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1. OBJECTIVE 

The objective of this article was to review main dietary and feeding management factors controlling 
feed intake in high-producing ruminants.  

2. PHYSICAL AND CHEMICAL PROPERTIES OF DIETARY FIBER AND FORAGE TO CONCENTRATE 

RATIO 

The diet fiber content can be defined by the dietary level of the cell wall (Blaxter et al., 1961) or more 
informatively by the cell wall and its physical properties (Mertens, 1997). The physical properties of 
dietary fiber include, but are not limited to, the cell contents such as starch, pectins and sugars, also 
fiber bulkiness, and its chemical integration with indigestible portions such as lignin and condensed 
tannins (Van Soest, 1994). Forage type, maturity at harvest, and post-harvest treatment can affect the 
physical and chemical properties of forage fiber. Khorasani et al. (2001) fed late-lactation cows either 
alfalfa silage or bromegrass silage at either 65 or 50% dietary inclusion rate. Feeding the diets with 
higher (43% NDF) compared to lower (40.5% NDF) F:C tended to reduce dry matter intake (DMI). 
Robinson and McQueen (1997) manipulated fiber fermentability by feeding high and low quality alfalfa 
silage in midlactation cows. Fiber intake increased and DMI tended to increase as the TMR fiber 
fermentability increased. This shows that NDF fermentability affects DMI and, hence, can be used to 
predict DMI. Moreover, the interaction of dietary fiber and the stage of lactation impacts DMI. Friggens 
et al. (1998a) fed lactating cows a higher concentrate diet formulated to meet their nutrient requirements 
and a lower concentrate diet designed to limit energy intake. The intake of the higher concentrate diet 
depended on milk yield. The intake of the lower concentrate diet, however, did not change throughout 
lactation. This probably suggests a link between dietary concentrate level, and likely rumen capacity, 
with DMI (Conard et al., 1964). Knowledge of quantitative relationship between the dietary F:C and 
DMI is required before the F:C can be used to predict DMI at different stages of lactation. The impacts 
on DMI of diet physical properties must also consider fiber digestibility, animal production level, and 
lactation stage. 

3. FEEDING FREQUENCY AND SEQUENCE 

Feeding frequency (FF) has received a great deal of attention by ruminant nutritionists (Nocek, 1987; 
NRC, 2001). A multitude of factors such as dietary F:C, TMR vs. component feeding, cereal grain type, 
processing method, cow productivity, ambient temperature, and dietary use of bST and their interactions 
mediate cow response to FF. Once the individual and interactive effects outlined above are determined, 
animal response to FF may be quantified.  
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French et al. (1990) showed no effects of feeding dietary concentrate either 2 or 12 times daily on DMI 
in early lactation cows. Delivery of either a cubed or uncubed ration two or four time daily did not affect 
DMI in midlactation cows (Klusmeyer et al., 1990). Shabi et al. (1998) reported no differences in DMI 
of cows fed twice and four times daily. In another study, Shabi et al. (1999) found that DMI increased 
by four times compared to twice delivery of a corn-based TMR. They attributed the higher DMI of the 
more frequently fed cows to greater total tract DM digestibility. Dhiman et al. (2002) observed no 
significant effects of four times vs. once daily delivery of a corn grain-based TMR on DMI of 
midlactation cows. Monitoring the 24-h patterns in feed intake may help explain the underlying 
mechanisms of DMI response to FF. Recently, DeVries et al. (2005) showed that increasing FF from 
once to twice or from twice to four times daily increased average eating time per cow in group-fed 
lactating cows. The more frequently fed cows had a more even distribution of eating over the 24-h 
period. Also, feed sorting was reduced by the more frequent feed delivery. This may enhance fiber 
digestibility (Ørskov, 1999). Nevertheless, the eating activity reported by DeVries et al. (2005) was 
based on the number of cows present at the feed bunk and not the amount of feed consumed within a 
certain time interval by individual cows. Therefore, it remained unknown if FF affected DMI. In a more 
recent study, feeding early-lactation dairy cows once instead of four times daily increased DMI under 
uncompetitive feeding and housing environments (Nikkhah, 2013). This finding demonstrated that 
increasing FF is not necessarily beneficial and that delivering the whole daily TMR at once could 
improve feed intake of high-producing lactating cows in early-lactation.  

