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INTRODUCTION

Minerals are nutrients that have roles 
in structural, physiological, immunological, 
reproductive, and growth functions in animals. 
Specifically, chromium acts as a constituent of the 
“Glucose Tolerance Factor,” which amplifies insulin 

signaling and stimulates the uptake of glucose 
and amino acids by target cells (AMATA, 2013). 
Selenium acts as a constituent of the antioxidant 
enzyme glutathione peroxidase and is essential 
for the correct functioning of the immune system 
(ARTHUR et al., 2003). In addition, when in chelated 
form, these minerals have higher bioavailability 
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ABSTRACT: The present study was performed to evaluate the association of chromium-yeast and selenium-yeast as nutritional additives to 
enhance performance and quantitative characteristics in the carcass of finishing barrows. A total of 48 barrows, commercial hybrid, with initial 
weight of 68.3±3.5 kg and final weight of 99.6±3.6 kg, were utilized for the study. The animals were distributed in a randomized complete block 
design, consisting of three levels of chromium-yeast and selenium-yeast (i.e., without supplementation of chromium-yeast and selenium-yeast, 
supplementation of 0.4 mg kg-1 chromium-yeast and 0.3 mg kg-1 selenium-yeast, and supplementation of 0.8 mg kg-1 chromium-yeast and 0.6 
mg kg-1 selenium-yeast) with eight replicates and two animals per experimental unit. The supplementation of chromium and selenium-yeast did 
not significantly affect (P>0.05) the average daily feed intake, digestible lysine, crude protein and metabolizable energy intake, average daily 
weight gain, feed conversion, weight and carcass length, back fat thickness, muscle depth, percentage and amount of lean meat, and carcass 
allowance. These findings suggest that supplementation of chromium and selenium-yeast does not affect the performance or quantitative 
characteristics in the carcass of finishing barrows.
Key words: feed additives, carcass characteristics, organic minerals, performance, swine.

RESUMO: Realizou-se este estudo com o objetivo de avaliar a associação de cromo-levedura e selênio-levedura como aditivos nutricionais 
melhoradores de desempenho e das características quantitativas de carcaça de suínos machos castrados em terminação. Foram utilizados 48 
suínos machos castrados, híbridos comerciais, com peso inicial de 68,3±3,5 kg e peso final de 99,6±3,6 kg. Os animais foram distribuídos em 
delineamento experimental de blocos casualizados, composto por três níveis de cromo-levedura e selênio-levedura (controle sem suplementação 
de cromo-levedura e selênio-levedura; suplementação de 0,4 mg kg-1 de cromo-levedura e 0,3 mg kg-1 de selênio-levedura; e 0,8 mg kg-1 de 
cromo-levedura e 0,6 mg kg-1 de selênio-levedura), com oito repetições e dois animais por unidade experimental. A suplementação de cromo-
levedura e selênio-levedura não influenciou (P>0,05) o consumo de ração diário, os consumos de lisina digestível, de proteína bruta e de 
energia metabolizável, o ganho de peso diário, a conversão alimentar, o peso e comprimento de carcaça, espessura de toucinho, profundidade 
de músculo, percentagem e quantidade de carne magra e índice de bonificação. A suplementação associada de cromo e selênio-levedura não 
influencia o desempenho e as características quantitativas de carcaça de suínos machos castrados em terminação.
Palavras-chave: aditivos alimentares, características de carcaça, desempenho, minerais orgânicos, suínos. 
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than when in inorganic form, which increases their 
use as performance enhancers and carcass modifiers 
(SAKoMURA et al., 2014).

Chelated chromium has not shown 
consistent effects on performance and carcass 
characteristics of finishing pigs. Several studies 
have reported a positive effect of chelated chromium 
increasing weight gain, feed intake and lean meat 
deposition and decreasing fat deposition (lI et al., 
2013; SAlES & JANCÍK, 2011), but others observed 
no improvement with supplementation (TIAN et al., 
2014; TIAN et al., 2015; MARCollA et al., 2017). 

