Animal 18 (2024) 101375

The international journal of animal biosciences

Contents lists available at ScienceDirect

Animal

Impact of live yeast and selenium supplementation on blood metabolites )
and rumen pH of young bulls after long-transport to the fattening unit | %

M. Santinello ®¢, I. Lora ", C. Villot ¢, G. Cozzi ™*, M. Penasa %, E. Chevaux ¢, B. Martin ¢, A. Guerra?, M. Simoni ¢,

M. De Marchi®

2 Department of Agronomy, Food, Natural Resources, Animals and Environment (DAFNAE), University of Padova, Viale dell’'Universita 16, 35020 Legnaro (PD), Italy
b Department of Animal Medicine, Production and Health (MAPS), University of Padova, Viale dell'Universita 16, 35020 Legnaro (PD), Italy

¢Lallemand SAS, F-31702 Blagnac, France

d Department of Veterinary Science, University of Parma, Via del Taglio 10, 43126 Parma, Italy
€ Current affiliation: Department of Veterinary Medicine and Animal Production, Federico I University, Via Federico Delpino 1, 80137 Naples, Italy

ARTICLE INFO

Article history:

Received 16 February 2024

Revised 6 November 2024
Accepted 8 November 2024
Available online 17 November 2024

Keywords:
Adaptation
Antioxidants
Cattle

Stress
Welfare

ABSTRACT

Long-distance transport and the receiving phase at the fattening unit are sources of stress for young beef
cattle. This randomised controlled study involved 80 Charolais young bulls that underwent 12 h of trans-
port from France to Italy and aimed at testing whether the animals have some benefits from the supple-
mentation of live yeast and selenium through slow-release boluses and diet. The bulls were randomly
allocated into two supplementation groups of 40 animals each, named Yeast and Control groups. Bulls
of the Yeast group received a supplementation of Saccharomyces cerevisiae and selenium-enriched yeast
(1.5 x 10'° CFU/bull per day of live yeast and 1.5 mg/bull per day of selenium) by two slow-release rumi-
nal boluses 1 day before leaving France, and a live yeast supplemented diet once in Italy (8 x 10° CFU/bull
per day of live yeast). Yeast and control bulls underwent the same manipulations. Individual BW and
complete blood metabolic profile were assessed at the arrival to the Italian fattening unit (day 0), after
7 days (day 7), and at the end of the receiving phase (day 30). The rumen environment was continuously
monitored through reticulum-rumen sensors that measured several parameters in a subsample of 60
bulls, equally distributed between Yeast and Control groups. Saccharomyces cerevisiae and selenium sup-
plementation did not affect growth performance and metabolic profile. However, the supplementation
stabilised the rumen environment by limiting the daily pH amplitude and SD and the inter-animal vari-
ability. The Yeast group increased the time spent ruminating (+39 min/day) at day 30 compared to
Control group. More stable ruminal conditions are important to support beef cattle health during the

receiving period at the fattening unit, when animals face the delicate transition to high-energy diets.
© 2024 The Author(s). Published by Elsevier B.V. on behalf of The Animal Consortium. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Implications

tion, enhancing animal welfare and reducing potential health
issues at the start of the fattening cycle.

Young beef cattle face health and welfare challenges during the
receiving period after long transport. This study investigated
whether dietary live yeast and selenium could support rumen
health by alleviating the impacts of transport oxidative stress
and adaptation to the new diet. Results showed that yeast supple-
mentation can improve rumination time and help stabilise rumen
conditions, promoting resilience in beef cattle during the receiving
period. For the livestock industry, yeast and selenium supplemen-
tation may represent a preventive strategy to protect rumen func-
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Introduction

The use of direct-fed microbes such as fungi and yeast has
increased exponentially in the last decades to improve beef cattle
performances (Peng et al., 2020). In the meta-analysis of Batista
et al. (2022), yeasts improved animals’ performances such as final
BW and ADG. Among the different yeasts available, the most used
in cattle is Saccharomyces cerevisiae or its cell wall (Thrune et al.,
2009; Sartori et al,, 2017; Peng et al., 2020). The yeast cell wall
and live Saccharomyces cerevisiae improve the activity of lactic
acid-utilising microorganisms, reducing the lactic acid accumulation
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in the rumen and thus increasing pH and total rumen microflora
(Marden et al., 2008; Chaucheyras-Durand and Durand, 2010). Both
live yeast and yeast cell wall can effectively reduce the damage of
subacute ruminal acidosis (SARA; Vyas et al., 2014), promoting a
more favourable rumen environment to the growth of cellulose-
consumers microorganisms (McAllister et al., 2011). Finck et al.
(2014) reported that, if supplemented to beef cattle during the
receiving period at the fattening unit, Saccharomyces cerevisiae has
positive effects on DM intake and ADG. The polysaccharides of the
yeast cell wall have direct and indirect positive effects on the
immune system of animals, helping to mitigate stress and reduce
the incidence of diseases (Broadway et al., 2015). Stress events
depress the immune system, promoting viral replication and sec-
ondary bacterial infections in the respiratory tract (Wilson et al.,
2017). For instance, the transition from pasture based to intensive
indoor system, along with changes in temperature and humidity,
act as stressors for cattle, increasing the likelihood of respiratory dis-
eases (Louie et al., 2018). Yeast serves as a potential organic sub-
strate for selenium, a trace element with antioxidant properties in
cattle (Mehdi and Dufrasne, 2016). Selenium can be supplied to live-
stock either as inorganic mineral salt or as organic yeast enriched
with selenomethionine (Korhola et al., 1986). Aktas et al. (2011)
demonstrated that vitamin E + selenium and vitamin A + D + E
reduce lipid peroxidation and prevent oxidative stress due to long-
term transport. Transport can induce oxidative stress in cattle by
increasing malondialdehyde levels, a marker of free radical damage
(Chirase et al., 2004; Wernicki et al., 2006; Burke, 2007) which has
been linked to a higher risk of bovine respiratory disease in trans-
ported calves (Chirase et al., 2004). Furthermore, Salles et al.
(2014) recorded significant effects of selenium supplementation
on the immune system such as the increase of macrophage phago-
cytic activity in 30-day-old calves with high serum selenium levels,
and other studies (Rowntree et al., 2004; Guyot et al., 2007)
observed that selenium supplementation in cows before calving
boosts immunoglobulin concentrations in calves. To date, selenium
metabolism and the availability of this element through enriched
yeast administration should be more deeply investigated to under-
stand if organic selenium has the potential to prevent oxidative
stress.