Reduced 24-h variation in eating may reduce 24-h variations in rumen pH (French et al., 1990), which 
may reduce the risk of subacute rumen acidosis and increase fiber digestibility (Nocek, 1987; Ørskov, 
1999). However, before such a theoretical cascade turns into an on-farm reality, the more frequent 
feeding must prevent or reduce the time during which the rumen pH drops to the detrimental point to 
microbial metabolism. 

The feeding sequence of forage and concentrate is another variable affecting feed intake (Nocek, 1992; 
Robinson, 1989).  Nocek (1992) observed a tendency for increased DMI when a mixture of grain and 
protein meal was delivered at 0700 h followed by forage delivery at 1000 h, compared to when forage 
was delivered first. Usually, offering forage prior to concentrate early in the morning is believed to form 
an amply developed rumen fiber mat, which can in turn stimulate salivation (Robinson, 1989) and may 
reduce the risk of subacute rumen acidosis (Voight et al., 1978). As a result of the controlled rumen pH, 
DMI may not drop (Allen, 2000). Again, before the effect of feeding sequence on DMI can be observed, 
the detrimental low rumen pH must occur. 

4. TIME OF FEEDING (TF) 

There is a scarcity of literature on the effect of TF on 24-h patterns in feed intake and feeding behavior 
of once-daily fed cows under normal ambient temperatures. Also, data on DMI response to TF under 
thermoneutral ambient temperatures is very rare. Robinson et al. (1997) fed lactating cows 67% of the 
TMR at 0800 h and 33% of it at 1800 h. In addition they fed a protein supplement (about 15% of 
estimated DMI) at either 0830 h or 0030 h. Feeding the protein supplement at 0030 h instead of 0830 h 
increased DMI of the protein supplement and numerically increased total DMI (16.92 vs. 15.94 kg/d). 
The numerical increase in DMI was associated with significant increases in rumen DM, OM, and CP 
digestibility. It was suggested that the midnight compared to morning delivery of the protein supplement 
stabilized rumen fermentation. Aharoni et al. (2005) fed lactating cows under heat stress four times 
during either the day or in the evening. The day-fed cows received the diet 30% at 0615 h, 20% at 1000 
h, 25% at 1530 h, and 25% at 1900 h; whereas the evening-fed cows received the diet 20% at 0615 h, 
30% at 1530 h, 25% at 1900 h, and 25% at 2100 h. Evening-fed group had no access to feed for 5.5 h 
during the day. Limiting the feed access during the day and shifting the majority of eating time to the 
evening hours reduced both DMI and energy expenditure. Under cold weather, feeding at 2000 h instead 
of 0900 h improved growth rate in beef steers without affecting DMI (Small et al., 2004). Kennedy et 
al. (2004) fed heifers at either 0900 or 2000 h in winter (<-15°C) and found no significant effects of TF 
on DMI. Evening feeding, however, improved feed efficiency during backgrounding period, compared 
to morning feeding. Ominski et al. (2002) exposed cows to 5-d phases of thermoneutral (24°C during 
the day and 20°C overnight) and heat stress (32°C) conditions followed by a 5-d recovery period. In the 
stress period, the temperature rose steadily up to 32°C between 0700 to 1000 h, remaining at 32°C until 
1800 h, but it was reduced down to 20°C for the rest of the 24-h period. Despite no overall effect, DMI 
in the evening-fed cows was reduced during the heat stress phase (Ominski et al., 2002). Altogether, 
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the DMI response to TF in the above-mentioned studies was most probably due to the changes in animal 
thermodynamics. Under thermoneutral conditions, feed delivery in evening instead of morning 
improved DMI in primiparous cows but not in multiparous dairy cows (Nikkhah et al., 2010). In both 
primiparous and multiparous dairy cows, evening instead of morning feeding increased eating rate and, 
as a result, increased feed intake within 3-h post-feeding in two studies (Nikkhah et al., 2008; Nikkhah 
et al., 2010).  

5. IMPLICATIONS  

Dietary and feeding management factors affecting feed intake regulation in high-producing ruminants 
were reviewed. These factors include dietary fiber physical and chemical properties, forage to 
concentrate ratio, feeding frequency and sequence, and feeding timing. Research is needed to address 
how these factors independently or in interaction with other factors affect feed intake and its diurnal 
rhythms.   
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