litter. Table 1 presents the properties of chemical 

and biological additives utilised in the sanitation of poultry litter. 

 

Chemical additives 

Chemical additives used in the rearing of chickens for feed and bedding purposes often 

include mineral preparations. These additives possess highly favourable properties from a 

hygiene perspective, increasing the sorption capacity of bedding materials (resulting in a 

drying effect). Moreover, mineral additives are benign to animals and the environment and 

enhance the fertiliser value of poultry manure. These additives include humic raw materials 

such as peat and lignite as well as biocarbon, superphosphate, and aluminosilicates such as 

bentonite, diatomite, halloysite, vermiculite and zeolites (Prasai et al., 2017; Feng et al., 2022; 

Karamova et al., 2022). 

For instance, when dealing with humic substances (HS), an optimal approach involves 

blending a small quantity of peat with straw or sawdust. This treatment positively influences 

the physical properties of mulch by increasing its water adsorption capacity (Song et al., 

2023). HS, due to their high content of stable free radicals, can interact with various biotic and 

abiotic substances in the environment (Fu et al., 2021) and influence the fate and transport of 

organic pollutants and heavy metals (Lipczynska-Kochany, 2018). Fu et al. (2021) identified 

the primary mechanisms through which HS impacts ARGs evolution, including electrostatic 

interactions, hydrophobic interactions, hydrogen bonds, non-specific van der Waals 



 

 

 

 

interactions and alterations in microbial communities. The effectiveness of peat addition in 

reducing antibiotic resistance was also demonstrated in an experiment by Xie et al. (2021), 

where a beneficial impact of 15% wood peat was found to reduce bioavailable Cu content and 

attenuate HGT. 

An example of HS is peat moss, which is renowned for its high adsorption capacity and 

natural acidity, making it an excellent addition to poultry bedding (Živkov Baloš et al., 2020). 

A study conducted by Everett et al. (2013) demonstrated a decrease in E. coli bacteria 

following the addition of peat moss during the second week of chicken rearing. The bacterial 

count in the litter post-application of this additive at 13% or 20% stood at 3.92 and 4.04 log 

CFU/g, respectively, from the aforementioned group. However, peat was not included in the 

control mulch, where the E. coli count was 5.43 log CFU/g of mulch (Everett et al., 2013; 

Dancova et al., 2025). 

One of the environmentally friendly mineral materials contributing to the optimisation 

of the microclimate in livestock facilities is bentonite, a representative of aluminosilicates. 

Other aluminosilicates such as halloysite and zeolites exhibit similar properties. In a study by 

Prasai et al. (2016), the authors investigated the impact of bentonite on poultry litter 

microflora; a reduction in certain bacterial species, including potential pathogens of the order 

Campylobacterales, was observed. The elimination of certain bacteria has also been 

confirmed for zeolite, which is used as a feed additive for chickens (Prasai et al., 2017). Its 

supplementation inhibits the transmission of pathogens from the Enterobacteriaceae family 

without interfering with beneficial bacteria (Prasai et al., 2017). Kaolin, vermiculite, perlite 

and saponite also enhanced the mulch properties. However, their widespread adoption is 

limited, mainly because of their relatively high cost (Mituniewicz et al., 2007). 

 

Biological additives 

Biological methods involve administering probiotics to chickens or ‘inoculating’ the 

litter with biopreparations containing non-pathogenic microorganisms, mainly strains of 

Bifidobacterium, Bacillus, Lactobacillus and Lactococcus (Jha et al., 2020). The positive 

effects of probiotics on production results, broiler carcass composition, and microbial 

contamination of farms have been documented in numerous studies (Patel et al., 2015; 

Rehman et al., 2020; Halder et al., 2024). Adding probiotics to broiler feed increases the 

absorption of amino acids and decreases the content of nitrogenous compounds in manure, 

reducing ammonia emissions (Zhang and Kim, 2014). According to some authors, 

administration of LAB in poultry diets may be effective in reducing Salmonella colonisation 

in the gut, improving the overall health of birds and reducing the need for antibiotics (Abdel-

Raheem et al., 2024; He et al., 2024). De Cesare et al. (2019) observed a reduction in the total 

number of aerobic bacteria, Enterobacteriaceae (Salmonella spp., E. coli) and coagulase-

positive staphylococci after biopreparation containing Bacillus spores. However, some studies 

question the direct anti-infective effect of probiotics in the intestines of chickens (Juricova 

et.al., 2022). Probiotic supportive preparations are highly effective in litter disinfection 

processes (Tian et al., 2021). A study by Pedroso et al. (2013) confirmed the disinfecting 

properties of synbiotics (probiotics and prebiotics) against pathogenic microflora in litter. 



 

 

 

 

However, their ability to limit the spread of ARB and ARG in the environment was relatively 

low. 

Among the biological methods, biopreparations that contain additional substances in 

their composition, for example, Yucca schidigera (YS) plant extract, are becoming 

increasingly popular. Due to its high saponin content, YS has antagonistic properties against 

pathogenic microorganisms present in poultry manure and has a positive effect on the sanitary 

condition of breeding farms. Saponins also contribute to the reduction of odour production by 

reducing the action of urease, an enzyme responsible for the release of NH3 from glycolic acid 

and urea (Windisch et al., 2008; Matusiak et al., 2016). Matusiak et al. (2016), showed that 

the combined treatment of chicken manure with 5% YS extract and a microbiological 

formulation containing lactic acid bacteria (L. mesenteroides, L. plantarum) reduced the 

population of most pathogenic microorganisms, including E. coli, Listeria monocytogenes, 

Salmonella typhimurium and Enterococcus faecalis but did not affect the number of 

Lactobacillus. The application of 15% YSE reduced all potentially pathogenic 

microorganisms. Reductions in overall gut bacteria and E. coli counts were also reported in 

previous studies (Ayoub et al., 2019) in which broilers were administered YS extract in 

drinking water. In contrast, different results were obtained in the Onbaşilar et al. (2014) study, 

in which the addition of YS to a litter of broiler chicken litter did not affect the total colony 

count of Enterobacteriaceae, yeast, mould, pH, moisture, or ammonia-N. 

 

Methods of sanitation of used litter 

Poultry manure processing involves the use of various technologies that alter its 

composition and quantity to increase its reuse, most commonly in processed fertiliser 

products. Various poultry bedding processing technologies are available, ranging from simple 

and robust farm-scale solutions to more high-tech solutions in complex processing chains. 

These technologies are based on chemical, biological or physical methods or combinations 

(Zhang et al., 2023). Table 2 presents the properties of chemical, biological and physical 

methods utilised in the processing and sanitation of chicken manure. 

 

Chemical methods 

For many years, research has been conducted to optimize the physicochemical and 

microbiological characteristics of the litter used on poultry farms. The most noteworthy are 

chemical methods involving the application of various mineral or organic preparations to the 

litter. Chemical additives applied to bedding offer numerous advantages, such as lowering or 

raising its pH, preventing the conversion of nitrogen to ammonia, reducing moisture levels, 

absorbing odours, improving its chemical composition, and inhibiting enzyme production and 

microbial growth (Soliman et al., 2018). 

Calcium compounds are mineral additives that have been known and valued for years 

and are widely used as potent disinfectants and sanitisers, both before and after birds enter a 

livestock building. Studies have shown that calcium oxide (CaO) or hydrated lime (Ca(OH)2) 

can serve as biocompatible disinfectants for poultry litter (Więckol-Ryk et al., 2020). Their 

use alkalises litter and increases its temperature, surpassing the tolerance ranges of most 

intestinal pathogens (Chen and Jiang, 2014). The disinfecting efficacy of quicklime has also 



 

 

 

 

been attributed to the dehydration of poultry litter (Chen and Jiang, 2014). Litter treated with 

disinfection processes involving calcium compounds can be reused in subsequent production 

cycles, a practice observed in certain countries (Mituniewicz et al., 2016). 

Recent studies have shown that adding CaO to poultry litter significantly reduces the 

population of bacteria and fungi (Więckol-Ryk et al., 2023). Maguire et al. (2006) found that 

applying 10% quicklime to broiler litter reduced the total bacteria count from 793,000 to 

6,500 CFU/g. This treatment also reduced the number of pathogenic microorganisms such as 

Salmonella spp. and E. coli. In 2003, Bennett et al. (2003) proved that applying lime to litter 

at concentrations of 5%, 10% and 20% increased the pH from 8.36 to 12.57 and significantly 

reduced the incidence of Salmonella Enteritidis within 24 h. In contrast, applying hydrated 

lime at concentrations of up to 5% reduced the total aerobic bacteria count but did not 

decrease Campylobacter or Salmonella spp. (Bennett et al., 2005). Nevertheless, Ruiz et al. 

(2008) observed that applying 15% quicklime reduced the CFU count/g on days 1 and 10 

post-treatment and 7 days after chicken placement on the farm compared to other treatments. 

More detailed findings were reported in a Polish study, where the 10.5% addition of CaO to 

chicken manure increased its pH and temperature (pH = 9.5; 40°C), resulting in a reduction in 

Enterobacteriaceae from 107 CFU/g to 102 CFU/g at 180 h (Więckol-Ryk et al., 2023). 

Recycling of bedding by chemical treatment (litter acidification) between successive 

cycles of broiler production is a common practice used, for example, in Brazil and the USA 

(Saraiva et al., 2020). Although the physicochemical effects of litter acidifying additives have 

been well studied, little attention has been paid to their effects on the microbial community in 

poultry litter (Rothrock et al., 2008). One frequently used acidifier in the poultry industry is a 

product based on sodium bisulphate (NaHSO4), a dry, granular acid that, when in contact with 

moisture, produces hydrogen ions (H+) and dissolves (Tabler and Wells, 2017). Hydrogen 

ions react with ammonia in the litter to form ammonium, which is non-volatile. In addition to 

controlling NH3 emissions, acids have been shown to reduce pests and pathogens in reused 

litter (Soliman et al., 2018; Cockerill et al., 2020) The use of (NaHSO4) has been shown to be 

effective in reducing Salmonella, Campylobacter (Line and Bailey, 2006; Williams et al., 

2012) and other bacteria (e.g. E. coli) in broiler stroma (Payne et al., 2019). More recently 

Joerger et al. (2020) showed that the application of sodium bisulphate to reused mulch 

covered with fresh pine chips resulted in an increase in Escherichia and Faecalibacterium and 

a decrease in Acidobacteria. Researchers have suggested that higher ammonia levels resulted 

in stunted growth of Escherichia spp., whereas lower pH and lower levels of free ammonia 

allow their survival (Joerger et al., 2020). 

Alum (aluminium sulphate Al2(SO4)3 x 14H2O) is another commercially available 

acidifier commonly used for the chemical treatment of poultry bedding in the USA (Rothrock 

et al., 2008). Previous studies have shown that alum treatment reduced NH3 emissions from 

mulches, lowered water-soluble phosphorus, and that soils treated with alum mulch had fewer 

pathogens, heavy metals, and higher nitrogen content (Gandhapudi et al., 2006). Rothrock et 

al. (2008) showed that the addition of alum to poultry litter potentially changed the microbial 

population from bacterial to fungal dominance. In an experiment conducted by Choi et al. 

(2008), the effects of alum, aluminium chloride and ferrous sulphate on the total number of 

aerobic bacteria and bacteria capable of growing on McConkey agar (gram-negative bacteria) 



 

 

 

 

were investigated, and a lower total number of bacteria and gram-negative bacteria in litter 

altered with acidifiers was confirmed. The results of Line and Bailey (2006) and Sahoo et al. 

