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Abstract The aim of this study was to evaluate the effect of
ambient temperature on the physical and chemical character-
istics of the longissimus dorsi muscle by comparing the qual-
ity of meat from pigs reared in a controlled and in an uncon-
trolled environment, the latter provided with a shallow pool.
Twenty castrated male pigs of the Topigs line were randomly
allotted to two treatments: a controlled environment, with con-
stant temperature (22 °C) and relative humidity (70%); and an
uncontrolled environment in a conventional shed for rearing
pigs equipped with a shallow pool, where pigs were subject to
climatic variations. Meat from pigs kept in the controlled en-
vironment showed a greater capacity to retain intracellular
water, higher tenderness, and lower cholesterol levels than
meat from pigs reared in the uncontrolled environment, but
displayed higher lipid oxidation and a lower concentration of
DHA. Treatments had no effect on color, pH, chemical com-
position, or fatty acid profile (except DHA concentration).
Rearing pigs in sheds equipped with a shallow pool minimizes
the effects of environmental heat on meat quality, allowing the
production of high-quality meat in warm climate regions with-
out expensive investments. Animals reared in an uncontrolled
environment equipped with a shallow pool are able to produce

meat with characteristics within the quality standards and with
similar quality to that of meat from animals raised in con-
trolled environment.
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Introduction

The Brazilian pig farming activity has played an important
role in the world market. To meet the growing demand for
quantity and quality of swine meat, the productivity of nation-
al farming systems has increased, especially with the develop-
ment of new technologies and improved knowledge about
animal nutrition, physiology, and health. However, the ther-
mal environment has often been disregarded, despite being a
limiting factor to the production process (Manno et al. 2006).

Pigs are homeothermic animals that have an internal ther-
moregulatory system capable of maintaining body tempera-
ture and controlling homeothermy that is activated in case of
unfavorable environmental conditions. Their growth perfor-
mance is influenced by climatic changes, which, in certain
seasons of the year, exceed the critical thresholds of animal
thermal comfort (Kiefer et al. 2010). As the animals acquire a
higher subcutaneous fat layer, they become unable to dissipate
body heat, which complicates their adaptation to the tropical
climate, characterized by high relative humidity and extreme
temperature fluctuations (Rinaldo and Mourot 2001). The in-
creased heat production resulting from a higher body weight
indicates that the thermal requirements of pigs are lower dur-
ing the grower and finisher stages. When the ambient temper-
ature rises, the available energy is diverted as thermoregulato-
ry mechanisms are activated (Kerr et al. 2003; Manno et al.
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2006) in an attempt to reach thermal equilibrium again, which
changes the nutrient requirements of the animal. Growing pigs
alter their behavior, physiological responses, and performance
when subjected to high ambient temperatures (Kiefer et al.
2009), while pigs that have higher lean meat deposition rates
are the most affected by high ambient temperatures (Paiano
et al. 2007; Kiefer et al. 2010; Sarubbi et al. 2012).

According to the annual report of the Brazilian Association
of Animal Protein (ABPA 2016), Brazil is listed fourth in the
world ranking of pig farming, having produced 3.6 million
tons of pork in 2015, and is the fourth largest exporter, though,
only 15.2% of total production is exported. For the produced
meat to be considered high quality by the consumer, aspects
such as appearance, color, and exudate production are as im-
portant as taste and texture (Young et al. 2009). Information
on any antemortem stress to which the animal is subjected can
be obtained from the carcass (Shaw and Tume 1992; Ludtke
et al. 2012). Stress results in behavioral and physiological
responses that may contribute to a reduction of carcass yield
and depreciation of meat quality (Kuchenmeister et al. 2002;
Bench et al. 2008; Young et al. 2009; Ludtke et al. 2012).

When Berton et al. (2015) started this study by evaluating
performance and carcass yield, they concluded that animals
raised in an uncontrolled environment had a lower (P < 0.05)
feed intake and poorer (P < 0.05) feed conversion than pigs
raised in a controlled environment, but their weight gain was
not affected (P > 0.05) by the treatments, suggesting that an-
imals kept at room temperature, reared in sheds equipped with
a shallow pool, perform better than those reared in a controlled
environment. Animals raised in controlled and uncontrolled
environments did not show differences (P > 0.05) regarding
hot and cold carcass weights, carcass yield, and cooling loss.
Also, no statistical difference was found with regard to carcass
length, back fat thickness, and loin eye area.

