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Abstract

An enriched environment is widely used to improve domestic animals’ welfare and promote their natural behaviors. Music
can reduce abnormal behavior in humans, nonhuman primates, and rodents. However, little is known about the effects

of music on pigs. This study aims to explore the effects of repeated music stimulation on the behavior, physiology, and
immunity of growing pigs. A total of 72 hybrid piglets (Large White x Duroc x Minpig) were randomly divided into three
groups, including music (Mozart K.448, 60 to 70 dB), noise (recorded mechanical noise, 80 to 85 dB), and control (natural
background sound, <40 dB), and 6 h sound stimulation was given per day (1000 to 1600 hours) from 40 to 100 d of age. The
behavioral activities of the pigs were observed during the music stimulation, and their serum cortisol, salivary cortisol, and
serum immune indices were also measured. Compared with the control group, the music group and noise group increased
activity but decreased lying of pigs (P < 0.05). A significant increase in tail-wagging, playing, and exploring behaviors of pigs
was found in the music group (P < 0.05), and the noise significantly increased the aggressive behavior of the pigs

(P < 0.05). Tail-wagging, playing, exploring, manipulating, and aggressive behaviors decreased over time. Short-term (8 d)
music stimulus had a lower cortisol level than that of the noise and control groups (P < 0.05), whereas long-term (60 d)
music stimulus increased immunoglobulin G (IgG), interleukin-2 (IL-2), and interferon-gamma (IFN-y) levels (P < 0.05) and
decreased interleukin-4 (IL-4) level (P < 0.05). Long-term noise stimulus significantly reduced the level of IgG (P < 0.05) but
did not affect the level of IL-2, IL-4, and IFN-vy levels (P > 0.05). In conclusion, short-term music stimulus (8 d) reduced the
stress response, whereas long-term music stimulus (60 d) enhanced the immune responses. In addition, the noise increased
the aggressive behavior, and long-term noise reduced the immunity of the growing pigs.
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Abbreviations

ELISA enzyme-linked immunosorbent assay
HPA hypothalamic-pituitary-adrenal
IFN-y interferon-y

IgG immunoglobulin G

IL-2 interleukin-2

IL-4 interleukin-4

NR2B N-methyl-p-aspartate receptor 2B
TrkB tyrosine kinase receptor B
Introduction

Environmental enrichment helps animals expressing natural
behaviors, prevents or reduces abnormal behaviors, and
improves biological functions (Newberry, 1995). Due to the
low cost and the ease of administration of music to domestic
animals, there is a growing interest in using music therapy
techniques to improve the health of domestic and captive
animals (Alworth and Buerkle, 2013). In recent years, several
studies have reported the impact of music on improving
animal health. For instance, zebrafish (Danio rerio) exposed to
the musical environment was less anxious in the novel tank
test, decreasing peripheral levels of pro-inflammatory cytokines
(Barcellos et al., 2018). The sows housed in individual cages or
collective stalls had lower respiratory frequency values and
smaller expressions of stereotypes when exposed to the musical
environment (Backus et al., 2017). Short-term classical music
stimulus reduced the aggressive behavior of nonpregnant and
non-lactating Arabi ewes (Meshabaz et al., 2017).

As an environmental enrichment, music plays an important
role in the development of animals. Early auditory enrichment
with music from postnatal 14 d enhanced N-methyl-D-
aspartate receptor subunit and N-methyl-pD-aspartate receptor
2B (NR2B) subunit protein expression in the auditory cortex
of rats. Furthermore, auditory enrichment with music starting
from postnatal 28 or 56 d did not influence NR2B expression
in the auditory cortex of rats (Xu et al., 2009). Repeated music
exposure during the perinatal period influences brain derived
neurotrophic factor (BDNF)/tyrosine kinase receptor B (TrkB)
signaling and its intracellular signaling pathway targets,
including TrkB and 3-phosphoinositide-dependent protein
kinase-1, induce improved learning and memory functions of
mice (Chikahisa et al., 2006). Early music stimulation can affect
the neuroplasticity of mice (Chikahisa et al., 2006; Xu et al., 2009).
The music positively affected the emotional state of racehorses.
The influence on heart rate variability parameters was noticeable
after the first month of featuring the music and increased in the
second and third months (Stachurska et al., 2015).

