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Simple Summary: Good bedding materials can increase the comfort potential of the lying surface
and enhance the welfare of cows in intensive dairy farms. The preference, behaviour, hygiene, and
health of cows are affected by different bedding surfaces. In the current study, we evaluated the
preference, behaviour, cleanliness, and health of cows on three bedding materials, peanut shells (PS),
rice husks (RH), and a combination of two-thirds peanut shells, one-third rice husk (PRC). The daily
behaviour, serum metabolites, and productivity of dairy cows were all within normal values, and
no statistical differences were found between all three bedding materials, although cows showed a
preference for rice husk when given access to all three bedding materials at the same time. Finally,
the results suggest that bedding comprised of peanut shells and peanut–rice combinations are all
suitable for maintaining the health and comfort of dairy cows.

Abstract: The provision and quality of bedding materials affect the behaviour, welfare, and health of
dairy cows. The objective of this study was to evaluate the preference, behaviour, cleanliness, and
physiological status of cows on three bedding materials, peanut shells, rice husks, and a combination
of two-thirds peanut shells, one-third rice husk. In an initial experiment, 15 nonlactating, pregnant
Holstein cows had free access to all 3 bedding treatments for 39 d. Cows spent more time lying down
on rice husk (337 min/d) than on peanut–rice combination (212 min/d) and peanut shell (196 min/d)
(p < 0.05), and lay down most often on rice husk (4.35 bouts/d) than on peanut shell (2.55 bouts/d)
(p < 0.05) but did not differ between peanut shells and peanut–rice combinations in terms of lying
time and lying bouts. In Experiment 2, 12 nonlactating cows were used to assess the effects of the
3 bedding materials on dairy cow behaviour, cleanliness, serum indicators, and productivity. The
total duration of lying down (PS: 699.1 min/d, PRC: 645.6 min/d, RH: 852.5 min/d), the frequency of
bouts of lying down (PS: 8.7 bouts/d, PRC: 7.6 bouts/d, RH: 11.1 bouts/d), and the mean duration of
lying bouts (PS: 83.5 min/bouts, PRC: 91.8 min/bouts, RH: 81.4 min/bouts) did not differ between
treatments. Similarly, no differences in eating or drinking behaviour of dairy cows were observed. In
terms of hygiene, cleanliness scores did not differ between the three bedding materials, but udder
and flank cleanliness decreased and improved, respectively. In addition, treatments did not affect
serum metabolites or productivity of the cows. In summary, daily behaviour, serum metabolites, and
productivity of dairy cows were all within the normal range, and no statistical differences occurred
between the three bedding materials, although cows showed a preference for rice husk when given
access to all three bedding materials at the same time. Finally, the results suggest that bedding
comprised of peanut shells and peanut–rice combinations are all suitable for maintaining the health
and comfort of dairy cows.
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1. Introduction

Lying down is essential in the daily activities of dairy cows. The duration of time
that cows normally spend lying down is between 8 and 16 h each day [1]. Adequate rest
is essential for the health and welfare of dairy cows [2]. When cows are deprived of rest,
growth hormone and milk yield are reduced [3]. Duration is not the only factor involved
in determining the adequacy of rest; the quality of rest is also important and is influenced
by bedding characteristics such as the amount, type, and moisture [1,4,5]. Usually, deep,
dry, and clean bedding materials are preferred by cows and can improve the welfare of
dairy cows [1,5]. The provision of comfortable bedding can improve the health, welfare,
and productivity of dairy cows [6–8]. The most common types of bedding used in free-stall
barns are sand, sawdust, wheat straw, and wood shavings [9]. Nevertheless, it is generally
accepted that organic bedding material, such as straw, is favoured by cows over nonorganic
materials, such as sand, and that cows lie for longer when offered organic material [4,10,11].
The dry period is a crucial stage in the dairy cow lactation cycle that affects both health
and performance after calving [12]. Good facilities for cows during their dry period can
promote udder health and increase milk yield in the next lactation [13,14]. Cow lying time
after parturition may be linked to health status; for example, ketosis is associated with
increased lying time [15]. Consequently, it is very important that dairy cows are carefully
monitored and that their environment provides sufficient opportunities for good health
and welfare [16].

Rice husk has been used as a bedding material in commercial farms [17], although
it has only been tested experimentally for lambs and pigs [18–20]. As far as we know,
no studies of its suitability for dairy cows have been published, and information on cow
preference, health, welfare, and cost would be valuable. In central China, only a small
amount of rice is grown, and importation of husks from neighbouring rice-growing regions
has a high transportation cost because of its bulk, resulting in a need for alternative
bedding materials. Henan grows large quantities of peanuts, with about 1.7 million tons
of peanut husks are produced yearly (Henan Academy of Agricultural Sciences Portal;
http://www.hnagri.org.cn/, accessed on 5 April 2021). The broken peanut shells are dry
and soft, characteristics usually favoured by cows for increased comfort [1,5,21]. Peanut
shells also have low amounts of bacteria and moisture, which make them suitable for deep
bedding systems [22,23]. Hence, peanut shells provide a potential bedding material for
dairy cows in this region.

Scientific studies of dairy cow bedding usually record cow behaviour (e.g., lying,
standing, eating and drinking, etc.), body hygiene (particularly of the udder and legs),
and health (which may be determined from serum metabolites) [5,15,24]. We explored the
characteristics and effects of peanut shells and rice husk in two experiments. In the first,
we compared the preference of nonlactating dairy cows for peanut shells, rice husks, or a
combination of the two. We examined the physical characteristics of the bedding materials
and the influence of ambient weather conditions. In the second experiment, we evaluated
the behaviour, cleanliness, serum metabolites, and production of cows provided with the
same three bedding treatments.

2. Materials and Methods
2.1. Experiment 1: The Preference of Dairy Cows for Peanut Shell or Rice Husk Bedding
2.1.1. Animals and Study Design

This study was conducted at the research farm of Henan Agricultural University, in
Zhengzhou, China, between November 2019 and January 2020. All procedures involving
animals were approved by the animal ethics committee of Henan Agricultural University
under the Guidelines for Ethical Review of Laboratory Animal Welfare (GB/T35892). The
55 × 20 m barn had open sides and was naturally lit for 11.5 h each day. The experimental
barn orientation was in the east/west direction, and the mean daily temperature at the
experiment barn ranged from 0.3 to 18.4 ◦C. In total, 15 nonlactating and pregnant (mean
37 ± 8 d before parturition (dbp)) Holstein dairy cows between 2 and 6 years old (3 primi-
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parous heifers and 12 multiparous cows) from the research dairies were used. Before the
experiment, these cows were kept on a hard bedding surface (dry manure) with other dry
cows over 15 days. The barn was divided into three adjacent pens containing the three
resting areas by a steel pipe fence, and each resting area (5.9 m long, 5.15 m wide; no
cubicle) was freshly filled with a sand base and the following three bedding materials to a
depth of 10 cm: (1) peanut shell (PS) (dry matter content (DM): 91.67%); (2) peanut–rice
combination (PRC) (a ratio of two parts of peanut shell to one part of rice husk on weight,
DM: 91.25% (calculated)); (3) rice husk (RH) (DM: 90.4%). Then, the cows were kept in
3 pens of 5 cows, balanced by parity and calving date, and they had free access to all three
bedding types in each pen.