Supplementation of chelated selenium for 
finishing pigs have shown an improvement of 9% on 
weight gain (JANG et al., 2010), 2% on final body 
weight (MARTÍNEZ-GÓMEZ et al., 2012), besides 
improvements of 6% in muscle depth (CARAMORI 
JÚNIoR et al., 2017). However, divergent results 
have been obtained, some authors did not found 
differences in pig performance in the growing-
finishing phases (STUPKA et al., 2012), indicating 
further studies need to be conducted to determine the 
effectiveness of chelated selenium in finishing pigs.

Studies that evaluated the combined use 
of chelated chromium and selenium supplementation 
in pigs are few and showed discrepant results 
(CARAMoRI JÚNIoR et al., 2017). Therefore, 
the present study was performed to evaluate the 
association of chromium-yeast and selenium-yeast 
as nutritional additives to enhance performance and 
quantitative characteristics in the carcass of finishing 
barrows.

MATERIALS   AND   METHODS

A total of 48 barrows, commercial hybrid, 
with initial weight of 68.3±3.5 kg and final weight of 
99.6±3.6 kg, were utilized in the present study. The 
animals were housed in masonry pens (1.25×2.35 
m), with concrete floors and shallow gutter, and were 
provided with semi-automatic feeders and pacifier-
type automatic drinkers.

The environment variables assessed were 
mean environmental temperature, relative humidity 
and the black globe humidity index (BGHI). The mean 
environmental temperature during the experimental 
period was 27.5±2.0 ºC, with a relative humidity of 
73±10.9%, black globe temperature of 27.8±2.0 ºC 
and BGHI of 77.6±2.5. 

The animals were distributed in a 
randomized complete block design, with three 
treatment levels of chromium-yeast and selenium-
yeast (i.e., without supplementation of chromium-

yeast and selenium-yeast, supplementation of 0.4 mg 
kg-1 chromium-yeast and 0.3 mg kg-1 selenium-yeast, 
and supplementation of 0.8 mg kg-1 chromium-yeast 
and 0.6 mg kg-1 selenium-yeast) with eight replicates 
and two animals per experimental unit. The pen was 
considered an experimental unit, with two animals per 
pen. The initial weights of the animals were used as the 
block formation criteria. The experimental diets were 
isonutritive and isocaloric and formulated to meet the 
nutritional requirements of high genetic-potential swine 
and for high performance (RoSTAGNo et al., 2011). 

A vitamin-mineral supplement with 0.3 
mg selenium kg-1 of diet obtained from sodium 
selenite was added to all diets. The selenium-yeast 
and chromium-yeast levels of the diets were obtained 
by adding the commercial product (1,200 mg kg-1 
selenium-yeast and 1,600 mg kg-1 chromium yeast) 
replacing the kaolin (Table 1). 

Feed and water were supplied ad libitum 
to the animals during the experimental period, 
which lasted 29 days. Feed waste was collected and 
weighed daily, and was added to the leftovers from 
the feeders at the end of the experiment to determine 
the average daily feed intake, metabolizable energy 
intake, apparent total tract digestibility (ATTd) of 
crude protein, and standardized ileal digestible lysine 
(SId-lys), obtained based on the estimation of the 
nutritional concentration of the diets and according to 
average daily feed intake of the animals.  

The animals were weighed at the 
beginning and the end of the experimental period (no 
fasting) to determine the average daily weight gain 
and feed conversion rate. After that, pigs were fasted 
for 12 h and immediately transported by truck to the 
municipal commercial slaughterhouse, where they 
were kept in standby pens with free access to water 
for 8 h. Specimens underwent desensitization and 
then bleeding, scalding, depilation, and evisceration. 
The carcasses were sawn lengthwise, up the spine, 
and divided into two halves to determine the carcass 
length, depth of the longissimus dorsi muscle, and 
back fat thickness, according to the methodology 
described by BRIdI & SIlVA (2009).

