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ABSTRACT

OLIVEIRA, Kellen Ribeiro de, D.Sc., Universidade Federal de Vigosa, February,
2026. Integrated approaches to dairy cow performance: nutrition, reproduction,
and production systems. Adviser: Polyana Pizzi Rotta.

Dairy cow performance in tropical production systems results from complex
interactions among nutritional efficiency, postpartum health, reproductive
management, and housing environment. Advancing sustainable dairy production
therefore requires an integrated understanding of how these biological and
management components influence productivity, resilience, and environmental
outcomes. This thesis investigated key determinants of dairy system performance
through four complementary studies combining controlled experimentation, large-
scale retrospective analyses, and on-farm environmental assessment. The first study
evaluated supplementation with the live yeast Saccharomyces cerevisiae CNCM I-
1077 and demonstrated improvements in rumen degradability of fibrous feeds,
enhanced nutrient utilization, and greater feed efficiency. These findings indicate that
optimizing rumen kinetics can improve metabolic efficiency and help mitigate
environmental stress without necessarily altering microbial diversity. The second
study analyzed retained placenta in commercial dairy herds under tropical conditions
using a large retrospective dataset. Retained placenta was associated with cows’
breed, parity, and calving characteristics, and consistently resulted in reduced
pregnancy per insemination, increased pregnancy loss, and greater risk of culling.
These results confirm that postpartum disorders exert persistent effects on
reproductive outcomes and herd longevity, highlighting the importance of preventive
health strategies. The third study examined herd-level reproductive performance and
showed that management intensity and housing system are major determinants of
reproductive efficiency. More frequent reproductive monitoring was primarily
associated with improved service rate and shorter intervals between inseminations,
whereas compost barn and free stall systems had superior reproductive outcomes
compared with dry lot systems. These findings emphasize that reproductive success
in commercial herds is strongly related to management rather than fertility itself. The
fourth study evaluated manure excretion dynamics in compost barn systems and
demonstrated that the concentration of feces and urine within the bedding promotes
composting and substantially reduces nitrogen requiring external treatment. This
redistribution of nutrient flows enhances recycling efficiency and illustrates how
housing design can simultaneously support



environmental sustainability and animal welfare. Together, these studies demonstrate
that improving dairy production in tropical environments requires a system-level
approach integrating digestive efficiency, postpartum health, reproductive
management, and production system design. Collectively, these findings highlight
how nutrition, reproduction, management, and production system design shape
productivity and sustainability in modern dairy systems.

Keywords: dairy systems; herd management; reproductive efficiency; rumen function;
sustainability; tropical production



RESUMO

OLIVEIRA, Kellen Ribeiro de, D.Sc., Universidade Federal de Vigosa, fevereiro de
2026. Abordagens integradas para o desempenho de vacas leiteiras: nutricao,
reproducao e sistemas de producao. Orientadora: Polyana Pizzi Rotta.

O desempenho de vacas leiteiras em sistemas de produgdo tropicais resulta de
interacbes complexas entre eficiéncia nutricional, saude pés-parto, manejo
reprodutivo e sistema de producdo. Assim, avancos na sustentabilidade e
produtividade da pecuéria leiteira dependem de uma compreensdo integrada de
como esses componentes biolégicos e gerenciais influenciam simultaneamente a
eficiéncia produtiva, a resiliéncia dos animais e impactos ambientais. Esta tese
investigou temas-chave do desempenho de sistemas leiteiros por meio de quatro
estudos complementares que combinaram experimentacdo controlada, analises
epidemioldgicas em larga escala e avaliagbes ambientais em nivel de fazenda. O
primeiro estudo avaliou a suplementacdo com a levedura viva Saccharomyces
cerevisiae CNCM 1-1077 e demonstrou aumento da degradabilidade ruminal de
fibras, maior eficiéncia alimentar e melhor aproveitamento de nutrientes. Esses
resultados indicam que a otimizagdo da cinética ruminal pode aumentar a eficiéncia
metabodlica e atenuar efeitos ambientais adversos sem necessariamente alterar a
diversidade microbiana. O segundo estudo analisou a retencdo de placenta em
rebanhos leiteiros comerciais sob condi¢cdes tropicais utilizando banco de dados
retrospectivo. A retencdo de placenta foi associada a fatores de raca, paridade e
caracteristicas do parto, e apresentou efeitos consistentes na reducao da prenhez
por inseminagdo, aumento da perda gestacional e maior risco de descarte. Esses
achados confirmam que disturbios pos-parto exercem impactos persistentes sobre o
desempenho reprodutivo e a longevidade produtiva das vacas, ressaltando a
importancia de estratégias preventivas de saude. O terceiro estudo avaliou o
desempenho reprodutivo retrospectivo em nivel de rebanho e demonstrou que a
intensidade do manejo e o sistema de producdo sdo determinantes da eficiéncia
reprodutiva. Maior frequéncia de monitoramento reprodutivo esteve associada
principalmente ao aumento da taxa de servico e a reducdo do intervalo entre
inseminagdes, enquanto sistemas compost barn e free stall apresentaram melhores
resultados reprodutivos quando comparados a sistemas de producado a céu aberto
(dry lot). Esses resultados indicam que o sucesso reprodutivo em rebanhos
comerciais € relacionado ao manejo, e nao apenas pela fertilidade individual. O
quarto estudo avaliou a dindmica de excre¢cdo de  nutrientes



em sistemas compost barn e demonstrou que a compostagem reduz o nitrogénio
que necessita de tratamento externo. Essa redistribuicdo do fluxo de nutrientes
aumenta a eficiéncia de reciclagem e evidencia o papel do sistema de produgédo na
promogao simultdnea da sustentabilidade ambiental e do bem-estar animal. Em
conjunto, os resultados demonstram que a melhoria do desempenho de sistemas
leiteiros tropicais requer uma abordagem sistémica que integre eficiéncia digestiva,
saude pés-parto, intensidade de manejo reprodutivo e sistema de producdo. A
integracdo entre nutricdo, saude, manejo reprodutivo e dindmica ambiental
evidenciada nesta tese reforca que a eficiéncia produtiva e a sustentabilidade dos
sistemas leiteiros dependem de abordagens que considerem o sistema como um
todo.

Palavras-chave: eficiéncia reprodutiva; funcdo ruminal; manejo de rebanho;
producao tropical; sistemas de producdo de leite; sustentabilidade
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1. INTRODUCTION

Dairy production requires a combination of nutrition, reproduction, and management that
results in biological efficiency and farm sustainability. Cows’ performance cannot be under-
stood through isolated physiological processes, but rather as the result of interconnected meta-
bolic, reproductive, and management-driven mechanisms acting across multiple biological
scales. Consequently, improving dairy system efficiency demands a multidimensional perspec-
tive that links rumen function, health, reproductive performance, and housing strategies.

At the nutritional level, dairy systems depend on fibrous feed, making the efficiency of
fiber utilization a key determinant of productivity. Strategies that enhance ruminal fermentation
may therefore help improve milk production (DEVRIES AND CHEVAUX, 2014), as well as
ruminal and metabolic stability. Supplementation with Saccharomyces cerevisiae (SC), a live
eukaryotic yeast, helps maintain ruminal pH, prevents metabolic disturbances, and serves as a
growth factor for rumen bacteria, mainly cellulolytic bacteria (AMIN AND MAO, 2018), ulti-
mately leading to improved nutrient use efficiency (AROWOLO AND HE, 2018) and fiber
digestibility (JIANG et al., 2017). Because rumen function is linked to systemic metabolism,
improvements in digestive efficiency may influence health and reproductive outcomes, partic-
ularly during early lactation, when cows face their greatest physiological challenges.

The transition period represents a critical biological window linking nutrition to repro-
duction (GRUMMER, 1995). Metabolic imbalances during this phase are strongly associated
with postpartum disorders such as retained placenta (RP; LEBLANC, 2008), which impact
health and future reproductive performance (VALLEJO-TIMARAN et al., 2021; TONI et al.,
2015). These effects extend beyond individual cows, as prolonged days open and reduced re-
productive efficiency directly impact herd longevity and profitability (LOUCA AND LEG-
ATES, 1968; SASAKI et al., 2020).

Beyond individual physiology, reproductive success in tropical dairy herds is also influ-
enced by management intensity and environmental conditions. Heat stress, common in tropical
climates where the temperature-humidity index frequently exceeds stress thresholds, interferes
with estrus expression, embryo survival, and metabolic adaptation. Additionally, differences
in breed composition, management frequency, and reproductive monitoring strategies can af-
fect fertility outcomes across herds (OLIVEIRA et al., 2019; CAMARGQO et al., 2007). These
factors highlight that reproductive performance results not only from cow biology but also from

herd-level decision-making (DERKS et al., 2013; RITTER et al., 2021).
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Housing and production systems integrate the biological and environmental aspects of
dairy production. Compost barn systems are associated with greater cow comfort due to
unrestricted lying space, reduced environmental impact, and a lower prevalence of hoof and
limb lesions (BLACK et al., 2013). Production systems also influence cow comfort, estrus
expression, heat stress exposure, and ultimately reproductive efficiency (BEWLEY et al.,
2017; LESO et al., 2019). Conversely, dry lot systems are generally less intensive and may
expose cows to greater climate variability, potentially impairing reproductive performance and
complicating management practices.

Production efficiency must be evaluated not only in biological terms but also in
environmental and sustainability contexts. Compost bedded pack is a sustainable system for
dairy cows and allows for the reduction of manure released into the environment or the need
for its treatment. The bedded pack can be removed and reused in agriculture without prior
treatment (DAMASCENO et al., 2020).

Dairy cow performance results from the interaction of ruminal fermentation, metabolic
adaptation, reproductive physiology, management, and production system structure. Therefore,
the objective was to investigate dairy cow performance using a multidimensional framework
that integrates ruminal fermentation efficiency, transition health with emphasis on retained

placenta, herd-level reproductive performance, and production system sustainability.

13
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CHAPTER 1: EFFECTS OF SACCHAROMYCES CEREVISIAE CNCM 1-1077 ON
FIBER DEGRADABILITY, TOTAL-TRACT DIGESTIBILITY, PRODUCTIVE
PERFORMANCE, AND RUMEN MICROBIOTA OF DAIRY COWS

RUNNING HEAD: Live yeast supplementation for dairy cows

Effects of Saccharomyces cerevisiae CNCM 1-1077 on rumen fiber degradability, total-
tract digestibility, productive performance, and rumen microbiota of dairy cows
Kellen R. Oliveira!, Alex L. Silva!, Eric Chevaux?, Lucas J. Mari®, Poliana T. R. Salgado!,
Igor D. R. Ponciano!, Jodo. V. C. Rodrigues!, Carina. S. Bittencourt!, Fiorella L. Viquez-

Umana*, Hilario C. Mantovani*, and Polyana P. Rotta'

'Department of Animal Science, Universidade Federal de Vigosa, Vigosa, Minas Gerais, Brazil 36570-900
2Lallemand SAS, Blagnac, France F-31702

3Lallemand Brasil Ltda, Aparecida de Goiania, Brazil 74923-090

“Department of Animal and Dairy Sciences, University of Wisconsin — Madison, Madison, W1 53706

*Correspondent author: polyana.rotta@ufv.br
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ABSTRACT

This study evaluated the effects of supplementation with Saccharomyces cerevisiae
strain CNCM I-1077 (SC) on rumen degradability, milk production, nutrient digestibility, and
rumen microbiota in dairy cows. Two studies were conducted using a crossover design. In
Study 1, eight non-lactating, rumen-cannulated Holstein cows (2.3 + 1.22 lactations; average
BW 599.6 + 58.26 kg) were assigned to either a control or SC group (1 x 10010 CFU/cow per
day) for two periods of 38 days for in situ rumen degradation trials with different forage and
non-forage fiber sources (NFFS). In Study 2, eight lactating Holstein cows (average parity 2.5
+ 1.71; average BW 608.6 &+ 71.39 kg; average milk yield 30.1 + 2.56 kg/day) were assigned
to a control or SC group (2.0 x 1010 CFU/cow per day) under moderate heat stress conditions
(temperature-humidity index (THI): 68.4 + 5.21), also across two periods of 31 days each. The
trial protocol included detailed monitoring of feed intake, milk yield (MY) and milk
composition, total tract digestibility, rumen microbiota, and rumen parameters. In Study 1,
forage and NFFS degradability were analyzed separately, with cows within period as random
effects and treatment (control or SC) and their interaction as fixed effects. In Study 2, cows
were randomized by parity in blocks, with cows as random effects and treatment, time, and
their interaction as fixed effects. Digestibility was analyzed considering only treatment as a
fixed effect. The significance level was set at 0.05, and a trend was indicated if 0.05>P > 0.10.
Supplementation with SC CNCM I-1077 improved DM and NDF degradability independently
of forage type or quality in both fast and slow degradable fractions, but not at the 12-hour
incubation point. In NFFS, SC increased DM degradability only in the slow degradable
fraction. In lactating cows, SC reduced DMI without affecting MY or composition. Feed
efficiency improved in cows supplemented with SC, despite the absence of effects from SC

supplementation on microbiota richness and taxonomic composition at the genus level in both
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trials. Supplementation with live yeast SC CNCM 1-1077 improved rumen degradability,

nutrient availability, and feed utilization.

Key words: feed efficiency, fiber degradation, live yeast, milk yield

Nonstandard abbreviations used: ALF = alfalfa; BMR = brown midrib corn silage; CIT =
citrus pulp; CON = control treatment; COT = cottonseed whole; DDG = dried distillers’ grain;
EE = ether extract; HQS = high quality corn silage; LQS = low quality corn silage; NDFI =
neutral detergent fiber intake; NFFS = non-forage fiber source; OMI = organic matter intake;

SBH = soybean hulls; SC = Saccharomyces cerevisiae; THI = temperature humidity index.

INTRODUCTION

Feeding live yeast to dairy cows has been studied for its potential to improve animal
performance and support the rumen by stabilizing rumen pH. This stabilization occurs by
reducing lactate production and stimulating lactate consumption, thereby preventing lactate
accumulation and reducing the risk of SARA (Guedes et al., 2008; Khan et al., 2016; Razzaghi
et al., 2023). Additionally, live yeast supplementation modulates the rumen bacterial
population and optimizes fiber digestibility, even under tropical conditions (Sousa et al., 2018).
Rumen degradation of forages grown under tropical conditions can vary significantly due to
differences in plant cell wall composition associated with environmental factors (Ford et al.,
1979; Machado et al., 2013). Therefore, the efficacy of feed additives such as live yeast may
depend on the type of forage, especially when comparing tropical and temperate forages.

In vitro studies have shown that live yeast promotes the proliferation of lactate-
consuming bacteria, including Selenomonas ruminantium and Megasphaera elsdenii (Amin

and Mao, 2021). Additionally, by reducing the oxygen concentration in the rumen, yeast creates
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anaerobic conditions favorable for microbial activity (McAlister et al., 2011), resulting in
increased VFA production and improved fermentation of low-quality forages (Elghandour et
al., 2014).

Although previous research has shown that supplementation with the live yeast SC can
increase milk fat content, MY, and overall production efficiency (Ondarza et al., 2010; DeVries
and Chevaux, 2014), these effects are largely attributed to improved NDF digestibility (Guedes
et al., 2008), and a gap remains in its application under tropical conditions. Previously, under
heat stress, yeast administration has also been associated with a dose-dependent increase in
energy-corrected MY, suggesting improved feed efficiency with increased SC doses (Perdomo
et al., 2020).

However, no previous study has investigated the effects of live yeast SC
supplementation in lactating dairy cows exposed to heat stress while consuming tropical corn
silage-based diets. This study addresses this gap by evaluating cow performance under
moderate heat stress and comparing the degradability of different feeds (tropical vs. temperate)
in response to live yeast supplementation. This approach provides new insights into the
interaction among yeast supplementation, feed composition, and environmental conditions, and
has practical implications for dairy production systems in tropical regions.

Therefore, the objective of this study was to investigate the effects of SC
supplementation on in situ degradation of DM and NDF in low- and high-quality corn silages,
alfalfa, and NFFS. Additionally, we aimed to evaluate the effects of yeast supplementation on
milk production and composition, total tract nutrient digestibility, rumen microbiota, and
rumen parameters in lactating dairy cows exposed to moderate heat stress. We hypothesized
that supplementation with SC CNCM 1-1077 would improve rumen fermentation and increase

forage DM and NDF degradation without significantly affecting the degradation of NFFS. We
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also expected that cows receiving SC supplementation would have higher milk and milk fat

yields and greater production efficiency even under moderate heat stress.

MATERIAL AND METHODS

The studies were conducted at the Dairy Research Facility of the Department of Animal
Sciences at the Universidade Federal de Vigosa, Vigcosa, Minas Gerais, Brazil. Before
initiation, all procedures were reviewed and approved by the Ethics Committee for the Use of

Farm Animals at the Universidade Federal de Vigosa, as described in protocol 051/2021.

Study 1

Animals and Housing

Eight non-lactating Holstein dairy cows fitted with rumen cannulas, with an average
parity of 2.3 + 1.22 SD and an average BW of 599.6 + 58.26 kg, were used. They were housed
individually in stalls with rubber mattress bedding and had ad libitum access to water under
neutral THI conditions (61.9 + 1.5). Cows were randomly assigned to either a control group or
a group supplemented with SC, using a two-period crossover design. Each period included 14
days of adaptation followed by 24 days of data collection.

Cows were housed individually in a single-stall system with mattress bedding and a
ventilated system, with one fan for every two cows. The mattresses were cleaned daily and
treated with hydrated lime to keep them dry. Water was provided ad libitum, and the stalls were

flushed twice daily to ensure cleanliness.

Feeds and Treatment
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The diet was formulated to meet the nutrient requirements of non-lactating cows
according to NASEM (2021; Table 1) and was fed once daily at 0700 h as part of a restricted
intake, individually for each cow. The TMR was similar for both treatments, with the only
difference being the addition of SC CNCM I-1077. The diet contained 7.1 + 2.11% of the feed
retained on the 19-mm sieve, 60.6 = 0.71% on the 8-mm sieve, and 32.3 + 1.57% that passed
the 8-mm sieve of the Penn State particle separator, expressed on a per-feed basis. After
morning feeding, cows received 0.5 g/cow/day of Levucell SC20 (1 x 10 CFU of
Saccharomyces cerevisiae CNCM 1-1077; Lallemand Animal Nutrition, Montréal, Quebec,
Canada). Saccharomyces cerevisiae was diluted in 50 mL of water at 35°C and administered
via cannula directly into the rumen, followed by manual mixing of the rumen contents. Control
cows underwent the same procedure, with the cannula opened and the rumen contents mixed
manually to apply the same aerobic stress to the rumen contents, but without the yeast
supplement. Each experimental period consisted of 14 days of adaptation and 5 days of rumen
and feed sampling to evaluate different NFFS, corn silages, and alfalfa. This was followed by
three consecutive 120-hours in situ rumen degradability assays, separated by 2-day intervals.

Corn silage samples were collected weekly to analyze DM content and adjust the diet.
Offered feed was sampled and dried for 72 hours at 55°C in a convection oven, then ground
through 2-mm and 1-mm sieves using a Wiley mill (Wiley Mill, A.H. Thomas, Philadelphia,
PA) for further analysis. In Study 1, corn silage was also sampled daily from day 15 to day 19,
composited at the end of this period, dried as previously described, milled through 2-mm and
I-mm sieves, and analyzed for DM, OM, and CP according to AOAC (2006), and NDF
according to Mertens (2002), with thermostable a-amylase added to the neutral detergents and

autoclaved samples (Pell and Shofield, 1993).

22



Ruminal Sampling

From days 15 to 19 the rumen contents of each of the four rumen sacs were sampled by
the same trained researcher. Four sampling points were defined in relation to morning feeding
and yeast inoculation: 1) 0 hour —immediately after morning feeding; 2) 6 hours - after morning
feeding; 3) 12 hours - after morning feeding; and 4) 24 hours - after morning feeding,

immediately before morning feeding the next day.

