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ABSTRACT: In research settings, certain experi-
mental designs may require cattle to be housed 
individually. Individual housing of  cattle may 
make the animals more susceptible to boredom 
and result the development of  undesirable behav-
iors. The objective of  this trial was to investigate 
the effects of  different environmental enrichment 
devices (EED) on the behavior and feed intake 
of  heifers. Twenty mixed-breed single-sourced 
heifers were used in a completely random design. 
Heifers were housed individually (3.05 m × 3.66 
m) with the ability to have physical contact with 
adjacent heifers. Heifers were randomly assigned 
to one of  the four EED treatments, including a 
jolly ball (JLY), a broom head (SRCH), a 182 cm 
5-knot rope (RP), or a Pas-a-Fier roller (RLR). 
Behavior was recorded using 8  h long daily in-
stantaneous scan sampling in 30  min intervals 
over three periods: 7 d prior to EED addition 

(PR), 7 d with EED (EDP), and 7 d after re-
moving EED (PST). Standing, laying, eating, 
drinking, and exploratory behaviors were evalu-
ated. Exploratory behaviors included: interaction 
with water trough, feed bunk, water pipe, pen 
gate, pen wall, EED, grooming, or allogroom-
ing. Rumination behavior was also recorded dur-
ing each observation time. Time standing and 
standing bouts were greatest for RP (P < 0.05), 
while JLY and RLR spent the most time lying 
down (P < 0.05). All heifers spent the majority of 
observation times lying down, followed by solely 
standing (P < 0.05). Heifers on the RP treatment 
interacted the most with their EED, followed by 
SRCH (P < 0.001). Rumination increased during 
EDP compared to PR (P < 0.001). These results 
suggest that a RP suspended from the ceiling in 
the pen may be used most frequently by individu-
ally housed beef  heifers.
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INTRODUCTION

Beef cattle are typically raised outdoors in an 
environment that offers variability however, some 
production settings require animals to be housed 
indoors in more barren environments. Wood-Gush 
and Beilharz (1983) suggested that long periods in 
a barren environment can lead to boredom, stress, 

and the development of stereotypies (repetitive 
behaviors that may be performed to cope with 
environment; Ridge et  al., 2020). Some research 
settings may require beef cattle to be penned indi-
vidually, either in small pens or stanchions, due to 
experimental design, such as for immune challenge 
experiments or intensive metabolic studies (Finck 
et al., 2014; Haque et al., 2017). During such trials, 
cattle may be isolated from conspecifics or limited 
to a small, barren environment, where grooming 
behaviors may be limited (McConnachie et  al., 
2018). Together, these conditions may make 
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animals especially vulnerable to boredom, stress, 
and development of undesirable behaviors (Rushen 
et al., 1999). Additionally, social isolation may af-
fect an animal’s ability to respond to novelty in its 
environment, respond to human stressors, and re-
straint (Kilgour et al., 2006).

Previous studies investigating environmental en-
richment devices (EED) have found decreased nega-
tive social behaviors and reduced stress (Keeling 
et al., 2016; Park et al., 2020). Environmental enrich-
ment devices typically include interactive objects 
that promote natural behaviors, reduce negative ef-
fects, and improve biological functioning (Keeling 
et al., 2016; Zobel et al., 2017). However, since the 
same EED have not been used consistently in pre-
vious work, results have varied depending on the 
EED used. Previous research with cattle has com-
monly used a scratching device (Wilson et al., 2002; 
Horvath et al., 2019; Park et al., 2020) or a manila 
rope (Zobel et  al., 2017). Scratching devices may 
help to meet the animal’s natural grooming behav-
ioral needs, scratch hard to reach places (DeVries 
et al., 2007), and increased grooming behavior may 
indicate a positive welfare state (Horvath et  al., 
2019). Objects that specifically elicit more oral in-
volvement may be worth investigating because of 
their possible effect on non-nutritive oral behavior, 
even though the rope and brush may also stimulate 
oral behaviors.

Tongue-playing behavior, which involves 
moving the tongue from side to side outside the 
mouth, is a common stereotypy that results from 
cattle being under-stimulated (Ishiwata et al., 2008), 
or lack of forage availability (Ridge et  al., 2020). 
Because this is a common outcome of a barren en-
vironment (Binev, 2020), EED that require tongue 
involvement may be more effective in stimulating 
cattle. Because cattle naturally often participate in 
social grooming (Val-laillet et al., 2009), these EED 
may also be more effective in an environment with 
limited social interaction, where additional groom-
ing opportunities may replace social grooming.

The objective of this trial was to investigate 
which EED individually housed heifers would 
interact with most frequently and how EED affect 
overall pen exploratory behavior and feed intake.

MATERIALS AND METHODS

Ethical Approval of  Animal Use

All animal procedures were approved by 
Oklahoma State University Institutional Animal 
Care and Use Committee (AG-15-6).

Animals and Treatments

This trial was conducted at the Nutrition and 
Physiology Research Center (NPRC) at Oklahoma 
State University in Stillwater, OK, USA. Twenty 
mixed breed weaned beef heifers (BW  =  292  ± 
18 kg) were used in a completely randomized de-
sign for the 21-d experiment. Per routine processing 
procedures, upon arrival heifers were adminis-
tered a prophylactic dose of tilmicosin phosphate 
(15  mg/kg BW, Micotil; Elanco Animal Health, 
Indianapolis, IN), doramectin (200  mg/kg BW, 
Dectomax; Zoetis, Florham Park, NJ), and vaccin-
ated for viral and clostridial pathogens excluding 
BVDV (Inforce 3; Zoetis and Bar-Vac 7; Boehringer 
Ingelheim Vetmedica, St. Joseph, MO); heifers were 
ear tagged prior to arrival for individual identifica-
tion. Heifers were maintained in individual slatted 
floor pens (3.05 m × 3.66 m; Figure  1) for 32 d 
prior to initiating the trial. Bedding was not pro-
vided in the pens as pens were cleaned by washing 
waste below the slatted floor, where the waste was 
removed through a drainage system.

