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ABSTRACT:
							                           
The aim of this study was to investigate the hair coat characteristics of sows raised in a free-range system in a tropical climate and assess associations with effective radiative properties and thermal conductivity. Bristles were collected from December 2017 to April 2018 and evaluated for diameter (mm), length (mm), and density (bristles per cm2). From these data, the effective thermal conductivity, absorptivity, transmissivity, and reflectivity of the hair coat were determined. Sows were separated into four groups according to skin pigmentation and color parameters. The environment was characterized with regard to average air temperature (°C), relative humidity (%), and shortwave radiation (W m-2). The data were analyzed by repeated measures analysis. Bristle length (33 mm) and density (10 bristles cm-2) were lower in summer than in colder months (48 mm and 20 bristles cm-2, respectively). Effective absorptivity was higher and transmittance was lower in more pigmented sows, demonstrating a connection with protection against solar radiation. Therefore, the combination of a pigmented and dense coat seems to be ideal for pigs reared in free-range systems.
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			Introduction

			Free-range systems account for about 20% of pig farms in European countries such as France, the United Kingdom, Sweden, and Denmark (Avilés, de La Torre, Prodanov-Radulović, & Bellini, 2019 ). In Brazil, according to Gomes et al. (1992), free-range systems comprise less than 1% of pig farms. However, given the increasing pressure of the consumer market for products that comply with animal welfare standards, free-range systems show great growth potential. Studies are needed for the adaptation of this system to tropical climates. Animals reared on free-range farms must show tolerance and resistance to variations in climatic conditions. Crossbreed animals with some level of pigmentation in the epidermis and hair coat are indicated (Kleinbeck & McGlone, 1999), as this characteristic provides protection against solar radiation.

			Morphological characteristics of bristles, such as density, length, and diameter, in addition to bristle and skin pigmentation, are directly related to heat transfer between the body surface and the environment and protection against ultraviolet solar radiation (Silva, LaSscala Jr., & Tonhati, 2003). Understanding the role of coat radiative properties in skin protection (Cena & Monteith, 1975) can guide the selection of animals for free-range systems (Maia, Silva, & Bertipaglia, 2005).

			Most studies on the physical and radiative properties of the hair coat of animals in free-range systems focused on cattle (Silva, 1999; Maia, Silva, & Bertipaglia, 2003; Lee, Baek, & Parkhurst, 2016) and goats (Ligeiro, Maia, Silva, & Loureiro, 2006). There is a gap in the literature with regard to swine. The most recent studies on the hair coat of swine, regardless of rearing system, were based on cortisol determination (Heimbürge, Kanitz, Tuchscherer, & Otten, 2020; Casal, Manteca, Peña, Bassols, & Fàbrega, 2017), underscoring the need for studies on the physical characteristics of bristles. Given the above, this preliminary study aimed to investigate the physical characteristics and effective radiative properties of bristles from sows reared in free-range systems under tropical conditions.

		

		
			Materials and methods

			
				Location

				Experimental procedures were approved by the Animal Research Ethics Committee at the University of Brasília (CEUA protocol no. 93/2017). The experiment was conducted from December 2017 to April 2018 at the Free-range Swine Experimental Unit (Unidade Demonstrativa de Suínos Criados ao Ar Livre, UDCAL), Água Limpa Farm, University of Brasília (15° 47′ S 47° 56′ W, 1080 m a.s.l.), Federal District, Brazil. 

			

			
				Meteorological variables

				During the experiment, the following meteorological variables were recorded monthly: air temperature (°C), relative humidity (%), and shortwave radiation (W m-2). The data were collected by the automatic weather station (Vaisala, RWS200) located at the Água Limpa Farm. The monthly averages were calculated for each variable for the daily time period of 8:00 to 17:00 hour.

			

			
				Animals

				The number of animals included in this study corresponds to the number of sows available at UDCAL. This research represents an initial effort in the discussion of the physical characteristics and radiative properties of swine hair coat in free-range systems. The results may guide the proposal of alternative systems for the thermal comfort of these animals and the selection of strains that are more tolerant to Brazilian tropical conditions.

