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ABSTRACT 
Composting is considered as one of the possible methods for the management of organic 

waste such as sewage sludge, or manure due to its capability to reduce the number of 

microorganisms that are present in the waste products. One of the available systems, that has 

been introduced as Bedding Recovery Unit (BRU), claimed to have ability to eliminate the 

presence of pathogenic microorganisms during the intensive composting process. The treated 

waste products will be used as bedding inside the farm. As this method is environmentally 

friendly and increase the well-being of animals, it fits in with the circular economy concept and 

with the animal welfare. However, the activity of the system in the reduction of antibiotic 

resistant bacteria (ARB), antibiotic resistance genes (ARGs), or hormonal (ED) activity has not 

been investigated in details. In this study, we collected manure samples from two different dairy 

farms located in Hungary, prior and after BRU treatment, to evaluate the effectiveness of this 

system in the removal of AR bacteria (with a special focus on carbapenem and colistin resistant 

microorganisms), ARGs and ED effect. Samples were analysed in the laboratory of the Institute 

of Aquaculture and Environmental Safety with traditional cultivation and molecular biological 

methods; ED effect was determined using a Saccharomyces bioreporter assay.  

Based on our results, the colistin, carbapenem resistant microorganisms were fully 

removed in one of the BRU-treated samples where the BRU system was operating properly, 

however the hormonal activity after BRU treatment trended to be higher. In acetone extracted 

form, all raw and treated samples shown notable estrogenic activity with the maximum 

intensification between 374-659%, (where the estrogenic activity of the positive control E2 was 

measured to be 1175%). In case of BRU-treated samples (extracted with acetone), the 

androgenic activity was also significant with a maximum intensification of 120 and 101%, 

respectively (where the positive control DHT’s intensification was 269%). At the same time, 

water extracts of the examined samples did not show significant hormonal activity. Samples 

with hormonal activity showed as notable difference in the composition of cultivable bacteria 

with dominance of Comamonas species, such as C. testosteronii and C. kerstersii. Further 

investigation should be proposed to identify whether the hormonal activity is originating from 

naturally produced hormones or influenced by the endocrine disruptors (ED). Based on 

antibiotic resistance profiling, one of the detected species originating from raw manure, 

Empedobacter stercoris was resistant to the examined Aminoglycosides (gentamicin, 

amikacin) and to colistin, and at the same time, it was only moderately sensitive to imipenem, 

a Carbapenem agent, which verifies the presence of ARBs in untreated manure and highlight 

the importance of manure treatment. 
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1. INTRODUCTION 
 

Agricultural sector contributes with massive profits to every country’s economy 

worldwide. However, the growing demand for livestock breeding and animal-derived products 

increase the production of livestock manure (Lima et al., 2020). Scientific literature proved that 

the application of cow manure can effectively improve soil structure and diversity of soil 

bacterial community (Zhang et al., 2020). However, the extensive use of manure might cause 

enormous microbial growth and encourage microbes to undergo selective pressure to the 

environment, resulting the emergence of antimicrobial resistance bacteria (Lima et al., 2020).  

The occurrence of antibiotic resistance bacteria is not a new problem to the agriculture 

sector but it became one of the biggest challenges to this industry since ARBs are threatening 

the success of antibiotic treatment and may cause adverse effects to the human health. 

Antibiotic resistance is a condition where bacterial strains are no longer affected by the 

antibiotic used. Bacteria acquire resistance to antibiotics by horizontal gene transfer (HGT) or 

genetic mutation due to the selective pressure of antibiotics (Ruuskanen et al., 2016). If these 

problems left untreated, it may cause the health treatment become more limited and jeopardized. 

Hence, it is important to monitor antibiotic resistance in the agriculture and environment as well 

for better control of ARB.  

Several methods have been conducted for better management of the animal wastes that 

may contain ARB and ARGs. One of the possible ways for manure, sewage and sludge 

management is composting (Marti et al., 2014) as it can prevent the contamination of the 

environment and reduce the concentration and the risks of antibiotics (Dolliver et al., 2008).  

One of the available composting options to control the massive organic waste production by 

dairy cow farms is the application of Bedding Recovery Unit (BRU) treatment, which is 

claimed to have the ability to eliminate the presence of pathogenic microorganisms during the 

intensive composting process.  

BRU was examined that was introduced specifically for the management of liquid 

animal manure. This system uses hydraulic pressure separate liquid and solid wastes: liquid 

manure from this treatment will be supplied for irrigation of plantation while solid manures are 

used as bedding inside the farm. The treated waste products will be used as bedding inside the 

farm as it is environmentally friendly, better for animal well-being, cost-effective. It also 

enables the reduction of synthetic materials’ use such as plastics, straws or rubber mattress that 

may cause pollution (Gautam et al., 2020, Norring et al., 2008). The ability of BRU treatment 

to reduce the pathogenic microorganisms also might give another solution for better 
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management of antibiotic resistant bacteria that otherwise easily proliferate and rapidly evolve 

inside animal manures.  

 However, the application of animal composts to the land may have adverse effects and 

increase the hormonal activity in soils and waters due to the emergence of endocrine-disrupting 

compounds (EDCs) (Abdellah et al., 2020). The existence of these compounds became a 

concern as they can mimic the naturally occurring hormones and cause adverse effects to the 

environment. The application of manure to the farmland is considered as the primary sources 

of estrogen (Abdellah et al., 2020) and even low levels of estrogen in the water body can affect 

the hormonal metabolism of aquatic wildlife (Xu et al., 2018). In case of novel systems, such 

as BRU, the detailed investigation to prove the reduction of antibiotic resistant bacteria (ARB), 

antibiotic resistance genes (ARGs), or in the reduction of hormonal (ED) activity has not been 

fully conducted under local circumstances in Hungary.  

The purpose of this study was to evaluate the effectiveness of BRU system in the removal 

of AR bacteria, ARGs and ED effect using the manure samples collected from two different 

dairy farms located in Hungary, prior and after BRU treatments. The analysis of the samples 

took place in the laboratory of the Institute of Aquaculture and Environmental Safety with 

traditional cultivation and molecular biological methods; Saccharomyces bioreporter assays 

were used in this study to determine ED effects.  
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2. LITERATURE REVIEW 
 

2.1. Antibiotics and antibiotic resistance  

 

2.1.1. Antibiotics in general and the history of antibiotic use 

Antibiotics are powerful agents that are used to combat microbial infections with specific 

modes of action depending on the type of antibiotics used. Bacteriostatic substances have the 

ability to restrain the bacterial growth, while bactericide agents can kill the infectious germs 

(Bernatova et al.,2013). Depending on the type of microorganisms they act against, 

antimicrobials can be antibacterial, antifungal, antiviral and antiparasitic agents (WHO, 2017). 

For instance, antibacterial drugs are applied against bacterial infections while antifungals are 

used against fungi. The usage of the antimicrobials must specifically depend on the type of 

microorganisms as the action of the antimicrobials will not be effective if they are wrongly 

applied. For example, antibiotics are not effective against fungal, parasite or viral infections 

and same applied to others. Taking antibiotics while having viral infection will give no effect 

and can contribute to the emergence of bacterial resistance.  

Antibiotics were first discovered in 1929 by Alexander Fleming who accidentally 

observed that mould supressed the growth of the Staphylococcus variants on the culture plates. 

The mould was then identified as Penicillium notatum and named the substance as Penicillin. 

The discovery of antibiotics benefits the medical sectors and revolutionized in many medicinal 

aspects. In 1940, the discovery of bacterial penicillinase led to the finding of specific resistance 

mechanisms to penicillin (Davies & Davies, 2010) and unfortunately, their evolution was 

followed by a rapid emergence of other antibiotic resistance mechanisms. Until our days, the 

most serious side effect of antibiotic usage is still antibiotic resistance, causing the bacteria to 

undergo adaptation to the presence of antibiotics. This naturally occurring phenomenon results 

in the rise of the novel strains that are resistance towards the present antibiotic regimen 

(Habboush et.al, 2022).  

Antibiotics have different modes of action, for instance to interrupt the genomic 

structure, or single-carbon metabolism pathways, invade bacteria ribosomes, or inhibit the 

synthesis of cell wall and the coherent lipid membrane (Crofts et al., 2017). The timelines of 

antibiotic discoveries and their mechanism of action are summarized in Figure 1 (Madhav et 

al., 2020). 
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Figure 1. Timeline of antibiotic discoveries and their mechanism of action (Madhav et al., 2020) 

 

2.1.2. Antibiotic resistance 

 According to the National Foundation for Infectious Diseases, antibiotic resistance (AR) 

is the condition where the antibiotics can no longer fight off or kill the bacteria causing the 

infection. Antibiotic resistance is a naturally occurring phenomenon, where vulnerable bacteria 

become unaffected by the usage of the antibiotics due to mutations, or with acquiring antibiotic 

resistance genes (ARGs) from other bacteria through the process called horizontal gene transfer 

(HGT) (Ruuskanen et. al., 2016). Antibiotic resistance inherent from bacterial species is 

generally referred as ‘intrinsic’ or ‘natural’ resistance and typical for strains of that species, 

while ‘acquired resistance’ is referring to bacterial strains that belongs to a typically susceptible 

species, but become resistant to the applied antimicrobial drug (FEEDAP, 2012).   

 Most of the time, bacterial resistance is a result of the overuse of the antibiotics or the 

unnecessary intake of the medicine. For example, in the year of 2015, the records showed that 

about 30% outpatient and 50% of the patients suffered with acute respiratory infections were 

prescribed with unnecessary antibiotic consumption (Habboush & Guzman, 2022). As a 

consequence, the treatment of bacterial infection becomes more difficult: the concentration of 

the antibiotic used for treatment needs to be increased or the agent should be changed to a more 

effective drug. Over the years, a significant ratio of the bacterial strains (known as superbugs) 
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became resistant to antibiotics as they undergo this adaptation and evolve (Pepper et al., 2018). 

These bacteria continue to multiply and trigger infections to the hosts despite the application of 

the arsenal of available antibiotics.  

 There are several mechanisms of how bacteria acquire resistance such as increasing the 

activity of efflux pumps that restrict the accumulation, reducing antibiotic uptake by pumping 

it out of the cell, enzymatic inactivation by degrading the antibiotic compounds or modified 

enzymatic reaction, establishing impermeable blockades to prevent the intake of antibiotics into 

the bacterial cells and altering the cellular structure (Crofts et al., 2017). The main mechanisms 

of antibiotic actions and the resistance mechanisms are summarized in Figure 2 (Uluseker et 

al., 2021). 

 

Figure 2 The main mechanisms of antibiotic actions and the resistance mechanisms (Uluseker et al.2021) 

 The emergence of bacterial resistance required international agreement and standardized 

terminologies to divide the major types of bacterial resistance for better healthcare strategies. 

