
Impact of dietary 
protein on intestinal 

and host healthMaria R. C. de Godoy, Ph.D.
Associate Professor 
Department of Animal Sciences & Division of 
Nutritional Sciences

Patrícia Massae Oba, Ph.D.
Postdoctoral Associate 
Department of Animal Sciences



Research
Focus

Ingredient 
Evaluation

Pet Food 
Technology

Therapeutic 
Nutrition

Companion Animal and 
Comparative Nutrition



Role of the physiological 
gut microbiota

Intestinal microbiota:
• Influence host metabolism
• Protect against pathogens
• Aid in the development of 

immune system
• Affect physiological 

functions of the host
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Role of the physiological 
gut microbiota

• Bacteria metabolic activities produce 
energy and substrates 

• Fermentation of carbohydrates
• Production SCFAs leads to a reduction 

of intestinal pH value
• Supports growth, proliferation, and 

differentiation of epithelial 
intestinal cells

Wong et al., 2006; Steiner and Ruaux, 2008; 
Schmitz and Suchodolski, 2016;  van der Hee and Wells, 2021



Role of the physiological 
gut microbiota

• Generation of microbial-derived  
metabolites 

• Modulate intra and inter-kingdom 
interactions 

• Impact host health

Steiner and Ruaux, 2008; Liévin-Le Moal and Servin, 2006; 
Suchodolski and Simpson, 2013; Ruan et al., 2020



Role of the physiological 
gut microbiota

• Transformation both of primary bile 
acids (cholic acid and chenodeoxycholic acid)
and secondary bile acids (deoxycholic and 
lithocholic)

• Essential in the digestion/ absorption of 
dietary fats and liposoluble vitamins in the 
gut

• Important role in mucosal defense and have 
anti-inflammatory properties

• Gut dysbiosis or inflammation can impair 
bile acid metabolism

Schmitz and Suchodolski, 2016; Foley et al., 2019



Effect of protein on the 
gut microbiota

↓ carbohydrates + ↑proteins =

↓Firmicutes ↑ Proteobacteria 
and Fusobacteria

Clostridiaceae may play a role in protein metabolism in the intestinal tract of dogs

↑Clostridiaceae = ↓residual protein in feces

↑Clostridium

↓fermentation of fiber and carbohydrates due to decreased intake

Associated with the digestion of dietary fiber and production of SCFA

Pilla and Suchodolski, 2020



Protein metabolism by gut microbiota

Digested 
protein Residual 

peptides

Undigested 
protein

Nitrogen 
excess

Protease
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Dietary protein
Transport 
to colon Gut 

microbiota

Protein 
fermentation

• ↑BCFA
• ↑Phenol and Indole
• ↑Sulphur-containing 

compounds
• ↑Ammonia and amines
• ↑ Putrefactive 

compounds
Hesta et al. (2003); Zentek et al. (2003); Kuda et al. (2014); Butteiger
et al. (2016); Singh et al. 2017; Ma et al. (2017); Li et al. (2017)

• ↑ Fusobacteria and Proteobacteria
• ↓ Firmicutes (Ruminococcaceae and Faecalibacterium genus)
• ↑ abundance of Clostridium hiranonis, Clostridium 

perfringens, Clostridium ramosum



Let’s examine a few examples!



Bermingham et al., 2013

Dry diet (33% CP) vs. Wet Diet (42% CP)



Bermingham et al., 2013



Bermingham et al., 2013

Wet diet: 

• ↓ Lactobacillus, 
Megasphaera, and 
Olsenella



Herstad et al., 2017



Herstad et al., 2017



Herstad et al., 2017

Fecal Microbial diversity differed in dogs fed HMB 



Herstad et al., 2017



Schmidt et al., 2018

BARF (44% CP) vs Dry Diet or Dry and Wet Diet (30% CP)



Schmidt et al., 2018
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Alessandri et al., 2019

Commercial food (CF) vs. BARF diet (BARF)



Alessandri et al., 2019



Algya et al., 2018



Algya et al., 2018

Alpha  diversity  measures  suggested  that  species  richness  was  lower  in  dogs  
fed  the  high-moisture  grain-free  roasted  refrigerated  (GFRR)  diet  or  raw  
(RAW)  diet  than  dogs  fed  the  extruded  dry  kibble  (EXT)  diet



Algya et al., 2018



Ephraim et al., 2020

• High (25% dried chicken and 20% 
soybean protein) – CP 46%

• Medium (17% dried chicken and 3% 
soybean protein) – CP 25%

• Low (11% dried chicken) – CP 19%

High protein vs. low protein extruded diet



Ephraim et al., 2020



Ephraim et al., 2020

Fecal Indole Concentrations from fecal samples of dogs fed 
high, medium, and low protein diets



Ephraim et al., 2020



VS. 



