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EFEITO DE IDADE E DIETAS COM DIFERENTES FONTES DE PROTEINA E
CARBOIDRATO SOBRE A MICROBIOTA ASSOCIADA A MUCOSA DO TRATO
GASTROINTESTINAL DE CAES

RESUMO - O presente estudo avaliou e comparou a composicao da
microbiota associada a mucosa gastrointestinal de cées adultos e idosos,
alimentados com racdes contendo proteina de origem animal ou vegetal e fibras de
diferentes fermentabilidades. O estudo também comparou a composicdo da
microbiota associada a mucosa do duodeno, jejuno e colon. O ensaio seguiu
esquema fatorial 3 x 2, com trés racdes e duas idades. Foram utilizados 18 caes
adultos (2,6 + 0,9 anos) e 18 caes idosos (10,2 + 1,0 anos). Foram produzidas trés
dietas: dieta NFF com fibra insolivel ndo fermentavel a base de cana-de-agUcar e
farinha de visceras de frango; dieta FF com polpa de beterraba, fibra fermentavel e
parcialmente sollvel, e farinha de visceras; dieta SM com 30% de farelo de soja em
substituicdo a farinha de visceras de frango. Os animais foram submetidos a 30 dias
de adaptacdo a dieta e nos dias 31 e 32 foram realizadas as endoscopias e
colonoscopias para coleta de fragmentos do duodeno, jejuno e colon, para posterior
andlise da microbiota associada a mucosa gastrointestinal através do
sequenciamento lllumina. Os dados foram avaliados por andlise de variancia e
médias comparadas pelo teste de Tukey. Dados sem destibuicdo normal foram
submetidos a transformacao logaritmica na base 10, log (x + 1) ou raiz quadrada
antes da analise estatistica, e quando necessario submetidos ao teste nédo
paramétrico de Kruskal-Wallis. A avaliacdo das dietas e do efeito da idade sobre a
mucosa do colon demonstraram que caes idosos e adultos possuem uma microbiota
associada a mucosa do coélon diversa e com grupos bacterianos predominantes
iguais. O envelhecimento mostrou alteracdes na microbiota da mucosa do célon
canino com menor abundancia de algumas familias e géneros em caes idosos. Os
macronutrientes também levaram a alteracbes na microbiota associada com a
mucosa do coélon de caes. As fontes de fibra que possuem diferentes perfis de
fermentacao levaram a diferentes abundancias de algumas bactérias. A dieta NFF
levou a uma maior abundancia de [Prevotella] e Lachnospiraceae género indefinido,
ja as dieta FF e SM acarretaram em maior abundancia de Veillonellaceae e
Megamonas na mucosa do colon. Também a fonte de proteina de origem animal
levou a uma maior abundancia de grupos bacterianos relacionados com a
degradacdo de proteinas, aminoacidos e derivados, tais como Peptococcaceae,
Peptococcus e Slackia. A avaliacdo da microbiota associada a mucosa do jejuno, do
duodeno e do célon mostrou mudangas nos grupos de bactérias predominantes
entre o intestino delgado (duodeno e jejuno) e o colon. A caracterizacdo da
microbiota associada a mucosa gastrointestinal em caes saudaveis pelo
sequenciamento lllumina €é atil para a compreensdo da diversidade das
comunidades intestinais microbianas nos caes, e permitiu acessar o nucleo normal
de alguns grupos bacterianos que podem estar alterados em doencas
gastrointestinais . Portanto, o estudo demonstrou que a idade e os macronutrientes
podem alterar a microbiota associada a mucosa do colon, como também mostrou
que o jejuno, duodeno e colon abrigam o0 mesmo grupo de bactérias, mas em
diferentes concentracoes.

Palavras-chave: microbiota, mucosa, trato gastrointestinal, fibra, proteina.