According to the scientific literature, the definition of multi-drug resistant (MDR) is resistant 

to more than one antimicrobial agent meanwhile extensive drug resistant or XDR means the 

ability of the bacteria to not only resistance to multiple type of antimicrobial agents but have 

possibility to become resistant to almost all or all of the approved antimicrobial agents. Pandrug 

resistant (PDR) came from Greek prefix ‘pan’ refers to the meaning ‘all’, giving the definitions 

of resistant to entire set of available antimicrobial agents. For bacterial isolates to be categorized 



 

12 
 

as PDR, it must be tested and proved to be resistant to all approved antimicrobial agents 

(Magiorakos et al., 2012).  

Typical examples of bacterial species that can gain multiple resistance to antibiotics are 

Acinetobacter baumannii and Pseudomonas aeruginosa. A. baumannii possesses unusual 

plasticity that permits the bacteria to undergo adaptation to adverse living environment, making 

it one of the most important causative agents of nosocomial infections. Some A. baumannii 

strains are considered as multiple drug resistant (MDR) due their capability to resist to beta-

lactams (penicillin, cephalosporins, carbapenems) and monobactams (Novovic et al., 2023, 

Ramadan et al., 2018). Pseudomonas aeruginosa have intrinsic, acquired and adaptive 

resistance mechanisms that enable this opportunistic clinical pathogen to become 

simultaneously resistant to different antibiotics such as carbapenems (Ramadan et al., 2018). 

2.2. Antibiotics in the agriculture 

Antibiotics are commonly used worldwide in agriculture sector such as in plantation, 

aquaculture farm, poultry and livestock production. Antibiotics are applied to the crop yields to 

increase productivity and function as growth promoters for livestock animals as well as 

prevention and treatment of diseases (Mann, A. et al., 2021).  

 

2.2.1. Antibiotic usage in animal husbandry 

Livestock production is one of the most demanding sectors worldwide as the production 

not only need to be parallel to the growing number of human population but also influenced by 

the competition for natural resources which increase the concerns on human wellbeing and the 

surrounding environment (Lima et al., 2020). As livestock production is believed to be risen in 

the upcoming years, the breeding methods, nutrition intake and supervision of animal health 

should be continuously improved to keep its emissions at a socially tolerable level (Thornton, 

2010).  

Growth promoting antimicrobials (GPA) were widely used in agricultural sector for 

decades to treat livestock animals. GPA application means that small doses of antibiotics were 

introduced to animal feed to improve the health of the animals, e.g., veterinary antibiotics were 

used to improve the meat quality in huge proportions (You & Silbergeld, 2014). Antibiotics 

also have been used in veterinary medicines for therapeutic procedure to treat the animals with 

health problems. The treatment was initiated to control or prevent disease metaphylactic or 

prophylactic purpose (Mann et al., 2021). Metaphylaxis is the application of the medical 
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products to the animals after clinical disease diagnosis has been applied with the purpose to 

treat unhealthy animals and prevent the disease from spreading to other animals that are in close 

contact and risked to be infected by the disease. Prophylaxis is the preventive procedure by 

applying medical products to the animals before appearance of sign of disease to prevent the 

occurrence of infection or diseases (Tang et al., 2017). Based on the scientific review, the 

widely use antibiotics in animal introduction are penicillin, cephalosporins, sulfonamides, 

quinolones and tetracyclines (Robles-Jimenez et al., 2021). The categorization of veterinary 

antibiotics per family for food-producing animals are shown in Table 1 (Robles-Jimenez et al., 

2022). 

Table 1 The categorization of veterinary antibiotics for food-producing animals (Robles-Jimenez et al., 2022) 

 

The demand of the livestock production may contribute to the increase of antibiotic 

resistance due to the selection pressure occurred to the gut microbiome through the animal feeds 

(You & Silbergeld, 2014). Therefore, researchers agreed that the usage of antibiotic in animal 

husbandry should be supervised and more controlled (CDC, 2013). On 28th January 2022, (EU) 

2019/6 on Veterinary Medicines together with (EU) 2019/4 on Medicated Feeds regulated new 

order to phase out the practices of antibiotics use for prophylactic purpose and saved these 

diseases prevention procedures for exceptional conditions (Simjee & Ippolito, 2022). 

Antimicrobial medicines are restricted to be applied routinely and shall only be used for control 

(metaphylaxis purpose) when rise the risk of infection might happen and there is no availability 

of other alternatives (Simjee & Ippolito, 2022).  
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2.1.1. Antibiotics and Antibiotic Resistance Genes (ARGs) in manures 

The massive production of livestock products, such as eggs, meat, milk, and other 

agricultural goods, left a lot of side products and waste to be taken care of such as the feed 

residues, waste products, wash water, manure and bedding materials (e.g., sawdust, wheat 

straw, wood chips, flax straw or even some use rice hulls and peanut) (Shober & Maguire, 

2014). Between 2016 and 2019, more than 1.4 billion tonnes of manure were produced annually 

in the European Union (EU-27) and in the UK (Königer et al., 2021).  

The excretion of animal faeces will release a part of the gut microbiota, the microbial 

community that inhabiting the animal gastrointestinal tract, therefore, gut microbes can appear 

in manure and the manure-containing waste products. According to Chee-Sanford et al. (2009), 

the gene pool of microbiome is larger in animal intestines than in human gut and contributes to 

a variety of antibiotic resistance determinants. Manure is commonly used in the agriculture as 

soil fertilizer, it may contribute to the occurrence of resistance determinants in the field crops 

(Ruuskanen et. al., 2016, You & Silbergeld, 2014) and have a greater effect on the diversity 

and the abundance of acquired resistance genes in soil than chemical fertilizers (Lima et al., 

2020).  Since antibiotic resistant bacteria (ARB) were found to be abundant without the history 

of antibiotic intake in composts, we can presume that the microbiome inhabits of the animal 

gastrointestinal tract might harbour intrinsic antibiotic resistant bacteria (You & Silbergeld, 

2014).      

The physical, chemical and microbial properties of manure can be dramatically different 

depending on external factors (Huang et al., 2011). For instance, the consumption of antibiotics 

by farm animals offers selective pressure for the antibiotic resistance bacteria to grow inside 

the intestinal tract of the animals and then being excreted out to the environment (Looft et al., 

2012; Zhu et al., 2013). Moreover, other substances of manure such as potassium, nitrogen, 

phosphorus, sulphur and heavy metals such as copper, manganese, zinc, cobalt, selenium, 

cadmium, nickel and lead continuously give a selective pressure to ARGs through cross-

resistance or co-resistance, as ARGs and metal resistance genes are frequently located together 

in plasmids or other mobile genetic elements (MGEs) (Yuan et al., 2020). Consequently, the 

usage of manure in the agricultural sector encourages the risk of spread of pathogen and/or 

antibiotic resistant microorganisms to the environment (Wang et al.,2020). 
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2.2.  Effect of antibiotic resistance on the environment 

 

The extensive antibiotic use in the agriculture causes the establishment antibiotic resistance 

genes pool in the environment where both pathogenic and non-pathogenic microorganisms 

gradually acquire resistance genes (Isaacson & Torrence, 2002). It was verified that even small 

concentrations of antibiotics can increase the number and frequency of naturally occurring 

resistant strains (Andersson & Hughes, 2012; You & Silbergeld, 2014), since these small 

amounts can still influence the selective pressure on bacteria under natural or laboratory 

conditions (Xie et al., 2018). Vice versa, the massive use of antibiotics in animal husbandry 

consequently affects the soil environment through the produced waste or the application of 

manure and can cause the upsurge of antibiotic resistance on the land (Xie et al., 2018; You & 

Silbergeld, 2014).  

As a consequence, antibiotic residues can influence the microbial activities in the surrounding 

environment such as altering degradation procedure of the pollutant and nutrient cycling 

(Sarmah et al., 2006). The effect of antibiotics, ARGs and co-selective agents on the 

development of AR in the soil microbial communities is summarized in Figure 4 (Ashbolt et 

al., 2013).  

 

Figure 4 The effect of antibiotics, ARGs and co-selective agents on the development of AR in the soil microbial communities 
(Ashbolt et al., 2013) 
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 Soil bacteria contributes to the effect of antibiotics and acts as a reservoir of resistance 

genes (Lang et al., 2010). Antibiotic resistance genes can be distributed in the soil through 

manure in three ways (Heuer et al., 2011; Xie et al., 2018): 

- increase the intrinsic ARGs in soil through the application of manures or organic 

compounds like composts (Udikovic-Kolic et al., 2014),  

- selection pressure on ARGs with the usage of antibiotics in the compost (Gullberg et 

al., 2011)  

- directly introduce manure-derived antibiotic resistance genes to survive together with 

the host bacteria or to spread among the community members by bacterial horizontal 

gene transfer 

To summarize, the use of organic manure can increase the resistance in soil by adding 

novel ARGs or increase the already present ARGs (Su et al., 2014; Udikovic-Kolic et al., 2014). 

The ability of shifting the antibiotic resistance genes from manure to the soil bacteria through 

HGT mechanisms is indeed the major issue as it can contribute to the distribution of resistance 

throughout different communities of microbiome (Heuer et al., 2011). 

2.3. The effect of soil-originating ARGs and ARBs on human wellbeing 

The extensive usage of antibiotics in medical application and agriculture are major sources 

of AR, as ARB undergo selective pressure during the adaptation process in the environment 

(Pepper et al., 2018). However, the studies on the transfer of ARB and ARGs from soil of crop 

field to human are still incomplete and limited (Luby et al., 2016). Mostly foodborne cases 

transmitted the ARBs and ARGs to human source from agricultural products (Collignon & 

McEwen, 2019). The possible exposition routes are the direct contact with the contaminated 

soil through inhalation, ingestion or dermal contact and the transmission through contaminated 

irrigation water. ARGs can undergo HGT mechanisms with other bacteria including microbes 

from soil or potential pathogenic bacteria from humans or animals and with the produced crops 

enter the food chain through consumption of raw fruits or vegetables planted in the treated soil 

(Marti et al., 2014, Lima et al., 2020). The consumption of the raw agricultural products 

resulting the ingested resistant bacterial to colonize human gut system and threaten the public 

human health (Blaak et al., 2014). Irrigation water can spread ARs and ARGs among the 

microbial communities of natural ecosystems and might affect the animal and human 

communities across the water streams (Van Overbeek et al., 2014). With the distribution of 

resistance genes from animals to important natural resources such as soil and water, the human 
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and animal health can be adversely affected. The resistance of the bacterial can lower the 

effectiveness of antimicrobial therapy and raising the severity and number of infections in 

clinical treatment (Collignon & McEwen, 2019).  

