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This study was conducted to investigate the effect of three types of pen floor litter materials (sawdust,
wood shavings and rice husk) on the behavior of growing Hanwoo calves. Twelve Hanwoo calves (121.4%
19.9kg) were housed in an open barn for 6 months. Two heifers and two steers were housed in a pen on
each litter treatment and two replications per each treatment were conducted. Temperature, humidity and
cow behavior were observed after a 15 day adaptation period. Average daily gain was higher in winter and
spring than in summer (p<0.05). Feeding behavior was significantly shorter in summer compared with other
seasons (p<0.05). Lying behavior was significantly longer in cows housed on the sawdust treatment during
summer (p<0.05). The frequency of self-licking and social licking behavior was higher in the spring
(p<0.05) compared with other seasons. During winter, body and tail rubbing behaviors increased (p<0.05).
With consideration of cattle welfare and farm budget, sawdust or wood shavings litter during spring and
summer and rice husk litter during winter were regarded as the most beneficial, for optimum lying and lick-
ing behavior of Hanwoo beef cattle. Rice husk is usually cheaper during harvest compared with other sea-

sons because of its abundance.
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INTRODUCTION

At 6 to 12 months of age, Hanwoo cattle, has a basic
body type that is adequate to tolerate the long—term fat-
tening stage. Consequently, the growing stage is impor-
tant for rearing management compared with the subse-
quent fattening stage (Hanwoo Research, 2005). Cattle
spend most of their life in pens. Bedding material used
on the pen floor to improve the environment within the
pen, such as rice straw, is commonly placed on concrete
slatted floors. Using rice straw as bedding controls
humidity and temperature and therefore provides com-
fort and, reduces stress (Phillips et al., 2000).
Consequently, the material used on the pen floor is one
welfare indices for cows and needs to comply with some
essential standards. Litter material should be absorbent,
as dust—free as possible, and the animal should feel com-
fortable (Irps, 1987). Previous research has indicated
that litter material can affect animal behavior. Fregonesi
et al. (2007) reported that cows laid down for longer on
straw litter with a low moisture content compared with a
high moisture content.

Animals generally expressed maintenance behavior
(e.g. feeding, drinking water, rest and, grooming) and
social behavior (e.g. licking and aggressiveness) (Martin
and Bateson, 2007). Resting behavior has been defined
as lying on one side (Song, 1996). Mimura (1997)
reported that as maintenance behavior for their body or
skin care, ruminants lay on one side and groomed them-
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selves for 12 hours a day. Spiger et al. (1972) reported
that the grooming behavior of animals was effective to
remove mud, rice husk, parasites and insects on the skin
and to reduce the risk of diseases.

Research has demonstrated that climatic environ-
ment can affect livestock productivity (Nonaka et al.,
2008; Havlin and Robinson, 2015). Rearing environment
was one factor affecting feed efficiency, livestock pro-
ductivity, growth and breeding (Kim and Jung, 2004; Metz
et al., 1986). Additionally, a previous study has shown
quality and quantity of milk was associated with dairy
cow hygiene. Conversely, beef cattle productivity was
associated with a comfortable environment (Rook and
Thomas et al, 1983). The temperature-humidity index is
commonly used to assess thermal comfort for cattle
(Legrand et al., 2009).

The aim of this study was to investigate the effect of
pen litter material on Hanwoo cattle behavior.

MATERIALS AND METHODS

Animals Housing

This study was conducted at the Kangwon National
University farm. Sawdust, wood shavings and rice husks
were placed separately, 10 cm deep, as litter in barns.
Cows were managed in compliance with the Korean
Hanwoo feeding management guidelines (NIAS: National
Institute of Animal Science, 2007). Cows were fed twice
a day (0800 and 1700 h). Water and mineral blocks were
available ad [ibitum. The concentrate and rice straw
were collected for analysis at the beginning of the exper-
iment and subsequently every 2 months. Feed intake
was measured every 3 days. Rice straw was collected
from five random locations in the pen (Figure 1) at the
beginning of the experiment and every 15 days and ana-
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Fig. 1. Location of bedding sampling sites in each pen (A, B,
C,Dand E).

lyzed for moisture content according to the method
described by AOAC (1995).

Cows and experimental design

Dried rice straw, annual ryegrass straw (Italian
ryegrass straw) and Klein grass hay were used as forage
feed. Restricted feeding was performed using a mixture
of concentrates and forage, at a ratio of 6 (concentrate) :
4 (forage), according to the total digestible nutrients
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(TDN) required for maintaining a mature cow, based on
the Korean feeding standard from the National Institute
of Animal Science (NIAS, 2007). Twelve Hanwoo calves
(body weight = 121.4+19.9 kg) were reared in an open
barn for 6 months. Four cows were housed in a pen with
each type of litter. After a 15-day adaptation period,
measurements commenced, between February and
August, 2015.