				During the five months, bristles were sampled from 11 two-year-old, non-lactating, multiparous sows of the commercial lineage DanBred with a mean weight of 283 ± 30.15 kg. Sows were housed in 1000 m2 paddocks with a stocking density of up to 3 animals per paddock (Costa, Diesel, Lopes, Holdefer, & Colombo, 2001). Each paddock contained artificial shading structures (70% black polypropylene cloths) in addition to native Brazilian Savanna trees as natural shading for protection from solar radiation.

				For assessment of the climatic tolerance of pigs to the tropical climate of the Brazilian Savanna, also called Cerrado, it was investigated the relationship between hair coat characteristics and meteorological parameters.

			

			
				Sow classification

				Sows were classified into groups according to bristle color, epidermal pigmentation, and percentage of color in the body. The pigmentation level was used as a fixed effect in the analysis model. Each animal was photographed individually, and samples of bristles were collected for determination of the color parameters lightness (L*), ranging from 0 to 100; chroma (C*), ranging from 0 to 60; and hue angle (hour), ranging from 0° to 360°. Color parameters were determined using a spectrophotometer (Colorquest XE, HunterLab®). On the basis of these data, sows were classified into four groups, as depicted in Figure 1.

			

			
				Physical characteristics of bristles

				Bristles were collected once a month, according to the method described by Silva and Maia (2013). Bristles attached to the skin were extracted from a 2 cm2 area using pliers in fast movements. Samples were collected from three body regions, namely shoulder (S1), back (S2), and pelvis (S3). In total, 165 samples were collected during the experimental period (11 sows × 3 body regions × 5 months). Bristle length (mm) was measured using a digital caliper (Zaas, Precision®) and diameter (mm) was measured using an external precision micrometer (IP, Digimess®).
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Figure 1



Color classification of sow bristles according to lightness (L*), chroma (C*), and hue angle (hour). Group 1: sows with up to 20% pigmentation and L* of 45-49; Group 2, sows with up to 30% pigmentation and L* of 50-55; Group 3, sows with up to 60% pigmentation and L* of 35-39 in pigmented areas; and Group 4, sows with more than 80% pigmentation and L* > 40 in pigmented areas.













				

			

			
				Thermal conductivity and effective radiative properties of the hair coat

				Effective thermal conductivity (k
 ef, mW m-1 K-1), which is mainly associated with heat exchange between the hair coat and the atmosphere via conduction, was estimated as a function of coat characteristics, as described by Davis Jr and Birkebak (1974), and Maia, Silva, Souza Junior, Silva, and Domingos (2009). The effective radiative properties absorptivity (α*), reflectivity (ρ*), and transmissivity (τ*) were estimated for the four sow groups, as described by Cena and Monteith (1975) and applied by Maia et al. (2005). 

			

			
				Statistical analysis

				Bristle characteristics (density, diameter, and length), effective thermal conductivity, and radiative properties were analyzed using a repeated measures design and the mixed procedure of SAS version 9.2. Variance-covariance components were estimated using the restricted maximum likelihood (REML) method. For all the studied variables, analyses were conducted using a compound symmetry fit. Differences between least squares means were further investigated by Tukey's test only when the model was significant (p < 0.05). Analysis of variance was performed according to the following statistical model:
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				where:

				
Y
 
 ijk
 is the dependent variable, µ is the parametric mean;

				
M
 i is the repeated measure of the i-th month (i = December, January, February, March, April);

				
R
 j is the effect of the j-th body region (j = S1, S2, S3);

				
G
 k is the effect of the k-th group (k = 1, 2, 3, 4);

				(MG)
 ik
 is the effect of the group × month interaction; 

				(MR)
 ij
 is the effect of the body region × month interaction;

				(GR)
 kj 
 is the effect of the body region × group interaction, and;

				
e
 
 ijk
 is the random error.

			

		

		
			Results

			The highest air temperature was recorded in January, with an average of 25°C, high solar radiation (456 W m-2), and low relative humidity (65%). The lowest average temperature (23.2°C), relative humidity (71%), and radiation (334 W m-2) were recorded in April (Figure 2).

