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FONTES PROTEICAS DE ORIGEM VEGETAL SOBRE O PROCESSO DE
EXTRUSAO E A DIGESTIBILIDADE APARENTE DE DIETAS PARA CAES

RESUMO - O presente estudo avaliou a substituicdo da fonte proteica farinha
de visceras de frango (FVF) por diferentes inclusdes de concentrado proteico de soja
(CPS), isolado proteico de soja (IPS) e gluten de milho 60% (GM) sobre as
caracteristicas de extrusdo, macroestrutura dos Kkibbles e digestibilidade dos
nutrientes em alimentos para caes. Dois estudos foram realizados, o primeiro avaliou
os efeitos dessas matérias primas sobre o processo de extrusdo e a formatacao e
caracteristicas dos kibbles. O segundo experimento utilizou cédes para avaliar a
digestibilidade de dietas contendo as fontes proteicas do estudo. O primeiro estudo
seguiu delineamento inteiramente casualizado com 10 tratamentos (dietas), a dieta
de controle com apenas FVF e 9 dietas teste formuladas pela substituicao de 20%,
40% e 60% da proteina da dieta por CPS, IPS ou GM. O segundo estudo seguiu
delineamento inteiramente casualizado com quatro dietas e seis animais por dieta,
totalizando 24 cées. As dietas selecionadas para o segundo estudo foram: a dieta
FVF e as dietas com 0s maiores teores de substituicdo da proteina da dieta pelas
fontes de origem vegetal: CPS60%; IPS60% e GM60%. No primeiro estudo, quando
diferencas foram detectadas pelo teste F da ANOVA, os efeitos dos niveis de
substituicdo de cada ingrediente proteico foram comparados por contrastes
polinomiais. No segundo estudo, quando diferencas foram detectadas na ANOVA,
as comparacdes multiplas das médias foram realizadas pelo teste de Tukey. Os
valores de P<0,05 foram considerados significativos. Com base nos resultados
observados, devido as propriedades funcionais das proteinas da soja, a inclusao
crescente de CPS promoveu aumento linear do desenvolvimento de viscosidade e
da transferéncia de energia mecéanica especifica (EME), que aumentou de 17.1 kW -
h/ton para FVF para 24.9 kW-h/ton com 60% de substituicdo da proteina da dieta
por CPS (P<0.001), e foi em média 30% superior quando comparado ao IPS e 40%
guando comparado ao GM (P<0.001). O IPS transferiu EME a massa de forma
quadratica (P<0.001), contribuindo com o processo de extrusao apenas a partir da
substituicdo de 40% da proteina da dieta por IPS, provavelmente devido ao seu
intenso tratamento industrial o que pode ter reduzido suas propriedades funcionais.
A inclusdo de GM nao favoreceu o processo de extrusédo. O CPS e ISP apresentaram
elevada digestibilidade da proteina em caes e semelhantes (P<0.001) a dieta FVF,
de 90.6%, 90.9% e 89.0%, respectivamente. A digestibilidade da proteina no
tratamento GM demonstrou-se superior a FVF (91.8%; P<0.001). Os resultados
encontrados para caracteristicas das fezes indicam que o CPS ainda contém
carboidratos fermentaveis que, quando comparado aos demais tratamentos,
reduziram o pH fecal em 8% e aumentaram a umidade fecal em 20% (P<0.001). Em
conclusao, os tratamentos contendo CPS e IPS resultaram em aumento da aplicacao
de EME, da gelatinizacdo do amido e da expansé&o dos kibbles. As fontes proteicas
vegetais CPS, IPS e GM tiveram alta digestibilidade da proteina bruta.

Palavras chave: concentrado proteico de soja, farinha de visceras de frango, gluten
de milho, isolado proteico de soja, propriedades funcionais.
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VEGETABLE PROTEIN SOURCES ON EXTRUSION PARAMETERS AND
DIGESTIBILITY OF DOG DIETS

ABSTRACT - The present study evaluated the substitution of poultry by-
product meal (PBM) by different inclusions of soy protein concentrate (CPS), soy
protein isolate (SPI) and corn gluten meal 60 (GM) on the extrusion characteristics,
kibble macrostructure and apparent digestibility of dog foods. Two studies were
conducted, the first evaluated the raw materials effects on extrusion process and
kibble formation and the second experiment used dogs to evaluate the digestibility of
diets containing the protein sources under study. The first study followed a completely
randomized design with 10 treatments (diets), a control diet with only PBM as the
protein source was formulated and 9 test diets formulated by the replacement of 20%,
40% or 60% of the dietary protein by SPC, SPI, or GM. The second study followed a
completely randomized design with four diets and six animals per diet, totaling 24
dogs. The diets selected for the second study were: the PBM diet and the diets with
the greater substitution of dietary protein by vegetable protein sources: SPC60%;
SPI60%; GM60%. For the first study, when differences were detected by the F test,
the effects of the inclusion levels of each protein ingredient were compared by
polynomial contrasts. For the second study, when significant differences were
detected with ANOVA F tests, multiple comparisons of the means were performed
using the Tukey test. Based on the observed results, due to the functional properties
of the soybean proteins, an increasing inclusion of SPC promoted a linear increase
in viscosity development and specific mechanical energy transfer (SME), which
increased from 17.1 kW-h/ton for PBM to 24.9 kW-h/ton with 60% of replacement of
the dietary protein by SPC (P<0.001), and was 30% higher when compared to SPI
and 40% higher when compared to GM (P<0.001). The SPI transferred SME to the
mass in a quadratic form (P<0.001), contributing to the extrusion process above of
40% replacement of the diet protein by SPI, probably due to its intense industrial
treatment which may have reduced its functional properties. The inclusion of GM did
not favor the extrusion process. SPC and SPI showed high protein digestibility for
dogs, similar to PBM diet (P<0.001), with values of 90.6%, 90.9% and 89.0%,
respectively. The protein digestibility of GM treatment was superior to PBM (91.8%;
P<0.001). The results found for faeces characteristics indicate that SPC still contains
fermentable carbohydrates which, when compared to other treatments, lower fecal
pH by 8% and increased fecal moisture by 20% (P<0.001). In conclusion, the
treatments containing SPC and SPI promoted an increased application of SME,
starch gelatinization and kibble expansion. The vegetable protein sources SPC, SPI
and GM had high digestibility of crude protein.

Key words: corn gluten meal, functional properties, poultry by-product meal, soy
protein concentrate, soy protein isolate.
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CAPITULO 1 - Consideracdes Gerais

1. INTRODUCAO

O Brasil € 0 2° maior pais do mundo em populacdo de cées e gatos (52,2
milhdes de cées e 22,1 milhdes de gatos) posicionando-se atras apenas dos Estados
Unidos. O setor pet faturou R$19 bilhdes em 2016, crescimento de 5,7% em relagéo
a 2015, sendo 67,6% desse faturamento devido ao segmento de alimentos para
animais de estimacao. O crescimento do poder aquisitivo da populacdo brasileira
gera um aumento na demanda de alimentos industrializados de melhor qualidade,
processo denominado premiunizacdo. Dessa forma, o crescimento do mercado de
pet food tem incentivado pesquisas para caracterizar melhor os ingredientes
empregados. Os ingredientes proteicos encarecem as formulacbes das racoes,
especialmente quando selecionados com base no teor de proteina, digestibilidade e
perfil em aminoacidos essenciais.

Alguns ingredientes proteicos de origem animal possuem excesso de matéria
mineral, o que leva a diminuicdo da digestibilidade do alimento, provoca o
ressecamento das fezes e eleva o conteudo de célcio, fésforo e magnésio do
alimento, dificultando a formulacéo de dietas equilibradas. Devido a estes fatores, &
pratica comum em alimentos para caes e gatos, usar combinacdes de ingredientes
para se obter adequado equilibrio de aminoé&cidos, energia, gordura, minerais e
vitaminas. Além de poder facilitar a formulacdo, as proteinas de origem vegetal
também sao incorporadas aos alimentos para animais de companhia devido as suas
propriedades funcionais dentro do processo de producdo. Essa funcionalidade é
importante, pois um fator limitante para a inclusdo de altos niveis de proteina nas
dietas é a dificuldade de se processar alimento com elevada incluséo de farinhas de
origem animal nos equipamentos de extrusdo de rosca simples, 0os mais
representados na industria pet food.

Dentre esses ingredientes, destacam-se os derivados de soja e milho, devido
a sua disponibilidade comercial constante, qualidade nutricional estavel e bom perfil
de aminoacidos, com destaque para os teores de fenilalanina e, nos gréos de soja,
de triptofano. Adicionalmente, o Brasil é o segundo maior produtor de soja e o
terceiro maior produtor de milho do mundo, com grande potencial de producao
destas matérias primas especializadas. Dessa forma, esse estudo teve como
objetivo avaliar os efeitos da substituicdo da fonte proteica farinha de visceras de



frango pelas fontes de proteina de origem vegetal concentrado proteico de soja,
isolado proteico de soja e glaten de milho 60 sobre as caracteristicas de extruséo,
macroestrutura dos kibbles e digestibilidade aparente dos nutrientes em alimentos

para cées.

