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RESUMO

As proteinas hidrolisadas tém despertado interesse devido a disponibilizacdo de
peptideos de baixo peso molecular, compativel com caracteristicas nutricionais como
alta digestibilidade de aminoécidos, reduzida antigenicidade e presenca de peptideos
bioativos. Foram conduzidas duas séries experimentais com o objetivo de avaliar os
efeitos da inclusdo do hidrolisado de figado de aves (HFA) como fonte proteica
majoritaria de origem animal em dietas para cdes adultos, saudaveis: ) analise da
composicdo quimica e peso molecular do HFA, seguido pela avaliacdo de duas dietas:
HFA — dieta com 25,6% de HFA e CON — dieta com farinha de visceras de aves (FVA)
e farinha de carne e 0ssos, sobre a palatabilidade, os coeficientes de digestibilidade
aparente (CDA), caracteristicas fecais e urinarias, parametros hematolégicos e
imunoldgicos, e microbiota fecal ao longo de 45 dias; e Il) avaliacéo do efeito de duas
fontes proteicas (HFA e FVA) e trés concentracdes de proteina bruta (PB) (24, 32 e
40%) combinados em seis tratamentos: HFA24, HFA32, HFA40, FVA24, FVA32 e
FVA40, sobre os CDA, caracteristicas fecais e urinarias, produtos de fermentacéo nas
fezes, formacdo de aminas biogénicas, concentracbes plasmaticas de MAO
(monoamina oxidase) e DAO (diamina oxidase), e CAT (capacidade antioxidante total)
apos 30 dias de alimentacéo. Os resultados do experimento | demonstraram que o
HFA possui altas concentracdes de lisina, acidos linoleico e araquiddnico, e 57% dos
peptideos com peso molecular <10 kDa. A dieta HFA aumentou a umidade e produc¢éo
fecal diaria (P<0,05), mas sem prejuizos a consisténcia fecal. A concentracdo
plasmatica de IL-4 reduziu ao longo do tempo (P<0,001). No grupo CON, houve
reducdo na concentracao plasmatica de IgA no dia 30 comparado aos dias 0 e 45
(P<0,001). A concentracao plasmatica de IgE reduziu nos dias 30 e 45 no grupo CON,
e nos dias 15 vs 30 e 15 vs 45 no grupo HFA (P=0,001). Foi verificada maior
similaridade da diversidade beta nas fezes dos cédes alimentados com HFA. No
experimento I, foi verificado maior CDA da PB nas dietas contendo HFA e maiores
concentraces de PB (P<0,05). Entretanto, o CDA dos demais nutrientes e energia
reduziram (P<0,05). O aumento das concentra¢gdes de PB aumentou a producéo fecal
diaria, umidade fecal e escore fecal (P<0,05). As dietas contendo FVA com 32 e 40%
de PB aumentaram as concentracdes fecais de isovalerato, acidos graxos de cadeia
ramificada e aménia (P<0,05). A inclusdo de FVA e maiores concentracdes de PB
aumentou o consumo de aminas biogénicas putrefativas (P<0,05). As dietas contendo
HFA com 32 e 40% de PB aumentaram a excrecao fecal de feniletilamina (P=0,045).
Por dltimo, as concentracbes plasmaticas de MAO foram maiores com as dietas
HFA24 e FVA32 (P=0.024).

Palavras-chave: aminas biogénicas; digestibilidade; produtos de fermentacéo fecal;
proteina hidrolisada; resposta imune

Tese de Doutorado em Zootecnia — Producdo Animal, Faculdade de Agronomia,
Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brasil. (155 p.) Margo, 2023.
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ABSTRACT

Hydrolyzed proteins have aroused interest due to the availability of low molecular
weight peptides, compatible with nutritional characteristics such as high digestibility of
amino acids, reduced antigenicity and presence of bioactive peptides. Two
experimental series were carried out aiming to evaluate the effects of hydrolyzed
chicken liver (HCL) inclusion in the diet as the majority animal protein source using
healthy adult Beagle dogs: I) analysis of the chemical composition and molecular
weight of the HCL, followed by the evaluation of two diets: HCL — diet with 25.6% HCL
and CON - with poultry by-product meal (PBPM) and bovine meat and bone meal on
palatability, apparent total tract digestibility (ATTD), fecal and urinary characteristics,
hematological and immunological parameters, and fecal microbiota over 45 days; and
II) evaluation of the effect of two protein sources (HCL and PBPM) and three
concentrations of crude protein (CP) (24, 32 and 40%) combined in six treatments:
HCL24, HCL32, HCL40, PBPM24, PBPM32 and PBPM40, on ATTD, fecal and urinary
characteristics, fermentation products in feces, biogenic amines in feces, plasma
concentrations of MAO (monoamine oxidase) and DAO (diamine oxidase), and TAC
(total antioxidant capacity) after 30 days of feeding. The results of experiment |
demonstrated that HCL has high concentrations of lysine, linoleic and arachidonic
acids, and 59% of peptides with molecular weight <10 kDa. The HCL diet increased
fecal score and daily fecal production (P<0.05), but without impairing fecal consistency.
Plasma IL-4 concentration decreased over time (P<0.001). In the CON group, there
was a reduction in plasma IgA concentration on day 30 compared to days 0 and 45
(P<0.001). Plasma IgE concentration decreased on days 30 and 45 in the CON group,
and on days 15 vs. 30 and 15 vs. 45 in the HCL group (P=0.001). Greater similarity of
beta diversity was verified in the feces of dogs fed with HCL. In experiment Il, there
was a higher ATTD of CP in the diets containing HCL and higher concentrations of CP
(P<0.05). However, the ATTD of other nutrients and energy decreased (P<0.05).
Increasing CP concentration increased daily fecal output, fecal moisture, and fecal
score (P<0.05). Diets containing PBPM with 32 and 40% CP increased fecal
concentrations of isovalerate, branched-chain fatty acids, and ammonia (P<0.05). The
inclusion of PBPM and higher CP concentrations increased the consumption of
putrefactive biogenic amines (P<0.05). Lastly, plasma MAO concentrations were
higher with the HCL24 and PBPM32 diets (P=0.024).

Key words: biogenic amines; digestibility; hydrolyzed protein; immune response;
intestinal fermentative end products

Doctoral thesis in Animal Science, Faculdade de Agronomia, Universidade Federal do Rio
Grande do Sul, Porto Alegre, RS, Brazil. (155 p.) March, 2023.
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1. INTRODUCAO

A producdo de alimentos para animais de companhia estd voltada ao
atendimento das necessidades nutricionais pré-estabelecidas pelo NRC (2006). Os
alimentos completos sdo adequados para animais saudaveis sem qualquer transtorno
nutricional em que a dieta possa ter papel coadjuvante. Entretanto, algumas doengas
desenvolvidas em cées requerem tratamento nutricional especifico para driblar os
mecanismos da patogénese. Nestes casos as dietas funcionam como coadjuvantes a
terapéutica medicamentosa.

A producdo de alimentos coadjuvantes requer ingredientes especiais, que
contenham caracteristicas proprias, sejam seguros e funcionais. Na nutricdo de caes
a incidéncia de disturbios gastrintestinais que comprometem a digestdo e absorcéo
de nutrientes, que tenham envolvimento em reacdes adversas alimentares ou
doencas inflamatdrias intestinais requerem ingredientes proteicos previamente
digeridos. Fontes proteicas de baixo peso molecular, secas e faceis de ingressarem
em formulacdes estdo disponiveis no mercado e sdo conhecidas como proteinas
hidrolisadas.

O uso de proteinas hidrolisadas é preconizado na confeccao de dietas para o
diagnéstico e manutencado de animais de companhia com distUrbios gastrointestinais,
pois tem como principais beneficios a elevada palatabilidade, reduzida
imunogenicidade e digestao facilitada (Cave, 2006). O processo de hidrélise promove
a ruptura das cadeias peptidicas resultando em aminoacidos livres e pequenos
peptideos, que sdo mais facilmente absorvidos pela mucosa intestinal comparados a
molécula integra (Monchi & Rerat, 1993). Além disso, a quebra das ligacGes
peptidicas reduz o peso molecular dos peptideos, de acordo com o grau de hidrélise
aplicado a matéria-prima, possibilitando a reducéo da antigenicidade e alergenicidade
da proteina, uma vez que moléculas de menor calibre resultam em menor
reconhecimento como um possivel antigeno pelo sistema imune (Verlinden et al.,
2006; Hou et al., 2017). Por fim, as proteinas hidrolisadas sdo amplamente utilizadas
como palatabilizantes no recobrimento de alimentos para animais de companhia pois
0 processo de hidrélise altera as caracteristicas organoléticas da matéria-prima e
promove maior aceitabilidade e consumo (Nagodawithana et al., 2010).

Ademais, a utilizagdo de proteinas hidrolisadas com elevada digestibilidade

pode auxiliar na reducéo do conteudo de proteina ndo digerida que alcanga o intestino
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grosso, em especial o colon, possibilitando assim a diminuicdo na sintese de
compostos putrefativos, como amonia, sulfeto de hidrogénio, acidos graxos de cadeia
ramificada (AGCR), aminas biogénicas, fendis e inddis (Blachier et al., 2007).
Adicionalmente, o consumo de dietas contendo proteinas hidrolisadas tem sido
associado a alteracdes benéficas na composicdo e funcionalidade da microbiota
intestinal e sinais clinicos de caes com enteropatias cronicas (Mandigers et al., 2010;
Wang et al., 2019). Embora estudos recentes avaliando o uso de dietas com proteinas
hidrolisadas demonstraram nenhuma ou minimas alteracbes na composi¢ao
microbiana intestinal de cées saudaveis (Pilla et al.,, 2020; Martinez-Lopez et al.,
2021), a investigacao do efeito de proteinas hidrolisadas sobre a microbiota intestinal
€ de extrema relevancia em virtude do seu impacto sobre a manutencédo da saude
geral de caes (Pilla & Suchodolski, 2020).

O beneficiamento de coprodutos de origem animal através de processamentos
altamente tecnificados, como no caso das proteinas hidrolisadas, permite a obtencéo
de ingredientes com caracteristicas diferenciadas comparado a sua matéria-prima
original. Porém, durante o processo de hidrolise e armazenamento algumas
substancias podem ser produzidas, como aminas biogénicas, devido a elevada
concentracdo de aminoacidos livres, ma& condicdo higiénico-sanitario e baixa
gualidade microbiol6égica (Feddern et al., 2019). Aminas biogénicas sdo compostos
organicos nitrogenados de baixo peso molecular, derivadas da descarboxilacéo de
aminoacidos por microrganismos. A presenca de aminas biogénicas em coprodutos
carneos destinados a alimentacdo animal tem sido investigada ao longo dos anos,
uma vez que estes compostos sdo termoestaveis e desempenham indmeras rotas
metabdlicas e fisiolégicas e, potencialmente, tdxicas, podendo comprometer
negativamente o metabolismo e desempenho animal (Barnes et al., 2001; den Brinker
et al., 2003; Kalac, 2014).

Com vistas em compreender as caracteristicas quimicas da proteina
hidrolisada de figado de frango e os efeitos da sua inclusédo como ingrediente proteico
sobre o metabolismo de cées adultos saudaveis esta tese foi redigida e dividida em 6
capitulos: O capitulo 1 aborda os conceitos relacionados as proteinas hidrolisadas e
seus efeitos sobre a palatabilidade, digestibilidade, produtos de fermentacao intestinal
e microbiota fecal, bem como o efeito de inclusdes crescentes de proteina bruta sobre
metabolismo e consumo de aminas biogénicas em cées adultos saudaveis. O capitulo

2 apresenta o artigo publicado caracterizando o hidrolisado de figado de frango e a
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avaliacao de duas dietas completas extrusadas secas (hidrolisado de figado de frango
ou farinha de visceras de aves e farinha de carne e 0ssos) sobre a palatabilidade e
digestibilidade. O capitulo 3 apresenta o artigo publicado avaliando os efeitos das
dietas anteriormente citadas sobre a resposta imunolégica e microbiota fecal. O
capitulo 4 inclui o estudo avaliando o efeito de dietas contendo hidrolisado de figado
de frango substituindo farinha de visceras de aves e concentracdes crescentes de
proteina bruta sobre a digestibilidade, caracteristicas fecais e urinarias e produtos de
fermentacéo intestinal. O capitulo 5 inclui o estudo avaliando o efeito das dietas
anteriormente citadas sobre o metabolismo de aminas biogénicas e capacidade

antioxidante total. O capitulo 6 apresenta as consideracdes finais da tese.
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2. REVISAO BIBLIOGRAFICA

2.1. Proteinas hidrolisadas

As proteinas hidrolisadas tém sido utilizadas na alimentacdo humana ha
décadas, com notoriedade em sucedaneos para lactentes com reacdes alérgicas as
proteinas do leite de vaca. Na alimentacdo animal, o uso de proteinas hidrolisadas
esta associado a beneficios como digestédo facilitada e elevado teor de peptideos de
baixo peso molecular, reduzindo assim o reconhecimento como possiveis antigenos
pelo sistema imune (Cave, 2006). Além disso, algumas proteinas hidrolisadas
possuem peptideos bioativos com propriedades funcionais e agédo antimicrobiana,
antioxidante, anti-hipertensiva e imunomoduladora (Martinez-Alvarez et al., 2015; Hou
et al., 2017). Recentemente, foi demonstrado que peptideos bioativos presentes na
farinha de coprodutos de aves enzimaticamente hidrolisada pode reduzir a atividade
da enzima conversora de angiotensina no soro de gatos saudaveis, com potencial
acao anti-hipertensiva (Miltenburg et al., 2021).

A producédo industrial de proteinas hidrolisadas ocorre através da hidrolise
acida, enzimatica ou microbiana (Figura 1). A hidrélise viabiliza a ruptura das ligacdes
peptidicas de grandes cadeias de proteinas e as converte em pequenos peptideos e
aminoacidos livres, reduzindo o peso molecular da proteina original, que por
consequéncia reduz a antigenicidade e alergenicidade da proteina (Verlinden et al.,
2006). O método de hidrélise enzimatica € mais aplicado na producédo de proteinas
hidrolisadas alimentares pois oferece vantagens aos demais métodos, como
condicdes de processamento moderadas impedindo a perda de aminoéacidos, e
utilizacao de proteases de maior especificidade e precisdo permitindo maior controle
do grau de hidrélise (Hou et al., 2017). Entretanto, a hidrélise de algumas proteinas
(p. ex. proteinas da soja e caseina) desencadeia a exposi¢do de cadeias laterais de
aminoacidos com propriedades hidrofébicas que promovem amargor (Nagodawithana
et al. 2010). Em estudo prévio, Cho et al. (2004) observaram que dois hidrolisados de
proteina de soja comerciais apresentaram amargor na faixa de peso molecular entre
2 e 4 kDa. Contudo, as proteinas hidrolisadas obtidas a partir de coprodutos de origem

animal, principalmente visceras, séo utilizadas como palatabilizantes no recobrimento
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de alimentos para animais de companhia devido as suas caracteristicas

organolépticas.

Coprodutos de origem animal ou vegetal
Agua (livre de contaminantes)
Solubilizagao

Ajuste de pH, temperatura, | Hidrolise quimica (p. ex. HCl ou NaOH)
concentracdoionicae | Hidrolise enzimatica(p. ex. tripsina ou pepsina)
pressédodoreator | Hidrélise microbiana(p. ex. bactérias, fungos ou leveduras)

Hidrolise controlada por um periodo especifico detempo (p. ex. 4 a 48 horas)

Reducéo detemperatura (hidrolise quimica)
Aumento de temperatura (hidrolise enzimatica oumicrobiana)
Ajuste de pH

Término dahidrolise

|

Filtracdo, centrifugacédo e separacédo

|

Peptideos

l Pasteurizagéo, evaporacéo, spray-drying e empacotamento

Produtos paraalimentacdo animal

FIGURA 1. Esquema geral do processo de fabricacdo de proteinas hidrolisadas.
(Fonte: Adaptado de Hou et al., 2017)

A hidrolise prévia das matérias-primas pode influenciar o valor nutricional da
proteina pois esta associada a potencial facilitacdo dos processos digestivo e
absortivo, aspecto importante para animais com trato gastrointestinal comprometido
(Cave, 2006). Como resultado do desdobramento e ruptura das ligacdes peptidicas
de macromoléculas proteicas, a presenca de grandes quantidades de pequenos
peptideos e aminoacidos livres pode afetar positivamente o desempenho animal, uma
vez que pequenos fragmentos proteicos sdo prontamente absorvidos no intestino
delgado sem digestéo gastrointestinal prévia (Gilbert et al., 2008). Em ratos, pequenos
peptideos de proteinas parcialmente hidrolisadas do leite sdo mais eficientemente
absorvidos e possuem maior valor nutricional do que aminoacidos livres (Monchi &
Rerat, 1993). Por outro lado, maiores propor¢cdes de pequenos peptideos, na forma
de di- e tripeptideos, podem exceder a capacidade absortiva, sem que resulte em
diferencas na eficiéncia de utilizagdo comparado a proteina original integra. Ainda, o
processo de hidrélise pode eventualmente resultar na formacéo de produtos da reagéo

de Maillard que ndo séo absorvidos (Rooijen et al., 2013). Em cées adultos saudaveis,
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a utilizacao de dieta hipoalergénica contendo proteina hidrolisada promoveu reducéo
no coeficiente de digestibilidade da matéria seca, mas aumentou a digestibilidade da
proteina bruta comparado a dieta contendo proteina intacta (Verlinden et al., 2006).
Entretanto, a ampla variabilidade na qualidade da matéria-prima e nas condicdes de
processamento aplicadas durante a manufatura de farinhas de origem animal, em
especial a farinha de visceras de frango, impacta diretamente na qualidade proteica e
biodisponibilidade de nutrientes (Murray et al., 1997). Assim, a utilizacdo de proteinas
hidrolisadas pode conferir beneficios em virtude da aplicacéo de processamento mais
brando a matéria-prima.

