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ABSTRACT 

EFFECT OF LIMIT FEEDING ON THE FEEDING BEHAVIOUR AND 
GROWTH OF DAIRY HEIFERS 

Bianca L. Kitts 
University of Guelph, 2010 

Advisor: 
Dr. Trevor DeVries 

The objective of this study was to examine the behavioural and growth responses of dairy 

heifers when a low-nutritive feedstuff was provided with a limit-fed ration. Twenty-four 

Holstein dairy heifers, divided in groups of 4, were exposed to each of 3 treatments in a 

replicated Latin square design with 28-d periods. The treatments included: limit-fed total 

mixed ration (TMR) and limit-fed TMR with straw as choice or mixed in. There were no 

differences in growth with limit feeding versus limit feeding with the provision of straw. 

However, the provision of straw alongside the limit-fed ration, feeding time was 

increased, inactive standing and unrewarded feeding time was reduced and rumination 

behaviour tended to increase, but did reduce feed efficiency. The results suggest that 

provision of straw, alongside a limit-fed ration, will allow heifer growth rates to be met, 

as well allow heifers to satisfy their natural feeding behaviour patterns. 
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CHAPTER 1: INTRODUCTION 

Feed intake is very important when it comes to survival, health and production of 

production animals. All animals need to eat to survive and remain healthy but production 

animals have increased energy requirements to meet their needs for production of 

offspring, meat, milk or eggs. Production animals are completely reliant on their human 

caretakers to provide them with sufficient feed to meet their requirements. 

It is important to understand the mechanisms of regulating feed intake in 

production animals to ensure efficiency. Hunger can be defined as the physical and 

mental state needed to initiate feeding while satiety is defined as the state at which stops 

an animal eating (Baile and Delia Fera, 1981). Within the body there are many factors 

that assist in the control of feed intake, including sensory cues, gastrointestinal signaling 

and hormones (Baile and Delia Fera, 1981). When it comes to ruminants, some of the 

mechanisms are different from those operating in a herbivorous monogastrics, such as 

horse. In monogastrics, fibre is consumed in large amounts and passes through the 

digestive tract relatively quickly (Forbes, 2007). Conversely, ruminants have evolved 

mechanisms that involve a combination of symbiotic microbes and digestive secretions 

that are unique to these species (Forbes, 2007). Furthermore, ruminants have a rumen that 

retains feed for hours at a time, allowing for increased absorption of feedstuffs. Lastly, 

ruminant animals also ruminate, which aids in the breakdown of feed, particularly long 

fibrous particles (Forbes, 2007). 

The hypothalamus within the central nervous system is known to control feed 

intake (Della-Fera and Baile, 1984; Forbes, 1995), signaling to the animal when to start 

and stop eating. There are many hormones that play a role in hunger and satiety. 

1 



However, cholecystokinin (CCK) is one of most important hormones involved in control 

of feed intake as it is known to control satiety (Forbes, 2007). Opioid peptides are also 

key hormones for control of feed intake as they control hunger (Forbes, 2007). Research 

has shown that injections of CCK will decrease feed intake in sheep (Della-Fera and 

Baile, 1980) while opioid peptides have been shown to stimulate feeding in rats and 

sheep (Forbes, 2007). Forbes (2007) indicated that opioid levels are increased in the brain 

of sheep after a 4 hour fast, which is when the animal is expected to be hungry. Chemical 

receptors, such as volatile fatty acids (VFAs), also play a role in control of feed intake. 

VFA receptors take part in signalling the central nervous system to terminate eating 

(Forbes, 2007). In ruminants, propionate seems to be the more involved in the depression 

of feed intake when compared to acetate and butyrate (Mbanya et al., 1993; Leuvenink et 

al., 1997; Sheperd and Combs, 1998). VFAs can also stimulate the release of insulin 

(initiates feeding) and glucagon (depresses feeding) in ruminants (Mineo et al., 1990). 

Diet type and feeding frequency also affect changes in insulin and glucagon levels in the 

blood and these changes are associated with changes in VFA concentration in the rumen 

(Trenkle, 1970; Sutton et al., 1988). Thus, VFAs are considered to be potential factors 

influencing insulin and glucagon release in ruminants (Stern et al., 1970; De Jong, 1982; 

Bloom and Edwards, 1985). However, the mechanisms by which VFAs affect this 

influence are not completely understood. 