EFFECT OF AGE AND DIETS WITH DIFFERENT SOURCES OF PROTEIN AND
CARBOHYDRATE ON THE MICROBIOTA ASSOCIATED WITH THE
GASTROINTESTINAL MUCOSA OF DOGS

ABSTRACT - The present study evaluated and compared the microbiota
composition associated with gastrointestinal tract mucosa of adult and elderly dogs,
fed with animal or vegetable protein and fiber of different fermentabilities. The study
also compared the composition of the microbiota associated with the mucosa of the
duodenum, jejunum and colon The assay followed a 3 x 2 factorial scheme, with
three rations and two ages, generating six experimental treatments. Three blocks of
12 dogs each were used, six adult dogs (2.6 + 0.9 years) and six elderly (10.2 = 1.0
years). The experimental diets were: diet with non-fermentable insoluble fiber based
on sugarcane (NFF) and chicken offal meal; Diet with 30% of soybean meal (SM),
replacing the flour of chicken viscera; Diet with fermentable and partially soluble fiber
based on beet pulp (FF). Each block was structured as follows: day one to day 30
adaptation to the diet; day 31 and 32 endoscopies and colonoscopies with collection
of fragments of the duodenum, jejunum and colon, for further analysis of microbiota
associated to the gastrointestinal mucosa by lllumina sequencing.The data was
evaluated by analysis of variance by the SAS MIXED procedure. Averages were
compared by the Tukey test (P <0.05). Data without normal staining were submitted
to log 10 base transformation, log (x + 1) or square root before statistical analysis,
and when necessary submitted to non-parametric Kruskal-Wallis test. The evaluation
of diets and age effect on colon mucosa demonstrated that old and adults dogs
harbored a diverse colon mucosa microbial profile, with the same predominant
bacterial groups. Ageing showed changes in the canine colon mucosa microbiota
with lower abundance of some family and genus groups of old dogs. Macronutrients
related changes in the microbiota associated with the colon mucosa of dogs. The
fiber sources with different fermentation profiles led to differens abundances of some
bacterias. The NFF diet led to higher abundance of [Prevotella] and Lachnospiraceae
undefined genus and the FF and SM diet led to higher abundance of Veillonellaceae
and Megamonas. In addition, the protein source of animal origin led to a higher
abundance of bacteria groups related to protein degradation, amino acids and
derivatives, such as Peptococcaceae, Peptococcus and Slackia. The evaluation of
the microbiota associated with the mucosa of the jejunum, duodenum and colon
showed many bacterial shifts between the small intestine (duodenum and jejunum)
and the colon in the canine intestinal tract. The characterization of the microbiota
associated with the gastrointestinal mucosa of healthy dogs by Illumina sequence
present in this study is helpful to understanding the diversity of the microbial intestinal
communities in the dogs and allowed the normal core of some bacterial groups that
might be altered in gastrointestinal disease. Therefore, the study demonstrated that
age and macronutrients may alter the microbiota associated with the colonic mucosa.
The study also showed that the jejunum, duodenum and colon harbor the same
group of bacteria, but in different concentrations.

Keywords: microbiota, mucosa, gastrointestinal tract, fiber, protein.



CAPITULO 1 - Consideracdes Gerais

1. INTRODUCAO

O microbioma do trato gastrointesinal € um ecossistema complexo e devido
as diferencas anatomicas e fisioldégicas, cada compartimento intestinal abriga um
anico ecossistema microbiano Unico. Cada cdo também abriga um perfil microbiano
muito singular e individual (SUCHODOLSKI et al., 2005). As bactérias presentes
nesses micorbiomas realizam fungdes especializadas utilizando nutrientes advindos
da dieta do hospedeiro e, em troca, fornecem metabdlitos para a absorcdo do
hospedeiro (SUCHODOLSKI, 2011a). Também existem diferencas nha composicéo e
no nuamero total de bactérias nos diferentes compartimentos do trato trato
gastrointestinal. A contagem bacteriana total e a riqueza de espécies aumentam ao
longo do trato gastrointestinal e variam também entre o limen intestinal e a mucosa
(MENTULA et al., 2005). As bactérias pertencentes aos filos Firmicutes,
Bacteroidetes, Proteobacteria, Fusobacteria, e Actinobacteria constituem mais de
99% de toda a microbiota intestinal de cdes. Os grupos bacterianos remanescentes
sao representados pelos filos Spirochaetes, Tenericutes, Verrucomicrobia,
Cyanobacteria, Chloroflexi e algumas linhagens bacterianas nao classificadas
(SUCHODOLSKI, 2011a; SWANSON et al., 2011).