 

2.4.  One Health Perspective 

 

The massive usage of antimicrobial agents is concerning as it can potentially cause 

adverse effects on animal and human health (You & Silbergeld, 2014). This is the reason why 

the efficient handling of antibiotic resistance by holistic approach is a must, by following the 

guidelines introduced as One Health (McEwen & Collignon, 2018). According to the World 

Health Organization (WHO), One Health introduces a unified, balanced approach to optimize 

the health of animals, humans and the environment that is necessary for the prediction, 

detection, prevention and responsive solution to the global health risks.  

One-Health approach creates new ideas or better solutions from multiple disciplines, 

communities and sectors to search for the root causes of the problems or reducing health threats 

at the animal-human-ecosystem boundary, and consequently establishes long term solutions 

(Collignon & McEwen, 2019). Among global health problems, antimicrobial resistance (AMR) 

illustrates the best the necessity of One Health approach (Velazquez-Meza et al., 2022). AMR 

closely related to three essential sectors such as agriculture, livestock and human medications. 

This connection is rather worrying as it can jeopardize epidemiology and public health as the 

pathogenic strains might develop the ability to become resistant to antimicrobials, allowing 

them to adapt and proliferate in adverse environment.   

One-Health approach joined forces with Food and Agriculture Organization (FAO), 

WHO and The World Organisation for Animal Health (OIE) to develop Global Action Plan as 

global effort to address occurrence of AMR problems. Scientific literature listed out some of 

the key strategies introduces by One-Health approach to combat the AMR issues such as by 

reducing unnecessary usage of antimicrobials in agricultural sector and restrain antimicrobial 

dispersal to the surrounding environment. Prophylaxis and the application as growth promoter 

are strictly prohibited and global surveillance for antimicrobial resistance should be improved 

for better understanding and monitoring of AMR data and good hygiene practices should be 

strengthened. To achieve this, investment on the training of human resources should be 

implement by the countries. Other strategies in combating AMR distribution are by promote 

sophisticate clinical diagnoses and develop or use vaccines and other alternatives such as 

probiotics, lysins and phage therapy as treatment strategies (Velazquez-Meza et al., 2022). 
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2.3. Hormonal activity of animal manure 

 

Animal manure is one of the potential hotspots for natural or synthetic hormonal chemicals. 

The usage of animal manure to the environment may contribute to the pollution of water and 

soil by endocrine-disrupting chemicals (EDCs) (Abdellah et al., 2020). Hormones regulate a 

variety of biological functions in animal and human body by binding to specific membrane 

receptors with specific function for instance metabolism, growth, tissue differentiation and 

function, development of immune systems and sexual development. The specific hormone-

receptor binding on target cells will trigger biochemical reaction with intended effect (Frédéric 

et al., 2006). The exposure of the hormonal particles to the environment whether by the 

irrigation process for plantation or for bedding systems of the livestock may alter endocrine 

function in the affected environment. Hormonal activity may be influenced by the diet and 

hormonal treatment of the animals (Lorenzen et al., 2004). The hormonal activity commonly 

being studied in the livestock animals are estrogen and androgen activity while progesterone 

commonly studied in poultry (Lorenzen et al., 2004). Estrogen particles observed to be present 

in large quantities in livestock manure for example swine, chicken, cow and duck manure. In 

the European Union, livestock animals excreted out approximately 33 tons per year of total 

estrogen while in 2002, United States recorded about 49 tons per year (Xu et al., 2018). 

Simultaneously, EDCs can be also present and imitate the naturally occurring estrogen causing 

adverse effects to the environment and to humans (Csenki et al., 2022). 

 

2.4. Possible solutions for the removal of ARB and ARGs from manures 

 Several techniques have been suggested for the management or elimination of 

antimicrobial resistance in soil. Some of these techniques aims to reduce or eliminate the 

concentration of antibiotics, ARGs and microorganisms using anaerobic digestion, sewage 

treatment, lime stabilization and composting (Collignon & McEwen 2019; Lima et al., 2020; 

Marti et al., 2014).  

2.4.1. Anaerobic digestion 

Anaerobic digestion is the procedure that is associated with the reduction of antibiotic 

residuals, pathogenic microorganisms and organic pollutants (Flores-Orozco et al., 2020). The 

method also can be used as a renewable energy source as it produces biogas with high methane 

concentration (Flores-Orozco et al., 2020). However, there is no valid results regarding the state 

of ARGs during the anaerobic digestion procedure (Zhang et al., 2019).  
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2.4.2. Composting 

Composting is an appropriate procedure to disinfect manure prior to land application 

(Marti et al., 2014). This process not only transforms the animal waste to a valuable organic 

matter, but at the same time removes or reduces the number of pathogenic microbes, therefore 

it secures the safety of the public and the environment and simultaneously gives an economic 

benefit (Lima, et al., 2020). Composting procedure consists of spontaneous biological reaction 

using the aerobic digestion that includes the humification and mineralization processes of 

organic matter (Bernal et al.,2009) under controlled conditions. The temperature, pH, ratio of 

carbon per nitrogen, oxygen supply, moisture, porosity, nutrient contents, particle size and 

density of the bulks are the parameters that need to be taken in consideration to supply an 

optimal condition for microbial growth to degrade the organic material (Bernal et al.,2009). The 

environment microbes will break down the organic materials, forming a stable composition of 

final product which is compost (Bernal et al.,2009).  

 

2.4.2.1.Effects of composting strategies on the removal of ARG in the manures 

 

Composting is believed to be an effective method for the management of organic wastes, 

as it is practical, and helps to reduce the concentration of antibiotics in an economical way. 

With lowering the risks of antibiotics, composting help to avoid the contamination of the 

environment before the farmland application of sewage (Dolliver et al., 2008). The elimination 

of ARBs and ARGs seems to be effective using this technique as high temperature is used in 

the process that help to kill most of the bacterial species (Qian et al., 2016). However, if some 

of the host bacteria categorized from thermophile microorganisms, the thermophilic segment 

of the composting may elevate the number of the bacteria (Duan et al., 2019). An overview of 

the composting procedure is illustrated in Figure 5 (Zainudin et al., 2022). 

Thermophilic composting procedure is verified to decrease the concentration of 

antibiotics in manure from mg kg−1 to μg kg−1 (Xie et al., 2018). The effectiveness can reach 

50-99% in the removal of tetracycline (Dolliver et al., 2008; Kim et al., 2010), >99% in 

chlortetracycline, and 54 to 76% for monensin and tylosin (Dolliver et al., 2008). At the same 

time, some antibiotics such as ofloxacin, ciprofloxacin and sulphamethazine are unaffected by 

thermophilic composting and still detectable at the end of the process (Dolliver et al., 2008; Xie 

et al., 2016). 
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Figure 5 An overview of the composting procedure (Zainudin et al., 2022) 

 

Some study showed that post-manure application gradually getting soil resistance without 

any addition or changes in the compost materials (Marti et al., 2014; Riber et al., 2014). This 

might be the period of time where transfer of ARGs from compost to the microbial communities 

in the associated area takes place (Xie et al., 2018). If the manure application were continuously 

repeated and run for a long term, it will maintain high levels of antibiotic resistance on soil. 

Indigenous microbial population in the soil might compete with ARG-harbouring bacteria in 

the compost materials and gradually supersede from the soil (Marti et al., 2014). Yet, some 

cases showed the antibiotic resistance genes can be transferred to the indigenous bacterial 

community inhabiting the soil via horizontal gene transfer (Heuer et al., 2011; You & 

Silbergeld, 2014). Therefore, the application of compost to the soils can result in a rapid 

increase and diversity of ARGs and MGEs (Lima et al., 2020). These resistance genes can be 

directly or indirectly being transmitted through the food chain, manure, sludge-manure soils 

and water (Lima, et al., 2020, Pepper et al., 2018). 

 

2.5. Bedding Recovery Unit (BRU) as manure management 

One of the systems have been introduce as Bedding Recovery Unit (BRU). BRU 

application is one of the specially developed systems that appears to be a promising method to 

efficiently remove resistance genes and microorganisms through this mechanism. Through this 

system, liquid manures are directly used from the farm as the recovery unit of bedding material 

is safer for the cows. As the bedding material is freshly produced daily, it helps to reduce the 
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amount of the solid matter and no additional space is needed for the storage. The procedure of 

producing the bedding material consists of two significant stages which are the separation of 

solids from the liquid manure continued by the drying process of the compost material. The 

manure will be pumped into the separator system, and it will give the compression and minimize 

the moisturization of the solid wastes. The process takes place further in drying drum where the 

solid materials will experience an intense aerobic drying procedure. The rotatory of the drum 

will ensure the homogeneity of the waste product. The completion of the treatment process will 

be monitored by the controlled temperature (see Figure 4). 

 

Figure 6. Schematic figure of the bedding recovery unit (source: http1) 

2.5.1.  Comparison with conventional bedding materials 

Conventional bedding materials are sawdust, straw, wood chips and sand, which is 

mostly coming outside from the operation system, and in some cases, their usage is not the best 

solution for the cow. Other than limited availability of the material, the use of the materials 

might cause injuries to the cow as some of these materials have very tiny and sharp physical 

characteristics. The used of straw material might increase the unknown bioburden to the cow 

with the upsurge concentration of solids in the liquid manure. Moreover, the frequent use of the 

conventional material may associate with higher processing costs of the manure such as for the 

handling process, storage and physical labour. 

Regarding the use of the conventional rubber mats and mattresses as the bedding in 

some animal farms, the proper maintenance from time to time and the need to replace at least 
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every 10 years of the usage are the disadvantages. The acquisition costs are already expensive 

followed by the additional bedding that is required for the coverage of the bearing surface. 

2.5.2. Economic benefits of the bedding recovery system 

Recycling the liquid manure as the bedding units for the cow not only offers cost 

savings, but can also lessen the processing and transportation cost of the manure (Dolliver et 

al., 2008). As the manure available and used up daily, there is no additional space needed for 

the storage. In the scope of the agricultural benefit, the material is considered as 

environmentally friendly as there are no additional materials needed for the bedding and only 

the natural excretion products are used. The solid materials produced by dairy cow consists of 

all undigested residues from the feed such as the fibre from the hay or silage, hence it can help 

to reduce the pollution from the usage of the straw or rubber mattress. The bedding material 

from the manure is highly accepted by the cows, gives comfort to the cow which is good to 

upsurge the animal well-being. 

BRU technology not only cut cost for the handling and the storage of the compost material 

but also gives a new solution for the farmers to make a good use of the composting compound. 

Other than the daily availability of the compost material, the bedding material can be gives 

comfort to the cow and safer to the environment, because the final products is not spread on the 

crop fields. However, our knowledge about the effect of BRU treatment on the frequency of 

antibiotic resistance bacteria (ARB), antibiotic resistance genes (ARGs) and hormonal activity 

is limited. 