Rumen fill can also play a role in signalling satiety in a ruminant. 

Mechanoreceptors within the GI tract send signals to the central nervous system and are, 

therefore, involved in the physical control of intake (Leek, 1986). Ruminants have been 

known to cease feed consumption once the rumen is distended (Allen, 1996). A number 
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of studies on rumen fill have tested the effect of the addition of water balloons or tennis 

balls placed directly into the rumen. It has been demonstrated that with these objects in 

the rumen, feed intake decreases, suggesting that increased rumen fill reduced feed intake 

(Campling and Balch, 1961; Anil et al., 1993; Schettini et al., 1999). 

Sensory cues also play a role in regulation of feed consumption. Ruminants will 

use sight and smell, but mostly taste when it comes to consumption of feed (Provenza, 

1995). Ruminants, including cattle, are able to distinguish between flavours (Nombekela 

et al. 1994) and it has been demonstrated that dairy cows will increase consumption of 

feed if sweet flavour is added to the feed (Nombekela and Murphy, 1995; Murphy et al., 

1997). Furthermore, sheep are able to acquire conditioned flavour aversions that are 

associated with the consumption of a toxic substance (oxalic acid; Kyriazakis et al., 

1997). Therefore, it is probable that feed intake could be controlled to some extent 

through the alteration of feed flavours. 

1.1 Limit Feeding in Production Animals 

There are circumstances where production animals are put into feeding situations 

that leave them hungry. Genetic selection has, in part, contributed to the increased 

potential for hunger in production animals in that breeding programs have selected for 

high-producing dairy cows, large breasted chickens, and lean pigs. For example, broiler 

chickens have been selected specifically for high appetites leading to fast growth rates. In 

a situation where some of these animals are fed a high-energy diet ad libitum they will eat 

to excess and become obese (Forbes, 2007). Since certain animals are susceptible to 

being overweight, feed intake must be controlled in an effort to reduce reproductive 
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problems. As such, there are situations where production animals must be limit-fed. Limit 

feeding can be described as presenting the animal with a high-concentrate, nutrient-dense 

diet once or twice a day (Lawrence and Terlouw, 1993). Swine and broiler chickens are 

the most common species that are limit-fed. Specifically, broiler breeders are limit-fed to 

delay onset of lay, allowing more time for the development of the reproductive tract, 

resulting in better egg production (Hocking, 1993) and improved body condition 

(Lawrence and Terlouw, 1993). Pregnant sows are also typically limited to about 60% ad 

libitum in an effort to limit excessive weight gain and fat deposition (Ramonet et al., 

1999) to reduce farrowing problems (Lawrence and Terlouw, 1993). Limit feeding has 

also been successful in ruminants, such as gestating beef cattle (Loerch, 1996), lactating 

ewes (Susin et al., 1995a), growing steers (Loerch, 1990), and replacement ewe lambs 

(Susin et al., 1995b). However, because limit feeding results in animals consuming less 

feed than they would if they were fed ad libitum, it also results in animals that do not 

achieve satiety (ie. hungry; D'Eath et al., 2009). 

1.2 Behavioural Effects Due to Hunger in Production Animals 

Hunger has many negative behavioural effects in production animals. It is 

common for animals to increase the rate of vocalization when they are hungry. Thomas et 

al. (2001) found that when calves were limit-fed milk they vocalized more than calves 

that were fed ad libitum. In a more recent study, De Paula Vieira et al. (2008), determined 

that limit-fed calves had 24 unrewarded visits/day to the feeder as compared to calves fed 

ad libitum that had 12 unrewarded visits/day. De Paula Vieira et al. (2008) also 

determined that calves that were limit-fed milk stood for one hour/day longer than those 
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that were ad libitum fed. Finally, these researchers discovered that the calves that were 

limit-fed were also more likely to displace other calves that were at the feeder. These 

researchers concluded that increased vocalizations, more frequent unrewarded feeder 

visits and greater competition at the feeder demonstrated that the calves were motivated 

to attain milk and these behaviours could be used to assess hunger in calves (De Paula 

Vieira et al., 2008). 

Lack of satiety can also lead to abnormal behaviours, which may be redirected to 

other stimuli in the environment, resulting in the development of stereotypic behaviour. 