A capacidade da microbiota intestinal em degradar a dieta e produzir acidos
graxos de cadeia curta é de suma importancia para a saude do trato gastrointestinal
(TOPPING; CLIFTON, 2001). Esses acidos graxos exercem papel fundamental na
fisiologia do célon, uma vez que, eles constituem a principal fonte de energia para os
enterdcitos e colondcitos, estimulam a proliferacdo celular do epitélio e do fluxo
sanguineo visceral, e intensificam a absorcao de sodio e agua, reduzindo a carga
osmatica do carboidrato (SUNVOLD et al., 1995).

Pesquisas demonstraram o0s beneficios da alimentacdo com fibras
alimentares e prebioticos para cées, incluindo um aumento na producdo de butirato,
acetato, propionato, lactato e acido graxo de cadeia curta (VICKERS et al., 2001),
aumento na producéo fecal Bifidobactérias e diminuicdo nas concentragdes de fenol
fecal e indolo (SWANSON et al.,, 2002; FLICKINGER et al., 2003). Também é



reconhecido que as proteinas de origem animal aumentam as concentragfes de
produtos putrefativos e Clostridium spp nas fezes de céaes (ZENTEK et al., 2003),

Além de sua reconhecida funcdo em prover nutrientes ao organismo, o trato
gastrointestinal é 6rgdo imunoloégico muito ativo, que tem estrutura complexa e
alberga diversos tipos celulares especializados que cumprem papel importante na
protecdo contra o ambiente externo (CUNNINGHAM-RUNDLES; LIN, 1998). Assim,
a dieta deve fornecer adequadamente nutrientes para o trato gastrointestinal,
aspecto importante para dar suporte a um bom desenvolvimento e funcionamento
deste 6rgdo. A fonte principal de nutrientes para a mucosa intestinal sdo 0s
compostos absorvidos do limen. Estes compostos absorvidos do limen advém dos
ingredientes da dieta ou s&o produzidos e liberados pela microbiota intestinal
(SUCHODOLSKI et al., 2011a). Gomes et al. (2011) demonstraram menor atividade
fermentativa no intestino grosso de cées idosos, 0 que poderia estar correlacionado
ao processo de imunosenescéncia ja demonstrado em caes (DAY, 2010).

Diante do exposto, a utilizacdo de diferentes fontes de proteina e de fibras
podem modular a microbiota associada a mucosa do colon de cées, podendo
interferir diferente em cées adultos e idosos. assim como a caracterizagdo da
microbiota intestinal de caes idosos. Como segunda hip6tese do estudo, a
microbiota associada a mucosa do trato gastrointestinal difere entre os segmentos
do mesmo. Portanto, o objetivo desse estudo foi caracterizar o efeito de idade e
dietas com proteinas de origem animal ou vegetal e diferentes tipos de fibra sobre a
microbiota associada a mucosa do colon, como também caracterizar a microbiota

associada a mucosa do duodeno, jejuno e colon de cées.



16

4. REFERENCIAS

AL-ASMAKH, M.; ZADJALI, F. Use of Germ-Free Animal Models in Microbiota-
Related Research. Journal of Microbiology Biotechnology, v.25, n. 10, p. 1583—
1588, 2015.

BELOSHAPKA, A. N.; DOWD, S. E.; SUCHODOLSKI, J. S.; STEINER, J. M,;
DUCLOS, L.; SWANSON, K. S. Fecal microbial communities of healthy adult dogs
fed raw meat-based diets with or without inulin or yeast cell wall extracts as assessed
by 454 pyrosequencing. FEMS Microbiology Ecology, v. 84, p. 532-541, 2013.

BENNO, Y.; NAKAO, H.; UCHIDA, K.; MITSUOKA, T. Impact of the advances in age
on the gastrointestinal microflora of beagle dogs. Journal of Veterinary Medical
Science, v. 15, n. 54(4), p. 703-706, 1992.

