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Abstract

:

The present study observed whether environmental enrichment (music and strobe light) influenced farm-housed broiler chickens’ behavior. The trial was carried out on a commercial broiler farm from 21 to 35 days of growth. The sound stimulus consisted of playing a classical music track every day for an approximate length of 6 min, played five times a day for six weeks starting from the birds’ first day of age. The light stimuli came from a colored (red and green ground-projected dots) light-emitting diode (LED) strobe projector used after the musical stimulation. The broilers’ reaction was recorded (from day 21 through day 35), and individual bird behaviors were classified into welfare and stress. The birds’ ability to walk was measured using a gait score scale, and the degree of incidence of pododermatitis was verified. Environmental enrichment with light stimulus increased natural behavior in broiler chickens, such as eating, stretching, ground pecking, and flapping wings (p < 0.05). Broiler chickens tended to walk less in the housing with music stimuli (p < 0.05). In general, the environmental stimuli provided the birds with better walking ability but increased the incidence of pododermatitis (p < 0.01). We observed that the light stimulus left the birds more active; they foraged more and lay less when compared to the birds submitted to musical stimuli and the control. However, we also observed an increase in the frequency of stress-indicating behaviors in the environment under light stimulation. It is unclear whether broilers liked the tested stimuli of music and light in the scenarios studied. The enrichment with light or music apparently increased flock stress in 21- and 28-day-old broilers, with some benefit being observed only in 35-day-old broilers.
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1. Introduction


Broilers are conventionally reared in deep-litter systems without access to environmental enrichment. Consumers’ issues have been growing in the past years towards increasing demand for animal welfare in farm animals since meat consumers’ awareness has increased lately [1,2]. Despite welfare concerns in broiler production, producers must maintain many animals within small areas to obtain economies of space, energy usage, and employees’ work hours [3,4]. Crowding animals together is viewed by consumers as a significant cause of poor welfare, pain, and natural behavior limitation. Although the factors that affect broiler chickens’ well-being and behavior are well-described in the current literature [4,5,6,7], broilers are still considered a portion of healthy food or a commodity for most consumers [8].



Broiler chickens are intensively housed in monotonous environments that reduce exploration opportunities [8,9]. Morgan and Tromborg [10] state that animals in controlled environments can significantly change how they socialize with each other. Hazel et al. [11] observed that chickens could show happiness, frustration, and monotony. In the current literature, birds and mammals present similar brain areas such as as lemnopallial (somatomotor- and limbic-related) and collopallial (auditory and somatosensory), that are related to the need to explore surrounding living areas [8,12].



Animal welfare is generally defined as ‘how an animal is coping with its living conditions′ and refers to the ‘state of the animal,’ which is critically related to its health. Poor health and welfare in livestock have consequences beyond those related to performance [13]. According to Bergmann et al. [7], animal welfare is ambiguous because it indicates both a sense of well-being and physical health. At the same time, Marino [8] considers that consumers think welfare is presently related to productivity. Other studies indicate that animal welfare is a topic that needs to be addressed by farmers until they fully understand animal consciousness [5,11,12]. The welfare concept’s ‘state of the animal’ stands for balancing the housed animal and its surroundings [8]. Engineering can contribute to environmental enrichment to stimulate movement and other natural behaviors in birds and, in this way, contribute to improving the well-being of these animals.



Environmental enrichment adds biologically relevant stimuli to the animals’ environment to encourage natural behavior [14,15,16,17]. Environmental enrichment is more often incorporated in farm animals with dynamic and pleasant environments [18]. Visuals, sounds, objects, plastic materials, and smells are strategies for enriching the environment [19]. In addition, environmental enrichment can improve animal well-being, enabling the expression of species-specific behaviors, such as in pigs, in which the animal’s psychological and bodily development is influenced [16].