Heifers were randomly assigned to individual 
pens. Each pen had two automatic water bowls and 
an individual feeding trough. Pens had vertical bars 
to allow for visual contact and the area of the pen 
with the water bowl had large enough holes in the 
wall such that heifers could have physical contact 
with the heifer in the neighboring pen (i.e., open-
ings in pen wall above water troughs). Heifers were 
maintained in one area of the research facility and 
pens allowed for visual and tactile contact due to 
vertical bar walling with both adjacent pens. Pens 
were cleaned three times a week. Heifers were fed 
a ration (Table  1) formulated to meet or exceed 

Figure 1. Picture of pen design outline. Solid lined oval is the feed 
bunk, 0.55 m wide. The pen has a 0.45 m × 1.27 m adjustable head 
lock leading to the feed bin. The dotted line oval represents a water 
bunk that is 0.25 m long and is in front of a 0.40 × 0.55 opening in the 
pen wall where heifers had contact with adjacent pens. The solid line 
rectangle represents the RLR or SRCH enrichment device mounted 
on the pen wall.
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all NASEM (2016) requirements once daily at ap-
proximately 0700 hours. Feed was managed using 
a modified “slick bunk management” system, al-
lowing for minimal feed refusals. Feed refusals were 
collected daily and feed calls were adjusted accord-
ingly. Ration samples were collected daily and DM 
analyses were performed. Heifers had free access to 
water at all times.

Heifers were examined daily for signs of disease. 
In order for a heifer to qualify for antimicrobial 
treatment, the heifer must have displayed clinical 
signs (e.g., lethargy, coughing, emaciation, etc.) and 
had a rectal temperature of 40 °C. No heifers met 
the criteria to receive antimicrobial treatment dur-
ing this trial.

Heifers were randomly assigned to one of  the 
four EED treatments (five heifers/treatment) using 
average mean differences and standard deviations 
similar to that by Wilson et al. (2002). A two-tailed 
power analysis with an alpha of  0.05 of  five ani-
mals resulted in 0.93; thus, five animals were al-
lotted per treatment. Environmental enrichment 
devices included: Jolly Tug-n-Toss Ball (JLY; Jolly 
Pets, Streetsboro, OH), a broom head (SRCH; 
Quickie, Cinnaminson, NJ), a 72-inch 5-knot 
rope tug (RP; Mammoth Pet Products, Mammoth 
Lakes, CA), and a Horse Pas-a-Fier (RLR; 
Horseman’s Pride Inc., Streetsboro, OH). The JLY 
is a large rubber ball with a handle allowing for the 
animal to grab the ball with the handle using the 
mouth to manipulate the EED. The RLR is a toy 
with raised nubs and a spinning center wheel that 
allowed for gum massaging and spinning with the 
lips and tongue. All EED were predominantly red 
to avoid bias due to color. Jolly Balls were left on 

the pen floor for free use, SRCH were attached to 
the gate of  the pen at animal shoulder height (ap-
proximately 1.2 m), RP were suspended from the 
ceiling in the center of  the pen on a spring, and 
RLR were attached to the gate of  the pen at animal 
shoulder height. Enrichment devices were assigned 
at random, and the cattle in adjacent pens could 
see the EED in the pens on either side, but not ac-
cess the EED in adjacent pens.

Behavioral observations were measured for 21 
d, broken into three periods of 7 d: pre-enrichment 
device period (PR; 7 d prior EED; d 1–7), enrich-
ment device period (EDP; 7 d with EED; d 8–14) 
and post-enrichment device period (PST; 7 d fol-
lowing removal of EED; d 15–21). During EDP, 
the EED were placed in the respective pens at 1900 
hours on d 7; data collection for EDP began at 1000 
hours on d 8.  Enrichment devices were removed 
from pens at 1900 hours on d 14.

Behavior Analysis

Observations were collected from 1000 to 
1800 hours, daily. Prestudy observations indi-
cated that heifers typically started eating after 
feed delivery and continued for approximately 2 
to 2.5 h postfeeding. For that reason, observation 
times were initiated when eating behavior was 
less continuous (1000 hours) to avoid constant 
“eating” behavior measurements. Behavioral ob-
servation ended at 1800 hours because the lights 
in the NPRC were typically turned off  at 1800 
hours for the night. Heifers did not have access 
to natural light and were maintained on a 12:12 
light:dark cycle starting at 0600 hours. This 
protocol was not altered to avoid disrupting con-
ditioned behavior.

Heifers were visually observed every 30  min 
for 8  h/d for 21 d by one of two trained obser-
vers. Observers used an instantaneous scan sam-
pling (Mitlohner et al., 2001) observation method 
in 30-min intervals such that each observer walked 
down the alley in between the pens and recorded 
the behavior of each heifer at that instant. One 
observer trained the other observer. Additionally, 
“getting up” was initially included in the observa-
tions to account for animals that may change lying 
behavior. The measure was removed from the ana-
lyses due to such infrequent occurrences. Thus, it 
was assumed the behavior of the heifers was not 
altered by observer presence. Possible behaviors 
exhibited by each heifer are listed in Table  2. If  
the heifer was participating in an “exploratory” 
behavior the location of that behavior was also 

Table 1. Diet composition

Ingredient Amount, % DM

SweetBrana 54.5

Prairie hay 30.0

Dry rolled corn 11.5

Supplementb 4.0

Analyzed composition  

NEm, Mcal/kg 1.73

NEg, Mcal/kg 1.11

TDN, % 73.42

CP, % 17.01

Crude fiber, % 14.93

ADF, % 19.34

NDF, % 41.86

Fat, % 3.05

aSweetBran, manufactured by Cargill, Dalhart, TX.
bSupplement contained Vitamin A 30,000 IU/g, Vitamin E 500 IU/g, 

Vitamin D 30,000 IU/g, Rumensin-90, and Tylan-40.
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recorded. The locations of exploratory behavior 
are also listed in Table 2.