Samples Characterization and in situ Degradability

The study included 6 brown mid-rib (BMR) corn silages from the United States, 6
tropical corn silages from Brazil, 4 alfalfa haylage (ALF) samples from the United States, and
4 non-forage fiber sources from Brazil: whole cottonseed (COT), soybean hulls (SBH), citrus
pulp (CIT), and dried distillers grains (DDG), as listed in Table 2. Corn silages were clustered
into two categories based on their composition — starch, CP, NDF, and DM content — as either
low-quality corn silage (LQS) or high-quality corn silage (HQS), as described in Table 3.

The dried samples were ground through a 4 mm sieve using a Wiley mill (A.H. Thomas,
Philadelphia, PA) and prepared for further incubation. Numbered nylon bags (16 x 10 cm, 50
um pore size, Ankom Technology, Macedon, NY) were used to package the feeds for the
degradability experiment. For forages, 3 g DM per bag was weighed, while for NFFS, 5 g DM
per bag was weighed to obtain residues for further NDF analysis. Samples were previously
dried in a ventilated forced-air system at 55°C for 72 h.

Each feed was incubated in triplicate in each cow via the rumen cannula, following the
recommendations of Orskov et al. (1980). To compare all samples, they were randomly

incubated in three consecutive 120-hour rumen in situ degradability tests, with a two-day
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interval between tests. Incubation was performed in reverse order, and the bags were removed
together at 120, 30, and 12 hours, starting two hours after feeding. The bags were grouped and
placed on a steel chain (90 x 2 cm; Menezes et al., 2019) with a 300 g weight at the end to
ensure continuous immersion in the rumen contents, totaling 400 g for the entire apparatus. For
each group of bags from each cow to be washed together, non-incubated bags (blank samples)
were added as a reference for time 0. Immediately after sampling, the bags were immersed in
cold water and then washed in a washing machine for five cycles with water at room
temperature until the water was clear. The bags were then dried in a ventilated forced-air oven
at 55°C for 48 hours and then in an oven at 105°C for 2 hours before being weighed. The

residues were ground through a 1 mm sieve using a Wiley mill for further analysis.

Microbiota Analysis

QIME2 2024.10.0 (Bolyen et al. 2019) was used to process DNA sequences. The
samples had a mean of 102,760 forward and reverse reads, with a minimum of 55,469 and a
maximum of 144,741 reads per sample. First, DADA2 (Callahan et al. 2016) was used to group
the sequences into ASVs, filter them based on quality, and build an ASV table with the count
of ASVs per sample. A total 0of 22,214 ASVs were obtained, with a mean length of 416 bp. The
sequences were then aligned with MAFFT, and a phylogenetic tree was built with FastTree
using the “phylogeny align-to-tree-mafft-fasttree” plugin of QIIME2. Finally, taxonomy was
assigned to the sequences using the Silva 133 database, trimmed to the V4 region of the 16S
rRNA gene.

The ASVs table, phylogenetic tree, and taxonomy assignment were imported into
phyloseq (McMurdie and Holmes 2013), and chloroplasts and mitochondria were removed.

After filtering, the ASV count decreased to 22,201. The samples were then rarefied to 43,997
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sequences for the first trial and 37,963 sequences for the second trial. This cutoff was
determined based on the increase in species richness with the number of sequences per sample
and the sample with the lowest sequence count.

Rarefied samples were used for alpha and beta diversity analysis. For alpha diversity,
ASV richness and the exponential of the Shannon index were estimated using phyloseq. For
beta diversity, Weighted UniFrac, Unweighted UniFrac, and Bray-Curtis distances between
samples were estimated. Ggplot2 (Wickham 2016) was used to visualize the alpha and beta

diversity results.

Statistical Analysis

The 12 corn silages (6 BMR and 6 Brazilian) were classified into quality groups using
a composite nutritional index based on starch, CP, NDF, and DM. Starch and CP were treated
as positive indicators of nutritive value, NDF as a negative indicator, and DM was evaluated
relative to a target range of 32% to 38% to reflect adequacy for fermentation and preservation
(Khan et al., 2012). Starch, CP, and NDF were standardized using z-scores, and DM
contributed through a penalty proportional to its deviation from the target value. The final index
was calculated as a weighted linear combination of these components, with weights defined a
priori based on biological relevance rather than statistical optimization. Silages were ranked by
the index, with the six highest-scoring samples classified HQS and the remaining six classified
as LQS, representing a stratification based on relative nutritional ranking.

Statistical analysis was conducted using R (R Core Team, Version 2024.04.02) with
the “Ilmer” function from the “lme4” package. Two groups were analyzed for the in situ test:
forages (LQS, HQS, and alfalfa haylage) and non-forage fiber sources (NFFS: COT, SBH,

CIT, and DDG). Cow within period was included as a random effect, while ingredient type

25



(forage or non-forage fiber source), treatment, and their interaction were included as fixed
effects. For the analysis of rumen pH, VFA, and rumen ammonia nitrogen, the same model
was used, with time after feeding and treatment included as fixed effects. When necessary,
mean values were subjected to post hoc analysis using the Tukey test in the “emmeans”
function. Differences were considered significant if P < 0.05 and as a trend if 0.05 <P < 0.10.

For microbiota analysis, the alpha diversity indexes (ASV richness and the exponential
of Shannon) were first analyzed using model I for the first trial and model II for the second
trial. Both models were fitted with an autoregressive residual correlation structure using the
Ime function from the nlme R package (Pinheiro et al., 2025). The normality of the residuals
was assessed both graphically and with a Shapiro test. Homoscedasticity and a mean of zero

for the residuals were checked graphically.

Vijiu = U+ a; + By + (aBi;) + v + vy + €ji (model I)

Yijim = 1+ a; + B+ (aBij) + t + Vi + Uy + Ejgam (model I1)
Yiju = response variable (ASV richness or exponential Shannon index)
u = overall mean
a;= treatment fixed effect i (control or SC supplementation)

B;= fixed effect of time after feeding j

af;j= interaction between treatment and time after feeding ij

v = fixed effect of experimental period

7, = fixed effect of cow parity (included only on model IT)

v; or v, = random effect of cow

&ijk10T &;jkim= residual error

Beta diversity distances (Weighted UniFrac, Unweighted UniFrac, and Bray-Curtis)

were analyzed using models III and IV for the first and second trials, respectively. We
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performed a permutational multivariate analysis of variance (PERMANOVA) to compare
distances between treatments using the adonis2 function from the vegan R package (Oksanen
et al., 2022). We grouped by cow to account for it as a random variable. For the taxonomic
composition of the samples by treatment, we used the R package ANCOMBC2 (Lin and
Peddada, 2024) to identify differentially abundant taxa.
Yiji = U+ @i+ B+ Vi + v+ € (model 111)
Vi = U+ ai+ B+ 1 v+ Uy + Ejjm (Mmodel IV)

Yijix = response variable for diversity index

u = overall mean

a;= treatment fixed effect i (control or SC supplementation)

p;= fixed effect of time after feeding j

V1= fixed effect of experimental period

7, = fixed effect of cow parity (included only on model IV)

v, or v,,= random effect of cow

&ijk10T ;jim= residual error

Study 2

Animals and Housing

Eight lactating Holstein cows, four primiparous and four multiparous (parity = 2.5 +
1.71 SD), were included in this study. The cows were ruminally cannulated, produced an
average of 30.1 = 2.56 kg of milk per day at 176 + 26 DIM, and weighed 608.6 + 71.39 kg.
They were randomly assigned to two treatment groups: Control or supplemented with SC. The

study used a crossover design with two periods, each lasting 32 days. Each period included 21
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days of adaptation and 10 days of data collection (Figure S1; see Notes). The trial was
conducted during the summer, with a mean THI of 68.4 + 5.21, measured with a digital
thermohygrometer (K29-5070H, Kasvi, Pinhais, Parand, Brazil) installed in the center of the
barn where the cows were housed.

Cows were housed individually in single stalls with mattress bedding and a ventilated
system, using one fan for every two cows. The mattresses were cleaned daily and treated with
hydrated lime to keep them dry. Water was provided ad libitum, and the stalls were flushed

twice daily to ensure cleanliness.

Feeds and Treatment

The TMR was formulated to meet the nutrient requirements of lactating cows producing
32 kg of milk per day, as recommended by NASEM (2021; Table 2). At the start of the trial, a
cereal mixture of concentrated ingredients was prepared. Before each feeding, this grain
mixture was thoroughly mixed with corn silage, Tifton hay, and whole cottonseed. The feed
supply was adjusted each morning to ensure that 10% of the total feed remained unconsumed
(orts) based on the previous day's intake. Cows were fed individually ad libitum twice daily at
0700 and 1430 h, while milking occurred three times daily at 0630, 1400, and 2030 h.

The feed provided to the two treatment groups was similar. After the morning feeding,
the rumen cannulas of cows in the SC group were opened to inoculate live yeast directly into
the rumen, and the rumen contents were mixed manually. To control for possible oxygen
exposure from opening the cannulas, the cannulas of cows in the control group were also
opened and the rumen contents were mixed manually, but without adding the yeast supplement.
The live yeast supplementation consisted of 2.0 x 1010 CFU per cow per day of the same live

yeast (SC CNCM 1-1077) used in Study 1, which is the recommended dose for lactating heat-
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stressed cows (Perdomo et al., 2019). Each trial period included a 21-day adaptation phase
followed by a collection phase.

The particle size distribution of the diet and orts was determined using the Penn State
Particle Separator. On an as-fed basis, the diet contained 11.2 + 2.14% particles larger than 19
mm, 32.5 + 1.87% particles between 8 and 19 mm, and 57.9 + 3.27% particles smaller than 8
mm. In the orts, 33.0 = 19.09% of the particles were larger than 19 mm, 25.3 + 6.50% were
between 8 and 19 mm, and 41.7 + 14.90% were smaller than 8 mm. Corn silage samples were
collected weekly, dried in a convection oven at 55°C for 72 hours to adjust nutrient content,
and then ground through 2-mm and 1-mm sieves using a Wiley mill (A.H. Thomas,

Philadelphia, PA) for further analysis.

Ruminal Measurements

The cows were fed twice daily. From days 27 to 31, the rumen contents of each of the
four rumen sacs were sampled by the same trained researcher. Four sampling points were
defined in relation to morning feeding and yeast inoculation: 1) 0 h — immediately after
morning feeding; 2) 6 h after morning feeding and immediately before afternoon feeding; 3)
12 h after morning feeding and 6 h after afternoon feeding; and 4) 24 h after morning feeding,

immediately before morning feeding the next day.

Milk Yield and Composition

The lactating cows were milked three times a day at 0630, 1400, and 2030 h. After the
acclimatization period from days 22 to 24, the MY of each cow was recorded for three

consecutive days during all three milking sessions using a digital scale. Milk samples were

29



collected by homogenizing the milk, then taking 350 mL samples from each milking session.
These samples were analyzed using the Lactoscan Ultrasonic Milk Analyzer (Milkotronic Ltda,
Bulgaria), and the composition for each sample was calculated. The results were summed to
obtain the total production and percentage. Based on the analysis results and MY data, the
production levels of fat, protein, and lactose were calculated using the daily mean compound

percentages and daily production of each compound.

Total Tract Digestibility

On the 26th and 27th days of the study, total fecal output from each cow was collected
directly at the time of defecation to ensure samples were free of urine contamination. Samples
were placed in individual buckets, and every 24 hours all collected feces were carefully
weighed using a digital scale and then homogenized. At the end of each 24-hour period,
samples of the total feces collected that day were taken. These samples were dried for 72 hours
in a ventilated forced-air system. After drying, samples were ground using a 1-mm sieve
(Willey mill, A.H. Thomas, Philadelphia, PA) for further analysis.

Feed and orts samples were collected on the days of fecal and rumen collections. These
samples were dried for 72 hours in a ventilated forced-air system and then ground through 2
mm and 1 mm sieves (Willey mill, A.H. Thomas, Philadelphia, PA). During the same sampling
period, the corn silage offered to the cows was collected from days 25 to 31 in Study 2. At the
end of the sampling period, samples were composited, dried at 55°C for 72 hours in a ventilated
forced-air system, and ground through 2-mm and 1-mm sieves using a Wiley mill.

The feed, orts, and fecal samples were analyzed for DM, OM, and CP according to
AOAC (2006), and for NDF according to Mertens (2002), with autoclaving to neutral detergent

using thermostable a-amylase (Pell and Shofield, 1993).
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Microbiota Analysis

Microbiota data from Study 2 were processed and analyzed using the same
bioinformatic and statistical pipeline described for Study 1, including sequence processing in
QIIME2, ASV inference with DADAZ2, taxonomic assignment with the Silva database, filtering

procedures, rarefaction, and alpha and beta diversity analyses in phyloseq.

Heat Stress Assessments

On two consecutive days, from day 26 to day 27 of the study, the animals' response to
heat stress was assessed by three trained researchers. Rectal temperature was measured with a
digital thermometer (TH1027, G-Tech, Londrina, Parana, Brazil) with an accuracy of 0.2 °C
at 1-hour intervals for 48 hours. At the same time, the evaluator monitored the respiratory rate
by counting flank movements over 15 seconds and multiplying by 4 to obtain breaths per
minute. According to Divers and Peak (2018), these are the most common indicators used to
assess heat stress in dairy cows (Galan et al., 2018). Each cow had 48 values for each time

period.

Statistical Analysis

Data were analyzed using the “Imer” function fitted by REML from the “lme4” package
in R. Animals were randomized in blocks by parity. For the parameters DMI, OMI, CPI, NDFI,
and milk, the model included the fixed effects of SC supplementation, time, and their
interaction, with cow included as a random factor. In the pH analysis, time 0 was used as a

covariate for the other times, following the same model as for animal performance.
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Digestibility was compared only between treatment groups. Data for SCC were log-
transformed and analyzed. Data were considered outliers if their internal residual was greater
than |2.5|. If necessary, means were subjected to Tukey's test at a significance level of 0.05,
and a trend was noted if 0.05 <P < 0.10.

Similarly, using the “Imer” function in a binary analysis, odds ratio estimates were
calculated for rectal temperatures above 39.17 °C and respiratory rates above 40 movements

per minute (Divers and Peak, 2018), comparing the SC group to the control group.

RESULTS

Study 1

The feeds showed different patterns of DM degradability during the 12 hours incubation
(P <0.01, Table 4), with ALF exhibiting higher DM degradability, while HQS and LQS had
similar values. However, DM degradability after 12 hours was not affected by treatment (P =
0.49). At 30 hours of incubation, all evaluated feeds were similarly affected by treatment (P =
0.01), with SC improving DM degradability compared to their counterparts. Among the feeds,
LQS had the lowest degradability at 30 h of incubation (P = 0.02), while the ALF group had
the highest, and HQS tended to have higher degradability (P = 0.02). After 120 hours of
incubation, the feeds showed different levels of DM degradability (P < 0.01). HQS and LQS
were more degradable than ALF (P < 0.01). At this time, there was no treatment effect on feed
degradation (P =0.11).

For NDF degradability, treatment tended to increase degradability after 12 hours of

incubation (P = 0.07). However, different patterns of NDF degradability were observed among
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the feeds (P < 0.01). Alfalfa showed higher NDF degradability compared to LQS and HQS (P
<0.01), which had similar degradability levels (P = 0.61). Additionally, NDF degradability of
forages tended to be affected by treatment at 30 hours of incubation (P = 0.05). At 30 hours,
ALF had the highest degradability, followed by HQS, with LQS showing the lowest
degradability (P < 0.01). At 120 hours of incubation, SC supplementation also increased NDF
degradability (P <0.01) for all forages evaluated. Silages (LQS and HQS) showed similar NDF
degradation patterns (P > 0.05), while ALF was less degraded at this time point.

For NFFS, the effect of feed was observed at all incubation times for both DM and NDF
degradability (P < 0.01, Table 5). For DM degradability, at 12 hours, CIT degraded faster than
COT and DDG (P <0.01), which had similar degradation levels (P = 0.86); SBH had the lowest
DM degradability (P < 0.01). At 30 hours, CIT still had the highest DM degradability (P <
0.01), followed by SBH, DDG, and COT, which had the lowest degradability. For NFFS, there
was a trend toward an interaction between feed and treatment at 120 h for DM (P = 0.06; Table
5), with SC supplementation tending to increase COT degradation at this time point.

A similar pattern was observed for NDF degradability, with no treatment effects
detected at any evaluated time (P = 0.24), but different patterns of feed degradation (P < 0.01).
At 12 h of incubation, CIT had the highest NDF degradability (P < 0.01), differing from DDG
and SBH. In contrast, COT had the lowest NDF degradability at this time point (P = 0.01).

At 30 hours, NDF degradability was highest for CIT, which differed from DDG and
SBH, as both showed similar levels of degradation. COT had the lowest NDF degradation (P
< 0.01). At 120 hours, DDG and SBH remained similar and showed the highest NDF
degradation (P =0.73), while CIT had lower degradation than the other two. Additionally, COT
continued to have the lowest NDF degradation at this time point (P = 0.04).

Rumen pH was not affected by SC supplementation (P = 0.33) but fluctuated

throughout the day (P < 0.01). The lowest pH occurred 6 hours after feeding (P < 0.01),
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increased 12 hours after feeding, and was highest 24 hours after feeding in both groups (Figure
2, P<0.01).

There was no treatment effect on VFA production (P > 0.27, Figure 3). However, the
time of sampling affected the concentrations of acetate, propionate, and butyrate in the rumen
(P < 0.01). Acetate and propionate levels were lower only at 24 hours after feeding, while
butyrate concentrations were lower at 6 and 24 hours post-feeding compared to 0 and 12 hours

post-feeding.

Study 2

During most of the experimental period, THI values were above 68, indicating that the
animals were under moderate heat stress (NASEM, 2021; Figure 1). Lactating cows
supplemented with SC had lower DMI (P = 0.04; Table 6) and showed a trend toward lower
OM intake (P = 0.05) and CP intake (P = 0.08). Neutral detergent fiber intake did not differ
between treatments (P = 0.27). Neutral detergent fiber intake increased over the trial days (P =
0.01) but remained similar between treatments (P = 0.30).

Cows fed SC had higher total tract DM digestibility (P = 0.02; Table 6). Similar results
between treatments were observed for total apparent digestibility of OM (P = 0.82), CP (P =
0.73), and NDF (P =0.14).

Rumen pH was not affected by the treatment (P = 0.79). However, time influenced pH
(P < 0.01), with the highest pH observed 24 hours after feeding (P < 0.01), followed by
measurements at 6 and 12 hours after feeding. This indicates that cows had the highest rumen
pH near feeding time (Figure 4).

The rumen concentrations of acetate (P = 0.10), propionate (P = 0.77), and butyrate (P

= 0.65) did not differ between treatments but were influenced by sampling time (P < 0.01;
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Figure 5). Acetate reached its lowest concentration 24 hours after morning feeding (P < 0.01).
Butyrate showed a similar pattern, with the lowest levels at 0 and 24 hours after feeding (P <
0.01). Propionate peaked 12 hours after feeding (6 hours after the afternoon meal), but similar
concentrations were observed immediately after the morning feeding (0 hour) and 6 hours after
the morning feeding (P < 0.01). For all VFAs studied, the lowest concentrations occurred 24
hours after feeding (P < 0.01). The acetate to propionate ratio was not affected by treatment (P
= 0.30) or time after feeding (P = 0.56).

Saccharomyces cerevisiae strain CNCM 1-1077 supplementation did not affect rumen
ammonia-nitrogen concentration expressed in mM (P = 0.32; Figure 6) or time after feeding
(P =0.30). No interaction between treatment and time was observed (P = 0.43). Similar results
were obtained for rumen ammonia-nitrogen levels (mg/L), with no effect of treatment (P =
0.44), time (P = 0.13), or interaction between treatment and time (P = 0.54).

There was no difference in MY between treatments (P = 0.12, Table 7). There was also
no difference in 4% FCM (P = 0.47), milk energy (P = 0.76), or energy-corrected milk between
the SC and control treatments (P = 0.46).

No differences were found between the treatments in fat content (P = 0.58) or fat yield
in kilograms (P = 0.58). There were also no differences in protein content (P = 0.10) or protein
yield (P = 0.92) between the two groups. The percentage (P = 0.92) and yield (P = 0.91) of
lactose production were also similar between SC and CON cows. The composition of solid
yield (P =0.14) and percentage (P = 0.32) also showed no difference between treatments (Table
7). However, SC-treated cows had lower SCC than CON cows (P = 0.02). Milk urea nitrogen
tended to be lower in cows supplemented with SC than in CON cows (P = 0.07).

