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EFEITOS DA FIBRA DE LARANJA NA DIGESTIBILIDADE DOS
NUTRIENTES, PRODUTOS DE FERMENTAGAO NAS FEZES E TEMPO
DE TRANSITO GASTROINTESTINAL EM CAES

RESUMO - Fibras sao utilizadas em alimentos comerciais de caes para
favorecer a saude intestinal pelo fornecimento de substrato para melhor
atividade metabdlica da microbiota presente neste 6rgdo. Fibras soluveis e
fermentaveis podem apresentar melhor este efeito, sendo em geral mais
caras e menos disponiveis comercialmente. O Brasil € o maior produtor
mundial de laranja, de cuja fruta é possivel se obter fibra com importante
fragdo soluvel, com potencial de emprego em alimentos para cées. Esta
dissertacdo apresenta dois capitulos, no primeiro €& apresentado
levantamento bibliografico da fibra e seus efeitos na nutrigdo de cées,
incluindo informagdes da fibra de laranja, ingrediente que foi objeto de estudo
do segundo capitulo. O segundo capitulo reporta estudo que teve por objetivo
comparar os efeitos de duas inclusées de fibra de laranja (1 e 3%), em
comparagao com alimento controle negativo (sem adigado de fonte fibras) e
dois controles positivos, representados pela inclusdao de 3% de polpa de
beterraba ou 1% de inulina purificada, totalizando cinco ragdes extrusadas
para cdes. Os alimentos foram testados em 40 c&es adultos e a
digestibilidade foi determinada pelo método de coleta total de fezes. Fezes
recém eliminadas foram recolhidas para analises de pH e produtos de
fermentacdo. O tempo de transito gastrointestinal foi determinado utilizando-
se marcadores plasticos. O estudo seguiu delineamento em blocos
casualizados, com 4 blocos de 10 caes, 2 cades por racdo em cada bloco
totalizando 8 cées por ragdo. Os resultados foram submetidos a analise de
variancia, quando diferencas foram obtidas no Teste F, médias foram
comparadas pelo teste de Tukey (P<0.05). Foi possivel identificar que as
dietas com 1 e 3% fibra de laranja apresentaram aumento significativo na
producdo de acidos graxos volateis, acidos graxos de cadeia curta totais,
acido acético e acido butirico em comparagdo com controle (P<0,05). Fezes
com maior teor de agua foram dos animais que receberam o tratamento 3%
Fibra de Laranja, e mesmo alimento foi o que apresentou maior consumo de
FDT. Os tratamentos 3% Fibra de Laranja e 3% Polpa de Beterraba
apresentaram menor digestibilidade de matéria seca, matéria organica e
proteina bruta. N&do houve diferenga significativa no escore fecal e no tempo
de transigo gastrointestinal entre os tratamentos. Os resultados quanto a
digestibilidade de nutrientes, teor de agua nas fezes e producdo de acidos
graxos de cadeia curta (AGCC) nas fezes foram semelhantes aos obtidos por
outros trabalhos que avaliaram os efeitos de fontes de fibras na alimentacao
de cades. A presente disseragdo concluiu que o uso de fibra de laranja
aumenta a producdo de AGCC, o teor de agua nas fezes, se tratando,
portanto, de uma boa fonte de fibras na a alimentagéo de céaes.

Palavras-chave: nutricdo, microbiota, prebidtico, acidos graxos volateis,
atividade intestinal



ORANGE FIBER EFFECTS ON NUTRIENT DIGESTIBILITY,
FERMENTATION PRODUCTS ON FECES AND DIGESTA MEAN
RETENTION TIME IN DOGS

ABSTRACT - Fibers are used in commercial dog food to promote
intestinal health by providing substrate for better metabolic activity of the
microbiota present in this organ. Soluble and fermentable fibers can better
present this effect and are generally more expensive and less commercially
available. Brazil is the world's largest producer of oranges, from whose fruit
it is possible to obtain fiber with an important soluble fraction, with potential
for use in dog food. This dissertation presents two chapters, the first one
presents a bibliographic survey of the fiber and its effects on nutrition of
dogs, including information on orange fiber, an ingredient that was the
object of study in the second chapter. The second chapter reports a study
that aimed to compare the effects of two orange fiber inclusions (1 and
3%), in comparison with negative control food (without addition of fiber
source) and two positive controls, represented by the inclusion of 3% of
beet pulp or 1% purified inulin, totaling five extruded dog food. Food was
tested on 40 adult dogs and digestibility was determined by the total feces
collection method. Freshly eliminated feces were collected for pH analysis
and fermentation products. Gastrointestinal transit time was determined
using plastic markers. The study followed a randomized block design, with
4 blocks of 10 dogs, 2 dogs per feed in each block totaling 8 dogs per feed.
The results were submitted to analysis of variance, when differences were
obtained in Test F, means were compared by Tukey's test (P <0.05). It was
possible to identify that diets with 1 and 3% orange fiber showed a
significant increase in the production of volatile fatty acids, total short-chain
fatty acids, acetic acid and butyric acid compared to control (P <0.05).
Faeces with higher water content were from animals that received the 3%
Orange Fiber treatment, and the same food was the one that presented the
highest consumption of FDT. The 3% Orange Fiber and 3% Beet Pulp
treatments showed less digestibility of dry matter, organic matter and crude
protein. There was no significant difference in fecal score and
gastrointestinal transit time between treatments. The results, regarding the
digestibility of nutrients, water content in feces and production of short-
chain fatty acids (AGCC) in feces were similar to those obtained by other
studies that evaluated the effects of fiber sources on dog food. The present
dissertation concluded that the use of orange fiber increases the production
of AGCC and water content in feces, therefore, is a good source of fibers in
the feeding of dogs.