In addition to the listed behaviors, tongue 
behavior was also observed. Because two of  the 
EED required mouth based interaction, it was 
hypothesized that tongue play may be affected. 
Therefore, at each observation, location of  be-
havior and whether or not the heifer was tongue 
rolling or ruminating was recorded for each 
heifer. Rumination was defined as mastication 
movements other than eating. Dry matter intake 
(DMI) was measured each d by multiplying the 
“as fed” daily feed intake by the daily dry matter 
percentage. Daily DMI change was measured by 
subtracting the second d DMI from the first to 
look at daily change in intake.

Lastly, a HOBO Pendant G Data Logger ac-
celerometer (Onset; Bourne, MA) was attached 
to the medial side of the right hind leg below the 
hock and above the metatarsophalangeal joint 
of each heifer to monitor lying and standing be-
havior 24 h a day. Loggers were attached to heifers 
at 1800 hours on d 0 and set to start recording at 
0000 hours on d 1. Loggers were wrapped in cotton 
around each heifer’s leg, and then wrapped with 
vetrap (3M; Maplewood, MN) to hold loggers in 
place. Loggers were programmed to record in 1-min 
intervals with the x-axis pointed toward the cranial 
direction and the y-axis pointed toward dorsal dir-
ection. Accelerometers were downloaded on d 22 
after being removed from each heifer using Onset 
HOBOware Software.

Statistical Analysis

Behaviors were monitored for each heifer each 
day. Behavior frequency was summed for each be-
havior of  each animal for each day for analyses. 
The response variable was frequency of  behav-
ioral occurrences, or count, for each animal on 
each day. Behavior data were analyzed using the 
GLIMMIX procedure of  SAS version 9.4 (SAS 
Institute Inc.; Cary, NC) allowing for repeated 
measures. The model statement included treatment 
and day. Day was included as a repeated measure. 
Data were also analyzed by period (as opposed to 
day) to compare the three periods (PR, EDP, and 
PST); this method was analyzed the same way, re-
placing day with period. Locations of  behaviors 
and rumination behavior were analyzed using 
the same method. The “getting up” behavior and 
“drinking” behavior happened too infrequently to 
be statistically analyzed and thus were removed 
from analysis.

Locomotor behavior, DMI, and daily DMI 
change were analyzed using the GLIMMIX pro-
cedure of SAS. Accelerometer data was divided 
into standing time, standing bouts, standing dur-
ation, lying time, lying bouts, and lying duration. 
The model included effects of treatment, period, 
and the interaction. One accelerometer was lost 
during the last week of the trial and as a result, 
accelerometer data for that heifer was lost. Thus, 
there are four heifers represented for RP treatment 
rather than five for locomotor behavior.

Table 2. Ethogram of behaviors observed and whether or not location was recorded as well as definitions 
of possible locations of exploratory behavior

Behavior Definition
Location 
recorded?

Drinking Head in or over the water trough No

Eating Head in or over the feed bunk No

Lying Body contact with the ground No

Standing Upright posture, no locomotion, no interaction with other parts of pen, No

Getting up Heifer was originally observed in “lying” position, but as observed moved to 
the “standing” position

No

Exploratory Interaction with a specific part of the pen or another heifer by heifer’s head, tongue, or body Yes

Location Definition

Water trough Heifer’s head, tongue, or body is actively touching the water trough. Heifer’s head is not in or over the 
water trough

Feed bunk Heifer’s head, tongue, or body is actively touching the feed bunk. Heifer’s head is not in or over the feed bunk

Water pipe Heifer’s head, tongue, or body is actively touching the water pipe

Pen gate Heifer’s head, tongue, or body is actively touching the pen gate

Pen wall Heifer’s head, tongue, or body is actively touching the pen wall. This does not include the pen gate

Environmental enrichment device Heifer’s head, tongue, or body is in contact with the enrichment device

Grooming Heifer is actively cleaning or licking itself

Allogrooming Heifer is actively cleaning or licking another heifer
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Main effects were considered significant when 
P ≤ 0.05 and a trend was considered when 0.05 < 
P ≤ 0.10.

RESULTS AND DISCUSSION

Environmental Enrichment Device Interaction

There was an interobserver reliability (joint 
probability of  agreement) of  95% between the two 
observers. There were no treatment by day inter-
actions for any behaviors (P ≥ 0.28). There was 
no effect of  treatment on behavior (P ≥ 0.22), ex-
cept for exploratory behavior during d 8 to d 14, 
where RP heifers spent more time performing ex-
ploratory behavior compared to other treatments 
(P = 0.05). There was a significant day effect for all 
days of  the trial (P ≤ 0.05; Figure 2) such that heif-
ers were more frequently observed lying each day 
compared to other behaviors. The disproportional 
amount of  time that all heifers spent lying com-
pared to other behaviors was not surprising, as 
they were in a confined space allowing for limited 
movement. Feedlot cattle in confinement have 
also been found to spend more time lying than 
standing (Mitlohner et  al., 2001; MacKay et  al., 
2013). It is noteworthy that standing time numer-
ically decreased the day that EED were placed in 
the pens, possibly indicating that heifers may have 
been more uncomfortable or restless while EED 
were being assembled in pens, assuming that com-
fortable or resting heifers would spend more time 
laying down in their pens.