In this research, we investigated two operating BRU system located in Hungary by 

comparing the samples before and after the treatment process to see how effective the system 

in controlling the numbers of ARBs. The evaluation was made by doing the quantification of 

bacterial growth on Chromatic media for the selection and quantification of colistin and 

carbapenem resistant microorganisms. Species level identification of the bacterial strains was 

performed using 16S rDNA PCR and Sanger sequencing. Antibiotic resistance profiles were 

quantified with MIC determination. Hormonal activity was measured by a Saccharomyces 

bioreporter assay. The objectives of this study were to (1) evaluate the efficiency of the BRU 

system to the compost material; (2) to analyse and identify ARBs and ARGs in the system; (3) 

comparing the samples before and after treatment with traditional cultivation and molecular 

methods.  
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3. MATERIAL AND METHODS 
 

3.1. Sampling protocol  

Sampling was done in two different branch of dairy cow farm situated around Pápa, 

Hungary using the system introduced as Bedding Recovery Units (BRU) (Figures 7-10). This 

technology uses the hydraulic system that facilitate the compression of solid waste and hence 

assist with the separation of solid and liquid waste. The solid wastes continuedly be treated with 

intense aerobic condition under controlled temperature inside the drying drum. The solid 

products after the treatment were claimed to be safe for the environment and free from 

pathogenic bacteria. These treated products were used as the bedding for the cow inside the 

farm. This bedding not only provides a good solution in the management of manure compost, 

but it is also more economic and environmentally friendly. During the sampling process, the 

samples were taken aseptically from the untreated liquid manure and the treated, solid products 

(coming out from Bedding Recovery Units). The raw samples (before treatment) were labelled 

as BE1 and BE2 while the samples after BRU treatment were labelled as KI1 and KI2. The 

sampling was conducted on December 1st, 2022 with the ambient temperature around 3 to 7°C 

in the morning. We were informed, that the machine from first sampling place (Site 1) was 

malfunctioning for a few days and have started to operate again on that day. Site 2’s BRU 

system was properly operating in the time of sampling. Samples were temporary stored at 4°C, 

transported to the laboratory of the MATE – Institute of Aquaculture and Environmental Safety 

and were processed within 24h. 

 

Figure 7. The system used in the BRU system                                    Figure 8. The whole system in the farm 
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                        Figure 9. The liquid waste before treatment                                            Figure 10. The solid waste after treatment 

 

3.2. Preparation of samples 

The process was initiated by diluting 10 g of samples in 90 ml sterile physiological saline 

solution containing beads, followed by 30-60 minutes incubation at room temperature on the 

rotary shaker (round per minute – RPM: 130). This procedure is compulsory as the samples 

were too dense and inhomogeneous for downstream processing. 

3.3. Isolation and identification of emerging bacteria  

During traditional cultivation, the isolation of bacteria with critical importance 

(Pseudomonas aeruginosa, carbapenem resistant bacteria, colistin resistant bacteria) was 

targeted with selective and differential media as follows. 

3.1.1. General cultivation 

Colony forming units were conducted using LB (Luria-Bertani: Tryptone, 10.0 g; Yeast 

extract, 5.0 g; NaCl, 9.0 g; Agar, 18.0 g; Distilled water, 1000 mL) and EMB (Eosine-

Methylene Blue: Peptone 10.0 g; Lactose, 10.0 g; Dipotassium hydrogen phosphate, 2.0 g; 

Eosin Y, 0.4 g; Methylene blue, 0.065 g; Agar, 15.0 g) media. LB agar observed to enable a 

massive bacterial growth as it allows the rapid proliferation and good yields for different species 

of bacteria (Sezonov et al., 2007) while EMB agar specifically used to distinguish or isolate 

coliform or faecal coliforms that might be pathogenic microorganisms to the environment. 

Samples were serially diluted in ten-fold increments and 1 mL of each level of dilution was 

transferred into sterile Petri-dishes. The given media was gently mixed with the sample, then 

plates were incubated at 28°C for 96 h. Colony forming units (CFU values) of the original 

samples were calculated with the arithmetic average of the colonies counted at different levels 
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of dilutions. Based on visual assessment, colonies morphologies were determined and several 

bacterial colonies were selected to be streak again to get single colony units of the strains for 

further analysis and species determination.  

3.1.2. Pseudomonas aeruginosa  

Isolation was performed by inoculating 1 g of undiluted solid samples or 1 ml of liquid 

samples into asparagine broth containing the mixture of (g/L): L-asparagine, 3; K2HPO4, 1; 

MgSO47H2O, 0.5; glycerol, 10 mL with pH 7.0. Test tubes were incubated for 48 hours at 42°C 

(Hungarian Standard MSZ 21470-77:1988). In the next step, the bacterial suspensions were 

spread onto cetrimide agar (MERCK 105284). Plates were incubated at 37°C for 24 hours, then 

the colonies displaying pyocyanin production and producing trimethylamine odour were further 

inoculated into acetamide broth containing (g/L): NaCl, 5; acetamide, 1; KH2PO4, 2; 

MgSO4.7H2O, 1; pH 6.8. Nessler’s reagent will verify the decomposition of acetamide by the 

changes of colour from colourless to yellow or if brown discoloration and/or precipitation takes 

place. The changes indicating the existence of Pseudomonas aeruginosa. 

3.1.3. Carbapenem (CRE) and colistin (COL) resistant bacteria 

To determine the number and composition of CRE and COL resistant bacteria, the 

samples were serially diluted into ten-fold increments. 100 µL of dilutions between 10^2 – 10^5 

were spread onto the surface of Chromatic CRE/COL agar (Liofilchem) and were incubated for 

72h at 35°C. After incubation, colony plates counting was performed. The morphological 

assessment was done to some bacterial colonies and bacterial colonies were selected to be streak 

again to get single colony units of the strains for further investigations.  

3.1.4. Species level identification 

The species level identification of the strains obtained from traditional cultivation on 

general media and Chromatic COL/CRE cultivation was confirmed by conducting 16S PCR 

and sequencing using bacterial DNA as detailed below. 

3.1.4.1. Isolation of the bacterial DNA 

DNA isolation took place using microwave techniques. 1400μL overnight bacterial 

suspension was transferred into a sterile Eppendorf tube and was centrifugated for 2 minutes 

with 11000 RPM. The supernatant was then removed and the bacterial pellet was microwaved 

at maximum power for 2 minutes. The lid of the tubes was opened to prevent evaporation inside 
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the tube. Next, the tubes were leave at room temperature for 2 minutes before proceed again 

with microwave for 1 minutes with maximum power. 50 μL of MQ water were then used to 

suspend the pellet and the samples were vortexed to resuspend the bacterial cells. The tubes 

were centrifugated again for 2 minutes at 11 000 RPM. After the centrifugation process, the 

supernatant containing bacterial DNA was transferred into a new and clean Eppendorf tube. 

Isolated DNA was stored at -20°C until further use.  

3.1.4.2. 16S rDNA PCR and sequencing 

 For 16S rDNA gene sequencing, overnight liquid cultures of the isolated strains were 

extracted and purified using the MOBIO Ultra Clean Microbial DNA Isolation Kit (MOBIO 

Laboratories, USA) following the instructions of the manufacturer. For amplification of 16S 

rDNA genes, bacteria-specific universal primers (27 forward and 1492 reverse) were used 

(Lane, 1991). The details about 16s rDNA PCR are: 

 

16S rDNA PCR 

Mastermix:  

Taq buffer 5μL 

27f forward primer 0.5 μL 

1492r reverse primer 0.5 μL 

dNTP 10.0 μL 

Template (DNA) 0.8 μL 

Taq polymerase 0.25 μL 

MQ water 32.75 μL 

Final volume 50.0 μL 

 

Reaction parameters were as follows: 98 °C for 5 s; 32 cycles of 94 °C for 30 s, 52 °C for 

30 s, and 72 °C for 45 s; and final extension at 72 °C for 10 min. The results were validified 

using agarose gel electrophoresis. 1% agarose gel were prepared using agarose powder in buffer 

1X (NaOH, 0.4g; H3BO4, 3.044g; distilled water, 1000cm3). 3.5 μL Eco Safe nucleic acid 

staining solution (Pacific Image Electronics) was added for staining. Once the agar solidified, 

4 μL of DNA of isolates with the addition of 1 μL of DNA loading dye (Thermo Scientific, 

USA) were loaded onto the gel. The first line of each well was filled with 3 μL GeneRuler DNA 

Ladder Mix (Fermentas) to verify the approximate size of PCR products. The machine run for 

40 minutes in 100V.  
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The nucleotide sequence determination was performed with the Big Dye Terminator 

version 3.1. Cycle Sequencing Kit (Applied Biosystems, USA) and sequences were analysed 

with ABI 3130 Genetic Analyzer (Applied Biosystems, USA). Prior to capillary gel 

electrophoresis, products were purified by ethanol precipitation. Ethanol precipitation were 

done by adding the acetate mix (NaAc (3M), 3μL; EtOH (95%), 62.5μL; MQ water,14.5μL) to 

the sequencing PCR product. Then, the products were incubated for 10 minutes in room 

temperature before being centrifuged for 30 minutes, 3220g at 4°C. Supernatant was discarded 

after the process and EtOH (70%) solution were added for 180μL. The centrifugation process 

was done again for 20 minutes, 3220g at 4°C. The residual supernatant was discarded and the 

remaining residual liquid were left to evaporate by incubate it at 50°C for 20 minutes. As the 

pellet were gained, 20μL of Hi-Di formamide (Thermo Fischer, USA) was added. The solution 

was incubated for 24 hours at 4°C.  

The obtained (> 400 bp) sequences were edited and assembled using MEGA5 software® 

and were searched for homology in the EzBioCloud database (Yoon et al. 2017). Sequence 

homology over 98.5% was accepted as species-level identification. 

