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ABSTRACT: Despite dairy farmers’ awareness of the importance of correct bedding for the health and comfort
of their cows, they are often frugal with respect to these bedding materials in order to reduce costs. In addition,
farmers are currently dependent on the availability and price fluctuations of traditional bedding materials. For these
reasons, the scientific literature as well as the trade press point to an intensifying search for affordable alternative
bedding materials. The aim of this study was to investigate whether Miscanthus, a woody grass that requires low
input but generates high yield, could replace straw in deep little dairy cow cubicles. The cows’ cubicles were lined
for two consecutive 14-day periods with straw/chalk/water bedding, followed by two consecutive 14-day periods
with ground-Miscanthus/chalk bedding. No significant differences were found in the following parameters: loss/
waste of bedding material, bacterial growth in cubicles, cow skin lesions (except for carpus lesions), cow cleanli-
ness or cow comfort. Dust concentrations measured as PM, ; were higher when cubicles were filled with straw-
based bedding, but never exceeded workspace quality safety limits. Based on these results, one can conclude that
Miscanthus has potential as a viable alternative to straw when used as a bedding material. On-farm cultivation of
Miscanthus may increase dairy farmer self-sufficiency and could reduce bedding costs.
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List of abbreviations

ADF = acid detergent fibre, ADL = acid detergent lignin, CCI = cow comfort index, DM = dry matter, NDF =

neutral detergent fibre, PM = particulate matter, SUI = stall use index

Increased evidence for the key role of dairy cattle
bedding in maintaining and promoting cow health
and cow comfort has raised the interest of both
farmers and researchers in the type and amount
of bedding material used on dairy farms. Bedding
material can be an important source of bacterial
exposure, with a potential negative impact on teat
end colonisation, udder health and milk quality
(Hogan and Smith 1997; Zdanowicz et al. 2004;
Sampimon et al. 2006; Verbist et al. 2011). In addi-
tion, cows prefer dry and soft bedding material that
gives them sufficient friction to lie down and rise
without slipping (Chaplin et al. 2000; Fregonesi et
al. 2007). Increased lying times and better cow com-
fort are associated with higher feed intake (Metz

1985), increased rumination activity, better claw
health (Vokey et al. 2001), less stress (Munksgaard
et al. 1999; Fisher et al. 2002) and higher milk pro-
duction (Calamari et al. 2009; Cook and Nordlund
2009). Indeed, Bruijnis et al. (2013) revealed that
a better lying surface (mattress and bedding) was
one of the most cost-efficient measures for opti-
mising animal health and welfare. Factors that can
influence lying time include the dry matter content,
water holding capacity and particle size of the bed-
ding material, but also the presence of a sufficient
amount of bedding. Tucker et al. (2009) found that
cows spent three more minutes lying down per each
additional kilogram of shavings (Tucker et al. 2009).
The amount of bedding available depends on bed-
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ding management (amount provided and frequency
of removal), as well as the capacity of the bedding
material to remain in the cubicles. Both quality and
amount of bedding also influence cow cleanliness and
the presence of lesions. Lesions at carpus and hock
are generally associated with hard bedding materi-
als (Weary and Taszkun 2000; Wechsler et al. 2000;
Vokey et al. 2001). Lesions can develop into more
severe injuries due to continuous pressure and fric-
tion related to the lying surface (Schulze et al. 2007).

In addition, bedding is known to have a great im-
pact on dust concentration in dairy barns (Samadi
etal. 2012). Straw and sawdust, the most commonly
used types of bedding, can be very dusty (Breum et
al. 1999). A layer of chalk powder (lime) on straw
or sawdust, which is used to absorb moisture, also
adds to the dust concentration (Samadi et al. 2012).
Dust, especially the concentration of the dust frac-
tion up to 10 pm (PMIO)’ can have an adverse ef-
fect on animal health and productivity and can also
negatively impact worker health (Takai et al. 1998;
Dolejs et al. 2006; Cambra-Lopez et al. 2010).

Despite dairy farmers’ growing awareness of the
importance of good quality bedding material, they
do not always apply this knowledge in practice be-
cause of the cost associated with good bedding.
They either use lower amounts of bedding material
or choose lower quality materials. Cost is therefore
one reason to search for alternatives; another is the
restricted and fluctuating availability of traditional
bedding material (mainly sawdust). In this study
we explore the possibility of using Miscanthus as
bedding material for dairy cows.

Miscanthus is a C4 perennial woody grass that can
be cultivated on-farm over a period of 15-20 years
(Jezowski 2008). It has low nutritional require-
ments and high yields in a wide range of soils (Heo
et al. 2010). The annual dry production rate is on
average 20—25 t/ha (Scurlock 1999), but can rise to
28-38 t/ha depending on the conditions (Danalatos
et al. 2007). Its high biomass potential and other
characteristics have led researchers to study the
potential of Miscanthus as a bio-energy crop. Its
low input, high yield and the fact that it can be
cultivated on swampy land with low value for crop
production or livestock also make it worth studying
as an alternative to straw for use as bedding mate-
rial. On-farm cultivation of Miscanthus may lead
to a greater self-sufficiency of farmers and could
mean that they will be less dependent on the avail-
ability and price fluctuations of traditional bedding
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materials. The aim of this pilot study was to explore
the potential of Miscanthus x giganteus as alterna-
tive bedding in deep litter cubicles for dairy cattle.