Environmental light stimuli can affect behavior [20,21]. Music as enrichment should be relevant for the species and the desired intentions [22]. Cabaral et al. (2017) [23] observed that classical and random music significantly increased hens’ final body weight, average daily gain, and weight gain. Additionally, the authors found that the hens became more relaxed in their surroundings and improved egg productivity. Slow background music enhances human productivity [24] and positively affects farm animals [25]. Other authors have observed music’s benefits on animals and suggested that music stimulates and improves laboratory animals’ welfare [26]. Managing the resources in an environment’s complexity, such as straw bales and elevated platforms, positively affected broiler chickens, reduced fearfulness, and increased learning ability [27]. Environmental enrichment stimulates natural behaviors such as perching, foraging, and activity [18]. Additions inside the house (such as environmental enrichment) are usually not chosen for farmers as it is usually impracticable [17]. For instance, straw bales, perches, plastic wire, and platforms are not easy to clean, costly, and do not promote good hygiene between production cycles. Although environmental enrichment has been studied to alleviate broiler chickens’ boredom during the growth cycle, we found few studies that used light or sound stimuli in broilers, and no data are available for on-farm conditions. This study hypothesizes that music and strobe light stimulate movement and natural behaviors, improving walking ability and reducing foot pododermatitis and stress in broilers during the grow-out phase.



The present study aimed to enrich the broilers’ rearing environment with music and strobe light to observe the birds’ first reactions and verify the additions’ effectiveness in stimulating movement and the expression of other behaviors. This research paper is part of a more extensive investigation into understanding the use of music and light probes as enrichment in broiler farms [28]. In this specific case, we observed the effect of classical music associated with the light probe effect on the reaction of on-farm-reared broilers.




2. Materials and Methods


2.1. Animals and Housing


The observational study was carried out on a commercial farm in Mogi Mirim County (22.42° S, 46.95° W), Brazil, from August to November. The farm had four broiler houses (BH) with negative forced ventilation and blue lateral polypropylene curtains with a similar design and construction (15 m wide × 150 long × 3 m high). Each house housed approximately 30,000 chickens and was equipped with identical automatic nipple drinkers and feeders. The deep-litter material used in each house was new sawdust mixed with rice husks. A monitoring system controlled the rearing environment. The temperature for all houses was automatically maintained at 32 °C (start period) to an end temperature of 18 °C (finishing period). The light program for chicks up to 7 days of age was continuous, i.e., 24 h of light (20 lx). A 30 min darkness period at night between 8 and 28 days of age was added to a total of 8 h of complete darkness. From 28 days old to the end of the growth cycle, the only lighting used was natural.



The farm produced the feed where the study was carried out during the growth period (starter, rearing, and finisher). Feed and drinking water were provided ad libitum.



A square-framed metal measuring 5 × 10 × 2 m was built to support the video camera and strobe light source. A speaker was installed outside this structure, as shown in the layout in Figure 1. The duration of the observational study was from day 14 to day 35. The commercial farm provided 500 broiler chickens (Ross® genetic strain) for each house, with a flock density of 12 birds/m2.




2.2. Enrichment with Music and Strobe Light


Three different arrays of environmental enrichment were tested. In broiler house 1 (A1), the broilers were stimulated first with sound. A soundbox and a colored light-emitting diode (LED) strobe projector (illuminance = 223 lx at 2 m) were used to encourage the broilers’ behavior. After the sound stimulus, there was an approximately 5 min interval, and the light was put on. In broiler house 2 (A2), only the sound stimuli were used. Finally, in broiler house 3 (A3), the light was added, and broiler house 4 (A4) was used as a control (no stimuli were applied).



During the rearing period, the sound stimuli were played in A1 and A2 using monitoring equipment with a memory card system for high-resolution song playback (Tectron Electronic, model LPC 2364, Votorantim, Brazil) connected with the box sound (LL Audio, model LX40, Araras, Brazil). Every week, a classical music soundtrack was put on for approximately 6 min (ranging from 2–440 Hz and 60–70 dB) and played five times a day for six weeks (1 to 42 days of age): 9:00 am to 9:06 am, 11:00 am to 11:06 am, 1:00 pm to 1:06 pm, 3:00 pm to 3:06 pm, and 5:00 pm to 5:06 pm (adapted from Campo et al., D’Avila et al. and Meyer et al. [29,30,31]).



The light stimuli came from a colored (red and green) LED strobe projector (Xtrad, model LT-923159, São Paulo, Brazil). The light was turned on, following the same pattern as the musical stimulus, lasting around 6 min. We played the musical stimulus first, followed by applying the strobe light stimulus.