Calculations of milk production efficiency showed that cows receiving SC
supplementation had higher values. Specifically, SC-supplemented cows consistently showed

higher efficiency for MY and DMI (P = 0.02). A similar result was observed for FCM relative
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to DMI (P = 0.03). When efficiency was evaluated based on OM intake, comparable results
were found, with significant ratios for MY (P = 0.02) and FCM (P = 0.03).

Regarding heat stress physiological responses, the odds of having a high rectal
temperature (above 39.17 °C) were not affected by SC supplementation (P = 0.20). In contrast,
the odds of an elevated respiratory rate (greater than 40 movements per minute) were
significantly reduced in SC-supplemented cows compared to controls (OR: 0.66; CI: 0.48—

0.92; P=0.01).

Microbiota Diversity

Microbial diversity, estimated by ASV richness and the exponential of the Shannon
index, remains unchanged by the SC treatment. This result was consistent in both trials, even
when diversity was analyzed at different time points after feeding (Figure 7).

Overall, there is no difference in the composition of the samples based on the beta
diversity results (Figure 8). The difference between the samples based on the Weighted
UniFrac distance is not significant in either trial. Although the Unweighted UniFrac and Bray-
Curtis distances show a P-value below 0.05, the low percentage of variance explained by the
principal coordinates analysis (PCoA) indicates these distances contribute little to the overall
variability between samples.

Consistent with the results from the beta diversity analysis, there is no difference in
taxonomic composition at the genus level between the treatment groups (Figure 9,
Supplementary Table 1). The ancomBC2 analysis detected no differentially abundant taxa
between treatment groups in either trial (Supplementary Table; see Notes). However, some
taxa differed at the genus level between sampling times in the first trial (a genus from the

Bacteroidales BS11 gut group, P = 0.04) and in the second trial (Kurthia, P = 0.005). There
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were also differentially abundant taxa at the genus level between periods in the first trial (a
genus from the Bacteroidales BS11 gut group, P = 0.04; Rummeliibacillus, P = 0.001; and
Bacillus, P = 0.004) and in the second trial (Candidatus Saccharimonas, P < 0.001;
Anaerovibrio, P = 0.009; a genus from the family Veillonellaceae UCG-001, P = 0.002; and

Kurthia, P = 0.005).

DISCUSSION

This study sequentially integrated two complementary approaches to assess the nature
and extent of fiber degradability and digestibility in SC-supplemented cows. It first examined
the ruminal degradability of common feed ingredients for dairy cows, then evaluated the
response of milking cows to supplementation. In the in situ degradation study, non-lactating
cows were used to measure rumen degradability of the forage and to avoid distortion of rumen
dynamics caused by lactation (Schadt et al., 2014), while lactating cows were selected to
evaluate performance and its relationship to total tract digestibility.

The better NDF degradability of HQS at 30 hours may be explained by its lower lignin
content, which can facilitate access to and hydrolysis of insoluble carbohydrates by the rumen
microbiota (Keith et al., 1979; Oba and Allen, 1999). This is usually attributed to the greater
potentially degradable fraction and higher feed value of BMR (Luo et al., 2022). However, two
tropical hybrids showed a similar fermentation pattern within the HQS cluster. These results
highlight the need for tailored strategies to address the unique challenges of tropical forages,
such as higher lignin content and the influence of climate on forage digestibility (Ford et al.,
1979). However, DM degradability for both silage clusters was similar, and both differed from

ALF, which had higher undegradable DM at 120 hours of incubation.
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Among the NFFS, COT had the lowest digestibility due to its high NDF content,
derived mainly from the lint, which can promote rumination and potentially improve the rumen
digestibility of other ingredients (Coppock et al., 1985; Pierce et al., 2024). COT can remain
in the rumen with the fiber mat for rumination (Kononoff and Heinrichs, 2003), helping other
forages stay in the rumen longer and be better digested, making it an important fiber source for
ruminants.

The improved forages' DM and NDF degradability at 30 hours, as well as NDF
degradability at 12 and 30 hours, were particularly beneficial given that the retention time of
corn silage in the rumen is about 34.8 hours, as reported by Krémer et al. (2013) for a 50%
forage diet typical of dairy cows. This improvement in degradability indicates greater
efficiency in both the rapidly and slowly degrading fractions of available nutrients (Huhtanen
et al., 2008).

Similarly, SC supplementation improved the degradability of NFFS at 120 hours, which
is consistent with their slower passage rate being similar to or lower than that of conventional
forages (Nocek and Russell, 1988; Firkins, 1997). The feeds evaluated in the current study
showed an increase in the potential degradability of DM by SC for both forages and NFFS,
indicating greater utilization potential in the rumen.

The improved degradability of forages and NFFS with SC supplementation supports
previous findings (Guedes et al., 2008; Poppi et al., 2021) that highlighted the potential of strain
CNCM I-1077 to enhance fiber degradation, particularly in forages. This may positively affect
the remaining non-fermentable nutrients by promoting better utilization of corn silage or
legumes.

Although no changes in rumen pH or VFA concentrations were observed, SC likely
enhanced microbial activity and supported fiber degradation, consistent with previous findings

(Jiang et al., 2017; Perdomo et al., 2019), despite the absence of differences in microbiota
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richness and genus-level composition. The lack of pH changes in this study may be due to the
high forage content and low levels of rapidly fermentable carbohydrates, as rumen pH
remained consistently above 6.5, minimizing acidotic conditions.

In lactating cows, SC supplementation resulted in improved total DM digestibility
under moderate heat stress when fed a corn silage TMR and enhanced feed efficiency
associated with lower DMI. Although MY and composition did not differ, SC cows had higher
milk/DMI and FCM/DMI efficiency. These findings are not consistent with those of Ondarza
et al. (2010) or Desnoyers et al. (2009), who reported a 1.2 kg/day increase in MY associated
with increased DMI when cows were fed the same strain. Similarly, Takyia et al. (2024)
demonstrated higher efficiency in SC cows than in control cows and an increase in FCM.
Although this was associated with lower DMI and a trend toward lower OM and CP intake, the
supplemented cows showed higher efficiency.

These cows maintained milk and solids production at lower intakes, indicating better
digestibility of DM, while showing no effects on the digestibility of OM, CP, and NDF. This
was unexpected, as Study 1 showed an improvement in NDF degradability in the rumen.
Previous studies have also reported improved digestibility of DM and OM (Diepersloot et al.,
2024), CP (Perdomo et al., 2020), and NDF (Sousa et al., 2018; Poppi et al., 2021) when the
SC CNCM I-1077 strain was used.

The lower SCC observed in SC cows indicates improved udder health, which may be
related to reduced production of inflammatory cytokines (Sun et al., 2021), despite the absence
of VFA treatment effects. A previous study also linked supplementation with SC fermentation
products to improved udder health in subclinical mastitis by limiting cell damage and
increasing recovery through regulation of heat shock proteins (Vailati-Riboni et al., 2021). A

limitation of this study was the lack of evaluation of inflammatory mediators related to mastitis.
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When ruminants experience heat stress, they increase their respiration rate to facilitate
evaporative cooling (Zhou et al., 2023). The higher respiration rate also affects the buffer
system in the rumen, as more carbon dioxide is expelled (Bernabucci et al., 2010). Notably,
cows receiving SC were less likely to have a respiratory rate exceeding the normal threshold
of 40 movements per minute, even when they had an abnormal rectal temperature, compared
to cows not receiving SC supplementation.

Despite these improvements in mitigating heat stress, SC did not alter rumen VFA
concentration, rumen pH, or rumen ammonia-nitrogen levels. Although VFA results from
production and absorption through the rumen epithelium, there is limited information on the
actual amount produced in the rumen. Previous studies reported increased VFA production,
nitrogen conversion, and rumen pH associated with SC strain CNCM [-1077 (Perdomo et al.,
2020), supplementation of SC-based products in vivo (Zhu et al., 2017), or in vitro analysis
(Elghandour et al., 2014). These results highlight the efficacy of SC in improving rumen
efficiency and nutrient utilization.

Despite the lack of effects from SC supplementation on microbiota richness and genus-
level taxonomic composition in both trials, lactating cows supplemented with SC had higher

feed conversion for milk production.

CONCLUSIONS

Supplementation with Saccharomyces cerevisiae strain CNCM I-1077 has the potential
to improve rumen degradability of DM and NDF from common dietary fiber sources in dairy
cows, including both forage and non-forage fiber sources. This improvement leads to better

nutrient availability, resulting in no change in milk production or composition, but improved
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somatic cell count and feed conversion. These results highlight the potential of this yeast strain

as a valuable nutritional supplement to optimize feed conversion.
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Table 1. Ingredients and chemical composition of the experimental diet used in Study 1

Item % DM

Ingredient
Corn silage 87.5
Soybean meal 491
Ground corn grain 3.38
Dried distilled grain 2.14
Urea 1.23
Mineral mix 0.28
Limestone 0.24
Sodium bicarbonate 0.14
Sodium chloride 0.11
Ammonium sulfate 0.09

Chemical composition, DM

Dry matter 335
Crude protein 12.6
Rumen degradable protein 10.1
Rumen undegradable protein 2.5

Metabolizable protein 8.57
Neutral detergent fiber 40.9
Starch 15.0
Ether extract 2.35

Table 2. Ingredients and chemical composition of the experimental diet used in Study 2

Item % DM

Ingredient
Corn silage 50.5
Finely ground corn grain 15.1
Dried distilled grain 10.0
Cottonseed whole 8.87
Soybean meal 8.41
Tifton hay 4.42

Vitamin and mineral mix! 1.43




Sodium bicarbonate
Magnesium oxide
Urea

Chemical composition, DM
Dry matter
Crude protein
Rumen degradable protein
Rumen undegradable protein
Neutral detergent fiber
Starch

Ether extract

0.74
0.36
0.25

45.3
16.0
11.0
5.0
414
22.0
3.92

"Mineral mix composition = 200 g/kg of calcium, 15 mg/kg of cobalt, 700 mg/kg of cupper, 15g/kg of
sulfur, 43 g/kg of phosphorus, 35 mg/kg of iodine, 40 g/kg of magnesium, 1 g/kg of manganese, 20
mg/kg of selenium, 90 g/kg of sodium, 2.6 g/kg of zinc, 240,000 Ul/kg of A vitamin, 87,000 Ul/kg of D3

vitamin, and 1,750 Ul/kg of E vitamin.
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Table 3. Chemical composition of feeds (%) used to estimate rumen degradability in cows receiving Saccharomyces cerevisiae CNCM 1-1077

supplementation or control in Study 1

Forage Origin

Feed group DM, % CP? %DM Ash %DM NDF? %DM EE* %DM Starch %DM
BMR 1 HQS? USA 36.7 7.06 9.5 37.2 0.4 35.8
BMR 2 LQS USA 27.7 7.15 42 42.7 1.4 23.5
BMR 3 HQS?® USA 32.1 8.45 3.4 32.0 2.1 294
BMR 4 HQS USA 35.1 7.19 32 30.2 1.3 46.3
BMR 5 HQS USA 33.9 6.81 29 30.3 1.6 25.6
BMR 6 LQS USA 37.2 7.11 3.1 344 1.2 27.2
Haylage 1 Alfalfa USA 43.6 18.4 9.6 36.1 0.65 0.0
Haylage 2 Alfalfa USA 27.9 20.5 11.0 394 0.5 0.0
Haylage 2 Alfalfa USA 453 12.9 9.7 38.5 0.9 0.0
Haylage 4 Alfalfa USA 43.7 18.9 9.8 39.3 0.7 0.0
Corn silage 1 LQS¢ Brazil 38.8 6.54 29 30.4 1.2 33.0
Corn silage 2 HQS Brazil 31.9 8.01 3.8 35.6 3.1 21.0
Corn silage 3 HQS Brazil 334 7.72 4.1 29.0 1.8 23.7
Corn silage 4 HQS Brazil 36.7 6.43 2.8 39.5 1.6 14.1
Corn silage 5 LQS Brazil 36.3 7.74 5.0 41.1 0.5 18.1
Corn silage 6 LQS Brazil 30.9 7.37 3.8 37.6 1.1 30.5
Soybean hulls NFFS’ Brazil 88.3 8.71 4.0 63.2 1.3 0.3
Dried distillers grains NFFS Brazil 92.8 44.8 2.5 48.1 8.4 0.6
Citrus pulp NFFS Brazil 90.8 7.21 8.6 25.6 1.9 2.8

Cottonseed whole NFFS Brazil 88.0 21.9 35 48.4 11.2 09




"Dry matter.

2Crude protein.

*Neutral detergent fiber.
“Ether extract.

SHQS: High quality corn silage.

°LQS: low quality corn silage.
"Non-forage fiber source.
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Table 4. Rumen degradability of tropical corn silage, brown midrib corn silage, and alfalfa in cows fed or not fed Saccharomyces cerevisiae strain

CNCM I-1077
Treatment P -value'
Control SC2
HQS? ALF* LQS® HQS? ALF* LQS? Treatment Feed TXxF
DM degradability, %
12h 9.2 £ 1.00° 25.8+1.20° 10.5+1.01° 10.6 + 1.00° 26.4+1.21* 10.2 + 1.00° 0.49 <0.01  0.69
30h 75.5 £ 1.00% 78.1+£1.15° 74.4 £ 1.00° 78.6 £ 1.00% 78.5+1.12° 76.8 £0.9° 0.01 0.02 0.34
120 h 85.8+0.90° 81.3£1.00° 84.0+0.81° 87.6+0.88* 81.3£1.00° 85.8+0.81° 0.11 <0.01  0.52
NDF degradability, %
12h 26.5+1.37° 42.7+1.59* 24.4+1.38° 282+ 1.36° 45.5+1.57* 252+1.37° 0.07 <0.01 0.74
30h 49.5 +1.44° 54.3£1.66° 45.8+1.41°¢ 52.7 +1.43° 56.5+1.62° 46.5 £ 1.40° 0.05 <0.01  0.57
120 h 72.6 £1.08 60.4+1.19¢ 72.2+1.00* 74.6 £ 1.05* 63.6+1.19¢ 74.1 £1.00° 0.01 <0.01  0.81

!P-value refers to treatment (T), feed (F), and their interaction (T X F).

2Saccharomyces cerevisiae strain CNCM 1-1077 supplied at 1x 10'° CFU day .

*HQS: High quality corn silage

“ALF: Alfalfa.

SLQS: Low quality corn silage

abe owercase letters indicate difference for feeds.
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Table 5. Rumen degradability of non-forage fiber sources in cows supplemented or not supplemented with Saccharomyces cerevisiae strain CNCM

1-1077
Treatments
Control SC? Prvalue’

SBH? CIT? COT? DDG¢ SBH CIT COoT DDG Treatment Feed TXF

DM degradability, %’
12h 46.3+1.53°  82.0+1.53*  49.7+1.61°  50.6+1.53° 46.241.53°  81.6+1.53*  51.5£1.61°  49.8+1.53° 0.94 <0.01 0.77
30h 71.241.37°  96.3+1.37*° 57.8+1.37¢  65.2+1.37° 66.8+1.37°  95.741.47*  56.7£1.37¢  65.9+1.47° 0.29 <0.01 0.24
120 h 97.4£0.65*  96.5+0.60°  71.5£0.60°  97.0+0.60° 97.6+0.60°  96.6+0.60°  74.4+0.60°  97.4+0.60° 0.04 <0.01 0.06

NDF degradability, %
12h 37.542.39¢  69.442.39*  22.942.58¢  54.9+£2.39° 36.242.39¢  66.1£2.39*  21.2£2.58¢  52.0+£2.39° 0.24 <0.01 0.97
30h 63.842.20°  89.6+2.20°  29.9+2.20°  62.742.20° 59.7£2.20°  88.9+2.37*  35.1£2.20° 64.7£2.37° 0.70 <0.01 0.19
120 h 96.2+1.86*  89.3£1.72°  55.7£1.72¢  96.4+1.72¢ 97.2+41.72*  89.4+1.72° 58.5+1.72¢ 97.1+1.72¢ 0.33 <0.01 0.88

!P-value refers to treatment (T), feed (F), and their interaction (T X F).
2Saccharomyces cerevisiae strain CNCM 1-1077 supplied at 1x 10 CFU day .
3Soybean hulls.

“Citrus pulp.

*Cottonseed whole.

Dried distilled grain.

"Time 0 was not compared between treatments.

abe[ owercase letters indicate a difference for feeds.
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Table 6. Means and standard errors of the means (SEM) for total intake, total tract apparent
digestibility, and feed efficiency in lactating cows supplemented or not supplemented with live

yeast Saccharomyces cerevisiae CNCM-1077

P-value
Item Control SC! SEM?

Treatment  Day Treatment x Day

Total intake, kg

Dry matter 21.4 20.0 0.58 0.04 0.20 0.30
Organic matter 20.2 18.9 0.55 0.05 0.28 0.20
Crude protein 44 4.1 0.32 0.08 0.80 0.99
Neutral detergente fiber 8.5 8.0 0.22 0.27 0.01 0.30
Apparent total-tract digestibility, %
Dry matter 66.0 67.1 0.44 0.02 - -
Organic matter 68.0 68.3 0.80 0.82 - -
Crude protein 80.1 80.3 0.52 0.73 - -
Neutral detergente fiber 533 56.1 1.33 0.14 - -

' Cows supplemented with live yeast Saccharomyces cerevisiae CNCM-1077.
2Standard error of mean.
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Table 7. Means and standard error of means to milk composition and efficiency of milk
production in lactating cows supplemented with live yeast Saccharomyces cerevisiae CNCM-

1077 (SC) or not supplemented

P-value
Item Control SC' SEM?

Treatment Day Treatment x Day

Milk yield, kg/d

Milk 275 296 1.28 0.12 0.70 0.87
FCM 4%’ 265 277 179 0.47 0.55 0.32
Milk energy* 265 272 1.73 0.76 0.65 0.26
ECM’ 263 276 1.57 0.46 0.76 0.56
Milk component yield, kg/d
Fat 1.01  1.06 0.033 0.64 0.46 0.19
Protein 090 092 0.056 0.92 0.84 0.57
Lactose 1.34 134 0.049 0.91 0.88 0.30
Total solids 326 337 0.184 0.14 0.66 0.13
Milk composition
Fat, % 3.58 3.58 0.196 0.58 0.42 0.15
Protein, % 3.17  3.11 0.001 0.10 0.71 0.39
Lactose, % 474 471 0.000 0.92 0.92 0.65
Solids, % 11.5 114 0.275 0.32 0.45 0.19
SCC, cells/mL° 4.09 391 0.824 0.02 - -
MUN, mg/dL 16.5 154 0.65 0.07

Efficiency of milk production, kg/kg

Milk/DMI 1.33 149 0.08 0.02 0.81 0.81
FCM/DMI 1.24 140 0.09 0.03 0.64 0.44
Milk/OMI 141 1.57 0.09 0.02 0.43 0.79
FCM/OMI 1.32 148 0.09 0.03 0.64 0.44

'SC: cows supplemented with live yeast Saccharomyces cerevisiae CNCM-1077.

2 Standard error of mean.
291.14 X Milk production in kg+10944 x Milk production in kg X percentual of fat)
SFCM4% = .

728.88
*Milk energy = 12.51 * Fat (kg) + 7.41 = Protein(kg) + 5.32 * Lactose (kg).

SECM = 0.252 X Milk yield (kg) + 12.3 X Fat (kg) + 7.77 X Protein (kg).
Somatic cell count, logarithmic scale.
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Figure 2. Rumen pH in relation to daytime hours in cows supplemented with Saccharomyces

cerevisiae strain CNCM I-1077 (SC) or the control in Study 1.

