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Time of Eating: An Emerging Evolutionary Pragmatism in Livestock Ecology
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Abstract: Time of feeding requires most deserving considerations in practical livestock and environmental
sciences. Based on the most recent animal and human models discoveries, time of eating is a major regulator
of periprandial patterns of feed intake, rumen fermentation and peripheral metabolism. As a result, time of
feeding regulates nutrient assimilation along the gastrointestinal tract and splanchnic and peripheral nutrient
metabolism. Consistent evidence established that evening instead of morning feed presentation improved
nutrient efficiency, milk energy yield and reduced fecal and urinary nitrogen excretions in high-producing
lactating cows. Time of feeding, thus, is a global feasible evolutionary strategy to manipulate and optimize
natural resources use efficiency and environmental quality in the new era. 
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INTRODUCTION endogenous rhythmicity [6]. In contrast, exogenous

For maximum efficiency, the time of nutrient delivery largely responsive to feeding and digestive function and,
to the rumen, splanchnic tissues and the periphery needs thus, is exogenously regulated [7]. It is important to
to be synchronized with the endogenous rhythms in body determine if how feeding time can alter circadian patterns
metabolism. Circadian rhythms in body metabolism are of the rumen and host animal metabolism. Such
reflected in endogenous and exogenous patterns of blood knowledge will indicate the time of day when nutrients
levels of metabolites and hormones [1-4]. can be assimilated more efficiently for both productivity

It is hypothesized that time of feeding/eating and body energy expenditure. From a thermodynamics
regulates the synchrony of 1) animal internal and 2) perspective, evening rather than morning feeding can
environmental external factors in orchestrating animal improve  beef cattle performance exposed to extremely
endocrinology and metabolism. The objective of this cold conditions [8,9] and dairy cattle production
perspective forum article is to delineate how time of persistency in summer [10]. In light of the most recent
feeding entrains circadian animal metabolism and discoveries [1-4,11,12], the chronophysiological basis of
production. The most recent animal and human models feeding  time in   food-producing   ruminants,  especially
discoveries are discussed within a chronophysilogical in lactating dairy cows, requires profound exploration.
framework to underline the significance of time of eating The lactating cow is an exceptional mammal with uniquely
in optimal management of the post-modern livestock high  levels  of  feed intake and milk production (as high
science and ecology. as 6×  maintenance). Any chronobiological mediation of

Chronophysiological  Intuitions  and  Discussion: enormous impact on milk secretion and tissue deposition.
Endogenous  rhythms  are  regulated  by  the Ruminants have evolved to ruminate mostly overnight,
suprachiasmatic nuclei in the hypothalamous and not when the rumen possesses a greater fermentation
only by the environmental factors such as photoperiod capacity and volume, compared to day-time. Feeding in
and feeding time [5]. Blood glucose in humans has evening,  when   ruminants  have  evolved  to  ruminate,

rhythms are controlled by external cues. Blood urea is

the rumen and intermediary metabolism will have an
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may significantly alter post-feeding rumen fermentation peripheral metabolites, along with improved nutrient
patterns. This can subsequently impact on circadian assimilation and efficiency base a global  inference for
patterns of feed intake. In human and rat models, time of feeding/eating as a feasible and cost-effective
regulation of glucose metabolism and insulin sensitivity strategy to manipulate and optimize mammary and non-
has been shown to heavily depend on time of day [6,13]. mammary nutrient use and partitioning.
Humans are unable to metabolize or tolerate glucose as
effectively in evening as do they in morning. This is CONCLUSIONS AND IMPLICATIONS
because   glucose    tolerance   and    insulin   sensitivity
decreases as day progresses and evening begins [6]. Feed delivery at 2100 h instead of at 0900 in tie-stall-
Such crucial knowledge leads to a recommendation to housed lactating cows under no heat stress consistently
avoid large evening meals for reducing risks of type-2 increased feed intake shortly post-feeding by about 2-3 kg
diabetes, metabolic syndrome and related cardiovascular of dry matter. This led to greater daily feed intake in
complexities. Such alterations in ruminant ecology will primiparous cows in one study. Feeding at 2100 h, also,
dramatically affect animal production and health as well as consistently increased rumen VFA levels 4-6 h post-
the environmental quality [1-3]. feeding and ammonia at 2-h post-feeding, without

Feeding at 2100 h instead of 0900 h consistently affecting microbial protein synthesis estimates. Evening
increased feed intake within 3-h of feeding [1-4,14,15]. feeding improved nutrient and fiber total tract
Feed intake within 3-h of feeding was on average about digestibility, but did not affect  total  proportions of
40% of the total ration offered in one study and 55% in short, medium and long chain fatty acids in milk. Since
another study. Consequently, rumen experience a larger milk fat yield was increased by evening feeding, daily
nocturnal  than  diurnal  volume  (107  vs.  90 L)[12]. Based yield of the fatty acids with implications for human health
on the post-feeding rises in rumen VFA and blood (e.g., monounsaturated  fatty acids and cis-9, trans-
metabolites, the impacts of the evening feed delivery on 11CLA) was  also  increased.  Reduced  fecal   and
rumen fermentation, total tract nutrient digestion, blood urinary nitrogen excretion via evening feeding has
parameters and milk secretion were all mediated most significant environmental implications.
likely  by  the altered  circadian  patterns  of  feed intake.
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