2.3. Video Recording


A video camera (Sony, model DCR-SR68, São Paulo, Brazil) was used to observe broilers’ behavior. The camera was installed on a tripod 2 m above the floor (Figure 1). The release was performed weekly in each studied house for three weeks. The recording started 3 min before the physical stimuli and lasted until 3 min after it concluded. The animal behavior analysis was carried out using an ethogram (Table 1) adapted from the current literature [13,32,33,34]. We adapted the ethogram for observational purposes, grouping some behaviors as previously carried out by other authors [35,36].



An observer trained in assessing broiler behavior, not blinded to the treatment of the broilers, performed focal sampling using uninterrupted video recording. The behaviors were noted during the light and music physical stimuli at 21, 28, and 35 days of growth to determine whether a specific behavior was related to the exposure to the stimuli. The reaction analysis of the broilers was performed using a limited square area on the computer screen to delimitate the observation area using the scan sampling method (Figure 2). Each minute the observer recorded each reaction the birds showed in the limited space. Each time a particular reaction occurred, it was recorded. It was counted and divided by the number of birds present in the observation area, with every 1 min of observation as an occurrence rate.




2.4. Leg Health Assessment


The on-farm observation was carried out weekly to identify 60 randomly selected broilers’ gait scores using a scale from 0 to 2 [37]. We gently induced the broilers to move to a corner of the area, and while they walked, we evaluated their gait score. A gait score of 0 was adopted for birds that walked ten steps normally. A gait score of 1 was for birds that walked ten steps with a particular difficulty, presenting an imbalance between the limbs, and a score of 2 was for birds that could not walk one to four steps.



A weekly observation was conducted with 20 birds per house to identify pododermatitis lesions. Pododermatitis score was estimated using a scale from 0 to 3 (0 for birds with no lesions, 1 for birds with less than 50% lesions, 2 for birds with between 50% to 100% lesions, and 3 for birds with 100% lesions) [38].




2.5. Data Analysis


An exploratory data analysis was performed, with graphics developed for each studied day (21, 28, and 35), and the Fisher test was applied with a significance range (95% intervals for means). Thus, it was possible to determine the effects of environmental enrichment and age and the probable interactions of these variables on broiler chickens’ behavior.





3. Results


3.1. Indication of Wellbeing Behavior


The results of observed behaviors over 6 min (eating, drinking, water, comforting, walking, foraging, and lying) for each evaluated age affected by the tested stimuli (music and light, music, and light) are shown in Figure 3. We grouped them by reactions that indicate well-being and stress (Table 1).



It can be seen in the graphs of Figure 3 that the birds walked more in the control treatment (Figure 3d), followed by the light treatment only, at the age of 28 days. At 21 days of age, no difference between groups A3 and A4 was found, and at 35 days of age, birds walked more in the light treatment (A3) than in the control treatment (A4). The light stimulus (A3) promoted greater foraging behavior at 21 days (Figure 3e); however, at 35 days of age, no difference in laying down behavior between groups A2 and A3 was found. The light treatment reduced the expression of the lying behavior at all ages (Figure 3f), indicating that strobe light created a higher activity level in chickens. Based on these results, broilers appeared stimulated to move more in the light stimulus treatment (A3). At 21 days old, more birds were at the feeder in the control treatment. At 35 days of age, there was an inversion in the behavior pattern, and the birds submitted to sound stimuli (A1: light and sound and A2: sound) and expressed more eating behavior.



Comforting behaviors (dust bathing, standing up, preening, and stretching) were observed more frequently in the control treatment (A4) in 21- and 28-day-old broilers. The light treatment did not stimulate the comforting behaviors until 35 days of age; even in this case, there was no difference between groups A2 (music) and A3 (light).




3.2. Indication of Stressful Behavior


Figure 4 shows the Fisher test results for stress reactions such as wing-flapping, scratching, standing alert, and attacking.



The frequency of wing-flapping increased in group A1 at 28 to 35 days of age and in groups A2 and A3 at 28 to 35 days of age. In contrast, the frequency observed between the ages (for the same treatment) was practically the same with music or strobe light stimuli. The highest incidence of wing-flapping was found in the control when broilers were 21 days old. Broilers at 35 days old showed more of this behavior with the light exposure. It was verified that the treatment with light (A3) presented a higher frequency of attack in 28-day-old broilers, and more standing alert and wing-flapping behaviors in 35-day-old broilers. We did not find lower frequencies of these behaviors in the light treatment, with a statistically significant difference (p < 0.05) except for the scratching behavior at 35 days of age. We found that the novelty of the exposure to the light strobe and music influenced the birds’ reactions. These results indicate that although the treatment promoted more significant movement of birds in the house, it probably also led to more stress.




