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ABSTRACT

UTILIZATION OF ALLOSTATIC LOAD INDEX (ALI)

TO EVALUATE STRESS DURING WEANING OF BEEF CATTLE

Allostatic load index (ALI) has been utilized for years in human populations, and more recently in
primate and wild animal populations, to predict the longevity and future health status of individuals. The
purpose of this study was to apply the principles of allostatic load to assess beef cows’ weaning stress as
the principal factor. Two different weaning treatment groups, traditional abrupt or fence-line weaning
strategies, were applied to cows. Stress levels were determined by measuring plasma cortisol, DHEA,
TNF-a, and IL-6 concentrations through ELISA (enzyme-linked immunosorbent assay) over the course of
a 64-day study period. Cows in the fence-line weaning treatment were found to have significantly
decreased plasma TNF-a (2.83 pg/ml and 3.44 pg/ml £ 0.30; p=0.04) levels and ALl scores (1.12 and 1.87
+ 0.37; p-0.05) as compared to the abruptly weaned treatment group. The results from this study
support that fence-line weaning of calves decreases the stress levels of cows following weaning.
Additionally, there is evidence that cows with calves weaned via fence-line weaning have an increased

longevity projection.
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CHAPTER 1: REVIEW OF THE LITERATURE

Introduction 1.1

Beef production systems require human intervention in the productive life of animals that might
be subject to stress and impact later performance. Weaning of calves from their dams is required to
continue the production cycle and it is key to maximize profitability, animal welfare, and the
downstream efficiency of the beef supply. For the duration of this review, weaning will be defined as the

physical separation of calf and cow, as well as the cessation of suckling.

Stress in animals has frequently been studied by observation of specific behaviors (Grandin,
1993; Watts and Stookey, 2000; Boland et al., 2008). Behavioral studies offer important insight into the
state of an animal, yet it is difficult to set strict parameters for consistency across multiple studies. In
consequence, objective studies to evaluate stress commonly involve analyzing plasma or serum cortisol
levels (Cooke, 2016; Chase et al., 2017; Foote et al., 2017). One such method for objective evaluation of
stress in animals, adapted from human research, is that of allostatic load. Allostatic load utilizes multiple
blood biomarker concentrations to set a single score for an individual (Sterling and Eyer, 1988; Seeman,
1997; Edes et al., 2016b). Modification of current allostatic load principles for application in production
animals could offer an effective tool to objectively determine stress levels in animals. Having clear
physiologic indicators of stress in production animals would allow producers to predict possible

physiological decline prior to the recording of decreased production parameters.

Beef Cattle Production 1.2

Beef cattle production is a segmented production system in which cattle can be purchased and

sold at each step of the production cycle or retained in the case of larger companies. In the United



States, beef cattle production is divided into several segments: seedstock producers, commercial cow-
calf production, yearling/stocker or background operations, finishing feedlot operations, packers,

retailers and food service distributors, and consumers (Figure 1).

Commercial Cow-calf Stocker/Background
Producers Operations

Seedstock Operations

Finishing Feedlot

RAEHETE Operations

Retailers/Food Service

. Consumers
Distributors

Figure 1. Beef cattle production segments (adapted from Field, 2007).

In brief, a seedstock producer’s goal is to generate animals with superior genetics to be utilized
for breeding. The cattle raised in seedstock operations have been bred to possess high quality attributes
related to conformation, growth, and health, which have been identified as critical production indices to
the beef cattle industry (Ahola et al., 2019). Growth of the beef industry is achieved via interaction
between cow-calf producers and seedstock producers. New pregnancies can be accomplished through
natural or artificial conception methods. Natural conception involves the mating of a bull with a heifer
or cow, whereas artificial conception methods include artificial insemination or embryo transfer. For
much of the commercial beef industry, the production goal of cows is one calf per cow per year despite

the production practices selected by each producer (Ahola et al., 2019).



Within the cow-calf production system, there are three different production cycles: spring
calving herds, fall calving herds, and year-round calving herds. The USDA Animal and Plant Health
Inspection Service (APHIS) conducted a survey from 1993-1997 to evaluate the percentage of producers
with each type of production cycle. The results from this survey showed that close to 67% of beef calves
are born in the early spring months, February through April (Feuz and Umberg, 2003). Calving seasons
are typically dependent on the geographic location of a herd as well. The same APHIS survey found that
production systems in the south were more likely to have two separate calving seasons, both fall and
spring calving herds (Feuz and Umberg, 2003). In other regions of the country, a single calving season is

more commonly adopted by producers.

On cow-calf operations, calves, after birth, will remain with the dam on pasture until weaning.
Weaning occurs when the calves are approximately 6-7 months of age and average approximately 200-
300 kg of body weight (Ahola et al., 2019). Newly weaned calves, not being retained as replacement
females for the herd, are transported to one of three next subsystems in the production cycle: stocker
operation, background feedlot, or finishing feedlot (Figure 1). Most calves produced will enter directly
into a finishing feedlot where they will remain until market weight is reached. However, some producers
opt to start calves in a stocker or backgrounding operation until they reach 450 kg, at which point they

are then transported to the finishing feedlot (Ahola et al., 2019).

At weaning, depending on feed prices (Ahola et al., 2019), calves may bypass either the stocker
or background operations and be transported directly to a finishing feedlot. These calves will typically be
fed a growing diet for a period of 30-60 days prior to transitioning to the finishing diet. In the U.S.,
finishing diets for beef cattle are typically high concentrate diets containing large amounts of cereal
grains or byproducts from human food and ethanol industries. Cattle remain in the finishing system for

approximately 130-220 days until they reach an approximate live body weight of 680 kg body weight.



Once at market weight, the cattle are sold to a processing plant for harvest into products that

subsequently enter different avenues within the food supply chain (Figure 1).

Weaning 1.3

Weaning is a stressful event for both calves and cows (Price et al., 2003; Haley and Stookey,
2005; Lambertz et al., 2014; Stéhulova et al., 2017; Rutherford et al., 2018). For cows, weaning is an
annual process. The intention behind weaning calves from cows is to stop lactation and redirect that
energy towards growth and development of their new fetus. Weaning in calves occurs between six and
eight months of age. Following weaning, calves are often transported to a new environment. Commonly,
transportation involves relocating to an alternate location where calves are mixed with calves from
additional producers. Accompanying the mixing of calves is the establishment of a new social structure
within the group. Hickey et al. (2003) conducted a study evaluating the effect of abrupt weaning on
physiological mediators of stress and immune function. Reported results showed that disruption of the
social group caused elevations in plasma cortisol, decreased leukocyte concentration, and decreased
interferon-y response. These responses were still evident at 7 days post weaning supporting evidence of

altered immune function during a critical time in a calf’s production cycle (Hickey et al., 2003).

In addition to the listed stressors, calves are subjected to a change in diet depending on which
subsystem (stocker operation, background feedlot, or finishing feedlot) they enter, which has been
shown to contribute to decreased dry matter intake (DMI; Hutcheson and Cole, 1986; Arthington et al.,
2008). A study conducted by Arthington et al. (2008) found that steers weaned between 70-90 days of
age had greater average DMI of concentrates compared to steers that were weaned without any
introduction to a concentrate diet. Additionally, the early weaned steers and steers accustomed to

creep feed had greater average daily gain (ADG) than steers weaned abruptly (Arthington et al., 2008).



During the lactational period of the cow, dams are rebred to maximize the goal of one calf per
cow per year. Great amounts of stress in early gestational stages can inhibit adequate development of
the placenta, thus causing potential damage to the new fetus (Ott et al., 2018). Within the early and
mid-gestational period for a cow, the greatest stressor is likely to be the weaning of her current calf.
Stress associated with weaning thus has the potential to be severe enough to cause poor or inadequate
development of a fetus. The consequences of inadequate fetal development include loss of pregnancy
or decreased calf birth weights (Ott et al., 2018). Ott et al. (2018) found that cows whose calves were
abruptly weaned had decreased birth weights of their subsequent calves as compared to cows whose

calves were late weaned or weaned utilizing nose flaps.

Weaning Strategies 1.4

Traditional weaning of beef calves involves the abrupt separation of the calf from the dam with
calves being immediately transported to a new location. Handling of production animals is known to
cause stress, which thus increases the appeal to traditional weaning. Grandin (1993) found that bulls
and steers who were agitated upon initial handling were equally or increasingly agitated upon
subsequent handling over a four-month study period. With traditional weaning, calves are handled a
single time. During the handling, calves are separated, processed (vaccinated and castrated, if needed),
and loaded onto a trailer for transportation. Lambertz et al. (2014) conducted a study to determine if
weaning alone or processing calves at the time of weaning caused greater stress. The level of stress each
calf was experiencing was determined by the amount of time each animal spent feeding, lying, and
standing/walking (Lambertz et al., 2014). Their results indicated that calves were under greater stress
from the practice of weaning alone, and that additional processing did not increase stress levels of the
animals (Lambertz et al., 2014). The vast research that has been published on the stress associated with
the handling of production animals supports the continued use of abrupt weaning. Additionally,

producers have decreased labor costs by performing multiple tasks within a single handling period
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(Moggy et al., 2017). However, the extreme stress reported to be associated with abrupt weaning has
caused producers and researchers to develop alternative weaning strategies that decrease the induced

stress on both cows and calves.

Another method of weaning utilized by producers is the two-stage weaning process. This
involves the placement of a plastic nose flap on calves 4 to 7 days prior to separation from the dam.
These flaps are designed to prohibit the calves from suckling while allowing them to remain with their
dam. This strategy targets one of the many stressors associated with weaning by reducing the milk
supply to the calf, thus making a dietary transition easier on the calf. Haley (2006) indicated that over
750 producers throughout Canada expressed interest in using the two-stage weaning process.
Additionally, Haley (2006) observed that over 100,000 anti-suckling nose flaps were purchased from a
single company during the same period of time. This suggests that the increased popularity of two-stage
weaning is due to the supported decrease in stress both in calves and cows throughout the entire
weaning process. Though most of the Haley’s work was conducted with Canadian producers, there was

at least one study conducted utilizing a cattle population within the United States (Haley et al., 2005).

Multiple studies across the world have been conducted to evaluate the level of stress in calves
during the use of the nose flaps in the two-stage weaning process (Haley and Stookey, 2005; Boland et
al., 2008; Enriquez et al., 2010; Clark et al., 2016). Calves using nose flaps prior to weaning were found
to spend less time walking and more time lying than calves who were weaned traditionally. In addition,
the calves that were traditionally weaned vocalized more frequently compared with those wearing nose
flaps. Moreover, there is evidence that utilizing nose flaps during weaning decreases the stress in the
claves and cows during process. A study conducted by Haley and Stookey (2005) compared three
different treatment groups: abruptly weaned, two-stage weaning for 8 days, two-stage weaning for 4
days. Calves in both two-stage weaning groups were found to vocalize 97% less than those in the

abruptly weaned group. Haley and Stookey (2005) also reported that cows had similar changes in stress
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related behaviors to the calves. Cows whose calves wore nose flaps spent less time walking and more
time lying, as well as they showed decreased vocalizations compared to cows whose calves were

abruptly weaned.

