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Stress

“The nonspecific response of the body to any demand.”

“Maintaining an internal physiological balance through homeostasis 
can not by itself ensure the stability of body systems under stress.”

“Similar stress response to different potentially harmful stimuli.”

Hans Selye, 1936



Feed Restriction

Stressors: Intestinal Derived Immune Activation and Inflammation

Transition Period Heat Stress Rumen Acidosis Hind Gut Acidosis

LEAKY GUT

Metabolic Response Immuno-metabolic Response Endocrine Response

↓ Production (Meat, Milk, Eggs, etc.)

Mycotoxins &
Enteric Pathogens



Biology of Heat Stress Symptoms





Heat Stress and Gut Health

 Lipopolysaccharide (LPS) stimulates the immune system

 LPS promotes inflammation production….catabolic condition
 TNFα, IL-1 etc..
 Reduced appetite
 Stimulates fever
 Causes muscle breakdown
 Induces lethargy
 ....reduces productivity
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The Effects of Heat Stress are Rapid!

Pearce et al., 2015
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Acute Phase Proteins Increase During Heat Stress 
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Heat Stress Summary

 Leaky gut
 Shown in multiple species (ruminants and monogastrics)
 Demonstrated with different approaches

 Inflammation and acute phase protein response

 Heat stress is essentially immune activation 
 Physiologically similar to mastitis, metritis, pneumonia etc.



Objectives: 

Determine Feed Restriction’s Impact on Leaky Gut

“Out of Feed Events” are common in EVERY 
animal agriculture industry



Insufficient Nutrient Intake

 Feed intake is frequently inadequate to meet nutrient 
requirements:
 Off-feed events
 Out of feed events
 Shipping
 Overcrowding
 Transition period
 Heat stress
 Abrupt weaning
 Gestating sows



Consequences of Feed Restriction-Gut 
Health

 Alters intestinal architecture
 Ueno et al., 2011; Pearce et al., 2015; Kvidera et al., 2017

 Reduced transepithelial resistance
 Pearce et al., 2015

 Increased total tract permeability 
 Zhang et al., 2013

 Increased circulating lipopolysaccharide 
 Pearce et al., 2015

 Increased acute phase proteins 
 Kvidera et al., 2017
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Feed Restriction Causes Intestinal Hyperpermeability and Production 
Losses in Cattle 
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How often are cows without feed for ≥ 6 hours on farms? 



Documented Stressors that Cause Leaky Gut

Heat

Weaning

Hunger/feed restriction

Noise

Public Speaking

Cold

Neonate-Maternal Separation

How can such different stressors 
all cause leaky gut???

They are all psychological



The GIT is enervated by both the CNS and ENS
There’s more neurons on the gut than in the brain

https://www.lumennatura.com/2013/01/30/study-craniosacral-therapy-and-the-digestive-system/



http://gut.bmj.com/content/65/1/155



Stress Increases GIT Pathogens 



Intestinal epithelium (mainly neutrophils and macrophages) create an oxidative 
environment (via redox) as a defensive strategy. This kills commensal 
bacterial….but the pathogens have developed oxidative evasion techniques 



Transport stress increases Clostridia and E. coli Shedding in Cattle

McCarty et al., 2022: JAS 100: 1-11



Transition Cow Clostridia shedding

Stefenoni et al., 2020; JDS 103: 1541-1552



I.V. LPS Administration

I.V. Saline Administration

Immune activation has enormous effects on GIT motility (not shown)
and causes gastric hemorrhage.

What are the implications to dietary strategies??
 



$$ Billion Euro Question/Opportunity $$

 Can the Feed or Animal Health Industry do anything about 
leaky gut…..especially without dietary antibiotics???