The young stocks born in the French cow-calf pasture-based
farms are usually commingled in dedicated collection centres
before being truck loaded and transferred to the Italian fattening
units (Herve et al., 2020). Animals are stratified according to their
BW in the same collection centre, inevitably promoting the com-
mingling of animals from different areas and farms (Santinello
et al., 2022a; Santinello et al., 2022b). After the transport to the
Italian fattening unit, beef cattle face a receiving period to the
new housing and management system. Over the first 20-30 days
from arrival, the diet gradually shifted from a forage-based to a
high-energy-based diet with concentrates representing more than
60% of the total matter at the end of the transition period (Cozzi,
2007). Commingling, transport, and change in climate, housing,
and feeding are stressful factors that predispose the incoming ani-
mals to disease outbreaks (Taylor et al., 2010; Santinello et al.,
2020, Santinello et al., 2024). According to Rumor et al. (2015),
the receiving phase is the most critical for the mortality of the
French beef cattle imported in Italy (around 900 000 beef cattle/
year). Furthermore, Earley et al. (2017) observed that transport
induces changes in the physiological profile of young cattle. Blood
parameters like cortisol and creatine kinase have been used as
stress indicators in transported beef cattle, as they may increase
dramatically after transport (Damtew et al.,, 2018). The present
study dealt with the receiving phase (i.e., from the day of arrival
to the 1st month of the fattening phase) of French Charolais young
bulls at the Italian fattening unit after long-distance transport. The
aim was to evaluate the effects of the live yeast Saccharomyces
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cerevisiae and a selenium-enriched yeast supplementation on beef
cattle growth performances, plasma traits, and rumen environ-
ment measured by reticulum-rumen devices.

Material and methods
Animals and experimental design

All experimental procedures were approved by the Animal Care
and Use Committee of the University of Padova (Ethical Approval
Code: n. 400074 5/2021). This randomised controlled study was
carried out in a commercial beef cattle fattening unit located in
Porto Viro (Rovigo, Veneto, Italy) using 80 Charolais young bulls
imported from France in October 2021. Forty bulls were selected
from each of two neighbouring collection centres in the Auvergne
region (France), where animals were weighed and vet-checked for
their health status and separated to create homogeneous batches
stratified for BW. The veterinary check involved a thorough exam-
ination to ensure that the selected animals were free from cough
and any symptoms of bovine respiratory diseases, diarrhoea, and
locomotor issues. Only animals that passed this health screening
were included in the study. Each batch was then split into two bal-
anced groups: one received the slow-release boluses supplementa-
tion (Yeast group, n = 20 bulls) and the other was used as Control
group (n = 20 bulls). The Yeast and Control animals underwent the
same handling during the bolus administration and transport from
France to Italy to obtain homogeneous conditions. The two groups
were randomly created using the “RAND” function in Microsoft
Excel spreadsheet, assigning animals to the two groups using their
ear tag ID to identify them and maintaining homogeneous groups
in terms of BW and age. Then, animals of the two groups were
marked with four different colours to identify the intended alloca-
tion pen once at the Italian fattening unit (Fig. 1). Bulls of the Yeast
group had an average BW of 445 + 11.8 kg and 442 + 16.3 kg, and
an average age at arrival of 289 + 20.1 days and 282 + 27.8 days in
the first and second collection centre, respectively. The animals of
the Control group had an average BW of 444 + 12.0 kg and
444 + 15.5 kg, and an average age at arrival of 284 + 22.9 days
and 284 * 26.0 days in the first and second collection centre,
respectively.

The transport of the bulls to the Italian fattening unit was car-
ried out by the same type of truck providing an average space
allowance of 2 m?/animal, in compliance with the current Euro-
pean regulations for cattle transport (European Commission,
2018). Each truck driver provided straw for bedding and checked
the functioning of the truck drinkers before starting the uploading
of the animals. The travel lasted 12 h covering 950 km from 2100
to 0900 h of the day after. Once at destination, the two batches of
bulls were housed according to the colours into eight pens of 10
mates each. The first truck transported the animals housed in pens
5, 6,7, and 8, and the second truck those in pens 1, 2, 3, and 4. Pens
1, 2,7, and 8 hosted the bulls of the Control group (n = 40) and pens
3, 4, 5, and 6 the bulls of the Yeast group (n = 40; Fig. 1). Each pen
had a deep litter straw bedding with a space allowance of 7.5 m?/
bull and a manger space of 0.5 m/bull. All pens were equipped with
two waterers to allow free access to drinking water.

Experimental supplementation and diet

Upon departure, animals were fed hay and water ad libitum. The
day before departure, a trained veterinarian provided two slow-
release boluses to the young bulls belonging to the Yeast group
using a bolus gun. The boluses, weighing 70 g each, contained live
Saccharomyces cerevisiae CNCM 1-1077 (Levucell SC® 10 TITAN,
Lallemand SAS, Blagnac, France) and a selenium-enriched yeast
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Fig. 1. Experimental design and Charolais young cattle allocation.

(ALKOSEL®, Lallemand SAS, Blagnac, France) produced from Sac-
charomyeces cerevisiae NCYC R397. The two boluses were designed
for releasing a total of 1.5 g/day of live yeast (i.e., 1.5 x 10'° CFU/-
day) and 1.5 mg/day of selenium (i.e., 0.95 ppm selenomethionine
for a target DMI of 8 kg/day) over 1 week of bolus administration.