Stereotypies can be defined as movement patterns continuously repeated without any 

apparent function (Odberg, 1978). Oral stereotypies, such as licking or pecking at non-

food objects, bar-biting and tongue-rolling are typically performed post feeding, 

suggesting that these behaviours are related to feeding motivation (Rushen, 1985). For 

example, sows that are hungry will redirect their motivation towards their tether chain 

and/or start bar biting (Cronin, 1985; Rushen, 1985). Terlouw et al. (1991b) also found 

that gilts fed in a limited amount performed more stereotypies than gilts provided with 

larger amounts of food, regardless of whether they were tethered or in a pen, suggesting 

that the limit-fed gilts were hungry. Limit-fed poultry have commonly been seen pacing 

and standing before feed delivery (Savory and Mann, 1999). These birds will then show 

increased drinking, preening, and pecking at non-food objects post-feeding (Savory, 

1994; Savory and Mann, 1999). 
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1.3 Limit Feeding Dairy Replacement Heifers 

Heifers are typically fed a high-forage, low-concentrate diet ad libitum to meet 

their nutrient requirements (NRC, 2001). The optimal growth rate for a growing dairy 

heifer is about 0.8-0.9 kg/d of gain (Radcliff et al., 1995). The reason for having an 

optimal growth rate is to optimize calving age (22-24 months; Crowley et al., 1991) and 

weight (580-635 kg; Hoffman et al., 1992). Targeting growth rate is important to achieve 

optimal milk production and mammary development. Therefore, feeding heifers a high-

forage diet can allow for growth targets to be met (DeVries, 2010). 

Dairy heifers fed a high-forage TMR ad libitum are prone to sorting for the short 

particles (concentrate) and against the long (fibre) particles (DeVries and von 

Keyserlingk 2009a,b). This sorting behaviour can lead to the consumption of an 

unbalanced diet, which could potentially reduce the ability to meet target growth rates, 

and could also increase the risk of ruminal acidosis due to the increase in consumption of 

highly fermentable carbohydrates and reduced intake of physically effective fibre 

(DeVries et al., 2008). Recently, other feeding strategies have been considered in an 

attempt to control caloric intake and growth. One of these feeding strategies is limit 

feeding, by which dairy heifers are fed a nutrient-dense diet in a limited amount to 

control caloric intake and average daily gain (ADG). 

1.3.1 Potential Advantages of Limit Feeding Dairy Heifers 

There are several reasons why limit feeding replacement dairy heifers is 

beneficial to the dairy industry. Two major concerns facing today's dairy industry 
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include: 1) rising feed costs and 2) increased consciousness in society of environmental 

issues. Therefore, the dairy industry must find areas where it could potentially reduce 

feed costs, without negatively effecting production, and reduce greenhouse gases, such as 

methane, into the atmosphere. A limit feeding strategy for replacement heifers provides 

the possibility of alleviating these concerns. 

One major benefit of limit feeding is that it has the potential to reduce feed costs. 

A limit-fed diet is more nutrient-dense, which translates into heifers reaching their 

metabolic goal with less feed consumption. This concept has long been established with 

beef cattle (Driedger and Loerch, 1999) and more recently there has been some work 

with replacement dairy heifers. Zanton and Heinrichs (2007) used 41 Holstein heifers and 

found a significant decrease in DMI when heifers were fed a high concentrate diet (HC) 

versus a high forage diet (HF). To get the same rate of gain between the HC and the HF 

group, the HC group consumed 5.32 kg/d of DMI versus the HF group that consumed 

5.96 kg/d of DMI (Zanton and Heinrichs, 2007). Lascano et al. (2009) conducted a study 

comparing a HC diet to a HF diet. These researchers used 32 Holstein heifers and 

targeted an ADG of 0.8 kg/d. In order to achieve this goal, the HC group consumed 5.34 

kg/d DMI versus the HF group that consumed 5.52 kg/d (Lascano et al., 2009). 

