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Some Negative Effects of Heat Stress
in Feedlot Heifers May Be Mitigated
via Yeast Probiotic Supplementation

Paul R. Broadway ™, Jeff A. Carroll’, Nicole C. Burdick Sanchez’, Matt D. Cravey? and
Jimmie R. Corley?

"USDA-ARS, Livestock Issues Research Unit, Lubbock, TX, United States, 2 Phileo Lesaffre Animal Care, Cedar Rapids, IA,
United States

This study was designed to determine if supplementation of a combination live yeast
and yeast cell wall product in feed could mitigate the negative impacts associated with
heat stress (HS). Crossbred, phenotypically similar beef heifers (n = 32; BW = 385 £
43 kg) were fed a standard finishing ration without (CON) or with a combination of a live
yeast (1.5 g/hd/d) and yeast cell wall product (2.5 g/hd/d; YEAST; Phileo Lesaffre Animal
Care, Milwaukee, WI). After 50 d of supplementation, heifers were transported to an
environmentally-controlled facility and placed in individual bleeding stalls after indwelling
jugular catheters and vaginal temperature (VT) loggers were inserted. Heifers were kept
in thermoneutral (TN) conditions for 48 h [temperature-humidity index (THI) ~67; d 1-2]
then were subjected to HS for 4 d (peak THI ~80; d 3-6). From d 2-6, hourly blood
samples were collected for serum isolation from 1400 to 1800h and again from 2200
to 0200 h which represented the daily targeted peak and nadir of THIs. A whole blood
sample was collected twice daily at 1400 and 2200 h for complete blood counts (CBC).
There was no difference in BW (P = 0.14) or ADG (P = 0.53) between the treatments
during HS. Yeast-supplemented heifers exhibited reduced VT during HS compared to
CON heifers (P < 0.01). There was no difference in water intake during the TN phase (P
= 0.25); however, YEAST heifers consumed more water/h (P < 0.01) and had increased
drinking bouts (P < 0.01) during HS compared to CON heifers. Respiration rates (RR) did
not differ (P = 0.21) during TN, but YEAST heifers tended (P = 0.09) to have decreased
RR during HS compared to CON heifers. There were no differences between treatments
when evaluating CBC parameters (P > 0.10). There was a tendency (P = 0.08) for greater
cortisol in the CON than YEAST heifers during HS; however, glucose (P = 0.38) and
NEFA (P = 0.70) concentrations did not differ. In summary, supplementation of live yeast
and yeast cell wall products to feedlot heifers may mitigate some of the negative effects
associated with HS in feedlot cattle as observed in decreased RR and VT and increased
water intake.
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Heat Stress in Feedlot Heifers

INTRODUCTION

Heat stress is primarily the result of elevated air temperature,
but can be intensified by high humidity, thermal radiation,
and low air movement (1, 2). Heat dissipation mechanisms
associated with heat stress in cattle include a combination of
radiation, convection, conduction, and evaporation. However,
different environmental conditions across the United States
influence heat stress occurrence, potential, and severity along
with cattle’s ability to dissipate the associated heat load
(3). Heat stress in animal agriculture results in decreased
productivity and can negatively impact animal well-being
(1, 4). Specifically, heat stress may reduce weight gain and
feed intake, decrease milk production, increase morbidity and
mortality, and decrease reproductive performance (4, 5). Some
genotypes of cattle are known to have increased heat tolerance
capabilities, such as Brahman cattle; however, productivity and
growth performance may not be as efficient as in other beef
cattle breeds (6, 7). Heat stress also contributes to major
economic losses, with one study reporting annual losses of
$897 million in beef cattle production in the 48 contiguous
states (4).

Beef producers are constantly seeking ways to alleviate some
of the negative effects associated with heat stress that result
in decreased performance, animal health, and productivity.
One of the ways feedlots attempt to combat heat stress is
through shade and access/availability to water (3, 7). Some
feedlots utilize shade and sprinkler systems to help prevent
heat stress, but developing and maintaining the infrastructure
can be very expensive. However, in the current production
systems of feedlots within the U.S., there are few other options
to alleviate heat stress; therefore, cattle feeders are looking
for other viable options that may also enhance performance
and health.

Yeast products have been and are currently used in beef
cattle production for a plethora of reasons encompassing both
performance and health benefits (8), and have also been evaluated
during heat stress with varied results. In lactating dairy cows
during heat stress, supplementation of yeast cultures decreased
body temperature but had little effect on other performance or
health parameters (9). Another study in dairy cows reported
yeast supplementation enhanced performance during heat stress
(10). Limited research has evaluated the interactions of yeast
product supplementation and heat stress in beef cattle during
the finishing phase; however, some research suggests there may
be a performance benefit associated with feeding live yeast and
yeast cell wall products during heat stress periods (11, 12). A
study by Crossland et al. (13) also reported beneficial effects
of active dry yeast during heat stress in feedlot steers. Based
on this evidence, it was hypothesized that supplementing cattle
with yeast would alleviate some of the negative impact effects
of heat stress in feedlot cattle. Therefore, the objective of this
study was to determine if supplementation of a combination
live yeast/yeast cell wall product would mitigate some of the
negative effects associated with heat stress in near finished
beef cattle.