			Bristle density differed significantly (p < 0.05) between groups, months, and body regions. The most pigmented sows (Group 4) had a mean density of 16 bristles cm-2, differing significantly (p < 0.05) from the other groups. Bristle density did not vary from December to March but increased significantly (p < 0.05) in April, reaching 20 bristles cm-2 (Table 1). It was also possible to observe a significant difference (p < 0.05) in bristle density on the shoulder (S1) and pelvis (S3) compared with the back (S2) (Table 1). 
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Figure 2



Average air temperature, relative humidity, and solar radiation from 8:00 to 17:00 hour during the study period, as measured at the automatic meteorological station, Água Limpa Farm, University of Bahia. 













			

			The interactions between sow groups and months and body regions and months were significant (p < 0.05). From December to March, all sow groups maintained a constant bristle density (Figure 3); however, there was a significant increase (p < 0.05) in April. Group 4 sows had the highest bristle density (34 bristles cm-2). 

			There was a significant increase in bristle density in the three body regions evaluated (p < 0.05) from December to April (Figure 4).

			
				

Table 1




Bristle length, diameter, density, effective thermal conductivity, and effective radiative properties of free-range sows from December to April.
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 Values are presented as mean ± standard error. a,b Means within rows followed by different letters are significantly different by Tukey's test (p < 0.05). α*, absorptivity; τ*, transmissivity; Group 1, sows with up to 20% pigmentation and L* of 45-49; Group 2, sows with up to 30% pigmentation and L* of 50-55; Group 3, sows with up to 60% pigmentation and L* of 35-39 in pigmented areas; Group 4, sows with more than 80% pigmentation and L* > 40 in pigmented areas.
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Figure 3



Mean bristle density (bristles cm-2) of sow groups as a function of months. Group 1, sows with up to 20% pigmentation; Group 2, sows with up to 30% pigmentation; Group 3, sows with up to 60% pigmentation; Group 4, sows with more than 80% pigmentation. Error bars represent standard error.
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Figure 4



Mean bristle density (bristles cm-2) in different body regions of sows as a function of months. Error bars represent standard error.













			

			The mean values of bristle length and diameter for the entire experimental period were 39.1 ± 0.4 mm and 0.21 ± 0.02 mm, respectively. These morphological characteristics did not differ between groups or their interactions (p > 0.05, Table 1); however, they differed according to month (p < 0.05). Bristle diameter was significantly higher (p < 0.05) in December (0.19 mm) than in the other months (Table 1). 

			The mean effective thermal conductivity of bristles was 0.027 W m-1 K-1, with significant differences between groups (p < 0.05). Sows with the highest degree of pigmentation (Group 4) exhibited the highest value (0.0276 W m-1 K-1). Effective thermal conductivity was highest in April (0.0275 W m-1 K-1). Interaction effects were not significant (p > 0.05). 

			Effective radiative properties differed (p < 0.05) between sow groups, months, and body regions; however, only the main effects of factors were significant, with no significant interaction effects (p > 0.05) (Table 1). The most pigmented animals (Group 4) had the highest effective absorptivity (α* = 0.44) and the lowest transmissivity (τ* = 0.53).

		

		
			Discussion

			The hair coat of swine has a low density of bristles. In other words, the number of bristles per unit area is low, resulting in a coarse and sparse hair coat (Graves, 1984). Whereas the sows in our study had a mean bristle density of 10-20 bristles cm-2, in cattle, coat density is greater than 1000 hairs cm-2 (Maia et al., 2005). This fact indicates that the hair coat of swine is not efficient in protecting against solar radiation or in dissipating heat from inner tissues to the environment, particularly for animals with a low level of pigmentation. Forbes (1967) reported that depigmented swine had a bristle density of 8-10 bristles cm-2.

			Dark hairs have higher absorptivity but lower transmittance than light hairs (Silva et al., 2000). The latter property is related to the transmission of radiation to deeper body tissues. Therefore, the presence of melanin decreases animals' sensitivity to radiation, decreasing the risk of developing melanomas and carcinomas (Silva, 2008). This assumption was proven by effective radiative properties: effective absorptivity was lower in animals with < 60% pigmented bristles (Groups 1, 2, and 3). Sows with > 80% pigmented bristles (Group 4) had an absorptivity of 0.44 and exhibited the lowest transmittance (0.53), which is associated with reduced transmission of radiation to deep body tissues and higher tolerance to free-range systems. 