Furthermore, Hoffman et al. (2007) used 54 Holstein heifers and compared an ad libitum 

diet to 2 levels of a limit-fed diet (90% vs 80% of ad libitum intake). These researchers 

found a 2.2 kg/d decrease per heifer in DMI (Hoffman et al., 2007). To put this into 

perspective, a producer feeding 50 heifers/day would be saving over 40 tons of DM 

feed/year. Therefore, it is possible that with the decrease in DMI, there is potential to 

dramatically reduce total feed costs. 
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Average daily gain can also be maintained with a limit-fed diet. Zanton and 

Heinrichs (2007) established that whether the heifers were prepubescent or pubescent, 

there were no differences in ADG with HC-fed versus HF-fed heifers. Similarly, 

Hoffman et al. (2007) determined no differences in ADG, body weight, hip height, heart 

girth and body condition score in limit-fed heifers. Therefore, it is clear that a iimit-fed 

diet can be used to control ADG, allowing for similar gains to those seen on a high-

forage diet fed ad libitum. 

Increased feed efficiency with limit feeding has been well established in beef 

cattle (Hicks et al., 1990; Loerch, 1990). Klinger et al. (2007) demonstrated that cattle 

limit-fed a high-grain diet had over a 15 % improvement in feed efficiency over those fed 

a high-forage diet ad libitum. This improvement in efficiency was due to the increase in 

digestibility of grains compared to forage (Klinger et al., 2007). Improved feed efficiency 

has also been seen in studies with limit-fed replacement dairy heifers. Hoffman et al. 

(2007) demonstrated that feed efficiency was improved by 28.9% when comparing an ad 

libitum diet to a limit-fed diet fed at a rate of 80% of ad libitim. These results are similar 

to those seen in other studies where replacement dairy heifers were limit-fed (Lascano et 

al.,2009; Zanton and Heinrichs, 2007). 

Total fecal output can also be decreased through limit feeding. Lascano et al. 

(2009) demonstrated that total manure output decreased with HC-fed heifers versus HF-

fed heifers. These results are similar to those reported by other research in which fecal 

output was measured (Dreidger and Loerch, 1999; Hoffman et al., 2007). Limit feeding 

also has the ability to reduce nitrogen excretion within the manure of cattle. Several 

studies have shown improved nitrogen retention and efficiency when ruminants are fed a 
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low-forage diet (Murphy et al., 1994; Driedger and Loerch, 1999; Moody et al., 2007, 

Zanton and Heinrichs, 2009). However, in another study there was no significant 

difference in nitrogen excretion in the feces between a high and low forage diet, but there 

was a non-significant increase in nitrogen excretion in the urine when fed the low-forage 

diet (Hill et al., 2007). Therefore, further research needs to be conducted to determine if 

the beneficial effects due to low forage diets is consistent and to determine if nitrogen is 

being excreted through urine rather than feces. 

Finally, research has shown that there are no negative effects of limit feeding on 

future milk production (Lammers et al., 1999; Driedger and Loerch, 1999). Zanton and 

Heinrichs (2007) recently conducted a study to determine the effect of a HC diet fed to 

young dairy heifers on first-lactation (150 DIM) milk production. They found that there 

was no difference in milk production and peak milk produtction with the heifers fed a HC 

compared to a high forage diet (Zanton and Heinrichs, 2007). In agreement with the 

above study, Hoffman et al. (2007) also reported no differences in lactation performance 

(milk yield, fat and protein) when heifers were fed ad libitum compared to limit-fed 

heifers. 

1.3.2. Behavioural Effects of Limit Feeding Dairy Heifers 

There is little research on the behavioural effects of limit feeding on dairy heifers. 

Consumption of feed within 2 h of feed delivery, as seen in limit-fed heifers (Hoffman et 

al., 2007), is much different from the average feeding time of 3-5 h seen in heifers fed a 

high-forage ration ad libitum (Greter et al., 2008; DeVries and von Keyserlingk, 2009a). 

In fact, adult dairy cattle, under natural grazing conditions, would engage in foraging 
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behaviour for 4-9 h throughout the day (Hafez and Bouissou, 1975). In a limit-fed 

situation, even though the animals may be receiving sufficient nutrients to be 

metabolically satiated, they may not be experiencing sufficient rumen fill or manipulation 

of feed and, therefore, may not have satisfied their motivation to engage in foraging 

behaviour. Lindstrom and Redbo (2000) demonstrated in lactating dairy cows that, 

whether the rumen was full or not, the cows were motivated to spend time manipulating 

their feed. These findings suggest that, even though the cattle may be physiologically 

"full", they may have a behavioural need to perform feeding behaviours. 