Late weaning, though less common, is a weaning strategy still utilized by producers to improve
calf performance without increasing labor input. Freeman et al. (2017) evaluated the impacts of late
weaning (49 days post traditional weaning date), traditional weaning, and the use of nose flaps on calf
behavior and productivity. Results from this study showed that calves weaned either traditionally or late
had increased vocalizations and pacing as compared to those who wore the nose flaps prior to weaning.
However, despite the apparent lesser stress inflicted on the calves wearing nose flaps during the
weaning process, the late weaned calves and traditionally weaned calves had increased average daily
gain (ADG) post weaning as compared to calves weaned with the two-stage weaning process (Freeman

et al., 2017).

Another commonly utilized weaning method is fence-line weaning. This method requires little
additional labor and involves placing newly weaned calves on the opposite side of a shared fence with
their dams. Price et al. (2003) evaluated the performance and stress related behaviors of calves that
were either fence-line weaned, totally separated from dams into a dry lot, or age-paired, non-weaned
calves. Observational results showed that calves who had some access to their dams (fence-line and
non-weaned) spent a greater amount of time eating and lying than those who were completely
separated from the dams. In addition to observation, calf weights were recorded to assess the weaning
treatment effects on short and long-term gain (Price et al., 2003). Calves were weighed at weaning then
one time each week for a period of 10 weeks post weaning. Production data provided evidence that
calves from the fence-line weaned treatment gained 10 kg more (mean = 21.4 kg) than the average for
the other three totally separated groups (mean = 11.0 kg; Price et al, 2003). The average weight gain of

calves in the non-weaned treatment group at week 2 post weaning was 20.0 + 1.20 kg, and average
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weight gain at 10 weeks post weaning was 64.8 + 1.40 kg. The calves in the fence-line weaned treatment
group had a 2 week post weaning average weight gain of 21.4 + 1.05 kg, and a 10 week post weaning
average weight gain of 50.0 & 2.06 kg. Calves that were completely separated from their dams into a dry
lot had 2 weeks post weaning average weight gains of 9.0 + 1.05 kg and 10 weeks post weaning average

weight gains of 37.2 + 1.77 kg (Price et al., 2003).

A 2018 study conducted by Rutherford et al. (2018) examined cow behavior at weaning using a
fence-line weaning strategy. Each cow was also assigned both a maternal aggression (MA) score (MA: 1
= flight response to 5 = fight response) and a mothering aptitude (MOM) score (MOM: 1 = calf
abandonment, 2 = cow retreats quickly with calf, 3 = cow flees chasing calf, 4 = cow walks away with
calf, 5 = cow stays in immediate area with calf) at calving. These researchers reported that first-calf
heifers would remain closer to the shared fence line than multiparous cows. Additionally, cows who
were assigned a MOM of 3/5 maintained the shortest distance to the fence despite their age
(Rutherford et al., 2018). After data analysis, the authors concluded that if fence-line weaning were to
be utilized, it should exceed a period of 5 days as the distance cows spend to the fence increases with

each day post weaning (Rutherfod et al., 2018).

Recent research has shown the combination of different weaning strategies with the goal of
reaping multiple benefits from each individual strategy. A study from Morehead State University
evaluated the effects of nose flap usage in addition to fence-line weaning. Calves were placed in one of
three treatments: nose flaps placed 2 days prior to weaning, nose flaps placed 4 days prior to weaning,
or no nose flap used. All calves were fence-line weaned on the same day no matter the assigned
treatment group (Harrelson and Harrelson, 2017). Behavioral observations were collected beginning 6
days prior to weaning, daily, through 6 days post weaning. Calf activity was categorized as eating,
suckling/attempting, walking, or inactive (lying, standing, or ruminating; Harrelson and Harrelson, 2017).

Results showed calves that did not have a nose flap spent less time eating than calves with nose flaps
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prior to weaning. However, during postweaning, calves without a nose flap were found to spend more
time eating than calves with a nose flap in place 2 days prior to weaning. Harrelson and Harrelson (2017)
reported that calves without nose flaps spent an increased amount of time walking postweaning as
compared to both treatment groups of calves with nose flaps. The researchers concluded that the two-
stage nose flap weaning strategy may indeed impact on stress related behaviors associated with

weaning.

Despite the extensive research on alternative weaning strategies, traditional weaning, abrupt
separation of calf and cow, remains common amongst producers in multiple countries (Moggy et al.,
2017; Justice et al., 2024). A Canadian study found that producers do not utilize alternative weaning
strategies due to the increased labor costs associated with the use of alternative weaning strategies.
However, the researchers did additionally identify that cow-calf producers felt weaning was the most

stressful event within a calf’s life cycle (Moggy et al., 2017).

Limited quantitative research has been conducted to identify the stress associated with weaning
from the cows’ perspectives. A study conducted by Stéhulova et al. (2017) reported that the frequency
of cow vocalization during and post weaning increased as the age of their calf at weaning decreased.
Additionally, Stéhulova et al. (2017) reported that cows who were not pregnant at the time of weaning
had increased vocalizations as compared to those who were pregnant. These same researchers reported
that the cow’s stress response associated with weaning was greatest within the first 24 hours post
weaning as determined by frequency of vocalizations and time spent moving, thus suggesting that the

initial separation between cow and calf may cause the most intense response.

Stress 1.5

Stress is defined as “the nonspecific response of the body to any demand” (Selye, 1976). When

an organism undergoes stress, their welfare status changes, thus initiating biological processes to



combat the effects of altered homeostasis, or the stress response (Dhama et al., 2019). The stress

response involves the neurological, immunological, and endocrine systems (Chu et al., 2020).

The biological stress response involves the activation of multiple interrelated systems. When an
organism first perceives a stressor, the sensory systems of the brain will evaluate the stressor in relation
to the previous stressors the organism has encountered (Fink, 2016). If the stressor is deemed to be of
concern, the brain will activate the sympathetic-adrenal-medullary (SAM) axis. Activation of the SAM
axis results in the release of catecholamines, epinephrine and norepinephrine (Dhama et al., 2019).
These catecholamines cause an increased heart rate, respiratory rate, and divert energetic resources
and blood supply from the gastrointestinal organs and the integumentary system to skeletal muscle

(Fink, 2016).

In addition, the hypothalamic-pituitary-adrenal (HPA) axis is activated. Glucocorticoid release, in
response to HPA activation, acts synergistically with catecholamines to increase blood glucose
concentrations to support the organism’s fight or flight response. Additionally, glucocorticoids allow the
organism to record the response to a stressor for future perception; elevated glucocorticoid levels in an
organism can improve their adaptation to a stressor so that future experiences with that stressor result
in lower levels (Fink, 2016). Alternatively, glucocorticoids cause negative responses as well. In response
to a stressor, glucocorticoids will inhibit the immune system thus decreasing the production of
inflammatory cytokines (Fink, 2016). Short-term elevations of glucocorticoids allow for adaptation to
stressors, whereas long-term elevations can result in cellular damage and system failure (Sapolsky,
2002; Goymann et al., 2004). Both glucocorticoids and catecholamines are commonly measured in the
blood in the form of cortisol and epinephrine, respectively, to evaluate an organism’s stress response

(Sterling and Eyer, 1988; Goymann and Wingfield, 2004; Fink, 2016).
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Stress Biomarkers 1.6

An organism’s level of stress, and effects of stress on their body, can be measured utilizing
biomarkers. Potential biomarkers to evaluate stress levels include heat shock proteins (HSPs), acute
phase proteins (APPs), chemicals in bodily fluids, and physiologic markers of oxidative stress (Dhama,
2019). These biomarkers can be objectively measured to provide prognoses for long term effects of
stress. For example, Arthington et al. (2008) measured plasma ceruloplasmin, an acute phase protein,
concentrations in steers over a 30-day period to evaluate how weaning strategy affected feedlot
performance. Results from the study showed that plasma ceruloplasmin concentrations were lower in
abruptly weaned steers on day 0 as compared to early weaned steers (weaned at 70 to 90 days of age).
However, the plasma concentrations significantly (p < 0.05) increased in the abruptly weaned steers on

days 15 and 22 (Arthington et al., 2008).

Depending on their purpose, biomarkers can be placed in one of three classifications: diagnostic,
prognostic, and therapeutic (Dhama et al., 2019). Diagnostic biomarkers assist in the detection of
diseases, prognostic biomarkers are used to predict disease outcomes, and therapeutic biomarkers are
used to measure the progress of an in-progress treatment (Dhama et al., 2019). Multiple biomarkers, in
conjunction with each other, form a stress marker. Classic stress markers (heart rate, respiratory rate,
body temperature) cause changes in hormone levels and pro-inflammatory cytokine concentrations,
also referred to as physiologic biomarkers (Dhama et al., 2019). During a stress response, the release or
change of one biomarker will influence the release or change in one or multiple other biomarkers due to
the close interactions of all biomarkers (Dhama et al., 2019). Physiologically, this concept is important
because the body’s homeostatic mechanisms should work synergistically to return all systems back to

normal following a stress response.
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Cortisol 1.6.1

Cortisol is a primary mediator of physiological changes within an organism during stress. Three
primary methods have been developed to measure cortisol levels in organisms: blood, hair, and saliva
(Dhama et al., 2019). Plasma cortisol concentrations are most accurate as the HPA axis releases cortisol
directly into the bloodstream during the stress response (Dhama et al., 2019). Salivary cortisol is
primarily in the unbound form (Jung et al., 2014), and the concentrations found in saliva have been
found to be significantly correlated with those in the blood (Ivkovic et al., 2015). In animal populations
where blood, hair, and saliva may be difficult to obtain, feces can be collected and analyzed via

glucocorticoid enzyme immunoassay (Goymann et al., 2004).

A study conducted by Peric et al. (2017) measured hormone levels in dairy cattle housed both
indoors and tethered, as well as outdoors on pasture. Peric et al. (2017) reported that cortisol
concentrations in cattle housed indoors were not significantly different between the first two months of
the study, however, between the second and third months of the study, there was a significant increase
in cortisol concentrations for the indoor housed cattle. The remaining study period (month 3 to 5)
showed no further significant changes in cortisol concentrations. For the cattle housed on pasture the
researchers found that cortisol concentrations increased during the first month, were similar to the
concentrations at baseline during the second month, then increased again throughout the last month of
the experimental period (Peric et al., 2017). Conclusions of the study inferred that the increases in
cortisol for indoor housed cattle could be attributed to the increase in heat index during that specific

period of time (Peric et al., 2017).

Sporer et al. (2008) evaluated how transportation stress altered blood physiology in beef cattle.
The researchers looked at inflammation markers, steroid hormones, and measures of metabolism.

Results showed that plasma cortisol concentrations were significantly elevated at the onset of
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transportation as compared to 24 hours prior to transportation. Further, the plasma cortisol
concentrations peaked at 4.5 hours post transportation, plateaued at 14.25 hours post transportation,
then returned to basal levels between 24 and 48 hours post transportation (Sporer et al., 2008). As
shown by Arthington et al. (2008), transportation stress directly affects average daily gain, feed
efficiency, and dry matter intake. Decreased dry matter intake during a period of stress could result in
increased risk of gastrointestinal disease or other health implications. These health implications can
contribute to decreased longevity of cattle in the production system, and for cows an increased risk of

long-term physiological decline.