When analyzed as periods, there was no 
period by treatment interaction for eating, lying, 
or standing (P ≥ 0.27), but there was for explora-
tory behavior, such that RP and SRCH heifers 

had increased exploratory behavior during EDP 
(P ≤ 0.001; Figure  4). When analyzed as periods, 
there was a period effect such that standing time 
decreased during EDP compared to PR, lying be-
havior increased from PR to PST, eating behavior 
decreased from PR and EDP to PST, and explora-
tory behavior increased during EDP compared to 
PR and PST (P ≤ 0.01; Figure 3). When analyzed by 
period, there was a treatment effect on location of 
exploratory behavior, where RP and SRCH heifers 
interacted with EED more frequently than other lo-
cations (P ≤ 0.001; Figure 5), but no difference was 
observed for A, G, FB, or PG. Interactions with 
pen wall, water pipe, and water trough happened 
too infrequently to be analyzed.

The increase in exploratory behavior when 
EED were introduced was expected. Increased en-
vironmental exploration is important when EED 
are introduced (Mench, 1998) and the increase 
was likely driven by the addition of the EED. 
Additionally, the daily frequency of exploratory 
behavior during EDP did not differ, indicating that 
habituation to EED did not take place. Wilson 
et  al. (2002) found that there was no habituation 
with a scratching EED. Wilson et  al. (2002) sus-
pected that habituation would occur over a longer 
period of time, which might have happened in this 
trial if  heifers had access to EED for more than 
7 d.  DeVries et  al. (2007) stated that scratching 
EED would be best for reaching inaccessible places 
while grooming, like the back and hindquarters. 
Horvath et al. (2019) reported an increase in macro 
bout frequency of self-grooming behavior with the 
addition of a mechanical brush and no difference 
in allogrooming behaviors. While an increase in 
personal grooming was not observed in the indi-
vidual animal, they may have used the device to 
access areas they cannot normally reach. Future 
studies should note parts of  the body that contact 

Figure 2. Day effect for 21-day trial period on frequency of each 
behavior observed for each day. Behaviors are abbreviated as E for eat-
ing, L for lying, S for standing, and X for exploratory. Lines on graph 
refer to study periods. The three periods of 7 d: pre-enrichment device 
period (PR), enrichment device period (EDP) and post-enrichment de-
vice period (PST).

Figure 3. Effects of experimental period on pen behaviors. 
Behaviors are abbreviated E for eating, L for lying, S for standing, and 
X for exploratory. PR was d 1 to d 7, EDP was d 8 to d 14, PST was d 
15 to d 21. abIndicates significant differences (P ≤ 0.05).
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the scratching EED. Additionally, Horvath et  al. 
(2020) reported that intervals above 3  min while 
scan sampling for brush use were less reliable. 
Thus, the intervals chosen for this trial may have 
been too large to identify true sought differences 
in EED use.

The RP treatment was the most frequently 
explored EED by the heifers. The RP might have 
stimulated play behavior because it was hanging 
from a spring attached to the ceiling and had 
some movement or “give,” while the SRCH did 
not move. The RLR was also fixed to the pen 
gate, but the rolling part of  the device did allow 
for some movement. The JLY was also a move-
able device, but being on the floor was prone to 
collect dirt and feces, which may have discouraged 

interaction. Wilson et  al. (2002) suggested that 
a movable scratching device stimulated play be-
havior because of  the movement of  the device. 
Because heifers could push, rub, or pull the rope 
it may have been the most “play friendly” EED, 
facilitating the most interaction. Stanford et  al. 
(2009) offered one or two ropes in cattle pens 
and monitored interaction for 14 wk; the authors 
found continuous interaction with ropes and did 
not indicate habituation. Rope EED have also 
been used more frequently in other studies with 
piglets (Trickett et al., 2009). Trickett et al. (2009) 
suggested that RP may have been more popular 
compared to wood blocks due to the hanging 
presentation or because it was an object able to 
be manipulate the object’s integrity; Pelley et  al. 
(1995) also made this observation about why a 
bale of  straw was more popular than salt blocks 
and broom heads. The ability to truly manipulate 
may have also stimulated interest by the heifers; 
although, none of  the ropes were noted as dam-
aged after they were taken down.

Previous work has reported that SRCH EED 
were most frequently used, but SRCH was the 
second most used EED in this trial. Wilson et al. 
(2002) stated that heifers interacted more fre-
quently with a scratching object than either of  two 
scented objects, where the authors investigated 
two types of  scratching objects and two scented 
objects. DeVries et  al. (2007) stated that heifers 
spent less time interacting with other areas of  the 
pen (pen wall and water trough) when offered a 
scratching brush. In this trial, there was no differ-
ence in frequency of  interaction of  other pen lo-
cations between the first and second period. The 
brush devices used by Wilson et  al. (2002) and 
DeVries et al. (2007) were both larger than those 
used in the current trial and provided more op-
portunity for cattle to reach inaccessible places. 
Additionally, the two aforementioned trials util-
ized group housed calves, making the comparisons 
to this trial limited. The SRCH EED used in this 
study would be comparable to that used in Pelley 
et  al. (1995), which was smaller and less mobile. 
Thus, SRCH EED may be more useful when they 
are larger and able to reach more inaccessible areas 
of  the body. Yet, those larger SRCH objects are 
not easily implemented into smaller pen settings 
used in intensive research data collection, such as 
the pen setting in this study. The location and dis-
tance from the feed bunk of  the device can also 
affect use (Mandel et  al., 2015). Most devices in 
this trial were close to the feed bunk and mounted 

Figure 4. Effects of period by EED treatment interaction on 
exploraotry behavior. Environmental enrichment devices included: 
Jolly Tug-n-Toss ball (JLY; Jolly pets, Streetsboro, OH), a broom head 
(SRCH; Quickie, Cinnaminson, NJ), a 72-inch 5-knot rope tug (RP; 
Mammoth pet products, Mammoth Lakes, CA), and a Horse Pas-a-
Fier (RLR; Horseman’s Pride Inc., Streetsboro, OH). PR was d 1 to 
d 7, EDP was d 8 to d 14, PST was d 15 to d 21. abIndicates significant 
differences (P ≤ 0.05).