Adicionalmente, o processo de hidrélise pode resultar em aumento da
osmolaridade, caracterizado pela concentracdo de solutos (produtos de fermentacao
e eletrélitos) podendo ser responséavel pela reducao na absorcéo de agua no colon e,
consequentemente, na piora do escore fecal e aumento da umidade fecal (Nishinaka
et al., 2004). Estudos prévios relataram a incidéncia de fezes moles e diarreia em cées
alimentados com dietas contendo proteinas hidrolisadas (Hekman, 2003; Loeffler et
al., 2004). Portanto, a investigacao dos efeitos sobre a digestibilidade e caracteristicas

fecais se torna indispensavel na avaliacéo de proteinas hidrolisadas.

2.2. Utilizacdo de proteinas hidrolisadas em alimentos coadjuvantes

As enteropatias cronicas e as reacdes adversas alimentares sao quadros
recorrentes na clinica de animais de companhia. As enteropatias cronicas sao
caracterizadas pela resposta imunolégica e inflamatéria exacerbada no trato
gastrointestinal e de carater multifatorial. Enquanto as reacdes adversas alimentares,
comumente nomeadas de alergia alimentar, sdo atribuidas a qualquer resposta
clinicamente anormal decorrente da ingestdo de um alimento. A prescricdo de
alimentos com proteinas hidrolisadas tem sido preconizada no manejo nutricional de
animais de companhia com doencgas gastrointestinais e reagdes adversas alimentares
devido ao sucesso na remisséo dos sinais clinicos, como vomito, diarreia, além de
sinais dermatolégicos no caso das alergias alimentares (Marks et al., 2002;
Puigdemont et al., 2006; Mandigers et al., 2010; Olivry et al., 2017).

O mecanismo desencadeador destes disturbios ocorre pela absorcdo de
macromoléculas integras antigénicas, no caso, 0s alérgenos alimentares que

acessam o sistema imune pelo trato gastrintestinal (Cave, 2006). Apesar do processo
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digestivo ser eficaz, cerca de 2% das proteinas ingeridas escapam completamente da
digestdo e sdo carreadas pela circulacdo entérica, elicitando uma resposta
imunoldgica (Sampson, 2004). Além disso, fatores como a composi¢cdo da dieta e
alteracOes na integridade e permeabilidade da barreira da mucosa podem influenciar
diretamente na absorcdo de proteinas, pois alteram a seletividade dos enterdcitos
permitindo a absor¢cdo de macromoléculas com propriedades antigénicas (Verlinden
et al., 2006).

Os principais alérgenos alimentares sdo glicoproteinas hidrossoluveis de
elevado peso molecular, estaveis ao tratamento com calor, acido e proteases
(Sampson & Burks, 1996). Os alérgenos alimentares mais comumente identificados
em cées estdo presentes na carne bovina, derivados lacteos, carne de frango e trigo
(Roudebush, 2013; Mueller et al.,, 2016). Nas reacbes adversas alimentares, a
resposta imunoldgica é iniciada ap0s a ingestdo e absorcdo da fracdo proteica
alergénica. Posteriormente, ocorre a ligacdo cruzada do alérgeno aos receptores
FceRI ligados as moléculas de IgE presentes na membrana dos mastdcitos,
promovendo assim a degranulacao e liberacdo de mediadores pro-inflamatorios, como
histamina, prostaglandinas, enzimas e citocinas (Cave, 2006).

Em teoria qualquer alimento ingerido pode induzir ao aumento da resposta
imunologica se absorvido integralmente (Verlinden et al., 2006). Dentre os
ingredientes utilizados na formulacdo de alimentos para cées destacam-se 0s
coprodutos de carne bovina e de aves, principais coprodutos de origem animal, e 0s
coprodutos da soja e milho, principais produtos de origem vegetal utilizados em
formulacoes.

O beneficiamento de coprodutos de origem animal através de processos
padronizados e altamente tecnificados permite a obtencdo de ingredientes com
caracteristicas diferenciadas comparado a sua matéria-prima original. No caso dos
distarbios gastrointestinais e reacdes adversas alimentares, a introdugcédo de fontes
proteicas inéditas a dieta, bem como uso de proteinas hidrolisadas sé@o as principais
estratégias nutricionais recomendadas apés a conclusdo do diagndstico (Rudinsky,
2018). As proteinas hidrolisadas tém sido utilizadas com frequéncia na industria de
alimentos para animais de companhia em dietas coadjuvantes devido as
caracteristicas previamente mencionadas, como elevada digestibilidade,
palatabilidade, e, principalmente, pelo seu baixo peso molecular que resulta em menor

antigenicidade (Cave, 2006).
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A reducédo da antigenicidade nos ingredientes pode ser alcancada mediante
tratamento térmico, modificacdo do pH, hidrolise enzimatica e filtracdo (Hudson,
1995). O tratamento térmico pode néo ser totalmente eficaz, uma vez que a maioria
dos alimentos destinados a animais de companhia passam previamente por
tratamentos térmicos para sua fabricacdo e grande numero de alérgenos séo
termoestaveis. O tratamento térmico pode ainda aumentar a alergenicidade de
algumas proteinas, uma vez que o efeito do processamento térmico afeta apenas a
estrutura tridimensional das proteinas (Oobatake, 1993). Adicionalmente, o
processamento térmico em elevadas temperaturas permite a ocorréncia das reacoes
de Maillard, produzindo compostos chamados melanoidinas através da reacéo entre
alguns aminoacidos e acUcares redutores. As melanoidinas podem ser mais ou menos
alergénicas do que as proteinas originais, pois atuam como haptenos ou por
reduzirem a absorcao de peptideos, respectivamente (Otani et al., 1985; Sancho et
al., 2005). Cave & Marks (2004) observaram que o processo de aquecimento de dietas
enlatadas purificadas a base de caseina, amido, sacarose e 6leo de milho foi
responsavel por aumentar a antigenicidade do alimento comparado ao alimento ndo
tratado termicamente.

A modificacdo do pH exclusivamente pode néo ser eficaz pois alguns alérgenos
sao resistentes ao pH acido, semelhantes ao pH estomacal (Taylor et al., 1987). O
processamento mais confiavel para a reducéo da antigenicidade de um ingrediente é
a hidrélise enzimética. Mediante a acao de proteases, sejam elas derivadas do
pancreas de mamiferos, estbmago de suinos, proteases bacterianas, fungicas e de
algumas frutas, fracbes peptidicas e aminoacidos livres sdo obtidos (Lee, 1992). A
eficiéncia do processo de hidrélise depende do grau de especificidade da enzima
proteolitica selecionada, o grau de hidrdlise no qual a matéria-prima é submetida e de
processamentos posteriores. Além de reduzir a antigenicidade, o processo de
hidrolise aumenta a digestibilidade devido a ruptura das cadeias proteicas em
fragmentos peptidicos menores. A hidrélise enzimatica ndo altera o valor nutricional
da proteina (Pedersen, 1994). Por ultimo, a filtracdo pode ser realizada para remover
as cadeias aminoacidicas de alto peso molecular resistentes ao processamento por
hidrolise e, ainda, para remover as enzimas restantes (Cave, 2006).

A avaliacdo do peso molecular dos peptideos presentes nas proteinas
hidrolisadas pode auxiliar na investigacdo da sua alergenicidade e antigenicidade.

Alérgenos alimentares com peso molecular entre 10 e 70 kDa podem elicitar resposta
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alergénica em humanos, assim, quanto menor o tamanho dos fragmentos proteicos
no ingrediente processado, menor a possibilidade da permanéncia de fracbes
alergénicas (Sampson, 1999; Verlinden et al., 2006). Em trabalho prévio, Cave &
Guilford (2004) revelaram que a hidrdlise reduziu 96,9% da proteina a base de figado
e coracdo de frango em fragmentos peptidicos com peso molecular <10 kDa. Em
humanos, apenas peptideos com menos de 15 aminoacidos, ou peso molecular entre
e 3,5 a5 kDa podem reduzir a alergenicidade. Embora em cées esse valor permaneca
desconhecido, alguns animais mais reativos podem manifestar sintomas a proteinas
com peso molecular superior a 4,5 kDa (De Jaham, 2000). No entanto, apenas a
avaliacdo do peso molecular de proteinas hidrolisadas ndo garante a reducdo da
alergenicidade. A avaliacdo da resposta imunolégica conjuntamente com a
observacdo da ocorréncia ou ndo de sinais clinicos permitem maior acuracia na

comprovacéao da reducao da antigenicidade do ingrediente.

2.3. Microbioma intestinal de caes e efeito da proteina hidrolisada sobre a sua

composicao e funcionalidade

A microbiota intestinal e seus metabdlitos influenciam a saulde sistémica do
hospedeiro, através da imunomodulacéo, protecao contra patégenos, estimulacédo da
funcdo da barreira intestinal, e mais recentemente pela sua a¢do no eixo intestino-
cérebro (Barko et al., 2018; Pilla & Suchodolski, 2020). As bactérias sdo os principais
componentes da microbiota intestinal (Swanson et al., 2011), acompanhadas por
fungos, virus, protozoarios e archeas. Além da resiliéncia e adaptabilidade, a
microbiota intestinal de caes saudaveis possui estabilidade na sua composicéo, sendo
formada majoritariamente pelos filos Firmicutes, Bacteroidetes e Fusobacterium
(Middelbos et al., 2010; Hand et al., 2013).

O microbioma intestinal € responsivo aos nutrientes, em especial aos
acréscimos de fibra e proteina, que promovem a modulagdo da composicdo e
funcionalidade microbiana (Celi et al., 2017; Pilla & Suchodolski, 2021). Alteracdes na
composi¢cdo da microbiota intestinal parecem estar mais associadas a grandes
alteracdes nos macronutrientes do que nos ingredientes (Pilla & Suchodolski, 2021).

O monitoramento de bactérias “sentinelas” que séo sensiveis a alteracbes na
homeostase intestinal pode auxiliar no monitoramento da funcionalidade intestinal de

cées (Félix et al., 2022). Alguns taxons bacterianos, que sao as unidades taxonémicas
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associadas a classificacdo cientifica, sdo utilizados como biomarcadores da
funcionalidade intestinal devido a sua menor abundancia em cdes com doencas
gastrointestinais, dentre os quais destacam-se alguns membros do filo Firmicutes,
como Faecalibacterium spp, Blautia spp, Turicibacter spp e C. hiranonis, e do filo
Fusobacteria, como Fusobacterium spp. (Suchodolski et al., 2012; Garcia-Mazcorro et
al., 2012; AlShawagqgfeh et al., 2017). Um recente estudo de meta-analise demonstrou
que além da reducéo na abundancia de taxons relacionados a sintese de metabdlitos
benéficos a manutencdo da funcionalidade intestinal e saldde geral do hospedeiro,
cdes com doencas gastrointestinais apresentaram menores indices de diversidade
alfa, maior indice de disbiose intestinal e aumento na abundancia de Escherichia coli
(Félix et al., 2022). A disbiose intestinal se refere ao desequilibrio do microbioma
intestinal durante a qual ocorrem alteragcbes na sua composicédo e funcionalidade
(Zeng et al.,, 2017), sendo associada a inumeras condicbes em cédes, como
enteropatias cronicas (Minamoto et al., 2019), obesidade (Bermudez et al., 2020),
doencas metabdlicas (Jergens et al., 2019) e doencas cardiacas (Li et al., 2021).

Achados prévios evidenciaram os efeitos positivos da utilizacdo de dietas
contendo proteinas hidrolisadas sobre a microbiota intestinal, tais como a melhoria na
estrutura microbiana e reducdes na sintomatologia e disbiose intestinal de cdes com
enteropatias crénicas (Mandigers et al., 2010; Wang et al., 2019). Deste modo, caes
com alteracdes associadas a doengas podem se beneficiar de planos nutricionais que
incluam dietas contendo proteinas hidrolisadas, por exemplo, objetivando melhorias
na diversidade da microbiota e consequente sintese de metabdlitos (Pilla &
Suchodolski, 2021).

2.4. Efeito da fonte e concentracdo de proteina no metabolismo de cées

Nos ultimos anos, houve o aumento na disponibilidade de alimentos completos
com alta proteina bruta para animais de companhia seguindo as tendéncias do
mercado e da industria de alimentos, apesar desta ndo ser a visdo de grande parte
dos nutricionistas quanto a sustentabilidade. No entanto, as concentracdes de
proteina bruta de alguns alimentos completos excedem em muito a recomendacgao
minima para cées adultos em manutencdo. Muito além do nivel aumentado de
proteina bruta, as formulagdes devem considerar a qualidade proteica que é afetada

pela fonte proteica, concentracdo e biodisponibilidade de aminoacidos essenciais,
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nitrogénio ndo proteico (acidos nucleicos, aminas, amidas) e digestibilidade (Gross et
al., 2010).

Dentre as fontes proteicas utilizadas em alimentos para animais de companhia,
as proteinas animais (derivados da induastria de rendering) possuem maior
variabilidade na composi¢cdo quimica comparado as proteinas vegetais (Parsons et
al., 1997; Deng et al., 2016; Donadelli et al., 2019), além do impacto de fatores como
a composicdo das matérias-primas e as condicbes de processamento dos
ingredientes sobre a qualidade proteica e digestibilidade (Murray et al., 1997; Johnson
et al., 1998; Cramer et al., 2007; Donadelli et al., 2019).

No organismo, as proteinas ndo digeridas e absorvidas no intestino delgado,
provenientes tanto de proteinas alimentares como enddgenas, chegam ao intestino
grosso, em especial no colon, onde sdo susceptiveis a fermentacdo pela microbiota
intestinal. Diversos fatores influenciam a quantidade de proteina que alcanca o cdlon,
como o teor ingerido de matéria seca e proteina, e a digestibilidade da fonte proteica
(Hussein & Sunvold, 2000). A proteina ndo digerida atua como precursor para a
sintese de metabdlitos putrefativos, incluindo &cidos graxos de cadeia curta (AGCC),
AGCR, ambnia, aminas biogénicas, fendis, inddis, sulfidos, gases (Hz2 e CO2), e
produtos intermediarios como lactato e succinato (Blachier et al., 2007). Os AGCC,
incluindo acetato, propionato e butirato, possuem inimeros beneficios ao hospedeiro
pois sao fontes de energia para a mucosa do colon, inibem microrganismos
patogénicos através da diminui¢cdo do pH luminal, estimulam a proliferacdo epitelial e
funcdo da barreira, além de possuirem propriedades anti-inflamatorias (Morrison &
Preston, 2016). Os AGCR sao formados exclusivamente pelo metabolismo de
aminoacidos de cadeia ramificada, possibilitando que os AGCR sejam utilizados como
marcadores da fermentacédo proteica no coélon (Blachier et al., 2007). Alguns estudos
apontam que os AGCR atuam na supressdo de marcadores pré-inflamatérios em
células epiteliais intestinais de humanos (Yan et al., 2017) e reducdo da colite
necrosante em ratos neonatais (Ran-Ressler et al., 2011). Entretanto, alguns dos
metabolitos da fermentacdo de proteinas estdo associados a efeitos negativos na
saude do hospedeiro, como aménia e fendis que podem aumentar a permeabilidade
intestinal, reduzir a funcéo da barreira epitelial e ter atividade metaplasica (Hughes et
al., 2008).

Ephraim et al. (2020) observaram o aumento no pH fecal e na concentracao

fecal de AGCR, diminuicdo nas concentracdes fecais de AGCC e indois em cées
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alimentados com dietas contendo alta concentracdo de proteina bruta. Os autores
revelaram ainda o aumento na abundancia de bactérias proteoliticas e niveis
aumentados de metabolitos relacionados a inflamagdo e disfungdo renal.
Similarmente, Nery et al. (2010) observaram o aumento nas concentragdes fecais de
amoénia, AGCR e valerato em cées alimentados com dietas contendo alta proteina
bruta. Embora existam estudos demonstrando o aumento da digestibilidade aparente
da proteina em resposta a acréscimos de proteina bruta na dieta, os autores
previamente mencionados atribuem o aumento da digestibilidade aparente da
proteina a um possivel efeito da diluicdo do conteudo nitrogenado endégeno dado a
maior quantidade de proteina bypass que alcanca o intestino grosso (Nery et al., 2010;
Ephraim et al.,, 2020). Adicionalmente, o consumo de dietas contendo altas
concentracdes de proteina bruta favorece o aumento na abundancia de Clostridium
perfringens, espécie bacteriana proteolitica, nas fezes de cées (Zentek et al., 2003; Li
et al., 2017).

Como previamente evidenciado por Nery et al. (2012), a utilizacdo de fontes
proteicas altamente digestiveis resulta na diminuigdo da concentracdo de metabdlitos
putrefativos nas fezes de cées devido a reducdo na entrada de proteinas nao digeridas
no colon. Além disso, o uso de proteinas altamente digestiveis poderia permitir a
reducdo na inclusdo de proteina bruta na dieta. De acordo com Neis et al. (2015), visto
que 0s compostos proteicos ndo digeridos podem ser utilizados para a sintese de
componentes celulares bacterianos ou catabolizados por diferentes vias resultando
na producdo de metabdlitos putrefativos, com efeitos positivos ou negativos no
hospedeiro, a modulacdo do consumo proteico pode fazer parte da estratégia para a
modulacdo das bactérias proteoliticas e suas vias metabodlicas, afetando
potencialmente o metabolismo do hospedeiro.

2.5. Aminas biogénicas

A utilizagéo de proteinas hidrolisadas apresenta inumeros beneficios a nutricdo
animal, sobretudo devido ao seu elevado conteudo nutricional, em especial de
peptideos, e a contribuicdo a caracteristicas organolépticas, principalmente como
palatabilizantes. Entretanto, a matéria-prima da qual o hidrolisado sera produzido deve
possuir qualidade sanitaria, uma vez que o elevado conteido de aminoacidos livres

presentes nas matérias-primas pode desencadear a proliferacdo de microrganismos
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responsaveis pela sintese de aminas biogénicas, podendo comprometer o
metabolismo e saude animal (Feddern et al., 2019).

As aminas biogénicas sao bases organicas de baixo peso molecular produzidas
a partir da descarboxilacdo de aminoécidos livres ou aminacdo e transaminacao de
aldeidos e cetonas pela aminoacido-transaminase (Liu et al., 2003). A sintese de
aminas biogénicas ocorre a partir da descarboxilacgdo de seu aminoacido
correspondente pela remogao do grupo a-carboxila.

