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Abstract

:

Practical experience suggests that music can have a positive effect on the welfare of dairy cows, which for some other animal species has been shown in earlier studies. Music could, furthermore, be a useful tool to support, for example, daily milking routines. In this pilot study we explored effects of music inside an automatic milking system (AMS) on cows’ milk yield and behavior. The experiment was conducted on a Finnish dairy farm with 56 cows in loose housing. Over two 2-day periods without and with selected music pieces played inside the AMS, data on daily milk yield (DMY), selection gate passing frequency (GP), milking frequency (MF), and milking interval (MI) were recorded. For analyses, data of 17 Holstein-Friesian cows were used. At cow level, mean values over repeated measurements without and with music were calculated, and analyzed by paired t-tests (DMY, MF) or Wilcoxon tests (MI, GP). During intervals with music versus without, cows passed the selection gate more often (15.8 versus 13.8) and had higher MF (3.0 vs. 2.8). No differences were found in MI (07:49:21 vs. 08:37:38) and DMY (36.5 vs. 37.0). The latter might be explained by a ceiling effect. Overall, the results suggest that the investigated sample of cows perceived the selected music as attractive and that playing music might be a practical tool to reduce necessary efforts of driving cows to milking.
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1. Introduction


Dairy farmers’ experiences presented in specialist press or public media, e.g., videos on youtube.com, suggest that cows are attracted by music and perceive listening to music as pleasant. There are numerous human research studies on the physiological, neurological, and psychological effects of music, some of which are also being investigated in individual animal species (review in [1]). In rodents, for example, it has been shown that music can reduce the immunosuppressive effect of stress [2]. Depending on the type of music, there were also indications of a stress-reducing effect, for example lower systolic blood pressure and higher dopamine levels in spontaneously hypertensive rats [3], lower adrenocorticotropic hormone and noradrenaline levels in mice [4], or a lower heterophile: lymphocyte ratio in layer hen chicks [5].



Similar effects could also occur in dairy cows and thus, playing music in the barn or milking parlor might increase cow welfare and productivity by reducing stress and residual milk. However, scientific research on the effects of music on cattle is sparse. Mainly associations between music and milk production were investigated, with ambiguous results: Evans and Albright ([6] cited from [7]) found no effect of rock music, but a significant increase of milk yield when classical music was played during milking. Higher milk yields when music was played were also noted by Moregaonkar et al. [8] with Indian instrumental music, by Liu et al. [9] with “light music” or “Mozart music”, and by Zhao [10] with classical, pop, or rock music. In other studies with classical music, however, no significant changes in milk yield were found [11,12]. When playing rock music or African percussion music before milking, Donghai et al. [13] even recorded decreased milk yields. Also, North and MacKenzie [14] reported in the popular press that they had found lower milk yields when “fast” music had been played, while slightly higher milk yields had been associated with “slow” music of different genres. These partly contradictory findings appear to not only result from the use of different music genres, but might also be attributed to other characteristics of the chosen music, such as different frequencies (measured in hertz, Hz), tempi (measured in beats per minute, bpm), or amplitudes (measured in deci-bel, dB). Cows are able to hear a frequency spectrum from 23 Hz to 35 kHz [15] which includes part of the ultrasonic range from 16–35 kHz [16]. Humans, as a comparison, can commonly perceive only up to 20 kHz [17]. Amplitudes at or above 85 dB evoked behavioral [18,19,20] or physiological stress responses in cattle ([21] cited from [22]), indicating that the animals perceived the acoustic stimuli as aversive. The studies on music effects on cows cited above, however, did not report sound frequencies and only partly amplitudes and tempi: the music pieces used by North and MacKenzie [14] had less than 100 bpm; the “light music” and “Mozart music” used by Liu et al. [9] had less than 70 bpm and were played at amplitudes of 60–75 dB. Moreover, previous investigations of music effects on cows’ milk yield have been mainly conducted on farms with conventional milking parlors, where also confounding effects of the milkers’ perception of the music may occur. On farms using automatic milking systems (AMS), however, this potential effect may be reduced, since here stockperson–cow interactions are reduced during the milking process [23].



With regard to effects of music on the cows’ behavior, to our knowledge, only one investigation has been conducted yet: Uetake et al. [24] trained cows by conditioning to identify the start of milking in an AMS when they heard music being played in the barn and milking area. During the subsequent experimental period, changes between different behavioral states and the number of cows in the holding area increased significantly on days with music compared to control days without music. Since music had been played in the entire area of the barn, however, no conclusions on the attractiveness of music could be drawn.