Figure 5. Effect of treatment on location of exploratory behav-
iors. Environmental enrichment devices included: Jolly Tug-n-Toss 
ball (JLY; Jolly pets, Streetsboro, OH), a broom head (SRCH; Quickie, 
Cinnaminson, NJ), a 72-inch 5-knot rope tug (RP; Mammoth pet 
products, Mammoth Lakes, CA), and a Horse Pas-a-Fier (RLR; 
Horseman’s Pride Inc., Streetsboro, OH). Locations are allogrooming 
(A), grooming (G), feed bunk (FB), pen gate (PG), and environmental 
enrichment device (EED). RP and SRCH heifers interacted with their 
enrichment device more frequently than other treatments (P ≤ 0.001). 
abcIndicates significant differences (P ≤ 0.01).
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on the pen gate. Thus, this location might not have 
been ideal for usage and future work should alter 
location of  mounted EED.

Mench et al. (1998) suggested that scratching 
devices may affect stereotyped behaviors such as 
tongue rolling and biting because the massaging 
effect of  a scratching device may stimulate normal 
mouth movements in heifers. Park et  al. (2020) 
reported that addition of  brush EED increased 
tongue rolling bouts and duration in feedlot cattle. 
Similarly, Zobel et  al. (2017) reported non-nutri-
tive suckling being directed at the rope EED in 
their trial. While both EED have been reported to 
affect oral behaviors, this trial included EED that 
specifically involved tongue manipulation to test if  
those types of  EED would be better suited to con-
trol stereotypies than a scratching device. Because 
no tongue rolling or tongue related stereotyp-
ies were observed in this study, it cannot be con-
cluded which device would impact tongue rolling. 
Other authors have suggested that tongue rolling 
is more related to dietary effects, specifically low 
fiber. Faleiro et al. (2011) found that frequency of 
stereotypies were decreased in cattle supplemented 
with barley straw and Iraira et al. (2013) found de-
creased frequency of  tongue rolling with a higher 
fiber diet. Although the fiber content of  the diet 
used in this trial is close to the content of  their low 
fiber diet, it still did not amount to observations of 
tongue rolling.

Use of some EED may require settings that 
allow for social mimicry. Stanford et  al. (2009) 

suggested that interaction may be related to the 
ability to observe penmates interacting with ob-
jects. This may have affected interaction with the 
RLR, because it requires significant curiosity to 
fully interact and heifers were housed individually. 
A pen setting may allow for more curious animals 
to lead EED interactions. All studies previously 
mentioned (Pelley et al., 1995; Wilson et al., 2002; 
DeVries et al., 2007; Trickett et al., 2009; Park et al., 
2020) have used animals housed in a social pen set-
ting, whereas this study housed heifers individually, 
but with the ability to have contact with neigh-
boring heifers. Although heifers are not commonly 
housed individually, it seems that use of a simpler 
EED should be used in these pen settings during 
intensive research data collection.

Accelerometer Behavior

Treatment significantly affected standing 
time, duration of standing bouts, and number of 
standing bouts such that standing time and number 
of standing bouts were greatest for RP heifers and 
least for JLY heifers (P ≤ 0.01; Table 3), while JLY 
heifers had the longest standing bout durations (P 
≤ 0.05; Table 4). Overall, JLY heifers spent the most 
time lying (P ≤ 0.01). Average duration of lying 
bouts decreased from PR to PST, while overall 
number of lying bouts increased from PR to EDP 
(P ≤ 0.01; Table 5).

Accelerometer measured standing time was 
greatest for RP heifers, which has been seen 

Table 3. Main effects of environmentala enrichment device treatment on standing and lying behavior,b dry 
matter intake, and ruminating frequency

JLY RLR RP SRCH SEM P-value

Standing       

Time,c min/d 539c 565b 616a 572b 10.8 <0.01

Average duration of bouts,d min/d 84a 68b 77ab 72b 4.7 0.04

Bouts,e number/d 7.9b 8.8a 9.1a 8.3ab 9.05 0.02

Lying       

Timec, min/d 900a 874ab 846b 867b 14.7 0.04

Average duration of bouts,d min/d 36 32 38 34 2.9 0.47

Bouts, number/d 36 35 36 33 2.3 0.64

DMI, kg 16.8a 14.0b 12.8c 14.1b 0.33 <0.01

DMI change, kg −0.02 0.15 0.07 0.11 0.138 0.85

Ruminating, count/d 8.7 8.6 8.6 8.5 0.17 0.94

a,b,c Values with differing superscripts differ (P ≤ 0.05).
aEnvironmental enrichment devices included: Jolly Tug-n-Toss ball (JLY; Jolly pets, Streetsboro, OH), a broom head (SRCH; Quickie, 