After arrival to Italy, young bulls were fed hay and increasing
amount of a diet during the 1°* week that was replaced by a
higher-energy diet in the following weeks. Details on diet compo-

Table 1

Nutrient and chemical analysis of the diets administered to Charolais young cattle in
the 1st week of arrival to the Italian fattening unit (Diet 1) and in the following weeks
until day 30 (Diet 2).

Item Diet 1 Diet 2

Ingredients, % DM basis
Corn silage 24.5 32.6
Meadow hay 18.5 -
Wet sugar beet pulps 12.6 11.7
Corn meal 11.5 23.7
Wheat bran 114 9.40
Dehydrated alfalfa 10.2 9.40
Soybean meal 9.30 114
Mineral premix’ 2.00 1.80

Nutrient analysis
DM, % 55.4 52.0
Ash, % DM 5.70 5.20
CP, % DM 14.0 15.2
EE, % DM 2.30 2.60
aNDF, % DM? 39.2 30.6
ADF, % DM 20.7 18.4
Starch, % DM 20.0 30.6
uNDF, % DM> 9.40 8.10

T The mineral premix contained: 19.1% calcium; 0.33% phosphorus; 0.17%
agnesium; 0.06% sodium.

2 Amylase treated NDF.

3 Undigested NDF.

sition and analysis are reported in Table 1. Both diets were pro-
vided ad libitum as a total mixed ration once a day at 1000 h,
and it was estimated that during the 1% week, each animal ate
around 8 kg/day of DM. The diet of the Yeast group differed only
for the inclusion of yeast supplementation (Levucell SC® 10 TITAN)
to achieve a theoretical daily dose of 100 g/bull of yeast premix
(i.e., 8 x 10° CFU/bull per day of live yeast). This dosage was chosen
based on the positive outcomes in terms of ADG and feed efficiency
reported in previous studies on beef cattle during challenging peri-
ods, such as the receiving phase (Smith et al., 2020; Parra et al.,
2021). Samples of the diets were collected weekly and kept frozen
at —20 °C until chemical analyses. Samples were dried in a forced-
air oven at 103 °C overnight for DM determination, ground in a
Retch mill type SK (Bauknecht, Stuttgart, Germany) to pass a
1 mm screen, and analysed for several parameters. The ash content
was determined by combustion at 550 °C for 4 h. Nitrogen was
determined following the Dumas method (AOAC, 2023) by the
combustion digestion of the sample at 900 °C in excess of oxygen
by Dumatherm® (Gerhardt GmbH & Co, Kénigswinter, Germany)
as described by Mihaljev et al. (2015), and feedstuff CP content
was then calculated as nitrogen x 6.25. Ether extract content
was determined following the indication of European Commission
Regulation No. 152/2009 (European Commission, 2009). Fibre frac-
tions were analysed and expressed as NDF assayed with a heat-
stable amylase and expressed exclusive of residual ash, and ADF
was expressed exclusive of residual ash, according to Mertens
et al. (2002). The starch content was determined by enzymatic
method (McCleary et al., 2019). The undigestible NDF was deter-
mined after in vitro fermentation for 240 h (Raffrenato et al., 2018).

Animals’ performance and blood sampling collection

All bulls were individually weighted on three dates after trans-
port: at the arrival to the fattening unit (day 0), after 7 days (day
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7), and at the end of the receiving period after 30 days (day 30). At
day O, all animals were unloaded from the trucks and weighed. In
compliance with the current European regulations on cattle trans-
port (European Commission, 2018), bulls had free access to water
during transport. On days 7 and 30, the bulls were deprived of feed
overnight but had access to water. Individual blood samples were
collected by a veterinarian at each of the weighing sessions after
the veterinary examination of each animal. Animal handling and
moving were performed by trained personnel to reduce stressful
conditions and the procedures were conducted only after the vet-
erinarian check of animal health. An electronic livestock scale
(£1 kg) was used to individually weigh the bulls. Blood samples
were collected by the veterinarian of the fattening unit in Italy.
All samples were taken from the jugular vein of each bull using
9 mL Vacuette® LH — lithium heparin blood collection tubes (Grei-
ner Bio-One GmbH, Kremsmiinster, Austria) and placed into a
refrigerated box filled with dry ice until the end of the sampling
session. Blood tubes were centrifuged at 1 500 x g for 15 min at
4 °C within 2 h after the collection, and plasma was aliquoted
and stored into 2 mL cryovials (S..LA.L. Cryovials, Rome, Italy) at -
80 °C until the analysis. Blood analyses were carried out at the lab-
oratory of the Istituto Zooprofilattico Sperimentale delle Venezie
(Legnaro, Italy) and blood parameters included the protein profile
(albumin, creatinine, globulins, total proteins, total blood urea),
the energy profile (cholesterol, glucose, triglycerides), the hepato-
muscle profile (alkaline phosphatase, alanine aminotransferase,
aspartate aminotransferase, creatine kinase, lactate dehydroge-
nase, gamma-glutamyl transferase, total and direct bilirubin), and
the mineral profile (calcium, chlorine, iron, potassium, magnesium,
sodium, phosphorous, selenium). The levels of cortisol and non-
esterified fatty acids were assessed as well. All plasma components
were analysed by biochemical analyser (COBAS C501, Roche Diag-
nostics GmbH, Mannheim, Germany) using commercial diagnostic
kits from Roche Diagnostics. The non-esterified fatty acid determi-
nation was performed with enzymatic colorimetric methods (Ran-
dox Laboratories Ltd., Ardmore, United Kingdom) using COBAS
C501 instrumentation.