This study thus proposed to evaluate the effect of ambient
temperature on the physical and chemical characteristics of the
longissimus dorsi muscle by comparing the quality of meat
from pigs reared in a controlled and in an uncontrolled envi-
ronment, the latter equipped with a shallow pool.

Materials and methods

Sheds and animal management

This study was conducted at the Laboratory of Animal
Products Technology at the School of Agricultural and
Veterinary Sciences (Faculdade de Ciências Agrárias e
Veterinárias–FCAV) of UNESP, located in Jaboticabal, São
Paulo, Brazil (21°08′S, 48°11′W, 583 m altitude). Pigs were
reared in the Swine Sector of the Department of Animal
Science at FCAV. Experimental protocols were reviewed and
approved by the Ethics Committee for the Use of Animals of

São Paulo State University (Jaboticabal, São Paulo, Brazil),
under no. 004633/13.

Twenty barrows (n = 20) of the Topigs line, acquired after
weaning, at 21 days old, were randomly distributed into two
groups. Ten animals (n = 10) were allotted to a shed with
conditioned environment, named Bcontrolled environment,^
characterized by constant temperature (22 °C) and humidity
(70%). The other ten animals (n = 10) were housed in a con-
ventional shed for rearing pigs provided with a shallow pool,
named Buncontrolled environment,^ where they were subject-
ed to climatic variations. The conditioned shed was provided
with nebulizers (Hidromotor HM250, with an air flow rate of
12,000 m3/H), exhaust fans (Ventisol, with an air flow rate of
5000 m3/h, power of 1/4 cv, 1400 rpm, and 50/60 Hz) 50 cm
in diameter, and air conditioners (Split Springer, with a
cooling capacity of 18,000 BTU), responsible for providing
thermal comfort to animals in each rearing stage (grower and
finisher) and renewing the oxygen in the environment. Sheds
were equipped with digital thermohygrometers, installed at
the average height of the body of the animals, to record the
maximum and minimum temperatures and relative humidity
inside the shed twice daily. Figure 1 describes the variation of
minimum and maximum temperatures and air relative humid-
ity in the uncontrolled environment. The minimum tempera-
ture was recorded between 6 h00 and 7 h00, while the maxi-
mum temperature was recorded between 18 h00 and 19 h00
throughout the experiment.

Pigs housed in the controlled environment were grouped in
pairs in pens with concrete floor measuring 6 m2 with a height
of 3.2 m. Pigs housed in the uncontrolled environment were
also grouped in pairs in pens with concrete floor with the same
dimensions, but equipped with a shallow pool (1-m wide ×
10-cm deep). Pens in both sheds were separated by partitions
that allowed pigs to see each other.

Animal feeding

Animals received different diets (grower and finisher, as
described in Table 1) formulated according to the nutritional
requirements for each rearing phase (Rostagno et al. 2005).
Throughout the trial period, water and feed were provided ad
libitum, using nipple drinkers and feeders.

Slaughter and sample collection

Because of the lack of differences in weight gain during the
grower and finisher phases (Berton et al. 2015), animals from
both studied groups could be slaughtered on the same day, at a
body weight of 100 kg, on average. Pigs raised in the con-
trolled environment showed a carcass dressing percentage
equal to 73.58% and a loin eye area (LEA) of 46.30 cm2, on
average, while pigs raised in the uncontrolled environment
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showed a carcass dressing percentage equal to 73.54% and a
LEA of 43.00 cm2, on average (Berton et al. 2015).

