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ABSTRACT: The objective of this study was to explore the substitution of ractopamine by coconut or safflower oil in finishing pig diets. The
study included 24 crossbred barrows weighing 78.00 + 8.76 kg distributed in a randomized block design with four treatments and six replicates
composed of- basal ration (BR), BR + 10 ppm ractopamine, BR + four 1 g capsules of safflower oil, and BR + four 1 g capsules of coconut
oil. Performance evaluation showed that safflower oil, ractopamine, and coconut oil supplementation had a significant effect (P < 0.05) on
weight gain and feed conversion. Carcass-related variables were also affected by the treatments (P < 0.05), with fat thickness 3 (FT3) reduced
by the use of safflower oil, ractopamine, and coconut oil. Rib eye area was positively affected (P < 0.05) by diet, with ractopamine, coconut
oil, and safflower oil supplementation treatments showing higher values than control diet treatment. The diets also affected fatty acid profiles
(P < 0.05), with decreased myristic acid content in animals supplemented with ractopamine and safflower oil and increased deposition of
palmitoleic and oleic acids in animals supplemented with coconut oil and safflower oil, respectively. Results suggested that both safflower oil
and coconut oil can be used as substitutes for ractopamine.

Key words: S-adrenergic, fat deposition, lipid metabolism, vegetable oils.

Substituicio da ractopamina por éleo de cartamo ou o6leo de coco
como aditivos em dietas para suinos em terminacio

RESUMO: Objetivou-se avaliar a substitui¢do da suplementagdo da ractopamina pelo uso dos dleos de coco ou cartamo nas dietas de suinos
em terminagdo. Foram utilizados 24 suinos machos castrados mesticos com peso médio de 78,00+8,76 kg, distribuidos em um delineamento
de blocos casualizados, contendo quatro tratamentos e seis repetigées compostos por: Ragdo Basal (RB); RB + 10 ppm de ractopamina,; RB
+ 4 cdpsulas de 1 grama cada de éleo de cdrtamo e RB + 4 cdpsulas de 1 grama cada de dleo de coco. Na avaliagdo do desempenho foi
observado o efeito (P<0,05) da suplementagdo das dietas com dleo de cdartamo, ractopamina e coco no ganho de peso e conversdo alimentar. As
varidveis relacionadas com as carcagas também foram afetadas pelos tratamentos (P<0,05), sendo a espessura de toucinho 3 (ET3) reduzida pelo uso
do 6leo de cdrtamo, ractopamina e coco. Na avaliagdo da drea de olho de lombo foram observados efeitos positivos (P<0,05), com maiores valores
para os tratamentos suplementados com ractopamina, oleo de coco e com dleo de cartamo, quando comparados com a dieta controle. As dietas
também afetaram o perfil dos dcidos graxos (P<0,05) de forma positiva, com a redugdo do dcido miristico do toucinho nas dietas com ractopamina
e Oleo de cartamo e aumento na deposicdo dos acidos graxos palmitoleico e oleico do lombo nas dietas suplementadas com 6leo de coco e cartamo,
respectivamente. Conclui-se que tanto o éleo de coco quanto o de cartamo podem ser utilizados como substitutos da ractopamina.
Palavras-chave: S-adrenérgico, deposi¢do de gordura, metabolismo lipidico, éleos vegetais.

INTRODUCTION production and exports, according to the Brazilian

Animal Protein Association (ABPA, 2018).

In recent years, Brazil has been consolidated Approximately 81.5% of the pork

as one of the major global suppliers of animal protein,
including beef, pork, or poultry; it is the world’s largest
exporter of beef and chicken and ranks fourth in pork

produced in Brazil is intended for the domestic
market, and the surplus is exported to countries
such as Singapore, Hong Kong, China, and Russia,
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representing approximately 18.5% of world exports
(ABPA, 2018). However, important trading partners
such as China and Russia have restricted the purchase
of animals fed with ractopamine.