2. REVISAO DE LITERATURA

2.1.Caracteristicas e processo de obtencao do concentrado proteico de

soja e do isolado proteico de soja

O gréo de soja € um ingrediente amplamente utilizado em dietas para animais,
possui cerca de 40% de proteina bruta (PB), 18% de extrato etéreo (EE) e 30% de
carboidratos (CHO; 15% insollveis e 15% soltveis) (Hymowitz et al.,1972; Silva et
al., 2006). Em alimentos para caes e gatos, o farelo de soja (45% PB, 2% EE, 38%
CHO) (Butolo, 2010) é o derivado mais utilizado, geralmente com o objetivo de
baratear o custo da formula. Porém, recentemente, o concentrado proteico de soja
(CPS) e o isolado proteico de soja (IPS) passaram a ser op¢des pois apresentam
bom perfil de aminoacidos (JACOB et al, 1996) e boa digestibilidade de proteinas e
energia em cades (Wiernusz et al., 1995). O CPS possui 65% de PB, 2% de EE e
20% de CHO (maioria insoluveis), enquanto que o IPS possui 85% de PB, 4% de EE
e menos que 1% de CHO (Johnston et al., 2015).

Segundo Wang (2004), para a obtencdo do CPS e do IPS, os graos de soja
inicialmente passam por rolos quebradores que separam a casca do grdo, em
seguida a casca € moida e tostada, podendo ser comercializada ou reincorporada
ao farelo de soja (Figura 1). A soja descascada € entdo condicionada (adicdo de
temperatura e umidade, por meio de vapor) e, em seguida, sofre processo de
laminagéo, criando-se folhas finas dos graos de soja. Essa soja laminada passa pelo
processo de extracdo de Oleo por meio de lavagem com hexano. O resultado desse
processo é comercializado como 6leo bruto ou 6leo refinado de soja. Os flocos, apos
retirada do solvente e secagem, sdo moidos para produzir o CPS ou IPS ou, ainda,
proteina texturizada de soja. O CPS é obtido apds lavagem em etanol (40°C, 40 min)
para remoc¢do de carboidratos sollveis por centrifugagcdo (15°C, 30 min), extraindo
grande parte dos acucares soluveis néo digestiveis como rafinose e estaquiose. Por

fim, o CPS é obtido ap6s evaporacdo do etanol (40°C, 12h) e secagem em forno a



vacuo (50°C, 8h). Ja o IPS é obtido a partir da solubilizacdo da fracdo de proteina
usando hidroxido de sddio ou potassio (pH 8,5 a 45°C) e, em seguida a solucdo de
proteina é separada da fracéo insoluvel por centrifugacéo e acidificada a pH 4,5 com
acido cloridrico ou fosférico a 20°C. Por fim, a obtencéo do IPS ocorre apdés uma
segunda centrifugacdo, seguida da neutralizacdo (pH 6,5 a 7,0) e secagem por

liofilizacao.
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Figura 1. Fluxograma do processo de obtencao dos derivados da soja - Adaptado
de Wang (2004).



2.2.Caracteristicas e processo de obtencao do gluten de milho 60%

O milho é o principal ingrediente utilizado na dieta dos animais, possui em
média 8% PB, 4% EE e 72% de amido (Carvalho e Nakagawa, 2000). O farelo de
glaten de milho 60 é um ingrediente com alto teor de proteina (60%), baixo amido
(17%) e baixa gordura (2,5%) (Valadares e Filho, 2006). Possui bom perfil de
aminoacidos, sobretudo nos aminoacidos metionina e arginina (Rausch e Belyea,
2006) e boa digestibilidade em cées (Yamka et al., 2004; Carciofi et al, 2006). Em
dietas para gatos, € uma das principais fontes de proteina vegetal, auxiliando na
reducdo do pH da urina, contribuindo para a saude do trato urinario (Funaba et al.,
2002).

Segundo Kent e Evers (1983), o gluten de milho 60 (GM) é um produto obtido
a partir do processamento do milho por via imida. Apds a limpeza dos gréos, o milho
grao é levado para tanques acoplados com maceradores para receberem banho
continuo em uma solucdo contendo agua, lactobacilos e dioxido de enxofre (SO2).
No processo de separacdo do amido e das proteinas, o SO:2 diluido reage com a
agua (H20), formando o &cido sulfuroso (H2S03) que evita a germinacgdo do gréo e
controla a fermentacéo. Os nutrientes presentes no grao sédo entao liberados para a
solucdo aquosa que serd drenada e concentrada através de peneiras e
centrifugacdo. Os grdos de milho recebem também banho de hipoclorito para
separacao do gérmen. Apés essas etapas obtém-se duas solu¢des concentradas, a
solucao que contém o gérmen sera processada para obtencao de 6éleo, ja a solucdo
gue é composta por amido, proteina e fibra passa por combinagédo de tratamentos
quimico (enzimatico) e fisico (centrifugacéo) para remog¢éo do amido e concentragao
da proteina, respectivamente. Essa solucdo posteriormente passa por secagem e

moagem para enfim constituir o farelo de glaten de milho 60% (Figura 2).
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2.3.Caracteristicas e processo de obtencao da farinha de visceras de

frango

A farinha de visceras de frango (FVF) € a fonte proteica de origem animal
mais comum em dietas secas para cées, porém, informacfes sobre a composicao
guimica e a digestibilidade de seus nutrientes indicam que este é um produto
extremamente variavel (Johnson et al., 1998, Carciofi, 2008; Kawauchi, 2012). A
composicdo quimica média da FVF inclui 58% de PB, 10% de EE e 13% de matéria
mineral (Butolo, 2010), embora mais recentemente produtos com até 70% de PB
estejam disponiveis no mercado, oriundos da selecdo de partes ndo aproveitadas
do frango (Kawauchi, 2012).

A FVF é composta de subprodutos provenientes do abate de aves que nao
sdo desejados na alimentacdo humana, composta por visceras, cabecas e pés. A
FVF ndo deve conter penas, exceto aquelas que podem ocorrer néao
intencionalmente e nem residuos de incubatérios, como cascas de ovo. Os
subprodutos do abate de aves sao triturados e processados para COCCao em
digestores continuos atmosféricos a 200°C por 90 min, em seguida a massa é
prensada para a extracao do 6leo e por fim o produto resultante é moido, obtendo-
se a FVF (Ferroli, 2000; ABINPET, 2017), como ilustrado na Figura 3.
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v

Percolador de éleo
l — Centrifuga
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Oleo de visceras

Moagem

A 4

Farinha de visceras

Figura 3. Fluxograma do processo de obtencdo de farinha de visceras de aves.
Adaptado de ABINPET (2017).



2.4.Comportamento dos ingredientes proteicos de origem vegetal durante

0 processo de extrusdo

O cozimento por extrusdo € definido como o processo no qual os materiais
homogéneos, expansiveis, amilaceos e/ou proteicos sao plastizados em um tubo por
uma combinacéo de umidade, pressao, calor e cisalhamento mecanico (Riaz, 2000).
Isso resulta em gelatinizacdo de componentes de amido, desnaturacao de proteinas,
alongamento ou reestruturacdo de componentes e expansao do produto (Smith,
1975). O processamento por extrusdo € amplamente utilizado na producdo de
alimentos para seres humanos como massas, snacks, cereais matinais e analogos
de carne (Faller et al., 1999; Riaz, 2005). Também € o principal processamento
usado na producdo de alimentos secos para animais de estimacédo, pois além da
homogeneizacdo dos nutrientes, esse processo garante a eliminacdo de
microrganismos patogénicos (Cheftel, 1989), inativacdo de alguns fatores
antinutricionais (Fellows, 2009) e melhora a digestibilidade dos nutrientes (Singht et
al., 2007).

A industria pet food passou a incluir proteinas de origem vegetal em suas
formulacbes devido a sua adequada qualidade, preco competitivo e as
caracteristicas funcionais desses ingredientes dentro do processo de producao, uma
vez que um fator limitante para a inclusédo de altos teores de proteina nas dietas € a
dificuldade de se processar proteina de origem animal desidratadas em extrusoras
de rosca simples. Pois a inclusdo elevada de proteinas de origem animal
desidratadas nesse tipo de extrusora interfere na geracéo de viscosidade e transicao
de fases no canhéo extrusor (GUY, 2001), quando a inadequada formac&o de massa
visco-amorfa ndo permitindo a adequada expanséo e formacao de estrutura celular,
gerando kibbles densos, duros e quebradi¢cos. Dessa forma, o aspecto relevante
guanto a inclusdo das proteinas de origem vegetal no processo de extrusdo de
alimentos sédo suas propriedades funcionais que, por definicdo, sdo propriedades
fisico-quimicas que determinam como uma proteina se comportara em um sistema
de producéo de alimentos (Kinsella, 19769; Hermansson, 1979).

As propriedades funcionais das proteinas podem ser classificadas, de acordo
com Kinsella (1979) e Moure et al. (2006) em trés grupos principais: 1) propriedades
relacionadas com hidratacdo (capacidade de absorcdo e retencdo de agua,

solubilidade, espessamento); 2) propriedades relacionadas com a estrutura proteica



e caracteristicas reoldgicas (viscosidade, geleificacéo, elasticidade, adesividade); 3)
propriedades relacionadas com a superficie da proteina (atividades emulsionantes e
espumantes, formacdo de filmes proteicos-lipidicos). Essas propriedades variam
com pH, temperatura, concentracdo de proteina, fracdo da proteina, tratamento
prévio (térmicos, fisicos, quimicos e enzimaticos) e possiveis interacbes com outras
macromoléculas do meio. Embora as propriedades funcionais possam ser
classificadas de forma individual, na pratica elas estdo sempre correlacionadas. A
partir do conhecimento das propriedades funcionais das proteinas e do processo de
extrusao, acredita-se que as propriedades de maior influéncia na producao de pet
food seriam a solubilidade, capacidade de retencdo de &gua, formacao de gel e
viscosidade.