MATERIALS AND METHODS

All experimental procedures were in compliance with the Guide
for the Care and Use of Agricultural Animals in Research
and Teaching and approved by the Institutional Animal Care
and Use Committee of the Livestock Issues Research Unit
(Protocol: 2015-03-JAC23).

Heifers (n = 32; BW = 386 £ 7.1kg) were acquired from a
commercial feedlot in the Texas panhandle and were assigned
to 1 of 2 treatments (16 head/treatment), balancing for BW.
Heifers were selected based on BW, phenotypic similarity, and
lack of medical treatment and were transported to the USDA-
ARS Bovine Immunology Research and Development Complex
in New Deal, Texas (~40km). Heifers were randomly assigned
to treatments and either fed a standard feedlot ration typical of
southern plains feedlot rations consisting of steam-flaked corn,
distillers grain, ground hay, and supplemented micronutrients
(CON) or the standard feedlot ration supplemented via top dress
with a combination of yeast products (YEAST; 1.5 g/hd/d of live
yeast and 2.5 g/hd/d of yeast cell wall product; Phileo Lesaftre
Animal Care, Cedar Rapids, IA).

After 50 d of supplementation, heifers were weighed and
fitted with indwelling vaginal temperature recording devices
(14) along with indwelling jugular vein catheters on d 0.
Vaginal temperature was recorded at 5-min. intervals for the
duration of the study. Animals were placed in individual
stanchions (2.28 m in length, 0.76 m in width, 1.67 m in height)
in an environmentally-controlled facility with ad libitum access
to fresh water (on-demand paddle water system) and their
respective treatment diets. The individual stalls allowed for
normal postural movements and behaviors without hindering
standing, lying, or eating behaviors. Heifers were allowed to
acclimate to the facility for a 48-h period (d 1-2) in a
thermoneutral (TN) climate (THI 67 £ 4). On d 3-6, the THI
of the building was gradually increased beginning at 0800 h in
a manner to reach peak THI each day at 1600h (80 £ 3 THI;
HS) and the THI was subsequently decreased beginning at 1800 h
in a manner to reach the minimum THI of 76 at 2400 h. The
THI pattern aimed to keep the heifers in the moderate to severe
heat stress category that mimics environmental conditions often
seen in summer months when temperatures do not decrease
drastically after sunset. The targeted THI patterns designed to
mimic environmental conditions during thermoneutral and heat
stress phases were partially based on the Livestock Weather Safety
Index using temperature and humidity (2, 15). Therefore, for
purposes of this study, a THI of 67 was meant to represent no
heat stress, and a THI of 80 was meant to represent moderate
to severe heat stress. Blood (serum) samples were collected every
h from 1400 to 1800h and again from 2200 to 0200 h on d 2-
6. Serum was collected at each time point and was analyzed
for cortisol, glucose, and NEFA. A whole blood sample was
collected twice daily (1400 and 2200 h) for complete blood cell
count (ProCyte DX Hematology Analyzer; IDEXX, Westbrook,
ME). Water intake was collected in real-time throughout the
duration of the study. Water intake data included the number of
drinks taken per h and the quantity consumed per hour (mLs/h).
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Cattle were fed twice a day (early morning and early afternoon),
and feed disappearance was recorded by weighing refusals from
each animal prior to the morning feeding. Additionally, at 1600
and 2400h daily, respiration rate (breaths/min.) was measured
and averaged between the same 2 observers at each timepoint
throughout the study. On d 7, heifers were weighed, jugular
catheters and vaginal temperature recording devices removed,
and heifers were returned to outdoor pens prior to returning to
the feedyard.

Serum Analysis

All serum samples were analyzed in duplicate. Serum cortisol
concentrations were determined using a commercially available
enzyme immunoassay kit according to the manufacturer’s
directions (Arbor Assays, Ann Arbor, MI, USA) by comparison
of unknowns to standard curves generated with known
concentrations of cortisol. The minimum detectable cortisol
concentration was 45.4 pg/mL, and the intra- and inter-assay
coefficients of variation were 7 and 20%, respectively. Data are
presented as ng/ml.

