.‘ frontiers ‘ Frontiers in Veterinary Science

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Yasser Mahmmod,
Long Island University, United States

REVIEWED BY

Norhan Khairy Abd El-Aziz,

Zagazig University, Egypt

Mohamed Elsokary,

Benha University, Egypt

Frantisek Zigo,

University of Veterinary Medicine and
Pharmacy in Kosice, Slovakia
Giovanny Torres Lindarte,

Colombian Institute of Tropical Medicine
(ICMT), Colombia

*CORRESPONDENCE
Paolo Moroni
paolo.moroni@unimi.it

fThese authors have contributed equally to
this work and share first authorship

RECEIVED 28 March 2024
ACCEPTED 03 June 2024
PUBLISHED 15 July 2024

CITATION
Freu G, Fusar Poli S, Monistero V, Biscarini F,
Rota N, Hossain D, Gusmara C, Musa L,

Gioia G, Leso L, Veiga dos Santos M, Moroni P,

Addis MF and Bronzo V (2024) Effect of a
lime-based bedding conditioner on
physical-chemical characteristics and
microbiological counts of recycled manure
solids. Front. Vet. Sci. 11:1408798.

doi: 10.3389/fvets.2024.1408798

COPYRIGHT

© 2024 Freu, Fusar Poli, Monistero, Biscarini,
Rota, Hossain, Gusmara, Musa, Gioia, Leso,
Veiga dos Santos, Moroni, Addis and Bronzo.
This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other forums is
permitted, provided the original author(s) and
the copyright owner(s) are credited and that
the original publication in this journal is cited,
in accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Veterinary Science

TYPE Original Research
PUBLISHED 15 July 2024
Dol 10.3389/fvets.2024.1408798

Effect of a lime-based bedding
conditioner on
physical-chemical characteristics
and microbiological counts of
recycled manure solids

Gustavo Freu®?, Sara Fusar Poli?!, Valentina Monistero?3,
Filippo Biscarini®, Nicola Rota®, Delower Hossain?35,

Claudia Gusmara??, Laura Musa??®, Gloria Gioia’, Lorenzo Leso?,
Marcos Veiga dos Santos!, Paolo Moroni®*7*,

Maria Filippa Addis®>* and Valerio Bronzo**

!Department of Animal Nutrition and Production, School of Veterinary Medicine and Animal Science,
University of Sdo Paulo (USP), Pirassununga, Sdo Paulo, Brazil, >Department of Veterinary Medicine and
Animal Sciences—DIVAS, University of Milan, Lodi, Italy, *Laboratorio di Malattie Infettive degli
Animali—Milab, University of Milan, Lodi, Italy, *“National Research Council, Institute of Agricultural
Biology and Biotechnology (CNR-IBBA), Milan, Italy, *Agribovis s.r.l., Meda, Italy, ®*Department of
Medicine and Public Health, Faculty of Animal Science and Veterinary Medicine, Sher-e-Bangla
Agricultural University, Dhaka, Bangladesh, ’Quality Milk Production Services, Animal Health
Diagnostic Center, Cornell University, Ithaca, NY, United States, éDepartment of Agricultural, Food, and
Forest Sciences—SAAF, University of Palermo, Palermo, Italy

Bedding materials are aimed at providing a safe and comfortable resting
environment for cows. Control of pathogen proliferation in these substrates
is crucial to prevent intramammary infections in dairy cows, as these can
significantly impact milk quality, cow health, and farm productivity. This is
particularly relevant in the case of organic bedding substrates, including manure-
derived materials. This study aimed to evaluate the in vitro effect of a lime-based
conditioner (LBC), composed of CaCO3zMgCOsz and Ca(OH)5Mg(OH),, at
increasing concentrations on the physical-chemical characteristics and bacterial
counts of untreated anaerobically digested manure solids (ADMS) and separated
raw manure solids (SRMS). Unused ADMS and SRMS were evaluated at four LBC
weight-based concentrations: O (as untreated control), 10, 15, and 20% of LBC
inclusion. The bedding materials were assessed immediately after LBC addition
(Oh) and after 24, 72, and 168 h of storage at 28°C. The dry matter content (DM),
and pH were measured for all the time points. Standard microbiological methods
were used to assess total bacterial counts (TBC), other Gram-negative bacteria,
coliforms, Escherichia coli, and streptococci and streptococci-like organism
(SSLO). It was observed a linear increase in both DM and pH with increasing
concentrations of LBC. Specifically, for each percentage unit increase of LBC,
the DM of ADMS and SRMS increased by 0.73 and 0.71%, respectively. Similarly,
for each percentage unit of LBC, the pH of ADMS and SRMS increased by 0.15 and
0.19, respectively. Conversely, a linear decrease in TBC, Gram-negative bacteria,
coliforms, E. coli, and SSLO was observed with increasing concentrations of the
LBC. Manure-derived materials without the inclusion of the LBC had bacterial
counts that tended to remain high or increase over time. Otherwise, bedding
materials with LBC application had reduced bacterial counts. Based on the results
of the present study, it was observed that the higher the concentration of LBC,
the more significant the reduction of bacterial counts. Specifically, bacterial
recovery was lower when higher concentrations of LBC were applied. Our
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findings underscore the potential of LBC in effectively controlling environmental
bacteria and improving the physical-chemical characteristics of manure-derived
bedding materials to improve cow health and welfare.
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1 Introduction

Several substrates can be used as bedding in dairy farms;
however regardless of the substrate, a comfortable and safe
resting area for cows is essential. Organic materials derived from
manure solids have gained attention due to their soft, non-abrasive
characteristics, which have a positive impact on animal welfare
(1-3). These substrates, also known as recycled manure solids
(RMS), have been increasingly used in North America over the last
decade (3, 4), and are gaining usage in Europe (1). Typically, these
solids are obtained by screwing raw (undigested) slurry through
a screw press to separate solids from liquid and should achieve a
dry matter (DM) content of at least 34% (5). Despite the benefits,
RMS are known to carry a higher bacterial load than other bedding
substrates (5) and have been associated with increased mastitis risk
(6). Therefore, strategies to manage the bacterial counts within
RMS to reduce udder exposure need to be investigated since this
bedding could have an impact on cow health (7).

According to the European Union’s EC Regulation 1069/2009,
livestock manure is Category 2 Animal By-product and can only
be used as bedding for dairy cows (as a “technical product”) under
conditions that do not pose a risk to the to human or animal
health (8). Bedding conditioners can be used by farmers to control
pathogen population in bedding substrates. Most conditioners alter
the pH of bedding materials (e.g., acidic or alkaline conditioners)
suppressing microbial growth (1, 9). Hydrated lime is a common
alkaline compound formed by calcium hydroxide, which can raise
the pH of the materials to which it is added to levels above 12 (10),
creating a substrate inhospitable to bacterial growth.