Cinnaminson, NJ), a 72-inch 5-knot rope tug (RP; Mammoth pet products, Mammoth Lakes, CA), and a Horse Pas-a-Fier (RLR; Horseman’s 
Pride Inc., Streetsboro, OH).

bBehavior measurements were collected using Onset Pendent G data loggers (Onset Computer Corp., Bourne, MA).
cTotal duration of standing or lying per heifer.
dTime of continuous lying or standing behavior per heifer within a bout.
eNumber of changes between standing to lying or lying to standing per heifer.
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previously. Pelley et al. (1995) found that steers with 
a suspended EED spent the most time standing and 
ruminating compared to animals with other EED. 
The heifers might have spent more time standing 
to interact more with the RP. They also had longer 
standing durations and more frequent standing 
bouts, which could relate to time spent exploring 
the EED. Standing time was also high in the SRCH 
heifers, which again may be due to time spent ex-
ploring the enrichment device. Park et al. (2020) did 
not find a difference in standing and lying time be-
tween cattle with or without a mechanical brush. 
However, their data was collected using a scan sam-
pling method and cattle were housed in pens. The 
continuous measuring of the accelerometers al-
lowed for more sensitive differences in standing and 
lying to be detected.

Heifers with the RLR had frequent but shorter 
duration standing bouts, indicating more “getting 
up and down” behavior. This behavior can be indi-
cative of discomfort or restlessness (Huzzey et al., 
2005). Thus, the RLR may not have positively af-
fected pen behavior of individually housed heifers. 
Since JLY was the only EED that could be interacted 
with in the lying position, it may have allowed for 
more lying time, whereas heifers had to be standing 
to explore other devices. Time standing may affect 
hoof health and increased time standing could lead 
to increased lameness (Galindo and Broom, 2000). 
Although no differences in hoof health were ob-
served in this trial, the length of observation may 
have been too short for such conditions to develop. 

Although no differences in hoof health were ob-
served, there may have been differences in comfort 
still that could lead to differences in performance.

Dry Matter Intake

There was no interaction between treatment 
and period for DMI. There was a significant effect 
of treatment on DMI, where JLY heifers had the 
highest overall DMI (P ≤ 0.01), but there was not 
a period effect on DMI (P = 0.53). Daily change 
in DMI was not different between EED or peri-
ods (P ≥ 0.51). These results indicate that the EED 
treatments did not affect DMI. Similarly, Trickett 
et al. (2009) found no difference in DMI in piglets 
that were given EED.

There was no difference in rumination between 
treatments (P ≥ 0.12; Table 3). There was a signifi-
cant day effect on rumination for both PR and PST 
(P ≤ 0.01; Table 5)  where rumination was variable 
each day. Ruminating behavior increased during 
EDP (P ≤ 0.001), but was not different between EED 
treatments. Pelley et al. (1995) observed increased ru-
minating behavior in animals offered a SRCH device. 
However, Ishiwata et  al. (2006) observed decreased 
ruminating behavior when steers were enriched with 
a drum can device. Similarly to the results of this 
trial, Park et al. (2020) also found no difference in ru-
mination duration in feedlot cattle with a brush en-
richment device. This suggests that the effect of EED 
on ruminating may depend on the EED. Differences 
may be specific to pen condition and devices used.

Table 4.  Main effects of  perioda on standing and lying behavior,b dry matter intake, and ruminating 
frequency

PR EDP PST SEM P-value

Standing      

Timec, min/d 576 569 574 8.6 0.74

Duration of bout,d min/d 74 77 76 3.7 0.86

Bouts,e number/d 8.6 8.6 8.5 0.23 0.94

Lying      

Time,c min/d 881 872 863 10.6 0.80

Average duration of bouts,d min/d 39 34 32 2.4 0.11

Bouts,e number/d 31a 37b 37b 1.8 0.02

DMI, kg 14.1 14.2 14.9 0.3 0.13

DMI change, kg -0.01 0.13 0.11 0.107 0.63

Ruminating, count/d 8.3b 9.1a 8.5b 0.15 < 0.01

a,b,c Values with differing superscripts significantly differ (P ≤ 0.05).
aThree periods of 7 days: pre-enrichment device period (PR), enrichment device period (EDP), and postenrichment device period (PST).
bBehavior measurements were collected using Onset Pendent G data loggers (Onset Computer Corp., Bourne, MA).
cTotal duration of standing or lying per heifer.
dTime of continuous lying or standing behavior per heifer within a bout.
eNumber of changes between standing to lying or lying to standing per heifer.
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The results of this trial highlight some consid-
erations for the inclusion of EED to cattle being 
housed in barren pens individually. These results 
show that RP based EED may be used most fre-
quently in these pen settings, especially if  sus-
pended and allowing for maximal manipulation, 
compared to the other EED evaluated. While the 
SRCH EED was not used the most in this study, a 
larger or mobile scratching device may be utilized 
more frequently in a larger, social pen setting. Thus, 
when selecting an EED, one must consider pen and 
social conditions of housing to determine the op-
timal device. Future similar studies should consider 
physiological differences associated with welfare 
and each EED when investigating differences be-
tween individually housed beef heifers.

ACKNOWLEDGMENTS

This experiment was funded in part by the USDA 
National Institute of Food and Agriculture Hatch 
project and the Oklahoma Agricultural Experiment 
Station of the Division of Agricultural Sciences and 
Natural Resources at Oklahoma State University.

Conflict of interest statement. The authors  
declare no conflict of interest.