Dehydroepiandrosterone (DHEA) 1.6.2

A steroid hormone that plays a role in multiple physiological processes is
dehydroepiandrosterone (DHEA). DHEA contributes to immune system activation, is involved in lipid
metabolism, and can have anti-inflammatory properties (Peric et al., 2017). During stress responses,
DHEA acts as an HPA axis antagonist by suppressing inflammatory cytokines and protecting cells in the

nervous system (Edes et al., 2016b).

In cattle, lameness studies have found that serum DHEA decreases in lame cattle and the
cortisol:DHEA ratio is higher than in healthy cattle (Almeida et al., 2008). Peric et al. (2017) measured
DHEA concentration in the hair of dairy cattle from two different housing options, indoor or pasture. The
results showed that hair DHEA concentrations remained constant over the experimental period for
cattle housed indoors and tethered. However, cattle that were housed on pasture and allowed to graze
had increased DHEA concentrations during the experimental period (Peric et al., 2017). Cortisol:DHEA
ratios of cattle housed indoors increased over the second half of the experimental period. For cattle
housed on pasture the cortisol:DHEA ratio decreased over the first month of the experimental period

then increased over the remaining three months (Peric et al., 2017).
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Sporer et al. (2008) measured DHEA and cortisol:DHEA ratio in recently transported beef cattle.
Their results showed that plasma DHEA concentrations decreased by 30% at 4.5 hours post
transportation, when cortisol concentrations peaked, as compared to 24 hours prior to transportation.
Cortisol:DHEA ratio followed a similar pattern as plasma cortisol concentrations with the peak ratio

occurring at 4.5 hours post transportation (Sporer et al., 2008).

A study conducted by Gundlach et al. (2017) evaluated serum cortisol and DHEA concentrations
in dairy cattle postpartum. Results from the study showed that cows with metritis had similar serum
cortisol levels as healthy cows. However, DHEA concentrations were reported to be greater in cows with
metritis and a subsequent leukopenia than in healthy cows or cows with metritis but a normal leukocyte
count (Gundlach et al., 2017). With DHEA having anti-inflammatory properties, an elevation in serum

DHEA concentrations likely indicates an active inflammatory process within the body.

Interleukin-6 (IL-6) 1.6.3

Interleukin-6 (IL-6) is a pleiotropic, pro-inflammatory cytokine involved with inflammation,
immunity, and many other physiological processes (Callahan and Yates, 2014). IL-6 is both a diagnostic
and prognostic biomarker. In humans, IL-6 has been shown to be a biomarker associated with
cardiovascular disease, autoimmune disease, and hepatic regeneration (Tanaka et al., 2014; Narazaki
and Kishimoto, 2018). In livestock, IL-6 is associated with many pro-inflammatory responses as triggered

by disease, parturition, and stress.

A 2014 study conducted by Osorio et al. evaluated the biomarkers associated with
inflammation, metabolism, and oxidative stress in peripartal dairy cows who were supplemented with
different methionine feed additives. The hypothesis that methionine supplementation in cattle will
increase triacyglycerol (TAG) export from the liver has been supported (Durand et al., 1992). The liver is

the main target of IL-6 since hepatocytes express IL-6 receptors and gp130, a signaling molecule
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(Narazaki and Kishimoto, 2018). Additionally, the liver is an active participant in acute phase responses
which have been found to require the input of IL-6 (Narazaki and Kishimoto, 2018). It has been shown
that in the liver of cows, the peripartal inflammatory response is triggered by pro-inflammatory
cytokines IL-6 and tumor necrosis factor-alpha (TNF-a; Kindt et al., 2007). Hepatic inflammation during
the peripartal period could support the development of hepatic accumulation of TAGs thus increasing
the cow’s risk of developing ketosis (Osorio et al., 2013). The results of this study were that cows given a
methionine supplement postpartum had a trend of lower plasma IL-6 concentrations as compared to
cows not supplemented (Osorio et al., 2013). This trend allows for the assumption that providing
supplemental Methionine will likely decrease the production of pro-inflammatory cytokines after
calving. A decrease in pro-inflammatory cytokine production postpartum supports a shorter recovery for
the cow, as well as a decreased risk of postpartum infections. Similarly, it could be assumed that
decreased IL-6 levels postweaning would decrease the potential of inflammatory processes in the cow

and provide improved support for the growing fetus.

Tumor Necrosis Factor-alpha (TNF-at) 1.6.4

TNF-a, also a pro-inflammatory cytokine, is essential for inducing the production of other
cytokines such as IL-6. Additionally, TNF-a plays a role in the release of leukotrienes, nitric oxide, and
platelet activating factor (Gruys et al., 2005). During times of metabolic need, TNF-a will initiate muscle
catabolism mediated by glucocorticoids. Further physiological processes that result in the release of
TNF-a include bacterial infections, endotoxin exposure, and viral infections at much lower
concentrations (Gruys et al., 2005). When TNF-a concentrations are high in an organism, there is a very

high probability that cellular damage has occurred.

Brodzki et al. (2015) evaluated pro-inflammatory cytokine levels in dairy cattle with subclinical

endometritis. Results from this study found that serum TNF-a, IL-6, and IL-10 concentrations were
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significantly (p<0.01) higher in cows with subclinical endometritis as compared to healthy cows. Uterine

lavages were also collected, and cytokine levels were tested. It was reported that serum concentrations

of TNF-a and IL-6 were higher than concentrations in the uterine lavage. The researchers concluded that
the elevated levels of cytokines in both the blood and uterine lavage were likely due to subclinical

endometritis (Brodzki et al., 2015).

Though TNF-a plays many important roles in physiological processes, there has been limited

research conducted analyzing TNF-a concentrations during periods of stress in beef cattle.

Summary of Biomarkers 1.7

Multiple studies have published data utilizing cortisol as a means of evaluating stress during
weaning for both cows and calves (Hopster et al., 1995; Lynch et al., 2010; O’Loughlin et al., 2014,
Cooke, 2016; Chase et al., 2017; Foote et al., 2017). Though cortisol can become elevated with handling,
it still offers evidence of the stress response occurring for each individual animal. The other biomarkers
have been utilized less when evaluating weaning stress with plasma TNF-a and DHEA recorded in select

studies (Lynch et al., 2010; Cooke, 2016).

Utilization of multiple biomarker data recorded during stressful events and application of that
information to weaning can offer a new level of insight into how the body physiologically and

immunologically responds to the stress of weaning in cows.

Allostatic Load 1.8

Allostasis refers to an organism’s natural ability to vary somatic system reactions in response to
stress (Sterling and Eyer, 1988; Edes et al., 2016b). Unlike in homeostasis where physiological reactions
are reflexive, allostatic variance is in response to perceived or anticipated stressors by each organism

(Edes et al., 2016b). The fluctuations involved with allostasis are carried throughout multiple
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physiological systems via nerves. Each allostatic activation creates a signaling cascade to target every
necessary system’s input to result in the return to homeostasis (Sterling and Eyer, 1988; Edes et al.,

2016b).

Over time, the repetition of allostatic stimuli will result in multi-level cellular damage. This
cellular damage can be measured by analyzing biomarkers of cellular function. The severity of the
damage measured allows for the estimate of stress on an individual termed allostatic load (Sterling and
Eyer, 1988; McEwen and Wingfield, 2003; Goymann and Wingfield, 2004). Allostatic load is unique to
each individual organism and is influenced by behavioral, social, and biological variance (McEwen and

Wingfield, 2003).

Allostatic load is determined by measuring physiological biomarkers in an individual, then
summing those markers that are in dysregulation (Seeman et al., 1997). Individuals with a greater
number of dysregulated biomarkers are considered to have a higher allostatic load. The biomarkers
analyzed are selected based on their representation of cardiovascular, neuroendocrine, and metabolic

functions (Seeman et al., 1997).

A 1997 study followed a cohort of participants from the MacArthur studies of successful aging
that agreed to provide biological samples for analysis. The research group collected blood and urine
samples, as well as conducting multiple interviews to gauge each individual’s physical, psychological,
and social health. Biomarkers chosen for analysis included systolic and diastolic blood pressure, waist-
hip ratio, urine cortisol, norepinephrine and epinephrine, serum HDL, total cholesterol, total
glycosylated hemoglobin and DHEA-S (Seeman et al., 1997). Results from this study show that a greater
allostatic load is associated with poorer cognitive function and decreased memory performance in
humans. Physical performance results were similar to those of cognitive function; the greater the

allostatic load, the lower the physical performance and the more likely an individual would decline
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further. The third factor evaluated was the likelihood of cardiovascular disease (CVD). Study results
found not only that allostatic load is an adequate predictor of CVD, but also that individuals with a

greater allostatic load are at an increased risk of developing CVD with age (Seeman et al., 1997).

Recently, these concepts have been applied to primates in captivity allowing for improved
monitoring of longevity in captive populations. One study utilized serum from 27 Western Lowland
Gorillas to analyze seven biomarkers for estimation of allostatic load. Following allostatic load
estimation for each individual, Edes et al. (2016b) looked for association with age, sex, parturition,
number of stressful events, and age at death. Results from this study show that allostatic load scores in
females were significantly higher than those of the males, but without correlation to parity or number of
offspring. Additionally, high allostatic load was positively associated with both age and number of

stressful events (Edes et al., 2016b).

A second primate study evaluated the association between rearing history of captive gorillas
and allostatic load. The classifications of rearing were by nursery, mother, or wild-caught (Edes et al.,
2016a). An analysis of seven different biomarkers was performed to assign allostatic load scores to each
individual animal. This study concluded that allostatic load was significantly associated with rearing
history in gorillas with both age and sex as covariates. Furthermore, it was determined that wild-caught

females had the greatest allostatic load score.

In 2003, Goymann and Wingfield conducted a study evaluating the correlation between
allostatic load, social status and stress hormones. These researchers used free-ranging wild animals
living in stable populations (Harris’s hawk, wolf, African wild dog, Mountain gorilla, etc.) to minimize
additional factors of environmental and breeding instability. Depending on species, plasma or urine
samples were collected and analyzed for glucocorticoid concentrations, then mean concentrations were

calculated for both dominant and subordinate status (Goymann and Wingfield, 2003). Analysis showed

18



that a greater allostatic load in dominants as compared to subordinates was correlated with increased
glucocorticoid levels in the dominant individuals. Alternatively, when subordinate individuals had a
greater allostatic load, dominant individuals had glucocorticoid levels similar to or lower than those in

the subordinates (Goymann and Wingfield, 2003).

In domestic animals, specifically livestock species, there are a large number of stressors that can
influence animal health and productivity. The application of these stressors is usually on a regular basis,
which in the long-term, can directly impact the animals’ longevity in a production system. Thus,
allostatic load may offer a novel strategy to evaluate how stress affects multiple physiologic systems of

an animal and it may help to predict an animal’s expected performance and longevity.

