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RESUMO
Foram realizados trés experimentos, sendo dois ensaios de digestibilidade total e

outro de desempenho. No capitulo | foi conduzido um ensaio de digestibilidade total com
24 suinos machos castrados de linhagem comercial com peso médio inicial de 70 £7,18
kg, distribuidos em gaiolas de metabolismo. O DDGS substituiu a racao referéncia em
10; 20; e 30%, quatro tratamentos. Foram determinados os valores de energia digestivel
(ED) energia metabolizavel (EM), coeficientes de digestibilidade (CDEB) e
metabolizabilidade da energia bruta (CMEB), a relacdo EM:ED e a energia liquida (EL)
das racdes experimentais. No ensaio de desempenho foram utilizados 40 suinos machos
castrados, de linhagem comercial, com peso médio inicial de 70 1,0 Kg e abatidos com
peso médio final de 100 Kg. As racdes experimentais foram formuladas para atender as
exigéncias nutricionais de suinos de 70 a 100 kg de peso vivo quatro niveis de inclusdo
de DDGS (7,5; 15; 22,5 e 30%). Esses animais foram avaliados quanto a desempenho
produtivo, pardmetros sanguineos e caracteristicas quantitativas e qualitativas da carcaca.
As andlises estatisticas utilizaram o pacote estatistico SAS (2001). Os graus de liberdade
referentes aos niveis de inclusdo de DDGS foram desdobrados em polinémios ortogonais,
para obtencdo das equacdes de regressao. A significancia foi estabelecida em 5%. Nao
foram observadas diferencas (P<0,05) para o desempenho de crescimento, parametros
sanguineos e caracteristicas quantitativas de carcaca. O DDGS apresentou 3.926,7kcal
ED/kg e 3.767 kcal EM/Kg e a sua inclusdo em até 30% nas racGes nao influenciaram o
desempenho, parametros sanguineos, caracteristicas de carcaca, qualidade da carne e da
barriga/panceta dos animais. No capitulo II, também foi conduzido um ensaio de
digestibilidade total, com 44 suinos machos castrados de linhagem comercial de peso
médio inicial 80+8,9 kg. Foi incluso 20% das 10 diferentes partidas de DDGS na racao
referéncia, com cinco repeticGes. Para o ajuste das equacdes dos valores de EM e EL, as
analises de regressao foram realizadas, apds determinada a composi¢do quimica e obtidos
os valores energéticos dos alimentos, por meio de regressao linear simples e mdltipla,
técnica de Eliminacdo Indireta (Backward). Os valores de energia digestivel e
metabolizavel dos DDGS encontrados, variaram de 3853 a 4664 kcal/kg MS e 3755 a
4506 kcal/kg MS, respectivamente. A equagdo com melhor ajuste para estimar a EM do
DDGS para suinos em fase de terminagédo foi EM=10368,9 - 192,561*PB + 481,541*FB
—101,953*FDN — 119,236 *EE - 112,994*A (R?= 0,38).

Palavras-chave: coprodutos, digestibilidade, desempenho



ABSTRACT

Three experiments were carried out, two of total digestibility and one of performance. In
chapter I, a total digestibility trial was carried out with 24 barrows from commercial strain
with an average initial weight of 70 £7.18 kg, individually distributed in metabolism
cages. The DDGS replaced the reference ration in percentages of 10; 20; and 30% four
treatments. The values of digestible energy (DE) metabolizable energy (ME), digestibility
coefficients (CDEB) and metabolizability of gross energy (CMEB), the ME:DE and the
net energy (EL) of the experimental rations were determined. In the performance test, 40
castrated male pigs, from commercial lineage, with an average initial weight of 70 £1.0
kg and slaughtered with an average final weight of 100 kg were used. The experimental
rations were formulated to meet the nutritional requirements of pigs from 70 to 100 kg
live weight with four levels of DDGS inclusion (7.5; 15; 22.5 and 30%). These animals
were evaluated for productive performance, blood parameters and quantitative and
qualitative carcass characteristics. Statistical analyzes were performed using the SAS
statistical package (2001). The degrees of freedom referring to the DDGS inclusion levels
were broken down into orthogonal polynomials to obtain the regression equations.
Significance was set at 5%. No differences (P<0.05) were observed for growth
performance, blood parameters and quantitative carcass characteristics. The DDGS had
3,926.7kcal DE/kg and 3,767 kcal ME/kg and its inclusion in up to 30% in the rations did
not influence the performance, blood parameters, carcass characteristics, meat and
belly/pancetta quality of barrows in the finishing phase (70-100 kg). In chapter 11, a total
digestibility trial was also carried out, with 44 barrows with an average initial weight of
80+8.9 kg, individually distributed in metabolism cages. 20% of the 10 different batches
of DDGS from the distillery industries were included in the reference ration, with five
replications. For adjustment of the prediction equations of the ME and EL values, the
regression analyzes were carried out, after the chemical composition had been determined
and the energy values of the foods obtained, by means of simple and multiple linear
regression, using the technique of Indirect Elimination (Backward), using the System of
Statistical and Genetic Analysis. The values of digestible and metabolizable energy of the
DDGS found ranged from 3853 to 4664 kcal’kg DM and 3755 to 4506 kcal/kg DM,
respectively. The best fit equation to estimate the DDGS ME was ME=10368.9 -
192.561*PB + 481.541*FB — 101.953*NDF — 119.236 *EE - 112.994*A (R2= 0.38).

Keywords: co-products, digestibility, performance
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| - INTRODUCAO

Para atender a demanda do mercado nacional e internacional, a suinocultura busca
estratégias que possam otimizar a producéo e reduzir o custo, principalmente relacionado
a alimentacdo e nutricdo animal.

A alimentacdo dos suinos é considerada o item de maior custo produtivo, pois €
constituida basicamente por milho e farelo de soja que, apesar de apresentarem uma
expressiva qualidade nutricional e se caracterizarem como alimentos com excelentes
teores de energia e proteinas, sdo insumos que oneram o valor das ragdes, influenciado
diretamente a rentabilidade da atividade suinicola.

No entanto, 0 bom desempenho dos suinos depende de muitos fatores que se
encontram diretamente relacionados com a quantidade e a qualidade da dieta ingerida,
uma vez que devera garantir as necessidades dos animais para a mantenca e producao e
ainda devem estar de maneira totalmente integrada e coordenada para proporcionar a
maxima eficiéncia produtiva (Del Vesco et al., 2014).

O milho destaca-se como o principal cereal usado na alimentacdo dos suinos e é
amplamente cultivado nos Estados Unidos e no Brasil, por sua alta concentracdo de
amido, a industria de biocombustivel tem usado essa matéria-prima para a producéo de
etanol.

A producao de biocombustiveis a partir do milho resulta na geracédo de coprodutos
que podem ser utilizados na dieta de suinos, como os grdos secos de destilaria com
soluveis do etanol de milho, globalmente conhecidos como distillers dried grains with
solubles (DDGS), com reconhecido valor nutricional para a inddstria de racdo animal
(Pedersen et al., 2014)

Os DDGS sdo considerados os principais coprodutos da industria de etanol
obtidos a base de gréos, e estdo disponiveis em grandes quantidades e com pre¢os mais
atrativos e por serem adaptaveis a diferentes dietas, podendo entrar tanto como proteico,
substituindo o farelo de soja, ou como proteico energético, substituindo o milho (Pereira
etal., 2019).
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O DDGS contém todos os nutrientes do gréo de cereal que Ihe deu origem (milho,
trigo, sorgo, cevada e centeio) em forma mais concentrada, exceto o amido, por ser
utilizado no processo de fermentacao (Corassa et al., 2021).

Comparado com o milho, o DDGS tem maior teor de energia bruta (EB),
aminoacidos e gordura (Stein e Shurson, 2009; NRC, 2012) e, portanto, pode ser
potencialmente boa fonte de energia e aminoacidos para 0s suinos. Porém, o DDGS
possui maior teor de fibra do que o milho e os suinos, ao contrario dos ruminantes, nao
sdo eficientes na digestdo da fibra, e, consequentemente pode resultar na diminuicéo da
utilizacdo de nutrientes do DDGS para suinos (Stein e Shurson, 2009; Zangaro e woyengo,
2022).

Dessa forma, nota-se que a composi¢do quimica e bromatolégica do DDGS é
atrativa, aumentando a utilizacdo deste ingrediente na alimentacdo animal. O uso de
DDGS para suinos em crescimento foi evidenciado por Linnen et al., (2008), em que a
incluséo de 15% de DDGS néo afetou significativamente o ganho de peso e o consumo
de racdo. Porém, a utilizacdo de 30% levou a diminuicao de ganho de peso.

Segundo Lautert (2016), o DDGS de milho pode ser incluido nas dietas de suinos
em terminacdo em niveis de até 30% sem prejuizos ao desempenho e caracteristicas de
carcaca e carne. Contrariamente Graham et al., (2014), observaram que 0 aumento da
inclusdo de DDGS na dieta de suinos em terminacdo diminui o ganho de peso diério,
eficiéncia alimentar, peso final, além de reduzir a gordura e rendimento da carcaca.

Contudo, para determinar o nivel adequado de inclusdo de DDGS de milho nas
racGes para suinos deve-se levar em consideracdo a sua composi¢do quimica e energética,
as respostas zootécnicas e as caracteristicas quantitativas e qualitativas das carcacas com
intuito de garantir 6tima eficiéncia produtiva.

Tais questbes evidenciam a relevancia da realizacdo de pesquisas que priorizem a
busca por fontes alimentares alternativas, as quais possam propiciar ndo somente reducao
do custo produtivo, mas fornecer aporte adequado de nutrientes para que 0s animais
possam expressar todo o seu potencial genético no decorrer de todas as diferentes fases

de producéo.
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REVISAO DE LITERATURA

1. Etanol de milho

O aumento populacional global proporcionou acréscimo na producdo e no
consumo de alimentos, energia e combustiveis, assim como a preocupagdo com o
aquecimento global. Com isso, 0 consumo de combustiveis chama a atengdo mundial,
pela sua producdo ser basicamente a partir de matéria-prima fossil, cujas reservas naturais
estdo cada vez menos abundantes (Santos et al., 2017).

A busca por fontes alternativas de energia menos agressivas ao meio ambiente e
mais sustentaveis, assim como o uso de grdos de cereais para a producdo de
biocombustiveis tem se mostrado uma opg¢do promissora.

Os grados de milho também vém sendo utilizado para a producdo do
biocombustivel com a producdo de 3 milhdes de litros (safra 2020/2021). A crescente
producdo de biocombustiveis a partir do milho deve-se, principalmente por ser o cereal
mais produzido no mundo. O milho é altamente cultivado em razdo de sua demanda, para
alimentar humanos e animais. Neste sentido, o Brasil ocupa o terceiro lugar na producéo
mundial, com aproximadamente 89,1 milhdes de toneladas na safra 2020/2021 (CONAB,
2020). O milho rende em média 12 toneladas de grdos por hectare, que podem se
transformar aproximadamente em 4.500 litros de etanol (SINDACOL, 2020) e quatro
toneladas de DDGS (UNEM, 2021).

A utilizacdo do milho, possibilita a producdo de alcool em periodos de maiores
precos, contribui para a redugdo do custo fixo da industria, ocasionado pela entressafra
dos produtos tradicionalmente utilizados, e pela facilidade de ser processado quando
necessario (Corassa et al., 2018).

Além do milho, outros cereais como trigo, cevada e sorgo também vém sendo
processados para a producéo de etanol, apresentando o DDGS como principal coproduto
do processo fermentativo, que pode ser utilizado na alimentacéo animal e reduzir os danos
ambientais gerados por esses coprodutos e, consequentemente, melhorar a viabilidade

econbmica da industria alcooleira (Santos et al., 2019).
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2. Processamento e producdo de DDGS

O aumento da demanda por etanol resultou em crescimento na producdo, que
também pode ser produzido a partir do milho, por moagem a seco ou moagem Umida. Esse
processo de moagem da origem aos grdos de destilaria, que sdo conhecidos por
coprodutos oriundos do processo de moagem de cereais a etanol. Devido a sua
composi¢do bromatolégica é considerado excelente alimento para uso em ragdes para
suinos (Corassa et al., 2021). A moagem a seco é o metodo mais utilizado, principalmente
nos Estados Unidos, pois requer menos capital para construcdo da planta industrial.

A producdo de etanol a partir do milho, por moagem a seco, comeca apds o
recebimento dos graos, ocorrendo a moagem que normalmente é realizada através de um
moinho tipo martelo, utilizando peneira com malha 3 a 5 mm. Depois disso, obtém-se o
milho moido ou a farinha, que é umedecida com H>O (agua). Na pasta umida ocorre a
mistura e adigdo das enzimas a-amilases, que atuam na liberacdo da dextrina, maltose,
glicose, tetrose e maltotriose, e esse processo é chamado de "liquefacdo”. Em seguida a
pasta é submetida ao calor/processo de cozimento, a aproximadamente 104°C em tanques
de vapor, para que haja a quebra da estrutura cristalina dos granulos de amido. Depois
disso, a pasta cozida é resfriada a 32°C e adiciona-se a enzima glucoamilase, necessaria
para converter a dextrina em dextrose simples de aclcar (Erickson et al., 2005; Berger e
Singh, 2010; El- Hack et al., 2015).

No processo de fermentacdo é necessario misturar um indculo de leveduras ao
alimento, que sera fermentado em alcool etilico (etanol) e diéxido de carbono (COz), por
meio da acdo das leveduras (Saccharomyces cerevisiae). Na sequéncia ocorre a
destilacdo, no qual o etanol € removido do mosto fermentado. O etanol resultante do
processo de destilacdo pode ser do tipo anidro, que é usado para adicdo a gasolina, e
hidratado, que € comercializado nos postos de combustiveis (El- Hack et al., 2015).

O subproduto imido do processo de moagem a seco € denominado vinhacga, que
é centrifugada e separada em fracGes, dando origem a trés outros materiais com
caracteristicas de solidos, 6leos e liquidos (Berger e Singh, 2010). A fracdo solida, depois
de seca, origina o farelo denominado DDGS, com aproximadamente 12% de umidade, e
pode ser utilizado na alimentagdo animal. O Oleo permanece em seu estado
bruto/degomado e podera ser comercializado pela industria de refino. J& a agua pode ser

armazenada em lagoas de decantagdo de liquido residual e, posteriormente, usada como
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adubacdo organica, principalmente nas lavouras de cana, por ser considerada uma fonte
de fosforo (Berger e Singh, 2010; Us, 2012).

Figura 1- Fluxograma simplificado do processo de obtencdo do etanol e seus
subprodutos—Moagem Seca.

Milho  |™*| Moagem |=*| Agua |==*| Adicdode |==| Cozimento

enzimas
Vinhaca [¢== Etanol = | Destilacio | ¢== Fermentacéo J

r Oleo

Distillers Dried

X N - -
Centrifugacéo Solidos —) Grains with Solubles

~ Liquido

Fonte: Adaptado de Berger e Singh (2010).

Ja moagem Umida comeca com a limpeza dos gréos de milho, para remocéao dos
grdos quebrados, palha, pedacos de sabugos e material estranho. Apds esse procedimento
0s grdos sdo acondicionados em solugdo de dgua contendo de 0,1% a 0,2% de diéxido de
enxofre, a uma temperatura de aproximadamente 50°C durante 24 a 48 horas, mas esse
periodo é reduzido para 6 a 12 horas quando se utiliza milhos fragmentados (Cardozo et
al., 2012).

Esse procedimento tem por finalidade aumentar a eficiéncia da separagdo dos
granulos de amido e proteinas do endosperma, por meio da incorporagéo da agua ao grao,
que permite a producdo de multiplos alimentos e produtos, incluindo o etanol. O farelo
de glaten e o gluten séo considerados os principais coprodutos oriundos da producéo de
etanol a partir do processo de moagem Umida (Liu, 2011).

