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POTENCIAL IMPACTO DESTA PESQUISA 

 

O objetivo desta pesquisa foi explorar os diferentes aspectos da degradabilidade 

e fermentabilidade in vitro de diferentes ingredientes derivados de tecidos animais 

potencialmente pouco digestíveis, selecionar e comparar alguns deles como fonte de 

matéria orgânica fermentável para a formulação de dietas de manutenção para gatos 

adultos saudáveis e avaliar in vivo o impacto do consumo destes ingredientes sobre 

diferentes biomarcadores em potencial da funcionalidade intestinal. Estes resultados 

podem contribuir para o desenvolvimento metodológico de pesquisas e para discussões 

de aspectos nutricionais e de composição e função da microbiota intestinal da espécie 

que podem melhorar o uso sustentável de ingredientes na nutrição animal. 

 

 

POTENTIAL IMPACT OF THIS RESEARCH 

 

The objective of this research was to explore the different aspects of the in vitro 

degradability and fermentability of different ingredients derived from potentially poorly 

digestible animal tissues, to select and compare some of them as a source of fermentable 

organic matter for the formulation of maintenance diets for healthy adult cats, and to 

evaluate in vivo the impact of the consumption of these ingredients on different potential 

biomarkers of intestinal functionality. These results may contribute to the methodological 

development of research and to discussions of nutritional aspects and the composition 

and function of the intestinal microbiota of the species, which may improve the sustainable 

use of ingredients in animal nutrition. 
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INCLUSÃO DE FIBRA ANIMAL EM DIETAS PARA GATOS: ABORDAGENS IN 
VITRO E IN VIVO 

RESUMO: Ao considerar os hábitos alimentares e a evolução dos gatos domésticos, porções 
indigeríveis de proteína com penas, pelos, e tendões – denominadas substratos fermentáveis de 
origem animal (ADFS) ou “fibra animal”– podem atuar como substratos orgânicos para a 
microbiota do cólon. Entretanto, a inclusão destes em dietas extrusadas para felinos continua 
inexplorada. Este estudo foi composto por ensaios in vitro e in vivo que avaliaram a 
degradabilidade, fermentabilidade e os efeitos fisiológicos de ADFS em comparação com fibras 
vegetais. No primeiro capítulo é realizada revisão da literatura a respeito, que dá suporte a 
possível participação dos ADFS como componentes que do ponto de vista evolutivo tiveram papel 
relevante no desenvolvimento e diferenciação da composição e atividade metabólica da 
microbiota intestinal de carnívoros. No capítulo dois é apresentado estudo experimental que 
incluiu métodos in vitro para avaliação de oito ingredientes proteicos com possível baixa 
digestibilidade ileal, quanto à degradabilidade in vitro de matéria orgânica (IVDOM) e 
fermentabilidade in vitro (IVF), utilizando inóculo fecal felino. A IVDOM foi determinada em 
quadruplicata, e a IVF foi avaliada nos resíduos insolúveis após 4, 8 e 24 horas de incubação 
anaeróbia. O inóculo fecal foi coletado de seis gatos adultos saudáveis alimentados com a mesma 
dieta de manutenção por pelo menos 21 dias. Os resíduos insolúveis provenientes da hidrólise 
de farinha de subprodutos de aves (HPMr) e de penas hidrolisadas ao final da hidrólise (FHr2) 
apresentaram os maiores valores de IVDOM, seguidos por penas cruas e farinha de penas (FM), 
enquanto o pelo de gato apresentou a menor degradabilidade (P < 0,05). Durante a fermentação, 
HPMr, FHr2 e FM produziram os maiores volumes de gás, enquanto HPMr e FHr2 apresentaram 
as maiores concentrações de ácidos graxos de cadeia curta (P < 0,05). Os demais substratos 
apresentaram fermentabilidade intermediária, embora todos tenham produzido respostas 
fermentativas superiores à fibra de cana-de-açúcar (controle negativo). Esses resultados indicam 
que vários coprodutos de origem animal podem atuar como substratos fermentáveis para a 
microbiota do intestino grosso dos felinos e sustentar a atividade metabólica microbiana. No 
capítulo três quatro dietas foram formuladas e extrusadas para conter 4% de matéria orgânica 
indigestível de origem vegetal—fibra de cana-de-açúcar (SF) e polpa de beterraba (BP)—e de 
origem animal—farinha de penas (FM) e resíduo sólido de proteína de aves hidrolisada (HPMr). 
A escolha dos resíduos de origem animal foi baseada nos resultados obtidos no estudo in vitro. 
Trinta e dois gatos (8 por dieta) foram alimentados durante 31 dias. A dieta FM apresentou maior 
digestibilidade aparente da matéria orgânica e da energia bruta em comparação com SF e BP (P 
< 0,05). O pH fecal foi mais alto e a amônia mais baixa em HPMr, enquanto os ácidos graxos de 
cadeia curta foram mais elevados em BP (P < 0,05). O colesterol e os fitoesteróis foram mais 
elevados nas fezes dos gatos alimentados com a dieta BP do que nas demais (P < 0,05). Efeitos 
semelhantes das dietas foram observados na diversidade e na composição geral do microbioma 
fecal dos gatos; no entanto, foram observadas maiores concentrações de ácidos biliares 
secundários e ácido litocólico, bem como maiores abundâncias de Peptacetobacter hiranonis, 
Blautia e Oscillospiraceae nos grupos ADFS (P < 0,05), apoiando a hipótese de que esses 
ingredientes podem atuar como uma fonte adequada de matéria orgânica fermentável para gatos 