Hoffman et al. (2007) observed that limit feeding increased inactive standing time 

in heifers. These researchers also found that limit feeding increased vocalization levels in 

heifers (Hoffman et al., 2007), as well as increased the amount of aggressive 'reaching' 

(extensive stretching of the neck and front legs) to acquire feed (Hoffman, 2007). Limit 

feeding dairy cattle has also been associated with increased levels of oral stereotypies, 

including tongue rolling, constant head nodding, and bar biting/licking (Redbo et al., 

1996; Redbo and Nordblad, 1997; Lindstrom and Redbo, 2000). These changes in 

behaviour may be attributed to hunger and frustration as a result of lack of satiety 

(Savory et al., 1993). 

1.3.3 Potential Health Effects 

As mentioned above, Hoffman et al. (2007) found that limit-fed heifers stood for 3 

h longer than heifers fed ad libitum. Such an increase in inactive standing time may 

increase the risk of hoof pathologies (Cook et al., 2004; Vanegas et al., 2006), which can 

lead to lameness. However, there have been no studies conducted to examine the long-



term effects of inactive standing when heifers are limit-fed and whether this standing can 

result in lameness. Thus, further research is needed to determine whether an increase in 

standing time is detrimental to the welfare of these animals. 

Sub-acute ruminal acidosis (SARA) is a bovine disease that typically affects dairy 

cows (Kleen et al., 2003). Increased risk of SARA occurs when a low-forage, high-

energy diet interacts with a rumen environment that is not adapted (Kleen et al., 2003), 

resulting in high acid production and causing rumen pH to decrease to a range of 5.6 to 

5.2 (Plaizier et al., 2008). Typically, there are 2 scenarios that increase the risk for dairy 

cattle to experience this disease. Firstly, when fresh cows are introduced to a significantly 

different diet from that fed during the dry period or secondly, inaccurate calculations of 

the forage:concentrate ratio in the ration (Kleen et al., 2003). There is a risk of SARA in 

limit-fed dairy heifers due to the increase in consumption of highly fermentable 

carbohydrates as a result of a ration with a low forage:concentrate ratio. Moody et al. 

(2007) demonstrated that when heifers were fed a HC diet there was a significant drop in 

rumen pH to levels conducive to the development of SARA (minimum=5.3) with an 

overall lower mean rumen pH of 5.9. It is clear that the heifers were experiencing larger 

within-day bouts of SARA when fed a HC diet in comparison to heifers fed a HF diet. In 

addition to the immediate effects SARA (i.e. decreased DMI, decreased feed efficiency; 

Krajcarski-Hunt et al., 2002), there appears to be a correlation between ruminal acidosis 

and lameness. This relationship occurs due to the release of vasoactive substances, which 

are released when there is a decline in rumen pH, and these substances can cause tissue 

degradation (Nocek, 1997). These substances cause vasoconstriction and dilation and 

ultimately destroy the dermis in the foot (Nocek, 1997). Finally, these substances cause a 
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restriction of blood flow to the extremities, resulting in lameness (Nocek, 1997). 

Experiencing SARA early in life may have long-term implications. Ruminal acidosis can 

cause shedding of the stratum corneum (protective barrier between the rumen 

environment and portal circulation) (Steele et al., 2009) which can cause rumen microbes 

to leak into the body's circulation, which can lead to liver abscesses and other 

immunological problems (Nocek, 1997). Furthermore, if these animals are exposed to a 

prolonged high-grain ration it can lead to excessive keratinization of the epithelium 

which can lead to parakeratosis (accumulation of keratinized epithelium; Hinders and 

Owen, 1965)(Steele et al., 2009). In turn, parakeratosis may limit the absorptive capacity 

of the rumen in the future (Krehbiel et al., 1995a). As limit-fed heifers may be more 

susceptible to reduced rumen pH, it is important that more research be done to investigate 

the long-term effects that SARA may have on the development of lameness and 

parakeratosis in these animals. 