A solubilidade é caracterizada como a dissolugéo do nitrogénio (N) em meio
aquoso, pode ser medida através do indice de dispersibilidade proteica (IDP). A
solubilidade de uma proteina é afetada por muitos fatores, incluindo pH do meio e a
exposicdo ao calor. A solubilidade do N da soja geralmente é alta nas faixas de pH
entre 1,5a 2,5 e em pH acima de 6,5 (Kinsella, 1979). Essa é comumente apontada
como a propriedade funcional mais importante na producéo de alimentos para seres
humanos, pois afeta outras funcionalidades proteicas (Bian et al., 2003, Kinsella,
1979). A solubilidade do N ocorre até uma determinada faixa de temperatura,
especifica para cada tipo de proteina, acima disso ocorre a desnaturacao das
proteinas com reducao de sua solubilidade. Em condicfes de baixa inclusdo de agua
(24,5%), como no caso do processo de extrusdo, temperaturas de até 100°C néo
levaram a desnaturacédo das fracdes de globulinas 7S e 11S (principais proteinas da
soja), enquanto em temperatura de 150°C foi constatada a desnaturacéo da fracao
globulina 7S da soja (Kitabatake et al., 1990).

Além da adi¢éo de energia térmica e da agua, a desnaturagéo das proteinas
e favorecida pela aplicacdo de energia mecéanica especifica (EME) durante o
processo de extrusdo. Nesse processo as macromoléculas dos ingredientes
proteicos perdem sua estrutura nativa (secundaria ou terciaria) e se desdobram
adquirindo uma estrutura priméria alinhada em direcéo ao fluxo (Riaz, 2005). Esse
desdobramento € muito importante na alimentacdo de cées e gatos, pois facilita a
digest&o da proteina aumentando seu aproveitamento pelo animal (Singht, 2007). E

também gracas a desnaturacédo das proteinas (alinhamento em direcdo ao fluxo) que



séo produzidos alguns tipos de analogos de carne a partir de ingredientes da soja.
A desnaturacdo das proteinas interfere em outras propriedades funcionais, ela
resulta em maior capacidade de retencdo de agua (CRA) (Gonzalez et al., 2001) que
por sua vez leva a maior viscosidade da massa (Kinsella, 1979; Afi6n et al., 2001).
No entanto, é importante destacar que a desnaturacdo excessiva, geralmente
induzida pela aplicacdo elevada de EME, pode levar a diminuicdo da CRA e da
viscosidade.

A CRA é definida como a capacidade de uma matriz de proteina manter a
agua contra a gravidade (Kinsella, 1979). Com o aguecimento, o desdobramento da
proteina desnaturada expde mais locais de ligacdo a agua, resultando em maior
CRA e, consequentemente, apés o resfriamento, conduzird a formacao de gel
(Damodaran, 1988). A CRA nédo é apenas afetada pelo estado da desnaturacéo de
proteinas, mas também pelo tipo de agregacédo das proteinas. As fracdes glicinina e
B-conglicinina da proteina da soja apresentam diferentes propriedades de agregacéo
(Sorgentini et al., 1991), quanto maior a relagdo de B-conglicina:glicinina menor sera
a CRA (YAO et al., 1988). A CRA também esta diretamente relacionada com a
concentracdo da proteina e o IDP (Sousa et al., 1996). A CRA da farinha de soja é
de 1,3 g/g,do CPS éde 1,9 a2,2g/ge do IPSde4,1a4,6g/g(LINetal., 1974).

A geleificagdo € um fenémeno importante durante o processo de extrusao,
pois ele representa formacao de agente ligante que possibilita a homogeneizacéo e
viscosidade da massa. O gel é formado por polimeros que formam uma rede capaz
de aprisionar a 4gua ou outras substancias como gordura, saborizantes e aditivos
alimentares (Kinsella, 1979; Hettiarachchy e Kalapathy, 1994). Devido ao baixo
custo, a geleificacdo geralmente é obtida através da presenca do amido do milho
nas formulacées de alimentos para cdes e gatos (Rockey et al., 2010). Porém,
devido a sua conformagdo estrutural, as proteinas sdo agentes gelificantes mais
eficientes que os carboidratos (Oakenfull, et al., 1997; Riaz, 2005; Moure et al.,
2006). A geleificacdo obtida a partir de proteinas, sobretudo as da soja, ocorre em
trés etapas: o aguecimento da solucdo proteica para promover o desdobramento
inicial das moléculas individuais de proteina (desnaturagdo), agregacdo de
moléculas de agua e de moléculas proteicas de menor tamanho (formacdo de uma

rede viscoelastica; Xiong, 2004) e, apdés o resfriamento, a formacdo de matriz
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complexa composta por polipeptidios, agua e outros componentes (Damodaran,
1988).

A viscosidade é a resisténcia de uma proteina em solucdo ao fluxo linear
(Deak, 2004), como ocorre no canhao extrusor. Essa é uma propriedade importante
guando essas proteinas sdo incorporadas em alimentos como sopas, massas e
carnes. Diversos fatores podem alterar a viscosidade de uma proteina. A viscosidade
aumenta exponencialmente com a concentracdo de proteinas, provavelmente
devido ao aumento das interacdes de proteinas hidratada e a absor¢do de agua
(Kinsella, 1979; Sousa et al., 1996). A desnaturacao parcial da proteina aumenta sua
viscosidade devido a maior superficie de contato produzida pelo seu desdobramento
(Schwenke et al., 1990; Bian et al., 2003).

De forma geral, o processo de extrusao, aliando alta presséo, temperatura e
cisalhamento em fluxo laminar, com inducdo do desdobramento e exposi¢cdo de
sitios hidrofébicos, favorece as propriedades funcionais das proteinas (Molina et al.,
2002). Da mesma forma, a presenca dessas propriedades funcionais favorece o
processo de extrusdo. A elevacao da viscosidade (maior CRA e maior geleificacéo)
causa aumento da friccdo da massa dentro do canhdo extrusor, elevando o
cisalhamento e a transferéncia de EME (Miller, 1990; Sousa et al., 1996), o que por
sua vez, ira resultar na formacao de kibbles mais expandidos e melhor formatados.
Este melhor processamento, por sua vez, podera contribuir para a desnaturacéo das
proteinas, melhorando a digestibilidade da proteina do alimento produzido (Singht,
2007; Oliveira, 2016).

2.5.Uso de proteinas de origem vegetal na alimentacdo de cées

Em relacdo aos ingredientes proteicos de origem vegetal, a soja € 0 mais
amplamente utilizado mundialmente para a producdo de alimentos para diversas
espécies (Butolo, 2002). Dentre as vantagens de sua inclusdo em alimentos para
cées pode-se citar seu baixo custo, que permite sua inclusdo em formulagcdes mais
econdmicas, ser um ingrediente disponivel e de qualidade consistente, ser palatavel,
ter bom perfil de aminoacidos, melhorar a textura da dieta, poder ser utilizada como
fonte proteica principal e ser uma boa fonte de fibra (Fahey, 2007).

A proteina da soja pode apresentar boa digestibilidade para caes, a depender
de seu processamento, podendo ser comparada neste quesito as proteinas de
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origem animal (Zuo et al., 1996; Bednar et al., 2000; Clapper et al., 2001; Sa-Fortes,
2005; Carciofi et al., 2006; Torola et al., 2013). Os processos utilizados para inativar
ou reduzir os fatores anti-nutricionais da soja diferem quanto as variaveis aplicadas
como tempo, temperatura, pressdo, umidade, superficie exposta e tamanho da
particula (Butolo, 2010; Mateos et al., 2005). Os sistemas mais conhecidos para
tratar a soja sdo: cozimento; tostagem por tambor rotativo, vapor amido, vapor seco
e jet-sploder; micronizacgéo e extrusdo (Mateos et al., 2005).

Os estudos encontrados na literatura que utilizaram derivados de soja na
alimentacao de cdes sdo, majoritariamente, relacionados a incluséo do farelo de soja
na dieta desses animais, in natura ou avaliando essa matéria prima apos o
processamento mecéanico ou enzimatico (Brow, 2009; Tortola, 2013; Felix et al,
2012). Em caes e gatos, a inclusdo do farelo de soja nas formulagbes serve como
fonte de proteinas, geralmente com o objetivo de baratear o custo da formula.
Recomenda-se a inclusdo de até 15% para nao afetar a digestibilidade da dieta
(Yamka et al., 2003; Félix et al.,, 2012) ou ainda dietas contendo até 22,4 g de
estaquiose/kg e até 2 g de rafinose/kg ndo afetam a digestibilidade dos nutrientes ou
o aumento de flatuléncias (Yamka et al., 2006). Em contrapartida, Félix et al. (2013)
encontraram maior incidéncia de flatuléncias em cées alimentados com farelo de
soja em comparacgédo ao CPS e IPS. Ainda, estudos que apontam a diminui¢cdo da
digestibilidade dos nutrientes em caes atribuem esse resultado a elevada porcao
fibrosa dessa matéria prima e ndo a presenca dos oligossacarideos (Zuo et at., 1996;
Clapper et al., 2001; Yamka et al., 2006).

Recentemente, alguns estudos encontraram resultados benéficos ao animal
guando o farelo de soja € incluido, indicando que essa matéria-prima também pode
ser usada como fonte de fibras. Os monoligossacarideos (rafinose e estaquiose)
naturalmente presentes nessa matéria prima contribuem com a saude intestinal de
céaes, pois induzem a formacao de acidos graxos de cadeia curta (Tortola et al., 2013;
Maria et al., 2017) e aumento da secrecéo de imunoglobulina A, que atua no sistema
imunoldgico (Maria et al., 2017).