Na sequéncia, 0s gréos passam por trituragdo grossa e sédo incubados com enzimas
degradadoras de proteinas e amido, por 2 a 4 horas. Essas enzimas aumentam a gravidade
especifica da pasta e ajudam na separacdo dos componentes individuais do milho (farelo
de milho, amido, farelo de gluten de milho, germe e componentes sollveis). Ja 0s

procedimentos seguintes, usados para produzir etanol em moinhos imidos, é semelhante
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ao anteriormente descrito para usinas de etanol de cereais com moagem a seco (Erickson
et al.; 2005; Berger e Singh, 2010; Us, 2012).

Desta forma, apds a producdo do etanol origina-se um coproduto chamado de
vinhaca, que a partir da centrifugacéo é separada em duas fragdes (s6lidos grosseiros e a
vinhagca fina) que apos a evaporacédo origina os chamados destilados condensados. Ja os
s6lidos grosseiros podem ser comercializados imediatamente como os Grios Umidos de
Destilaria — (WDG), ou serem secados e transformados nos Graos Secos de Destilaria —
(DDG). Além disso, € comum acrescentar a eles os destilados condensados que resultara
nos Gréaos Secos de Destilaria com Soltveis (DDGS). Os destilados condensados podem
também ser adicionados aos Grdos Umidos de Destilaria, formando o Graos Umidos de
Destilaria com Soluveis (WDGS) e ainda os Grdos Secos de Destilaria com Soluveis
Modificado (MDGS), que é um intermediario entre o Umido e o seco (Kingsly et al., 2010;
Us, 2012; Sobrinho,2012).

Figura 2 — Fluxograma simplificado do processo de obtencao do etanol e seus
subprodutos. — Moagem Umida.

Milho  [==» Agua =>| Moagem |™» | Adicdo de enzimas

Vinhaca el Etapol | e Destilacio | ®=| Fermentagfo J
Completa

L Centrifugacdo |==»| Vinhaca | we Evaporagdo
l Fina l
DDG Umidos —— Destilados
S6lidos Condensados
Grosseiros WDGS (xarope)
Secagem —) DDG 4_|
2 2

DDGS - Distillers Dried
Grains with Solubles

Fonte: Adaptado de Us, (2012)
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3. Composic¢ao nutricional do DDGS de milho

Com a producdo crescente de etanol de milho, nota-se aumento na producdo do
DDGS, que repentinamente vem se tornando um coproduto global atrativo para
alimentacdo animal. O DDGS é uma fonte rica em fibras, proteinas, lipidios,
aminoacidos, minerais, vitaminas e outros nutrientes importantes para a alimentacao
animal (Stein e Shurson, 2009).

Segundo Stein e Shurson (2009) e Liu (2011) aproximadamente dois tercos da
massa do material (com base no teor de amido do milho) é convertido em etanol e didxido
de carbono durante o processo de moagem a seco. Assim, 0 amido presente no DDGS ¢é
baixo (3 e 11%) e normalmente as concentracdes de todos o0s nutrientes ndo fermentados,
(gérmen, Oleo, proteinas, minerais e fibras) € aumentado em aproximadamente trés vezes
em relacdo ao teor encontrado na matéria-prima original nos gréos de destilados.

Os valores apresentados na literatura, correspondentes a concentragédo e
disponibilidade dos nutrientes do DDGS de milho, mostram grandes variagcdes entre
diferentes fontes estudadas, devido, principalmente aos diferentes cultivares de milho em
varias localizacdes geogréficas, composicdo nutricional da matéria-prima utilizada,
métodos de processamento, quantidades de solutos adicionados aos grdos de destilados,
efeito da levedura utilizada no processo de fermentacao, eficiéncia de conversdo do amido
em etanol, temperatura e duracdo da secagem e parametros analiticos utilizados para as
analises bromatoldgicas (Liu, 2011).

Diante disso, estudos vém sendo realizados para caracterizar o perfil nutricional
dos graos secos de destilarias com soluveis, podendo observar que a composic¢ao quimica
e bromatolégica dos DDGS (tabela 1) a partir dos valores copilados da literatura,
apresentaram teores de matéria seca (MS) que variaram entre 87 a 92,6 % e proteina bruta
de 25 a 38%.

No entanto, valores superiores a 38% de proteina bruta (PB) também podem ser
obtidos, sdo decorrentes de DDGS produzidos quando o germe € retirado do grdo e o
endosperma € direcionado para a fermentacdo e producdo de etanol, todavia esse
coproduto apresentard menor teor de extrato etéreo (Gibson e Karges, 2006). Diante disso,
pode ser observada variagdo nos resultados apresentados por Anderson et al., (2012);
apresentando teor de fibra bruta (FB) de 6,5 a 9,9%; fibra em detergente neutro (FDN)
entre 22 e 48% e Fibra em detergente acido (FDA) entre 10,04 e 18,77%, pois a
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Tabela 1- Composicao quimica e energética do milho e dos gréos secos destilados de milho com soltveis (DDGS), na matéria seca.

Milho DDGS
Caracterizacéao 1 2 3 Média 1 2 3 4 5 6 Média
MS (%) - 87,43 88,9 87,67 88,9 - 87,62 88,55 90,22 89,27 89,2
MM (%) 1,5 1,11 1,11 1,16 5,8 4.8 3,83 4,53 2,12 - 4,3
PB (%) 10,9 7,25 7,86 8,30 30,2 25 28,26 26,97 38 37,58 30,24
EE (%) 4,3 2,9 3,81 3,48 10,9 10,3 10,21 11,62 2,89 8,42 8,09
FB (%) 2,9 2,46 1,73 2,36 8,8 9,9 - 8,7 - - 9,13
FDA (%) - 3,75 3,02 - - 10,15 12,84 10,04 - 12,95
FDN (%) - 8,51 7,6 - - 24,19 25,02 48,12 31,7 40,39
Ca (%) 0,03 0,02 0,02 0,02 - 0,15 0,07 0,04 - 0,03 0,07
P (%) 0,29 0,18 0,06 0,18 - 0,71 0,63 0,76 - 0,81 0,73
EM Kcal/Kg - - 3.360 3.360 3.741 - 3.897 3.194 - 3.698 3.633
ED Kcal/Kg - - - - 3.979 - 4.140 3.461 - - 3.860
Aminoéacidos Totais
Lisina 0,24 0,25 0,23 0,24 0,82 0,77 0,80 0,93 - 1,37 0,94
Treonina 0,39 0,27 0,31 0,32 1,12 1,01 0,95 1,11 - 1,48 1,13
Metionina 0,21 0,17 0,16 0,18 0,54 0,54 0,67 0,53 - 0,79 0,61
Triptofano 0,09 0,05 0,06 0,07 0,24 0,76 0,18 0,18 - 0,28 0,33
Valina 0,51 0,34 0,36 0,40 1,48 1,63 1,44 1,37 - 1,92 1,57
Isoleucina 0,39 0,24 0,26 0,30 1,12 1,52 1,09 1,08 - 1,45 1,25
Leucina 1,12 0,82 0,95 0,96 3,50 2,43 3,53 3,12 - 1,03 2,72
Histidina 0,25 0,22 0,24 0,24 0,75 0,70 0,74 0,80 - 1,03 0,80
Fenilalanina 0,49 0,33 0,37 0,40 1,45 1,64 1,40 1,31 - 2,07 1,57
Tirosina 0,43 0,18 0,28 0,30 - 0,76 1,18 0,90 - 1,64 1,12
Arginina 0,37 0,37 0,98 1,24 1,22 0,95 - 1,27 1,13

MS= Matéria Seca; MM= Matéria Mineral; PB= Proteina Bruta; EE= Extrato Etéreo; FB= Fibra Bruta; FDA= Fibra em Detergente Acido; FDN= Fibra em Detergente Neutro;
Ca= Calcio; P= Fésforo; EM= Energia Metabolizavel; ED= Energia Digestivel. Composi¢do quimica e bromatoldgica do milho — Fontes: Rausch e Belyea, 2006%; Wu et al.,
20162; Rostagno et al., 2017%; Composicdo quimica e bromatoldgica do DDGS de milho — Fontes: Média dos dados avaliados por Spiehs et al., 2002%; Rausch e Belyea, 20062;
média dos dados avaliados por Pedersen et al., 2007%; média dos dados avaliados por Wu et al., 2016%; Santos et al., 2019%; Yang et al., 2019
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fibra ndo é convertida em etanol e, como resultado, tem sua concentracdo mais elevada no
coproduto.

A concentracdo de extrato etéreo (EE) dos DDGS observados na literatura, apresentaram
valores entre 2,33 e 15,00% e elevado teor de energia digestivel (3461 -4140 Kcal de
ED/Kg) bem como, alto valor de energia metabolizavel (3698 — 3897 Kcal de EM/Kg
(Spihes et al., 2002; Rausch e Belyea, 2006; Pedersen et al., 2007; Wu et al., 2016; Santos
etal., 2018; Yang et al., 2019).

Segundo El-Hack et al., (2015), o DDGS de boa qualidade e, ou bem processado
pode apresentar teores energéticos igual ou superior ao encontrado para o milho gréo.
Anderson et al., (2012) relataram que a energia € 0 componente mais oneroso na dieta de
suinos, portanto, ocupa maior percentual de inclusdo na racdo, desta forma, um
fornecimento preciso de energia e nutrientes € essencial para otimizar a producao de suinos.
Portanto, sdo necessarias informacOes precisas sobre as necessidades energéticas e
nutricionais dos suinos e os valores nutritivos dos ingredientes da racdo e das dietas, pois
um dos principais objetivos das pesquisas em nutricdo de suinos é combinar as
necessidades de energia e nutrientes para suinos com as quantidades de energia e nutrientes
da dieta de maneira econémica.

A energia ndo é um nutriente, mas é necessaria para todos 0s processos biol6gicos
em suinos. Deste modo, Noll et al., (2007) observaram que a taxa de adi¢do de sollveis
durante o processo de obtencdo do DDGS esta diretamente relacionada ao
contetdo energético bruto dos graos de destilarias. Adicionalmente, Batal e Dale
(2006) relataram que a digestibilidade da energia é variavel e pode ser
influenciada pelo percentual de polissacarideos ndo amilaceos. Stein e Shurson
(2009) verificaram que a digestibilidade aparente total da fibra dietética dos gréos secos de
destilarias com sollveis € inferior a 50%, e possivelmente pode resultar em valores de
digestibilidade reduzidas para matéria seca (MS) e energia.

A concentracdo de calcio (Ca) e fosforo (P) apresentada em diferentes
estudos revelaram que o DDGS pode ser considerado boa fonte desses minerais,
pois verificou-se valores entre 0,03 e 0,15% e 0,71 a 0,81%, respectivamente
(Rausch e Belyea, 2006; Pedersen et al., 2007; Wu et al., 2015; Santos et al., 2019; Yang
et al., 2019). A variacdo observada deve-se, principalmente a variacdo desses
minerais nas cultivares de milho e na quantidade de residuo de amido no DDGS
(Amezcua et al., 2004).

Em relacéo aos teores aminoécidos do DDGS, verificou-se que a lisina variou de
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0,56 a 0,98%, treonina de 0,75 a 1,1%, metionina de 0,38 a 5,9%, triptofano de 0,12 a
0,33%, valina de 0,69 a 1,93%, isoleucina de 0,77 a 1,52%, leucina de 2,42 a 3,21%,
histidina 0,70 a 0,85%, fenilalanina de 1,05 a 2,07%, tirosina 0,76 a 0,94% (Spihes et al.,
2002; Rausch e Belyea, 2006; Pedersen et al., 2007; Wu et al., 2015; Yang et al., 2019).

Neste sentido, nota-se que a composicdo do DDGS ¢ atrativa, e Seu uso na
alimentacdo animal aumentou de forma expressiva, contudo, para determinar o nivel
adequado de inclusdo de DDGS nas ra¢des para suinos deve-se levar em consideracao as
respostas zootécnicas, pois 0s nutrientes constituintes possuem menor digestibilidade
quando comparado ao milho.

Em estudos realizados por Stein e Shurson (2009), com o objetivo de avaliar 0 uso
de gréos secos de destilarias com solGveis em dietas de suinos, foi observada variagdo na
digestibilidade dos aminoacidos entre as 39 amostras de DDGS avaliadas e relataram que
a maior parte dos aminoacidos apresentaram digestibilidade inferior em aproximadamente
dez unidades percentuais quando comparados com o milho. No entanto, essa diferenca
pode estar associada a maior concentracdo de fibra no coproduto do etanol, pois teores de
polissacarideos ndo amilaceos superiores promovem a reducdo da digestibilidade e o
aproveitamento dos nutrientes (Furlan et al., 2001), presentes nos DDGS e, possivelmente,
na reducdo da taxa de crescimento e piora na eficiéncia alimentar.

Além da presenca da concentracdo mais elevada do teor fibroso, existem outros
fatores que também contribuem com a reducéo da digestibilidade dos nutrientes do DDGS,
sendo eles a presenca de nitrogénio aderido a fibra (que torna parte da proteina indigestivel
para animais monogastricos), reducdo da biodisponibilidade proteica causada pela
presenca de PB na parede celular da por¢do insoltvel das fibras e a reacdo de Maillard
ocasionada quando o DDGS é submetido a calor excessivo durante o processamento (Stein
et al., 2006; Barletta et al., 2011; Vasconcelos, 2014).

A lisina sofre sensivel degradacgdo pelo calor, por sua estrutura quimica, que é
constituido por um grupo amino, que na presenca de agucares condensa e quando aquecido
ocorre a reacdo de Maillard e a torna indisponivel para o animal. Desta forma, a proporcao
de lisina digestivel pode servir como orientagdo para identificacdo de DDGS com maior
grau de dano térmico (Stein et al., 2006; Jacela et al., 2011). Sendo assim, amostras mais
claras apresentam maior contedo de lisina que as amostras mais escuras (Pedersen et al.,
2005).

A menor eficiéncia da fermentagdo do amido também pode contribuir para o

aumento de aclcares nos graos de destilados de milho com solaveis, levando a maior

20



potencial para reacGes dos grupos agucar-amino e, portanto, reduz a disponibilidade da
lisina. Isso torna o coproduto de destilarias de etanol de milho um alimento com alto teor
de proteina bruta, mas de baixa concentracdo de lisina digestivel (Naidu et al., 2007; Harris,
2014).

Nesse sentido, a intensidade de cor do DDGS também pode ser usada como
indicativo rapido e confiavel da digestibilidade de amino&cidos que compdem 0s grédos
de destilarias. De acordo com Urriola e Stein (2014), amostras claras apresentam maior
digestibilidade quando comparadas as mais escuras. 1sso pode ser proporcionado pelo
processo de secagem do DDGS, principalmente em grdos de destilados com maior
concentragéo de solutos, que provavelmente torna a fase de aquecimento mais prolongada
e excessiva, culminando para desnaturagao proteica, sendo a lisina a mais afetada, seguida
por triptofano e metionina.

A lisina é o primeiro e mais limitante aminoacido em dietas de suinos (NRC, 2012).
Assim, 0s aminoacidos sdo expressos como uma porcentagem em relacdo a lisina para
atender aos requisitos dos suinos. No entanto, concentra¢des de nutrientes necessarias na
dieta de suinos sdo dependentes de energia. Com isso, aumentos de concentracdo de
aminoacidos na dieta de suinos sdo acompanhados de aumento dos niveis de energia para
otimizar a produtividade (Manu e Baidoo, 2020).

Deste modo, a variabilidade na digestibilidade de aminoacidos também pode ser
explicada pelo maior ou menor teor lipidico encontrado nas diferentes fontes de DDGS,
pois concentracdes mais elevadas de lipidios nos grdos de destilarias reduzem o
esvaziamento gastrico, o qual diminui a taxa de passagem da digesta, permitindo maior
tempo para digestdo de peptideos e aminoacidos e, portanto, resultam em maior
digestibilidade de aminoéacidos (Curry et al., 2014).