Previous studies evaluated the effect of hydrated lime on
microbial populations in different bedding materials (9-11), and
reduction in bacterial counts was observed in sawdust (12), and
RMS treated with 10% of hydrated lime (11). Furthermore, adding
0.5kg hydrated lime every 48h on free-stall mattresses reduced
coliforms, and Streptococcus spp. counts (9). Although the efficacy
of bedding conditioners is well-documented, their effects are
usually short-lived, typically lasting between 24 and 48 h (13). In a
US study, the addition of lime to sawdust reduced bacterial counts,
but the effect only lasted for 1 d (11). Further, adding lime daily to
the top layer of straw failed to raise the pH to those inhibitory levels
at which E. coli and Streptococcus uberis do not survive (14).

Scientific evidence for optimum bedding management remains
limited and occasionally conflicting (1). To our knowledge, no
studies have been conducted to assess the impact of varying lime-
based conditioner (LBC) concentrations on microbial populations
of organic bedding substrates. Such investigations can offer the
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first valuable insights for veterinarians and farmers seeking effective
bedding management and mastitis control from a laboratory point
of view and a starting point on the base of the results for farms
trial. To address this scientific gap, this study aimed to evaluate the
in vitro effect of a commercial LBC at increasing concentrations
on the physical-chemical characteristics and bacterial counts of
anaerobically digested manure solids (ADMS) and separated raw
manure solids (SRMS), as well as the temporal effect of the LBC.

2 Materials and methods

2.1 Bedding substrates collection and
study protocols

From February/23 to May/23, unused ADMS and SRMS were
collected from on-farm storage areas of two commercial dairy farms
where 700 and 650 Holstein cows respectively were housed in
free stall systems. Bedding sampling was performed according to
Godden et al. (15). Briefly, ~5kg of each bedding substrate was
collected from the bedding storage area into a sterile plastic bag by a
trained personal from Agribovis wearing clean gloves (15). None of
the study herds were using bedding conditioner or RMS as bedding
at the time of sample collection.

The ADMS and SRMS were collected 24h after on-farm
production from 5 random locations within the storage area. After
being taken out of the biodigester (~40 d at 38°C), ADMS was
sent to the manure separator (SEPCOM Bedding, WAMGROUP,
Cavezzo, Italy), followed by sample collection. SRMS were sampled
directly from the storage area of the separator (SEPCOM Bedding,
WAMGROUP, Cavezzo, Italy). Subsequently, the samples were
immediately transported (<1 h) in an isothermal box (~4°C) to the
Animal Infectious Disease Laboratory (MiLab) of the University of
Milan for treatment allocation and further analysis.

2.2 Treatments

Bedding substrates (ADMS, and SRMS) were evaluated in
untreated control sample (0%, no LBC addition) and at three
concentrations of LBC (VF10~, Unicalce, Lecco, Italy), which
included: 10, 15, and 20% of product inclusion (% by wet
weight). The LBC used in this study was composed of calcium
carbonate, magnesium, and semi-hydrated lime [CaCO3MgCOs3
and Ca(OH);Mg(OH),]. The product inclusion was defined based
on previous reports (11, 16), and on the company recommendation
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based on an internal study. Starting from 350 g of each substrate
sample, the following allocation scheme was adopted: 0% (350 g
of untreated sample), 10% (35 g of LBC + 315g of sample), 15%
(52.5g of LBC + 297.5 g of sample), and 20% (70 g of LBC + 280 g
of sample). The LBC was added to the bedding substrates as soon
as they arrived at the laboratory and was manually mixed to ensure
homogeneity. Subsequently, each substrate sample was weighed
in duplicate into a sterile container, and additional aliquots were
prepared for DM analysis.

2.3 Dry matter content, pH, and
microbiological analyses

The initial DM, pH, and microbiological analysis were carried
out immediately after LBC application (0 h). Additional DM, pH,
and microbiological analysis were performed after 24, 72, and 168 h
of sample storage at 28°C, to simulate environmental conditions
and to provide a standardized baseline to compare treatments and
to assess their effects under controlled conditions.

For DM estimation, bedding samples (~10.0 g) were weighed
in duplicate (initial weigh) and placed into an oven at 100 &= 10°C
for 24 h. After drying, samples were reweighed (final weight), with
precision of two decimals places (17).

At each time point, 25 g of each bedding sample were weighted
in duplicate by taking small sub-samples from at least 3 random
locations within the mixed sample and were transferred to two
different filter stomacher bags, where 225mL of physiological
salt solution (PSS; NaCl 0.9%) was added to each of them.
The suspension was homogenized for 90s at 8 strokes/s using
a BagMixer 400 W (Interscience, Puycapel, France). The two
replicates were combined into a flask, from which, a sub-sample
(~50 mL) was separated for pH measurement. The pH was accessed
using a pH meter (pH 50 Violab, Carpi, Italy) as previously
reported (17).

For microbiological analysis, two aliquots of 5mL from the
aforementioned flask were transferred into two sterile dilution
tubes to create a duplicate 10~! dilution. Serial dilutions up to 1078
were prepared by vortexing the sample and transferring 0.5 mL into
a new tube containing 4.5 mL of PSS. Subsequently, 100 iL of each
dilution was streaked in triplicate onto Chromogenic (CHR) agar
plates (CHROMagarTM ECC, Paris, France; from 107! to 107°),
and Edwards (EDW) modified medium plates (Oxoid, Basingstoke,
UK; from 107! to 107°) supplemented with 5.0% bovine blood.
The plates were incubated at 37°C. After 24 h of incubation, CHR
plates allowed to distinguish Gram-negative bacteria into E. coli,
coliforms, and other Gram-negative. After 48 h, streptococci and
streptococci-like organism (SSLO) counts were performed from
EDW plates. Because phenotypic and biochemical identification
methods can be inaccurate and unreliable for species within
the Streptococcus group (e.g., Aerococcus spp., Enterococcus spp.,
and Lactococcus spp.), for EDW plates, blue/black colonies were
counted together and reported as SSLOs as previously reported
(18). To determine the total bacterial count (TBC), 1,000 pL of
the inoculum was added in triplicate (from 10~ to 107%) at the
center of each plate. Approximately 15 mL of molten plate count
agar (Microbiol Diagnostic, Cagliari, Italy) was added. Plates were
manually homogenized, and read after incubation at 37°C for 72 h.
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Each culture medium was prepared according to the

manufacturer’s recommendations. Bacterial counting was
performed manually, and the results were normalized to the DM
content as previously described (17). The results of microbial

counts were expressed as logio cfu/g.

