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Abstract

Ethical and commercial issues are associated with animal welfare in pig farming, in that sense, the objective of
this work was to evaluate physiological and blood parameters in addition to weight gain in pigs raised with and
without sunlight and environmental enrichment (EE), as well as to correlate physiological and environmental
parameters as welfare indicators. Twenty-four pigs distributed in a randomized block design with a 2 x 2
factorial arrangement were used. Blocks were represented by shifts (morning and afternoon), and factors by the
presence or absence of EE and sunlight. Blood and environmental parameters of thermal comfort, in addition to
weight gain, were registered. Physiological parameters showed to be shift dependent (p < 0.05), with the
afternoon shift being superior when compared to the morning shift, thus indicating climate influence. Weight
gain showed significant interactions (p < 0.05) in the presence and absence of sunlight and EE in the stalls.
Temperature correlated positively with the physiological parameters. Moisture showed negative correlations with
physiological parameters. The packed cell volume was lower (p < 0.05) in the presence of EE. The EE provides
physiological well-being and weight gain for pigs in the nursery stage, especially when sunlight was absent in
the stalls.
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1. Introduction

Animal welfare has relevance not only as an ethical matter, but also as a tool to access new markets,
consequently any animal farm which pursues sustainability should maximize welfare in order to maximize the
expression of animals’ potential (Poletto et al., 2011; Velarde et al., 2015). One of the greatest challenges in pig
production is to provide conditions of well-being while still remaining competitive in the market, since the
animals are produced in small areas without environmental conditions to express their normal behavior (Temple
etal., 2011).

Pig production is accomplished mostly under intensive farming systems, with predominance of confinement, as a
mean for optimizing the productive and financial performance. In order to establish a production system with
healthy condition, techniques which benefit the normal activities of the animals in each of their life stages are to
be implemented, bearing in mind that the applicability of animal welfare techniques must be based on a solid
scientific study (Kiefer et al., 2009; Velarde et al., 2015).

Environmental enrichment is an alternative which allows animals to express their normal behavior and thereby
reduce physiological stresses produced by climatic variations and facilities. It targets to increase the quality of
life for animals farmed under intensive systems, through the identification and provision of environmental
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stimuli needed to reach their psychological and physiological well-being and to improve meat production
(Campos et al., 2010; Oliveira et al., 2016).

When animals are under heat stress, they tend to find ways to reduce it through physiological regulatory
mechanisms, but in doing so the animals use energy that otherwise would be used for production, with a negative
result for the production system (Smulders et al., 2006; Fagundes et al., 2008). Environmental factors influence
the production level of animals, therefore this is an important subject of study, once less stressful environmental
conditions may result in a maximum yield. Pigs have a higher weight gain when rised in comfortable
environments (Kiefer et al., 2010).

Thermoneutrality is a range in which the animals can express its productive potential without using energy for
the sake of thermoregulation. Under tropical weather conditions bioclimatic studies are necessary due to huge
temperature variations affecting the physiological welfare of pigs. In this sense, we intended to evaluate
physiological and blood parameters, in addition to weight gain, in the nursery stage of pigs raised in the presence
or absence of sunlight and environmental enrichment. Moreover, we intended to correlate physiological and
environmental parameters within facilities, as indicators for animal well-welfare.

2. Method
2.1 Location of the Experiment and Ethical Issues

The experiment was performed at the pig farming sector from Bom Jesus Technical School (CTBJ) at the
Federal University of Piaui (UFPI), Campus Professora Cinobelina Elvas, from October until December 2014.
The municipality has the following geographical coordinates: latitude 9°4'27" South, longitude 44°21'30” West
and 277 m of altitude.

The climate is dry sub-humid with summer rainy season lingering until autumn (Andrade Jr et al., 2005). The
rainy season starts in November ending in April, and a dry season occurs from May to October. This study was
approved by the Ethics Committee on Animal Experiments at UFPI with protocol number 058/14.

2.2 Animals, Design, Treatments and Environmental Enrichment

Twenty-four castrated males, with average weight of 15.27 £ 3.73 kg, originated from crossing of Agroceres PIC
x Piau lineage, from the CTBJ pig farming sector were used. Randomized blocks (DRB) in 2 x 2 factorial
arrangement were used for experimental design, with a block represented by shifts (morning and afternoon), and
factors being the presence or absence of environmental enrichment (EE) and incidence of sunlight.