Cows were fed with a total mixed ration at 12 kg/cow (DM basis) containing corn
silage, peanut vine, and a commercial concentrate offered daily at 06:00 h. Ad libitum access
to water was provided in a trough in each pen. The bedding was levelled daily and faeces
were removed while the cows were eating. Fresh bedding material (30 kg) was added
to each resting area once weekly. The water trough was emptied, cleaned, and refilled
with fresh water daily. Two portable weather stations (detection range of −20–70 ◦C,
0–100%RH; accuracy ±0.5 ◦C, ±3% RH) (174H, Testo International Trade (Shanghai) Co.,
Ltd., Shanghai, China) were installed in the centre of the experimental barn (at a height
of 197 cm) to automatically record temperature and relative humidity at 10 min intervals.
Data from the portable weather station were downloaded at the end of the test by Testo
Comfort Software Basic 5.0 (Testo SE & Co. KGaA, Lenzkirch, Germany).

2.1.2. Preference Test

Four high-definition digital video cameras with built-in infrared lights (MC-8624-H2-
400 W, MA CA (China) Co., Ltd., Shenzhen, China) attached to a digital video recorder (MC-
8809-K1, MA CA (China) Co., Ltd., Shenzhen, China) were installed in the experimental
barn to continuously capture the behaviour of the cows for 43 d. The cows in each
pen were tested simultaneously and monitored continuously in individual pens until
calving. The first seven days of the experiment were an adaptation period for the cows,
and the behaviour was not recorded. In each pen, there were no physical obstacles to
prevent the cows from lying down on any of the three bedding surfaces. Behaviour was
coded from the video recordings by a trained observer using focal animal sampling with
continuous recording, who distinguished individuals by their unique coat colour patches.
The following behaviours were recorded: the treatment area in which each cow was lying,
the total duration of lying down, the frequency of bouts of lying down, and mean duration
of lying bouts (Table 1).

Table 1. Ethogram of cows recorded during Experiments 1 and 2.

Behaviour Description [24]

Lying down movement
Begins once the cow bends its front carpal joint and lowers the body,
and ends when the hindquarter of the cow is completely down and
the cow pulls the front leg out from underneath the body.

Lying time Starts once the ‘Lying down movement’ is complete and ends once
the ‘Getting up movement’ commences.

Getting up movement
Begins when the cow lifts the hindquarter from the ground and
ends when both front legs touch the ground and the whole-body
weight stands on four legs.

Eating The muzzle or head of the cow is in or over the feed bunk.
Drinking The muzzle or head of the cow is in or over the water trough.

2.1.3. Bedding Material Properties

A handheld infrared thermometer (PM6530B, PEAK METER, Shenzhen, China) was
used to assess the surface temperature of bedding materials in 5 locations (Figure 1) daily
at four times of day (08:00, 10:00, 15:00, and 18:00). To measure the dry matter content of
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the bedding materials, samples from each bedding area were collected weekly before fresh
bedding was added. Each sample consisted of 5 subsamples (about 40 g per sub-sample)
from the surface materials (Figure 1). The samples were dried for 72 h at 65 ◦C using an
electric heating constant temperature (blast) drying oven (DHG-9030A, Shanghai Jinghong
Experimental Equipment Co., Ltd., Shanghai, China), and the percentage of DM content
was calculated as dry weight/wet weight × 100. Infrared thermal images of the bedding
materials were collected for three consecutive days by a handheld infrared thermography
camera (FLIR C2, FLIR Systems, Inc., Wilsonville, OH, USA) immediately after the cows
rose in the morning. Images were then analysed using FLIR researcher software (version
5.13) (FLIR Systems, Inc.) to obtain the mean surface temperature.
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Figure 1. Location of temperature measurement and materials sampling of bedding. 1–5 respectively
represent the 5 locations of each bedding surface.

2.2. Experiment 2: Behaviour, Cleanliness, Health, and Milk Production of Dairy Cows Offered
Combinations of Peanut Shells, Rice Husk Bedding, or a Mixture of the Two
2.2.1. Animals and Study Design

In total, 12 nonlactating, pregnant (mean 38 ± 11 dbp) Holstein cows between 2 and
5 years old (7 primiparous heifers and 5 multiparous cows) with no history of mastitis
were used. Cows were divided into three bedding treatment groups with the same three
bedding materials as used in Experiment 1: peanut shell, peanut–rice combination, and rice
husk, balanced for parity (but with two primiparous heifers in the last pen) and calving
date. Each treatment group of cows was kept in two pens and was given only one choice of
bedding surface to lie down in each pen. The dimensions of the bedding area in each pen
were 5.00 m long and 5.15 m wide, with a total area of 25.75 m2. Mean daily temperature
ranged from −1.2 to 18.1 ◦C for inside and −1.1 to 19.6 ◦C for outside of the experiment
barn. This research was conducted from January to April 2020 for a total of 60 days.

2.2.2. Cow Behaviour

The same equipment in Experiment 1 was used to monitor the behaviour of dairy
cows and environmental conditions. Individual cows in each pen were distinguished by
their unique coat colour patches at the time of recording. Behavioural observations and
procedures were carried out as per Experiment 1, with an ethogram of behaviour presented
in Table 1. The first 7 days of video were not coded to allow the cows to familiarise
themselves with the pens and the bedding. Cow behaviour was then monitored until all
cows left the pen. Video collected on the day of calving was also not coded because the
normal activities of the cow were interrupted.

2.2.3. Cow Cleanliness

Before cows entered the experimental pen, the cleanliness of their right abdomen,
right flank, and udders were separately scored on a scale designed by the Dutch Udder
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Health Centre (UGCN, 2007) [25]. High ambient relative humidity and muddy pens in
winter caused the legs of the cows to be temporarily stained with fresh manure and soil.
Therefore, the cleanliness of the cow’s right hind leg was scored before entry into the pen
based on a scale from the Canadian Dairy Research Portal (https://www.dairyresearch.
ca/cow-comfort.php#self, accessed on 2 January 2021 [26]). The locations of scoring are
shown in Figure 2. Hygiene scoring was performed by two trained observers (Table 2).
Cows were scored again before leaving the pen, as a factor of period.
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Figure 2. Location of the areas scored using the Dutch Udder Health Centre scheme (UGCN, 2007)
and the Canadian Dairy Research Portal for the leg area specifically.