O teor lipidico do DDGS também interfere na concentracdo de acidos graxos poli-
insaturados presentes na gordura da carcaca de suinos. Os teores de gordura observados
em diferentes DDGS mostram que a maioria apresenta teores de gordura com
aproximadamente 10%, sendo ricas em acidos graxos poli-insaturados.

Os principais acidos graxos presentes no 6leo do DDGS de milho sdo os acidos
linoleico, oleico e palmitico (Diaz-Royon et al., 2012; Lee et al., 2015). Os &cidos linoleico
e oleico séo acidos graxos insaturados que contribuem para o alto contetudo de energia do
DDGS, mas, também contribuem para maior suscetibilidade a oxidacao.

O acido linoleico (C 18:2) é um acido graxo insaturado presente no DDGS em maior

concentragdo, com aproximadamente 50% (Diaz-Roydn et al., 2012), e, é responsavel pelo
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maior grau de insaturacdo da gordura, reduzindo o tempo de prateleira dos cortes de carne
suina por alterar o perfil de acido graxo na gordura intramuscular, no tecido adiposo
abdominal e subcutaneo em animais alimentados com niveis elevados de DDGS (Wang et
al., 2012), pois a fonte de gordura da dieta fornecida aos animais reflete diretamente no
perfil de &cidos graxos da carne (Shircliff et al., 2019).

Contudo, o DDGS caracteriza-se como ingrediente de boa qualidade nutricional
que pode ser utilizado em racgBes para suinos, todavia o nivel de inclusdo depende da fase
de producéo e a composicao nutricional. Portanto, é de suma importancia o conhecimento
adequado de sua composicdo quimica e bromatoldgica para se formular racGes, pois a
inconsisténcia no valor dos nutrientes pode contribuir para formulagdes inadequadas,

prejudicando a produtividade dos animais.

4. Equacdo de predicéo para estimar o valor energético do DDGS

As pesquisas mais antigas relacionadas a composi¢do quimica do DDGS de milho
apresentam valores de aproximadamente 10 a 12% de dleo, e um teor de energia
metabolizavel semelhante ao milho (Stein e Shurson, 2009). Com o desenvolvimento de
plantas industriais produtoras de etanol a partir do milho, tem-se observado melhoria na
eficiéncia de extracdo, especialmente do 6leo (Keer, 2014). Deste modo, observa-se que 0
DDGS apresenta variacdo na composicao de energia e nutrientes, e valores tabelados para
esses novos coprodutos ndo sdo encontrados na literatura (Urriola et al., 2014).

Segundo Rostagno et al., (2007), a eficiéncia do método de formulacdo da dieta
depende da precisdo a qual a energia é estabelecida, evitando a caréncia ou 0 excesso, uma
Vez que 0 excesso de energia pode reduzir o consumo de nutrientes considerados essenciais
aos animais e a caréncia pode limitar o desenvolvimento dos tecidos, caso ndo ocorra a
corregdo da relagédo nutriente: energia (Alvarenga et al., 2013).

Desse modo, em funcdo da grande variacdo da composicdo nutricional e valores
energeéticos dos coprodutos de destilarias de etanol de milho, estdo sendo realizadas
pesquisas para determinar os valores energéticos dos DDGS. Quando realizadas por
métodos diretos, 0s quais caracterizam-se por ensaios metabolicos e utilizacdo de uma
bomba calorimétrica, estes proporcionam respostas robustas, porém demoram mais tempo
para fornecer os resultados e sdo bastante trabalhosos (Urriola et al., 2014).

Outro método, caracterizado como indireto, é 0 uso das equacdes de predicdes, que
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€ uma técnica rapida e que tem como objetivo estimar com precisdo o valor energético de
determinado alimento, resultando em formulagé&o eficiente. Dessa forma, para proporcionar
maior rapidez e a realizacdo de menor nimero de andlises laboratoriais € desejavel que as
equacOes de predicdo possuam de duas a quatro varidveis independentes, e 0 uso de
modelos com menor nimero de regressoras pode melhorar a aplicabilidade da equacéo
(Pozza et al., 2008; Rodrigues, 2012).

As variaveis da composicao quimica (independentes ou regressoras) do alimento
(MS, PB, EE, FDN, FDA, MM, Ca e P) podem compor o0 modelo completo em fungéo da
variavel EM (dependente ou resposta). Posteriormente, e utilizando a técnica de eliminacgéo
indireta, pode-se chegar ao modelo contendo apenas uma regressora (Esteves et al., 2017).

Nesse sentido, Li et al., (2015) desenvolveram um estudo com o objetivo de
determinar equac@es de predicdo para DDGS de milho com baixos e altos teores de 6leo,
e a equacao gque mais se ajustou para 0 DDGS rico em 0leo foi EM (kcal/kg) = 7898 - (42,1
* FDN %) - (136,2 * MM %) + (101,2 * EE %) - (103,8 * PB %), enquanto para DDGS de
milho com 6leo reduzido foi EM (kcal/kg) = 1554 - (44,11 * FDN %) + (0,77 * EB %) -
(68,51 * MM %). Os autores ainda relataram que os valores de EM nos DDGS dos milhos
estdo, principalmente relacionados ao EE e as concentrac@es de fibras.

Contudo, para a utilizacdo das equacdes com base em suas composi¢es quimicas,
é fundamental que elas sejam testadas e validadas, além de apresentarem boa acuracia ao
se estimar os valores de energia que possam ser utilizados em formulacdes de racdes para

suinos (Anderson et al., 2012).

5. Inclusdo do DDGS na dieta de suinos

A busca por alimentos alternativos com valor comercial atraente, como coprodutos,
vem aumentando gradativamente, pois representam uma forma de minimizar os gastos com
a alimentacdo, que é responsavel pela maior taxa de desembolso na atividade suinicola. O
DDGS tem sido utilizado nas dietas de suinos em todas as fases de producéo.

O uso de DDGS em racdes para leitbes desmamados € descrito por Whitney e
Shurson (2004) e Stein e Shurson (2009), os quais observaram que a inclusdo deste
coproduto pode ser de até 25 e 30%, respectivamente, quando 0s animais estdo com
aproximadamente sete quilos, e ou apds um periodo de adaptacdo, sem que ocorram efeitos
negativos no desempenho dos animais.

Por outro lado, Tran et al., (2012), relataram que a introducdo precoce de DDGS

em concentracdes elevadas para leitGes recém-desmamados pode diminuir o ganho de peso
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diario e o consumo de ragéo, devido a capacidade limitada de ingestdo de alimento nos
primeiros dias p6s-desmame, resultando em perda de peso neste periodo, correlacionado
ao menor consumo e digestibilidade da dieta (Chamone et al., 2010).

Desse modo, a utilizacdo do DDGS em dietas de suinos recém-desmamados deve
ser utilizada com precaucdo, porém este ingrediente apresenta grande potencial de
utilizacdo na formulagéo de ragcfes, em funcdo de sua qualidade nutricional, podendo
diminuir os custos com a alimentagé&o.

Nas fases de crescimento e terminacdo a racdo dos suinos é composta basicamente
por milho e farelo de soja, ingredientes sujeitos a instabilidade de mercado, que podem
eventualmente proporcionar problemas econdmicos ao setor suinicola. Neste sentido, o
DDGS destaca-se como alimento alternativo que pode ser usado como eventuais
substitutos do milho e farelo de soja e/ou ser incluido na dieta em niveis crescentes, pois
apresenta custo eficaz e é fonte de energia e aminoacidos (Wu et al., 2016).

Na maioria dos estudos, as taxas de inclusdo de DDGS ¢é de até 40% (maiores
concentracdes de DDGS sao observados em dietas de fémeas gestantes). No entanto, niveis
elevados de DDGS podem reduzir alguns parametros de desempenho e, como
consequéncia, comprometer as caracteristicas qualitativas e quantitativas da carcaca dos
suinos em terminagao.

Em estudo realizado para avaliar a digestibilidade de aminoacidos e conteudo
energético de DDGS para suinos e seus efeitos no desempenho e nas caracteristicas da
carcaca, ndo foram observadas diferencas significativas para as variaveis de desempenho
em suinos na fase inicial alimentados com niveis de até 30% de inclusdo de DDGS na dieta.
No entanto, na fase de terminacdo o consumo de racéao diario e o ganho de peso reduziram
(P<0,01) e o indice de eficiéncia alimentar apresentou uma tendéncia com o aumento da
inclusdo do DDGS na dieta. Ndo foram observadas diferencas significativas na espessura
de toucinho e no indice de massa magra. Porém, o peso da carcaca e o rendimento
percentual diminuiram (P<0,01) e a profundidade de lombo tendeu a diminuir & medida
gue o DDGS aumentou na dieta (Jacella et al., 2011).

Desta forma, a reducdo do peso da carcaga pode ser atribuida ao consumo de ragéo
reduzido, com maiores niveis de inclusdo de DDGS, e este pode estar relacionado ao seu
alto teor de fibra (Jacella et al., 2011), a palatabilidade reduzida de dietas contendo DDGS
e ainda mais inferior quando se utiliza de coprodutos com coloracdo escura e odor
gueimado causado pelo superaquecimento durante o processo de secagem (Dantas, 2020).

Ademais, Hastad et al., (2004) demonstraram que, quando é dada uma escolha, 0s suinos
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preferem consumir dietas sem DDGS.

A maior concentracéo de fibra no DDGS, quando comparado com o milho e ou 0
farelo de soja, pode ser uma das principais causas da digestibilidade dos teores de energia
apresentarem resultados inferiores nos coprodutos oriundos de destilarias de milho que
utiliza o processo de moagem a seco (Urriola et al., 2010). Portanto, observa-se menor
eficiéncia na utilizacdo de energia em alimentos mais fibrosos, devido a reduzida
digestibilidade da fibra dietética e a producdo de &cidos graxos volateis.

De acordo com Corassa et al., (2018), esse fator pode ser usado como exemplo para
explicar que até certo nivel de inclusdo de DDGS na dieta ndo causa prejuizo no
desempenho dos suinos em terminacdo. Entretanto, associar o uso do DDGS com enzimas
exogenas, em especial aquelas que possam atuar na porcdo fibrosa e proteica do
ingrediente, melhorando a digestibilidade de determinados componentes da dieta, poderia
ser utilizado como alternativa para minimizar o impacto da composicéo desses coprodutos
(Risolia, 2017).

Utilizando suinos na fase de terminacdo, Whitney et al. (2014) avaliaram niveis
crescentes de 10, 20 e 30% de DDGS e observaram que o consumo dos animais foi
semelhante entre os tratamentos, mas o ganho de peso diario foi inferior (P<0,05) para 0s
suinos que receberam 20 e 30% quando comparado ao tratamento controle e ao nivel de
10% de inclusdo de DDGS, resultando em menor eficiéncia alimentar para os suinos que
receberam dietas com maiores niveis de inclusdo de DDGS. O peso da carcaca reduziu
(P<0,01) a medida que a concentracdo de DDGS aumentou na dieta, proporcionando
reducdo linear (P<0,05) na profundidade do lombo. Porém, a percentagem de carne magra
e a espessura de toucinho ndo foram influenciadas pelos tratamentos.

Ao avaliar o efeito no desempenho e nas caracteristicas da carcaca de suinos em
crescimento (22-50 Kg) e terminacédo (50-75 Kg) alimentados com quatro dietas contendo
40% DDGS e quatro niveis crescentes de energia liquida (baixo, médio/baixo, médio/alto
e alto; variando de 2083 a 2743 kcal/kg), Wu et al. (2016) observaram que 0s animais que
foram alimentados com menor teor de energia liquida na dieta apresentaram o maior
percentual de consumo diério de ragdo, ganho de peso diério e indice de eficiéncia
alimentar reduzidos. Quando avaliado os valores de rendimento e peso da carcaga quente,
profundidade de gordura dorsal na area muscular do lombo e percentual de carne magra da
carcaca, ndo foram influenciados (P<0,01), possivelmente pela diferenca no contetdo de
energia liquida das dietas testadas ser inferior a 700 kcal/kg e das fontes de DDGS ser

menor de 275 kcal/kg.
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O DDGS de milho ainda apresenta concentracdo de 6leo que varia de 2 a 12%
(Tabela 1), contendo altas concentragdes de &cidos graxos poli-insaturados. Contudo,
Peiretti et al., (2015) relataram que dietas enriquecidas com 6leo de milho possuem
percentual elevado de acidos graxos poli-insaturados e devem resultar em produtos mais
saudaveis para os consumidores. Todavia, 0 DDGS é uma fonte rica de acidos graxos
insaturados, que sdo diretamente depositados no tecido adiposo suino (Restrepo, 2013).

De acordo com Whitney et al., (2006), animais alimentados com dietas contendo
niveis elevados de DDGS por periodos prolongados (crescimento e terminacao) tendem a
aumentar a deposicdo de acidos graxos insaturados em tecidos adiposos e proporcionar
efeitos adversos as caracteristicas da carcaca e a qualidade da carne, como redugdo no grau
de saturacdo dos lipidios, consisténcia (firmeza/maciez) do corte e vida dtil, devido a
oxidacdo lipidica. Pelo fato de as gorduras insaturadas serem mais vulneraveis a oxidacéo
lipidica, ocasionando sabores e odores estranhos, principalmente nos cortes com maior
proporcdo de gordura, a exemplo da panceta/barriga. No entanto, Us (2012) recomenda
ndo inserir mais de 20% de DDGS nas dietas para suinos em terminacao.

Dessa forma, a indUstria suinicola depositou maior preocupacdo na qualidade da
gordura dos suinos, pois pancetas/barrigas com menor firmeza podem levar a aparéncia
com aspecto oleoso na embalagem de varejo do bacon, menor fatiabilidade, rendimento e
preferéncia pelo consumidor (Soladoye et al. 2015). Portanto, métodos de avaliagdo da
firmeza tém sido empregados na avaliacdo de qualidade da gordura da panceta/barriga
fresca, tendo como exemplo o teste de flop (Kyle et al., 2014).

Dentre os parametros de avaliacdo da firmeza, pode-se avaliar também o perfil de
acidos graxos poli-insaturados, pois cortes com gorduras com maior maciez estdo
relacionados a maiores proporcdes de &cidos graxos poli-insaturados na gordura,
especialmente acido linoleico (Restrepo, 2013). Em contraste, a gordura de suinos mais
firme esta relacionada com o alto teor de &cidos palmitico e oleico.

Segundo Wang et al., (2012), a vitamina E (a-tocoferol) pode ser uma opg¢éo a ser
usada junto ao DDGS na dieta dos suinos para reduzir a peroxidagdo do produto, pois é
considerado agente associado a membrana e pode manter a integridade celular e atrasar a
oxidacao lipidica efetivamente.

Desta forma, Wang et al., (2012) avaliaram o efeito do DDGS (0, 15, 30%) em
dietas com vitamina E (10, 210 Ul/kg de vit E) sobre o desempenho, qualidade da carne,
perfil de &cidos graxos e prazo de validade da carne de suinos em terminacédo e concluiram

que as dietas contendo 15 ou 30% de DDGS provocaram redu¢do no consumo de ragéo,
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mas ndo causaram efeitos significativos no ganho médio diario, eficiéncia alimentar,
rendimento de carcaca e na qualidade da carne. O perfil de &cidos graxos do tecido adiposo
e muscular foram influenciados de forma negativa. Além disso, observou-se redu¢do no
teor de saturacdo dos acidos graxos na carcaga em funcao dos niveis crescentes de DDGS.
Contudo, dietas suplementadas com 210 Ul/kg de vit E proporcionaram aumento das
concentragdes de a -tocoferol no plasma, figado, tecido muscular e no tecido adiposo,
proporcionando efeito benéfico sobre prazo de validade da carne, incluindo melhoria da
estabilidade oxidativa.