(2016) suggest that litter acidification delays the onset of Campylobacter colonisation in 

broiler chickens, whereas Salmonella colonisation is not impaired.  

Research is currently underway to develop modern preparations using nanotechnology, 

with Ag being the most commonly used element. Silver is employed in litter hygiene as a 

preparation combined with mineral compounds such as humic and aluminosilicate 

(Mituniewicz et al., 2008; Gavanji, 2013). A study conducted in Poland by Czyz et al. (2023) 

demonstrated the moderate effectiveness of silver mineral preparations in reducing litter 

microflora. Although the application of nanopreparations led to a reduction in enterococci and 

moulds, the results regarding Salmonella spp. and E. coli were inconclusive. Conversely, a 

study by Mohammed (2022) showed the overall effectiveness of a composite formulation of 

nanosilver combined with calcium hypochlorite (Ca(OCl)2-Ag NPs) against various 

pathogens in the litter (E. coli, Salmonella spp., K. pneumoniae, and L. monocytogenes). 

Despite the strong biocidal effect observed, the use of nanotechnology preparations raises 

concerns because of mounting evidence indicating that AgNPs are highly toxic not only to 

microorganisms in the environment but also to higher organisms (Rezvani et al., 2019). 

Organic chemical additives such as formaldehyde have proven to be very effective in 

disinfecting poultry litter; however, due to their toxic effects, they are mainly used to disinfect 

enclosures before the birds are transported to farms. This restriction applies to farms in which 

poultry are reared on bedding enriched with complementary feed. Treating mulch with 

organic chemical additives can increase the risk of food poisoning and potential mineral 

imbalances in the body (Mituniewicz et al., 2008).  

 

Biological methods 

Among the methods of biological processing of poultry manure, the most noteworthy 

are those based on stockpiling in open-air, anaerobic digestion (AD), and composting. Storing 

poultry litter is the simplest and most cost-effective method for treating this manure. 

Consequently, it is widely used and preferred over other agricultural methods. Before being 

applied to the land, poultry manure is stored in the field (for approximately 4-6 months) until 

it is used as a soil additive (Ferguson and Ziegler, 2004). During this process, humidity is 

reduced by up to 20-30%, and gases resulting from the action of bacteria are released into the 

atmosphere. During the storage and pre-drying periods, bio-decontamination processes also 

occur to reduce the number of pathogenic microorganisms (Mroczek et al., 2019). The 

survival rate of microorganisms during this process varies significantly and can be measured 

in weeks or months depending on factors such as bacterial type, initial concentration, soil 

composition, nutrient availability and storage duration (Bulut, 2019). Therefore, using this 

method to process poultry manure is ineffective for eliminating ARBs, ARGs and MGEs. 

This is evidenced by a study Graham et al. (2009), where there was no decrease in the number 

of antibiotic-resistant enterococci and staphylococci or ARGs related to macrolides (erm (A), 

erm (B), erm (C), msr (A/B), msr (C) and vat (E)) over 120 days of the experiment. A likely 

reason for the ineffectiveness of this method in preventing the spread of ARBs and ARGs is 

the failure to achieve adequate temperatures during storage, which should exceed a minimum 



 

 

 

 

of 60°C (Gupta et al., 2021). As reported by Bulut (2019), only long-term storage of fertiliser 

at high temperatures before its application to the soil can reduce the level of antimicrobial 

resistance. 

Unlike landfill, anaerobic digestion is a more efficient technique for the disposal of 

organic waste (Niu et al., 2013). Through AD, the weight of waste, the number of pathogenic 

microorganisms and the number of odorous substances are reduced. The products of 

fermentation are high-energy methane and digestate, which can be used as fertilisers after 

water removal (Shi et al., 2018). The temperature at which the process is carried out 

significantly impacts the course and efficiency of AD. In most cases, fermentation is carried 

out at temperatures ranging from 30 to 35°C in the presence of mesophilic bacteria and at 

temperatures ranging from 50 to 55°C with the participation of thermophiles. As noted in 

studies, mesophilic fermentation is not fully effective in inactivating pathogens. Better results 

in reducing the presence of antibiotics and pathogens are achieved with thermophilic 

fermentation systems (Tian et al., 2016; Miller et al. 2016) or TPAD (Two-Phase Anaerobic 

Digestion) (Jang et al., 2018). Other studies have shown that AD at the current level of 

technology does not guarantee the complete removal of antibiotic residues, ARBs and ARGs 

from manure. According to Yang et al. (2022), the effectiveness of AD in removing antibiotic 

residues through sorption and biodegradation is estimated at 47% to 72%. It has also been 

shown that AD reduces ARGs to 4.23 log, but it is not a panacea, as it can increase the 

abundance of some ARGs (e.g. sul and fca) by up to 52-fold (He et al 2020). This calls into 

question the direct application of digestate to soil as a fertiliser (Sui et al., 2018). Another 

concern of researchers is the fact that ARGs can be detected in digestate or soils even in the 

absence or non-quantifiable amount of antibiotics (Wallace et al., 2018; Xie et al., 2018). 

Moreover, the low rate of degradation of antibiotics in the AD process could maintain 

microbes under the minimum inhibitory concentration (MIC), supporting the selection for 

ARGs by microbes (Yang et al., 2016). A similar phenomenon was observed in the Riaz et. al. 

(2020) study, in which fermentation of chicken manure increased the absolute number of 

genes conferring resistance to macrolides and tetracyclines (erm (A) and tet (A)). This 

situation may result from differences in fermentation temperature and the properties of the 

fertiliser itself (Sun et al., 2016), with the ability of bacteria to maintain and transfer antibiotic 

resistance genes identified as a key factor determining the fate of ARGs (Li et al., 2022, Yang 

et al., 2021). This demonstrates the complexity of the problem and the need for further 

research. 

Aerobic composting is a common and effective method for removing hazardous 

substances from faeces (such as antibiotics, ARGs and ARBs) before they are applied to land 

(Qiu et al., 2021). During composting of chicken manure, compost bacteria mainly consist of 

Firmicutes, Bacteroidetes, Proteobacteria and Actinobacteria, which make up at least 75% of 

the total bacterial community (Cui et al., 2016; Song et al., 2020). During the composting 

process, the structure of the microbiome changes from Firmicutes to Bacteroidetes and 

Proteobacteria (Xu et al., 2022b). Proper temperature, humidity and carbon-to-nitrogen ratio 

are crucial factors influencing its efficiency (Mao et al., 2020). Composting can significantly 

reduce ARGs (with a decrease of 0.7–2.0 log) and the concentration of antibiotic residues in 

https://www.sciencedirect.com/science/article/pii/S0048969720310433?via%3Dihub#bb0810
https://www.sciencedirect.com/science/article/pii/S0048969720310433?via%3Dihub#bb0875
https://www.sciencedirect.com/science/article/pii/S0048969720310433?via%3Dihub#bb0890


 

 

 

 

poultry manure, especially during the thermophilic phase (He et al., 2020; Zhang et al., 

2019b).  

To date, few studies have been conducted on the effectiveness of composting chicken 

manure to eliminate ARBs, ARGs and integrons. A study by Esperon et al. (2020) proved that 

composting poultry manure for 10 weeks promotes the reduction of residues from pathogenic 

bacteria, antibiotics, and resistance genes. The presence of pathogenic bacteria such as 

Campylobacter coli or commensal bacteria such as E. coli decreased during the composting 

process. Additionally, the study reported a 90% decrease in ciprofloxacin and doxycycline 

concentrations after composting. In addition to the decline in antibiotic residues, a reduction 

in 12 of the 16 selected ARGs (tet(A), tet(B), tet(K), tet(M), tet(Q), tet(S), tet(W), ermB, qnrS 

and blaTEM) has been observed (Esperon et al. 2020). Other studies have confirmed the 

effectiveness of this method (Xu et al., 2022b). Li et al. (2017) and Slana et al. (2017) noted a 

low prevalence of genes generating resistance to aminoglycosides, macrolides, 

fluoroquinolones and tetracyclines in chicken manure post-composting. However, intriguing 

results were obtained by Riaz et al. (2020), in which different composting processes reduced 

or completely eliminated penicillin and aminoglycoside resistance genes (blaCTX-M; aac6'-

Ib; aadA) and the intl1 gene responsible for multidrug resistance, while simultaneously 

increasing the absolute abundance of ARGs for quinolones, sulphonamides and tetracyclines 

(qnrD; sul1; and tet(A)). Li et al. (2017) reported similar findings regarding sulphonamide 

resistance genes. The differences in the effectiveness of eliminating ARGs and MGEs during 

the composting process depend on the duration of each composting phase and the temperature 

(Awasthi et al., 2019). The temperature obtained in the conventional thermophilic phase 

(70°C) is not effective in removing ARGs and MGEs (Li et al., 2020). Only temperatures 

above 80°C are effective in the removal of ARGs and MGEs (plasmids) and heavy metal 

bacteria involved in conjugation processes (Liao et al., 2018). A recently developed method 

of hyperthermophilic composting covered with a semi-permeable membrane has shown 

greater efficiency in removing ARGs (tetM, ermQ, ermB, ermO, aph3-III, aac6′ and sat4) and 

MGE (92% and 93%) from chicken manure compared to the conventional method (76% and 

92%) (Sun et al., 2024). 

Contamination of compost with antibiotics and heavy metals can increase the risk of 

soil contamination by ARGs through the co-selection mechanism. Conversely, the use of 

porous and adsorbent materials reduces the likelihood of their transfer to the soil. This was 

attributed to the increased relative surface area required for the multiplication and function of 

compost bacteria (Wang et al., 2016; Yin et al., 2016). This phenomenon was substantiated in 

an experiment by Qiu et al. (2022), where supplementation of mineral (diatomite or bentonite) 

and organic (biocarbon) substances to manure facilitated the decomposition of antibiotic 

residues. It reduced the relative number of ARGs by 53.72% and 59.54% and the relative 

abundance of intI1 by as much as 41.41% and 59.81% after treatment with metal and 

oxytetracycline, respectively. In another study, it was found that the application of mineral 

and organic additives to manure before composting effectively reduced the population of 

pathogens (Corynebacterium and Pseudomonas), genes conferring resistance to (tetW, ermB, 

ermC, sul1 and sul2), and class 1 integrons (Qiu et al., 2021). The reduction in the effect of 

composting additives on ARGs and ARBs is attributed, among other factors, to their ability to 



 

 

 

 

adsorb heavy metals (enhancing conjugation processes in HGT) and reduce the available 

carbon content (Peng et al., 2018). 

 

Physical methods 

Physical methods used for manure hygiene primarily rely on the decontamination 

effects of ultraviolet radiation or biothermal decontamination (pasteurisation). UV-C 

disinfection provides an eco-friendly alternative to chemical composites for controlling 

microbiological contamination of chicken manure (El-Maghawry et al., 2024). Pasteurisation, 

a classical thermal method, leverages the bactericidal effect of high temperatures on the 

cellular structures of microorganisms (Daí Pra et al., 2009). A 60-min pasteurisation at 

temperatures near 70°C reliably inactivated vegetative bacteria, viruses, and infectious 

parasites. Conversely, pasteurisation at higher temperatures (90°C) results in inactivation of 

some bacterial spores (Martens and Böhm, 2009). The heat treatment parameters applied to 

the litter, as studied by Stringfellow et al. (2010), also led to an increase in litter pH, 

significantly reducing the microbial colonisation of S. Typhimurium. Similar results were 

obtained by Soliman et al. (2018), who found a complete reduction in E. coli and S. 

Typhimurium within 1 h at temperatures of 55°C and 65°C. However, because of the high 

investment costs, these methods, while effective, have not found broader practical 

applications. 