MATERIAL AND METHODS

Experimental setup. Fifty lactating Holstein dairy
cows were housed in a stable with 59 deep litter
cubicles. The cubicles, which were arranged in two
rows, measured 1.15 x 1.85 m and had open fronts.
The cows were subjected to a longitudinal study on
awell-managed, privately-owned Belgian dairy farm
from October 2012 to November 2012. They were
milked by a milking robot and forced cow traffic
(feed to milk) was used. Cubicles were normally
filled with a combination of 400 kg straw (8.89 m3),
400 kg water and 2000 kg chalk powder (lime). Each
day, dirt and faeces were manually removed from
the cubicles and the remaining bedding was equally
distributed over the cubicle by raking. After 14 days,
the bedding in the cubicles was refreshed.

To test the effect of replacing straw by Miscanthus,
an experiment was set up in which samples and
measurements were carried out in two consecutive
periods of 14 days with cubicles filled with the tradi-
tional combination of straw/chalk/water as bedding
material. Afterwards, straw was replaced by 400 kg
(3.10 m®) Miscanthus for two consecutive periods
of 14 days. After harvest for use in the bio-energy
industry, Miscanthus is typically chopped. But for
use as a bedding material, the Miscanthus must be
ground due to the presence of large woody pieces.
Before use as bedding, a base sample was taken and
analysed for dry matter (DM) (EN 13040), neutral
detergent fibre (NDF), acid detergent fibre (ADF),
acid detergent lignin (ADL) (adopted from Van
Soest et al. 1991) and particle size. Particle size was
determined by applying 50 g of material (straw or
Miscanthus) on a shaker with six sieves (diameters
31.5,16, 8,4, 2 and 1 mm) during 5 min. Base sample
analyses revealed a relatively low DM content of the
ground Miscanthus. For this reason, no additional
water was added when using Miscanthus as bedding.
Instead, a combination of 400 kg ground Miscanthus
(3.10 m®) and 2000 kg lime was applied to 59 cubicles
for two consecutive periods of 14 days.

Measurements of bedding. Five cubicles (8.5%)
distributed at equal distances throughout the sta-
ble were selected. On Day 0 (immediately after
adding fresh bedding), Day 9 and Day 14 (before
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Figure 1. Diagram of the grid used to measure bedding
depth of 5 selected cubicles equally distributed through-
out the stable on day 0 and day 14. The grid measured
1.15 x 1.2 cm and was placed on the cubicle partition.
Measuring points are indicated as black circles

refreshing the bedding material), nine equal size
subsamples were taken from standardised places
from the back 2/3 of the cubicles and mixed as
one sample. Mixed samples from each of the five
selected cubicles were cooled (1-5 °C) and on the
same day transported to the lab for analysis of DM
content (EN 13040) and microbiological analyses.
Microbiological analyses were performed on the
day of sampling. The total count of aerobic bacteria,
Enterobacteriaceae, Escherichia coli (E. coli) and
Enterococcus spp. was determined on Plate Count
Agar (PCA, Bio-Rad 355-4457, Hercules, CA,
USA), Violet Red Bile Glucose Agar (VRBGA, Bio-
Rad 356-4584), Rapid E. coli2 (Bio-Rad 355 5299),
and in Slanetz and Bartley medium (S&B, Oxoid
CMO0377, Basingstroke, Hampshire, UK), respec-
tively. The incubation time/temperature conditions
were 72+ 3 hat 30+ 1 °C for total aerobic bacteria,
24+ 2 h at 37 £ 1 °C for Enterobacteriaceae, 21 +
3hat44+1°CforE. coliand48+3hat37+1°C
for Enterococcus spp. Another five cubicles, also
equally distributed throughout the stable, were
selected for the purpose of estimating the bed-
ding waste over 14 days. A grid (1.15 m width and
1.20 m length) was used to measure the distance
between nine fixed points and the bedding sur-
face (Figure 1). The grid was placed on the cubicle
partition and the distance was measured on Day 0
(immediately after adding new bedding) and Day 14
(before bedding refreshment) using a laser distance
meter (Leica Disto™ A5, leica Geosystems AQG,
Heerbrugg, Switzerland). For each of the five cu-
bicles, the mean depth of bedding was calculated
as the mean depth measured at the nine locations.

Measurements on dairy cattle. From the 50
cows, 20 cows were randomly selected (40%) and
marked. On Day 0 (new bedding material), 4, 9,

14 (before refreshing the same bedding material),
18 (Day 4 of the second period of 14 days), 23 (Day 9
of the second period of 14 days) and 28 (Day 14 of
the second period of 14 days), the cows were scored
for the presence of skin lesions and cleanliness.
Scoring was done by four trained observers.

Skin lesions were scored on a 5-point scale (1 =
no swelling, no lesions; 2 = hairless patches; 3 =
swelling; 4 = damaged skin in form of a scab; 5 =
damaged skin in form of a wound, adapted from
Regula et al. (2004)) and assessed at 6 places on
the cow’s body: carpal joint, tarsal joint (medial
and lateral), knee, tuber ischium and tuber coxae.
Alllocations were scored for the left and right side,
and the highest score of both sides was registered
as the final score. Because of non-normality, results
are reported as median (minimum — maximum).
For further statistical analyses, the 5-point scale
was reduced to a binary scale with 0 = cows with
score 1 and 1 = cows with score > 1.

Cleanliness of the udder (both front and back
side), lower legs and flank/upper legs were scored
on a 5-point scale: 0 = no dirt; 0.5 = minor splash-
ing, between 25-50% of the total surface covered
with dirt; 1 = 50% of the total surface covered with
dirt; 1.5 = between 50 and 75% of the surface cov-
ered with dirt; 2 = total surface covered with dirt.
Similarly as for the scoring of skin lesions, left and
right legs and both flanks were scored and the high-
est score of both sides was registered as the final
score. Because of non-normality, results are report-
ed as median (minimum-maximum). For further
statistical analyses, the 5-point scale was reduced
to a binary scale: 0 = cows with score 0 or 0.5; 1 =
cows with score > 1 for udder and flank. For the
lower legs, the binary scale consisted of 0 for cows
with score < 1.5 and 1 for cows with score > 1.5.

