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Abstract

Environmental enrichment objects such as a grooming brush and calf ball may prevent abnormal behaviors that are common in limit fed
dairy heifers. This was tested in a split-plot design using 24 Holstein heifers (161.9 + 33d of age) housed in six pens (n = 2/enrichment) with
either a brush (BR), ball (BA), or no enrichment (NA). In each pen, heifers (n = 2) received either a control diet (CON), fed at 100% of predicted
dry matter intake of National Research Council (NRC) recommendations, or a high concentrate limit-fed diet (LIM), fed at 85% of NRC predicted
dry matter intake (DMI; NRC 2001), for six weeks. DMI was recorded daily, and body measures were taken weekly. Behaviors such as feed
aggression, feed visits, use of enrichment, and play behavior were recorded for 24 hours each week, and lying time was summarized hourly for
six weeks. The MIXED procedure of SAS was used to analyze the effects of treatment, date, and all 2-way interactions for all models on behavior,
body measures, and lying time. The addition of BA increased play behavior by 8 mins/d (P = 0.01). Heifers, regardless of diet, spent 30 mins more
using BR than BA (P = 0.03). Treatment did not affect feed aggression or visits to the feed bunk. When the pen was enriched with BA, LIM heifers
spent 72 additional mins/d lying down compared with CON (P = 0.01). The use of enrichment in LIM heifers showed some improvement in lying
and standing

Keywords:Dairy heifers; Limit fed; Enrichment; Behavior

Abbreviations: NRC: National Research Council; CON: Control Diet; DMI: Dry Matter Intake

Introduction
hunger and demonstrates decreased welfare of the heifer (Watts

Raising replacement dairy heifers should be cost-efficient and Stookey, 2000) while decreased lying time and increased

without compromising production; it accounts for about 20% of

} ) non-recumbent time contribute to increased lameness [4] and
the farm’s annual expenses with 60% of that cost related to feed [1].

decreased average daily gain (Mogensen et al., 1997, Hanninen et
al,, 2005). Some studies simply attribute these behavioral changes
to signs that the heifers are hungry [4], which could occur when

Since the nutrition programs utilized during heifer development
impact the future production of the heifers, the diet provided to
dairy heifers influences profitability. Limit-feeding has improved

) ] ) ) heifers are limit fed if satiety is not reached with a lower forage
feed efficency in dairy heifers [2,3], reduced feed costs (Loerech,

(i.e. bulk) and greater concentrate (i.e. greater nutrient density)

1996) and improved the digestibility of feed stuffs (Driedger and
Loerch, 1999, Clark et al,, 2007). Even though limit-feeding may
provide producers a cost efficient way to achieve desired average
daily gain, previous research has noted behavioral changes in
heifers when limit-fed. For example, Hoffman et al. [2] observed
increases in vocalization and non-recumbent time and decreased
lying time. Increased vocalization is a sign of frustration or

diet.

However, these behaviors can also be attributed to lack of
stimuli or increased frustration due to being housed in a bare
enviroment [5]. In young dairy calves, environmental enrichment
devices suchasgroomingbrushes, ropes and balls have been shown
to increase social and locomotion play [6,7] which is considered a
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sign of positive welfare [8]. To date, there has been no research
to determine if behaviors observed by limit-fed heifers are due to
bare-environment housing. Therefore, the objective of this study
is to determine whether the use of environmental enrichment
(e.g., grooming brush or tetherball) can promote positive welfare
behavior in limit-fed dairy heifers.

Materials and Methods

Procedures and protocols for heifer experimentation were
approved by the North Carolina State University Institutional
Animal Care and Use Committee (protocol number 18-117-A).