 

Chicken manure processing strategies 

Advances in science and technology have led to the development of methods for 

converting poultry litter into valuable resources that fit into the bioeconomy concept and 

support sustainable environmental development. Modernising and optimising chicken manure 

processing technologies improves nutrient recycling, reduces the negative impact on the 

environment and improves resource use in agriculture (Jędrczak, 2019). The chemical, 

biological and physical methods described in this review are diverse methods for sanitising 

poultry litter and chicken manure. An analysis of the available literature has shown that their 

integration can significantly reduce the presence of antibiotics, ARBs and ARGs in fertiliser 

products. 

Fermentation and composting play a key role in closing the poultry waste cycle and 

provide a more environmentally acceptable organic waste treatment method than landfilling 

and incineration. (Jędrczak, 2019). For example, the inclusion of various additives in 

composting can increase the degradation efficiency of antibiotic residues and inhibit the 

spread of ARGs by reducing the bioavailability of heavy metals (Awasthi et al., 2019) and by 

reducing the amount of available carbon (Guo et al., 2017; Peng et al., 2018). Research 

conducted by Cui et al. (2016) under laboratory conditions demonstrated that adding fungal 

biochar during composting significantly enhances the elimination of resistance genes 

associated with tetracycline, sulphonamides, and chloramphenicol (specifically, tet, sul, floR, 

fexA, fexB, cmlA, and cfr), as well as the integrase 1 gene (intI1). The average ARG 

elimination rate was 0.86 log. A similar result in ARGs elimination (tet and sul, floR, drfA1, 

drfA7 and ermB) was obtained during co-composting with bamboo charcoal (Li et al., 2017). 

There is growing evidence that the addition of bulking agents (sawdust, mushroom substrates 



 

 

 

 

and green waste) during composting can also accelerate the degradation of antibiotics and 

reduce the spread of ARGs in manure (Peng et al., 2018). 

Effective removal of antibiotics during composting depends on the appropriate selection 

of microorganisms and ensuring conditions conducive to their activity (Seokjong et al., 2021). 

The Wu et al. (2024) study explored the combined effects of Bacillus subtilis inoculation with 

biochar on the evolution of bacterial communities, antibiotic resistance genes (ARGs), and 

mobile genetic elements (MGEs) during the composting of chicken manure. The results 

showed that B. subtilis inoculation combined with biochar reduced ARG (tetX, tetG, tetM, 

tetO, tetW, ermB) and MGE (Tn916/154) by 97% and 96% respectively. The experiment also 

proved that Firmicutes and Actinobacteriota played a significant role in the spread of ARGs. 

New composting technologies, such as Semi-permeable membrane-covered high-

temperature aerobic composting (SMHC) (Xiong et al., 2022), electric field-assisted aerobic 

composting (EAC) (Fu et al., 2022) and vermicomposting (Huang et al., 2017) are gradually 

being developed. Cui et al. (2020) conducted an experiment in which they treated dehydrated 

sludge and rice husks using a conventional composting system and SMHC. The results 

showed a decrease of 42.1% and 38.1% in the abundance of ARG and mobile genetic 

elements (MGE) after SMHC treatment, respectively. The main reason for this is the 

inhibitory effect of semi-permeable membranes, which prevent contamination caused by the 

deposition of particles containing abundant and diverse ARGs and MGEs in the composting 

plant atmosphere on the surface of the compost material. Furthermore, SMHC reduces the 

abundance of major pathogens and thus the risk of ARG spread (Xing et al., 2021). 

Anaerobic fermentation is a technology that should be included in any sustainable 

development strategy. An integrated approach to reducing the diffusion of antibiotic residues, 

ARBs and ARGs along the chicken manure biogas production chain is currently a key 

objective in improving this technology and optimising the measures taken before and after the 

process (Jameel et al., 2024). Manure handling before AD should focus on improving storage 

conditions and pre-treating biogas substrates (Ólafsdóttir et al., 2023). As described in the 

previous chapter, the impact of manure storage on antibiotic removal efficiency is relatively 

low. Still, if used as a pre-treatment before AD or aerobic composting, it can more effectively 

support antibiotic removal (Lamshöft et al., 2010). It is assumed that appropriate 

technological treatment of the feedstock can significantly increase AD efficiency with little 

additional energy and cost inputs associated with the pre-treatment of lignocellulosic biomass 

(Yadav and Vivekanand, 2020). There are four basic groups of biomass pretreatment: 

mechanical (micronisation, microwave treatment), thermal-pressure (heat treatment, 

hydrothermal treatment), chemical (alkalisation or acidification) and biological (microbial and 

enzymatic treatment) (Witaszek et al., 2025). Thermal pre-treatment (TPT) is a process that 

involves heating the substrate before anaerobic fermentation to improve the decomposition of 

organic matter and increase the efficiency of biogas production. In the context of poultry 

manure fermentation, which contains high concentrations of organic compounds, antibiotic 

residues and pathogens, TPT plays a significant role. Exposing substrates to controlled 

temperatures ranging from 70 to 180°C accelerates the removal of tetracyclines, macrolides 

and lincosamides during AD (Pourrostami Niavol et al., 2024). Hydrothermal pretreatment 

(HTP), based on biomass processing under elevated temperature and pressure in the presence 



 

 

 

 

of water (without the need for drying), has also proven to be a very effective method for the 

pretreatment of poultry manure. Studies (Paranhos et al., 2023) showed that the use of HPT 

before AD, in an energy-balanced manner (at 80°C), effectively reduces the level of tylosin, 

tylosin-resistant bacteria and selected ARGs (blaTEM, ermB, intI1, sul1 and qnrA, tetA) present 

in poultry litter. In the context of pathogens, antibiotic resistance genes (ARGs) and antibiotic 

residues, the use of alkaline treatment (NaOH and CaO) can play a key role in improving the 

sanitary safety of manure before further processing. An example of an innovative (hybrid) 

method of mixing biomass that effectively reduces antibiotics is the combination of alkaline 

and ultrasonic methods (Tong et al. 2016) 

Modern technologies significantly support the methane fermentation process. 

Conventional anaerobic reactor models, such as The Anaerobic Sequencing Batch Reactor 

(ASBR) or Upflow Anaerobic Sludge Blanket Reactor (UASB), can remove residual 

antibiotic concentrations (Zhang et al., 2021). However, their ability to remove antibiotic-

resistant bacteria and ARGs is limited (Cheng and Hong, 2017). In this context, progress in 

anaerobic reactor technology has been presented, including developing innovative membrane 

biogas reactors (AnMBR - Anaerobic Membrane Bioreactors). However, due to the high solid 

content in manure, using high-performance reactors requires supporting techniques, such as 

co-fermentation (Zhang et al., 2021). 

Integrating methods is currently the most effective strategy for processing poultry 

manure in terms of processing efficiency and eliminating antibiotics, ARBs and ARGs. 

Particularly effective combinations are: biochar + AD + composting (Congilosi and Aga, 

2021), HTP + AD + pyrolysis (Wang et al., 2021; Paranhos et al., 2023). In a study (Zhang et 

al., 2019a), for example, the effect of combining microwave pretreatment and activated 

carbon (AC) on ARG concentrations and methane yield during AD treatment of chicken litter 

was investigated. After 47 days of AD operation, ARG was removed at 87–95% with AC and 

microwave pretreatment, compared to 34–58% in the control digester (raw chicken manure, 

without AC). 

Modernising and optimising chicken manure processing and treatment technologies to 

remove ARB and ARG pharmaceuticals is a key step in protecting the agricultural 

environment and public health. However, their modernisation poses significant challenges, 

such as high investment and maintenance costs, technological difficulties, and regulatory and 

legal issues. A comprehensive approach is therefore needed, including financial support, 

technical knowledge development and an appropriate legal framework to address these 

challenges. 

 

 

Summary 

Agricultural use of poultry litter is a legitimate way to manage it in many respects. 

However, waste management for fertilisers on farms is not always in line with sustainable 

development principles, despite every economic activity necessitating concern for the natural 

environment. Therefore, the problems associated with the rational management of poultry 

manure highlight the need to look for holistic, pro-ecological solutions that align with the 

principles of the bioeconomy. The introduction of poultry manure into the soil poses potential 



 

 

 

 

risks to human and animal health. The literature in this review describes poultry litter as an 

important niche for resistance gene transfer and a source of ARBs, although this aspect 

remains underrecognised. Therefore, further interdisciplinary research within the ‘one health’ 

framework is essential to meticulously determine the detailed interdependencies between the 

chicken poultry litter microbiome and the expression of associated ARGs. These studies may 

establish the dynamics of resistance build-up in poultry production settings, aiding the 

development of strategies to counter antibiotic resistance in zoonotic microorganisms in the 

food chain. 

 

Author contributions 

P.R: Conceptualisation, literature search, writing – original draft, editing. S.N.: Writing 

and review. M.H.: Supervision. P.S.: Supervision. S.K.: Supervision, P.P.: Review. Z.E.M.: 

Writing – review and editing. M.S.-N.: Review and editing, supervision, validation. 

 

Disclosure statement 

The article was written as part of research conducted by the statutory funding. 

506.569.DC.00 of the Faculty of Veterinary Medicine and Animal Science, Poznan University 

of Life Sciences, Poland 

 

Conflict of interests 

The authors declare no conflict of interests. 

 

 

References 

 

Abdallah M., Bethäuser J., Tettenborn F., Hein A., Hamann M. (2024). Pharmaceutical 

consumption in human and veterinary medicine in Germany: potential environmental 

challenges. Front. Environ. Sci, 12. 

Abdel-Raheem S.M., Abd El-Hamid M.I., Khamis T., Baz H.A., Omar A.E., Gad W.M., El-

Azzouny M.M., Habaka M.A., Mohamed R.I., Elkenawy M.E. (2024). Comprehensive 

efficacy of nano-formulated mixed probiotics on broiler chickens’ performance and 

Salmonella Typhimurium challenge. Poult. Sci., 103:104334. 

Adeyemo A.J., Akingbola O.O., Ojeniyi S.O. (2019). Effects of poultry manure on soil 

infiltration, organic matter contents and maize performance on two contrasting 

degraded alfisols in southwestern Nigeria. Int. J. Recycl. Org. Waste Agric., 8:73-80. 

Ali Mirza S., Afzaal M., Begum S., Arooj T., Almas M., Ahmed S., Younus M. (2020) 

Chapter 11 - Uptake mechanism of antibiotics in plants, in: M. Z. Hashmi (Ed.), 

Antibiotics and Antimicrobial Resistance Genes in the Environment, Elsevier. pp. 

183-188. 

Ardakani Z., Aragrande M., Canali M. (2024). Global antimicrobial use in livestock farming: 

an estimate for cattle, chickens, and pigs. Animal, 18:101060. 

Augustyńska-Prejsnar A., Ormian M., Sokołowicz Z., Topczewska J., Lechowska J. (2018). 

Oddziaływanie ferm trzody chlewnej i drobiu na środowisko. Proc. ECOpole., 12. 



 

 

 

 

Awasthi M.K., Chen H., Awasthi S.K., Duan Y., Liu T., Pandey A., Varjani S., Zhang Z. 

(2019). Application of metagenomic analysis for detection of the reduction in the 

antibiotic resistance genes (ARGs) by the addition of clay during poultry manure 

composting. Chemosphere, 220:137-145. 

Ayoub M.M., Ahmed H.A., Sadek K.M., Alagawany M., Abd El-Hack M.E., Othman S.I., 

Allam A.A., Abdel-Latif M.A. (2019). Effects of liquid yucca supplementation on 

nitrogen excretion, intestinal bacteria, biochemical and performance parameters in 

broilers. Animals, 9:1097. 

