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The quality of lipid ingredients for pig diets: effects on performance,

carcass and meat traits and adipocyte diameter

Qualidade dos ingredientes lipidicos para racoes de suinos: efeitos
no desempenho, caracteristicas de carcaca e carne e diaAmetro dos

adipocitos
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Abstract

This study aimed to evaluate the viability of using four lipid products (refined soybean oil, RO;
degummed soybean oil, DO; pig lard, PL; and recycled frying oil, FO) as ingredients for pig feed
during the finishing phase. The products were previously evaluated for the presence of insoluble
impurities, peroxide levels, and total acidity as well as dioxin group, polychlorinated biphenyl, and
polycyclic aromatic hydrocarbon contaminants. Eighty 110 day-old pigs, including 40 castrated males
and 40 females, with a mean initial weight of 59.01 + 5.09 kg, were subjected to four treatments (feed
containing RO, DO, PL, and FO) for 32 days to evaluate the effect on growth performance, carcass
and meat traits and adipocyte diameter. The results for the products did not reveal any degradation
or presence of contaminants within the use restriction levels. There were no differences regarding
performance, carcass and meat traits, and adipocyte diameter among the treatments. The animals fed
FO feed exhibited a poorer loin area and marbling (P<0.07). The tested lipid raw materials are viable
for use as ingredients in feed.

Key words: Chemical composition. Marbling. Recycled frying oil. Swine nutrition.

Resumo

Objetivou-se avaliar a viabilidade de uso de quatro produtos lipidicos (6leo refinado de soja, OR; 6leo
degomado de soja, OD; banha suina, BS; e 6leo residual de fritura, OF) como ingredientes para ragoes de
suinos em fase de terminago. Os produtos foram previamente avaliados quanto a presenga de impurezas
insoluveis, indice de perdxido, acidez total, contaminantes do grupo das dioxinas, bifenilpoliclorados
e hidrocarbonetos aromaticos policiclicos. Foram utilizados 80 animais, 40 machos castrados ¢ 40
fémeas, com 110 dias de idade e peso médio inicial de 59,01 + 5,09 kg, durante 32 dias, submetidos
a quatro tratamentos, representados por ragdes contendo OR, OD, BS e OF, sobre o desempenho
zootécnico, caracteristicas de carcaca e carne, didmetro dos adipocitos e viabilidade econdmica. Os
produtos ndo apresentaram nenhum resultado de degradagdo ou presenca de contaminantes dentro de
niveis de restricdo de uso. Nao houve diferen¢a para o desempenho, caracteristicas de carcaga e carne e
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diametro dos adipdcitos entre os tratamentos. Animais tratados com ragdes com OF apresentarem pior
area de lombo e marmoreio (P<0,07). As matérias primas lipidicas mostram-se viaveis para uso como

ingredientes nas ragdes.

Palavras-chave: Composi¢do quimica. Marmoreio. Nutri¢do de suinos. Oleo residual de fritura.

Introduction

Using lipid ingredients in the formulation of pig
feed is common practice, with feed supplementation
usually varying from 1 to 5% (NRC, 2012). For
animals with a high genetic potential, which show
higher growth performance and; thus; exhibit
greater nutritional demands; lipid sources must be
supplemented to meet their demands, in addition to
carbohydrates; proteins; and fiber (ROSTAGNO et
al., 2011; NRC, 2012).

The lipid ingredients supplemented into the
feed not only favor increased energy consumption
by the animals but also improve feed intake and
reduce pulverulence at feed factories and are
associated with minimizing the release of volatile
lipophilic compounds, which have significant
olfactory inhibitory effects on consumption by
swine (VIEIRA, 2010), thus improving their growth
performance (PETTIGREW; MOSER, 1991;
SMITH et al., 1999).