Animals fasted for 12 and were sent to the Experimental
Slaughterhouse of the University of São Paulo-USP, located in
Pirassununga, São Paulo, Brazil (21°59′S, 47°25′W, 627 m
altitude), 142 km from the place where they were reared.
Pigs were stunned with an electric shock of 220 ± 20 V and
60 Hz frequency. After bleeding and cleaning, carcasses were
chilled (0 ± 2 °C) for 24 h. At 24-h post-mortem, longissimus
dorsi muscle samples were packed, labeled, and transported to
the Labora tory of Animal Products Technology
(FCAV/UNESP, Jaboticabal, São Paulo, Brazil) using a refrig-
erated vehicle for cold chain maintenance, for further physical
and chemical analyses. The longissimus dorsi muscle samples
were cut into 2.5-cm-thick chops for the physical analysis. We
evaluated color, at 24-h post-slaughter, and pH, at 45-min
post-slaughter and after 24 h under refrigeration, to determine
changes during rigor mortis, which could characterize the oc-
currence of PSE (pale, soft, exudative) and DFD (dark, firm,
dry) meat, water holding capacity, cooking loss, shear force,
lipid oxidation, total cholesterol, and fatty acid profile.

Methods

Color (L* lightness; a* redness; and b* yellowness) was mea-
sured in three different regions of each sample (sample size
equal to the loin eye area), using a Minolta CR-400 colorim-
eter (settings: diffuse illumination/0° viewing angle, illumi-
nant D65, specular component included) calibrated to a white
standard. The pH was measured in triplicate using a Testo 205
digital pH meter (Testo Inc., Sparta, NJ, USA) with a penetra-
tion electrode for direct insertion into the muscle. The pH
assessments were carried out at 45-min post-slaughter, in three
different regions of the loin eye area, immediately after the

cross section in the left half of the carcass was made over the
last rib. After 24 h, the longissimus dorsi muscle was separat-
ed from the left half of the carcass and sliced in 2.5-cm-thick
chops for immediate pH24h and color measurements. Water
holding capacity was determined in triplicate according to
the method proposed by Hamm (1961), using 2 g of boneless
sample placed between two filter papers and acrylic plates that
was subjected to the pressure of 10 kg for 5 min. Water hold-
ing capacity was determined as the difference between initial
and final weights, expressed in percentage terms.

Cooking loss was determined in two 2.5-cm-thick chops
from each animal, previously weighed on an analytical scale
and cooked on a preheated grill (George Foreman GBZ80)
until their internal temperature reached 71 °C (temperature
controlled by thermocouples (Flyever Ind. e Com. de Equip.
Eletr. Ltd., São Carlos, São Paulo, Brazil) individually
inserted into each chop), according to the method proposed
by Wheeler et al. (2005). Samples were cooled at room tem-
perature and weighed again. The weight loss result was
expressed as a percentage of exuded water in relation to the
initial weight of the sample. After cooking loss analysis, sam-
ples were chilled overnight at 4 °C. From each cooked sample,
eight cylindrical subsamples, with known diameter (1.27 cm)
and cut in the parallel direction to the muscle fibers, were
obtained using a cutting blade adapted to a drill. Cylinders
were placed with the fibers oriented perpendicularly to a
Warner-Bratzler shear device coupled to a TA-XT2i texture
analyzer (Stable Micro Systems, LTD., Godalming, UK) to
determine shear force. The force required for shearing the
samples was expressed in Newtons (N).

Lipid oxidation was studied by quantifying 2-thiobarbituric
acid reactive substances (TBARS), following the method de-
scribed by Vyncke (1970). Results were expressed in milli-
grams of malonaldehyde per kilogram of sample. Chemical
composition was evaluated by determining the concentrations
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of protein, fat, moisture, and ash, according to methods
977.14, 991.36, 950.46, and 920.153, respectively, recom-
mended by AOAC (2005). Total cholesterol was quantified
by the adaptation of the method proposed by Bohac et al.
(1988). Ten grams of raw samples was subjected to lipid
extraction using two portions of chloroform for each part
methanol, followed by evaporation of the obtained chloro-
form extract with nitrogen gas and by saponification with a
12% alcoholic KOH solution. The fraction-containing cho-
lesterol was extracted with n-hexane, purified, and subject-
ed to color reaction with acetic acid, ferrous sulfate, and
sulfuric acid. Total cholesterol concentration was deter-
mined in a spectrophotometer at 490 nm. Fatty acids were
isolated according to the method described by Bligh and
Dyer (1959), and esterification was carried out following
Maia and Rodriguez-Amaya (1993) using a Shimadzu 14B
gas chromatograph (Shimadzu Corporation, Kyoto, Japan)
equipped with a flame ionization detector and a fused silica
capillary column (Omegawax 250) with H2 as the carrier
gas. Peaks were identified by comparison with standards
of known composition.