Concentrations of NEFAs were determined by modification of
the enzymatic HR Series NEFA-HR (2) assay (Wako Diagnostics,
Richmond, VA USA) to fit a 96-well-format as previously
described (16). Briefly, 200 wL of the prepared Color Reagent
A were added to 5 WL of serum or prepared standards in
a 96-well-plate. Plates were incubated at 37 C for 5min and
then the absorbance was read using a spectrophotometer at
550 nm. Next, 100 pL of prepared Color Reagent B was added
to all wells on the 96-well-plate. Plates were incubated for an
additional 5min and read for a second time using a plate
reader at 550 nm. The plate reader used for this assay (BioTek
Powerwave 340; BioTek Instruments, Winooski, VT, USA) has
an incubating timing feature and therefore ensured that the
sample absorbance was read immediately following the 5-min
incubation. A final absorbance was obtained by subtracting the
first reading, which was multiplied by a factor of 0.67 to account
for changes in volume, from the second reading. The final
absorbance values were used for all calculations (i.e., standard
curve, sample concentrations). Serum concentrations of NEFAs
were determined by comparing unknown samples to a standard
curve of known NEFA concentrations.

Glucose concentrations were determined by modification of
the enzymatic Autokit Glucose (Wako Diagnostics, Richmond,
VA) to fit a 96-well-format as previously described (16). Briefly,
300 pL of prepared working solution was added to 2 pL of
serum or prepared standards in a 96-well-plate. Plates were
incubated at 37°C for 5min and absorption was recorded
at 505nm. The plate reader used for this assay (BioTek
Powerwave 340; BioTek Instruments, Winooski, VT, USA) has
an incubating and timing feature and therefore ensured that the
sample absorbance was read immediately following the 5-min
incubation. Serum concentrations of glucose were determined
by comparing unknown samples to a standard curve of known
glucose concentrations. The minimum detectable concentration
was 3.8 mg/dL and the intra- and inter-assay coefficients of
variation were <14.7 and 12.4%, respectively.
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FIGURE 1 | Body weight loss in response to dietary treatment applied prior to
and during a heat stress challenge. Heifers were fed one of two dietary
treatments: (1) control (CON), fed a standard feedlot diet, or (2) the same
standard feedlot diet with 2.5 g-hd~" - d~" live yeast and 1.5 g-hd~" - d~'
yeast cell wall product (YEAST) for 33 d prior to the heat stress challenge. Data
are presented as LSM + SEM. There was no difference in body weight change
throughout the challenge period (P = 0.14).

Statistical Analysis

In this completely randomized design, animals were allocated to
1 of 2 treatments. Animal served as the experimental unit. For
blood metabolites and biomarkers, Proc Mixed of SAS (v. 9.4,
SAS Institute, Cary, SC) was utilized with repeated measures
over time within treatment. Fixed effects included treatment, day,
time, and their interactions. Data were also analyzed based on
differential TN and HS periods. Water intake data was analyzed
by quantity consumed/h and number of visits/h. Quantitative
water intake data was analyzed using the MIXED procedure of
SAS, and categorical frequency water intake data was analyzed
using PROC GLIMMIX. Body temperature measurements were
recorded at 5-min. intervals but were collapsed into 1-h intervals
prior to analysis. Mean differences were separated at P < 0.05
using the PDIFF option.

RESULTS AND DISCUSSION

Body weights of the heifers were collected upon arrival and after
the heat stress period. Animals lost weight during the study,
which was expected. There was no difference in weight loss
between the treatments (—4.19 YEAST vs. —7.06 kg CON; P =
0.14; Figure 1). There was also no difference in ADG (P = 0.53)
between treatments across the 7-d window. Similarly, there was
no effect of feed disappearance between the treatments (P =
0.15); however, there was an effect of time (P < 0.01). Feed
disappearance decreased in both treatment groups following
the initiation of the heat stress event. The decrease feed intake
has been reported previously with elevated THI measurements
(17, 18).

Vaginal temperatures (VT) were averaged into 1-h intervals
prior to analysis from temperature measurements that were
collected throughout the study. Overall, the YEAST heifers had
reduced VT compared to CON (P < 0.01; Figure 2). There
was a tendency for a treatment by time interaction (P = 0.09)
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FIGURE 2 | Vaginal temperature in response to dietary treatment applied prior to and during a heat stress challenge. Heifers were fed one of two dietary treatments:

(1) control (CON), fed a standard feedlot diet, or (2) the same standard feedlot diet with 1.5 g-hd=" - d~" live yeast and 1.5 g-hd~" - d~" yeast cell wall product (YEAST)
for 33 d prior to the heat stress challenge. Data are presented as LSM (SEM: 0.0044 and 0.0047 for CON and YEAST, respectively). THI, Temperature Humidity Index.
There was a treatment difference (P < 0.01) such that YEAST heifers had decreased vaginal temperature during the heat stress challenge. There was a tendency for a

treatment * time interaction (P = 0.09).
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FIGURE 3 | Water consumption per hour in response to dietary treatment
applied prior to and during a heat stress challenge. Heifers were fed one of
two dietary treatments: (1) control (CON), fed a standard feedlot diet, or (2) the
same standard feedlot diet with 2.5 g-hd~" - d~" live yeast and 1.5