The enriched environment positively affects animal immune
response and specific antibody responses, antibody production
(Arranz et al., 2010; Matur et al., 2016; Luo et al., 2020), and
physiological stress responses (Meijer et al., 2007). A previous
study has reported that a musical environment can change the
heterophil-to-lymphocyte ratio and reduce the stress of chicks
(Davila et al.,, 2011). Short-term classical music can reduce
saliva cortisol levels of dogs (Bowman et al., 2015). However, the
effect of repeated music stimulation on the immune function
of growing pigs still remains unclear. According to Broucek
(2014), continuous noise has a significant negative impact on
animal health. It was reported that weaned piglets avoided
continuous high-intensity sounds, which indicates that the
pigs abhor continuous noise stimulation (Talling et al., 1998).
According to Talling et al. (1996, 1998), pigs can be adapted to the

constant background noise (85 dB). Therefore, it is necessary to
investigate the effects of long-term repeated noise stimulation
on the behavior and immunity of growing pigs. In this study, we
evaluated both short-term and long-term effects of stimulation
of music and noise on behavioral, physiological, and immune
responses of the growing pigs.

Materials and Methods

Ethics statement

The experimental protocol was approved by The Animal
Ethics Committee of Northeast Agricultural University (Project
number: 31972606). The sampling procedures were followed
in accordance with the Guidelines on Ethical Treatment of
Experimental Animals (2006) (No. 398) by the Ministry of Science
and Technology, China.

Animals and management

A total of 72 hybrid piglets (Large White x Durac x Minpig) of
40 d of age (+3 d) with similar body weight (8.09 + 2.10 kg) were
obtained from the Lanxi animal experiment farm in Heilongjiang,
China, which were given iron supplements (Yuanda Animal
Health Products Co., Ltd., Jinan, China) at 3 d, fed creep feed
(Wellhope Animal Husbandry Co., Ltd., Harbin, China) from the
14 d, castrated at 21 d, and weaned at 30 + 3.0 d. Each individual
was tagged with a distinct number for individual identification,
and different colors were used to differentiate between male
and female piglets. All piglets were assigned to 12 equal-sized
pens (6 pigs per pen, including 3 male and 3 female piglets;
Figure 1). All piglets were given ad libitum access to water and
artificially fed at 0800 h and 1700 hours daily (the average feed
intake before the 28 d of the test was 0.87 kg/d/pig, and the
average feed intake before the 60 d of the test was 1.28 kg/d/pig);
the feed supplied to the piglets was 11.87 MJ/kg in energy; and
the crude protein, crude fiber, and lysine were 16.5%, 5%, and
1.2%, respectively. The room temperature and humidity were
maintained at 20 to 25 °C and 60% to 75%, respectively. Lighting
was given between 0800 and 2000 hours at 20 Ix level. The health
of piglets was routinely inspected every day.
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Figure 1. Overlooking plan of the pen. The area of the housing is 3.8 m length x
3.0 m width, the pens are connected in pairs, each size is 1.8 m length x 1.2 m
width, and the aisle is 0.6 m width. Each pen is equipped with a waterer and a
trough. Speakers with right and left channels on the ceiling.



Experimental design

The animals were housed in three separate rooms (3 x 3.8 m?
of each room). A total of 72 piglets were randomly allocated to
three experimental groups, including music, noise, and control
groups. Each group had four replicate pens with a size of 1.8
m length x 1.2 m width x 1 m height (Figure 1) equipped with
a waterer, a trough, and a slatted floor. There were six piglets
(three males and three females) per pen with a stocking
density of 0.36 m?/pig. After entering the pens, the piglets were
acclimatized for 5 d. Mozart sonatas K.448 was applied to the
music group. The noise sound recordings from the original
housing background sounds (mechanical noise such as a fan)
were used to create the sound for the noise group. The control
group was used as a blank control (without any music and
mechanical noise). The music sound intensity was set at 60 to
70 dB. The intensity of the noise group was set at 80 to 85 dB,
and the background sound of the control group was below 40
dB. The music and noise groups were equipped with a speaker
with the right and left channels on the ceiling. From 1000 to
1600 hours, music and noise were played in a regular loop for
6 h every day. The experiment started from 40 to 100 d of age,
and the trial period is 60 d.