Statistical analysis

Data on pH were analyzed in a 2 × 2 completely randomized
factorial arrangement (two rearing environments and analyses
two times) and ten replicates, using the General LinearModels
procedure of the Statistical Analysis System (SAS Institute
Inc., 2002–2003). Other results were analyzed in a random-
ized complete design with two treatments (controlled environ-
ment and uncontrolled environment) and ten replicates. Data
were analyzed using the one-way procedure of SAS software
(SAS Institute Inc., 2002–2003) for analysis of variance
(ANOVA) and, in case of significance, means were compared
by Tukey’s test, with significance set at P < 0.05.

Results and discussion

Meat color and pH

There was no difference (P > 0.05) between meat from swine
raised in a controlled and uncontrolled environment (Table 2)

Table 1 Nutritional requirements
of barrows with high genetic
potential and regular performance

Phase Growing Finishing

Live weight, kg 30 to 50 50 to 70 70 to 100

Feed intake, kg/day 1.963 2.680 3.197

Digestible lysine requirement, g/day 14.981 18.793 19.439

Nutrient

Metabolizable energy, Kcal/kg 3230 3230 3230

Protein (%) 15.80 14.30 12.71

Calcium (%) 0.631 0.551 0.484

Total phosphorus (%) 0.524 0.459 0.412

Available phosphorus (%) 0.332 0.282 0.248

Potassium (%) 0.448 0.425 0.400

Sodium (%) 0.180 0.170 0.160

Chloride (%) 0.170 0.160 0.150

Amino acid Dig. Total Dig. Total Dig. Total

Lysine, (%) 0.758 0.861 0.696 0.692 0.609 0.692

Methionine (%) 0.227 0.250 0.209 0.229 0.189 0.208

Methionine + cystine (%) 0.455 0.508 0.418 0.467 0.378 0.422

Triptfano (%) 0.136 0.155 0.125 0.143 0.116 0.132

Threonine (%) 0.493 0.594 0.452 0.546 0.408 0.491

Arginine (%) 0.311 0.336 0.285 0.308 0.185 0.208

Valine (%) 0.523 0.603 0.480 0.554 0.420 0.484

Isoleucine (%) 0.417 0.474 0.383 0.435 0.335 0.381

Leucine (%) 0.758 0.836 0.696 0.767 0.609 0.671

Histidine (%) 0.250 0.276 0.230 0.253 0.201 0.221

Phenylalanine (%) 0.379 0.422 0.348 0.388 0.305 0.339

Phenylalanine + tyrosine (%) 0.758 0.844 0.696 0.775 0.609 0.678

The nutrient percentage was determined using digestible lysine requirements according to performance, amino
acid/lysine ratio, and nutrient equations/Mcal.ME. Total lysine requirement was calculated considering the aver-
age true digestibility of lysine as 88% (Berton et al. 2015)
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for L*, a*, and b*, measured at 24 h after slaughter. Ambient
temperature did not influence the pH of the longissimus dorsi
muscle from pigs. After the establishment of rigor mortis (24 h
post-slaughter), pH declined from 6.51 (pH45m) to 5.49
(pH24h), reaching a range considered normal (pH 45m ≥ 5.8)
for swine meat, as described by Bridi et al. (2009) and Caldara
et al. (2012). By contrast, Rinaldo and Mourot (2001) studied
the effects of tropical climate and season on the chemical
composition and quality of swine meat and concluded that
the pH24h of the longissimus dorsi muscle from pigs reared
during the warm season (average temperature 27.9 °C) was
higher than that of meat from pigs reared in a controlled en-
vironment (average temperature 20 °C and 75% RH).