All animals were housed at the North Carolina Department of
Agriculture and Consumer Services Piedmont Research Station
in Salisbury, NC. Data collection took place from November to
December 2018. Heifers were housed in a three-sided pole barn
and were fed individually from Calan bins (American Calan,
Northwood, New Hampshire) located in front of the pole barn on
a concrete feeding ally which was scraped weekly. The pole barn
was an open-bedded pack containing sawdust; new sawdust was
added weekly. The barn was divided with panels into 6 equal pens
measuring 3.7m x 18.0m, providing each animal with 16.7m? of
space. Three water troughs were placed in the pens such that each
trough was shared by two pens (Figure 1).
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Bedded Pack
Feed and Water
Alley
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Figure 1: Split plot treatment design and pen layout. Heifers were housed six pens (4 per pen) and fed individually in Calan bins. Ball
(BA) or brush (BR) was installed (in random order) in the pen and heifers were assigned (randomly) to either BA, BR, or None. Within pen,
heifers were randomly assigned to diet (control, CON; limit-fed, LIM).
\ J

Twenty-four Holstein heifers (161.9 * 33d of age, 163.94
kg of initial BW) were randomly assigned to one of the six pens
(n=4). Two sets of three pens (replicate 1 and 2) contained either
a hanging ball (BA, CalfBall, Future Cow, Longwood, FL), a calf
brush (BR, Mini Swinging Brush MSB, Delaval, Kansas City, MO),
or no behavior modifier (NA). BR, set 71.1 cm off the ground, and
BA, hung 78.7 cm off the ground, were located in the bedded pack
portion of the pens.

All heifers were trained to eat individually from Calan bins
(Northwood, NH) for one week and were then enrolled in a split-
plot design for five weeks. Two heifers in each pen were fed either
a limit-fed diet (LIM) or a control diet (CON; Table 1). Heifers fed
CON received a diet that met NRC (2001) nutrition requirements
for heifers planning to calve at 24 mo of age, targeting an average
daily gain of 0.70 kg/d. LIM heifers were fed 85% of NRC DMI
requirements for heifers planning to calve at 24 mo of age and
targeting an average daily gain of 0.70 kg/d while receiving all
required nutrients to support maintenance and growth (i.e less
feed, more nutrient dense). All heifers were offered fresh feed

between 1100 and 1200 feed intake recorded daily; heifers were
given ad libitum access to water. Feed samples from each heifer
were collected weekly. Samples were dried in a forced-air oven at
60°C for 36 hours and ground through a 2 mm screen. Samples
were then pooled by week across diet and were analyzed by wet
chemistry for DM, NDF and ADF, CP, ME, and the macro-minerals
Ca, P and K (Cumberland Valley Analytical Services, Waynesboro,
PA).

Data collection started at the end of the training week (week
0) and continued for 5 weeks (week 1-5). At the beginning of week
0, heifers were equipped with a pedometer (Iceqube, IceRobotics,
Scotland, UK), as described by Finney et al. [9], that recorded
standing, lying time, and lying bouts every hour for 6 weeks. The
pedometer was placed on the left hind leg of each heifer. Data
were downloaded from the pedometers weekly by waving a wand
reader across the tags.

Behaviors such as interaction with BA or BR, aggression at
the feed bunk, and feeder visits were monitored using a security
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camera system. Two cameras were positioned between the pack
and feed alley with one facing into the pack and one facing into the
feed alley. Each camera observed two pens at one time. The last
two digits of each heifer’s ear tag number were painted across the
rump, and new spray paint was applied weekly to help with video
identification. Video for all pens was recorded for 24 hours once
a week during weeks 1 through 5. Optimal behavior observation
time was determined by using a 24-hour time-lapse of weeks 1
and 5 to find the most active periods for each behavior. BA and BR

interactions and social and individual play events were recorded
for 24-hour periods on weeks 3 and 4, but visits to the feed bunk
and aggression at the feed bunk were only recorded from 0600
to 1900 on those weeks. Three trained individuals observed
behaviors using Observer XT (Nolbus, Leesburg, VA). This software
used the ethogram (Table 2) and front and back pictures of the
animals in each pen to record behaviors. Social play behaviors
and object use were recorded as timed events while feeding and
aggression were recorded as time-independent events.

Table 1: Ration composition and nutrient intake of the limit-fed and control diet fed to Holstein heifers.

