
MINIMIZE THE IMPACT OF

HEAT STRESS
Heat stress can compromise feedlot cattle 
performance in many different ways — reductions 
in feed intake, growth and efficiency are commonly 
reported in heat-stressed cattle.1 

With an estimated total annual economic  
losses from heat stress in finishing cattle at  
$282 million,2 the economic impact of a heat  
stress event cannot be overstated. 

The economic loss from reduced dry matter intake 
and decreased production is much higher than the 
direct financial loss from cattle mortality — estimated 
to exceed 5-10 times that of the death loss.3 

ECONOMIC 
LOSSES
FROM HEAT 
STRESS EVENTS

       $282    MILLION



Heat stress events causing mortality in feedlot cattle have certain environmental characteristics  
in common. Predominant are a combination of two or more of the following:4

•	 �High ongoing minimum and maximum  
ambient temperatures

•	 �Recent rain event

•	 Absence of cloud cover with a  
high solar radiation level

•	 Low or no air movement over an  
extended period (4-5 days)

•	 High and ongoing relative humidity
•	 Sudden change to adverse climatic  

conditions (lack of an adaptation period)

Feedlot deaths have been greatest after several days of high temperatures and high humidity with low 
air movement and only limited nighttime cooling.5 Feedlot mortality is highest in cattle that are nearing 
finished weight and higher performing cattle. Newly arrived cattle, sick cattle and transported and 
handled animals (in ascending order of risk) are also predisposed.5

Impact of temperature and humidity
Heat production increases with 
digestion and metabolism. This is 
known as heat increment. Heat 
increment is thought of as energy 
that must be dissipated. This is not 
really a problem under thermoneutral 
or cold environmental conditions. 
However, under high heat load, 

when the animal’s ability to dissipate 
body heat is impaired, additional 
body heat may be detrimental to 
the animal’s well-being. The beef 
cattle temperature-humidity chart 
(Figure 1) demonstrates the risk 
level in planning cattle handling 
during the summer months.6 Cattle 

producers need to be aware of the 
risk of heat stress based on the 
weather forecast. The animal's core 
temperature peaks approximately 
two hours after the environmental 
temperature peaks and takes 4-6 
hours to lower back to normal 
temperature.6
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Figure 1: Cattle temperature-humidity index chart6

Challenges 

FACTORS CONTRIBUTING TO HEAT STRESS



Figure 2: Healthy gut versus Leaky Gut Syndrome
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Heat stress and leaky gut syndrome7

Understanding the animal’s biological response to a heat stress event is critical 
to understanding the impact it could have on performance. Diversion of blood 
flow to skin and extremities occurs as the animal attempts to maximize radiant 
heat dissipation. The coordinated vasoconstriction in intestinal tissues results in:7

•	 �Decreased nutrient and oxygen delivery to immune cells
•	 �Increased reactive oxygen species (ROS) due to hypoxia
•	 �Reduced nutrient uptake 
•	 Greater rumen and intestinal osmolarity in the intestinal lumen

Leaky Gut Syndrome (LGS) can broadly be defined as the inability of the intestinal 
barrier to prevent unwanted molecules inside the intestine from entering into  
the body (Figure 2). LGS results in increased intestinal permeability, which  
allows foreign substances to enter the body, and this stimulates  
an immune response that includes inflammation. 

Activating the  
immune system
In order to combat an immune 
challenge, an active immune system in a 
Holstein steer requires more than 2,000 
kilocalories in a 24-hour period. The 
glucose meant for economically relevant 
tissues will instead be used to support 
this immune function, reducing total 
production and profitability.8
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Impact of chromium on immunity
Feedlot cattle are often faced with immune challenges demanding an 
increase in energy efficiency to prevent sickness. Research conducted at 
Texas Tech University suggests that supplementing the diet with chromium 
propionate enhances performance and immunity responses in receiving cattle 
(Table 1).12 Treatment costs for a sick animal can cost upwards of  $50 U.S. 
dollars per head in addition to the loss in performance and carcass quality.13

Heat can be a major stressor on cattle. Energy that’s expended to compensate for the impact of stress decreases the 
amount of energy available for productive purposes, including daily gain, immune system efficiency and muscle production. 
Chromium potentiates the action of insulin, which ultimately allows more glucose availability at the cellular level. Additional 
glucose is used by the animal in a hierarchical manner to help reduce the energy demand from stress events, such as difficult 
pen conditions and/or high ambient temperatures, to provide needed energy for productive purposes. 