Paleness is caused by denaturation of sarcoplasmic proteins
and myoglobin loss resulting from the pH decline that occurs
post-mortem, and it increases the lightness of the meat surface
(Ramos and Gomide 2007). Lightness is also influenced by
the amount of water present on the meat surface (Kuo and Chu
2003), which depends on the water holding capacity. Meat
classified as PSE has a lower ability to hold intracellular water,
which, when flowing free in the tissue, reflects dispersed light
and makes the meat lighter than what is considered normal.
Caldara et al. (2012) stressed the difficulty classifying swine
meat as normal, PSE, or DFD considering the meat color as an
isolated factor, because the literature reports a wide variation
for lightness values (L*) considered normal; and that the final
pH is not a good indicator of PSE condition, except when
values are lower than 5.3. Channon et al. (2000) considered
L* values as optimal for swine meat when below 53; the
American Association ofMeat Science (AMSA 2001) consid-
ered L* values between 49 and 60 as normal; Ramos and
Gomide (2007), between 45 and 56; and Bridi et al. (2009),
between 43 and 49.

The pig meat color depends on the myoglobin concentra-
tion; on the relative amount of oxymyoglobin, metmyoglobin,
and deoxymyoglobin (chemical forms of myoglobin); and on
themuscle structure. It also depends on the dynamics and extent
of the pH decline post-mortem and on the efficiencywith which
bleeding was performed (Karamucki et al. 2013). Some authors
have stated that animals subjected to temperature variations can
develop paler meat when compared with animals kept under
constant temperatures (Gregory 2010; Van de Perre et al. 2010)
and that high temperatures can increase the incidence of PSE
meat (Lehotayová et al. 2012). Other researchers have affirmed
that, in the summer, the occurrence of PSEmeat is almost twice
as common as that reported during the winter because pigs are
sensitive to high temperatures and fluctuations in the ambient
temperature that affect their ability to maintain body tempera-
ture, which results in stress, higher carcass temperatures post-
mortem, and poor-quality meat (Van de Perre et al. 2010). Thus,
considering the color and pH values, regardless of the animal
breeding environment, samples from this study may be consid-
ered within the standards of fresh pork meat.

Water holding capacity, cooking loss, shear force,
and lipid oxidation

Meat from pigs reared in the controlled environment showed
higher (P < 0.05) water holding capacity than meat from pigs
reared in the uncontrolled environment, which is an econom-
ically relevant result to the industry (Campanone et al. 2001),
since a higher capacity to retain intracellular water means
fewer losses during storage, processing, and marketing
(Lawson 2004; Gomide et al. 2013; Oliveira et al. 2015) and
better yield of the end product (Table 3).

Pigs reared in the controlled environment also had lower
results for shear force of the longissimus dorsi muscle,
which was more tender than the muscle from pigs reared
in an uncontrolled environment. It is possible that the ther-
mal stress due to environmental temperature variation led to
a greater movement of animals reared in the uncontrolled
environment, which might have triggered a reduction of
meat tenderness in these animals due to increased physical
activity. Iversen et al. (1995) suggested that a shear force of
60 N for swine meat is considered the acceptable limit of
tenderness by the sensory panel, and values above 60 N
characterize tough meat. Cooking loss was not influenced
by the ambient temperature. Weight loss in meat from pigs
reared in both treatments was considered normal, consider-
ing normal values in the range of 28 to 37% (Pereira 2012;
Moura et al. 2015).

Table 2 Mean values for lightness (L*), redness (a*), and yellowness
(b*), measured at 24 h after slaughter and pH measured at 45 min and
24 h after slaughter, of the longissimus dorsi muscle from swine reared in
controlled and uncontrolled environments

Environment L* a* b*

Controlled 56.95 6.96 2.88

Uncontrolled 55.96 7.43 2.99

P value 0.3634 0.2136 0.6644

CV (%) 4.20 11.33 18.02

pH

Environment (E)

Controlled 6.02 ± 0.57

Uncontrolled 5.98 ± 0.51

Time (T)

45 min 6.51 ± 0.20A

24 h 5.49 ± 0.09B

P value

P value (E) 0.4000

P value (T) <0.0001

P value (int. ext) 0.0638

CV (%) 2.58

Means in the same column followed by different letters are significantly
different by Tukey’s test (P < 0.05)
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Lipid oxidation is considered a major cause of deterioration
of meat quality and meat products, whereby the development
and formation of free radicals and other oxidized compounds
such as cholesterol oxidation products (Morrissey et al. 1998;
Ventanas et al. 2006) lead to changes in aroma and flavor
(rancidity) (Lund et al. 2008; Spanos et al. 2016) that result
in nutritional and sensory value losses (Zhang et al. 2013;
Spanos et al. 2016). Nevertheless, lipid oxidation has positive
implications, since some of the volatile compounds that give a
pleasant taste to cured pork, for example, originate from the
oxidation of unsaturated fatty acids (Carrapiso et al. 2002).