 Targets:
 Direct action at intestine
 Indirect via:
 Increased feed intake
 Rumen acidosis prevention

 Hind gut acidosis prevention
 Improved immune function



Zinc (Zn)

 Essential nutrient for all living organisms
 Structural component
 Catalytic factor
 Signaling mediator

 Improves cellular function of immune cells (Haase and Rink et al., 2014; Wessel and Cousins, 2015; Mayorga et al., 2017)

 Altered cytokine production 
 Acute phase protein production
 Oxidative burst

 Enhances epithelial barrier integrity (mammary, intestinal [and lung??])
 Decreased plasma lactose (Weng et al., 2017)

 Decreased SCC (Kellogg et al., 2004; Nayeri et al., 2014)



Human Gut Health and Zinc

 Alam et al., 1994. Enteric protein loss and intestinal permeability changes in children during acute 
shigellosis and after recovery: effect of zinc supplementation

 Rodriguez et al., 1996. Intestinal paracellular permeability during malnutrition in guinea pigs: 
effect of high dietary zinc. Gut. 39:416-422.

 Sturniolo et al., 2001. Zinc supplementation tightens “leaky gut” in Crohn’s disease. Inflamm. 
Bowel Dis. 7:94-98.

 Finamore et al., 2008. Zinc deficiency induces membrane barrier damage and increases neutrophil 
transmigration in Caco-2 cells. J. Nutr. 138:1664-1670

 Peterson et al., 2008. Moderate zinc restriction affects intestinal health and immune function in 
lipopolysaccharide-challenged mice. J. Nutr. Biochem. 19:193-198.

 Mahmood et al., 2009.  Zinc carnosine, a health food supplement that stabilizes small bowl 
integrity and stimulates gut repair processes. Gut 56:168-175 



Could a more Bioavailable Zinc Improve GIT 
Barrier Parameters in Farm Animals?



• Twenty-four lactating Holstein cows (680 ± 63 kg BW; 130 ± 34 DIM; Parity 2.0 ± 0.5)

• Three experimental periods:
 Period 1 (5 d) - Thermo-neutral conditions (TN)
 Collection of baseline measurements
 Period 2 (5 d) - Heat stress induction
 Electric heat blankets (EHB) implementation
 Period 3 (3 d) - Recovery period - TN

Heat Stress: Materials and Methods

• Prefeeding phase of 16 d, 2 treatments:
 Control (CON): diet contained 75 ppm supplemental Zn from ZnSO4 
 Treatment (HYD): diet contained 75 ppm supplemental Zn from Zn 

HYD (IntelliBond Z, Selko, Indianapolis, IN)

CON

n = 12

HYD

n = 12
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Cr-EDTA: AUC
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Iowa State Feed Restriction Trial 24 Holstein cows; 159 DIM
 2×2 factorial: 
1. Ad-libitum fed or feed restricted
2. ZnSO4 or IntelliBond Z (at 75 ppm)
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Cornell Transition Cow Trial 60 multiparous cows; -28 to 84 DIM
Housed in tie stalls; treatments were 
top-dressed once daily

Mineral Inorganic Combination IntelliBond

Copper CuSO4
75% CuSO4/
25% organic IntelliBond C

Zinc ZnSO4
75% ZnSO4/
25% organic IntelliBond Z

Manganese MnSO4
75% MnSO4/
25% organic IntelliBond M

Yasui et al., 2014. J. Dairy Sci. 97:3728-3738
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Conclusions:GIT Stress & Hydroxy-Zn Summary

• Heat stress caused gastrointestinal tract [GIT] hyperpermeability

• Feeding Hydroxy-Zn ameliorated leaky gut and the temporal pattern suggests the effects are in the small 
intestine

• Feed Restriction caused intestinal inflammation

• Feeding Hydroxy-Zn increased villi height

• Decreased circulating haptoglobin

• Increased GIT neutrophil infiltration

• Increased feed intake post-feed restriction

 During the transition period

 Feeding Hydroxy-Zn decreased haptoglobin

 Tended to increase milk yield

 Fecal bacterial load

 Feeding Hdroxy-Zn decreased Treponema (lameness causing pathogen)



Seminar Summary

 Many common on-farm situation cause “leaky gut” and 
 Probably stems from the general “stress” response in the gut
 Explains why diarrhea/vomiting often occurs during stress

 Primary strategy should be to prevent or minimize stress
 This is primary management

 Dietary Strategies
 Avoid rumen and hind gut acidosis
 Keep fermentation in the rumen
 Dietary strategies like bioavailable Zinc to prevent leaky guy
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