As aminas sédo classificadas quanto a origem ou sintese como poliaminas ou
biogénicas. As poliaminas sdo enddégenas e formadas naturalmente por animais,
plantas e microrganismos. Atuam em inameros processos fisioldgicos como
neurotransmissores, psicoativos, vasoativos, reguladores da expressao génica,
crescimento e diferenciacao celular, secre¢des gastricas, resposta imune, processos
inflamatorios. As aminas biogénicas sdo formadas pela descarboxilacdo de
aminodcidos livres através da acdo das enzimas descarboxilases, principalmente de
origem microbiana (Ruiz-Capillas & Herrero, 2019). As aminas biogénicas séo
classificadas quanto a estrutura do amino&cido precursor (alifaticas, aromaticas e
heterociclicas) e quanto ao niumero de grupos amina (monoaminas, diaminas e

poliaminas) (Tabela 1).

Tabela 1. Classificagdo das aminas biogénicas.

Amina biogénica Estrutura Classicacéo Precursor
_ - Diamina N
Putrescina HoN™ >~ 2 o Ornitina
Alifatica
_ Diamina o
Cadaverina HNT N, o Lisina
Alifatica
_ e M NH, Poliamina o
Agmatina i 1 o Arginina
’ Alifatica
i H Poliamina Arginina
Espermina HN NN
H Ty ..
Alifatica Ornitina
o " Poliamina Arginina
ESpermIdlna HQN\/\/N\/\\/\NHQ . .
Alifatica Ornitina
_ _ WNHZ Monoamina _
Triptamina ) Triptofano

N Heterociclica
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Tabela 1. Classificacdo das aminas biogénicas. (continuagéo)

o NH, Monoamina _ .
Feniletilamina ©/\/ . Fenilalanina
Aromatica
o NHg Monoamina o
Tiramina ,©/\J - Tirosina
HO Aromatica
, . (/NJ/\/NHE Monoamina o
Histamina N o Histidina
H Heterociclica

Fonte: Adaptado de Wojcik et al., 2022.

Os principais requerimentos para sintese de aminas biogénicas sdo as
caracteristicas da matéria-prima (composicdo, pH, forca iénica e disponibilidade de
aminoacidos livres), a presenca de microrganismos descarboxilase-positivos e as
condi¢cBes que permitem o crescimento bacteriano, como durante 0 armazenamento
e fermentacéo, a sintese e atividade da descarboxilase (Feddern et al., 2019). Alguns
géneros bacterianos possuem capacidade de descarboxilagdo de aminoacidos, como
Bacillus, Citrobacter, Clostridium, Klebsiella, Escherichia, Proteus, Pseudomonas,
Shigella, Photobacterium e as bactérias acido laticas Lactobacillus, Pediococcus e
Streptococcus (Figura 2). Assim, a introducdo de microrganismos descarboxilase-
positivos e, consequentemente, a sintese de aminas biogénicas em alimentos pode
resultar na contaminacgdo antes, durante ou apés o processamento (Brink et al. 1990).
Por serem compostos termoestaveis, as aminas biogénicas tém sido utilizadas como
indicadores de frescor e deterioracdo no monitoramento de matérias-primas e
produtos ao longo da cadeia produtiva. Além disso sdo utilizadas no controle de
contaminacgdo cruzada, a fim de determinar a qualidade da matéria-prima e condi¢des

de higiene durante o processamento (Feddern et al., 2019).
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AMINOACIDO PRECURSOR

Histidina -
T MAT(I:ERIA-PRII\EA
Triptofano o nor_npqm_g:ao )
Lisina < + Al 1 livres
Fenilalanina + Teor proteico
+ Arginina PH, etc
Ornitina // ry
AMINOACIDOS DECARBOXILASES
« Histidina-decarboxilase P MICRORGANISMOS
* Tirosina-decarboxilase il v Er i
+  Triptofano-decarboxilase *  Pseudomonadaceae
« Lisina-decarboxilase *  Photobacterium
+ Fenilalanina-decarboxilase +  Clostridium
« Arginina-decarboxilase + Bacterias acido laticas, etc
«  Omnitina-decarboxilase r'y
\ 4
AMINAS BIOGENICAS A 4
* Histamina j
Tiramina CONDICOES DE PROCESSO E ARMAZENAMENTO
Triptamina +  Manipulagdo
Cadaverina +  Tempo
Feniletilamina + Temperatura
+  Agmatina
* Putrescina
SEGURANCAALIMENTAR QUALIDADE ALIMENTAR

FIGURA 2. Fatores para sintese de aminas biogénicas. (Fonte: Adaptado de Ruiz-
Capillas & Herrero, 2019)

De expressiva importancia na nutricdo animal, os coprodutos de origem animal,
em especial as farinhas de origem animal, representam um papel significativo na
contaminacdo de aminas biogénicas por terem passado por algum nivel de
deterioragcéo (Smith et al., 2000). A contaminacao de aminas biogénicas em produtos
de origem animal ocorre no periodo post mortem. Neste periodo, as enzimas
proteoliticas intestinais combinadas ao rapido processo autolitico tecidual resultam na
liberacdo de aminoacidos livres que servem de substrato para a agdo enzimatica de
microrganismos e sintese de aminas biogénicas de acordo com o aminoacido
correspondente (den Brinker et al., 2003; Cardozo et al., 2013). A maior
susceptibilidade a contaminacdo de aminas biogénicas em coprodutos de origem
animal advém da baixa qualidade das matérias-primas. A contaminacao
microbiolégica e condigdes inadequadas de armazenamento sao fatores
predisponentes a sintese de aminas biogénicas (EFSA, 2011). Assim, o
processamento das matérias-primas de origem animal imediatamente apds o abate é
preconizado, principalmente em altas temperaturas ambientes, de modo a evitar a
producdo de altas concentracoes de aminas biogénicas e garantir a seguranca
alimentar (Feddern et al., 2019). Adicionalmente, alguns procedimentos pds-abate,
como evisceracdo e corte, podem resultar em contaminacdo cruzada devido a

presenca de microrganismos descarboxilase-positivos. Alguns tecidos como intestino,
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pele e branquias de peixes, que possuem elevada concentracdo de microrganismos,
podem desencadear a disseminacéo de microrganismos descarboxilase-positivos em
superficies e equipamentos, promovendo 0 aumento de aminas biogénicas durante
processamento e armazenamento posteriores (EFSA, 2011).

Estudos prévios destacam a grande variabilidade nas concentracdes de aminas
biogénicas em diferentes farinhas de origem animal (Tabela 2), possivelmente como
resultado de falhas no controle de qualidade das matérias-primas, processamento e
armazenamento. Ao avaliar o efeito da putrefacdo progressiva em carcacas de
frangos em ambiente controlado (30°C e 70% de umidade relativa), Tamim & Doerr
(2003) detectaram a presenca de aminas biogénicas logo apds o abate e verificaram
que a maioria das aminas biogénicas permanece relativamente baixa por até 24 horas.
ApOs esse periodo as concentragdes sao significativamente aumentadas. Além disso,
0S autores destacaram que as concentracfes de algumas aminas biogénicas
excediam os valores associados ao baixo desempenho em frangos de corte
comerciais. Desta forma, enfatizaram que a qualidade do coproduto esta fortemente
associada a boas técnicas de manejo, incluindo coleta e processamento imediato
apos o abate.

As aminas biogénicas exogenas, ingeridas nos alimentos, sdo rapidamente
detoxificadas no trato intestinal pela acdo das enzimas monoamina oxidase (MAO),
diamina oxidase (DAO), poliamina oxidase (PAO) e histamina-N-metil transferase
(HNMT) (Prester, 2011). As enzimas MAO e DAO estéo presentes no epitélio intestinal
e detoxificam as mono- e diaminas, enquanto as poliaminas sao primeiro acetiladas e
posteriormente oxidadas pelas enzimas amina oxidases. As aminas biogénicas
desempenham inumeras ac¢des metabdlicas e fisiolégicas no organismo, como
estabilizacdo de membranas celulares, regulacdo do crescimento tecidual,
transmissao neural e mediacado da inflamacao (Kalag, 2014). Entretanto, a ingestao
de altas quantidades de aminas biogénicas pode resultar em sintomas fisiolégicos,
como nauseas, dores de cabeca, sudorese, dificuldade respiratoria, palpitacbes
cardiacas e hiper ou hipotensdo em humanos (Feddern et al., 2019). O risco
toxicologico relacionado ao consumo de altas concentracdes de aminas biogénicas
depende de fatores associados ao proprio alimento e fatores potencializadores de
toxicidade, como estado de saude, suscetibilidade individual pela baixa expresséo
genética das enzimas de detoxificagcdo e consumo de inibidores da MAO (Ruiz-
Capillas & Herrero, 2019).
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TABELA 2. Concentracdo de aminas biogénicas (mg/kg) em diferentes farinhas de origem animal.

Autor Coproduto Putrescina Cadaverina Histamina Espermidina Espermina
Farinha de
57 (nd-286) 120 (nd-208) 21 (nd-208) 16 (nd-39) 31 (10-56)
carne e 0Ss0s
Farinha de
Barnes et al. (2001) 227 (84-390) 451 (140-879) 39 (28-95) 31 (19-53) 74 (55-96)
aves
Farinha de
, 99 (12-537) 215 (64-557) 70 (8-1576) 31 (18-97) 27 (120-139)
peixes
Farinha de
_ 102 (7-454) 220 (11-1340) 570 (nd-1620) - -
peixes
Farinha de
82 (7-1340) 121 (nd-1350) 19 (nd-167) - -
aves
_ Farinha de
den Brinker et al. (2003) 21 (nd-695) 29 (nd-680) 10 (nd-258) - -
carne
Farinha de
31 (5-267) 42 (nd-159) 5 (nd-90) - -
penas
Farinha de
13 (nd-223) 7 (nd-280) 4 (nd-36) - -

sangue
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Os efeitos negativos das aminas biogénicas podem ser dependentes do
consumo de ingredientes com altas concentracfes, ou ainda da possivel acédo aditiva
ou sinérgica entre diferentes aminas (Barnes et al. 2001). Em frangos de corte, 0
consumo de aminas biogénicas em maiores concentragdes pode causar erosao de
moela, mortalidade e menor desempenho (Tamim & Doerr, 2003). Entretanto, as
informacdes das concentracdes e efeitos das aminas biogénicas sobre o metabolismo
de animais de companhia sdo escassas. Portanto, torna-se essencial investigar os
coprodutos de origem animal devido a elevada disponibilidade de amino&cidos livres
nestas matérias-primas. Além disso, diante da estabilidade das aminas biogénicas ao
processamento térmico, se faz necessaria a avaliacdo do potencial impacto destes
compostos sobre a integridade intestinal, através da investigacdo da atividade
plasmatica das enzimas detoxificantes MAO e DAO.
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3. HIPOTESES E OBJETIVOS

Hipoteses:

1. O hidrolisado de figado de frango apresenta perfil de aminoacidos compativel

com as formulacBes de alimentos completos para caes, além de apresentar
maior percentual de peptideos com baixo peso molecular de menor potencial

alergénico;

. O hidrolisado de figado de frango apresenta elevada palatabilidade e

digestibilidade dos nutrientes, e efeito benéfico sobre a microbiota intestinal,
podendo ser utilizado em alimentos completos como Unico ingrediente proteico

sem alterages nas caracteristicas fecais e urinarias de cées adultos;

. Ainclusé@o de concentracdes crescentes de hidrolisado de figado de frango e

proteina bruta promovem aumento na digestibilidade da proteina, reduzindo
assim o contetudo de proteina néo digerido no intestino grosso e a producéo de

compostos da fermentacéo putrefativa;

. A presenca de aminas biogénicas no hidrolisado de figado de frango é reduzida

comparado a fontes de proteina animal tradicionais;

. O consumo de alimentos contendo aminas biogénicas altera a atividade

plasmatica de enzimas detoxificantes, MAO e DAO, demonstrando que as

aminas sao absorvidas.

Objetivo geral

Este estudo teve como obijetivo avaliar o hidrolisado de figado de frango como

ingrediente proteico em dietas para caes adultos saudaveis mediante determinacao

da palatabilidade, digestibilidade de nutrientes e energia, caracteristicas fecais e

urinarias, microbiota fecal, e efeito sobre a resposta imunolégica e metabolismo de

aminas biogénicas.

Objetivos especificos

Avaliar a composic¢do quimica e peso molecular do hidrolisado de figado de frango.
Avaliar a digestibilidade de nutrientes e energia, energia metabolizavel,
caracteristicas fecais e urinérias de cées adultos saudaveis alimentados com dieta

contendo o hidrolisado de figado de frango como principal fonte proteica animal.
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Avaliar a resposta imune, mediante quantificacdo das concentra¢des plasmaticas
de citocinas e imunoglobulinas, e avaliacdo da microbiota fecal de cées adultos
saudaveis alimentados com dieta contendo o hidrolisado de figado de frango como
principal fonte proteica animal.

Avaliar a digestibilidade de nutrientes e energia, energia metabolizavel,
caracteristicas fecais e urinarias, e produtos de fermentacéo intestinal de cées
adultos saudaveis alimentados com dietas contendo o hidrolisado de figado de
frango como principal fonte proteica animal e concentragcdes crescentes de
proteina bruta.

Avaliar o efeito do consumo de dietas contendo o hidrolisado de figado de frango
como principal fonte proteica animal e concentragdes crescentes de proteina bruta
sobre o consumo e excrecdo fecal de aminas biogénicas, e concentragbes

plasmaticas de MAO e DAO em caes adultos saudaveis.
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CAPITULO I

Characterisation of spray dried hydrolysed chicken liver powder: effects on
palatability and digestibility when included as single source of animal protein
in dog diets
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ABSTRACT ARTICLE HISTORY
This study aimed to evaluate a commercial hydrolysed chicken liver powder (HCLP) as a single Received 10 March 2021
source of animal protein in diets for adult dogs. A characterisation of the HCLP was followed by ~ Revised 20 July 2021
assessment of diets palatability and in vivo and in vitro digestibility. Two extruded isonitroge- ~ Accepted 7 October 2021
nous diets were produced: control (poultry byproduct + bovine meat and bone meal) and HCLP. RV ORDE
Twenty-two dogs of different breeds were used to test palatability, and twelve Beagle dogs H =

- et % s < s - 4 lydrolysed protein;
were used to evaluate digestibility. HCLP had high concentrations of lysine, linoleic and arachi-  pyolysed chicken liver
donic acids, and most of peptides with molecular weight <10kDa. HCLP diet had the highest powder; single protein diet;
inclusion of the experimental ingredient based on its chemical composition. Dogs did not show in vivo digestibility; in vitro
preference among diets (p >.05). Ash and fat intake were higher in dogs fed the control diet, digestibility
(p<.0001) and (p=.0135), respectively. Crude fibre intake was higher in dogs fed the HCLP diet
(p=.0001). Dogs fed the HCLP diet had similar faecal score (p>.05) compared to control diet,
although faecal dry matter was reduced (p=.0321) and the daily faecal production was
increased (p=.0361). The diets in vitro digestibility did not differ (p > .05). Based on our results,
HCLP included up to 26% in diets for adult dogs presented satisfactory results in palatability,
digestibility of nutrients and energy, faecal and urinary characteristics. Although dogs fed the
HCLP diet produced slightly moist stools, it had no negative impact on faecal score.

HIGHLIGHTS

e A commercial hydrolysed chicken liver powder (HCLP) was evaluated and presented low
molecular weight and high amounts of essential nutrients. HCLP, included as a single source
of animal protein, had good digestibility and acceptance for adult dogs.

e Despite findings from previous studies, the inclusion of HCLP at the level of 25.8% did not
promote diarrhoea and the final faecal score remained within the ideal range.

Introduction owners in order to follow and prepare the prescribed
diet with only the selected ingredients. Additionally, if
these diets are not nutritionally balanced or complete,
they can lead to deficiencies in a long-term feed-
ing period.

Hydrolysis allows the utilisation of ingredients asso-
ciated with adverse food reactions in dogs, such as
beef, chicken, pork, fish, and corn in hypoallergenic
diets (Roudebush 2013). In human beings, the main
diets were the ‘gold standard’ in elimination trials  food allergens are water-soluble glycoproteins, with a
since they consist of one protein and one carbohy-  molecular weight ranging from 10 to 70kDa, and rela-
drate source and both were never consumed previ- tively stable to heat, acid, and protease treatment
ously (Bethlehem et al. 2012). However, it demands (Sampson 1999). Hydrolysis breaks large polypeptides
full adherence, compliance, and investment of time of  chains into smaller peptides and amino acids,

Adverse food reactions are classified as an abnormal
IgE-mediated immune response due to the ingestion
of a specific food by sensitive individuals (Cianferoni
and Spergel 2009). Recently, hydrolysed protein diets
have been highly recommended for the diagnosis and
management of adverse food reactions in dogs and
cats as an option to homemade diets. Homemade

CONTACT Dr. Luciano Trevizan @ Itrevizan@ufrgs.br @ Animal Science Department, Universidade Federal do Rio Grande do Sul, Porto Alegre, Rio
Grande do Sul 91540-000, Brazil
© 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Table 1. Hydrolysed chicken liver powder ingredient chemical
composition.

ITALIAN JOURNAL OF ANIMAL SCIENCE (&) 2087

Table 1. Continued.