Control Diet* Limit-fed diet*
Ingredients, kg DM
Corn Grain, ground 2.27 2.5
Soybean meal 0.95 1.04
Grass hay 1.81 -
Cottonseed, hulls 1.51 1.67
Vitamin Premix 0.01 0.01
Salt 0.03 0.03
Di-Calcium Phosphate 0.07 0.07
Nutrient Analysis
DM, % 87.12 86.95
OM, % 95.14 95.78
TDN 59.24 65.5
NEm, 0.58 0.68
NEg, kcal 0.32 0.4
CP, %DM 14.48 17.86
CE %DM 2.6 3.02
ADF, %DM 33.68 25.84
aNDF, %DM 51.4 34.26
Ash, %DM 4.86 422
Ca, %DM 0.37 0.35
P, %DM 0.44 0.52
Mg, %DM 0.23 0.21
K, %DM 1.64 1.2
Na, %DM 0.11 0.21
Mn, PPM 81.2 85.8
Zn, PPM 84.2 102.2
Cu, PPM 15.8 25
Nutrient Intake, kg/d SEm P-value
DMI 5.55% 4.87° 0.07 <0.01*
Ccp 0.86 0.81 0.02 0.66
Lignin 0.15 0.15 0.01 0.6
ADF 1.63 1.59 0.05 0.56
aNDF 2.34 2.27 0.09 0.58
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Ash 0.25 0.24 0.01 0.54
NEM, Mcal/d 1.45 1.43 0.03 0.64
NEG, Mcal/d 0.83 0.82 0.03 0.78

'Control: 100% DM recommendation by NRC (2001) standards. Limit-fed: 85% DM recommendation by NRC (2001) standards.

a,b,c : Within row, means without a common superscript significantly differ (P<0.05)

Table 2: Ethogram of calf interactions with the brush and ball, play, and feeding behavior.

Behavior Description
Play with others Frontal pushing and butt head-to-head with another heifer (Jenson et al., 1998)
Individual Play Galloping, bucking or ground play behavior as describe by Jenson et al. (1998)
Any part of the body in contact with the ball or chain. Behavior ends if heifer is standing by object for 10secs with no contact
Ball use ey .
or if heifer walks away from object
Any part of body in contact with mechanical brush. Behavior ends when brush stops spinning (10secs with no contact) or if
Brush use . .
heifer walks away from object
Feed bunk visit Heifer opened Calan gate and placed head in her assigned bin
Aggl:s;ll(()n at Making physical contact with feeding heifer and takes her place at the bin.

A power test conducted using the Proc Power procedure of
SAS (Version 9.4, SAS Institute, Inc., Cary, NC) indicated that n
= 4 would be necessary to detect a difference in behavior at a =
0.05, B = 0.94. The test was run using a two sample means with
acceptable means being a difference of 30 mins of lying time
between CON and LIM groups, as determined by Kitt et al. (2014)
and [10], respectively.

Data were tested for normality using UNIVARIATE procedure
of SAS. Potential outliers were tested using the Grubb’s test
for a single outlier in Microsoft Excel (Office 365); no outliers
were found. Data were analyzed using a MIXED procedure in
SAS 9.4 with the random effect being block (Replicate 1 or 2)
and block*enrichment interaction. “Heifer” was considered the
experimental unit. The model for all body measures, average daily
gain, feed: gain ratio, NEFA, VFA, and most behaviors included
enrichment (BA vs. BR vs. NONE), diet (LIM vs. CON), week (date
was used for lying time, standing time, and lying bouts), and all
2-way interactions. The model for object interaction included
enrichment (BA vs. BR), diet (LIM vs. CON), week, and all 2-way
interactions. The linear statistical model is listed below:

Y =uta+n,+ ﬁj +af w ¥ &

where TEPTESENLS the fixed effect of enrichment, ﬁj represents
the fixed effect of diet and aff @) 1S the fixed interaction between
the enrichment and diet. (i) represents the whole-plot error
(block error x enrichment error) and (k) represents the split-plot
error (enrichment error x diet error x block error). The degrees
of freedom for the split-plot design in SAS was df= 3. Results
were recorded as least squares means * SEM. P values were
adjusted using Tukey Kramer for multiple comparisons. Statistical
significance was reported at P < 0.05. A tendency was reported at

aP=>0.05and<0.10.