Two indices of cow comfort. Cow comfort was
determined using two indices: the cow comfort in-
dex (CCI) and the stall use index (SUI). To calcu-
late these two indices, five types of behaviour were
registered as defined in Van Gastelen et al. (2011):
(1) active in alley (i.e. a cow in the alley and engaged
in activity), (2) waiting in the waiting room to be
milked by the robot or being milked, (3) standing
idle in the alley, (4) standing with at least one foot
in a cubicle, (5) lying in the cubicle. At three time
points per day (8:30, 13:00 and 17:00) the number of
cows expressing each type of behaviour was count-
ed. These time points were chosen based on rough-
age feeding time in the stable (9:00 and 16:00) and
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on literature data reporting an average number of
cows lying down at these time points (Munksgaard
et al. 2011). CCI and SUI were calculated as the
proportion of cows touching a cubicle that are ac-
tually lying down (CCI) and as the proportion of
cows not involved in feeding or milking that are
lying down (SUI) (Cook et al. 2005). Behavioural
observations were made at Day 0, 4, 9 and 14 (just
before refreshing the bedding material).

Dust, temperature and relative humidity. To
measure dust, temperature and relative humidity, a
Grimm 1.109 aerosol spectrometer (Grimm Aerosol
Technik GmbH & Co. KG, Ainring, Germany) was
used. It was mounted in weatherproof housing and
equipped with a temperature and relative humidity
sensor. This direct-reading portable PM monitor
operates on the principle of scattered light beams.
It counts the number of particles in 32 size frac-
tions. The counts are converted into PM mass den-
sity. The instrument provided a continuous data
output with measurement intervals of one minute
for each of the 32 channels which measure particle
sizes ranging from 0.25 pm to 32 um. The spectrom-
eter was protected from the cows by being placed in
an iron housing which obstructed the cows’ entry
into the cubicle containing the spectrometer as well
as the adjacent cubicle. The spectrometer was put
in the first cubicle next to the selection fence. For
further statistical analyses, mean daily PM, , PM, ,
and PM, concentrations and mean daily tempera-
ture and relative humidity were also measured.

Statistical analyses. Prior to statistical analysis,
all data were checked for unlikely values (2% of the
dust concentration measured at a minute level was
excluded for that reason). To approximate normality,
a logarithmic transformation of all bacterial counts
was used.

To determine the effect of type of bedding, days
after adding fresh bedding (time) and their interac-
tion (independent variables), linear mixed regres-
sion models were performed with day as random
effect to correct for repeated measurements within
one cubicle (in case of bacterial counts or depth
measurements as dependent variables) or within
one measuring period (in case of CCL, SUL, PM ,
PM, ., PM , as dependent variables). The covari-
ance between the repeated measurements was
modelled using the AR (1) structure. Next, logistic
regression models were built with the binary le-
sion or cleanliness scores as dependent variables.
Again, day was added as a random effect to correct
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Table 1. Analysis of the dry matter content and the fibre
fraction of chopped straw and chopped

Chopped Chopped
straw Miscanthus
DM (%) 91.3 91.9
NDF (% on DM basis) 82.5 91.7
ADF (% on DM basis) 50.6 64.6
ADL (% on DM basis) 6.6 11.2

DM = dry matter, NDF = neutral detergent fibre, ADF = acid
detergent fibre, ADL = acid detergent lignin

for repeated measurement from one cow. The fit
of the final models was evaluated by examination
of the normal probability plots of the residuals. All
statistical analyses were performed using SAS 9.3
(SAS Institute Inc, NC, USA). Statistical signifi-
cance was assumed when P < 0.05.

RESULTS

Base samples

The analysis of chopped straw and chopped
Miscanthus pointed to a higher fibre concentra-
tion and a lower mineral content in Miscanthus
than in straw (Table 1). Dry matter content was high
and comparable between the two bedding types
(91.3% and 91.9% for chopped straw and chopped
Miscanthus, respectively). Grinding Miscanthus to
make it usable as bedding resulted in a lower DM
content (69%). As expected, a higher proportion of
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Figure 2. Mean dry matter content + standard deviation
(%) in five marked cubicles filled with either a combi-
nation of straw/chalk/water (black), or a combination
of Miscanthus/chalk/water (grey), measured on Day 0
(immediately after bedding was refreshed) and Day 9
and 14 after bedding was refreshed. Significant differ-
ences in time are indicated with different letters
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Table 2. Particle size distribution of chopped straw and ground

< 31.5 mm <16 mm < 8 mm <4 mm <2 mm <1mm
Chopped straw (%) 3 9 37.7 355 12.2 3
Ground Miscanthus (%) 0 21 43 18 17

small particles were present in ground Miscanthus
compared to chopped straw (Table 2).

Measurements of bedding

DM content significantly increased between day 0
(fresh bedding material) and Day 9 after refreshing
of the bedding material (Figure 2). No significant
increase was seen afterwards for both types of bed-
ding. Dry matter content did not significantly differ
between the two bedding treatments.

Bacterial counts were generally low at Day 0
and significantly increased with the time that the
bedding was used, except for Enterobacteriaceae
(Figure 3). For Enterobacteriaceae, Enterococcus
spp. and total aerobic bacteria, no significant dif-
ference between straw and Miscanthus was found
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(P > 0.05). A significant interaction time x bed-
ding type was found for E. coli (P < 0.001). E. coli
concentrations in unused Miscanthus (Day 0) were
significantly higher than in unused straw (Day 0).