59



A. Acetate

B. Propionate

Treatment: P=0.27 Treatment: P =0.50
100 T Time: P<0.01 2 ? Time: P <0.01
Treatment x Time: P =0.23 Treatment x Time.: P =0.45
o g
o gu o
E E
£ £ 20
5 Treatment  § Treatment
% 80 -e= Control -E =e= Control
@ @
2 - SC 2 45 - SC
(=} (=]
o o
g 70 &
£ 1=
=) 3
oc o
60 10
0 12 24 0 6 12 24
Time g
C. Butyrate D. Acetate:Propionate
Treatment: P = 0.96 Treatment. P = 0.036
30 Time: P<0.01 Time: P <0.01
eatment x Time: P = 0.89 8 Treatment x Time: P =0.21
=) =
5 5 Treatment  § Treatment
s - Contol £ © e~ Control
D @
= -~ SC 2 == SC
3 8
& e
@ =
E E
& &
10 "
3

12 24
Time

0 6 12 24
Time

Figure 3. Concentration of volatile fatty acids (VFA) in the rumen fluid during the day in cows
supplemented with Saccharomyces cerevisiae strain CNCM 1-1077 (SC) or the control in Study
1. A. Acetate concentration; B. Propionate concentration; C. Butyrate concentration; and D.
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morning feeding of lactating cows supplemented with live yeast Saccharomyces cerevisiae
CNCM-1077 (SC) or control in Study 2.
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ABSTRACT

Retained placenta (RP) is a common postpartum disorder in dairy cows and is consistently
associated with impaired fertility and increased reproductive losses. This study aimed to iden-
tify environmental, management, and genetic factors associated with RP and to evaluate its
effects on reproductive performance and culling in commercial dairy farms under tropical con-
ditions. A retrospective dataset including 138,175 calvings from 437 commercial dairy herds
after data validation, from 2021 to 2023 was analyzed. Retained placenta was defined as the
failure to expel the fetal membranes within 24 h after calving. Generalized linear mixed models
were fitted using the glmmTMB package in R, with farm and cow included as random effects
when appropriate. A total of 289,391 artificial insemination (AI) records were available for
pregnancy per Al (P/AI) analyses, and 57,628 confirmed pregnancies were used for pregnancy
loss (PL) analyses. Fixed effects included parity, breed, type of artificial insemination (Al),
season, and year. Farms had Holstein and Holstein x Gyr (HG) crossbred cows in free stall,

compost barn, or dry lot systems. Twin births, male calves, abortions, premature, higher parity,
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and the Holstein breed were associated with increased odds of RP. Crossbred 1/2 Holstein
Gyr (HG) cows had lower odds of RP compared to Holstein cows. Retained placenta was asso-
ciated with reduced odds of P/AI at first and overall inseminations and with increased odds for
PL, consistently across breeds, parity groups, and Al strategies. Cows affected by RP also had
a higher risk of culling during lactation. These findings highlight the multifactorial nature of
RP and its persistent negative association with fertility and herd longevity in tropical dairy sys-

tems.

Keywords: artificial insemination, fertility, pregnancy loss, retained placenta

1. Introduction

Retained placenta (RP) is one of the most frequent postpartum disorders in dairy cows and
is typically defined as the failure of the fetal membranes to detach within 24 h after calving [1,
2]. The incidence of RP in cattle is influenced by multiple factors, including physiological and
metabolic conditions, environmental and nutritional aspects, breed composition, seasonal vari-
ation, calving complications (e.g. twins, abortions, induced parturition) and increasing maternal
age [3, 4]. Genetic background and production intensity further modulate the risk of RP, par-
ticularly in high-producing cows [5].

These factors may affect immunological functions that are critical for placental expulsion,
such as neutrophils activity and calcium homeostasis [6, 7]. Additionally, difficult calvings,
such as in multiple births, can cause uterine trauma and inflammation, leading to metabolic
disturbances, tissue damage, and dysfunction, which may disrupt the process of membrane sep-
aration [8, 9].

The incidence of RP varies between 3% to 10% in most studies, but can reach higher levels
under tropical conditions, where heat stress and metabolic challenges due oxidative stress [10].
Holstein x Gyr (HG) crossbred cows show greater tolerance to a hot environment compared
with Holstein cows, which may favor postpartum recovery and potentially reduce the risk of
retained placenta [11]. These advantages have been more consistently documented in grazing
systems [12,13] and in studies evaluating reproductive performance [14—16].

Although RP has been extensively studied in temperate regions, information from tropical,
confined dairy systems remains limited. Heat stress, management heterogeneity, and the wide-

spread use of Holstein x Gyr crossbred cows may alter both RP incidence and its reproductive
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consequences under tropical conditions. Retained placenta has been associated with subsequent
uterine disease [17], reduced P/Al, increased PL [18, 19], prolonged calving intervals [20], and
increased culling risk[21, 22]. However, many previous studies relied on single-herd datasets
or analytical approaches that did not account for herd-level clustering. Therefore, there is lim-
ited information regarding the impact of RP on reproductive performance across herds differing
management practices, breed composition, and Al strategies.

Therefore, the objectives of this study were to identify environmental, management and ge-
netic factors associated with RP and to evaluate the association between RP and its impact on
P/Al, PL, and culling risk in dairy cows on commercial dairy herds, using mixed-effects mod-
els. We hypothesized that RP incidence would be associated with calving-related events, parity,
season, and breed. In addition, we expected that cows experiencing RP would persistently im-

pair reproductive performance, such as lower P/AI and higher PL, regardless of breed.

2. Material and Methods

2.1. Study design and data collection

The retrospective observational cohort study used cow-level data collected voluntarily
through the “Concept Plus Dairy” program (Alta Genetics Brazil), which includes 961 farms in
10 Brazilian states: Alagoas, Ceara, Goids, Minas Gerais, Santa Catarina, S3o Paulo, Parana,
Pernambuco, Rio de Janeiro, and Rio Grande do Sul. The program collects data from dairy
farms across Brazil and compiles it into a national reference for the dairy industry. Participation
in this Alta Genetics’ program is voluntary and not connected to any commercial relationship.
In return, participating veterinarians and farmers receive training, access to the Brazilian bench-
mark, and are ranked among the participating farms. Only herds maintaining continuous veter-
inarian assistance for at least one year and an annual average higher than 50 lactating cows were
included.

The initial dataset comprised 240,506 calving events, 1,270,642 Al, and 467,853 pregnan-
cies, from a total of 197,384 cows from first and later lactation cows recorded between January
2021 and December 2023 (Figure 1). Farmers and veterinarians regularly accessed the data
through Ideagri software (Rtimina, Belo Horizonte, Brazil) or Alta Gestao software (Alta Ge-
netics Inc., Uberaba, Brazil), both farm management platforms used to record production and
reproduction. Information included calving records, Al, and pregnancy diagnosis. For the anal-

ysis of PL, only services with a positive previous diagnosis and potential follow-up through to
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260 days after Al were retained, considering subsequent reproductive record (pregnancy re-
check, calving, abortion, or reinsemination). Data on other peripartum diseases (e.g. metritis or
ketosis) were not available, which was considered a limitation.

In addition, information on herd size and farm characteristics, production systems, and fre-
quency of reproductive management were previously collected by Alta Genetics of Brazil using
standardized forms completed by the veterinarians directly responsible for reproductive man-
agement on the participating farms.

Farms were only included in the study if they had received continuous veterinary care for at
least 1 yr. Among all eligible farms, 52 contributed data continuously across all three years of
observation (2021-2023), whereas the remaining farms contributed data for one or two years.
Retained placenta was assessed during this period and defined as the failure to expel fetal mem-
branes within 24 h after calving. Veterinarians from each farm consistently assess the data, with
a commitment to training the farm staff to record RP data.

After data quality control and removal of incomplete or duplicated records, the final dataset
included 138,175 calvings from 437 herds for RP analysis, 289,391 Al events for P/AI evalua-

tion, and 57,628 pregnancies for PL analysis.

2.2. Animals, herds and management

Breeds were classified as Holstein (57.4%) or Holstein x Gyr crossbred cows (HG). Cross-
bred cows were categorized according to the proportion of Holstein genetics as 7/8 HG (14.3%)),
3/4 HG (18.5%), or 1/2 HG (9.8%), indicating approximately 87.5%, 75%, and 50% (F1) Hol-
stein genetic composition, respectively. Production systems included compost barn (68%), free
stall (19.5%), and dry lot (12.5%). Records lacking information in the production system were
excluded, resulting in the removal of 21,840 calving records, 274,965 Al records, and 106,632
pregnancy records. Herd size was expressed as the average number of lactating cows during the
year, divided into less than 100 lactating cows, between 100 and 200 lactating cows, and more
than 200 lactating cows. Information regarding diets was not available; therefore, nutritional
management could not be evaluated.

Use of TAI at first service ranged from 0-100% across farms (mean = 83.4%). Cows were
first inseminated between 38 and 81 DIM, out of the determined voluntary waiting period of 60
DIM for most farms. Heat abatement measures varied: 52.08% of farms used fans in the barns,

16.14% had water sprinklers in the feeding alley, and 48.44% used both sprinklers and fans as
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a cooling strategy in holding pens. Of these, 10.75% applied cooling twice a day, 46.23% three
times a day, and 21.50% more than three times a day.

Table 1 shows the descriptive statistics of the final dataset used to perform the analysis,
including the raw mean RP incidence and the number of farms included for each risk factor.
These raw RP values are not adjusted for potential confounding variables — such as farm,
season, parity, or breed composition — and should be interpreted with caution. The differences
observed in Table 1 may not reflect true associations that have been formally examined in fur-

ther statistical analyses.

2.3. Modelling and Statistical Analyses

The statistical analyses were performed using the R (R Core Team, version 2024.04.02).
Calving dates were used to assign a corresponding season for analysis. Duplicate records on the
same cow (including duplicate farms and parities) were removed, resulting in 171 duplicate
calvings. In addition, only complete cases for each model were used. After these adjustments,
the final dataset included 138,175 calving records from 437 farms to assess the risk factors
associated with RP.

Calving types were defined as 1) normal if the calving process was without complications,
2) assisted for any calving that required intervention, 3) stillbirth for calves that had died by 24
h after birth, 4) premature if the calf was born between 260 and 270 d of gestation, and 5)
abortion if a dead calf was born within 270 d after service (Committee on Bovine Reproductive
Nomenclature, 1972).

To evaluate overall P/AI, 289,391 Al records from 139,162 cows across 437 farms with
complete information were analyzed, considering only Al with diagnosis. The analysis of P/Al
at first service included 139,222 Al events from 124,047 cows across 437 farms. Data for PL
were retrieved from 57,628 pregnancy records from 49,852 cows and 174 farms. Only preg-
nancies with sufficient follow-up information to determine pregnancy outcome (maintenance
to calving or pregnancy loss) within 260 days after AI were included in the analysis, i.e., from
January 2021 to December 2023, were considered. Pregnancies were followed until calving,
confirmed PL, or up to 260 days after Al. Pregnancies without sufficient follow-up information
to determine outcome within this period were excluded from the PL analysis.

Calving outcomes were defined according to the Committee on Bovine Reproductive No-
menclature (1972). Abortion was defined as the delivery of a dead fetus at <260 d of gesta-

tion. Premature calving was defined as parturition occurring after 260 d of gestation, resulting
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in the birth of a live calf between 261 and 270 d. Stillbirth was defined as a calf born dead at
or after 270 d of gestation. Pregnancy diagnoses were performed by the herd veterinarian us-
ing transrectal ultrasonography or rectal palpation, according to each farm’s routine reproduc-
tive management schedule. The first diagnosis occurred at a mean of 32.1 d after Al, and the
confirmation exam occurred at 68.0 d, pregnancies were rechecked once to three times. Preg-
nancy loss was identified based on (1) a negative pregnancy diagnosis following a prior con-
firmed pregnancy, (2) veterinarian records indicating abortion or fetal loss, or (3) reinsemina-
tion following a confirmed pregnancy. To minimize misclassification, only pregnancies with
at least one subsequent reproductive record (pregnancy recheck, calving, abortion, or reinsem-
ination) within the follow-up window were included in the PL analysis. Only farms with vet-
erinarians performing weekly and bi-weekly reproductive visit schedules and using Al ser-
vices were included due to the accuracy of their PL records.

Pregnancy loss was modeled as a binary outcome (1 = pregnancy loss; 0 = pregnancy main-
tained to > 260 d of gestation) rather than a time-to-event variable because its ascertainment
depended on subsequent pregnancy diagnosis or reproductive records, rather than on the exact
timing of fetal loss. As the precise date of pregnancy loss could not be reliably determined for
all cases, a binary classification approach was considered the most appropriate and conservative
analytical strategy. A generalized mixed model with a binomial distribution and logit link func-
tion was used, including RP and its interactions with parity, breed, type of service, and Al
number as fixed effects. Cows nested within farms were included as random effects to account
for herd-level clustering and repeated observation within cows.

Pregnancy loss was recorded observed between 28- and 260-d post-Al, exclusively in cows
that had previously been diagnosed with pregnancy. These time limits were established based
on the date of first diagnosis and in accordance with the Committee on Bovine Reproductive
Nomenclature [23], which defines PL as occurring before 260 d of gestation (after which it is
classified as premature calving). Pregnancy loss (PL) was defined as the loss of a previously
confirmed pregnancy between 28 and 260 days of gestation.

Although a time-to-event approach could be used to model pregnancy loss, the exact timing
of pregnancy loss was not consistently available across herds, as losses were identified based
on periodic pregnancy diagnosis, veterinary records, or reinsemination dates. Therefore, a bi-
nary mixed-effects model was considered more appropriate to evaluate the overall association
between retained placenta and pregnancy loss while accounting for herd- and cow-level clus-

tering.
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Generalized linear mixed models were developed using the glmmTMB function from the
glmmTMB package. For each outcome, an initial full model including all candidate exploratory
variables was specified, with farm included as a random intercept to account for herd-level
clustering. Only observations with complete data for all variables included in each model were
retained for analysis. Fixed-effect selection was performed using a backward and order-depend-
ent stepwise procedure implemented in the buildglmmTMB function from the buildmer pack-
age. Model simplification was guided by minimization of the Akaike information criterion
(AIC), and biologically relevant terms were retained when supported by data.

For the RP model, the selected fixed effects included parity, twin calvings, season, calf sex,
calving type, production system, herd size based on the mean of lactating cows during the year
(less than 100, 100 to 200, or more than 200 lactating cows), breed, and year of data collection.
In this model, RP was modeled as a binary outcome (1 = RP, 0 = non-RP), assuming a binomial
distribution with a logit link function, with cows nested into the farm as random effects. No
evidence of overdispersion was detected (dispersion ratio = 0.98; P = 0.86).

To evaluate the impact of RP on P/AI, GLMMs were fitted for first and subsequent perfor-
mances, categorized as first, second, and third or subsequent Al. Fixed effects included RP and
its interactions with type of artificial insemination (estrus or timed artificial insemination
[TAI]), breed, semen type (sex-sorted or conventional), and parity. Cows nested on the farm
were fitted as random effects. No overdispersion was detected in this model (dispersion ratio =
1.00; P =0.49).

The PL model included fixed effects of parity, breed, type of service, Al number, and type
of Al and the interactions with RP. Random effects were specified for farm and cow, which
was nested within the farm, to account for repeated measures and herd-level variation, without
overdispersion (dispersion ratio = 1.03; P = 0.14).

Statistical inference for fixed effects in all GLMMs was based on Wald tests. Global signif-
icance of multi-level predictors was assessed using type III Wald chi-squared tests implemented
via Anova function from the car package. Post hoc comparisons were performed using esti-
mated marginal means obtained with the emmeans package. Contrasts comparing cows with
and without RP within levels of categorical predictors were evaluated using Wald z tests on the
log odds ratio scale. Odds ratio (OR) and 95% confidence intervals were derived by back-trans-
formation of model estimates. For RP, P/AI, and PL, marginal means were back-transformed
to the probability scale. Estimated marginal means were averaged over the levels of the fixed

effects and were weighted proportionally according to the observed sample sizes. Pairwise com-
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parisons were conducted using the cld function from the multcomp package with a significance
level of 0.05. Trends (0.05 < P<0.10) were not reported.

Time to culling was evaluated using survival analysis. The risk set included all cows with at
least one recorded calving during the study period and complete information for RP status,
parity, breed, and production system. Time origin was defined as the date of the last observed
calving. Follow-up time was calculated as the interval from the last calving to the culling date
when available. Cows without a recorded culling date were right censored at the end of the
observational period, defined as the last date with follow-up available in the dataset. Records
with inconsistent dates resulting in negative follow-up times were excluded.

Each cow contributed a single observation based on its most recent lactation within the study
window. Proportional hazards assumptions were assessed using Schoenfeld residuals. Because
non-proportionality was detected for parity, breed, and production system, these variables were
included as stratification factors, allowing baseline hazards to vary across strata. The associa-
tion between RP and culling risk was evaluated using a stratified Cox mixed effects model
coxme, including farm as a random intercept. Given minor residual deviation from proportional
hazards for RP, hazard ratios are interpreted as average effects over the follow-up period. The

final culling dataset included 137,690 cows with 37,080 culling events observed.

3. Results

3.1. Risk Factors and Incidence of Retained Placenta

The adjusted overall incidence of RP was 2.6%. The risk of RP increased steadily with the
number of lactations from 2.2% in primiparous cows to 5.1% in 7th lactation cows (Table 2).
The odds of RP increased with parity, twin births, male calves, assisted calvings, abortions, and
premature calvings. Holstein cows had higher odds of RP compared with 3/4 HG and 1/2 HG
crossbred cows, whereas it was similar to 7/8 HG cows. Season was also associated with RP
occurrence, whereas year, production system, and farm size were not.

The random effect of farm accounted for a substantial proportion of the variability in RP
incidence (26%), indicating marked heterogeneity among herds. The incidence of RP varied

between the 437 farms evaluated and ranged from 0.01% to 36.38%.

3.2. Pregnancy per Al at First Service According to Retained Placenta and Other Variables
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At first Al, none of the factors interacted with RP (P > 0.05; Table 3). Although several
factors were associated with fertility, including RP itself. Multiparous followed by secundip-
arous had the worst P/Al compared to primiparous. Crossbred 1/2 HG had higher P/AI com-
pared to all the other breed groups. Conventional semen and timed Al were superior to sexed
semen and estrus insemination, respectively. Fertility at first Al was seasonal, peaking in winter

and declining in Summer and Fall (P < 0.01).

3.3. Overall P/AI According to Retained Placenta and Other Variables

Retained placenta was associated with reduced odds of P/AI at first service and across all
inseminations (Table 4). No significant interactions were detected between RP and breed, par-
ity, Al type, or semen type, indicating that the negative association between RP and fertility
was consistent across all these factors. However, the negative influence of RP on P/AI was
strongest at first Al and diminished with subsequent inseminations. Primiparous cows had high-
est fertility compared to secundiparous and multiparous cows, whereas 1/2 HG was also supe-
rior to the other breeds. Timed Al and conventional semen were associated with higher P/AIL

Inseminations during the Summer resulted in lower P/Al, followed by spring and fall, which

were similar, while winter Al had the highest fertility.

3.4. Pregnancy Loss According to Retained Placenta and Other Variables

Retained placenta was associated with a 48% increase in the odds of pregnancy loss (P =
0.01; Table 5). No significant interactions were observed between RP and breed type of Al,
semen type, or parity (P = 0.33).

Parity influenced PL risk, with higher losses in older cows. Parity influenced PL (P < 0.01),
primiparous cows and cows in 2nd lactation were less likely to have PL than cows in >3rd
lactation (P < 0.01).

In relation to breed, Holstein cows had similar losses to 3/4 HG and 7/8 HG crosses, whereas
1/2 HG cows had the lowest PL. Timed Al seems to increase PL, while semen type did not
interfere with this index.

Regarding the number of Al an interaction (P = 0.01) with RP was found. In cows with RP,
the PL was similar (P = 0.36) for all services. However, in cows without RP, the 1st Al was
associated with a lower PL than the > 3rd AI (P < 0.001), while the 2nd Al was comparable to
the other services. After the Ist service, RP-affected cows had 1.66 odds ratio to PL (P <0.01),
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while at the 2nd Al it was 1.47 (P < 0.01), and at > 3rd AI, RP increased the odds ratio to PL
by 1.31 (P =0.01).