Oxidative phenomena in meat foods are initiated immedi-
ately after slaughter (or even during preslaughter) when cellu-
lar mechanisms that control oxidation no longer work
(Morrissey et al. 1998; Ventanas et al. 2006). Free radicals
are produced naturally in the animal body (Barreiros et al.
2006; Bezerra et al. 2015), in which around 2 to 5% of the
oxygen consumed during a metabolic reaction is converted to
free radicals (Falowo et al. 2014; Bezerra et al. 2015). Pig
farming conditions, mainly those related to sheds, environ-
ment, and transport and genetics, influence free-radical pro-
duction (Rossi et al. 2013, Bezerra et al. 2015), making the
preslaughter management fundamental in the prevention of
oxidative stress. Thus, pigs reared in the uncontrolled environ-
ment had a higher (P < 0.05) concentration of malonaldehyde
(MDA) in the longissimus dorsi muscle than pigs reared in the
controlled environment.

Chemical composition

The meat from the longissimus dorsi muscle of pigs reared in
the controlled and uncontrolled environments had statistically
similar levels of protein (23.48%, on average), fat (3.60%, on
average), moisture (71.50%, on average), and ash (1.26, on

average) (Table 4), indicating that the shallow pool in the
uncontrolled environment was as effective as the air condi-
tioners in reducing the effects of temperature and relative hu-
midity on the composition of the produced meat.

Intramuscular fat has positive effects on the sensory char-
acteristics of the meat because it reduces the force required to
shear the meat during chewing, making it more tender and
juicier (Estévez et al. 2003). Unlike what was pointed out in
our study, with special attention to the percentage of fat,
Bragagnolo and Rodriguez-Amaya (2002) stated that the av-
erage chemical composition of swine meat consists of 72%
moisture, 20% protein, 7% fat, 1% minerals, and less than 1%
carbohydrates. Rinaldo and Mourot (2001) observed no effect
on the chemical composition of the longissimus dorsi muscle
from pigs reared under different environmental conditions,
whose mean values for protein, fat, and moisture were 22.7,
1.9, and 74.3%, respectively, and the fat percentage was lower
than that found in our study. Rinaldo and Le Dividich (1991)
stated that a high ambient temperature (31 to 35 °C) can slow
the metabolism of the skeletal muscle and adipose tissue and
change their chemical composition.

Cholesterol and fatty acid profile

The literature describes highly divergent cholesterol values that
can range from 30 mg/100 g in pork to 114 mg/100 g in beef,
and these differences can be attributed to the natural variation
among the samples resulting from age, breed, feed, sex, ana-
tomical location of the muscle, fat levels, rearing system and
location, season of the year (Bragagnolo 2001), and the meth-
od of analysis itself (Bragagnolo and Rodriguez-Amaya 2002).
In this study, pigs reared in the controlled environment had
lower cholesterol levels (24.61 mg/100 g) in the longissimus
dorsi muscle than pigs reared in the uncontrolled environment

Table 3 Mean values for water
holding capacity (WHC), cooking
loss (CL), shear force (SF), and
lipid oxidation (TBARS) of the
longissimus dorsi muscle from
swine reared in controlled and
uncontrolled environments

Environment WHC (%) CL (%) SF (N) TBARS (mg MDA/kg)

Controlled 70.52 ± 2.05A 37.86 ± 1.83 27.99 ± 3.47B 0.175 ± 0.050B

Uncontrolled 66.70 ± 2.74B 35.27 ± 4.14 32.75 ± 4.80A 0.222 ± 0.088A

P value 0.0024 0.0867 0.0018 0.0382

CV (%) 3.52 8.75 9.60 13.46

Means in the same column followed by different letters are significantly different by Tukey’s test (P < 0.05)

Table 4 Chemical composition
of the longissimus dorsi muscle
from swine reared in controlled
and uncontrolled environments