g-hd=" - d~" yeast cell wall product (YEAST) for 33 d prior to the heat stress
challenge. Data are presented as LSM + SEM. There was no treatment
difference (P = 0.25) in water consumption during the thermoneutral phase
(TN); however, during the heat stress challenge (HS), YEAST heifers consumed
more water than CON heifers (P < 0.01).
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FIGURE 4 | Drinking bouts per hour in response to dietary treatment applied
prior to and during a heat stress challenge. Heifers were fed one of two dietary
treatments: (1) control (CON), fed a standard feedlot diet, or (2) the same
standard feedlot diet with 2.5 g-hd~=" - d~" live yeast and 1.5 g-hd~" . d~'
yeast cell wall product (YEAST) for 33 d prior to the heat stress challenge. Data
are presented as LSM = SEM. There was no treatment difference (P = 0.68) in
water drinking bouts during the thermoneutral phase (TN); however, during the
heat stress challenge (HS), YEAST heifers consumed water more frequently
than CON heifers (P < 0.01).

such that VT differences were greater during the heat stress
portion of the study in which YEAST heifers maintained a
reduced VT compared to CON. Decreased body temperature in
yeast supplemented cattle has been observed in previous studies
(9, 19, 20). The implications associated with changes in body
temperature play a large role in nutrient metabolism. Studies have
reported that a 1°C change in body temperature is associated
with a 10-13% increase in metabolism (21). Thus, reduced VT, as
observed in the yeast-supplemented heifers, may allow for more
energy availability for growth, thereby partially mitigating some

of the negative impacts of heat stress on feedlot performance,
which would correspond to the numerical weight differences
between the treatment groups. However, the mechanism by
which the YEAST group maintained decreased VT is not fully
understood, but may be partially explained by some of the other
quantified variables such as water intake.

Water Consumption and Respiration Rate
Throughout the entire study, YEAST heifers consumed more
water (P < 0.01) when compared to CON heifers. When dissected
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FIGURE 5 | Respiration rate in response to dietary treatment applied prior to
and during a heat stress challenge. Heifers were fed one of two dietary
treatments: (1) control (CON), fed a standard feedlot diet, or (2) the same
standard feedlot diet with 1.5 g-hd~" - d~" live yeast and 2.5 g-hd~" - d~"
yeast cell wall product (YEAST) for 33 d prior to the heat stress challenge. Data
are presented as LSM + SEM. There was no treatment difference (P = 0.21) in
respiration rate during the thermoneutral phase (TN); however, during the heat
stress challenge (HS), YEAST heifers tended to have decreased respiration
rate when compared to CON heifers (P < 0.10).

further, there was no difference in mLs/h consumed between
the treatments during the TN phase of the study (P = 0.25).
However, during the HS phase, YEAST heifers consumed more
water (P < 0.01; Figure 3) than CON heifers. The same pattern
occurred when evaluating drinking events or bouts such that
YEAST heifers drank more frequently throughout the study than
CON heifers (P < 0.01). There was no treatment difference
when evaluating drinking bouts during the TN phase (P = 0.68;
Figure 4); however, YEAST heifers drank more frequently during
the HS phase of the study than CON heifers (P < 0.01). Water
consumption has been suggested to be the result of DMI and
ambient temperature (22). However, little data has been reported
on how yeast products may affect drinking patterns. Increased
water consumption during the HS phase may partially explain
the observed reduction in VT in the YEAST heifers and may
also partially explain the numerically reduced weight loss of the
YEAST heifers when compared to CON. Yet, further research
is necessary in order to understand how yeast supplementation
alters water intake, and the overall implications of increased
water intake and frequency of bouts during heat stress.

Overall, there was a tendency (P = 0.06) for decreased RR
in YEAST heifers. There was no difference in RR during the
TN phase (P = 0.21; Figure 5); however, there was a tendency
(P = 0.10) for decreased RR in the YEAST group during the
HS phase compared to CON heifers. Panting may partially
help alleviate some heat stress via evaporative cooling (18). The
tendency for decreased RR in the YEAST group coupled with the
aforementioned VT differences between treatments suggests and
possibly reaffirms that the YEAST group was not experiencing
as much distress during the heat stress. These data differ from
a heat stress study utilizing dairy cattle which reported no
difference in respiration or sweating rates when feeding a yeast
culture (9). While increased panting may theoretically lead to a
reduced body temperature, that was not the case in this study,
suggesting that some other physiologic systems were involved in
thermoregulation due to yeast supplementation.

TABLE 1 | Blood hematology for circulating blood cell variables in response to
dietary treatment applied prior to and during a heat stress challenge.