Ractopamine is used in more than 20
countries such as the USA, Canada, Australia, and
almost all of Latin America (FERREIRA et al., 2011)
to decrease the rate of lipid deposition and increase the
amount of lean meat in carcasses, two characteristics
expected by the consumer market.

People worldwide are concerned about
obesity, which is associated with the onset of many
conditions, especially cardiovascular diseases
(SANTOS et al., 2013). Many articles in the literature
suggested that coconut and safflower oils are
efficientin reducing body fat in humans and Wistar
rats (ASSUNCAO et al., 2009; LIAU et al., 2011;
CAMPANELLA et al., 2014).

Safflower oil is rich in long-chain fatty
acids, especially omega-6 fatty acids, and has
thermogenic properties that can increase satiety
(CAMPANELLA et al., 2014). Coconut oil contains
medium-chain fatty acids, which are absorbed and
used in metabolic processes and not deposited in
adipocytes (FIGUEIREDO-SILVA, 2012).

Studies by BLANKSON et al. (2000)
using safflower oil in animal diets showed increased
lean mass and decreased body fat, in addition to
reducing glycerol and triacylglycerol concentration
and markedly decreasing fat mass in obese humans.
ASSUNCAO et at. (2009) studied the effect of coconut
oil on humans and reported decreased abdominal
fat. In this context, the objective of this research
was to evaluate the substitution of ractopamine
supplementation by safflower or coconut oil in
finishing pig diets regarding performance, carcass
quality, and carcass fatty acid profile.

MATERIALS AND METHODS

This study included 24 crossbred
(Landrace x Large White x Pietrain) barrows with
a mean weight of 78.00 + 8.76 kg, distributed in
a randomized block design by weight into four
treatments [basal ration (BR), ractopamine, safflower
oil, and coconut oil] and six replicates with one
animal in each experimental unit, totaling 24 plots.
The animals were kept in individual concrete-floored
stalls measuring 2.76 % 1.85 m, with pacifier drinkers
and semi-automatic feeders.

The experimental diets were formulated
following the recommendations by ROSTAGNO
et al. (2011). The basal diet was formulated with

corn, soybean meal, vegetable oil, and commercial
premix for finishing pigs, with treatments consisting
of BR.BR + 10 ppm ractopamine, BR + four 1 g
capsules of safflower oil, and BR + four 1 g capsules
of coconut oil, as presented in table 1.

The capsules were administered when the
animals were fed, after an adaptation period of 2 days,
considering the recommendation for humans of four
capsules a day based on body weight (60 to 100 kg).
The capsules were administered in two periods, two
capsules at 8 am and two capsules at 4 pm, totaling
four capsules a day, appropriate for the mean animal
weight of 78 to 100 kg during the experimental period.

The animals were weighed at the beginning
and end of the 28-day experiment for performance
evaluation. All feed provided and feeder leftovers and
waste were analyzed to estimate feed consumption
and conversion and to calculate weight gain.

At the end of the experimental period, the
animals were subjected to an 8-hour fast for solids
and four allowed a pre-slaughter rest period, totaling a
12-hourfast. The animals were slaughtered following
humane slaughter rules—stunned by electronarcosis;
and subsequently, exsanguinated.

The carcasses were weighed to obtain
the hot carcass weight (HCW), and the initial pH (45
min after slaughter) was measured in the longissimus
dorsi muscle of the left half carcass using a portable
pH meter with an insertion electrode. The carcasses
were subsequently sawn in half and stored in a cold
chamber for 24 h at approximately 4 °C. After cooling,
the carcasses were weighed to obtain the cold carcass
weight (CCW). Weight loss during cooling was obtained
from the difference between HCW and CCW. Then the
final pH of the left half carcass was measured (24 h after
slaughter), and carcass length was measured according
to the Brazilian carcass classification method (ABCS,
1973). Carcass yield was calculated using the final
weight in pre-transport fasting period, HCW, and CCW.