3.2. Antibiotic resistance assays/profiling 

After species level identification, 5 different strains of bacteria were selected and 

cultivated on Mueller-Hilton agar (MERCK 105435) following the recommendation of the 

EUCAST (European Committee on Antimicrobial Susceptibility Testing) and the 

manufacturer’s instruction. Minimal inhibitory concentrations (MICs) of the strains were 

detected using MIC test strips (MAST Diagnostica) containing amikacin (AK), trimethoprim 

sulfamethoxazole (SXT), colistin (CS), cefepime (FEP), meropenem (MRP), gentamicin (CN), 

Ceftazidime (CAZ), imipenem (IMI), piperacillin tazobactam (TZP), ciprofloxacin (CIP), 

representing different class of antibiotics (listed in Table 2). 20 mL Mueller-Hinton agar was 

poured into sterile Petri-dishes and let to be solidified. Overnight bacterial cultures were used 

to prepare a bacterial suspension in 5 mL sterile physiological saline suspension until it reaches 

0.5 MacFarland density. Bacterial suspensions were spread onto Mueller-Hinton agar, then 

MIC test strips were placed onto the surface with sterile forceps. The breakpoint of MICs was 

visually determined after 24h incubation at 35°C and were interpreted as susceptible (S), or 

resistant (R) in accordance with the clinical breakpoints of EUCAST (http2). If the strains 

displayed resistance to two or more antimicrobial class, it will be considered as multidrug 

resistant (MDR) (Magiorakos et al., 2012).   
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Table 2. List of the classes of antibiotics used for testing 

CLASSES OF 

ANTIBIOTICS 
ANTIBIOTICS CODE 

CONCENTRATION 

RANGES 

RESISTANCE (ACCORDING 

TO EUCAST)* 

Aminoglycosides 
GENTAMICIN CN 0.016-256 2-18< 

AMIKACIN AK 0.016-256 1.0-16< 

Carbapenems 
MEROPENEM MRP 0.002-32 2-8< 

IMIPENEM IMI 0.002-32 0.5-4.0< 

Cephalosporins 
CEFTAZIDIME CAZ 0.016-256 1-8< 

CEFEPIME FEP 0.016-256 0.25-8.0< 

Fluoroquinolones CIPROFLOXACIN CIP 0.002-32 0.6-.0125< 

Penicillins 
PIPERACILLIN-

TAZOBACTAM 
TZP 0.016-256 0.25-16< 

Miscellaneous 

COLISTIN COL 0.016-256 2-4< 

TRIMETHOPRIM-

SULFAMETHOXAZOLE 
SXT 0.02-32.0 0.125-0.5< 

3.3. Detection of antibiotic resistance genes (ARGs) 

Bacterial DNA was isolated from all samples (BE1, BE2, KI1 and KI2) using the 

DNeasy® PowerSoil® Pro Kit according to the manufacturer’s instructions. 16S rDNA PCR 

was then conducted to amplify 16S gene followed by agarose gel (1%) electrophoresis with the 

addition of 3.5μ ECO Safe® nucleic acid staining solution to visualize the results to verify the 

presence of bacterial DNA. 

For ARG testing, our target group was the mobilized colistin resistance gene family (mcr 

genes). Colistin, as a last resort antibiotic against MDR and carbapenem-resistant infections is 

used in this experiment. Plasmid-mediated colistin-resistance genes means an increasing threat 

of ARGs to public health (Lin et al., 2022). The experiment was designed to have simultaneous 

detection of five known transferable resistance genes of colistin (mcr-1 to mcr-5) in the 

examined four samples using a multiplex PCR method (Rebelo et al., 2017). The results then 

were visualized by gel electrophoresis. Primer Mix consisted of specific primer pairs from mcr-

1 to mcr-5 genes. Primers used and reaction parameters for the procedure and their relevant 

references are detailed in Table 3. Positive control strains were obtained from the Technical 

University of Denmark (DTU). 

 

Table 3: Primers and reaction parameter used for 16S rDNA and multiplex mcr-1 to mcr-5 PCR 
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 *Lane, 1991  

**Rebelo et al., 2018 

3.4. Hormonal activity screening 

The screening of hormonal activity of the samples obtained before and after BRU 

treatment, was performed using bioluminescent yeast bioreporter assays of Saccharomyces 

cerevisiae. Artificially modified S. cerevisiae strains are estrogen/androgen-inducible bacterial 

lux-based bioreporters constructed by the insertion of tandem estrogen/androgen response 

elements (see Figure 11 with the example of the estrogen bioreporter), where chemical sensing 

(bioluminescence) can be used for the assessment of ED activity in the environment 

(Sanseverino et al., 2005). 

 

Genes Primer sequence Amplicon 

size (bp) 

Specification Reaction parameters 

16S 

rDNA* 

F:  

R:   

5’- AGAGTTTGATCMTGGCTCAG - 3’ 

5’- GGTTACCTTGTTACGACTT- 3’ 
1400 Species level 

identification 

95°C 2’ 25 x (94°C 25’’58°C 

40’’72°C 40’’) 72°C 1’ 

mcr1** F: 

R: 

5’- AGTCCGTTTGTTCTTGTGGC - 3’ 

5’- AGATCCTTGGTCTCGGCTTG - 3’ 
320 Plasmid-mediated 

colistin resistance 

genes 

94°C 15’ 25 x (94°C 30’’58°C 

90’’72°C 60’’) 72°C 10’ 

mcr2** F: 
R: 

5’- CAAGTGTGTTGGTCGCAGTT - 3’ 
5’- TCTAGCCCGACAAGCATACC - 3’ 

715 Plasmid-mediated 

colistin resistance 

genes 

94°C 15’ 25 x (94°C 30’’58°C 

90’’72°C 60’’) 72°C 10’ 

mcr3** F: 

R: 

5’- AAATAAAAATTGTTCCGCTTATG - 3’ 

5’- AATGGAGATCCCCGTTTTT - 3’ 
929 Plasmid-mediated 

colistin resistance 

genes 

94°C 15’ 25 x (94°C 30’’58°C 

90’’72°C 60’’) 72°C 10’ 

mcr4** F: 

R: 

5’- TCACTTTCATCACTGCGTTG - 3’ 

5’- TTGGTCCATGACTACCAATG - 3’ 
1116 Plasmid-mediated 

colistin resistance 

genes 

94°C 15’ 25 x (94°C 30’’58°C 

90’’72°C 60’’) 72°C 10’ 

mcr5** F: 
R: 

5’- ATGCGGTTGTCTGCATTTATC - 3’ 
5’- TCATTGTGGTTGTCCTTTTCTG - 3’ 

1644 Plasmid-mediated 

colistin resistance 

genes 

94°C 15’ 25 x (94°C 30’’58°C 

90’’72°C 60’’) 72°C 10’ 
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Figure 11. Illustration of artificial Saccharomyces cerevisiae BLYES (Sanseverino et al., 2005) 

 

In this experiment, artificially modified Saccharomyces cerevisiae strains were used as 

yeast-based bioreceptors to analyse the androgenic (BLYAS) and estrogenic (BLYES) activity 

of the manure samples before (BE1/BE2) and after (KI1/KI2) BRU treatment. Designated 

BLYES strain was constructed with the insertion of tandem estrogen response elements situated 

in between of yeast promoters GPD and ADH1 on pUTK401, causing the expression of luxA 

and luxB to create pUTK407. Second plasmid or pUTK404 is co-transformation plasmid that 

contain genes needed for synthesis of aldehyde (luxCDE) and FMN reduction (frp) that can 

induce respond to bioluminescent bioreporter when in contact with ED compounds. Results 

with strain BLYES were compared to the estrogenic assay that uses lacZ reporter strain (YES) 

in yeast to validate the results. BLYR strain was used as a control yeast strain to measure 

toxicity as it was recommended by the scientific literature (Sanseverino et al., 2005, 

Sanseverino et al., 2008). This experiment is crucial to detect the hormone-related compounds 

of the treated/untreated manure. The initial process of the experiment is the extraction of the 

solid and liquid samples originating from the dairy farms using Soxhlet-extractor (Behr-Labor 

behrotest ®) as shown in Figure 12. In our case, water and acetone extract were parallelly 

obtained from the original samples for a more comprehensive analysis. 
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Figure 12. Extraction method used prior to estrogen/androgen activity measurement 

The extracted samples were then diluted by using two separate dilutant: aceton and sterile 

distilled water with the dilution of 0.25mg/mL, 0.125mg/mL and 0.00781mg/mL. BLYAS, 

BLYES and BLYR strains were inoculated overnight in YPD medium consists of 1% yeast 

extract, 2% peptone and 2% of glucose at 30°C with constant shaking at 200 RPM.  

On the next day, the optical density of the liquid cultures of the yeast strains were 

measured by using Genesys 10S UV-Vis (Thermo Scientific) spectrophotometer and set to have 

an OD600 of 1.0. Then 200 µL of each yeast culture were transferred to each test assay using 

multiple black 96-well Microfluor microtiter plates by Dynex Technologies, Chantilly, VA. 

Each black 96-well microtiter plate was labelled with the designation of BLYAS, BLYER and 

BLYR to prevent confusion while checking the hormonal activity. Duplicate plates were 

created to each test assay using the BLYR toxicity control strain. 17b-estradiol and 5a-

dihydrotestosterone (DHT) with concentration ranges between 2.5 x 10-12 and 1.0 x 10-6M were 

used as positive controls for the observation of estrogen and androgen assays while medium 

with cells and medium with addition of cells and methanol were included in wells as negative 

controls. The hormonal activity was expressed in bioluminescence that was measured 1 second 

per well versus the log of chemical concentration (M) by Perkin-Elmer, USA VictorTM X Light 

2030 Luminescence Reader. The graph was generated in sigmoidal curve illustrate the activity 

of the hormonally active compounds. The value of EC50 or 50% effective concentration was 

measured by the midpoint of sigmoidal dose-response curve linear portion. To determine the 
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variability among the assays, the mean and standard deviation values were calculated using 

each standard value of EC50. The value of EC20 were also decided by the measurement of 

chemical concentration at 20% above bioluminescence background. The concentration of 

chemical at 20%, lower than the bioluminescence background, was determined as toxic 

responses (IC20). To measure the toxic equivalency quotients (TEQ), EC50 (or EC20) of 17b-

estradiol (estrogen) or DHT (androgen) need to be divided by EC50 (or EC20) of the test 

chemical. The assays were incubated for 5 to 6 hours to reduce detection limit and get to 

maximum bioluminescence. 
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4. RESULTS  
 

4.1. General cultivation 

The detectable bacterial cell counts (Colony forming units) on the applied general media 

(Luria-Bertani and EMB medium) are summarized in Figure 13.  

 

Figure 13. The detectable bacterial cell counts on the applied general media (Luria-Bertani and EMB medium) 

 

Based on this data we can conclude that the difference between the two sampling sites 

and between the treated and non-treated samples were not significant, the detectable CFU 

values varied between 105-107 CFU/g sample. In the case of Site 1, the BRU system was not 

operating due to technical problems in the last few days, as it can be seen on Figure 13: the 

microbial cell counts were almost the same before and after treatment on LB agar. 

Unfortunately, we were not able to measure KI1 sample on EMB medium due to technical 

errors. Samples of the properly operating BRU system (Site 2, BE2, KI2) showed higher colony 

forming units (CFU) on LB agar before treatment (BE2) that eventually declined after BRU 

treatment (KI2) on LB agar, but at the same time, we measured a higher CFU value on EMB 

medium.  

4.2. Isolation and identification of emerging bacteria 

4.2.1. Pseudomonas aeruginosa 

Pseudomonas aeruginosa is an opportunistic pathogen that commonly infecting human 

body. The emergence of P. aeruginosa can contribute to wide array of infections such as otitis 
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externa, osteomyelitis and pneumonia that can lead to more serious health problem (Wilson 

MG, Pandey S., 2022). In our study, several observations were made to identify the existence 

of Pseudomonas aeruginosa in the samples. On cetrimide plates, samples prior to BRU 

treatment (BE1 and BE2) showed growth in all dilution level while KI1 only have bacterial 

growth on 10^3 dilution level. But during the final verification using acetamide broth, Nessler-

reagent displayed all negative results, proving the absence of Pseudomonas aeruginosa in all 

examined samples. 