The variables analyzed were the average 
daily feed intake, SId lysine, ATTd of crude protein 
and metabolizable energy, average daily weight 
gain, feed conversion rate, weight and hot carcass 
length, back fat thickness, muscle depth, percentage 
and amount of lean meat, and carcass allowance 
index. The hot carcass length measurements, back 
fat thickness at the height of the last rib, muscle 
depth, and percentage and amount of lean meat were 
obtained according to BRIdI & SIlVA (2009). The 
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bonification index (BI) is a market strategy devised 
to encourage production of carcass with higher 
protein and lower deposited fat percentages and was 
established according to the following equation: BI 
= 23.6 + (0.286 × hot carcass weight) + % lean meat 
(BRIdI & SIlVA, 2007). 

The data were submitted to an analysis of 
variance using the general linear model procedure 
and analyzed using the SAS statistical program (SAS 
Institute, Inc, Cary, NC, USA) at a 5% significance 
level. The data were submitted to mean comparison 
analysis using Tukey’s Test when significant 
differences were observed. 

RESULTS   AND   DISCUSSION

The supplementation of chromium-yeast 
and selenium-yeast did not influence (P>0.05) the final 

weight, average daily feed intake, metabolizable energy, 
digestible protein and lysine, average daily weight 
gain, or feed conversion rate in the finishing barrows 
(Table 2). There are limited research studies that 
associate supplementation with chromium-yeast and 
chelated selenium in pig diets. STEFANKA et al. (2013) 
investigated the effects of the association of methionine 
selenium and chromium nicotine in the diets of finishing 
pigs and found no influence of this association on the 
final weight or on carcass characteristics. 

The finding that chromium 
supplementation does not influence pig performance 
parameters has also been reported in studies utilizing 
chelated chromium not associated with selenium 
(MATTHEWS et al., 2005; TIAN et al., 2015). 
In addition, the supplementation of 0.4mg kg-1 of 
chromium-yeast did not provide a positive effect 
on performance and carcass characteristics of pigs 

Table 1 - Nutritional and proximate composition of the basal diet for finishing barrows supplemented with chromium-yeast and 
selenium-yeast levels. 

Ingredient, g kg-1  

Corn 779.88 
Soybean meal, 46% 192.99 
dicalcium phosphate 8.06 
limestone 6.49 
premix1 4.00 
Salt 3.54 
l-lysine HCl 78% 2.56 
dl-methionine 99% 0.48 
l-threonine 98% 0.56 
Chromium + Selenium-yeast2 0.00 
Inert (kaolin)3 1.44 
Calculated nutritional composition4  
Crude protein, g kg-1 151.60 
Metabolizable energy, Kcal kg-1 3,230 
digestible lysine, g kg-1 8.29 
digestible met+cist, g kg-1 4.97 
digestible threonine, g kg-1 5.55 
digestible thyptophan, g kg-1 1.49 
Calcium, g kg-1 5.12 
digestible phosphorus, g kg-1 2.48 
Sodium, g kg-1 1.60 

 
1Content per kg of feed: pantothenic acid 9.2 mg; niacin 18.0 mg; folic acid 0.5 mg; copper 15.0 mg; iron 10 mg; zinc 12.5 mg; iodine 
1.0 mg; selenium 0.3 mg; manganese 5.0 mg; vitamin A 5.000UI; vitamin d3 1.000UI; vitamin E 25.0UI; vitamin K3 3.0 mg; vitamin 
B1 1.5 mg; vitamin B2 4.0 mg; vitamin B6 1.5 mg and vitamin B12 1.8 mg. 
2Content per kg of product: chromium 1,600 mg and selenium 1,200 mg. 
3Experimental diets were obtained by adding the commercial product at 0.25 and 0.50 g kg-1 into the basal diet, in replacement of inert 
(kaolin). 
4Calculed based on the nutritional composition of raw materials (RoSTAGNo et al., 2011). 
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from 70 to 120 kg (MARCollA et al., 2017). 
Even for a long period of time (from 23 to 115 kg) 
the supplementation of chromium in the diet was 
insufficient to improve the performance and carcass 
characteristics of the pigs (MATTHEWS et al., 2001). 

on the other hand, lIEN et al. (2001) 
studied three levels of chromium picolinate (0, 
0.2, and 0.4 mg kg-1) for pigs from 46 to 110 kg 
and reported a 7% increase in weight gain when 
supplementation of 0.2 and 0.4 mg kg-1 was used over 
that in the control group. lI et al. (2013) and pERES 
et al. (2014) observed that the supplementation with 
chromium methionine for pigs during the whole 
finishing phase has potential to increase performance 
compared to non-supplemented treatments.