Rib eye (longissimus dorsi) area (REA) and
fat area were determined using calipersto measure the
sawn carcasses at the height of the last rib (P2) on a
tracing paper drawing (ABCS, 1973). The meat: fat ratio
was obtained by dividing the respective values of area.

Longissimus dorsi depth and fat thickness
were measured at P2 at the junction of the last thoracic
vertebra and the first lumbar vertebra, 6.5 cm from the
midline of the carcass. The values of HCW, CCW, fat
thickness (FT) at P2, and loin depth (LD) were used
to calculate meat yield [60 — (FTP2x 0.058) + (LDx
0.1)] and the amount of meat in the carcass [(CCWx
meat yield)/100] using the equations described by
BRIDI & SILVA (2009).
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Table 1 - Basal ration composition for finishing pigs.

Ingredient (%)

Corn 7.8%

Soybean meal 45%

Wheat bran 15.1%
Premix’

Soybean oil

L-Lysine

L-Threonine

Calculated values

Crude protein (%)

ME (Kcal/kg)

Available phosphorus (%)
Sodium (%)

Chlorine (%)

Digestible lysine (%)
Digestible methionine (%)
Methionine + digestible cystine (%)
Digestible threonine (%)
Digestible tryptophan (%)
Digestible valine (%)

Basal ration

73.1518
15.1302
6.4555
3.0000
2.0000
0.2195
0.0431
100
13.53
3230
0.11
0.15
0.04
0.72
0.23
0.41
0.48
0.13
0.56

'Guarantee levels per kg of product: calcium (min) 235 g/kg; calcium (max) 240 g/kg; phosphorus (min) 34.67 g/kg; sodium (min) 585
g/kg; iron (min) 3.389 mg/kg; copper (min) 4.000 mg/kg; manganese (min) 1.333 mg/kg; zinc (min) 3.333 mg/kg; iodine (min) 33.33
mg/kg; cobalt (min) 6.86 mg/kg; selenium (min) 10 mg/kg; vitamin A (min) 116.800 IU/kg; vitamin D3 (min) 25.000 IU/kg; vitamin E
(min) 833.33 [U/kg; vitamin K3 (min) 40 mg/kg; vitamin B1 (min) 16.7 mg/kg; vitamin B2 (min) 66.7 mg/kg; niacin (min) 500 mg/kg;
pathogenicacid (min) 267 mg/kg; vitamin B6 (min) 16.7 mg/kg; folicacid (min) 5 mg/kg; biotin (min) 3.33 mg/kg; vitamin B12 (min)
333 mcg/kg; phytase 16.66 FTU/g; BHT 133 mg/kg; bacitracin (min) 1.883 mg/kg; choline (min) 3.338 mg/kg; andfluorine (max) 332

mg/kg.

Fat thickness was measured at three
different points of the carcass using calipers—at
the height of the first rib (FT1); at the height of the
last rib (FT2), measured at the junction of the last
thoracic vertebra and the first lumbar vertebra; and at
the junction of the last two lumbar vertebrae (FT3),
both measured perpendicularly to the dorsal-lumbar
line. The mean fat thickness (MFT) of the carcass
was calculated using the three fat measurements.
Qualitative and pH parameters were assessed using
muscle color and marbling, measured using the 0
to 6 scale recommended by the NATIONAL PORK
PRODUCERS COUNCIL (NPPC, 1999) and the
MEAT EVALUATION HANDBOOK (2001).

Loin and fat samples were collected,
identified, and sent to the Animal Nutrition
Laboratory for fatty acid profile evaluation using
gas chromatography, according to the methodology
proposed by BLIGH & DYER (1959). After
extraction, the material was saponified and subjected

to methylation, according to the methodology reported
by HARTMAN & LAGO (1973). Statistical Analysis
System software (2004) was used to calculate the
analysis of variance, and the means were compared
using Duncan’s test at 5% probability.