Monitoring of rumen environment

Two different reticulum-rumen devices were used to monitor
changes in the rumen environment during the receiving period of
the Charolais young bulls at the Italian fattening unit. Devices were
rumen fluid resistant (materials tested by the German Agricultural
Society, DLG). A total of 60 bulls were equipped with the
reticulum-rumen sensors that were inserted at the two French col-
lection centres after blood sampling. Thirty-four bulls (17 Yeast
and 17 Control) received the first reticulum-rumen device (RR-T,
SmaXtec animal care GmbH Belgiergasse 3, Graz, Austria, TX-
1442A) to monitor rumen temperature, rumination time, and
activity of the animal. Other 26 bulls (13 Yeast and 13 Control)
received the second device (RR-pH, SX2, SmaXtec animal care
GmbH Belgiergasse 3, Graz, Austria, SX.2, TX-2142P) that was
equipped with a pH electrode to measure reticulum-rumen pH (ac-
curacy: + 0.1 pH unit) for 90 days. The animals that received the
RR-T bolus had an average BW of 444 + 14.4 kg and 445 + 13.4 k
g, and an average age at arrival of 280 + 22.5 days and 288 + 24.
5 days for Yeast group (N = 17) and Control group (N = 17), respec-
tively. The animals that received the RR-pH bolus had an average
BW of 445 + 10.4 kg and 445 + 10.1 kg, and an average age at arri-
val of 290 + 23.0 days and 281 + 23.4 days for Yeast group (N = 13)
and Control group (N = 13), respectively. Trained veterinarians
used a specific gun provided by the producers to administer the
boluses, following the manufacturer’s instructions. In the Yeast
group, 13 animals received both the slow-release yeast bolus and
the RR-pH device, while 17 animals received both the slow-
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release yeast bolus and the RR-T device. These animals were part
of the treated group. In the control group, 13 animals received only
the RR-pH device, and 17 animals received only the RR-T device.
Thus, both the treated and control animals underwent the same
handling and management during bolus administration, transport,
and on-farm movements in France and Italy. The RR-T and RR-pH
devices were 105 x 35 mm and 132 x 35 mm
(length x diameter), respectively. Both devices recorded informa-
tion every 10 min for a total of 144 measures/day. The internal
memory of the devices allowed to store the recorded data of tem-
perature and pH for 50 days. The RR-pH was calibrated using a buf-
fer solution (pH = 7) before the insertion into the rumen
environment. The validity of the devices was tested in the study
of Klevenhusen et al. (2014), who used rumen-cannulated dairy
cows as reference for pH. Both devices transferred their informa-
tion to a base station placed in the receiving barn of the fattening
unit, through a wireless system. Because the devices need 1 or
2 days to be stabilised inside the reticulum, the data from the
insertion at the French collection centres to the first day after ani-
mals’ arrival to the Italian fattening unit were not interpretable.
Since bulls generally stayed 1 or 2 days in the collection centres,
there was no option to consider using RR bolus data at this stage
in the current study.

Statistical analysis

BW and blood parameters were analysed using the SAS soft-
ware 9.4 (SAS Institute Inc., Cary, NC). Individual ADG was calcu-
lated for the two subsequent interim periods (day O to day 7, and
day 7 to day 30) and for the whole receiving phase (day 0 to day
30). The ADG of bulls was analysed using a linear model that con-
sidered the fixed effects of yeast supplementation group (Yeast,
Control), pen nested within yeast supplementation group, and
age at arrival as covariate. To assess the trend of BW and blood
parameters during the receiving period (day 0 to day 30), the fol-
lowing linear mixed repeated model was used:

Yijmn = M+ supplementation; + pen;(supplementation;) 4 timey
+ age; + (supplementation x time)y, + bull, + ejximn

where yjjum is the dependent variable; p is the overall intercept of
the model; supplementation; is the fixed effect of the ith supple-
mentation group (i = Yeast, Control); pen;j(supplementation ;) is
the fixed effect of the jth pen (j = 1-8) nested within the ith supple-
mentation group; timey is the fixed effect of the kth day of measure-
ment (k = 0 7, 30); age, is the fixed effect of age of bull at arrival
modelled as covariate; (supplementation x time); is the fixed inter-
action effect between supplementation group and day of measure-
ment; bull,, is the random effect of the mth bull (m = 1-80) ~N(O0,
otan), where oy is the bull variance; and eijkimn is the random
residual ~N(0, 62), where o2 is the error variance.

Before applying the model to blood parameters, values outside
the mean + 3 SD were discarded as outliers and creatine kinase was
log-transformed to reach normal distribution. Total and direct
bilirubin were returned by the laboratory as binary variables
and were considered physiological when < 2.5 pmol/L and
< 1.5 pmol/L, respectively. Therefore, two categories for total and
direct bilirubin were created and chi-squared test was performed
to assess any differences across time (days 0, 7, 30) or between
supplementation group (Yeast, Control).

Data recorded by the sensors for the reticulum-rumen parame-
ters were analysed using the R software v. 4.1.2. Individual data
collected every 10 min during the 4 days preceding the weighing
and sampling time points on day 7 and day 30 were extracted
and summarised daily. Data on day O were not available due to
the sensors’ technological limitations described above. Then, daily
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indicators of mean pH, pH amplitude (difference between the max-
imum and minimum pH), pH SD, mean activity, rumination (min/-
day), and mean temperature (°C) were calculated. In addition, daily
relative pH indicators (NpH) were calculated according to Villot
et al. (2018); briefly, signal processing was applied to raw RR-pH
values to calculate the NpH by filtering and normalising data to
remove inter-individual variability, sensor drift, and sensor noise.
Both the sensitivity and specificity of NpH by Villot et al. (2018)
ranged from 0.82 to 0.88 to diagnose SARA. Accordingly, an animal
was considered positive to SARA on a daily base if NpH decreased
by more than 0.3 units for more than 50 min, and daily amplitude
of NpH varied by more than 0.8 units and/or its SD was above 0.2
units. The percentage of animals under SARA was calculated for
each period and group (day 7 and day 30 for Yeast and Control
groups). Additionally, a statistical method based on the ‘change-
point’ package of R software (Killick et al., 2022) was implemented
to detect the significant number of daily pH drops in the RR-pH
kinetics curve. A daily pH pattern for each animal was calculated
by averaging each 10—min measurement of the 4 days for each
period (day 7 and day 30). The daily reticulo-rumen indicators at
day 7 and day 30 were analysed separately with the following
model:

Yijmn = M + supplementation; + age; + day,, + truck, + bull,, (pen,,)

+ eijklmn

where yjjumn is the response variable; u is the overall intercept of
the model; supplementation ; is the fixed effect of the ith supple-
mentation group (i = Yeast, Control); age; is the fixed effect of age
of bull at arrival to the fattening unit modelled as covariate; day,
is the fixed effect of the kth day (k = 1-4); truck; is the fixed effect
of the Ith truck (I = 1, 2); bull,,(pen,) is the random effect of the
mth bull (m = 1-80) nested within the nth pen (n = 1-8) ~ N(0, 2
bull(pen)), Where G%u“(pen) is the bull within pen variance; and e;jximy, is
the random residual ~N(0, c2), where G2 is the error variance. Due
to a lack of statistical significance, the fixed interaction effect
between supplementation and time (day) was removed from the
model used to process the daily reticulo-rumen indicators. Binary
outcomes created for SARA positive/negative days were evaluated
using the same effects in a generalised linear mixed model with a
binomial distribution. A multiple comparison of least squares means
for the supplementation group effect was performed using Bonfer-
roni’s test. The inter-animal variability within group was evaluated
through the Levene test using the 10 min averaged measures by
day calculated on both periods (day 7 and day 30). For all the anal-
yses, statistical significance was set at P < 0.05 and a trend of signif-
icance was set at 0.05 < P < 0.10.

Despite the randomised controlled design of our study, there are
possible limitations to consider. While we ensured treatments were
applied without “spillover” effects and measurements of BW, blood
metabolites, reticulo-rumen pH, and reticulo-rumen temperature
were objective, interactions between animals within the same pen
may have occurred. This could have affected the assumption of com-
plete independence of measurements. Although the animals were
selected to be similar in BW and age to minimise variability and
manger space allowed each animal of the same pen to eat at the
same time, inherent biological differences, such as feeding beha-
viour and thus hierarchy, could have impacted the outcomes. The
choice of the individual animal as the experimental unit was based
on the precise nature of the treatments and objective measure-
ments. Given our environmentally controlled conditions (i.e., same
transport method, animal handling in France and Italy, animal man-
agement in Italy, manger space, pen dimension), this approach was
suitable for statistical inference at individual level. However, these
limitations should be considered when interpreting the results and
assessing their broader applicability.
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Results
Growth performances and plasma traits

Control and Yeast bulls started their fattening cycle with similar
BW (day 0; BW = 417 and 416 kg, respectively; SEM = 2.70;
P> 0.05) and no differences due to the yeast supplementation were
recorded neither at day 7 (BW = 433 kg for both groups; SEM =
2.79 kg; P> 0.05) nor at day 30 (BW =469 and 468 kg, respectively;
SEM = 3.32 kg; P > 0.05) as depicted in Fig. 2. There was no signif-
icant effect of yeast on any of the calculated ADG (P > 0.05; Table 2).
Least squares means of plasma traits for sampling time and yeast
supplementation effects are presented in Table 3. Except for mag-
nesium, all the plasma traits significantly varied over sampling
time (P < 0.05). Most of them decreased over time, except for glob-
ulins, calcium and iron which had an opposite trend. Plasma corti-
sol decreased from day O to day 30 reaching the nadir at day 7.
Yeast supplementation led to overall higher values of creatine
kinase, potassium, and selenium and lower values of alkaline phos-
phatase (P < 0.05; Table 3). Interaction between sampling time
(day) and supplementation did not affect any blood traits
(P> 0.05), with the only exception of selenium that had the highest
value on day 7 for the Yeast group (P < 0.05; Fig. 3).

Effects of live yeast supplementation on reticulum-rumen traits

Least squares means of reticulum-rumen traits measured at day
7 and day 30 through the RR-T and RR-pH sensors are reported in
Table 4. Compared to the Control group, Yeast group had signifi-
cantly lower daily pH amplitude, SD, and percentage of animals
positive to SARA at day 7, with a higher number of pH drops
(P < 0.05). On day 7, Yeast group tended to ruminate more com-
pared with Control group. Yeast supplementation did not affect
reticulum-rumen sensor traits at day 30, except for rumination
time. Bulls of the Yeast group ruminated on average 39 min/day
more than Control group (P < 0.05; Table 4). Fig. 4 depicts the daily
reticulum-rumen pH pattern measured at day 7 and day 30. The
daily pattern of raw pH showed a positive trend from the early
morning to early afternoon and a negative trend from the late
afternoon that continued overnight. The Yeast group showed a sig-
nificantly lower variability in daily rumen pH compared to the
Control group, either at day 7 (P < 0.05) or at day 30 (P < 0.05). This
is depicted in Fig. 5, which shows the inter-animal variability of
daily rumen pH at day 7 and day 30.