In Brazil, the following lipid sources are
most commonly used to supplement pig feed (in
decreasing order of participation): degummed
soybean oil, poultry oil, pig lard, beef tallow, and
as a co-product derived from the human food
industry, recycled frying oil, which has shown an
increasing supply due to the increased population
and new consumer feeding habits (GIANNETTI;
ALMEIDA, 2006; CENTENARO et al., 2008).
Degummed soybean oil is effectively the most
abundant; available, and stable of these sources
(BEORLEGUI et al., 2010). In contrast; the use
of pig lard; which is considered to have high
nutritional value (BOURDON; HAUZY, 1993), is
often limited due to the negative image associated
with the nature of the lipid fraction, religious beliefs
that hinder its consumption, and the operational
difficulties of supplementing it into feed (due to

being solid at room temperature). Additionally, in
comparison with its frequent use as an ingredient
for preparing processed meat products (BACKES
et al., 2013), which have higher aggregate value,
the use of pig lard as an ingredient in feed is
more restricted (DEMEYER; DOREAU, 1999).
Regarding recycled frying oil, there is little scientific
information about its use to supplement pig feed. In
the European Union, the use of recycled frying oil
as an ingredient in animal feed is not allowed due to
the risk of containing toxic compounds arising from
its degradation/heating; such as polychlorinated
biphenyls (PCBs) and dioxins (BLAS et al., 2010).
Thus, this product is often considered a residue and
is subjected to treatments to reduce environmental
damage or is used as a raw material for biofuel
production.

However, as the supplementation of feed with
lipids is generally recognized to increase costs;
recycled frying oil has strong appeal as an ingredient
in providing animal nutrition (CZAPSKI, 2005).
Its use as a supplement is also supported by a few
studies that have revealed that recycled frying oil
is irrelevant to organic damage in rats and swine
consuming feed containing this ingredients (LUCI
etal., 2007; BAUTISTA et al., 2014), provided that
its origin and quality are preserved (WATANABE
etal., 2001).

The concern about the use of lipid ingredients
in livestock feed is also due to the possible
consequences of the cumulative effect regarding
human consumption of contaminated food
(DUTHIE, 1993; GHIRETTI et al, 1997;
VILUKSELA et al., 1998; QIAO; RIVIERI, 2001).
Cereals; in addition to oils and fats, are among the
most contaminated food sources (MAES et al.,
2005). However, among more than 95% of cases of
human exposure to contaminants, 60 to 80% were
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shown to be related to the ingestion of vegetables
or meat, milk, or eggs (FURST et al., 1992; FFS,
2008).

In this context, this study aimed to determine
the physical-chemical quality and presence of
contaminants in the main lipid sources available
in Brazil and to evaluate the effect of their use as
ingredients in pig feed during the finishing phase on
animal performance parameters, carcass traits, meat
quality and adipocyte morphometry.

Materials and Methods

The project was approved by the Ethics
Committee on Animal Use of the State University
of Londrina (Universidade Estadual de Londrina),
registered under number 17031.2013.86.

Eighty
crossbreed), including 40 barrows and 40 females,
with a mean initial age of 110 days and a mean
initial weight of 59.01 £ 5.09 kg were used. Two
animals were housed per pen (one barrows and
one female) for 32 days. The pigs were subjected
to four experimental treatments consisting of feed
containing different lipid sources, including refined
soybean oil, degummed soybean oil, pig lard, and

swine (Agroceres-PIC X Penarlan

recycled frying oil, which were previously analyzed
for petroleum ether-insoluble impurities, peroxide
value, and total acidity (AOAC, 1996). Among the
lipid sources, refined soybean oil and degummed
soybean oil were obtained from an agribusiness
cooperative in northern Parand State, pig lard
was obtained from an agribusiness cooperative in
southwestern Parana State, and recycled frying oil
was obtained from a private company that collects
this product within Parana State Brazil.