BLAKE, A. B.; SUCHODOLSKI, J. S. Importance of gut microbiota for the health and
disease of dogs and cats. Animal Frontiers, v.6, n. 3, p. 37-42, 2016.

CHABAN, B.; LINKS, M. G.; HILL, J. E. A molecular enrichment strategy based on
cpn60 for detection of epsilon-proteobacteria in the dog fecal microbiome.
Microbiology Ecology, v. 63, p. 348-357, 2012.

CHEN, J.; HE, X.; HUANG, J. Diet effects in gut microbiome and obesity. Journal of
Food Science, v. 79, n. 4, p. R442—-R451, 2014.

CUMMINGS, J. H.; MACFARLANE, G. T. The control and consequences of bacterial
fermentation in the human colon. Journal of Applied Bacteriology, v. 70, p. 443-
459, 1991.

CUNNINGHAM-RUNDLES, S.; LIN, D. H. Nutrition and the immune system of the
gut. Nutrition, v. 14, n. 7-8, p. 573-579, 1998.

DAY, M. J. Ageing, immunosenescence and inflammageing in the dog and cat.
Journal of Comparative Pathology, v. 142, p. S60-S69, 2010.

FLICKINGER, E. A.; SCHREIJEN, E. M. W. C.; PATIL, A. R.; HUSSEIN, H. S;
GRIESHOP, C. M.; MERCHEN N. R.; FAHEY, G. C. Nutrient digestibilities, microbial
populations, and protein catabolites as affected by fructan supplementation of dog
diets. Journal of Animal Science, v. 8, p. 2008-2018, 2003.

GARCIA-MAZCORRO, J. F.; LANERIE, D. J.; DOWD S. E.; PADDOCK, C. G,
GRUTZNER, N.; STEINER, J. M.; IVANEK, R.; SUCHODOLSKI, J. S. Effect of a
multi-species synbiotic formulation on fecal bacterial microbiota of healthy cats and
dogs as evaluated by pyrosequencing. FEMS Microbiology Ecology, v. 78, p. 542—
554, 2011.

GOMES, M. O. S.; BERALDO, M. C.; PUTARQV, T. C.; BRUNETTO, M. A.; ZAINE,
L.; GLORIA, M. B. A.; CARCIOFI, A. C. Old beagle dogs have lower fecal



17

concentrations of some fermentation products and lower peripheral lymphocyte
counts than young adult beagles. British Journal of Nutrition, v. 106, p. S187-
S190, 2011.

HOODA, S.; VESTER BOLER, B. M.; KERR, K. R.; DOWD, S. E.; SWANSON, K. S.
The gut microbiome of kittens is affected by dietary protein:carbohydrate ratio and
associated with blood metabolite and hormone concentrations. British Journal of
Nutrition, v. 109, p. 1637-1646, 2013.

HOOPER, L. V.; GORDON, J. I. Commensal host-bacterial relationships in the gut.
Science, v. 292, n. 5519, p. 1115-1118, 2001.

HOPKINS, M.J.; SHARP, R.; MACFARLANE, G.T. Age and disease related changes
in intestinal bacterial populations assessed by cell culture, 16s rRNA abundance, and
community cellular fatty acid profiles. Gut.; v. 48: p. 198-205, 2001.

KEARNS, R. J.; HAYEK, M. G.; SUNVOLD, G. D. Microbial changes in aged dogs.
In: Reinhart GA, Carey DP. Recent Advances in Canine and Feline Nutrition, Vol.
II. Wilmington, OH: Orange Frazier. 1998, p. 337-351.

KERR, K. R.; BELOSHAPKA, A. N.; SWANSON, K. S. 2011. Use of genomic biology
to study companion animal intestinal microbiota. Journal of Animal Science, v. 91,
p. 2504-2511, 2013.

KIRK, C.A. Normal Cats. In: HAND, M.S. Small animal clinical nutrition. Topeka:
Mark Morris Institute, fourth edition. 2000; p. 291-347.