The loss of bedding material over the course of
14 days, measured as the mean depth between nine
reference points and the bedding surface, was com-
parable between the two bedding types (P > 0.05)
(Figure 4).

Measurements on dairy cattle

Due to two cows drying off, only 18 cows re-
mained in the cohort group to monitor skin le-
sions and cleanliness throughout the study. Median
(minimum-maximum) skin lesions scores for straw
and Miscanthus, respectively, were 1 (1-3) and

71 (B)

Log 10 E. coli (cfu/g)
W

0 2 4 6 8 10 12 14
Days after refreshing bedding material

(D)

@10 b ab
=1 B
“-u e o 1
e / T
E 81 b b
=]
o
L2 6
=)
<4
& 4 .
=
g 2 |
(=)
S
g€ o : ‘ : : : ‘
-

0 2 4 6 8 10 12 14

Days after refreshing bedding material

Figure 3. Mean bacterial counts + standard deviation (log10 cgf/g) in five marked cubicles filled with either a combi-
nation of straw/chalk/water (black), or a combination of Miscanthus/chalk/water (grey), measured on Day 0 (imme-
diately after bedding was refreshed) and Day 9 and 14 after bedding was refreshed. Significant differences in time x
bedding (for E. coli figure 3B) or in time (for Enterobacteriaceae, Enterococcus and total aerobic bacteria) are indi-

cated with different letters
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_ L184 lesion with score > 1 at the carpal joint was higher

g g 1164 i when cubicles were filled with straw compared to
;EJ g L1a] Miscanthus (odds ratio = 3.22, P = 0.04).

=2 Median (minimum-maximum) cleanliness scores

% § 1127 for straw and Miscanthus were, respectively, 0 (0-2)

o2 110 and 0.5 (0—1.5) for the front udder, 0.5 (0-2) and 0.5

§ s 108 (0-1.5) for the back udder, 0.5 (0—2) and 0.5 (0-1.5)

a § Lo for the flank/upper legs and 1 (0-2) and 0 (0-2) for

Day 0 Day 14

Figure 4. Mean depth + standard deviation (cm) of the
bedding of five marked cubicles measured as mean per-
pendicular distance between nine reference points and
bedding surface of either straw/chalk/water (black), or
Miscanthus/chalk/water (grey)

1 (1-3) for carpus, 1 (1-4) 1and 1 (1-2) for medial
tarsus and 1 (1-4) and 1 (1-3) for lateral tarsus,
1 (1-2) and 1 (1-2) for knee, 1 (1-2) and 1 (1-4)
for tuber ischium, 1 (1-2) and 1 (1-2) for tuber
coxae. No significant effects were found for time
x treatment (P > 0.05), over time (P > 0.05), nor
between treatments (P > 0.05) for tarsal lesions,
knee lesions, tuber ischium lesions and tuber coxae
lesions (Figure 5). However, the risk of having a

N}
S
—
>
~

Number of cows
—
wu

without carpus lesions
—
15

5

0

Day 0 Day 4 Day 9 Day 14 Day 18 Day 23 Day 28
2
sE2, (O
3.2
5%1s
£ 8
TR
2 510
z =
S
585
5o
5%
ET o
Z: B Day 0 Day 4 Day 9 Day14  Dayl18 Day23  Day28
(E)
20
s £
EERY
:
S B
3 -‘é 10
g =
Tr s
3 5
“
0 T T T T T T
Day 0 Day 4 Day 9 Day 14 Day 18 Day 23 Day 28

the lower legs. No significant effects were found for
time x treatment (P > 0.05), over time (P > 0.05),
nor between treatments (P > 0.05) for cleanliness
of front udder, back udder and flank/upper legs
(Figure 6). However, the odds of having a cow
with > 50% of her lower legs covered with dirt was
2.63 times higher when cubicles were filled with
straw compared to Miscanthus (P = 0.02).

Two Indices of cow comfort

CCI was on average 88 + 6% and 86 + 6% and SUI
was on average 71 + 10% and 64 + 7% for straw and
Miscanthus, respectively. No significant influence
was found between days after adding fresh bedding
(P=0.93 and P = 0.37 for CCI and SUI, respectively),
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Figure 5. Number of cows without skin lesions at six different locations from a total number of scored cows of 20.
Cubicles were filled for 28 days with either a combination of straw/chalk/water (grey), or a combination of Mis-
canthus/chalk/water (white). On Day 14 new bedding material was added
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Figure 6. Number of cows in which less than 25% of the total surface of the udder (front and back side) and flank/
upper legs was covered with dirt (A, B and C) or less than 50% of the total surface of the lower legs was covered with
dirt (D). Cubicles were filled for 28 days with either a combination of straw/chalk/water (grey), or a combination of

Miscanthus/chalk/water (white). On Day 14 new bedding material was added

nor between the two bedding treatments (P = 0.40
and P = 0.80 for CCI and SUI, respectively). Despite
the relatively large variation between measurements
(up to 10% for SUI), no effect of measurement times
(8:30, 12:30 and 17:00) was found (P = 0.96 and P =
0.99 for CCI and SUI, respectively).