Diet Composition
Dietary Treatments

Ingredient Control Garbanzo Beans Green Lentils
Garbanzo Bean -- 43.56 --

Green Lentil -- -- 44.65
Peanut Flour -- -- --
Dried Yeast -- -- --
Pea Protein -- -- --

Chicken By-Product Meal 33.50 22.26 19.15
Rice 42.96 10.00 10.00

Poultry Fat 8.47 8.74 10.14
Corn 10.00 10.00 10.00

Dried Beet Pulp 2.50 2.50 2.50
Palatant 1.00 1.00 1.00

Vitamin and mineral premixes were added to make all diets complete and balanced
Reilly et al., 2021



Diet Proximate Analysis

1 CON = Control, GBD = Garbanzo Bean Diet, GLD = Green Lentil Diet, 

Dietary Treatment1

Item CON GBD GLD
Dry Matter (%) 91.8 92.5 92.2

Dry Matter Basis
Crude Protein (%) 31.2 26.9 27.4

Acid Hydrolyzed Fat (%) 15.9 17.3 14.5
Total Dietary Fiber (%) 8.7 11.9 11.2

- Soluble (%) 3.4 3.9 4.2
- Insoluble (%) 5.3 8.1 7.0

Ash (%) 7.2 7.0 7.1
Gross Energy (kcal/g) 5.1 5.0 5.0

Reilly et al., 2021



Apparent Total Tract Digestibility
P < 0.05
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Reilly et al., 2021



Characterization of Fecal 
Microbiota of Dogs Fed 

Different Protein Sources

Linear Discriminant Analysis (LDA) Effect Size 
(LEfSe) Analysis

Reilly et al., 2021



Longitudinal 
Assessment of 

taurine and 
amino acid 

concentration in 
dogs fed a green 

lentil diet
Reilly et al., 2021



DCM and Grain-Free Diets
• FDA press release – July 2018

• Associates DCM with grain-free diets 

• 273 reported cases between July 2018 – February 2019
• 90% of dogs fed grain-free diet
• 10% of dogs diets contained grains
• Majority contained peas or lentils as a main ingredient

• Boutique, Exotic, Grain-free (BEG) diets

FDA, 2019
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Day 30 Day 60 Day 90 P-Value

Bile Acid (μg/mg) CON1 GLD1 CON GLD CON GLD SEM2 Trt Day Trt*Day

Primary, total 0.46 0.71 0.46 0.66 0.41 0.51 0.063 0.0137 0.1014 0.4285

CA 0.21 0.38 0.21 0.34 0.18 0.28 0.046 0.0280 0.2354 0.4665

CDCA 0.27 0.38 0.25 0.32 0.23 0.26 0.031 0.0304 0.0550 0.3980

Secondary, total 3.30 3.46 7.02 4.41 3.15 3.15 1.088 0.4907 0.0164 0.2349

DCA 1.98 2.54 5.04 3.36 2.05 2.28 0.931 0.7708 0.0212 0.2938

LCA 1.16 0.76 1.86 0.86 0.96 0.71 0.183 0.0138 0.0087 0.0651

UDCA 0.15 0.16 0.15 0.17 0.14 0.16 0.009 0.0914 0.1633 0.4660

Total Bile Acids 3.77 4.81 7.66 5.06 3.56 3.65 1.154 0.6959 0.0217 0.1575

Fecal Bile Acids

CA = Cholic acid, CDCA = Chenodeoxycholic acid, DCA = Deoxycholic acid, LCA = Lithocholic acid, UDCA = 
Ursodeoxycholic acid

Reilly et al., 2021



Beta-Diversity - UniFrac
(a) Weighted (b) Unweighted

Reilly et al., 2021



Microbial Composition - Phyla• 160 different taxa were 
identified 

• Differential abundance 
showed 14 different taxa 
were increased in dogs fed 
GLD compared to CON