Bai X., Zhong H., Cui X., Wang T., Gu Y., Li M., Miao X., Li J., Lu L., Xu W. (2024). 

Metagenomic profiling uncovers microbiota and antibiotic resistance patterns across 

human, chicken, pig fecal, and soil environments. Sci. Total Environ., 947:174734. 

Bennett D., Higgins S., Moore R., Beltran R., Caldwell D., Byrd II J., Hargis B. (2003). 

Effects of lime on Salmonella enteritidis survival in vitro. J. Appl. Poult. Res., 12:65-

68. 

Bennett D., Higgins S., Moore R., Byrd II J., Beltran R., Corsiglia C., Caldwell D., Hargis B. 

(2005). Effect of addition of hydrated lime to litter on recovery of selected bacteria 

and poult performance. J. Appl. Poult. Res., 14:721-727. 

Berendsen B.J., Wegh R.S., Memelink J., Zuidema T., Stolker L.A. (2015). The analysis of 

animal faeces as a tool to monitor antibiotic usage. Talanta, 132:258-268. 

Bulut E. (2019). Fate of antimicrobial resistant bacteria and antimicrobial resistance genes in 

manure storage. Institute of Agriculture and Natural Sources, UNL Water., University 

of Nebraska-Lincoln. 

Chen Y., Liu Y., Zhao C., Ma J., Guo J. (2025). Antibiotic resistance gene pollution in 

poultry farming environments and approaches for mitigation: A system review. Poult. 

Sci., 104:104858. 

Chen Z., Jiang X. (2014). Microbiological Safety of Chicken Litter or Chicken Litter-Based 

Organic Fertilizers: A Review. Agriculture, 4:1-29. 

Cheng H., Hong P.-Y. (2017). Removal of antibiotic-resistant bacteria and antibiotic 

resistance genes affected by varying degrees of fouling on anaerobic microfiltration 

membranes. Environ. Sci. Technol., 51:12200-12209. 

Chinivasagam H., Redding M., Runge G., Blackall P. (2010). Presence and incidence of food-

borne pathogens in Australian chicken litter. Br. Poult. Sci., 51:311-318. 

Choi I., Kim J., Kwon Y. (2008). Effects of chemical treatments on pH and bacterial 

population in poultry litter: a laboratory experiment. Br. Poult. Sci, 49:497-501. 

Cockerill S.A., Gerber P.F., Walkden-Brown S.W., Dunlop M.W. (2020). Suitability of litter 

amendments for the Australian chicken meat industry. Anim. Prod. Sci., 60. 

Congilosi J.L., Aga D.S. (2021). Review on the fate of antimicrobials, antimicrobial 

resistance genes, and other micropollutants in manure during enhanced anaerobic 

digestion and composting. J. Hazard. Mater., 405:123634. 

Cook K.L., Netthisinghe A.M., Gilfillen R.A. (2014). Detection of pathogens, indicators, and 

antibiotic resistance genes after land application of poultry litter. J. Environ. Qual., 

43:1546-1558. 



 

 

 

 

Cui E., Wu Y., Zuo Y., Chen H. (2016). Effect of different biochars on antibiotic resistance 

genes and bacterial community during chicken manure composting. Bioresour. 

Technol., 203:11-17. 

Cui P., Bai Y., Li X., Peng Z., Chen D., Wu Z., Zhang P., Tan Z., Huang K., Chen Z. (2020) 

Enhanced removal of antibiotic resistance genes and mobile genetic elements during 

sewage sludge composting covered with a semi-permeable membrane. J. Hazard. 

Mater., 396:122738. 

 

Cycon M., Mrozik A., Piotrowska-Seget Z. (2019). Antibiotics in the Soil Environment-

Degradation and Their Impact on Microbial Activity and Diversity. Front. Microbiol., 

10:338. 

Czyż K., Dobrzański Z., Kowalska-Góralska M., Senze M., Wyrostek A. (2023). The effect of 

nanosilver-based preparation on microbiological quality of poultry litter. Arch. Anim. 

Breed., 66:421-431. 

Daí Pra M., Correa E., Roll V., Xavier E., Lopes D., Lourenço F., Zanusso J., Roll A. (2009). 

Use of virgin lime for the control of Salmonella spp and Clostridium spp in aviary 

beds. Cienc. Rural., 39:1189-1194. 

Dal Bosco A., Mattioli S., Cartoni Mancinelli A., Cotozzolo E., Castellini C. (2021). 

Extensive Rearing Systems in Poultry Production: The Right Chicken for the Right 

Farming System. A Review of Twenty Years of Scientific Research in Perugia 

University, Italy. Animals (Basel), 11. 

Dancova N., Gregova G., Szaboova T., Marcincak S. (2025). The effects of natural additives 

on litter condition, microclimate environment and antimicrobial resistance in the 

broiler chickens rearing. Frontiers in Sustainable Food Systems 9. 

De Cesare A., Caselli E., Lucchi A., Sala C., Parisi A., Manfreda G., Mazzacane S. (2019). 

Impact of a probiotic-based cleaning product on the microbiological profile of broiler 

litters and chicken caeca microbiota. Poult. Sci., 98:3602-3610. 

Dróżdż D., Wystalska K., Malińska K., Grosser A., Grobelak A., Kacprzak M. (2020). 

Management of poultry manure in Poland – Current state and future perspectives. J. 

Environ. Manage., 264:110327. 

EC. (2023) Short-term outlook for EU agricultural markets in 2023 and 2024, European 

Commission, DG Agriculture and Rural Development, Brussels. 

El-Maghawry H.A.M., Zaineldin A.M., Morsy M.I.N. (2024). Applying Germicidal 

Ultraviolet in Chicken Manure Disinfection for Promoting Agricultural Sustainability. 

Misr J. Agric. Eng., 41:243-262. 

Esperon F., Albero B., Ugarte-Ruiz M., Dominguez L., Carballo M., Tadeo J.L., Del Mar 

Delgado M., Moreno M.A., de la Torre A. (2020). Assessing the benefits of 

composting poultry manure in reducing antimicrobial residues, pathogenic bacteria, 

and antimicrobial resistance genes: a field-scale study. Environ. Sci. Pollut. Res. Int., 

27:27738-27749. 

Everett D.L., Vizzier-Th Y., McDaniel C.D., Kiess A.S. (2013). The Impact of Peat Moss 

Amendments on the Microbial Load in Used Pine Shaving Poultry Litter. Int. J. Poult. 

Sci., 12:202-205. 



 

 

 

 

Feng M., Wu X., Qiu X., Wang H. (2022). Influence of Peat and Biochar on Gas Emissions 

and Microbial Metabolism During Co-composting of Chicken Manure and Maize 

Straw. Waste Biomass Valori., 14:197-208. 

Ferguson J.J., Ziegler M.R. (2004). Guidelines for Purchase and Application of Poultry 

Manure for Organic Crop Production: HS973/HS217, 4/2004. EDIS, 7. 

Flotats X., Foged H., Blasi A., Palatsi J., Magri A., Schelde K.M. (2011). Manure processing 

technologies. Technical Report No. II concerning “Manure Processing Activities in 

Europe” to the European Commission, Directorate-General Environment. pp. 184 

Fu T., Shangguan H., Shen C., Mi H., Wu J., Li L., Tang J., Zeng R.J., Zhou S. (2022). 

Moisture migration driven by the electric field causes the directional differentiation of 

compost maturity. Sci. Total Environ., 811:152415. 

Fu W., Fan J., Wang S., Wang H., Dai Z., Zhao X., Hao M. (2021). Woody peat addition 

increases soil organic matter but its mineralization is affected by soil clay in the four 

degenerated erodible soils. Agric. Ecosyst. Environ., 318:107495. 

Gaballah M.S., Guo J., Sun H., Aboagye D., Sobhi M., Muhmood A., Dong R. (2021). A 

review targeting veterinary antibiotics removal from livestock manure management 

systems and future outlook. Bioresour. Technol., 333:125069. 

Gandhapudi S., Coyne M., D’Angelo E., Matocha C. (2006). Potential nitrification in alum-

treated soil slurries amended with poultry manure. Bioresour. Technol., 97:664-670. 

Garcês A., Afonso S.M.S., Chilundo A., Jairoce C.T.S. (2013). Evaluation of different litter 

materials for broiler production in a hot and humid environment: 1. Litter 

characteristics and quality. . J. Appl. Poult. Res., 22:168-176. 

Gavanji S. (2013). The effects of silver nano particles on microorganisms: a review. App. Sci. 

Rep., 1:50-56. 

Gontar Ł., Sitarek-Andrzejczyk M., Kochański M., Buła M., Drutowska A., Zych D., 

Markiewicz J. (2022). Dynamics and Diversity of Microbial Contamination in Poultry 

Bedding Materials Containing Parts of Medicinal Plants. Materials, 15:1290. 

Graham J.P., Evans S.L., Price L.B., Silbergeld E.K. (2009). Fate of antimicrobial-resistant 

enterococci and staphylococci and resistance determinants in stored poultry litter. 

Environ. Res., 109:682-689. 

Guo A., Gu J., Wang X., Zhang R., Yin Y., Sun W., Tuo X., Zhang L. (2017). Effects of 

superabsorbent polymers on the abundances of antibiotic resistance genes, mobile 

genetic elements, and the bacterial community during swine manure composting. 

Bioresour. Technol., 244:658-663. 

Guo T., Lou C., Zhai W., Tang X., Hashmi M.Z., Murtaza R., Li Y., Liu X., Xu J. (2018). 

Increased occurrence of heavy metals, antibiotics and resistance genes in surface soil 

after long-term application of manure. Sci. Total Environ., 635:995-1003. 

Gupta C.L., Avidov R., Kattusamy K., Saadi I., Varma V.S., Blum S.E., Zhu Y.G., Zhou 

X.Y., Su J.Q., Laor Y., Cytryn E. (2021). Spatial and temporal dynamics of 

microbiomes and resistomes in broiler litter stockpiles. Comput. Struct. Biotechnol. J., 

19:6201-6211. 

Halder N., Sunder J., De A.K., Bhattacharya D., Joardar S.N. (2024). Probiotics in poultry: a 

comprehensive review. J. Basic Appl. Zool., 85:23. 



 

 

 

 

Han X.-M., Hu H.-W., Chen Q.-L., Yang L.-Y., Li H.-L., Zhu Y.-G., Li X.-Z., Ma Y.-B. 

(2018). Antibiotic resistance genes and associated bacterial communities in 

agricultural soils amended with different sources of animal manures. Soil Biol. 

Biochem., 126:91-102. 

He T., Hu X., Mi J., Hu H., Wang H., Qi X., Gao L., Zhang Y., Liu C., Wang S. (2024). 

Ligilactobacillus salivarius XP132 with antibacterial and immunomodulatory activities 

inhibits horizontal and vertical transmission of Salmonella Pullorum in chickens. 

Poult. Sci., 103:104086. 

He Y., Yuan Q., Mathieu J., Stadler L., Senehi N., Sun R., Alvarez P.J. (2020). Antibiotic 

resistance genes from livestock waste: occurrence, dissemination, and treatment. NPJ 

Clean Water, 3:4. 

Horyanto D., Bajagai Y.S., von Hellens J., Chen X., Thi Thu Hao V., Dunlop M.W., Stanley 

D. (2024). The Association between Broiler Litter Microbiota and the 

Supplementation of Bacillus Probiotics in a Leaky Gut Model. Animals (Basel), 14. 

Huang K., Xia H., Cui G., Li F. (2017). Effects of earthworms on nitrification and ammonia 

oxidizers in vermicomposting systems for recycling of fruit and vegetable wastes. Sci. 