Dust, temperature and relative humidity

Figure 7 illustrates the mean daily PM, j concen-
trations measured during the 14 days after refresh-
ing the bedding material. The PM, S concentration
was significantly influenced by the interaction
time x bedding type ( = —8.95; P = 0.01). When
cubicles were filled with a combination of straw/
chalk/water, the PM10 concentrations were higher.
These concentrations increased with increased use
of the bedding material. In addition, PM,, con-
centrations also tended to be positively associated
with the stable temperature ( = —5.91; P = 0.06).
Although they were not significant, the PM, j con-
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Figure 7. Mean daily PM,, concentration + standard
deviation (pg/m®) in cubicles filled with either a combi-
nation of straw/chalk/water (black), or a combination of
Miscanthus/chalk/water (grey)

centrations were also slightly higher on the day the
cubicles were filled with fresh bedding (p = 53.9;
P =0.10).

In contrast to PM, , no significant effects of bed-
ding type, day after bedding refreshing, or stable
temperature were found for PM, . or PM, (P>0.05).
Over the two 14-day periods, mean PM, . concentra-
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tions were 21.8 £+ 10.65 pg/m? and 20.4 + 3.33 pg/m3
andmeanPM, concentrationswere 14.7+10.23 ng/m?
and 16.6 + 4.25 pg/m? for straw and Miscanthus,
respectively. Both concentrations were negatively
associated with relative humidity (p = 0.49; P =
0.01 and B = 0.50; P = 0.005 for PM2.5 and PM,,
respectively).

DISCUSSION

Analytical differences of DM content and fibre
fractions between straw and Miscanthus were as
expected, considering the plant versus wood origin
and comparable with results found in the literature
(Qin et al. 2012; Ververis et al. 2004). Even after
being chopped, Miscanthus still contains a high
proportion of relatively thick and woody stalks,
which makes chopped Miscanthus unsuitable for
application as bedding material. The lignin content
of Miscanthus was almost twice as high as that of
straw. Grinding Miscanthus makes it appropriate
as bedding and seems to decrease the DM content
(91.9% chopped versus 74.7% ground Miscanthus).
After grinding, Miscanthus was stored outside cov-
ered with plastic for four weeks. Increased water
content was probably caused by this storage un-
der the following environmental conditions: mean
temperature of 11.7 °C and mean relative humidity
of 89%. Huisman and Kortleve (1994) reported an
increased water content of Miscanthus due to stor-
age under higher relative humidity.

The smaller particle size of ground Miscanthus
results in an increased surface area. Enlarged water
holding capacity as a result of increased surface area
may favour bacterial growth (Rendos et al. 1975).
On the other hand, as all woody plants, Miscanthus
contains fewer free nutrients, such as simple sugars,
pentoses and amino acids and more cellulose and
lignin than straw, all of which might impede bacte-
rial growth (Rendos et al. 1975). No differences in
bacterial content between the two combinations of
bedding materials were found in this study, except
for E. coli on Day 0. Higher E. coli concentrations
were found at the start in Miscanthus compared to
straw. However, these differences disappeared the
longer the bedding material was used. Total aero-
bic bacteria and E. coli counts during use (Day 9
and 14) were lower than those found by Kudi et al.
(2009). In their study average total aerobic bacteria
and E. coli on different bedding materials (sand,
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sawdust and straw) for dairy cattle were 10! cfu/g
and 10° cfu/g, respectively. The daily manual re-
moval of dirt and faeces from the cubicles in this
study performed on a well-managed herd might
have prevented the high bacterial growth in both
types of bedding reported by Kudi et al. (2009) and
Dodd et al. (1984).

No difference was found between the mean depth
between nine reference points and the bedding sur-
face; thus, one can conclude that the loss of the
two bedding materials during a 14-day period was
similar. After 14 days of use without adding extra
bedding material, the amount of bedding was dra-
matically reduced. However, the remaining amount
was still acceptable and did not result in an increase
in skin lesions at the carpus or the tarsus, for ex-
ample, nor in a reduction in the cleanliness of the
cows over time.

The likelihood of having skin lesions was generally
low in this study. Also, the number of cows with skin
lesions and the severity of the lesions (maximum
skin lesion score) was low, again demonstrating that
this was a well-managed herd. No differences were
found between the two treatments, except for car-
pus lesions. Although it is questionable whether the
duration of the trial (four weeks) was long enough to
properly evaluate the incidence of skin lesions, the
probability of carpus lesions was higher when straw
was used instead of Miscanthus. Besides the amount
of bedding material, which was comparable between
straw and Miscanthus, also the physical properties
of the surface (softness, thermal comfort, coefficient
of friction, compressibility, etc.) can also contribute
to the development of skin lesions at carpus and
hock (Tucker et al. 2009; Tucker and Weary 2004).
Although none of these physical characteristics
were measured during this trial, subjective obser-
vations during daily raking of the cubicles revealed
that Miscanthus was much looser in consistency.
Together with urine, the straw/chalk/water com-
bination tended to form clots that did not degrade,
whereas dry straw normally degrades during use.
More effort was therefore needed to loosen straw
clots and to equally distribute the material over
the cubicle by raking. The formation of hard clots
might be responsible for the increase in carpus le-
sions. However, these subjective results need to be
confirmed and the practical relevance of this small
difference in carpus lesions is debatable.

The probability of a high cleanliness score (mean-
ing a soiled cow as indicated by more than 25%
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dirt for udder and flank and more than 50% dirt
for lower legs) was low in this study. No differ-
ences were found between the use of straw and
Miscanthus except for on the lower legs. Fifteen
cows with more than 50% dirt coverage on their
lower legs were found in straw-filled cubicles just
before new straw was added to the cubicle (Day 14).
The odds for a dirty cow were 3.63 when straw
was used compared to Miscanthus. It should be
noted, however, that these higher odds were more
likely to have been caused by a dirty walking area
as result of a defective cleaning robot on Day 13
and 14 during the trial with straw than by the type
of bedding material. Significant differences were
no longer present if those two days were excluded
from the analysis.