The lipid sources were subjected to the
analysis of 24 contaminants according to the
of the US

Environmental Protection Agency (US EPA).

methods and recommendations

The following seven contaminants belonging

to the dioxin group were evaluated: 2,44’
trichlorobiphenyl, 2,2°,5,5° tetrachlorobiphenyl,
2,2°45.5 pentachlorobiphenyl, 2,3°.44)5°
pentachlorobiphenyl, 2,2°’4,4°5.5°
hexachlorobipheny], 223,445
hexachlorobiphenyl, and 2,2°,3,44°.5,5,

heptachlorobiphenyl, according to EPA Method
1613, using high-resolution gas chromatography
and high-resolution mass spectrometry (US
EPA, 1997). For the polychlorinated biphenyls
(PCBs), US EPA Method 8082A was employed to
determine their levels in extracts from solid and
liquid matrices via gas chromatography (US EPA,
1996). The following 16 contaminants belonging to
the three polycyclic aromatic hydrocarbon (PAH)
categories were evaluated to determine PAHs:
naphthalene, acenaphthylene, acenaphthene, and
fluorene, MMW-PAHs: phenanthrene, anthracene,
fluoranthene, pyrene, benzanthracene, and chrysene,
and HMW-PAHSs: benzo(b)fluoranthene, benzo(k)
benzo(a)pyrene, indeno(1,2,3-cd)
pyrene, dibenzo(a,n)anthracene, and benzo(g,h,i)
perylene. US EPA Method 8270D was applied to
determine PAH contents via gas chromatography
and mass spectrometry analyses (US EPA, 2007).

fluoranthene,

The experiment for
performance was conducted under a randomized
block design. The blocks were based on the initial
animal weight, with four treatments and ten
replicates per treatment, where each stall was one

replicate.

evaluating  growth

All the isocaloric and isonutrient experimental
diets (Table 1) were calculated to meet the
requirements proposed to support the demands
of high-genetic-potential female pigs exhibiting
higher performance during the finishing phase
(ROSTAGNO et al., 2011). The energy values for
the evaluated lipid sources were obtained from
the composition tables reported by Rostagno et al.
(2011), except for recycled frying oil, for which the
energy value was obtained from the NRC (1998).
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Table 1. Percentage and calculated composition of the experimental pig feeds during the finishing phase.

Lipids sources

1 0,

Ingredients (%) RD' DO? Pl O
Corn 62.38 63.12 62.82 62.76
Soybean meal 31.05 30.91 30.96 30.98
Refined soybean oil 370 e e e
Degummed soybeanoil - 310 - e
piglad e e 335 e
Recycled fryingoil e e e 3.39
Dicalcium phosphate 1.08 1.08 1.08 1.08
Limestone 0.59 0.59 0.59 0.59
L-Lysine 0.14 0.14 0.14 0.14
Vitamin supplement * 0.40 0.40 0.40 0.40
Salt 0.40 0.40 0.40 0.40
DL-Methionine 0.07 0.07 0.07 0.07
L-Threonine 0.09 0.09 0.09 0.09
Mineral supplement ° 0.10 0.10 0.10 0.10
Total 100.00 100.00 100.00 100.00
Calculed values*

Metabolizable Energy (Mcal/kg) 3.40 3.40 3.40 3.40
Calcium (%) 0.63 0.63 0.63 0.63
Phosphorus (%) 0.31 0.31 0.31 0.31
Lysina Digestible (%) 0.99 0.99 0.99 0.99
Met+ Cysteine Digestible (%) 0.58 0.58 0.58 0.58
Threonine Digestible (%) 0.64 0.64 0.64 0.64
Tryptophane Digestible (%) 0.19 0.19 0.19 0.19
Crude Protein (%) 19.20 19.20 19.20 19.20

'Refined soybean oil; 2degummed soybean oil; *pig lard; ‘recycled frying oil; composition of the vitamin supplement per kg of
product: 62 mg folic acid; 1.625 mg pantothenic acid; 2.500 mg niacin; 100 mg pyridoxine; 12.500 mg feed efficiency improvement
additive; 475 mg riboflavin; 75 mg selenium; 100 mg thiamine; 750.000 IU vitamin A; 1.750 mcg vitamin B12; 150.000 IU vitamin
D3; 2.500 IU vitamin E; 225 mg vitamin K3; 250 mg antioxidant additive; ®mineral supplement composition per kg of product:
7.000 mg copper; 40.000 mg iron; 800 mg iodine; 25.000 mg manganese; 55.000 mg zinc.

The animals received water and feed ad libitum
throughout the experimental period, during which
average daily gain, daily feed intake, and feed
conversion were evaluated.