Table 2. Description of cow cleanliness score using scales from the Dutch Udder Health Centre scheme (UGCN) and a scale
from the Canadian Dairy Research Portal during Experiment 2.

Score Description (UGCN) Description (Canadian)

Score 1 Free of dirt (0% dirt) Contamination of fresh splashes of manure for <50% of the area
Score 2 Slightly covered with dirt (0 to 10% dirt) Contamination of fresh splashes of manure for >50% of the area
Score 3 Moderately covered with dirt (10 to 30% dirt) Contamination of dried caked and fresh manure for >50% of the area
Score 4 Extremely covered with dirt (>30% dirt) Contamination of entire area with dried caked manure

2.2.4. Serum Indicators and Productivity

Blood samples were collected from the coccygeal vein into 10 mL tubes without
anticoagulants within 24 h of calving and centrifuged at 4000× g for 10 min, and the serum
collected in a sterile 1.5 mL centrifuge tube and stored at −20 ◦C until analysis. Serum
samples were analysed for serum nonesterified fatty acid (NEFA), serum total calcium
(Ca), and B-hydroxybutyrate (BHB) using a fully automated bio-analysis machine (AU5800,

https://www.dairyresearch.ca/cow-comfort.php#self
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Beckman Coulter, Brea, CA, USA). The calves were weighed immediately on a scale (TCS,
Sanfeng, Shanghai, China) at birth. The majority of births were assisted by a veterinarian;
therefore, dystocia in the cows was not recorded. Cows were milked in an automatic
milking system, between 06:00 and 07:00 h, and between 15:00 and 16:00 h. Milk yield for
the first seven days after calving was recorded from each cow twice daily using a 28 L glass
bottle collecting milk.

2.2.5. Statistical Analysis

Individual cows were considered the observational unit (15 cows for Experiment 1
and 12 cows for Experiment 2). Behaviour results from the single observer were checked
for intrarater reliability by that person coding a subset (1 d of all cows) of the same videos
twice as a consistency check, using Cohen’s kappa in SPSS (v.22, IBM, Armonk, NY, USA).
The average reliability was 0.96. The average interobserver reliability (Cohen’s kappa)
for cleanliness scores was 0.773. Assumptions of normality and homoscedasticity were
checked using the Shapiro–Wilk test and Levene’s test, respectively, in SPSS. Behaviour,
serum metabolites, milk yield, and bedding properties data were analysed using a one-way
ANOVA with SPSS. The variables were included as follows: the bedding treatment as
an independent variable; all variables as a dependent variable. When the omnibus test
was significant, Tukey post hoc tests were conducted to determine which treatments were
significantly different from each other. The differences in cleanliness scores within and
between treatments over the study were analysed by Kruskal–Wallis and Wilcoxon test.
The results are expressed as means and standard errors. Figures were generated with
GraphPad Prism 8 software (GraphPad Software, Inc., Sacramento, CA, USA). A statistical
difference was assumed if Alpha was <0.05.

3. Results
3.1. Experiment 1: The Preference of Dairy Cows for Peanut Shell or Rice Husk Bedding

Due to insufficient device memory, 14 days of weather station data were not recorded.
The average daily temperature and relative humidity obtained from the remainder are
shown in Figure 3. During the test period, the ambient temperature fluctuated between
0.3 and 18.4 ◦C with a mean of 7.5 ◦C. Relative humidity ranged between 28.9 and 94.3%
with a mean of 55.1%. The physical properties of the different bedding materials tested
in this study are presented in Table 3. The mean DM content for peanut shell, peanut–rice
combination, and rice husk were 83.8, 82.5, and 82.7%, respectively. There was no significant
difference in DM between bedding types when using sampling times as replicates. No
differences were detected between the three bedding treatments for surface temperature. The
highest mean temperature from the thermal image of the bedding was observed on the peanut
shell (18.0 ◦C), followed by the peanut–rice combination (15.6 ◦C) and rice husk (13.5 ◦C), but
there was no significant difference between the three bedding materials (Table 3).
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Table 3. Physical properties of peanut shells, a peanut shell–rice husk combination, and rice husks
when used as dairy cow bedding treatments.

Bedding Treatment 1

Item PS PRC RH SEM Test Statistic p-Value
2 DM, % 83.8 82.5 82.7 0.61 F(2, 18) = 0.42 0.661

3 ST at 8:00, ◦C −0.04 −0.7 −0.1 0.47 F(2, 66) = 0.17 0.843

ST at 10:00, ◦C 4.3 4.7 5.4 0.66 F(2, 66) = 0.22 0.806

ST at 15:00, ◦C 7.2 7.6 8.0 0.52 F(2, 66) = 0.19 0.830

ST at 18:00, ◦C 3.1 2.7 2.7 0.49 F(2, 66) = 0.06 0.945
4 MST, ◦C 18.0 15.6 13.5 0.91 F(2, 15) = 2.38 0.127

1 PS = peanut shell; PRC = peanut-rice combination; RH = rice husk. 2 DM = dry matter. 3 ST = surface temperature.
4 MST = mean surface temperature of thermal image.

Cows chose to spend more time lying on rice husk (337 min/d) compared with
the peanut-rice combination (212 min/d) and peanut shell (196 min/d) and had more
frequent lying bouts on rice husk (4.35 bouts/d) than on peanut shell (2.55 bouts/d), but
these variables did not differ between peanut shell and peanut–rice combination bedding
(Table 4). No differences were observed in the mean duration of lying bouts of cows across
the three treatments (Table 4).

Table 4. Total lying time, the number of lying bouts, and mean duration of lying bouts for the three bedding treatments
during the preference test 1.

Bedding Treatment 2

Item PS PRC RH SEM Test Statistic p-Value

Total lying time, min/d 196.4 b 211.9 b 337.3 a 22.73 F(2, 39) = 4.52 0.017

Number of lying bouts, bouts/d 2.55 b 2.78 ab 4.35 a 0.29 F(2, 39) = 4.61 0.016

Mean lying bouts duration, min 53.8 56.6 68.4 3.49 F(2, 39) = 1.71 0.195
1 Overall effect was tested by one-way ANOVAs and Tukey tests were used for post hoc pairwise comparisons. 2 PS = peanut shells; PRC =
peanut–rice combination; RH = rice husk. Different superscript letters within a row indicate p < 0.05.