Final Remarks 1.9

Based on current literature, the majority of research investigating the impacts of stress induced
by weaning has been focused on the calf. Cows are the lifeline of the beef industry, and their overall
health and longevity play a major role in the production of quality animals. However, due to the scarcity
of objective methods to measure stress from the dams, there is a substantial lack of knowledge on
stress level dynamics of the dams during the weaning process that may have an impact on the current
gestation and on the subsequent cow and calf performance. Allostatic load has been proven to be a
valuable tool for estimation of longevity in humans, primates and other wild animal species. Biomarker
analysis tools are widely available for bovine samples, which would allow for similar protocols to those
performed in previous allostatic load research. Though allostatic load has not been utilized in
domesticated species, its application could alter the future of livestock production and how current

protocols are modified in the years to come.
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CHAPTER 2: EVALUATION OF TWO WEANING STRATEGIES ON COW BIOMARKER CONCENTRATIONS AND

ALLOSTATIC LOAD INDEX

Introduction 2.1

Stress is defined as the “nonspecific response of the body to any demand” (Tan and Yip, 2018). A
body’s physiologic response to stressors involves the neurologic, immunologic, and endocrine systems
all working together to restore homeostatic balance (Chu et al., 2020). If an organism undergoes
persistent stress, the body’s physiologic systems will begin to fail and cellular damage will occur
(Sapolsky, 2002; Goymann and Wingfield, 2004). This cellular damage, in animals, can result in

decreased performance or development of illness.

Stress associated with weaning in beef calves has been studied extensively (Price et al., 2003;
Haley and Stookey, 2005; Freeman et al., 2016; Harrelson and Harrelson, 2017). Physical separation of
calves from their dams has been shown to decrease dry matter intake (Hutcheson and Cole, 1986),
impair digestive and immune function (Taylor et al., 2010), and affect the allocation of energy
expenditure in calves (Haley and Stookey, 2005; Lambertz et al., 2014; Freeman et al., 2016).
Traditionally, weaning involves abruptly removing the calves from the dams then transporting the calves
to a new facility within the same day. This abrupt weaning method typically occurs when the calves are
between 6-7 months of age. Lambertz et al. (2014) reported that calves experienced more stress, as
determined by vocalization frequency, from the act of weaning alone as compared to additional
handling and processing procedures. Thus, the process of abruptly weaning calves is a major stressor

within their lifetime.

Alternative weaning strategies, such as fence-line weaning, have also been studied to compare

the impact of weaning strategy on calf stress (Price et al., 2003; Boland et al., 2008; Enriquez et al.,
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2010). Fence-line weaning involves physical separation of cows and calves with a shared fence-line that
separates the two groups of animals allowing for vocal and nose to nose contact. Studies on fence-line
weaning have reported that calves who are fence-line weaned spend a greater amount of time eating
and lying than those who are abruptly weaned (Price et al., 2003; Harrelson and Harrelson, 2017).
Additionally, fence-line weaned calves had greater average weight gain than abruptly weaned calves at
both 2 weeks and 10 weeks post weaning (Price et al., 2003). In the same study, Price et al. (2003), also
reported that the fence-line weaned calves had decreased vocalizations per hour than calves that were
abruptly weaned, 216.7/hour/group vs. 434.6/hour/group respectively. Additionally, compared to all
other weaning groups in the study, calves that were not weaned had the lowest vocalizations per hour
at 0.1/hour/group (Price et al., 2003). Time spent eating and lying were significantly lower in calves that
were abruptly weaned (23.7%/day and 16.0%/day, respectively) than calves in both the fence-line
weaned (37.3%/day and 23.3.%/day, respectively) and non-weaned (41.4%/day and 22.9%/day,
respectively) groups. No difference was noted between the non-weaned and fence-line weaned groups

for times spent eating and lying.

Limited research has been conducted evaluating how stress associated with weaning affects the
dam. Stéhulova et al. (2017) reported that the greatest stress response, as determined by frequency of
vocalization and time spent physically moving, occurred within the first 24 hours post weaning in cows.
Factors reported to increase vocalizations in cows post weaning were the age of the calf and pregnancy
status of the cow. Cows with younger calves (median age 201 days) had significantly increased
vocalizations than cows with older calves at time of weaning. Additionally, cows that were open
(nonpregnant) had increased (p < 0.01) vocalizations as compared to pregnant cows at the time of
weaning (Stéhulova et al., 2017). Rutherford et al. (2018) evaluated dam behavior at weaning with the
use of a fence-line weaning strategy. Cows were outfitted with a GPS collar that tracked their location

within the pasture every 5 minutes. Their results showed that initially, first calf heifers remained a
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greater (P < 0.01) mean distance away from the fence than multiparous cows. Over the five days of
monitoring, all cows increased their distance away from the fence. Rutherford et al. (2018) concluded
that fence-line weaning protocols should exceed a length of five days to minimize stress in the cows.
Though behavioral research offers an insight into effects of stress on individual cows, biochemical
analysis can offer a more detailed perspective about physiological changes and the effects on the body.
Currently, there is limited biochemical data available supporting the stress cows undergo during the

weaning process.

Allostatic load is the cumulation of physical and mental stressors underwent by an individual
and the effects those stressors have on future physiological reactions (Sterling and Eyer, 1988). The
concept of allostatic load has been used in humans for decades (Sterling and Eyer, 1988; Seeman, 1997;
McEwen and Wingfield, 2003), but has only recently been utilized in animals. Allostasis refers to an
organism’s natural ability to vary somatic system reactions in response to stressors (Sterling and Eyer,
1988; Edes et al., 2016a; Edes et al., 2016b). Repetition of stressful stimuli over time results in multi-
level cellular damage. This damage can be measured through the analysis of cellular function
biomarkers. Following biomarker analysis, each biomarker is assigned a score (1 to 5) based on quartile
ranking. The sum of each biomarker score results in a whole number which is assigned to each
individual. This whole number represents an estimate of the long-term effects of stress on the body

(Seeman, 1997).

Two separate studies conducted by Edes et al. (2016a,b) applied allostatic load principles to
captively housed Western Lowland Gorillas. Allostatic load scores were determined by analyzing blood
concentrations of albumin, cortisol, corticotropin-releasing hormone, dehydroepiandrosterone sulfate,
glucose, interleukin-6, and tumor necrosis factor alpha. One of these studies reported that females had
greater allostatic load scores as compared to males, as well as a positive association between allostatic

load and age and number of stressful events (wounds, anesthetizations, transfers) (Edes et al., 2016b).
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The second of the two studies evaluated how rearing history affected allostatic load in the gorillas.
Results reported a significant association between allostatic load and rearing history when both age and
sex were used as covariates during analysis; the greatest allostatic load was in wild-caught females (Edes
et al., 2016a). The authors hypothesized that females face more stressors, both socially and

physiologically, thus leading to increased allostatic load indexes.

Based on the existing literature, the application of allostatic load to livestock species could be a
useful tool to evaluate how stressful management practices, such as weaning, affect the dams over
time. It was hypothesized that cows whose calves were weaned abruptly would have a greater allostatic
load as compared to cows with fence-line weaned calves. In consequence, the objective of this study
was to compare allostatic loads for quantifying stress in beef cows subject to two weaning methods

(abrupt or fence-line weaning).

Materials and Methods 2.2

Ethical Statement 2.2.1

All experimental procedures used within this study were approved by the Colorado State

University’s Institutional Animal Care and Use Committee (IACUC protocol ID #1167).

Animals 2.2.2

Ninety-one multiparous Angus crossbred cow with calves (182 total animals) were included in
the study. Calves werel born within a three-week period between March and April 2020. The day of
weaning is referred to as day 0. The average (SD) calf age at the time of weaning was 159.3 + 3.7 days of
age (range= 146 to 166 days of age). The average (SD) calf body weight on day 0 was 220.6 + 22.8

kilograms. Physiological demographics for cows in the study are reported in Table 1.
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All animals were housed at the Eastern Colorado Research Center in Akron, CO for the 65-day
study period. Throughout the duration of the study, animals had ad libitum access to fresh water.
Feeding during the study period was as follows: all cows were range fed with ad libitum access to
mineral supplementation, traditionally weaned calves were fed a total mixed ration for growing cattle
once daily in feed bunks, fence-line weaned calves were range fed with ad libitum access to mineral
supplementation and starter/grower feed offered loosely in tubs or in the form of molasses based

mineral tubs.

Table 1. Comparison of dam characteristics at weaning.

Treatment
Variable Fence-line Conventional P - value
Average age (years) 4.48+1.3 4.11+1.2 0.17
Average parity 3.48+1.3 3.11+1.2 0.17
Average body 578.11+64.2 574.25+66.0 0.78
weight (kg)
Average body 5.48+0.56 5.51+0.58 0.85

condition score

Treatments 2.2.3

Each cow-calf pair was assigned to one of two treatment groups: abrupt or fence-line weaning.
Treatment groups were assigned randomly based on the calf identification (ID) number being odd or
even. Calves with odd numbered IDs, and their respective dams, were placed into the fence-line weaned
treatment group. Calves with even numbered IDs, and their respective dams, were placed into the

abrupt weaned treatment group. Calves were weaned on September 8, 2020 (day 0).

Calves were separated from dams in a corral prior to weighing on day 0 of the experiment. For
weighing, all calves were weighed followed by all cows using a Tru-Test (Cattlesoft, Inc., College Station,
TX) in-chute scale. Calves averaged 159.3 + 3.7 days of age and 220.6 + 22.8 kilograms at weaning. Upon

exiting the chute, calves were separated into two pens based on treatment group. The fence-line
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treatment group had 44 calves and the abrupt treatment group had 47 calves. Calves in the abrupt
treatment group were moved to an onsite feedlot, approximately 1 kilometer away from the dams,
following weighing and sample collection. The onsite feedlot pens, approximately 680 sq meters in size,
were set up with concrete feed bunks on a single side with metal slatted panels lining the other three
sides. Stocking density of each feedlot pen was 25 head per pen (approximately 27.2 sq meters per

head). A total of 4 pens were used with the fourth pen containing 16 animals.

The fence-line treatment group calves were moved following weighing and sample collection
into a pasture that shared a fence-line with the dams allowing for visual, auditory, and nose-to-nose
contact. All cows, abrupt and fence-line weaned treatment groups, were placed into one pasture
located opposite the shared fence-line from the calves in the fence-line treatment group. Both pastures
were of equal size, 546,326 square meters each. The stocking density was approximately 5,989.3 square

meters per cow and 12,140.6 square meters per calf.

Sample Collection 2.2.4

Weaning (day 0) was performed at the chute following the collection of individual calf weight,
serum, and plasma samples. Following calf weaning, dams body weight, body condition score (BCS; scale

from 1 to 9), serum, and plasma samples were collected (Table 1).

Whole blood was collected via jugular venipuncture for all animals for a maximum total volume
collected of 20 ml. Blood was evenly divided between one red top serum separator tube and two trace
element K2 EDTA tubes (BD Vacutainer, Plymouth, England). Body condition scores were determined by
palpation of the amount of tissue coverage over the ribs and tuber coxae. A scoring system of 1-9 was
utilized for BCS (Thomas and Bailey, 2021) and scores were determined by the same individual at all

time points.
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Sample collection was repeated for the calves on days 1, 3, 7, and 29. Cow sample collection
was repeated on days 1, 3, 7, and 64. During sample collection, calves in the abrupt treatment group
were handled at facilities adjacent to the feedlot so no contact was made with the dams. Cows and
fence-line treatment group calves were handled at remote facilities within the pasture, so visual and

nose-to-nose contact with the dams was unavailable for a brief period of time during processing.