• Bifidobacterium
• Coriobacteriaceae
• Lachnospiraceae

Reilly et al., 2021



• Cannonical
correspondence analysis 
(CCA) of taxa abundance 
constrained by CA, CDCA, 
LCA and taurine 
concentrations

• Dogs fed CON more 
strongly correlated with LCA 

• Dogs fed CON more 
strongly correlated to whole 
blood taurine 
concentrations

• Dogs fed GLD were more 
strongly correlated with CA 
and CDCA 

Taxa and Metabolic Variables

Reilly et al., 2021



Evaluation of 
cooked and raw 
garbanzo beans 

as main plant 
protein sources 

in extruded feline 
diets

Reilly et al., 2021



Dietary Treatments

Ingredient
0% Garbanzo 

Bean
7.5% Raw 

Garbanzo Bean
15% Raw 

Garbanzo Bean
30% Raw 

Garbanzo Bean
30% Cooked 

Garbanzo Bean
Cooked Garbanzo Bean -- -- -- -- 30.00

Raw Garbanzo Bean -- 7.5 15.00 30.00 --
Poultry BPM 38.39 36.56 35.14 30.79 30.79

Rice 30.00 25.64 19.46 8.27 8.27
Corn Gluten Meal 10.76 10.50 10.50 10.50 10.50

Poultry Fat 10.00 10.00 10.00 10.16 10.16
Corn 5.00 5.00 5.00 5.00 5.00

Dried Beet Pulp 2.50 2.50 2.50 2.50 2.50
Palatant 1.00 1.00 1.00 1.00 1.00

Diet Composition

Vitamin and mineral premixes were added to make all diets complete and balanced

Reilly et al., 2021



Diet Proximate Analysis
Dietary Treatment

Item 0% 7.5% 15% 30% Raw 30% Cooked

Dry Matter (%) 93.4 92.1 92.8 91.9 94.1

Dry Matter Basis

Crude Protein (%) 40.6 37.4 37.3 35.8 37.5

A.H. Fat (%) 19.5 17.5 19.1 18.6 19.2

Ash (%) 8.2 8.2 7.3 8.3 6.9

Total Dietary Fiber (%) 11.9 9.1 11.4 11.3 13.7

- Soluble (%) 4.6 3.7 2.5 4.1 3.6

- Insoluble (%) 7.2 5.4 8.8 7.3 10.1

GE (kcal/g) 5.4 5.2 5.3 5.3 5.4
Reilly et al., 2021
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Fermentative End-Products

a-c Means within a row with different superscripts are significantly different at P < 0.05

Dietary Treatment
0% 7.5% 15% 30% Raw 30% Cooked SEM

pH 6.68 6.44 6.47 6.59 6.28 0.112
SFCA (μmol/g, DMB)

Acetate 251.5c 308.4bc 345.4abc 373.6ab 434.6a 35.995
Propionate 74.9d 121.9c 133.6bc 173.1ab 206.8a 12.601

Butyrate 35.2 43.6 48.9 44.1 41.1 4.789
Total SCFA 361.6b 474.1b 527.9ab 590.7ab 682.4a 50.570

Reilly et al., 2021



Beta-Diversity - UniFrac
(a) Weighted (b) Unweighted

Reilly et al., 2021



Microbial Composition - Phyla
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Actinobacteria Bacteroidota Campilobacterota Firmicutes Fusobacteriota Proteobacteria

• Identified 6 phyla, 40 
families, and 70 genera

• Cats fed 0% GB had 
lower Actinobacteria 
than cats fed raw GB 
diets
• Bifidobacteriaceae

and 
Coriobacteriaceae

• Cats fed 0% GB had 
higher Firmicutes and 
Fusobacteria and lower 
Proteobacteria 
compared to GB-
containing diets

Reilly et al., 2021



• Diet has a significant effect on the modulation of gut 
microbiota and metabolites

• In general, high dietary protein leads to 
• ↑ Fusobacteria and Proteobacteria
• ↓ Firmicutes (Ruminococcaceae and Faecalibacterium genus)
• ↑ abundance of Clostridium spp and Erysipelotrichaceae

• Long term effects of high-protein diets on health of pet animals
are unknown

• Most studies have evaluated the effect of diet format and
changed multiple nutrients, ingredients, processing conditions

• No direct inference to dietary protein is possible

Take-home message



Muito Obrigada!
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