3.2. Experiment 2: Behaviour, Cleanliness, Health, and Milk Production of Dairy Cows Offered
Combinations of Peanut Shell, Rice Husk Bedding, or a Mixture of the Two

Ambient temperature and relative humidity varied throughout the experiment. There
were some differences in temperature and humidity between the inside and the outside
of the barn. The lowest temperature readings were similar for the two locations (inside:
−2.6 ◦C and outside: −2.8 ◦C). The maximum temperature was lower inside (25.8 ◦C) than
outside the barn (36.5 ◦C). Similar minimum (26.4% vs. 24.3%) and maximum (96.4% vs.
96.5%) humidity values were observed in and out the barn.

The total lying time was higher for rice husk than other bedding but no significant
differences were found between the three bedding treatments (Table 5). Similarly, the
number of lying bouts, mean bout duration, eating time, and drinking time did not differ
between the three bedding treatments (Table 5).

Cleanliness scores of cows were not affected by bedding treatment, but the udder
cleanliness score increased and the flank cleanliness score descended over the study (Table 6).

Serum metabolite concentrations were all within a normal range, with no statistical
differences between bedding materials (Table 7). In addition, serum calcium concentrations of
multiparous cows were slightly lower than 4.0 mmol/L, while primiparous cows were higher
than 4.0 mmol/L, regardless of bedding treatment (Supplementary Materials Figure S1).
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Table 5. Effect of three bedding treatments on lying and ingestive behaviour of dairy cows in Experiment 2.

Bedding Treatment 1

Item PS PRC RH SEM Test Statistic p-Value

Total lying time, min/d 699.1 645.6 852.5 43.48 F(2, 9) = 2.640 0.125

Number of lying bouts, bouts/d 8.7 7.6 11.1 0.83 F(2, 9) = 1.837 0.214

Mean lying bouts duration, min 83.5 91.8 81.4 5.69 F(2, 9) = 0.270 0.769

Eating time, min/d 297.7 343.1 267.9 18.40 F(2, 9) = 1.557 0.263

Drinking time, min/d 5.0 3.8 4.2 0.44 F(2, 9) = 0.668 0.536
1 PS = peanut shells; PRC = peanut–rice combination; RH = rice husk.

Table 6. Effects three bedding materials on the cleanliness scores of cows.

Bedding Materials 1 p-Value 2

Item PS PRC RH SEM T p

Leg 1.5 1.5 3.0 0.34 0.185 0.470

Udder 1.8 1.5 2.3 0.32 0.506 0.039

Flank 2.3 1.5 2.3 0.25 0.357 0.015

Abdomen 2.3 1.3 1.8 0.30 0.336 0.713
1 PS = peanut shells; PRC = peanut–rice combination; RH = rice husk. 2 T = treatment effect; p = period effect.

Table 7. Effects of three bedding materials on serum metabolites, milk yield, and calf weight of cows
after calving in Experiment 2.

Bedding Treatment 1

Item 2 PS PRC RH SEM Test Statistic p-Value

BHB, mmol/L 0.7 0.6 0.9 0.06 F(2, 8) = 2.018 0.195

NEFA, mmol/L 0.7 0.8 0.9 0.09 F(2, 8) = 0.756 0.500

Ca, mmol/L 2.0 2.0 1.9 0.08 F(2, 8) = 0.366 0.704

Milk yield, kg/d 25.7 29.2 28.2 2.26 F(2, 8) = 0.159 0.856

Calf weight, kg 38.0 35.2 35.3 0.94 F(2, 8) = 0.952 0.426
1 PS = peanut shells; PRC = peanut–rice combination; RH = rice husk. 2 BHB = β-hydroxybutyrate;
NEFA = nonesterified fatty acids. Ca = calcium.

4. Discussion

The goal of this study was to compare the preference of dairy cows for three bedding
materials and to determine the effects of different bedding on animal behaviour, welfare,
and health. During the period when cows had a free choice of three bedding types, cows
lied down most often and spent more time lying down on rice husk than on peanut shells
and peanut–rice combinations (Table 4), while the average lying time per bout did not
differ between the three bedding materials. The lying time, the number of lying bouts, and
the mean lying time of cows have been considered indicators of cow preference in previous
studies [4,5,26]. The results from the cow behaviour in the current study indicated that
rice husk is a preferred bedding material. Cows prefer to spend more time lying down on
comfortable, soft, and dry bedding surfaces [21,27]. Wolfe et al. [26] determined that cows
spend more time on deep-bedded switchgrass, compared to a combination of switchgrass,
water, and lime, because it had the advantage of being softer and drier. Therefore, the
properties of bedding materials appear to affect the preference of dairy cows. In the current
study, the dry matter content of all three bedding types was higher than 80%, but no
differences were detected between bedding materials with a similar dry matter. Organic
bedding material with high moisture typically has higher bacterial loads, compared to
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inorganic material [27,28], and cows prefer to lie down on dry bedding surfaces (DM: 44%
vs. 23% and 89.8% vs. 34.7%) [4,21]. In other words, wet bedding damages the welfare of
dairy cows by affecting resting time.

On the other hand, the heat distribution of the bedding was elucidated by thermal
images when the cows were lying down (Table 3), indirectly reflecting the heat loss of the
bedding during resting. In this study, there were no differences in the mean temperature
of the thermal images between bedding materials in each pen. For surface tempera-
ture, there was no difference between bedding types when compared at the same time.
Panivivat et al. [29] found that bedding of wheat straw had higher surface temperatures
than rice husk and wood shavings between the months of August and October (summer
to autumn in Tennessee, Argentina). However, in the current study, cold ambient tem-
peratures did not cause surface temperature differences to change the preference of cows,
which differed from our expectation that the cows would make bedding choices based on
the surface temperature of bedding. Therefore, in this research, it appeared that the soft
and comfortable nature of rice husk was favoured by the dairy cows.

In Experiment 2, cows were only given one of three potential bedding types. Cow
behaviour was unaffected by the type of bedding material presented (Table 5). There
were no statistical differences found for any behaviour in response to bedding type. This
is in contrast with Experiment 1 in which the cows showed a clear preference for rice
husk bedding with longer lying times and more lying bouts, in comparison to peanut
shell and peanut–rice combination, when given access to all three types of bedding. This
contradiction has also been found in previous studies. Cows have shown a preference for
deep-bedded switchgrass and straw bedding over rubber matting when given access to
all options, but there was no difference in total lying time when they were only given one
of the multiple potential bedding options [26,30]. This suggests that although cows may
show a preference for specific bedding materials, it does not always prevent them from
resting when faced with only one bedding choice.

