BACTERIAL EMPIRE

2022, VOL. 5, NO. 4, e584

OPEN 8 ACCESS

SCIEELL

MICROBIOLOGICAL ASPECTS OF RECYCLED MANURE USED IN DAIRY COWS BEDDING - REVIEW

Tomas Jambor **, Zdenek Drotar 2, Jozef Bires 3

Address (es):

1 Slovak University of Agriculture in Nitra, Faculty of Biotechnology and Food Sciences, Institute of Applied Biology, Tr. A. Hlinku 2, 949 76 Nitra, Slovak Republic.

2 The veterinary clinic, Sportova 4/27, 979 01 Rimavské Sobota, Slovak Republic.

% State Veterinary and Food Administration of the Slovak Republic, Botanické 17, 842 13 Bratislava, Slovak Republic.

*Corresponding author: tomas.jambor@uniag.sk

https://doi.org/10.36547/be.584

ABSTRACT

The economic and social value of cattle, especially dairy cows, is continuously increasing and is defined by the number of lactations during the production period or the
milk yield of the individual itself. A significant influence on dairy production of dairy cows has housing comfort and therefore maintaining the quality parameters of the
dairy farm is essential. The decreasing availability and increasing costs of traditional underlining materials have increased interest in finding and using alternative materials
for underlaying. In this review, we focus on the separated fraction of livestock manure, which, after hygienization, can be a suitable bedding material for dairy cows. We
identify possible negative impacts and risks in the context of human or animal health. This article also identifies pathogenic microorganisms that can initiate inflammation
of the mammary glands in dairy cows and thus reduce the quality of final food products. Farmers using recycled livestock manure as bedding, reduce the total amount of
nutrients which become part of the manure stream due to no net addition of nutrients in the form of bedding, thus increasing potential compliance with environmental

regulations.
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INTRODUCTION

The livestock sector is an important part of agriculture in both developed and
developing countries around the world. However, there are significant differences,
where the livestock sector in developing countries has a better chance of increasing
the value of livestock due to growing demand, while in industrialised countries we
observe that such demand stagnates. However, the fact remains that livestock
currently represent a global asset, accounting for more than 40% of global
agricultural markets (WHO, 2017; Scarlat et al., 2018). The World Food and
Agriculture Organization (FAQ) documents state that the global human population
will increase from 7 billion today to more than 9 billion by 2050. This means an
increase in overall demand, especially for milk, meat and eggs. It is therefore
essential to increase attention to biosecurity at farm level. Biosecurity includes all
actions that prevent the entry of pathogens, eliminate the development of
potentially harmful microorganisms and prevent the spread of disease on the farm.
It is clear that animal health is directly related to food security and therefore global
policies should accept the fact that animal diseases are not a region or country
problem but may pose a global risk (Rowbotham and Ruegg, 2016). With the
rapid development of the cow breeding industry, intensive, large-scale farming has
gradually increased. Although the development of intensive dairy farms provides
high-quality milk for the market, manure and sewage from dairy cow farms are
causing increasingly serious pollution to the environment, which hinders
sustainable development in the dairy industry (Li et al., 2018). Society also
perceives livestock manure as a risk that pollutes the air or drinking water sources,
while the increased accumulation of nitrogen and phosphorus concentrations in
watercourses is a societal problem. The increase in air pollution is in turn attributed
to emissions of ammonia and greenhouse gases such as carbon dioxide and
methane, respectively. Livestock manure can contain high concentrations of
various pathogenic microorganisms. There is therefore the question of the negative
impact on the health of dairy cows, the development of mastitis or the quality of
milk, which can immediately endanger the health of consumers (Bolan et al., 2010;
Liuetal., 2019).