Poucos estudos foram encontrados usando os co-produtos CPS e IPS da soja
porém, quando estudados, mostraram-se sempre superiores. No estudo de
Wiernusz et al. (1995) em cées, 0s autores observaram que 0 processamento de

soja com obtencdo de CPS e IPS levou ao aumento da digestibilidade da proteina
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buta (89,8 e 89,7%, respectivamente) em relacdo aos graos de soja e ao farelo de
soja (86,7 e 87,0%, respectivamente). Félix et al. (2013) avaliaram o uso de farelo
de soja, CPS e IPS em dietas para caes e encontraram valores de digestibilidade da
matéria organica de 84,7, 78,4 e 92,5, respectivamente e o coeficiente de
digestibilidade da proteina bruta de 89,8, 83,9 e 98,8, respectivamente. Os autores
atribuiram a menor digestibilidade encontrada na dieta usando CPS ao baixo indice
de dispersibilidade da proteina encontrada nessa matéria prima de 11,01%,
enquanto que o farelo de soja foi de 24,01% e o IPS de 43,52%.

Da mesma forma, poucos estudos foram encontrados em relacéo a inclusao
do glaten de milho 60% em dietas para cdes. Carciofi et al. (2006) verificaram
maiores coeficientes de digestibilidade da proteina bruta para as dietas a base de
gluten de milho em relagcédo as dietas formuladas com farelo de soja e farinha de
visceras de frango (88,13%, 86,31%, e 84,84%, respectivamente). Igualmente,
Yamka et al. (2004) avaliaram a inclusdo em niveis crescentes de farelo de gluten
de milho 60% em alimentos para cées e verificaram que este ingrediente é de alta

digestibilidade para a espécie.

3. JUSTIFICATIVA E OBJETIVOS

A partir das informages levantadas foi possivel verificar escassez de dados
em relacdo ao comportamento das proteinas de origem vegetal durante o processo
de extrusao. Verifica-se, adicionalmente, que estudos sobre CPS, IPS e GM quanto
a digestibilidade e formacédo de fezes em cdes sdo muito restritos, justificando
comparacoes entre estas proteinas de origem vegetal e a FVF. Dessa forma, a
presente dissertacéo teve como objetivo avaliar os efeitos da substituicdo da fonte
proteica FVF pelas fontes de proteina de origem vegetal CPS, ISP e GM sobre as
caracteristicas de extrusdo, macroestrutura dos kibbles e digestibilidade aparente

dos nutrientes de alimentos para caes.
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ABSTRACT: The present study evaluated the substitution of poultry by-product meal (PBM)
by different inclusions of soy protein concentrate (SPC), soy protein isolate (SPI) and corn
gluten meal 60 (GM) on the extrusion characteristics, kibble macrostructure and apparent
digestibility of dog foods. Two studies were conducted, the first evaluated the raw materials
effects on extrusion process and kibble formation and the second experiment used dogs to
evaluate the digestibility of diets containing the protein sources under study. The first study
followed a completely randomized design with 10 treatments (diets), a control diet with only
PBM as the protein source was formulated and 9 test diets formulated by the replacement of
20%, 40% or 60% of the dietary protein by SPC, SPI1, or GM. The second study followed a
completely randomized design with four diets and six animals per diet, totaling 24 dogs. The
diets selected for the second study were: the PBM diet and the diets with the greater
substitution of dietary protein by vegetable protein sources: SPC60%; SP160%; GM60%. For
the first study, when differences were detected by the F test, the effects of the inclusion levels
of each protein ingredient were compared by polynomial contrasts. For the second study,
when significant differences were detected with ANOVA F tests, multiple comparisons of the
means were performed using the Tukey test. Based on the observed results, due to the
functional properties of the soybean proteins, an increasing inclusion of SPC promoted a
linear increase in viscosity development and specific mechanical energy transfer (SME),
which increased from 17.1 kW-h/ton for PBM to 24.9 kW-h/ton with 60% of replacement of
the dietary protein by SPC (P < 0.001), and was 30% higher when compared to SP1 and 40%
higher when compared to GM (P < 0.001). The SPI transferred SME to the mass in a quadratic
form (P < 0.001), contributing to the extrusion process above of 40% replacement of the diet
protein by SPI, probably due to its intense industrial treatment which may have reduced its
functional properties. The inclusion of GM did not favor the extrusion process. SPC and SPI

showed high protein digestibility for dogs, similar to PBM diet (P < 0.001), with values of
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90.6%, 90.9% and 89.0%, respectively. The protein digestibility of GM treatment was
superior to PBM (91.8%; P < 0.001). The results found for faeces characteristics indicate that
SPC still contains fermentable carbohydrates which, when compared to other treatments,
lower fecal pH by 8% and increased fecal moisture by 20% (P < 0.001). In conclusion, the
treatments containing SPC and SPI promoted an increased application of SME, starch
gelatinization and kibble expansion. The vegetable protein sources SPC, SPI and GM had
high digestibility of crude protein.

Key words: corn gluten meal, functional properties, poultry by-product meal, soy protein

isolate, soy protein concentrate
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INTRODUCTION

Extrusion is the major thermal process used in 95% of all pet food, it results in the
gelatinization of starch, denaturation of proteins, stretching and texturing of components
(Camire and King, 1991; Riaz, 2005), inactivates some antinutritional factors (Fellows, 2009)
and improves the digestibility (Singht et al., 2007). The pet food industry started to include
proteins derived from vegetables due to their high quality and functional ingredients, also
because one limiting factor for the inclusion of high levels of protein in the diets is the
difficulty to process animal protein.

Corn gluten meal (GM) is an interesting source as they contain at least 60% of protein,
excellent digestibility in dogs (Yamka et al., 2004; Carciofi et al, 2006), good amino acid
profile (Rausch and Belyea, 2006) and also used to decreases the urinary pH (Funaba et al.,
2005). Similarly, the soy protein concentrate (SPC) and soy protein isolate (SPI) with 60%
and 85% CP, respectively, have the potential for inclusion in pet food diets. Besides the good
amino acid profile (Jacob et al, 1996), these ingredients also have structural functions during
the extrusion process (Riaz, 2005).

The functional properties of soybeans water absorption, solubility, viscosity, gel
formation, elasticity, aggregation, emulsifying and foaming activities (Kinsella, 1979; Moure
et al., 2006; Jideani, 2011) are extensively exploited in extruded products used in food
production as meat analogues, soy-based snacks, food bars and cereals (Faller et al., 1999;
Riaz, 2005). Our hypotheses were that (i) the functional behavior of soy proteins observed on
human food will be equally beneficial in the production of dog foods (ii) the digestibility will
be similar between the control diet and the vegetable proteins, as they are purified proteins.
The aim of this study was to evaluate the effects of the substitution of the protein by-product
meal (PBM) by SPC, SPI and GM on the extrusion process, digestibility and fecal and urine

characteristics of dogs.
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MATERIAL AND METHODS

The experiment was conducted at the Laboratory of Research on Nutrition and
Nutritional Diseases of Dogs and Cats "Prof. Dr. Flavio Prada", College of Agrarian and
Veterinarian Sciences, UNESP — Universidade Estadual Paulista, Jaboticabal, Sao Paulo,
Brazil. All experimental procedures were approved by the Ethics and Animal Welfare
Committee (Protocol number: 6.184/16).

Three vegetable protein sources were studied: 1) Soy Protein Concentrate (SPC;
Arcon, Archer Daniels Midland Company, Illinois, USA); 2) Soy Protein Isolate (SPI; Pro-
Fam; Archer Daniels Midland Company, Illinois, USA) and 3) Corn gluten meal (GM; Salus
Comercio de Produtos de Saude e Nutricao Animal Ltda., Santo Antonio de Posse, Brazil).
These ingredients were compared to a control diet containing only poultry by-product meal
(PBM; Agromix Industria e Comercio de Alimentos Ltda, Jaboticabal, Brazil) as protein
source. Two studies were conducted, the first to evaluate the effects of these raw materials on
pet food extrusion process and kibble formatation. The second used dogs to evaluate the
digestibility and feces characteristics of diets with these protein sources.

Diets and study design of the extrusion experiment

The ingredients were purchased, stored, sampled and analyzed for dry matter, ash
content and crude protein (Table 1). A control diet with only PBM as the protein source was
formulated to achieve 25% of CP, and the 9 test diets were formulated to obtain the following
the replacement of 20%, 40%, and 60% of the dietary protein with SPC, SPI, or GM.
However, the final composition of the PBM diet was 28.5% CP, therefore the actual
replacements were 18%, 35% and 53%. All diets were balanced to have similar chemical
compositions, following the nutrient recommendations of AAFCO (2010) for dog

maintenance. The amino acid profile of the protein sources used in the study were analyzed
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and the results are presented on Table 1. The ingredient composition of diets are presented on
Table 2.

The ingredients were mixed and ground in a hammer mill (Sitema Tigre de Mistura e
Moagem, Moinhos Tigre Ltda, S&o Paulo, Brazil), using a screen sieve size of 0.9 mm. The
diets were extruded in a single-screw extruder (Mex- 250, Manzoni Industria Ltda, Campinas,
Brazil) with a processing capacity of 250 kg/h. The independent variables extruded screw
speed (606.5 + 10.5 RPM), water injection (10.2 £ 0.4 %), estimated steam injection (5.9 +
0.1 %), cutting knife speed (1238.4 + 49.8 RPM), die open area (150.9 + 5.6 mm?/ton/h) and
productivity (255.8 = 9.4 kg/h) were previously established. In order to study the influence of
the protein sources on extrusion processing, these parameters were not changed and remained
constant for all diets.

After stabilization of the extruder (about 30 minutes), the following parameters were
recorded every 10 minutes during processing: preconditioner temperature, engine amperage,
dough temperature before die, dough temperature out extruder, dough pressure before die,
extruder output mass, water infusion, bulk density after extruder and bulk density after dryer.
After extrusion, the kibbles were dried in a forced air dryer at 105 °C for approximately 20
minutes. At each observation time (10 minutes), samples of food were collected at the
following points: after preconditioner, after extruder and after dryer.