Cows tended to spend the most resting time on rice husk and the least time in the
peanut–rice combination, but these differences were not significant. This aligns with the
number of lying bouts, which was most frequent for the rice husk bedding, followed by
peanut shell and the peanut–rice combination (Table 5). In the current study, the total lying
time, number of lying bouts and mean duration of lying bouts of cows on the peanut–rice
combination and peanut shell fell into the reported normal range of 9.5 to 12.9 h/d, 7
to 10 bouts/d, and 65 to 112 min reported by two previous studies: Ito et al. [31] and
Piñeiro et al. [15]. Tucker et al. [2] reported that the lying time of lactating cows is 8 to
13 h/d. Kaufman et al. [32] found that the mean lying time of 10.5 h/d for primiparous
cows and 12.3 h/d for multiparous cows at 7 dbp, which is similar to the mean lying time
of 11.7 h/d at 10 dbp reported by Huzzey et al. [33]. On the other hand, Solano [34] and
Wolfe et al. [26] reported the lying time of lactating cows as 10.4 h/d for straw, 10.6 h/d
for sawdust, 10.5 h/d for wood shavings, and 9.9 h/d for switchgrass. In this experiment,
the mean lying time was observed to be 10.8 to 14.2 h/d before parturition, regardless of
bedding treatments, but no differences were found between the bedding types. However,
according to Llonch et al. [24], the daily lying time of dry cows (15.5 h/d) on compost-type
bedding was longer than ours. This difference may be attributed to the depth of materials,
activity area, and housing system [1,2].

Feed intake is related to animal energy balance [35]. Bedding treatments did not affect
the amount of time that cows spent eating or drinking in Experiment 2 of the current
study. Beauchemin [36] reported the eating time of lactating cows to be from 2.4 to 8.5 h/d.
Hut [37] and Llonch et al. [24] reported the eating time of dry cows to be 5.8 h/d and
2.8 h/d, respectively. Eating times in the current study are largely similar to the published
literature, ranging from 4.5 h/d (rice husk bedding) to 5.7 h/d (peanut–rice combination).
For drinking time, our results were also in line with the published report (6 min/d) by
Llonch et al. [24] in cold weather. Our results indicate that time spent eating and drinking
was within the normal range of previous literature. Therefore, the different bedding types
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assessed in this study still result in normal amounts of eating and drinking behaviour,
which is positive for welfare and health.

Cow cleanliness was measured using a Likert scale from 1 (free of dirt) to 4 (very dirty).
The cleanliness of cows was not affected by different bedding treatments. Greater improve-
ment in the cleanliness of flanks was found for those cows in post-test than in pre-test, while
the udder cleanliness score increased over the study (Table 6). It is well known that as hy-
giene improves, milk quality also increases and clinical mastitis decreases [38–40], and cow
cleanliness can be affected by bedding materials and environmental management [4,41]. In
the current study, no differences in cleanliness were found between bedding types, which
is in line with the reports by Panivivat [29] and Wolfe et al. [26], who compared cows on
different bedding materials.

Adequate energetic balance is important for maintaining both cow welfare and ad-
equate production levels. Serum BHB and NEFA concentrations are used as indicators
of energy balance and hyperketonemia in cows [42,43]. Ketosis can be diagnosed by a
BHB serum concentration of ≥1.2 mmol/L [32,44]. According to Piñeiro et al. [15], the
voluntary lying time of cows before calving has a positive quadratic relationship with the
NEFA concentration. In the current study, bedding type did not affect the mean BHB and
NEFA serum concentrations of the dairy cows (Table 7). Mean BHB and NEFA serum
values were within a normal reference range [32,44,45]. Cows suffering from subclinical
hypocalcaemia have a higher risk of the displaced abomasum, ketosis, retained placenta,
and a higher risk of being culled [46,47]. Furthermore, in severe cases of hypocalcaemia,
parturient paresis may develop in dairy cows. According to Reinhardt et al. [48], hypocal-
caemia can be defined when total serum calcium concentrations are less than 2.0 mmol/L
(8.0 mg/dL) within the first two days after calving. Previous research indicates the preva-
lence of hypocalcaemia in multiparous cows is higher than for primiparous cows [15,49],
which is similar to the finding observed in the current study, that is, the serum calcium
concentration of multiparous cows was lower than that of primiparous cows. Milk yield
is negatively correlated with lying time [50]. Normocalcemic multiparous cows produce
more milk than hypocalcaemia cows, but no association has been found between the lying
time of multiparous cows and hypocalcaemia before calving [46,51]. Therefore, it may be
expected that milk yield and calf weight could differ between the three bedding treatments,
which may be the reason why no significant differences were found between treatments,
i.e., because of the lack of difference in lying time. Mean serum concentrations were all
within the normal range, suggesting that all three bedding materials are suitable for the
welfare and health of dairy cows.

5. Conclusions

According to the results of this experimental study, peanut shells and peanut–rice
combinations appear to be suitable bedding materials for dairy cows. Daily behaviour,
serum metabolites, and productivity measures of the cows were all within the normal
range, and no statistical differences were found between bedding types, although cows
showed a preference for rice husk when given access to all three bedding materials. Further
research is needed to confirm the long-term effect of these deep bedding materials on dairy
cow health, welfare, and production.

Supplementary Materials: The following are available online at https://www.mdpi.com/artic
le/10.3390/ani11071887/s1, Figure S1: Serum calcium concentrations of primiparous and multi-
parous cows.

Author Contributions: Conceptualisation, P.L., A.C., C.J.C.P. and T.G.; methodology, P.L., A.C.,
C.J.C.P. and T.G.; formal analysis, A.C. and T.G.; investigation, P.L., T.F. and T.G.; resources, P.L.
and T.F.; data curation, P.L., A.C. and T.G.; writing—original draft preparation, P.L. and A.C.;
writing—review and editing, K.D., T.G. and C.J.C.P.; supervision, H.L. and T.G.; project administra-
tion, K.D., T.G. and C.J.C.P.; funding acquisition, C.J.C.P. All authors have read and agreed to the
published version of the manuscript.

https://www.mdpi.com/article/10.3390/ani11071887/s1
https://www.mdpi.com/article/10.3390/ani11071887/s1


Animals 2021, 11, 1887 11 of 13

Funding: This research project was funded by the Open Philanthropy Project in a grant administered
through the School of Veterinary Science, University of Queensland, and China Agriculture Research
System of MOF and MARA.

Institutional Review Board Statement: All procedures involving animals were approved by the
animal ethics committee of Henan Agricultural University (17 May 2019) under the Guidelines for
Ethical Review of Laboratory Animal Welfare (GB/T35892).

Data Availability Statement: The data used in this study are available from the corresponding
author on request.

Acknowledgments: The authors are grateful to all staff at the research farm of Henan Agricultural
University for their assistance with TMR preparation and care of the animals.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Tucker, C.B.; Weary, D.M.; von Keyserlingk, M.A.; Beauchemin, K.A. Cow comfort in tie-stalls: Increased depth of shavings or

straw bedding increases lying time. J. Dairy Sci. 2009, 92, 2684–2690. [CrossRef]
2. Tucker, C.B.; Jensen, M.B.; de Passillé, A.M.; Hänninen, L.; Rushen, J. Invited review: Lying time and the welfare of dairy cows.