Total Environ., 578:337-345. 

Huang L., Xu Y., Xu J., Ling J., Zheng L., Zhou X., Xie G. (2019). Dissemination of 

antibiotic resistance genes (ARGs) by rainfall on a cyclic economic breeding livestock 

farm. Int Biodeterior Biodegrad, 138:114-121. 

Hurst J.J., Oliver J.P., Schueler J., Gooch C., Lansing S., Crossette E., Wigginton K., Raskin 

L., Aga D.S., Sassoubre L.M. (2019). Trends in antimicrobial resistance genes in 

manure blend pits and long-term storage across dairy farms with comparisons to 

antimicrobial usage and residual concentrations. Environ. Sci. Technol., 53:2405-

2415. 

Jechalke S., Kopmann C., Rosendahl I., Groeneweg J., Weichelt V., Krögerrecklenfort E., 

Brandes N., Nordwig M., Ding G.-C., Siemens J. (2013). Increased abundance and 

transferability of resistance genes after field application of manure from sulfadiazine-

treated pigs. Appl. Environ. Microbiol., 79:1704-1711. 

Jameel M.K., Mustafa M.A., Ahmed H.S., Mohammed A.j., Ghazy H., Shakir M.N., Lawas 

A.M., Mohammed S.k., Idan A.H., Mahmoud Z.H., Sayadi H., Kianfar E. (2024). 

Biogas: Production, properties, applications, economic and challenges: A review. 

Results Chem., 7:101549. 

Jang H.M., Lee J., Choi S., Shin J., Kan E., Kim Y.M. (2018). Response of antibiotic and 

heavy metal resistance genes to two different temperature sequences in anaerobic 

digestion of waste activated sludge. Bioresour. Technol., 267:303-310. 

Jędrczak A. (2019). Composting and Fermentation of Biowaste - Advantages and 

Disadvantages of Processes. Civ. Environ. Eng. Rep., 28:71-87.  

Jha R., Das R., Oak S., Mishra P. (2020). Probiotics (Direct-Fed Microbials) in Poultry 

Nutrition and Their Effects on Nutrient Utilization, Growth and Laying Performance, 

and Gut Health: A Systematic Review. Animals (Basel), 10. 

Ji X., Shen Q., Liu F., Ma J., Xu G., Wang Y., Wu M. (2012). Antibiotic resistance gene 

abundances associated with antibiotics and heavy metals in animal manures and 



 

 

 

 

agricultural soils adjacent to feedlots in Shanghai; China. J. Hazard. Mater., 235:178-

185. 

Jia W., Qin W., Zhang Q., Wang X., Ma Y., Chen Q. (2018). Evaluation of crop residues and 

manure production and their geographical distribution in China. J. Clean. Prod., 

188:954-965. 

Joerger R.D., Ganguly A., de Los Santos M., Li H. (2020). Effect of sodium bisulfate 

amendments on bacterial populations in broiler litter. Poult. Sci., 99:5560-5571. 

Johnson B., Villumsen G. (2017) Environmental aspects of natural resource intensive 

development: the case of agriculture. Innov. Dev., 8:1-22. 

Juricova H., Matiasovicova J., Faldynova M., Sebkova A., Kubasova T., Prikrylova H., 

Karasova D., Crhanova M., Havlickova H., Rychlik I. (2022). Probiotic Lactobacilli 

Do Not Protect Chickens against Salmonella Enteritidis Infection by Competitive 

Exclusion in the Intestinal Tract but in Feed, Outside the Chicken Host. 

Microorganisms 10. 

Juricova H., Matiasovicova J., Kubasova T., Cejkova D., Rychlik I. (2021). The distribution 

of antibiotic resistance genes in chicken gut microbiota commensals. Sci. Rep., 

11:3290. 

Karamova K., Danilova N., Selivanovskaya S., Galitskaya P. (2022). The Impact of Chicken 

Manure Biochar on Antibiotic Resistance Genes in Chicken Manure Composting. 

Agriculture, 12. 

Korver D.R. (2023). Review: Current challenges in poultry nutrition, health, and welfare. 

Animal, 17 Suppl 2:100755. 

Kubasova T., Faldynova M., Crhanova M., Karasova D., Zeman M., Babak V., Rychlik I. 

(2022). Succession, Replacement, and Modification of Chicken Litter Microbiota. 

Appl Environ. Microbiol., 88:e01809-22. 

Kyakuwaire M., Olupot G., Amoding A., Nkedi-Kizza P., Basamba T.A. (2019). How Safe is 

Chicken Litter for Land Application as an Organic Fertilizer? A Review. Int. J. 

Environ. Res. Public Health, 16. 

Lamshöft M., Sukul P., Zühlke S., Spiteller M. (2010). Behaviour of 14C-sulfadiazine and 

14C-difloxacin during manure storage. Sci. Total Environ., 408:1563-1568. 

Li H., Cheng W., Li B., Xu Y., Zheng X. (2020). The fate of antibiotic resistance genes 

during co-composting of swine manure with cauliflower and corn straw. Bioresour. 

Technol., 300:122669. 

Li H., Duan M., Gu J., Zhang Y., Qian X., Ma J., Zhang R., Wang X. (2017). Effects of 

bamboo charcoal on antibiotic resistance genes during chicken manure composting. 

Ecotoxicol. Environ. Saf., 140:1-6. 

Li H., Liu B., Li M., Shen M. (2024). Livestock and poultry breeding farms as a fixed and 

underestimated source of antibiotic resistance genes. Environ Sci Pollut Res., 

31:49916-49931. 

Li Z.-H., Yuan L., Yang C.-W., Wang R., Sheng G.-P. (2022). Anaerobic electrochemical 

membrane bioreactor effectively mitigates antibiotic resistance genes proliferation 

under high antibiotic selection pressure. Environ. Int., 166:107381. 



 

 

 

 

Liao H., Lu X., Rensing C., Friman V.P., Geisen S., Chen Z., Yu Z., Wei Z., Zhou S., Zhu Y. 

(2018). Hyperthermophilic composting accelerates the removal of antibiotic resistance 

genes and mobile genetic elements in sewage sludge. Environ. Sci. Technol., 52:266-

276. 

Line J.E., Bailey J.S. (2006). Effect of On-Farm Litter Acidification Treatments on 

Campylobacter and Salmonella Populations in Commercial Broiler Houses in 

Northeast Georgia. Poult. Sci., 85:1529-1534. 

Lipczynska-Kochany E. (2018). Humic substances, their microbial interactions and effects on 

biological transformations of organic pollutants in water and soil: A review. 

Chemosphere, 202:420-437. 

Lyu J., Yang L., Zhang L., Ye B., Wang L. (2020). Antibiotics in soil and water in China–a 

systematic review and source analysis. Environ. Pollut., 266:115147. 

Maguire R.O., Hesterberg D., Gernat A., Anderson K., Wineland M., Grimes J. (2006). 

Liming poultry manures to decrease soluble phosphorus and suppress the bacteria 

population. J. Environ. Qual., 35:849-857. 

Mahmoud M.A.M., Abdel-Mohsein H.S. (2019). Hysterical tetracycline in intensive poultry 

farms accountable for substantial gene resistance, health and ecological risk in Egypt- 

manure and fish. Environ. Pollut., 255:113039. 

Manogaran M.D., Shamsuddin R., Mohd Yusoff M.H., Lay M., Siyal A.A. (2022). A review 

on treatment processes of chicken manure. Cleaner and Circular Bioeconomy, 

2:100013. 

Mao H., Wang K., Wang Z., Peng J., Ren N. (2020). Metabolic function, trophic mode, 

organics degradation ability and influence factor of bacterial and fungal communities 

in chicken manure composting. Bioresour. Technol., 302:122883. 

Marshall B.M., Levy S.B. (2011). Food animals and antimicrobials: impacts on human health. 

Clin Microbiol Rev, 24:718-733. 

Martens W., Böhm R. (2009). Overview of the ability of different treatment methods for 

liquid and solid manure to inactivate pathogens. Bioresour. Technol., 100:5374-5378. 

Martínez-Carballo E., González-Barreiro C., Scharf S., Gans O. (2007). Environmental 

monitoring study of selected veterinary antibiotics in animal manure and soils in 

Austria. Environ. Pollut., 148:570-579. 

Massé D.I., Cata Saady N.M., Gilbert Y. (2014). Potential of biological processes to eliminate 

antibiotics in livestock manure: an overview. Animals, 4:146-163. 

Matusiak K., Oleksy M., Borowski S., Nowak A., Korczynski M., Dobrzanski Z., Gutarowska 

B. (2016). The use of Yucca schidigera and microbial preparation for poultry manure 

deodorization and hygienization. J Environ. Manage, 170:50-59. 

Merchant L.E., Rempel H., Forge T., Kannangara T., Bittman S., Delaquis P., Topp E., 

Ziebell K.A., Diarra M.S. (2012). Characterization of antibiotic-resistant and 

potentially pathogenic Escherichia coli from soil fertilized with litter of broiler 

chickens fed antimicrobial-supplemented diets. Can. J. Microbiol., 58:1084-1098. 

Męcik M., Buta-Hubeny M., Paukszto Ł., Maździarz M., Wolak I., Harnisz M., Korzeniewska 

E. (2023). Poultry manure-derived microorganisms as a reservoir and source of 



 

 

 

 

antibiotic resistance genes transferred to soil autochthonous microorganisms. J. 

Environ. Manage., 348:119303. 

Miller J.H., Novak J.T., Knocke W.R., Pruden A. (2016). Survival of antibiotic resistant 

bacteria and horizontal gene transfer control antibiotic resistance gene content in 

anaerobic digesters. Front. Microbiol., 7:263. 

Mituniewicz T., Mituniewicz T., Mituniewicz E., Anna W., Sowińska J., Piotrowska J., 

Iwańczuk-Czernik K. (2016). Effect of calcium peroxide (CaO2) addition to poultry 

litter on the parameters of its physicochemical, microbiological and fertilising quality. 

J. Elem., 21(4): 1327-1341. 

Mituniewicz T., Sowińska J., Wójcik A., Iwańczuk-Czernik K., Witkowska D., Banaś J. 

(2008). Effect of disinfectants on physicochemical parameters of litter, 

microbiological quality of poultry house air, health status and performance of broiler 

chickens. Pol. J. Environ. Stud., 17. 

Mituniewicz T., Wójcik A., Sowińska J., Witkowska D., Iwańczuk-Czernik K. (2007). The 

Effect of A Microbiological and A Disinfecting Preparation on the Physical and 

Chemical Properties of Litter and the Results of Broiler Chicken Breeding. Pol. J. Nat. 

Sci., 22:395-406. 

Mohammed A.N. (2022). An alternative approach for controlling bacterial pathogens in liquid 

and solid poultry waste using Calcium hypochlorite Ca(OCl)(2) disinfectant-based 

silver nanoparticles. Sci. Rep., 12:19733. 

Mottet A., Tempio G. (2017). Global poultry production: current state and future outlook and 

challenges. J. World's Poult. Sci., 73:245-256. 

Mroczek K., Rudy M., Gil M., Mroczek J.R. (2019). Możliwości zagospodarowania odpadów 

z produkcji drobiarskiej w zgodzie z zasadami biogospodarki. Pol. J. Environ. Stud., 

22:93-100. 

Muhammad J., Khan S., Su J.Q., Hesham A.E.-L., Ditta A., Nawab J., Ali A. (2019). 

Antibiotics in poultry manure and their associated health issues: a systematic review. 