The specific mechanical energy (SME; kW-h/ton) was calculated for each treatment
in accordance with Riaz (2007), with the following formula:

(+/3 x Voltage x (WA — EA) x (cosFi + 1000)) x 1000

SME =
Throughput

where: Voltage = (220 V); WA = working amperage of the motor during processing (A);
EA = motor no load amperage; cosFi = power factor (0.76); Throughput = raw material feed
rate into the preconditioner (ton/hr)

Extrudate chemical composition and macrostructure



24

Food samples out the drier, before the coating system and without fat and palatant
additions were grounded in a cutting mill (Mod MA-350, Marconi, Piracicaba, Brazil) fitted
with a 1 mm screen sieve size. Samples were analyzed according to the Association of
American Feed Control Officials (AOAC, 1995) for DM by oven-drying the sample (934.01),
converting to ash with muffle furnace incineration (942.05), measuring the CP content with
the Kjeldahl method (954.01) and measuring the acid-hydrolyzed fat content (954.02). Diets
were also evaluated for degree of starch gelatinization using the amyloglucosidase method
(Hoseney, 1994) with modifications proposed by S& et al. (2013) including the use of
amyloglucosidase from Aspergillus niger (code A9913, Sigma-Aldrich Brazil, Sdo Paulo,
Brazil) and quantification of glucose on the supernatant by a glucose oxidase test (GOD-
ANA, Labtest Diagnoéstica S.A., Lagoa Santa, Brazil) using a semi-automated glucose
analyser (Labguest model BIO-2000, Labtest Diagnostica S.A., Lagoa Santa, Brazil) and for
in vitro digestibility of the OM according to Hervera et al. (2007).

To study kibble macrostructure, the length (le), diameter (de), and mass (me) of 20
extrudates of each treatment were measured and used to obtain the radial expansion ratio
(RE), specific length (Isp), and piece density (p), as described below:

2
RE = ¢ lp = — (mm/g) p = —2¢ _ (g/cm?)

dq? p me " mx de?xle

where: dq¢= die diameter.

Additionally, 40 samples of each treatment were submitted to a cutting force test in a
texturometer (TA-XT Plus Texture Analyzer, Stable Micro Systems, Surrey, UK) equipped
with a guillotine style probe.

Animals, study design, digestibility and fecal characteristics of dogs

Four diets were selected for in vivo evaluation: the PBM as a control diet based on

protein source of animal origin; SPC60 soy protein concentrate replaced 60% of the diet

protein; SP160 soy protein isolate concentrate replaced 60% of the diet protein; GM60 corn
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gluten meal replaced 60% of the diet protein. Twenty four adult Beagle dogs, male and female,
with mean body weight of 9.1 + 1.7 kg and mean age of 4.3 * 3.5 years old were used. The
health of the animals was assessed prior to the beginning of the study. All dogs belonged to
the Laboratory of Research on Nutrition and Nutritional Diseases of Dogs and Cats "Prof. Dr.
Flavio Prada".

The experiment followed a completely randomized design with four diets and six dogs
per diet. The experiment lasted 13 days, as follows: days 1 to 5 for diet adaptation; days 6 to
10 for total collection of feces for the digestibility trial; days 11 to 13 for total collection of
urine and fresh feces (maximum 10 minutes after elimination) to determine fecal pH. During
the adaptation period, dogs were housed in kennels (1.5 m x 3.5 m), with daily access to an
outside playground for exercise and socialization. During the collection of feces and urine,
the dogs were housed in individual stainless steel metabolic cages (1 m x 1 m x 1 m) equipped
with a system to separate feces and urine for collection. Dogs were fed individually calculated
amounts of food, according to the energy value of the diet, estimated based on their chemical
composition and the individual energy requirement of each animal, according to the
recommendations of the National Research Council (2006). The daily amount of food was
divided into two equal meals, provided at 09h and 16h. Water was offered ad libitum.

The coefficient of total tract apparent digestibility was determined by the method of
total collection of feces without urine collection, following the recommendations of the
Association of American Feed Control Officials (2010). Food intake was recorded daily, by
weighing offered and refused food amounts at each meal time. Feces were quantitatively
collected twice a day (08h and 17h), weighed, packed in individual plastic bags and stored in
a freezer (-15 °C) for later analysis. Fecal samples were subjectively scored according to the
following system: 0 = watery with liquid that can be poured; 1 = soft and unformed; 2 = soft

and malformed, with stool assuming shape of container; 3 = soft, formed, and moist with
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softer stool that retained its shape; 4 = well-formed and consistent stool that did not adhere to
the floor; and 5 = hard and dry pellets with small and hard mass (Carciofi et al., 2008). Stools
with values between 3 and 4 were considered adequate.

At the end of the collection period, the fecal samples were thawed, homogenized, and
pooled for each dog. Before laboratory analysis, the fecal samples were dried in a forced-air
oven at 55°C for 72 h (320-SE, FANEM, Sao Paulo, Brazil). Diets and fecal samples were
ground in a cutting in a knife type mill (MOD 340, ART LAB, Séo Paulo, Brazil) fitted with
a 1-mm screen sieve, and analyzed according to the Association of American Feed Control
Officials (AOAC, 1995) for dry matter by oven-drying the sample (934.01), converting to ash
with muffle furnace incineration (942.05), measuring the crude protein content with the
Kjeldahl method (954.01), and measuring the acid-hydrolyzed fat content (954.02). Total
starch was measured according to Karkalas (1985) and Holm et al. (1986). The gross energy
contents of diets and fecal matter were determined using a bomb calorimeter (IKA
calorimeter, C200; IKA-Werke GMbH & Co. KG, Staufen, Germany).

To measure fecal pH, 2 g of fresh feces was diluted in 6 mL of ultrapure water and the
pH measured with a pH meter (DM20, Digicrom Analitica Ltda, Sdo Paulo, Brazil) with 0.01
pH accuracy. To determine the urine pH, density and volume, urine was quantitatively
collected in plastic bottles with 100 mg of thymol (Tymol LabSinth, Diadema, S&o Paulo,
Brazil) as a preservative. The samples were collected twice a day, and the urine of each animal
was filtered and stored in plastic bottles under refrigeration (4°C). Each 24h urine composite
sample was measured to determine volume, pH and density using a refractometer (Atago CO-
T2 NE, Japan).

Statistical analysis
The extrusion study was analyzed as a completely randomized design. The

experimental unit was the sampling time at each 10 minutes interval during extrusion, with
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four replicates for each time-point per treatment. When differences were detected by the F
test, the effects of the inclusion levels of each protein ingredient were compared by
polynomial contrasts. Four levels of inclusions were considered in the statistical analysis: zero
(control), 20%, 40% and 60% substitution of vegetable protein (SPC, SPI1, GM). Comparisons
between the evaluated ingredients were carried out by pre-established orthogonal contrasts:
SPC x SPI (SPC 20% + 40% + 60% versus SPI 20% + 40% + 60%); SPC x GM (SPC 20% +
40% + 60% versus GM 20% + 40% + 60%); SPI x GM (SPI 20% + 40% + 60% versus GM
20% + 40% + 60%).

The digestibility study was analyzed in a completely randomized design. The
experimental unit was dog, with six repetitions per diet. When significant differences for
nutrient intake, urine and fecal characteristic or total tract apparent nutrient digestibility were
detected with ANOVA F test, multiple comparisons of the means were performed using the
Tukey test. For both experiments, data were analyzed using the MIXED procedure of the SAS
software (version 9.3, SAS Institute, Cary, NC, USA). All data complied with the assumptions

of the ANOVA models. Values of P < 0.05 were considered significant.

RESULTS

On the extrusion experiment, the chemical analysis of the extruded diets after drying,
but before coating with poultry fat and palatant demonstrate similar values of crude protein
and dry matter (Table 3). The fat content, however, reduced proportionately with the inclusion
of soy sources, as these ingredients have less fat than the PBM. The inclusion of SPC (Table
4) resulted in a quadratic increase on preconditioner temperature and the temperature of the
mass under extrusion (P < 0.05). A linear increase in motor amperage and SME application
were observed which increased from 17.1 kW-h/ton for PBM to 24.9 kW-h/ton with 60% of

replacement of the dietary protein by SPC and could be described as a function of the percent
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of replacement of the dietary protein by SPC (SPCRepl) as presented on Figure 1 and as
follows: SME (kW-h/ton) = 0.146 * SPCRepl + 17.075; r2 = 0.95; P < 0.001. The higher
temperature and applied SME resulted in a quadratic reduction of bulk density (Figure 2; Bulk
density (g/L) = 0.021 * SPCRepl? - 2.945 * SPCRepl + 422.41; r? = 0.95; P < 0.001)., which
decreases from 419.3 g/L for PBM to 328.0 g/L with 60% replacement of dietary protein by
SPC. The greater transference of SME changed the macrostructure of the extrudates with a
reduction on piece density and increase on specific length (P < 0.001). There was also a linear
increase on starch gelatinization degree (Figure 3) that can be described as follows: Starch
gelatinization degree (%) = 0.171 * SPCRepl + 80.48; r2 = 0.75; P < 0.001. The in vitro
organic matter digestibility, however, was similar between treatments.

