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Abstract

The application of different technological innovations in the intensive systems of pig production has generated
some problems related to health and animal welfare in modern facilities. To measure animal welfare is necessary
to use a set of indicators (behavioural, physiological, productive and sanitary) capable of expressing the animals’
adaptability to the environment. Temperature is one of the main components of the environment, since it
influences the physiology, behaviour and productivity of the pigs. The aim of this study is to verify the adaptive
evolution to different environmental conditions (winter, thermoneutrality and summer) in growing and fattening
pigs through physiological, behavioural and productive indicators. Seven females with initial weight of 45kg were
analysed throughout this test. The animals were housed in a room equipped with an environmental control system.
The area per animal was 1.5 m2. The environmental data collected were temperature, relative humidity and wind
speed. The physiological parameters measured were body surface temperature, rectal temperature and salivary a-
amylase. The feed intake was monitored through an individual feed machine equipped with animal weight scale.
In order to monitor the behaviour of animals, video cameras and microphones were installed. The final weight of
the animals was about 95 kg. The daily food intake and mean daily gain of live weight were 2.70 kg day™ and
0.611 kg kg'; 2.51 kg day! and 0.947 kg kg and 2.17 kg day™! and 0.526 kg kg, respectively in winter,
thermoneutrality and summer. The corresponding values of body surface temperature were 25.4 °C; 29.1 °C and
34.0 °C and the concentration of salivary a-amylase were, on average, 0.33 U/ml; 0.13 U/ml and 0.25 U/ml,
respectively in winter, thermoneutrality and summer.

Key words: Smart-Farming, Animal Welfare, Real Time, Environmental Control, Pigs.
1. Introduction

The intensification of production has generated some problems related to animal health and welfare in modern
facilities. Pig farms, being a highly specialized animal husbandry, have some of these problems. On the other
hand, with the population increase, a greater production of food is required, at increasingly reduced costs, where
consumers demand the quality of the products. Alongside with product quality, consumers are increasingly
concerned about animal welfare issues.

Due to the high demand for more products and higher quality, it becomes obvious that the verification and
maintenance of animal welfare can not only be done by the employees of the farms. Early detection and real-time
monitoring of normal behaviours (feed intake behaviour) and abnormal behaviour (aggressions) reduces animal
production costs, limits the incidence of diseases and is capable of reducing mortality (Nasirahmadi et al., 2017a).

Pigs in intensive systems have to cope with long-term and intense short-term stressful stimuli that affect their
welfare. High levels of stress and poor welfare have negatives effects in pig performance (Smulders et al., 2006).
Throughout the stages of growth and maturity, one of the most important factors affecting welfare is the
environment which animals are maintained. The environmental temperature has direct effects on pig behaviour
(Nasirahmadi et al., 2015) and has a negative effect in their productivity (Banhazi et al., 2009; Vieira et al., 2010).
When environmental temperature changes pigs adapt their behaviours to maintain body temperature (Nasirahmadi
et al., 2017b). Feed intake and gain weight are also affect by the temperature (Vieira et al., 2010).

In order to measured animal welfare it is necessary to use a set of indicators (behavioural, physiological,
productive and sanitary) capable of expressing the animals' adaptability to the environment provided. There is no
a “gold standard” procedure to determine with accuracy the degree of animal welfare and the level of stress of an
animal. Methodologies frequently used to quantify stress in animals include the direct behavioural observations
or automated behaviour recognition video analysis (Ott et al., 2014; Nilsson et al., 2015) and biomarkers that can
reflect the pathophysiological responses to stress (Ayala et al., 2012 and Escribano et al., 2015 cited by Martinez-
Miro, 2016). Avoiding a threat, facing up to it or hiding from it can be described as normal behaviour, whereas
stereotypes are considered as abnormal behaviours that can appear after a stress (Squires et al., 2003 cited by
Martinez-Miro, 2016).

In addition we can measure the animal stress with o-amylase present in the saliva (Fuentes et al., 2011).
Salivary alpha-amylase levels respond to physiological stressors. This it is measured in saliva and its activity is
correlated with plasma catecholamine concentrations, being a marker of the sympathetic-adrenal-medullary axis



activation (DeCaro, 2008; Nater et al., 2009). The use of saliva as sample for stress evaluation can be obtained by
non-invasive procedures that do not produce additional stress or harm to the animals. In addition, saliva sampling
procedures are very simple to obtain and can be taken by personnel with minimum training (Gutierrez et al., 2009
cited by Fuentes et al., 2011).

Another way to evaluate the animals' responses to the thermal environment is by observing the temperatures,
such as body temperature (Vieira et al., 2010) and surface temperature. This measurement guides the
determination of the balance between gain and heat loss of the body, which is often used as an adaptability index
(Mota, 1997 cited by Vieira et al., 2010).

The aim of this study is to verify the adaptive evolution to different environmental conditions (winter,
thermoneutrality and summer) in growing and fattening pigs through physiological, behavioural and productive
indicators.

2. Materials and Methods

Animals, Housing and Equipment

Seven crossbred growing gilts were used for the present study. All animals were randomly selected from SIAS
commercial farm in Santiago do Cacém and transfer to the experimental farm of Mitra in Evora. The gilts had a
average body weight of 45+0.5 kg, they were housed in a room equipped with an environmental control system
with area per animal of 1,5m>.

At the entrance, all gilts were identified with an RFID ear tag. The animals were adapted for a period of 15
days with ad libitum food with a standard commercial diet with and have free access to water. During this period,
the gilts were handle by our staff and trained to be accustomed to saliva sampling. During these days the
environmental control system was set to thermoneutrality, the temperature was 18 + 2°C and relative humidity
was 60%.