J. Soils Sediments, 20:486-497. 

Mulchandani R., Wang Y., Gilbert M., Van Boeckel T.P. (2023). Global trends in 

antimicrobial use in food-producing animals: 2020 to 2030. PLOS Glob. Public 

Health, 3:e0001305. 

Myszograj S., Puchalska E. (2012). Odpady z chowu i uboju drobiu – zagrożenie dla 

środowiska czy surowiec do produkcji energii, (Waste from rearing and slaughter of 

poultry – treat to the environment or feedstock for energy). Med Srod., 15(3). 

Niu Q., Qiao W., Qiang H., Hojo T., Li Y.-Y. (2013). Mesophilic methane fermentation of 

chicken manure at a wide range of ammonia concentration: Stability, inhibition and 

recovery. Bioresour. Technol., 137:358-367. 

Onbaşilar E.E., Erdem E., Ünal N., Kocakaya A., Torlak E. (2014). Effect of Yucca 

schidigera additions to different litter materials on broiler performance, footpad 

dermatitis and litter characteristics. Europ.Poult.Sci., 78. 

Osinski Z., Patyra, E. (2022). Natural and organic fertilizers as a source of environmental 

contamination with antimicrobial substances. Med. Weter., 78:173-183. 



 

 

 

 

Otieno H.M., Mageto E.K. (2023). Use of poultry manure as an alternative to inorganic 

fertilizer: A review of potential human and environmental health risks. Fundam. Appl. 

Agric., 8:567–579-567–579. 

Ólafsdóttir S.S., Jensen C.D., Lymperatou A., Henriksen U.B., Gavala H.N. (2023). Effects of 

different treatments of manure on mitigating methane emissions during storage and 

preserving the methane potential for anaerobic digestion. J. Environ. Manage., 

325:116456. 

Paranhos A.G.O., Pereira A.R., Coelho L.D.N., Silva S.Q., de Aquino S.F. (2023). 

Hydrothermal pre-treatment followed by anaerobic digestion for the removal of 

tylosin and antibiotic resistance agents from poultry litter. Environ Sci Pollut Res Int, 

30:42443-42455. 

Parente C.E., Azeredo A., Vollú R.E., Zonta E., Azevedo-Silva C.E., Brito E.M., Seldin L., 

Torres J.P.M., Meire R.O., Malm O. (2019). Fluoroquinolones in agricultural soils: 

multi-temporal variation and risks in Rio de Janeiro upland region. Chemosphere, 

219:409-417. 

Patel S.G., Raval A.P., Bhagwat S.R., Sadrasaniya D.A., Patel A.P., Joshi S.S. (2015). Effects 

of Probiotics Supplementation on Growth Performance, Feed Conversion Ratio and 

Economics of Broilers. J. Anim. Res., 5. 

Payne J.B., Watkins S.E., Beitia S., Phillips G.K. (2019). Efficacy of Sodium Bisulfate or 

Sodium Chloride for Reducing Broiler House Floor Microbial Populations. . J. Appl. 

Poult. Res., 28:210-214. 

Pedroso A.A., Hurley-Bacon A.L., Zedek A.S., Kwan T.W., Jordan A.P., Avellaneda G., 

Hofacre C.L., Oakley B.B., Collett S.R., Maurer J.J., Lee M.D. (2013). Can probiotics 

improve the environmental microbiome and resistome of commercial poultry 

production? Int J Environ Res Public Health, 10:4534-4559. 

Peng S., Li H., Song D., Lin X., Wang Y. (2018). Influence of zeolite and superphosphate as 

additives on antibiotic resistance genes and bacterial communities during factory-scale 

chicken manure composting. Bioresour. Technol., 263:393-401. 

Pourrostami Niavol K., Bordoloi A., Suri R. (2024). An overview of the occurrence, impact of 

process parameters, and the fate of antibiotic resistance genes during anaerobic 

digestion processes. Environ Sci Pollut Res Int., 31:41745-41774. 

Prasai T.P., Walsh K.B., Bhattarai S.P., Midmore D.J., Van T.T., Moore R.J., Stanley D. 

(2016). Biochar, Bentonite and Zeolite Supplemented Feeding of Layer Chickens 

Alters Intestinal Microbiota and Reduces Campylobacter Load. PLoS One, 

11:e0154061. 

Prasai T.P., Walsh K.B., Bhattarai S.P., Midmore D.J., Van T.T.H., Moore R.J., Stanley D. 

(2017). Zeolite food supplementation reduces abundance of enterobacteria. Microbiol. 

Res., 195:24-30. 

Qian X., Gu J., Sun W., Wang X.-J., Su J.-Q., Stedfeld R. (2018). Diversity, abundance, and 

persistence of antibiotic resistance genes in various types of animal manure following 

industrial composting. . J. Hazard. Mater., 344:716-722. 



 

 

 

 

Qiu X., Feng M., Zhou G., Wang H. (2022). Effects of mineral additives on antibiotic 

resistance genes and related mechanisms during chicken manure composting. 

Bioresour. Technol., 346:126631. 

Qiu X., Zhou G., Wang H., Wu X. (2021). The behavior of antibiotic-resistance genes and 

their relationships with the bacterial community and heavy metals during sewage 

sludge composting. Ecotoxicol Environ. Saf., 216:112190. 

Racewicz P., Majewski M., Madeja Z., Łukomska A., Kubiak M. (2020). Role of integrons in 

the proliferation of multiple drug resistance in selected bacteria occurring in poultry 

production. Br. Poult. Sci., 61:122-131. 

Ramadan S.G.A., Mahboub H.D.H., Helal M.A., Gaafar K. (2013). Behaviour, Welfare and 

Performance of Broiler Chicks Reared on Different Litter Materials. Assiut Vet. Med. 

J., 59:9-18. 

Rehman A., Arif M., Sajjad N., Al-Ghadi M.Q., Alagawany M., Abd El-Hack M.E., 

Alhimaidi A.R., Elnesr S.S., Almutairi B.O., Amran R.A., Hussein E.O.S., Swelum 

A.A. (2020). Dietary effect of probiotics and prebiotics on broiler performance, 

carcass, and immunity. Poult. Sci., 99:6946-6953. 

Rezvani E., Rafferty A., McGuinness C., Kennedy J. (2019). Adverse effects of nanosilver on 

human health and the environment. Acta Biomater., 94:145-159. 

Riaz L., Wang Q., Yang Q., Li X., Yuan W. (2020). Potential of industrial composting and 

anaerobic digestion for the removal of antibiotics, antibiotic resistance genes and 

heavy metals from chicken manure. Sci. Total Environ., 718:137414. 

Rosewarne C.P., Pettigrove V., Stokes H.W., Parsons Y.M. (2010). Class 1 integrons in 

benthic bacterial communities: abundance, association with Tn 402-like transposition 

modules and evidence for coselection with heavy-metal resistance. FEMS Microbiol. 

Ecol., 72:35-46. 

Roth N., Käsbohrer A., Mayrhofer S., Zitz U., Hofacre C., Domig K.J. (2019). The 

application of antibiotics in broiler production and the resulting antibiotic resistance in 

Escherichia coli: A global overview. Poult. Sci., 98:1791-1804. 

Rothrock M.J., Jr., Cook K.L., Warren J.G., Sistani K. (2008). The effect of alum addition on 

microbial communities in poultry litter. Poult. Sci., 87:1493-1503. 

Ruiz V., Ruiz D., Gernat A., Grimes J., Murillo J., Wineland M., Anderson K., Maguire R. 

(2008). The effect of quicklime (CaO) on litter condition and broiler performance. 

Poult. Sci., 87:823-827. 

Rychlik I., Karasova D., Crhanova M. (2023). Microbiota of Chickens and Their Environment 

in Commercial Production. Avian Dis., 67:1-9. 

Safitri R.A., van Asselt E.D. (2024). Comparison of Food Safety Hazards in Pigs and Broilers 

from Intensive and Extensive Production Systems: A Literature Review. J. Food Prot., 

87:100389. 

Sahoo S.P., Kaur D., Sethi A.P.S., Sharma A., Chandra M., Chandrahas. (2016). Effect of 

chemically amended litter on litter quality and broiler performance in winter. J. Appl. 

Anim. Res., 45:533-537. 

Saraiva M.M.S., Moreira Filho A.L.B., Vasconcelos P.C., Nascimento P.V., Azevedo P.S., 

Freitas Neto O.C., Givisiez P.E.N., Gebreyes W.A., Oliveira C.J.B. (2020). Chemical 



 

 

 

 

treatment of poultry litter affects the conjugation of plasmid-mediated extended-

spectrum beta-lactamase resistance genes in E. coli. . J. Appl. Poult. Res., 29:197-203. 

Seokjong B., Chang-Jun L., Sungpyo K., Jun-Young K., Soo-Mee K., Shang-Wha C., Hyun-

Chul K. (2021). Characterizing the bacterial community during aerobic stabilization of 

livestock manure. Why should feedstock not be aged before composting? Environ. 

Prot. Eng., 47. 

Shao D., He J., Lu J., Wang Q., Chang L., Shi S.R., Bing T.H. (2015). Effects of sawdust 

thickness on the growth performance, environmental condition, and welfare quality of 

yellow broilers. Poult. Sci., 94:1-6. 

Shepherd Jr M., Liang P., Jiang X., Doyle M., Erickson M. (2010). Microbiological analysis 

of composts produced on South Carolina poultry farms. J. Appl. Microbiol., 108:2067-

2076. 

Shi L., Simplicio W.S., Wu G., Hu Z., Hu H., Zhan X. (2018). Nutrient Recovery from 

Digestate of Anaerobic Digestion of Livestock Manure: a Review. Curr. Pollut. Rep., 

4:74-83. 

Skowron K., Bauza-Kaszewska J., Kaczmarek A., Budzyńska A., Gospodarek E. (2015). 

Microbiological aspects of slurry management. Postep. Mikrobiol., 54:235-249. 

Skóra J., Matusiak K., Wojewódzki P., Nowak A., Sulyok M., Ligocka A., Okrasa M., 

Hermann J., Gutarowska B. (2016). Evaluation of Microbiological and Chemical 

Contaminants in Poultry Farms. Int. J. Environ. Res. Public Health, 13:192. 

Slana M., Žigon D., Sollner-Dolenc M. (2017). Enrofloxacin degradation in broiler chicken 

manure under field conditions and its residuals effects to the environment. Environ. 

Sci. Pollut. Res., 24:13722-13731. 

Soliman E.S., Sallam N.H., Abouelhassan E.M. (2018). Effectiveness of poultry litter 

amendments on bacterial survival and Eimeria oocyst sporulation. Vet. World, 

11:1064-1073. 

Song C., Gao Y., Sun Q., Zhao Y., Qi H., Chen Z., Li J., Wang S., Wei Z. (2023). Insight into 

the pathways of biochar/smectite-induced humification during chicken manure 

composting. Sci. Total Environ., 905:167298. 

Song Z., Massart S., Yan D., Cheng H., Eck M., Berhal C., Ouyang C., Li Y., Wang Q., Cao 

A. (2020). Composted chicken manure for anaerobic soil disinfestation increased the 

strawberry yield and shifted the soil microbial communities. Sustainability, 12:6313. 

Spielmeyer A. (2018). Occurrence and fate of antibiotics in manure during manure 

treatments: A short review. Sustain. Chem. Pharm., 9:76-86. 

Statista. (2024) Global number of chickens 1990-2022, Statista. 

Stern N., Robach M. (2003). Enumeration of Campylobacter spp. in broiler faeces and in 

corresponding processed carcasses. J. Food Prot., 66:1557-1563. 