Treatment P-value

CON YEAST SEM Treatment Treatment

*Time

Variable Time

Hematocrit (%) 34.22 356.02 0.82 0.03 < 0.0001 0.97

Hemoglobin (g/dL) 11.28 11.37 0.23 0.35 < 0.0001 0.99
Neutrophils(K/jL) 427 381 034 0.00 0.01 0.99
Lymphocytes (K/ul) 3.88 4.16 0.23 0.01 0.88 1.00

Heifers were fed one of two dietary treatments: (1) control (CON), fed a standard feedlot
diet, or (2) the same standard feedlot diet with 1.5 g-hd~" - d~" live yeast and 2.5
g-hd~" . d~" yeast cell wall product (YEAST) for 33 d prior to the heat stress challenge.
Data are presented as LSM + SEM pooled as an average over time.

Hematology

There were variable effects on hematology variables between
treatments. No differences were observed in red blood cells,
hemoglobin, platelets, total white blood cells, or basophils
(P > 0.05). Heifers in the CON group had decreased hematocrit
(P = 0.03; Table 1) compared to YEAST heifers. Hematocrit
is an indicator of red blood cell volume and oxygen transport
availability. This difference may be associated with hydration
status and may be partially associated with the increased
water intake observed in the YEAST treatment, but further
research is necessary in order to confirm this link in cattle.
Increased hematocrit is generally associated with dehydration
(23); however, water intake and other variables do not support
that conclusion in this particular study. Neutrophil counts were
reduced in the YEAST group throughout the 6-d sampling period
compared to CON heifers (Table 1). This is similar to findings
in other studies utilizing similar yeast supplements, where
live yeast and/or yeast cell wall products reduced neutrophil
counts compared with non-supplemented controls (24). Studies
have indicated that components of yeast, such as the beta-
glucans, can improve neutrophil function (25, 26). Thus, the
reduction in neutrophil concentrations may reflect a reduced
requirement for neutrophils in circulation due to enhancement
of neutrophil functionality. However, specific assays that assess
neutrophil functionality would be required to confirm this
theory. Additionally, it appears the reduction in neutrophils may
reflect a general effect of the yeast products supplemented in
this study on neutrophils, and not necessarily a response to
the heat stress challenge. Additionally, heifers in the YEAST
group had increased lymphocytes (P < 0.01) and eosinophils (P
< 0.01; data not shown) compared to CON heifers (Table 1).
Similar to neutrophils, this may reflect a general response to
the yeast supplement and not necessarily a response to the
heat stress challenge. Increased lymphocytes and eosinophils in
circulation may reflect an increase in these cells in preparation
for an ensuing challenge, thus reflecting the effects of yeast as
an immunostimulator. This is supported by data in dairy cows
that found increased numbers of T and B lymphocytes in cows
supplemented with yeast during early lactation (27). Therefore,
it appears that while there were few differences in hematology
parameters due to treatment, the differences observed follow
previous observations in yeast-supplemented animals.
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FIGURE 6 | Circulating cortisol concentrations in response to dietary treatment applied prior to and during a heat stress challenge. Heifers were fed one of two dietary
treatments: (1) control (CON), fed a standard feedlot diet, or (2) the same standard feedlot diet with 1.5 g-hd=" - d~" live yeast and 2.5 g-hd~" - d~" yeast cell wall
product (YEAST) for 33 d prior to the heat stress challenge. Data are presented as LSM + SEM. Blue shading represents the thermoneutral (TN) period, and red
shading represents the heat stress (HS) period. There was a tendency for a difference in circulating cortisol throughout the challenge period (P = 0.08).
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FIGURE 7 | Circulating glucose concentrations in response to dietary treatment applied prior to and during a heat stress challenge. Heifers were fed one of two
dietary treatments: (1) control (CON), fed a standard feedlot diet, or (2) the same standard feedlot diet with 1.5 g-hd=" - d~" live yeast and 2.5 g-hd~" - d~' yeast cell
wall product (YEAST) for 33 d prior to the heat stress challenge. Data are presented as LSM + SEM. Blue shading represents the thermoneutral (TN) period, and red
shading represents the heat stress (HS) period. There was no difference in change in circulating glucose throughout the challenge period (P = 0.95).

Serum Analysis

Overall, CON cattle tended to have more circulating cortisol
(P = 0.08), and there was no treatment by time interaction (P
= 0.62; Figure 6). Cortisol remained at baseline concentrations
throughout the study (<10 ng/ml). These cortisol concentrations
suggest that the heifers were acclimated to the bleeding stalls
and were not experiencing stress due to sample collection,
feeding, and/or other processes occurring in the facility. Another
heat stress study reported elevated cortisol from 20 min to 2h

following initiation of heat stress; however, the authors suggested
that chronic exposure may result in suppressed or decreased
cortisol (28). Since the bleeding timeline was representative
of peak and valley THI, sample collection frequency may not
have been conducive for elucidating the cortisol response to
heat stress.