Recently, interest in the use of livestock manure as an alternative renewable energy
source has increased radically. This is due to the ongoing economic and
environmental problems faced by farmers and national governments (Demirer
and Chen, 2005). Today, the possibilities of using recycled livestock manure as
a material for cattle are being intensively studied, with the first mention of this
concept dating back to the 70s (Keys et al., 1976). Due to concerns about increased
microbial load, additional treatment steps such as composting have been
implemented in the technology for preparing recycled manure. His goal was to
reduce the number of bacteria by increasing the temperature (Carroll and Jasper,
1978). Later, digestate, a solid material extracted from anaerobic digestion
products of livestock manure, began to be used as bedding material (Timms,
2008a). We currently recognize many combinations of separation, digestion and

composting, allowing the successful use of recycled manure bedding (Timms,
2008b). Although this concept has strong support from farmers for objective
reasons, it is important to note that livestock manure is a category 2 animal by-
product and, according to European Commission Regulation (EC 1069/2009), its
use is only possible if strict hygiene conditions apply and there are no unacceptable
risks to public and animal health.

Potential of recycled livestock manure

Modern dairy production is not only concerned with ensuring massive milk
production, but also with ensuring perfect health and comfort of dairy cows. The
overall cost of dairy production is increasing, so farmers have started looking for
various alternatives that would lead to a significant reduction in input costs. The
ideas of greening the production or recycling of some resources, including
livestock manure, gradually began to come to the fore (Bewley et al., 2017). Many
farms around the world have therefore begun to address the issue of using treated
and recycled livestock manure as bedding material. In addition to tressing materials
such as concrete, sawdust, sand or straw, procedures are gradually being
implemented that would ensure the creation of hygienically safe and health-
friendly subshipment material from buttery manure without negative impacts on
animal health, product quality or consumer health (Ferraz et al., 2020). Recycled
bedding from cows' dung is prepared through a multi-step process that begins with
the collection of solid mass - cow's manure. It consists of bedding straw and
residues of silage or haylage. Together with liquid components, they are
transported by pipe to the tank-fermenter. Subsequently, the mixing of both
components starts to run, and the fermentation of mass occurs over a few weeks.
The material mixture is regularly turned over until the temperature increases above
55°C. Treated dung can be rendered harmless if the fermentation temperature
exceeds 55°C for 5 to 7 days during the treatment process (Niu et al., 2022). After
the time has passed, the mass in the fermenter is moved to the separator, where the
liquid part is separated from the denser component. The next phase of the denser
fraction of the process is sanitization, during which it is dried at a temperature of
60-80 °C and hygienically treated. The resulting by-product is a separate, which
is repeatedly used for bedding the beds in the stables.

Benefits & Risks of recycled butter manure

The representation of individual types of bacteria in materials that are used as
ordinary bedding material in stables for livestock and especially cows is
significantly diverse. The differences are due to various factors such as particulate
size, dry matter content, pH and other exogenous influences are also taken into
account (Hogan et al., 1989; Ward et al., 2002). The population of bacteria in the
litter material can significantly influence the health of animals as well as the quality
of the resulting products. Many scientific studies have confirmed that poor-quality
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bedding material (Hogan et al., 1999) can initiate the development of pathogenic
microorganisms and cause clinical mastitis in cows.

To counteract these negative impacts, chemical disinfectants began to be used,
which were added to the organic materials of the litter and thus inhibit the growth
and development of pathogens. In addition to the financial complexity and
complicated management of application security, the persistence of the
antibacterial effect was also problematic (Tanéin and Tanéinova, 2008). The
innovative technological approach of livestock manure treatment has significant
economic benefits, while we can talk about a significant increase in the comfort of
cows. In particular, farmers perceive longer lying time, fewer injured hooves and
a decrease in the incidence of mastitis in dairy cows. Recycled livestock manure
has more suitable physical properties, is soft, non-abrasive and readily available
(Leach et al., 2014). Other studies report that farmers perceive greater cleanliness
of cows. However, visual cleanliness does not necessarily mean the absence of
pathogens, and due to the bacterial load of the litter, great attention should be paid
to the udder before milking (Endres and Husfeldt, 2012 ). From the perspective
of cows' respiratory health, lower levels of dust particles in the environment have
been observed when compared to straw or sawdust, which may ultimately reduce
pathogen transmission via dust particles (Leach et al., 2014).

Impact on animal health

To date, there have been several studies that have investigated the correlations
between the occurrence of pathogenic microorganisms and bedding material in
cattle lairage. Individual risks, which are linked to the quality parameters of the
subconsignment material, relate primarily to the animal health itself, the quality of
products or the health of the consumer and the entire population (Bradley et al.,
2014). In the context of recycled livestock manure, several key microorganisms
that may pose potential risks to animal health have been identified (Table 1).