Body weight, kg
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Fig. 2. Least squares means and SE of BW of Charolais young cattle over time (day
0 = arrival to Italy; day 7 = 7 days after arrival to Italy; day 30 = 30 days after arrival
to Italy) according to the supplementation group (Yeast = dashed line, n = 40 bulls;
Control = solid line, n = 40 bulls) (P > 0.05).
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Table 2
Average daily gain from arrival (day 0) to day 30 of the receiving period at the fattening unit of Charolais young cattle for supplementation group effects.
Supplementation
Trait Control group Yeast group SEM P-value
Bulls (n) 40 40
Average daily gain (kg/day)
from day O to day 7 2.30 2.35 0.21 0.87
from day 7 to day 30 1.69 1.66 0.08 0.83
from day O to day 30 1.84 1.83 0.07 0.91
Table 3
Least squares means and SEM of plasma traits of 80 Charolais young cattle for time (day 0, 7 and 30) and supplementation group effects.
Time' Supplementation
Trait day 0 day 7 day 30 SEM P-value Control Yeast SEM P-value
Bulls (n) 80 80 80 40 40
Protein profile
Albumin (g/1) 34.5° 31.5° 31.0° 0.26 <0.001 322 324 0.26 0.62
Creatinine (pmol/l) 145" 157¢ 115° 2.64 <0.001 139 139 2.88 0.93
Globulins (g/1) 41.8" 43.6° 42.5% 0.59 <0.001 426 427 0.61 0.95
Total protein (g/1) 76.2° 75.2" 73.8° 0.50 <0.001 75.0 75.1 0.54 0.90
Urea (mmol/l) 3.71% 3.24° 2.89¢ 0.10 <0.001 3.34 3.22 0.09 0.33
Energy profile
Cholesterol (mmol/l) 2.40° 2.09" 1.57¢ 0.05 <0.001 1.97 2.08 0.06 0.18
Glucose (mmol/l) 5.24° 4.91° 5.01° 0.06 <0.001 5.01 5.10 0.06 0.24
Triglycerides (mmol/I) 0.23% 0.18° 0.17° 0.01 <0.001 0.19 0.19 0.004 0.44
Non-esterified fatty acids (meq/1) 0.98* 0.70° 0.28¢ 0.03 <0.001 0.66 0.65 0.03 0.85
Hepato-muscle profile
Alkaline phosphatase (U/l) 133% 78.9° 74.8° 3.74 <0.001 102° 89.9° 3.94 0.04
Alanine aminotransferase (U/1) 28.1° 22.9" 21.9° 0.50 <0.001 243 243 0.52 0.96
Aspartate aminotransferase (U/1) 112° 84.6" 70.0° 2.23 <0.001 90.4 87.6 2.07 0.34
Creatine kinase (U/1)? 399° 220° 138° 1.07 <0.001 205" 2587 1.06 0.01
Lactate dehydrogenase (U/1) 1399° 1142° 1 030° 16.85 <0.001 1213 1167 18.2 0.08
Gamma glutamyl transferase (U/l) 15.3¢ 12.4° 11.6° 0.45 <0.001 131 13.0 0.45 0.87
Total bilirubin®
>2.5 pmol/l 49 55 18 - <0.001 60 63 - 0.73
<2.5 pmol/l 31 25 62 - 100 97 —
Direct bilirubin®
>1.5 pmol/l 36 25 3 - <0.001 32 33 - 0.89
<1.5 pmol/l 44 55 77 — 128 127 —
Mineral profile
Calcium (mmol/l) 2.43% 2.40° 2.44° 0.01 0.03 242 243 0.01 0.85
Chlorine (mmol/l) 100° 97.1° 96.4° 0.21 <0.001 97.8 98.0 0.20 0.40
Iron (pg/dl) 60.8° 1117 98.1° 3.10 <0.001 89.2 90.5 2.70 0.72
Potassium (mmol/l) 4.68° 5.04° 4.72° 0.04 <0.001 4.76" 4.87% 0.04 0.04
Magnesium (mmol/l) 0.83 0.83 0.82 0.01 0.76 0.84 0.82 0.01 0.25
Sodium (mmol/I) 140° 140° 138° 0.21 <0.001 139 139 0.19 0.71
Phosphorus (mmol/l) 2.31° 2.33°7 2.14° 0.03 <0.001 2.25 2.27 0.03 0.60
Selenium (pg/l) 63.4° 89.5% 85.3% 212 <0.001 70.1° 88.7¢ 2.29 <0.001
Stress profile
Cortisol (nmol/l) 60.4° 48.3" 56.5%" 3.61 <0.001 51.3 58.9 3.55 0.14

1 day 0 = upon arrival to Italy; day 7 = after 1 week of arrival to Italy; day 30 = after 4 weeks of arrival to Italy.

2 Back-transformed values.

3 Total and direct bilirubin are reported as percentage of samples that were above or below the thresholds and were analysed using Chi-squared test.
ab< Means with different superscripts within the same blood parameter and effect differ significantly (P < 0.05).

Discussion
Growth performances and plasma traits

Several studies have tested the effects of yeast or yeast-based
product supplementation on ADG of beef cattle under different
conditions (Broadway et al., 2015; Sartori et al., 2017; Pancini
et al., 2020). However, their results were inconsistent and difficult
to compare due to the differences in cattle age, diet composition,
yeast strains, and dosage. These different responses suggest that
the yeast supplementation interacts with many variables. Control

and Yeast bulls had similar BW at the arrival to the fattening unit.
During the 1% week, they were fed a moderate energy content in
total mixed ration and then they were switched to a higher energy
diet for the remaining receiving phase. Body weight increased sim-
ilarly in both Control and Yeast groups, with ADG that was numer-
ically higher between day 0 and day 7 compared to that from day 7
and day 30. This was likely due to a compensation for the weight
loss due to the transport stress. Body weight shrinkage is one of
the most common effects of long transport in cattle due to factors
like distance and duration of the travel, driving quality, animal
handling procedures, feed and water restrictions, and climate con-
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Fig. 3. Least squares means and SE of selenium concentration in plasma of
Charolais young cattle for the interaction effect between supplementation group
(Yeast = dashed line, n = 40 bulls; Control = solid line, n = 40 bulls) and sampling
time (day O = arrival to Italy; day 7 = 7 days after arrival to Italy; day 30 = 30 days
after arrival to Italy; P < 0.05). *><¢ Different superscripts indicate a significant
difference (P < 0.05).

ditions (Gonzalez et al., 2012; Van Engen and Coetzee, 2018). Yeast
supplementation did not affect growth performance, confirming
the results from previous studies (Cozzi et al., 2011; Sartori et al.,
2017; Pancini et al., 2020). Sgoifo Rossi et al. (2017) did not observe
differences in the final BW of bulls that received yeast and sele-
nium supplementation, but they observed an overall improved
ADG in the supplemented group compared to the control group.
This difference, however, was marked between 19 and 54 days
after the arrival to the fattening unit; it is possible, therefore, that
the observation period of the present study (30 days) was not long
enough to detect differences in growth performances.