Compared to 1st Al in cows unaffected by RP, the odds ratio of PL was similar at 2nd Al
1.06 (CI: 0.98-1.15; P =0.07), and increased by 1.13 (CI: 1.11-1.16; P < 0.01) at 3rd or later
Al These results indicate that the negative influence of RP on PL decreased slightly with suc-
cessive Al In cows without RP, PL increased with each subsequent AI. Compared with the 1st
Al, the odds ratio of PL increased by 1.07 (CI: 1.01-1.13; P = 0.02) with the 2nd Al and by
1.14 (CIL: 1.08-1.19; P <0.01) with the >3rd AL

There was a season effect on PL cows inseminated during the Spring had the highest PL
compared to those in Fall and Winter (P < 0.04); however, Spring and Summer PL were similar

(P =0.57). PL was similar in Fall, Winter, and Summer (P > 0.05).
3.5. Culling Rate According to Retained Placenta and Other Variables

The culling analysis included 137,690 cows and 37,080 culling events. In the stratified Cox
mixed-effects model accounting for farm-level clustering, cows with RP were associated with

a higher risk of culling compared to cows without RP (HR = 1.14; CI: 1.10 -1.18; P <0.001).

4. Discussion

This study aimed to identify risk factors for RP and to evaluate its associations with repro-
ductive performance and culling in commercial dairy herds. Using data from 437 herds in Bra-
zil, comprising 138,175 calvings, 289,391 Al records, and 57,628 pregnancies, it was observed
that RP incidence was associated with parity and was higher in cows experiencing twin births,
male calves, abortions, premature, or assisted calvings. Holstein cows exhibited higher odds of
RP than 1/2 HG crossbred. In addition to cow-level and calving-related factors, a substantial
proportion of the variability in RP incidence was attributable to herd-level differences, with
farm random effects explaining approximately 26% of the total variance. This finding high-
lights the heterogeneity among herds and suggests that unmeasured management, environmen-
tal, or record-related factors contribute meaningfully to RP occurrence.

Retained placenta is a common health problem on dairy farms that is negatively associated
with reproduction, productivity, and profitability, and is often due to a suboptimal transition

period [3]. The incidence of RP is 5 to 10% in Canada [3, 24], 9 to 15% in Iran [25], and 6.7 to
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19.9% in US dairy herds [26, 27, 28]. Our data had a mean incidence of 2.6% in the adjusted
model, despite this rate reaching up to 16.1% in cases of premature calving.

Parity and calving-related events emerged as the strongest factors associated with RP. The in-
creasing odds of RP with advancing parity are consistent with previous reports and may reflect
cumulative physiological demands across successive lactations, including repeated exposure to
metabolic and uterine challenges [29]. However, because metabolic indicators, immune func-
tion, and uterine involution were not measured, these interpretations should be considered bio-
logically plausible explanations rather than demonstrated mechanisms. Similarly, the markedly
higher RP risk observed in cows experiencing twin births, abortions, premature calvings, still-
births, or assisted calvings reinforces the well-established association between abnormal partu-
rition events and impaired placenta expulsion [30, 25], emphasizing the role of dystocia and
tissue trauma in RP [31, 32].

Male calves, which were generally heavier at birth, were associated with a 20% higher inci-
dence of RP than female calves, a difference greater than previously reported [33]. The adoption
of sex-sorted semen to produce female calves may thus have indirect benefits for postpartum
recovery, relative to fetopelvic ratio [34]. Selection of sires with a lower birth weight could be
a strategy, it was previously suggested, especially for cows calving for the first time, which is
expected to reduce the incidence of difficult calvings and thus the likelihood of RP [35, 36].

Seasonal effects on RP were modest in magnitude but detectable, with slightly higher odds
during warmer periods. Although heat stress has been associated with impaired immune func-
tion and postpartum disorders in previous studies [37, 10], the present dataset did not include
direct indicators of thermal load or physiological stress. Therefore, seasonal differences ob-
served here should be interpreted as descriptive associations rather than evidence of heat-stress
mediated mechanisms. Previous studies [38] found lower RP incidence in the compost barn
system compared to the free stall. Despite that, the absence of differences among production
systems and herd size further suggests that RP risk in confined tropical herds may be influenced
more by cow-level and calving-related factors than by the housing system itself.

Breed composition was also associated with RP risk. Holstein cows exhibited higher odds of
RP compared with 1/2 HG crossbred, whereas differences were less pronounced for crossbred
with higher Holstein genetic proportions. These findings are consistent with reports describing
improved adaptation of Gyr-influenced genotypes to tropical environments [39, 40, 41], related
to embryonic resistance [42]. Nonetheless, the present study cannot disentangle whether these

differences are attributable to thermotolerance, metabolic resilience, immune competence, or
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management-related factors correlated with breed composition. Our data also showed a lower
incidence of RP in 1/2 HG cows associated with higher fertility rates. Genetic selection for
thermotolerance combined with heat stress mitigation could improve herd profitability in the
future. This approach will reduce the impact of weather conditions on production and repro-
ductive performance by increasing animal resilience [43].

Retained placenta was consistently associated with reduced P/ALI at first service and across
all inseminations. Importantly, no significant interactions were detected between RP and parity,
breed, Al strategy, or semen type, indicating the negative association between RP and fertility
was broadly consistent across production scenarios. Although the magnitude of the association
decreased with successive inseminations, cows affected by RP continued to show reduced re-
productive efficiency, suggesting that the consequences of RP may extend beyond the immedi-
ate postpartum period.

Cows with RP were observed to be more likely to lose pregnancies during gestation, sup-
porting the hypothesis that subclinical endometrial inflammation related to RP can persist for
several cycles [44, 30]. These consequences have a direct impact on the time to the next preg-
nancy and increase the costs of the dairy farm [45]. Conversely, in cows without RP, PL risk
increased with the number of Al being highest on the third or more attempts.

Cows with RP were also associated with higher odds for pregnancy loss. This association
was observed across parities, breeds, and Al strategies, with limited evidence of effect modifi-
cation. Because pregnancy loss was evaluated as a binary outcome and the precise timing of
pregnancy loss was not consistently available, the present analysis does not allow inference
regarding the gestational stage or biological processes underlying these losses. Despite that,
health problems, which can ultimately lead to lower P/AI and higher PL are consistently de-
scribed on literature [3, 17, 47], once RP leads to dysfunction and lower fertility [48]. Multip-
arous cows are particularly susceptible to poorer uterine conditions due to anatomical and phys-
iological changes that can affect fertility [49, 50], which was seen in this data analysis when
multiparous cows had higher RP incidence and worse fertility.

Some of these challenges can be mitigated by reproductive management strategies. For ex-
ample, in this study, TAI protocols improved P/Al, especially in cows with RP. Optimized
synchronization protocols, including presynchronizations and other modifications during the
TAI protocol, have been shown to improve fertility and PL outcomes [51].

In addition to its reproductive consequences, RP was associated with a higher risk of culling

during lactation. This finding reinforces the relevance of RP as an indicator of reduced herd
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longevity, independent of parity, breed, or production system. Although culling decisions are
inherently multifactorial and may reflect unmeasured health, economic, or management con-
siderations, the persistence of this association after adjustment for key covariates highlights the
broader impact of RP on herd sustainability. Previous studies associated this higher uterine
disease with culling risk and consequent lower likelihood of pregnancy [47, 52]. This empha-
sizes the importance of RP prevention not only for reproductive performance but also for main-
taining productive life in tropical dairy herds.

Several limitations should be acknowledged. The retrospective nature of the dataset pre-
cludes causal inference, and information on nutritional management, body condition score, met-
abolic status, and concurrent postpartum diseases was unavailable. Pregnancy loss ascertain-
ment relied on routine veterinary diagnoses and subsequent reproductive records. Nevertheless,
the large sample size, inclusion of multiple herds across different regions, and use of mixed-
effects models accounting for herd- and cow-level clustering strengthen the robustness and ex-
ternal validity of the observed associations.

In summary, these results reinforce that RP remains a multifactorial disorder in dairy sys-
tems, with long-term consequences for reproductive success and herd health. Prevention man-
agement strategies, such as improved heat mitigation, optimized nutritional management, and
timely intervention in the transition period, are recommended to reduce the incidence of RP and

mitigate the reproductive and longevity impacts in dairy herds.

5. Conclusions

Retained placenta was significantly associated with reduced pregnancy per Al, increased
pregnancy loss, and higher culling risk in dairy cows managed under tropical conditions. Cross-
bred 1/2 Holstein x Gyr cows exhibited lower odds of RP compared to purebred Holsteins,
whereas parity and calving-related events were major associated factors of RP occurrence. Alt-
hough causal mechanisms cannot be inferred, the consistency of associations across herds high-
lights retained placenta as a key indicator of subsequent reproductive outcome. These findings
emphasize the importance of preventive strategies during the transition period to mitigate long-

term reproductive and productive consequences of RP in tropical dairy systems.
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Table 1. Descriptive statistics on the incidence of retained placenta (RP) by categorical risk factors in 437 commercial dairy farms.

Number of calvings Number of farms Number of RP cases Incidence of retained placenta (%)
Parity
1 50,435 437 2,694 4.5
2 39,151 437 2,968 6.6
3 24,457 422 1,990 7.2
4 13,707 417 1,183 7.6
5 6,530 396 626 8.2
6 2,725 352 265 9.8
7 1,170 275 98 7.7
Breed!
Holstein 77,638 388 6,064 6.8
7/8 Holstein x Gyr 19,603 383 1,410 6.6
3/4 Holstein x Gyr 26,494 376 1,620 5.8
1/2 Holstein x Gyr 14,440 269 730 6.9
Calf sex
Female 82,897 445 5,435 5.7
Male 55,278 437 4,389 7.1
Calving type
Normal 129,021 446 8,063 5.5
Assisted 4,565 206 667 18.1
Stillbirth 3,197 299 594 16.4
Premature 180 70 60 322
Abortion 1,212 188 440 26.5
Twin

No 134,096 446 8,808 5.6



Yes
Season
Fall
Winter
Summer
Spring
System
Compost barn
Free stall
Dry lot
Farm size (lactating cows)
Less than 100
100 to 200
More than 200
Year
2021
2022
2023

4,079

39,220
39,863
31,394
27,698

92,598
24,710
20,867

10,856
28,944
98,375

45,635
56,586
35,954

357

437
433
428
438

274
40
149

156
163
162

375
431
324

1,016

2,770
2,657
2,486
1,911

6,775
1,970
1,079

642
1,817
7,365

3,491
3,901
2,432

21.9

6.4
59
6.6
5.8

7.2
8.2
3.6

4.6
6.3
7.3

6.2
6.4
53

These retained placenta values are not adjusted for potential confounding variables and should be interpreted with caution. The differences observed in Table 1 may not reflect true associations.

"Pure Holstein and Holstein x Gyr crossbreed cows. Fractions represent the Holstein genetics contribution.
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Table 2. Incidence of retained placenta in dairy cows (mean + standard error) and odds ratio (mean and confidence interval) from the adjusted generalized linear mixed model

for parity, breed, calf sex, calving type, twin pregnancy, season, farm characteristics, and year of data collection across 437 dairy farms.

Number of calvings Retained placenta, % P-value
Overall Odds ratio [CI 95%]
138,175 2.6+0.26
Parity <0.001
1 50,435 2.2+0.22° [Ref.]
2 39,151 2.5+0.25° L.IS[1.13-1.17]
3 24,457 2.9+0.29° 1.33[1.29 - 1.37]
4 13,707 3.3+£0.33¢ 1.53[1.46 —1.61]
5 6,530 3.8+0.38¢ 1.76 [1.65 — 1.88]
6 2,725 4.4 +0.44° 2.03[1.88 —2.20]
7 1,170 5.0£0.51# 2.34[2.13-2.58]
Breed! 0.007
Holstein 77,638 2.8+0.28° [Ref]
7/8 Holstein x Gyr 19,603 2.6 +0.27% 0.96 [0.89 — 1.03]
3/4 Holstein x Gyr 26,494 2.5+0.252 0.88 [0.81 —0.97]
1/2 Holstein x Gyr 14,440 2.3+0.252 0.83 [0.74 — 0.93]
Calf sex <0.001
Female 82,897 25+0.24 [Ref.]
Male 55,278 29+0.29 1.20 [1.15-1.26]
Calving type <0.001
Normal 129,021 2.5+0.24 [Ref.]
Assisted 4,565 4.6 +0.49° 1.92 [1.75-2.10]
Stillbirth 3,197 7.3 £0.76¢ 3.11[2.81 —3.46]
Premature 180 16.1 £2.74¢ 7.60 [5.37 —10.76]
Abortion 1,212 15.8 = 1.60¢ 7.43 [6.48 — 8.54]
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Twin
No
Yes
Season
Fall
Winter
Spring
Summer
System
Compost barn
Free stall
Dry lot
Farm size (lactating cows)
Less than 100
100 to 200
More than 200
Year
2021
2022
2023

134,096
4,079

39,220
39,863
31,394
27,698

92,598
24,710
20,867

10,856
28,944
98,375

45,635
56,586
35,954

2.5+0.24
9.2+0.89

2.4 +0.24°
2.7+0.26*
2.6 £0.25%
2.9+0.28°

2.6 +0.26
3.0+0.37
24+0.27

2.2+0.29
2.5+0.27
2.7+0.29

2.7+0.27
2.6 +£0.26
2.6 +£0.26

[Ref.]
3.86 [3.55 —4.20]

[Ref.]
1.10[1.03 - 1.17]
1.06 [0.99 — 1.13]
1.18 [1.12 — 1.26]

[Ref.]
1.15[0.98 — 1.37]
0.92 [0.79 — 1.06]

[Ref.]
1.13 [0.91 — 1.41]
1.21[0.95 - 1.55]

[Ref.]
0.95[0.90 — 1.00]
0.95[0.89 — 1.01]

<0.001

<0.001

0.105

0.300

0.148

Values represent adjusted probabilities (%) and odds ratio (OR, 95% CI).
"Pure Holstein and Holstein x Gyr crossbreed cows. Fractions represent the Holstein genetics contribution.
abedeteMeans followed by different lowercase letters indicate differences (P < 0.05) based on pairwise comparisons.
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Table 3. Association between retained placenta and pregnancy per artificial insemination (P/Al; %) at first artificial insemination after calving using generalized mixed model
adjusted for other variables: parity, breed, type of artificial insemination, and semen retrieved from 437 dairy farms. Means, odds ratio, and confidence interval for each level

are presented.

Retained placenta Odds ratio P-value
Item Number of AI'
Yes No (Yes vs. No)! Main effect Interaction Level
Overall 139,222 31.9 38.8 0.74 [0.70 - 0.77] 0.017 - 0.017
Parity <0.001 0.541
Primiparous 52,813 36.0 42.9¢ 0.75[0.70 - 0.81] <0.001
Secundiparous 38,832 32.6 39.2° 0.75[0.69 - 0.81] <0.001
Multiparous 47,577 27.0 34.2% 0.71 [0.66 - 0.77] <0.001
Breed? <0.001 0.365
Holstein 84,150 32.0 38.4* 0.75[0.71 - 0.80] <0.001
7/8 Holstein x Gyr 20,459 31.5 38.0° 0.75[0.67 - 0.84] <0.001
3/4 Holstein x Gyr 23,931 31.5 38.7% 0.73 [0.65 - 0.82] <0.001
1/2 Holstein x Gyr 10,682 32.9 43.9° 0.62 [0.52 - 0.77] <0.001
Type of Al 0.001 0.675
Estrus 26,716 30.0 37.6* 0.71 [0.63 - 0.80] <0.001
Timed-Al 112,506 323 39.1° 0.74 [0.71 - 0.78] <0.001
Semen <0.001 0.289
Conventional 120,254 322 39.4* 0.73[0.70 - 0.77] <0.001
Sex-sorted 18,968 30.1 35.3° 0.79 [0.69 — 0.90] <0.001
Al Season <0.001 0.496
Fall 42,323 31.1 37.7* 0.75[0.69 - 0.81] <0.001
Winter 37,755 34.7 40.9¢ 0.77[0.71 - 0.84] <0.001
Spring 28,875 31.3 39.2° 0.71 [0.64 - 0.78] <0.001
Summer 30,269 29.9 37.4* 0.71 [0.65 - 0.78] <0.001
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Values represent adjusted probabilities (%) and odds ratio (OR, 95% CI) comparing cows with retained placenta to cows without retained placenta.
!Artificial insemination.

Pure Holstein and Holstein x Gyr crossbreed cows. Fractions represent the Holstein genetics contribution.

abeMeans followed by different lowercase letters within the same column indicate differences (P < 0.05) based on pairwise comparisons.
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Table 4. Association between retained placenta and overall pregnancy per artificial insemination (P/Al; %) in an adjusted generalized mixed model for parity, breed, type of
artificial insemination, semen, and artificial insemination number retrieved from 437 dairy farms. Means, odds ratio, and confidence interval for each level are presented.

Retained placenta Odds ratio P-value
Item Number of AI'
Yes No (Yes vs. No)' Main effect Interaction Level

Overall 289,391 354 383 0.88 [0.85-0.91] <0.001 - <0.001
Parity <0.001 0.211

Primiparous 107,806 40.0 40.5¢ 0.98 [0.91 - 1.06] 0.614

Secundiparous 81,078 354 37.2° 0.92[0.85 - 1.00] 0.051

Multiparous 100,507 315 33.2¢ 0.93 [0.86 - 0.99] 0.048
Breed? <0.001 0.456

Holstein 175,504 35.0 38.2¢ 0.87[0.84 - 0.91] <0.001

7/8 Holstein x Gyr 42,386 358 37.5¢ 0.93[0.86 - 1.01] 0.069

3/4 Holstein x Gyr 49,923 355 37.9° 0.90 [0.84 - 0.98] 0.012

1/2 Holstein x Gyr 21,578 37.8 41.8° 0.84[0.74 - 0.97] 0.017
Type of A® <0.001 0.147

Estrus 82,540 333 36.9 0.85[0.81-0.91] <0.001

Timed-Al 206,851 36.3 38.9 0.90 [0.86 - 0.93] <0.001
Semen <0.001 0.195

Conventional 261,673 355 38.5 0.88 [0.85-0.91] <0.001

Sex-sorted 27,718 352 36.5 0.95[0.85 - 1.05] 0.311
Al number <0.001 <0.001

1 138,554 33.9%4 39.54¢ 0.78 [0.75 - 0.82] <0.001

2 91,301 36.58 38.0® 0.94 [0.89 - 0.99] 0.015

3 or more 59,536 37.508 35.8%4 1.07 [1.01 - 1.14] 0.024
Al Season <0.001 0.975

Fall 85,584 35.0 40.9° 0.89 [0.85-0.94] <0.001

Winter 76,922 38.0 40.6° 0.89[0.84 - 0.94] <0.001
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Spring 61,356 34.8 37.9° 0.88 [0.82 - 0.94]
Summer 65,529 33.7 36.5° 0.88 [0.83 - 0.94]

<0.001
<0.001

Values represent adjusted probabilities (%) and odds ratio (OR, 95% CI) comparing cows with retained placenta to cows without retained placenta.

'Odds ratio of the comparison between retained placenta (No vs. Yes) in a determined level of the fixed effect.
?Pure Holstein and Holstein x Gyr crossbreed cows. Fractions represent the Holstein genetics contribution.
*Artificial insemination.

abedMeans followed by different letters indicate differences (P < 0.05) based on pairwise comparisons considering interaction with retained placenta.
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ABCD Means followed by different uppercase letters within the same column indicate differences (P < 0.05) based on pairwise comparisons inside yes or no retained placenta group.