Os niveis crescentes de DDGS na ragdo de suinos aumentam inevitavelmente o
nivel de insaturacdo da gordura nas carcacas de suinos e influenciam negativamente outras
caracteristicas de processamento (Cromwell et al., 2011). Com isso, Browne et al., (2013)
relataram que as gorduras animais Sdo mais saturadas que os Oleos vegetais e
potencialmente podem ser alimentados em combinacdo com DDGS para melhorar a
qualidade da gordura sem afetar a qualidade do produto.

Neste sentido, Shircliff et al., (2019) avaliaram a adig&o de gordura em ragdes com
30% de graos secos de destilaria com sollveis para suinos sobre a composicao de acidos
graxos, ou qualidade da carcaca, verificando que os tratamentos ndo alteraram as
caracteristicas da carcaca, incluindo peso de carcaca quente, area de lombo e espessura da
gordura da insercdo na 102 costela. Contudo, independentemente da incluséo adicional ou
ndo de gordura, 30% de DDGS na dieta diminuiu a concentracdo dos acidos graxos
monoinsaturados e elevam as concentrac@es de acidos graxos poli-insaturados na gordura
dorsal, na barriga e na papada.

Utilizando até 30% de DDGS nas dietas de suinos em terminagdo, para avaliar a
qualidade da gordura da carcaca, Lee et al., (2013) observaram que a adi¢cdo do DDGS néo
prejudicou o desempenho dos suinos, composicao da carcaca ou qualidade da carne.

A inclusdo de DDGS nas dietas de suinos em terminacéo pode ser até 30%, sendo
que niveis superiores a estes podem ser prejudiciais para 0 desempenho e caracteristicas
qualitativas e quantitativas de carcaca. No entanto, embora alguns resultados evidenciem
que a inclusdo de niveis maiores de DDGS na dieta altera de forma negativa os resultados
de desempenho, e algumas caracteristicas de carcaga, é possivel observar que essa resposta
pode ser compensada financeiramente, pois, trata-se de um coproduto com valor comercial
inferior aos ingredientes tradicionalmente utilizados nas dietas de suinos, devendo levar
em consideracdo o custo das demais comodities que compde a racao.

A qualidade e a composicdo do DDGS podem influenciar o desempenho
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produtivo dos suinos caso a composicao quimica e energética ndo sejam bem conhecidas.
Nesse sentido, ao utilizar este ingrediente deve-se também levar em consideracdo a
seguranca alimentar. Com o processo fermentativo ocorre o aumento proporcional de todos
0s componentes do grdo, inclusive das micotoxinas se estas estiverem presentes (Risolia,
2017).

De acordo com Khatibi et al., (2014), no processo de produgéo do etanol e de
secagem para a producdo do DDGS as micotoxinas ndo séo eliminadas. As micotoxinas
comumente encontradas no DDGS sdo tricotecenos, aflatoxina, fumonisina e zearalenona
(Zhang e Caupert, 2012). Dessa forma, € necessario a adocdo de medidas capazes de
reduzir o risco da contaminacéo, sendo a secagem eficiente, manutencdo do controle de
umidade e temperatura durante a armazenagem e monitoramento de fungos e micotoxinas

durante todo o processo (Silva et al., 2016).
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Il - OBJETIVOS

Objetivo Geral:

Avaliar niveis de DDGS na alimentacdo de suinos em terminagéo (70-100 kg).

Objetivos Especificos:

- Avaliar a composigdo quimica, energética e aminoacidica do DDGS para suinos machos
castrados, dos 70 aos 100 kg de peso vivo,

- Avaliar o consumo diario de racao, ganho de peso diario e a conversao alimentar de suinos
machos castrados, dos 70 aos 100 kg, recebendo dietas com crescentes niveis de DDGS,

- Avaliar niveis sanguineos de ureia, proteinas totais, triglicerideos, colesterol total, LDL
e HDL de suinos machos castrados, dos 70 aos 100 kg, recebendo dietas com crescentes
niveis de DDGS,

- Avaliar o efeito dos niveis de DDGS nas dietas de suinos em terminacdo sobre o
comprimento da carcaca, rendimento de carcaca quente, perda de peso de carcaca no
resfriamento, espessura de toucinho, profundidade do masculo Longissumus dorsi, P1, P2,
P3 - espessura de toucinho medidos nos 3 pontos e rendimento de carne magra, perda de
liquido por resfriamento, descongelamento e coccéo,

- Avaliar e quantificar o perfil de acidos graxos de cadeia longa e as caracteristicas
morfométricas da barriga/panceta (peso, comprimento, espessura media, largura e Flop) de
suinos machos castrados em terminacdo, recebendo dietas com niveis crescentes de DDGS,

- Avaliar a qualidade de carne (temperatura, pH, cor, perda de dgua por gotejamento, no
descongelamento e na cocgdo, e mensuracao de cor L* a* e b*) de suinos machos castrados,
dos 70 aos 100 kg, recebendo dietas com niveis crescentes de DDGS,

- Determinar os valores energéticos e ajustar equacdes de predicdo da energia
metabolizavel (EM) a partir da composi¢do quimica do DDGS, para suinos em terminacao.
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Adequate knowledge of the nutritional composition of ddgs results in the
inclusion of high levels in the diet of finishing pigs without changing

performance, carcass characteristics and meat quality

Abstract

The objective of this work was to evaluate the chemical composition, energy values and to
evaluate the inclusion of DDGS levels in the diet of finishing pigs (70-100 kg) on the
performance, qualitative and quantitative characteristics of the carcass. Two experiments were
performed. In the first experiment, a total digestibility test was conducted with 24 commercial
castrated males, distributed individually in metabolism cages, DDGS replaced the reference
feed in percentages of 10, 20 and 30%, totaling four treatments. As for the second experiment,
40 commercial lineage pigs were used, castrated males, distributed in five increasing levels of
inclusion of DDGS 7.5 15, 22.5 and 30%, and eight replicates. The levels of digestible energy
(DE), metabolizable energy (ME) in relation to the consumption of DDGS at each level of
inclusion, were 3,926.7 and 3,767 kcal/kg, respectively. No differences (P<0.05) were observed
for performance, blood parameters and quantitative carcass characteristics. Based on the results,
we can conclude that the DDGS used in this work has 3.926,7kcal DE/kg and 3.767 kcal ME/kg.
Furthermore, the use of diets containing up to 30% DDGS does not influence the performance,

blood parameters, carcass characteristics, meat and belly quality of castrated finishing male
pigs.
Keywords: Belly evaluation, co-products, food evaluation

Bulleted Highlights
e DDGS can therefore be considered a food for partial replacement of these ingredients in

pig feed
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¢ Increasing levels of DDGS in the diet did not influence the performance of pigs in the
finishing phase
e The quantitative and qualitative characteristics of the carcasses showing that they are not

influenced by DDGS levels in pig feed during the finishing phase

Introduction

The use of alternative foods in the formulation of diets can significantly reduce food costs,
maintaining the productive efficiency of animals (Gouveia et al., 2020). However, this premise
is for those who can acquire them at compensatory prices and at closer locations (Oliveira et
al., 2013).

The fermentation of corn starch by specific yeasts and enzymes produces ethanol and a
co-product, one of which is mentioned in the literature as distiller's dried grains with solubles
or by the acronym DDGS. This co-product has three to four times more protein, fat and fiber
than corn, and this increase is attributed to the conversion of most of the starch to ethanol during
fermentation (Rosentrater and Muthukumarappan, 2006; Song et al., 2010).

Despite the increase in the content of some components, the limiting factor of DDGS use
in the feeding of non-ruminants is the high variation that exists among sources in their
nutritional composition (Belyea et al., 2010).

The variations found in the nutritional values of the different DDGS samples among mills,
and even within the same producing mill, may occur due to the grain utilized, the amount of
solubles added to the cereals, fermentation time and efficiency, and temperature in the drying
process (Cozannet et al., 2010; Bottger and Sudeum, 2017), and such variation may alter its
commercial value (Belyea et al., 2004). Evaluation of the nutritional composition of this co-
product is thus indicated, when obtained from a new supplier, before its use in animal feed

(Corassa et al., 2018).

39



56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

40

Another issue to be careful with when using alternative foods is fiber content, since it
can negatively affect the performance of non-ruminant animals, which have low use of this
nutrient (Albuquerque et al., 2011).

For non-ruminants, high fiber concentrations can: increase acid detergent insoluble
nitrogen (ADIN), leading to a decrease in the ileal digestibility of nitrogen due to the lack of
fibrolytic enzymes (Bottger and Sudeum, 2017); cause variation in ME levels (Foltyn et al.,
2013) and decrease the apparent digestibility of dry matter and GE (Statuani et al., 2016).

Some studies have shown that these components, when inserted in the diet, can influence
the digestibility of diet compounds, especially energy, when ingested without adequate
knowledge of their nutritional value (Wang et al., 2012).

The adjusted knowledge of the energy values of the DDGS, as well as the chemical
composition, is fundamental for attainment of an adequate performance in swines, beyond
providing to greater inclusion of DDGS in the feed without hindering performance,
characteristics of carcass and quality of meat. In this sense, the objective of this study was to
determine the chemical composition, energy values and evaluate the inclusion of levels in the

diet of finishing pigs on performance, qualitative and quantitative characteristics of the carcass.

Material and methods

Two experiments were carried out in the Swine Sector of the Iguatemi Experimental Farm (Fei)

of the State University of Maringa (UEM).

Experiment I. Determination of the chemical composition and energy values of DDGS.

Twenty-four pigs, castrated males, crossbred (Pietrain x Landrace x Large White x Duroc),

commercial lineage, with initial average weight of 70 + 3.18 kg, housed individually in
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metabolism cages (Pekas, 1968), in an experimental design of randomized blocks, consisting
of four treatments and six replications. The temperature of the metabolism room was controlled
with the aid of air conditioning throughout the experimental period.

The reference feed (Table 1), based on corn and soybean meal (0% DDGS), was
formulated to meet the nutritional requirements of pigs between 70 and 100 kg live weight, as
recommended by Rostagno et al. (2017). This RF was replaced by 10, 20, and 30% by DDGS,
totaling four treatments.

The feeding and collection of feces and urine were performed according to the
methodologies described by Sakomura and Rostagno (2016). Feed intake was established based
on metabolic weight (P°"). The feeds were moistened with water to avoid waste, reduce
dustiness and improve acceptability. After each meal, water was supplied in the feeder itself in
the proportion of three ml of water/g of feed consumed.

The experimental period lasted 12 days, with seven days of adaptation to metabolism
cages and feed, and five days of feces and urine collection, which were performed once a day
at 8 am. Ferric oxide (Fe) was used as the fecal marker to define the beginning and end of the
collection period.

The urine, as excreted, was filtered and collected in plastic buckets located at the bottom
of the cage, containing 20 mL of 1:1 HCI to avoid nitrogen volatilization and microorganism
proliferation. At the end of urine collections, an aliquot of 10% of each animal was stored and
frozen (-5°C) for further analysis.

Feces were collected once a day, packed in plastic bags, identified and stored in a freezer
until the end of the collection period. Subsequently, the material was homogenized, dried in a

forced ventilation oven (55 °C) and milled in a knife mill (1 mm sieve).
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The gross energy (GE) of the experimental diets, feces and urine, were determined at
the Research Support Centers Complex — COMCAP, by means of an adiabatic calorimeter (Parr
® Instrument Co. AC6200), following the procedures described by Silva and Queiroz (2005).

The DDGS was analyzed at the UEM animal nutrition laboratory (LANA) for dry matter
content (DM, method 930.15), crude protein (CP, method 990.03), fat (EE, method 920.39) and
crude fiber (CF, method 978.10) according to methodologies described by AOAC (2006). The
starch analysis (Sta) was performed at the ABC laboratory using the enzymatic method and the
DDGS amino acid concentration determined at Evonik.

The DE and ME values were determined as described by Adeola and lleleji (2009).
Subsequently, digestibility and metabolizability coefficients of the gross energy for the test feed
were calculated, as well as the ME:DE ratio. The NE of the experimental feeds was determined

using the prediction equation proposed by Noblet et al. (1994), as follows:

NE = 0,730ME + 1,31EE + 0,37A- 0,67CP — 0,97

Where: NE= net energy; ME= metabolizable energy; EE= fat; A= starch; CP= crude

protein; CF= crude fiber.

Experiment Il. Performance, quantitative and qualitative characteristics of finishing pig

carcass fed diets containing increasing levels of DDGS

We used 40 male castrated pigs, crossbred (Pietrain x Landrace x Large White x Duroc),
commercial lineage, with initial average weight of 70 £ 1.0 kg. The animals were housed in a
masonry shed, divided into individual stalls, with ventilation and nebulization. Each bay had a
pacifier type drinking fountain and semi-automatic feeder located at the front, providing free

access to feed and water.
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Feed and water were freely provided throughout the trial period. The animals were
distributed among treatments based on initial weight, in an experimental design of randomized
blocks, with five treatments, eight repetitions and one animal per experimental unit. The
experimental diets (Table 1) were formulated to meet the nutritional requirements of castrated
male pigs with medium-superior performance at 70 to 100 kg body weight (Rostagno et al.,
2017), except for crude protein.

For evaluation of the zootechnical performance, the animals and the feed were weighed
at the beginning and end of the experiment, and the daily feed intake, daily weight gain and
feed conversion were calculated.

At the end of the experimental period, 20 ml of blood were collected by puncture of the
anterior vena cava of all animals. The blood was placed in tubes without anticoagulants to
determine total proteins, with sodium heparin for the analysis of triglycerides, total cholesterol,
HDL, LDL and with EDTA to determine urea. After a rest period, it was centrifuged (Kasvi
Centrifuge K14-4000, Kasvi) (3000 rpm) for 10 min to obtain the serum, which was stored at -
20 °C.

For the analyses, the serum and plasma were thawed at room temperature and the
analyses were performed using commercial kits (Gold Analisa), using a semi-automatic
biochemical analyzer (BIO-200, BioPlus), following the specific standards for operational
procedures (POP)

The animals were slaughtered after reaching an average weight of 100 kg, after fasting
(24 hours), at the Iguatemi Experimental Farm slaughterhouse - Fei/UEM. After electrical
stunning (200 watts) followed by bleeding, the animals were shaved and eviscerated, in
accordance with the recommendations of Pacheco and Yamanaka (2006).

The carcasses were cooled (1-2°C) for 24 hours to subsequently undergo quantitative

evaluation, according to the Brazilian carcass classification method (ABCS, 1973) and the
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American method (NPPC, 1991). Meat yield was determined according to the equation
proposed by Irgang (2004).

The pH of the muscle Longissimus dorsi was measured in the hot carcass, 45 min post-
mortem (pH45), and in the carcass cooled for 24h (pH24), with the aid of the pH meter for meat
(HANNA instruments) according to Bridi and Silva (2009).

For qualitative evaluation of the carcass, samples of the muscle Longissimus dorsiwere
taken from the region of the 8th and 10th vertebrae on the left side of the carcass. To evaluate
water loss by thawing cooking and muscle color, the methodology of Bridi and Silva (2009)
was followed. Shear force was performed on a texturometer (Stable Micro Sytem® TA-XT?2i,
coupled with the Warner-Bratzler Shear Force probe and the Texture Expert Exponent software
— Stable Micro Systems, USA) according to the methodology of Ramos and Gomide (2007).

The right side of each carcass was used for belly removal, as described by the North
American Meat Processors Association (2010). They were evaluated for weight, flop, thickness,
length and width, using a ruler at the midpoint of the longitudinal and transverse axis.

Belly thickness was assessed at 8 points at which measurements 1 to 4 were collected
along the dorsal edge, starting at the anterior end, pressing a sharp ruler. Measurements 5 to 8
were collected in the same manner, on the ventral side of the belly, starting at the anterior end.
The average thickness of the belly was calculated from the average of the 8 individual
measurements.