Table 1 Occurrence of microorganisms in consideration of potential animal health
risks

Bacterial pathogen Impact on Risk of Experimental
occurrence data sources
5.1 . g Harrison et al.,
Escherichia coli AH High 2008
Mycobacterium
avium subsp. AH relatively high Timms, 2008b,
paratuberculosis
Salmonella spp. AH Medium High ~ Meyer et al., 2007
Streptococcus . Zehner et al.,
uberts Al High 1989
Bacillus cereus AH relatively high gl gl e
Laarhoven, 2012,
Feiken and Van
Klebsiella spp. AH Medium Laarhoven, 2012,

Hogan et al., 1999

showed a significant reduction in the number and survival of Mycobacterium
avium subspecies paratuberculosis. Evidence on the safety and benefits of
recycled livestock manure has been provided by Timms (2008b) and Adamski et
al. (2011), who report that foot and leg health as well as lameness has been
significantly improved by the introduction of recycled submission. The hooves of
dairy cows were dry, without lesions or incidence of hoof diseases. In the context
of the use of recycled livestock manure as bedding material, a study by Habing et
al. (2012) raised the question of the possible development of antimicrobial
resistance. Recycled litter circulates in the "closed cycle" of the housing
environment in close contact with cattle as well as humans. This is in violation of
the usual manure manure accumulation, which is applied to the fields, and under
the influence of exposure to external conditions, the degradation of pathogenic
microorganisms occurs. However, there is a lack of expert information on how this
"closed cycle" will affect the virulence of pathogens to the genetic material
transmitting antimicrobial resistance. However, for the time being, there is
evidence that at least one resistant strain of Salmonella spp. isolated from faeces is
more likely to use a subconsignment of composted or dried manure.

Impact on human health

In terms of identifying risks arising from the use of recycled bedding and impacts
on the health of farm workers, there is very little evidence available for a possible
correlation. It is believed that the application of protective equipment, dust
reduction, special preventive hygiene practices and milk pasteurisation are crucial
strategies for reducing health risks for farmers. At the same time, it is important to
monitor the emergence of key pathogens Salmonella spp. and E. coli (especially
0157), which can initiate a wide variety of human health problems. Although their
incidence may be higher in the case of recycled livestock manure bedding,
elimination is well researched, and the relative risk can be eliminated by
technologically correct pasteurization. In the case of transfer of microorganisms
from the subconsignment to milk, significant changes were noted not only in the
abundance of macro and microelements in milk, but at the same time its reduced
shelf life was confirmed. This aspect of quality is mainly influenced by
thermophilic and mesophilic bacteria or aerobic spores (Driehuis et al., 2012). A
significant risk of microbial pathogens in recycled manure was demonstrated in
this analysis the same authors. The zoonotic pathogen Bacillus cereus is
transmitted through food and can also survive heat treatment. Elevated spores of
Bacillus cereus have been detected mainly in samples of rycycled livestock manure
used for bedding, so this fact cannot be ignored. At the same time, however, the
authors did not identify a condition where elevated levels of this pathogen would
be confirmed only in bedding made of recycled manure compared to straw or
sawdust for submission. In Table 2, we provide an overview of pathogens of
recycled bedding affecting human health and food quality.

Table 2 Occurrence of microorganisms in consideration of potential, human health
risks and food quality