For the carcass and meat evaluations, a 4 x
2 factorial design (4 lipid sources and 2 sexes)
was adopted, where each animal constituted one
replicate, with a total of ten replicates per treatment.
The animals were stunned with an electrical
current before slaughter using Petrovina® IS 2000
equipment containing two electrodes (350 Volts and
1.3 Amperes) for three seconds. After slaughter,
scalding, toilette, and gutting, the carcasses were
cut longitudinally and immediately weighed to

obtain the hot carcass weight. The initial pH of the
loin was measured at one hour after slaughter.

After cooling the carcasses at 2 + 1° C for 24
hours, they were individually evaluated to determine
the hot carcass weight, cold carcass weight, carcass
length, backfat thickness, Longissimus dorsi muscle
depth, initial loin pH, final loin pH (after 24 hours
of cooling) through a potentiometer Testo, model
205; luminosity (L*), color (a* and b*), water
retention capacity, and marbling. The hot and
cold carcass weights were used to determine the
percentage of carcass weight loss during cooling, as
cited by Bridi and Silva (2009). Backfat thickness
and Longissimus thoracis (loin) muscle depth were
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measured from the height of the last rib to 6 cm
from the cut’s midline, according to AMSA (2001).

After 24 hours of cooling, a sample of the
(approximately
15 cm) was removed from each of the left half-
carcasses. The adjacent fat was removed from each

Longissimus  thoracis muscle

loin, and five sub-samples (approximately 2.5-cm
thick) were then collected.

The samples were analyzed at 24 hours after
slaughter using a Minolta CR 10 portable colorimeter
with an integrating sphere and an 8° viewing angle
(i.e., d/8 and C illumination to evaluate color).
The L* (luminosity), a* (red-green component),
and b* (yellow-blue component) components
were expressed using the CIELAB color system.
The same samples were subjectively evaluated for
marbling using photographic standards (NPPC,
1991), where scores of 1 to 5 were assigned (1 =
traces of marbling and 5 = abundant marbling).

Water loss due to dripping was evaluated
according to the technique described by Boccard
et al. (1981), and water loss during thawing and
cooking were evaluated according to the techniques
described by Bridi and Silva (2009).

Samples from the analyses of water loss by
thawing and cooking were used for the evaluation
of meat tenderness, in which the samples were
stored for 24 hours at 2+2° C after cooking. Shear
force was measured using a Warner-Bratzler blade
adapted to a Stable Mycro Systems TA-XT2i
texturometer, oriented perpendicular to the direction
of the muscle fibers (BOUTON et al., 1971). The
speed was Smm/s in pre and posttest and 2mm/s
during the test.

To determine the adipocyte diameter, samples
(£#3 cm) of intramuscular, intraperitoneal, and
subcutaneous adipose tissue were collected and
treated with a 10% formalin solution. Then, after
dehydration and diaphonization in xylene, the
samples were cut (3-to-5-micrometer-thick semi-
serial histological sections; five sections per

sample) and stained with hematoxylin-eosin (HE).
Evaluation was performed under 40X magnification,
using an Olympus BX41 light microscope coupled
to a system for capturing Olympus DPI11-N
images. The images were transferred to a computer
and evaluated using Image-Pro Plus® software.
Adipocytes were randomly selected, and a total of
30 cells per sample were evaluated.

The data were subjected to analysis of variance,
and the means were compared via Tukey’s test
using the SAEG® statistical program, version 9.1
(UFYV, 2007).

Results and Discussion

The wvalues obtained through the physical-
chemical analyses of the lipid ingredients (Table 2),
where it can be seen that the values for parameters
related to insoluble impurities were very low. There
were important relative differences in peroxide
values among the analyzed lipid sources. The
total acidity values for all the lipid sources were
considered low (Table 2).

The analytical results demonstrated that the
values for the seven analyzed dioxins and the
presence of polychlorinated biphenyls and PAHs
were lower than the minimum detection limits for
all the lipid sources.

For the performance parameters (Table 3) and
carcass (Table 4) and meat quality (Table 5) traits,
there was no difference between the treatments or
interaction of the factors for any of the evaluated
performance parameters. There was a trend (P<0.07)
among the animals fed with recycled frying oil-
supplemented feed of exhibiting a reduced loin area
and marbling. Regarding the sex factor, the castrated
males displayed a greater hot carcass weight and
backfat thickness (P<0.05).