Nutrient profile [g/kg, as fed basis]

Nutrient profile [g/kg, as fed basis]

Water 61.0
Protein 619
Fat 224
Ash 59.0
Amino acids [g/kg]

Alanine 384
Arginine 375
Aspartic acid 56.0
Cystine 46
Glutamic acid 786
Glycine 317
Histidine 140
Isoleucine 292
Leucine 54.6
Lysine 58.1
Methionine 148
Phenylalanine 287
Proline 268
Serine 274
Threonine 286
Tryptophan 89
Tyrosine 23.1
Valine 372
Fatty acids [g/kg]

C08:0 Octanoic (caprylic) <0.20
C€10:0 Decanoic (capric) <0.20
C11:0 Undecanoic (hendecanoic) <020
C12:0 Dodecanoic (lauric) <0.20
C14:0 Tetradecenoic (myristic) 0.60
C14:1 Tetradecenoic (myristoleic) <020
(15:0 Pentadecanoic <0.20
(15:1 Pentadecenoic <0.20
C16:0 Hexadecanoic (Palmitic) 41.60
C16:1 Hexadecenoic (Palmitoleic) 5.90
C16:2 Hexadecadienoic <0.20
C16:3 Hexadecatrienoic <020
C16:4 Hexadecatetraenoic <020
C17:0 Heptadecanoic (margaric) 0.20
C17:1 Heptadecenoic (margaroleic) <020
C18:0 Octadecanoic (stearic) 26.60
C18:1 Octadecenoic (oleic + isomers) 55.50
(C18:2 Octadecadienoic (linoleic + isomers) 38.40
C18:2 Octadecadienoic omega 6 (linoleic) 37.70
C18:3 Octadecatrienoic (linolenic 4 isomers) 220
C18:3 Octadecatrienoic Omega 3 (alpha linolenic) 170
C18:3 Octadecatrienoic Omega 6 (gamma linolenic) 050
C18:4 Octadecatetraenoic Omega 3 (stearidonic) <020
€20:0 Eicosanoic (arachidic) 030
€20:1 Eicosanoic (Gondoic +isomers) 0.80
€20:2 Eicosadienoic Omega 6 0.50
Q20:3 Eicosatrienoic 1.60
(20:3 Eicosatrienoic Omega 3 <020
Q20:3 Eicosatrienoic Omega 6 1.60
(C20:4 Eicosatetraenoic (arachidonic + isomers) 11.60
Q20:4 Eicosatetraenoic Omega 3 <020
€204 Eicosatetraenoic Omega 6 (arachidonic) 11.50
C20:5 Eicosapentanoic Omega 3 030
(21:5 Heneicosapentaenoic Omega 3 <020
(22:0 Docosanoic (behenic) 040
C22:1 Docosenoic (erucic + isomers) <0.20
€222 Docosadienoic Omega 6 <020
(22:3 Docosatrienoic Omega 3 <020
(22:4 Docosatetraenoic Omega 6 140
(22:5 Docosapentaenoic 1.60
(€22:5 Docosapentaenoic Omega 3 0.60
(€225 Docosapentaenoic Omega 6 1.00
(22:6 Docosahexaenoic Omega 3 120
(240 Tetracosanoic (lignoceric) 0.20
(24:1 Tetracosenoic (nervonic) 0.20

Minerals [mg/kg]

Calcium 240
Phosphorus 8830
Magnesium 620
Sodium 2710
Potassium 8360
Chloride 6100
Zinc 68.00
Copper 6.80
Iron 329
Manganese 7.30
Selenium 1.84

(continued)

Amino acids and fatty acids values reported as a % of the total product.

reducing molecular weight and therefore decreasing
the antigenicity of the original protein, preserving its
nutritional properties. Properly hydrolysed proteins
contain peptides with reduced molecular weight that
do not allow the IgE cross-linking, therefore, prevent-
ing degranulation and release of mediators (Corlde
1994 ; Verlinden et al. 2006).

In this way, testing novel hydrolysed protein sour-
ces have become an important way to validate their
availability for inclusion in commercial diets specific
for dogs with adverse food reaction and gastrointes-
tinal disorders, as well as in premium commercial diets
for healthy dogs. Thereby, the present study aimed to
describe the nutritional composition of a commercial
hydrolysed chicken liver powder ingredient, followed
by the evaluation of palatability, and digestibility
in vivo and in vitro when hydrolysed protein replaces
the most traditional sources of animal protein in diets
for dogs: poultry byproduct+bovine meat and
bone meals.

Materials and methods

All animal care and handling procedures were
approved by The Institutional Animal Care and Use
Committee at the Universidade Federal do Rio Grande
do Sul (UFRGS), protocol number 36,138.

Nutritional characterization of the hydrolyzed
chicken liver powder

Chemical analysis

Hydrolysed chicken liver powder (HCLP) was obtained
from a commercial industry (PROSURANCE® CHX Liver
HD, Kemin® Industries). The product is reviewers a
spray-dried protein hydrolysate produced by enzym-
atic hydrolysis under controlled temperature and pres-
sure conditions. The final product is a fine caramel
brown powder with low molecular weight protein and
low ash content (Table 1). Using Size Exclusion
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Table 2. Ingredients and chemical composition of experimen-
tal diets.

Treatments
ftems Control HCLP*
Ingredient [g/kg, as fed basis]
Brewers rice 527 527
Full-fat rice bran 80.00 80.00
Poultry byproducts meal 186 -
Bovine meat and bone meal 50.00 -
HCLP! - 258
Cellulose 3340 42.20
Poultry fat* 87.50 43.00
Soybean oil* - 18.00
Canola oil* 13.70 460
L-lysine 6.30 -
DL-methionine 330 270
Potassium chloride 230 070
L-tryptophan 030 -
Limestone - 20.10
Premix mineral/vitamin® 5.00 5.00
Salt 5.00 5.00
Analysed composition [g/kg, DM-basis]
Dry matter 941 945
Organic matter 943 954
Ash 56.70 46.20
Crude protein 248 248
Acid-hydrolysed fat 151 140
Crude fibre 37.50 46.70
Gross energy [kJ/g] 20.70 21.20
Peroxide index [meg/kg) * 2.23 383

*HCLP: hydrolysed chicken liver powder diet; "HCLP: hydrolysed chicken
liver powder ingredient; *Added on top; SPremix mineral/vitamin (sup-
plied per kilogram of diet): vitamin A (10,800U), vitamin D3 (980 U), vita-
min E (60mg), vitamin K3 (4.8 mg), vitamin B1 (8.1 mg), vitamin B2
(6.0mg), vitamin B6 (6.0mg), 12 vitamin (30mcg), pantothenic acid
(12mg), niacin (60mg), folic acid (0.8 mg), biotin (0.084 mg), manganese
(7.5 mg), zinc (100 mg), iron (35 mg), copper (7.0mg), cobalt (10 mg), iod-
ine (1.5mg), selenium (036 mg), choline (2.400 mg), taurine (100 mg),
and, antioxidant BHT (150mg); *milliequivalents of active oxygen/kg
of sample.

Chromatography (Kemin Nutrisurance Proprietary
Method), the HCLP was analysed for protein molecular
weight. Also, the HCLP was analysed for dry matter
(DM—AOAC 934.01), crude protein (CP—AOAC 954.01;
model TE 036/2, Tecnal, Piracicaba, Brazil), acid-hydro-
lysed fat (AHF—AOAC 954.02; model 170/3, Fanem,
Sao Paulo, Brazil), ash (AOAC 1995), amino acids
(AOAC 994.12 [Alt. llI; AOAC 994.12 [Alt. 1]; AOAC
988.15 [mod]), fatty acids (AOAC 985.01 [mod]), and
minerals (AOAC 985.01 [mod]). All analyses were per-
formed in duplicate, assuming a coefficient of vari-
ation of <5% for all analyses. The amino acid score
(AAS) was calculated based on the equation described
by Kerr et al. (2013), using minimal requirements for
the growth of puppies and kittens provided by NRC-
National Research Council (2006) as reference values:

__mg of limiting AA in 1g of test protein

" mg of limiting AA in 1g of reference protein

For the AAS calculation, the amino acid content of
poultry byproduct and bovine meat and bone meals
were obtained from Rostagno et al. (2017).

Diets

Two experimental diets were formulated and extruded
(model 2000, TNL Tecnal, Ourinhos, Brazil) to be isoni-
trogenous, differing only in the animal protein added:
control (poultry byproduct +bovine meat and bone
meals) and HCLP (hydrolysed chicken liver powder)
(Table 2). For the palatability assay, diets were coated
with a mix of soybean and canola oil at 2% instead of
poultry fat. For the digestibility assay, diets were
coated with poultry fat only. No commercial palatabil-
ity enhancer was added, as these contain amino acids
and peptides that alter the molecular weight and
mono-protein concept of the HCLP diet.

Palatability assay

Animals

Twenty-two healthy adult dogs of different breeds (2
Rottweilers, 4 Labradors, 4 Siberian Huskies, 2 Basenjis,
4 Beagles, 2 Shih Tzus, and 4 Spitzes) were used to
evaluate the palatability of the experimental diets. The
dogs were allocated into individual kennels, and two
diets were offered at the same time. During the rest
of the period, the dogs were maintained outdoors.
Water was provided ad libitum.

Assessment of palatability

Palatability was determined using the ‘2-pan’ choice
method (Griffin 2003). One comparison was made to
evaluate dietary preference: Control vs. HCLP in a com-
pletely randomised design, with two comparisons and
four meals for a total of 88 observations. During the
testing phase, at 8:00 h, each diet used in the compari-
son was offered side by side, simultaneously, in identical
feeders for 30min. After this period, the dogs were
released outdoors. At 18:00h, the dogs were placed
back into their metabolic cages, where they stayed until
the following morning and were fed the experimental
diets. The leftovers were collected, weighed, and dis-
carded. The feeders were alternated for every meal to
eliminate any bias effects. Food intake and first choice
were observed during the trial. Food intake was calcu-
lated based on the total consumption of each diet. The
first choice, observed when food was first offered, is the
number of times that a given diet was chosen first.

Statistical analyses

The results of the palatability assessment were tested
for homogeneity of variances and normality of errors
and then subjected to Student’s t-test (p<.05) to
determine whether the food intake differed for diet-
ary comparison. The first choice was analysed using a
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Chi-square test (p<.05) based on the frequency of
each meal choice using Statistix 10 (Analytical
Software, Tallahassee, FL, USA). Based on the number
of dogs used in this test, values of first choice and
feed intake of >.80 were considered to be significant
at a p value of <.05 according to the method
described by Griffin (2003).

In vivo digestibility, fecal, and urinary
characterization

Animals

Twelve healthy, intact adult Beagles (six males and six
females) from the Animal Science Department, UFRGS,
Porto Alegre, Brazil, were used in this study. All indi-
viduals were 5years of age, weighing 11.8+1.45kg,
with a body condition score (BCS) ranging from 5 to 6
out of 9 points (Laflamme 1997), and were free of
endo- and ectoparasites. All dogs were regularly
immunised and submitted to clinical and laboratory
tests to measure complete blood count (CBC) and to
perform biochemical and coproparasitological analyses
before the start of the study. The dogs were housed
and kept in conditions similar to those used in the
palatability study. Dogs were fed experimental diets
twice a day (at 08:30h and 17:00h) to meet their daily
maintenance energy requirements (110kcal of metab-
olisable energy x body weight (kg)®’*/day), as recom-
mended by the NRC- National Research Council
(2006). Water was provided ad libitum throughout
the experiment.

Experimental procedures

Digestibility was measured using the total faecal col-
lection method. The assay was conducted as a rando-
mised block design with two treatments and six dogs
per treatment for a total of six replicates per treat-
ment according to the American Association of Feed
Control Officials protocol (AAFCO - Association of
American Feed Control Officials 2020). Sex (female and
male) was used as a criterion for blocking, and body
weight was used to randomise the treatments. The
experimental period lasted 10days, with 5days for
adaptation to the cage and experimental diet, fol-
lowed by 5days of total faeces and urine collection
and measurement of urinary pH.

Sample procedure

To establish the beginning and the end of each period
of faeces and urine collection, gelatine capsules con-
taining 1g of iron oxide (lll) Fe,03 were orally adminis-
tered to the dogs. Faeces were collected for five
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consecutive days, every 3h except at night (0 AM/mid-
night), and scored as follows: 1=very hard and dry
stool, 2 = hard, dry, firm stool, 3 = soft, moist stool, well
formed, 4=soft and shapeless stool, and 5= liquid
stool and diarrhoea. Faecal score analysis was con-
ducted by a single trained person using the WALTHAM
Faeces Scoring System (Moxham 2001). After daily col-
lection, faeces were weighed and stored in a freezer at
—20°C until the end of the trial for analysis. Total urine
collection was performed daily in the moming and
then stored in plastic bottles containing 0.1 g of thimol/
100mL of urine (EXODO CIENTIFICA®, Hortolandia,
Brazil), an aliquot of urine was used to measure the pH
using a bench pH metre (AKSO® pH Plus, Sao
Leopoldo, Brazil) and urinary density by a portable
refractometer (BEL ENGINEERING® model RPI).

Chemical analysis

Stools from each dog were thawed, homogenised, and
dried in a forced-air oven at 55°C for 72h, according
to the recommendations of the AOAC (1995). Faeces
and diets were ground through a 1mm screen in a
Wiley hammer mill (DeLeo Equipamentos
Laboratoriais, Porto Alegre, Brazil), and analysed for
DM (AOAC 934.01), AHF (AOAC 954.02; model 170/3,
Fanem, Sao Paulo, Brazil), CP (AOAC 954.01; model TE
036/2, Tecnal, Piracicaba, Brazl), crude fibre (CF—
AOAC 962.10; model MA 450/8, Marconi, Piracicaba,
Brazil), and ash (AOAC 985.01 [mod]). The total urine
produced was thawed, homogenised, and 150 mL ali-
quots were lyophilised (Micromodulyi-Fis; Thermo
Fisher Scientific Inc., Lanham, MD, USA) for analysis of
DM. Another 50mL aliquot was collected for the ana-
lysis of CP. Dietary and faecal GE were determined
using isoperibolic bomb calorimetry (calorimeter
model C2000 basic, Ika-werke, Staufen, Germany). All
analyses were performed in duplicate, assuming a
coefficient of variation <0.01 for energy and <0.05 for
the other analyses.

Statistical analyses

Data were tested for homogeneity of variances and
normality of errors, and then analysed using ANOVA
in SAS 9.4 (SAS Inst. Inc,, Cary, NC, USA). Means were
compared using Tukey's test (p <.05).

In vitro digestibility assay

Chemical analysis

The in vitro digestibility of dry matter (IVDDM) and
organic matter (IVDOM) was determined based on the
method proposed by Hervera et al. (2007) using 1g of
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Table 3. Nutrient intake, coefficient of total tract apparent
digestibility, metabolisable energy, faecal and urinary charac-
teristics of dogs fed experimental diets.

Treatments
Item Control ~ HCLP*  p-Value  SEM'
Nutrient intake [g/d]
Dry matter (DM) 7 167 4749 9.29
Organic matter 161 159 6978 8.78
Ash 9.71° 7.72° <0001 052
Crude protein 425 4150 4835 2.9
Acid-hydrolysed fat 258 23.30° .0135 1.39
Nitrogen-free extract 932 94.60 6472 5.12
Crude fibre 6.42° 781° .0001 0.38
Gross energy [kJ/d] 3546 3536 9329 193
Apparent total tract digestibility [%]
Dry matter 872 86.10 3037 1.67
Organic matter 90.0 89.10 .2637 133
Crude protein 88.0 89.30 2335 1.74
Acid-hydrolysed fat 924 90.80 .0928 1.47
Nitrogen-free extract 903 88.60 0964 1.57
Gross energy 89.8 89.00 .3636 1.36
Digestible energy [k)/g] 186 18.80 .2454 0.30
Metabolisable energy [kJ/g] 174 17.60 2273 0.27
Faecal characteristics
Faecal score 198 217 1071 0.18
Faecal DM [%)] 51.7% 4330° 0321 5.76
Faecal output [g/d] 2.9° 53.70° .0361 7.63
Faecal output [g/d, DM] 296 27.70 5719 5.61
Urinary characteristics
Volume [mL/d] 219 159 4431 130
Dry matter [%] 6.87 7.85 6113 3.2
Nitrogen [g/d] 348 293 429 1.15
Urine pH 7.85 833 1981 0.60
Urine density 1032 1034 7196 10.90

*HCLP: hydrolysed chicken liver powder diet; 'SEM: standard error of the
mean; *Scored as follows: 1 =very hard and dry stool, 2= hard, dry, firm
stool, 3=soft, moist stool, well formed, 4=soft and shapeless stool,
5 = liquid stool, diarrhoea.

2 Means in the same row with different lowercase letters are significantly
different (p <.05).

each experimental diet. The analysis was conducted in
duplicate. This method simulates the stomach and
small intestine compartments with the action of pep-
sin followed by pancreatin.

Results

The HCLP had high concentrations of protein, fat, and
amino acids lysine, aspartic acid, and leucine, and low
ash content (Table 1). Formulation adjustments were
necessary in order to formulate the diet to contain an
exclusive source of animal protein as HCLP or the
most common sources based in beef and poultry
byproducts meal (Table 2).

The experimental diets had similar chemical compo-
sitions, with small differences on ash and fibre content
(Table 2), specially on HCLP diet which increased dif-
ferences in nutrient intake for the diets (Table 3). The
intake of ash (p<.0001) and fat (p=.0135) was higher
in dogs fed the control diet. Dogs fed the HCLP diet
consumed more crude fibre (p=.0001), probably due
to the higher addition of cellulose in this diet.

The AAS of the HCLP showed high amounts of all
amino acids based on the minimal requirement for
puppies and kittens (Table 4), except for combination
of Met+ Cys and Phe+Tyr for kittens that had AAS
values under 100. The HCLP contained considerable
amount of essential fatty acids, mainly the polyunsat-
urated fatty acids (Table 1). The AAS of the bovine
meat and bone meal showed values below 100 of
Leu, Met, Met + Cys, Phe +Tyr, Thr, and Try for dogs,
and Met, Met+ Cys, Phe+Tyr, and Try for cats. The
poultry byproducts meal had AAS below 100 of Try
for dogs and Met, Met + Cys, and Phe + Tyr for cats.

The molecular weight profile differed between sam-
ples (Table 5), especially in content (%) <10kDa, in
which HCLP had 57%, poultry byproducts meal had
41%, bovine meat and bone meal had 35%, control
diet had 39% and HCLP diet had 59%.

The dogs consumed the experimental diets, with-
out refusals and leftovers. There were not significant
differences in feed intake and first choice between
both experimental diets (Table 6). The inclusion of
HCLP at a level of 258g/kg did not affect the palat-
ability of the diet, and no vomit, diarrhoea, or other
gastrointestinal clinical signs were observed during
the study.

Consumption of the HCLP diet promoted an
increase in the faecal water content (p=.0321) and
increased daily faecal production (p=.0361) (Table 3).
In spite of these changes, the mean faecal score did
not differ between diets (average score 2.2), resulting
in well formed, but slightly moist stools. No changes
were observed in the urine volume, dry matter, nitro-
gen, pH, and density (p >.05).