J. Dairy Sci. 2021, 104, 20–46. [CrossRef]
3. Munksgaard, L.; Simonsen, H.B. Behavioral and pituitary adrenal-axis responses of dairy cows to social isolation and deprivation

of lying down. J. Anim. Sci. 1996, 74, 769–778. [CrossRef] [PubMed]
4. Norring, M.; Manninen, E.; de Passillé, A.M.; Rushen, J.; Munksgaard, L.; Saloniemi, H. Effects of sand and straw bedding on the

lying behavior, cleanliness, and hoof and hock injuries of dairy cows. J. Dairy Sci. 2008, 91, 570–576. [CrossRef] [PubMed]
5. Schütz, K.E.; Cave, V.M.; Cox, N.R.; Huddart, F.J.; Tucker, C.B. Effects of 3 surface types on dairy cattle behavior, preference, and

hygiene. J. Dairy Sci. 2019, 102, 1530–1541. [CrossRef] [PubMed]
6. Thomsen, P.T.; Fogsgaard, K.K.; Jensen, M.B.; Raundal, P.; Herskin, M.S. Better recovery from lameness among dairy cows housed

in hospital pens. J. Dairy Sci. 2019, 102, 11291–11297. [CrossRef] [PubMed]
7. Salfer, J.A.; Siewert, J.M.; Endres, M.I. Housing, management characteristics, and factors associated with lameness, hock lesion,

and hygiene of lactating dairy cattle on Upper Midwest United States dairy farms using automatic milking systems. J. Dairy Sci.
2018, 101, 8586–8594. [CrossRef]

8. Yajima, A.; Owada, H.; Kobayashi, S.; Komatsu, N.; Takehara, K.; Ito, M.; Matsuda, K.; Sato, K.; Itabashi, H.; Sugimura, S.; et al.
Cacao bean husk: An applicable bedding material in dairy free-stall barns. Asian Australas. J. Anim. Sci. 2017, 30, 1048–1053.
[CrossRef] [PubMed]

9. Ferraz, P.F.P.; Ferraz, G.A.E.S.; Leso, L.; Klopčič, M.; Barbari, M.; Rossi, G. Properties of conventional and alternative bedding
materials for dairy cattle. J. Dairy Sci. 2020, 103, 8661–8674. [CrossRef] [PubMed]

10. Tucker, C.B.; Weary, D.M.; Fraser, D. Effects of three types of free-stall surfaces on preferences and stall usage by dairy cows.
J. Dairy Sci. 2003, 86, 521–529. [CrossRef]

11. Shewbridge Carter, L.; Rutter, S.M.; Ball, D.; Gibbons, J.; Haskell, M.J. Dairy cow trade-off preference for 2 different lying qualities:
Lying surface and lying space. J. Dairy Sci. 2021, 104, 862–873. [CrossRef]

12. Wisnieski, L.; Norby, B.; Pierce, S.J.; Becker, T.; Gandy, J.C.; Sordillo, L.M. Predictive models for early lactation diseases in
transition dairy cattle at dry-off. Prev. Vet. Med. 2019, 163, 68–78. [CrossRef]

13. Zobel, G.; Weary, D.M.; Leslie, K.E.; von Keyserlingk, M.A. Invited review: Cessation of lactation: Effects on animal welfare.
J. Dairy Sci. 2015, 98, 8263–8277. [CrossRef]

14. Van Hoeij, R.J.; Lam, T.J.G.M.; de Koning, D.B.; Steeneveld, W.; Kemp, B.; van Knegsel, A.T.M. Cow characteristics and their
association with udder health after different dry period lengths. J. Dairy Sci. 2016, 99, 8330–8340. [CrossRef] [PubMed]

15. Piñeiro, J.M.; Menichetti, B.T.; Barragan, A.A.; Relling, A.E.; Weiss, W.P.; Bas, S.; Schuenemann, G.M. Associations of pre- and
postpartum lying time with metabolic, inflammation, and health status of lactating dairy cows. J. Dairy Sci. 2019, 102, 3348–3361.
[CrossRef] [PubMed]

16. de Vries, M.; Bokkers, E.A.; van Reenen, C.G.; Engel, B.; van Schaik, G.; Dijkstra, T.; de Boer, I.J. Housing and management factors
associated with indicators of dairy cattle welfare. Prev. Vet. Med. 2015, 118, 80–92. [CrossRef] [PubMed]

17. Wu, H.M.; Wang, Y.; Dong, L.; Hu, H.; Meng, L.; Liu, H.; Zheng, N.; Wang, J. Microbial characteristics and safety of dairy manure
composting for reuse as dairy bedding. Biology 2020, 10, 13. [CrossRef] [PubMed]

18. Teixeira, D.L.; Miranda-de la Lama, G.C.; Pascual-Alonso, M.; Aguayo-Ulloa, L.; Villarroel, M.; María, G.A. A note on lamb’s
choice for different types of bedding materials. J. Vet. Behav. 2013, 8, 175–179. [CrossRef]

19. de Mendonça Costa, M.S.S.; Cestonaro, T.; de Mendonça Costa, L.A.; Rozatti, M.A.T.; Carneiro, L.J.; Pereira, D.C.; Lorin, H.E.F.
Improving the nutrient content of sheep bedding compost by adding cattle manure. J. Clean. Prod. 2015, 86, 9–14. [CrossRef]

20. Corrêa, E.K.; Bianchi, I.; Perondi, A.; de los Santos, J.R.; Corrêa, M.N.; Castilhos, D.D.; Gil-Turnes, C.; Lucia, T., Jr. Chem-
ical and microbiological characteristics of rice husk bedding having distinct depths and used for growing-finishing swine.
Bioresour. Technol. 2009, 100, 5318–5322. [CrossRef]

http://doi.org/10.3168/jds.2008-1926
http://doi.org/10.3168/jds.2019-18074
http://doi.org/10.2527/1996.744769x
http://www.ncbi.nlm.nih.gov/pubmed/8727997
http://doi.org/10.3168/jds.2007-0452
http://www.ncbi.nlm.nih.gov/pubmed/18218743
http://doi.org/10.3168/jds.2018-14792
http://www.ncbi.nlm.nih.gov/pubmed/30594384
http://doi.org/10.3168/jds.2019-17045
http://www.ncbi.nlm.nih.gov/pubmed/31606214
http://doi.org/10.3168/jds.2017-13925
http://doi.org/10.5713/ajas.16.0877
http://www.ncbi.nlm.nih.gov/pubmed/28002931
http://doi.org/10.3168/jds.2020-18318
http://www.ncbi.nlm.nih.gov/pubmed/32600754
http://doi.org/10.3168/jds.S0022-0302(03)73630-3
http://doi.org/10.3168/jds.2020-18781
http://doi.org/10.1016/j.prevetmed.2018.12.014
http://doi.org/10.3168/jds.2015-9617
http://doi.org/10.3168/jds.2016-10901
http://www.ncbi.nlm.nih.gov/pubmed/27423942
http://doi.org/10.3168/jds.2018-15386
http://www.ncbi.nlm.nih.gov/pubmed/30799119
http://doi.org/10.1016/j.prevetmed.2014.11.016
http://www.ncbi.nlm.nih.gov/pubmed/25479923
http://doi.org/10.3390/biology10010013
http://www.ncbi.nlm.nih.gov/pubmed/33379325
http://doi.org/10.1016/j.jveb.2012.06.007
http://doi.org/10.1016/j.jclepro.2014.08.093
http://doi.org/10.1016/j.biortech.2009.02.071