Regarding adipocyte diameter (Table 6), there
was no difference among the treatments, although
the values exhibited high variation.
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Table 2. Levels of insoluble impurities, peroxide levels, and total acidity of lipids sources used in pig feeds.

Physical chemical parameters RD! DO? PL? FO*
Insoluble impurities in petroleum ether (g/100mL) 0.02 0.02 0.02 0.04
Peroxide rate (mEq/kg) 5.99 9.37 2.90 N.D.
Total acidity (mg KOH/g) <0.1 2.61 3.27 2.85

'Refined soybean oil; 2degummed soybean oil; 3pig lard; *recycled frying oil.

Table 3. Means of daily feed intake (DFI), final weight (FW), daily weight gain (DWG) e feed conversion (FA) of
fattening pigs fed with rations formulated with different lipids sources.

Lipids sources Parameters
DFI (kg) FW (kg) DWG (kg) FA

RO! 2.435 89.56 0.986 2.480
DO? 2.448 90.07 1.000 2.440
PL? 2.425 89.21 0.997 2.444
FO* 2.533 92.01 1.046 2.427
Average 2.460 90.21 1.007 2448
P value 0.629 0.458 0.480 0.938
CV (%) 10.16 6.30 9.50 8.57

'Refined soybean oil; 2degummed soybean oil; *pig lard; “recycled frying oil.

The results of the analyses of the physical-
chemical properties of the lipid sources indicated
their quality and safety as raw materials for feed
formulation. The insoluble impurity levels of 2
to 4% observed in the oils and fats intended for
animal feed are considered acceptable (NRA,
2003). Regarding the peroxide content determined
for refined oil (5.99 mEq/kg), it remained above
the recommended limit (5.00 mEq/kg) (BRASIL,
1999). However, that for degummed oil (9.73 mEq/
kg) indicated an advanced stage of oxidation, and
an initial oxidation stage was indicated for the pig
lard (2.90 mEq/kg). Nevertheless, all the values
were below the recommended maximum limit of 10
mEq/kg (BRASIL, 1999). In contrast, the peroxide
was not detected in the recycled frying oil. For this
product, it is noteworthy that the technique for the
evaluation of peroxide content likely indicates low
peroxide values during the final oxidation phase,
considering the high instability of hydroperoxides

when being converted into different secondary
oxidation products, such as aldehydes and ketones,
which is typical in the repeated heating of recycled
frying oils (GRAY; CRACKEL, 1992). Non-
detection of this compound in recycled frying oil
does not predict the parameter’s quality.

Concerning total acidity (Table 2), the values
were within the quality standards established by
Brasil (2005) and SINDIRACOES (2013).

The detected dioxin levels were below 150 pg/
kg, which validates the safety of the lipid sources
in relation to these contaminants. There was a
discrepancy between these values and those obtained
by Schoppe and Kube-Schwickardi (1996), who
identified 0.4 to 1.1 I-TEQ (ng/kg of fat) in pig lard
samples. Likewise, the European Commission (EC,
2000) reported mean values of 1.0 WHO-TEQ/kg
of fat for pig lard and 0.2 ng WHO-TEQ/kg of dry
matter for soybean oil.
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Table 4. Means of hot carcass weight (HCW), cold carcass weight (CCW), carcass length (CL), Longissimus dorsi
muscle depth (LMD), backfat thickness (BT), loin area (LA) and marbling of pigs according the lipid source and
gender evaluated.