Serum separator tubes were left to coagulate at ambient temperature during processing and
then transport to the laboratory (approximately 9 hours post collection). Potassium EDTA tubes were
inverted approximately 10 times immediately following filling to prevent blood from coagulating. These
tubes were also kept at ambient temperature during processing and transport to the laboratory. Tubes
were stored in a walk-in cooler set at 4°C for 12-24 hours, then centrifuged at 2,000 x g for 10 minutes
at 4°C. Following centrifugation, both serum and plasma samples were stored in 1-3 ml aliquots at -60°C
until utilized for analysis. For this study, only samples from cows collected on days 0, 3, and 64 were

analyzed and reported.

Biomarkers 2.2.5

Four biomarkers were measured in the cows for use in the calculation of an allostatic load index
(ALI): cortisol, dehydroepiandrosterone (DHEA), tumor necrosis factor- alpha (TNF-a), and interleukin-6
(IL-6). The selection of biomarkers was based on previous ALl research in humans, primates, and other
wildlife species (Seeman, 1997; Goymann and Wingfield, 2004; Edes et al., 2016a; Edes et al., 2016b;
Outland, 2019). Cortisol analysis was performed using plasma samples collected at the following
timepoints: days 0, 3. The timepoints selected for analysis of DHEA, IL-6, and TNF-a were days 0 and 64
(Table 2). Cortisol analysis timepoints were selected based on the rapid half-life of plasma cortisol (120

minutes with large hormone levels (Holland-Frei Cancer Medicine, 2003)).
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Cortisol and DHEA concentrations were determined using quantitative, competitive enzyme-
linked immunosorbent assay (ELISA) kits from Abnova (KA2275) and Novus Biologicals (NPB2-61256),
respectively. The minimum detectable concentration for cortisol was 1.0 ng/ml. Analytical sensitivity for
DHEA was 2.90 pg/ml; intra-assay variation was 6.4% and inter-assay variation was 8.4%. TNF-a and IL-6
levels were determined using DuoSet sandwich ELISA kits from R&D Systems (DY2279 and DY8190,
respectively) specific to bovine species. Assay sensitivity range for TNF-a was 125.0- 8,000 pg/ml with a
no cross-reactivity specificity of 50 ng/ml. Assay sensitivity range for IL-6 was 15.6- 1,000 pg/ml with no
cross-reactivity specificity of 50 ng/ml. All kits were stored between 2-8°C prior to and following use.
Assays were performed by one individual following the manufacturer's protocols provided in each assay

kit.

Table 2. Biomarker sample collection dates for cows and data used in final statistical analysis.

Biomarker Collection Timepoints Timepoints Used in Analysis
(day of study)’ (day of study)
Cortisol 0,1,3,7,64 0,3
DHEA? 0,1,3,7,64 0, 64
TNF-a3 0,1,3,7,64 0, 64
IL-6% 0,1,3,7,64 0, 64

"Day 0 = day of weaning, day 64 = final day of study and 64 days post weaning
’Dehydroepiandrosterone.

3Tumor necrosis factor alpha.

*Interleukin 6.

Analysis 2.2.6

Allostatic Load Index Scoring 2.2.6.1

Biomarker (cortisol at day 3; TNF-a, IL-6, and DHEA at timepoint day 64) score assighments were
determined in Microsoft Excel (Microsoft Office, Redmond, WA) by utilization of the sort and filter
function to rank biomarker concentrations from smallest to largest. This ranking was performed on each

biomarkers’ complete data set (quartile population) which included all animals with a positive,
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reportable value (cortisol: n = 82, DHEA: n =45, IL-6: n= 33, TNF-a: n = 35) to ensure accurate quartile

assignment prior to allostatic load index analysis.

Once sorted, the quartile formula was applied to the analyte concentration for separation into
four quartiles. For IL-6 and TNF-a, a one-tailed scoring system was utilized for concentrations that were
increased. Animals within quartiles one and two were given a score of 0, whereas animals in quartiles

three and four were assigned a score of 1.

A one-tailed scoring system was utilized for decreased concentrations of DHEA giving animals in
guartile one a score of one, and all other quartiles an assigned score of 0. For cortisol, a two-tailed
scoring system was utilized for both increased and decreased concentrations. Animals that fell into both
quartiles one and four were assigned a score of 1, and animals in quartiles two and three were given a

score of 0.

Following the assignment of quartiles and individual biomarker scores, only animals that were
found to have complete biomarker profiles (a positive, reportable value for cortisol on day 3 and all
other biomarkers on day 64) were utilized for allostatic load index analysis. The total number of animals

with complete biomarker profiles was 23 animals.

Statistical analysis 2.2.6.2

The total number of cow samples analyzed from day 0 and day 3 were 93 animals per sampling
day. On day 64, only 48 cow samples were collected due to movement or culling of the other 45 animals
prior to final sample collection by research housing operators. Incomplete data sets, as a result of data
abnormalities (values greater than + 3 standard deviations from the mean), were excluded from data
analysis. A total of 25 animals, from the 48 sampled on day 64, were excluded from final data analysis.
Due to the removal of samples throughout the experiment, only day 64 samples were analyzed for this
study.
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Cortisol, DHEA, TNF-a, and IL-6 concentrations were analyzed using a t-test assuming unequal
variances in Microsoft Excel (Microsoft Office, Redmond, WA). Both a one-tailed and two-tailed
approach were considered to encompass all possible effects. Three of the four biomarkers were scored
based on one-tailed approaches, so a one-tailed analysis would likely yield the most accurate outcomes
based on previous ALl research. However, all effects are valuable when determining allostatic load
index, thus a two-tailed approach was also utilized for all data sets. Allostatic load index scores were
also analyzed using the same t-test methods. Individual animal was considered the experimental unit for

all response variables.

Treatment was considered a fixed effect. Response variables for the study were biomarker
(cortisol, DHEA, TNF-q, IL-6) concentrations. Significance was determined at p < 0.05. Tendencies were

determined at p > 0.05 but p <0.10.

Some covariates that were collected but not reported in this study include cow age, calf sex, and
calf age. These covariates were not included in the reported statistical model due to the lack of effect on

the ALl data.

Results 2.3

Cortisol 2.3.1

The mean cortisol concentration for the population utilized to establish quartiles was 35.55 +
2.73 ng/ml (Mean = SEM). Table 3 shows descriptive statistics from the population. For the fence-line
treatment group, mean cortisol on day 64 post calf weaning was 45.15 + 11.24 ng/ml. Mean cortisol
concentration for the conventional weaning treatment group was 32.97 + 6.86 ng/ml. Table 4 shows
that there were no differences (p > 0.05) between treatment for plasma cortisol concentrations on day

64 post calf weaning.
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DHEA 2.3.2

The mean DHEA concentration of the quartile population was 596.78 + 85.89 pg/ml. As shown in
Table 4, the mean DHEA concentration for the fence-line weaning treatment was 825.96 + 258.08 pg/ml
and 763.38 + 124.71 pg/ml for the traditional weaning treatment. No difference was found between
treatment groups (p > 0.05). Additional descriptive statistics regarding DHEA analysis for the population

can be found in Table 3.

TNF-00 2.3.3

For the quartile population, the mean plasma TNF-a concentration was 3.20 = 0.13 pg/ml. Other
population descriptive statistics for TNF-a are reported in Table 3. Fence-line and traditional weaning
treatment groups had mean TNF-a concentrations of 2.83 £ 0.21 pg/ml and 3.44 + 0.26 pg/ml,
respectively (Table 4). There was a main effect of treatment (p = 0.04) using a one-tailed distribution,

and a tendency for effect (p = 0.08) using a two-tailed distribution.

IL-6 2.3.4

For the quartile population, the mean IL-6 concentration was 76.33 & 15.76 pg/ml as reported in
Table 3. The mean IL-6 concentration for the fence-line weaning treatment group was 76.59 + 32.19
pg/ml, as presented in Table 4. For the traditional weaning treatment group, the mean IL-6
concentration was 87.95 + 29.28 pg/ml. Additional descriptive statistics from the analysis are also
reported in Table 3. No effect was found to exist between treatment groups for plasma IL-6

concentrations utilizing a one or two-tailed distribution (p = 0.39 and p = 0.79), respectively.

Allostatic Load Index 2.3.5

Table 3 shows the quartile population descriptive statistics for ALI. The mean total ALl for the

population was 1.60 + 0.24. Fence-line treatment group animals had a mean ALl of 1.12 + 0.29 and
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traditional treatment group animals had a mean ALl of 1.86 + 0.33. Using a one-tailed distribution, there
was a main effect (p = 0.05) of treatment on ALI. No effect was found when using a two-tailed

distribution.

Table 3. Biomarker descriptive statistics from the cow population utilized to
establish quartiles for individual score assignments.

Biomarker n* Min Mean Max SEM
Cortisol,
ng/ml’ 82 1.01 35.55 117.87 2.73
DHEA, pg/ml? 45 2.79 596.78 2246.72 85.89
TNF-a, pg/ml? 35 1.98 3.20 5.11 0.13
IL-6, pg/ml* 33 1.38 76.33 378.40 15.76
ALI® 23 0 1.60 4 0.24

*Variation in n is due to animal movement and culling prior to final day of study. If quartiles were
assigned based on only 23 animals, there would have been no variation of ALl scores.

1Cortisol samples were collected on day 3 post weaning.

2 Dehydroepiandrosterone. Samples were collected on day 64 post weaning.

3 Tumor necrosis factor alpha. Samples were collected on day 64 post weaning.

4 Interleukin 6. Samples were collected on day 64 post weaning.

> Allostatic load index. A total of 23 animals had complete data sets following sample analysis.

Table 4. Main effects of fence-line and conventional weaning on plasma concentration of
cortisol on day 3 of study and TNF-a, DHEA, IL-6, and ALI on day 64 of study for 23
animals.

Treatment P<

Biomarker Fence-line Conventional SEM Treatment, Treatment,

(n=8) (n=15) one-tailed two-tailed
Cortisol, ng/ml 45.15 32.97 6.08 0.18 0.37
TNF-a, pg/ml’ 2.83 3.44 0.30 0.04 0.08
DHEA, pg/ml? 825.96 763.39 31.28 0.41 0.83
IL-6, pg/ml3 76.59 87.95 5.68 0.39 0.79
ALI* 1.12 1.87 0.37 0.05 0.11

Dehydroepiandrosterone.
*Tumor necrosis factor alpha.
3Interleukin 6.

“Allostatic load index.
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Discussion 2.4

Cows, both dairy and beef, undergo significant physiological stressors during their production
lifespan. Beef cows gestate for approximately nine months then give birth to a calf that will then nurse
for approximately six to seven months. During lactation, the cows are bred and expected to maintain a
healthy pregnancy while also undergoing weaning of their current calves. As previously reported, the act
of weaning calves is also stressful on the dams (Stéhulova et al., 2017; Rutherford et al., 2018). Weaning
methods have been shown to influence the stress a cow undergoes during the weaning process via
behavioral studies (Stéhulova et al., 2017; Rutherford et al., 2018). The current study offers support for
the evidence that fence-line weaning is a lower stress method for the cows as opposed to the

conventional, abrupt calf weaning methods.