No differences were observed in circulating glucose
concentrations between treatments (P = 0.38; Figure7).
Circulating glucose decreased during heat stress as reported in
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FIGURE 8 | Circulating non-esterified fatty acids (NEFA) concentrations in response to dietary treatment applied prior to and during a heat stress challenge. Heifers
were fed one of two dietary treatments: (1) control (CON), fed a standard feedlot diet, or (2) the same standard feedlot diet with 1.5 g-hd=" - d~' live yeast and 2.5
g-hd~" . d~" yeast cell wall product (YEAST) for 33 d prior to the heat stress challenge. Data are presented as LSM = SEM. Blue shading represents the thermoneutral
(TN) period, and red shading represents the heat stress (HS) period. There was a treatment * time interaction for circulating NEFA (P < 0.01) such that prior to the

challenge, circulating NEFAs were greater in the YEAST heifers; however, there were no differences during the heat stress phase of the study.

a study comparing heat stressed cattle to pair-fed growing cattle;
however, this observed phenomenon is different depending on
species (29). Overall, there were no treatment differences in
circulating NEFA concentrations (P = 0.70; Figure 8) for the
duration of the study. Unpublished data from our laboratory
obtained from animals supplemented with yeast products
observed decreased serum concentrations of NEFAs during a
live pathogen challenge. Another study utilizing heat stressed
cattle observed no changes in NEFA concentrations due to
heat stress (11, 29, 30). Similar NEFA responses have been
observed in pigs (31). Thus, there are varying effects within and
across species with regard to circulating NEFA concentrations
during heat stress which suggests NEFAs may not be the
best marker to measure the catabolic effects of heat stress
in cattle.

CONCLUSION

Heat stress is a costly problem for the beef cattle industry, and
little can be done to alleviate the negative effects associated
with it beyond preventative measures. In this study, heifers
supplemented with a combined live yeast and yeast cell wall
product had decreased VT and respiration rate and increased
water intake in comparison to non-supplemented control heifers.
Yeast supplemented heifers also lost slightly less weight during
heat stress. However, there were minimal effects on other
variables. In summary, these data suggest that some of the
negative effects of heat stress may be mitigated by yeast and
yeast cell wall supplementation prior to a heat stress event but
further research is needed to elucidate the complex interactions
of yeast supplementation and heat stress, juxtaposed with the
physiological changes occurring simultaneously.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

This animal study was reviewed and approved by this study was
carried out in accordance with the Guide for the Care and Use
of Agricultural Animals in Research and Teaching and approved
by the Institutional Animal Care and Use Committee of the
Livestock Issues Research Unit (Protocol: 2015-03-JAC23).

AUTHOR CONTRIBUTIONS

PB, JAC, NB, and JRC initiated the initial study design. PB, JAC,
NB, and MC performed the study and collected data. Data was
analyzed and the manuscript was written by PB. All authors
reviewed manuscript drafts, provided constructive comments,
and approved the manuscript for submission.

FUNDING

This project was partially supported by Phileo Lesaffre Animal
Care, Milwaukee, W1, USA.

ACKNOWLEDGMENTS

The data presented is an expansion of data previously
presented in abstract form (32). The authors would like to
thank J. W. Dailey and JRC (USDA-ARS) for their excellent
technical support.

Frontiers in Veterinary Science | www.frontiersin.org

January 2020 | Volume 6 | Article 515


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

Broadway et al.

Heat Stress in Feedlot Heifers

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Tisdell C.

. Morrison S. Ruminant heat stress: effect on production and means of

alleviation. J Anim Sci. (1983) 57:1594-600. doi: 10.2527/jas1983.5761594x

. Mader TL, Davis M, Brown-Brandl T. Environmental factors influencing heat

stress in feedlot cattle. ] Anim Sci. (2006) 84:712-9. doi: 10.2527/2006.843712x

. Blackshaw JK, Blackshaw A. Heat stress in cattle and the effect of shade

on production and behaviour: a review. Anim Prod Sci. (1994) 34:285-95.
doi: 10.1071/EA9940285

. St-Pierre N, Cobanov B, Schnitkey G. Economic losses from heat

stress by US livestock industries. ] Dairy Sci.
doi: 10.3168/jds.S0022-0302(03)74040-5

(2003) 86:E52-77.

. Mader T, Dahlquist J, Hahn G, Gaughan J. Shade and wind barrier effects

on summertime feedlot cattle performance. ] Anim Sci. (1999) 77:2065-72.
doi: 10.2527/1999.7782065x
Socioeconomic
diversity: analysis and assessment.
doi: 10.1016/S0921-8009(03)00091-0

loss  of
Econ.

causes  of
Ecol

animal  genetic
(2003)  45:365-76.

