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Introduction 
 

Climate change has strong potential to compromise dairy food security. Heat 
stress is estimated to account for a loss of $1.5 billion annually by American dairy 
farmers (Key et al., 2014). Extreme heat can result in loss of intestinal integrity by 
directly altering intercellular tight junction proteins between intestinal epithelial cells 
(Koch et al., 2019). This condition leads to leakage of bacteria and their endotoxin (e.g., 
lipopolysaccharide [LPS]) into the bloodstream, which in turn triggers an immune 
response. Endotoxin can elicit direct effects on liver metabolism and health, and thus, it 
can contribute to the pathophysiology that defines fatty liver disease. In addition, the 
immune activation caused in this scenario shifts endogenous glucose utilization away 
from the mammary gland and toward immune cells growth and proliferation. The 
consequence is a decrease in the efficiency of milk production (Ilan, 2011; Kvidera et 
al., 2017). 
 

One working hypothesis is that shifts in rumen microbiota in response to extreme 
heat is responsible for decreases in intestinal permeability. Heat stress can increase the 
Firmicutes to Bacteroidetes ratio and increases the abundance of pathogenic bacteria, 
such as Erysipelotrichaceae and Treponema (Zhao et al., 2012). In addition, 
Faecalibacterium prausnitzii and Ruminococcus albus affiliated (Ruminococcacea 
family) are markedly reduced in cases of intestinal inflammation such as it occurs in 
heat stress. Butyrate produced by these bacteria facilitates regeneration of enterocytes 
and maintain gut health (Frazier et al., 2011). Milk yield and composition has been 
improved in many studies with the shift of rumen microbiota (SchärenM et al., 2018; 
Rico and Harvatine, 2019). Thus, bacterial dysbiosis along with their metabolites are 
considered responsible for hepatic injury and initiation of the inflammatory response 
which in turn leads to disruption of intestinal barrier (Frazier et al., 2011). In addition, 
milk yield and composition has been shown to increase in association with shifts in 
rumen microbiota composition (Rico and Harvatine, 2013; SchärenM et al., 2018). 

 
Betaine is extensively used in the poultry and swine industry under heat stress 

conditions to minimize harmful effects especially leaky gut (Mendoza et al., 2017; 
Shakeri et al., 2020). It is evident from recent research that betaine is an effective 
osmolyte (Mendoza et al., 2017), methyl donor (Hall et al., 2016), molecular chaperone 
(Metzler-Zebeli et al., 2009), and potential antioxidant (Wu et al., 2020). Betaine 
improves LPS-induced disruption of intestinal mucosa by enhancing expression of the 
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tight junction proteins occludin and claudin. These intercellular junctions in epithelial 
cells are responsive to LPS and heat stress (Hall et al., 2016; Wu el al., 2020). Betaine 
supplementation has been shown to increase in the milk production in thermoneutral 
conditions and maintain milk productivity under heat stress conditions (Peterson et al., 
2012; Zhang et al., 2014). However, still very little is known about the effect of betaine in 
dairy cows and even less under heat stress conditions. We hypothesize that the 
transplantation of rumen contents from healthy thermoneutral cows might restore milk 
production in a heat stress scenario. In addition, effects of betaine on intestinal 
permeability and microbial dysbiosis as a possible supplement to combat heat stress.  

 
 

Materials and Methods 
 

Twelve rumen-cannulated multiparous Holstein cows (39 ± 6.4 kg milk/d; 82 ± 27 
days in milk [DIM]) were used in a split-plot design testing the effects of betaine and 
partial ruminal content transplantation (PRCT) on cow performance during heat stress. 
The main plot was the level of dietary betaine supplementation (CON: unsupplemented; 
or BET: 100 g/d intra-ruminal betaine hydrochloride 95%; AB Vista, Canada). Within 
each plot, cows were randomly assigned to the following treatments 1) heat stress (HS), 
2) thermoneutral pair-feeding (TNPF), or 3) HS with PRCT (HS+PRCT; 25% 
replacement of rumen contents from 4 donor cows fed ad libitum in thermoneutrality; d 
8-14) in a replicated 3 × 3 Latin square design with 14-d periods. A mock transplantation 
was performed in HS and TNPF cows, as a handling control. Dry matter intake (DMI) 
and rectal temperature were recorded daily, and water intake and respiratory rates were 
determined on d 0, 3, 5, 7, 10 and 13. Milk samples were collected on d 0, 3, 7, 10 and 
13. Blood samples were collected at 0 and 4 h relative to feeding time on d 0, 7, and 13. 
The statistical model included the random effects of cow and period, and the fixed 
effects of plot, treatment, day, and their interactions.  
 