Concerning the selenium supplementation, 
the performance results obtained in the present study are 
in agreement with several previous studies that do not 
found significant effect of isolated supplementation 
selenium in pig diets (MATEo et al., 2007; STUpKA 
et al., 2012). In contrast, JANG et al. (2010) 
demonstrated that supplementation with 0.3 mg kg-1 
of chelated selenium in swine diets during the growing 
and finishing phases (47 to 100 kg) led to an increased 
weight gain of 9% for chelated selenium over that of 

the control group. In addition, MARTÍNEZ-GÓMEZ 
et al. (2012) demonstrated that pigs fed with 0.45 mg 
kg-1 yeast enriched with chelated selenium (organic) 
exhibited higher final weights than animals fed with 
0.45 mg kg-1 of sodium selenite (inorganic). These 
results reveal that the source of selenium may also 
influence the outcome of pig performance.

The combination of chromium-yeast and 
selenium-yeast did not significantly affect (P>0.05) 
the hot carcass weight, carcass length, back fat 
thickness, muscle depth, percentage and amount of 
lean meat, or the bonification index in the carcasses 
of finishing barrows. Similar results were obtained by 
STEFANKA et al. (2013) who demonstrated that the 
supplementation of 0.75 mg kg-1 of chromium nicotine 
associated with 0.3 mg kg-1 selenium methionine did 
not modify the carcass weight and thickness of pig fat 
during the finishing phase.

The isolated supplementation of 0.2 to 0.4 
mg kg-1 chromium picolinate or chromium propionate 
(MATTHEWS et al., 2001, 2005; ZHANG et al., 
2011), in swine diets during the growing and finishing 
phases did not affect the quantitative characteristics of 
the carcass. Similarly, quantitative characteristics of 
the carcass were not influenced by the supplementation 

 

Table 2 - performance and carcass characteristics of finishing barrows supplemented with different concentrations of chromium-yeast 
and selenium-yeast. 

Variable --Chromium-yeast and selenium-yeast supplementation (mg kg-1)--- CV (%) p-value 

 0 Cr 0 Se 0.4 Cr 0.3 Se 0.8 Cr 0.6 Se   
----------------------------------------------------------------------------performance-------------------------------------------------------------------------- 
Initial weight, kg 68.17 68.43 68.36 1.03 0.962 
Final BW, kg 100.79 99.70 100.44 2.90 0.882 
AdFI, kg 2.96 2.91 2.96 4.09 0.730 
MEI, Mcal day-1 9.32 9.35 9.51 4.09 0.732 
dIp, g day-1 437.55 439.12 446.74 4.09 0.732 
lYSI, g day-1 23.92 24.01 24.42 4.09 0.732 
AdG, kg day-1 1.12 1.08 1.11 7.21 0.783 
F:G 2.63 2.70 2.68 4.75 0.692 
------------------------------------------------------------------------Carcass characteristics------------------------------------------------------------------ 
HCW, kg 72.47 72.87 72.43 3.19 0.860 
Cl, cm 93.94 93.19 93.90 2.95 0.860 
BT, mm 8.33 8.34 8.70 20.76 0.231 
Md, mm 77.24 78.49 77.13 6.14 0.727 
PLM, % 62.89 63.01 62.67 2.15 0.316 
AlM, kg 45.60 45.90 45.41 4.00 0.492 
BI, % 107.22 107.45 106.99 1.44 0.315 
 

Final BW = final body weight; AdFI = average daily feed intake; MEI = Metabolizable energy intake; dIp = protein intake; lYSI = 
lysine intake; AdG = average daily gain; F:G = feed conversion; HCW = Hot carcass weight; Cl = Carcass length; BT = Backfat 
thickness; Md = Muscle depth; plM = percentage of lean meat; AlM = Amount of lean meat; BI = bonification index. 
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of 0.2 mg kg-1 chromium methionine (chelated) and 
chromium sulfate (inorganic) in the diet of finishing 
pigs (pERES et al., 2014). 