The two indices of cow comfort were high: for
straw and Miscanthus, CCI was on average 88% and
86%, respectively and SUI was on average 71% and
64%, respectively. A value greater than 85% for CCI
is proposed as a realistic goal (Cook et al. 2005).
Considerable variation in both CCI and SUI was
found between and within days, which indicates
that one measurement may not reflect the average
of the indices over time, as previously noted by
Cook et al. (2005) and van Gastelen et al. (2011).
Nevertheless, no significant effect of measurement
time (8:30, 12:30 and 17:00) on CCI and SUI was
found. CCI for both straw and Miscanthus was
comparable or slightly higher than results found in
the literature for mattresses (76—78%), sand (86%)
and box compost (81%), whereas the SUT was com-
parable or slightly lower (68—70% for mattresses,
72-76% for sand and 68% for box compost) (Cook
et al. 2005; van Gastelen et al. 2011). In addition,
both indices did not significantly differ between
straw and Miscanthus. Although lying time and
duration of lying was not recorded in our study,
a sufficient and comparable cow comfort when
using both types of bedding material can be as-
sumed. No significant differences in CCI and SUI
were found in time, indicating an immediate ac-
ceptance of Miscanthus by the cows without prior
familiarity at the start of the experiment and a suf-
ficient amount of soft bedding surface remaining
after 14 days of use.

Cow comfort is also known to be influenced by
the dryness of the bedding material. According
to Fregonesi et al. (2007) lying time is reduced by
more than 11 h a day when DM content decreases
from 86.4% to 26.5%. More relevant DM contents

for practice (89.8—34.7%) were tested by Reich et
al. (2010), revealing more moderate decreases in
lying time (maximum 1.1 h/day). Moreover, it was
concluded that the decrease in lying time was only
relevant below 60% DM and that cows may not
have a strong preference for drier bedding when
options between 60 and 90% are available (Reich et
al. 2010). In this study, DM content at the start was
71.2% and 75.3% for straw and Miscanthus combi-
nations, respectively. A significant increase towards
92.8% and 93% was seen within 14 days. Although
lying time was not measured, we did not expect
either negative influences of this high DM content
or differences in lying time between the two types
of bedding material caused by DM content.

In general, mean daily PM S concentrations were
low (25-209 pg/m?) and comparable with data found
for dairy barns (42-132 pg/m?® (Dolejs et al. 2006);
60—370 pg/m? (Schmidt et al. 2002); 100-170 pg/m?
(Jooetal.2013);40—-80 pg/m® (Takaietal. 1998)). PM
concentrations remained far below the workplace
air quality safety limits of 3000 and 10 000 pg/m?,
as prescribed by the Belgian government (Royal
Decree of 30 June 2011). Both fresh bedding com-
binations were quite wet (DM content of the com-
bination 71.2% and 75.3% for straw and Miscanthus,
respectively). Wet bedding material can capture
dust (Takai et al. 1998). However, during the use
of the bedding, the material becomes more and
more dry (DM content of 92.8% and 93.0% for the
combination straw/chalk/water and Miscanthus/
chalk on Day 14, respectively) due to ventilation
and water evaporation. But PM concentrations
only increased towards the end of the measuring
period when the combination straw/chalk/water
was used. No such increase was seen in the two
14-day periods when the cubicles were filled with
Miscanthus. The degradation of straw during use
and formation of small particles might be respon-
sible for the increased release of dust particles. The
plant versus wood origin of the bedding material
might also contribute to the greater dust concen-
tration in straw-based versus Miscanthus-based
bedding (Samadi et al. 2012).

Dust generated by bedding materials may also be
influenced by animal activity or human handling
(Takai et al. 1998), explaining the tendency of PM |
to be higher on day 0 due to the cleaning of cubicles
and the refreshing of bedding material.

Besides bedding, environmental factors such as
relative humidity and temperature can affect dust

129



Original Paper

Veterinarni Medicina, 60, 2015 (3): 121-132

concentrations. At high relative humidity, dust
particles will contain condensed water and aggre-
gate, which might explain the negative relationship
between PM, and PM, . and the relative humidity
(Takai et al. 1998). In contrast, higher temperatures
potentially result in more dispersed and drier par-
ticles and may therefore contribute to the increase
in PM, j concentrations (Joo et al. 2013).

To our knowledge, this is the first study that inves-
tigates the potential use of Miscanthus * giganteus
as bedding material in deep litter cubicles for dairy
cattle. As no significant differences could be found
in bacterial growth, the capacity of the material
to remain in the cubicles, skin lesions (except for
carpus lesions) and cleanliness score of the cows,
and two cow indices for cow comfort (CCI and
SUI), it can be concluded that straw can indeed be
replaced by Miscanthus. In addition, dust concen-
trations were significantly lower after Miscanthus
was used for 14 days as bedding. The dust con-
centrations never exceeded workspace air quality
safety limits when either straw or Miscanthus were
used. Consequently, dairy farms may increase their
self-sufficiency and become less dependent on the
availability and price fluctuations of the traditional
bedding materials by cultivating Miscanthus on-
farm. Total cultivation costs of Miscanthus vary
from 27 euro/t to 70 euro/t, depending on the
length of the production period (15 to 21 years),
the average yield (10 t/ha to 20 t/ha), dry matter
percentage, harvest method and post-harvest costs,
herbicide application and local production circum-
stances (Bullard 1999; Bullard 2001; DEFRA 2001;
Khanna et al.2008; Styles et al. 2008; Muylle and
Snauwaert 2012). These calculated costs from lit-
erature are much cheaper than the prices for straw
(from 90 euro/t up to 165 euro/t). However, the
extra costs of the grinding process of Miscanthus
are not included in the total production costs and
must be taken into account. Future studies might
include a total cost/benefit calculation.