AH — animal health,

Currently, there is no direct and conclusive evidence to suggest a direct correlation
between the use of recycled manure and the clinical occurrence of mastitis in cows.
However, it is necessary to point out the theoretical risks that may arise in the event
of inadequate hygienization of a recycled consignment (Locatelli et al., 2008;
Leach et al., 2015). Some studies suggest that the use of recycled manure acidifies
udder inflammation caused by Escherichia coli or Klebsiella spp. in several dairy
cows. However, many studies have shown no harmful animal health effects
associated with recycled bedding (Locatelli et al., 2008; Ostrum et al., 2008).
Feiken and Van Laarhoven (2012) even found that although an increased
prevalence of Klebsiella spp in recycled manure was detected, an increased
incidence of mastitis manifestations in dairy cows was not demonstrated. An
important indicator of the quality of milk is its total number of somatic cells. Of
course, this can be influenced by many endogenous or exogenous factors, while
the quality of the lining material plays an important role. Studies conducted to date
(Harrison et al., 2008; However, Husfeldt and Endres, 2012) do not suggest that
there is a reduction in the number of somatic cells in milk or a decrease in milk
quality in dairy cows with recycled bedding. In addition to the problems mentioned
above, there is a risk of paratuberculosis, which is associated with the appearance
of bacteria Mycobacterium avium subspecies paratuberculosis. This intracellular
pathogen attacks the cells of the immune system, and its incubation at home can
exceed even 3 years. At low temperatures, it can survive for up to 250 days (Elliot
et al., 2015). Interesting results were provided by Bonhotal et al. (2011), which

Bacterial pathogen Impact on Risk of Experimental
occurrence data sources
M}{cobactermm . . Harrison et al.,
avium subsp. HH relatively high
. 2008

paratuberculosis

Bacillus cereus HH, FQ High Drle};gf;t al,

Salmonella spp. HH High Timms, 2008b

Mesophilic spore FQ High Drichuis et al.,
2013

Escherichia coli HH really high 18 ETET Gl
2008

Thermophilic spore FQ Medium High Drleh;z)lf:;e tal,

HH — human health, FQ — food quality
CONCLUSION

Recycled livestock manure can currently be a very suitable alternative sub-material
for cattle for farmers. The advantages in terms of availability, comfort and, in some
cases, economic benefits are clearly the strengths of this material. Although the
literature currently provides limited evidence of absolute benefits, there are several
advantages over many abrasive materials. A sensitive issue that requires an urgent
solution is the prevalence of clinical or subclinical mastitis in cows in the context
of the use of recycled subshipment material, as well as the impact on quality
parameters of milk or population health. Although much evidence has shown that
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this bed is harmless, many other pieces of evidence contradict each other. If
farmers decide to accept recycled livestock manure bedding, they are advised to
do so carefully, apply the required risk mitigation strategies, maintain strict bed
and milking hygiene, and closely monitor the health of the entire herd.

Acknowledgement: This publication was supported by the Operational program
Integrated Infrastructure within the project: Creation of nuclear herds of dairy
cattle with a requirement for high health status through the use of genomic
selection, innovative biotechnological methods, and optimal management of
breeding, NUKLEUS 313011V387, co-financed by the European Regional
Development Fund.

REFERENCES

Adamski, M., Glowacka, K., Kupczynski, R., & Bensk, A. (2017). Analysis of the
possibility of various litter beddings application with special consideration of cattle
manure separate. Acta Scientiarum Polonorum Zootechnica, 10(4), 5-12.

Bewley, J. M., Robertson, L. M., & Eckelkamp, E. A. (2017). A 100-Year Review:
Lactating dairy cattle housing management. Journal of dairy science, 100(12),
10418-10431. https://doi.org/10.3168/jds.2017-13251

Bolan, N. S., Szogi, A. A., Chuasavathi, T., Seshadri, B., Rothrock, M. J., &
Panneerselvam, P. (2010). Uses and management of poultry litter. World's Poultry
Science Journal, 66(4), 673-698. DOl:
https://doi.org/10.1017/S0043933910000656

Bonhotal, J., Schwarz, M., & Stehman, S. M. (2011). How Mycobacterium avium
paratuberculosis is affected by the composting process.

Bradley, A. J., Leach, K. A., Archer, S. C., Breen, J. E., Green, M. J., Ohnstad, 1.,
& Tuer, S. (2014). Scoping study on the potential risks (and benefits) of using
recycled manure solids as bedding for dairy cattle. Quality Milk Management
Services Ltd.: Wells, UK.