If cows perceive music as attractive, the playing of this music during milking might be a practical tool to enhance productivity, particularly on farms using AMS, not only by reducing residual milk, but also by increasing cows’ voluntary visits to the AMS. Thus, in the present experimental investigation we explored potential effects of playing selected, expectedly pleasant music inside the AMS on cows’ milk yield as well as AMS visit frequencies and intervals.




2. Materials and Methods


2.1. Farm and Animals


The investigation was conducted from 21 March to 5 April 2019 on a Finnish commercial organic dairy farm keeping 56 cows of the Holstein-Friesian (60%), Jersey (38%) and Ayrshire (2%) breed in a loose housing system.



Since 2009, the cows were milked in one AMS unit by DeLaval, managed by guided cow traffic: only cows with milking allowance (depending on the lactation status after 5, 6, or 10 h with an expected milk amount of ≥8.0 kg) could pass the selection gate from the feeding area to the AMS. Cows without milking allowance were guided to the lying area. Cows were fed with a total mixed ration containing grass silage, straw, crushed wheat, and protein pellets. Concentrates were additionally fed via two concentrate feeders and in the AMS. Cows before drying off were no longer given concentrates in the AMS. Routinely, no music had been played in the AMS or barn.



For analyses, data of cows were selected that fulfilled the following criteria: all test cows should be of the Holstein-Friesian breed, be in milk for more than 14 days, and receive concentrates in the AMS; they should not be in heat or lame and not have somatic cell counts ≥400,000. This resulted in 17 selected test cows (7 primiparous and 10 multiparous cows) that were between 28 and 341 days in milk (mean ± standard deviation (SD) = 182 ± 80) with daily milk yields ranging from 22.7 to 51.7 kg (mean ± SD = 36.8 ± 8.9) during the investigation period.




2.2. Experimental Design


The experiment took place over a total period of 16 days. The experimental design consisted of periods without music and periods with music being played inside the AMS. The succession of a period without and with music was repeated once (Figure 1). Except for the first period without music, the first two days of each period served to habituate the cows; data of these days were not included into later statistical analyses. At the beginning of the second period with music, a technical failure of the AMS led to a stop of about 2 h, resulting in delays in the milking process. To avoid any bias due to this, the data acquisition in this period was postponed by two days.



The pieces of music were chosen based on the selection used in the “moosic study” by North and MacKenzie [14]. All selected pieces had a tempo of less than 100 bpm, but were of different genres: 57 pieces of popular music such as Blues (e.g., “What a difference a day makes” by Aretha Franklins) or Rock (e.g., “Everybody hurts” by REM), and 17 other pieces of classical music (e.g., Beethoven’s Pastoral Symphony). The 74 pieces were combined into one playlist that included a total of six hours of music and were played continuously in random order over 48 h. It was played alternately via a JBL Flip 3 Bluetooth speaker and an Anker Soundcore 2 speaker (in order to allow battery recharging). The speakers were each attached inside the AMS above the feeding trough.



Frequency and amplitude of the music inside the AMS were measured daily with a sound level meter (Lutron SL-4001). The measurements were taken at head height of the animals, during and between milkings. The frequencies ranged from 200 Hz to 16 kHz, with most values between 500 Hz and 10 kHz. The amplitude varied between 65 and 70 dB, which corresponds to normal loud conversation. However, amplitudes of ambient noise changed during the milking process: at the beginning and end of a process amplitudes amounted to 80–85 dB with peaks up to 90 dB; during milking, amplitudes ranged between 65 and 70 dB. Throughout the milking process, but also during periods when no cow was being milked, the music was audible to humans inside the AMS, in the waiting area and at the selecting gate. Depending on the distance to the AMS, the music was hardly or no longer audible in the feeding and lying area.



Cow individual data on daily milk yield, passing frequencies at the selection gate, milking frequencies and intervals between milkings were provided by the AMS software.




2.3. Statistical Analysis


Data analyses were carried out using SPSS 24. For all 17 test cows, mean values of all four dependent variables (daily milk yield, passing frequency at the selection gate, milking frequency, and milking interval) over the repeated measurements (a) with and (b) without music were calculated at individual animal level. Thus, two values per variable were available for each cow. For each variable normal distribution was visually tested via quantile-quantile diagrams. Because of the normal distribution of milk yield and milking frequency data, the differences between periods with and without music were analyzed by means of parametric tests (paired t-tests); frequencies of selection gate passings and milking intervals were analyzed by using non-parametric tests (paired sample Wilcoxon tests) due to non-normal distribution of data.