Measurement

Behavioral observation

For behavioral observation, infrared ray network cameras
(Hangzhou Hikvision Digital Technology Co. Ltd., Hangzhou,
China) were fixed on the ceiling for a panoramic view. Two
pigs were randomly selected from each pen and marked with
a crayon on the back as the focal animals (n = 8). Continuous
sampling was used to observe state behaviors, which were
recorded as percentages (%). The event behaviors (playing, tail-
wagging, exploring, manipulative, and aggressive behaviors)
were observed by instantaneous observation at 20 s intervals
with the one-zero sampling method. All the occurrences of
those abovementioned behaviors during the observation
were recorded as frequency (n). The behavioral categories and
definitions are presented in Table 1. The behavioral observation
was conducted from 1000 to 1600 hours at 7, 14, 27, 42, and 56
d during the experiment. The experiment was conducted in the
field by one of the experimenters, and behavioral observation
was conducted by another experimenter. So, the observer
scoring the behavior was blinded to the treatment groups.

Table 1. Behavioral categories and definitions (Bolhuis et al., 2005)
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Salivary and serum cortisol detection

Saliva collection was performed on the 8, 29, and 57 d. One
sample was collected from each pen during the sound
stimulation between 1400 and 1500 hours. The saliva was
collected using degreasing cotton tied to a long rubber band. The
cotton was chewed until it was completely wet and placed into a
5-mL tube. Subsequently, the tube was packed in a refrigerator,
and all samples were frozen at -20 °C before enzyme-linked
immunosorbent assay (ELISA) analysis. One pig in each pen was
randomly selected to slaughter at 0800 hours at 4, 28, and 60
d. Before slaughtering, the pigs fasted for 24 h. The pigs were
stunned with 85V for 15 s, and the blood samples were collected.
The blood samples were centrifuged at 3,000 rpm for 10 min,
and the prepared serum was stored at —20 °C for ELISA analysis.
The levels of cortisol in saliva and serum were measured using
commercially available ELISA kits (Nos. H094-1-1 and H094-1-
2; Nanjing Jiancheng Biotechnology Co., Ltd., Nanjing, China)
according to the manufacturer’s instructions. Briefly, the capture
antibodies to the cortisol were coated to the wells of 96 ELISA
plates (Corning, USA). The samples were incubated with the
solution and then washed five times to remove the nonspecific
binding. Then, the detecting antibodies crosslinking with
horseradish peroxidase were incubated in the wells. Absorbance
at a wavelength of 450 nm was measured using an ELISA reader
(TECAN GENios, Austria). A standard curve was prepared with
the concentration and absorbance of standards to produce a
linear equation to quantify experimental samples.

Serum immune-related factors analysis

The levels of interleukin-2 (IL-2), interleukin-4 (IL-4),
interferon-y (IFN-y), and immunoglobulin G (IgG) in the serum
of different groups were measured using commercially available
ELISA kits (Nos. H003-1, HOO5-1, H025-1, and H106-1; Nanjing
Jiancheng Biotechnology Co., Ltd., Nanjing, China) according to
the manufacturer’s instructions. The intra-assay coefficient of
variation was less than 10%, and the inter-assay coefficient of
variation was below 12%. The experimental procedures were the
same as above.