The belly flop was determined by the distance measurements between the side ends of
the belly, with the skin down on a table and a stationary bar, respectively. After these
measurements, a narrow slice of each belly was collected according to Kyle et al. (2014). To
determine the fatty acid profile of the belly, lipid extraction (Bligh and Dyer, 1959),
esterification (Hartman and Lago, 1986) and gas chromatography methods were used. Peak

identification and quantification were made by comparing time of retention and area of the
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peaks of the samples with those of fatty acid methyl ester patterns (Supelco components FAMES

Mix, ref.47885-U).

Statistical procedures

The values of digestible energy (DE) and metabolizable energy (ME) were estimated by
regression analysis (Adeola & lleleji, 2009) of the DE and ME ingested (kcal/kg) associated
with DDGS consumption (kg).

For the statistical analysis, the statistical software SAS® University Edition (2017)
(SAS Inst. Inc., Cary, NC, USA) was used.

The effects of treatments were verified by analysis of variance (ANOVA), using the
GLM procedure and, when significant, the data were tested for polynomial regression between
inclusion levels. The level of significance adopted in all hypothesis tests was alpha = 0,05.

In the performance experiment, the initial weight of the pigs was used as a covariate
while, to evaluate the quantitative and qualitative characteristics of the carcass, the slaughter

weight was used as a covariate.

Results

The evaluation of the chemical composition of DDGS (Table 2) revealed that the main
components of the feed, expressed in natural matter, presented percentages of 85.57% for dry
matter, 30.27% for crude protein, 7.70% for ether extract, 7.54% for crude fiber, 11% for acid
detergent fiber, 40% for neutral detergent fiber, 6.45% for starch and 5.30% for mineral matter,
with values lower than 1% for minerals calcium, phosphorus, and potassium.

Regarding total amino acid levels, concentrations of 0.88% lysine, 0.55% methionine,

1.07% threonine and 0.22% tryptophan were observed, and the concentrations of the other
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amino acids can be observed in table 3. The estimated levels of standardized digestible amino
acids for lysine, methionine, threonine, and digestible tryptophan were 0.54, 0.45, 0.75 and
0.16%, respectively.

Even with high values of NDF and reduced starch, when compared to the product of
origin, DDGS still has significant energy values (table 4) for GE (4500 kcal/kg), DE (3360
kcal/kg), ME (3,223 kcal/kg), and digestibility (74.67%) and metabolizability (71.62%)
coefficients of gross energy, as well as a high ME:DE ratio (0.96), showing good DE usage.

The increasing inclusion of DDGS in the diet of finishing pigs showed an inverse
response (table 5) for DCGE and MCGE, as well as the ME:DE ratio. The inclusion level of
30% of DDGS in the diets provided the lowest DCGE and MCGE at 83.83 and 80.52%,
respectively.

To determine the DE and ME of the DDGS, the equations y = 3926.7x + 38.704 (r2 =
0.9993) and Y = 3767x + 55.641 (rz2 = 0.9992) were adjusted, respectively (Figure 1), in which
the angular coefficients represent the energy values, which were 3,926.7kcal DE/kg and 3,767
kcal ME/kg.

No differences (P>0.05) were observed between DDGS inclusion levels on performance
(table 6) and blood parameters (table 7) of finishing pigs (70 — 100 kg).

No difference (P>0.05) was observed for the quantitative and qualitative characteristics
of the carcasses (tables 8 and 9), showing that they are not influenced by DDGS levels in pig
feed during the finishing phase.

The characteristics of belly weight, length, average thickness, width and flop were not
influenced (P>0.05) by the increasing levels of DDGS in the diets of finishing pigs (Table 10).

A difference (P=0.042) was observed for the palmitoleic acid concentration, in which the

acid concentration had a quadratic effect, with a maximum point in the first derivation of
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18.35% and a calculated response of 0.23% palmitoleic acid. For the other fatty acids from the

belly fat of the finishing pigs, no difference (P>0.05) was observed for the profile (Table 6).

Discussions

By relating the chemical and energy composition of DDGS (Table 2) with the main ingredients
used in the diets of pigs presented by Rostagno et al. (2017), it can be considered that the corn
DDGS presents ME, CP, DM, MM and calcium (Ca) values intermediate and/or close to those
of corn and soybean meal and can therefore be considered a food for partial replacement of
these ingredients in pig feed.

The concentrations of crude fiber (CF), NDF, ADF and EE were elevated (Table 2). The
higher concentration of these components in corn DDGS is mainly related to the method used
for ethanol production (EI-Hack et al., 2015). 60% to 70% of corn grain is starch, 90% of which
is used in ethanol production. However, during fermentation, the concentrations of proteins,
lipids and fibers are increased by approximately three times (Zang et al., 2017), when compared
to the grains that originated them. Thus, they reach ADF values greater than 10% and NDF
above 30% (Stein and Shurson, 2009).

NDF contents represent the concentration of insoluble fibers in foods and are related to
the decreased digestibility of CP (Saqui-Salces et al., 2017), DM, GE and amino acids (Acosta
et al., 2020) in diets for pigs. Although high fiber levels compromise digestibility and dilute
energy levels, it is important because it ensures intestinal health, motility and welfare of pigs
(Gomes et al., 2005).

However, the nutritional composition of corn DDGS presents variability, and can be
demonstrated by the results obtained in studies that recorded approximate average values for

DM, MM, CP, NDF, ADF, EE, ME and DE when analyzing samples of ten and four ethanol
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co-products, respectively, 87%, 4%, 28%, 24%, 12%, 10%, 3.897 and 4.140 Kcal (Pedersen et
al., 2007), 89%, 5%, 27%, 25%, 12%, 11.62%, 3.194 and 3.461 Kcal (Wu et al., 2016).

The values for GE, DE, ME and NE presented by the NRC (2012), for DDGS with EE
concentration between 6 and 9% were higher than those observed in this study, namely 4710,
3582, 3396 and 2343 kcal/kg, respectively. Despite the difference in energy values, the DCGE
and MCGE obtained (Table 5), and those estimated from the aforementioned literature, (76.05
and 72.10%, respectively), are very close. However, DCGE represents the percentage GE
absorbed so, the closer to 100, the more efficient the GE absorption from the diet will be.

As a reflection of protein content, the total amino acid contents present in DDGS (Table
3) are intermediate to those found in corn and soybean meal shown in the tables of Rostagno et
al. (2017). In addition, Corassa et al. (2018) reported that corn distillery residues have lower
digestibility compared to corn, by approximately ten percentage units, due to the higher fiber
concentration of co-products obtained in corn ethanol distilleries that use dry processing.
Because high fiber concentrations provide an increase in acid-insoluble nitrogen, with a
decrease in the ileal digestibility of nitrogen due to the lack of fibrolytic enzymes, and
consequent release of complexed amino acids (Bottger and Sudeum, 2017).

However, Santos et al. (2019) presented amino acid concentrations higher than those of
the present study, while those presented by Yang et al. (2019) showed similarity and the values
presented by Pedersen et al. (2007), who evaluated 10 different DDGS, showed that the average
amino acid profile of the different sources resulted in lower levels for lysine, threonine,
methionine, tryptophan, histidine and arginine and values close to those obtained in this study
for valine, isoleucine, leucine and phenylalanine.

The variations found in the nutritional composition of the co-products of corn ethanol
distilleries among the various research works can be justified according to the source used for

biofuel production, the heat used in the process, fermentation time and efficiency, quantities of
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solutes added to the distillate grains (Cozannet et al., 2010), so that such variation may imply
in its commercial value (Bottger and Sudeum, 2017).

The inconstancy of the chemical characterization of foods can be considered a
limitation, given the lack of precision that it can cause in the formulation of diets and
zootechnical responses and, consequently, nutritional imbalance (Stuani et al., 2016).
According to Graham et al. (2014), high DDGS inclusions impaired swine performance, DWG
and FC reduced by approximately 2.2 and 1.3%, respectively, for every 15% DDGS added to
the diet.

The performance of pigs in the finishing phase (Table 6), fed with increasing levels of
DDGS in the diet, did not influence the DWG, FC and CR. Similar responses were reported by
Shirclif et al. (2019) and Wu et al. (2016), when they used levels of 20 and 30% DDGS in the
pigs' diet, respectively.

Additionally, Stein and Shurson (2009) also reported that performance remained
unchanged with inclusions of up to 30% DDGS in the pigs' diet. Thus, it was found that the
increasing levels of up to 30% DDGS did not impair the performance characteristics of finishing
pigs, in addition to contributing to the best formulation cost, since this ingredient currently has
lower costs than traditional foods.

In addition to the productive factors, another variable to be observed with the alteration
of feed ingredients for animals is the metabolism of pigs. The biochemical constituents of blood
reflect the balance between the entry, egress and metabolization of nutrients in animal tissue;
the physiological responses resulting from internal (age and sex) and external (food and
environment) factors provide the evaluation of metabolites related to energy and protein
metabolism, and the measurement of blood variables can contribute to nutritional studies and

their impact on animal performance (Yari et al., 2014).
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The inclusion of up to 30% DDGS in the feed did not change the physiological status of
finishing pigs in relation to blood parameters (table 7). Urea, triglycerides and total cholesterol
presented values between 26.40 to 30.00; 36.73 to 58.53; 69.10 to 72.76 mg/dl, respectively,
similar to those observed by Moreira et al. (2014) for pigs in the finishing phase, since the total
protein content of the animals evaluated in the present study ranged from 2.13 to 2.24 mg/dl,
lower than those presented by the same authors. The values obtained for total cholesterol, LDL,
HDL and triglycerides are within the reference range indicated for pigs listed by Yeon et al
(2012). Therefore, the blood variables of finishing male pigs, fed with levels of up to 30%
DDGS, were not impaired by the inclusion of different levels of DDGS in the diets, and its use
is indicated for this animal category.

The quantitative carcass characteristics were not influenced (Table 8) by the inclusion
of up to 30% DDGS in the feed, possibly because of similar results in the performance
characteristics (Table 6).

The pigs that received the diet containing increasing levels of DDGS presented
performance results similar to those fed the control diet, thus, the qualitative parameters of the
carcass were also not influenced (Table 9). The pH is one of the most important aspects of the
transformation of muscle into meat, and is characterized as a valuable measure for meat quality,
particularly when one wishes to avoid excessive liquid losses from carcass (LLD, LLT, LLC)
and color changes (Bridi and Silva, 2009), which in turn are important aspects of quality and
influence the appearance and attractiveness of meat to the consumer. Thus, the results obtained
(Table 9) demonstrated that the addition of up to 30% DDGS did not change these
characteristics and consequently will not influence consumer acceptability.

Water retention capacity is an important quality index, as it is directly related to the
sensory properties of meat (juiciness, texture, flavor) (Zeola, 2007). The measurements

obtained for the shear strength of the samples of the muscle longissimus dorsi indirectly
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represent the degree of tenderness of the meat. According to Lyon and Lyon (1991), extremely
soft samples present values of <3.62 kgf, moderately soft 3.62 to 6.61 kgf, slightly hard 6.62 to
9.60 kgf, moderately hard 9.61 to 12.60 kgf and extremely hard >12.60 kgf. Thus, those of the
present study can be characterized as moderately soft, since they presented average values of
5.52 kgf.

The characteristics of pH, liquid losses and coloration (Table 9) are similar to those
revealed by Lee et al. (2013) when evaluating the inclusion of 30% of DDGS in the diet of male
pigs in the finishing phase, which also did not verify an effect (P>0.05) for these meat quality
characteristics. Similarly, Xu et al. (2007) showed that the coloring of the meat was not
influenced, emphasizing that there were no changes caused by DDGS concentrations in the diet.

Typically, the fatty acid profile of porcine belly fat is predominantly composed of oleic
acid (Wood et al., 2008). However, the fatty acid composition varies depending on the
composition of dietary fat, sex (Wood et al., 1989), body weight (Apple et al., 2009) and amount
of carcass fat (Apple et al., 2011; Duttlinger et al., 2012).

The fatty acids evaluated in the fat of the belly of finishing pigs fed with 30% DDGS,
observed by Overholt et al. (2016), presented proportions of palmitic (21.58%), stearic (9.24%),
oleic (41.05%) and linoleic (20.44%) acid, different from those observed in this study (Table
10).

The effects of dietary lipid sources and dietary fatty acid composition have been studied
for decades. Pigs feeding on diets containing 30% (Cromwell et al., 2011; Xu et al., 2010) and
45% (Cromwell et al., 2011) DDGS presented twice the linoleic acid content in belly fat (Xu et
al., 2010) and bacon (Cromwell et al., 2011), compared to animals fed with corn and soybeans.

The fat extracted from the porcine belly (Table 10), fed with increasing levels of DDGS
in the termination phase, presented a higher proportion of saturated fatty acids in relation to

unsaturated ones for all DDGS inclusions in the diets, which may be related to the fact that the
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belly does not present differences (P>0.005) in the flop measurements (Table 10), since a higher
proportion of unsaturated fatty acids provides a softer and less sought after pig fat quality by
the consumer (Harris et al. 2018).

Additionally, the higher concentration of palmitoleic acid was not sufficient to influence
the flop. The characteristics of the belly are like those found by Harris et al. (2018), when they

evaluated the effectiveness of different corn DDGS's and feeding strategies for pigs.

Conclusion

The DDGS used in this work presented 3.926 kcal DE/kg and 3.767 kcal ME/kg, and its
inclusion in up to 30% in the diets does not influence the performance, blood parameters,
carcass characteristics, meat and belly quality of castrated finishing male pigs (70-100 kg).
Adequate knowledge of the energy values and chemical composition of DDGS can provide an
inclusion of up to 30% in the feed of finishing pigs, without hindering performance, quantitative

characteristics of the carcass and meat quality.
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527  Table 1 - Composition and specification of nutrients (g kg™?) of the experimental diets

528  for finishing pigs (70-100 kg).

Levels of inclusion of DDGS

Ingredients 0 (RF*) 7,5 15 22,5 30

Corn 843.5 792.3 741.1 689.8 638.7
DDGS 0 75 150 225 300

Soybean meal (45%) 103.0 78.0 53.0 28.0 3.0

Dicalcium phosphate 9.00 7.60 6.20 4.80 3.40
Soybean oil 18.00 19.10 20.20 21.40 22.50
Limestone 6.50 7.80 9.10 10.40 11.70
Vit and Min Supplement? 4.00 4.00 4.00 4.00 4.00
Common salt 0.90 0.80 0.70 0.50 0.40
L-Lysine HCL 5.10 5.50 5.90 6.30 6.70
L-Threonine (98.5%) 1.70 1.60 1.60 1.50 1.40
L- Tryptophan (98.0%) 0.60 0.70 0.70 0.80 0.80
DL- Methionine, 99.0% 1.30 1.00 0.70 0.50 0.20
Sodium bicarbonate 4.70 4.90 5.10 5.30 5.50
Antioxidant? 0.10 0.10 0.10 0.10 0.10
Growth promoter® 0.10 0.10 0.10 0.10 0.10
Adsorbent* 1.50 1.50 1.50 1.50 1.50

Analyzed chemical composition (g kg™)

ME pigs (MJ Kg?) 14.03 14.03 14.03 14.03 14.03
Crude protein 120.0 127.5 135.0 142.5 150.0
Digestible lysine 8.05 8.05 8.05 8.05 8.05
Digestible Met+Cyst 4.92 4.92 4.92 4.92 4.92
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530

531

532

533

Digestible Methionine
Digestible Threonine
Digestible Tryptophan
Potassium

Sodium

Available Phosphorus
Calcium

Chlorine

3.05

5.23

1.61

4.60

1.65

2.42

4.97

1.54

2.89

5.23

1.61

4.64

1.65

242

4.97

1.54

2.74

5.23

1.61

4.68

1.65

2.42

4.97

1.54

2.58

5.23

1.61

4.72

1.65

2.42

4.97

1.54

242

5.23

1.61

4.76

1.65

242

4.97

1.54

“RF: Reference feed metabolism experiment;

62

! Quantity/kg diet; vit. A : 30000 IU, vit. D3: 5000 U, vit. E: 120 IU, vit. K:5 mg, vit. B12:120

mcg, Niacin: 150 mg, Calcium Pantothenate: 75 mg, Folic Acid: 8 mg, Choline Chloridate:

0.48 g, Iron: 350 mg, Copper: 15 mg, Magnesium: 250 mg, Zinc: 0.75 g, lodine: 10 mg,

Selenium: 3 mg; 2BHT; Enradin; Elitox.
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534  Table 2- Characterization of the chemical composition (%) of corn DDGS for finishing pigs, in

535  natural matter

Nutrient Analyzed nutricional composition
Dry Matter 85.57
Mineral Matter 5.30
Crude protein 30.27
Crude Fiber 7.54
Neutral Detergent Fiber 40.10
Acid detergent fiber 11.00
Ether Extract 7.70
Potassium 0.88
Total Phosphorus 0.71
Digestible phosphorus? 0.43
Calcium 0.03
Starch 6.45

536  Digestibility coefficient (STTD, %) applied to the value of total phosphorus, obtained in the
537  NRC (2012) for DDGS containing between 6 and 9% ether extract?.