Lipid sources HCW (kg) CCW(kg) CL(cm) LMD(@mm) BT(mm) LA(cm?) Marbling %

RO! 67.55 66.05 82.08 60.67ab 9.08 4151 175
DO? 67.92 65.86 82.43 59.80ab 8.45 41.99 1.58ab
pL> 68.38 66.44 83.53 62.00a 8.65 41.42 1.68ab
OF* 67.19 65.32 83.48 55.80b 9.02 4151 1.35b
Average 67.76 65.92 82.88 59.57 8.80 41.61 1.59
Gender

Female 66.62b 64.96 82.70 59.83 7.98b 41.09 1.50
Barrow 68.91a 66.88 83.05 59.24 9.64a 41.39 1.68
P value 0.943 0.950 0.605 0.0692 0.821 Hokdk 0.059'
(treatment)

Pvalue (gender)  0.056 0.105 0.813 0.696 0.003 ok 0.146
CV (%) 9.93 10.18 9.08 12.90 32.01 12.22 34.28

Different letters in the same column are significantly different by Tukey test
'Refined soybean oil; 2degummed soybean oil; *pig lard; *recycled frying oil.

Table 5. Means of water loss due thawing (WLT), water loss due cooking (WLC), shear force (SF), dripping loss
(DL), initial pH, final pH and luminosity (L*) and color (a* and b*) of pig meat according the differents lipid sources
used like ration ingredients.

Lipid sources ~ WLT (%) WLC (%) SF (kgf) DL (%) pHinicial pH final L* a* b*

RO! 6.81 21.81 4.00 1.31 6.43 5.60 5545 583 11.20
DO? 6.55 21.09 3.71 1.33 6.48 5.61 5527 558 10.88
PL3 7.68 22.78 3.67 1.32 6.43 5.61 56.19 582 11.11
OF* 6.53 21.37 4.18 1.30 6.50 5.59 56.44  6.09 11.54
Average 6.89 21.76 3.89 1.31 6.46 5.60 58.84 583 11.18
Gender

Female 6.26a 21.52 3.92 1.32 6.42 5.60 5542 598 11.12
Barrow 7.53b 21.99 3.92 1.31 6.47 5.60 56.27 5.66  11.25
P value 0.2015 Ak Rl 0.505 0.796 0.819 0.628 0.862 0.395
(treatment)

P value(gender) 0.018 oAk HoHEE 0.803 0.729 0.952 0212 0.376 0.698
CV (%) 36.03 25.12 23.53 6.11 4.10 1.38 532 2730 10.84

Different letters in the same column are significantly different by Tukey test
'Refined soybean oil; 2degummed soybean oil; *pig lard; *recycled frying oil.

Table 6. Means of adipocyte diameter of intramuscular, intraperitoneal and subcutaneous fat of pigs in the finishing
phase fed different lipid sources.

Lipid sources Intramuscular fat Intraperitoneal fat Subcutaneous fat
RO! 154.62 147.08 143.93
DO? 165.43 194.49 228.39
PL3 123.14 223.84 219.84
OF* 148.63 110.58 290.01
Average 147.95 169.00 220.54
CV (%) 52.92 43.68 44.25

'Refined soybean oil; 2degummed soybean oil; *pig lard; “recycled frying oil.
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Regarding the presence of polychlorinated
biphenyls, all the lipid sources exhibited values
lower than the minimum detection limit (<150.0 pg/
kg), corroborating the Feeding Fats Safety report
(FFS, 2008), in which 0.04 to 1.10 pg of DL-PCB
(WHO-TEQ/g of fat) was identified in 22 samples
of pig lard, and 0.05 to 0.43 pg of DL-PCB (WHO-
TEQ/g of oil) was identified in 8 samples of recycled
frying oil.

The levels of PAH contaminants were lower than
the minimum detection limit (<1500.0 pg/kg). This
finding corroborates the Feeding Fats Safety report
(FFS, 2008), in which among 36 pig lard samples,
only three samples showed PAH contamination
(above 2 ng/g BaP), and only two of eight samples
of recycled frying oil contained above 2 ng/g BaP.
These results show that the frying oils evaluated
in the European Union, originating from several
sources and origins, are not as depleted as previously
thought and that the extent of contamination in
frying oils is lower than expected.

The growth performance results indicated
that none of the lipid sources interfered with feed
palatability, and thus, their consumption had
positive consequences for weight gain and feed
conversion. Several previous studies involving the
supplementation of different lipid sources (both
plant- and animal-based products) into pig feed
during the growth and finishing phases at different
supplementation levels (between 3.87 and 10.97%)
also demonstrated that there was no difference in
the evaluated performance indices (BEE et al.,
2002; LUCI et al., 2007; DURAN-MONTGE et al.,
2008; REALINI et al., 2010).