The inclusion of SPI, like the previous ingredient, resulted in a quadratic increase in
engine amperage and SME implementation (Table 5) and could be described as a function of
the percent of replacement of the dietary protein by SPI1 (SPIRepl) as presented on Figure 4
and as follows: SME (kW-h/ton) = 0.0046 * SPIRepl? - 0.172 * SPIRepl + 17.05; r2=0.88; P
< 0.001. The bulk density decreased linearly and could be described as: Bulk density (g/L) =
-0.627 * SPIRepl + 414.95; r2 = 0.66; P < 0.001) (Figure 5). However, in contrast to the
soybean protein concentrate, there was a quadratic reduction in extrusion temperature (P <
0.001). The ingredient also improved kibble macrostructure, as observed by a quadratic
increase on radial expansion and specific length (P < 0.05), and a linear reduction on the piece
density (P < 0.001). There was also a linear increase in starch gelatinization (Figure 6; Starch
gelatinization degree (%) = 0.095 * SPIRepl + 78.05; r2 = 0.51; P = 0.009). However, no
changes were observed on in vitro digestibility of OM (P > 0.05).

The inclusion of GM, unlike the derivatives of soybean did not induce clear changes
on extrusion parameters (Table 6). There was a quadratic reduction on extrusion temperature

(P < 0.001), but this was not consistent and only different for the GM40 diet, and also a
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quadratic reduction on extrusion pressure (P < 0.001). In contrast to the observed effects of
the soybean derivatives, no differences were observed for the SME transference. For the
effects on kibble formation, the GM inclusion induced similar effects than the ones observed
for the soybean derivatives, with reduced piece density and increased radial and longitudinal
expansion (specific length) (P < 0.05). The cutting force also changed quadratically,
increasing until 40% protein replacement but decreasing for GM60 diet (P < 0.001). The bulk
density presented quadratic behavior and could be described as a function of the percent of
replacement of the dietary protein by GM (GMRepl) as follows: Bulk density (g/L) = - 0.027
* GMRepl + 0.839 * Repl +412.09; r2=0,396; P = 0.0378). The starch gelatinization did not
change with the addition of corn gluten meal, differing from the observed responses with the
soy products.

To more appropriately study the effects of the ingredients on the extrusion parameters,
the responses were compared by orthogonal contrasts established with the three replacement
levels (20% + 40% + 60%) of each protein source (Table 7). Comparing SPC with SPI
revealed lower engine amperage, extrusion temperature and 30% lower SME transference for
the diets with SPI (P < 0.001). Consequently, smaller specific length, and higher piece density
and cutting force were observed for the SPI than SPC (P < 0.001). Starch gelatinization was
lower in the diets with SPI than SPC (P < 0.001). The in vitro digestibility of OM was higher
for the SPI than the SPC diet (P = 0.04).

During the processing of the diets with GM, lower motor amperage, extrusion
temperature and 40% lower SME application were observed than for SPC (P < 0.001). This
lower mechanical energy application explains the higher bulk density, specific density and
cutting force and lower specific length for the GM kibbles compared with the SPC diets (P <
0.001). In addition, the degree of starch cook was lower for the GM than SPC (P < 0.001).

The in vitro digestibility of OM of the diets with GM were similar with that of SPC. When
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diets with SP1 and GM were compared, SPI induced a higher elevation of the motor amperage,
extrusion temperature, and SME transference (P < 0.05), kibbles with lower piece density (P
< 0.05) and greater starch gelatinization (P = 0.001). The in vitro digestibility of OM for diets
with SPI was similar to the diets with GM.

On the digestibility study, after coating with poultry fat and liquid palatant, the
chemical composition of selected diets was similar (Table 8). All diets were readily consumed
by dogs, without episodes of food refusal, diarrhea or vomiting. No differences on nutrient
intake were observed during the digestibility test (Table 9). The experimental diets were
generally highly digestible. The GM60 showed a higher coefficient of total tract apparent
digestibility (CTTAD) of OM than SPC60, and similar to PBM and SPI (P = 0.05). The
CTTAD of CP was higher for the GM60 when compared to PBM, and similar to SP160 and
SPC60 (P = 0.004), values of 91.8%, 89.0%, 90.9% and 90.6%, respectively. All the diets
had higher digestibility of fat, but lower CTTAD were observed for SP160 than for the other
diets (P < 0.001). The metabolizable energy was higher for GM60 and similar for SPC60,
SP160 and PBM (P = 0.01).

Fecal production on as-is basis was higher for dogs fed the SPC60 diet (P = 0.01), as
shown on Table 10. The fecal dry matter content and fecal pH was lower for dogs fed SPC60
(P < 0.05). The fecal score was higher for the SP160 diet when compared to PBM, the other
diets had similar values (P = 0.02). The only urinary parameter that changed was lower pH

for dogs fed the GMG60 diet compared with the other diets (P = 0.001).

DISCUSSION
Extrusion experiment
The independent variables feed rate, extruded screw speed, water and steam injection,

cutting knife speed, die open area and productivity were constant for all treatments. Also, the
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concentration of starch, widely used in pet foods due to its binding power (Rockey et al.,
2010), was similar between diets (Table 3). Thus, the results of SME input and macrostructure
of kibbles are due to functional characteristics of the ingredients used in this study. The
substitution of PBM by soy proteins, in general, leads to an increased application of
mechanical energy and in a greater expansion of kibbles (Tables 4 and 5). These can be
attributed to the functional properties of the soy proteins, among them the water absorption
capacity (WAC) and gel formation are closely related to the binding power of soybeans
(Singh, 2010).

Proteins are more efficient gelling agents than carbohydrates as their large molecules
form a three dimensions structure in which water is entrapped (Riaz, 2005; Moure et al.,
2006). This ability of the gel structure is interesting not only to hold water, but also to hold
fat, flavor and other food additives (Kinsella, 1979; Hettiarachchy and Kalapathy, 1994).
Therefore, the absorption of water increases dough viscosity (Kinsella, 1979; Afdn et al.,
2001), requiring more engine power to carry it through the screw and raising SME transfer to
dough due to greater friction inside the jacket (Miller, 1990; Sousa et al., 1996). Also, the
WAC whether in starch granules or in protein networks improves the flash-off, which is the
vaporization of internal water in contact with ambient pressure (Fellow, 2000; Chuang and
Yeh, 2004), which explains the more expanded kibbles observed with the soy proteins (Tables
4 and 5).

Another important functional property of soybeans that justifies the increase in SME
and expansion of the kibbles is the viscosity, defined as the resistance of a protein in solution
to the flow (Deak, 2004). This is an important property for proteins when incorporated into
foods like soups, beverages, pasta and meats. The high heat treatment during extrusion also

increases the viscosity of the dough as it denatures the proteins, disrupting large protein
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aggregates of the soy protein fractions (glycinin and B- conglycinin) (Kinsella, 1979; Wang
and Johnson, 2001; Wang et al., 2008.).

Comparing SPC with SPI (Table 7), it is possible to verify that SPC promoted higher
SME, higher starch cooking and greater kibble expansion than SPI. These differences occur
because the SPI is more easily texturized with lower levels of energy input due to its higher
protein level and higher protein dispersibility index (Kearns et al., 1989; Riaz, 2005). Also,
the SPI present a homogeneous structure while those that contain SPC display an anisotropic
structure with layers or course fibres in direction of flow (Cheftel et al., 1992; Akdogan,
1999).

Unlike soybean proteins, GM did not promote SME increase (Table 6), as the zeins
that are the primary proteins of corn are hydrophobic (Kokini et al., 1994; Hamaker et al.,
1995; Buchanan et al., 2000; Padua and Wang, 2002) with low WAC, low gelling and low
viscosity. However, the inclusion of GM led to a quadratic increase of radial expansion rate,
specific length and decrease of bulk density and piece density (Table 6). This increased
expansion may be due to the presence of sulfur amino acids on GM who aids the cleavage of
disulfide bonds, unraveling long twisted protein molecules (Kearns et al., 1989).

The linear increase in gelatinization of starch (Tables 4 and 5) according to the
addition of SPC and SPI is directly related to the increase of SME transfer to mass which
along with the presence of water in the granules will promote the cooking of the starch (llo et
al., 1996). The GM inclusion did not show differences on starch gelatinization (Table 6) which
is justified by SME, that did not increase with the use of GM. Furthermore, one factor that
may have contributed to the SME responses is the proportionately reduction of internal fat
content with the inclusion of soy sources, that could also favor SME implementation and
product expansion.

Digestibility, fecal and urine characteristics of dogs
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On the digestibility study, all experimental diets were generally highly digestible
(Table 9). The higher CTTAD of soybeans proteins are consistent with those found on
literature (Weirnusz et al., 1995; Clapper et al., 2001; Felix et al, 2013) who reduced soybean
oligosaccharide concentration through physical-chemical treatments and found an
improvement in the CTTAD of CP in dogs. Also, the higher SME input observed with the
substitution of PBM by SPC and SPI may have increased the protein digestibility of soy
proteins as the increase in shear forces in the extruder denatures the proteins, facilitating
enzyme hydrolysis (Bhattacharya & Hanna, 1985; Hendriks and Sritharan, 2002).

So far, no differences have been found in the literature regarding the high digestibility
of GM in dog diets, the findings of this research are consistent with those found in the
literature that attributes to GM high CTTAD of CP (Yamka et al., 2004; S& Fortes et al., 2005;
Carciofi et al., 2006), frequently being higher than PBM, probably due to wide variation in
the quality of this raw material.

Lower fecal pH and higher moisture content for dogs fed with SPC60 (Table 10),
indicates that the increased fecal production by dogs was likely due to higher fermentation
activity in the colon. Although obtained after washing in ethanol to remove soluble
carbohydrates and most of non digestible sugars like raffinose and stachyose, this raw material
still contains around 20% of insoluble carbohydrates. These findings are consistent with those
found by Felix et al. (2013) who found higher production of feces and lower dry matter in
dogs fed SPC compared with SPI. Thus, in addition to improvements in CTTAD of nutrients
it indicates that, within a limit consumption, these fermentable carbohydrates can bring
benefits to the intestinal microbiota, since it induces the formation of short chain fatty acids
(Maria et al., 2017).

