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Critical roles of a healthy gastrointestinal tract
§ Absorptive and secretory

• Feed digestion
• Digesta passage
• Regulates luminal pH
• Nutrient absorption
• Urea recycling

§ Barrier
• First arm of the immune response
• Prevents pathogen and antigen translocation

• Intrinsic, extrinsic, immunological (Jutfelt, 2011)

§ Communicative
• Facilitates cross-talk between host and microbiota
• Nutrient sensing and signaling

• Gut peptides (ghrelin, GIP, GLP1, GLP2, PYY, etc.)
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Removal of acid from the rumen
Acid removal from the rumen

Absorption
52.9%

Salivary 
bicarbonate

28.0%

Passage
15.5%

Other
3.6%

Allen, 1997
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SCFA absorption promotes regulation of ruminal pH
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Lambs resistant to ruminal acidosis have greater SCFA absorption
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The rumen wall, via SCFA transport, supplies an important quantity 
of bicarbonate to the rumen
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Motility is critical for absorption

Storm and Kristensen, 2010; JDS
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Rate of adaptation: Density and surface area
Not affected, P > 0.10

Schurmann et al., 2014; AJP

Magnification values ranging 1.2 to 2.5X
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Rate of adaptation: SCFA flux ex vivo
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Long-term adaptation
Dirksen et al., 1985; Bov. Pract.

Non-adapted cattle

Adapted cattle

SCFA disappearance

~6 weeks
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Critical roles of a healthy gastrointestinal tract
§ Absorptive and secretory

• Feed digestion
• Digesta passage
• Regulates luminal pH
• Nutrient absorption
• Urea recycling

§ Barrier
• First arm of the immune response
• Prevents pathogen and antigen translocation

• Intrinsic, extrinsic, immunological (Jutfelt, 2011)

§ Communicative
• Facilitates cross-talk between host and microbiota
• Nutrient sensing and signaling

• Gut peptides (ghrelin, GIP, GLP1, GLP2, PYY, etc.)
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Barrier function: junctional complexes

M ohammed and Thiermermann, 2021; Front. Immunol.
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Barrier function: junctional complexes

M ohammed and Thiermermann, 2021; Front. Immunol.

Steele et al., 2006; JDS
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Regional permeability from healthy cattle

0

20

40

60

80

100

120

Rum en O m as um Duodenum J ejunum Ileum Cec um Prox im al
c o lon

Dis ta l
c o lon

S
er

os
al

-t
o

-m
uc

os
al

 m
an

ni
to

l f
lu

x 
ra

te
, 

nm
ol

/(c
m

2
×

h)
 

Penner et al., 2014; Anim. Prod. Sci.
Region, P < 0.001

High microbial 
abundance

High microbial 
abundance

Greater flux = greater permeability for that region
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LPS concentration in the gastrointestinal tract 
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Transient off-feed events as a relevant challenge
§ Transition dairy cattle (Hayirli et al., 2003)

G off, 2006; JD S

Kuhla, 2016; Animal
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Transient off-feed events as a relevant challenge
§ Transition dairy cattle (Hayirli et al., 2003)

§ Heat stress events (Rodes and Baumgard, 2013)

§ Newly received feedlot cattle
§ Diseased states (Lippolis et al. 2017; JAS)

• BRD (Toaff-Rosenstein et al., 2016)

§ Management events
• Terminal sort 

• Feed delivery challenges

Week relative to arrival
Variable 1st week 2nd week 3rd and 4th weeks
DMI (% of BW) 0.5% to 1.5% 1.5% to 2.5% 2.5% to 3.5%

Hutcheson and Cole, 1986; JAS

Jackson et al., 2016; JAS 
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Weaning compromises total tract barrier function

Wood et al., 2015: JDS

• 14 newborn Holstein bull calves

• Weaned on d 42 after a 7-d 
step-down program vs. not 
weaned 

Not weaned

Weaned
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Weaning compromises total tract barrier function

• 14 newborn Holstein bull calves

• Weaned on d 42 after a 7-d step-
down program vs. or not weaned 

• Oral pulse-dose of Cr-EDTA used as 
an indicator of barrier function (Zhang 
et al., 2013; JAS)

Greater urinary Cr = reduced barrier function

Wood et al., 2015: JDS
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Evaluating off-feed events

§ 18 cannulated Angus heifers
• 3 treatments

• 75% of feed ad libitum
• 50% of feed ad libitum

• 25% of feed ad libitum

§ 5 periods

Baseline Feed 
restriction Recovery 1 Recovery 2 Recovery 3

Zhang et al., 2013; JAS

Ingredient , % of DM
Barley silage 30
Grass-Alfalfa hay 30
Barley grain (rolled) 32
Pellet 8