1.4 Ideas for Reducing Behavioural Effects 

There have been several suggestions on ways to reduce the negative behavioural 

effects of limit feeding. In pigs, the most common method is to accompany the high-

concentrate diet with a low nutritive feedstuff, such as straw (Spoolder et al., 1995; 

Whittaker et al., 1998, D'Eath et al., 2009). To date, there has been no research on 

reducing the effects of limit feeding on dairy heifers. It could be hypothesized that 

perhaps, like pigs, if a low nutritive feed stuff was added to the heifers' limit-fed diet, this 

would alleviate the behavioural problems. Greter et al. (2008) determined that straw may 

be included in a TMR fed ad libitum for growing dairy heifers to reduce DMI and target 



nutrient intake without negatively affecting feeding behaviour or growth potential. 

Unfortunately, in the study by Greter et al. (2008) heifers were exposed to a TMR fed ad 

libitum and, therefore, the potential benefits of increased feed efficiency may not have 

been realized. It is yet to be determined if the increased feed efficiency gained with a 

higher concentrate diet fed at a limited amount can be maintained when a low nutritive 

feedstuff is offered to allow for more natural feeding behaviour. 

1.5 Objectives and Hypothesis 

It appears that limit feeding can improve feed efficiency, decrease DMI, reduce 

fecal output and have no negative carryover effects into lactation. However, it is 

important to understand the negative behavioural effects of limit feeding, such as 

reducing natural foraging behaviour and also showing signs indicative of hunger, such as 

vocalizations, inactive standing and oral stereotypies. There have been suggestions on 

ways to reduce the negative behavioural effects of limit feeding in other species but, to 

date, there has been no research on reducing the negative behavioural effects associated 

with limit feeding dairy heifers. 

The objective of this thesis was to examine the behavioural and growth effects on 

dairy heifers when a low-nutritive feedstuff was provided with (either within or 

alongside) a high-concentrate ration fed in a limited amount. The hypothesis was that the 

addition of straw to a limit-fed ration would allow heifers to satisfy their natural foraging 

behaviour, without significantly affecting their feed efficiency and growth. 
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CHAPTER 2: THE EFFECT OF LIMIT FEEDING ON THE FEEDING 
BEHAVIOUR AND GROWTH OF DAIRY HEIFERS 

2.1 INTRODUCTION 

The costs associated with replacement dairy heifers are second only to the feed 

costs of lactating cows, representing 15-20% of total milk production costs on a dairy 

farm (Heinrichs, 1993). As replacement heifers provide no immediate financial benefits 

to producers until the onset of lactation, it is important to minimize rearing costs. 

However, this cannot be done at the expense of production potential, health or welfare, as 

healthy and potentially productive heifers are needed to replace up to nearly 40% of the 

lactating herd each year (Quaiffe, 2002). 

Growing dairy heifers are typically fed a high-forage, low-energy ration to meet 

their energy and nutrient requirements and, thus, control their average daily gain. 

Researchers have recently been investigating how energy and nutrient intakes can be 

controlled through the consumption of a more nutrient-dense ration fed in a limited 

amount (Hoffman et al., 2007; Moody et al., 2007; Zanton and Heinrichs 2007). Limit 

feeding allows for growth rates to be controlled, while potentially reducing feed costs, 

decreasing fecal excretion, and increasing feed efficiency (Hoffman et al., 2007; Moody 

et al., 2007; Lascano et al., 2009). 

Despite the benefits of limit feeding, there is some indication that this feeding 

strategy poses behavioural concerns for dairy heifers. Hoffman et al. (2007) observed that 

limit feeding reduced eating and lying time, resulting in heifers standing for more time 



without eating, which may increase the risk of hoof pathologies (Cook et al., 2004; 

Vanegas et al., 2006). These researchers also found that limit feeding increased 

vocalization levels in heifers (Hoffman et al., 2007), as well as increased the amount of 

aggressive 'reaching' (extensive stretching of the neck and front legs) to acquire feed 

(Hoffman, 2007). Limit feeding dairy cattle has also been associated with increased 

levels of oral stereotypies, including tongue rolling, constant head nodding, and bar 

biting/licking (Redbo et al., 1996; Redbo and Nordblad, 1997; Lindstrom and Redbo, 

2000). These changes in behaviour may be attributed to hunger and frustration as a result 

of lack of satiety (Savory et al., 1993), not only due to limited rumen fill but also due to 

limited oral manipulation of feed (Lindstrom and Redbo, 2000). Consumption of feed 

within 2 h of feed delivery, as seen in limit-fed heifers (Hoffman et al., 2007), is much 

different from the average feeding time of 3 to 5 h for heifers fed a high-forage ration ad 

libitum (Greter et al., 2008; DeVries and von Keyserlingk, 2009a). It is even more 

different from the 4 to 9 h that dairy cattle would engage in foraging behaviour, under 

natural grazing conditions (Hafez and Bouissou, 1975). 