Role of chromium
Chromium helps improve glucose use and 
reduces the negative impacts of stress for 
increased cellular energy and function. Immune 
cells (specifically macrophages and neutrophils) 
are insulin sensitive, and proper insulin 
signaling is necessary for leukocyte function.9-11

Table 1: Chromium performance and morbidity

Chromium inclusion level, ppb Chromium improvement

0 300
Linear contrast 

(P-value) 0 vs. 300 gain %

Initial body weight, lbs. 509.3 507.1 0.29 - -

Final body weight, lbs. 703.3 720.9 0.08 17.6* 2.5

Average daily gain, lbs. 3.46 3.84 0.03 0.38** 11.0

Dry matter intake, lbs./d 14.70 15.52 0.12 0.82* 5.6

Gain to feed 0.237 0.247 0.05 0.01* 4.2

Cattle treated at least once, % 25.85 7.48 0.07 18.37** 71.1

*A chromium effect (P ≤ 0.14) was detected.   **A chromium effect (P ≤ 0.05) was detected.

THE BOTTOM LINE

kemin.com/cattle   |   #TheScienceBehindKEMIN IS THE SCIENCE BEHIND HEALTHIER CATTLE.

REFERENCES
1.	 Hahn, G. L. (1999). Dynamic responses of cattle to thermal heat loads. Journal of Animal Science. 

77:10-20.
2.	 Mader, T. L., J. M. Gaughan, and B. A. Young. (1996). Feedlot diet roughage level of Hereford cattle 

exposed to excessive heat load. Laboratory Animal Science Professional. 15:53-62.
3.	 Mader, T. L. (2012). Strategies to mitigate heat stress possible. Feedstuffs. 84:12.
4.	 Sullivan, K. F. and T. L. Mader. (2018). Managing heat stress episodes in confined cattle. Veterinary 

Clinics of North America: Food Animal Practice. 34:325-339.
5.	 Sparke, E. J., B. A. Young, J. B. Gaughan, M. Holt, and P. J. Goodwin. (2001). Heat load in feedlot 

cattle (report). Meat and Livestock Australia Limited.
6.	 Eirich, R. (2014). Handling cattle through high heat humidity indexes. University of Nebraska-

Lincoln. beef.unl.edu/handling-cattle-throughhigh-heat-humidity-indexes.
7.	 Sanz-Fernandez, M. V., et al. (2015). Heat stress: What's the gut got to do with it? (conference 

paper). Herd Health and Nutrition Conference.
8.	 Kvidera, S. K., et al. (2016). Technical note: A procedure to estimate glucose requirements of an 

activated immune system in steers. Journal of Animal Science. 94:4591-4599.
9.	 Calder, P. C. (2007). Current Opinion in Clinical Nutrition and Metabolic Care. 10(4):531-540.
10.	 O’Boyle, N. J., G. A. Contreras, S. A. Mattmiller, and L. M. Sordillo. (2012). Changes in glucose 

transporter expression in monocytes of periparturient dairy cows. Journal of Dairy Science 
95:5709-5719.

11.	 Smith, K. L., M. R. Waldron, J. K. Drackley, M. T. Socha, and T. R. Overton. (2005). Performance 
of dairy cows as affected by prepartum dietary carbohydrate source and supplementation with 
chromium throughout the transition period. Journal of Dairy Science. 88:255-263.

12.	 Bernhard, B. C., et al. (2012). Chromium supplementation alters the performance and health 
of feedlot cattle during the receiving period and enhances their metabolic response to and 
lipopolysaccharide (LPS) challenge. Journal of Animal Science. 90:3879-3888.

13.	 Fike, G. D., L. R. Corah, M. E. King, and W. D. Busby. (2008). Effect of health treatments on feedlot 
performance, carcass traits and profitability of beef calves fed in the Iowa Tri-County Steer 
Carcass Futurity (report). Certified Angus Beef LLC and Iowa State University.

14.	 �Palsson-McDermott, E. M. and L. A. O’Neill. (2013). The Warburg effect then and now: From 
cancer to inflammatory diseases. BioEssays. 35:965-973.

15.	 Sagone, A. L., A. F. LoBuglio and S. P. Balcerzak. (1974). Alterations in hexose monophosphate 
shunt during lymphoblastic transformation. Cellular Immunology. 14:443-452.

16.	 Furukawa, S., et al. (2000). Relative effects of glucose and glutamine on reactive oxygen 
intermediate production by neutrophils. Shock. 13:274-278.

17.	 Healy, D. A., R. W. Watson and P. Newsholme. (2002). Glucose, but not glutamine, protects 
against spontaneous and anti-Fas antibody induced apoptosis in human neutrophils. Clinical 
Science. 103:179-189.

18.	 Garcia, M., T. H. Elsasser, Y. Qu, X. Zhu and K. M. Moyes. (2015). Glucose supplementation 
has minimal effects on blood neutrophil function and gene expression in vitro. Journal of Dairy 
Science. 98:6139-6150.

21.00289
PTP-5779

March 2021