Table 5. Association between retained placenta and pregnancy loss (%) between 28 and 260 d of gestation adjusted in a generalized mixed model for parity, breed, type of
artificial insemination, semen, and artificial insemination number. Data retrieved from 174 dairy farms. Means, odds ratio, and confidence interval for each level are presented.

ltem Number .of ob- Retained placenta Odds ratio P-value
servations Yes No (Yes vs. No)! Main effect Interaction Level

Overall 57,628 30.4 22.8 1.48 [1.38 - 1.58] 0.004 0.001
Parity <0.001 0.328

Primiparous 23,474 29.4 21.9 1.49[1.32 - 1.67] <0.001

Secundiparous 16,108 315 22.6° 1.57 [1.40 - 1.77] <0.001

Multiparous 18,046 30.7 24.1° 1.39[1.25 - 1.56] 0.001
Breed? <0.001 0.507

Holstein 34,233 31.7 23.4* 1.521.40 - 1.65] <0.001

7/8 Holstein x Gyr 8,708 28.7 22.7* 1.37[1.15 - 1.63] 0.006

3/4 Holstein x Gyr 9,679 28.7 22.6* 1.38[1.16 - 1.64] 0.007

1/2 Holstein x Gyr 5,008 27.6 19.0° 1.63[1.27-2.08] 0.001
Type of AP 0.005 0.131

Estrus 13,609 27.2 21.8° 1.34[1.16 - 1.56] 0.003

Timed-Al 44,019 314 23.1* 1.52[1.41 - 1.65] <0.001
Semen 0.321 0.685

Conventional 51,752 304 22.7 1.49 [1.38 - 1.60] <0.001

Sex-sorted 5,876 30.2 23.4 1.411.12 - 1.78] 0.010
Al number <0.001 0.014

1 22,567 31.6° 21.7°4 1.66[1.48 - 1.87] <0.001

2 13,646 30.3¢ 22.8:bAB 1.47[1.29 - 1.68] <0.001

3 or more 21,415 29.2¢ 23.9%¢ 1.31[1.18 - 1.46] 0.009

Al Season 0.004 0.388

Fall 14,340 30.4 22.3% 1.53[1.34 - 1.74] <0.001
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Winter 16,637 30.7 22.1* 1.54[1.36 - 1.74] <0.001
Spring 13,942 31.9 23.7° 1.511.33-1.73] <0.001
Summer 12,709 28.7 23.2%® 1.33[1.15-1.53] <0.001

Values represent adjusted probabilities (%) and odds ratio (OR, 95% CI) comparing cows with retained placenta to cows without retained placenta.

'0dds ratio of the comparison between retained placenta (No vs. Yes) in a determined level of the fixed effect.

Pure Holstein and Holstein x Gyr crossbreed cows. Fractions represent the Holstein genetics contribution.

3 Artificial insemination.

abc Means followed by different lowercase letters indicate differences (P < 0.05) based on pairwise comparisons considering interaction with retained placenta.

ABLMeans followed by different lowercase letters within the same column indicate differences (P < 0.05) based on pairwise comparisons inside yes or no retained placenta group.
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Initial data: 961 dairy herds

Artificial inseminations Pregnancies

[ 1,270,642 467,853

January 2021 to December 2023

Data refinement

[ 995,667 361,221

Artificial inseminations Pregnancies

Duplicates removal

s

| Pregnancies

Incomplete cases

Incomplete cases Removal of herds
removal With monthly reproductive visits

removal
289,391 57,628
Artificial inseminations Pregnancies
136,915 cows 136,915 cows 49,852 cows
437 dairy herds 437 dairy herds 174 dairy herds

With weekly and bi-weekly
reproductive visits

Figure 1. Flowchart illustrating the data handling and processing steps for assessing risk factors
of retained placenta, pregnancy per artificial insemination, pregnancy loss in dairy cows from
Brazilian farms.

96



CHAPTER 3: REPRODUCTIVE MANAGEMENT INTENSITY AND PRODUCTION
SYSTEM  ARE ASSOCIATED WITH  HERD-LEVEL REPRODUCTIVE
PERFORMANCE IN COMMERCIAL DAIRY HERDS

*Formatted following the guidelines of Theriogenology Journal

REPRODUCTIVE MANAGEMENT INTENSITY AND PRODUCTION SYSTEM ARE
ASSOCIATED WITH HERD-LEVEL REPRODUCTIVE PERFORMANCE IN COM-
MERCIAL DAIRY HERDS

Kellen R. Oliveira!, Tadeu E. da Silva?, Jodo H. C. Costa?, Tiago M. Ferreira®, Alex L. Silva',
Carlos E. C. Consentini*, Roberto Sartori®, and Polyana P. Rotta!"

I Department of Animal Science, Universidade Federal de Vigosa, Vigosa, Minas Gerais, Brazil.
’Department of Animal and Veterinary Sciences, University of Vermont, Burlington, Vermont.
3Alta Genetics do Brasil, Uberaba, Minas Gerais, Brazil.

* GlobalGen Vet Science, Jaboticabal, SP, Brazil.

3 Department of Animal Science, ESALQ, University of Sdo Paulo, SP, Brazil.

97



Abstract
This study evaluated the association between reproductive management frequency (RMF), pro-
duction system, and herd-level reproductive performance in dairy herds. Herd-level retrospective
data from 284 dairy herds from Brazil were analyzed and classified according to reproductive
veterinary management frequency (monthly, bi-weekly, or weekly) and production system (com-
post barn, free stall, or dry lot). Reproductive management practices, reproductive performance
indicators, and milk yield were assessed through a three-year retrospective observational analysis.
Associations between management frequency or production system and herd-level outcomes were
evaluated using generalized linear models and generalized linear mixed models when appropriate.
Pairwise comparisons were conducted using estimated marginal means, and P-values were ad-
justed for multiple testing using Benjamini—Hochberg correction. Spearman correlation analysis
assessed relationships between pregnancy rate and reproductive and productive indicators. More
frequent reproductive veterinary visits were associated with higher service rates, shorter intervals
between services, fewer days open, and higher pregnancy rates. In contrast, pregnancy per service
did not differ across management frequencies. Free stall and compost barn systems showed greater
adoption of reproductive technologies and superior reproductive performance compared with dry
lot systems, while differences between compost barn and free stall systems were limited. Preg-
nancy rate was strongly correlated with service rate and pregnancy per service. In conclusion, herd-
level reproductive performance was primarily associated with reproductive management fre-
quency and production system. Weekly reproductive monitoring was associated mainly with ser-
vice rate rather than pregnancy per artificial insemination (Al), while also compost barn and free
stalls achieved better reproductive outcomes than dry lot systems.
Keywords: Management, Pregnancy rate; Veterinary assistance.
1. Introduction

Reproductive efficiency remains a major determinant of success in dairy herds, reflecting
the combined effects of environmental conditions, postpartum health (Vérhidi et al., 2024), estrus
expression, management decisions, and consistency in reproductive management. Although repro-
ductive physiology and management are widely studied, there is limited information on how the
frequency of veterinary reproductive assistance interacts with production systems to influence
herd-level reproductive outcomes in commercial dairy herds. This gap persists despite fertility

being a high-priority topic for farmers (Derks et al., 2013; Ritter et al., 2021) and evidence that
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timely reproductive interventions can reduce the time to pregnancy diagnosis and improve overall
herd reproduction (Armengol et al., 2023).

Production systems further influence cow comfort, estrus expression, heat stress exposure,
and ultimately reproductive efficiency. Compost barn systems have been associated with greater
cow comfort due to unrestricted lying space, reduced environmental impact (Oliveira et al., 2024),
and a lower prevalence of hoof and limb lesions (Black et al., 2013). In contrast, dry lot systems
are generally less intensive and may expose cows to higher heat stress and greater environmental
variability, potentially impairing reproductive performance and complicating management prac-
tices.

The frequency of veterinary reproductive assistance is closely associated with earlier disease
detection, improved classification of reproductive status, and more consistent implementation of
evidence-based reproductive protocols. Although this relationship has been demonstrated in other
species (Marynissen et al., 2025), empirical evidence linking the frequency of veterinary repro-
ductive visits to herd-level reproductive outcomes in dairy cattle remains limited, particularly in
commercial scale. Moreover, frequent veterinary involvement may improve record accuracy, re-
productive planning, and strategic decision-making at the herd level. Frequent veterinary visits
may also be associated with lower interval between services by improving pregnancy diagnosis
efficiency and decision-making for re-insemination.

Therefore, this retrospective observational study aimed to evaluate multiple commercial herd
reproductive performance. The objective was to assess how the frequency of veterinary reproduc-
tive assistance and the production system influence annual reproductive performance indicators in
dairy herds. We speculate that a higher frequency of veterinary reproductive assistance and more
intensive productive systems would be associated with higher service rate, shorter service inter-

vals, and superior reproductive performance.

2. Material and Methods
This study was a retrospective observational analysis of commercial dairy herds. Data from
284 commercial dairy herds in ten Brazilian states (Figure 1) were evaluated retrospectively from
July 2021 to June 2024. Herds were classified by production system as compost barn, free stall, or

dry lot, and by frequency of veterinary reproductive assistance as weekly, bi-weekly, or monthly.
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A total of 90,658 breeding cows were included in the analysis. The number of cows per herd
ranged from 14 to 2,099, with cows having between one and seven calvings during the evaluated
period (Table 1).

Data were obtained from the Concept Plus Program, developed by Alta Genetics Brazil,
which conducts benchmarking analysis based on herd-level reproductive and productive indica-
tors. Participating farmers and veterinarians completed structured questionnaires describing man-
agement practices. Additionally, herds provided individual reproductive records for at least one
complete year, retrieved from its herd management software.

Data collection spanned three production years. However, only 17 herds were evaluated over
three complete years, whereas 48 herds contributed data for two years and 137 herds for a single
year. Therefore, the herd-year was considered the experimental unit, resulting in a total of 284

herd-years evaluated.

2.1. Data cleaning and herd eligibility

Reproductive records were initially provided at the individual cow and service levels, total-
ing 1,270,642 service records. As all reproductive and productive parameters were calculated at
the herd-year level, only lactating breeding cows were considered for analysis. Consequently,
354,124 services from nulliparous cows were excluded. An additional 131,019 services from beef
breeds or cows with unidentified breed classification were removed. Herds without production
system information accounted for the exclusion of 52,749 services. To ensure accurate calculation
of P/AI, 17,324 services lacking a recorded pregnancy diagnosis and 4,491 services from cows
with more than eight lactations were excluded. Moreover, 55,373 services from herds that did not
report the frequency of reproductive veterinary assistance or classified it as non-frequent were
removed from the dataset.

For indicators requiring the number of cows eligible for breeding (e.g., service rate and preg-
nancy rate), data were calculated by the herd management using 21-days reproductive cycles. Ser-
vice rate was calculated as the number of inseminations divided by the number of cows eligible
for breeding during each 21- period. Pregnancy rate was calculated as the number of cows diag-
nosed as pregnant divided by the number of eligible cows within the same period.

Production systems were classified as compost barn, free stall, or dry lot. Veterinary repro-

ductive assistance frequency was categorized as monthly, bi-weekly, or weekly. Breed composi-
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tion across production systems, including purebred Holstein and Holstein x Gyr crossbreds (1/2,
3/4, and 7/8 Holstein), is present on Figure 2. The distribution of veterinary reproductive manage-
ment frequency within each production system is presented in Figure 3.

After data aggregation and quality checks, 12,097 cows from 137 herds were excluded due
to inconsistent records. Subsequently, 21,870 cows from 94 herds were removed because of in-
complete information for the evaluated variables. Finally, herds with fewer than 10 cows were
excluded, resulting in the removal of 23 cows from 4 herds. After all exclusion criteria were ap-

plied, the final dataset comprised 90,658 cows distributed across 284 dairy herds.

2.2. Calculations

For each herd year, the following variables were calculated: P/AI overall and by parity (pri-
miparous, secundiparous, and multiparous), P/AI at first service, percentage of retained placenta,
age at first calving (AFC), use of TAI use of sexed semen (overall and at first Al), use of Al and
embryo transfer (ET), average dry period length, voluntary waiting period (VWP) stipulated by
the herd, interval from calving to first Al, and days open (DO), defined as the interval between
calving and subsequent confirmed pregnancy.

Pregnancy rate and service rate were calculated by the herd management software based on
21-days reproductive cycles. The interval between services was calculated within lactation and
parity by determining the number of days between consecutive services. The first service of each
lactation was excluded from this calculation. Intervals were averaged at the herd-year level, with
the production year defined as July to June.

Associations between herd management strategies, production systems, and reproductive
and productive outcomes were assessed at the herd-year level using descriptive and inferential

statistical approaches.

2.3. Statistical analysis
All statistical analyses were performed in R (R Foundation for Statistical Computing, Vi-
enna, Austria). The herd—year was considered the experimental unit. Data were filtered to include
only herds with consistent reproductive management frequency; records classified as “every 21

days” or “sporadic” were excluded from analyses comparing reproductive management frequency.
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Distributional assumptions for continuous outcomes were evaluated using graphical inspection and
descriptive statistics.

Descriptive statistics summarized the distribution of herd—year observations. The number of
unique herd—year observations was determined by combining farm identification and year, and
within-system proportions were calculated.

Associations between production system and herd-level reproductive and productive out-
comes were evaluated using generalized Gaussian linear models (GLM), with production system
as a fixed effect. Similarly, associations between reproductive management frequency and herd-
level outcomes were assessed using GLM, with management frequency as a fixed effect. Separate
models were fitted for each outcome. Because outcomes were expressed as herd-level annual in-
dicators, models were fitted assuming Gaussian errors.

Given that the study design was based on aggregated herd-year data, individual-level covari-
ates such as breed could not be included in the models. Thus, the predominance of crossbred cows
in dry-lot systems should be considered when interpreting differences in productive and reproduc-
tive outcomes.

Type 111 tests were used to evaluate the overall effect of each factor. When significant, esti-
mated marginal means were obtained using the emmeans package using the Sidak test, and pair-
wise comparisons among levels were conducted. Compact letter displays summarized multiple
comparisons through multcomp package. To account for multiple testing across related outcomes,
P-values were adjusted using false discovery rate control according to the Benjamini—-Hochberg
procedure.

To evaluate whether the voluntary waiting period differed across parity categories within
management frequency, the voluntary waiting period was analyzed in a long-format dataset that
included primiparous, secundiparous, and multiparous categories. A linear model with the inter-
action between management frequency and parity was fitted, and the interaction was interpreted
using Type III tests and estimated marginal means within management frequency.

The mean interval between consecutive inseminations within lactation (excluding the first
insemination of each lactation) was analyzed using a generalized linear mixed model with a
Gamma distribution and log link to accommodate positive, right-skewed data. Management fre-

quency and production system were evaluated as fixed effects in separate models, and herd was
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included as a random intercept to account for clustering of herd—year observations within each
herd. Estimated marginal means were back-transformed to the original scale.

To examine relationships between pregnancy rate and other herd-level reproductive and pro-
ductive variables, Spearman rank correlations were calculated between pregnancy rate and each
predictor variable using complete-case pairs. Correlation coefficients (p) and corresponding P-
values were reported. P-values from the correlation analyses were adjusted for multiple testing
using false discovery rate control.

An adjusted significance level of P < 0.05 was used for inferential analyses.

3. Results

Descriptive analysis

Among the 284 evaluated herds, 73.6% housed lactating cows in compost barns, 7.4% in
free stalls, and 19.0% in dry lots. Most cows were housed in compost barns (Figure 2), predomi-
nantly as purebred Holsteins, while crossbred cows were mainly distributed between compost
barns and dry lot systems. Free stall systems housed mostly Holstein cows.

Most herds received reproductive veterinary assistance biweekly (48.9%), followed by
weekly (35.9%) and monthly visits (15.2%). The use of Al is predominant in the herds, with only
six herds reporting more than 90% ET use during the evaluated year. Regarding breed, 11 herds
have 100% Holstein purebred breeding cows, and 13 herds had no Holstein purebred cows in their
herds, 260 herds have both purebred Holstein and crossbred Holstein x Gyr cows.

Monthly veterinary visits were absent in free stall systems, while weekly visits were more
common in free stall herds (Figure 3). Bi-weekly visits were most frequent in compost barn sys-
tems, whereas dry lot systems had the highest proportion of monthly visits.

Across herds, the stipulated VWP ranged from 15 to 80 days, while real VWP ranged from
3 to 271 d, and the interval between calving and first service was 68.3 days (Table 1). For the first
Al after calving, 80% of herds used TAI, and P/AI ranged from 3.45% for multiparous cows to
38.6% for secundiparous cows, and 43.67% for primiparous cows during the first Al. Overall,
68.5% of services used TAI, resulting service rate, P/Al and pregnancy rate averaged 57.1%,

20.9%, and 20.7%, respectively. On evaluated herds, sexed semen use was in mean 20.2%.
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Regarding typical period records, dry period ranged from 43.9 to 79.6 d, while days open
ranged from 85.4 to 171.1 d. Retained placenta through herd-year varied from 0.0% to 33.9%.
Parity average was 2.3 lactations for breeding cows, while AFC 26.9 months for them. At first

lactation, mean MY was 8,111.5 kg and overall MY was 9,995.3 kg.

Reproductive management frequency

Herds receiving monthly veterinary visits had higher average parity (P < 0.01) and older
AFC compared with herds visited bi-weekly, followed by weekly (P < 0.01; Table 2). Monthly
herds also had a longer dry period than those with other management frequencies (P < 0.01).

Use of AL, TAI, and TAI at first service differed among management frequencies (P < 0.01).
Monthly herds showed lower use of synchronization strategies (P < 0.01; Table 2), lower service
rates (P < 0.01), longer days open (P = 0.01), and a longer interval between services compared to
weekly herds (P < 0.01). Bi-weekly herds had intermediate values for these indicators.

The stipulated VWP was shorter in monthly herds than in weekly herds (P < 0.001), but the
interval from calving to first service was significantly longer in monthly herds than in bi-weekly
and weekly herds (P < 0.01). Similar patterns were observed when primiparous cows were evalu-
ated (P <0.01).

Pregnancy per Al, whether at first service or overall, did not differ among management fre-
quencies across parity groups (P > 0.63). However, the pregnancy rate was associated progres-
sively from monthly to bi-weekly to weekly herds, reflecting differences in service rate.

Use of sexed semen was higher in weekly herds (P = 0.04), whereas ET use did not differ

among management frequencies (P = 0.71).

Production system
Compost barn and free stall systems showed lower parity (P <0.01) and younger AFC com-

pared with dry lot systems (P < 0.01; Table 3). Compost barn and free stall herds were similar in
most reproductive management practices, including Al and TAI use, while dry lot herds had lower
adoption of synchronization strategies (P < 0.01).

Stipulated VWP (P = 0.01) and the interval between calving and first AI (P = 0.01) were
longer in dry lot systems compared with confined systems, particularly compost barns. This pattern

was also observed in primiparous cows.
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Pregnancy per Al did not differ among production systems when evaluated overall (P =0.49)
or by parity (P > 0.26). Service rate was highest in free stall herds, followed by compost barn, and
lowest in dry lot herds (P < 0.001). Accordingly, free stall herds have the shortest interval between
services, followed by compost barn and dry lot systems (P < 0.01). Pregnancy rate was higher in
intensive confined systems compared with dry lot systems (P =0.01).

When examining average milk production, free stall and compost barn herds had the highest
overall average milk yield compared to dry lot herds (P < 0.01). For first-lactation cows, free stall

herds had the highest milk yield, followed by compost barn and dry lot systems (P < 0.01).

Parameters correlated with pregnancy rate
Pregnancy rate is strongly and positively correlated with service rate and P/AI (P < 0.01;

Table 4). High positive correlations were also observed with P/AI in primiparous (P < 0.01) and
secundiparous cows (P < 0.01), as well as with P/AI at first service (P < 0.01). Moderate positive
correlations were observed with MY at first lactation (P < 0.01), overall, MY (P <0.01), TAI use
(P <0.01), and Al use (P < 0.01). In contrast, AFC (P < 0.01) and days open were negatively
correlated with pregnancy rate (P < 0.01).

Retained placenta (P < 0.01), use of sexed semen (P < 0.01), and use of TAI (P = 0.06)
showed weak correlations with pregnancy rate, whereas use of ET (P =0.79), dry period length (P
= 0.68), and herd parity (P = 0.21), were not significantly correlated with pregnancy rate after

adjustment for multiple testing.

4. Discussion
This study suggests that both reproductive management and production systems are strongly
associated with herd-level reproductive performance in dairy herds. Confined systems appeared to
invest more intensively in reproductive programs, as indicated by a higher frequency of veterinary
visits. In this context, free stall herds had the highest veterinarian visit frequency, followed by
compost barn herds, which was associated with the service rate and MY for both the overall herd

and primiparous cows.
Compost barn systems, as previously reported, are increasingly common production systems
(Leso et al., 2020), largely due to the comfort provided by the free bed system and also its lower

environmental impact (Oliveira et al., 2023), compared to conventional free stall housing. Dry lot
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systems were also prevalent in the evaluated population; however, they were characterized by
lower management intensity, as evidenced by fewer veterinarian visits. This reduced intensity was
associated with lower reproductive indices, including less use of TAI and lower service rates, re-
flecting less efficiency in breeding eligible cows.