Environment Protein (%)a Fat (%)a Moisture (%) Ash (%)a

Controlled 23.59 ± 0.89 3.63 ± 0.75 71.32 ± 0.48 1.28 ± 0.05

Uncontrolled 23.37 ± 1.29 3.57 ± 0.57 71.69 ± 0.46 1.25 ± 0.07

P value 0.6542 0.8393 0.0941 0.3172

CV (%) 4.71 8.49 0.65 4.83

a Results expressed on a fresh matter basis
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(29.94 mg/100 g) (Table 5). Results obtained in our study are
below the average values reported in the literature for choles-
terol concentration in swine meat (42–56 mg/100 g,
Bragagnolo 2001; 30 to 98 mg/100 g, Bragagnolo and
Rodriguez-Amaya 2002; 55mg/100 g, TACO 2011). The cho-
lesterol analysis method used in this study was compared with
the gas chromatography method adopted by Bohac and Rhee
(1988) and with high-performance liquid chromatography by
Bragagnolo and Rodriguez-Amaya (2001); these researchers
found no significant difference between the tested methods.
The reasons for lower cholesterol levels in the longissimus

dorsi muscle from pigs reared in controlled and uncontrolled
environments are still unknown.

Regarding the fatty acid profile of fat contained in the
longissimus dorsi muscle of the pigs, there was no difference
(P > 0.05) between the studied treatments, except for DHA
concentration (C22:6n3), which indicates that climatic chang-
es did not influence the concentration of fatty acids, or that the
presence of shallow pool once again minimized the effects of
temperature and relative humidity. Meat from pigs reared in
the controlled environment showed 50% less DHA than meat
from pigs reared in the uncontrolled environment. The satu-
rated fatty acids (SFA), monounsaturated fatty acids (MUFA),
and polyunsaturated fatty acids (PUFA) concentrations from
fat contained in the meat from pigs reared in both conditions
proposed in this study were close to values described by
Bragagnolo (2001) (38–42% SFA, 42–46% MUFA, and 12–
16% PUFA) and close to results obtained by Bragagnolo and
Rodriguez-Amaya (2002) and Hansen et al. (2006).

This study confirmed that the main fatty acids in pig meat
are 18:1ɷ9, 16:0, 18:2ɷ6, 18:0, 16:1ɷ7, and 18:1ɷ7
(Bragagnolo and Rodriguez-Amaya 2002). These authors
asserted that, in their study, these fatty acids accounted for
approximately 94% of the total, but there are variations in
concentration depending on the anatomical location of the
muscle, and that pork loin has lower concentrations of fatty
acids than ham and shoulder. In our experiment, the ɷ6/ɷ3
ratio was 6.1 and 5.3 in meat from pigs reared in the controlled
and uncontrolled environments, respectively, which is close to
the maximum (4.0) recommended for the total diet.

Rinaldo and Mourot (2001) concluded that the environ-
ment influences the fatty acid composition of muscle lipids
in the longissimus dorsi from pigs raised during warm and
cold seasons and in a controlled environment. In a tropical
climate during the warm season, the authors found an increase
in the percentage of C16:1 and C18:1, while the percentage of
C18:0 decreased. They also found that there was an increase
in the concentration of MUFAwhen the animals were subject-
ed to higher ambient temperatures. Estevez et al. (2003) stud-
ied the physical and chemical characteristics of the
longissimus dorsi muscle from pigs reared in an extensive
system compared with the characteristics of meat from com-
mercial pigs and found that the concentrations of oleic (C18:1;
43.96%, on average), palmitic (C16:0; 26.13%, on average),
and palmitoleic (C16:1; 4.8%, on average) acids were higher
(P < 0.001) in meat from animals reared in the extensive
system than those found in meat from commercial pigs
(36.41, 24.29, and 2.88%, respectively). By contrast, the au-
thors found that commercial pigs had higher proportions of
polyunsaturated fatty acids (21.20%), while the others had, on
average, 10% PUFA.