Results and Discussion

CON heifers consumed 0.70 kg/d more DM than LIM (5.56
+ 0.07 v. 487 = 0.07 kg/d, respectively, P < 0.01; Table 1) as
intended, but no other differences in nutrient intake were noted.
While the LIM diet was 0.08 kcal and 3.4% greater in NEg and CP,
restricted intake of LIM resulted in similar nutrient intake and
subsequently, no changes in average daily gain (0.48 vs. 0.51 kg/d
+0.06) or feed: gain ratio (12.5 vs 10.5 +1.78, P> 0.05; Table 3). In
this study, average daily gain was lower than expected, averaging
0.50 kg/d despite a target of 0.70 kg/d. Although feed intake was
based on NRC (2001) requirements for 150-200 kg large breed
heifers, some studies suggest these values should be greater [3,4].
Therefore, heifers in the current study likely did not have sufficient
nutrient intake to achieve the recommended average daily gain.
Our study showed exceptionally high, though not significantly
different, feed: gain ratios in both feeding groups, likely due to the
low average daily gain achieved. Enrichment type did not affect
intake or growth performance, as expected.

There was a tendency for CON heifers to have more frequent
visits to the feed bunk compared with LIM (Table 4), which was
likely related to feed availability. Heifers fed CON had greater
volume and density of feed and were less likely to consume it
in one bout, resulting in additional visits to the bunk whereas,
LIM heifers had less feed and less motivation to return outside
of normal feeding times. But LIM heifers demonstrated more
aggressive behaviors at the feed bunk (9.2 v. 2.3 + 1.5 events,
respectively, P < 0.01: Table 4). A study conducted by De Paula
Vieira et al. [11] showed that restriction of milk intake in pre-
weaned calves led to increased agonistic interactions and other
competitive behaviors at the automatic feeding system in group-
housed dairy calves. Therefore, behaviors of our LIM heifers may
have been due to hunger despite other work demonstrating no
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changes in agonistic behaviors between LIM and CON heifers [12].  the 6-week period, likely due to the heifers adjusting to the diet
All heifers continuously decreased visits to the feed bunk over (Figure 2).

Table 3: Growth parameters for Holstein heifers consuming a limit-fed or control diet with pens containing a grooming brush, calf ball, or no
enrichment from mid-November to late December 2018.

Diet!? Enrichment? P-values
Control Limit-fed SEM Ball Brush No enrichment SEM Diet | Enrichment | Diet*Toy

Initial BW, kg 162.73 165.14 1031 | 169.72 | 1471 175 12.62 | 0.87 0.28 0.62
ADG, kg/d 0.48 0.51 0.06 0.51 0.51 0.44 007 | 075 0.7 0.87
Feed: gain4 12.59 10.52 1.78 9.72 10.96 14.74 222 | 045 0.27 0.89
Hip Height,cm | 115.19 116.08 076 | 116.87* | 113.64° 116.38 094 | 041 0.03 0.21
Hip Width, cm 30.45 31.19 0.53 31.32 29.64 315 084 | 0.11 0.35 0.63
W‘thezn]je‘ght' 108.51 109.88 094 | 11039 | 107.47 109.7 137 | 0.19 041 0.1
Heart Girth,cm | 131.39 131.95 127 | 13231 | 1288 13391 155 | 076 0.06 0.14

a,b,c: Within row, means without a common superscript significantly differ (P<0.05)
"Walues are reported as least square means and SEM for the experiment.

2Control: 100% DM recommendation by NRC (2001) standards. Limit-fed: 85% DM recommendation by NRC (2001) standards. All nutritional
requirements for growth and maintenance were meet.

SExpressed as average DMI/hd/d
“Calculated by dividing DMI/hd/d and average daily gain

Table 4: Feed bunk visits and behaviors in Holstein heifers consuming a limit-fed or control diet with pens containing a grooming brush, calf ball, or
no enrichment from mid-November to late December 2018.

Diet!? Enrichment? P-values
#0bservations Control Limit-fed SEM Ball | Brush | Noenrichment | SEM | Diet | Enrichment | Diet*Toy
Visits per day 26.3 235 4.3 21.8 27.2 25.7 6.6 | 0.08 0.84 0.85
Aggressive behaviors?® 2.3 9.2 1.5 5.8 3.9 7.4 1.7 | 0.01 0.3 0.64

a,b,c: Within row, means without a common superscript significantly differ (P<0.05)
"Values are reported as least square means and SEM for the experiment.