KUZMUK, K. N.; SWANSON, K. S.; TAPPENDEN, K. A.; SCHOOK, L.B.; FAHEY
JR., G.C. Diet and age affect intestinal morphology and large bowel fermentative
end-product concentrations in senior and young adult dogs. The Journal of
Nutrition, v. 135, p. 1940-1945, 2005.

LAFLAMME, D.P. Nutrition for Aging Cats and Dogs and the Importance of Body
Condition. Veterinary Clinical Small Animal; v. 35: p. 713-742, 2005.

LARSEN, J. A.; FARCAS, A. Nutrition of Aging Dogs. Veterinary Clinics of North
America: Small Animal Practice, v. 44, n. 4, p. 741-759, 2014.

MACFARLANE, G. T.; MACFARLANE, S. Bacteria, colonic fermentation, and
gastrointestinal health. Journal of AOAC International. v. 95, p. 50-60, 2012.

MENTULA, S.; HARMOINEN, J.; HEIKKILA M.; WESTERMARCK, E.; RAUTIO, M.;
HUOVINEN, P.; KONONEN E. Comparison between cultured small-intestinal and
fecal microbiota in beagle dogs. Applied and Environmental Microbiology,
Washington, v. 71, n. 8, p. 4169-4175, 2005. doi:10.1128/AEM.71.8.4169—
4175.2005.

NEISH, A.; Microbes in Gastrointestinal Health and Disease. Gastroenterology, V.
136, n. 1, p. 65-80, 2009.



18

NRC - NATIONAL RESEARCH COUNCIL (US) Ad Hoc Committee on Dog and Cat
Nutrition: Nutrient Requirements of Dogs and Cats, Rev. National Academies
Press, Washington, DC. 2006.

OUWEHAND, A. C.; DERRIEN, M.; DE VOS, W.; THIHONEN, K.; RAUTONEN, N.
Prebiotics and other microbial substrates for gut functionality. Curr. Opin. Biotech.
16:212-217, 2005.

PANASEVICH. M. R.; KERR, K. R.; DILGER, R. N.; FAHEY, G. C.; GUERIN-
DEREMAUX, L.; LYNCH, G. L.; WILS, D.; SUCHODOLSKI, J. S.; STEER, J. M;
DOWD, S. E.; SWANSON, K. S. Modulation of the faecal microbiome of healthy adult
dogs by inclusion of potato fibre in the diet. British Journal of Nutrition, v.14, n.
113(01), p. 125-33, 2015.

RITCHIE, L. E.; STEINER, J. M.; SUCHODOLSKI, J. S. Assessment of microbial
diversity along the feline intestinal tract using 16S rRNA gene analysis. FEMS
Microbiology Ecology, v. 66, p. 590-598, 2008.

SAUNIER, K.; DORE, J. Gastrointestinal tract and the elderly: functional foods, gut
microflora and healthy ageing. Digestive and Liver Disease, v. 34, supl. 2, p. S19-
S24, 2002.

SIMPSON, J. M.; MARTINEAU, B.; JONES, W. E. Characterization of fecal bacterial
populations in canines: effects of age, breed, and dietary fiber. Microbial Ecology; v.
44: p.186-197, 2002.

SMITH, E. A.; MACFARLANE, G. T. Formation of phenolic and indolic compounds by
anaerobic bacteria in the human large intestine. Microbial Ecology, v. 33, p. 180-
188, 1997.

SUCHODOLSKI J.S., RUAUX C.G., STEINER J.M., FETZ K.; WILLIAMS D.A.
Assessment of the qualitative variation in bacterial microflora among compartments
of the intestinal tract of dogs by use of a molecular fingerprinting technique.
American Journal of Veterinary Research, v. 66, p. 1556-1562, 2005.

SUCHODOLSKI, J.; CAMACHO, J.; STEINER, J. Analysis of bacterial diversity in the
canine duodenum, jejunum, ileum, and colon by comparative 16S rRNA gene
analysis. FEMS Microbiology Ecology, v. 66, p. 567-578, 2008.