2.4 Statistical analysis

The available dataset had a multilevel hierarchical organization
with a nested structure. The analysis was conducted separately for
the ADMS and SRMS bedding substrates. For each bedding type,
both a within-timepoint and across-timepoint analysis were carried
out. For the within-timepoint analysis, the data were analyzed
within each timepoint (0, 24, 72, and 168 h after LBC addition)
using the following model:

yij = Bo + i treatment; + e (1)

where y;; is the value for pH, DM or the bacterial counts
(logyo cfu/g) for sample i and LBC dose j; By is the intercept; B
is the coefficient of the treatment effect; treatment; is the effect
of incremental doses of LBC (between 0 and 20%); ej; are the
model residuals.

For the across-timepoint analysis, all data (for ADMS and
SRMS separately) were analyzed jointly with the following model
(Equation 2):

Yiik = Bo + By timepoint; + B} treatment; +- ejjx ()

where all terms were as in Equation 1 with the addition of
timepoint; that is effect of the number of hours from the LBC
application (four classes).

Data collected and laboratory results were stored in Excel
spreadsheets (19). Data handling and statistical analysis were
performed using the R environment for statistical computing (20),
specifically using the package dplyr (21). A significance level of P <
0.05 was considered.

3 Results
3.1 Dry matter content and pH

DM content and pH results (mean £ SD) are shown in
Table 1. A linear increase in DM content according to the LBC
concentration was observed for both ADMS and SRMS (P < 0.001;
Table 2). No differences were observed in the DM content of ADMS
over time (P > 0.12), while for SRMS an increasing pattern in DM
content over time was observed (P < 0.009; Table 3). However,
for both substrates, bedding treatment had a positive effect on
DM content, i.e., for each % unit increase in LBC concentration
corresponded to a 0.73% DM increase for ADMS (P < 0.001) and
0.72% for SRMS (P < 0.001; Table 3). There was no interaction
effect for DM between LBC concentrations and time of evaluation
(P = 0.258).

The pH results showed a linear increase in pH values with
increasing LBC concentration for both substrates (P < 0.001;
Table 2). As expected, a decreasing pattern in pH over time was
observed for both substrates (P < 0.001; Table 3). Similar to DM
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TABLE 1 Descriptive statistics of dry matter (DM) and pH results (mean + SD?) of anaerobically digested manure solids and separated raw manure solids
treated with increasing concentrations of lime-based conditioner according to the evaluated lab-times.

Variable Time-points ADMS¢ SRMSd

(h)° f ° o/h ° ° o °
10% 15%8 20% (0)74 10% 15% 20%

DM 0 32494002 | 40.68+044 | 43874020 | 47.40+0.44 | 32.14+028 | 39.15+0.18 | 42.16+036 | 4571028
24 32724016 | 40.824+043 | 43.85+0.14 | 47.07+0.13 | 32.67+051 | 39.80+0.18 | 42.69+022 | 46.52+ 0.69
72 33184019 | 41184054 | 44624043 | 47584026 | 32.69+051 | 39.97+061 | 4293+026 | 47.26+0.26
168 33184051 | 41264108 | 43.68+282 | 48.16+0.87 | 3255+0.72 | 39.83+041 | 44.66+026 & 48.18+0.51

pH 0 8.66+0.00 | 10954+0.00 & 11714000 = 12024000 = 854+003 | 1135+002 | 11974002 | 12.22+0.01
24 8714001 | 10144001 | 1074+0.03 = 11.64+002 = 7974001 | 10314001 | 11.09+001 | 11.93+0.01
72 8514001 | 10.104+0.02 | 10514001  1146+0.04 7694001 | 9294002 | 1047+002 | 11.72+0.03
168 8424000 | 925+000 | 1038+0.00 = 1138+000 = 7814001 | 9014000 | 10194002 | 1142+ 0.01

*Standard deviation.

bSample processed immediately (0 h), and after 24, 72, and 168 h of storage at 28°C.
€ Anaerobically digested manure solids.

dSeparated raw manure solids.

€0%: untreated control sample.

10%: sample treated with 10% of lime-based conditioner.

815%: sample treated with 15% of lime-based conditioner.

120%: sample treated with 20% of lime-based conditioner.

TABLE 2 Within-timepoint models? for dry matter (DM) content (%) and pH of anaerobically digested manure solids and separated raw manure solids
treated with lime-based conditioner.

Variable Time-points ()  Term¢ ADMSd SRMSE
Estimate SEf Statistic P-value Estimate SE  Statistic P-value

DM 0 Treatment 0.745 0.017 43255 <0.001 0.675 0.011 59.324 <0.001
24 0.718 0.018 39.023 <0.001 0.686 0.018 38.207 <0.001
72 0.726 0.020 35.616 <0.001 0.717 0.02 36.708 <0.001
168 0.733 0.059 12.439 <0.001 0.791 0.022 35518 <0.001

pH 0 Treatment 0.174 0.012 14.325 <0.001 0.190 0.018 10.524 <0.001
24 0.143 0.003 49.067 <0.001 0.199 0.006 31.808 <0.001
72 0.143 0.005 29.433 <0.001 0.199 0.007 26.687 <0.001
168 0.147 0.011 12.948 <0.001 0.179 0.011 16.556 <0.001

2Within-timepoint model assessed the effects of incremental lime-based conditioner doses (0-20%) on DM and pH, at each timepoint (0, 24, 72, and 168 h).
bSample processed immediately (0 h), and after 24, 72, and 168 h of storage at 28°C.

“Treatment: untreated control sample, and sample treated with 10, 15, and 20% of lime-based conditioner.

4 Anaerobically digested manure solids.

¢Separated raw manure solids.

fStandard error.

results, for each % unit of LBC inclusion pH increased by 0.15 for ~ and SRMS compared to untreated samples throughout the

ADMS (P < 0.001) and 0.19 for SRMS (P < 0.001; Table 3). There  study period (Table4). Regardless of the evaluation time,

was no interaction effect for pH between LBC concentration and ~ a linear decrease in TBC was observed with increasing

time of evaluation (P = 0.542). LBC concentrations (P < 0.001; Table5). Over time, a

consistently increasing pattern in TBC was observed for both

substrates, with particularly significant increases observed

for ADMS at 72 and 168h (P < 0.001) and for SRMS at

3.2 Microbiological counts 168h (P = 0.004; Table6). Each % unit of LBC inclusion

corresponded to a reduction of TBC by 0.16 logip cfu/g

The microbiological results of ADMS and SRMS treated for ADMS (P < 0.001) and 0.12 logjo cfu/g for SRMS
with varying concentrations of LBC across evaluated (P < 0.001; Table 6).

time-points are shown in Table4. Regarding TBC, the Regarding the total Gram-negative counts, untreated samples

inclusion of LBC resulted in lower TBC in both ADMS had higher counts compared to treated samples (Table4).
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TABLE 3 Across-timepoint models?® for dry matter (DM) content and pH of anaerobically digested manure solids and separated raw manure solids
treated with lime-based conditioner.