Statistical analysis

Statistical analyses were carried out using SPSS 21.0 for
Windows (SPSS Inc., Chicago, IL, USA). Before statistical
analysis, all data were tested for normal distribution with the

Behavior

Definition

State behavior
Active behavior

Standing Bodyweight supported by four legs and pig remaining still

Walking The pig’s legs move back and forth in a slow, rhythmic, symmetrical motion
Lying

Lateral lying Lying with all the members extended laterally in one side

Ventral lying
Event behavior
Playing behavior

Lying with the belly facing the ground with all the limbs under the body

Jumping and turning around, running fast at a short distance, and suddenly lie down; focus animal close to

pen mate, sniffing and lightly rooting; puts its front legs on the pen mates’ front body or its back

Tail-wagging
Exploring behavior
Manipulative behavior
ear or the tail of a pen mate
Aggressive behavior

Moving the tail to the left or right when walking or standing
Sniffing or nosing the floor; biting or rooting the pen or through
Rubbing belly of a pen mate with up and down movements of the snout; nibbling, sucking, or chewing an

Ramming or pushing pen mate with head, with biting; mutual pushing or ramming or lifting pen mate
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one-sample Kolmogorov-Smirnov test. The data of lateral lying
and manipulative behaviors were sin transformed into a normal
distribution. The data were analyzed by repeated analysis of
variance (ANOVA) to determine differences among subjects in
all behavioral observation time (30 h) based on groups. Duncan
multiple comparison tests were used to compare the mean values.

Data of cortisol and immune indices were analyzed by
two-way factorial ANOVA, and none of the data showed a
non-normal distribution. The equation of the model was as
follows:

Yji = 1+ Aj + Bj + A; x B; + e; where Y, = value observed for
characteristics analyzed, u = overall average, A, = effect of
treatment, B}. = effect of time, and A, x Bj = interaction between
treatment and time. If the interaction effects were significant,
the data analyzed by the general linear model would be
univariate, A, and B, reduced to the main effects, and one-factor
ANOVA analysis was used. The results are presented as the
mean + SEM. P < 0.05 was considered a statistically significant
difference.

Results

Effects of music and noise on the behavior of

growing pigs

The influence of music and noise stimuli on behavioris presented
in Table 2, and the behavioral responses over time are shown
in Figure 2 (the detailed data are presented in Supplementary
Table S1). Lying behavior in the music and noise groups was
significantly lower than that in the control group (P < 0.001),
while standing (P < 0.05) and walking behaviors (P < 0.05) of
the music and noise groups were significantly higher than
those in the control group. However, there was no significant
difference in ventral lying (P > 0.05) and lateral lying behaviors
(P > 0.05) among the groups. Lying behaviors in the music, noise,
and control groups were increased and active behaviors were
decreased over time (P < 0.05). The frequency of tail-wagging in
the music group was significantly higher than that in the noise
and control groups (P < 0.001). The number of tail-wagging in
all groups decreased over time. In the music group, tail-wagging
on the 42 and 56 d was significantly lower than that at 7, 14,
and 27 d (P < 0.05). The playing behavior in the music group was
significantly higher than that in the noise and control groups
(P < 0.001), and playing behavior was gradually decreased
over time in all groups. There was no significant difference in

Table 2. Effects of music and noise stimuli on the behavior of piglets

manipulative behavior between different groups (P > 0.05), but
the manipulative behavior decreased with time. The pigs in
the music and noise groups showed more exploring behavior
than the control group (P < 0.001), and the exploring behavior in
the music and noise groups was significantly higher than that
in the control group at 42 and 56 d (P < 0.05). The aggressive
behavior in the noise group was significantly higher than that
in the control and music groups (P < 0.001), and the aggressive
behavior decreased with time in all groups.

Effects of music and noise on cortisol levels in

growing pigs

The level of serum cortisol in the music group was significantly
lower than that in both noise and the control groups at 4 d
(Table 3, P < 0.05). At 28 d, the levels of serum cortisol in the
music and the noise groups were significantly lower than that
in the control group (P < 0.05). At 60 d, there was no difference in
serum cortisol levels among the groups (P > 0.05). Moreover, the
interaction effects between time and treatment significantly
affected the serum cortisol level (P = 0.001). Salivary cortisol level
significantly decreased over time (P < 0.001), and the salivary
cortisol level of the music group was significantly lower than
that of the noise and control groups at 8 d (P < 0.05). However, at
29 and 57 d, the salivary cortisol level was not different among
the groups (P > 0.05).