Table 4

Animal 18 (2024) 101375

Almost all the plasma traits varied significantly over sampling
time. The temporal pattern of protein, energy, hepato-muscle, min-
eral, and stress profile markers denoted a framework of stress
induced by the commingling and transport that led to some degree
of energy deficit, muscular damage, dehydration, and hepatic
stress, even if almost all the traits remained within the physiolog-
ical range. Santinello et al. (2024) evaluated the same animals dur-
ing transport from France to Italy and observed that signs of stress
and recovery efforts began even before the departure. All the
parameters tended to stabilise during the receiving phase denoting
a progressive recovery of physiological homeostasis. A reliable
example in this regard is the pattern observed for creatine kinase
(marker of muscular damage), gamma-glutamyl transferase (mar-
ker of hepatic health), and non-esterified fatty acids (markers of
energy deficit) that peaked at day O to progressively decrease at
the following two sampling dates. Values of plasma traits recorded
at day 30 might represent a reference for Charolais young bulls
under intensive fattening, as the animals at the end of the receiving
phase should have adapted to the new housing and feeding
conditions.

Yeast supplementation scarcely affected the metabolic profile.
Selenium is a fundamental component of the glutathione peroxi-
dase selenoproteins, which are the main responsible for the protec-
tion of cells from oxidative stress, and it is also involved in the
metabolism of the thyroid hormones (Mehdi and Dufrasne,
2016). Usually, French young bulls are raised on pasture and sele-
nium is among the most deficient trace elements in grazing cattle
not receiving a specific mineral supplementation, despite its posi-
tive effects on health, including improved immune competence
(Arthington and Ranches, 2021). The few overall variations in the
metabolic traits that were observed for the Yeast group were diffi-
cult to explain based on yeast and selenium metabolism and phys-

Effects of yeast supplementation on reticulo-rumen traits of Charolais young cattle at day 7 and day 30. Bulls equipped with bolus for pH measurement were 13 per group (Yeas
and Control), and bulls equipped with bolus for assessment of rumen activity, temperature, and rumination time were 17 per group.

Supplementation

Trait Control Yeast SEM P-value

Day 7!

N of bulls with pH bolus 13 13 - -
Daily pH mean 6.94 6.97 0.06 0.69
Daily pH amplitude 0.68° 0.58" 0.03 0.04
Daily pH SD 0.17° 0.13" 0.01 0.01
Time of NpH? below -0.3, min/d 55.0 19.0 2.12 0.20
pH drops, number/d 3.85° 4.54° 0.29 0.03
Daily SARA-positive, % of animals® 36.0% 12.8" 6.00 0.01

N bulls with temperature bolus 17 17 - -
Activity, reference unit 6.52 6.56 0.24 0.91
Rumination, min/d 396 428 131 0.09
Temperature, °C 39.9 39.8 0.05 0.82

Day 30*

N of bulls with pH bolus 13 13 - -
Daily pH mean 7.01 6.95 0.11 0.56
Daily pH amplitude 0.75 0.76 0.08 0.88
Daily pH SD 0.17 0.17 0.02 0.92
Time of NpH? below -0.3, min/d 153 29.0 0.40 0.42
pH drop, number/d 411 4.10 0.29 0.99
Daily SARA-positive, % of animals® 16.1 17.8 7.00 0.85

N of bulls with temperature bolus 17 17 - -
Activity, reference unit 4.43 4.77 0.27 0.36
Rumination, min/d 347" 3867 12.6 0.03
Temperature, °C 39.9 39.9 0.03 0.76

1 4 days of measures before day 7 sampling time point.
2 Daily relative pH indicators.

3 An animal was considered positive to subacute ruminal acidosis (SARA) on a daily basis if NpH decreased by more than 0.3 units for more than 50 min, and daily NpH

amplitude varied by more than 0.8 units and/or its SD was above 0.2 units.
4 4 days of measures before day 30 sampling time point.

2b Means with different superscripts within the same rumen parameter line differ significantly (P < 0.05).
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Fig. 4. Charolais young cattle daily reticulo-rumen pH pattern of Yeast and Control
groups (13 bulls each) at day 7 (a) and day 30 (b)*. * Individual data collected every
10 min during the 4 days preceding the weighing and sampling time points on day
7 and day 30 were extracted and summarised daily.

iological function. The overall lower level of alkaline phosphatase
recorded in Yeast compared with Control bulls was in contrast
with the findings of Arthur (1988a) and Jia et al. (2019), who
observed higher levels of the enzyme in calves and steers, respec-
tively, with higher availability of selenium. Creatine kinase also
showed an opposite trend compared to results from the literature,
where higher levels of selenium were linked to lower levels of this
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enzyme, due to the protective role of the selenoproteins on the
muscular cells (Arthur et al., 1988b). Marcato et al. (2018) sug-
gested that creatine kinase can increase due to the restoration of
homeostasis when cattle are physiologically stressed. The differ-
ence in potassium concentration between the two supplementa-
tion groups has not a clear explanation. No other minerals
showed significant variations (except for selenium) and there is
no evidence in the literature that relates live yeast-selenium and
potassium. Conversely, considerably higher levels of selenium in
the Yeast group were expected, due to its supplementation. Consis-
tently, selenium was affected by the interaction between the sup-
plementation  group and sampling time.  Selenium
supplementation by boluses should have promoted its marked
increase in the plasma recorded on day 7. Then, plasma concentra-
tion progressively decreased, reaching again the levels of the Con-
trol group at day 30. No other plasma traits were affected by the
supplementation x sampling time interaction, so yeast supple-
mentation did not affect the metabolic profile under challenging
conditions (day O and day 7) and after the receiving period (day
30). Cozzi et al. (2011) showed that higher selenium availability
led to greater antioxidant activity in beef cattle, with increased
serum total antioxidative capacity, but during a longer supplemen-
tation. However, the primary focus of the present study was on the
transfer of organic selenium through yeast into the bloodstream,
rather than on the reduction of oxidative activity in the animals’
metabolism following selenium supplementation. Therefore, no
specific marker of oxidative stress was investigated. As a result,
the findings of this study did not allow for direct conclusions about
the role of selenium to reduce the oxidative stress of the animals.