Variable ADMSE SRMSd
Estimate SE®¢ Statistic P-value Estimate SE  Statistic P-value

DM 24h 0.006 0.341 0.017 0.987 0.634 0.234 2.708 0.009
72h 0.535 0.341 1.570 0.124 0.925 0.234 3.950 <0.001
168h 0.462 0.341 1.357 0.182 1.515 0.234 6.470 <0.001
Treatment 0.731 0.016 44.866 <0.001 0.717 0.011 64.034 <0.001

pH 24h —0.529 0.097 —5.435 <0.001 —0.696 0.120 —5.809 <0.001
72h —0.691 0.097 —7.095 <0.001 —1.227 0.120 —10.241 <0.001
168h —0.978 0.097 —10.039 <0.001 —1.411 0.120 —11.779 <0.001
Treatment 0.152 0.005 32,612 <0.001 0.192 0.006 33.458 <0.001

For the across-timepoint analysis, all data (for ADMS and SRMS separately) were analyzed jointly, considering the effects of incremental lime-based conditioner doses (0-20%) on DM and

pH, and including in the model the effect of the number of hours of lime-based conditioner application.

bSample processed after 24, 72, and 168 h of storage at 28°C, respectively; Treatment: untreated control sample, and sample treated with 10, 15, and 20% of lime-based conditioner.

€ Anaerobically digested manure solids.
dSeparated raw manure solids.
¢Standard error.

Interestingly, samples treated with 20% LBC showed no Gram-
negative bacterial growth throughout the study period (Table 4). A
linear decrease in total Gram-negative counts with LBC addition
was observed for both ADMS and SRMS at all evaluated time-
points (P < 0.001; Table 5). While no difference in Gram-negative
counts was observed for ADMS over time (P > 0.144), an increase
in Gram-negative counts was observed for SDMS after 24h (P =
0.004) and 168 h (P < 0.001) of sample incubation. The addition
of LBC had a negative effect on Gram-negative counts, reducing
counts by 0.32 logig cfu/g for both ADMS (P < 0.001) and SRMS
for each % unit of LBC inclusion (P < 0.001; Table 6).

E. coli was not isolated from ADMS and SRMS treated with
LBC throughout the study duration, except for fresh SRMS treated
with 10% of LBC (0.80 £ 1.24 log;o cfu/g; Table 4). No differences
were observed in E. coli counts over time (P > 0.32; Table 6). E. coli
counts reduced by 0.21 log cfu/g for ADMS (P < 0.001) and 0.26
logo cfu/g for SRMS per % unit of LBC added (P < 0.001; Table 6).

Similar to E. coli counts, no coliform growth was observed
during the study for LBC-treated ADMS and SRMS (Table 4).
Except for ADMS evaluated at 168h (P = 0.021), no differences
were observed in coliform counts over time for ADMS and SRMS
(P >0.105; Table 6). For each % unit of LBC added, coliform counts
were reduced by 0.18 log;o cfu/g for ADMS (P < 0.001) and 0.23
logio cfu/g for SRMS (P < 0.001; Table 6).

A decrease in the counts of other Gram-negative bacteria
according to the LBC concentration was observed for both ADMS
and SRMS (Table 4). Regardless of the evaluation time, untreated
samples had higher other Gram-negative counts compared to those
treated with LBC. No other Gram-negative growth was observed
throughout the study for both ADMS and SRMS treated with 20%
LBC (Table 4). A decrease in other Gram-negative bacteria counts
with LBC addition was observed for both ADMS and SRMS (P <
0.001; Table 5). No difference in other Gram-negative counts over
time was observed for ADMS (P > 0.139), while an increase in
other Gram-negative counts was observed for SDMS after 24 h (P =
0.001) and 168 h (P < 0.001) of sample incubation. Each % unit of
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LBC added decreased other Gram-negative bacterial counts by 0.32
logyo cfu/g for ADMS (P < 0.001) and 0.31 log; cfu/g for SRMS (P
< 0.001; Table 6).

LBC treatment of ADMS and SRMS was also effective in
reducing SSLO counts, with samples at 20% LBC inclusion
having the lowest SSLO count compared to untreated samples or
those treated with lower LBC concentrations (Table 4). A linear
decrease in SSLO count was observed according to increasing
LBC concentration (P < 0.001; Table 5). Over time, a consistent
increasing pattern in SSLO count was observed for both substrates
(P < 0.004; Table 6), except for ADMS after 24 h (P = 0.245). For
each % unit of LBC inclusion, SSLO counts were reduced by 0.26
logyo cfu/g for ADMS (P < 0.001) and by 0.09 log; cfu/g for SRMS,
respectively (P < 0.001; Table 6).

4 Discussion

Controlling pathogen growth in bedding substrates is critical
to preventing intramammary infections, especially for organic
bedding materials such as RMS, which has been reported to support
higher levels of environmental mastitis pathogens (6, 22). To
our knowledge, this is the first study that describes the effect of
different concentrations of a commercial LBC on the physical-
chemical and microbiological characteristics of RMS. Our findings
underscore the potential of LBC in controlling environmental
bacteria and optimizing the physical-chemical characteristics of
bedding materials to improve cow health and welfare.

In our study, bacterial counts on untreated substrates remained
high or increased over time. However, when LBC was applied, we
observed a decrease in TBC, Gram-negative bacteria, coliforms,
E. coli, and SSLO counts with increasing LBC concentration,
suggesting the potential of LBC to control pathogen proliferation.
Consistent with our findings, other alkaline conditioners and
hydrated lime have been shown to effectively inhibit bacteria
growth in RMS (11). It has been reported that the antibacterial
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TABLE 4 Descriptive statistics of microbiological count results (mean + SD? log;o cfu/g) of anaerobically digested manure solids and separated raw
manure solids treated with increasing concentrations of lime-based conditioner according to the evaluated lab-times.