SUCHODOLSKI, J.; DOWD, S. E.; WESTERMARCK, E.; STEINER, J. M,
WOLCOTT, R. D.; SPILLMANN, T.; HARMOINEN, J. A. The effect of the macrolide
antibiotic tylosin on microbial diversity in the canine small intestine as demonstrated
by massive parallel 16S rRNA gene sequencing. BMC Microbiology, v. 9, n. 210,
2009. Disponivel em: http://www.biomedcentral.com/1471-2180/9/210.

SUCHODOLSKI, J. S. Companion animal symposium: Microbes and gastrointestinal
health of dogs and cats. Journal of Animal Science, v. 89, p. 1520-1530, 2011a



19

SUCHODOLSKI, J. S. Intestinal microbiota of dogs and cats: A bigger world than we
thought. Veterinary Clinics of North America: Small Animal Practice, v. 41, n 2,
p. 261-272, 2011b.

SUCHODOLSKI, J. S.; MARKEL, M. E.; GARCIA-MAZCORRO, J. F.; UNTERER, S,
HEILMANN, R. M.; DOWD, S. E.; KACHROO, P.; IVANOV, |.; MINAMOTO, Y.;
DILLMAN, E. M.; STEINER, J. M.; COOK, A. K.; TORESSON, L. The fecal
microbiome in dogs with acute diarrhea and idiopathic inflammatory bowel disease.
PL0oS ONE, v. 7, supl. 12, €51907, 2012a.

SUNVOLD, G. D.; FAHEY, G. C.; MERCHEM, N. R.; REINHART, G. A. In vitro
fermentation of selected fibrous substrates by dog and cat fecal inoculum: influence
of diet composition on substrate organic matter disappearance and short-chain fatty
acid production. Journal of Animal Science. V. 73 N. 4, p. 1110-1122.

SWANSON, K. S.; GRIESHOP, C. M.; FLICKINGER, E. A.; BAUER, L. L.; HEALY,
H. P.; DAWSON, K. A.; MERCHEN, N. R.; FAHEY, G. C.Jr. Supplemental
fructooligosaccharides and mannanoligosaccharides influence immune function, ileal
and total tract nutrient digestibilities, microbial populations and concentrations of
protein catabolites in the large bowel of dogs. Journal of Nutrition, v. 132, p. 980-989,
2002.

SWANSON, K. S.; DOWD, S. E.; SUCHODOLSKI, J. S.; MIDDELBOS, |I. S
VESTER, B. M.; BARRY, K. A.; NELSON, K. E.; TORRALBA, M.; HENRISSAT, B.;
COUTINHO, P. M.; CANN, I. K.; WHITE, B. A.; FAHEY JUNIOR, G. C. Phylogenetic
and gene-centric metagenomics of the canine intestinal microbiome reveals
similarities with humans and mice. ISME J. 5:639-649, 2011.

TOPPING, D. L.; CLIFTON, P. M. Short-chain fatty acids and human colonic function:
roles of resistant starch and nonstarch polysaccharides. Physiology Reviews, v. 81,
p. 1031-1064, 2001.

VICKERS, R. J., SUNVOLD, G. D., KELLEY, R. L., REINHART, G. A. Comparison of
fermentation of selected fructooligosaccharides and other fiber substrates by canine
colonic microflora. American journal of veterinary research, v. 62, n. 4, p. 609-615,
2001.

XENOULIS, P. G.; PALCULICT, B.; ALLENSPACH, K.; STEINER, J. M.; VAN
HOUSE, A. M.; SUCHODOLSKI, J. S. Molecular-phylogenetic characterization of
microbial communities imbalances in the small intestine of dogs with inflammatory
bowel disease. FEMS Microbiology Ecology, v. 66, p. 579-589, 2008.

ZENTEK, J.; MARQUART, B.; PIETRZAK, T.; BALLEVRE, B.; ROCHAT, F. Dietary
effects on bifidobacteria and Clostridium perfringens in the canine intestinal tract.
Journal of Animal Physiology and Animal Nutrition, v.87, p.397—-407, 2003a.