The comparison between in vivo and in vitro digest-
ibility of dry matter and organic matter was slightly
different for each diet tested (Table 7). The in vitro
method was effective for estimating the digestibility
of the ingredient. The in vitro method underestimated
the digestibility of DM and OM of control diet (84.5
and 84.0%, respectively) and HCLP diet (84.4 and
84.3%, respectively).

Discussion

The growing demand for therapeutic diets for dogs
and cats diagnosed with adverse food reactions and
food sensitivities highlights the importance of investi-
gating new protein sources. The presence of thermal,
chemical, and enzymatic resistant glycoproteins associ-
ated with the high molecular weight of these com-
pounds, are the main factors which limit the inclusion
of regular sources of protein in diets for sensitive
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Table 4. Amino acid score (AAS) of the protein ingredients.
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AAS
Puppies 4-14w* Puppies > 14w’ Kittens®
Amino acid HCLP® PBM* BMBM® HCLP® PBM* BMBM® HCLP® PBM* BMBM®
Arginine 173 203 21 160 187 195 142 166 173
Histidine 131 m 100 158 133 121 157 132 119
Isoleucine 163 139 101 165 140 102 197 168 122
Leucine 154 124 % 190 153 122 156 125 100
Lysine 241 148 136 235 144 132 248 153 140
Methionine 154 123 87 159 127 e 123 98 70
Methionine +- cystine 101 109 75 104 13 78 81 87 60
Phenylalanine 160 143 102 162 145 104 209 18 133
Phenylalanine + Tyrosine 145 120 86 146 11 87 98 81 59
Threonine 128 113 92 129 115 93 160 142 114
Tryptophan 144 % 54 144 9% 54 199 130 75
Valine 200 169 148 187 158 138 232 179 157

*Calculated based on the minimal requirement for growing puppies 4-14weeks old as reference values (NRC- National Research Council 2006);
'Calculated based on the minimal requirement for growing puppies 14 weeks and older as reference values (NRC- National Research Council 2006);
*Calculated based on the minimal requirement for growing kittens as reference values (NRC- National Research Council 2006); *HCLP: chicken liver pow-
der ingredient; *PBM: poultry byproducts meal; BMBM: bovine meat and bone meal.

Table 5. Molecular weight profile of the protein ingredients.
Percentage of total sample [%]

Ingredients Diets
Molecular weight [kDa] HCLP* PBM' BMBM*  Control HCLP®
<1 310 140 170 15.0(146)° 31.0 (31.0)
1-10 260 270 180 240(25.1)° 28.0 (26.0)"
10-20 160 270 23.0 240(262)° 17.0 (16.0)°
>20 270 320 420 37.0(343)° 24.0 (27.0)

*HCLP: chicken liver powder ingredient; 'PBM: poultry byproducts meal;
*BMBM: bovine meat and bone meal; *HCLP: hydrolysed chicken liver
powder diet, *Values within parentheses were estimated based on food
formulation.

Table 6. Preference of experimental diets in adult dogs from
different breeds.

Treatments
Item Control HCLP* p-Value
Feed intake [g] 195 202 .2405
First choice [%] 455 546 5465

*HCLP: hydrolysed chicken liver powder diet.

Table 7. In vitro coefficient of digestibility of experimen-
tal diets.

Treatments
ftem Control HCLP*
Dry matter [%] 845 84.4
Organic matter [%] 84.0 84.3

*HCLP: hydrolysed chicken liver powder diet.

patients. Thus, the present study aimed to describe
the chemical composition of a commercial HCLP and
its acceptability and availability of nutrients and
energy when it is replacing the most common sources
of protein in diet for dogs: poultry byproduct meal
and bovine meat and bone meal. And, finally, to com-
pare in vivo and in vitro digestibility of the diet based
on HCLP.

Adverse food reaction may occur due to an exacer-
bated immune response to food antigens (Mueller and

Unterer 2018). The gastrointestinal tract has some
mechanisms to avoid the entrance of foreign bodies
into the bloodstream. The gut associated lymphoid tis-
sue (GALT) is one of them, providing an active barrier
to harmful substances such as food antigens.
However, due to the higher permeability of the intes-
tinal mucosa some food antigens may pass through
inducing an immune response (Verlinden et al. 2006).
The absorbed antigen cross-links between two high-
affinity IgE receptor (FCeRI) present on the surface of
mast cells and basophils, eliciting the release of medi-
ators, such as histamine, prostaglandins, enzymes, and
cytokines (Cave 2006).

The most common ingredients associated with
adverse food reactions in dogs are beef, dairy prod-
ucts, chicken, and wheat. Less frequently are chicken
egg, soy, lamb, pork, fish, and corn (Roudebush 2013).
Through chemical analysis investigation, the HCLP pro-
vided adequate nutritional composition to be used as
protein source in diets for dogs with no prior
adverse reactions.

Molecular weight is one of the main tools for
selecting protein sources, since small peptides can
retain allergenicity and induce adverse food reactions
(Cave 2006). In humans, peptides with molecular
weight between 10 and 70kDa are absorbed entirely
by the enteric mucosa inducing an allergic reaction by
IgE binding (Sampson 1999). In dogs, the molecular
weight associated with allergenicity remains unknown,
but the selection of new and/or low molecular weight
ingredients is recommended for adverse food reaction
in dogs. The ingredients used in the experimental
diets had different proportions of molecular weights.
The control diet had 39% proteins with molecular
weight <10kDa, and the HCLP diet had 59%, based
on the calculation according to the molecular weight
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present in the ingredients. Thus, seems that the extru-
sion process did not alter the fraction of molecular
weight <10kDa in both diets, as predicted in the esti-
mated calculation (39.7% proteins with molecular
weight <10kDa on control diet and 57% on HCLP
diet). Combined with the hydrolysed chicken liver
powder, HCLP diet included brewers rice and full-fat
rice bran, which contributed to increase the fraction of
proteins with molecular weight >10kDa. However,
adverse food reactions related to rice are rare in dogs
and cats (Roudebush 2013).

Cave and Guilford (2004) evaluated the molecular
weight profile of a hydrolysate derived from chicken
heart and liver, that presented 96.9% of its molecular
weight <10kDa. Compared with the intact protein,
the chicken hydrolysate showed a residual antigenic
mass of 1.5% analysed by the inhibition ELISA using
IgG. According to De Jaham (2000), peptides with a
molecular weight >45kDa are still capable of eliciting
an immune response in dogs. Differences in molecular
weight profile in protein hydrolysates varies with the
type of protein material used and the degree of
hydrolysis applied to the protein material. Olson et al.
(2000) recommends that at least 50% of the protein
material should be hydrolysed to prevent allergic reac-
tion in dogs.

The hydrolysis process of the chicken liver powder
was conducted enzymatically and, following this was
spray dried. The spray drying technique consists of
producing a dry powder from a liquid by drying with
a hot gas. This process allows the preservation of
functional characteristics of the original raw material
compared to the conventional drying process applied
to meat by-products that may impact negatively on
the nutritional content (Murray et al. 1997). The
experimental diet based on HCLP was formulated to
meet the complete nutritional requirements for adult
dogs, and based on its amino acids content, such as
lysine (58.1 g/kg), we were able to include the HCLP at
a level of 258 g/kg. Analysis of subsequent batches of
HCLP indicate that there was a reduction in the lysine
concentration in the ingredient, with an average level
of 48.0g/kg of lysine. In addition, chemical analyzes of
new batches of HCLP showed high concentration of
taurine (5.00g/kg) and choline (5120 mg/kg). Thus,
HCLP becomes a viable option in diets for cats due to
their high requirement for these nutrients. Finally, in
order to attain the complete protein requirement, we
selected rice, added as brewers rice and full-fat rice
bran, due to its low association with dogs with
adverse food reactions in dogs, as mentioned above.

The HCLP ingredient had all amino acid scores
(AAS) above 100, based on the minimum requirement
for growth of puppies and kittens, except for the com-
bined requirement for Met + Cys and Phe + Tyr for kit-
tens. In comparison, the poultry byproduct meal and
the bovine meat and bone meal had more than one
amino acid scored below 100 for dogs and cats, which
indicates fewer limiting amino acids present on the
HCLP ingredient evaluated in this study. Kerr et al.
(2013) evaluated raw meat diets based on beef, bison,
elk and horse and verified that in all diets the first lim-
iting amino acid was the combined requirement of
Met + Cys, scored below 100 (AAS ranged from 81 to
95) based on the minimum requirement for growth of
kittens. Based on these findings, the HCLP ingredient
presents high levels of most amino acids, which indi-
cates high protein quality of the ingredient.

The palatability of the HCLP diet was not affected
by the high inclusion of hydrolysed chicken liver pow-
der (258 g/kg) compared to the control diet based on
poultry byproducts and bovine meat and bone meals.
Hydrolysis reduces the size of protein chains in small
peptides and free amino acids, with the goal to
reduce the molecular weight to avoid the protein rec-
ognition as an antigen by the immune system (Cave
2006). However, hydrolysis can expose side chain pep-
tides, especially the hydrophobic side chain, which
elicits the bittemess of some hydrolysed proteins. Cho
et al. (2004) evaluated two commercial soy protein
hydrolysates and noted that bitterness increased as
the molecular weight of the peptide ranged between
4 to 2kDa, and peptides with molecular weight
<1kDa showed the lowest bittemess. At the same
time, hydrolysed protein sensorial characteristics are
associated with mixture of peptides and the original
protein source that highly affects palatability (Adler-
Nissen 1986). Despite reports of bitterness associated
to hydrolysed proteins, previous studies showed an
adequate consumption of commercial dog diets con-
taining chicken and soy isolate hydrolyzates (Biourge
et al. 2004; Loeffler et al. 2004), indicating good palat-
ability. Indeed, hydrolysed proteins have been long
used as palatability enhancers in commercial diets for
dogs and cats. Additionally, the peroxide index of
both experimental diets remained in acceptable range.

Small peptides from partially hydrolysed proteins
are more efficiently absorbed from the intestine and
have a higher nutritional value than free amino acids
(Monchi and Rerat 1993). Thus, the digestibility of pro-
tein hydrolysates was expected to be superior to the
intact protein (Cave 2006). However, the digestibility of
both experimental diets, control and HCLP, did not differ.
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According to Rouanet et al. (1990), hydrolysate diets con-
taining di- and tripeptides are efficiently digested, but
not better utilised than diets composed of the original
protein in healthy growing rats. Hekman (2003) found an
apparent ileal protein digestibility of 824% for a commer-
cal diet based on hydrolysed chicken. Compared to our
results, both diets showed superior results (88.0% for the
control diet and 893% for the HCLP diet). In order to
attain some amino acids requirements and to obtain iso-
nitrogenous diets, synthetic amino acids were added to
the control diet, which may have improved its digestibil-
ity due to the bioavailability of these components.
However, differences in digestibility occurred to a small
extent. Though, we use the apparent total tract digestibil-
ity that does not account for part of the metabolism of
nutrients in the large intestine, mainly due to the micro-
biota metabolism and epithelial desquamation. Thus, this
method may increase the digestibility coefficient of pro-
tein due to the microbiota degradation (Zebrowska
1975). Although the diets were formulated to be isonutri-
tive, some differences were observed, such as a lower fat
and a higher crude fibre content of the HCLP diet. In
addition, the HCLP diet had a lower ash content com-
pared to the control diet (10.5g/kg less), which is a
favourable aspect to the selection of the HCLP ingredient
for addition in high digestibility diets.

The increase on the faecal water content and daily
faecal production in dogs fed HCLP diet may be due
to the hydrolysed chicken liver powder osmolarity.
High osmolarity solutions attract water to the intes-
tinal luminal promoting severe diarrhoea and it is
increased with hydrolysis. Therefore, extensively hydro-
lysed proteins could promote diarrhoea in some dogs.
In a study conducted by Loeffler et al. (2004) with 46
dogs fed a commercial diet with chicken hydrolysate,
only 4 developed soft faeces. In addition, 21 of the 46
dogs had gastrointestinal symptoms prior to the study
and all showed improvement on these signs. In our
research, one of our first concern was the high inclu-
sion of the HLCP (258 g/kg) that could promote severe
diarrhoea in dogs as reported by Hekman (2003), in
which dogs fed a commercial diet based on hydro-
lysed chicken showed diarrhoea. However, despite
changes in faecal DM and faecal volume, the faecal
output in dry matter did not differ between the diet-
ary treatments, and the final faecal score remained
within the recommended by Moxham (2001).

Ribeiro et al. (2019) observed that poultry by-prod-
uct meals from two integrated rendering plants showed
different in vitro digestibility of organic matter (IVDOM)
based on their oxidative stability. From 100 samples
analysed, 18 had 84.8% of IVDOM, classified by the
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authors as high IVDOM. The control diet showed 84.0%
of IVDOM and the HCLP, 84.3% of IVDOM. We did not
analyse the ingredients separately, only the complete
diets. Biagi et al. (2016) analysed the in vitro digestibil-
ity of dry matter (IVDDM) of commercial diets for dogs
in two different durations of gastric digestive phase
and found that IVDDM for 2 h of incubation was 86.4%
and for 4h of incubation was 84.2%. According to
these authors, in vitro digestibility method is a quick
procedure to predict the digestibility of commercial
diets, thus reducing the need for in vivo assays.
However, more assays and replicates are necessary to
guarantee the accuracy of this method.

Conclusions

Based on the current high demand for protein hydroly-
sates of high nutritional value and acceptable for dogs as
a viable option in therapeutic diets, the hydrolysed
chicken liver powder evaluated in this study has nutri-
tional characteristics compatible with those required for
adult dogs, especially due to the high content of some
essential amino acids and fatty acids. The inclusion level
of 258 g/kg of hydrolysed chicken liver powder promoted
good acceptance and digestibility, and did not promote
diarrhoea in dogs fed the HCLP diet. Further studies are
needed to evaluate its effects in dogs diagnosed with
adverse food reactions and gastrointestinal disorders.
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Abstract

Dogs with food allergies and enteropathies may require hydrolyzed diets to prevent or
reduce clinical signs, therefore the protein sources used in these diets must be previously
characterized and evaluated in healthy dogs. This study aimed to investigate the effects of a
hydrolyzed chicken liver powder-based diet (HCLP) versus a poultry by-product meal and
bovine meat and bone meal-based diet (Control), on complete blood count (CBC), cytokine,
immunoglobulins responses (assessed on days 0, 15, 30 and 45), and fecal microbiota
(assessed on day 45) in healthy adult dogs. The CBC did not differ between diets (P>0.05),
remaining within reference range. Total plasma IL-4 concentrations were decreased over
time independent of the dietary treatment (P<0.001). Total plasma IgA decreased on day 30
compared to days 0 and 45 in dogs fed the control diet (P<0.001). Total plasma IgE concen-
trations were reduced on days 30 and 45 in dogs fed the control diet, and on days 15 vs 30
and 15 vs 45 in dogs fed HCLP diet (P = 0.001). The 16S rRNA gene sequencing showed
similar species richness and abundances of phyla and genera between diets (P>0.05). -
diversity principal coordinate analysis plots demonstrated that HCLP group had a higher
similarity than control. Based on our results, healthy adult dogs fed a HCLP based diet main-
tained normal values for hematological and immunological characteristics, and fecal micro-
biota after 45 days of feeding.

Introduction

Hydrolyzed proteins are commonly used in therapeutic diets for dogs with adverse food reac-
tions (AFR) and gastrointestinal diseases. These therapeutic diets possess a high bioavailability
of nutrients and peptides with reduced molecular weight that decrease the risk of antigenic
stimulation in the intestine [1]. Food antigens elicit an immune response at the Gut Associated
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Lymphoid Tissue (GALT) after passing through the intestinal mucosa, which can lead to
immediate (IgE-mediated, Type I reaction) or delayed (immune complex or cell mediated,
also known as Types III and IV, respectively) hypersensitivities. Whether through IgE induced
mast cell degranulation or by humoral and cell-mediated reactions, the constant stimulus
induces symptoms such as pruritus, vomiting, and diarrhea in dogs [2]. Several researchers
reported increased TNF-o and IL-4, and decreased IL-10 in humans and mice with food aller-
gies [3-5]. In dogs, previous studies highlighted the benefits of hydrolyzed proteins in prevent-
ing allergenic reactions. Puigdemont et al. [6] observed that experimentally soy-sensitized
dogs did not develop cutaneous and gastrointestinal reactions after oral administration of
hydrolyzed soy protein. In a different approach, Olivry et al. [7] showed that only an exten-
sively hydrolyzed poultry feather extract was able to prevent recognition by serum IgE from
poultry-sensitized dogs.

Since hydrolysis allows the cleavage of the protein chains into small peptides and free
amino acids [1], we presumed that the hydrolyzed protein diet could modulate the gut micro-
biota composition and functionality due to the high bioavailability of peptides present in the
chicken liver hydrolyzed protein resulting in the formation of less protein fermentation end
products. Bacterial metabolic products synthesized in the colon from “bypass” undigested
nutrients [8] generated from proteins can be harmful to the host gastrointestinal health, such
as ammonia, sulfides, phenols, and biogenic amines [9, 10].

While hydrolyzed proteins may stimulate less cytokine production than intact proteins, in
order to guarantee the safety of novel ingredients it is highly recommended to investigate their
effects on healthy dogs. Thus, this study aimed to evaluate the effects of a hydrolyzed chicken
liver diet on hematologic, pro-inflammatory (IFN-y, TNF-a, IL-2, IL-6, IL-7) and anti-inflam-
matory (IL-4, IL-10) cytokines, immunoglobulins (IgA and IgE), and fecal microbiome
response of healthy adult dogs.

Materials and methods

Animal care and handling procedures were approved by The Institutional Animal Care and
Use Committee at the Universidade Federal do Rio Grande do Sul (protocol number 36138).

Animals and installations

Twelve healthy, intact adult Beagle dogs (6 males and 6 females), 5 years old, weighing

11.8 + 1.45 kg, body condition score ranging from 5 to 6 out of 9 points [11], and free of ecto-
parasites were supplied by the Animal Science Department, Universidade Federal do Rio
Grande do Sul-UFRGS, Porto Alegre, Brazil. The dogs were regularly immunized, de-
wormed, and submitted to clinical and laboratory tests to measure complete blood count and
biochemistry analyses before the trial beginning. The dogs were allocated into individual stain-
less steel metabolic cages (1.0 x 1.0 x 1.5 m) equipped with a feces and urine collector, feeders,
and drinkers, in a controlled room at 24°C, with a light: dark cycle of 14:10 h. During the
study, they were fed twice daily inside the metabolic cages and stayed there all through the
night. During the day dogs remained all together in an outdoor area for socialization. After the
study, the dogs remained in the lab for further nutritional studies.