Effect of music and noise on immune indexes of
growing pigs

The effects of music and noise stimuli on the immune reaction
of growing pigs are presented in Table 4 (P < 0.001). At 4 d, there
was no significant difference in the IL-2 level among the groups
(P > 0.05). At 28 and 60 d, the IL-2 level in the music group was
significantly higher than that in the noise and the control groups
(P < 0.05). The interaction effect of time and treatment showed a
significant difference in the IL-2 level (P < 0.001). The IL-4 level of
the music group decreased with time (P < 0.05), while there was
no significant difference in the IL-4 level between the noise and
control groups (P > 0.05). At 28 d, the level of IL-4 in the noise
group was significantly higher than that in the control and music
groups (P < 0.05). At 60 d, the IL-4 level in the music group was
significantly lower than that in the noise and the control groups
(P < 0.05). Besides, the interaction effect of time and treatment
had a significant difference in the level of IL-4 (P = 0.013). The
level of IFN-y in the music group was significantly higher than
that in the noise and control groups at 28 and 60 d (P < 0.05),

Music Noise Control F, P-value
State behavior, %

Lying 80.83°+ 0.76 82.21° + 0.37 85.18* + 0.65 13.06 <0.001
Ventral lying 47.10 £ 1.41 48.13 £ 0.92 49.43 +1.19 0.97 0.396
Lateral lying 33.74+1.29 34.08 + 0.96 35.87 +1.09 0.23 0.799

Active 19.172 £ 0.76 17.792 + 0.37 14.82° + 0.65 13.06 <0.001
Standing 14.68* + 0.56 13.812 + 0.73 12.27° + 0.56 6.52 0.006
Walking 4.49* + 0.24 3.42°+0.20 2.55¢+0.16 23.45 <0.001

Event behavior, n

Tail-wagging 111.382 £ 22.72 15.50° + 2.82 33.13° + 4.25 14.41 <0.001

Playing behavior 67.88% + 4.63 36.25° £ 2.01 32.75°+ 1.81 39.07 <0.001

Manipulative behavior 64.75 +7.00 62.75 + 2.20 70.50 + 5.25 0.25 0.784

Exploring behavior 467.63* + 16.35 457.38* +9.45 350.13° + 11.06 26.54 <0.001

Aggressive behavior 25.88° + 3.66 53.132 + 1.99 26.25° +2.27 32.57 <0.001

abDifferent superscripts indicate a significant difference in different groups at P <0.05.
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Figure 2. Behavioral responses under stimulation of music and noise environments of piglets. The x-axis is the time of behavior observation, and the y-axis is the
percentage of time spent on behavior(A & B) or the frequency of the behavior (C-G).
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Table 3. Effects of music and noise stimuli on the cortisol level of growing pigs

Day 4 Day 28 Day 60
Serum cortisol, ng/L Music 34.60° + 0.78 34,52+ 0.72 37.22 +2.48
Noise 44,04+ 2.17 35.47% +£0.78 37.03v + 1.39
Control 43.95* + 1.34 42.68** + 0.58 35.62v +1.29
P ratmens = 0-001, F, ., =8.13; P, = 0.008, F, ,, = 5.61;
Ptreatmem x day = 0'001‘ F2,34 =5.61
Day 8 Day 29 Day 57
Salivary cortisol, ng/L Music 39.05% + 0.27 31.43Y £+ 2.56 26.637 + 1.01
Noise 45.01=*+ 0.77 33.94V +1.83 25.50% + 1.42
Control 46.36%* + 2.07 36.53Y + 0.65 27.56% + 0.88
Pyesiment = 0003, F, ., =7.04; P, < 0.001,F,,, = 101.80;
treatment x day 0.149, F2,34 =185

a<Different superscripts indicate a significant difference in different groups at P < 0.05. **Different superscripts indicate a significant

difference between different time points at P < 0.05.