Nutrient composition     
DM,%                                                65.8 ± 1.9
OM,% of DM 92.3 ± 1.2
CP,% of DM 11.2 ± 0.4
Fat, % of DM 1.8 ± 0.0
NDF,% of DM 40.1 ± 0.4
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Low feed intake decreases ruminal SCFA concentration

Zhang et al., 2013: JAS
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Treatment P Value

Region1 CON RA LFI SEM CON vs. RA CON vs. LFI

Reticulo-rumen 6.14 5.33 6.61 0.14 0.001 0.032

Duodenum 5.28 4.99 5.18 0.35 0.71 0.82

Jejunum 7.03 6.98 7.31 0.16 0.82 0.22

Cecum 6.96 6.33 7.05 0.15 0.012 0.68

Proximal colon 6.94 6.52 7.30 0.10 0.010 0.023

Distal colon 6.90 6.52 7.13 0.14 0.06 0.26

1pH was measured using a ratio of 1:1 g/g of digesta and double distilled water

Low feed intake increased luminal pH in the rumen and 
prox. colon

Pederzolli et al., 2018: JAS
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SCFA absorption is reduced with low feed intake
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Low feed intake decreases SCFA absorption
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Low feed intake rapidly decreases absorptive surface area

Treatment P value

Item CON RA LFI SEM CON vs. RA CON vs. LFI

Length, mm 5.11 4.33 3.90 0.44 0.17 0.043

Width, mm 2.37 1.85 1.59 0.13 0.026 0.002

Perimeter, mm 13.81 11.43 9.97 0.98 0.09 0.012

Surface area1, mm2 18.71 13.18 7.72 1.86 0.08 0.002

1Surface area was estimated as the surface area of one side of the papillae multiplied by 2

Pederzolli et al., 2018: J. Anim. Sci.

5 d at 25% of voluntary intake

59% reduction in surface area within 5 d!

26

www.usask.ca

Low feed intake alters intestinal morphology

Kvidera et al., 2017; JDS
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5 or 10 d of low feed intake (30%) reduces splanchnic tissue weight
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Barrier function of the gut is reduced with severe low feed intake (d 
3 and 4)

Treatment ×  period; P  < 0.001

Zhang et al., 2013; JAS
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Intestinal effects with low feed intake

Kvidera et al., 2017; JDS
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Is there a cost to this inflammation?
§ Intravenous LPS induces glucose utilization of ~1 kg/12 h (Kvidera et al., 2017)

§ Intravenous LPS dramatically increases liver amino acid uptake (McNeil et 
al., 2016)

• Acute phase proteins
• Plasma proteins
• Lymphocyte protein synthesis

§ Intentionally-induced leaky gut (Briggs et al., 2021)

• Decreased HCW, ribeye area, yield grade

31
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Ad libitum feeding after low feed intake induces low ruminal pH

Treatment ×  period; P  < 0.001

Zhang et al., 2013; JAS

Treatment ×  period; P  < 0.001
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Rumen acidosis affects more than ruminal pH
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Total and post-ruminal gastrointestinal tract barrier function 
“leaky gut”

Cobalt-EDTA                 Chromium-EDTA             Urine collection
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Regional permeability in heat-stressed dairy cattle
Bertens et al. 2022 (abstract)
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Buffer = 0.098
DCAD = 0.24
B x D = 0.96

Buffer <0.001
DCAD = 0.22
B x D = 0.45

55-82% of total marker excretion was post-ruminal

Steele et al., 2016; JDS

Buffer (Ca/Mg carbonate) reduced intestinal permeability by 27%

Supports results of Koch et al., 2019; PNAS
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Low feed intake increases intestinal permeability not ruminal
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Management
-bunk space, stocking density, 
transportation, etc.

Environment
-thermal stress, mud, etc.

Animal behavior
-animal-to-animal 
interactions, diet 
preferences, dietary 
adaptation

Transient low 
DMI
-hours without feed or 
days with low feed 
intake

Increased DMI or 
recovery of DMI

Rumen and intestine
↓ absorptive surface area
↓ absorptive function
↓ barrier function

Low-grade systemic inflammation

Localized 
inflammation

Diet
-amount of feed, diet fermentability, 
feed delivery timing, peNDF, etc. MAMP and bacteria 

translocation

Liver abscess 
formation

Altered arterial and 
venous blood flow

Decreased ruminal 
pH buffering

Rumen and 
intestine
↓ pH
↑ osmolality
↑ MAMPS

Respiratory 
disease

Gut health – Systemic inflammation
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Conclusions
§ A healthy gut requires a consistent supply of nutrients
§ GIT responds to low feed intake
• Reduced nutrient supply and gut surface area
• Reduced nutrient absorption 
• Increases risk for ruminal acidosis as they rebuild DMI

• Reduced barrier function
• Increased risk for inflammation

§ Little is known regarding factors that promote recovery
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