Experimental design

The study was conducted in a randomized design with two dietary treatments, with six dogs
per diet. The experimental period lasted 45 days in which was measured: hematological indica-
tors, cytokines (IFN-y, TNF-o, IL-2, IL-4, IL-6, IL-7, IL-10) and immunoglobulins (IgA and
IgE) on days 0, 15, 30 and 45; and fecal microbiota on day 45.
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Dietary treatments
Before the start of the study, all dogs were fed the same commercial diet for 30 days, during a
wash-in period to stabilize the gastrointestinal tracts. Experimental diets ingredients and
chemical composition were previously reported by Pinto et al. [12] and are presented in
Table 1. The dietary treatments were a Control diet (based in poultry by-product + bovine
meat and bone meals) and HCLP diet (based in hydrolyzed chicken liver powder—PROSUR-
ANCE® CHX Liver HD, Kemin® Industries). The dogs received the dietary treatments
twice a day (at 08:30 h and 17:00 h) to attend their daily maintenance energy requirements
(110 keal of metabolizable energy x body weight (kg)®”*/day), as reccommended by NRC [13].
The dogs were weighed weekly to adjust the amount of food and maintain a body condition
score ranging from 5 to 6 out of 9 points. Water was provided ad libitum during the trial.
Table 1. Ingredients and chemical composition of experimental diets.
Ingredient, % as fed basis Treatments

Control HCLP

Brewers rice 52.7 52.7
Full-fat rice bran 8.00 8.00
Poultry by-product meal i 18.6 -
Bovine meat and bone meal 5.00 | -
HCLP' - | 258
Cellulose 334 422
Poultry fat® 8.75 430
Soybean oil® - 1.80
Canola oil* 1.37 046
L-lysine 0.63 -
DL-methionine 0.33 | 027
Potassium chloride 0.23 | 0.07
L-tryptophan 0.03 -
Limestone - 201
Premix mineral/vitamin® 0.50 050
Salt 0.50 0.50
Analyzed composition, % DM basis
Dry matter 94.1 945
Organic matter 943 954
Ash 5.67 4.62
Crude protein 24.8 | 248
Acid-hydrolysed fat 15.1 14.0
Crude fiber 3.75 467
Gross energy, kcal/kg 4950 5055
Control, poultry by-product + bovine meat and bone meals-based diet; HCLP, hydrolyzed chicken liver powder-
based diet.
'HCLP: hydrolysed chicken liver powder ingredient.
*Added on top.
*Premix mineral/vitamin (supplied per kilogram of diet): vitamin A (10,800U), vitamin D3 (980 U), vitamin E (60
mg), vitamin K3 (4.8 mg), vitamin Bl (8.1 mg), vitamin B2(6.0 mg), vitamin B6 (6.0 mg), 12 vitamin (30 mcg),
pantothenic acid(12 mg), niacin (60 mg), folic acid (0.8 mg), biotin (0.084 mg), manganese(7.5 mg), zinc (100 mg),
iron (35 mg), copper (7.0 mg), cobalt (10 mg), iodine (1.5 mg), selenium (0.36 mg), choline (2.400 mg), taurine (100
mg),and, antioxidant BHT (150 mg).
https://doi.org/10.1371/journal.pone.0271932.1001
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Immunological analyses

To assess the effect of a hydrolyzed chicken liver diet on systemic humoral responses, circulat-
ing total IFN-y, TNF-o, IL-2, IL-4, IL-6, IL-7, IL-10, IgA, and IgE were measured in the
plasma.

Sample collection. Blood samples were collected via jugular venipuncture before morning
feeding sessions on days 0, 15, 30, and 45 of the experimental periods. Three mL blood samples
were placed into blood collection tubes with EDTA per dog on each time of the evaluation.
One tube was used for complete blood count (CBC). The other two tubes were centrifuged at
1,000 g for 15 min within 30 minutes after blood collection. Then the plasma was immediately
divided into aliquots, transferred to 2 mL Eppendorf tubes, and stored frozen at -20° C until
cytokine and immunoglobulin analyses were performed.

Cytokines and immunoglobulins analyses. IFN-y, TNF-o, IL-2, IL-6, IL-7, and IL-10
were quantified using a Luminex xMAP kit canine specific, according to the manufacturer’s
instructions (CCYTOMAG-90K - MILLIPLEX MAP Canine Cytokine Panel). The presence of
IL-4 was quantified using an ELISA kit specific to dogs, according to the manufacturer’s
instructions (Canine IL-4 ELISA, SEA077CA). The plasmatic levels of immunoglobulins, IgA
(IgA Dog ELISA ab157699, Abcam®) and IgE (IgE Dog ELISA ab157700, Abcam®) were
performed using ELISA Kits specific to dogs, used according to the manufacturer’s
instructions.

Fecal microbiota analyses

Fecal samples from each dog were collected the morning of day 45. Samples were divided into
aliquots, stored in a 2 mL Eppendorf tube, and stored in a freezer at -20°C until analyzed.
Total DN A was extracted using ZR Fecal DNA MiniPrep (Zymo Research Corporation, Irvine,
CA), followed by quantification of extracted DNA by spectrophotometry at 260nm. Quality of
extracted DNA was assessed by electrophoresis using a 1% agarose gel. A segment of approxi-
mately 460 bases from the hypervariable region V3V4 of the ribosomal 16S rRNA gene was
amplified, under the following PCR conditions: 95°C for 3 min; 25 cycles of 95°C for 30 sec,
55°C for 30 sec and 72°C for 30 sec, followed by step at 72°C for 5 min. The metagenomic
library was built from these amplifiers using the commercial kit Nextera DNA Library Prepa-
ration Kit (Illumina Inc., San Diego, CA). Amplicons were pooled and sequenced using the
Illumina MiSeq sequencer (Illumina Inc., San Diego, CA) [14]. Sequence data was analyzed
using the QIIME (Quantitative Insights Into Microbial Ecology) platform [15, 16], followed by
alow quality sequence removal workflow, filtration, chimera removal and taxonomic classifi-
cation. Sequences were classified into bacterial genera through the recognition of operational
taxonomic units (OTU), in this case, the homology between the sequences when compared to
a database. Sequences were compared using the update 2017 version (SILVA 128) from the
database of ribosomal RNA genes sequences SILVA [17]. In total, 63000 readings were used
per sample to generate the classification of bacterial communities through the identification of
OTU, aiming to normalize the data and not compare samples with different numbers of read-
ings, avoiding taxonomic bias. Alpha diversity was estimated using OTU, Simpson Index, and
Shannon Index. Beta diversity was calculated using Bray-Curtis and D_0.5 UniFrac distance
measures and presented with Principal Coordinate Analysis (PCoA) plots.

Statistical analysis

Complete blood count, cytokines and immunoglobulins were analyzed as delta values, calcu-
lated by the difference between each evaluated day and day 0. A positive delta represents an
increase in the measure while a negative delta represents a reduction in time. All data were
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analyzed using the GEE procedure (Generalized Estimating Equation) with the Bonferroni
post-hoc test for days. Data without normal distribution were previously transformed and ana-
lyzed with gamma distribution for transformed variables. Analyses were performed using the
software IBM SPPS v. 18 (Statistical Package for Social Sciences) and the level of 5% was con-
sidered significant. Additionally, hematological and immunological markers were submitted
to a Multivariate Analysis of Variance (MANOVA) and Canonical Discriminant Analysis to
verify the differences and associations between the dietary treatments throughout the experi-
mental period, also considering the level of 5% as significant. Alpha diversity was estimated by
Kruskal-Wallis H-test. Differences between the relative abundances of the taxonomic groups
were estimated by T-test using the software Minitab 18 (Minitab Inc. State College, PA) and
the level of 5% was considered significant.

Results

All hematological indicators were within the reference values. There was an increase over time
independent of the dietary treatment for erythrocytes (P = 0.0110) and hemoglobin on day 15
(P =0.0010), hematocrit on days 15 and 45 vs day 0 (P<0.001) and mean corpuscular volume
on days 15 and 45 vs day 0 (P<0.001) (Table 2). A reduction over time regardless of dietary
treatment was detected in mean corpuscular hemoglobin (P = 0.0360), leucocytes on days 15
and 30 vs day 0 (P<0.001), total segmented neutrophils on day 30 vs day 0 (P<0.001), total
monocytes on days 15 vs 0 and 15 vs 30 (P<0.001). Changes over time were also observed for
total lymphocytes on days 30 vs 45 (P = 0.0140), monocytes on days 15 vs 0 and days 15 vs 30
(P<0.001), and lymphocytes on days 30 and 45 vs 0 (P = 0.0010). Interaction effect was
observed for total eosinophils, in which the HCLP group had a difference on day 45

(P = 0.040). Eosinophils had a difference in the control group on days 15 vs 30, and HCLP
group on days 45 vs 0, and 45 vs 30 (P = 0.0280). Total protein differed on the control group
on days 15 vs 30, and on HCLP group on days 0 vs 15 and 45, 15 vs 30, 30 vs 45 (P = 0.008).

Although MANOVA did not identify differences between dietary treatments and blood col-
lection days (P>0.05), the canonical correlation identified differences between dietary treat-
ments regarding hematological markers (Fig 1A), in which leukocytes, segmented neutrophils
(/uL), eosinophils, MCV, total protein and platelet counts were associated with the control
diet, while erythrocytes, hemoglobin, hematocrit, segmented neutrophils (%), monocytes and
MCHC were associated with the hydrolyzed diet. Considering the day of blood collection (Fig
1B), the medians of all markers on day 0 were smaller than on other days, but with greater vari-
ability. Multivariate analysis did not identify a difference between the days of blood collection,
but averages appeared to be greater on day 45, especially when compared to day 0. Through
the two-dimensional correlation, it is possible to assess that leukocytes and segmented neutro-
phils are associated with day 0, while platelet count and total protein are with day 15. Mono-
cytes point to day 30, while hemoglobin, hematocrit, and erythrocytes appear to be associated
with day 45 (Fig 1C).

No changes were observed in the total plasma concentrations of IFN-y, TNF-q,, IL-2, and
IL-10 during the experimental period (P>0.05) (Table 3). Total plasma IL-4 decreased over
time regardless of dietary treatment (P<0.001), with an increase in delta values on days 30
(P =0.006) and 45 (P<0.001) compared to day 0. In addition, there was a significant difference
between the delta values of days 15 and 30 (P = 0.002), and delta values of days 15 and 45
(P<0.001). Although there was a difference between the delta values over time in the total
plasma concentrations of IL-6 (P = 0.015) and IL-7 (P = 0.036), it was not possible to verify dif-
ferences with the Bonferroni post-hoc test. There were differences over time for both dietary
treatments in IgA and IgE concentrations (P<0.05). Total plasma IgA delta values differed on
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Table 2. Hematology of dogs fed the experimental diets.

Items RV \ ) Tralments‘ ) | A-values® | ) P-valu_es

| Do | D15 D30 D45 D15-0 | D30-0 | D45-0 | Diet = Day | DietxDay
Erythrocytes, 106/uL’ ) ) . ) ) ) )
Control 55-85 | 664:0.19 | 674009 6.79+0.09 6.94£0.06 0.10 015 | 030 | 0251 | oon ‘ 0.145
HCLP | 66027 | 7115011 6.97+0.09 7.210.04 0.48 034 | 059 |
Hemoglobin, g/ d?
Control 12-18 | 1542043 | 158:0.18 15.80.16 16.1£0.10 0.40 043 | 075 | 0441 | 0.001 ‘ 0083
HCLP | 1542055 | 16.6%0.20 16.0£0.17 16.7£0.07 115 058 | 125 |
Hematocrit, %’
Control 37-55 | 447122 | 46.0:0.49 46.0£0.32 47.5+024 133 133 | 283 | 0405 <0001 | 0263
HCLP | 4455156 | 48.0:0.40 467043 488£020 | 350 217 | 43
McV, fL?
Control 60-77 | 673:071 | 68.5:0.32 67.9+0.41 68.5£0.22 115 058 | 122 | 0391 <o.001‘ 0638
HCLP | 6732040 | 67.7:031 67.120.34 67.8+0.32 0.35 02 | 043 |
MCHG, %’
Control 236 | 345:018 | 343:008 | 3442013 340005 | -0.05 | -007 | 050 | 0.847  0.036 08177
HCLP | | 346:015 | 3452009 | 3432006 | 342:006 | -013 | -033 | -048 |
Leucocytes, /pL* ) ) ) ) )
Control | 6000-17000 | 10167367 | 9417:240 | 9133£189 | 7332215 | 400 | -800 | -1150 | 0743 | <0.001 | 0415
HCLP | on7ssos | s3e7sam2 8017192 8917£422 | -1850 | -2050 | -1350
Total segmented neutrophils, /uL* )
Control | 3000-11500 |  6489:263 | 5787:250 | 5280£174 53955188 | 937 | -119 | -995 | 0910 | <0001 | 0724
HCLP | 6480:363 |  5384:168 4022:87.3 | 6249+388 | -1276 | -1652 | -619 ‘
Total eosinophils, /uL*
Control 100-1250 | 8282128 | 6782396 4772292 5165274 | -665™ | 291 | 200" | 0.893 | <0.001 | 0040
HCLP | 706:883 | 526:389 541422 413146 | 217 | 83t | 3t |
Total monocytes, /uL*
Control 150-1350 | 58351625 | 381245 589:+43.5 4554239 253 | 805 | 212 | 0.844 <o.oo1‘ 0582
HCLP | 6362761 | 398£369 599:28.7 660522 33 | -600 | 168 |
Total lymphocytes, juL’
Control 1000-4800 | 2266:213 | 2619:96.8 2787:98.2 | 2368:985 353 521 | 102 | 0322 | 0014 0586
HCLP | 1895:259 | 2113141 1955£103 1706762 218 593 | -189
Seg d neutrophils, %>
Control 60-77 | 642:254 |  61.0:1.22 57.7+1.33 61.5£1.57 317 | 650 | -267 | 0567 | 0073 ‘ 0480
HCLP | 668:293 | 65.0£176 62.241.57 68.8+1.63 183 | 467 | 200 |
Eosinophils,%’
Control 2-10 | 800£095 | 7.17+033 517033 6.00:036 | -083"" | 2.83* | 200" | 0915 | 0.002 ‘ 0028
HCLP | 7.07:064 | 6.17:0.34 6.50£0.44 500:044 | -L00M" | 067" | -350% |
Monocytes, %’
Control 3-10 | se7:045 | 420%030 6.50£0.45 5.17£025 200 | 083 | -050 | 0838 <o.oo1‘ 0.866
HCLP | 667:091 | 480£045 7.50£0.31 7.33:044 | 250 | 083 | 067 |
Lymphocytes, %'
Control 12-30 | 222:168 | 28.2:1.03 3075104 | 27.3:120 6.00 8.50 5.17 |0A303 0.001 0.169
HCLP | 1932218 | 2475120 23.8£0.98 202110 533 450 083 |
Total protein, g/L* ) )
Control €0-80 | 5404735 | 657080 | 627:0.54 5532343 | 000" | 200" | 100 }0.026 <0001 | 0008
HCLP | 623:154 | 6672074 61.0£0.43 68.7:074 | 400% | -100°" | 500
Platelet count, /puL*

(Continued)
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Table 2. (Continued)

Items RV Treatments' A-values® | P-values

DO D15 D30 D45 D15-0 D30-0 D45-0 Diet Day | Diet xDay
Control 200000-500000 | 36666714062 | 37333335274 = 340000+7912 = 35400043871 0.00 -15000 -37000 0.103 0.069 0357
HCLP 309500+£30074 | 389167+18410 | 33133348277 | 315000+5696 48000 -12000 -20000

RV, reference values; Control, poultry by-product + bovine meat and bone meals-based diet; HCLP, hydrolyzed chicken liver powder-based diet; MCV, mean
corpuscular volume; MCHC, mean corpuscular hemoglobin concentration.

'Values expressed as mean + standard error of the mean.

*Values expressed as delta values.

*GEE (Generalized Estimating Equations) analysis with normal distribution.

*GEE (Generalized Estimating Equations) analysis with gamma distribution for transformed variables.

“PComparisons of days in each treatment in the same row with different lowercase letters are significantly different by Bonferroni post-hoc test (P<0.05).
*®Comparisons of treatments on each day in the same row with different capital letters are significantly different by Bonferroni post-hoc test (P<0.05).

https://doi.org/10.1371/journal.pone.0271932.t002

day 30 compared to days 0 and 45 for the control group (P<0.001). However, the delta values
of the HCLP group showed no differences. The delta values of total plasma IgE decreased for
both treatments over time, in the control group the delta values on days 30 and 45 differed
from the others, while for the HCLP group the delta values differed on days 15 vs 30 and 15 vs
45 (P = 0.001).

MANOVA indicated a difference between dietary treatments (P<0.05), but not for the days
of blood collection (P = 0.45). The canonical correlation showed the difference between the
control and hydrolyzed treatment (Fig 2A), in which markers such as IFN-y, IL-2, IL-6, IL-7,
IL-10, and TNF-a were associated with the control diet, while IL-4, IgE and IgA were associ-
ated with the hydrolyzed diet. Regarding the association between immunological markers and
days of blood collection (Fig 2B), it seems that the medians were progressively reduced
throughout the experimental period, but no statistical difference was observed (P>0.05). The
two-dimensional canonical correlation evidenced the difference between day 0 and days 30
and 45 since the circles did not overlap between these days (Fig 2C). In addition, from the
attribution of colors, day 30 and day 45 were considered equal.