3.3. Leg Health Assessment


The results in Table 2 show that all stimulus treatments (music or strobe light) improved the gait score and worsened the degree of pododermatitis, resulting from the more significant movement of the birds induced by the environmental stimuli.



Since we had a sex-mixed flock, we tested whether the sex affected the results. No difference between the sexes of the birds was found between the treatments (p = 0.371).





4. Discussion


Various environmental modifications have been used as environmental enrichment methods in domestic animals, including physical and auditory enrichment. The present observational study aimed to analyze broiler chickens’ behavior in a commercial rearing farm using environmental enrichment (music and light) during the growth period of the birds, from day 21 to 35. Among the results, we observed that the applied stimuli led to various responses by the birds. Wing-flapping tended to decrease as broilers became older in the control treatment (A4), but the frequency of such behavior was observed in the treatments with music or strobe light stimuli at all ages. Riber [39] also observed that the time for each behavior differed between ages. The strobe light stimulus showed a higher frequency of stressful behaviors (scratching, standing alert, and attacking behaviors) for all broiler ages, excluding the scratching behavior in 35-day-old broilers.



We found that the light stimulus encouraged more foraging behavior of 21-day-old broilers. Similar behavior was observed by Vasdal et al. [40], who stated that enriched birds showed more ground-directed exploratory behavior than control broilers. Since rearing broiler chickens in a conventional environment reduced the foraging behavior due to high feed availability [41], we infer that the light stimulus might help to encourage broilers to seek feed.



We found that the comforting behaviors (dust-bathing, standing up, preening, and stretching) were more frequent in the control treatment in 21- and 28-day-old broilers. These reactions increased at 35 days of age in treatment with a light stimulus. These results indicate that broilers felt stressed with the tested stimuli at 21 and 28 days. Amongst other situations (capture, restrain, and open fields), novelty presents a compelling indication of fear in chickens [8,27,30,42]. Therefore, presenting light and music as environmental enrichment did not work properly.



Broiler chickens are encouraged to seek opportunities to explore novel stimuli when exposed to different physical arrangements during the rearing period [43]. Assuming that modern broilers have been bred to not desire movement [44], adding some stimuli, such as straw bales, motivates broiler chickens to move around much more and be more active [45]. Increasing environmental enrichment benefits welfare and behavioral opportunities and positively affects farmer returns, because adding lucrative economic gains while addressing welfare concerns offers a win-win situation [15].



Our results indicate that broilers walked more in the light treatment (A3, Figure 3d) at 21 and 35 days of age than in group A4 (control). In a previous study, Jong and Gunnink [17] found that broilers with environmental enrichment presented exploring, foraging, and walking more frequently than a control treatment. Other authors have observed that a laser enrichment device successfully encouraged broiler activity and did not impact walking ability [31]. The present study found that broilers walked more in the environment without music and light stimuli; however, they presented better leg health indicators in the treatment with light.



The surrounding environment becomes predictable in the nonexistence of new novelty sources, and the chickens may no longer be stimulated to perform exploratory behavior. Moreover, chickens will habituate to stimuli in their housing environment after an initial exploration period and then realize no positive effects [43]. Other authors have implied that birds can adapt to low-frequency sounds and detect sounds that humans cannot hear (below 20 Hz), but the broilers’ reaction was not noticed as long as our tested musical stimuli [46].



Several authors have recommended that music benefits animals since it improves welfare and stimulates them [6,26,29,30]; however, the studies often do not refer to broilers reared in a commercial environment. In contrast, Cabaral et al. [23] found that quails exposed to any music showed aggressive behavior. They inferred that in broiler chickens in a natural environment, aggressive behavior is encouraged by music. During all the observational studies, it was clear that broiler chickens have their own personalities and are individual. Marino [8] suggests that chickens are like other cognitively and behaviorally complex animals; they present distinct personalities [47].



