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Introduction

The rhythmic harmony in grazing and, thus, in nutrient delivery 
to rumen has significantly contributed to the circadian nature 
of  microbial ecology. As a result, rumen microorganisms have 
developed specialized mechanisms to effectively cope with the 
changing and fluctuating environment including grazing and 
drinking time and rate, ruminating timing and frequency, and 
measures of  the modern farming such as milking [1]. The objective 
of  this article was to establish an evolutionary principle in rumen 
microbial fermentation and develop innovative strategies to 
optimize microbial metabolism, host ruminant productivity and 
health, and environmental attributes of  the rumen ecology.

Discoveries and Discussion	

Dependent on a circadian nature, ruminants have evolved to 
graze during day with few major peaks around dawn and dusk [1, 
2]. Modernization, however, has in ways compromised optimal 
natural rumen fermentation. This is in part due to altered dietary 
properties and increased dependence on feeds (e.g., starches 
and fats) that are not physically effective enough to maintain 
adequate rumination, chewing, insalivation, and rumen buffering 
capacity. In addition, alterations in grazing/feeding frequency, 

sequence and intensity which have occurred in modern farming 
that may have in turn challenged the natural rhythms of  rumen 
fermentation. Such challenges have demanded new adaptations 
in microbial population diversity as well as fermentation capacity 
and efficiency [3]. 

Establishing synchronies between the internal rumen microbial 
circadian properties and the external modern management 
strategies can help optimize microbial efficiency [4, 5]. Ruminants 
have evolved to eat mostly during day and ruminate predominantly 
overnight. This is simply because natural rumination must and 
can only occur when the ruminant is not grazing, is relaxed, and 
is not threatened by the wild life. Recent discoveries indicated that 
in-house dairy cows and beef  cattle fed once daily in morning 
vs. evening had improved productivity and sometimes increased 
feed efficiency [6-9]. Moreover, eating rate specially within 3-hour 
post-feeding was considerably higher in evening vs. morning 
fed cows [10, 11]. This implies that shifted timing of  eating 
alters circadian and, more importantly, the postprandial nutrient 
intake rhythms. As a result, postprandial patterns of  rumen 
substrate availability, microbial fermentation properties (e.g., pH, 
osmolarity, volatile fatty acids production and absorption capacity, 
lactate utilization capability, rumen liquid and solids volume and 
pool, microbial protein synthesis and efficiency, and microbial 
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population diversity and variations), and hepato-portal drained 
visceral supply of  energy-generating, milk-secreting and tissue-
depositing substrates were dramatically altered by shifting the 
eating time [10-12].

Nocturnal instead of  diurnal eating was shown to increase rumen 
volume and concentrations of  volatile fatty acids shortly post-
feeding [12]. In light of  the increased milk energy and fat density 
and production in evening vs. morning fed cows, the discovery 
suggests that the increased feed intake shortly post-feeding by 
evening eating did not compromise rumen microbial metabolism 
and health despite increasing acidity and the risk of  subacute 
rumen acidosis (SARA), which would otherwise reduce milk 
fat production. A possible mechanism for the increased milk 
production in parallel with increased eating rate and rumen acidity 
is the increased rumen volume in evening fed cows. A greater rumen 
volume would provide greater sites of  organic acids absorption 
and reduced likelihood of  prolonged acids accumulation and 
microbial damages. These findings imply that the evolutionary 
patterns of  the rumen microbial ecology offer perspectives to 
develop modern feasible strategies (e.g., manipulating circadian 
feeding/eating timing, frequency and sequence) to help optimize 
rumen physiology and ruminant efficiency and health. 

Rumen microbes related metabolic disorders and abnormalities 
such as SARA, bloat, uncontrolled rumen endotoxins release 
from gram-negative bacteria, induced systemic proinflammatory 
responses, weakened immunity, and hepatic steatosis all cause major 
losses to global modern ruminant enterprises. Should the rumen 
microbes and the ruminant tolerate high-risk feed components 
(e.g., rapidly degradable starches) more at certain circadian times, 
the pragmatic chances are to optimize feeding management to 
not be shocked by overly disturbed rumen microbial metabolism 
[13, 14]. However, extensive complementary future research 
is required before uncomplicated feasible global prevention 
approaches can be formulated to minimize risks from the above 
metabolic complexities and the resulting health issues. 