To date, there has been little research on reducing these potentially negative 

behavioural effects of limit feeding in dairy heifers. For gestating sows, which are often 

limit-fed, the most common method identified to reduce negative behaviours, and satisfy 

foraging needs, is to accompany their restricted diet with a low-nutritive feedstuff, such 

as straw (Spoolder et al., 1995; Whittaker et al., 1998; D'Eath et al., 2009). Greter et al. 

(2008) recently demonstrated that feeding time could be increased in growing dairy 

heifers by adding straw to a TMR fed ad libitum. It has yet to be determined, however, if 

the increased feed efficiency gained and the ability to control growth rate, with a limit-
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fed ration, can be maintained when a low-nutritive feedstuff (such as straw) is also 

offered. The objective, therefore, of this study was to examine the behavioural and 

growth effects on dairy heifers when a low-nutritive feedstuff is provided with (either 

within or alongside) a high-concentrate ration fed in a limited amount. We hypothesized 

that the addition of straw to a limit-fed ration would allow heifers to satisfy their natural 

foraging behaviour, without significantly affecting their feed efficiency and growth. 

2.2 MATERIALS AND METHODS 

2.2.1 Animals and Housing 

Twenty-four Holstein dairy heifers were used in this study and were acquired, on 

loan, from a local commercial dairy operation. Upon arrival, heifers were given a broad-

spectrum antibiotic (Draxxin, tulathromycin, Pfizer Animal Health, Kirkland, Quebec, 

Canada) to prevent potential sickness due to transport and mixing stresses (Stanton et al., 

2010). The heifers were given a 14-d adaptation period prior to exposure to experimental 

treatments. The heifers were (mean ± SD) 187 ± 11.3 d of age, weighed 231.15 ± 12.0 kg 

and measured 112.1 ± 2.8 cm tall at the withers at the beginning of the trial. Heifers 

weighed 314.2 ± 16.4 kg and were 123.2 ± 2.8 cm tall at the withers at the end of the 

experiment. Heifers were housed in groups of 4 in 6 pens. The pens were located in a 

naturally-ventilated, cold barn at the University of Guelph, Kemptville Campus 

(Kemptville, Ontario, Canada) and were managed according to the guidelines set by the 

Canadian Council on Animal Care (1993). Use of heifers was approved by the University 

of Guelph's Animal Care Committee (AUP#09R022). The experiment was conducted 
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between May and August of 2009. The pens consisted of an indoor sand-bedded pack 

area (3.6 m x 10.9 m; width x depth) and an outdoor concrete run (3.6 m x 16.4 m). Sand 

bedding was cleaned out and replenished every 7-10 d throughout the trial. Feed bunks 

were located along the front of each indoor pack area and measured 2.70 m in length 

(split into two 1.35 m sections), allowing a total of 0.68 m of bunk space/heifer. Orts 

were cleaned out of feed bunks at 1030 h each day, with new feed delivered once daily at 

1130 h. Water was available ad libitum to the heifers through a water bowl in each pen. 

Heifers were also given ad libitum access to trace mineral salt blocks (Windsor TM Stock 

Salt, The Canadian Salt Company Limited, Pointe-Claire, Quebec, Canada). 

2.2.2 Experimental Design and Rations 

The number of pens required per treatment was determined through power 

analysis (Morris, 1999) for primary response variables, including DMI, feeding 

behaviour and average daily gain. Estimates of variation for these variables were based 

on previously reported values (Kertz and Chester-Jones, 2004; Hoffman et al., 2007; 

Greter et al., 2008). Heifers were divided into 6 groups of 4 that were balanced for age, 

weight and height. Heifers had previously been fed a TMR and over the 14-d adaptation 

period were gradually accustomed to increased concentrate in their TMR. From d 1 to 7 

of that period, heifers were fed a ration consisting of (on DM basis) 38% corn silage, 

34% grass/alfalfa haylage, 16% high-moisture corn and 12% protein supplement ad 

libitum. From day 8 to 14 they were fed (on a DM basis) a ration consisting of 32% corn 

silage, 26% haylage, 27% high-moisture corn and 15% protein supplement ad libitum. 