RESULTS AND DISCUSSION

The performance evaluation showed no
effect on the initial weight, final weight, and daily
feed intake (P>0.05), but there were effects on daily
weight gain and feed conversion (P <0.05) (Table 2).

Animalsthat consumed adiet supplemented
with ractopamine showed the highest values for
daily weight gain, which did not differ from those
shown by the animals supplemented with coconut
oil. Animals receiving ractopamine and safflower oil
supplementation showed the highest feed conversion
values, which did not differ from the values observed
in the animals supplemented with coconut oil.
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Table 2 - Performance evaluation of barrows supplemented with ractopamine, safflower oil, and coconut oil.

Parameter (Kg) Treatment P ICV (%)
Basal ration Ractopamine Safflower Coconut

Initial weight) 79.333 79.500 78.500 77.833 0.75 3.78

Final weight) 103.000 106.167 101.000 105.833 0.39 5.61

Daily consumption 3.27 3.14 2.78 3.29 0.20 14.03

Daily weight gain 0.92° 1.06° 0.91° 1.01* 0.05 10.10

Feed conversion 3.76" 3.09° 3.25° 3.35% 0.05 11.43

Means followed by different letters on the same line are significantly different by Duncan’s test at 5% probability level. 'CV: Coefficient

of variation.

Performance  results showed  that
supplementation with oils was similarly effective
in improving animal performance as ractopamine;
therefore, it is possible to replace the chemical
additive (ractopamine) with the natural additives.

Coconut oil is rich in medium-chain
fatty acids that reduce body fat (ASSUNCAO et al.,
2009; LIAU et al., 2011) and increase the proportion
of lean mass in the carcass, justifying the increased
weight gain of the animals evaluated. Improved
feed conversion with the use of safflower oil may
be associated with the thermogenic effect of this
oil owing to the presence of long-chain fatty acids,
which increase satiety (CAMPANELLA et al., 2014).

There were no differences (P>0.05) in
carcass yield, carcass length, leg weight, FT1 and 2,
MEFT, FT at P2, LD, fat area, meat: fat ratio, meat yield,
and amount of meat in the animals evaluated (Table 3).

Animals supplemented with safflower oil
showed lower fat thickness (P<0.05), which did not
differ from that observed in animals supplemented
with ractopamine and coconut oil. This finding
confirmed the effectiveness of the tested products
in reducing fat deposition and the superiority of
safflower oil among the treatments used, especially
when considering fat thickness values (FT1 and 2, P2,
and fat area);safflower oil supplementation, despite
not having a significant effect, was the treatment that
showed less fat deposition than the other treatments.

According to LUCAS et al. (2016), lower
fat deposition with the use of safflower oil may be
related to its composition; safflower oil contains
approximately 70% linoleic acid, which may inhibit
the action of the enzyme lipoprotein lipase (LPL)
responsible for lipid deposition in adipocytes.
OBSEN et al. (2012) state that a high amount of LPL
in the body leads to high lipid storage in fat cells, and

when the activity of this enzyme is blocked, lipid
transfer into fat cells is inhibited, forcing the body to
use its fat reserve as an energy source.

Ractopamine treatments resulted in higher
REA values (P<0.05), with a similar effect observed
in animals supplemented with coconut oil and
safflower oil. ALMEIDA et al. (2010) reported that
increased REA is associated with increased protein
synthesis in skeletal muscles and decreased amino
acid catabolism. This response associated with
ractopamine supplementation may be correlated
with increased REA in pigs, suggesting that
ractopamine supplementation results in carcasses
with increased percentages of lean meat, decreased
lipid synthesis in adipose tissue, and increased protein
synthesis in muscles.

Considering that there was no difference
in REA among animals treated with ractopamine,
coconut oil, and safflower oil and that animals
supplemented with coconut and safflower oils showed
less fat deposition, these oils may have the potential
to replace ractopamine.