LITERATURE CITED
Biven, R. 2020. Tongue rolling stereotypy in cattle – etiological, 

epidemiological and clinical investigations. Bulg. J.  Vet. 
Med. (online first). 1–9. doi:10.15547/bjvm.2336

DeVries,  T.J., M.  Vankova, D.M.  Veira, and 
M.A. von Keyserlingk. 2007. Short communication: usage 
of mechanical brushes by lactating dairy cows. J. Dairy 
Sci. 90:2241–2245. doi:10.3168/jds.2006-648

Faleiro, A.G., L.A. González, M. Blanch, S. Cavini, L. Castells, 
J.L.  Ruíz  de  la  Torre, X.  Manteca, S.  Calsamiglia, and 
A. Ferret. 2011. Performance, ruminal changes, behaviour 
and welfare of  growing heifers fed a concentrate diet with 
or without barley straw. Animal 5:294–303. doi:10.1017/
S1751731110001904

Finck,  D.  N., F.  R.  B.  Ribeiro, N.  C.  Burdick, S.  L.  Parr, 
J. A. Carroll, T. R. Young, B. C. Bernhard, J. R. Corley, 
A. G. Estefan, R. J. Rathmann, and B. J. Johnson. 2014. 
Yeast supplementation alters the performance and health 
status of receiving cattle. Prof. Anim. Sci. 30:333–341. 
doi:10.15232/S1080-7446(15)30125-X

Galindo, F., and D. M. Broom. 2000. The relationships between 
social behavior of dairy cows and the occurrence of lame-
ness in three herds. Res. Vet. Sci. 69:75–79. doi:10.1053/
rvsc.2000.0391

Haque, M. N., H. H. Hansen, I. Storm, and J. Madsen. 2017. 
Comparative methane estimation from cattle based on 
total CO

2 production using different techniques. Anim. 
Nut. 3:175–179. doi:10.1016/j.aninu.2017.04.004

Horvath, K. C., and E. K. Miller-Cushon. 2019. Characterizing 
grooming behavior patterns and the influence of 
brush access on the behavior of group-housed dairy 

calves. J. Dairy Sci. 102:3421–3430. doi:10.3168/jds. 
2018-15460

Horvath,  K.  C., R.  L.  Toaff-Rosenstein, C.  B.  Tucker, and 
E.  K.  Miller-Cushon. 2020. Measuring behavior pat-
terns and evaluating time-sampling methodology to char-
acterize brush use in weaned beef cattle. J. Dairy Sci. 
103:8360–8368. doi:10.3168/jds.2020-18419

Huzzey, J. M., M. A. von Keyserlingk, and D. M. Weary. 2005. 
Changes in feeding, drinking, and standing behavior of 
dairy cows during the transition period. J. Dairy Sci. 
88:2454–2461. doi:10.3168/jds.S0022-0302(05)72923-4

Iraira,  S.  P., J.  L.  Ruíz  de  la  Torre, M.  Rodríguez-Prado, 
S.  Calsamiglia, X.  Manteca, and A.  Ferret. 2013. Feed 
intake, ruminal fermentation, and animal behavior of 
beef heifers fed forage free diets containing nonforage 
fiber sources. J. Anim. Sci. 91:3827–3835. doi:10.2527/
jas.2012-5803

Ishiwata,  T., K.  Uetake, N.  Abe, Y.  Eguchi, and T.  Tanaka. 
2006. Effects of an environmental enrichment using a 
drum can on behavioral, physiological and productive 
characteristics in fattening beef cattle. Anim. Sci. J. 
77:352–362. doi:10.1111/j.1740-0929.2006.00359.x

Ishiwata,  T., K.  Uetake, Y.  Eguchi, and T.  Tanaka. 2008. 
Function of  tongue-playing of  cattle in associ-
ation with other behavioral and physiological char-
acteristics. J. Appl. Anim. Welf. Sci. 11:358–367. 
doi:10.1080/10888700802330242

Keeling, L. J., D. De Oliveira, and B. O. Rustas. 2016. Use 
of  mechanical rotating brushes in dairy cows—a poten-
tial proxy for performance and welfare. Precision dairy 
farming. http://www.wageningenacademic.com/doi/
book/10.3920/978-90-8686-829-2. Accessed July 4, 
2020.

Kilgour,  R.  J., G.  J.  Melville, and P.  L.  Greenwood. 2006. 
Individual differences in the reaction of beef cattle to situ-
ations involving social isolation, close proximity of hu-
mans, restraint and novelty. Appl. Anim. Behav. Sci. 99: 
21–40. doi:10.1016/j.applanim.2005.09.012

MacKay,  J.  R., S.  P.  Turner, J.  Hyslop, J.  M.  Deag, and 
M. J. Haskell. 2013. Short-term temperament tests in beef 
cattle relate to long-term measures of behavior recorded 
in the home pen. J. Anim. Sci. 91:4917–4924. doi:10.2527/
jas.2012-5473

Mandel, R., H. R. Whay, E. Klement, and C. J. Nicol. 2015. 
Invited review. Environmental enrichment of dairy cows 
and calves in indoor housing. J. Dairy Sci. 99:1695–1715. 
doi:10.3168/jds.2015–9875

McConnachie, E., A. M. C. Smid, A. J. Thompson, D. M. Weary, 
M. A. Gaworski, and M. A. von Keyserlingk. 2018. Cows 
are highly motivated to access a grooming substrate. Biol. 
Lett. 14:20180303. doi:10.1098/rsbl.2018.0303

Mench, J. A. 1998. Environmental enrichment and the import-
ance of exploratory behavior. In: Shepherdson, D.J., J.D. 
Mellon,  M. Hutchins, editors. Second nature, environ-
mental enrichment for captive animals. Washington, DC: 
Smithsonian Institution Press; p.  30–46. doi:10.1080/ 
00071660120048393

Mench, J. A., J. Morrow-Tesch, L. Chu. 1998. Environmental 
enrichment for farm animals. Lab. Anim. 27:32–36.