Four stalls were used, in which the animals were randomly assigned at a proportion of six animals per stall, the
replicates consisted of animals housed in the stalls. In two of the four stalls, the incidence of sunlight was
allowed to up to 70%, with one of the stalls including the presence of EE. The remaining two stalls did not
received sunlight, with one of the stalls also having the presence of EE.

The environmental enrichment devices consisted of ethylene terephthalate (pet) bottles with a volume of 2 liters
each; the bottles were half-cut and then the upper ends of both bottles were connected. For better connection a
transparent tape (polypropylene 38 mm) was used, wrapped in between the bottle’s ends. Then three of these
devices were hanged from a nylon string at a height of the animals’ nose and five devices were placed in the
floor, according Campos et al. (2010).

2.3 Physiological, Blood and Environmental Parameters

The animals were housed in the experimental stalls 10 days after weaning, thus avoiding the post weaning stress
period. After five days for adaptation to the new environment, the EE devices were installed and the
measurements of the variables started. The parameters measured consisted of physiological, blood and
environmental parameters. In order to obtain the data, 10 sampling collects were performed from 7:00 to 09:00
am, corresponding to the morning shift and from 13:00 to 15:00 pm, corresponding to the afternoon shift,
according Manno et al. (2005) and Kiefer et al. (2009).

Climate variables were measured 20 minutes after the beginning of the first observation for each sampling
collect, working with the average of the observed values. Blood parameters were not evaluated regarding shifts.

Physiological parameters measured were: respiratory rate (RR), by means of counting the movements per minute
(mov/min) of the pig flank during 15 seconds and adjusting these values for 60 seconds and the rectal
temperature (RT), using a digital clinical thermometer inserted into the rectum of the animals for one minute,
according Farias et al. (2008).
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Heart rate (HR) was measured using a clinical stethoscope at the height of the third rib on the left side of the
pig’s body, measuring heart rate during 15 seconds and adjusting these values to beats per minute (bpm). At the
beginning and the end of the experiment the animals were weighed on a digital scale to check the weight gain
(WQ) in kilograms (Kg).

After five days without the use of EE, the devices were reinstalled in bays for blood collection procedures,
performed from 8:00 to 10:00 am in a population of six animals from stalls with incidence of sunlight and six
animals from stalls without incidence of sunlight. Samples were immediately sent to the Laboratory of Clinical
Pathology from UFPI, where blood samples were processed at a maximum of two hours after collected.

For evaluation of blood parameters 8 mL of venous blood were collected by jugular puncture with syringes and
quickly transferred into tubes: the first tube with 4 mL capacity, containing EDTA anticoagulant
(ethylenediaminetetraacetic acid) sprayed on the tube walls, to obtain whole blood, required to determine
hematocrit and hemoglobin; and the second tube with 2.5 mL capacity, containing an coagulating accelerator and
separating gel, which was centrifuged at 2.500 rpm/5 minutes after sampling, in order to separate serum and
subsequently determination of other blood biochemical constituents.

The blood count was achieved by counting the number of red blood cells, white blood cell count and hemoglobin
concentration and was performed in automatic cell counter (CC530-CELM-Company Equip of Modern
Laboratories, Barueri-SP). Determination of the packed cell volume (CV) was performed by the microhematocrit
method; calculating the mean corpuscular volume (MCV) and mean corpuscular hemoglobin concentration
(MCHC). The determination of plasma total protein (PTP) was performed by refractometry, after centrifuging
blood in microhematocrit capillary tubes. All hematological techniques were performed according Hendrix
(2006).

Differential leukocyte counts were expressed as percentage of the counting of 100 total cells by means of blood
smears stained with Romanowsky’s fast stain observed under a light microscope; the absolute number of each
cell type was determined by multiplying the percentage fraction by the total leukocyte count, analyzes were
performed according to Hendrix (2006).

Biochemical analyzes were performed in a semi-automatic biochemical analyzer (Espectrum BS®-Celer, Belo
Horizonte/MG, Brazil), using commercial kits. The serum albumin concentration was determined by the method
of Bromocresol Green (Albumin®-Labtest, Lagoa Santa/MG, Brazil) and serum total proteins (TP) by the Biuret
method (Protein Total®-Labtest). Glucose concentration was determined by the kinetic method of GOD-Trinder
(Glucose Liquiform®, Labtest).