However, a positive response to chromium 
supplementation was observed by SAlES & JANCÍK 
(2011) from their meta-analysis study concluding that 
chromium supplementation in the diet of pigs during 
the growing and finishing stages decreased fat and 
increased the deposition of lean meat in the carcass. 
In contrast, WolTER et al. (1999) showed that pigs 
in the growing and finishing stages (22 to 110 kg), 
supplemented with yeast enriched with selenium, 
showed a decrease of approximately 15% in back fat 
thickness and increase of 7% in the rib eye area. 

An associated effect between chromium-
yeast and selenium-yeast was expected for the 
performance characteristics and quantitative 
characteristics of the carcass owing to the action 
mechanisms of each nutrient, which might be enhanced 
by this association. The main function of chromium is to 
maintain glucose homeostasis by increasing sensitivity 
to insulin (insulin potentiation), consequently 
increasing the uptake of glucose and amino acids 
(AMATA, 2013). Selenium is essential for proper 
immunity functions of animals, it is a component of 
glutathione peroxidase an enzyme whose main role is 
to destroy free radicals and protect the organism from 
oxidative damage. lymphocytes T and B form the 
major cells of the acquired system and mature with 
exposure to immune challenges. Selenium-deficient 
lymphocytes are less able to proliferate in response 
to mitogen, and in macrophages, the synthesis of 
leukotriene B4, which is essential for neutrophil 
chemotaxis, is also impaired by selenium deficiency. 
In addition, selenium protects macrophages and 
leukocytes against toxic compounds secreted by 
ingested bacteria and antibody titers and phagocytosis 
(ARTHUR et al., 2003). organic selenium has been 
shown to be more effective than inorganic to improve 
immune system status (KUMAR et al., 2009) and 
therefore, is essential for the efficient operation of 
the immune system in animals and, if not available in 
the necessary quantities, might result in the immune 
response being impaired (ARTHUR et al., 2003).

The environment temperature observed 
(27.5±2.0 ºC) during the experimental period can be 
considered above ideal for finishing pigs (NIENABER 
et al., 1987). However, it cannot be affirmed that the 
pigs of the present study were submitted to thermal 
challenge environment considering that the pigs feed 
intake and weight gain observed are in agreement with 
the Brazilian poultry and Swine Tables (RoSTAGNo 
et al., 2011). Thus, there was not enough thermal 

challenges to express the possible beneficial effects 
owing the supplementation of chromium-yeast 
and selenium-yeast, which may explain the non-
significant results obtained.

The contradictory results in the literature 
regarding chromium and selenium supplementation in 
pig diets may be related to the supplementation period 
and type of supplementation, the nutritional status of 
the pigs, the chromium and selenium sources, and the 
sanitary conditions to which the animals were exposed.

The nutritional recommendation of 
inorganic selenium for finishing pigs (70 to 100 kg) 
is 0.21 mg kg-1 (RoSTAGNo et al., 2017), however, 
in the present study the premix used provided 0.3 mg 
kg-1 of inorganic selenium. These facts could explain 
the lack of response to the initial supplementation of 
0.6 mg kg-1 of organic selenium.

There is no chromium nutritional 
recommendation established in the literature for 
finishing pigs (ROSTAGNO et al., 2017). Thus, 
even with the absence of chromium in the premix 
used, the animals did not respond to 0.8 mg kg-1 
supplementation of organic chromium. For this 
reason, we recommend further studies aiming at 
elucidating the nutritional requirements of chromium 
for finishing pigs in order to better understand the results 
observed for organic chromium supplementation in the 
present and others studies. 

The associated supplementation of 0.8 mg 
kg-1 of chromium-yeast and 0.6 mg kg-1 of selenium-
yeast in the diet does not modify the performance and 
quantitative characteristics of the carcass of barrows 
in the finishing phase.
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