			The highest values of temperature and solar radiation (25°C and 456 W m-2, respectively; Figure 2) were recorded at the beginning of summer, from December to January. Transition months (February, March, and April) had the lowest air temperature averages, namely of 23.6, 23.9, and 23.2°C, respectively; consequently, solar radiation was lower (369, 379, and 334 W m-2, respectively), explained by the approach of the winter period in the Brazilian Savanna. Changes in meteorological variables directly influenced bristle characteristics, as evidenced by the presence of a longer and denser hair coat. Changes in bristle length and diameter are physiologically fast and efficient. Such changes can occur in a few days for adjustment to weather conditions. This precludes the need for changes in physiological functions that could be more costly to the organism in the long run, such as alterations in the fat layer. Forbes (1967) described that bristles can grow up to 3 mm per week. Demo, Jentsch, and Hoffmann (1995) reported that growing pigs exposed to 24°C had short bristles compared with pigs maintained at 12°C during a 9-week period, contributing to minimizing energy loss from thermoregulatory responses.

			It was possible to observe a significant increase (p < 0.05) in bristle length and density over the months, attributed to the decrease in air temperature. Length achieved about 13 mm; and bristle density, 17 bristles cm-2, demonstrating that bristle growth and number vary according to meteorological variables. Such alterations are a mechanism of adaptation to the environment, corroborating the results of Watson and Moore (1990). 

			In a previous study, Mós et al. (2020), observed that DanBred sows reared in outdoor systems in a tropical climate, with air temperatures exceeding 31°C, exhibited physiological parameters that were indicative of body thermoneutrality. The rectal temperature was about 38°C, the respiratory rate was 30 breaths per min, and animals did not exhibit abnormal behaviors indicative of thermal discomfort. These findings suggest that homeothermy is related to hair coat characteristics. 

			In the case of cattle, the higher the number and diameter of hairs, the greater the effective thermal conductivity, reaching values of 250 mW m-1 K-1 (Maia et al., 2009). In swine, the number of bristles per cm2 is almost 100 times lower than that of cattle; nevertheless, such differences do not lead to substantial changes in effective thermal conductivity. Here, the mean effective thermal conductivity of sows (0.027 mW m-1 K-1) was nearly equal to the air thermal conductivity (about 0.025 mW m-1 K-1). Therefore, bristles were inefficient in dissipating heat by convection and conduction from the inner body to the atmosphere. 

			Effective radiative properties showed that the main functions of bristles are physical protection and protection from solar radiation. Pigs with some degree of bristle pigmentation have greater tolerance to heat stress than fully depigmented pigs. The latter group, albeit having a smaller effective absorptivity (0.25 vs. 0.44), has higher effective transmittance (0.25 times higher than animals with 80% pigmentation, 0.74 vs. 0.53), which translates into greater transmission of radiation to inner tissues and, consequently, greater susceptibility to the development of skin problems.

			Although pigs have keratinized sweat glands (Ingram, 1965), heat transfer also occurs through the skin, for example, by contact with water, which can evaporate, resulting in heat loss. In the case of animals in free-range systems, this type of heat loss mechanism may occur when pigs take mud baths (Mós et al., 2020). This mechanism, combined with changes in bristle density and length, is fundamental for maintaining body temperature. According to Maia et al. (2003), pigmented animals would be favored by a lower bristle density, facilitating heat transfer. However, for DanBred pigs, despite having regions with pigmented bristles, the epidermis has low levels of melanin, increasing the risk of melanomas stemming from high solar radiation levels. Changes in the morphological characteristics of bristles in swine species (increased length and density) may be explained by the need to protect the epidermis from solar radiation.

		

		
			Conclusion

			Sows exposed to tropical conditions show changes in the physical characteristics of bristles over the seasons. The combination of a pigmented and dense coat seems to be ideal for pigs reared in free-range systems. 
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