Bacterial Time- ADMS¢ SRMSd
group points
(h)® 10%f 15%8 20%h (0)73 N0)74 15%
TBC! 0 9.174+0.08 | 8254001 | 7314008 6504010 | 9584003 | 920+004 | 8904011 | 8.68=+0.10
24 10.12+0.08 | 7.76+0.09 | 7304016 | 6.65+0.10 | 10414004 | 9274005 | 816+0.06 | 7.3440.09
72 10344005 | 9244018 | 7.844008 | 682+007 | 10434006 & 9924008 | 885+008 | 7.7240.08
168 9974003 | 9964010 | 7.95+0.11 | 7.0340.02 | 10.67+£0.06 | 10.05+0.08 | 9264005 | 7.82+0.13
Total 0 5704006 | 0884137 | 039+096 | 0004000  5.16+0.10 0.80+1.24 | 0.00£0.00 | 0.00 % 0.00
Gram-negative 24 6.044+0.12 | 0004000 | 0.00+0.00 | 0004000 | 6954007 | 236+116 | 0.0040.00 | 0.00=0.00
72 7174004 | 1694132 | 0.00£0.00 0004000 | 5654006 | 000000 | 0004000 | 0.00=%0.00
168 5474003 | 3.00£021 | 0.00£0.00 0004000 | 7144012 | 350+0.17 | 3.034£0.13 | 0.00=£0.00
E. coli 0 3.694+0.13 | 0004000 | 000000 0004000 | 4.53+0.15 0.8041.24 | 0.00£0.00 | 0.00 % 0.00
24 4744011 | 0004000 | 0.00£0.00 0004000 | 5614010 | 0.00=£000 | 0.0040.00 | 0.00=%0.00
72 4.614+0.06 | 0004000 | 0.00£0.00 0004000 | 5014005 | 000000 | 0004000 | 0.00=%0.00
168 2914025 | 0004000 | 0.00£000 0004000 | 52940.16 | 0.00=+000 | 0.0040.00 | 0.00=%0.00
Coliforms 0 426+0.07 | 0004000 | 0.00+0.00 0004000 | 3.61+£009 | 0.00£000 | 0004000 | 0.00=%0.00
24 47840.06 | 0.00£0.00 | 0.00+0.00 0004000 | 447+0.13 | 000000 | 0.0040.00 | 0.00=%0.00
72 3764013 | 0004000 | 0.00+0.00 0004000 | 42440.15 | 000000 | 0.0040.00 | 0.00=%0.00
168 1514166 | 0004000 | 0004000 & 0.00+000 5504014 | 0002000 | 0.00=0.00 | 0.00%0.00
Other 0 5684006 | 0884137 | 0394096 0004000 | 5024012 | 0.00£000 | 0.0040.00 | 0.00=%0.00
Gram-negative 24 5994014 | 0004000 | 0.00+0.00 | 0004000 | 6924007 | 236+116 | 0.0040.00 | 0.00=0.00
72 7164+0.04 | 1.694132 | 0.00£0.00 0004000 | 5524007 | 000000 | 0004000 | 0.00=%0.00
168 5474003 | 3004021 | 0.00£0.00 0004000 | 7124013 | 350+0.17 | 3.034+0.13 | 0.00=£0.00
SSLOJ 0 6.56+0.14 | 6424005 | 3274026 0004000 | 7134009 | 6474012 | 5314004 | 3.79+032
24 7314014 | 6754002 | 5134013 | 0.00+£000 | 7664007 | 7514012 | 7.19+0.17 | 560+ 0.06
72 7424009 | 6824018 | 5294010 1554120 | 7.07+0.18 | 693+0.09 | 6594013 | 575+0.19
168 6164012 | 6984007 | 508+008 3504012 | 7.07+0.17 | 6934015 | 6714005 & 6.19+0.11

Standard deviation.

bSample processed immediately (0 h), and after 24, 72, and 168 h of storage at 28°C.
€ Anaerobically digested manure solids.

dSeparated raw manure solids.

€0%: untreated control sample.

£10%: sample treated with 10% of lime-based conditioner.

815%: sample treated with 15% of lime-based conditioner.

h20%: sample treated with 20% of lime-based conditioner.

T'TBC, total bacterial counts.

IStreptococci and streptococci-like organism.

activity of bedding conditioners is related to pH (11, 23). In our
study, the addition of LBC increased the pH to the alkaline range.
As the bedding pH increased a decrease in bacterial counts was
observed, and this was more pronounced as higher concentrations
of LBC were added. Similarly, Hogan et al. (11) reported that
alkaline-based conditioners were more effective in controlling
bacterial populations in RMS, considering this substrate had a
near-neutral pH, effectively inhibiting bacteria in RMS for 1 day.
In addition, after reaching the highest pH level with the
inclusion of LBC, we observed a decreasing trend in pH over
time for both substrates (ADMS and SRMS). As the pH of
the substrates decreased over time, the antibacterial effects of
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the LBC decreased, but the bacterial recovery appeared slower
with higher LBC concentrations. In previous reports, the use of
disinfectants (e.g., acid and alkaline conditioners, and hydrated
lime) initially reduced bacterial counts, but the antimicrobial
activity had diminished by 2 days after application (11, 16). In our
study, the antimicrobial activity of the LBC started to diminish by
24 h. Higher concentrations of LBC may extend the antibacterial
effect in bedding materials, which may be of practical interest for
bedding management on farms.

Several studies have reported an association between the counts
of mastitis pathogens in bedding materials and on the teat ends
(24, 25), and the intensity of udder contamination has been
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TABLE 5 Within-timepoint models® for microbiological counts of anaerobically digested manure solids and separated raw manure solids treated with
lime-based conditioner.