. Gaughan ], Mader T, Holt S, Sullivan M, Hahn G. Assessing the heat

tolerance of 17 beef cattle genotypes. Int ]| Biometeorol. (2010) 54:617-27.
doi: 10.1007/s00484-009-0233-4

. Broadway P, Carroll ], Sanchez N. Live yeast and yeast cell wall supplements

enhance immune function and performance in food-producing livestock: a
review. Microorganisms. (2015) 3:417. doi: 10.3390/microorganisms3030417

. Shwartz G, Rhoads M, VanBaale M, Rhoads R, Baumgard L. Effects of a

supplemental yeast culture on heat-stressed lactating Holstein cows. ] Dairy
Sci. (2009) 92:935-42. doi: 10.3168/jds.2008-1496

Bruno RGS, Rutigliano HM, Cerri RL, Robinson PH, Santos JEP. Effect
of feeding Saccharomyces Cerevisiae on performance of dairy cows
during summer heat stress. Anim Feed Sci Technol. (2009) 150:175-86.
doi: 10.1016/j.anifeedsci.2008.09.001

Young TR, Ribeiro F, Burdick Sanchez NC, Carroll JA, Jennings MA, Cribbs
JT, et al. Yeast cell wall supplementation alters the perfomance and health of
beef heifers during the receiving period. Prof Anim Scient. (2016) 33:166-75.
doi: 10.15232/pas.2016-01511

Cole N, Purdy C, Hutcheson D. Influence of yeast culture on feeder calves and
lambs. J Anim Sci. (1992) 70:1682-90. doi: 10.2527/1992.7061682x

Crossland WL, Norris AB, Tedeschi LO, Callaway TR. Effects of active dry
yeast on ruminal pH characteristics and energy partitioning of finishing
steers under thermoneutral or heat-stressed environment. J Anim Sci. (2018)
96:2861-76. doi: 10.1093/jas/sky165

Burdick NC, Carroll JA, Dailey JW, Randel RD, Falkenberg SM, Schmidt,
TB. Development of a self-contained, indwelling vaginal temperature
probe for use in cattle research. | Therm Biol. (2012) 37:339-43.
doi: 10.1016/j.jtherbio.2011.10.007

Whittier JC. Hot Weather Livestock Stress. Columbia, MO: Extension
Publications, MU (1993).

Burdick Sanchez NC, Carroll JA, Randel RD, Vann RC, Welsh TH.
Associations  between endotoxin-induced metabolic changes and
temperament in Brahman bulls. ] Anim Physiol Anim Nutr. (2014) 98:178-90.
doi: 10.1111/jpn.12074

Holter J, West J, McGilliard M. Predicting ad libitum dry matter
intake and yield of Holstein cows. J Dairy Sci. (1997) 80:2188-99.
doi: 10.3168/jds.50022-0302(97)76167-8

West J. Effects of heat-stress on production in dairy cattle. ] Dairy Sci. (2003)
86:2131-44. doi: 10.3168/jds.S0022-0302(03)73803-X

Burdick Sanchez NC, Young TR, Carroll JA, Corley JR, Rathmann R, Johnson
BJ. Yeast cell wall supplementation alters aspects of the physiological and
acute phase responses of crossbred heifers to an endotoxin challenge. Innate
Immun. (2013) 19:411-9. doi: 10.1177/1753425912469673

Finck D, Ribeiro F, Burdick N, Parr S, Carroll J, Young T, et al. Yeast
supplementation alters the performance and health status of receiving cattle.
Prof Anim Sci. (2014) 30:333-41. doi: 10.15232/51080-7446(15)30125-X
Kluger MJ, Rothenburg BA. Fever and reduced iron - their interaction as
a host defense response to bacterial-infection. Science. (1979) 203:374-6.
doi: 10.1126/science.760197

22. Winchester C, Morris M. Water intake rates of cattle. ] Anim Sci. (1956)
15:722-40. doi: 10.2527/jas1956.153722x

23. Weeth H, Hunter J, Piper E. Effect of salt water dehydration on temperature,
pulse and respiration of growing cattle. J Anim Sci. (1962) 21:688-91.
doi: 10.2527/jas1962.214688x

24. Word, A. Acute immunological responses to a combined viral-bacterial
respiratory disease challenge in feedlot heifers supplemented with yeast. In:
2016 Joint Annual Meeting. ASAS.