Stringfellow K., Caldwell D., Lee J., Byrd A., Carey J., Kessler K., McReynolds J., Bell A., 

Stipanovic R., Farnell M. (2010). Pasteurization of chicken litter with steam and 

quicklime to reduce Salmonella Typhimurium. . J. Appl. Poult. Res., 19:380-386. 

Stuper-Szablewska K., Szablewski T., Nowaczewski S., Gornowicz E. (2018). Zagrożenia 

chemiczne i mikrobiologiczne związane z hodowlą drobiu. Environ. Med., 21. 



 

 

 

 

Subirats J., Murray R., Yin X., Zhang T., Topp E. (2021). Impact of chicken litter pre-

application treatment on the abundance, field persistence, and transfer of antibiotic 

resistant bacteria and antibiotic resistance genes to vegetables. Sci. Total Environ., 

801:149718. 

Sui Q., Meng X., Wang R., Zhang J., Yu D., Chen M., Wang Y., Wei Y. (2018). Effects of 

endogenous inhibitors on the evolution of antibiotic resistance genes during high solid 

anaerobic digestion of swine manure. Bioresour. Technol., 270:328-336. 

Sun B., Bai Z., Li R., Song M., Zhang J., Wang J., Zhuang X. (2024). Efficient elimination of 

antibiotic resistome in livestock manure by semi-permeable membrane covered 

hyperthermophilic composting. Bioresour. Technol., 407:131134. 

Sun R., Zhang X.-X., Guo X., Wang D., Chu H. (2015). Bacterial diversity in soils subjected 

to long-term chemical fertilization can be more stably maintained with the addition of 

livestock manure than wheat straw. Soil Biol. Biochem., 88:9-18. 

Sun W., Qian X., Gu J., Wang X.-J., Duan M.-L. (2016). Mechanism and effect of 

temperature on variations in antibiotic resistance genes during anaerobic digestion of 

dairy manure. Sci. Rep., 6:30237. 

Sun Y., Luo H., Iboleon R., Wang Z. (2022). Fate of antibiotic resistance genes and class 1 

integrons during sludge treatment using pilot-scale anaerobic digestion with thermal 

hydrolysis pretreatment. Bioresour. Technol., 364:128043. 

Symochko L., Demyanyuk O., Symochko V., Grulova D., Fejer J., Mariychuk R. (2023). The 

Spreading of Antibiotic-Resistant Bacteria in Terrestrial Ecosystems and the 

Formation of Soil Resistome. Land, 12. 

Tabler T., Wells J.B. (2017) Benefits and Challenges of Reusing Broiler Litter. Mississippi 

State University Extension. 

Tian Z., Zhang Y., Yu B., Yang M. (2016). Changes of resistome, mobilome and potential 

hosts of antibiotic resistance genes during the transformation of anaerobic digestion 

from mesophilic to thermophilic. Water Res., 98:261-269. 

Tian M., He X., Feng Y., Wang W., Chen H., Gong M., Liu D., Clarke J.L., van Eerde A. 

(2021). Pollution by Antibiotics and Antimicrobial Resistance in LiveStock and 

Poultry Manure in China, and Countermeasures. Antibiotics (Basel), 10. 

Tong J., Liu J., Zheng X., Zhang J., Ni X., Chen M., Wei Y. (2016). Fate of antibiotic 

resistance bacteria and genes during enhanced anaerobic digestion of sewage sludge 

by microwave pretreatment. Bioresour. Technol., 217:37-43. 

Tripathi A., Kumar D., Chavda P., Rathore D.S., Pandit R., Blake D., Tomley F., Joshi M., 

Joshi C.G., Dubey S.K. (2023). Resistome profiling reveals transmission dynamics of 

antimicrobial resistance genes from poultry litter to soil and plant. Environ. Pollut., 

327:121517. 

Urban-Chmiel R., Marek A., Stępień-Pyśniak D., Wieczorek K., Dec M., Nowaczek A., Osek 

J. (2022). Antibiotic Resistance in Bacteria-A Review. Antibiotics (Basel), 11. 

USDA. (2023) Livestock and Poultry: World Markets and Trade, United States Department of 

Agriculture Foreign Agricultural Service. 

Wallace J.S., Garner E., Pruden A., Aga D.S. (2018). Occurrence and transformation of 

veterinary antibiotics and antibiotic resistance genes in dairy manure treated by 



 

 

 

 

advanced anaerobic digestion and conventional treatment methods. Env. Pollut., 

236:764-772. 

Wallinga D., Smit L.A.M., Davis M.F., Casey J.A., Nachman K.E. (2022). A Review of the 

Effectiveness of Current US Policies on Antimicrobial Use in Meat and Poultry 

Production. Curr Environ Health Rep, 9:339-354. 

Wang C., Dong D., Wang H., Müller K., Qin Y., Wang H., Wu W. (2016). Metagenomic 

analysis of microbial consortia enriched from compost: new insights into the role of 

Actinobacteria in lignocellulose decomposition. Biotechnol. Biofuels, 9:1-17. 

Wang F., Han W., Chen S., Dong W., Qiao M., Hu C., Liu B. (2020). Fifteen-year application 

of manure and chemical fertilizers differently impacts soil ARGs and microbial 

community structure. Front. Microbiol., 11:62. 

Wang H., Qi J.-F., Qin R., Ding K., Graham D.W., Zhu Y.-G. (2023). Intensified livestock 

farming increases antibiotic resistance genotypes and phenotypes in animal faeces. 

Commun. Earth Environ., 4. 

Wang M., Li R., Zhao Q. (2019). Distribution and removal of antibiotic resistance genes 

during anaerobic sludge digestion with alkaline, thermal hydrolysis and ultrasonic 

pretreatments. Front. Environ. Sci. Eng., 13:43. 

Wang Y., Wang Y., Zhang Z., Turap Y., Wang Y., Wang I., Wang Z., Wang W. (2021). 

Combined hydrothermal treatment, pyrolysis, and anaerobic digestion for removal of 

antibiotic resistance genes and energy recovery from antibiotic fermentation residues. 

Bioresour. Technol., 337:125413. DOI: 

Wegst-Uhrich S.R., Navarro D.A., Zimmerman L., Aga D.S. (2014). Assessing antibiotic 

sorption in soil: a literature review and new case studies on sulfonamides and 

macrolides. Chem. Cent. J., 8:1-12. 

Więckol-Ryk A., Białecka B., Thomas M. (2020). Effect of Green Oxidizing Agent on 

Inhibition of Escherichia coli Present in Livestock Wastes. Water Air Soil Pollut., 

231:466. 

Więckol-Ryk A., Białecka B., Thomas M. (2023). Application of calcium peroxideas an 

environmentally friendly oxidant to reduce pathogens in organic fertilizers and its 

impact on phosphorus bioavailability. Arch. Environ. Prot., 46:42-53 

Williams Z.T., Blake J.P., Macklin K.S. (2012). The effect of sodium bisulfate on Salmonella 

viability in broiler litter. Poult. Sci., 91:2083-2088. 

Windisch W., Schedle K., Plitzner C., Kroismayr A. (2008). Use of phytogenic products as 

feed additives for swine and poultry. J. Anim. Sci., 86:E140-E148. 

Witaszek K., Kupryaniuk K., Kupryaniuk J., Panasiewicz J., Czekała W. (2025). Optimization 

of Straw Particle Size for Enhanced Biogas Production: A Comparative Study of 

Wheat and Rapeseed Straw. Energies, 18. 

Wu Z., Zhang L., Lin H., Zhou S. (2024). Enhanced removal of antibiotic resistance genes 

during chicken manure composting after combined inoculation of Bacillus subtilis 

with biocharJ. Environ. Sci., 135:274-284. 

Xie J., Gu J., Wang X., Hu T., Sun W., Lei L., Zhang R., Guo H. (2021). Insights into the 

beneficial effects of woody peat for reducing abundances of antibiotic resistance genes 

during composting. Bioresour. Technol., 342:125903. 



 

 

 

 

Xie W.Y., Shen Q., Zhao F.-J. (2018). Antibiotics and antibiotic resistance from animal 

manures to soil: a review. Eur. J. Soil Sci., 69:181-195. 

Xing S.-C., Wu R.-T., Chen Y.-X., Cheng Z.-W., Liu S., Yang Y.-W., Liao X.-D. (2021) 

Elimination and analysis of mcr-1 and blaNDM-1 in different composting pile layers 

under semipermeable membrane composting with copper-contaminated poultry 

manure. Bioresour. Technol., 332:125076. 

Xiong J., Su Y., He X., Han L., Guo J., Qiao W., Huang G. (2022) Effects of functional-

membrane covering technique on nitrogen succession during aerobic composting: 

Metabolic pathways, functional enzymes, and functional genes. Bioresour. Technol., 

354:127205. 

Xu C., Kong L., Gao H., Cheng X., Wang X. (2022a). A Review of Current Bacterial 

Resistance to Antibiotics in Food Animals. Front. Microbiol., 13:822689. 

Xu X., Ma W., Zhou K., An B., Huo M., Lin X., Wang L., Wang H., Liu Z., Cheng G., Huang 

L. (2022b). Effects of composting on the fate of doxycycline, microbial community, 

and antibiotic resistance genes in swine manure and broiler manure. Sci. Total 

Environ., 832:155039. 

Yadav M., Vivekanand V. (2020). Biological treatment of lignocellulosic biomass by 

Curvularia lunata for biogas production. Bioresour. Technol., 306:123151. 

Yang L., Si B., Tan X., Xu J., Xu W., Zhou L., Chen J., Zhang Y., Zhou X. (2022). 

Valorization of livestock manure for bioenergy production: A perspective on the fates 

and conversion of antibiotics. Resour. Conserv. Recycl., 183:106352. 

Yang L., Zhang S., Chen Z., Wen Q., Wang Y. (2016). Maturity and security assessment of 

pilot-scale aerobic co-composting of penicillin fermentation dregs (PFDs) with sewage 

sludge. Bioresour. Technol., 204:185-191. 

Yang S., Chen Z., Wen Q. (2021). Impacts of biochar on anaerobic digestion of swine 

manure: methanogenesis and antibiotic resistance genes dissemination. Bioresour. 

Technol., 324:124679. 

Yang Y., Ashworth A.J., Willett C., Cook K., Upadhyay A., Owens P.R., Ricke S.C., 

DeBruyn J.M., Moore P.A., Jr. (2019). Review of Antibiotic Resistance, Ecology, 

Dissemination, and Mitigation in U.S. Broiler Poultry Systems. Front. Microbiol., 

10:2639. 

Yévenes K., Pokrant E., Trincado L., Lapierre L., Galarce N., Martín B.S., Maddaleno A., 

Hidalgo H., Cornejo J. (2021). Detection of Antimicrobial Residues in Poultry Litter: 

Monitoring a risk through a selective and sensitive HPLC-MS/MS method. Animals 

(Basel), 11. 

Yin Y., Song W., Gu J., Zhang K., Qian X., Zhang X., Zhang Y., Li Y., Wang X. (2016). 

Effects of copper on the abundance and diversity of ammonia oxidizers during dairy 

cattle manure composting. Bioresour. Technol., 221:181-187. 

Zalewska M., Błażejewska A., Czapko A., Popowska M. (2021). Antibiotics and Antibiotic 

Resistance Genes in Animal Manure - Consequences of Its Application in Agriculture. 

Front. Microbiol., 12:610656. 



 

 

 

 

Zhang J., Chen M., Sui Q., Tong J., Jiang C., Lu X., Zhang Y., Wei Y. (2016). Impacts of 

addition of natural zeolite or a nitrification inhibitor on antibiotic resistance genes 

during sludge composting. Water research, 91:339-349. 