Bacterial ADMSd SRMSe®
group
Estimate SEf Statistic P-value Estimate SE  Statistic P-value
TBC# 0 Treatment —0.133 0.005 —25.298 <0.001 —0.045 0.002 —20.570 <0.001
24 —0.174 0.008 —21.867 <0.001 —0.155 0.005 —30.926 <0.001
72 —0.177 0.008 —21.171 <0.001 —0.133 0.010 —12.873 <0.001
168 —0.152 0.018 —8.597 <0.001 —0.134 0.011 —12.020 <0.001
Total Gram- 0 Treatment —0.292 0.032 —9.022 <0.001 —0.270 0.028 —9.688 <0.001
negative
24 —0.311 0.036 —8.608 <0.001 —0.371 0.026 —14.302 <0.001
72 —0.378 0.031 —12.029 <0.001 —0.291 0.034 —8.615 <0.001
168 —0.299 0.018 —16.725 <0.001 —0.335 0.016 —21.553 <0.001
E. coli 0 Treatment —0.190 0.022 —8.591 <0.001 —0.237 0.025 —9.486 <0.001
24 —0.244 0.028 —8.605 <0.001 —0.289 0.034 —8.611 <0.001
72 0237 0.028 —8.614 <0.001 —0.258 0.030 —8.614 <0.001
168 —0.149 0.018 —8.468 <0.001 —0.272 0.032 —8.597 <0.001
Coliforms 0 Treatment —0.219 0.025 —8.612 <0.001 —0.186 0.022 —8.604 <0.001
24 —0.246 0.029 —8.613 <0.001 —0.230 0.027 —8.599 <0.001
72 —0.194 0.023 —8.593 <0.001 —0.218 0.025 —8.589 <0.001
168 —0.077 0.024 —3.287 0.003 —0.283 0.033 —8.603 <0.001
Other 0 Treatment —0.291 0.032 —9.014 <0.001 —0.258 0.030 —8.606 <0.001
Gram-negative
24 —0.308 0.036 —8.605 <0.001 —0.370 0.026 —14.301 <0.001
72 —0.378 0.031 —12.029 <0.001 —0.284 0.033 —8.614 <0.001
168 —0.299 0.018 —16.719 <0.001 —0.334 0.016 —21.462 <0.001
SSLO® 0 Treatment —0.318 0.038 —8.402 <0.001 —0.161 0.013 —11.978 <0.001
24 —0.321 0.046 —7.061 <0.001 —0.089 0.014 —6.238 <0.001
72 —0.268 0.036 —7.359 <0.001 —0.060 0.008 —7.220 <0.001
168 —0.129 0.026 —5.061 <0.001 —0.040 0.005 —7.416 <0.001

2Within-timepoint model assessed the effects of incremental lime-based conditioner doses (0-20%) on DM and pH, at each timepoint (0, 24, 72, and 168 h).

Sample processed immediately (0'h), and after 24, 72, and 168 h of storage at 28°C.

“Treatment: untreated control sample, and sample treated with 10, 15, and 20% of lime-based conditioner.

4 Anaerobically digested manure solids.
¢Separated raw manure solids.

fStandard error.

8Total bacterial count.

hStreptococci and streptococci-like organism.

associated with an increased risk of mastitis (26). Controlling
bedding moisture may be one way to reduce the risk of mastitis
(27, 28). In our study, a linear increase in DM content as a function
of LBC concentration was observed for both ADMS and SRMS.
This suggests that in addition to controlling microbial growth
by altering the pH, the inclusion of LBC also prevents bacterial
growth by increasing the DM content of the bedding material. An
increase in DM content in RMS treated with alkaline conditioner,
acid conditioner, or hydrated lime was also observed by Hogan
etal. (11). Robles et al. (29) highlighted the association of a higher
percentage of DM in the bedding with reduced bacterial counts, as
well as with higher bulk tank milk quality.

Frontiersin Veterinary Science

Finally, the results of our study must be interpreted with
caution due to its in vitro nature. In vitro studies are conducted
under controlled conditions; excluding the presence of feces, urine,
and other contaminants that might affect the results. Several factors
limit the antimicrobial effect of bedding conditioners to 24-48h,
such as contamination of bedding by cows entering the facility,
removal of the bedding and conditioner when cows exit the stalls,
and buffering capacity of the bedding conditioner over time (16).
Field studies should be performed to validate our findings and the
safety of LBC concentrations concerning cow health, considering
previous studies described that hydrated lime applied to a free-
stall mattress every 48 h caused mild ulceration and scaling on the
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TABLE 6 Across-timepoint models® for microbiological counts of anaerobically digested manure solids and separated raw manure solids treated with
lime-based conditioner.

Bacterial group ADMS¢ SRMSd
Estimate SE® Statistic P-value Estimate SE  Statistic
TBC! 24h 0.146 0.119 1.229 0.222 —0.295 0.125 —2.366 0.020
72h 0.745 0.119 6.282 <0.001 0.139 0.125 1.118 0.266
168h 0913 0.119 7.693 <0.001 0.360 0.125 2.892 0.004
Treatment —0.159 0.006 —28.076 <0.001 —0.117 0.006 —19.637 <0.001
Total Gram-negative 24h —0.233 0.320 —0.729 0.468 0.836 0.287 2915 0.004
72h 0471 0320 1.472 0.144 —0.078 0.287 —0271 0.787
168h 0.375 0.320 1172 0.244 1.927 0.287 6.722 <0.001
Treatment —0.320 0.015 —2091 <0.001 —0317 0.014 —23.107 <0.001
E. coli 24h 0.261 0.263 0.993 0.324 0.071 0.313 0.226 0.822
72h 0.229 0.263 0.868 0.387 —0.080 0313 —0.256 0.799
168h —0.197 0.263 —0.747 0.457 —0.011 0313 —0.034 0.973
Treatment —0.205 0.013 —16.278 <0.001 —0.264 0.015 —17.625 <0.001
Coliforms 24h 0.129 0.294 0.440 0.661 0215 0.288 0.748 0.457
72h —0.125 0.294 —0.425 0.672 0.158 0.288 0.551 0.583
168h —0.690 0.294 —2.342 0.021 0471 0.288 1.639 0.105
Treatment —0.184 0.014 —13.078 <0.001 —0.229 0.014 —16.666 <0.001
Other Gram-negative | 24h —0.241 0.319 —0.755 0.452 1.065 0.293 3.640 0.001
72h 0.476 0319 1.492 0.139 0.123 0.293 0.421 0.675
168h 0.380 0.319 1.191 0.237 2.157 0.293 7.374 <0.001
Treatment —0.319 0.015 —20.907 <0.001 —0311 0.014 —22.269 <0.001
SSLOB 24h 0502 0.429 1.170 0.245 1314 0.151 8.684 <0.001
72h 1.208 0415 2911 0.004 0.906 0.151 5.989 <0.001
168h 1.368 0415 3.298 0.001 1.047 0.151 6.921 <0.001
Treatment —0.259 0.020 —13.055 <0.001 —0.088 0.007 —12.118 <0.001

For the across-timepoint analysis, all data (for ADMS and SRMS separately) were analyzed jointly, considering the effects of incremental lime-based conditioner doses (0-20%)

pH, and including in the model the effect of the number of hours of lime-based conditioner application.

bSample processed after 24, 72, and 168 h of storage at 28°C, respectively; Treatment: untreated control sample, and sample treated with 10, 15, and 20% of lime-based conditioner.

€ Anaerobically digested manure solids.

dSeparated raw manure solids.