538
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Table 3 — Characterization of the amino acid (AA) profile of DDGS for pigs, in natural matter

Amino acids AAt! (%) CDIE? (%) Digestible AA (%)
Lysine 0.882 61 0.538
Methionine 0.546 82 0.448
Cystine 0.553 73 0.404
Threonine 1.070 71 0.760
Tryptophan 0.224 71 0.159
Arginine 1.247 81 1.010
Valine 1.399 75 1.049
Isoleucine 1.018 76 0.774
Leucine 3.152 84 2.648
Histidine 0.780 78 0.608
Phenylalanine 1.343 81 1.088
Alanine 2.045 79 1.616
Glycine 1.178 64 0.754
Serine 1.358 77 1.046
Proline 2.450 74 1.813
Ac. Aspartic 1.809 69 1.248
Glutamic Ac. 5.852 81 4.740

AAL: total amino acids; SIDC: standardized ileal digestibility coefficients;

! Values determined by obtaining spectrum in EVONIK's NIRS; 2 Obtained from NRC (2012),

considering DDGS containing from 6 to 9% fat.
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543  Table 4 - Energy values, digestibility and metabolizability coefficients and ME:DE ratio of

544  DDGS for finishing pigs in natural matter.

Item (kcal/kg) Values Obtained
Gross Energy 4,500
Digestible energy (DE) 3,360
Metabolizable energy (ME) 3,223
Net energy 2,203
DCGE (%) 74.67
MCGE (%) 71.62
ME:DE Ratio 0.96

545  DCGE: digestibility coefficients of gross energy; MCGE: metabolizability coefficients of gross

546  energy.
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547  Table 5 - Energy values, coefficients and ME:DE ratio of DDGS for finishing pigs fed with

548 increasing levels, in natural matter.

% of DDGS replacement

Item
0 10 20 30

GE (Kcal/kg) 3878.01 3971.48 4037.78 4109.92
DE (Kcal/kg) 3458.04 3497.74 3557.00 3445.36
ME (Kcal/kg) 3371.72 3401.24 3423.98 3309.13
DCGE (%) 89.17 88.07 88.09 83.83
MCGE (%) 86.94 85.64 84.80 80.52
ME:DE 0.98 0.97 0.96 0.96

549  DE: Digestible energy; ME: Metabolizable energy

550
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551  Table 6 — Performance (kg) of finishing pig (70-100 kg) submitted to diets with different levels

552  of DDGS
DDGS levels (%)
MSE P - Anova
0 7.5 15 22.5 30

Initial weight 7041 7064 7031 7043 7043 -
DWG 0.92 0.92 0.92 0.92 0.87 0.017 0.43
DFC 2.66 2.67 2.72 2.71 254 0.038 0.47
FC 2.92 2.96 2.97 2.95 293 0.032 0.97

553 DWG: Daily weight gain; DFC: Daily feed consumption; FC: Feed conversion; MSE: Mean

554  standard error.
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555  Table 7 — Blood biochemical parameters of finishing pigs (70-100 kg) submitted to diets with

556  different levels of DDGS

DDGS levels (%)

Item (mg/dl) MSE P - Anova
0 7.5 15 22.5 30

Cholesterol 71.13 69.10 72.76 71.29 70.33  0.948 0.71

HDL 48.81 48.63 49.53 51.27 51.63 0.624 0.78

LDL 84.31 85.74 85.90 83.50 81.00  0.893 0.54

Triglycerides 58.53 36.73 41.44 39.54 4478  3.813 0.6

Total proteins 2.24 221 2.24 2.16 2.13 0.029 0.19

Urea 26.40 27.44 27.69 26.69 30.00 0.838 0.41

557  MSE - Mean standard error;

68



69

558  Table 8 — Characteristics of finishing pig carcasses (70-100 kg) submitted to feeds with different

559 levels of DDGS

DDGS levels (%)

Item MSE P - Anova
0 7.5 15 22.5 30
CR (%) 83.16 82.97 83.09 82.68 82.79 0.188 0.44
CL (cm) 83.33 82.23 84.38 84.25 83.30 0.426 0.52
BT (mm) 13.79 13.67 13.64 13.84 13.23 0.330 0.69
MD (mm) 63.53 64.81 63.12 64.08 63.87 1.168 0.99
LMY (%) 58.36 58.08 58.40 58.43 58.71 0.238 053
T45 (°C) 29.16 29.28 28.78 29.83 29.35 0.248 0.60

560 MSE - Mean standard error; CY: Carcass Yield; CL: Carcass length; BT: Belly thickness; MD:
561  Muscle depth of Longissimus dorsi; LMY Lean meat yield; T45: carcass temperature measured

562 45 minutes after slaughter;
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Table 9 - Longissimus dorsi muscle meat quality of finishing pigs (70-100 kg) subjected to diets

with different levels of DDGS

DDGS (%)
Item MSE P - Anova
0 7.5 15 22.5 30
pH 45 min 6.32 6.36 6.41 6.29 6.39 0.037 0.81
pH 24 h 5.39 5.38 5.44 5.40 5.45 0.028 0.45
LLR® (%) 3.89 3.79 4.12 3.86 4.12 0.093 0.42
LLD® (%) 3.33 3.36 3.49 3.48 3.85 0.203 0.42
LLT2 (%) 7.58 6.50 8.70 8.24 9.46 0.502 0.73
LLCY (%) 30.29 32.10 34.60 32.23 33.13 0.704 0.83
SF1? 5.78 5.65 541 5.27 5.50 0.24 0.21
L 58.36 58.55 58.40 58.38 58.71 0.244 0.88
a* 8.90 8.75 9.01 8.39 9.00 0.144 0.63
b* 4.05 4.16 4.73 4.14 4.28 0.126 0.76

MSE - Mean standard error; LLR: Liquid loss by cooling; LLD: Liquid loss by dripping; LLT:

Liquid loss by thawing; LLC: Liquid loss by cooking; SF: Shearing force; L: Luminosity; a*:

red-green component; b*: yellow-blue component.
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Table 10 — Variables related to the evaluation of the belly cut (in natura) of finishing pigs (70-

100 kg) submitted to diets with different levels of DDGS.

DDGS (%)
Item MSE P - Anova
0 7.5 15 22.5 30

Weight (kg) 3.76 3.74 3.41 3.75 3.68 0.082 0.78
Length (cm) 45.23 45,58 45.90 45.97 45.03 0.468 0.99
Width (cm) 20.90 20.76 19.03 19.78 19.71 0.256 0.06
Flop (cm) 23.20 23.45 22.10 22.99 22.83 0.297 0.57
Thickness

4.44 4.39 4.23 4.25 4.34 0.044 0.27
(cm)

MSE — Mean standard error.
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Table 11- Effect of feeding with increasing inclusion levels of DDGS in the fatty acid profile

of the fat obtained in the belly of pigs slaughtered at the finishing phase.

DDGS (%) p- P_
Acid MSE
0 7.5 15 22.5 30 Anova Regression
Lauric 0.25 0.26 0.23 0.26 0.25 0.01 0.882 -
Myristic 3.37 3.37 3.12 3.63 3.36 0.14 0.576 -
Palmitic 41.04 4110 3896 41.27 4050 0.75 0.649 -
Palmitoleic 0.09 0.21 0.23 0.20 0.19 0.01 0.042 <0.01(Q)!
Margaric 0.04 0.08 0.03 0.04 0.02 0.02 0.141 -
Stearic 10.75 10.86 10.87 10.64 11.23 0.38 0.613 -
Oleic 3460 3354 3447 3327 3279 0.64 0.070 -
Linoleic 8.81 9.77 1116  9.88 10.81 0.72 0.102 -
Arachidonic 0.06 0.06 0.06 0.06 0.06 0.05 0.564 -
Linolenic 0.41 0.45 0.51 0.43 0.46 0.04 0.586 -
Gadoleic 0.32 0.27 0.36 0.32 0.34 0.03 0.409 -
Eicosanoic 0.18 0.15 0.12 0.13 0.18 0.05 0.822 -
Eicosatrienoic  0.08 0.08 0.11 0.08 0.01 0.01 0.163 -
Mufa 3469 3354 3447 3327 3279 0.64 0.085 -
Pufa 9.80 10.73 1226 1084 11.79 0.79 0.114 -
Saturated 55,51 5574 5327 5590 5542 1.02 0.891 -

MSE — Mean standard error; Mufa: monounsaturated; Pufa: Polyunsaturated; Q: quadratic.

palmitoleic acid = -0.00039456*DDGS?+ 0.01448*DDGS + 0.1011, R?=0.71; DDGS for the

first derivation = 18.35%; Estimated response = 0.234.
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Figure 1.
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Figure captions

74

Figure 1. (A) Digestible energy (DE) and (B) metabolizable energy (ME) of DDGS, obtained

from the consumption of DE and ME associated with DDGS in relation to the consumption of

DDGS at each level of inclusion, in dry matter.
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Adjustment of prediction equations for the metabolizable energy of DDGS

for pigs

Abstract

The objective of this work was to determine the energy values and chemical composition of
different DDGS samples, as well as to adjust equations to predict the metabolizable energy of
DDGS, for finishing pigs, using chemical composition variables as regressors. A digestibility
test was performed with 44 castrated male pigs of commercial lineage (Landrace X Large White
X Pientrain), with an initial average weight of 80+1.25 kg, distributed in ten treatments (10
different DDGS), four replicates and one animal per experimental unit. DDGS replaced the
reference feed by 20%. The experiment lasted 12 days, seven days of adaptation and five days
of feces and urine collection. After determining the chemical and energetic composition of
DDGS, the prediction equations for ME were adjusted. The simple and multiple linear
regression procedure was adopted, as well as the Indirect Elimination (Backward) technique.
The digestible and metabolizable energy values of DDGS ranged from 3853 to 4664 kcal/kg
DM and 3755 to 4506 kcal/kg DM, respectively. The best-fit equation to estimate the DM of
DDGS for finishing pigs was ME= 10368.9 - 192.561 *CP + 481.541 * CF —101.953 *NDF —

119.236 *EE - 112.994 *A (R?= 0.38).

Keywords: Backward; digestibility coefficients; chemical composition

Bulleted Highlights

e There is variation in the chemical composition between of DDGS analysed

e There are no differences between the samples analyzed to the crude energy digestibility
and metabolizability coefficients, even with a high variation in the EE concentration of the

samples
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e ME of DDGS presented a positive correlation with EE, CF, ADF, MM and Sta, and

negative correlation with CP and NDF

Introduction

The expansion of ethanol production as a fuel source increased the amount of co-products of
cereal fermentation as possible alternative ingredients in animal feed. As a result, distiller's
dried grains with solubles (DDGS) have been increasingly used in the production of non-
ruminants, presenting a good cost/benefit ratio to producers.

Some factors such as the quality and type of raw material used (Silva et al., 2016) and
the processing methods used (Brito et al., 2008) may provide variations in the nutritional
composition of DDGS. The energy values presented in the literature show varied results of ME
for DDGS, possibly due to differences in nutritional composition of the raw material,
processing methods, quantities of solutions added to the distillate grains and analytical
parameters used for bromatological analyses (Liu, 2011).

Thus, attention should be paid to the nutritional quality of this ingredient, since it can
present great variation of nutrients in its composition, which can directly influence the ME
values.

Therefore, several studies have been carried out to characterize the energy value of
DDGS for pigs (Cozannet et al., 2010; Li et al., 2015; Kerr et al., 2013; Cristobal et al., 2020),
obtained through direct methods, with digestibility tests. However, energy values can also be
obtained by indirect methods, which use prediction equations to estimate the energy value of a
food (Esteves, 2015).

Prediction equations provide an energy value that is more adaptable to variation between
modern DDGS sources than published values, while eliminating the need for in vivo assays,
which are costly and time-consuming, for each DDGS source to be used in feed formulations

(Meloche et al., 2013).
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Thus, the use of energy prediction equations, based on chemical composition, can be a
useful tool in evaluating new ingredients, such as DDGS (Cozannet et al., 2010; Meloche et al.,
2013; Yang et al. 2019).

Thus, the objective of this work was to determine the chemical composition and energy
values of different DDGS samples, as well as to adjust equations for predicting the
metabolizable energy of DDGS for finishing pigs, using chemical composition variables as

regressors.

Material and methods

The experiment was carried out in the Swine Sector of the State University of Maringa's (UEM)
Iguatemi Experimental Farm (Fei), in the Animal Nutrition Laboratory (LANA/UEM) of the
Department of Animal Science and in the Research Support Centers Complex
(COMCAP/UEM). The experimental procedures were previously approved by the UEM
Animal Use Ethics Committee - CEUA/UEM (n° 3339180919).

Forty-four pigs, castrated males, with an average initial weight of 80 + 1.25 kg, housed
individually in similar metabolism cages, as described by Pekas (1968), were used. The animals
were distributed in an experimental design of randomized blocks, consisting of ten treatments
and four replications. The temperature was partially controlled with the aid of air conditioning
throughout the experimental period.

The reference feed (Table 1), based on corn and soybean meal (0% DDGS), was
formulated to meet the nutritional requirements of pigs between 70 and 100 kg live weight, as
recommended by Rostagno et al. (2017). Ten different DDGS parts from distillery industries

were used, which replaced the reference feed by 20%.
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The feeding and collection of feces and urine were performed according to the
methodologies described by Sakomura and Rostagno (2016). Feed intake was established based
on metabolic weight (P%") and feeding was divided into approximately 60% in the morning
and 40% in the afternoon (the proportion obtained based on feed intake between morning and
afternoon during the adaptation period). The feeds were moistened with water, in 10% of the
feed supplied, to avoid waste, reduce dustiness and improve acceptability. After each meal,
water was supplied in the feeder itself in the proportion of three ml of water/g of feed, to avoid
excessive water consumption and compromising feed consumption.

The experimental period lasted 12 days, with seven days of adaptation to metabolism
cages and feed, and five days of feces and urine collection, which were performed once a day
at 8 am. Ferric oxide (Fe203) was used as the fecal marker to define the beginning and end of
the collection period.

The urine, as excreted, was filtered and collected in plastic buckets located at the bottom
of the cage, containing 20 mL of 1:1 HCI to avoid nitrogen volatilization and microorganism
proliferation. At the end of urine collections, an aliquot of 10% of each animal was stored and
frozen (-5°C) for further analysis.