Since the ambient temperature was very low (3-7°C) in the sampling period, the absence 

of thermotolerant P. aeruginosa in the raw samples is not surprising. At the same time, 

Udikovic-Kolic et al. (2014) stated that Pseudomonas spp. can increase in number in manure-

amended soil particles. The fact that this species was not present after BRU treatment (KI1, 

KI2), which, due to the higher temperature, provide more favourable conditions for its growth 

(Kaszab et al., 2011), confirms the effectiveness of BRU system in the control of an important 

opportunistic pathogen and prove that BRU system successfully eliminate some emerging 

bacteria from the waste discharge.  

Based on scientific literature, it’s still questionable that the occurrence of Pseudomonas 

aeruginosa in organic soil fertilizers is problematic, or not since in study conducted in France, 

P. aeruginosa were rarely detected in agricultural soil treated with manure (Deredjian et al., 

2014). It is concluded that the sporadic presence of this bacterial species can be attributed to 

the soil structure, the physico-chemical characteristics and the climate. Since BRU treated 

organic material is used for bedding, the absence of P. aeruginosa in the treated samples ensures 

the animal health and the safety of this practice. 

4.2.2. Carbapenem (CRE) and colistin (COL) resistant bacteria 

Colony forming units were observed using Chromatic COL and CRE agar. COL agar 

observed to have excessive bacterial growth in KI1, where BRU treatment was not operating in 

the last few days, but less bacterial isolates showed to be grown in BE1 and BE2. Meanwhile 

CRE agar showed higher CFU values in BE2 but low in BE1 and KI1. Surprisingly, there were 

no detectable bacterial growth in KI2 (BRU treated sample of the properly operating 

technology) for both agar types. The detectable bacterial cell counts on the applied general 

media (Colistin and Carbapenem medium) are summarized in Figure 14. 
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Figure 14. The detectable bacterial cell counts on the applied general media (COL -colistin and CRE - Carbapenem medium) 

 

Based on this measurement, compared to the raw manure, we can conclude that properly 

operating BRU system can efficiently remove the emergence of COL/CRE resistant bacterial 

isolates and show no growth of ARBs after BRU treatment procedure. However, there is 

massive growth of bacteria strains in KI1 on the COL medium and moderate growth on CRE 

medium. Due to the malfunction of BRU systems occurred on Site 1, this might result on the 

suitable incubation temperature for certain bacteria strains that were colonizing the organic 

material of the malfunctioning system. 

4.3. Species level identification of bacterial cultures 

Based on the morphological characteristics of the bacteria strains, 30 random bacterial 

colonies of the untreated (BE1/BE2) and BRU-treated (KI1/KI2) liquid manure samples were 

selected for isolation and identification at species level from all four applied general (LB, EMB) 

and Chromatic (COL/CRE) media (Figure 15). The details of bacterial strains isolated from 

untreated (BE) and BRU-treated (KI) samples are presented in Supplementary table. 

However, 10 of the isolated strains were stop growing throughout the clean-up process, 

therefore, we were unable to finish their characterization. The list of the successfully isolated 

and identified strains and their characteristic features are summarized in Table 4. The risk group 

classification (according to the German TRBA, http3) is added to Table 4. giving a more 

comprehensive evaluation of the possible human health concerns of the isolated strains. The 

composition of the cultivable microorganisms of raw (BE1, BE2) and BRU treated (KI1, KI2) 

samples are visualized in Figure 16. 
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Figure 15. The growth of bacterial isolates on Chromatic COL and CRE plates 

Figure 16. Composition of cultivable microorganisms before and after BRU treatment 
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Table 4. Bacterial strains isolated from untreated (BE) and BRU-treated (KI) samples and their 

identification based on EzBiocloud database 

Identifier Source Medium 

Colony 

morphology Top hit taxon (16S) 

Risk 

group 

(http3) 

Similarity 

(%) 

Length 

(bp) 

BR5 BE1 LB 10-5 1-2mm, yellow Acinetobacter lwoffii 2 TA 99.47 752 

BR11 BE1 EMB 10-3 <1mm, green 

Shigella flexneri/  

Shigella sonnei 

2 HT 

99.75 793 

BR12 BE1 EMB 10-4 2mm, green 

Escherichia fergusonii/  

Shigella dysenteriae 

2 HT 

99.63 802 

BR16 BE1 CRE 10-3 6mm, pink, flat Brucella pseudintermedia n.d. 99.87 746 

BR17 BE1 COL 10-4 

1mm, blue, shiny, 

convex 

Shigella flexneri/  

Shigella sonnei 

2 HT 

99.87 751 

BR6 BE2 LB 10-6 1-2mm, yellow Empedobacter stercoris n.d. 99.64 840 

BR7 BE2 LB 10-6 2-3mm, yellow 

Glutamicibacter 

nicotianae 

n.d. 

99.48 776 

BR14 BE2 EMB 10-4 2mm, green 

Shigella flexneri/  

Shigella sonnei 

2 HT 

99.87 784 

BR20 BE2 COL 10-4 

1mm, slightly blue, 

convex, not shiny 

Shigella flexneri/  

Shigella sonnei 

2 HT 

99.87 742 

BR21 BE2 COL 10-4 2mm, pink, flat 

Enterobacter hormaechei 

subsp. xiangfangensis/  

Enterobacter 

quasihormaechei 

2 HT 

99.85 705 

BR23 BE2 CRE 10-3 3mm, pink, flat 

Enterobacter hormaechei  

subsp. xiangfangensis/  

Enterobacter 

quasihormaechei 

2 HT 

99.72 725 

BR1 KI1 LB 10-6 3-4mm, yellow 

Comamonas testosteroni/ 

C. thiooxydans 

1 

97.9 810 

BR2 KI1 LB 10-6 2-3mm, yellow 

Comamonas testosteroni/ 

C. thiooxydans 

1 

97.90 811 

BR8 KI1 EMB 10-4 1mm, yellow 

Comamonas testosteroni/ 

C. thiooxydans 

1 

98.01 805 

BR9 KI1 EMB 10-5 1-2mm, yellow Comamonas kerstersii 2 99.63 805 

BR10 KI1 EMB 10-6 1-2mm, yellow Comamonas kerstersii 2 99.5 796 

BR24 KI1 CRE 10-3 

2mm, blue, shiny, 

convex 

Acinetobacter sp. JFYL_s/ 

Acinetobacter baumannii 

2 100/ 

97.64 762 

BR25 KI1 COL 10-3 

1mm, blue, not 

shiny, convex Comamonas kerstersii 

2 

99.63 811 

BR27 KI1 CRE 10-2 

1mm, blue, shiny, 

convex 

Acinetobacter sp. JFYL_s/ 

Acinetobacter kookii 

2 100/ 

98.46 715 

BR29 KI1 COL 10-2 

1mm, pink, shiny, 

flat Comamonas kerstersii 

2 

99.37% 806 

Risk Group 1 - Biological agents which are unlikely to cause disease in an individual; Risk Group 2:  Biological 

agents which can cause a disease in an individual, but spreading in the community is unlikely; TA – Some strains 

have been handled safely over many years in technical applications, therefore can be assigned to the risk group 1; 

HT - Pathogen for humans and vertebrates, but normally no transmission between the two host groups; n.d. - no 

data 

 

As it can be seen in Figure 15, the composition of cultivable microorganisms was 

completely different before and after BRU treatment: in the initial (raw) samples, Shigella 

flexneri/Shigella sonnei group was dominant (35% of the isolated strains) followed by 
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Enterobacter species (E. hormaechei subsp. xiangfangensis, or E. quasihormaechei). Based on 

16S rDNA sequencing the latter two species of Enterobacter genus could not be differentiated.  

Besides these species, Empedobacter stercoris and Glutamicibacter nicotianae were 

detectable in samples before treatment. Other species of bacteria was also found in BE samples, 

such as Acinetobacter lwoffii, Escherichia fergusonii/Shigella dysenteriae and Brucella 

pseudintermedia. All strains isolated from raw liquid manure were evaluated as Risk Group 2 

microorganisms, which means that these biological agents can cause a disease in an individual 

and could mean a hazard to employees, but their spreading in the community is not likely. 

Usually, an effective prevention or treatment is possible for the infections caused by these 

microorganisms.  

According to scientific literature, most of the isolates found before BRU treatment are 

also commonly found in environment, sewage sludge or manure and some of them discovered 

to be residing inside the intestinal tract of mammals. Shigella flexneri/ Shigella sonnei 

pathogenic bacteria commonly related to gastrointestinal infection that causing dysentery and 

foodborne disease (Phiri et al., 2021). Empedobacter stercoris is a Gram-negative bacteria 

belong to Flavobacteriaceae group which is commonly discovered in faecal samples (Li et al., 

2023) and in manure samples from dairy cattle and breeding sows where these input products 

were used in a German biogas plant (Schaus et al.,2015). Moreover, Enterobacter hormaechei 

subsp. xiangfangensis/ Enterobacter quasihormaechei are also common pathogenic bacteria 

found in human gut, causing human infection and hospital-acquired infections (Wu et al., 2020).  

In the BRU-treated samples, the observation revealed a completely different microbial 

composition and identified an outstanding dominance of Comamonas kerstersii, followed by 

Comamonas testosteroni/C. thiooxydans, and an unidentified Acinetobacter sp., marked as 

JFYL_s (also known as DSM 11652). The closest relatives of this species are Acinetobacter 

kookii and Acinetobacter baumannii.  

However, none of these bacteria were detectable before BRU treatment. Of these 

species, C. kerstersii and Acinetobacter sp. JSYL_s are known as Risk Group 2 

microorganisms, while C. testosteroni is Risk Group 1, which is unlikely to cause disease in an 

individual. All of them were detectable in BRU treated samples originating from Site 1, where 

the BRU system were stopped working for a few days and switched on again on the day 

sampling process took place. These usually mesophilic bacteria like Acinetobacters are capable 

to grow in a temperature ranging from 25 to 45°C, while C. kerstersii can tolerate 42°C 

(Wauters et al., 2003), therefore, BRU machine might took some time to provide a higher 

temperature for the system to eliminate these pathogenic microorganisms.  
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Comamonas species are classified in Gram-negative bacteria, commonly residing in 

wastewater, aquatic and soil environment (Rong K et al., 2022). These bacteria have capability 

to undergo bioaugmentation and bioremediation process. Bioaugmentation is the 

supplementary microorganisms that are able to biodegrade intractable molecules found in 

polluted environment (Nzila et al., 2016). Comamonas shown to have resistance to carbapenem 

antibiotic but the knowledge on how Comamonas spp. have the ability to obtain antimicrobial 

resistance (AMR) genes were still poorly understood (Hem et al., 2022). Unlike other clusters 

of Comamonas species, Comamonas testosteroni and C. thiooxydans are closely related, 

causing it to have the top hit taxon with high sequence similarity percentage. C. testosteroni is 

known as an androgen degrader (Wang et al., 2016) and capable for steroid degradation 

(Horinouchi et al., 2018). 