¢Standard error.
Total bacterial count.

on DM and

8Streptococci and streptococci-like organism.

cow’s legs and udder (9). To our knowledge, there is no evidence
(field studies) to support the safe use of bedding conditioners
for dairy cows. Therefore, our study can serve as a great starting
point for future field studies to evaluate the effect of different
LBC concentrations on bedding characteristics, mastitis risk and
cow safety.

5 Conclusion

A linear relationship between DM content and pH was
observed with increasing LBC concentration. Both bedding
substrates (ARMS and SRMS) with no inclusion of LBC presented
higher bacterial counts, which tended to remain high or increase

Frontiersin Veterinary Science

over time compared to the LBC-treated samples. On the other
hand, when LBC was applied to ARMS and SRMS, a linear decrease
in TBC, other Gram-negative bacteria, coliforms, E. coli, and SSLO
counts was observed. This reduction in bacterial counts can be
attributed to increased bedding pH and DM. The pH reduction
and the bacterial recovery were slower over time with higher
concentrations of LBC.

Data availability statement

The raw data supporting the conclusions of this article
will be made available by the authors, without undue
reservation.

frontiersin.org


https://doi.org/10.3389/fvets.2024.1408798
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Freu et al.

Author contributions

GF: Writing - review & editing, Writing - original draft,
Methodology, Investigation, Data curation, Conceptualization. SF:
Visualization, Validation, Writing — review & editing, Writing
- original draft, Methodology, Investigation, Data curation,
Conceptualization. VM: Validation, Methodology, Investigation,
Conceptualization, Writing — review & editing, Writing — original
draft. FB: Writing - review & editing, Writing - original
draft, Formal analysis, Data curation. NR: Writing - review
& editing, Writing - original draft, Investigation. DH: Writing
- review & editing, Writing - original draft, Investigation.
CG: Writing - review & editing, Writing - original draft,
Investigation. LM: Methodology, Formal analysis, Writing -
review & editing. GG: Writing - review & editing, Writing
- original draft. LL: Writing - review & editing, Writing -
original draft. MV: Writing - review & editing, Writing -
original draft. PM: Writing - review & editing, Writing - original
draft, Supervision, Project administration, Methodology, Funding
acquisition. MA: Writing - review & editing, Writing — original
draft, Methodology. VB: Writing — review & editing, Writing —
original draft, Project administration, Methodology, Investigation,
Formal analysis.

Funding

The author(s) declare financial support was received for
the research, authorship, and/or publication of this article. GF
thanks the Coordenagdo de Aperfeicoamento de Pessoal de Nivel

References

1. Leach KA, Archer SC, Breen JE, Green MJ, Ohnstad IC, Tuer S, et al. Recycling
manure as cow bedding: potential benefits and risks for UK dairy farms. Vet J. (2015)
206:123-30. doi: 10.1016/j.tvjl.2015.08.013

2. Frondelius L, Lindeberg H, Pastell M. Recycled manure solids as a bedding
material: udder health, cleanliness and integument alterations of dairy cows in mattress
stalls. Agric Food Sci. (2020) 29:420-31. doi: 10.23986/afsci.95603

3. Fréchette A, Fecteau G, Dufour S. Impact of recycled manure solids bedding
on hygiene and odds of hock lesions in dairy cows. Front Vet Sci. (2022)
9:1061632. doi: 10.3389/fvets.2022.1061632

4. Fournel S, Godbout S, Ruel P, Fortin A, Létourneau V, Généreux M, et al.
Production of recycled manure solids for use as bedding in Canadian dairy farms :
1. Composting methods. J Dairy Sci. (2019) 102:1847-65. doi: 10.3168/jds.2018-14967

5. Bradley AJ, Leach KA, Green MJ, Gibbons J, Ohnstad IC, Black DH, et al. The
impact of dairy cows’ bedding material and its microbial content on the quality and
safety of milk—a cross sectional study of UK farms. Int J Food Microbiol. (2018)
269:36-45. doi: 10.1016/j.ijfoodmicro.2017.12.022

6. Fréchette A, Fecteau G, Coté C, Dufour S. Clinical mastitis incidence in dairy cows
housed on recycled manure solids bedding: a Canadian cohort study. Front Vet Sci.
(2021) 8:1-8. doi: 10.3389/fvets.2021.742868

7. Beauchemin J, Fréchette A, Thériault W, Dufour S, Fravalo P, Thibodeau A.
Comparison of microbiota of recycled manure solids and straw bedding used in dairy
farms in eastern Canada. J Dairy Sci. (2022) 105:389-408. doi: 10.3168/jds.2021-20523

8. European Commission. Regulation of the European Parliament and of the
Council of 21 October 2009 laying down health rules as regards animal byproducts
and derived products not intended for human consumption and repealing Regulation
(EC) No1774/2002 (Animal byproducts Regulation), 2009/1069/EC. Off. J. (2009)
L300, 1-33.

Frontiersin Veterinary Science

10.3389/fvets.2024.1408798

Superior—Brasil (CAPES)—Finance Code 001 for the scholarship
during his period in Italy. SF was funded by a Ph. D. fellowship from
Piano Operativo Nazionale, Decreto Ministeriale 1061 (10.08.21);
Azione IV.5—Dottorati su tematiche Green, supported in part by
Consorzio del Formaggio Parmigiano Reggiano.

Acknowledgments

We thank the Unicalce company for providing the bedding
conditioner used in this study. We also thank the students for their
contribution during laboratory analysis.

Conflict of interest

NR was employed by Agribovis s.r.l.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

9. Kristula MA, Dou Z, Toth JD, Smith BI, Harvey N, Sabo M. Evaluation of free-
stall mattress bedding treatments to reduce mastitis bacterial growth. J Dairy Sci. (2008)
91:1885-92. doi: 10.3168/jds.2007-0603

10. Gleeson D. Evaluation of hydrated lime as a cubicle bedding material on the
microbial count on teat skin and new intramammary infection. Irish | Agric Food Res.
(2013) 52:159-71.