The first artificial insemination (Al) postpartum is a critical factor in herd reproductive suc-
cess and overall profitability (Inchaisri et al., 2010), as it is closely associated with postpartum
disease incidence and treatment. The use of timed artificial insemination (TAI) protocols at first
service has been shown to standardize hormonal conditions after uterine recovery, reduce reliance
on estrus detection, and decrease days open (DO) (Moreira et al., 2001; Wiltbank et al., 2012;
Cardoso Consentini et al., 2021).

Weekly veterinary visits were associated with lower AFC, which may suggest more inten-
sive nutritional and reproductive programs, as well as higher replacement rates suggested by the
presence of younger lactating cows. Heifers that calve at a younger age tend to have a longer
lifespan, reducing culling before the second lactation (Bach, 2011), particularly because reproduc-
tive disorders remain one of the main causes of culling in dairy herds (Almeida et al., 2025).

A VWP close to 60 days has historically been recommended to allow adequate uterine invo-
lution and metabolic recovery postpartum (VanRaden et al., 2004; Miller et al., 2007; Hansson et
al., 2025). Achieving this target remains challenging due to the negative energy balance associated
with increasing production until peak yield, which generally occurs between 4 and 8 weeks post-
partum and varies according to parity (Carvalho et al., 2019). Monthly herds had a longer interval
from calving to first Al, approaching values suggested for high-producing or younger herds; how-
ever, this pattern is not supported by their productive profile, as these herds were characterized by
lower milk yield and older cows.

Weekly visited herds showed greater uniformity in the interval from calving to first service
and a shorter interval between services, reflecting more systematic and frequent reproductive mon-
itoring. In contrast, monthly herds had greater variability, and primiparous cows were inseminated
later. Delaying first service for primiparous cows may be beneficial, as it allows additional time
for growth before the next calving (Stangaferro et al., 2018; Edvardsson Rasmussen et al., 2023).
Bi-weekly herds exhibited intermediate patterns and inseminated parous cows earlier, which may
be related to the known lower fertility of these cows compared to primiparous cows (Lean et al.,

2023).
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Pregnancy/Al was largely similar across management frequencies; however, differences in
service rate, interval between services, and reproductive management practices were associated
with marked differences in pregnancy rate and days open. These findings reinforce the concept
that herd reproductive performance is primarily driven by management intensity rather than in-
semination success alone. Improvements in pregnancy rate directly influence the proportion of
pregnant cows throughout the year, average days in milk, and MY, ultimately affecting farm in-
come (Overton and Eicker, 2025).

Previous study has reported an increase of 1.6 days open for each additional kilogram of
milk produced, while also demonstrating improved reproductive outcomes in herds assisted by
full-time veterinarians (Mirzaie et al., 2024). In contrast, the present study showed that more fre-
quent veterinary visits were associated with fewer days open and a higher 305-d MY herd average,
highlighting the role of intensive management in mitigating the antagonism between milk produc-
tion and reproduction.

Confined systems, including free stall and compost barn, were similar for most reproductive
indices, suggesting that both housing systems can provide adequate comfort and management con-
ditions. However, both systems outperformed dry lot, consistent with previous evidence that total
mixed ration feeding systems enhance reinsemination efficiency of non-pregnant cows due to more
intensive management (Chebel et al., 2025). This advantage was reflected in the shorter interval
between services in the free stall herds, which consequently had the highest service rate, followed
by the compost barn and dry lot systems. Cows managed under intensive feeding systems are more
likely to be bred than those in pasture-based systems (Lean et al., 2023). However, pregnancy rate
did not differ between confined systems, suggesting similar overall reproductive efficiency.

Confined systems, due to their advantageous reproductive outcomes, may be associated with
adequate uterine recovery, as suggested by the interval from calving to first Al, and provide a
favorable environment for the expression of fertility compared to dry lot systems. This advantage
is reflected in the higher pregnancy rates observed. However, days open were not influenced by
the production system, suggesting that management practices may override housing effects on this

indicator.
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5. Conclusion
Herd reproductive performance was strongly associated with reproductive management fre-
quency and production system. More frequent veterinary visits were associated with reproductive
efficiency mainly by higher service rate and lower interval between services, rather than by preg-
nancy per service. Confined systems supported more intensive reproductive management and
achieved better reproductive outcomes than dry lot systems. Management intensity appears to be

an important factor associated with herd-level reproductive efficiency.
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Figure 2. Geographic distribution of Brazilian states included in the reproductive performance
analysis. States highlighted in green indicate those with available data used in the study.
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Table 1. Descriptive statistics of herd-level reproductive and productive performance indicators based on annual herd averages. Values
are presented as minimum (Lower), maximum (Upper), mean, standard deviation (SD), and median.

Item Lower Upper Mean SD Median
Number of breeding cows per herd 14 2,099 256.0 260.87 182.5
Days open 85.4 171.1 126.4 15.48 123.9
Age at first calving, months 22.6 38.4 27.6 3.10 26.9
Parity average 1.4 3.94 2.31 0.37 23
Dry period, d 43.9 79.6 57.3 4.68 57.1
Voluntary waiting period determined, d 15.0 80.0 50.9 8.31 52.0
Real waiting period, d 3.0 271.0 68.3 31.28 62.0
Timed Al use at first Al, % 0.0 100.0 80.1 25.05 90.2
Retained placenta, % 0.0 33.9 8.4 6.53 7.1
Sexed semen use, % 0.0 98.2 12.0 20.22 2.4
Artificial insemination use, % 0.0 100.0 91.5 19.31 99.3
Timed Al use, % 0.0 100.0 68.5 23.72 73.5
Embryo transfer use, % 0.0 100.0 5.1 17.80 0.0
Multiparous first AI Pregnancy/Al % 34 58.3 35.7 10.16 37.0
Primiparous first AI Pregnancy/Al % 10.0 75.0 43.7 10.63 43.9
Secundiparous first Al Pregnancy/Al, % 10.0 71.4 40.2 10.73 40.0
General first Al Pregnancy/Al % 17.1 61.6 40.0 8.22 40.5
General Pregnancy/Al, % 18.1 54.4 36.3 7.10 36.0
Multiparous Pregnancy/Al, % 12.8 55.6 34.0 8.01 34.1
Primiparous Pregnancy/Al, % 20.9 63.6 39.0 8.43 38.6
Secundiparous Pregnancy/Al, % 16.2 69.6 36.9 8.64 36.7
Pregnancy rate, % 24 38.1 20.7 6.91 20.0
Service rate 21.7 93.1 57.1 12.73 57.0
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Table 2. Herd-level reproductive and productive performance according to reproductive management frequency (weekly, bi-weekly,
and monthly veterinary visits). Values are presented as least squares means + standard error (SE), obtained from generalized linear

models. Different superscript letters within a row indicate differences among management frequencies (P < 0.05).

Item Weekly Bi-weekly Monthly Pr (> Chisq)
Number of herds 102 139 43

Parity, number 2.2+0.04* 2.3+0.032 2.6 +0.05° <0.001
Age at first calving, months 26.2 £ 0.30° 27.6 £0.25° 30.3+0.43¢ <0.001
Use of artificial insemination, % 94.7 +1.89° 91.3+1.62% 84.3+2912 0.017
Use of timed artificial insemination, % 74.7 £2.03% 72.7 £ 1.74° 40.2 £3.132 <0.001
Use of embryo transfer, % 42+ 1.77 6.0+ 1.51 43+2.72 0.706
Timed artificial insemination in the first service 88.7+£2.17° 82.4 +1.86° 51.9+3.34% <0.001
Dry period, days 56.3 +£0.45% 57.2+0.39* 60.1 = 0.69° <0.001
Voluntary waiting period, days 54.9+0.76° 49.4 +0.65° 463 +1.18° <0.001
Interval calving to first service, days 63.3 +£3.022 66.7 +£2.61* 85.8 +4.76° <0.001
Primiparous' interval calving to first service, days 63.3 +£1.30* 66.8 +£1.14* 78.3 +£2.06° <0.001
Retained of placenta, % 8.91 £0.66 8.58 £0.55 6.43 +£0.99 0.117
Use of sexed semen, % 16.16 + 1.98° 9.79 +1.702 9.06 + 3.06% 0.036
Pregnancy per service on first AI', % 40.7 + 0.82 39.7+0.70 39.4+1.26 0.632
Primiparous first Al pregnancy per service !, % 44.6 £ 1.05 43.8+0.90 409 + 1.62 0.229
Secundiparous first Al pregnancy per service!, % 41.1 £1.06 40.1 £0.91 38.6 £ 1.64 0.582
Multiparous first Al pregnancy per service!, % 35.7+1.00 34.8+0.86 38.7+1.56 0.160
Pregnancy per service, % 35.8+0.76 36.4+0.65 356+ 1.17 0.778
Primiparous pregnancy per service, % 38.9+0.84 38.8+0.72 40.2 +1.29 0.681
Secundiparous pregnancy per service, % 37.4+1.32 37.0+£0.73 36.6 £ 0.86 0.895
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Multiparous pregnancy per service, %
Service rate, %

Pregnancy rate, %

Interval between services

Days open

Attempts to pregnancy

32.9+0.79
64.7 +1.10°
23.4+0.65°
42.2 +0.69*
122 +1.50?
2.9 +0.05°

34.2+£0.68
54.7 +£0.94°
20.1 £0.56°
453 +£0.64°
128 £1.29°
2.9 +0.04°

359+1.23
46.8 + 1.69*
16.7 £ 1.00?
482 +1.12¢
131 £2.31°
2.5+0.08°

0.176
<0.001
<0.001
<0.001
0.001
<0.001

lArtificial insemination.
2Timed artificial insemination.

*Embryo transfer.
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Table 3. Herd-level reproductive and productive performance according to production system (compost barn, free stall, and dry lot).

Values are presented as least squares means + standard error (SE), obtained from generalized linear models. Different superscript letters

within a row indicate differences among production systems (P < 0.05).

Item Compost barn Free stall Dry lot Pr (> Chisq)
Number of herds 209 21 54

Parity, number 2.3+0.24* 22+0.77* 2.6 +0.48° <0.001
Age at first calving, months 27.2+0.21% 25.4 +0.66% 30.0 + 0.40° <0.001
Use of artificial insemination, % 92.8+1.32b 96.2 £ 4.16° 84.3+2.592 0.013
Use of timed artificial insemination, % 72.9 +1.53b 71.2+£0.48° 50.5+3.012 <0.001
Use of embryo transfer, % 52+1.23 0.0+ 3.88 6.6 +2.42 0.416
Timed artificial insemination in the first service 84.0 +1.63° 88.0 £5.13° 61.9+3.20* <0.001
Dry period, days 56.5+0.31* 57.5+0.96* 60.6 = 0.60° <0.001
Voluntary waiting period, days 51.4+0.57° 53.8 +1.79° 47.9 +1.10° 0.012
Interval calving to first service, days 65.3 £2.15° 63.5+6.71%® 81.1 £4.18° 0.008
Primiparous' interval calving to first service, days 65.7 +0.98? 69.8 +2.99% 71.5 +1.84° 0.056
Retained of placenta, % 8.8+ 0.45 9.5+1.41 6.3 +0.88 0.051
Use of sexed semen, % 12.1+1.40 15.8+4.42 9.8+2.75 0.508
Pregnancy per service on first AI', % 40.7 £ 0.56 393+ 1.78 37.6 £ 1.11 0.077
Primiparous first Al pregnancy per service !, % 44.6 £0.73 43.5+2.30 40.3+1.43 0.056
Secundiparous first Al pregnancy per service!, % 40.8 £0.74 41.1+2.34 37.8 £1.46 0.255
Multiparous first Al pregnancy per service!, % 36.0+0.70 323+2.22 35.6+1.39 0.334
Pregnancy per service, % 36.4+0.53 35.0+1.67 35.1+1.04 0.489
Primiparous pregnancy per service, % 39.1 +£0.58 38.4+1.85 389+1.15 0.912
Secundiparous pregnancy per service, % 37.2+£0.60 345+ 1.88 36.5+1.18 0.405
Multiparous pregnancy per service, % 342+0.55 309+ 1.74 342+ 1.10 0.266
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Service rate, % 57.6 + 0.84°

Pregnancy rate, % 21.1+£0.47°
Interval between services 44.7 +0.55°
Days open 126 + 1.1
Attempts to pregnancy 2.8+0.04

66.9 +2.67°
23.6 +1.48°
40.6 +1.37*
123+3.3
3.0+0.12

51.3+1.66°
18.2 +£0.922
46.1 £0.98°
129+ 2.1
2.7+£0.07

<0.001
0.008
0.005
0.334
0.159

! Artificial insemination, ? timed artificial insemination, * embryo transfer.
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Table 4. Spearman correlation coefficients between pregnancy rate and reproductive and productive indicators in 284 dairy herds. Cor-
relation coefficients (p) and corresponding P-values are shown. P-values were adjusted for multiple testing using control according to

the Benjamini—-Hochberg procedure.

Variable Correlation P-value
Service rate, % 0.77 <0.001
Pregnancy per service, % 0.75 <0.001
Secundiparous pregnancy per service, % 0.67 <0.001
Primiparous pregnancy per service, % 0.62 <0.001
Pregnancy per service on first AI', % 0.59 <0.001
Secundiparous first Al pregnancy per service!, % 0.56 <0.001
Multiparous pregnancy per service, % 0.53 <0.001
Voluntary waiting period, days 0.52 <0.001
Primiparous first Al pregnancy per service !, % 0.46 <0.001
Milk yield in first lactation corrected for 305 d, kg 0.43 <0.001
Multiparous first Al pregnancy per service!, % 0.41 <0.001
Use of timed artificial insemination, % 0.36 <0.001
Timed artificial insemination in the first service 0.32 <0.001
Retained of placenta, % 0.19 0.002

Use of sexed semen, % 0.19 0.002

Use of timed artificial insemination, % 0.11 0.064

Use of embryo transfer, % -0.02 0.786

Dry period, days -0.03 0.679

Parity, number -0.08 0.206

Age at first calving, months -0.49 <0.001
Days open -0.64 <0.001

! Artificial insemination, 2 timed artificial insemination.
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Interpretative summary
e More frequent reproductive veterinary visits were associated with herd reproductive

efficiency primarily by higher service rate and reducing the interval between services.
e Pregnancy per artificial insemination was similar across management frequencies and
production systems, suggesting that management intensity were related with reproduc-
tive performance at the herd level.
e Confined production systems supported more intensive reproductive management and

achieved better reproductive outcomes than dry lot systems.



CHAPTER 4: REDUCED MANURE TREATMENT

122

BEDDED PACK SYSTEMS IN DAIRY COWS

* Published on Sustainability

https://doi.org/10.3390/su162310408

4?{9 sustainability

Article

Reduced Manure Treatment Needs with Compost-Bedded Pack
Systems in Dairy Cows

Kellen R. Oliveira
and Polyana P. Rotta *

check for
updates

Citation: Oliveira, K.R.; Rodrigues,
M.S,; Silva, L.H.R.; Salgado, PTR;
Silva, A.L.; Rotta, P.P. Reduced
Manure Treatment Needs with
Compost-Bedded Pack Systems in
Dairy Cows. Sustainability 2024, 16,
10408. https://doi.org/10.3390/
sul62310408

Academic Editors: Marcelo
Henrique Oténio, Juliana
Alves Resende and Alberto
Delgado Dos Reis

Received: 1 November 2024
Revised: 18 November 2024
Accepted: 22 November 2024
Published: 27 November 2024

, Marcelo S. Rodrigues, Luis H. R. Silva, Poliana T. R. Salgado, Alex L. Silva

Department of Animal Science, Universidade Federal de Vigosa, Vigosa 36570-900, Brazil;
kellen.oliveira@ufv.br (K.R.O.); marcelo.s.rodrigues@ufv.br (M.S.R.); luis henrique@ufv.br (L.H.R.S.);
poliana.salgado@ufvbr (PT.R.S); alex.lopes@ufvbr (A.LS.)

* Correspondence: polyana.rotta@ufv.br

Abstract: The compost-bedded pack (CBP) system offers a sustainable solution for dairy farms by
enhancing cow welfare and health while promoting environmental sustainability and improving
manure management for agricultural reuse. This study aimed to evaluate the reduction in manure
treatment required for agricultural use by analyzing manure excretion patterns in lactating cows. We
compared seven Holstein and six Holstein x Gyr cows, divided into two CBP groups, and monitored
their feces and urine behaviors over a 48 h period. Manure excretion was recorded across four farm
areas: (1) feeding area, (2) resting area (composted bed), (3) path to the milking parlor, and (4) milking
parlor. Both breeds predominantly excreted feces (45.03%) and urine (54.18%) in the resting area,
which facilitated composting directly in the bedding. This resulted in a significant reduction in
nitrogen requiring treatment, averaging 76.8-85.3 g per cow per day, accounting for 44-49% of total
nitrogen excretion. The CBP system demonstrated its effectiveness in reducing environmental impact
by minimizing nitrogen loss through volatilization and leaching, while also enhancing nutrient
recycle in agriculture. These findings emphasize the CBP system'’s role in foresting sustainable dairy
farming and environmentally friendly agricultural practices.

Keywords: compost-bedded pack; dairy cattle; environment; reuse; sustainability

1. Introduction

Dairy farm management systems vary widely, including pasture-based, free stall,
and compost-bedded pack (CBP) systems. One of the central challenges in all these
systems is the effective management of bovine manure, a byproduct that requires careful
treatment before being used in agriculture. Efficient manure management is essential for
environmental sustainability, as improper handling can lead to nutrient runoff, greenhouse
gas emissions, and the loss of valuable organic matter. The manure produced by lactating
cows ranges from 50 to 70 kg per day [1,2], depending on the level of production and cow
weight, which have a greater potential to affect the environment.

Among the dairy cows’ systems, the CBP system stands out as a sustainable alternative.
It offers a solution for manure issues by reducing the need for extensive treatment and
allows for direct reuse of manure in farming, minimizing the processing required before
agricultural application [1]. This approach aligns with the sustainability principles of

NEEDS WITH COMPOST-

“reduce, reuse, and recycle” by facilitating the recycling and repurposing of bedding
materials in agricultural use, which in turn improves soil structure and bioactivity [3].

The selection of bedding materials, such as sawdust and wood shavings, plays a
crucial role in the effectiveness of CBP systems. These materials promote aerobic activity
and facilitate the compost maturation process [4-6], contributing organic matter to the
Attribution (CC BY) license (https://  S0il [7] and improving its quality compared to conventional waste composts [8]. This dual
creativecommons.org/licenses/by/  benefit of composting and soil enhancement highlights the environmental advantages of
40/). CBP systems.
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trial began, during which they were kept together to allow for social adjustment. The
estimated dry matter intake (DMI) was 22.3 kg, with a crude protein content of 16.4%. Intake
as a percentage of body weight was 3.30% for the Holsteins and 3.58% for the Holstein x Gyr
crossbreeds.

Table 1. Ingredients and chemical composition of the experimental diet.

Item

Ingredient, %DM Corn silage

74.83
Corn grain, dry 8.12
Dried distilled grain 3.51
Cottonseed, whole 4.68
Soybean meal 5.51
Hay 2.06
Sulfur flower 0.015
Sodium chloride 0.171
Bicalcium phosphate 0.107
Limestone 0.364
Mineral mix ! 0.043
Sodium bicarbonate 0.107
Magnesium oxide 0.107
Yeast pre-mix 2 0.105
Urea 0.259
Chemical composition, % DM Dry matter 451
Crude protein 16.4
Rumen degradable protein 11.9
Rumen undegradable protein 4.5
Neutral detergent fiber 35.6
Starch 259
Ether extract 4.24

! Mineral mix composition = 200 g/kg of calcium, 15 mg/kg of cobalt, 700 mg/kg of
cupper, 15 g/kg of sulfur, 43 g/kg of phosphorus, 35 mg/kg of iodine, 40 g/kg of magnesium,
1 g/kg of manganese, 20 mg/kg of selenium, 90 g/kg of sodium, 2.6 g/kg of zinc, 240,000
Ul/kg of A vitamin, 87,000 Ul/kg of D3 vitamin, and 1750 Ul/kg of E vitamin. ? Yeast pre-
mix = 35 g/kg beta-glucans, 15 g/kg zinc, 7500 mg/kg mannanoligosaccharide, 5000 mg/kg
copper, 2500 mg/kg glucomannans, 120 mg/kg selenium, 80 mg/kg chrome, 4 x 10!}
Saccharomyces cerevisiae.