Acinetobacter spp. are non-motile and aerobic bacteria with the ability to survive under 

adverse environmental conditions and are commonly related to infections originate from 

hospitals (Choi et al.,2013). A. kookii and A.lwoffii are occasionally associated with disease 

found on human or animal skin, and foods (Schwarz et al., 2020). Due to enormous cases of 

Acinetobacter species detected in cheese, milk and meat, livestock animals could be important 

reservoir for AMR for Acinetobacter spp. that potentially give impact to the public wellbeing 

(Schwarz et al., 2020).  

4.4. Antibiotic resistance assays/profiling 

Antibiotic resistant profiles were checked on 5 bacterial isolates that were selected based 

on their possible human health concerns. According to the German TRBA, Acinetobacter 

lwoffii (BR5), Escherichia fergusonii/ Shigella dysenteriae (BR12) and the two Acinetobacter 

JFYL_s strains (BR24 and BR27) were all Risk Group 2 microorganisms (opportunistic human 

pathogens). The last examined species was Empedobacter stercoris (BR6), a Risk Group 1 

microorganism (it is unlikely that they can cause disease in healthy individuals), but based on 

the scientific literature, this species can harbour several antibiotic resistance genes (Cheng et 

al., 2020). 

The results of Minimum Inhibitory concentration (MICs) measurements are summarized 

in Table 5. Minimum Inhibitory concentration (MIC) indicate the lowest concentration of 

antibiotic being expressed to fully inhibit visible growth of the isolates under in vitro 

environment (Kowalska-Krochmal et al., 2021). Antibiotics with lower MIC value consider as 

effective antimicrobial agents as it displays less drugs are needed to prevent the growth of the 

microorganisms. 
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Table 5.  The results of Minimum Inhibitory concentration (MICs) measurements 

 STRAINS 

Classes of 

antibiotics 
Antibiotics CODE 

CONCENTRATION 

RANGES 

RESISTANCE 

(ACCORDING 

TO EUCAST)* 

BR5 BR6 BR12 BR24 BR27 

Aminoglycosides 

GENTAMICIN CN 0.016-256 2-18< 0.023 4 0.50 0.125 0.19 

AMIKACIN AK 0.016-256 1.0-16< 0.047 24 3 1.0 1.0 

Carbapenems 

MEROPENEM MRP 0.002-32 2-8< n.d 0.19 0.016 0.094 0.047 

IMIPENEM IMI 0.002-32 0.5-4.0< n.d. 1.0 0.38 1.0 0.50 

Cephalosporins 

CEFTAZIDIME CAZ 0.016-256 1-8< n.d. 1.0 0.125 4 4 

CEFEPIME FEP 0.016-256 0.25-8.0< n.d. 0.064 0.047 0.75 0.75 

Fluoroquinolones CIPROFLOXACIN CIP 0.002-32 0.6-.0125< n.d. 0.75 0.008 0.047 0.064 

Penicillins 
PIPERACILLIN-

TAZOBACTAM 
TZP 0.016-256 0.25-16< 

n.d. <0.016 0.75 <0.016 <0.016 

Miscellaneous 

COLISTIN COL 0.016-256 2-4< 1.0 32 1.0 1.5 1.5 

TRIMETHOPRIM-

SULFAMETHOXAZOLE 
SXT 0.02-32.0 0.125-0.5< 

0.012 0.032 0.016 0.016 0.008 

n.d. – no data (results could not be read) 

 

The table constructed showed several antibiotics effectively inhibit the growth of all 

chosen isolates such as Trimethoprim Sulfamethoxazole (SXT), Cefepime (FEP), Meropenem 

(MRP) and Ciprofloxacin (CIP). SXT is an effective combination of drugs consists of 

Trimethoprim and Sulfamethoxazole commonly used to treat bacterial infection (Kemnic & 

Coleman, 2022). The mode of action of Sulfamethoxazole is to inhibit folate synthesis of 

microorganisms, while trimethoprim competes with dihydrofolate reductase enzyme cause it to 

pause tetrahydrofolate production to the active form of folate and hence resulting inhibition. 

Single use of these drugs only contributes to bacteriostatic state, but they can act bactericidal 

when being combined together (Kemnic & Coleman, 2022).  

Cefepime (FEP) classified as a fourth-generation cephalosporin which is belong to beta-

lactams class of antibiotics. The inhibition method of FEP is by prevent the synthesis of 

bacterial cell wall by excreting binding enzyme that can cause defects to the cell wall thus 

leading to autolysis and death to the organism (O'Connor et al., 2022). Their characteristic as 

zwitterion also benefits FEP for rapid penetration into the cell wall of Gram-negative bacteria, 
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that is one of the reasons why FEP has better coverage for Gram-negative bacteria than the 

third-generation cephalosporins (O'Connor et al., 2022).  

Next, meropenem is categorized under carbapenem class, has broad spectrum of 

antibacterial action which incorporates with Gram-negative and Gram-positive, aerobic or 

anaerobic bacteria, together with strains that resistant to other antibacterials (Blumer, 1997). 

Ciprofloxacin (CIP) classified in fluoroquinolones group commonly used for the treatment of 

bacterial infection such as pneumonia and infection occurs in urinary tract. CIP potentially 

active against various Gram-negatives, especially bacilli such as Enterobacteriaceae including 

Neisseria, Shigella species, Salmonella species and Escherichia coli (Thai et al., 2023). The 

method of CIP to combat bacterial infection is by inhibit topoisomerase of bacterial DNA and 

DNA-gyrase to prevent the replication of bacterial DNA. 

As it can be seen, BR6 (Empedobacter stercoris), originating from the raw, untreated 

liquid manure, showed the highest level of antibiotic resistance: the isolate was resistant to the 

examined Aminoglycosides (Gentamicin, Amikacin) and to colistin, and at the same time, it 

was only moderately sensitive to imipenem, a Carbapenem agent. The record of the reading the 

highest MICs values in amikacin (AK) and colistin (CS) with the record of 24 and 32 mg/L, 

respectively. Research by Schauss et al. (2015) proved that Empedobacter stercoris is a 

multidrug resistant bacterium as it is found to be resistant to florfenicol and sulfamethaxole but 

susceptible to oxacillin, enrofloxacin, cefquinome+clavulanic acid, ceftiofur ± clavulanic acid 

and amoxicillin. In another study, E. stercosis also found to be resistant to various antibiotics 

such as carbapenems, tetracyclines, aminoglycosides, macrolides, phenicols, expanded-

spectrum cephalosporins and fluoroquinolenes (Li et al., 2023). The finding that BR6 is 

resistant to colistin is also in accordance with previous reports about the colistin resistance of 

E. stercoris (Cheng et al., 2020). 

The MIC data for Acinetobacter lwoffii were incomplete due to the bacterial strains not 

growing well on the plate and causing it is hard to determine the level of susceptibility of the 

strains. However, Japoni et al. (2011) concluded that colistin and meropenem are the main 

antibiotics that effectively inhibit the action of Acinetobacters.  This study proved the 

effectiveness of the drugs towards Acinetobacter kookii, Acinetobacter lwoffii and 

Acinetobacter baumannii in this study as the measurement of checked antibiotics shown to be 

less than 1.5 mg/L.  

To summarize, based on the research conducted by Udikovic-Kolic et al. (2014), soils 

with manure application contain higher amount of β-lactam–resistant bacteria than soil with 

inorganic fertilizer. β-lactam antibiotics commonly used for the treatment of mastitis in dairy 



 

42 
 

cows. Bacteria might evolve after several application of drugs for the treatment. However, our 

results still showing that antibiotic resistance is under control, but we should consider that these 

results are limited due to a smaller number of bacterial isolates tested in the experiments. The 

repetition of the experiments with high number of bacterial isolates may increase the accuracy 

of the findings. 

4.5. Multiplex PCR for resistance genes of colistin (mcr-1 to mcr-5) 

Multiplex PCR were conducted two times to study resistance genes of colistin (mcr-1 to 

mcr-5) occurred in community DNA (BE1, BE2, KI1, KI2) and in the isolated strains. After 

screening all 20 strains isolated from raw and treated manure, 2 isolates (BR14 and BR24 

belonging to Shigella flexneri and Acinetobacter sp. JFYL_s, respectively) were candidates for 

harbouring mcr genes. The other isolates (including colistin resistant BR6) were all negative to 

the tested mcr genes. The results of the second round with the community DNA samples and 

the BR14, BR24 strains are visualized in Figure 17.  

 

Figure 17. Multiplex PCR for detecting mcr genes (mcr1-5) of the BRU samples (left) and the control strains (right) Source of 
the control image: Rebelo et al., 2018 

Based on our results both community DNA from BE1 and BE2 showed slightly positive 

results for mcr-5 gene, while the presence of other types of mcr genes are questionable. KI1 

and KI2 (BRU treated) samples were negative to all examined mcr genes, which emphasize the 

effectiveness of BRU system in the removal of ARGs. At the same time, both BR strains were 

positive to mcr-5 and BR24 was positive to mcr-4 and mcr-3, too. Interestingly, BR24 strain 

did not show phenotypic antibiotic resistance to colistin, which raises the necessity to repeat 

the colistin resistance testing with broth dilution method and to extend the PCR assay with 
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additional gene sequencing to verify the presence of the visually observed transferable colistin 

resistance genes. 

Colistin tends to be considered as last antibiotic action to treat the infections triggered by 

multidrug-resistant of Acinetobacter baumannii (Novović & Jovčić, 2023). However, Hameed 

et al. (2019) states that massive usage of colistin to inhibit infections caused by Acinetobacter 

baumannii and Pseudomonas aeruginosa cause the emergence of colistin resistance in both 

strains. Clinical Acinetobacter baumannii found to show approximately 96.7% resistance to 

antibiotics, and in 2019, mcr-1 gene was firstly detected in one of the Acinetobacter baumannii 

isolates (Hameed et al., 2019). The fact that we were able to identify and Acinetobacter isolate 

(JFYL_s) that may harbour mcr genes is concerning and needs further investigation. 

Only 1 out of 4 isolates of Shigella flexneri and S. sonnei in the samples detected to be 

resistance to colistin (BR6), but based on multiplex PCR, mcr1-5 genes were not detectable. 

Shigella strains probably undergoes selective pressure and sustain with transferable resistance. 