3. Results


Results of parametric and non-parametric tests are presented in Table 1. Daily milk yield did not significantly differ between periods with and without music. However, the frequency of selection gate passings and milking frequency were significantly higher during periods with music compared to periods without music. Subsequently, although not significantly, the milking intervals were 48 min shorter when music was played.




4. Discussion and Conclusions


For the present investigation, we played a music collection inside the AMS that we expected cows to perceive as pleasant. We were interested in whether playing this music would contribute to increased milk yields, more voluntary visits to the AMS, and thus shorter intervals between milkings. The tested sample of 17 dairy cows passed the selection gate significantly more often and were milked more frequently during the repeated 2-day periods with music compared to periods without music. This could be due to a mere activity stimulating effect of music as discussed by Uetake et al. [24]. Their study was carried out on a trial farm where the cows were milked twice a day at fixed times in the AMS, where they also received concentrate feed. In a preliminary phase, the cows were to learn to recognize the start of milking by music. For this purpose, music was played in the milking area and barn for 69 d at the beginning and throughout the milking period. After this conditioning phase, behavioral observations were carried out over a 20-day period at the afternoon milkings. It was found that on days with music, changes between different behavioral states (lying, standing, feeding) and the number of cows in the AMS holding area increased significantly compared to control days without music [24]. In our study, we neither undertook conditioning of the cows, nor was the music audible outside the milking area. Therefore, it is likely that the cows entered the milking area more often, because they were attracted by the music.



Our expectation of higher performance when music was played was based on two possible mechanisms. First, if the music would exert stress-reducing effects, amounts of residual milk might be decreased. Second, increased milking frequencies might stimulate milk production, although contradictory results on associations between milking frequency and milk yield are reported: Hamann and Halm [25] found an increase in milk yield by enhancing the milking frequency, but Gygax et al. [26] and Laurs et al. [27] found no associations. In our study, no increase in milk yield was found. The absence of an association might be attributed to the already high milk performance level of the investigated animals (22.7–51.7 kg/cow/d (mean ± SD = 36.8 ± 8.9)), possibly barely allowing for a further increase due to enhanced milking frequency (ceiling effect). Some of the earlier studies also found no ([6] cited from [7]; [11,12]) or even negative effects [13] of music on milk yields. One expectation was that in these previous investigations inappropriate tempi or amplitudes had been used, which were not perceived pleasant by the cows or did not have a calming effect. For the present experiment, the music was therefore selected according to criteria related to tempo (below 100 bpm) rather than related to genres, and played at moderate amplitudes (65–70 dB). At least, the overall results suggest that the cows did not perceive the selected music as aversive and, in contrast, that they were attracted to it. Playing an appropriate music selection in AMS might, therefore, contribute to an increase of cows’ voluntary AMS visits and thus reduce the stockpersons’ workload of driving individual cows to milking. Whether the present results were due to novelty aspects of the stimulation, to masking effects regarding technical noise in the AMS, or whether the cows perceived the music as pleasant, should be further investigated.
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Figure 1. Experimental design-change between periods without and with music (AMS = automatic milking system). 
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Table 1. Results of paired t-tests regarding milk yield and milking frequency, and results of paired Wilcoxon tests regarding selection gate passings and milking intervals, recorded during periods without and with music played inside the automatic milking system (n = 17).
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Periods without Music

	
Periods with Music

	
Test Statistics






	
Indicators

	
mean ± sd

	
t

	
p




	
Milk yield 1

	
37.00 ± 9.32

	
36.55 ± 9.00

	
0.494

	
0.628




	
Milking frequency 2

	
2.81 ± 0.56

	
3.03 ± 0.52

	
−2.867

	
0.011




	

	
median (min-max)

	
z

	
p




	
Gate passings 3

	
13.75 (5.25–21.5)

	
15.75 (10.75–24.25)

	
−3.174

	
0.002




	
Milking interval 4

	
08:37:38

(06:10:25–12:48:37)

	
07:49:21

(05:35:04–10:54:59)

	
−1.491

	
0.136








1 kg/cow/d, 2 number of milkings/cow/d, 3 number of passings/cow/d, 4 time between two milkings in h:min:s.
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