Animals 2021, 11, 1887 12 of 13

21. Reich, L.J.; Weary, D.M.; Veira, D.M.; von Keyserlingk, M.A. Effects of sawdust bedding dry matter on lying behavior of dairy
cows: A dose-dependent response. J. Dairy Sci. 2010, 93, 1561–1565. [CrossRef]

22. Fávero, S.; Portilho, F.V.R.; Oliveira, A.C.R.; Langoni, H.; Pantoja, J.C.F. Factors associated with mastitis epidemiologic indexes,
animal hygiene, and bulk milk bacterial concentrations in dairy herds housed on compost bedding. Livest. Sci. 2015, 181, 220–230.
[CrossRef]

23. Shepherd, E.M.; Fairchild, B.D.; Ritz, C.W. Alternative bedding materials and litter depth impact litter moisture and footpad
dermatitis. J. Appl. Poult. Res. 2017, 26, 518–528. [CrossRef]

24. Llonch, L.; Castillejos, L.; Mainau, E.; Manteca, X.; Ferret, A. Effect of forest biomass as bedding material on compost-bedded
pack performance, microbial content, and behavior of nonlactating dairy cows. J. Dairy Sci. 2020, 103, 10676–10688. [CrossRef]
[PubMed]

25. Uiergezondheidscentrum Nederland (UGCN). Hygiëne Scorekaart. Dutch Udder Health Centre. 2007. Available online: http://www.
ugcn.nl/media/default.aspx/emma/org/1083484/F1284539077/UGCN/hygiene/scorekrt.pdf (accessed on 2 January 2021).

26. Wolfe, T.; Vasseur, E.; DeVries, T.J.; Bergeron, R. Effects of alternative deep bedding options on dairy cow preference, lying
behavior, cleanliness, and teat end contamination. J. Dairy Sci. 2018, 101, 530–536. [CrossRef] [PubMed]

27. Van Gastelen, S.; Westerlaan, B.; Houwers, D.J.; van Eerdenburg, F.J. A study on cow comfort and risk for lameness and mastitis
in relation to different types of bedding materials. J. Dairy Sci. 2011, 94, 4878–4888. [CrossRef] [PubMed]

28. Rowbotham, R.F.; Ruegg, P.L. Bacterial counts on teat skin and in new sand, recycled sand, and recycled manure solids used as
bedding in freestalls. J. Dairy Sci. 2016, 99, 6594–6608. [CrossRef] [PubMed]

29. Panivivat, R.; Kegley, E.B.; Pennington, J.A.; Kellogg, D.W.; Krumpelman, S.L. Growth performance and health of dairy calves
bedded with different types of materials. J. Dairy Sci. 2004, 87, 3736–3745. [CrossRef]

30. Manninen, E.; Passille, A.M.D.; Rushen, J.; Norring, M.; Saloniemi, H. Preferences for dairy cows kept in unheated buildings for
different kind of cubicle flooring. Appl. Anim. Behav. Sci. 2002, 75, 281–292. [CrossRef]

31. Ito, K.; Weary, D.M.; von Keyserlingk, M.A. Lying behavior: Assessing within- and between-herd variation in free-stall-housed
dairy cows. J. Dairy Sci. 2009, 92, 4412–4420. [CrossRef]

32. Kaufman, E.I.; LeBlanc, S.J.; McBride, B.W.; Duffield, T.F.; DeVries, T.J. Short communication: Association of lying behavior and
subclinical ketosis in transition dairy cows. J. Dairy Sci. 2016, 99, 7473–7480. [CrossRef] [PubMed]

33. Huzzey, J.M.; von Keyserlingk, M.A.; Weary, D.M. Changes in feeding, drinking, and standing behavior of dairy cows during the
transition period. J. Dairy Sci. 2005, 88, 2454–2461. [CrossRef]

34. Solano, L.; Barkema, H.W.; Pajor, E.A.; Mason, S.; LeBlanc, S.J.; Nash, C.G.R.; Haley, D.B.; Pellerin, D.; Rushen, J.;
de Passillé, A.M.; et al. Associations between lying behavior and lameness in Canadian Holstein-Friesian cows housed in freestall
barns. J. Dairy Sci. 2016, 99, 2086–2101. [CrossRef] [PubMed]

35. Harder, I.; Stamer, E.; Junge, W.; Thaller, G. Lactation curves and model evaluation for feed intake and energy balance in dairy
cows. J. Dairy Sci. 2019, 102, 7204–7216. [CrossRef]

36. Beauchemin, K.A. Invited review: Current perspectives on eating and rumination activity in dairy cows. J. Dairy Sci. 2018, 101,
4762–4784. [CrossRef] [PubMed]

37. Hut, P.; Mulder, A.; van den Broek, J.; Hulsen, J.; Hooijer, G.; Stassen, E.; van Eerdenburg, F.; Nielen, M. Sensor based eating time
variables of dairy cows in the transition period related to the time to first service. Prev. Vet. Med. 2019, 169, 104694. [CrossRef]

38. Ellis, K.A.; Innocent, G.T.; Mihm, M.; Cripps, P.; McLean, W.G.; Howard, C.V.; Grove-White, D. Dairy cow cleanliness and milk
quality on organic and conventional farms in the UK. J. Dairy Res. 2007, 74, 302–310. [CrossRef]

39. Sant’anna, A.C.; Paranhos da Costa, M.J.R. The relationship between dairy cow hygiene and somatic cell count in milk. J. Dairy Sci.
2011, 94, 3835–3844. [CrossRef]

40. Verbeke, J.; Piepers, S.; Supré, K.; De Vliegher, S. Pathogen-specific incidence rate of clinical mastitis in Flemish dairy herds,
severity, and association with herd hygiene. J. Dairy Sci. 2014, 97, 6926–6934. [CrossRef]