Mitlöhner,  F.  M., J.  L.  Morrow-Tesch, S.  C.  Wilson, 
J. W. Dailey, and J. J. McGlone. 2001. Behavioral sampling 
techniques for feedlot cattle. J. Anim. Sci. 79:1189–1193. 
doi:10.2527/2001.7951189x

https://doi.org/10.15547/bjvm.2336
https://doi.org/10.3168/jds.2006-648
https://doi.org/10.1017/S1751731110001904
https://doi.org/10.1017/S1751731110001904
https://doi.org/doi:10.15232/S1080-7446(15)30125-X
https://doi.org/doi:10.1053/rvsc.2000.0391
https://doi.org/doi:10.1053/rvsc.2000.0391
https://doi.org/doi:10.1016/j.aninu.2017.04.004
https://doi.org/10.3168/jds.2018-15460
https://doi.org/10.3168/jds.2018-15460
https://doi.org/10.3168/jds.2020-18419
https://doi.org/10.3168/jds.S0022-0302(05)72923-4
https://doi.org/10.2527/jas.2012-5803
https://doi.org/10.2527/jas.2012-5803
https://doi.org/10.1111/j.1740-0929.2006.00359.x
https://doi.org/10.1080/10888700802330242
http://www.wageningenacademic.com/doi/book/10.3920/978-90-8686-829-2
http://www.wageningenacademic.com/doi/book/10.3920/978-90-8686-829-2
https://doi.org/10.1016/j.applanim.2005.09.012
https://doi.org/10.2527/jas.2012-5473
https://doi.org/10.2527/jas.2012-5473
https://doi.org/10.1098/rsbl.2018.0303
https://doi.org/10.1080/
00071660120048393
https://doi.org/10.1080/
00071660120048393
https://doi.org/10.2527/2001.7951189x


10 Bruno et al.

Translate basic science to industry innovation

National Academies of  Sciences, Engineering, and Medicine 
(NASEM). 2016. Nutrient requirements of  beef  cattle. 
8th rev. ed. Washington (DC): The National Academies 
Press.

Park,  R.  M., K.  M.  Schubach, R.  F.  Cooke, A.  D.  Herring, 
J.  S.  Jennings, and C.  L.  Daigle. 2020. Impact of a 
cattle brush on feedlot steer behavior, productivity and 
stress physiology. Appl. Anim. Behav. Sci. 228:104995. 
doi:10.1016/j.applanim.2020.104995

Pelley, M. C., A. Lirette, and T. Tennessen. 1995. Observations 
on the responses of feedlot cattle to attempted environ-
mental enrichment. Short communication. Can. J. Anim. 
Sci. 75:631–632.

Ridge, E. E., M. J. Foster, and C. L. Daigle. 2020. Effect of diet 
on non-nutritive oral behavior performance in cattle: a sys-
tematic review. Livestock Sci. 238:104063. doi:10.1016/j.
livsci.2020.104063.

Rushen, J., A. Boissy, E. M. Terlouw, and A. M. de Passillé. 
1999. Opioid peptides and behavioral and physio-
logical responses of dairy cows to social isolation in 
unfamiliar surroundings. J. Anim. Sci. 77:2918–2924. 
doi:10.2527/1999.77112918x

Stanford,  K., R.  Silasi, T.  A.  McAllister, and 
K. S. Schwartzkopf-Genswein. 2009. Behavior of feedlot 

cattle affects voluntary oral and physical interactions with 
manila ropes. J. Anim. Sci. 87:296–303. doi:10.2527/jas. 
2008-1136

Trickett,  S.  L., J.  H.  Guy, S.  A.  Edwards. 2009. The role of 
novelty in environmental enrichment for the weaned pig. 
Appl. Anim. Behav. Sci. 116:45–51. doi.org/10.1016/j.
applanim.2008.07.007

Val-Laillet,  D., V.  Guesdon, M.  A.  von  Keyserlingk, 
A. M. de Passillé, and J. Rushen. 2009. Allogrooming in 
cattle: relationships between social preferences, feeding 
displacements and social dominance. Appl. Anim. Behav. 
Sci. 116:141–149.

Wilson, S. C., Mitlohner, F. M., Morrow-Tesch, J., J. W. Dailey, 
and J.  J.  McGlone. 2002. An assessment of several  
potential enrichment devices for feedlot cattle.  
Appl. Anim. Behav. 76:259–265. doi.org/10.1016/S0168- 
1591(02)00019-9

Wood-Gush, D.G., R. G. Beilharz. 1983. The enrichment of 
a bare environment for animals in confined conditions. 
Appl. Anim. Ethol. 10:09-217.

Zobel,  G., H.  W.  Neave, H.  V.  Henderson, and J.  Webster. 
2017. Calves use an automated brush and a hanging 
rope when pair-housed. Animals. 7: 84. doi:10.3390/ 
ani7110084

https://doi.org/10.1016/j.applanim.2020.104995
https://doi.org/doi:10.1016/j.livsci.2020.104063
https://doi.org/doi:10.1016/j.livsci.2020.104063
https://doi.org/10.2527/1999.77112918x
https://doi.org/10.2527/jas.2008-1136
https://doi.org/10.2527/jas.2008-1136
https://doi.org/doi.org/10.1016/j.applanim.2008.07.007
https://doi.org/doi.org/10.1016/j.applanim.2008.07.007
https://doi.org/doi.org/10.1016/S0168-1591(02)00019-9
https://doi.org/doi.org/10.1016/S0168-1591(02)00019-9
https://doi.org/doi:10.3390/ani7110084
https://doi.org/doi:10.3390/ani7110084