Table 4. Effects of music and noise on immune indexes of growing pigs

Day
Treatment Day 4 Day 28 Day 60
IL-2, ng/L Music 156.40% + 2.44 170.28% + 3.31 186.82* + 1.20
Noise 158.42 +2.29 155.36° + 3.10 163.60° + 1.51
Control 159.39%7 + 2.27 159.99% + 0.74 169.29% + 1.21
P ruomens < 0.001, F, , = 27.73; P, < 0.001, F, , = 51.38;
veatment» gy < 0-001, F, , = 11.77
IL-4, ng/L Music 33.96% + 1.28 31.75% £ 1.12 25.11% + 1.69
Noise 35.52 +1.02 34.632 + 0.85 33122+ 1.48
Control 32.11+0.71 30.43° + 0.65 31.65% £ 1.25
Preumene = 0-002, F, ,, = 7.63; P, =0.003,F,,, =7.01;
P rcatment « day = 0.013, F2,34 =374
IFN-v, ng/L Music 92.81Y + 2.05 96.03% + 2.43 103.98*= + 1.80
Noise 88.78 +4.92 89.04° + 2.33 88.08° +2 .39
Control 87.76 £ 0.95 85.87° + 1.27 86.78" + 1.43
Poument < 0-001, F, , = 3.74; P, =0.180, F,,, = 1.81;
treatment x day — 0.065, Fz,34 =2.46
IgG, ug/mL Music 502.77% + 4.66 472.15" + 2.62 567.32% + 2.48
Noise 574.41* + 2.15 511.43%2 + 2.92 545.46% + 1.39
Control 501.01% + 2.46 479.08» + 0.71 528.02% + 1.29
peatment = 0-001, F, = 2.10; P, < 0.001, F, , = 41.59;
P, suoment« day < 0-00L, F, , = 11.40

a<Different superscripts indicate a significant difference in different groups at P < 0.05. *~?Different superscripts indicate a significant

difference between different time points at P < 0.05.

which was not different among groups at 4 d (P > 0.05). In the
music group, the level of IFN-y at 60 d was significantly higher
than that at 4 and 28 d (P < 0.05). At 4 and 28 d, the IgG level of
the noise group was significantly higher than that of the music
and control groups (P < 0.05). At 60 d, the IgG level of the music
group was significantly higher than that of the noise and control
groups (P < 0.05). The IgG level of music and control groups
increased significantly with time (P < 0.05), while the IgG level of
noise group decreased significantly with time (P < 0.05), and the
interaction effect of time and treatment had a significant effect
on the IgG level (P < 0.001).

Discussion

Effects of music and noise on the behavior of

growing pigs

One measure of welfare in captive animals is that animals
can successfully cope with the environment. This ability can

influence species-specific behaviors and behavioral variability.
On the other hand, it avoids the presence of aggressive and
abnormal behaviors (Protopopova, 2016). Our study found
that music and noise stimuli reduced the lying behavior but
increased standing and walking behaviors of growing pigs,
which is consistent with the findings reported by Talling et al.
(1996), Wilson et al. (2011), and Meshabaz et al. (2017), who found
that animals exposed to music or noise environment were active
than the quiet environment. In addition, the lying time gradually
increased as the music and noise stimulation progressed. The
previous studies observed that lying time increased with the age
of animals (Ekkel et al., 2003; Nasirahmadi et al., 2017).

Tail movement is an indicator of the positive emotions
of animals (Reefmann et al., 2009; Reimert et al., 2013). This
study found that the frequency of tail-wagging was higher in
the music group than that in the other two groups, and it was
not significantly reduced until the 42 d of musical stimulation,
suggesting that the effect of music on emotional regulation in
growing pigs can last for 27 d. Playing behavior disappears when



animals are under fitness challenge, and it is accompanied by
a pleasurable emotional experience (Held and Spinka, 2011;
Mintline et al., 2013). Our study observed that the music group
increased tail-wagging and playing behavior, which indicated
the positive emotional state induced by the music stimulus.
We found that playing behavior in the music group at 56 d was
significantly reduced, indicating that the positive effects of
music declined significantly over time. This may be because pigs
become less sensitive to music stimulation with age (Bolhuis
et al., 2005; O’Connor et al., 2010).