Acknowledgements

The authors would like to thank Laurens Van
Dooren (KAHO Sint-Lieven) for the field work sup-
port, the technical staff of ILVO for the analysis and
Miriam Levenson for language correction. Also,
thanks to Peter Coucke for providing Miscanthus
and LV Den Hamer for the use of stables and cows.

130

doi: 10.17221/8058-VETMED

REFERENCES

Breum NO, Nielsen BH, Lyngbye M, Midtgard U (1999):
Dustiness of chopped straw as affected by lignosulfonate
as a dust suppressant. Annales of Agriculture and Envi-
ronmental Medicine 6, 133—-140.

Bruijnis MR, Hogeveen H, Stassen EN (2013): Measures to
improve dairy cow foot health: consequences for farmer
income and dairy cow welfare. Animal 7, 167-175.

Bullard M (1999): Miscanthus agronomy (for fuel and in-
dustrial uses). Technical Report NF0403. Accessed from:
http://www.defra.gov.uk/farm/crops/industrial/research/
research.htm.

Bullard M (2001): Economics of Miscanthus production.
In: Jones MB, Walsh M (eds.): Miscanthus for Energy and
Fibre, London James and James (Science Publicers).

Calamari L, Calegari F, Stefanini L (2009): Effect of differ-
ent free stall surfaces on behavioural, productive and
metabolic parameters in dairy cows. Applied Animal
Behaviour Science 120, 9-17.

Cambra-Lopez M, Aarnink AJA, Zhao Y, Calvet S, Torres
AG (2010): Airborne particulate matter from livestock
production systems: A review of an air pollution problem.
Environmental Pollution 158, 1-17.

Chaplin SJ, Tierney G, Stockwell C, Loque DM, Kelly M
(2000): An evaluation of mattresses and mats in two dairy
units. Applied Animal Behaviour Science 66, 262-272.

Cook NB, Nordlund KV (2009): The influence of the envi-
ronment on dairy cow behavior, claw health and herd
lameness dynamics. Veterinary Journal 179, 360—369.

Cook NB, Bennett TB, Nordlund KV (2005): Monitoring
indices of cow comfort in free-stall-housed dairy herds.
Journal of Dairy Science 88, 3876—3885.

Danalatos NG, Archontoulis SV, Mitsios I (2007): Potential
growth and biomass production of Miscanthus giganteus
as affected by plant density and N-fertilization in central
Greece. Biomass and Bioenergy 31, 145-152.

DEFRA (2001): A review of the potential of giant grasses
for U.K. agriculture. Research and Develoment — Final
Project Report NF0419. Accessed from http://www.defra.
gov.uk/research/project_data.

Dodd FH, Higgs TM, Bramley AJ (1984): Cubicle manage-
ment and coliform mastitis. Veterinary Record 114,
522-523.

Dolejs J, Masata O, Toufar O (2006): Elimination of dust
production from stables for dairy cows. Czech Journal of
Animal Science 51, 305-310.

Fisher AD, Verkerk GA, Morrow CJ, Matthews LR (2002):
The effects of feed restriction and lying deprivation on
pituitary-adrenal axis regulation in lacting cows. Live-
stock Science 73, 255-263.



Veterinarni Medicina, 60, 2015 (3): 121-132

Original Paper

doi: 10.17221/8058-VETMED

FregonesiJA, Veira DM, von Keyserlingk MAG, Weary DM
(2007): Effects of bedding quality on lying behavior of
dairy cows. Journal of Dairy Science 90, 5468—5472.

Heo HS, Park HJ, Yim ], Sohn JM, Park ], Kim S, Ruy C, Jeon
J, Park Y (2010): Influence of operation variables on past
pyrolysis of Miscanthus sinensis var. purpurascens. Bi-
oresource Technology 101, 3672-3677.

Hogan JS, Smith KL (1997): Bacteria counts in sawdust bed-
ding. Journal of Dairy Science 80(8), 1600—1605.

Huisman W, Kortleve W (1994): Mechanization of crop
establishment, harvest, and post-harvest conservation of
Miscanthus sinensis Giganteus. Industrial Crops and
Production 2, 289-297.

Jezowski S (2008): Yield traits of six clones of Miscanthus
in the first 3 years following planting in Poland. Industrial
Crops and Production 27, 65-68.

Joo HS, Ndegwa PM, Heber AJ, NiJQ, Bogan BW, Ramirez-
Dorronsoro JC, Cortus EL (2013): Particulate matter
dynamics in naturally ventilated freestall dairy barns.
Atmospheric Environment 69, 182-190.

Khanna M, Dhungana B, Clifton-Brown ] (2008): Costs of
producing Miscanthus and switchgrass for bioenergy in
Ilinois. Biomass and Bioenergy 32, 482—-493.

Kudi AC, Bray MP, Niba AT (2009): Mastitis causing prob-
lems within the dairy cattle environment. International
Journal of Biology 1, 3—-13.

Metz JHM (1985): The reaction of cows to short-term dep-
rivation of lying. Applied Animal Behaviour Science 13,
301-307.

Munksgaard L, Ingvartsen KL, Pedersen L], Nielsen VK
(1999): Deprivation of lying down effects behavior and
pituitary-adrenal axis responses in young bulls. Acta Ag-
riculturae Scandinavica Section A-Animal Science 49,
172-178.

Munksgaard L, Rushen J, de Passille AM, Krohn CC (2011):
Forced versus free traffic in an automated milking system.
Livestock Science 138, 244—-250.