Zhang L., Loh K.-C., Zhang J. (2019a). Jointly reducing antibiotic resistance genes and 

improving methane yield in anaerobic digestion of chicken manure by feedstock 

microwave pretreatment and activated carbon supplementation. J. Chem. Eng., 

372:815-824. 

Zhang L., Ren J., Bai W. (2023). A Review of Poultry Waste-to-Wealth: Technological 

Progress, Modeling and Simulation Studies, and Economic- Environmental and Social 

Sustainability. Sustainability, 15. 

Zhang Y.-J., Hu H.-W., Chen Q.-L., Singh B.K., Yan H., Chen D., He J.-Z. (2019b). Transfer 

of antibiotic resistance from manure-amended soils to vegetable microbiomes. 

Environ. Int., 130:104912. 

Zhang N., Liu W., Peng Y., Song X. (2021). Anaerobic Membrane Bioreactors for Livestock 

Wastewater Treatment and Resource Recovery: Opportunities and Challenges. Curr. 

Pollut. Rep., 7:277-285. 

Zhang Z.F., Kim I.H. (2014). Effects of multistrain probiotics on growth performance, 

apparent ileal nutrient digestibility, blood characteristics, cecal microbial shedding, 

and excreta odor contents in broilers. Poult. Sci., 93:364-370. 

Zhao L., Dong Y.H., Wang H. (2010). Residues of veterinary antibiotics in manures from 

feedlot livestock in eight provinces of China. Sci. Total Environ., 408:1069-1075. 

Zhao Y., Yang Q.E., Zhou X., Wang F.-H., Muurinen J., Virta M.P., Brandt K.K., Zhu Y.-G. 

(2021). Antibiotic resistome in the livestock and aquaculture industries: Status and 

solutions. Crit. Rev. Environ. Sci. Technol., 51:2159-2196. 

Živkov Baloš M., Knežević S., Pajić M., Popov N., Jakšić S., Vidaković Knežević S., 

Mihaljev Ž., Bugarski D. (2020). The Effects of Bedding Material Containing Peat 

Moss on Broiler Production Performance and Fertilizing Value of the Litter. Arch. 

Vet. Med., 13:43-58. 

 

Received: 9 IV 2025 

Accepted: 9 X 2025



 
Figure 1. Schematic representation of preventive methods for bacterial transmission and 

antibiotic resistance genes in poultry litter



Table 1. Properties of chemical and biological additives utilised in the sanitation of poultry litter 

Method type Example Properties References 

Chemical Humic substances 

(humic acids, peat) 

 Acidify the litter and absorb moisture 

 Adsorb antibiotic residues 

 Strong interaction with fluoroquinolones, less intense with 

sulphonamides 

 Affect bacterial communities (e.g. reduce E. coli counts) 

 Inhibit the spread of ARGs 

 More effective when combined with other methods (e.g. 

composting) 

(Xie et al., 2021) 

(Kulikova et al., 

2022) 

(Dančová et al., 

2025) 

Bentonite  Adsorbs antibiotic residues 

 Affects bacterial communities (e.g. reduces Campylobacter 

counts) 

 May reduce potential ARG proliferation, especially 

regarding sulphonamides 

(Prasai et al., 2016) 

(Qiu et al., 2022) 

(Peng et al., 2018) 

Zeolites  Retain organic compounds, increase sludge porosity 

 High efficiency in antibiotic adsorption and degradation 

 Affect bacterial communities (e.g. reduce 

Enterobacteriaceae without disrupting beneficial bacteria) 

 Improve ARG removal during composting 

 More effective when combined with other methods (e.g. 

composting) 

(Prasai et al., 2017) 

Superphosphate  Acidifies the litter, absorbs moisture, reduces ammonia 

emissions 

 Shows antibacterial effects 

 Inhibits the spread of ARGs 

(Peng et al., 2018) 



 

 

 

 

Activated carbon, 

biochar 

 Stabilisation of organic matter 

 Regulates the growth of microorganisms in litter 

 Highly effective in the adsorption and degradation of 

antibiotics 

(Feng et al., 2022) 

(Karamova et al., 

2022). 

Biological Probiotics (Bacillus 

spp., Lactobacillus 

spp.) 

 Compete with pathogens in the gut for space and nutrients, 

inhibiting their growth 

 Effective in litter sanitation 

 Moderate effect on bacterial communities (pathogens) 

(Tian et al., 2021) 

(Juricova et al., 

2022) 

Yucca schidigera 

extract 

 Reduces odours 

 Antagonistic properties against pathogens: E. coli, 

Salmonella, Enterococcus faecalis 

(Matusiak et al., 

2016) 

 

Table 2. Properties of chemical, biological and physical methods utilised in the processing and sanitation of chicken manure. 

Type of 

Method 
Example Properties 

Investment/Op

erating Cost* 
References 

Chemical 

 

CaO 

(quicklime), 

Ca(OH)₂ 

(hydrated lime) 

 Alkalisation of litter environment, pH > 12, protein denaturation, 

enzyme inactivation.  

 May raise litter temperature and increase ammonia emissions.  

 High effectiveness in antibiotic residue inactivation, pathogen and 

ARG elimination. 

Medium / 

medium 

(Maguire et al. 

2006), (Więckol-

Ryk et al. 2023) 

NaHSO₄ 

(sodium 

bisulphate) 

 pH reduction, microorganism deactivation.  

 Lower effectiveness in antibiotic residue and ARG inactivation 

compared to alkaline method. 

Low / low 

(Rothrock et al. 

2008) 

Al₂(SO₄)₃·14H₂

O (alum) 

 pH reduction, phosphate binding, ammonia emission reduction. 

 Moderate effectiveness in antibiotic residue and ARG inactivation. 
Low / low 

(Choi et al. 2008), 

(Gandhapudi et al. 

2006) 



 

 

 

 

Nanotechnology 

(e.g. nano-Ag) 

 Biocidal action, bacterial cell wall damage.  

 High toxicity.  

 High effectiveness in antibiotic residue, pathogen and ARG 

elimination. 

High / medium 

(Czyż et al. 2023), 

(Mohammed et al. 

2022) 

Biological 

 

 

Storage (manure 

storage) 

 Temporary microbial inactivation.  

 Low impact on antibiotic residues and ARG.  

 Moderate impact on bacterial communities (pathogens). 

Low / low 

(Ferguson et al. 

2004) 

Aerobic 

composting 

 Aerobic decomposition of poultry litter or chicken manure.  

 Economical and environmentally friendly approach.  

 Requires temperature and moisture control.  

 High effectiveness in antibiotic residue inactivation.  

 Very high effectiveness in pathogen elimination.  

 High ARG elimination (tet, ermB, qnr, bla) only in thermophilic phase 

(>80 °C). 

Medium / 

medium 

(Qiu et al., 2021), 

(Esperon et al., 

2020) 

Aerobic 

composting 

with mineral 

additives (e.g. 

bentonite) 

 Adsorption of active substances, stabilisation of organic matter, odour 

reduction. 

 High effectiveness in inactivating antibiotic residues. 

 Very high effectiveness in eliminating pathogens. 

 High effectiveness in eliminating ARG to tetracyclines, 

sulphonamides and macrolides (tet, ermB, sul). 

Medium / 

medium 

(Qiu et al., 2022) 

Aerobic 

composting 

with carbon 

additives 

(biochar, 

bamboo 

 Adsorption of pollutants, stabilisation of organic matter, increased 

nitrogen retention. 

 Very high effectiveness in inactivating antibiotic residues. 

 Very high effectiveness in eliminating pathogens and ARG to 

tetracyclines, sulphonamides and phenicols (tet, sul floR, cfr). 

Medium–high / 

medium 

(Cui et al., 2016),  

(Li et al., 2017) 



 

 

 

 

charcoal) 

Aerobic 

composting 

with biochar 

and Bacillus 

subtilis 

inoculation 

 Sorption of pollutants, stabilisation of organic matter, increased 

nitrogen retention. 

 Highly effective in inactivating antibiotic residues.  

 Very highly effective in eliminating pathogens and ARG to 

tetracyclines and macrolides (tet, ermB). 

Medium–high / 

medium 

(Wu et al., 2024) 

Aerobic 

composting 

with semi-

permeable 

membrane 

technology 

(SMHC) 

 Very high effectiveness in inactivating antibiotic residues. 

 Very high effectiveness in eliminating pathogens. 

 Very high effectiveness in eliminating ARG on beta-lactams and 

colistin (blaNDM-1 and mcr-1). 

High / medium–

high 

(Xing et al., 2021),  

(Cui et al., 2020) 

Anaerobic 

digestion 

(methane 

fermentation) 

 Anaerobic decomposition of biowaste, biogas production, post-

fermentation acidification, odour reduction. 

 Highly effective in inactivating antibiotic residues after thermophilic 

fermentation only. 

 Moderate effectiveness in eliminating pathogens (47-72%) under 

thermophilic conditions. 

 Moderate effectiveness in eliminating ARG (possibility of increasing 

the number of tet, sul, ermA genes). 

High / high 

(Tian et al., 2016),  

(Jang et al., 2018),  

(Sun et al., 2022) 

Anaerobic 

digestion with 

thermal 

pretreatment 

 Pre-treatment carried out before Anaerobic digestion (AD) at 70–

180°C. 

 Intensification of the AD process. 

 Very high effectiveness in inactivating antibiotic residues 

Very high / high 

(Pourrostami 

Niavol et al., 2024) 



 

 

 

 

(TPT) (tetracycline, macrolides, lincosamides). 

 Very high effectiveness in eliminating pathogens. 

Anaerobic 

digestion with 

hydrothermal 

pretreatment 

(HTP) 

 Pre-treatment carried out before AD at 120–200°C under high-

pressure conditions. 

 Very high effectiveness in inactivating antibiotic residues (e.g. 

tylosin).  

 Very high effectiveness in eliminating pathogens. 

 Very high effectiveness in eliminating ARG to beta-lactams and 

macrolides. 

 sulphonamides, quinolones and tetracyclines (blaTEM, ermB, sul, qnr, 

tet). 

Very high / high 

(Paranhos et al., 

2023) 

Anaerobic 

digestion with 

alkaline and 

ultrasonic 

microwave-acid 

pretreatment 

(MW-H) 

 Raising pH, protein denaturation. 

 High effectiveness in eliminating pathogens and ARB before AD. 

 Moderate effectiveness in eliminating ARG (possible increase in ARG 

in post-fermentation). 

Medium / 

medium 

(Wang et al., 

2019), (Tong et al., 

2016) 

Anaerobic 

digestion with 

ultrasonic 

pretreatment 

and biochar 

 Sonication breaks down structures; biochar adsorbs antibiotics and 

stabilises microflora. 

 Highly effective in eliminating ARG (possible increase in ARG in 

post-fermentation). 

High / medium 

(Zhang et al., 

2019a) 

Physical 

 
UV radiation 

 Enzymatic inactivation, damage to pathogens, DNA/RNA and ARG. 

 Effective only on a thin layer of chicken manure. 

 Highly effective in eliminating pathogens. 

Medium / 

medium 

(El-Maghawry et 

al., 2024) 



 

 

 

 

 Moderately effective in eliminating ARG. 

Pasteurisation 

(thermal 

heating) 

 Protein denaturation, damage to microbial DNA/RNA. 

 Highly effective in eliminating pathogens (70°C) and bacterial spores 

(>90°C). 

 Moderately effective in eliminating ARG. 

Medium–high / 

medium 

(Martens and 

Böhm, 2009) 

The investment and operating costs were estimated based on the report by Flotats et al. (2011). 

 