Implications

In view of  the rumen microbial evolution on a circadian basis, 
opportunities exist to develop modern management strategies to 
reduce microbial shocks and occurrence of  metabolic disorders. 
Optimizing circadian feeding and eating timing and frequency 
is among feasible global approaches to maximize synchronies 
between the internal rumen microbial physiology and the 
external animal and feed management practices. The result will 

be improved microbial energetic and mass production, increased 
ruminant feed efficiency, improved animal health and longevity, 
and reduced output of  environmentally unfriendly products per 
unit of  food input from the modern ruminant farming.

Acknowledgments

Thanks to the Ministry of  Science Research and Technology, 
National Elite Foundation, and University of  Zanjan, Iran, for 
supporting the author’s global programs of  optimizing science 
edification in the third millennium.

References 					   

[1].	 Nikkhah A (2014) Timing of feeding: a postmodern management strategy to 
modulate chronophysiological rhythms in rumen fermentation kinetics. Biol 
Rhythm Res. 45(4): 533-540. 

[2].	 Nikkhah A (2013) Review: Chronophysiology of ruminant feeding behavior 
and metabolism: an evolutionary review. Biol Rhythm Res. 44(2): 197-218.

[3].	 Nikkhah A (2011) Bioscience of ruminant intake evolution: feeding time 
models. Adv Biosci Biotechnol. 2: 271-274. 

[4].	 Nikkhah A (2011) Ruminant chronophysiological management: an emerg-
ing bioscience. Open Access Anim Physiol. 3: 9-12. 

[5].	 Nikkhah A (2012) Time of Feeding an Evolutionary Science. Lap Lambert 
Publishing, GmbH & Co. KG, Germany. 

[6].	 Nikkhah A, Furedi CJ, Kennedy AD, Crow GH, Plaizier JC (2008) Effects 
of feed delivery time on feed intake, rumen fermentation, blood metabolites 
and productivity of lactating cows. J Dairy Sci. 91: 1-12.

[7].	 Nikkhah A, C Furedi, A Kennedy, K Wittenberg, JC Plaizier (2010) Feed 
delivery at 2100 h vs. 0900 h for lactating dairy cows. Can J Anim Sci. 
91(1): 113-122. 

[8].	 Small JA, Kennedy AD, Veira DM, McCaughey WP, Ward DR (2004) Time 
of feeding and growth promotant effects on the winter growth performance 
and carcass traits of steers. Can J Anim Sci. 84(1): 133-144. 

[9].	 Schwartzkopf-Genswein KS, Beauchemin KA, McAllister TA, Gibb DJ, 
Streeter M, et al., (2004) Effect of feed delivery fluctuations and feeding time 
on ruminal acidosis, growth performance, and feeding behavior of feedlot 
cattle. J Anim Sci. 82(11): 3357-3365. 

[10].	Nikkhah A (2013) Time of feed provision (2100 vs. 0900 h) orchestrates 
postprandial rhythms of food intake and peripheral glucose in lactating 
cows. Biol Rhythm Res. 44(1): 33-44. 

[11].	Nikkhah A (2012) Timing of feed presentation entrains periprandial 
rhythms of energy metabolism indicators in once-daily fed lactating cows. 
Biol Rhythm Res. 43(6): 651-661. 

[12].	Nikkhah A (2014) Timing of feeding: a postmodern management strategy to 
modulate chronophysiological rhythms in rumen fermentation kinetics. Biol 
Rhythm Res. 45(4): 533-540. 

[13].	Nikkhah A (2014) Managing nutritional disorders by timing of food obser-
vation and ingestion: Insights from dairy science. Int J Dairy Sci Process. 
2(3): 1-2.

[14].	Nikkhah A (2014) Review: Ruminant feed intake regulation evolution: 
Chronophysiological rhythms perspectives. Biol Rhythm Res. 45(4): 563-
577. 