Live yeast supplementation and rumen environment

The values of pH (average of 6.95) are considered high for the
category of young beef cattle especially between day 7 and day
30, with higher values for day 30. This could be partially explained
by the observed difference (—0.2 pH units) between pH measured
in the free rumen liquid compared to reticulum location (Neubauer
et al., 2018). Therefore, the normalised RR-pH indicators (Villot
et al., 2018) were integrated to investigate the yeast supplementa-
tion on rumen characteristics. At the receiving phase, a signifi-
cantly lower number of bulls were recorded as positive to SARA
in the Yeast group compared to the Control group which could
be explained by previous findings indicating that bulls supple-
mented with yeast had higher level of butyrate and lower level

Day 30
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Fig. 5. Overall evolution of the inter-cattle variability of daily reticulo-rumen pH mean for Yeast (YEAST, green line; n = 13) and Control (CONT, grey line; n = 13) bulls over

the 4 days before sampling at day 7 (P < 0.05; a) and day 30 (P < 0.05; b).
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of lactate in the rumen fluid (Magrin et al., 2018). Moreover, on the
same day during the initial feeding phase, the Yeast group had a
significantly greater frequency of daily pH drops than the Control
group, while maintaining a similar mean pH. A drop of ruminal
pH in cows is associated with the ingestion of fermentable carbo-
hydrates and the accumulation of high amounts of short—chain
fatty acids, due to their slow absorption by the rumen wall. A
low number of pH drops with an abrupt decrease measured daily
have been reported in dairy cows subjected to an induced SARA
challenge compared to the same animals fed a forage—rich diet
(Villot et al., 2023). Considering that both groups commenced the
fattening cycle with equivalent BW and feeding regimens, this
variation in pH fluctuation may be linked to differences in feeding
behaviour. This observation aligns with previous findings of De
Vries and Chevaux (2014), who reported improvements in meal
pattern, including more frequent meals that tended to be smaller
and shorter for cows supplemented with the same yeast strain.
Rumination time improved in the Yeast group (+39 min/day com-
pared with Control group at day 30). This result agreed with previ-
ous findings on meal pattern and is encouraging when considering
that bulls at the end of the receiving phase shift to high-energy
diets. In this study, the time of total mixed ration delivery was at
1000-1100 h, and this explains why the daily reticulum-rumen
pH patterns had a decrease from early morning to early afternoon
and a negative trend from the late afternoon to around 1800 h,
both at day 7 and day 30. Moreover, the inter-individual variability
of the rumen conditions can also produce different animals’
responses to fattening phase. The young bulls of this study had a
specific and lower inter-animal variability for daily pH fluctuation
within the supplementation group, likely due to a specific meal
patterning, hierarchy, and microbial characteristics of the rumen
homogenised by the addition of the live yeast. It was evident
how, at both times, yeast supplementation stabilised the rumen
pH of the Yeast group, thus significantly reducing the inter-
animal variability. This could represent an important aid in bulls’
diet and feeding management. In their drifting analysis,
Crossland et al. (2019) reported that moving the animals through
the facilities can cause a significant disturbance in pH values for
several days. The 80 Charolais young bulls used in this study were
commingled from different farms of origin and long transported to
a completely new environment made of different housing, man-
agement, and feeding. All that has shown to be a relevant source
of stress which in turn could have influenced rumen pH values
and pattern. The supplementation of yeast can stabilise the pH
variance (Crossland et al., 2019) and this might explain why a sig-
nificant reduction of daily pH amplitude and SD was observed at
day 7. The complexity around cattle handling from pasture to col-
lection centres made it difficult to anticipate the RR bolus insertion
before arrival to the collection centres. Indeed, the requirement for
a couple of days settling the RR sensors data acquisition prevented
us from valorising the valuable data during transport since animals
did not stay longer than 1-2 days before transport to Italy. The
opportunity to apply the RR sensors and the nutritional bolus in
a future study before the commingling procedure would represent
a great improvement for both RR data collection and supplementa-
tion efficacy.

The receiving phase of beef cattle at the final fattening unit is
challenging for health and welfare, as animals have to recover from
the stress of the transfer from their farms of origin, and they are
exposed to a completely new environment, housing solutions,
and feeding programmes. In this scenario, cattle may have some
benefit from the dietary supplementation with yeast and selenium.
The outcomes of this study revealed that yeast supplementation
did not improve the growth performance of imported Charolaise
young bulls nor affected their metabolic profile, but it helped to
stabilise the conditions of their rumen environment by limiting

Animal 18 (2024) 101375

the daily pH amplitude and SD. As a response to these better rumi-
nal conditions, the animals boosted their daily time spent ruminat-
ing measured at the end of the receiving phase, when they were
fed a high—energy diet. Therefore, yeast supplementation seems
to be a positive support to the rumen environment in cattle
exposed to stressful conditions. This could be an interesting finding
also when thinking about the high-energy diets generally fed to
beef cattle during the remaining fattening period.
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