The concentration of globulin was obtained by mathematical difference after determination of the total proteins
and albumin, by subtracting the albumin from the total proteins (Busher, 1990; Chiquieri et al., 2007). For
quality control testing, serum universal control was used (Qualitrol 1H®-Labtest), according to the
manufacturer's guidelines.

Air temperature (AT), air humidity (AH) and dew point temperature (DPT) were recorded with a digital
thermohygrometer (SKILL-TEC) in the stalls. To measure the black globe temperature (BGT), a globe with 15
cm radius was installed at the height of the animals in a stall next to the experimental ones, painted with dark dye
and provided with a mercury thermometer of 30 cm, in which the temperature was measured 20 minutes after the
beginning of the observation for each sampling collect. Black globe temperature was obtained with the
equipment and procedures described.

The black globe temperature and humidity index (BGHI) were calculated according Buffington et al. (1981),
using the equation:

BGHI = Bgt + 0.36 Dpt — 41.5 (1)
Where,

BGHI = index of temperature and humidity, dimensionless; Bgt = black globe temperature, °C; Dpt = dew point
temperature, °C.

2.4 Prophylactic and Food Management of Animals

The animals were housed in pens with 10m* each, water was provided ad libitum and food was always available
at the same schedule each day (8:00 and 16:00), with a diet formulated based on corn, soybean meal, and amino
acids, vitamins and minerals to fulfill their nutritional requirements. Before housing the animals, procedures of
disinfection, sanitary depopulation and daily dry cleaning of the stalls, were provided.
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2.5 Model and Statistical Analysis
Yijge = pu+ B+ 1; + (EDj + Ty + € )
Where,

Yijx = is the physiological response of animals related to the block k combining the level i factor of E to the level
J factor of I; u = It is the average of all experimental units for Y;;; E; = random effect of the animal ith with
environmental enrichment (1 and 2); I; = It is the fixed animals jth effect with the presence or absence of
insolation (1 and 2); (EI); = effect of environmental enrichment of the ith animal belonging to the jth animal
with insolation; Iy = fixed effect of the kth block represented by shifts (1 and 2); and € = is the residue
including the random error.

Data were subjected to analysis of variance, the residue variance homogeneity test and correlation analysis. For
analysis of variance and correlation the procedure: Proc GLM and CORR (Sas, 2003), were used. The results
were compared by the Tukey test at 5% probability.

3. Results and Discussion

A maximum temperature of 38.20 °C, minimum temperature of 26.16 °C and maximum and minimum humidity
of 80.20% and 15.40%, respectively, were observed, evidencing the variation between the shifts with high
magnitude in the afternoon hours (Table 1). Thermal amplitude of 6.23 °C between the average values from the
morning and the afternoon was verified.

Values obtained by Manno et al. (2005) showed that AT was higher in the morning shift because it exceeded the
upper critical limit (27 °C) for this stage of swine breeding, thus considering such temperatures as negative to a
better productive expression of these animals. Regarding the AH, the afternoon shift had less (p > 0.05) amount
of water in the air, possibly because of the AT having achieved an average temperature of 36.22 °C, thus
rendering a dryer and uncomfortable air to breath. Miranda et al. (2012), working with pigs in nursery stage,
considered that AH should remain between 50-70%, with the optimal value for this breeding stage being of 70%,
according to Lima et al. (2011).

Table 1. Environmental variables registered within the facilities and physiological variables of pigs due to the
shift

Environmental and Physiological variables

Shift

AT (°C) AH (%) BGHI RT (°C) RR (mov/min)  HR (bpm)
Morning 29.99° 43.75° 76.15° 38.48° 66.02° 68.88°
Afternoon 36.22° 24.72° 81.00° 39.20° 75.31° 75.51°

Note. Means followed by the same letter in the column do not differ by Tukey test at 5% probability. Air
temperature (AT); Air humidity (AH); Black globe temperature and humidity index (BGHI); Rectal temperature
(RT); respiratory rate (RR); Heart rate (HR).

BGHI shows a possible influence (p < 0.05) of climate variables in the thermal comfort of pigs. Tindco et al.
(2007) state that the upper limit of thermal comfort for pigs is 72. Manno et al. (2005) obtained BGHI values
under heat conditions of 84.9 and 71.1 to comfort condition. Figure 01 shows the existence of this BGHI
variation observed between the morning and afternoon shifts.
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Figure 1. Variation of the Black Globe Temperature and and Humidity Index (BGHI) during morning and
afternoon shifts

Figure 1 shows morning shift had values above the threshold (72) for pigs at an early stage, with only the fourth
day of the experiment showing an optimal value to animal comfort, this is probably due to rain precipitation
observed throughout this day. Lima et al. (2011) observed similar values of 73.7 in the morning shift and 77.25
in the afternoon shift. The afternoon shift proved to be stressful for the animals, especially during the seventh day,
reaching values of 85, that is to say 17.33% above the ideal value (Tinoco et al., 2007).