Results 
 
Respiration rates, rectal temperatures, and water intakes were increased in HS, 

relative to TNPF (P < 0.01), but were not different between HS and HS+PRCT. Milk 
yield tended to be lower in HS compared with TNPF cows (P = 0.06) but were not 
different between HS and HS-PRCT. Heat stress reduced the yield of milk protein (P = 
0.06) whereas lactose yield (P = 0.01) was increased, relative to TNPF, but not relative 
to HS+PRCT. Lastly, the yield of milk fat was not affected by treatment. Pre-prandial 
total fatty acids (FA) were decreased in HS (P < 0.05), relative to TNPF. Pre- and post-
prandial plasma cholesterol decreased in HS, relative to TNPF on d 13 (P < 0.01), but 
did not differ between HS and HS+PRCT. Pre-prandial cholesterol tended to increase 
(P = 0.09), while pre-prandial triglycerides (P = 0.05) were decreased in BET, relative to 
CON. Plasma betaine was increased in BET, relative to CON (P < 0.01); whereas 
methionine was decreased (P = 0.03). Heat stress decreased the plasma 
concentrations of betaine (P < 0.01), and tended to decrease trimethylamine N-oxide (P 
= 0.10) in HS, relative to TN-PF. 

 



Conclusion 
 

We conclude that dietary betaine supplementation and PRCT had a limited ability 
to prevent the effects of heat stress on milk production in cows. However, dietary 
betaine and PRCT modulated methyl donor metabolism in heat-stressed cows.  

 
 

References 
 

Frazier, T. H., J. K. DiBaise, and C. J. McClain. 2011. Gut microbiota, intestinal 
permeability, obesity-induced inflammation, and liver injury. J. Parent. Ent. 
Nutr. 35:14-20. 

Hall, L. W., F. R. Dunshea, J. D. Allen, S. Rungruang, J. L. Collier, N. M. Long, and R. 
J. Collier. 2016. Evaluation of dietary betaine in lactating Holstein cows 
subjected to heat stress. J. Dairy Sci. 99(12): 9745–9753. 

Ilan, Y. 2012. Leaky gut and the liver: a role for bacterial translocation in nonalcoholic 
steatohepatitis. World J. Gastroenterol. 18:2609-2618. 

Key, N., S. Sneeringer, and D. Marquardt. 2014. Climate change, heat stress, and US 
dairy production. USDA-ERS -175. 

Koch, F., U. Thom, E. Albrecht, R. Weikard, W. Nolte, and B. Kuhla. 2019. Heat stress 
directly impairs gut integrity and recruits distinct immune cell populations into 
the bovine intestine. Proc. Natl. Acad. Sci. U.S.A. 116(21):10333–10338. 

Kvidera, S., E. Horst, M. Abuajamieh, E. Mayorga, M. S. Fernandez, and L. Baumgard. 
2017. Glucose requirements of an activated immune system in lactating 
Holstein cows. J. Dairy Sci. 100:2360-2374.  

Mendoza, S. M., R. D. Boyd, P. R. Ferket, and E. Van Heugten. 2017. Effects of 
dietary supplementation of the osmolyte betaine on growing pig performance 
and serological and hematological indices during thermoneutral and heat-
stressed conditions. J. Ani. Sci. 95(11):5040-5053. 

Metzler-Zebeli, B. U., M. Eklund, and R. Mosenthin. 2009. Impact of osmoregulatory 
and methyl donor functions of betaine on intestinal health and performance in 
poultry. Worlds Poult. Sci. J. 65(3):419-441. 

Peterson, S. E., P. Rezamand, J. E. Williams, W. Price, M. Chahine, and M. A. 
McGuire. 2012. Effects of dietary betaine on milk yield and milk composition of 
mid-lactation Holstein dairy cows. J. Dairy Sci. 95(11): 6557-6562. 

Rico, D. E. and K. J. Harvatine. 2013. Induction of and recovery from milk fat 
depression occurs progressively in dairy cows switched between diets that 
differ in fiber and oil concentration. J. Dairy Sci. 96(10):6621-6630. 

Schären, M., J. Frahm, S. Kersten, U. Meyer, J. Hummel, G. Breves, and S. Dänicke. 
2018. Interrelations between the rumen microbiota and production, behavioral, 
rumen fermentation, metabolic, and immunological attributes of dairy cows. J. 
Dairy Sci. 101(5): 4615-4637. 

Shakeri, M., J. J. Cottrell, and W. Zhao. 2020. Dietary betaine improves intestinal 
barrier function and ameliorates the impact of heat stress in multiple vital 
organs as measured by evans blue dye in broiler chickens. Animals. 10(1). 



Wu, J., C. He, J. Bu, Y. Luo, S. Yang, C. Ye, S. Yu, B. He, Y. Yin, and X. Yang. 2020. 
Betaine attenuates LPS-induced downregulation of Occludin and Claudin-1 
and restores intestinal barrier function. BMC Vet. Res. 16(1):1-8. 

Zhang, L., S. J. Ying, W. J. An, H. Lian, G. B. Zhou, and Z. Y. Han. 2014. Effects of 
dietary betaine supplementation subjected to heat stress on milk performances 
and physiology indices in dairy cow. Genet. Mol. Res.13(3):7577-7586. 

Zhao, S., L. Min, N. Zheng, and J. Wang. 2019. Effect of heat stress on bacterial 
composition and metabolism in the rumen of lactating dairy cows. Animals. 
9(11):925.  

 