Palavras-chave: ácidos biliares, amônia, butirato; farinha de penas; fermentação de 
proteínas, Peptacetobacter hiranonis.  
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ANIMAL FIBER INCLUSION IN CATS DIETS: IN VITRO AND IN VIVO 
APPROACHES 

ABSTRACT: Considering the feeding habits and evolutionary history of domestic cats, 
indigestible protein fractions such as feathers, hair, and tendons—referred to as animal-
derived fermentable substrates (ADFS) or “animal fibre”—may act as organic substrates 
for the colonic microbiota. However, the inclusion of these ingredients in extruded feline 
diets remains unexplored. This study comprised both in vitro and in vivo trials that 
evaluated the degradability, fermentability, and physiological effects of ADFS in 
comparison with plant fibres. The first chapter presents a literature review supporting the 
potential role of ADFS as components that, from an evolutionary perspective, may have 
played a relevant role in the development and differentiation of the composition and 
metabolic activity of the intestinal microbiota of carnivores. In the chapter two, eight protein 
ingredients with low expected ileal digestibility were evaluated for their in vitro digestible 
organic matter disappearance (IVDOM) and in vitro fermentability (IVF) using feline faecal 
inoculum. IVDOM was determined in quadruplicate, and IVF was assessed in the 
insoluble residues after 4, 8, and 24 h of anaerobic incubation. Faecal inoculum was 
collected from six healthy adult cats fed the same maintenance diet for at least 21 days. 
The insoluble residues from poultry co-product meal hydrolysis (HPMr) and hydrolyzed 
feathers at the end of hydrolysis (FHr2) showed the highest IVDOM values, followed by 
raw feathers and feather meal (FM), whereas cat hair exhibited the lowest degradability 
(P < 0.05). During fermentation, HPMr, FHr2, and FM produced the greatest gas volumes, 
while HPMr and FHr2 higher concentrations of short-chain fatty acids (P < 0.05). The 
remaining substrates exhibited intermediate fermentability, although all produced greater 
fermentation responses than sugarcane fibre (negative control). These results indicate 
that several animal-derived co-products may act as fermentable substrates for the feline 
hindgut microbiota and support microbial metabolic activity. In chapter three, four diets 
were formulated and extruded to contain 4% indigestible organic matter from vegetable 
sources—sugarcane fibre (SF) and beet pulp (BP)—and animal sources—feather meal 
(FM) and solid residue of hydrolysed poultry protein (HPMr). The selection of animal-
derived residues was based on the results obtained in the in vitro study. Thirty-two cats 
(8 per diet) were fed for 31 days. The FM diet showed higher apparent digestibility of 
organic matter and gross energy compared with SF and BP (P < 0.05). Faecal pH was 
higher and ammonia lower in HPMr, while short-chain fatty acids were higher in BP (P < 
0.05). Cholesterol and phytosterols were higher in the faeces of cats fed the BP diet than 
in the others (P < 0.05). Similar diet effects were observed on faecal microbiome diversity 
and overall composition of cats; nevertheless, increased concentrations of secondary bile 
acids and lithocholic acid, as well as increased abundances of Peptacetobacter hiranonis, 
Blautia, and Oscillospiraceae, were observed in ADFS groups (P < 0.05), supporting the 
hypothesis that they may serve as a suitable source of fermentable organic matter for 
cats. 
 