In this study, the music and noise groups did not significantly
affect the manipulative behaviors of pigs, while Bolhuis et al.
(2005) found that straw substrate decreases manipulative oral
behaviors directed at conspecifics, which indicates that the
effect of music on manipulative behavior is not as good as the
physical enriched environmental stimuli. However, the results
showed that the manipulative behavior decreased over time,
which may be due to the attenuation of the weaning-associated
stress response (Turpin et al., 2017). Our study presented that
the music and noise groups showed more exploring behavior
than the control group. Some studies on pigs have demonstrated
that restrictive feeding increased the occurrence of rooting
behavior, that is, appetitive foraging (Beattie and O’Connellt,
2002; Stern and Andresen, 2003). Our study indicates that the
music and noise stimuli may increase the expression of motives
for exploring behaviors such as sniffing and rooting of pigs in
restrictive feeding conditions.

In terms of aggressive behavior, the present study indicated
that the noise group increased the aggression of growing pigs,
which is consistent with a previous study, in which 80 dB level
of noise increased the degree of mutual attack of pigs (Parker
et al,, 2010). A previous study reported that long-term noise
stimulation would cause negative emotions and cognitive
deficits in animals (Cheng et al., 2011). Aggression can be elicited
by discomfort, irritability, annoyance, or frustration in pigs (Ruis
et al., 2002). The music group increased positive behaviors and
reduced aggressive behavior of pigs in the current study. The
decrease in aggressive behavior may be offset by increased tail-
wagging, exploring, and playing behaviors (Bolhuis et al., 2005;
Chaloupkova et al., 2007).

It was also found that the frequency of event behaviors
gradually decreased over time, and this tendency may indicate
the adaptability of pigs to sound stimulation. On the other hand,
the increase in the body size of pigs affected the shared area of
the pen and then restrained the possibility of their behavioral
expression (Leme et al.,, 2013). Due to the weight gain of pigs,
the sharing space is relatively reduced, increasing the lying
behavior of pigs (Vermeer et al., 2014). Although the piglets can
be adapted to repeated music stimulation and reduce the level
of behavioral expression, the music stimuli can still increase the
behavioral expression related to positive emotions of growing
pigs, and the positive effect can last for 42 d or even longer.