Allostatic load has been shown to be a useful tool to assess stress and estimate disease risk in
human medicine for many years. Allostatic load is calculated utilizing concentrations of between 7-10
plasma or urine biomarkers. These biomarkers can include glucocorticoids, neurosteroids, immune
markers, and physiological health markers (Outland, 2019; Seeman, 1997; Sterling and Eyer, 1988). The
current study reports on the use of four biomarkers (cortisol, DHEA, IL-6, TNF-a) to calculate allostatic
load. Additionally, this study utilized a set population of animals over a predetermined timeframe which
is different from other published ALl literature. Limitations in this study included a small sample size, a
shortened sample time window, and fewer analyzed biomarkers as compared to other ALl literature.
Despite the variation from other ALl literature, the findings of this study offer a valuable baseline for the

application of allostatic load in response to weaning of beef cows and calves.

With a growing interest in animal longevity and production within the animal health industries,
the potential application of allostatic load for the assessment of stress throughout production animal life

cycles is an intriguing possibility. The application in captive primates has shown that females are more
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likely to have increased stress levels, and thus increased allostatic load indices, due to their biologic
capabilities (Maestripieri and Hoffman, 2011; Edes et al., 2016a; Edes et al., 2016b). The potential
utilization of allostatic load in animal production would offer the ability to improve the advancement of
production practices. These advancements could include, but are not limited to, selection of alternative
weaning strategies in beef cattle, decreased handling events for processing of production animals, and

alternative housing considerations for confined production animals.

No effect was found between the two treatment groups for cortisol. Similar to the findings of
this study, two studies reported no significant changes in plasma cortisol levels of cows following
conventional, abrupt, weaning (Hopster et al., 1995; Lynch et al., 2010). Hopster et al. (1995) reported
that dairy cows had increased heart rates for the first two minutes following separation of their calves
and increased vocalizations during the first five minutes post separation, yet plasma cortisol levels
remained unchanged. Lynch et al. (2010) reported that both plasma cortisol and DHEA levels in beef
cows were unchanged following weaning. Following 35 days on pasture, the cows were moved to an
indoor housing system which resulted in unchanged plasma cortisol levels again, but decreased DHEA
concentrations (Lynch et al., 2010). The current study found that cows in the abruptly weaned
treatment group had lower DHEA concentrations than cows in the fence-line weaned treatment group,

but the difference between the groups was not significant.

The reported results of this study disagree with physiological research in beef calves.
Additionally, this study’s physiological findings do not align with a majority of previously reported
behavioral research in beef cows. Previous research has shown increased stress behaviors (vocalization
frequency, frequency of movement, mean distance from shared fence-line) amongst cows whose calves
were abruptly weaned as compared to those weaned via the fence-line weaning strategy (Stéhulova et
al., 2017; Rutherford et al., 2018). Published weaning associated research in calves has shown elevated

plasma cortisol levels following abrupt weaning in addition to stress behaviors. Chase et al. (2017)
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reported that calves had increased cortisol levels at both 24 and 72 hours post abrupt weaning (36.59
ng/ml and 35.07 ng/ml, respectively). This study did not have similar results for plasma cortisol
concentrations in cows. One possible explanation for the difference in results is the study’s small sample
size. Despite the results reported, it cannot be deduced that conventional weaning causes greater stress

on the cow.

A main effect of weaning method was found for plasma TNF-a concentration, showing the
fence-line group having lower concentrations compared to the conventionally weaned group. TNF-a is a
proinflammatory cytokine released by macrophages during acute inflammation (Callahan and Yates,
2014). Stress upon the body, no matter the cause, results in an increase in inflammatory responses
within the body. In this study, the elevation of TNF-a is associated with the weaning method as
compared to animal handling since all animals in the study were handled similarly. Behavioral
observations of stress, such as vocalization frequency, can be utilized to make connections between
stressful events and physiological responses to stress. Lambertz et al. (2014) reported that vocalizations
in beef calves were significantly affected by weaning time, day, and a weaning time x day interaction.
Though no blood biomarkers were analyzed in the study, the increased vocalizations reported support
that weaning is more stressful than handling or processing of the animals (Lambertz et al., 2014). This in
turn, allows for this author’s belief that the elevated levels of TNF-a reported on day 64 were likely not

due to animal handling but instead due to weaning stress in the cows.

The current study found significant effects to support a variation in the allostatic load index in
this population of beef cattle. The allostatic load index was found to be greater in the conventional
treatment group as compared to the fence-line treatment group. This result provides the beef industry
with evidence that fence-line weaning is not only less stressful for calves but is also a lower stress
method for cows as well. Additionally, this study offers the introduction of a new tool that can be

utilized to evaluate not only weaning associated stress, but stress collectively.
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Collected covariates that were excluded from statistical analysis could offer additional support
with an increased sample size as previous research in other species has reported. In primate ALl studies,
age of the animal has been positively associated with higher allostatic load, and when applied as a
covariate, there was a significant association between allostatic load and mortality risk (Edes et al.,
2016b). Stéhulova et al. (2017) reported that there was a correlation between calf age and vocalization
frequency of the cows; the younger the calf at weaning the more the cow vocalized. The same study also

reported that calf sex had no effect on cow behavior following weaning (Stéhulova et al., 2017).

Allostatic load is influenced by stressful events that can include handling, social structure,
administration of treatments, anesthetic events, and injury in addition to applied production practices
(Goymann and Wingfield, 2004; Edes et al., 2016a). Beef cattle systems tend to have fewer of these
stressful events as compared to other livestock production systems, such as dairy and swine industries.
In both the dairy and swine industries, animals are handled daily for routine processes such as breeding,
heat checking, and milking (dairy specific). In dairy systems, cows have been reported to show little to
no behavioral signs of stress when being handled for routine daily milking (Lindahl et al., 2016). Lewis et

al. (2005) reported no differences in heart rate amongst pigs handled in five different ways.

When applying allostatic load principles in dairy systems, some differences must be noted from
beef systems. Weaning in dairy systems commonly involves the separation of calf and dam prior to the
occurrence of suckling. Due to this weaning practice, it would be better to evaluate this as a stressful
event as compared to a single event as reported in this study. An additional difference to note is the
difference in lactation between beef and dairy cattle. Dairy cattle often undergo increased
administration of treatments due to mastitis infection, whereas mastitis in beef cattle is not as closely
monitored (Kibebew, 2017). These noted differences would support a study design in dairy systems
more similar to those reported in non-human primates where the variables would include the number

of stressful events and age of the animals (Edes et al., 2016b).
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Application of allostatic load principles in swine populations would include age/parity, BCS,
number of stressful events, and housing design. Additionally, weaning could be utilized in swine
populations as well. The weaning process is similar to that of cattle, in that piglets are abruptly
separated from the dam, transported to a new location, mixed with other animals, and started on a new
diet (Martinez-Mir¢ et al., 2016). However, the lactation period is much shorter than in cattle, thus
utilization of weaning as a predetermined stressful event, or fixed effect, would be more useful than

selecting it as a stand-alone stressor.

Further application of allostatic load to animal production populations would benefit from
additional biomarkers evaluated. Published primate and wildlife studies evaluated seven or greater
biomarkers to include in the index score (Goymann and Wingfield, 2003; Edes et al, 2016a; Edes et al,
2016b). Human allostatic load studies analyzed ten biomarkers across various physiological processes
for inclusion in the final allostatic load index score (Seeman, 1997). Increased biomarker numbers along
with increased population numbers would elevate the potential for improved statistical outcomes of

allostatic load index applications in production animal systems.

Though significant effects were found for ALl in this population of cattle, there is potential for
improvement to better support the concept in future studies. If repeated in beef cattle, the total
number of cows sampled could increase to encompass multiple groups of similar treatments across an
individual system. The repeated study could be set up for 385 cows (as determined by a power of 80%
calculation with 95% confidence interval and 5% margin of error) sorted into two groups per treatment
(4 study groups total). It would also be encouraged to follow the cattle for a greater length of time; from
their first breeding through their third or fourth parity. The increased timeframe would offer individual
parity variation, ability to track and annotate predetermined stressful events, and increased time
periods between handling of animals. An additional production statistic that would be of value in future

studies is the breed back percentage of the cow population. Ott et al. (2018) stated that excessive
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amounts of stress during early gestation can inhibit the proper development of the placenta. Damage to
the placenta during early development can result in loss of early pregnancy for the cow. Inclusion of this
data would allow for the prediction of a cow to breed back annually or offer insight into early culling due

to a potentially increased allostatic load index.

Conclusions 2.5

The findings of this study offer preliminary evidence that allostatic load index could be a useful
tool for the beef industry. Though conducting the testing necessary to determine the allostatic load
index is both time and financially consuming, the benefits of the analysis could prove to be a worthy

investment for producers.

37



BIBLIOGRAPHY

Ahola, J., J. Wagner, and T. Engle. 2019. Overview of the Beef Cattle Industry and Animal Welfare
Implications. In: The Welfare of Cattle. CRC Press. p. 173-179.

Ali, N., and U. M. Nater. 2020. Salivary Alpha-Amylase as a Biomarker of Stress in Behavioral Medicine.
Int.J. Behav. Med. 27:337-342. d0i:10.1007/s12529-019-09843-x.

Almeida, P. E., P. S. D. Weber, J. L. Burton, and A. J. Zanella. 2008. Depressed DHEA and increased
sickness response behaviors in lame dairy cows with inflammatory foot lesions. Domestic Animal
Endocrinology. 34:89-99. doi:10.1016/j.domaniend.2006.11.006.

Arthington, J. D., X. Qiu, R. F. Cooke, J. M. B. Vendramini, D. B. Araujo, C. C. Chase, and S. W. Coleman.
2008. Effects of preshipping management on measures of stress and performance of beef steers during
feedlot receivingl. Journal of Animal Science. 86:2016—2023. doi:10.2527/jas.2008-0968.

Bateson, P. 1994. The dynamics of parent-offspring relationships in mammals. Trends Ecol Evol. 9:399—
403. doi:10.1016/0169-5347(94)90066-3.

Boland, H. T., G. Scaglia, W. S. Swecker, and N. C. Burke. 2008. Effects of Alternate Weaning Methods on
Behavior, Blood Metabolites, and Performance of Beef Calvesl. The Professional Animal Scientist.
24:539-551. doi:10.15232/51080-7446(15)30903-7.

Brodzki, P., K. Kostro, L. Krakowski, and J. Marczuk. 2015. Inflammatory cytokine and acute phase
protein concentrations in the peripheral blood and uterine washings of cows with subclinical
endometritis in the late postpartum period. Vet Res Commun. 39:143-149. d0i:10.1007/s11259-015-
9635-4.

Buckham Sporer, K. R., P. S. D. Weber, J. L. Burton, B. Earley, and M. A. Crowe. 2008. Transportation of
young beef bulls alters circulating physiological parameters that may be effective biomarkers of stress1.
Journal of Animal Science. 86:1325-1334. doi:10.2527/jas.2007-0762.