The room was equipped with sensors of temperature (T), relative humidity (RH) and wind speed (Ws).
Cameras and microphones were also installed. The animals were fed with an individual automatic feed machine
(schauer compident MLP II) equipped with a scale for the food and other for the animals. The machine was
provided with an electronic identification system that was activated by the RFID ear tag. The feeding machine
was connected to a computer to record and save the data (feed consumption and animal weight).

Experimental Design

The environmental control system was capable of simulate three different environmental conditions: winter
(W) — cold stress, thermoneutrality (TN) and summer (S) — heat stress. The control system also allows to make a
variation of the temperature and the humidity. We set up the control system for winter with T: 10 + 2°C, HR: 80%;
thermoneutrality with T: 17 £ 2°C, HR: 60% and in summer conditions we define T: 30 + 2°C, HR: 50%. The
experimental period of each condition was 13d.

Samples

We measure surface temperature, body temperature and collect saliva. All the samples were collected 2 times
by condition at 9 am. The first data collection was made 4d after the change of the conditions; the other one was
made before the change for the next condition. Surface temperature (sT) was measure with an IV thermometer in
the neck, this measure was taken very quickly, approximately 5s per animal. Body temperature (bT) was measure
in rectal area with a digital thermometer, each measure take lmin. Saliva was collected using commercial salivette
tubes with cotton. Each gilt was allowed to chew 2 a 3mints in the cotton. After that the samples were refrigerate.
The tubes were centrifuged at 5000 rpm for 5 min. The analyses were made following the protocol by Salimetrics
salivary a-amylase kinetic enzyme assay kit.

3. Results and Discussion

As expected, depending on the environmental condition, we observed a change in feed intake (FI) and in
average daily gain (ADG) (Table 1).

Table 1. Mean values of feed intake and average daily gain (ADG), for the three environmental conditions.

Environmental condition Feed Intake (kg.d™") ADG (kg.dh)
w 2.70 0.611
TN 2.51 0.947

S 2.17 0.526




In summer conditions (heat stress) feed intake decreases (Pearce et al. 2013) and also the mean of average
daily gain, these results are also reported (Collin et al., 2001; Banhazi et al., 2009; Kiefer et al., 2009). In W
conditions we observed and increase in feed intake, as reported by Quiniou et al. (2000), although there was a
decrease in average daily gain. These results are consistent with the reported by Li and Patience (2017) since the
animals to increase the heat production consumed more food. Regarding body temperature, rectal temperature and
surface temperature were measured, and the results obtained are shown in table 2.

Table 2. Mean temperatures of animals, body temperature and surface temperature, for the 3 environmental conditions.

Environmental condition bT (°C) sT (°C)
' 384 25.4
N 383 29.1
S 39.4 34.0

Surface temperature measurement is a quick and practical method of verifying that animals are outside the
comfort zone (Mostaco, 2014). This indicator is more variable and more influenced by the environment (Manno
et al., 2009), as is observable in the results obtained in this test, where the sT have greater variation between the
different simulated environmental conditions. Huynh et al. (2005); Manno et al. (2006) and Kiefer et al. (2009)
observed that when the ambient temperature increases the surface temperature also increases.

Regarding the rectal temperature in pigs is, on average, 38.8°C (Cunningham, 1993). The values obtained in
this study fall within this temperature, however, there is a slight increase during the summer simulation. This
increase was observed with increasing ambient temperature, this increase was also reported by Huynh et al. (2005)
and Kiefer et al. (2009). The increase in body temperature, as a rule, means that the animal is storing heat, due to
the failure of thermoregulation mechanisms (Ferreira, 2002, cited by Rodrigues, 2010). That is, when the ambient
temperature rises above the capacity of physiological readjustment, the retained body heat is capable of altering
the state of homeothermia, being an increase in the rectal temperature, which becomes more intense with the
degree of deviation of the temperature of thermal comfort.

When the ambient temperature does not correspond to comfort levels, pigs present specific behavioral
characteristics and are able to change their behavior to adapt to the environment that surrounds them (Quiniou et
al., 2000). Indeed, temperature is the main parameter affecting pigs lying behavior (Nasirahmadi et al., 2015).
These were the results observed by our team, with the animals gathering when the ambient temperature was below
the thermoneutral temperature (winter situation), and the spacing when the ambient temperature was above the
thermoneutral temperature (summer situation), which is in accordance with the bibliography consulted
(Nasirahmadi et al., 2017a, b).

Figure 2. In S conditions (left) the gilts prefer to rest apart, without contact between them. In W conditions (right) the gilts
choose to huddle.

Concerning to the a-amylase samples (table 3), we found that the values for a-amylase are greater in the W
and in the S.

Table 3. Mean values for a-amylase activity.

Environmental condition o-amylase (U/ml)
w 0.3252
™ 0.1382
S 0.2544

739



We didn’t find any bibliography that relate thermal stress with a-amylase activity, however we found some
studies that relate a-amylase activity with psychological stress and physical stress. These studies report that a-
amylase increased with thermal stress (DeCaro, 2008; Nater et al., 2009; Fuentes et al., 2011) and these results
agree with the results in our study.

4. Conclusions

With this study we can conclude that these welfare indicators can give us the information about the animal
welfare. Although we collect some of the data manually, there is technologies that can gather and analyze the
data, for example thermo cameras that gave the temperatures. Feed intake, ADG and sT changes with the
environmental conditions. In bT changes only occurred in summer conditions, this may suggest that the animal
had more difficulties in adapting to the hot temperatures. In relation to alpha amylase, the values increase with
thermal stress, however further studies should be done in order to clarify a-amylase activity caused by thermal
stress.
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