2Control: 100% DM recommendation by NRC (2001) standards. Limit-fed: 85% DM recommendation by NRC (2001) standards. All nutritional
requirements for growth and maintenance were meet.

3See ethogram (Table 2) for description of aggressive feed bunk behaviors.
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Figure 2: Feed bunk visits by week in 24 Holstein heifers on a control (CON) or limit-fed (LIM) diet during mid-November to late
December 2018.
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LIM heifers with BA spent 59.1 more min/d lying down heifers with BA. Contrary to Hoffman et al. [2] who reported
compared to those with NA, but the addition of BR for enrichment  decreased lying time for LIM heifers, our study found that LIM
did not affect lying time (Figure 3, P < 0.05). CON heifers with BA  heifers had increased lying time regardless of enrichment type.
enrichment spent 73 less min/d lying down compared to those The addition of straw to the diet had no impact on lying time in
with BR but were not different from heifers without enrichment  Kitts et al,,[4], suggesting enrichment may be a more efficient way
(Figure 3, P < 0.05). LIM heifers with BA or BR spent more time of increasing LIM fed heifer lying time.

(80.2 min/d and 58.2 min/d, respectively) lying down than CON
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Figure 3: Effects of enrichment devices (calf ball, grooming brush, or no enrichment) on lying times for 24 Holstein heifers on a control
(CON) or limit-fed (LIM) diet during mid-November to late December 2018. a,b means without a common superscript differ (P < 0.05).
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Figure 4: Enrichment interaction events and duration in 24 Holstein heifers on a control (CON) or limit-fed (LIM) diet during mid-November
to late December 2018. a,b means without a common superscript differ (P < 0.05).
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Diet did not affect how many interactions heifers had with
each enrichment or social play behaviors. Heifers with BR had
15.3 + 1.1 interactions/d compared to the 4.3 + 1.1 interactions/d
seen in BA heifers (Figure 4, P<0.01). The average time spent with
the enrichment also was increased for BR vs. BA (2.14 + 0.17 min
vs. 1.13 # 0.17 min, respectively; P = 0.04) as was the total time
duration (25.76 * 1.83 min/d vs. 4.14 * 1.83 min/d, respectively;
P < 0.01; Figure 4), demonstrating that heifers interacted with
BR more often and for a longer time than BA. In a similar study,
pre-weaned calves enriched with BR and a long rope attached to
the wall had 56 more visits/d to the BR compared with the rope,
but the calves played with the rope for 20 s/visit longer than
BR, leading to no significant difference in total duration (Zobel
et al, 2017) [7]. The total duration of BR use, in this study, was
similar to that seen in other studies [7,13]. When Ninomiya and
Sato (2009) enriched calves with BR, they observed a decrease in
the meantime spent using BR on d 51 compared to d 3, perhaps
indicating that the novelty of BR was a driver behind interaction.
Conversely, we observed that heifers increased the number of

visits with BR throughout the trial, similar to findings by Pempek
et al. [6]. Individual heifers are known to have preferences for
certain objects [7,14]. Variation in visit frequencies and durations
could be due to differences in the preferences of individual heifers
or desired outcome of the interaction. Inherently, BR provided
a grooming opportunity while the play opportunity provided
by BA could be replaced by social interaction with pen mates.
Others have noted an increase in self-grooming behavior with the
addition of grooming brushes to the environment [13].

Heifers with BA increased social play events and total duration
of social play during weeks 0 and 5 compared to BR or NA heifers.
However, BR heifers showed an increased mean duration of social
play across the study (Figure 5). Most studies recording social play
show that heifers housed with other animals display increased
social play [15]. Since heifers in our study were group-housed for
4 months prior to the start of the experiment, all observed changes
in social play were assumed to be due to enrichment objects in
the pens, suggesting that the use of enrichment objects in pens
promotes positive welfare [16].
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Figure 5: Weekly social play events (a), total social play time (b), duration of social play events (c) for 24 Holstein heifers on a control
(CON) or limit-fed (LIM) diet with a ball (BA), grooming brush (BR) or no enrichment (none) during mid-November to late December 2018.
a,b means without a common superscript differ (P < 0.05).
\ J
Conclusion Acknowledgements

Overall, this study demonstrates that the use of environmental
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