There were no differences (P> 0.05) in the
parameters meat quality, initial pH, final pH, color,
marbling, water loss in cooling among any of the
evaluated treatments (Table 4). A study by COSTA
E SILVA et al. (2017) on the inclusion of 7.5 ppm
of ractopamine in the diet of female, castrated, and
immunocastrated pigs showed no differences in meat
quality parameters.

Palmitoleic acid concentration in the loin
differed (P<0.05) among treatments; the animals
supplemented with coconut oil showed the highest
palmitoleic acid concentrations compared to the
reference diet, which did not differ from those
in animals supplemented with safflower oil and
ractopamine (Table 5).
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Table 3 - Mean carcass characteristics of pigs supplemented with ractopamine, safflower oil, and coconut oil.

Parameter Treatment P ICV (%)
Basal ration Ractopamine Safflower Coconut

Carcass yield (%) 79.22 80.13 79.94 80.47 0.73 2.61
Carcass length (cm) 99.67 99.67 98.17 99.17 0.89 3.78
Leg weight (kg) 12.50 13.19 12.68 13.02 0.52 6.78
FT1 (mm) 4.17 4.19 3.66 4.19 0.13 10.79
FT2 (mm) 2.81 2.96 2.63 2.66 0.55 15.71
‘FT3 (mm) 2.79* 2.55% 2.24° 2.73% 0.05 16.09
*MFT (mm) 3.26 323 2.85 3.19 0.13 10.13
%P2 (cm) 1.92 1.67 1.50 1.77 0.34 22.72
LD (cm?) 5.63 6.28 5.83 6.07 0.21 8.88
SREA (mm?) 40.34° 47.53° 43.18%® 43.63® 0.05 11.68
Fat area (mm?) 23.32 24.48 18.27 22.48 0.46 31.49
Meat:fat ratio (mm?) 1.93 2.07 2.50 2.01 0.30 25.54
Meat yield (%) 60.40 60.46 60.43 60.45 0.50 0.92
Amount of meat in the carcass (%) 48.39 50.76 48.13 50.03 0.45 6.51

Means followed by different letters on the same line are significantly different by Duncan’s test at 5% probability level; 'CV:
Coefficient of variation;’FT1: fat thickness measured on the first rib; *FT2: fat thickness measured on the last rib; “FT3: fat thickness
measured at the last lumbar vertebra; “MFT: mean of fat thickness values FT1, FT2, and FT3; ®P2: fat thickness measured at 6.5 cm from
the dorsal-lumbar line of the last rib; ’LD: loin depth measured in the longissimus dorsi muscle; *REA: rib eye area.

Palmitoleic acid, also known as w7, is not
synthesized by the human body; therefore, its dietary
supplementation is necessary. It has recently been
identified as a lipokine, a lipid hormone synthesized
and secreted by adipose tissue in humans, acting as
a hormonal signal in organs such as the liver and
pancreas; increasing insulin sensitivity; modulating
inflammatory and metabolic processes; and
controlling systemic, lipid, and glucose metabolism
(BOLSONI-LOPES et al., 2014). The authors also

reported a potentiating of metabolic flow of energy
pathways associated with inhibition of energy storage
pathways, suggesting that C16:1 regulates lipolysis via
a mechanism dependent on peroxisome proliferator-
activated receptor a, a subtype of receptors activated
by peroxisome proliferators and linked to the hepatic
oxidation of fatty acids.

Oleic acid concentrations in the loin also
differed (P<0.05), with the animals supplemented
with safflower oil showing the highest concentrations,

Table 4 - Mean carcass quality characteristics of pigs supplemented with ractopamine, safflower oil, and coconut oil: initial and final
pH, initial temperature (ITEMP), final temperature (FTEMP), meat color and marbling (MAR), water loss by cooling (WLC).