https://scholar.google.co.in/scholar?q=Timing+of+feeding%3A+a+postmodern+management+strategy+to+modulate+chronophysiological+rhythms+in+rumen+fermentation+kinetics&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Timing+of+feeding%3A+a+postmodern+management+strategy+to+modulate+chronophysiological+rhythms+in+rumen+fermentation+kinetics&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Timing+of+feeding%3A+a+postmodern+management+strategy+to+modulate+chronophysiological+rhythms+in+rumen+fermentation+kinetics&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Review%3A+Chronophysiology+of+ruminant+feeding+behavior+and+metabolism%3A+an+evolutionary+review.+&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Review%3A+Chronophysiology+of+ruminant+feeding+behavior+and+metabolism%3A+an+evolutionary+review.+&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Bioscience+of+ruminant+intake+evolution%3A+feeding+time+models&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Bioscience+of+ruminant+intake+evolution%3A+feeding+time+models&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Ruminant+chronophysiological+management%3A+an+emerging+bioscience.+&btnG=&hl=en&as_sdt=0%2C5

https://scholar.google.co.in/scholar?q=Ruminant+chronophysiological+management%3A+an+emerging+bioscience.+&btnG=&hl=en&as_sdt=0%2C5

https://scholar.google.co.in/scholar?q=Time+of+Feeding+an+Evolutionary+Science&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Time+of+Feeding+an+Evolutionary+Science&btnG=&hl=en&as_sdt=0%2C5
http://www1.foragebeef.ca/$foragebeef/frgebeef.nsf/all/ccf2/$FILE/backgroundingtimingimplants.pdf
http://www1.foragebeef.ca/$foragebeef/frgebeef.nsf/all/ccf2/$FILE/backgroundingtimingimplants.pdf
http://www1.foragebeef.ca/$foragebeef/frgebeef.nsf/all/ccf2/$FILE/backgroundingtimingimplants.pdf
https://scholar.google.co.in/scholar?q=of+feeding+and+growth+promotant+effects+on+the+winter+growth+performance+and+carcass+traits+of+steers.+&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=of+feeding+and+growth+promotant+effects+on+the+winter+growth+performance+and+carcass+traits+of+steers.+&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=of+feeding+and+growth+promotant+effects+on+the+winter+growth+performance+and+carcass+traits+of+steers.+&btnG=&hl=en&as_sdt=0%2C5
https://www.ncbi.nlm.nih.gov/pubmed/15542483
https://www.ncbi.nlm.nih.gov/pubmed/15542483
https://www.ncbi.nlm.nih.gov/pubmed/15542483
https://scholar.google.co.in/scholar?q=Time+of+feed+provision+%282100+vs.+0900+h%29+orchestrates+postprandial+rhythms+of+food+intake+and+peripheral+glucose+in+lactating+cows.+&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Time+of+feed+provision+%282100+vs.+0900+h%29+orchestrates+postprandial+rhythms+of+food+intake+and+peripheral+glucose+in+lactating+cows.+&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Time+of+feed+provision+%282100+vs.+0900+h%29+orchestrates+postprandial+rhythms+of+food+intake+and+peripheral+glucose+in+lactating+cows.+&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Timing+of+feed+presentation+entrains+periprandial+rhythms+of+energy+metabolism+indicators+in+once-daily+fed+lactating+cows&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Timing+of+feed+presentation+entrains+periprandial+rhythms+of+energy+metabolism+indicators+in+once-daily+fed+lactating+cows&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Timing+of+feed+presentation+entrains+periprandial+rhythms+of+energy+metabolism+indicators+in+once-daily+fed+lactating+cows&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Timing+of+feeding%3A+a+postmodern+management+strategy+to+modulate+chronophysiological+rhythms+in+rumen+fermentation+kinetics.+Biol+Rhythm+Res.&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Timing+of+feeding%3A+a+postmodern+management+strategy+to+modulate+chronophysiological+rhythms+in+rumen+fermentation+kinetics.+Biol+Rhythm+Res.&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Timing+of+feeding%3A+a+postmodern+management+strategy+to+modulate+chronophysiological+rhythms+in+rumen+fermentation+kinetics.+Biol+Rhythm+Res.&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Review%3A+Ruminant+feed+intake+regulation+evolution%3A+Chronophysiological+rhythms+perspectives&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Review%3A+Ruminant+feed+intake+regulation+evolution%3A+Chronophysiological+rhythms+perspectives&btnG=&hl=en&as_sdt=0%2C5
https://scholar.google.co.in/scholar?q=Review%3A+Ruminant+feed+intake+regulation+evolution%3A+Chronophysiological+rhythms+perspectives&btnG=&hl=en&as_sdt=0%2C5

	Abstract
	Keywords
	Introduction
	Discoveries and Discussion
	Implications
	Acknowledgments
	References