Research by Liang et al. (2018) concluded that under selective pressure of colistin, S. flexneri 

obtained transferable and functional mcr-1 from plasmid-mediated colistin resistance. Colistin 

resistance transmission occurred during filter mating and might as well transferring mobile 

elements of host for instance integron and additional resistance genes presence inside the 

environment. Shigella are often multidrug-resistant (MDR) bacteria and reported to be resistant 

to various types of antibiotics (streptomycin, penicillin, tetracycline, aminoglycosides, 

ticarcillin, sulphonamides, trimethoprim-sulfamethoxazole, quinolones, sulfafurazole and 

azithromycin), causing the handling options for the infection become gradually limited (WHO, 

2022, Liang B et al., 2018). Since the phenotypic colistin resistance of BR6 is verified, further 

investigations are necessary to evaluate the presence of additional transferable colistin 

resistance genes (mcr-6 – mcr 10). 

4.6. Hormonal activity screening 

Regarding hormonal activity, the result of measurements using acetone and water 

extracts of BE1/BE2, KI1/KI2 samples (estrogenicity, androgenicity, estrogenic and 

androgenic activity) with Saccharomyces cerevisiae BLYES/BLYAS bioreporter systems are 

summarized in Figure 16. 
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Figure 17. The graph of hormonal activity, the result of measurements using acetone and water extracts of BE1/BE2, KI1/KI2 

samples (estrogenicity, androgenicity, estrogenic and androgenic activity) with Saccharomyces cerevisiae BLYES/BLYAS 

bioreporter systems 

 

As it can be seen on Figure 17, estrogenicity was more pronounced in K1 and K2 (BRU-

treated) samples, than in BE1 and BE2 (raw material before treatment) samples (Part A and 

Part B). Androgenicity was only detectable in K1, and K2 samples (Part C), but there was no 

significant difference between the level of androgenicity of these two BRU-treated samples.  

The hormonal activity was evaluated in comparison with the positive control hormones’ 

(for estrogenic activity, E2, for androgenic activity, DHT, respectively) (Part D and Part E). 

Based on this comparison, we can conclude that the acetone extract of all four samples (B2, B2, 

K1, K2) had notable estrogenic activity: the maximum intensification varied between 374-

659%, while the estrogenic activity of E2 was measured to be 1175% (Part D). At the same 

time, the androgenic activity of the acetone extracts K2 and K2 samples was also significant 
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with a maximum intensification of 120 and 101%, respectively (the positive control DHT 

intensification was 269%). 

 Research conducted Yost et al. (2013) shown the same hormonal pattern in swine waste 

lagoon where the estrogenic activity appeared more abundant than androgenic activity. Based 

on Haven et al. (2020), the study demonstrated higher and frequent reading of 17α-estradiol, 

progesterone and 4-androstenedione during winter time. The grazing of overwintered dairy cow 

and frozen soil have the risk to raised hormones in runoff as frozen soil may retarded 

degradation process of the hormones. The sampling process that was conducted during winter 

period may elevated hormonal secretion of dairy cows and as the applied BRU treatment 

removed the liquid phase to residual hormones were much more concentrated in the solid 

manures, therefore, a higher hormonal activity was detected after the treatment. 

According to the scientific literature, most of endocrine particles such as estrogen and 

aryl hydrocarbon were highly found in the solid fraction of the manure. The available 

information about androgens in sewage treatment systems is still limited, but the hormonal 

activity in dairy wastewater maybe influenced by biotransformation phenomenal progesterone 

to testosterone. Testosterone found to be most potent in biotransformation of androgenic 

particles (Cai et al., 2012). Moreover, androgenic activity may be influenced by lactation phase 

of the dairy cow as the level of androgenic compounds observed to be declined during 

pregnancy and lactation period of dairy cow (Cai et al., 2012). The existence of hormones, 

estrogen and aryl hydrocarbon found to be mainly induced by hormones and other pollutants 

that still left unidentified and might be due poor removal during storage phase of the manure 

but the aerobic treatment can effectively reduce the number the particles (Combalbert et al., 

2012). 
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5. CONCLUSION, SUGGESTIONS 

In 2022, two actively operating bedding recovery unit systems were sampled and analysed 

to evaluate the effect of BRU treatment on the frequency and composition of antibiotic resistant 

and pathogen bacteria, on antibiotic resistance genes and on hormonal activity.  

According to my results, the BRU treatment did not cause a significant decrease in the 

viable cell counts (CFU values), but the number of antibiotic (colistin and carbapenem) resistant 

bacteria was dramatically decreased in the properly operating BRU system of Site 2. This result 

proves that the introduced BRU system can contribute to elimination process of some 

pathogenic microorganisms from raw manure and hence proves safer and environmentally 

friendly materials to be used as bedding inside the dairy farm. Opportunistic pathogen P. 

aeruginosa was not detectable in any of the examined samples. 

Since traditional cultivation was performed only once, in the winter period, it is suggested 

to repeat the experiment under different weather conditions (e.g., seasonally) to more 

comprehensively evaluate the effectiveness of the BRU system. The number of the isolated 

COL and CRE resistant strains should be further increased and characterized with phenotypic 

MIC determination to get a more detailed picture about the bacterial composition and its 

antibiotic resistance in raw and treated manure. Since cultivation methods have limitations, the 

microbial community should be evaluated with next-generation sequencing methods (e.g., 16S 

rDNA amplicon sequencing) to reveal the complexity of the bacterial community. 

Antibiotic resistance genes should be further analysed with PCR, or Real-Time PCR 

assays to get more information about their frequency in manure and BRU treated samples. The 

quantification of the detectable ARGs would be a further step to evaluate the removal capacity 

of the bedding recovery unit. In future investigations, the number of ARGs should be increased 

and other types of antibiotic resistance genes such as blaOXA-like genes, or further mcr genes 

should be identified to reveal their occurrence. 

The detected hormonal activity of samples after the BRU treatment needs further attention 

too. This research can be further investigated in the future with some suggestion to focus on the 

hormonal activity of the after-treatment products to confirm whether the hormonal activity is 

naturally produced hormones or influenced by the endocrine disruptors (ED) that can mimics 

the character of natural hormones. Higher ED particles presence in the final products, might 

affect the hormonal changes of farm animals and hence causing the raise of unwanted health 

problem. ln the future, liquid manure that being discharged to the plantation sites for the 
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irrigation process should also be considered for better control or protection of plantation from 

pathogenic microorganisms.  

Further research can supervise and prevent the increase of antibiotic resistance genes 

inside the farmland due to direct exposure of liquid manure, therefore, a regular monitoring of 

dairy farms is suggested. For decision makers, it can be suggested to have more stringent control 

on the use of antibiotics, especially related to the agricultural sectors as it has direct exposure 

to the consumer. The surveillance of the usage of antibiotics and antibiotic resistance infection 

should be improved for better management. 

For the residents, the application of the antibiotics should be reduced and avoid depending 

too much on the antibiotics for disease control. Over intake of the medicines can cause the body 

to gain antibiotic resistance. Instead, the intake of probiotics or vitamin should be considered 

as solution for health problems and to improve immune system of the body. Good hygiene 

practices also can help in prevent diseases and infection 
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Supplementary table: Bacterial strains isolated from untreated (BE) and BRU-treated (KI) samples 

 

Identifier Source 

Medium/ 

temperature Colony morphology Top hit taxon (16S) 

Similarity 

(%) 

length 

(bp) Notes 

BR4 BE1 LB 10-5 1mm, yellow  n.d.     No growth 

BR5 BE1 LB 10-5 1-2mm, yellow Acinetobacter lwoffii 99.47 752   

BR11 BE1 EMB 10-3 <1mm, green Shigella flexneri/ shigella sonnei 99.75 793   

BR12 BE1 EMB 10-4 2mm, green 

Escherichia fergusonii/ Shigella 

dysenteriae 99.63 802   

BR15 BE1 CRE 10-3 1mm, blue, shiny  n.d.     No growth 

BR16 BE1 CRE 10-3 6mm, pink, flat Brucella pseudintermedia 99.87 746   

BR17 BE1 COL 10-4 1mm, blue, shiny, convex Shigella flexneri/ shigella sonnei 99.87 751   

BR19 BE1 COL 10-3 

1mm, slightly blue, convex, not 

shiny n.d.      No growth 

BR6 BE2 LB 10-6 1-2mm, yellow Empedobacter stercoris 99.64 840   

BR7 BE2 LB 10-6 2-3mm, yellow Glutamicibacter nicotianae 99.48 776   

BR13 BE2 EMB 10-3 1mm, green  n.d.     No growth 

BR14 BE2 EMB 10-4 2mm, green Shigella flexneri/ shigella sonnei 99.87 784   

BR18 BE2 CRE 10-4 2mm, slightly blue, not shiny  n.d.     No growth 

BR20 BE2 COL 10-4 

1mm, slightly blue, convex, not 

shiny Shigella flexneri/ shigella sonnei 99.87 742   

BR21 BE2 COL 10-4 2mm, pink, flat 

Enterobacter hormaechei subsp. 

xiangfangensis/ Enterobacter 

quasihormaechei 99.85 705   

BR22 BE2 CRE 10-3 10mm, blue flat n.d.      No growth 

BR23 BE2 CRE 10-3 3mm, pink, flat 

Enterobacter hormaechei subsp. 

xiangfangensis/ Enterobacter 

quasihormaechei 99.72 725   

BR1 KI1 LB 10-6 3-4mm, yellow Comamonas testosteroni/C. thiooxydans 97.9 810   

BR2 KI1 LB 10-6 2-3mm, yellow Comamonas testosteroni/C. thiooxydans 97.90% 811   

BR8 KI1 EMB 10-4 1mm, yellow Comamonas testosteroni/C. thiooxydans 98.01 805   



 

59 
 

BR9 KI1 EMB 10-5 1-2mm, yellow Comamonas kerstersii 99.63 805   

BR10 KI1 EMB 10-6 1-2mm, yellow Comamonas kerstersii 99.5 796   

BR24 KI1 CRE 10-3 2mm, blue, shiny, convex JFYL_s/Acinetobacter baumannii 100/97.64 762   

BR25 KI1 COL 10-3 1mm, blue, not shiny, convex Comamonas kerstersii 99.63 811   

BR26 KI1 CRE 10-2 2mm, blue, shiny, convex  n.d.     No growth 

BR27 KI1 CRE 10-2 1mm, blue, shiny, convex JFYL_s/Acinetobacter kookii 100/98.46 715   

BR28 KI1 COL 10-2 1mm, blue, convex  n.d.     No growth 

BR29 KI1 COL 10-2 1mm, pink, shiny, flat Comamonas kerstersii33 99.37% 806   

BR30 KI1 COL 10-2 2mm, pink, convex, not shiny  n.d.     No growth 

BR3 KI2 LB 10-5 2-3mm, yellow  n.d.     No growth  
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