Observation of behavior

Six digital cameras (IR LED Camera; APD-7070V;
Sony; Japan) were installed facing each pen at a distance
of 1.5m, housed in a cabinet near the barn entrance. All
the behaviors of the cows were recorded between 0700
and 1900 on each day of the experiment; however, only
data from clear days were selected for the analysis.
Weather such as rain could cause background noise, dis-
rupting the sound quality and could frighten the cows,
reducing the quality of data.

Each cow’s behavior in the pens was traced. These
data were then pooled and used to analyze four cows’
behavior during each treatment. Video footage was ana-
lyzed for frequency and duration of different behaviors
on a behavior checklist, which included feeding, stand-
ing, walking and lying. Frequency of self-licking, social
licking, body rubbing and tail rubbing was also recorded
(Martin and Bateson, 2007).

Temperature and humidity

Temperature and humidity were measured on a data
logger (Testo 174T data logger, 1-channel; Germany)
that recorded temperatures every 1 hour. The data log-
ger was placed in the center of the barn to record daily

Table 1. Temperature and humidity at Kangwon National University Farm during the experiment

Month Temperature(°C) Relative Humidity (%) THIV

February -2.9%4.0 52.1+x18.2 33.5%2.1
March 5.3+2.3 46.8+14.4 44.4+0.5
April 16.4+0.5 42.5+0.1 57.1+0.6
May 19.7£3.3 56.4%+0.0 63.4+3.9
Jun 23.2%0.9 60.2+0.0 69.0+0.4
July 26.2+0.9 65.4+4.5 74.1£2.0
August 28.5*1.1 68.7+1.0 77.3+0.2

Y Temperature humidity index (Mader et al., 2006): (0.8XT)+[(RH/100)X (T-14.4)]+46.4.

Table 2. Data of 10-year weather in Chun—cheon city (2002-2012)

Tdb" RH” THI”
Winter 2.2+3.04 59.3+£6.27 40.9+6.22
Spring 17.1£4.50 63.4+5.95 62.0+7.54
Summer 24.7+0.95 79.3+3.32 74.4+1.54

Y Temperature dry bulb.
? Relative humidity.

» Temperature humidity index (Mader et al.

,2006): (0.8XT) + [(RH/100) X (T-14.4)] + 46.4.
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minimum and maximum temperatures and humidity.
Temperature and humidity were used to calculate tem-
perature humidity index (Table 1). At this time, winter,
spring, and summer were categorized in the THI range
of Table 2.

Temperature and humidity index was calculated
using the equation reported by Mader et al. (2006)
below:

THI = (0.8XT) + [(RH/100) x (T-14.4)] + 46.4

THI : temperature-humidity index
T : air temperature (°C)
RH : relative humidity (%).

Data selection and statistical analysis

For this study, only data collected on dry days were
selected and used in the analysis. A factorial analysis in
a random-parcel experimental design was applied, to
determine the effects season and litter type on body
weight performance and behavior of growing Hanwoo
cattle. Statistical analysis was conducted using the gen-
eral linear model (GLM) with a randomized complete
block design. The season and type of litter material were
also included as an interaction effect, using the PROC
MIXED function of SAS (version 9.1, SAS Institute,:
USA, 2003).

RESULTS AND DISCUSSION

Average daily gain (ADG) was higher in cattle housed
on the wood shavings litter compared with the other lit-
ter types, but there was no statistical difference between
types of litter materials (p>0.05). Gottardo et al. (2003)
also reported ADG was not affected by different types of
litter material. However, there were seasonal differences

in ADG. Higher ADG was observed during winter and
spring (p<0.05) compared with summer (Table 4).
There was no interaction between season and type of lit-
ter materials. ADG increased more in winter and spring
than in summer (p<0.01).

Feeding behavior was significantly shorter in summer
compared with other seasons (p<0.05) (Table 3). Lying
behavior was significantly longer (p<0.05) in -cattle
housed on the sawdust litter during summer compared
with other seasons. Gygax et al. (2007) reported that
lying behavior increased in pens with straw litter com-
pared with fully slatted floors. Song et al. (2007) showed
that cattle lay down for significantly longer during sum-
mer than in autumn and winter. It is possible that rice
husk litter has a lower moisture content than sawdust
and wood shavings. Fregonesi et al. (2007) and Reich et
al. (2010) reported that cows lay down longer on litter
with a lower moisture content. Lee (2014) reported
that sawdust demonstrated the best water absorption
ability. Rice husk absorbed less water than sawdust even
though it was the most widely used litter in Korea. In our
study, cows lay down for the shortest time on rice husk
bedding (Table 3).