Feces were collected once a day, packed in plastic bags, identified and stored in a freezer
until the end of the collection period. Subsequently, the material was homogenized, dried in a
forced ventilation oven (55 °C) and milled in a knife mill, equipped with a 1 mm sieve.

The gross energy (GE) of the experimental diets, feces and urine, were determined at
the Research Support Centers Complex — COMCAP, by means of an adiabatic calorimeter (Parr
® Instrument Co. AC6200), following the procedures described by Silva and Queiroz (2005).
DDGS was analyzed for dry matter content (DM, method 930.15), crude protein (CP, method

990.03), fat (EE, method 920.39) and crude fiber (CF, method 978.10) according to
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methodologies described by AOAC (2006). The values of ME, DE, DCGE, MCGE and ME:DE
of the 10 different DDGS were determined.

The DCGE and MCGE of the different DDGS were submitted to variance analysis and
subsequently evaluated by Tukey's test at a 5% probability level.

The adjustment of the prediction equations of the ME values was performed after the
chemical composition was determined and the ME values of DDGS were obtained. The simple
and multiple linear regression procedure was adopted, as well as the Indirect Elimination
(Backward) technique. The Statistical and Genetic Analysis System - SAEG of the Federal

University of Vicosa - UFV, 2007) was used to perform the statistical procedures.

Results

The DDGS analyzed presented variations in the chemical composition (Table 2), and the largest
variations were observed for the values of Ca and EE, which vary from 0.01 to 0.03 and 3.54
to 8.30, respectively. It was also observed that starch ranged from 4.95 to 6.99%, which can be
considered as an expressive amplitude in the case of DDGS.

The DE and ME values also presented variations between the DDGS evaluated (Table
3), which are possibly correlated with the variations observed in the chemical composition of
the DDGS in the present study.

DDGS 4 presented higher values of GE, DE and ME, 5349, 4108 and 3966 kcal/kg,
respectively, which can be attributed to the higher EE content (8.30%) observed for this DDGS
(Table 2). On the other hand, the lowest EE value (3.54%) was observed for DDGS 3, which in
turn, is the one that presented the lowest GE value (4814 kcal/kg).

The crude energy digestibility and metabolizability coefficients showed no differences

(P>0.05) between the samples analyzed, even with a high variation in the EE concentration of
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the samples (8.30 vs. 3.54%). The ME:DE ratio (Table 3) ranged from 0.92 (DDGS 5) to 0.97
(DDGS 2, 4 and 7). The NE concentration variation followed the GE profile, ranging from 1897
to 2394 kcal/kg.

The correlation matrix, obtained by adjusting the prediction equations of the
components of the different DDGS, showed that ME presented a positive correlation with EE,
CF, ADF, MM and Sta, and negative correlation with CP and NDF (Table 4). Additionally, CP
presented the highest correlation with ME.

When using all chemical composition variables (complete model), only one prediction
equation was adjusted (Table 5), in which GE was the only regressor. When excluding GE,
other predictors were included in the prediction models and the coefficients of determination
increased.

The equations adjusted to predict ME, without GE as a regressor and composed of five
chemical composition variables (CP, CF, NDF, EE, and A), provided a coefficient of
determination of 38.06. As the regressors were eliminated from the model, the coefficients of

determination were reduced.

Discussion

The concentrations of DM and MM ranged from 84.91 to 88.02% and 3.72 to 5.36%,
respectively (Table 2); and are in agreement with those found by Li et al. (2015) for 17 DDGS
samples from different ethanol manufactories. The dry matter content presented a variation
higher than expected, since DDGS is subjected to a dehydration process which, in theory, would
allow greater standardization of the dry matter contents of the co-product. The average P

content observed in this study was similar to the values presented by the NRC (2012), for DDGS
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with medium and low oil concentration. However, Ca levels were lower than the values found
in the same literature.

Starch ranged from 4.95 to 6.99% among the different parts of DDGS. In turn, Kerr et
al. (2013), when evaluating six different DDGS samples, observed a variation of 2.3 to 4.9%.
Variations in DDGS starch contents can be influenced by several factors, but mainly by the
quality of the raw material (Silva et al., 2016). Other factors related to variations in DDGS
starch concentrations are the corn grain starch concentration, harvest time and starch to ethanol
conversion efficiency during the fermentation process, which will allow only a small amount
of starch to be found in DDGS (Corassa et al., 2018).

The concentration of starch in DDGS influences the concentration of other nutrients in
the final product (Tsai et al., 2017), such as fiber fractions, clarifying the high values observed
for ADF and NDF, as well as high concentrations of CP and EE in relation to corn.

In this sense, it is observed that the concentrations of CF, ADF and NDF showed a
significant variation and still high levels (Table 2), when compared to those presented by Zang
et al. (2017), who observed average percentages of CF, NDF and ADF of 8.2, 34.1 and 11.5,
respectively.

The fiber fraction of corn grains is not converted into ethanol and thus the co-products
contain approximately three times more fiber than the raw material, since the high starch
concentration of the raw material is used in the fermentation process. Additionally, Stein and
Shurson (2009) reported that most of the fiber contained in the co-products is insoluble (35%)
and only 6% of the fiber is soluble. Some DDGS with lower fiber content may be related to the
fact that some DDGS-producing mills use a corn grain fiber separation process prior to
fermentation (Silva et al., 2021), which may contribute to the high variation of fibrous fractions

found in different studies with DDGS.
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However, animals in the finishing phase have greater capacity to use the fiber found in
their diet, probably due to the greater development of the cecum, longer retention time of the
digest and containing a greater number of fermentative bacteria in their digestive tract (Yen et
al., 2004). In addition, the population of cellulitis bacteria is about 6.7 times higher in adult pigs
compared to growing pigs (Castro Janior et al., 2005).

Regarding CP, Anderson et al. (2012) and Kerr et al (2013), when evaluating the
nutritional composition of different DDGS, found mean values of 41.89 and 35.30%, which
were higher than the mean value found in this study (31.06%). As mentioned above, the
chemical composition of DDGS is related to several factors, which will contribute to higher or
lower concentrations of certain chemical compounds, depending on the concentration of the
other chemical constituents of DDGS.

Additionally, the amount of condensed distillery solubles added to distillery grains is
one of the factors affecting the chemical composition of DDGS, especially the EE content
(Kingsly et al., 2010). In general, the chemical composition of the DDGS evaluated in this study
is similar to the values presented by Corassa et al (2017), who performed a compilation of the
nutritional compositions of the DDGS presented by several authors. However, the fat contents
found by (Pedersen et al., 2007; Anderson et al., 2012; Kerr et al., 2013; Li et al., 2015; Wu et
al., 2016) ranged from 8.63 to 11.62%. However, the EE values found in this study characterize
the DDGS evaluated by the NRC (2012), as low (near and below 4%) and average (6 and 9%)
concentrations of EE.

The variations in the composition of DDGS observed in this work (Table 2) may be
associated with the different manufacturing processes in each mill, and related to the different
models of equipment used, production flow, drying, soluble addition and the centrifugation
period for oil extraction, among other steps performed distinctly in mills producing corn DDGS

(Gicaet al., 2021).
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Among these factors, variation in DDGS composition caused by processing is
considered more important than the variation in the corn's composition (Belyea et al., 2004),
because the oil extraction process drastically alters the oil content of the DDGS, further altering
the concentration of protein and fiber (Saunders and Rosentrater, 2009; Liu and Rosentrater,
2012), also influencing the GE and DE concentrations of DDGS (Graham et al., 2014).

The GE, DE, ME, NE estimate, DCGE and MCGE levels of the GE, and the DE/ME
ratio showed variations among the evaluated DDGS. It is known that the chemical composition
of the ingredients is correlated with the energy content (Fries-Craft and Bobeck, 2019) which
can be observed in this work, since the chemical and energetic compositions varied significantly
among the DDGS evaluated.

The GE, DE and ME of the DDGS is equal to or higher than that of corn and, although
energy concentrations vary considerably among the samples evaluated in this study (Table 3),
the DE and ME values are high in relation to corn, as proposed by Rostagno et al. (2017).
However, the NE values of the DDGS, estimated by the equation described by Noblet et al.
(1994), are lower than those of corn, possibly because they have higher crude protein and fiber
contents and lower starch concentration (NRC, 2012; Harris, 2014).

Even with the variations observed in the chemical composition and energy values, corn
DDGS is a potential food to be used in feed for finishing pigs but, according to Corassa et al.
(2018), the chemical composition must be analyzed before use in animal feed, because the
greater the accuracy in the chemical composition and ME values of the DDGS to be used, the
more accurate the diet formulation, optimizing the nutritional and economic value of DDGS in
feeding pigs.

The correlation matrix (Table 4), obtained by adjusting the ME prediction equations,

showed negative correlations of ME with NDF and CP. Similarly, the highest DCGE and
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MCGE were observed for DDGS 8, which presented reduced values of NDF (32.88%) in
relation to the average of the DDGS evaluated.

The fibers present in DDGS can directly influence digestive physiology, due to the
interaction of the fibers with the intestinal microbiota, increased food passage and consequently
reduced digestibility of the fibrous portions with less efficiency of energy use (Bindelle et al.
2008; Albuquerque et al., 2011). Additionally, high fiber concentrations can increase acid
detergent insoluble nitrogen, further causing a reduction in ileal nitrogen digestibility due to the
lack of fibrolytic enzymes (Bottger and Sudeum, 2017).

CF and ADF showed a positive correlation with ME, which was generally not expected,
and it should be more precisely evaluated whether the energy intake can be improved through
fermentation of these fibrous fractions in the large intestine, and the production of volatile fatty
acids (Kerr and Shurson, 2013).

EE and Sta also showed a positive correlation with ME (Table 4), which may be related
to the higher rate of nutrient utilization caused by the presence of lipids, since higher
concentrations of lipids in distillery grains reduce gastric emptying, which decreases the
passage rate, allowing longer time for digestion (Curry et al., 2014).

Starch is characterized by high levels of DE and ME, reaching 3594 and 3533 kcal/kg
DM, respectively (Rostagno et al. 2017), and its digestibility is related to the variation in the
amylose:amylopectin ratio, food processing and physicochemical properties, such as
gelatinization and retrogradation. The higher the proportion of amylopectin in the food, the
greater its digestibility, since amylopectin consists of branches that have greater exposure to
enzymes in the small intestine than amylose, which is a single and linear filament (Denardin

and Silva, 2009; Noal and Dernadin, 2015).
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The prediction equations have been widely used to determine the values of DE and ME
for swines fed with diets that contain alternative ingredients (Anderson et al., 2012; Li et al.,
2015), mainly given the great variation in the composition of these ingredients of vegetal origin.

Therefore, the use of such equations can substantially reduce the need for long and
costly metabolism tests, improve the prediction of the estimation of energy values, maximize
the use of data obtained through routine laboratory analysis and reduce costs, but these
equations must be robust (Urriola et al., 2014).

Some researchers such as Just (1982) recommended the use of ME instead of DE as a
unit of energy and the use of regression equations as a tool in the evaluation of energy value.

Thus, a series of prediction equations were generated for the ME content of corn DDGS
(Table 5). The equation that presented the highest R? was adjusted using more chemical
composition variables as regressors (Table 5), represented by equation ME (Kcal/kg DM) =
10368.9 - 192.561*CP + 481.541*CF — 101.953*NDF — 119.236*EE -112.994*A (R?= 38.06).

The choice of regressors to be used in the equation, by the level of significance
(statistically) and not randomly, allows more reliable results (Souza et al., 2016). The equations
shown in table 5, despite presenting low R?, which indicates low adherence of the equations to
the observed values of ME, can be used as a tool in the evaluation of the energy value of DDGS,
after validation procedures.

Similarly, Li et al. (2015) adjusted several prediction equations, among them the best-
fit equation for the 25 DDGS used was ME (kcal/kg DM) = 1,554 — 44.11*NDF % + 0.77*GE
% — 68.51*MM%, R? = 0.84.

Several validation studies have shown good predicted results in relation to those
observed when evaluating equations with low coefficients of determination, but which were
adjusted for a single food (Ferreira et al. 2018). Additionally, DDGS is subjected to a thermal

processing that, depending on the intensity of the temperature and exposure time, can form
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compounds that impair the use of some nutrients (Cozannet et al., 2010; Bottger and Sudeum,
2017), providing variations in the ME concentrations of different DDGS, even in the same
producing mill.

Thus, there is another source of variation that is not only related to the chemical
composition, which can influence the DE and ME values, which can contribute to obtaining the
low R2.

In a study carried out by Anderson et al. (2012), to determine and predict the values of
digestible and metabolizable energy from the chemical composition of DDGS for pigs in the
finishing phase, it is observed that the prediction equations of the ME values presented R?
ranging from 0.46 to 0.99. The authors also observed that the use of DE as a regressor in ME
prediction models provided higher values of R?.

However, Wu et al (2016), when evaluating the effect of four different DDGS for
growing and finishing pigs, used the prediction equation with the highest R? adjusted by
Anderson et al. (2012), and that DE was used as a regressor ME = -261 + 1.05*DE - 7.89*CP
+ 2.47*NDF - 4.99*EE (R?=0.99), to determine the ME of DDGS.

In general, the prediction equations that have DE as a predictor have higher coefficients
of determination and, according to Oliveira (2019), the high correlation of DE with ME
highlights the importance of this regressor in explaining the values of ME in foods for pigs.
However, the use of DE in the prediction model may not be feasible, since such a value must
be known to provide an adequate prediction of ME and, therefore, only a digestibility test can
provide an accurate and precise DE value, which makes it difficult to use equations to predict
the ME values that present DE as a regressor (Oliveira, 2019).

It is desirable that the prediction equations have two to four independent variables, since
the use of models with a lower number of regressors can improve the applicability of the

equation (Pozza et al., 2008). Thus, it can be inferred that the equations adjusted in this work
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have practicality, but there is a need to be evaluated for the accuracy and precision of the

predicted ME values.

Conclusion

The digestible and metabolizable energy values of DDGS ranged from 3853 to 4664 kcal/kg
DM and 3755 to 4506 kcal/kg DM, respectively. The equation to estimate the metabolizable
energy of DDGS for finishing pigs, which presented the highest R? for corn DDGS was ME=
10368.9 - 192.561 *CP + 481.541 *CF — 101.953 *NDF — 119.236 *EE -112.994 *A (R?=

38.06).

Disclosure statement

No potential conflict of interest was reported by the authors.

Ethical approval

The experimental protocol used in this study was approved by the UEM Animal Use Ethics

Committee - CEUA/UEM (n° 3339180919).

Data availability statement

The original data of the article are available upon request from the corresponding author.

References

Albuquerque DMN, Lopes JB, Klein Junior MH, Merval RR, Silva FES, Teixeira MPF. 2011.
Residuo desidratado de cervejaria para suinos em terminacéo [Dehydrated residue from

brewery for pigs in termination]. Arq Bras Med Vet Zootec. 63:465-472. Portuguese.

88



898

899

900

901

902

903

904

905

906

907

908

909

910

911

912

913

914

915

916

917

918

919

89

Anderson P, Kerr B, Weber T, Ziemer C, Shurson G. 2012 Determination and prediction of
digestible and metabolizable energy from chemical analysis of corn coproducts fed to

finishing pigs. J. Anim. Sci. 90:1242-1254.

AOAC. 2006. Official Methods of Analysis. 18th edn. Association of Official Analytical
Chemist; Arlington, VA, USA.
Bindelle J, Leterme P, Buldgen A. 2008. Nutritional and environmental consequences of

dietary fibre in pig nutrition: a review. Biotechnol. Agron. Soc. Environ. 12:69-80.

Brito MS, Oliveira CFS, Silva TRG, Lima RB, Morais SN, Silva JHV. 2008. Polissacarideos
ndo amilaceos na nutricdo de monogastricos — Revisdo [Non -starch polysaccharides in

monogastric nutrition — review]. Acta Vet. Bras. 2:111-117. Portuguese.