Effects of music and noise on physiological stress of
growing pigs

Increased activity of the hypothalamic-pituitary-adrenal
(HPA) axis indicates a physiological response to stressors,
and the measurement of cortisol is an essential indicator of
stress (Cook et al., 1997). This study indicated that the pigs
of the music group (8 d of music stimulation) had lower
cortisol levels than the pigs of the control group. The results
are consistent with the previous studies (Ventura et al., 2012,
Bowman et al., 2017). The group exposed to short-term noise
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had higher cortisol levels than the other groups, which was
consistent with previous reports, in which animals exposed to
a noisy environment activated the responses of the HPA axis
and increased cortisol levels (Eggermont, 2014; Zahra et al.,
2018). The cortisol level in the music group was lower than
the control group, indicating that the short-time exposure
to music stimulation was efficient to relieve the stress on
piglets. It had been confirmed that the synthesis and release
of cortisol increased during acute stress and decreased when
stress levels are low. In this study, the regrouped weaning
piglets in the pen were in the station of acute stress. The
cortisol level was relatively high in this situation; therefore,
after exposure to music for 7 d, the pigs had lower cortisol
levels than pigs not exposed to music. However, there was
no significant difference in saliva cortisol levels in different
groups at 28 d, whereas the serum cortisol level in the control
group was higher than that in the noise and music groups
at 28 d. It was found that the noise was less stressful with
prolonged exposure to the noise, and it could be speculated
that the effect of noise on cortisol concentration is time-
sensitive. Although Parrott et al. (1989) demonstrated good
consistency between cortisol concentrations in pig serum and
saliva, the saliva cortisol is noninvasively sampled, whereas
the serum cortisol was sampled in an invasive way, which
might cause acute stress to the animals by blood sampling.
The previous studies found that compared with other stimuli,
such as the high concentration of ammonia and low-intensity
light, noise stimulus of 85 dB induced a low degree of release
of adrenocorticotropic hormone and cortisol in pigs (O’Connor
et al., 2010; Parker et al., 2010). According to the survey results
of the intensive system of growing pigs in Germany, the mean
equivalent noise level in pen was 70.2 + 5.2 dB, while the
noise (85 dB) does not reduce the welfare and health of the
pigs but affected some behavioral expressions (Wegner et al.,
2019), which is consistent with our results. Therefore, pigs can
easily adapt to acute or short-term high sound pressure levels
(Otten et al., 2004; Kanitz et al., 2005), while repeated exposure
to noise stimulus does not cause an enduring stress response
in the pigs. So, the strong physiological stress response cannot
be induced by the noise (<85 dB). This study found that on the
4 and 8 d, the serum and salivary cortisol levels in the music
group were lower than the noise and control groups, but there
was no difference on the 57 and 60 d among groups, indicating
that the role of music in relieving stress is noncontinuous
and noneffective over the long term. It seems that the effects
of music stimuli on pigs are attenuation and adaptation
(Bowman et al., 2015).

Effects of music and noise on the immunity of

growing pigs

Music can boost the immune system and enhance well-being
(Fancourt et al., 2014). Koyama et al. (2009) found that music
can enhance the activity of the T lymphocytes and promote
the secretion of cytokines, such as IL-1, IL-2, and IFN-v, thereby
improving the body’s immunity. Lu et al. (2010) showed that
long-term music stimulation reduced serum IL-4 levels in
asthmatic rats. Zhang et al. (2013) found that long-term music
therapy (21 d) increased serum IgG level and caused liver
depression and spleen deficiency in rats. The results of this
study indicated that short-term music stimulation did not
affect serum cytokines, whereas long-term music stimulation
increased the levels of IL-2, [FN-y, and IgG and decreased the
level of IL-4 in serum, which highlights that long-term music
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stimulation promotes the level of positive immune regulation
in growing pigs. It is supposed that music stimulation promoted
Th1 cell response by increasing the level of IL-2 and IFN-y and
inhibited Th2 cell responses by reducing the level of IL-4, thus
led to the improvement of T cell-mediated immune function.
Also, long-term repeated noise stimulation did not significantly
affect the levels of cytokines (IL-2, IFN-v, and IL-4) in serum but
reduced the level of IgG in this study. IgG is the main Ig produced
by natural infection and active immunization of animals. It is
the body’s main anti-infection antibody. Previous studies have
found that when pregnant mice were repeatedly exposed to the
noise environment of 85 to 95 dB, their offspring’s thymus weight
became smaller and serum IgG levels were reduced (Kight and
Swaddle, 2011), which are consistent with this study, indicating
that long-term repeated noise stimulation reduces the ability to
produce and secrete antibodies of growing pigs.

Conclusions

In summary, the music stimulus increased the activity, tail-
wagging, and playing behavior of growing pigs. Some general
behaviors, including active, tail-wagging, playing, manipulative,
exploring, and aggression, decreased with age and trial process
of piglets. Short-term music stimulation helped to reduce
stress and long-term music enhanced immunity. Long-term
noise stimulation resulted in more aggressive behavior and
less playing and tail-wagging behaviors of growing pigs. It
also induced the physiological stress via higher cortisol levels
and reduced the immune horizontally by secreting the lower
serum IgG. The effects of music stimulus on pigs associated
with the behavioral, emotional, and neuroendocrine regulatory
mechanisms will continue to be investigated in the future.
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Supplementary data are available at Journal of Animal Science
online.
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