Gut Health and High Grain Diets:
Consequences of Ruminal and Hindgut
Acidosis and Systemic Inflammation
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Gut Health in Cattle Fed High Grain Diets

*  Qutline:
* Gut Microbial Ecosystems: Rumen vs Hindgut
* Gut Acidosis: Ruminal and Hindgut
* Gut Wall: Protective Barrier Function
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GI Tract of Cattle: Microbes
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GI Tract of Cattle: Microbial Ecosystems

Rumen Cecum and Colon
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Bovine Gut Microbial Ecosystem:
Contributions

Rumen Cecum and Colon
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Bovine Hindgut: Functions
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Fecal Shedding of E. coli 0157 in
Cattle: Roughage vs. Grain
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Fecal Shedding of E. coli O157:H7: Steam-
flaked vs. Dry-rolled corn
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Typical Feedlot Diets in the US

Grain (corn): 60 to 90%

§ Roughage 6 to 12%

23 (alfalfa hay; corn silage) | e
*‘ \ Distiller’s grains: 10 to 20% 2 =

s R Minerals, Vitamins A, D, and E,

s
Detani Samuleson et al., 2016
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Feedlot Cattle: High-Grain Diets

Grain (Starch)

bacteria bacteria
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Relationship Between Ruminal pH and
VFA and Lactate
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Ruminal pH and High Grain Diet
7.0 High-Forage Diet
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Ruminal pH and High Grain Diet
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Acute Ruminal Acidosis

° Characteristics:
« *Overt clinical signs: Depressed, Anorexia,
L Dehydration, Fever, Increased respiratory
rate, Diarrhea
° Even mortallty

o Y ’_""ﬁ' —
o ‘,ﬁ

Ruminal pH 4.0 to 5.0
8+ . Ruminal lactate |100 to 120 mM
Ruminal VFA Normal or decreased
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Subacute Ruminal Acidosis (SARA)

e —

* Characteristics:
°* More common
* No clinical signs (off-feed!)

( * No mortality
A ‘ ; t:l.,-ﬁ;";“"’

Ruminal pH 5.0 to 5.5
Ruminal lactate 0toSmM
" |Ruminal VFA >175 mM

s o T
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Umpr e Nagaraja and Titgemeyer, 2007
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Hind Gut Acidosis

¥ W _ W . \Colon P ' B Increased starch intake leads to
j G increased flow of starch into the
hindgut

Cecum




Hind Gut Acidosis
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Hind Gut Acidosis

"N Colon y * Hindgut is more susceptible to
j g acidosis than the rumen

Cecum
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Rumen vs. Hindgut Microbial Ecosystem:
Physiology

Rumen Cecum and Colon

(™™

* Good buffering | « Poor buffering

systems systems
= Saliva = Less absorptive
= More absorptive o  surface
surface { 3= No protozoa
= Protozoa w \) VAP,
contribute to
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Rumen vs. Hindgut Microbial Ecosystem:
| ' S  ' v




Post Feeding Ruminal pH Change

CATTLE SHEEP
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Hind Gut Acidosis

" () Colon ( ) © Clinical Signs:

N & ]
j f * Soupy feces

°* Mucin cast in the feces
°* Reduced fecal pH
°pH threshold?

* Hindgut is always associated with

\9/ b ruminal acidosis
Cecum




Induction of Hindgut Acidosis

7.5 - + *

* Hindgut acidosis independent of 5 7 {
acidosis

Abomasal infusion of
Oligofructose at 1 g per
Kg BW

Feca
7]
n

Y
N
Q

*

—h

=

=]
——
’

Total organic acids, mM
o (53]
o o

'S
o

0 6 12 18 24 30 36 42 A48
Time, h

K ANSAS STATE Mainardi et al., 2011



Ruminal and Hindgut Acidosis:
Disruption of the Protective Barrier

* Toxic products in the rumen and
hindgut:
° Increased ethanol
° Increased bioactive amines,
particularly histamine
* Increased endotoxin from
Gram negative bacteria

KANsAS STATE Nagaraja and Titgemeyer, 2007
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Ruminal Endotoxin

* Lipopolysaccharide (LPS
negative bacteria.
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Systemic Effects of Endotoxin

Low Concentration of Endotoxin High Concentration of Endotoxin
Macrophages / | Endothelial \/ ‘/ \‘
Neutrophils B lymphocytes cells Platelets
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Inflammatory Cytokines Vasodilation, Disseminated
\y Shock and Death Intravascular
Coagulation (DIC)

Fever, Inflammation
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Endotoxin and Gut Acidosis

Subacute
Subacute acidosis Control acidosis
Ruminal LPS, EU/mL 10,405 168,391*
Cecal LPS, EU/mL 16,508 118,522*
Plasma LPS, EU/mL 0 0

* Different from control (P < 0.05)

Li et al., 2012



Acute Phase Proteins and Subacute

Acidosis
Subacute
Acute phase proteins Control acidosis
Serum amyloid A, ug/mL 164.4 446.7*
Serum haptoglobin, ng/mL ND 484*
LPS binding protein, ng/L 18.2 53.1%

* Different from control (P < 0.05)
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Gut Epithelium Functions

- Absorptlon of VFA and Ammonia
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Ruminal Epithelium and Papillae

Lumen
(Ruminal contents)

Tip of papilla

Capillary
network

Stratum
corneum

Stratum
granulosum

Stratum
spinosum

Stratum
basale

* Healthy papillae are critical for
optimal absorption
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Ruminal Epithelium and Papillae

Lumen
(Ruminal contents)

Tip of papilla
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sinosum — °Diet has major impact on the
| papillae. Diet provides:
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Feedlot Cattle: High-Grain Diets

Starch Roughage (6 to 12%)

Digestibility?

Physical
effectiveness!




Feedlot Cattle: High-Grain Diets

Starch Fiber

Salivation l

Motility

Scratch Factor
Effect
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Forage-Fed Cattle

Adequate scratch |
factor eftect




High-Grain Fed cattle

woee 1+ Lack of scratch factor = 1

effect
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h-Grain
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Ruminal Papillae and High-Grain
Diets
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Ruminal Papillae and High-Grain
Diets

i Lack of scratch factor
A effect
Protectlve barrler functlon IS
compromlsed
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Gut Permeability

Through the cells
(Transcellular)

Nutrients:

Rumen: VFA and Ammonia
Intestine: Peptides, Amino
acids, Ammonia, Fatty Acids |
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Gut Permeability

\.

In between the cells
Paracellular

Tight Junction Proteins

Solutes, Water, Ions |
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Gut Permeability

Paracellular

JUU .

Bacteria, Bacterial
Structures

(Peptidoglycan and LPS
X K X y,

Disruptions of Tight
Junction Proteins
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Leaky gut is increased paracellular Permeability
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Gut Permeability

KANSAS STATE

Paracellular

Short-term stressors: Weaning,
comingling, transportation, fasting,
overcrowding, heat, acute acidosis, and

Disruptions of _,
diseases

Junction Pro
' — Long-term stressors: Subacute and

Chronic acidosis
| |

Leaky gut is increased paracellular permeability




Acidosis and LPS on Gut Epithelial
Permeability

Rumen Colon
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Rumenitis
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Congestion and Edema
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Mycotic Rumenitis
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Bacterial Rumenitis
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Ruminal and Hindgut Acidosis:
Sequelae

Gut Acidosis

2

Systemic acidosis
Rumenitis

Liver abscesses
Laminitis
Polioencephalomalacia
Kree-gas bloat
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Obrigado pela sua atencao!
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