Castro Junior FG, Moura Camargo JC, Castro AMMG, Budifio FEL. 2005. Fibra na

alimentacdo de suinos [Fiber in swine feed]. Bol. Ind. Anim. 62(3):265-280. Portuguese.

Corassa A, Lautert IPAS, Silva LL, Souza C. 2018. Uso de DDGS de milho para suinos: uma
breve revisao [Use of corn ddgs for pigs: a brief review]. Sci. Agrar. Paran. 17(2):157-164.

Portuguese.

Cozannet P, Primot Y, Gady C, Métayer JP, Lessire M, Skiba F, Noblet J. 2010. Energy value
of wheat distillers grains with solubles for growing pigs and adult sows. J. Anim. Sci.

88(7):2382-2392.

Cristobal M, Acosta JP, Lee SA, Stein HH. 2020. A new source of high-protein distillers
dried grains with solubles (DDGS) has greater digestibility of amino acids and energy, but
less digestibility of phosphorus, than de-oiled DDGS when fed to growing pigs. J. Anim. Sci.

98(7):skaa200.

89



920

921

922

923

924

925

926

927

928

929

930

931

932

933

934

935

936

937

938

939

940

941

942

90

Curry SM, Navarro D, Almeida FN, Almeida JAS, Stein HH. 2014. Amino acid digestibility
in low-fat distillers dried grains with solubles fed to growing pigs. J. Anim. Sci. Biotechnol.

5(27):1-7.

Denardin C, Silva D. 2009. Starch granules structure and its regards with physicochemical

properties. Cienc Rural. 39:945-954.

Ferreira SL, Vasconcellos RS, Rossi RM, Paula VRCD, Fachinello MR, Huepa LMD, Pozza
PC. 2018. Using near infrared spectroscopy to predict metabolizable energy of corn for pigs.

Sci Agric. 75:486-493.

Gica W, Hai-Long J, Simplisio E. 2021. Effect of Treated Corn Distillers Dried Grains with
Solubles as Dietary Supplement on the Growth and Healthy Performance of Pigs: A Review.

Asian J Anim Vet Adv. 7(4):36-48.

Graham AB, Goodband RD, Tokach MD, Dritz SS, Derouchey JM, Nitikanchana S. 2014.
The effects of medium-oil distillers dried grains with solubles on growth performance, carcass

traits, and nutrient digestibility in growing—finishing pigs. J Anim Sci. 92(2):604-611.

Harris E. 2014. Effects of dried distillers grains with solubles (DDGS) feeding strategies on
growth performance, nutrient intake, body composition, and lean and fat quality of
immunologically castrated pigs harvested at 5, 7, or 9 weeks after the second Improvest dose

[dissertation]. Minneapolis (MN): University of Minnesota.

Just A. (1982). The net energy value of balanced diets for growing pigs. Livest Sci. 8(6):541-

555.

Kerr BJ, Dozier WA, Shurson, GC. 2013. Effects of reduced-oil corn distillers dried grains
with solubles composition on digestible and metabolizable energy value and prediction in

growing pigs. J. Anim. Sci. 91(7):3231-3243.

90



943

944

945

946

947

948

949

950

951

952

953

954

955

956

957

958

959

960

961

962

963

964

965

91

Kingsly ARP, lleleji KE, Clementson CL, Garcia A, Maier DE, Stroshine RL, Radcliff S.
2010. The effect of process variables during drying on the physical and chemical
characteristics of corn distillers dried grains with solubles (DDGS) - Plant scale experiments.

Bioresour. Technol. 101(1):193-199.

Li P, Li DF, Zhang HY, Li ZC, Zhao PF, Zeng ZK, Xu X, Piao XS. 2015. Determination and
prediction of energy values in corn distillers dried grains with solubles sources with varying

oil content for growing pigs. J. Anim. Sci. 93(7):3458-3470.

Liu K, Rosentrater KA, editors. 2012. Chemical composition of DDGS. Distillers Grains:

Production, Properties, and Utilization. 1st ed. Urbana (IL): AOCS Publishing.

Meloche KJ, Kerr BJ, Shurson GC, Dozier WA. 2013. Apparent metabolizable energy and
prediction equations for reduced-oil corn distillers dried grains with solubles in broiler chicks

from 10 to 18 days of age 1. Poult. Sci. 92:3176-3183.

National research council — NRC. 2012. Nutrients requirement of swine. 11th ed. Washington
(DC): National Academies.
Noal DT, Denardin CC. (2015). Importancia da resposta glicémica dos alimentos na

qualidade de vida. Rev. Eletr. Farm. 12(1), 60-78.

Noblet J, Fortune H, Shi SX.1994. Prediction of net energy value of feeds for growing pigs. J.

Anim. Sci. 72(2):344-354.

Oliveira ALG. 2019. Adjustment and evaluation of trend and precision of prediction models
of final average weight and feed conversion of pigs in growing and finishing phases

[dissertation] Marechal Candido Rondon (PR): Western Parana State University.

Pekas JC. 1968. Versatible swine laboratory apparatus for physiologic and metabolic studies.

J. Anim. Sci. 27:1303-1306.

91



966

967

968

969

970

971

972

973

974

975

976

977

978

979

980

981

982

983

984

985

986

987

92

Pozza PC, Gomes PC, Donzele JL, Rostagno HS, Pozza MSS, Nunes RV. 2008. Composi¢édo
quimica, digestibilidade e predicdo dos valores energéticos da farinha de carne e 0ssos para
suinos [Chemical composition, digestibility and prediction of the energy values of meat and

bone meal for swine]. Acta Sci. Anim. Sci. 30(1):33-40. Portuguese.

Rostagno SH, Albino LFT, Hannas MI, Donzele JL, Sakomura NK, Perazzo FG, Saraiva A,
Abreu MLT, Rodrigues PB, Oliveira RF, Barreto SLT, Brito CO. 2017. Tabelas brasileiras para
aves e suinos: composicdo de alimentos e exigéncias nutricionais [Brazilian tables for birds and

pigs: food composition and nutritional requirements]. 4th ed. Vicosa (MG): UFV. Portuguese.

Silva BCR, Ton APS, Moreno FLV, Freitas LW. (2021). Uso do coproduto de etanol de milho
na alimentacdo de aves: Revisao [Use of corn ethanol co-product in bird feeding: review]. Res.,

Soc. Dev. 10(4):15510413891-e15510413891. Portuguese.

Silva DJ, Queiroz AC. 2005. Analises de alimentos: métodos quimicos e biologicos [Analises
de alimentos: métodos quimicos e bioldgicos]. 3rd ed. Vicosa (MG):UFV. Portuguese.

Silva JR, Netto DP, Scussel VM. 2016. Graos secos de destilaria com solGveis, aplicacdo em
alimentos e seguranca: Revisdo [Dry distillery grains with solubles, food application and

safety: review]. PUBVET. 10:257-270.

Statistical Analysis System - SAS.SAS User’s Guide: Estatistics. Eletronic version 8.1. Cary:

2007 (CD-ROM).

Stein HH, Shurson GC. 2009. Board-invited: review. The use and application of destillers

dried grains with solubles in swine diets. J. Anim. Sci. 87(4):1292-303.

Tsai T, Dove CR, Cline PM, Ousu-Asiedu A, Walsh MC, Azain M. 2017. The effect of

adding xylanase or B-glucanase to diets with corn distillers dried grains with solubles

92



988

989

990

991

992

993

994

995

996

997

998

999

1000

1001

1002

1003

1004

1005

93

(CDDGS) on growth performance and nutriente digestibility in nursery pigs. J. Anim. Sci.

88:2084-2091.

Universidade Federal de Vicosa. 2007. Manual de utilizacdo do programa SAEG (Sistema
para analises estatisticas e genéticas) [SAEG Program Use Manual (System for Statistical and

Genetic Analysis System)]. Vicosa (MG): UFV. Portuguese.

Urriola PE, Li M, Kerr BJ, Shurson GC. 2014. Evaluation of prediction equations to estimate
gross, digestible, and metabolizable energy content of maize dried distillers grains with
solubles (DDGS) for swine based on chemical composition. Anim. Feed Sci. Technol.

198:196-202.

Wu F, Johnston LJ, Urriola PE. 2016. Evaluation of NE predictions and the impact of feeding
maizedistillers dried grains with solubles (DDGS) with variable NE content on growth
performance and carcass characteristics of growing-finishing pigs. Anim Feed Sci and Tech.

215:105-116.

Yen JT, Varel VH, Nienaber JA. 2004. Metabolic andmicrobial responses in western

croosbred and Meishangrowing pigs fed a high-fiber diet. Anim. Sci. 82:1740-1755.

Zeng ZK, Shurson GC, Urriola PE. 2017 Prediction of the concentration of standardized ileal
digestible amino acids and safety margins among sources of distillers dried grains with

solubles for growing pigs: A meta-analysis approach. Anim. Feed Sci. Technol. 231:150-159.

93



1006

Table 1. Centesimal, energetic and chemical composition of the reference feed

Ingredients Quantity (g kg™*)
Corn 843.4
Soybean meal (45%) 103.0
Dicalcium phosphate 9.00
Soybean oil 18.0
Limestone 6.50
Vit and Min Supplement? 4.00
Common salt 0.94
L-Lysine HCL 5.08
L-Threonine 98.5% 1.70
L- Tryptophan 98.0% 0.62
DL- Methionine 99.0% 131
Sodium bicarbonate 4.73
Antioxidant? 0.10
Growth promoter® 0.15
Adsorbent* 1.50
Analyzed chemical composition (g kg™)

ME swines (MJ kg™) 14.03
Crude protein 120.0
Available Phosphorus 2.42
Calcium 4.97
Potassium 4.60
Sodium 1.65
Chlorine 1.54
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1010

Digestible lysine
Digestible Met+Cyst
Digestible Methionine
Digestible Threonine

Digestible Tryptophan

8.05

4.92

3.05

5.23

1.61

95

1.Quantity/kg diet; vit. A: 30000 IU, vit. D3: 5000 IU, vit. E: 120 IU, vit. K: 5 mg, vit. B12:

120 mcg, Niacin: 150 mg, Calcium Pantothenate: 75 mg, Folic Acid: 8 mg, Choline Chloridate:

0.48 g, Iron: 350 mg, Copper: 15 mg, Magnesium: 250 mg, Zinc: 0.75 g, lodine: 10 mg,

Selenium: 3 mg. 2.BHT, 3.Enradin, 4.Elitox
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1011  Table 2. Chemical composition of the different DDGS, expressed in natural matter

DDG
DM CP CF NDF ADF EE MM P Ca Sta
S
1 86.70 3250 7.46 3480 1559 453 459 063 0.03 6.99
2 87.30 3214 7.26 3440 1320 5.63 477 043 0.02 5.56
3 87.10 3128 7.29 3545 1417 354 514 067 003 5.21
4 88.02 29.99 858 36.49 16.72 830 3.72 055 0.02 584
5 87.73 31.04 875 3911 16.00 715 380 050 0.01 5.07
6 8750 29.78 7.69 3458 1466 6.26 383 044 002 5.37
7 86.77 30.30 6.87 28.62 1442 740 421 063 0.02 5.79
8 8491 3021 6.75 3288 13.69 4.0/ 536 063 0.02 5.88
9 87.08 3256 7.95 3571 1546 452 526 072 0.03 5.08
10 8569 30.79 848 36.62 1393 6.70 510 049 0.02 495

96

1012  DM: Dry Matter; MM: Mineral Matter; CP: Crude Protein; EE: Ethereal Extract; CF: Crude

1013  Fiber; ADF: Acid Detergent Fiber; NDF: Neutral Detergent Fiber; Ca: Calcium; P: Phosphorus;

1014  Sta: Starch.
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1015  Table 3. Energy values (kcal kg™), coefficients (%) of gross energy and ME:DE ratio of the

1016  different DDGS, in natural matter

DDGS GE DE ME NE DCGE MCGE ME:DE

(Kcal/lkg)  (kcal/kg)  (kcal/kg)  (kcal/kg) (%) (%)

1 4850 3696 3467 1989 76.21 71.49 0.94
2 4826 3363 3278 1897 69.68 67.92 0.97
3 4814 3644 3480 2125 80.01 76.43 0.95
4 5349 4105 3966 2394 76.66 74.14 0.97
5 5081 3726 3411 2004 73.34 67.13 0.92
6 5318 4084 3907 2323 76.79 73.47 0.96
7 5348 3866 3773 2239 72.29 70.55 0.97
8 4841 3736 3601 2039 77.17 74.38 0.96
9 4854 3572 3486 1951 73.59 71.83 0.96
10 4971 3702 3549 2037 74.46 71.39 0.96

Mean 5025.2 3749.4 3591.8 2099.8 75.02  71.873 0.956

P-Value - - - - 0.18 0.34 -

DP (%) - - - - 504 542 -

1017  GE: Gross energy; DE: Digestible energy; ME: Metabolizable energy; NE: Net energy; DCGE:

1018  digestibility coefficient of GE; MCGE: metabolizability coefficient of GE.
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Table 4. Correlation matrix of components of the different DDGS

Item ME GE CP EE CF NDF ADF MM Sta
ME 1.000

GE 0.536  1.000

CP -0.521 -0.842 1.000

EE 0331 0.826 -0.631 1.000

CF 0.046 0.212 -0.150 0.515 1.000

NDF -0.194 -0.288 0.137 -0.007 0.806 1.000

ADF 0233 038 0.170 0.367 0.586 0.367 1.000

MM 0331 -0.814 0.641 -0.746 0.356 -0.037 -0.541 1.000

Sta 0.049 -0.074 0.218 -0.179 0.443 -0.377 0.164 -0.017 1.000

98

DM: Dry Matter; MM: Mineral Matter; CP: Crude Protein; EE: Ethereal Extract; CF: Crude

Fiber; ADF: Acid Detergent Fiber; NDF: Neutral Detergent Fiber; Ca: Calcium; P: Phosphorus;

Ami: Starch.
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1023  Table 5. Intercepts, coefficients of regression and determination of the equations to predict

1024  DDGS metabolizable energy (ME) values, adjusted based on the dry matter

Equations adjusted using the complete model - GE, CP, EE, CF, NDF, ADF, MM, Sta

ME=482.876-81.0840 * GE (R?= 28.75)

Equations adjusted using - CP, CF, NDF, EE, ADF, MM and Sta

ME=10368.9-192.561*CP+481.54*CF-101.95*NDF-119.236*EE-112.994*Sta (R?= 38.06)
ME=10584.0-168.582*CP-94.614*NDF+392.338*CF-96.8957*EE (R?= 34.24)
ME=8888.63-148.140*CP (R?= 27.10)
1025  DM: Dry Matter; MM: Mineral Matter; CP: Crude Protein; EE: Ethereal Extract; CF: Crude
1026  Fiber; ADF: Acid Detergent Fiber; NDF: Neutral Detergent Fiber; Ca: Calcium; P: Phosphorus;

1027  Sta: Starch.
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CLOSING REMARKS

The results of the nutritional composition infer the distillers' dried grains with solubles
as an alternative source to corn and soybean meal, proved to be an excellent protein and energy
ingredient.

Diets with levels of up to 30% inclusion of DDGS did not compromise the performance
of pigs in the finishing phase, nor the quality of the meat and carcass. Therefore, although the
production of DDGS from corn is not very evident in Brazil, its use as an alternative ingredient
for the formulation of diets for pigs proved to be efficient when administered at up to 30% in
the diet.

The use of prediction equations is an important tool to determine the energy value of
foods, as well as to increase the accuracy in feed formulation processes and to make the
necessary adjustments according to the variation of DDGS compositions. The regression
equations adjusted in this study can be used as a tool in the evaluation of the ME value of

DDGS, but they need to be evaluated for the accuracy and precision of the predicted ME values.
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