Changes in pH urine observed on dogs fed GM60 (Table 10) are explained by the

amino acid composition of the GM which is higher in methionine and cystine. When these
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amino acids are metabolized during intermediary metabolism they are converted to sulfuric

acid which reduces urine pH (Case et al., 2000).

CONCLUSION

The SPC and SPI promoted higher specific mechanical energy input, higher starch
cooking and lower bulk density of kibbles than GM and PBM, due to its protein functional
proprieties. The SPI, SPC and GM were ingredients with higher protein digestibility for dogs.
Despite its purification, the results indicate that SPC still contains fermentable carbohydrates.

The GM promoted a lower urine pH on dogs.
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Table 1. Chemical composition and amino acid profile of protein sources used in the study

(9/100g of DM)
ltem Protein sources!
PBM SPC SPI GM
Dry matter 91.38 92.62 95.31 91.17
Ash 14.30 6.31 4.19 1.60
Crude Protein 63.75 66.67 89.16 59.83
Amino acids
Essential
Alanine 4.10 2.55 3.09 5.73
Arginine 4.17 4.39 6.13 2.10
Histidine 1.26 1.64 2.05 1.39
Isoleucine 2.13 2.73 3.72 2.48
Lysine 3.83 3.87 4.91 1.20
Methionine 1.27 1.00 1.14 1.59
Phenylalanine 2.31 3.05 4.58 3.79
Threonine 2.58 2.39 2.81 2.18
Tryptophan 0.51 0.91 1.21 0.35
Valine 2.62 2.88 3.86 3.05
No-essential
Aspartic Acid 4.89 6.92 9.08 3.88
Cysteine + Cystine - 0.98 1.11 1.21
Glutamic Acid 8.18 11.00 15.20 13.60
Glycine 6.67 2.50 3.19 1.88
Hydroxyproline 1.99 <0.05 <0.05 <0.05
Leucine 3.93 4,58 6.25 10.20
Proline <0.02 2.87 4.09 6.12
Serina 2.69 3.08 3.97 3.23
Tyrosina 1.62 214 2.90 3.15

1. PBM = poultry by-product meal; SPC = soy protein concentrate; SP1 = soy protein isolate; GM = corn

gluten meal.
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Diets!
Item PBM SPC SPI GM
20% 2 40% 60% 20% 40% 60% 20% 40% 60%

Maize 55.53 54.59 52.76 50.94 56.62 56.62 56.69 53.70 50.83 48.18
Poultry by-product meal 30.90 23.20 15.70 8.10 22.90 15.10 7.40 23.40  16.00 8.40
Soybean Protein Concentrate - 7.50 15.00 22.50 - - - - - -
Isolated Soybean Protein - - - - 5.90 11.80 17.60 - - -
Corn gluten meal - - - - - - - 8.40 16.70 25.10
Sugarcane fiber 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Vitamin and mineral premix 4 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Sodium chloride 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Potassium chloride 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Choline chloride 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28
Mold inhibitor s 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Calcium carbonate - 0.09 0.30 0.50 0.14 0.40 0.60 0.06 0.20 0.40
Dicalcium phosphate - 0.05 0.77 1.49 0.07 0.81 1.54 0.16 1.00 1.85
Antioxidant s 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Added by coating

Poultry fat 7.70 8.70 9.60 10.60 8.50 9.40 10.30 8.50 9.40 10.20

Palatant® 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

1. PBM = poultry by-product meal; SPC = soy protein concentrate (Arcon, Archer Daniels Midland Company, Illinois, USA); SPI = soy protein isolate (Pro-Fam

, Archer Daniels Midland Company, Illinois, USA); GM = Corn gluten meal (GM; Salus Comercio de Produtos de Saude e Nutricao Animal Ltda., Santo

Antonio de Posse, Brazil).

2 - Percentage of substitution of the dietary protein by the ingredient in study.

°- Liquid Palatant, SPF do Brasil, Descalvado, Brasil.
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4 - Addition per kg of product: Iron 100 mg; Copper 10 mg; Manganese 10 mg; Zinc 150 mg; lodine 2 mg; Selenium 0.3 mg; Vitamin A 18,000 IU; Vit. D
1,200 1U; Vit. E 200 1U; Thiamin 6 mg; Riboflavin 10 mg; Pantothenic acid 40 mg; Niacin 60 mg; Pyridoxine 6 mg; Folic acid 0.30 mg; cyanocobalamin 0.1
mg.

® - Mold Zap: Ammonium dipropionate, acetic acid, sorbic acid and benzoic acid. Alltech do Brasil Agroindustrial Ltda, Araucaria, Brazil.

6 - Banox: butylated hydroxyanisole, butylated hydroxytoluene, propyl gallate and calcium carbonate. Alltech do Brasil Agroindustrial Ltda, Araucéria, Brazil
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Table 3. Chemical composition of extruded diets for dogs with different protein sources.

Uncoated product, values on dry matter basis.

Diets !

Item, % PBM SPC SPI GM

20%% 40% 60% 20% 40% 60% 20% 40% 60%
Dry matter 948 941 947 943 937 944 947 936 932 945
Ash 8.1 68 68 69 68 65 64 69 67 65
Crude protein 285 289 301 287 300 304 298 296 303 311
Acid-hydrolyzed fat 8.0 6.5 57 51 69 59 58 69 72 69
Starch 40.3 400 40.2 393 405 412 423 39.7 386 39.9

1 PBM = poultry by-product meal SPC = soy protein concentrate; SP1 = soy protein; GM =

Corn gluten meal. 2 — percentage of substitution of the dietary protein by the ingredient in study.
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Table 4. Processing parameters, kibble macrostructure traits, starch gelatinization and in

vitro digestibility of extruded dog diets with different inclusions of Soy Protein Concentrate.

. Protein replacement Contrast 3
Item PBM 0% 40%  60% SEM ? P-value Lin _ Quad
Pre conditioner
Temperature, °C 82.8 83.5 848 870 044 <0.001 <0.001 0.031
Output moisture, % 22.0 226 220 223 021 0721 0921 0.651
Extruder
Engine amperage, A 45.7 48.6 492 515 059 <0.001 <0.001 0.377
Temperature, °C 1255 1315 1305 140.3 1.38 <0.001 <0.001 <0.001
Pressure, MPar 4.83 475 432 465 076 0099 0.117 0.141
In barrel moisture, % 24.8 246 241 245 019 0717 0568 0.468
Bulk density, g/L 419.3 386.0 3350 3280 9.75 <0.001 <0.001 <0.001
SME, kW-h/ton # 17.1 19.7 221 249 0.76 <0.001 <0.001 0.840
After dryer
Starch gelatinization, % 78.7 84.9 86.4 889 1.08 0.001 <0.001 0.107
Piece density, g/cm? 051 045 039 039 <001 <0.001 <0.001 <0.001
Radial expansion rate 10.9 12.0 124 122 0.08 <0.001 <0.001 <0.001
Specific length, mm/g 19.3 196 214 220 0.17 <0.001 <0.001 0.179
Cutting force, N 33.3 333 304 313 049 0182 0.090 0.668
In vitro digestibility of OM  85.1 859 843 842 053 0.767 0503 0.764

1~ PBM - poultry by-product meal

2 - SEM = standard error of the mean (n = 4 replicates per treatment)

8 - Linear or quadratic effect of the inclusion of the ingredient in study. The analysis was performed

with the actual replacements of 18%, 35% and 53% of the dietary protein with SPC

4 - SME = specific mechanical energy
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Figure 1. Specific mechanical energy as a function of the percent of replacement of the dietary protein
by Soy Protein Concentrate: y = 0.146x + 17.075; r2 = 0.95; P < 0.0001.
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Figure 2. Bulk density as a function of the percent of replacement of the dietary protein by Soy Protein
Concentrate : y = 0.0208x? - 2.9451x + 422.41; r2 = 0.95;P < 0.001.



49

95
90 x
® e
c et +
S e T
B85 e
N e
S e ¥
T et
)
%80
=
[ +
S
2 75

70

0 10 20 30 40 50 60

Replacement of dietary protein by Soy Protein Concentrate (%)

Figure 3. Starch gelatinization as a function of the percent of replacement of the dietary protein by
Soy Protein Concentrate : y = 0.1705x + 80.476; r2=0.75; P = 0.0003
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Table 5. Processing parameters, kibble macrostructure traits, starch gelatinization and in

vitro digestibility of extruded dog diets with different inclusions of Soybean Protein Isolate

(SPD).
Protein replacement Contrast 3
Item PBM! 0%  40%  60% SEM?  P-value Ln Quad
Pre conditioner
Temperature, °C 828 86.3 850 84.0 0.41 0.002 0.296 <0.001
Output moisture, % 220 210 223 235 034 0.083 0.049 0.088
Extruder
Engine amperage, A 457 433 455 477  0.46 0.001 0.003 <0.001
Temperature, °C 1255 129.0 127.0 1220 0.71 <0.001 0.002 <0.001
Pressure, MPa 483 390 450 444 011 0.002  0.390 0.007
In barrel moisture, % 248 242 243 257 031 0.375 0405 0.169
Bulk density, g/L 419.3 3985 389.3 3850 412 0.002 <0.001 0.118
SME, kW-h/ton # 171 153 172 215 065 <0.001 <0.001 <0.001
After dryer
Starch gelatinization,%  78.7 79.8 805 842 0.76 0.044 0.013 0.293
Piece density, g/lcm?® 050 049 041 041 001 <0.001 <0.001 0.322

Radial expansion rate 109 113 132 126 018 <0.001 <0.001 0.037
Specific length, mm/g 193 191 195 204 013 <0.001 <0.001 0.002
Cutting force, N 333 372 353 353 0.69 0.112  0.233 0.091
In vitro digestibility of OM 85.1 856 865 86.9 040  0.457 0.153  0.932

- PBM - poultry by-product meal; SP120 - replacement of 20% of the protein by Isolate Soybean

Protein; SPI140 - replacement of 40% of the protein by Isolate Soybean Protein; SP160 - replacement
of 60% of the protein by Isolate Soybean Protein.