11. Hogan JS, Bogacz VL, Thompson LM, Romig S, Schoenberger PS, Weiss
WP, et al. Bacterial counts associated with sawdust and recycled manure
bedding treated with commercial conditioners. J Dairy Sci. (1999) 82:1690-
5. doi: 10.3168/jds.S0022-0302(99)75398-1

12. Hogan JS, Smith KL. Bacteria counts in sawdust bedding. J Dairy Sci. (1997)
80:1600-5. doi: 10.3168/jds.S0022-0302(97)76090-9

13. Hippen A, Garcia A, Hammink W, Smith L. Comfort and hygiene of dairy cows
lying on bedding limestone vs. separated solids. Am Soc Agric Biol Eng-—6th Int Dairy
Hous Conf. (2007) 2007:27-33. doi: 10.13031/2013.22821

14. Ward WR, Hughes JW, Faull WB, Cripps PJ, Sutherland JP, Sutherst
JE. Observational study of temperature, moisture, pH and bacteria in
straw bedding, and faecal consistency, cleanliness and mastitis in cows
in four dairy herds. Vet Rec. (2002) 151:199-206. doi: 10.1136/vr.151.
7.199

15. Godden S, Bey R, Lorch K, Farnsworth R, Rapnicki P. Ability of organic and
inorganic bedding materials to promote growth of environmental bacteria. ] Dairy Sci.
(2008) 91:151-9. doi: 10.3168/jds.2007-0415

16. Hogan JS, Wolf SL, Petersson-Wolfe CS. Bacterial counts in organic
materials used as free-stall bedding following treatment with a commercial
conditioner. ] Dairy Sci. (2007) 90:1058-62. doi: 10.3168/jds.S0022-0302(07)
71592-8

frontiersin.org


https://doi.org/10.3389/fvets.2024.1408798
https://doi.org/10.1016/j.tvjl.2015.08.013
https://doi.org/10.23986/afsci.95603
https://doi.org/10.3389/fvets.2022.1061632
https://doi.org/10.3168/jds.2018-14967
https://doi.org/10.1016/j.ijfoodmicro.2017.12.022
https://doi.org/10.3389/fvets.2021.742868
https://doi.org/10.3168/jds.2021-20523
https://doi.org/10.3168/jds.2007-0603
https://doi.org/10.3168/jds.S0022-0302(99)75398-1
https://doi.org/10.3168/jds.S0022-0302(97)76090-9
https://doi.org/10.13031/2013.22821
https://doi.org/10.1136/vr.151.7.199
https://doi.org/10.3168/jds.2007-0415
https://doi.org/10.3168/jds.S0022-0302(07)71592-8
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Freu et al.

17. Alanis VM, Zurakowski M, Pawloski D, Tomazi T, Nydam DV, Ospina
PA. Description of the characteristics of five bedding materials and association
with bulk tank milk quality on five new york dairy herds. Front Vet Sci. (2021)
8:636833. doi: 10.3389/fvets.2021.636833

18. Nogara KE Busanello M, Tavares QG, De Assis JA, Freu G, Dos Santos MV,
et al. Factors influencing milk quality and subclinical mastitis in dairy herds housed in
compost-bedded pack barn system. Animals. (2023) 13:1-14. doi: 10.3390/ani13233638

19. Microsoft Office (2016). Microsoft® Excel® - Microsoft 365 MSO (Version 2405
Build 16.0.17628.20006).

20. R Core Team. R: A Language and Environment for Statistical Computing. Vienna:
R Foundation for Statistical Computing (2023). Available online at:
(accessed August 24, 2023).

21. Wickham H, Frangois R, Henry L, Miiller K, Vaughan D. dplyr: A Grammar of
Data Manipulation. R Package Version 1.1.4. (2023). Available online at:
(accessed August 24, 2023).

22. Patel K, Godden SM, Royster E, Crooker BA, Timmerman J, Fox L.
Relationships among bedding materials, bedding bacteria counts, udder hygiene,
milk quality, and udder health in US dairy herds. J Dairy Sci. (2019) 102:10213-
34. doi: 10.3168/jds.2019-16692

23. Proietto RL, Hinckley LS, Fox LK, Andrew SM. Evaluation of a clay-based
acidic bedding conditioner for dairy cattle bedding. J Dairy Sci. (2013) 96:1044-
53. doi: 10.3168/jds.2012-6020

Frontiersin

10

10.3389/fvets.2024.1408798

24. Zdanowicz M, Shelford JA, Tucker CB, Weary DM, Von Keyserlingk
MAG. Bacterial populations on teat ends of dairy cows housed in free
stalls and bedded with either sand or sawdust. ] Dairy Sci. (2004)
87:1694-701. doi: 10.3168/jds.S0022-0302(04)73322-6

25. Rowbotham RE,  Ruegg PL. Associations of selected bedding types
with incidence rates of subclinical and clinical mastitis in primiparous
Holstein dairy cows. J Dairy Sci. (2016) 99:4707-17. doi: 10.3168/jds.2015-1
0675

26. Rowe S, Tranter W, Laven R. Longitudinal study of herd udder

hygiene and its association with clinical mastitis in pasture-based
dairy cows. J Dairy Sci. (2021) 104:6051-60. doi: 10.3168/jds.2020-1
9254

27. Freu G, Garcia BLN, Tomazi T, Di Leo GS, Gheller LS, Bronzo
V, et al. Association between mastitis occurrence in dairy cows and
bedding characteristics of compost-bedded pack barns. Pathogens. (2023)
12:1-13. doi: 10.3390/pathogens12040583

28. Leso L, Barbari M, Lopes MA, Damasceno FA, Galama P, Taraba JL, et al. Invited
review: compost-bedded pack barns for dairy cows. J Dairy Sci. (2020) 103:1072-
99. doi: 10.3168/jds.2019-16864

29. RoblesI, Kelton DF, Barkema HW, Keefe GP, Roy JP, von Keyserlingk MAG, et al.
Bacterial concentrations in bedding and their association with dairy cow hygiene and
milk quality. Animal. (2020) 14:1052-66. doi: 10.1017/S1751731119002787


https://doi.org/10.3389/fvets.2024.1408798
https://doi.org/10.3389/fvets.2021.636833
https://doi.org/10.3390/ani13233638
https://www.R-project.org/
https://www.R-project.org/
https://cran.r-project.org/web/packages/dplyr/index.html
https://cran.r-project.org/web/packages/dplyr/index.html
https://doi.org/10.3168/jds.2019-16692
https://doi.org/10.3168/jds.2012-6020
https://doi.org/10.3168/jds.S0022-0302(04)73322-6
https://doi.org/10.3168/jds.2015-10675
https://doi.org/10.3168/jds.2020-19254
https://doi.org/10.3390/pathogens12040583
https://doi.org/10.3168/jds.2019-16864
https://doi.org/10.1017/S1751731119002787
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

	Effect of a lime-based bedding conditioner on physical-chemical characteristics and microbiological counts of recycled manure solids
	1 Introduction
	2 Materials and methods
	2.1 Bedding substrates collection and study protocols
	2.2 Treatments
	2.3 Dry matter content, pH, and microbiological analyses
	2.4 Statistical analysis

	3 Results
	3.1 Dry matter content and pH
	3.2 Microbiological counts

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