Callahan, G. N., and R. M. Yates. 2014. Basic veterinary immunology. University Press of Colorado,
Boulder.

Chase, C. C., R. D. Randel, D. G. Riley, S. W. Coleman, and W. A. Phillips. 2017. Evaluation of tropically
adapted straightbred and crossbred beef cattle: Cortisol concentration and measures of temperament
at weaning and transport1,2,3. Journal of Animal Science. 95:5253-5262. doi:10.2527/jas2017.1924.

Chu, B., K. Marwaha, T. Sanvictores, and D. Ayers. 2023. Physiology, Stress Reaction. In: StatPearls.
StatPearls Publishing, Treasure Island (FL). Available from:
http://www.ncbi.nlm.nih.gov/books/NBK541120/

Clark, E. O., A. N. Deller, P. L. Harrelson, and F. W. Harrelson. 2016. Effects of Two-Stage Weaning
Duration on Beef Cattle Growth and Vocalizations. Journal of Animal Science. 95:58-58.
doi:10.2527/ssasas2017.0118.

Cooke, R. F. 2016. Nutritional and management considerations in beef cattle experiencing stress-
induced inflammation. Journal of Animal Science. 94:91-91. doi:10.2527/jam2016-0188.

38


https://doi.org/10.1007/s12529-019-09843-x
https://doi.org/10.1016/j.domaniend.2006.11.006
https://doi.org/10.2527/jas.2008-0968
https://doi.org/10.1016/0169-5347(94)90066-3
https://doi.org/10.15232/S1080-7446(15)30903-7
https://doi.org/10.1007/s11259-015-9635-4
https://doi.org/10.1007/s11259-015-9635-4
https://doi.org/10.2527/jas.2007-0762
https://doi.org/10.2527/jas2017.1924
http://www.ncbi.nlm.nih.gov/books/NBK541120/
https://doi.org/10.2527/ssasas2017.0118
https://doi.org/10.2527/jam2016-0188

Dalla Costa, F. A., O. A. Dalla Costa, I. C. Di Castro, N. G. Gregory, M. S. Di Campos, G. B. de M. Leal, and
F. de C. Tavernari. 2019. Ease of Handling and Physiological Parameters of Stress, Carcasses, and Pork
Quality of Pigs Handled in Different Group Sizes. Anim. Open Access J. MDPI. 9:798.
doi:10.3390/ani9100798.

Dhama, K., S. K. Latheef, M. Dadar, H. A. Samad, A. Munjal, R. Khandia, K. Karthik, R. Tiwari, Mohd. I.
Yatoo, P. Bhatt, S. Chakraborty, K. P. Singh, H. M. N. Igbal, W. Chaicumpa, and S. K. Joshi. 2019.
Biomarkers in Stress Related Diseases/Disorders: Diagnostic, Prognostic, and Therapeutic Values. Front.
Mol. Biosci. 6:91. doi:10.3389/fmolb.2019.00091.

Edes, A. N., B. A. Wolfe, and D. E. Crews. 2016a. Rearing history and allostatic load in adult western
lowland gorillas ( Gorilla gorilla gorilla ) in human care: Rearing History and Allostatic Load in Gorillas.
Zoo Biology. 35:167—-173. d0i:10.1002/2z00.21270.

Edes, A. N., B. A. Wolfe, and D. E. Crews. 2016b. Assessing Stress in Zoo-Housed Western Lowland
Gorillas (Gorilla gorilla gorilla) Using Allostatic Load. Int J Primatol. 37:241-259. doi:10.1007/s10764-
016-9899-8.

Enriquez, D. H., R. Ungerfeld, G. Quintans, A. L. Guidoni, and M. J. Hotzel. 2010. The effects of
alternative weaning methods on behaviour in beef calves. Livestock Science. 128:20-27.
do0i:10.1016/j.livsci.2009.10.007.

Enriquez, D., M. J. Hotzel, and R. Ungerfeld. 2011. Minimizing the stress of weaning of beef calves: a
review. Acta Vet Scand. 53:28. doi:10.1186/1751-0147-53-28.

Field, T. G., and R. E. Taylor. 2002. Beef production and management decisions. 4th edition. Prentice
Hall, Upper Saddle River.

Fink, G. 2016. Chapter 1 - Stress, Definitions, Mechanisms, and Effects Outlined: Lessons from Anxiety.
In: George Fink, editor. Stress: Concepts, Cognition, Emotion, and Behavior. Academic Press, San Diego.
p. 3-11. Available from: https://www.sciencedirect.com/science/article/pii/B9780128009512000017

Foote, A. P., S. A. Jones, and L. A. Kuehn. 2017. Association of preweaning and weaning serum cortisol
and metabolites with ADG and incidence of respiratory disease in beef cattle. Journal of Animal Science.
95:5012-5019. doi:10.2527/jas2017.1783.

Freeman, S. R, C. L. Pickworth Poole, M. H. Poore, and M. L. Alley. 2016. Impact of Three Weaning
Strategies on Calf Activity and Behavior at Weaning and Productivity after Weaning. Journal of Animal
Science. 95:42-42. doi:10.2527/ssasas2017.085.

Gabai, G., P. Mongillo, E. Giaretta, and L. Marinelli. 2020. Do Dehydroepiandrosterone (DHEA) and Its
Sulfate (DHEAS) Play a Role in the Stress Response in Domestic Animals? Front. Vet. Sci. 7:588835.
doi:10.3389/fvets.2020.588835.

Gardner, T., J. F. Legako, N. C. B. Sanchez, P. R. Broadway, J. A. Carroll, and R. C. Vann. 2016. Influence of
cattle temperament on blood serum fatty acid content. Journal of Animal Science. 94:503-503.
doi:10.2527/jam2016-1050.

Gonzales, C. A, C. L. Coe, and S. Levine. 1982. Cortisol responses under different housing conditions in
female squirrel monkeys. Psychoneuroendocrinology. 7:209-216. doi:10.1016/0306-4530(82)90014-2.

39


https://doi.org/10.3389/fmolb.2019.00091
https://doi.org/10.1002/zoo.21270
https://doi.org/10.1007/s10764-016-9899-8
https://doi.org/10.1007/s10764-016-9899-8
https://doi.org/10.1016/j.livsci.2009.10.007
https://doi.org/10.1186/1751-0147-53-28
https://www.sciencedirect.com/science/article/pii/B9780128009512000017
https://doi.org/10.2527/jas2017.1783
https://doi.org/10.2527/ssasas2017.085
https://doi.org/10.3389/fvets.2020.588835
https://doi.org/10.2527/jam2016-1050

Goymann, W., and J. C. Wingfield. 2004. Allostatic load, social status and stress hormones: the costs of
social status matter. Animal Behaviour. 67:591-602. doi:10.1016/j.anbehav.2003.08.007.

Grandin, T. 1993. Behavioral agitation during handling of cattle is persistent over time. Applied Animal
Behaviour Science. 36:1-9. d0i:10.1016/0168-1591(93)90094-6.

Gruys, E., M. J. M. Toussaint, T. A. Niewold, and S. J. Koopmans. 2005. Acute phase reaction and acute
phase proteins. J Zheijang Univ Sci B. 6:1045-1056. doi:10.1631/jzus.2005.B1045.

Gundlach, N. H., M. Feldmann, Y. Gundelach, M. A. Gil, U. Siebert, M. Hoedemaker, and M. Schmicke.
2017. Dehydroepiandrosterone and cortisol/dehydroepiandrosterone ratios in dairy cattle with
postpartum metritis. Research in Veterinary Science. 115:530-533. do0i:10.1016/].rvsc.2017.09.024.

Hagiwara, K., H. Yamanaka, K. Hisaeda, S. Taharaguchi, R. Kirisawa, and H. lwai. 2001. Concentrations of
IL-6 in serum and whey from healthy and mastitic cows. Vet Res Commun. 25:99-108.
doi:10.1023/a:1006400801305.

Haley, D. 2006. The behavioural response of cattle (Bos taurus) to artificial weaning in two stages.

Haley, D. B., and J. M. Stookey. 2005. Weaning cattle in two stages reduces the behavior changes
typically associated with weaning stress. Journal of Animal Science. 83:349.

Haley, D. B., D. W. Bailey, and J. M. Stookey. 2005. The effects of weaning beef calves in two stages on
their behavior and growth rate. J. Anim. Sci. 83:2205-2214. doi:10.2527/2005.8392205x.

Harrelson, F. W., and P. L. Harrelson. 2017. Effect of two-stage weaning duration on behavior in beef
calves. Journal of Animal Science. 95:66—66. doi:10.2527/asasann.2017.134.

Hickey, M. C., M. Drennan, and B. Earley. 2003. The effect of abrupt weaning of suckler calves on the
plasma concentrations of cortisol, catecholamines, leukocytes, acute-phase proteins and in vitro
interferon-gamma productionl. J. Anim. Sci. 81:2847-2855. doi:10.2527/2003.81112847x.

Hisaeda, K., K. Hagiwara, J. Eguchi, H. Yamanaka, R. Kirisawa, and H. lwai. 2001. Interferon-. GAMMA.
and Tumor Necrosis Factor-.ALPHA. Levels in Sera and Whey of Cattle with Naturally Occurring Coliform
Mastitis. J. Vet. Med. Sci. 63:1009-1011. doi:10.1292/jvms.63.10009.

Holland-Frei Cancer Medicine. 2003. 6th ed. BC Decker.

Hopster, H., J. M. O’Connell, and H. J. Blokhuis. 1995. Acute effects of cow-calf separation on heart rate,
plasma cortisol and behaviour in multiparous dairy cows. Applied Animal Behaviour Science. 44:1-8.
doi:10.1016/0168-1591(95)00581-C.

Hulbert, L. E., and S. J. Moisd. 2016. Stress, immunity, and the management of calves. Journal of Dairy
Science. 99:3199-3216. doi:10.3168/jds.2015-10198.

Ivkovic, N., and M. Racic. 2015. Biomarkers of Stress in Saliva / Biomarkeri stresa u pljuvacki. Acta
Facultatis Medicae Naissensis. 32:91-99. doi:10.1515/afmnai-2015-0010.

Jung, C., S. Greco, H. H. T. Nguyen, J. T. Ho, J. G. Lewis, D. J. Torpy, and W. J. Inder. 2014. Plasma, salivary
and urinary cortisol levels following physiological and stress doses of hydrocortisone in normal
volunteers. BMC Endocr Disord. 14:91. d0i:10.1186/1472-6823-14-91.

40


https://doi.org/10.1016/j.anbehav.2003.08.007
https://doi.org/10.1016/0168-1591(93)90094-6
https://doi.org/10.1631/jzus.2005.B1045
https://doi.org/10.1016/j.rvsc.2017.09.024
https://doi.org/10.1023/a:1006400801305
https://doi.org/10.2527/asasann.2017.134
https://doi.org/10.1292/jvms.63.1009
https://doi.org/10.1016/0168-1591(95)00581-C
https://doi.org/10.3168/jds.2015-10198
https://doi.org/10.1515/afmnai-2015-0010
https://doi.org/10.1186/1472-6823-14-91

Justice, S. M., M. K. Mullenix, D. A. Tigue, M. F. EImore, S. L. Dillard, W. B. Smith, M. Runge, and W. K.
Kelley. 2024. Assessment of weaning and backgrounding management practices used by Alabama beef
cattle producers. Appl. Anim. Sci. 40:81-90. doi:10.15232/aas.2023-02467.