Keywords: ammonia, bile acids, butyrate, feather meal, protein fermentation, 
Peptacetobacter hiranonis. 
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CHAPTER 1 – GENERAL CONSIDERATIONS 

 

 

1. INTRODUCTION 

 

There is a global trend among dog and cat owners to regard their pets as family 

members. As pets continue to play an increasingly important role in human life, their 

health, particularly gastrointestinal functionality, has become a major concern for 

caregivers (Lee et al., 2024). In 2022, the cat’s population in Brazil was of 33.6 million 

animals and the population growth from 2021 to 2022 was 6%, greater than all the average 

considered species (3.6%) (ABEMPET, 2024), reinforcing the need for nutritional 

solutions that are affordable for pet owners, beneficial to cats, and socially and 

environmentally responsible. 

The nutritional composition of feline diets has a significant impact on 

gastrointestinal function. Dietary strategies can influence the intestinal microbiome, 

modulate mucosal immune responses, regulate genetic and epigenetic expression in 

intestinal tissues, enhance epithelial barrier function, and maintain physiological gut 

motility. Consequently, these effects contribute to the maintenance of overall health and 

well-being in cats (Kathrani, 2022; Butowski et al., 2022). 

In commercial cat diets, particularly extruded products, animal co-products are the 

primary source of protein due to their favorable essential amino acid profile, high protein 

content, balanced proportions of protein, fat, and minerals, palatability, and widespread 

commercial availability (ABEMPET, 2024; Meeker & Meisinger 2015; Scarpim et al., 

2024). Besides serving as a protein source, low-digestibility animal tissues such as keratin 

and collagen, when present in animal co-products, may undergo microbial fermentation 

in the colon. This process may result in effects similar to those of certain dietary fibres, 

including increased production of fermentation end products, reduced colonic pH, 

maintenance of gut motility, and modulation of faecal microbiota (Depauw et al., 2013). 

However, little research has investigated the effects of low-digestibility animal-derived 

protein sources on the feline intestinal environment. This may be partly due to the 
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extrapolation of concepts derived from human nutrition, in which protein fermentation is 

generally regarded as detrimental (Mukherjee et al., 2025). Nevertheless, such 

assumptions may not fully apply to cats. As obligate carnivores, cats evolved consuming 

whole prey, and indigestible animal tissues likely constituted the major source of organic 

substrates reaching the large intestine. Consequently, these substrates may have played 

an important role in shaping and sustaining the distinctive composition and metabolic 

activity of the feline gut microbiota (Morris, 2002; Lyu et al., 2020; D’Hooghe et al., 2024). 

In this context, advances in scientific research require the continuous development 

of methods for hypothesis testing. Given the importance of dogs and cats to human 

society, alternative methodologies, such as in vitro models, have gained relevance as 

tools to reduce the use of animals in research while minimizing experimental and 

maintenance cost (Williams et al., 2005; Harmon, 2007). 

Taking this into consideration, this review aims to examine the relationship between 

feline feeding habits and gastrointestinal function, highlight the relevance of animal co-

products as sources of indigestible and potentially fermentable organic matter in feline 

diets, and evaluate the use of different methodological approaches to investigate the 

potential implications of consuming low-digestibility animal tissues.  
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6. CONCLUSION 

The ADFS evaluated, FM and HPMr, were well accepted by the cats and did not 

negatively affect total tract apparent digestibility or faecal characteristics, nor increased 

branched-chain fatty acids or ammonia in the faeces. These ingredients exhibited low 

fermentability, showing results similar to those observed for SC, a low-fermentable plant 

fibre source. However, it is possible that they were more extensively enzymatically 

digested and absorbed at the ileal level, reaching the colon for microbial fermentation to 

a lesser extent than the added vegetable fibre sources. At the inclusion level evaluated, 

plant- and animal-derived fermentable organic matter sources exerted similar effects on 

the faecal microbiome diversity and overall composition of cats. Nevertheless, some 

relevant effects with potential implications for feline health were observed, including 

increased concentrations of secondary bile acids and lithocholic acid, decreased 

ursodeoxycholic acid, and increased abundances of Peptacetobacter hiranonis, Blautia, 

and Oscillospiraceae compared with the vegetable fibre sources. In conjunction, these 

results support the hypothesis that proteinaceous, low-digestible material of animal origin 

may serve as a suitable source of fermentable organic matter for cats, a domesticated 

carnivore. 
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