Keywords: nutrition, microbiota, prebiotic, volatile fatty acids, intestinal
activity.



LISTA DE ABREVIATURAS

AHF: Acid Hydrolysis Fat

BCFA: Branched chain fatty acids
BP: Beet pulp (treatment)

CF: Crude fiber

CO: Control (treatment)

CP: Crude protein

DM: Dry matter

DMRT: Digesta mean retention time
FOS: fructooligosaccharide

GE: Gross energy

IN: Inulin (treatment)

MRR: Marker recovery rate

NNE: non-nitrogen extract

OF: Orange fiber

OF1: 1% Orange fiber (treatment)
OF3: 3% Orange fiber (treatment)
OM: Organic matter

SCFA: Short chain fatty acids
TDF: Total dietary fiber

TIF: Total insoluble fiber

TSF: Total soluble fiber

10



11

LISTA DE FIGURAS E TABELAS

Pagina
FIGURE 1 Anatomy of the orange in equatorial section 8
FIGURE 2 Mechanism for obtaining orange fiber 9
TABLE 1 Analyzed chemical composition of fiber sources 42
TABLE 2 Ingredient composition of the experimental formulations with 43

different fiber sources to dogs
TABLE 3  Analyzed chemical composition of dog food diets, % DM-basis 44
TABLE 4 Nutrient intake, coefficient of total tract apparent digestibility 45
(CTTAD), and metabolizable energy content of experimental

diets for dogs with differents sources of fiber

TABLE 5 Faecal prodution, faecal traits and digesta mean retention time 46
of dogs fed with differents sources of fiber

TABLE 6 Lactic acid, ph, faecal ammonia and volatile fatty acids (VFA) 47
concentrations of dogs fed diets with different sources of fiber



CAPITULO 1
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1. INTRODUCTION

Fibers are commonly used in commercial dry dog and cat foods due to their
several import physiological functions such as improvement of gastrointestinal health
ad function (MARIA et al., 2017), stool consistency (DE GODOY et al.,, 2013;
LOUREIRO et al., 2017), alterations on digesta mean retention time (LOUREIRO et
al., 2017), reduction on nutrient digestibility and the energy value of the food
(KAWAUCHI et al., 2011), promotion of satiety and hairball control in cats
(LOUREIRO e al. 2014).

Due to these functions, fibers are widely used as adjuvants in the treatment of
gastrointestinal disorders. To support gastrointestinal health, soluble and
fermentable fibers may be more adequate. Soluble fiber may me more fermentable,
supplying more energy to saccharolytic microbiota inducing higher production of
several fermentation products that are relevant to gut health. Among them higher
butyrate and acetate may result in better nutrient and energy supply to colonocytes
and enterocytes, allowing better development of the intestinal mucosa, reducing
inflammation and increasing local and systemic immunity (ASWHWAR et al., 2016;
BIRD et al., 2007; BIRT et al., 2013; BROUNS et al., 2002; de SOUZA THEODORO,
2019; MARIA, 2017; PEIXOTO et al., 2018; SCHEPPACH et al., 1994; ZAMAN &
SARBINI et al., 2016).

Brazil is the biggest orange producer of the world, yielding in 2017
approximately 17,459,809 tons of this fruit (IBGE, 2018). Great part of this
production is intended to orange juice manufacture for exportation. In 2018,
approximately 1,083,032 tons of orange juice were exported, raising a total of around
2 billion dollars to the country (CITRUS-BR, 2018). In the context of the modern
agriculture, sustainable disposal of co-products are very relevant, so along the years
several uses of the citrus pulp, generates after juice is squeezed, was developed,
standing out the production of the citrus pulp pellet, largely used as feedstuff for
cattle where it can contribute to a reduction on production costs (BAMPIDIS &
ROBINSON, 2006), Recently, a special co-product rich in soluble fiber was
developed from the orange bagasse: the orange fiber. This product was preliminary
tested in one PhD Thesis of our laboratory, with promising results. The mechanism

for obtaining orange fiber and its composition will be discussed over the next



chapters.

Soluble and fermentable fiber sources usually are expensive. Companies may
use the strategy to include in formulations co-products with some proportion of
soluble fibers. Nowadays the most common ingredient used for this purpose is beet
pulp, with approximately 24% of soluble fibers (CALABRO et al., 2013). Purified
sources are also used, including several gums like psyllium gum, as well as many
prebiotic fibers as fructooligosaccharide (FOS) and mannooligosaccharide. FOS is a
soluble fiber extracted from vegetables (eg, Cichorium intybus L), several studies in
dogs characterized this prebiotic, showing it effects on altering gut bacteria and
fermentation products (FLAM et al., 2001; FULLER et al., 2016; HESTA et al., 2000;
MENSINK et al., 2015; MULLER et al., 2018).

Taking this in consideration, the present Dissertation studied the effects of
orange fiber, a semi-purified soluble source of fiber and compared it with beet pulp
and FOS on nutrient digestibility, fermentation products on feces, and

gastrointestinal transit time of dogs.
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CONCLUSIONS

Orange fiber included on diets for dogs was fermentable, increasing the
apparent digestibility of dietary fiber and the lactate and short-chain fatty acid on
feces. It shown be more fermentable than beet pulp and inulin, increasing the fecal

concentration of butyrate.
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