Parameter

Basal ration Ractopamine
pH 45 min postmortem  6.87 6.90
pH 24 h postmortem 5.97 5.85
Color® 3.00 2.67
Marbling? 2.83 333
WLC (g) 1.87 2.03

Treatment P 'CV (%)
Safflower Coconut
6.76 6.77 0.72 3.61
5.83 5.90 041 257
2.83 2.83 0.76  18.60
2.50 3.17 0.30  26.60
2.07 2.18 0.82  28.50

ICV: Coefficient of variation;* Scale of points from 1 to 6 by the NATIONAL PORK PRODUCERS COUNCIL (NPPC, 1999) and

MEAT EVALUATION HANDBOOK (2001).
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Table 5 - Fatty acid composition of the longissimus dorsi muscle and adipose tissue (fat) of pigs supplemented with ractopamine,

safflower oil, and coconut oil.

Fatty acid (ng/g) Treatment P 'CV (%)
Basal ration Ractopamine Safflower Coconut
Longissimus dorsi
Lauric (C12: 0) 0.10 0.10 0.10 0.11 0.73 12.87
Myristic (C14: 0) 1.16 1.14 1.29 1.28 0.34 14.38
Palmitic (C16: 0) 23.41 24.27 24.99 2471 0.30 6.02
Palmitoleic (C16: 1) 2.58° 2.74* 2.82% 3.25° 0.05 16.81
Oleic (C18: 1n9) 32.70° 34.70% 38.79° 36.63% 0.05 12.83
Linoleic (C18: 2n6) 14.24 13.35 10.90 11.54 0.23 23.84
Linolenic (C18: 3n3) 0.48 0.44 0.53 0.48 0.76 27.15
Arachidonic (C20: 4n6) 3.13 2.84 2.09 242 0.33 38.46
Fat tissue

Lauric (C12: 0) 0.21 0.20 0.16 0.30 0.33 59.10
Myristic (C14: 0) 1.47° 1.32° 1.33° 1.49° 0.05 6.27
Palmitic (C16: 0) 19.09 19.16 17.36 17.55 0.77 21.27
Palmitoleic (C16: 1) 1.76 1.52 1.59 1.78 0.24 15.27
Oleic (C18: 1n9) 33.51 33.97 32.96 33.01 0.77 5.61
Linoleic (C18: 2n6) 18.84 18.51 19.89 19.13 0.77 12.39
Linolenic (C18: 3n3) 0.41 0.41 0.48 0.49 0.86 45.67
Arachidonic (C20: 4n6) 2.13 248 2.66 273 0.33 23.24

!CV: Coefficient of variation; Means followed by different letters on the same line are significantly different by Duncan’s test at 5%

probability level.

which did not differ from those in the animals
supplemented with coconut oil and with ractopamine.

The higher oleic acid concentration in
the evaluated cut may be associated with the better
use of safflower lipids by the body, considering that
safflower oil contains 16 to 20% oleic acid (TONGUC
etal., 2012), whereas coconut oil contains only 5.65%
oleic acid, and soy oil (used in the basal diet and with
ractopamine) contains 23% oleic acid.

As for the fatty acid profile of adipose
tissue, a difference (P<0.05) was observed only in the
myristic acid content, with lower deposition in pigs
supplemented with safflower oil and ractopamine.

The BRAZILIAN  SOCIETY OF
CARDIOLOGY (SBC, 2013) stated that saturated
fats, especially lauric, myristic and palmitic acid,
must be moderately consumed, because these fatty
acids have a high potential to increaseL DL-C and
HDL-Cand are known as hypercholesterolemic
agents. Moreover, a meta-analysis by MICHA AND
MOZAFFARIAN (2010) showed that lauric acid has
the highest effect on increasing the LDL-C fraction,
followed by myristic and palmitic acids. Therefore, a
diet containing lower levels of these acids is desirable.

CONCLUSION

This study concluded that both coconut oil
and safflower oil can be used to substitute ractopamine
because they show similar effects on performance,
carcass quality, and fatty acid profile.
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