In this study, 11 fecal samples were processed and a total of 63000 sequence reads per dog
were used. One fecal sample from the control group was removed due to the low number of
read sequences. Bacterial community was composed of 27 phyla, in which 6 phyla (Firmicutes,
Bacteroidetes, Fusobacteria, Actinobacteria, Proteobacteria, Tenericutes) represented more
than 99% of sequence reads, considering mean relative abundance higher than 0.5%. There
was no difference for the relative abundance of phyla between dietary treatments (P>0.05).
Both treatments had the majority of bacterial community composed by Firmicutes, Bacteroi-
detes and Fusobacteria, counting for more than 85% of the OTU (Fig 3A). At the genera level,
152 were identified with 19 of those with a mean relative abundance higher than 0.5%. No
changes were observed in the genus abundance between the dietary treatments (P>0.05). The
most abundant genera in both treatments were Fusobacterium, [Prevotella], Allobaculum, Bac-
teroides, Sutterella, Blautia, Collinsella, [Ruminococcus), Dorea, Clostridium and Faecalibacter-
ium, which counted for more than 50% of the OTU (Fig 3B). Each dog was considered an
experimental unit, totaling 6 replicates for the HCLP group and 5 replicates for the control
group. Clear differences on abundances of phyla (Fig 3C), but mainly at the genera level (Fig
3D), were detected among dogs within the same dietary treatment on day 45.

Diversity indices estimators OTU (mean + SD; HCLP = 1042 + 96.8; Control = 1066 + 34.6)
(Fig 4A), Simpson Index (HCLP = 0.96 + 0.007; Control = 0.94 + 0.039) (Fig 4B) and Shannon
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Table 3. Plasma cytokinesand i globuli rations of dogs fed the experimental diets.
Items Treatments' A-values® ‘ P-values

DO \ D15 D30 D45 D150 = D30-0 | D45-0 | Diet = Day  DietxDay
IEN-y, pg/mL’
Control 1372043 | 127x041 1332044 1242037 -0.11 004 | 013 | 0900 | 0388 0.354
HCLP 0.88:0.13 | 0832011 0.79+0.07 0.79£0.12 -0.05 009 | 009 |
TNF-a, ngmL4
Control 210:765 | 1442370 10.0:2.18 10.3+2.48 -0.05 073 | 004 | 0249 | 0225 0.118
HCLP 407:051 | 331:0.32 3.46£038 3.160.29 0.75 068 | 092 |
IL-2, pg/mL*
Control 412158 | 312:970 27.848.27 28.1£9.03 -0.68 427 | 007 | o163 | 0322 0.381
HCLP 7245125 | 644x108 699151 5.9420.85 -0.54 050 | 125 |
IL-4, pg/mL*
Control 1748201 | 163£9.82 125+144 115149 -5.22 426 | 531 | 0166 | <0001 0.107
HCLP 178:201 | 1742113 1574722 142£12.0 128 294 | 412 |
IL-6, pg/mL* . = .
Control 19.9+642 156:4.70 13.243.75 14.7+3.64 -0.64 373 | -006 | 0502 | 0.015 0.074
HCLP 13.4£5.07 12324.07 11.2£3.19 10.9+3.38 -0.66 o1 | -5 |
IL-7, pg/mL*
Control 903:348 | 61321738 4292111 45.7£12.6 337 106 | 295 | 0160 | 0036 0.304
HCLP 2125614 | 200£534 173417 11.6£2.09 -0.73 140 | 543 |
IL-10, pg/mL*
Control 6.30£1.42 6.13£1.00 6.25+1.04 7.91£1.57 -0.09 000 | 043 ‘ 0293 | 0.168 0.367
HCLP 5.57+043 ‘ 526£0.54 6.05:0.69 4.90£0.30 -0.13 033 | -067
IgA, ng/mL*
Control | 3535419£152407 | 3568147+78565 | 3474936:100862 | 3524653£97926 | -13702%" | -e8848" | 5322 ‘ 0047 | 0.032 <0.001
HCLP | 3512716£147054 | 3674435:34772 | 3688204326921 | 3560697:61867 | 14990* | 43240™ | -12102%
IgE, ng/mL*
Control | 249910:26681 | 23524816910 | 192412+14109 | 203169+15047 | -4825Ac | -57157Aa | -47380Ab | 0619 | <0.001 0.001
HCLP 276237445083 | 26163226731 | 243326:25138 | 232666:25006 | -2200Ab | -18840Aa | -26866Aa

Control, poultry by-product + bovine meat and bone meals-based diet; HCLP, hydrolyzed chicken liver powder-based diet.

'Values expressed as mean = standard of the error of the mean.
*Values expressed as delta values.

*GEE (Generalized Estimating Equations) analysis with normal distribution.

*GEE (Generalized Estimating Equations) analysis with gamma distribution for transformed variables.
**<Comparisons of days in each treatment in the same row with different lowercase letters are significantly different by Bonferroni post-hoc test (P<0.05).

**Comparisons of treatments on each day in the same row with different capital letters are significantly different by Bonferroni post-hoc test (P<0.05).

https://doi.org/10.1371/journal.pone.0271932.t003

Index (HCLP =5.56 + 0.27; Control = 5.38 + 0.59) (Fig 4C) were not affected by the dietary
treatments (P = 0.70). Principal Coordinate Analysis (PCoA) based on the Bray-Curtis and
D_0 UniFrac distance metrics, the HCLP dogs presented a clustering effect demonstrating a
higher similarity degree (Fig 5A and 5B, respectively) differently from those belonging to the

control group.

Discussion

In this study, we replaced the traditional sources of animal protein used in pet food, poultry
by-product and bovine meat and bone meals, with a source of hydrolyzed chicken liver pow-
der and observed the effects on CBC, immunological, and fecal microbiota of healthy dogs.
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Since dietary management of dogs diagnosed with AFR and chronic enteropathies generally
includes hypoallergenic diets based on low-molecular weight hydrolyzed proteins to reduce
intestinal antigenic stimulation [1, 18], we hypothesized that healthy, immunotolerant dogs
fed a hydrolyzed chicken liver diet would not develop strong disturbances in the markers
assessed during a period of 45 days.

Most hematological biomarkers were modified throughout the study, but all remained
within the reference ranges for healthy adult dogs [19] and the colony norms. According to
Sasaki et al. [20], the production of erythropoietin increases as the amount of protein in the
diet increases. Based on this, we assume that both diets provided adequate amounts of protein,
allowing an increase in erythropoiesis and, consequently, in the erythrocyte, hemoglobin and

©

c HCLP c HCLP

Fig4. Bacterial alpha diversity indices of canine fecal samples assessed by the observed operational taxonomic units
(OTU) (A), Simpson Index (B) and Shannon Index (C). C, poultry by-product + bovine meat and bone meals-based
diet; HCLP, hydroly;ed chicken liver powder-based diet.

https://doi.org/10.1371/journal.pone.0271932.g004
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Fig5. Principal Coordinate Analysis (PCoA) plots of Bray-Curtis (A) and D_0.5 UniFrac (B) distances of fecal
samples. Treatments are represented as: Control in green, and HCLP in purple. Control, poultry by-product + bovine
meat and bone meals-based diet; HCLP, hydrolyzed chicken liver powder-based diet.

https://doi.org/10.1371/journal.pone.0271932.9005

hematocrit count, verified in both treatments over time. Although there were no significant
differences in these markers between dietary treatments, it was possible to observe a greater
increase from day 15 onwards in dogs fed the HCLP diet.

Eosinophil counts were affected by both dietary treatments and time, with a progressive
reduction throughout the study. However, the HCLP diet promoted a greater and sustained
reduction after 45 days of consumption. The increased concentration of eosinophils reflects an
immune response to parasites and more recently with some specific cases of diet-related gas-
trointestinal disorders in dogs [21, 22]. Animals with chronic enteropathies may respond to a
single dietary management based on the use of single novel protein or hydrolyzed protein
diets, or to a combination of dietary intervention with antibiotics or immunosuppressive
agents [23]. The reduction in eosinophil count in dogs fed HCLP diet at day 45 suggests that a
beneficial impact on CBC is occurring. As eosinophils are related to the allergic process, the
reduction in their counts may be related to the positive impact of the diet. Furthermore, other
biomarkers related to immune responses such as leukocytes, neutrophils, and monocytes,
were decreased over time in both dietary treatments, which may corroborate the positive
impact of HCLP diet consumption in the long term.

Regarding the immunological response, all dogs had been naturally sensitized to poultry
by-product meal and bovine meat and bone meal prior to this study, as both ingredients are
commonly present in commercial diets for dogs. However, none of them consumed HCLP
previously, so if a dog developed a response to HCLP it would be related mainly to this
ingredient.

Anti-inflammatory Th2 cytokine, IL-4, was reduced from day 15 to the end of the experi-
mental period in both treatments. IL-4 is one of the signature cytokines involved in inflamma-
tory responses triggered by allergens or parasites [24]. The presence of food allergens in the
intestinal mucosa activates antigen-presenting cells (APC) that signal Th2 lymphocytes to
secrete cytokines, including IL-4, which stimulate the production of IgE. In addition, APC
secrete pro-inflammatory mediators that induce epithelial cells to produce chemokines that
attract eosinophils [25]. Thus, the reduction in IL-4 over 45 days in this study may be corre-
lated with the decrease in eosinophil and IgE concentrations. Interestingly, previous studies
reported an increase in IL-4 concentrations in humans and mice affected by food-induced
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gastrointestinal disorders [4, 5]. Additionally, recent reports did not find detectable amounts
of IL-4 using ex-vivo whole blood stimulation with commercial hydrolyzed protein diets in
dogs with chronic enteropathy and healthy immunotolerant cats [26, 27].

Although plasma IgA was reduced on day 30 in dogs fed the control diet, at the end of the
experimental period there was no difference between groups. Similarly, Verlinden et al. [2]
also did not observe differences on total serum IgA between dogs fed diets containing hydro-
lyzed or intact protein. Indeed, some researchers demonstrated that serum IgA concentrations
poorly correlates with secretory IgA, the most predominant secretory antibody at intestinal
mucosa that protect against microorganisms, allergens, and other substances to adhere and
pass-through enterocytes [28, 29]. In this way, future studies should measure secretory IgA to
provide a better understanding between dietary treatments and their interference in the
immune status of the intestinal mucosa.

IgE concentrations were measured as IgE-mediated reactions are the most recognized cate-
gory of food allergies. Total plasma IgE concentrations were decreased from day 30 onwards
in the control group, while the reduction in the HCLP group was observed from day 15
onwards. Consumption of hydrolyzed diets, containing smaller peptides, rich in free amino
acids and low-molecular weight proteins, may reduce the cross binding between two mole-
cules on the surface of the mast cell, thus preventing mast cell degranulation and cytokines
release [30]. Verlinden et al. [2] did not observe differences on total serum IgE concentrations
of healthy adult dogs fed hydrolyzed protein or intact protein diets. The authors evaluated the
total serum IgE only after 24 days of feeding and did not analyze levels at the beginning of the
trial, which may have indicated possible changes in this immunoglobulin during the study.
Apart from healthy individuals, previous studies on sensitized dogs challenged with hydro-
lyzed protein diets have shown positive results. Soy-sensitized dogs did not present cutaneous
or gastrointestinal reactions after being fed with hydrolyzed soy protein diet [6]. On a different
approach, Olivry et al. [7] evaluating the recognition of several hydrolyzed poultry extracts on
sera from dogs and cats with elevated chicken-specific serum IgE, noted that only extensively
hydrolyzed poultry feather prevented the IgE recognition by poultry-specific IgE. Though the
most known food allergens come from animal sources of protein [1], some grains may also
have potential protein allergens, triggering an IgE-mediated response in dogs and cats [31].
Reports by Olivry and Bexley [32] show that serum from corn-sensitized dogs and cats did not
have measurable IgE against proteins isolated from cornstarch, while kernel and flour extracts
promoted IgE recognition. Therefore, the combination of hydrolyzed proteins and carbohy-
drate sources with limited protein content and proteome are highly recommended for hypoal-
lergenic diets.

The 16S rRNA gene sequencing did not show differences in fecal communities between
dogs fed hydrolyzed or common protein source diet. Although no differences were observed
for fecal bacterial phyla between groups, the relative abundance verified for the HCLP group is
in accordance with a previous study by Martinez-Lopez et al. [33], in which healthy adult dogs
also fed a hydrolyzed chicken liver diet for 6 weeks showed Firmicutes (median of 55%), Fuso-
bacteria (median of 17%) and Bacteroidetes (median of 16%) as the most abundant bacterial
phyla. Similarly, Bresciani et al. [34] did not find changes on fecal microbiota of healthy dogs
after 60 days of an animal protein-free diet consumption. Interestingly, the fecal microbiota of
healthy dogs is co-dominated by these three phyla: Firmicutes, Fusobacteria and Bacteroidetes
(35, 36).

Fusobacterium, the most predominant genera in both groups, is associated with health in
dogs [37] and can be used as a therapeutic marker for selected ingredients since it is reported
to be reduced in dogs with gastrointestinal diseases [38]. Also, some Fusobacterium species are
associated with SCFA synthesis from protein sources [39].
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Although we did not evaluate end-fermentation products, a higher abundance of genera
related to SCFA production were verified. Followed by Fusobacterium, dogs fed both dietary
treatments showed a high abundance of Bacteroides, [Prevotella) and Blautia, genera associ-
ated with SCFA production. Among SCFA, butyrate is widely recognized by its preferred role
as energy source for colonocytes, thus improving gut health [40].

Alpha diversity was not affected by dietary treatments, but PCoA plots based on Bray-Cur-
tis and D_0.5 UniFrac distance metrics showed a clear separation between control group and
HCLP group, which was also verified previously in dogs fed hydrolyzed and anallergenic diets
[33,41].

Additionally, the 16S rRNA sequencing evidenced the pronounced variability among dogs
within the same dietary treatment in both phyla and genera relative composition, as previously
described by Garcia-Mazcorro et al. [42]. The authors also found that the microbiome is rela-
tively stable after a period of 2 weeks, so our feeding program was long enough to stabilize the
gut microbiome.

In contrast to different types of fibers widely recognized for their prebiotic impact on
microbiota composition and fermentative end-products related to gut health [43-45], some
authors suggest that hydrolyzed diets affect the canine microbiome on a functional level
instead of a taxonomic [33]. Perhaps a metabolomic approach could be more specific for iden-
tifying possible modifications in the HCLP group.

In general, the microbiome composition of dogs tends to be more affected by macronutri-
ent modifications than by the ingredient itself. A recent study verified that dogs fed diets with
similar macronutrient contents, one based on vegetable proteins and the other with mixed ani-
mal and vegetable proteins, did not showed differences in the microbiome composition [34].
This study could explain the absence of significant differences in our study, as both control
and HCLP diet were formulated to be isonutritive and the main difference was the animal pro-
tein ingredient.

Overall, the present study showed that a diet based on HCLP was able to maintain all hema-
tological markers within the reference intervals for adult dogs. Furthermore, 45 days of feeding
with both diets decreased the concentrations of IL-4, IL-6, IL-7, IgA and IgE, cytokines and
immunoglobulins related to the allergic response. Future studies are needed to evaluate differ-
ent levels of the hydrolyzed protein and, more specifically, the end fermentation products that
could be improved by this ingredient, since a higher abundance of specific genera related to
SCFA production was verified in HCLP dogs.

Supporting information

S1 File. Full data set. Control, poultry by-product + bovine meat and bone meals-based diet;
HCLP, hydrolyzed chicken liver powder-based diet.
(XLSX)
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CONSIDERACOES FINAIS

As proteinas hidrolisadas tém sido demandadas pela industria de alimentos
para animais de companhia para a formulacdo de alimentos coadjuvantes. O
diagnoéstico das doencas gastrointestinais e reacdes adversas alimentares requerem
dietas especiais, com ingredientes diferenciados, que passem pelo trato
gastrointestinal sem acionar os mecanismos inflamatorios presentes nesta via.
Associados a estas patologias, diversos distarbios gastrointestinais requerem
alimentos com alta digestibilidade, que sejam palataveis como formas coadjuvantes
no tratamento clinico. Estas caracteristicas sdo potenciais dos ingredientes
hidrolisados proteicos, que conferem as dietas elevado conteldo de peptideos de
baixo peso molecular, relacionados com a reduzida antigenicidade e consequente
alergenicidade.

A primeira série experimental possibilitou a investigacdo aprofundada da
composi¢cdo quimica de uma proteina hidrolisada comercial, o hidrolisado de figado
de aves. O ingrediente avaliado apresentou altas concentracdes de proteina e
gordura, além do aminoécido lisina e acidos graxos linoleico e araquidbnico. Tais
caracteristicas evidenciam o alto valor nutricional do ingrediente, potencialmente
possibilitando a reducdo na utilizacdo de fontes purificadas dos nutrientes acima
mencionados em formulac¢des contendo o hidrolisado de figado de aves. O hidrolisado
de figado de aves apresentou ainda 57% dos peptideos com peso molecular <10 kDa,
comparado a duas fontes proteicas tradicionais a farinha de visceras de aves e farinha
de carne e 0ssos (41% e 35% dos peptideos com peso molecular <10 kDa,
respectivamente). O elevado contetdo de peptideos de baixo peso molecular € um
dos fatores primordiais na selecdo de proteinas hidrolisadas para inclusdo em dietas
para animais com distUrbios gastrointestinais e reacfes adversas alimentares. Assim,
o principal fator limitante do presente estudo pode ser atribuido a avaliacdo do
hidrolisado de figado de aves como fonte proteica animal apenas em animais
saudaveis, sem sintomas de alergias alimentares e doencas gastrointestinais. Embora
os achados nas concentracdes plasmaticas de citocinas e imunoglobulinas sejam de
extrema importancia, os resultados ndo sdo necessariamente aplicaveis a populacao
de cdes com os disturbios previamente mencionados. Diante dessa limitacéo, estudos

posteriores poderiam investigar a antigenicidade e alergenicidade do hidrolisado de
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figado de aves em cédes sensibilizados, para atestar a eficacia e inocuidade do
ingrediente no suporte nutricional.