The randomly moving red and green light spots caught the birds’ attention at some moments, and the broilers moved when under the light stimulus. However, they presented stressed behavior, and most of the differences found in the behaviors seem marginal. As we applied the auditory stimuli since the first week of growth, the chicks might have been accustomed to the music and light, making it challenging to confirm the stimuli’s effectiveness later in the growth phase. A previous study [34] indicates that newly hatched chicks naturally prefer certain sounds. Other authors [30] have concluded that music enrichment was ineffective in decreasing fearfulness in chickens; therefore, auditory enrichment might not be considered a reliable method for reducing stress levels in chickens.



In an observational study in commercial facilities, total control of variables becomes impracticable despite including experimental control protocols. However, using rules during the experiment helped reduce these variations. The space observation definition was a good strategy due to the homogenized housing conditions for that space. However, it was not possible to evaluate the behavior of the birds in all the diversity of environments available in the house, for example, near the sides where there was sunlight present that could affect the birds’ behavior. Another limitation was time. The study was conducted at a particular time with a standardized, instantaneous time interval and depended on conditions during that data collection period. The criterion of non-interference in the interval times of data collection was adopted to not affect the study results. The observed behavioral results should consider these limitations described. However, as proposed, the idea was to check the possibility of the on-farm use of music and light as environmental enrichment.




5. Conclusions


Under the studied scenarios, it is unclear whether broilers liked the stimuli of the music and light applied. We noticed that the enrichment with light or music as proposed increased flock stress in 21- and 28-day-old broilers, with some benefit being observed only in 35-day-old broilers. More research must be performed before using music and light as environmental enrichment in commercial broiler farms.
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Figure 1. Schematic view of the experiment showing a tripod metal structure built in the house’s center to support the video camera and the colored LED strobe projector. The soundbox was fixed in the structural wooden beam near the tripod. 
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Figure 2. Overview of the delimitation of the video analysis of animal behavior. 
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Figure 3. Graphs of means and respective standard errors observed over six minutes for behaviors ((a) eating, (b) drinking water, (c) comforting, (d) walking, (e) foraging, and (f) lying) and the result of the Fisher test (p < 0.05) of significance for each evaluated age. 
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Figure 4. Graphs of means and respective standard errors of the observed behaviors over six minutes for behaviors ((a) wing-flapping, (b) scratching, (c) standing alert, and (d) attacking) and the result of the Fisher test significance (p < 0.05) for each evaluated age. 
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Table 1. The ethogram used to identify the birds’ reactions during the experiment.
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Behavior

	

	
Description






	
Indication of well-being behavior

	
Eating

	

	
The bird positions itself in front of the feeder and ingests feed.




	
Drinking

	

	
The bird positions itself in front of the drinker and drinks the water.




	
Comforting

	
Dust bathing

	
Bathing in the dust with the use of wings, head, neck, and legs and performing vertical wing-shaking




	
Standing up

	
The bird stands idle or straightens and cleans its feathers with its beak.




	
Preening

	
The bird straightens and cleans its feathers with its beak.




	
Stretching

	
The bird stretches the leg or wing, or both.




	
Walking

	

	
The bird moves at a standard velocity.




	
Foraging

	

	
The bird is pecking the litter in search of feed in the litter.




	
Lying down

	

	
The bird remains sitting or lying on the litter.




	
Indication of stressful behavior

	
Scratching

	

	
The bird scratches itself as a way to remove dust and dirt from its feathers.




	
Wing Flapping

	

	
The bird flaps its wings.




	
Standing alert

	

	
The bird is standing, focused on something, for a short period.




	
Attacking

	

	
The bird moves briskly towards another bird, trying to hurt it.
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Table 2. The number of birds observed from the total sample with different degrees of gait score and pododermatitis for each treatment.
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Leg Health Indicator

	
Score

	
Treatments

	
Test

χ2




	
A1: Music + Light

	
A2: Music

	
A3: Light

	
A4: Control






	
Gait score

	

	

	

	

	

	
22.519

(p = 0.007)




	
0

	
33

	
26

	
35

	
27




	
1

	
22

	
29

	
22

	
19




	
2

	
5

	
5

	
3

	
14




	
Total sample

	
60

	
60

	
60

	
60




	
Pododermatitis

	
0

	
93

	
49

	
69

	
75

	
71.243

(p = 0.000)




	
1

	
6

	
41

	
25

	
5




	
2

	
1

	
10

	
6

	
0




	
Total sample

	
100

	
100

	
100

	
80
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