Carroll, E. J., & Jasper, D. E. (1978). Distribution of Enterobacteriaceae in
recycled manure bedding on California dairies. Journal of Dairy Science, 61(10),
1498-1508. https://doi.org/10.3168/jds.S0022-0302(78)83754-0

Demirer, G. N., & Chen, S. (2005). Anaerobic digestion of dairy manure in a
hybrid reactor with biogas recirculation. World Journal of Microbiology and
Biotechnology, 21, 1509-1514. https://doi.org/10.1007/s11274-005-7371-6
Driehuis, F., Lucas-van den Bos, E., & Wells-Bennik, M. H. J. (2013). Risico’s
van het gebruik van gescheiden mest as beddinmateriaal voor de melkkwaliteit:
sporen van Bacillus cereus en boterzuurbacterién. Risks of the use of cattle manure
solids as bedding material for milk quality: Bacillus cereus and butyric acid
bacteria). NIZORapport E, 2013, 3.

Elliott, G. N., Hough, R. L., Avery, L. M., Maltin, C. A., & Campbell, C. D. (2015).
Environmental risk factors in the incidence of Johne’s disease. Critical reviews in
microbiology, 41(4), 488-507. https://doi.org/10.3109/1040841X.2013.867830
European Commision (2009). Regulation of the European Parliament and of the
Council of 21 October 2009 laying down health rules as regards animal by-
products and derived products not intended for human consumption and repealing
Regulation (EC) No1774/2002 (Animal byproducts Regulation), 2009/1069/EC.
https://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:300:0001:0033:en:PDF
Feiken, M., & Van Laarhoven, W. (2012). Verslag van een praktijkonderzoek naar
het gebruik van vaste fractie uit gescheiden mest als boxbeddingsmateriaal in
lighoxen voor melkvee. Valacon Dairy. Available athttp. Valacon Dairy.

Ferraz, P. F. P., Leso, L., Klop¢€i¢, M., Barbari, M., & Rossi, G. (2020). Properties
of conventional and alternative bedding materials for dairy cattle. Journal of dairy
science, 103(9), 8661-8674. https://doi.org/10.3168/jds.2020-18318

Habing, G. G., Lombard, J. E., Kopral, C. A., Dargatz, D. A., & Kaneene, J. B.
(2012). Farm-level associations with the shedding of Salmonella and
antimicrobial-resistant Salmonella in US dairy cattle. Foodborne Pathogens and
Disease, 9(9), 815-821. https://doi.org/10.1089/fpd.2012.1149

Harrison, E., Bonhotal, J., & Schwarz, M. (2008). Using manure solids as bedding-
Final report. Cornell Waste Management Institute.

Hogan, J. S., Bogacz, V. L., Thompson, L. M., Romig, S., Schoenberger, P. S.,
Weiss, W. P., & Smith, K. L. (1999). Bacterial counts associated with sawdust and
recycled manure bedding treated with commercial conditioners. Journal of dairy
science, 82(8), 1690-1695. https://doi.org/10.3168/jds.S0022-0302(99)75398-1
Hogan, J. S., Smith, K. L., Hoblet, K. H., Todhunter, D. A., Schoenberger, P. S.,
Hueston, W. D., ... & Conrad, H. R. (1989). Bacterial counts in bedding materials
used on nine commercial dairies. Journal of dairy science, 72(1), 250-258.
https://doi.org/10.3168/jds.S0022-0302(89)79103-7

Husfeldt, A. W., & Endres, M. I. (2012). Association between stall surface and
some animal welfare measurements in freestall dairy herds using recycled manure

solids for bedding. Journal of Dairy 5626-5634.
https://doi.org/10.3168/jds.2011-5075

Keys Jr, J. E., Smith, L. W., & Weinland, B. T. (1976). Response of dairy cattle
given a free choice of free stall location and three bedding materials. Journal of
Dairy Science, 59(6), 1157-1162.

Leach, K. A., Tuer, S., Green, M. J., & Bradley, A. J. (2015). Separated Manure
Solids as Bedding for Dairy Cows—a UK Farmer Survey. In Proceedings of the
British Mastitis Conference. Worcester, UK (pp. 53-54).
https://doi.org/10.1016/j.tvjl.2015.08.013

Li, H., Yang, S., Sun, H., & Liu, X. (2018). Production of activated carbon from
cow manure for wastewater treatment. BioResources, 13(2), 3135-3143.