Quanto ao impacto do hidrolisado de figado de aves sobre as caracteristicas
fecais, os resultados obtidos nas duas séries experimentais demonstraram que apesar
do acréscimo na umidade fecal o ingrediente ndo promoveu diarreia nos cdes quando
incluido até 31% na formulacédo. Tal achado foi relevante devido a resultados prévios
obtidos em cées alimentados com dietas comerciais contendo proteinas hidrolisadas.
Ainda a nivel intestinal, durante a primeira série experimental ndo foram observadas
alteracdes significativas na composi¢ao da microbiota intestinal dos cées alimentados
com a dieta contendo o hidrolisado de figado de aves. Entretanto, € importante
considerar que o ingrediente possa promover alteracdes a nivel metabdlico, que
poderia ser acessado através da analise metabolémica. Adicionalmente, e ainda de
encontro com a principal limitacdo do estudo, referente a falta da avaliacdo do
hidrolisado de figado de aves em cées com distlrbios gastrointestinais e reacdes
adversas alimentares, € possivel que o uso do ingrediente possa resultar em
modificagdes benéficas na estrutura e funcionalidade da microbiota intestinal de cées
sensibilizados. Esta pressuposicéo parte da digestdo facilitada atribuida as proteinas
hidrolisadas, ponto a ser considerado em caes com disturbios digestivos e absortivos.
Desta forma, a incluséo do hidrolisado de figado de aves poderia auxiliar na reducéo
do conteudo nao digerido no intestino delgado, o qual é encaminhado e fermentado
no intestino grosso. Por fim, ha de se considerar o elevado custo das proteinas
hidrolisadas comparado as principais fontes proteicas tradicionais. Assim, a sua
inclusdo pode ser justificavel apenas para algumas categorias, como caes com
comprometimentos gastrointestinais.

As elevadas concentracdes de aminodacidos livres nas proteinas hidrolisadas
podem representar um risco a qualidade das matérias-primas devido a formacao de
aminas biogénicas. A sintese destes compostos depende da disponibilidade de
aminoacidos livres e presenca de microrganismos com atividade da enzima
descarboxilase. Em humanos, o consumo elevado de algumas aminas biogénicas
promove vasodilatacdo, hipertensédo, crescimento e proliferacdo celular, além de
sintomas associados a reacfes alérgicas. Apesar da relevancia para a seguranca
alimentar, ndo existem informacfdes a respeito das concentragcbes maximas de

consumo de aminas biogénicas associadas a efeitos toxicos em cédes. Com base nos

68



69

resultados obtidos na segunda série experimental, os caes alimentados com as dietas
contendo farinha de visceras de aves consumiram maiores concentracdes de aminas
biogénicas putrefativas, como putrescina, cadaverina e histamina. Entretanto, néo
houve diferenca na excrec¢ao fecal e no balanco de aminas biogénicas, calculado pela
diferenca da quantidade consumida e excretada, entre a farinha de visceras de aves
e o hidrolisado de figado de aves. Este achado reforca a elevada eficiéncia das
enzimas detoxificantes MAO e DAO presentes na mucosa do epitélio intestinal,
podendo estar relacionado ao habito alimentar ancestral de cdes que consistia,
eventualmente, de carcacas em diferentes estagios de putrefacéo. Diante da presenca
de aminas biogénicas nas matérias-primas, particularmente nos coprodutos carneos,
por se tratar de compostos termoestaveis, e da falta de informacbes a respeito dos
limites toxicos de consumo e efeitos metabdlicos a longo prazo, torna-se indispensavel
a realizacdo de novas pesquisas direcionadas ao estudo das aminas biogénicas em
caes.

Além dos beneficios nutricionais, o processo de hidrélise de proteinas pode
gerar peptideos bioativos com potencial atividade antimicrobiana, antioxidante, anti-
hipertensiva e imunomoduladora, garantindo resultados positivos em parametros de
desempenho, como crescimento e eficiéncia alimentar, em animais de producéo.
Entretanto, os estudos voltados a avaliacdo dos efeitos de peptideos bioativos nos
animais de companhia sao escassos, mas prometem otimizacao da nutricdo, saude e
bem-estar.

Por ultimo, foi constatado que as dietas experimentais contendo o hidrolisado
de figado de aves em altas concentracdes (acima de 25%), resultou em retencéo da
massa no canhdo da extrusora, com a parada do processo para ajuste nas
configuragbes do equipamento. Assim, estudos futuros poderiam avaliar diferentes
concentracdes de inclusdo do ingrediente sobre a extrusdo mediante coleta de dados

de parametros do processo.
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Italian Journal of Animal Science

Taylor & Francis Word Template for journal articles
Author Name®* and A. N. Author®

“Department, University, City, Country; *Department, University, City, Country
Provide full correspondence details here including e-mail for the *corresponding author

Provide short biographical notes on all contributors here if the journal requires them.
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Repeat the title of your article here

Type or paste your abstract here as prescribed by the journal’s instructions for
authors. Type or paste your abstract here as prescribed by the journal’s
instructions for authors. Type or paste your abstract here as prescribed by the

journal’s instructions for authors. Type or paste your abstract here.

Keywords: word; another word; lower case except names

Subject classification codes: include these here if the joumal requires them

Heading 1: use this style for level one headings

Paragraph: use this for the first paragraph in a section, or to continue after an extract.

New paragraph: use this style when you need to begin a new paragraph.

Display quotations of over 40 words, or as needed.

e For bulleted lists

(1) For numbered lists

Displayed equation )

Heading 2: use this style for level two headings

Heading 3: use this style for level three headings

Heading 4: create the heading in italics. Run the text on after a punctuation mark.

Acknowledgements, avoiding identifying any of the authors prior to peer review
1. This is a note. The style name is Footnotes, but it can also be applied to endnotes.

References: see the journal’s instructions for authors for details on style
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Table 1. Type your title here. Obtain permission and include the acknowledgement

required by the copyright holder if a table is being reproduced from another source.

Figure 1. Type your caption here. Obtain permission and include the acknowledgement

required by the copyright holder if a figure is being reproduced from another source.
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& Ampersand 2nd set of equal contributors

* Asterisk Corresponding author(s)

#a Pound/number sign First Current address

#b Pound/number sign Second Current address

1t Dagger/Cross Deceased

A Caret Consortium/Group Authorship
( Article Title \

« ltalics, bold type, symbols, and other text
formatting will all be reproduced in the
published article as submitted.

« Titles should be written in sentence case

(capitalize only the first word of the title, the first
word of the subtitle, and any proper nouns and

genus names).

4

N\

Author Byline

« Author names will be published exactly as they

appear in the accepted manuscript.
* Indicate affiliations by number only.

« Affiliation footnotes should appear in numerical

order at first mention.

« Please use the symbols provided in this
document for other designations.

« Numbers and symbols should be in
superscript.

« Do not include titles (Dr., PhD, Professor, etc.y

Affiliations

appear in the accepted manuscript.

* Include each component in order of
small to large (Department, Division,
Section, Institution, City, State,
Country).

* Do notinclude ZIP or Postal Codes,
street addresses, or building/office
numbers.

« Do not use abbreviations (e.g. Dept.).
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institution (e.g. Department Chair,
Professor, etc.).
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« Affiliations will be published as they\
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( Corresponding Authorship )
« Do not include physical addresses; only
email addresses are required.
* List corresponding author’s initials in
L parentheses after the email address.

Contributorship
* Use the symbols provided here to
indicate equal contributions.
¢ [f you would like the equal contributions
notes to read differently, please specify
in your manuscript (e.g., "AR and MM

are Joint Senior Authors"). )

\f

Consortia or other Group Authors

« [fthere is a consortium or group author
on your manuscript, please provide a
note that describes where the full
membership list is available for the
readers.

« The membership list can be listed in
the Acknowledgments, in Supporting
Information, or on the internet.

« Consortia/Group authors can have
affiliations, but it is not required.
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Abstract <

Lorem ipsum dolor sit amet, consectetur adipiscing elit.
Vestibulum adipiscing urna ut lectus gravida, vitae blandit tortor
interdum. Donec tincidunt porta sem nec hendrerit. Vestibulum nec
pharetra quam, vitae convallis nunc. Mauris in mattis sapien. Fusce
sodales vulputate auctor. Nam lacus felis, fermentum sit amet nulla
ac, tristique ultrices tellus. Integer rutrum aliquet sapien, eu
fermentum magna pellentesque vitae. Integer semper viverra mauris
vel pulvinar. Suspendisse sagittis malesuada urna. Praesent mauris
diam, fringilla id fringilla ac, posuere non lorem. Vestibulum mauris
ante, fringilla quis tortor sit amet, accumsan fermentum quam. Nulla
dictum consectetur leo. Ut vulputate ipsum purus, a interdum nibh
viverra et. Praesent aliquam sapien vel massa sodales bibendum.
Nulla interdum accumsan lectus, sed auctor elit accumsan a.
Suspendisse quis rhoncus nibh. The verum est de illic.

NOTE: Before submitting, review the full submission guidelines
for the journal to which you are submitting: PLOS ONE, PLOS
Biology, PLOS Medicine, PLOS Neglected Tropical Diseases, PLOS
Computational Biology, PLOS Genetics, PLOS Pathogens

Introduction <

Lorem ipsum dolor sit amet, consectetur adipiscing elit.
Vestibulum adipiscing urna ut lectus gravida, vitae blandit tortor
interdum. Donec tincidunt porta sem nec hendrerit. Vestibulum nec
pharetra quam, vitae convallis nunc.

Level 1 heading

Lorem ipsum dolor sit amet, consectetur adipiscing elit.

Vestibulum adipiscing urna ut lectus gravida, vitae [(Fig 1)| <<
interdum. Donec tincidunt porta sem nec hendrerit. Vestibulum nec

pharetra quam, vitae convallis nunc. Mauris in mattis sapien. Fusce
sodales vulputate auctor. Nam sit amet nulla lacus a, <
ultrices tellus. Integer rutrum aliquet sapien, eu fermentum magna
pellentesque vitae.

Fig 1. This is the Fig 1 Title. This is the Fig 1 legend.

Fig 2. This is the Fig 2 Title. This is the Fig 2 legend.

File Naming for Figures

e Figure files should be saved as “Fig1.tif’, “Fig2.eps”, etc.
o Acceptable file formats for figures are “.tif’, “tiff”, and “.eps’
e Figures should be uploaded separately as individual files.

»

ﬂevel 1 Heading

Use Level 1 heading
for all major sections
(Abstract, Introduction,
Materials and
methods, Results,
Discussion, etc.).

Bold type, 18pt font.
Only use italics and
text formatting where
needed (e.g. genus
and species names,
genes, etc.).

Headings should be
written in sentence
case (capitalize only
the first word of the
heading, the first word
of the subheading, and
any proper nouns and
genus names).

NOTE: Do not cite
figures, tables,
supporting information,

or references in the /

.

/Figure Citations

Abstract.

Cite figures as “Fig 17,
“Fig 27, etc.

Cite figures and tables
in order.

Do not cite “Fig 2”
before “Fig 1”.

Cite multiple figures as
“Figs 1 and 27, “Figs 1-

37, etc. /

\

Ggure Captions

4

Each figure caption
should appear directly
after the paragraph in
which they are first cited.
Do not include tables
within captions.

Use bold type for the
figure titles.

J
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Lorem ipsum dolor sit amet, consectetur adipiscing elit.
Vestibulum adipiscing urna ut lectus gravida, vitae blandit tortor
interdum. Donec p* et ¢ tincidunt porta sem nec hendrerit.

&
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&

Display/Numbered Equation

B

e Format display equations in
Mathtype or Equation Tools.
e Do not use Graphic Objects.

[)2+2pq+q2 =1

Vestibulum nec pharetra quam, vitae convallis nunc. Mauris
in mattis sapien. Fusce sodales vulputate auctor. Nam lacus felis,
fermentum sit amet nulla ac, tristique ultrices tellus. Integer rutrum
aliquet sapien, eu fermentum magna pellentesque vitae. Integer

(¢))

semper viverra mauris vel pulvinar dolor sit amet en(p +¢)* = 1 €

Inline Equation

e Formatin regular text or as
an inline equation in
Mathtype or Equation Tools.

e Do not use Symbol Font.

e Do not use Graphic Objects.

. 4

Level 2 heading €

Lorem ipsum dolor sit amet, consectetur adipiscing elit.
Vestibulum adipiscing urna ut lectus gravida, vitae blandit tortor
interdum. Donec tincidunt porta sem nec hendrerit. Omnes tuum
basi sunt pertinent ad nos. Mauris in mattis sapien. Fusce sodales
vulputate auctor. Nam lacus felis, fermentum sit amet nulla ac,
tristique ultrices tellus. Integer rutrum aliquet sapien, eu fermentum
magna pellentesque vitae. Integer semper viverra mauris vel
pulvinar et alst.

{ Level 2 Heading \

e Use Level 2 headings for
sub-sections of major
sections.

e Bold type, 16pt font.

e Only use italics and text
formatting where needed.

e Use sentence case. j

4

.

[Level 3 heading

Level 3 heading €

Lorem ipsum dolor sit amet, consectetur adipiscing elit.
Vestibulum adipiscing urna ut lectus gravida, vitae blandit tortor
interdum. Donec tincidunt porta sem nec hendrerit. Vestibulum nec
pharetra quam, vitae convallis nunc. Mauris in mattis sapien. Fusce
sodales vulputate auctor. Numquam iens dare tibi up.

NOTE: This document is presented in single-space paragraph
format for ease of use. Please submit your manuscript in
double-space paragraph format.

e Use Level 3 headings for
sub-sections within Level
2 headings.

* Bold type, 14pt font.

e Only use italics and text
formatting where needed.

Use sentence case. )
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Level 1 heading

Lorem ipsum dolor sit amet, consectetur adipiscing elit.
Vestibulum adipiscing urna ut lectus gravida, et bland
Donec tincidunt porta sem nec hendrerit. Vestibulum nec pharetra
quam, vitae convalli. Fido nemo.

Table 1. This is the Table 1 Title.

Chemical | Chemical | Chemical | Chemical
W X Y Z
Chemical 1 | Reaction Reaction Reaction Reaction
1w 1X 1Y 1Z
Chemical 2 | Reaction Reaction Reaction Reaction
2W 2X 2Y 27
Chemical 3 | Reaction Reaction Reaction Reaction
3w 3X 3Y® 3Z
Chemical4 | Reaction Reaction Reaction Reaction
4W 4X 4Y 47
Chemical 5 | Reaction Reaction Reaction Reaction
SW 5X 5¥Y 57

This is the Table 1 legend.
*Table footnotes belong here.
Footnotes should have corresponding symbols in the table.

Conclusion

Lorem ipsum dolor sit amet, consectetur adipiscing|[1-5].

Vestibulum adipiscing urna ut lectus gravida, vitae blandit tortor
interdum. Donec tincidunt porta sem nec hendrerit. Vestibulum nec
pharetra quam, vitae convallis nunc. Mauris in mattis sapien. Fusce

sodales vulputate auctor(S1 Fié. Dolor sit amet|S1 and S2 Tables.

A

Modified April 2021

\

Tables and Table Citations

A

Tables should be cited
as “Table 17, “Table 27,
etc.

Cite multiple tables as
“Tables 1 and 27,
“Tables 1-3”, etc.
Tables should be
included directly after
the paragraph in which
they are first cited.
Tables must be cell-
based in Microsoft
Word or embedded
with Microsoft Excel.

Do not use empty rows

to create spacing.

Do not include graphic
objects, images, or
colored text.

4

&

(Reference Citations

Cite references in brackets
(for example, “[1]” or “[2-5]"
or “[3,7,9]").

References must be cited
in order at first mention.

4

B
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Supporting Information Citations

Cite multiple files as “S1 and S2 Figs”, “S1-S3 Figs”, etc.
Itis not required to cite each Supporting Information file.

Format Supporting Information Citations as “S1 Fig”, “S1 Table”, etc.

Supporting information should be uploaded separately as individual files.
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Acknowledgments

Lorem ipsum dolor sit amet, consectetur adipiscing elit.
Vestibulum adipiscing urna ut lectus gravida, vitae blandit tortor
interdum.
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Supporting information

S1 Fig. This is the S1 Fig Title. This is the S1 Fig legend.
S2 Fig. This is the S2 Fig Title. This is the S2 Fig legend.
S1 Table. This is the S1 Table Title. This is the S1 Table legend.
S2 Table. This is the S2 Table Title. This is the S2 Table legend.

S1 File. This is the S1 File Title. This is the S1 File legend.

File Naming for Supporting Information

e Supporting Information files should be saved as “S1_Fig.tif’,
“S1_File.pdf”, etc.
o Allfile types are supported.

Modified April 2021

Acknowledgments

Do not include funding or
competing interests
information in
Acknowledgments.

/References \

\

References should be
listed after the main text,
before the supporting
information.

References with more
than six authors should
list the first six author
names, followed by “et al.”
References should be
formatted according to the
NLM/ICMJE style:
https://www.nIm.nih.gov/b
sd/uniform_requirements.

A

Supporting Information
Captions

- Y,
J

List Supporting
Information captions at
the end of the
manuscript in a section
titled “Supporting
information”.

Use a Level 1 heading.
Use bold type for the
titles.

Supporting Information
files do not require full
captions; only labels
(“S1 Fig”) are fully

86

required.

4] Before submitting, review the full submission guidelines for the journal to which you are
submitting: PLOS ONE, PLOS Biology, PLOS Medicine, PLOS Neglected Tropical Diseases,

PLOS Computational Biology, PLOS Genetics, PLOS Pathogens

86



87

Apéndice D — Normas para redigir o capitulo IV — Publicacao no periédico

Appeals

1f amanuscript is rejected, the decision may be appealed to the
Editor-in- Chief if the author(s) believe(s) that the judgment
was erroneous or biased. A letter presenting the reasons for the
appeal should be sent to the Editor-in-Chief within 30 days of
the date on the rejection notification. The Editor -in-Chief will
decide whether to accept or deny the appeal.

Revisions
All revised manuscripts must be retumed to Section Editors via
JAS Scholar- One Manuscripts. Authors will be permitted 15
days o revise and retum manuscripts classified as Minor
Revision and permitted 35 days to revise and return
manuscripts classified as Major Revision. In most cases

not be allowed more th revisi
Unsatisfactory or incomplete revisions will be a cause for
rejection of the manuscript.

that be

withdrawn. 1f withdrawn for lack of timely revision, they may
for . Requests for the
tothe Section Editor il the

Peer Review Policy

This journal operates single-anonymised peer review, meaning
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Authors retain the right to make an Author’s Original Version
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P-values or level as I is
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The section contains the interpretation of the results. It should
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literature. The Discussion may offer an interpretation that is
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