The afternoon shift was higher for RT (p < 0.05) when compared to the morning shift, demonstrating the
influence of climate. However, the animals remained within the thermal neutral range depending on the
packaging provided by the installation. The range of rectal temperature considered ideal for comfort conditions
remains between 38.6 and 39.3 °C (Kiefer et al., 2010). Farias et al. (2008) studied piglets of 29 kg with an
average temperature of 30 °C shed and humidity of 63%, in tropical environments, obtaining values of 39.68 °C
RT in the morning shift and 39.78 °C in the afternoon shift, noticing that animals were using their mechanism of
thermoregulation to achieve the homeothermal zone.

The RR magnitude in the afternoon (p < 0.05), with 10 mov/min above those of the morning shift, evidences the
influence of climatic variables in the thermoregulatory characteristics, without negative effects for physiolegical
well-being conditions. Kiefer et al. (2009) using 24 male pigs obtained from crosses of Landrace x (Landrace x
Large White) with an average weight of 30.1 £ 1.79 kg, observed values with 45.90 mov/min when the animals
were at comfortable thermal atmosphere, showing that animals in the present study had a high respiratory rate.

Analyzing the HR parameter, it was verified a (p < 0.05) 9.62% increment in the afternoon shift, with animals
lying next to the water fountain, trying to lose heat by conduction to the stalls’ floor. Higgmark et al. (2006)
evaluated pigs (mean weight 40 = 1 kg) had HR at rest, averaging 85 bpm. Loijens et al. (2002) reported that
normal heart rate of pigs is 83 + 2 bpm.

The physiological variables as a function of the solar radiation and environmental enrichment are shown in Table
2. Weight gain (WG) in the presence of sunlight in the stalls, along with the absence of EE, resulted in low
weight gain (p < 0.05), but in the absence of solar radiation and presence of EE (p < 0.05) a better weight gain
was observed (17.9% higher). This is probably due to the fact that enriched stalls were more attractive, especially
those with less climate influence, prompting the curiosity of animals and allowing them to express the normal
behavior of the species (Smulders et al., 2006; Temple et al., 2011). Kiefer et al. (2009) observed that thermal
environments cause a reduction of 14.3% in food intake. Campos et al. (2010) obtained a better performance
with the use of plastic bottles in the floor of the stalls.
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Table 2. Average values of physiological parameters of pigs in the presence or absence of environmental
enrichment and insolation

Environmental Enrichment

Physiological variables Insolation
Present Absent
WG (kg) Present 3.815 3.20%°
Absent 3.90% 3.76"°
“RTCC) Present 38.67+0.81% 38.98+0.71%
Absent 38.8620.75"¢ 38.83+0.65"¢
"RR (mov/min) Present 67.3329.96A* 79.10+16.50%
Absent 70.43+11.74A° 65.81+12.10%°
"HR (bpm) Present 70.7129.71% 73.90+9.51%
Absent 73.08+12.64" 70.95+10.63*
Mean 71.90° 72.42°

Note. Means followed by the same lowercase and uppercase on the line in the column do not differ by Tukey test
at 5% significance. Weight gain (WG); Rectal temperature (E); Respiratory rate (RR); Heart rate (HR).

The use of EE decreased the RT (p < 0.05) due to the interaction of animals with plastic bottles, resulting in
reduction of fights among animals. Animals under EE showed behavioral evidences of better welfare (Campos et
al., 2010). Insolation did not influence RT (p > 0.05), possibly because the animals remained in places where the
stalls did not received sunlight, thus avoiding direct exposure to sunlight as well as allowing heat exchange with
the stall’s floor by conduction.

RR was reduced (p < 0.05) in the presence of EE, however, with insolation the animals had to use a greater
portion of that variable to lose heat to the environment. In the absence of insolation, EE caused an increase in RR,
a fact that was probably due to this variable have been triggered above the normal range for this stage, mainly in
the afternoon shift, Manno et al. (2006) obtained values of 48 + 8 mov/min for RR in thermal comfort
environment (22 °C) and feeding at will.