Muylle H, Snauwaert E (2012): Energy crops in Flanders:
4. Heat from Miscanthus (in German). Proceedings Open
Energy, March 2, 2012, Flanders, Belgium.

Qin ], Yang Y, Jiang J, Yi Z, Xiao L, Ai X, Chen Z (2012):
Comparison of lignocellolose composition in four major
species of Miscanthus. African Journal of Biotechnology
11, 12529-12537.

Regula G, Danuser J, Spycher B, Wechsler B (2004): Health
and welfare of dairy cows in different husbandry systems in
Switzerland. Preventive Veterinary Medicine 66, 247-264.

Reich L], Weary DM, Veira DM, von Keyserlingk MAG
(2010): Effects of sawdust bedding dry matter on lying
behavior of dairy cows: A dose-dependent response. Jour-
nal of Dairy Science 93, 1561-1565.

Rendos JJ, Eberhart RJ, Kesler EM (1975): Microbial popu-
lations of teat ends of dairy cows, and bedding materials.
Journal of Dairy Science 58, 1492—1500.

Samadi S, van Eerdenburg FJCM, Jamshidifard AR, Otten
GP, Droppert M, Heederik DJJ, Wouters IM (2012): The
influence of bedding materials on bio-aerosol exposure
in dairy barns. Journal of Exposure Science and Environ-
mental Epidemiology 22, 361-368.

Sampimon OC, Sol ], Kock PA (2006): An outbreak of Kleb-
siella pneumoniae mastitis (in German). Tijdschrift voor
Diergeneeskunde 131, 2—4.

Schmidt DR, Jacobsen LD, Janni KA (2012): Continuous

monitoring of ammonia, hydrogen sulfide and dust emis-

sions from swine, dairy and poultry barns. ASAE Paper

No. 024060, ASAE, St. Joseph, USA.

Schulze WH, Gygax L, Mayer C, Wechsler B (2007): Leg
lesions and cleanliness of finishing bulls kept in housing
systems with different lying area surfaces. Veterinary
Journal 174, 77-85.

Scurlock JMO (ed.) (1999): Miscanthus: a review of Euro-
pean experience with a novel energy crop. Oak Ridge
National Laboratory, Oak Ridge. 1-12.

Styles D, Thorne F, Jones MB (2008): Energy crops in Ire-
land: An economic comparison of willow and Miscanthus
production with conventional farming systems. Biomass
and Bioenergy 32, 407-421.

Takai H, Pedersen S, Johnsen JO, Metz JHM, Groot
Koerkamp PWG@G, Uenk GH, Phillips VR, Hoden MR,
Sneath RW, Short JL, White RP, Hartung J, Seedorf ],
Schroder M, Linkert KH, Wathes CM (1998): Concentra-
tions and emissions of airborne dust in livestock buildings
in northern Europe. Journal of Agricultural Engineering
Research 70, 59-77.

Tucker CB, Weary DM (2004): Bedding on geotextile mat-
tresses: How much is needed to improve cow comfort?
Journal of Dairy Science 87, 2889-2895.

Tucker CB, Weary DM, von Keyserlingk MAG, Beauchemin
KA (2009): Cow comfort in tie-stalls: Increased depth of
shavings or straw bedding increases lying time. Journal
of Dairy Science 92, 2684—2690.

van Gastelen S, Westerlaan B, Houwers DJ, van Eerdenburg
FJCM (2011): A study on cow comfort and risk for lame-
ness and mastitis in relation to different types of bedding
materials. Journal of Dairy Science 94, 4878-4888.

Van Soest PJ, Robertson JB, Lewis BA (1991): Methods for
dietary fiber, neutral detergent fiber, and nonstarch pol-
ysaccharides in relation to animal nutrition. Journal of
Dairy Science 74, 3583-3597.

Verbist B, Piessens V, Van Nuffel A, De Vuyst L, Heyndrickx
M, Herman L, Van Coillie E, De Vliegher S (2011): Sources
other than unused sawdust can introduce Klebsiella pneu-

131



Original Paper

Veterinarni Medicina, 60, 2015 (3): 121-132

moniae into dairy herds. Journal of Dairy Science 94,
2832-2839.

Ververis C, Georghiou K, Christodoulakis N, Santas P, San-
tas R (2004): Fiber dimensions, lignin and cellulose con-
tent of various plant materials and their suitability for
paper production. Industrial Crops and Production 19,
245-254.

Vokey FJ, Guard CL, Erb HN, Galton DM (2001): Effects of
alley and stall surfaces on indices of claw and leg health
in dairy cattle housed in a free-stall barn. Journal of Dairy
Science 84, 2686—2699.

Weary DM, Taszkun I (2000): Hock lesions and free-stall
design. Journal of Dairy Science 83, 697-702.

doi: 10.17221/8058-VETMED

Wechsler B, Schaub J, Friedli K, Hauser R (2000): Behaviour
and leg injuries in dairy cows kept in cubicle systems with
straw bedding or soft lying mats. Applied Animal Behav-
iour Science 69, 189-197.

Zdanowicz M, Shelford JA, Tucker CB, Weary DM, von
Keyserlingk MAG (2004): Bacterial populations on teat
ends of dairy cows housed in free stalls and bedded with
either sand or sawdust. Journal of Dairy Science 87,
1694-1701.

Received: 2014—09-05
Accepted after corrections: 2015-02—12

Corresponding Author:

Stephanie Van Weyenberg, Institute for Agricultural and Fisheries Research (ILVO), Technology and Food Science
Unit, Burg. Van Gansberghelaan 115, 9820 Merelbeke, Belgium

E-mail: stephanie.vanweyenberg@ilvo.vlaanderen.be

132