Time budget of walking behavior was higher in the
spring compared with other seasons and was the highest
on sawdust and the lowest on rice husk litter (p>0.05)
(Table 4). The interaction between season and bedding
materials was not significant (p>0.05). These results
were consistent with a study by Grossi et al. (2005) that
demonstrated cattle were more stressed with low and
high temperatures, which affected by hormone levels,
body temperature control and excretion behavior. In a
further study, it was demonstrated that the longer cows
lay down, the more comfortable cows felt (Haley et al.,

Table 3. Effect of pen floor material type and season on behavior in 12 growing Hanwoo cattle

Items of behaviors

Social Body Tail

Feeding Standing Lying Walking  Self-licking icking rubber rubbing Aggressive

Litter

Sawdust 13.1 37.3" 23.6 26.0 43.2 7.5 11.7 28.9 8.7

Wood shavings 13.3 37.4° 23.8 25.5 50.1 10.3 12.5 21.3 5.8

Rice husks 13.9 40.0° 23.7 22.4 42.4 9.4 10.5 33.1 4.6
SEM 0.34 1.25 0.08 1.59 3.46 1.17 0.82 4.88 1.72
Season

Winter 14.0° 41.8 19.0° 25.2 55.5" 13.8* 14.2 7.3¢ 9.3

Spring 12.7 36.5 24.4° 26.3 56.8" 6.2 16.7 13.3° 7.0°

Summer 12.5 41.8 25.8 19.9 27.1° 6.3" 5.6" 57.6" 3.4¢
SEM 0.66 2.50 2.93 2.79 13.70 3.56 4.75 22.43 2.43
ANOVA P value

Litter 0.3322 0.0356 0.6941 0.3124 0.2547 0.6954 0.4218 0.6461 0.0253

Season 0.0062 0.4972 0.0014 0.2428 <.0001 <.0001 0.0013 <.0001 0.0103

Litter * Season 0.0490 0.5894 0.3062 0.2170 0.0170 0.5911 0.8784 0.5983 0.0207

SEM : Standard error of mean.

““Means with different superscripts in the same column differ significantly (p<0.05)
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Table 4. Effect of litter type on growth performance and feed intake in growing Hanwoo cattle

Initial body weight(kg) Final body weight(kg) ADG, kg/day FI (DM), kg/day

Litter

Sawdust 152.56+14.85" 287.7x11.67 0.61x0.05 4.86+0.64

Wood shavings 120.0+21.21* 259.2+33.59" 0.65+0.06 4.86x0.64

Rice husks 92.75+3.89" 218.7x15.91" 0.59+0.06 4.86x0.64
SEM 24.42 28.31 0.02 -
Season

Winter 121.3+£5.27° 132.5+2.65° 0.756%0.02* 4.63 £0.00

Spring 152.04%1.83" 196.7+4.49 0.756x0.07" 4.75+0.00

Summer 221.8+6.92° 250.6+7.11° 0.51+0.01" 5.42+0.00
SEM 42.04 48.27 0.11 -
ANOVA

Litter 0.5778 0.4870 0.4681 -

Season <.0001 <.0001 <.0001 -

Litter * Season 0.9798 0.9609 0.7931 -

SEM: standard error of means.
FI: Feed intake
ADG: average daily gain; DMI: dry matter intake.

“*Means with different superscripts in the same row are significantly different (p<0.05)

2001).

Self-licking and social licking frequency was signifi-
cantly higher in spring (p<0.05) compared with other
season, as shown in Table 3. In addition, ADG was higher
in spring and winter compared with summer (p<0.05).
Conversely, Ishi (1986) reported that licking frequency
and weight gain of cattle increased.

Body rubbing helps to maintain healthy pelage in
areas that cannot be reached through self-grooming
(Sato et al., 1991). Body rubbing was performed on
areas where the cow’s feet could not reach and tended
to be higher in winter and spring compared with summer
(p<0.05) (Table 3). However, tail rubbing was the high-
est in the summer season compared with other seasons
(p<0.05). Cows performed self-grooming or mutual-
grooming, through licking and rubbing. A previous study
suggested that if a cow has glossy hair and soft skin it
was healthy (Han et al., 2004).

Tail rubbing was significantly higher in cows housed
on the sawdust treatment during summer. Tail rubbing
was higher in cows on the sawdust, rice husk and wood
shaving litters during summer compared with other sea-
son (p>0.05).

As stated above, the grooming behavior of cattle var-
ied according to litter and seasons. Based on the results
of this study, cows were judged to be growing more
healthily when housed on the sawdust and wood shaving
litter compared with the rice husk litter. With consider-
ation of the cows’ comfort and the farms’ budget, sawdust
or wood shaving litter during spring and summer and
rice husk litter during winter were regarded as the most
beneficial to the lying and licking behavior of Hanwoo
beef cattle. Rice husk is usually cheaper during harvest
compared with other seasons. Therefore, changing litter

choice according to the seasons can be beneficial and
cost effective for rearing Hanwoo beef cattle.
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