Lambertz, C., A. Farke-Rover, E. Moors, and M. Gauly. 2014. Comparison of the effects of weaning and
castration when conducted separately or in combination on the behaviour of crossbred beef cattle.
Applied Animal Behaviour Science. 161:28-33. d0i:10.1016/j.applanim.2014.09.003.

Lindahl, C., S. Pinzke, A. Herlin, and L. J. Keeling. 2016. Human-animal interactions and safety during
dairy cattle handling—Comparing moving cows to milking and hoof trimming. J. Dairy Sci. 99:2131-2141.
doi:10.3168/jds.2014-9210.

Lynch, E. M., B. Earley, M. McGee, and S. Doyle. 2010. Characterisation of physiological and
immunological responses in beef cows to abrupt weaning and subsequent housing. BMC Vet Res. 6:37.
doi:10.1186/1746-6148-6-37.

Maestripieri, D., and C. L. Hoffman. 2011. Chronic stress, allostatic load, and aging in nonhuman
primates. Dev Psychopathol. 23:1187-1195. doi:10.1017/50954579411000551.

Magistrelli, D., A. A. Aufy, L. Pinotti, and F. Rosi. 2013. Analysis of weaning-induced stress in Saanen goat
kids. Animal Physiology Nutrition. 97:732—739. d0i:10.1111/j.1439-0396.2012.01315.x.

Martinez-Mir¢, S., F. Tecles, M. Raman, D. Escribano, F. Hernandez, J. Madrid, J. Orengo, S. Martinez-
Subiela, X. Manteca, and J. J. Cerén. 2016. Causes, consequences and biomarkers of stress in swine: an
update. BMC Vet. Res. 12:171. doi:10.1186/s12917-016-0791-8.

McEwen, B. S., and J. C. Wingfield. 2003. The concept of allostasis in biology and biomedicine. Horm
Behav. 43:2-15. doi:10.1016/s0018-506x(02)00024-7.

Moggy, M. A., E. A. Pajor, W. E. Thurston, S. Parker, A. M. Greter, K. S. Schwartzkopf-Genswein, J. R.
Campbell, and M. C. Windeyer. 2017. Management practices associated with stress in cattle on western
Canadian cow—calf operations: A mixed methods study. Journal of Animal Science. 95:1836.
doi:10.2527/jas2016.1310.

Moons, C. P. H., K. Laughlin, and A. J. Zanella. 2005. Effects of short-term maternal separations on
weaning stress in foals. Applied Animal Behaviour Science. 91:321-335.
doi:10.1016/j.applanim.2004.10.007.

Narazaki, M., and T. Kishimoto. 2018. The Two-Faced Cytokine IL-6 in Host Defense and Diseases. IJMS.
19:3528. d0i:10.3390/ijms19113528.

O’Loughlin, A., M. McGee, S. Doyle, and B. Earley. 2014. Biomarker responses to weaning stress in beef
calves. Research in Veterinary Science. 97:458-463. doi:10.1016/j.rvsc.2014.06.003.

Oppler, S. H., S. D. Palmer, S. N. Phu, and M. L. Graham. 2024. The Role of Behavioral Management in
Enhancing Clinical Care and Efficiency, Minimizing Social Disruption, and Promoting Welfare in Captive
Primates. Vet. Sci. 11:401. doi:10.3390/vetsci11090401.

Osorio, J. S., E. Trevisi, P. Ji, J. K. Drackley, D. Luchini, G. Bertoni, and J. J. Loor. 2014. Biomarkers of
inflammation, metabolism, and oxidative stress in blood, liver, and milk reveal a better
immunometabolic status in peripartal cows supplemented with Smartamine M or MetaSmart. Journal of
Dairy Science. 97:7437-7450. doi:10.3168/jds.2013-7679.

41


https://doi.org/10.1016/j.applanim.2014.09.003
https://doi.org/10.1186/1746-6148-6-37
https://doi.org/10.1017/S0954579411000551
https://doi.org/10.1111/j.1439-0396.2012.01315.x
https://doi.org/10.1016/s0018-506x(02)00024-7
https://doi.org/10.2527/jas2016.1310
https://doi.org/10.1016/j.applanim.2004.10.007
https://doi.org/10.3390/ijms19113528
https://doi.org/10.1016/j.rvsc.2014.06.003
https://doi.org/10.3168/jds.2013-7679

Ott, G. C., S. R. Freeman, M. H. Poore, and C. L. Pickworth. 2018. Maternal Stress at Weaning Impacts
Calf Growth. Journal of Animal Science. 96:14-15.

Outland, P. 2019. Biomarkers of Allostatic Load Mediate Stress and Disease: A Prospective Structural
Equation Model. Colorado State University, Department of Psychology. Available from:
https://www.proquest.com/openview/4eaal5048a52ffbffObb72cbd45cfbcl/1?pg-
origsite=gscholar&cbl=18750&diss=y

Parsons, C. T., J. M. Dafoe, S. A. Wyffels, T. DelCurto, and D. L. Boss. 2021. Influence of Residual Feed
Intake and Cow Age on Dry Matter Intake Post-Weaning and Peak Lactation of Black Angus Cows.
Animals. 11:1822. doi:10.3390/ani11061822.

Pellegrini, C. B. de, and L. F. D. Lopes. 2011. Reproductive performance of beef cows maintained at two
stocking rates and two ages of weaning on natural pasture. R. Bras. Zootec. 40:2606-2612.
doi:10.1590/51516-35982011001100044.

Peric, T., M. Corazzin, A. Romanzin, S. Bovolenta, A. Prandi, M. Montillo, and A. Comin. 2017. Cortisol
and DHEA concentrations in the hair of dairy cows managed indoor or on pasture. Livestock Science.
202:39-43. doi:10.1016/].livsci.2017.05.020.

Price, E. O., J. E. Harris, R. E. Borgward, M. L. Sween, and J. M. Connor. 2003. Fenceline contact of beef
calves with their dams at weaning reduces the negative effects of separation on behavior and growth
rate. ) Anim Sci. 81:116-121. d0i:10.2527/2003.811116x.

Reinhardt, V., and A. Reinhardt. 1981. Natural sucking performance and age of weaning in zebu cattle
(Bos indicus). The Journal of Agricultural Science. 96:309-312. doi:10.1017/50021859600066089.

Rojas-Morales, P., J. Pedraza-Chaverri, and E. Tapia. 2020. Ketone bodies, stress response, and redox
homeostasis. Redox Biology. 29:101395. doi:10.1016/j.redox.2019.101395.

Rutherford, W., J. Parish, T. Smith, R. Vann, and B. Strickland. 2018. Geospatial analysis of cattle
maternal behavior during fenceline weaning as influenced by dam age and maternal behavior at calving.
J Anim Sci. 96:8. d0i:10.1093/jas/sky404.018.

Sapolsky, R. M. 2002. Endocrinology of the stress-response. In: Behavioral endocrinology, 2nd ed. MIT
Press, Cambridge, MA, US. p. 409-450.

Seeman, T. E. 1997. Price of Adaptation—Allostatic Load and Its Health Consequences: MacArthur
Studies of Successful Aging. Arch Intern Med. 157:2259. doi:10.1001/archinte.1997.00440400111013.

Seeman, T. E., B. S. McEwen, J. W. Rowe, and B. H. Singer. 2001. Allostatic load as a marker of
cumulative biological risk: MacArthur studies of successful aging. Proc Natl Acad Sci U S A. 98:4770—
4775. doi:10.1073/pnas.081072698.

Selye, H., ed. 1976. | - HISTORY AND GENERAL OUTLINE OF THE STRESS CONCEPT. In: Stress in Health
and Disease. Butterworth-Heinemann. p. 3—34. Available from:
https://www.sciencedirect.com/science/article/pii/B9780407985100500094

Stéhulova, 1., B. Valni¢kova, R. Sarova, and M. Spinka. 2017. Weaning reactions in beef cattle are
adaptively adjusted to the state of the cow and the calf. Journal of Animal Science. 95:1023.
doi:10.2527/jas2016.1207.

42


https://www.proquest.com/openview/4eaa15048a52ffbff0bb72cbd45cfbc1/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.proquest.com/openview/4eaa15048a52ffbff0bb72cbd45cfbc1/1?pq-origsite=gscholar&cbl=18750&diss=y
https://doi.org/10.3390/ani11061822
https://doi.org/10.1590/S1516-35982011001100044
https://doi.org/10.1016/j.livsci.2017.05.020
https://doi.org/10.2527/2003.811116x
https://doi.org/10.1017/S0021859600066089
https://doi.org/10.1016/j.redox.2019.101395
https://doi.org/10.1093/jas/sky404.018
https://doi.org/10.1001/archinte.1997.00440400111013
https://doi.org/10.1073/pnas.081072698
https://doi.org/10.2527/jas2016.1207

Sterling, P., and J. Eyer. 1988. Allostasis: A New Paradigm to Explain Arousal Pathology. In: Handbook of
Life Stress, Cognition and Health. John Wiley & Sons. p. 629-649. Available from:
https://www.researchgate.net/publication/232601628 Allostasis A New Paradigm to Explain Arousa

| Pathology

Tan, S.Y., and A. Yip. 2018. Hans Selye (1907—-1982): Founder of the stress theory. Singapore Med. J.
59:170-171. doi:10.11622/smedj.2018043.

Tanaka, T., M. Narazaki, and T. Kishimoto. 2014. IL-6 in Inflammation, Immunity, and Disease. Cold
Spring Harbor Perspectives in Biology. 6:a016295-a016295. doi:10.1101/cshperspect.a016295.

Taylor, J. D., R. W. Fulton, T. W. Lehenbauer, D. L. Step, and A. W. Confer. 2010. The epidemiology of
bovine respiratory disease: What is the evidence for predisposing factors? Can Vet J. 51:1095-1102.

Thomas, J., and E. Bailey. 2021. Body Condition Scoring of Beef Cattle.

Watts, J. M., and J. M. Stookey. 2000. Vocal behaviour in cattle: the animal’s commentary on its
biological processes and welfare. Appl Anim Behav Sci. 67:15-33. do0i:10.1016/s0168-1591(99)00108-2.

Wilson, B. K., C. J. Richards, D. L. Step, and C. R. Krehbiel. 2017. Best management practices for newly
weaned calves for improved health and well-being. Journal of Animal Science. 95:2170.
doi:10.2527/jas2016.1006.

43


https://www.researchgate.net/publication/232601628_Allostasis_A_New_Paradigm_to_Explain_Arousal_Pathology
https://www.researchgate.net/publication/232601628_Allostasis_A_New_Paradigm_to_Explain_Arousal_Pathology
https://doi.org/10.1101/cshperspect.a016295
https://doi.org/10.1016/s0168-1591(99)00108-2
https://doi.org/10.2527/jas2016.1006