41. Robles, I.; Kelton, D.F.; Barkema, H.W.; Keefe, G.P.; Roy, J.P.; von Keyserlingk, M.A.G.; DeVries, T. Bacterial concentrations in
bedding and their association with dairy cow hygiene and milk quality. Animal 2020, 14, 1052–1066. [CrossRef]

42. Luke, T.D.W.; Pryce, J.E.; Wales, W.J.; Rochfort, S.J. A tale of two biomarkers: Untargeted 1 H NMR metabolomic fingerprinting of
BHBA and NEFA in early lactation dairy cows. Metabolites 2020, 10, 247. [CrossRef]

43. Benedet, A.; Costa, A.; De Marchi, M.; Penasa, M. Heritability estimates of predicted blood β-hydroxybutyrate and nonesterified
fatty acids and relationships with milk traits in early-lactation Holstein cows. J. Dairy Sci. 2020, 103, 6354–6363. [CrossRef]
[PubMed]

44. McArt, J.A.; Nydam, D.V.; Oetzel, G.R. A field trial on the effect of propylene glycol on displaced abomasum, removal from herd,
and reproduction in fresh cows diagnosed with subclinical ketosis. J. Dairy Sci. 2012, 95, 2505–2512. [CrossRef] [PubMed]

45. Mann, S.; Nydam, D.V.; Lock, A.L.; Overton, T.R.; McArt, J.A.A. Short communication: Association of milk fatty acids with early
lactation hyperketonemia and elevated concentration of nonesterified fatty acids. J. Dairy Sci. 2016, 99, 5851–5857. [CrossRef]

46. Venjakob, P.L.; Pieper, L.; Heuwieser, W.; Borchardt, S. Association of postpartum hypocalcemia with early-lactation milk yield,
reproductive performance, and culling in dairy cows. J. Dairy Sci. 2018, 101, 9396–9405. [CrossRef] [PubMed]

47. Rodríguez, E.M.; Arís, A.; Bach, A. Associations between subclinical hypocalcemia and postparturient diseases in dairy cows.
J. Dairy Sci. 2017, 100, 7427–7434. [CrossRef]

http://doi.org/10.3168/jds.2009-2713
http://doi.org/10.1016/j.livsci.2015.09.002
http://doi.org/10.3382/japr/pfx024
http://doi.org/10.3168/jds.2020-18496
http://www.ncbi.nlm.nih.gov/pubmed/32921464
http://www.ugcn.nl/media/default.aspx/emma/org/1083484/F1284539077/UGCN/hygiene/scorekrt.pdf
http://www.ugcn.nl/media/default.aspx/emma/org/1083484/F1284539077/UGCN/hygiene/scorekrt.pdf
http://doi.org/10.3168/jds.2016-12358
http://www.ncbi.nlm.nih.gov/pubmed/29103721
http://doi.org/10.3168/jds.2010-4019
http://www.ncbi.nlm.nih.gov/pubmed/21943739
http://doi.org/10.3168/jds.2015-10674
http://www.ncbi.nlm.nih.gov/pubmed/27265163
http://doi.org/10.3168/jds.S0022-0302(04)73512-2
http://doi.org/10.1016/S0168-1591(01)00206-4
http://doi.org/10.3168/jds.2009-2235
http://doi.org/10.3168/jds.2016-11185
http://www.ncbi.nlm.nih.gov/pubmed/27394948
http://doi.org/10.3168/jds.S0022-0302(05)72923-4
http://doi.org/10.3168/jds.2015-10336
http://www.ncbi.nlm.nih.gov/pubmed/26805982
http://doi.org/10.3168/jds.2018-15300
http://doi.org/10.3168/jds.2017-13706
http://www.ncbi.nlm.nih.gov/pubmed/29627250
http://doi.org/10.1016/j.prevetmed.2019.104694
http://doi.org/10.1017/S002202990700249X
http://doi.org/10.3168/jds.2010-3951
http://doi.org/10.3168/jds.2014-8173
http://doi.org/10.1017/S1751731119002787
http://doi.org/10.3390/metabo10060247
http://doi.org/10.3168/jds.2019-17916
http://www.ncbi.nlm.nih.gov/pubmed/32359995
http://doi.org/10.3168/jds.2011-4908
http://www.ncbi.nlm.nih.gov/pubmed/22541477
http://doi.org/10.3168/jds.2016-10920
http://doi.org/10.3168/jds.2017-14202
http://www.ncbi.nlm.nih.gov/pubmed/30031579
http://doi.org/10.3168/jds.2016-12210


Animals 2021, 11, 1887 13 of 13

48. Reinhardt, T.A.; Lippolis, J.D.; McCluskey, B.J.; Goff, J.P.; Horst, R.L. Prevalence of subclinical hypocalcemia in dairy herds. Vet. J.
2011, 188, 122–124. [CrossRef]

49. Caixeta, L.S.; Ospina, P.A.; Capel, M.B.; Nydam, D.V. Association between subclinical hypocalcemia in the first 3 days of lactation
and reproductive performance of dairy cows. Theriogenology 2017, 94, 1–7. [CrossRef]

50. Cook, N.B. Symposium review: The impact of management and facilities on cow culling rates. J. Dairy Sci. 2020, 103, 3846–3855.
[CrossRef] [PubMed]

51. Barraclough, R.A.C.; Shaw, D.J.; Thorup, V.M.; Haskell, M.J.; Lee, W.; Macrae, A.I. The behavior of dairy cattle in the transition
period: Effects of blood calcium status. J. Dairy Sci. 2020, 103, 10604–10613. [CrossRef]

http://doi.org/10.1016/j.tvjl.2010.03.025
http://doi.org/10.1016/j.theriogenology.2017.01.039
http://doi.org/10.3168/jds.2019-17140
http://www.ncbi.nlm.nih.gov/pubmed/31837782
http://doi.org/10.3168/jds.2020-18238

	Introduction 
	Materials and Methods 
	Experiment 1: The Preference of Dairy Cows for Peanut Shell or Rice Husk Bedding 
	Animals and Study Design 
	Preference Test 
	Bedding Material Properties 

	Experiment 2: Behaviour, Cleanliness, Health, and Milk Production of Dairy Cows Offered Combinations of Peanut Shells, Rice Husk Bedding, or a Mixture of the Two 
	Animals and Study Design 
	Cow Behaviour 
	Cow Cleanliness 
	Serum Indicators and Productivity 
	Statistical Analysis 


	Results 
	Experiment 1: The Preference of Dairy Cows for Peanut Shell or Rice Husk Bedding 
	Experiment 2: Behaviour, Cleanliness, Health, and Milk Production of Dairy Cows Offered Combinations of Peanut Shell, Rice Husk Bedding, or a Mixture of the Two 

	Discussion 
	Conclusions 
	References