2.2. Housing and Cooling

Cows were housed in a CBP with sawdust as the carbon source (Figure 1). This sawdust
is a byproduct derived from pine wood shavings measuring 3—5 cm in size. The two pens,
separated by breed were provided with a bedding area of 158 m?. Holsteins were allocated
26.3 m? per cow, while Holstein x Gyr cows had 22.6 m? per cow. This space exceeds the
typical range of 10 to 12 m? per cow recommended for dairy cows in Brazil and facilitated
system observation.
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The feeding area provided 35.6 m? of free space, with each cow having access to more
than 1.4 m of trough feeding space. Four fans (Magnum, GEA Brasil, Campinas, Brazil) were
installed in the bedding area to aid in drying the compost and cooling the cows. The bedded
pack was stirred twice daily while the cows were in the milking parlor to maintain its quality
and effectiveness.

Cows were milked three times daily at 600 h, 1330 h, and 2000 h. Before each milking
session, cows were cooled using cycles of 1 min of sprinkling with a disc nozzle, followed by
5 min of ventilation with fans (Magnum, GEA Farm Technologies, Bonen, Germany). During
the experiment, the ambient temperature ranged from 15.8 to 28.3 °C, while the temperature
humidity index (THI) ranged from 60 and 77. These values were recorded by the
meteorological station of the Universidade Federal de Vigosa, located 1.5 km from the CBP
where the trial took place. THI values exceeded 68 half the time, indicating conditions of heat
stress [2].

Figure 1. Experimental compost-bedded pack (CBP) system featuring bedding
composed of a mixture of sawdust and manure. The CBP is equipped with fans positioned to
enhance air circulation and promote optimal composting conditions.

2.3. Trial Evaluations

Before the trial began, cows were marked for easy identification using Celo Check
marker paint (Weizur do Brazil, Brazil). Holsteins were numbered from 1 to 6, and Holstein X
Gyr crossbreeds from 1 to 7.

The trial lasted 48 h, during which the location, urination, and defecation of each one of
the thirteen animals was continuously monitored by trained observers across four designated
areas: (1) feeding area (35.64 m?), (2) resting place (composted bed, 158 m?), (3) path to
milking (272.57 m?), and (4) milking parlors (9.92 m?). Four observers recorded the specific
locations of feces and urine disposal continuously from 0800 h on day one until 48 h later.
The frequency of urination and defecation for each cow in each area was tallied at the end of
each day.

On the second day, milk yield for each cow was measured during all three milking
sessions using a DemaTron 70 control unit (GEA Group Aktiengesellschaft, Diisseldorf,
Germany). A 350 mL milk sample was also collected using the VESTA Sampling System
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(GEA Group Aktiengesellschaft, Diisseldorf, Germany) and analyzed for composition
with the Lactoscan SP Ultrasonic Milk Analyzer (Milkotronic Ltd.a, Nova Zagora, Bulgaria).
Milk yield was adjusted to energy-corrected milk (ECM), based on fat and crude protein,
according to Reincke et al., 2018 [16]:

0.25 x kg Milk + 12.2 x kg Fat + 7.7 % kg Crude Protein(1)

2.4. N Excretion Calculations
Nitrogen (N) excretion was calculated based on N and DMI using equations from
NASEM [2]:

Urine N (g/d) = 12.0 (£5.8) +0.333 (+0.011) N intake (g/d) (2)
urine N excretion based on N intake (Equation 14-5, NASEM, 2021, [2]).

Fecal N (g/d) =—18.5 (+ 3.59) + 10.1 (£ 0.169) dry matter intake (kg/d) (3)

fecal N excretion (Equation 14-6; NASEM, 2021, [2]), based on dry matter intake in kg
per day.

Additionally, we calculated total manure N excretion using a formula that incorporates
diet, intake, and the yield and composition of milk: (Equation 14-4; NASEM, 2021, [2]).

Manure N (g/d) = (DMI x Diet crude protein)/0.625 — (Milk x Milk crude protein)/0.638 — 5
4)

2.5. Statistical Analysis

Data analysis was performed using R software [15], with specific packages employed
for various statistical tests. Values such as body weight, days in milk, milk yield,
energycorrected milk, and milk composition were analyzed using a linear mixed-effects
model (Ime) with the “Ime4” package. In these models, breed was treated as a fixed effect,
while individual cows were included as random effects to account for repeated measures. The
models were checked for normality of residuals and homoscedasticity using diagnostic plots.
Outliers were identified and removed using a threshold of 1.5 times the interquartile range.
Additionally, confidence intervals were calculated for each effect, and effect sizes were
derived using standardized coefficients (Cohen’s d). Comprehensive p-values were reported
for all analyses.

For behavioral data related to excretion, normality and homoscedasticity assumptions
were similarly verified, and outliers were excluded based on the same threshold of 1.5 times
the interquartile range. Excretion behavior was analyzed by comparing the frequency of
manure disposal between breeds using analysis of variance (ANOVA), implemented with the
“aov” function in R. Data regarding the quantity of manure deposited in specific areas of the
farm were compared using two-sample t-tests, with significance considered at p < 0.05 and
trends reported for 0.05 < p <0.10. Where appropriate, Tukey’s post-hoc test

was used to adjust for multiple comparisons.

Nitrogen excretion via feces, urine, and total manure was also analyzed using ANOVA
to compare across breeds and days of collection. Interaction effects between breed and day of
collection were included to assess whether differences in excretion patterns emerged over
time. Mean comparisons were performed using the “emmeans” package, with significance set
at p < 0.05, and effect sizes were calculated for the main effects. Results are presented as
mean =+ standard error (M = SE) throughout the text.

In all analyses, comprehensive p-values, effect sizes, and 95% confidence intervals
were reported to ensure transparency and validate the results. The assumptions of each

statistical test were rigorously checked to ensure model reliability and robustness.
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Holstein cows demonstrated a similar milk yield compared to crossbred Holstein x Gyr
cows (29.5 + 1.61 vs. 26.0 = 1.74 kg/d; Table 2). Both groups had comparable levels of total
fat content and percentage of fat, as well as total protein.

Table 2. Mean (£SE) milk yield and composition of Holstein and crossbred Holstein

Gyr.
Item Holstein Holstein x Gyr p-Value
Milk yield, kg/d 295+ 1.61 26.0+1.74 0.1520
ECM !, kg/d 28.0+1.66 247+ 1.80 0.1928
Fat, % 3.68+0.139 3.55+0.151 0.5327
Total fat, kg 1.08 £0.077 0.94 +0.083 0.2280
Protein, % 3.15+0.034 3.25+0.037 0.0537
Total protein, kg 0.93 +£0.050 0.84 +£0.054 0.2428

3.1. Manure Excretion Locations

Feces excretion in the walking area and milking parlor was similar (12.28% vs. 11.39%;

p=0.5248).

Urine excretion patterns were also concentrated in the resting area (54.18%; Figure 2,
which was significantly more than in other areas (p < 0.001). These findings highlight the
significance of the resting area as a critical zone for composting manure, where it can be
reused as bedding material for the animals.
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Figure 2. Mean (+SE) distribution of urine (A) and feces (B) excretion across different
locations: resting area, feeding alley, walking area, and milking parlor. Means within different
letters are significantly different (p < 0.05).

3.2. Behavior Patterns of Manure Excretion by Breed
Both Holstein and Holstein x Gyr breeds exhibited similar patterns of manure excretion
across all areas within the CBP system. Feces excretion in the resting area, feeding alley,
walking area, and milking parlor showed no significant breed differences (p > 0.05; Table 3).
Urine excretion followed a similar trend, with both breeds excreting urine predominantly in
the resting area and no differences between breeds. These results suggest that breed does not
significantly influence manure deposition behaviors when cows are housed in a CBP system.
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Table 3. Mean (+SE) comparative analysis of feces and urine excretion between
lactating Holstein and Holstein x Gyr cows.

Holstein Holstein x Gyr p-Value

Feces excretion, %
Resting area 46.5 £3.06 43.4 £3.15 0.4836
Feeding alley = 29.9 £2.92 32.7£3.01 0.5094
Walking area  13.5+1.44 11.0 £1.49 0.2177
Milking parlor 10.0 £1.30 129 +£1.34 0.1280

Urine excretion, %
Resting area 53.1+3.84 554 +3.96 0.6781
Feeding alley  22.5+2.73 24,7 £2.81 0.5842
Walking area 6.6 +1.61 6.0+1.61 0.8015
Milking parlor 17.9 +£2.29 14.0 £2.36 0.2423

3.3. Reduction in N Excretion That Requires Treatment

Based on the milk yield and composition data for both breeds evaluated, Holstein and
Holstein x Gyr cows exhibited comparable daily nitrogen (N) manure excretion rates (p =
0.2428; Table 4). Holstein cows excreted 435 + 7.8 g of N daily, while the crossbred cows
excreted 449 + 8.42 g of N daily. However, both breeds demonstrated a significant reduction in
the nitrogen excreted that requires treatment due to the high concentration of excreta deposited
in the resting area (p = 0.4699). Holstein cows reduced 46.5% in feces that directly impact the
environment or require treatment, which equates to 49.0 g/d of N per cow. In contrast, in cross-
bred Holstein X Gyr cows, 43.4% of their feces were deposited in the resting area of the CBP,
resulting in a reduction of 47.8 g/d of N that would otherwise need treatment. Both breeds
exhibited similar rates of N excretion in the resting area (p = 0.868) according to feces esti-
mates.

Table 4. Mean (+SE) estimated daily nitrogen excretion and treatment-required nitrogen
per cow for lactating Holstein and Holstein X Gyr cows.

Holstein Holstein x D-
Gyr Value

N manure excretion ! 435+7.8 449 +£ 8.4 0.2428
Reduction of N excretion that requires treatment, g/d

Feces 2 49.0 +£5.04 47.8 +5.44 0.8680
Urine 3 27.7+3.88 37.5+£4.19 0.1005
Total # 76.8 +7.90 85.3+8.53 0.4699
Reduction of N excretion that requires44.1 + 4.53 49.0 +£4.90 0.4699

treatment, %

' Based on milk yield and composition, Equation (4). 2 Based on dry matter intake,
Equation (2). * Based on nitrogen intake, Equation (1).  Result of the sum of Equations (2)
and (3).

Urine excretion in the resting area was similarly reduced (p = 0.1005) for both breeds,
equating to 27.7 g/d less N per Holstein cow and 37.5 g/d for crossbred Holstein X Gyr cows.
This reduction may positively impact the environment and lessen the need for further pro-
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cessing. In total, feces and urine excreted in the resting area account for 76.8 g/d of N for Hol-
stein cows and 85.3 g/d for Holstein x Gyr cows, eliminating the necessity for treatment on
dairy farms. This represents 44.1% of the total daily nitrogen excreted by Holstein cows and
49.0% for Holstein x Gyr cows, which is deposited directly for composting in the resting area
of the CBP system. Overall, this indicates a reduction of 46.5 =+ 3.34% of nitrogen, which is
deposited in the resting area for composting.

4. Discussion

This study aimed to compare the manure excretion patterns of Holstein and Holstein x
Gyr cows under identical conditions in a compost-bedded pack system (CBP). The results show
that milk yield and composition were similar between the two breeds.

These findings align with earlier studies that evaluated Holstein cows under tropical
conditions [17], and some research that reports higher fat and total solids in crossbred, while
protein levels were comparable across breeds [18-20].

Manure deposition patterns in both Holstein and Holstein x Gyr were concentrated in the
resting area, supporting previous findings on the CBP’s effectiveness in managing waste. Both
breeds demonstrated similar manure excretion behaviors, predominantly in the resting area,
which facilitated the composting process. This concentration of waste helps significantly reduce
the environmental burden by decreasing the amount of manure requiring treatment [21]. Our
findings indicate a 44-49% reduction in nitrogen requiring treatment, which is slightly lower
than the 75% reduction reported by some studies based on farmers’ estimates [14,22]. The slight
discrepancy could be attributed to the different methods used in previous studies, such as farmer
estimates and calculus based on daily intake and observation. Further studies are needed to
standardize nitrogen reduction rates across various production systems to provide a more com-
prehensive comparison.

The composting of manure within the CBP bedding not only stabilizes nutrients but also
supports more sustainable agricultural practices [23]. Furthermore, our study highlights the ef-
fectiveness of the CBP system in reducing manure treatment needs, especially when comparing
excretion patterns in specific areas of the barn. While producers typically estimate that 20 to
25% of the manure is deposited in the feed alley [24], our findings indicate that 23.56% of urine
and 31.29% of feces were deposited in this area. This reinforces the CBP’s efficiency in man-
aging waste on dairy farms. Additionally, N from feces excreted in the resting area is composted
on the cows’ bed and reused in agriculture without further treatment, further enhancing sustain-
ability.

Previous studies have focused on differing feeding patterns between Holstein and

Holstein x Gyr heifers in pasture conditions, showing minimal differences in performance
[25,26]. Crossbreeds with Zebu have also demonstrated greater thermotolerance than purebred
Holsteins under tropical conditions [27]. However, limited data exist on the performance of
those breeds when housed in confined systems during lactation. Our study fills this gap by
demonstrating that both Holstein and Holstein x Gyr lactating cows exhibited similar manure
excretion patterns when housed in a CBP system. The majority of excreta was deposited in the
resting area, facilitating its incorporation into the bedding for subsequent composting. This be-
havior leads to a consistent reduction in the volume of manure requiring treatment across both
breeds.

The reduction in N directly entering the soil—between 44 and 49% —equates to 76.8 to
85.3 g of N per cow per day, which could otherwise promote soil leaching. Manure is often
applied to fields without proper treatment, and at inappropriate times, increasing the risk of
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nitrogen loss [23]. The composting significantly reduces N loss through ammonia volatilization
and leaching when compared to chemical fertilizers in agricultural uses [28,29]. To achieve
these benefits, cattle manure requires a minimum of 80 days of composting to reduce phyto-
toxicity, improve nutrient stability [30], and minimize the presence and spread of antibiotic-
resistant bacteria [31] in the field. These composting practices are in line with the CBP system’s
removal and management of composted bedding once annually [4].

Addressing N management in agricultural practices is critical due to its potential for soil
contamination. While the total N content in cattle manure is generally lower than in swine ma-
nure, composted cattle manure contains higher levels of total N compared to noncomposted
manure [32]. The CBP system, as used for lactating cows, effectively reduces the amount of N
entering the soil or requiring treatment for agricultural applications. This reduction helps pre-
vent soil leaching and minimizes N loss through volatilization, making CBP a sustainable sys-
tem for dairy farms.

Moreover, the use of composted cattle manure can significantly reduce the need for
chemical fertilizers, improve corn grain yields, provide a more consistent nitrate supply, and
reduce N losses in the field, promoting more sustainable agricultural practices [33]. Addition-
ally, incorporating composted manure as an organic nutrient source can lower the costs associ-
ated with soil management [34], further emphasizing the environmental and economic bene-
fits of using composted manure in farming systems.

The compost-bedded-pack (CBP) system is recognized for its environmental benefits,
particularly its ability to reduce the volume of manure requiring treatment and limit direct ma-
nure deposition into the soil. By promoting efficient composting, the CBP system enhances
nutrient retention, improves soil health, and decreases reliance on chemical fertilizers, thereby
supporting more sustainable agricultural practices.

While this study provides valuable insights into manure excretion patterns and nitrogen
reduction in Holstein and Holstein x Gyr cows within CBP system, several limitations must be
acknowledged. The small sample size limits the generalizability of the findings, and observa-
tional biases may have influenced the accuracy of the data collection. Future research should
address these limitations by using larger sample sizes, automated monitoring methods, and
stricter control of environmental conditions to confirm and expand upon these results. Addi-
tionally, future studies could explore seasonal variations in manure excretion patterns and their
effects on CBP system efficiency. Investigating how different seasons impact cows’ behavior,
manure deposition, and the composting process could lead valuable insights for optimizing
CBP management throughout the year. Despite these constraints, this study offers meaningful
contributions to sustainable manure management in dairy farming.

5. Conclusions

In our study, both Holstein and Holstein x Gyr cows exhibited similar excretion patterns
when housed in a CBP system, with most of their waste deposited in the resting area. This
behavior facilitated composting, leading to a substantial reduction in the amount of manure
requiring treatment—45.03% for feces and 54.18% for urine. The concentration of waste in the
CBP bedding allowed for enhanced nitrogen (N) retention at 46.5% and reduction in N loss
through volatilization or leaching, which can otherwise occur when untreated manure is applied
directly to fields.

These findings underscore the CBP system’s effectiveness in managing manure while
minimizing its environmental impact. By decreasing nitrogen emissions and incorporating or-
ganic matter back into the soil, the CBP system not only reduces the overall volume of farm
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waste but also contributes to healthier soil and improved biosecurity. The system offers a sus-
tainable solution for dairy farming, fostering better waste management practices and environ-
mental stewardship.
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GENERAL CONCLUSION
Taken together, the four studies presented in this thesis demonstrate that productivity,
reproductive success, and sustainability in tropical dairy systems are interdependent with
nutritional efficiency, postpartum health, reproductive management, and manure handling
strategies. Rather than acting as isolated components, these dimensions interact to determine
how effectively dairy systems convert feed into milk, preserve cow health and longevity, and
reduce nutrient losses to the environment.
In the first study, supplementation with Saccharomyces cerevisiae CNCM I-1077 improved the
ruminal degradability of DM and NDF from important fiber sources used in dairy cow diets,
including both forages and non-forage fiber sources. In lactating cows, this was reflected in
greater total-tract DM digestibility, improved feed efficiency, lower DMI, and reduced somatic
cell count, even though milk yield and milk composition were not altered. These results show
that nutritional responses are not always expressed as more milk but may still represent
meaningful improvements in feed efficiency to produce milk.
The second study showed that retained placenta remains an important problem in tropical dairy
herds, not only because of its association with parity and calving-related events, but also
because of its consequences for later performance. Cows with retained placenta had lower
pregnancy per Al, greater pregnancy loss, and higher culling risk. These findings reinforce that
events occurring around calving can continue to affect the cow beyond the postpartum period.
Transition period is not just a short-term concern; it is closely related to reproductive success,
longevity, and the overall efficiency of the herd.
The third study shows that reproductive performance at the herd level is strongly associated
with management intensity. Herds with more frequent veterinary visits and more intensive
production systems generally achieved better reproductive outcomes, mainly because they had
higher service rates and shorter intervals between services. This suggests that reproductive
efficiency is shaped not only by the biological condition of the cows, but also by how well the
system is organized to detect, breed, and rebreed cows. When considered together, the second
and third studies make it clear that good reproductive results depend on both cows’ biological
conditions postpartum and effective management practices.
The fourth study adds an environmental perspective by showing that, in compost-bedded pack
systems, both Holstein and Holstein x Gyr cows deposited most of their feces and urine in the
resting area, which favors composting and reduces the fraction of nitrogen that would otherwise
require treatment or be lost directly to the environment. These findings highlight the role of

housing and manure management in improving the sustainability of dairy production. In this
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case, the compost-bedded pack system was not only a housing strategy but also an effective
way to retain nutrients and reduce manure treatment needs.

Together, the four studies correlate nutritional efficiency, postpartum health, reproductive
management, and manure handling. Improved ruminal degradability and digestibility increase
the efficiency with which nutrients are converted into productive output. Better postpartum
status can reduce the reproductive losses that compromise herd performance. More intensive
and structured management can translate biological potential into herd-level reproductive
results. Finally, manure composting and nutrient recycling can improve the sustainability of the
whole system.

Therefore, the central contribution of this thesis is to demonstrate that dairy systems depend on
the integration of multiple biological and management processes. Across the four studies, the
results consistently indicate that more efficient dairy systems are those able to use nutrients
more effectively, minimize disorders and long-term consequences, and support management

practices for intensive reproductive performance and manure handling.