Insolation with EE did not affect (p > 0.05) HR, once this variable have remained within its normal range,
however the presence of EE provided a reduction (p > 0.05) of HR, consequently, the use of plastic bottles is
considered beneficial as a method to propitiate a more attractive and less monotonous environment to the
animals. Costa et al. (2009) have assessed heart rates between 65 and 90 bpm, with animals at rest in a farm,
specifying that animals in this study were in a normal HR range (Lewis et al., 2008).

Correlation between physiological and environmental parameters, and EE are shown in Table 3. AT correlated
positively with RR (0.35), HR (0.38) and RT (49), denoting that animals were influenced by the installation’s
inner microclimate. The increase of AT promoted the utilization increment of these thermoregulatory
mechanisms, confirming results obtained from shifts, as shown in Table 1. Kiefer et al. (2009) reported that the
average temperature of air can be considered as thermoneutral temperature once it remains between 18 and 26 °C,
well below the values found in this study.

Table 3. Correlation between physiological and environmental parameters, and environmental enrichment in
different shifts

Variables HR RT AT AH SHIFT WG
RR 0.34 0.26 0.35 -0.34 0.33 -0.32
HR 0.35 0.38 -0.37 0.31 -0.07
RT 0.49 -0.42 0.48 -0.10
AT -0.82 0.88 0
AH -0.71 0

EE 0.68

Note. Heart rate (HR); Rectal temperature (RT); Respiratory rate (RR); Air temperature (AT); Air humidity (AH);
Black globe temperature and humidity index (BGHI); Weight gain (WG); Environmental Enrichment (EE).
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AH was negatively correlated with RR (-0.34), HR (-0.37) and RT (-0.42), demonstrating that the animals
activated their thermoregulatory mechanisms to a greater extent, as a reductionin the percentage of air moisture
occurred, a result similar to AT (-0.82), but in the opposite direction, indicating that the increase in temperature
caused a reduction of humidity, with AH values lower than 50% being considered uncomfortable for animals in
nursery stage (Miranda et al., 2012).

Shift displayed a positive correlation with RR (0.33), HR (0.31) and RT (0.48), evidencing it affects animal
welfare, resulting in a larger utilization of the thermoregulatory mechanisms, especially in the afternoon (Table
1), as a result, the animal spends energy to keep thermal comfort reducing the energy used in production.

WG was negatively correlated with RR (-0.32) and positive correlated with EE (0.68). Weight gain is considered
adequate when the animal is not using thermoregulatory mechanisms. The presence of EE resulted in better
weight gain due to the plastic bottles have stimulated the animals’ holding capacity, and therefore, they fed better.
One method to assess environmental enrichment is to check the intensity of the interaction that reflects on their
importance to key motivational systems such as exploration, games and food (Weerd & Day, 2009).

Insolation and EE did not affect (p > 0.05) blood parameters (Table 4), however, for the packed cell volume (CV)
the presence of EE resulted in a slight decrease, but without clinical significance, since according Weiss &
Wardrop 2010 it was within the range considered normal for pigs (37-44%) in nursery stage The lack of
influence from sunlight and environmental enrichment in blood parameters may be explained due to the animals
being receiving food and water ad libitum.

Regarding TP and albumin, Silva et al. (2012) found values of 4.77 g/dL TP and 2.27 g/dL of albumin, Moreira
et al. (2014) obtained a value of 7.02 g/dL of TP and Rocha et al. (2012) obtained a value of 4.14 g/dL albumin,
with the range considered ideal for this protein being among 1.9-3.9 g/dL (Kaneko et al., 2008). Values below the
optimal range of 6-8 g/dL (Weiss & Wardrop, 2010) were observed for TP, due to the reference values being not
regional, as well as due to the nutritional management used in each specifically production system,
independently from the type of packaging (insolation or EE).