2 - SEM = standard error of the mean (n = 4 replicates per treatment)

% - Linear or quadratic effect of the inclusion of the ingredient in study. The analysis was performed
with the actual replacements of 18%, 35% and 53% of the dietary protein with SPI

4 - SME = specific mechanical energy
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Figure 4. Specific mechanical energy as a function of the percent of replacement of the dietary protein
by Soy Protein Isolate: y = 0.0046x? — 0.1721x + 17.048; r2 = 0.88; P < 0.0001.
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Figure 5. Bulk density as a function of the percent of replacement of the dietary protein by Soy Protein
Isolate : y = - 0.6266x + 414.95; r2 = 0.66; P = 0.0003.
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Figure 6. Starch gelatinization as a function of the percent of replacement of the dietary protein by
Soy Protein Isolate : y = 0.0954x + 78.054; r2 = 0.51; P = 0.0089.
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Table 6. Processing parameters, kibble macrostructure traits, starch gelatinization and in

vitro digestibility of extruded dog diets with different inclusions of Corn Gluten Meal.

. Protein replacement Contrast 3
Item PBM 0% 40%  B80% SEM?  P-value Un Quad
Pre conditioner
Temperature, °C 828 833 830 830 0.10 0.390 0.635 0.275
Output moisture, % 220 226 226 228 024 0.737  0.303 0.740
Extruder
Engine amperage, A 457 458 418 448 0.53 0.006 0.062 0.060
Temperature, °C 1255 1243 1215 1255 0.49 0.001  0.320 <0.001
Pressure, MPa 483 503 475 380 014 <0.001 <0.001 <0.001
In barrel moisture, % 248 246 246 248 021 0976  0.993 0.692
Bulk density, g/L 419.3 396.0 430.3 3725 6.08 <0.001 <0.001 0.002
SME, kW-h/ton * 171 182 126 163 0.73 0.006  0.105 0.200
After dryer
Starch gelatinization, % 787 773 784 762 061 0.499 0.308 0.733
Piece density, g/lcm?® 050 047 049 038 001 <0.001 <0.001 <0.001
Radial expansion rate 10.9 12 11.3 131 014 <0.001 <0.001 0.029
Specific length, mm/g 193 188 190 210 021 <0.001 <0.001 0.001
Cutting force, N 333 382 392 304 069 <0001 0.127 <0.001
In vitro digestibility of OM 851 86.9 855 859 0.43 0599 0.783 0.494

L. PBM - poultry by-product meal

2 - SEM = standard error of the mean (n = 4 replicates per treatment)

% - Linear or quadratic effect of the inclusion of the ingredient in study. The analysis was performed

with the actual replacements of 18%, 35% and 53% of the dietary protein with GM.

4 - SME = specific mechanical energy
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Table 7. Effects of different vegetable protein sources on the extrusion parameters and
kibbles macrostructure of dog diets. Results of orthogonal polynomial contrasts of three

inclusion amounts of each protein source.

Mean results! Contrasts®
Item SEM?  SPCx SPCx  SPIx
SPC  SPI GM Sp GM GM
Pre conditioner
Temperature, °C 85.1 85.2 83.1 0.23 1.000 <0.001 <0.001
Output moisture, % 223 223 22.7 0.13 0.964 0.306 0.309
Extruder
Engine amperage, A 499 453 441 043 <0.001 <0.001 0.011
Temperature, °C 134.1 1264 1238 0.85 <0.001 <0.001 <0.001
Pressure, MPa 460 4.25 4.34 0.07 0.346 0.498 0.749
In barrel moisture, % 244 247 24.7 0.14 0.377 0.474 0.850
Bulk density, g/L 349.7 3915 399.6 443 <0.001 <0.001 0.016
SME, kW-h/ton 4 222 177 15.7 0.51 <0.001 <0.001 0.001
After dryer
Starch gelatinization, % 86.6 814 77.3 0.73 <0.001 <0.001 <0.001
Piece density, g/cm? 041 043 044 <001 <0.001 <0.001 0.033
Radial expansion rate 122 124 121 0.06 0.313 0.471 0.084
Specific length, mm/g 21.0 19.7 19.6 0.01 <0.001 <0.001 0.705
Cutting force, N 3138 36.28 3530 0.29 <0.001 <0.001 0.817
In vitro digestibility of OM  84.8 86.3 86.1 0.32 0.040 0.070 0.763

1 - SPC: average result of the diets with 20%, 40% and 60% substitution of the diet protein by Soy

Protein Concentrate; SPI: average result of the diets with 20%, 40% and 60% substitution of the

diet protein by Soy Protein Isolate; GM: average result of the diets with 20%, 40% and 60%

substitution of the diet protein by Corn Gluten Meal.

2 - SEM = standard error of the mean (n = 4 replicates per treatment).
- SPC x SPI (SPC20% + SPC 40% + SPC 60% versus SPI 20% + SPI 40% + SP1 60%); SPC x
GM (SPC20% + SPC 40% + SPC 60% versus GM 20% + GM 40% + GM 60%); SPI x GM (SPI
20% + SP1 40% + SPI 60% versus GM 20% + GM 40% + GM 60%);

# - SME = specific mechanical energy
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Table 8. Chemical composition of the extruded diets for dogs with different protein sources.
Composition of the finished product, after coating with poultry fat and palatant. VValues on

dry matter basis.

lten Diets!
PBM SPC60 SPI160 GM60

Dry matter, % 93.5 94.1 93.9 92.8
Ash, % 7.3 6.5 6.1 6.1
Crude protein, % 27.7 275 27.9 28.6
Acid-hydrolyzed fat, % 14.3 14.6 13.4 14.8
Crude fiber, % 3.3 35 2.6 2.7
Gross energy, kcal/g 4.9 4.9 4.9 5.0

1 - PBM = poultry by-product meal; SPC60 = Soy Protein Concentrate (Arcon, Archer Daniels
Midland Company, Illinois, USA) replaced 60% of diet protein; SPI60 = Soy Protein Concentrate
(Pro-Fam, Archer Daniels Midland Company, lllinois, USA) replaced 60% of diet protein; GM60 =
Corn gluten meal (Salus Comercio de Produtos de Saude e Nutricao Animal Ltda., Santo Antonio de

Posse, Brazil) replaced 60% of diet protein.
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Table 9. Nutrient intake, coefficients of total tract apparent digestibility and metabolizable

energy of extruded diets for dogs with different protein sources.

Item Diets* SEM? P value
PBM SPC60 SPI60 GM60

Nutrient intake, g/(dog - day) as-fed basis
Dry matter 157.8 154.7 146.3 149.6 3.19 0.614
Crude protein 49.5 48.7 46.1 47.7 1.01 0.614
Acid-hydrolyzed fat 24.3 23.6 22.4 23.2 0.49 0.614
Crude fiber 55 54 5.1 53 0.11 0.616

Coefficient of total tract apparent digestibility, %
Dry matter 82.1 82.0 83.1 83.6 0.33 0.260
Organic matter 86.6% 85.3° 86.6®  87.7° 0.32 0.055
Crude protein 89.0° 90.6% 90.9%  91.8° 0.32 0.004
Acid-hydrolyzed fat 93.5° 95.2% 91.6°  94.0% 0.33  <0.001
Crude fiber 31.2¢ 23.7% 6.5¢ 14.0% 2.50 0.001
Gross energy 87.3 86.8 87.5 88.3 0.25 0.153

Metabolizable energy (kJ/kg as-

fed basis) 16.74° 16.74° 16.74>  17.15° 0.08 0.015

1~ PBM = poultry by-product meal; SPC60 = Soy Protein Concentrate replaced 60% of diet protein;

SP160 = Soy Protein Isolate replaced 60% of diet protein; GM60 = Corn gluten meal replaced 60%

of diet protein.

2 - SEM = standard error of the mean (n = 6 dogs per diet)

abc _ Means in the same row without a common letter differ by Tukey test (P <0.05).
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Table 10. Feces and urine production and characteristics of dogs fed extruded diets with

different protein sources.

Diets!
Item PBM  SPC60 SPIG0 GMeo  oEM°  Pvalue
Feces
g/(kg-dog - day), as-fed basis ~ 5.2% 6.2 5.0° 4.8° 0.18 0.015
bagils( kg-dog - day), dry matter , 4 2.2 23 20 0.06 0.206
Dry matter, % 43.82 34.8° 46.1*  40.9% 1.21 <0.001
Score 3.9 4,0% 4.0 4,0% 0.01 0.023
pH 6.62 6.0 6.5? 6.42 0.06 0.006
Urine
ml/( kg-dog - day) 8.54 934 864 1030 0.9 0.604
Specific gravidity 1.032 1.035 1.033 1.035 0.01 0.370
pH 6.9? 6.72 6.8? 6.0 0.09 0.001

1~ PBM = poultry by-product meal; SPC60 = Soy Protein Concentrate replaced 60% of diet protein;
SP160 = Soy Protein Isolate replaced 60% of diet protein; GM60 = Corn gluten meal replaced 60%
of diet protein.

2 - SEM = standard error of the mean (n = 6 dogs per diet)

abe - Means in the same row without a common letter differ by Tukey test (P <0.05).