Liu, S., Ni, J. Q., Heber, A. J., & Liang, W. Z. (2019). Modeling of Dynamic
Ammonia Concentrations in Two Commercial Layer Hen Houses. Journal of
Environmental Informatics, 33(1). DOI: https://doi.org/10.3808/jei.201700360
Locatelli, C., Scaccabarozzi, L., Casula, A., Gorrieri, F., Harouna, A., & Moroni,
P. (2008). Manure solids bedding as a source of clinical environmental mastitis.
In Proceedings of the 47th Annual Meeting of the National Mastitis Council, New
Orleans, USA (pp. 20-23).

Niu, K., Zhang, X., Chen, C., & Yang, L. (2022). Effects of Fermented Manure
Bedding Thickness on Bulls’ Growth, Behavior, and Welfare as Well as Barn
Gases Concentration in the Barn. Animals, 12(7), 925.
https://doi.org/10.3390/ani12070925

Ostrum, P. G., Thomas, M. J., & Zadoks, R. N. (2008). Dried manure solids for
freestall bedding: Experiences from a Northeast dairy. In Annual meeting.
Rowbotham, R. F., & Ruegg, P. L. (2016). Bacterial counts on teat skin and in new
sand, recycled sand, and recycled manure solids used as bedding in
freestalls. Journal of Dairy Science, 99(8), 6594-6608.
https://doi.org/10.3168/jds.2015-10674

Scarlat, N., Fahl, F., Dallemand, J. F., Monforti, F., & Motola, V. (2018). A spatial
analysis of biogas potential from manure in Europe. Renewable and Sustainable
Energy Reviews, 94, 915-930. https://doi.org/10.1016/j.rser.2018.06.035

Tanéin, V., & Tan¢inova, D. (2008). Strojové dojenie krav a kvalita mlieka. SCPV.
ISBN 978-80-88872-80-1.

Timms, L. L. (2008a). Preliminary evaluation of separated manure solids
characteristics at the new ISU dairy. lowa State University Animal Industry
Report, 5(1). https://doi.org/10.31274/ans_air-180814-27

Timms, L. L. (2008b). Characteristics and use of separated manure solids
(following composting) for dairy freestall bedding, and effects on animal health
and performance in an lowa dairy herd. lowa State University Animal Industry
Report, 5(1). https://doi.org/10.31274/ans_air-180814-800

Ward, W. R., Hughes, J. W., Faull, W. B., Cripps, P. J., Sutherland, J. P., &
Sutherst, J. E. (2002). Observational study of temperature, moisture, pH and
bacteria in straw bedding, and faecal consistency, cleanliness and mastitis in cows
in four dairy herds. Veterinary Record, 151(7), 199-206.
https://doi.org/10.1136/vr.151.7.199

World Health Organisation (2017). FAO’s global animal diseases surveillance and
early warning system. https://www.fao.org/documents/card/en?details=a84h70f3-
51a2-4731-b49d-dd6f809f24a2%2f

Zehner, M. M., Farnsworth, R. J., Appleman, R. D., Larntz, K., & Springer, J. A.
(1986). Growth of environmental mastitis pathogens in various bedding
materials. Journal of dairy science, 69(7), 1932-1941. DOI:
https://doi.org/10.3168/jds.S0022-0302(86)80620-8

Science, 95(10),



https://doi.org/10.3168/jds.2017-13251
https://doi.org/10.1017/S0043933910000656
https://doi.org/10.3168/jds.S0022-0302(78)83754-0
https://doi.org/10.1007/s11274-005-7371-6
https://doi.org/10.3109/1040841X.2013.867830
https://doi.org/10.3168/jds.2020-18318
https://doi.org/10.1089/fpd.2012.1149
https://doi.org/10.3168/jds.S0022-0302(99)75398-1
https://doi.org/10.3168/jds.S0022-0302(89)79103-7
https://doi.org/10.3168/jds.2011-5075
https://doi.org/10.1016/j.tvjl.2015.08.013
https://doi.org/10.3808/jei.201700360
https://doi.org/10.3390/ani12070925
https://doi.org/10.3168/jds.2015-10674
https://doi.org/10.1016/j.rser.2018.06.035
https://doi.org/10.31274/ans_air-180814-27
https://doi.org/10.31274/ans_air-180814-800
https://doi.org/10.1136/vr.151.7.199
https://doi.org/10.3168/jds.S0022-0302(86)80620-8