Table 4. Blood Parameters: Biochemical analysis, red blood cell (RBC) and white blood cell (WBC) of pigs in
the nursery stage as a function of insolation and environmental enrichment

) Insolation Environmental Enrichment

Variables

Present Absent Present Absent
Biochemical analysis
TP (g/dL) 5.67° 5.46 5.53% 5.61%
Albumin (g/dL) 3.22° 3.12° 3.124 3.23%
Globulin (g/dL) 2.40° 2.34° 2374 2374
Glucose (mg/dL) 95.99* 103.70° 102.64* 96.45"

"RBC
CV (%) 37.50* 38.25° 36.928 38.76"
PTP(g/dL) 6.05° 6.25" 6.16" 6.13*
He (10%puL) 7.08° 7.32° 7.08* 7314
Hb (g/dL) 11.46° 11.78 11.47% 11.74%
MCV (fL) 53.00° 52.35% 52.36" 53.04"
MCHC (%) 30.38% 30.65° 30.94% 30.07%
CWBC (10°/uL)

Total leukocytes 12.60° 11.24* 12.44* 11.50%
Rods 0.05" 0.00* 0.03* 0.02*
Targeted 3.14° 2.93% 3.07* 3.01*
Lymphocytes 9.00° 7.84° 8.82* 8.114
Eosinophils 0.11* 0.16 0.16" 0.114
Basophils 0.00° 0.01* 0.01* 0.00"
Monocytes 0.27% 0.29% 0.31* 0.26*

Note. Means followed by the same lowercase or uppercase letter on the line do not differ by Tukey test at 5%
significance. TP = Total protein; CV = Cell volume; PTP = Plasma total protein; He = Erythrocytes; Hb =
Hemoglobin; MCV = Mean corpuscular volume; MCHC = Mean corpuscular hemoglobin concentration.
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With respect to glucose and globulin, authors found values of 114.2 mg/dL of glucose (Moreira et al., 2014);
109.16 mg/dL of glucose (Rocha et al., 2012) and 4.34 + 0.96 g/dL globulin (Chiquieri et al., 2007). The levels
of these animal blood constituents were within the ideal range of 85-150 g/dL for glucose but outside the ideal
5.29-6.43 g/dL for globulin (Kaneko et al., 2008), possibly due to variations between breeds, as well as due to
different immunization protocols.

Dalto et al. (2011), analyzing the hematological profile of 35 days old Penarlan pigs, obtained CV values of
37.57% and He of 8.05 £ 0.16 x 10%pL, while Silva et al. (2012) obtained 31.41% CV and 5.56 x 10°/uL He.
Normal values for pigs’ erythrogram in the nursery stage are around 37-44% of CV, 7-8 g/dL of PTP and 5.9-6.8
x 10°/uL of He (Weiss & Wardrop, 2010). The PTP and He were below the ideal range for pigs at this stage, this
may be due to the probable hemolysis of red blood cells, as a result of stressing factors associated with the
restraint and blood collecting.

Normal values for pigs in nursery stage are between 11.3-13.3 g/dL of Hb; 62-68 fL of MCV and 28-32% of
MCHC (Weiss & Wardrop, 2010). Moreira et al. (2006) observed MCV of 56.04 fL for pigs at an early stage,
which were higher when compared to the present study. MCV and Hb were below the ideal values, probably due
to the age of the animals and the kind of nutritional management employed.

Regarding the WBC, values different from those obtained by Huaynate et al. (2014) were observed. These
authors reported values of 16.07 x 10°/uL of leukocytes; 0.41 x 10*/uL of band neutrophils; 6.18 x 10*/uL of
segmented neutrophils, however normal leukocytes in pig tracks in the nursery stage are on average of 12.7-20.9
x 10%/uL total leukocytes, 0-1 x 10°/uL of band neutrophils and 3.55-8.9 x 10*/uL segmented neutrophils (Weiss
& Wardrop, 2010). The lower values observed in the present study may be a result of the genetic variability
within the animals tested.

The values obtained for lymphocytes, eosinophils, basophils, and monocytes were within the normal range for
pigs in the nursery stage, with values of 5.8-14.21 x 10*/uL lymphocytes, 0.44-2.92 x 10*/uL eosinophils, 0-0.31
x 10%/uL basophils and 0.3-2.19 x 10*/uL monocytes (Weiss & Wardrop, 2010), indicating that animals were in
good health conditions with no signs of inflammation and/or infections.

4. Conclusion

The use of plastic bottles as a form of enrichment provides physiological well-being and weight gain, especially
for animals that received the incidence of sun light. For animals that remain all the time in the shade the use of
enrichment is less effective.

Pigs are influenced by the environmental parameters mainly in the afternoon, reducing the welfare and weight
gain, thus the animals show thermal stress. Correlations demonstrate that the presence of environmental
enrichment reduces some of the stress provided by the environment, however insolation and environmental
enrichment does not provide relevant influences on blood parameters of pigs.
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