25. Williams DL, Mueller A, Browder W. Glucan-based macrophage stimulators.
Clin Immunother. (1996) 5:392-9. doi: 10.1007/BF03259335

26. Shen YC, Chen CF Chiou WF. Andrographolide prevents oxygen
radical production by human neutrophils: possible mechanism(s) involved
in its anti-inflammatory effect. Br ] Pharmacol. (2002). 135:399-406.
doi: 10.1038/sj.bjp.0704493

27. Cakiroglu D, Meral Y, Pekmezci D, Akdag F. Effects of live yeast culture
(Saccharomyces cerevisiae) on milk production and blood lipid levels
of Jersey cows in early lactation. J Anim Vet Adv. (2010) 9:1370-4.
doi: 10.3923/javaa.2010.1370.1374

28. Christison G, Johnson H. Cortisol turnover in heat-stressed cows. ] Anim Sci.
(1972) 35:1005-10. doi: 10.2527/jas1972.3551005x

29. O’Brien MD, Rhoads RP, Sanders SR, Duff GC, Baumgard LH. Metabolic
adaptations to heat stress in growing cattle. Domest Anim Endocrinol. (2010)
38:86-94. doi: 10.1016/j.domaniend.2009.08.005

30. Burdick Sanchez NC, Young TR, Carroll JA, Corley JR, Rathmann R],
Johnson BJ. Yeast cell wall supplementation alters the metabolic responses of
crossbred heifers to an endotoxin challenge. Innate Immun. (2014) 20:104-12.
doi: 10.1177/1753425913482152

31. Hall G, Lucke J, Lovell R, Lister D. Porcine malignant hyperthermia.
VII: hepatic metabolism. Br J Anaesth. (1980) 52:11-7. doi: 10.1093/bja/
52.1.11

32. Broadway PR, Carroll JA, Burdick Sanchez NC, Roberts SL, Sharon KP,
Richeson JT, et al. Yeast probiotic supplementation mitigates some of the
negative effects of heat stress in feedlot heifers. ] Anim Sci. (2016) 94(E-Suppl.
1):34. doi: 10.2527/ssasas2015-069

Disclaimer: Mention of trade names or commercial products in this article is
solely for the purpose of providing specific information and does not imply
recommendation or endorsement by the U.S. Department of Agriculture.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all
its programs and activities on the basis of race, color, national origin, age,
disability, and where applicable, sex, marital status, familial status, parental status,
religion, sexual orientation, genetic information, political beliefs, reprisal, or
because all or part of an individual’s income is derived from any public assistance
program. (Not all prohibited bases apply to all programs). Persons with disabilities
who require alternative means for communication of program information
(Braille, large print, audiotape, etc.) should contact USDAs TARGET Center at
(202) 720-2600 (voice and TDD). To file a complaint of discrimination, write
to USDA, Director, Office of Civil Rights, 1400 Independence Avenue, S.W.,
Washington, D.C. 20250-9410, or call (800) 795-3272 (voice) or (202) 720-6382
(TDD). USDA is an equal opportunity provider and employer.

Conflict of Interest: MC and JRC were employed by Phileo Lesaffre Animal Care.

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

Copyright © 2020 Broadway, Carroll, Burdick Sanchez, Cravey and Corley. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Veterinary Science | www.frontiersin.org

January 2020 | Volume 6 | Article 515


https://doi.org/10.2527/jas1983.5761594x
https://doi.org/10.2527/2006.843712x
https://doi.org/10.1071/EA9940285
https://doi.org/10.3168/jds.S0022-0302(03)74040-5
https://doi.org/10.2527/1999.7782065x
https://doi.org/10.1016/S0921-8009(03)00091-0
https://doi.org/10.1007/s00484-009-0233-4
https://doi.org/10.3390/microorganisms3030417
https://doi.org/10.3168/jds.2008-1496
https://doi.org/10.1016/j.anifeedsci.2008.09.001
https://doi.org/10.15232/pas.2016-01511
https://doi.org/10.2527/1992.7061682x
https://doi.org/10.1093/jas/sky165
https://doi.org/10.1016/j.jtherbio.2011.10.007
https://doi.org/10.1111/jpn.12074
https://doi.org/10.3168/jds.S0022-0302(97)76167-8
https://doi.org/10.3168/jds.S0022-0302(03)73803-X
https://doi.org/10.1177/1753425912469673
https://doi.org/10.15232/S1080-7446(15)30125-X
https://doi.org/10.1126/science.760197
https://doi.org/10.2527/jas1956.153722x
https://doi.org/10.2527/jas1962.214688x
https://doi.org/10.1007/BF03259335
https://doi.org/10.1038/sj.bjp.0704493
https://doi.org/10.3923/javaa.2010.1370.1374
https://doi.org/10.2527/jas1972.3551005x
https://doi.org/10.1016/j.domaniend.2009.08.005
https://doi.org/10.1177/1753425913482152
https://doi.org/10.1093/bja/52.1.11
https://doi.org/10.2527/ssasas2015-069
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Some Negative Effects of Heat Stress in Feedlot Heifers May Be Mitigated via Yeast Probiotic Supplementation
	Introduction
	Materials and Methods
	Serum Analysis
	Statistical Analysis

	Results and Discussion
	Water Consumption and Respiration Rate
	Hematology
	Serum Analysis

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