The similar animal performance observed was
also due to the physical-chemical properties of these
lipid sources (Table 2), which validates their use as
ingredients for supplementation of animal feeds.
Furthermore, according to Kellner et al. (2014),
they do not have significant effects on digestibility
that are distinct from the other dietary ingredients.

Regarding recycled frying oil, which is generally
successively reused before it is intended for use in
animal feed, degradation and the formation of toxic
compounds, such as monomers, dimers, trimers,
and other triglyceride polymers, are common, with
these compounds accounting for up to 30% of this
ingredient (PIRARD; PAUW, 2005), compromising
intake and weight gain. However, this behavior was
not effectively observed in the performance indices.
Recycled frying oil is also highlighted as being
more susceptible to lipid oxidation, given its high
unsaturated fatty acid profile, which has negative
effects on intestinal functions (BOU et al., 2005;
NRC, 2012). Although oxidation of the frying oil
examined in this study was not demonstrated, the
evaluated parameters remained unchanged, which
may be attributed to the resistance of these domestic
animals to the feed’s low lipid oxidation levels
(NRC, 2012).

Regarding the effect on intake, Bautista et al.
(2014) report that recycled frying oils can even favor
this parameter compared with feeds containing raw
oils because the latter oils generate more repulsive
behavior in animals regarding intake.

Concerning the evaluated carcass traits (Table
4), the single effect of the sex factor on hot carcass
weight and backfat thickness was due to the higher
voluntary feed intake associated with this category
(ZAMARATSKALIA et al., 2008).

The results obtained for the carcass parameters
reflect the performance indices and show that the
tested lipid sources may be used interchangeably.
These findings are in accord with those of Bee et
al. (2002) and Realini et al. (2010), who tested
two lipid sources (cattle tallow and 5% soybean
oil supplementation) and five lipid sources (plant-
based, animal-based, and blends, supplemented at
from 4.5 to 11%), respectively, and observed no
advantages among the treatments.

There was a trend among the pigs fed recycled
frying oil-supplemented feed (P<0.10) to exhibit a
shallower muscle depth and lower marbling rate.
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These results contradict those obtained by Luci et
al. (2007), who found that supplementing recycled
frying oil, compared with frying oil used only
once, promoted higher mRNA levels corresponding
to two regulatory proteins of sterols (SREBP-1
and SREBP-2) and their target genes, leading to
stimulation of liver production of triacylglycerol
and cholesterol, thus highlighting their lipogenic
effects.

The evaluated meat quality parameters indicate
that the tested lipid raw materials did not exhibit
a risk of compromising consumer demand. These
results are similar to those observed by Mitchaothai
et al. (2007), who supplemented pig feed with 5%
animal- and plant-based lipid sources during the
growth and finishing phases.

The results of the meat percentage analysis
corroborated the findings of Halas et al. (2010) and
Duran-Montgé et al. (2008), who demonstrated the
possibility of supplementing different lipid sources
into pig feed without negative consequences for
these parameters, but contradicted those of Kouba
and Mourot (1998) and Realini et al. (2010), who
indicated that ingredients with higher linoleic acid
levels (plant-based oils compared with pig lard)
increase muscle fat deposition.

Adipocyte diameter did not differ among the
treatments (Table 6), which may be due to the
isocaloric conditions of the diets and the levels of
lipid ingredients supplemented into the rations,
despite the high variation observed in the diameter
measurements. However, the results contradict
those observed by Kouba and Mourot (1998) and
Realini et al. (2010), who indicated that diets with
higher contents of linoleic acid increase body fat
deposition, promoting a larger adipocyte diameter
for pigs fed plant-based oil-supplemented feed,
which contains more linoleic acid than pig lard.

Conclusion

The refined soybean oil, degummed soybean oil,
pig lard and recycled frying oil evaluated did not
exhibit degradation products and contaminants, can
be used as lipid ingredients for finishing pig feeds
with good results on growth performance, carcass
traits, and meat quality.
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