In monogastric animals, the fatty acids from the feed are
deposited directly into the tissues without chemical modifica-
tions (Bannon et al. 1988). Thus, by providing a diet rich in

Table 5 Total cholesterol (mg/100 g) of the longissimus dorsi muscle
and fatty acid composition (% of total fatty acids) of fat from the
longissimus dorsi muscle from swine reared in controlled and
uncontrolled environments

Environment

Fatty acid Controlled Uncontrolled P value CV (%)

Total cholesterol 24.61 ± 1.42B 29.94 ± 2.59A <0.0001 7.65

SFA 40.54 ± 9.06 41.06 ± 916 0.2719 2.56

MUFA 50.33 ± 14.59 49.83 ± 15.13 0.5396 3.62

PUFA 9.44 ± 2.18 9.14 ± 2.18 0.7449 22.37

C10:0 0.10 ± 0.01 0.11 ± 0.01 0.0500 8.99

C12:0 0.07 ± 0.01 0.08 ± 0.01 0.0541 7.09

C14:0 1.33 ± 0.05 1.36 ± 0.09 0.3452 5.33

C15:0 0.05 ± 0.01 0.05 ± 0.01 0.1597 21.13

C16:0 26.63 ± 0.55 26.87 ± 0.89 0.4711 2.76

C17:0 0.27 ± 0.09 0.28 ± 0.08 0.7293 24.75

C18:0 11.92 ± 0.45 12.07 ± 0.52 0.4140 3.25

C20:0 0.11 ± 0.06 0.12 ± 0.01 0.6389 15.05

C16:1 3.41 ± 0.41 3.36 ± 0.32 0.6933 8.74

C17:1 0.32 ± 0.07 0.29 ± 0.07 0.3024 23.40

C18:1ɷ9c 41.97 ± 1.88 41.63 ± 2.03 0.6912 4.56

C18:1ɷ7 3.90 ± 0.18 3.86 ± 0.24 0.6929 5.45

C20:1ɷ9 0.62 ± 0.14 0.62 ± 0.09 0.9130 19.53

C24:1ɷ9 0.06 ± 0.03 0.07 ± 0.04 0.3882 50.96

C18:2ɷ6c 7.39 ± 1.31 7.15 ± 1.72 0.7272 21.00

C18:2c9.t11 0.06 ± 0.01 0.06 ± 0.01 0.1510 10.28

C18:3ɷ6 0.07 ± 0.01 0.07 ± 0.02 0.3514 19.48

C18:3ɷ3 0.18 ± 0.02 0.16 ± 0.03 0.1182 10.82

C20:2 0.21 ± 0.04 0.19 ± 0.03 0.3071 15.84

C20:3ɷ6 0.15 ± 0.04 0.13 ± 0.05 0.2489 24.95

C20:4ɷ6 1.13 ± 0.36 1.08 ± 0.46 0.7748 37.69

C20:3ɷ3 0.03 ± 0.01 0.02 ± 0.01 0.2790 23.56

C20:5ɷ3 (EPA) 0.02 ± 0.004 0.02 ± 0.01 0.0688 16.12

C22:4ɷ6 0.18 ± 0.06 0.19 ± 0.09 0.8553 38.99

C22:6ɷ3 (DHA) 0.02 ± 0.005B 0.04 ± 0.01A <0.0001 13.88

Means in the same row followed by different letters are significantly
different by Tukey’s test (P < 0.05)

SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA
polyunsaturated fatty acids, EPA eicosapentaenoic acid, DHA
docosahexaenoic acid

Int J Biometeorol (2017) 61:1723–1731 1729



certain fatty acids important to human health, it is possible to
enrich the lipid profile of pig meat. Note that, regardless of the
influence of the rearing environment, the concentration of
fatty acids in the carcass is highly correlated with the concen-
tration of fatty acids in the animal diet (Rinaldo and Mourot
2001; Estévez et al. 2003).

Conclusions

Based on the conditions in which this study was undertaken,
rearing pigs in sheds equipped with a shallow pool minimizes
the effects of environmental heat on meat quality and provides
a comfortable thermal environment similar to the controlled
environment, thereby allowing the production of high-quality
meat in warm climate regions without expensive investments.
Although animals reared in ideal temperature and humidity
conditions produce meat experimentally moister, more tender,
and less prone to lipid oxidation, animals reared in an uncon-
trolled environment equipped with a shallow pool are also
able to produce meat with characteristics within the quality
standards and with similar quality to that of meat from animals
raised in controlled environment.
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