Both rations during the adaptation period were fed ad libitum. After this period, heifers 



were switched to a TMR fed in a limited amount (Table 2.1). This TMR was formulated, 

and fed at a restricted level (2.02% of BW), to meet the nutrient requirements for a non-

bred Holstein heifer growing at 0.9 kg/d (NRC, 2001). 

Following the adaptation period, groups of heifers were exposed to each of 3 

dietary treatments, in 28-d periods, using a replicated 3x3 Latin square design. The 

treatments were 1) limit-fed TMR (TMR-L), 2) limit-fed TMR with access to wheat 

straw on the side (TMR-SC), and 3) limit-fed TMR with wheat straw mixed in the ration 

(TMR-SM). For the 2 straw treatments, wheat straw constituted approximately 30% (on a 

DM basis) of offered feed. Each 28-d treatment period consisted of a 14-d adaptation 

period (to allow heifers to acclimate to the new treatment), followed by a 14-d data 

collection period. 

Each day, dietary components were mixed in a TMR mixer wagon (Reel-Auggie 

model 3250, Kuhn Knight, Inc., Brodhead, WI). The appropriate amount of TMR was 

manually weighed out for each pen. For the TMR-SM treatment, the TMR and wheat 

straw were thoroughly mixed on the cement floor in front of the each feed bunk for 10 

min using a pitchfork. After mixing was complete, feed was placed in the feed bunk. For 

TMR-SC treatment, the appropriate amount of wheat straw was placed in half of the feed 

bunk, with the TMR placed in the other half. The total amount of feed offered to each 

pen was adjusted, according to average pen heifer BW, every 2 weeks. 

2.2.3 Feed Intake and Growth Measurements 

Group intakes were recorded daily throughout the study by weighing the amount 

of feed offered and amount of feed refused (if any). These data were used to calculate 



daily DMI (kg/d) on a pen basis. Heifers were weighed and measured for the same 2 

consecutive days each week to measure weight gain (ADG). Feed efficiency was 

calculated as kg of DMI/kg of gain. 

2.2.4 Behavioural Measurements 

Feeding and competitive behaviour were monitored using time-lapse video 

recording, continuously for the last 14-d of each treatment period. Heifers were recorded 

using 1 video camera (Panasonic WV-BP330; Osaka, Japan) per pen, a time-lapse video 

cassette recorder (Panasonic AG-6740) and a video multiplexer (Panasonic WJ-FS 616). 

Video cameras were mounted 3.2 m above each of the 6 feed bunks. Red lights (100W), 

mounted adjacent to the cameras, were used to facilitate recording at night. Individual 

heifers were identified within each pen by their unique patterns. Digital photographs were 

taken of each animal's head and another showing a dorsal view of the back. These photos 

were used during video analysis to identify individuals within each pen. 

The amount of time spent feeding during 14-d recording period was scored for 

individual heifers using instantaneous scan sampling every 10 min. For each scan, 

feeding was defined when a heifer had her head completely past the feed rail and over the 

feed. To validate this scanning method we compared continuous video observations, for 

each heifer, with 10-min scan samples over a 24-hr period. The correlation was r > 0.95 

for all intervals less than 10 min; thus this method proved adequate as demonstrated by 

Endres et al. (2005) for mature dairy cattle. Therefore, total time spent feeding was 

calculated by multiplying the number of scans by 10. Total time spent feeding was then 

calculated for each heifer for each day of the 14-d recording period. To identify changes 



in diurnal feeding patterns between treatments, these scans were used to calculate the 

percentage of heifers feeding at the feed bunk over a 24-h period. Based on these diurnal 

feeding patterns, the time period when feeding activity was greatest was identified (1.5 h 

following feed delivery when all of the limit-fed TMR was consumed) and the amount of 

time spent feeding during the period was calculated. Unrewarded feeding (presence at the 

feed bunk when no feed was present) was also measured using 10 min scans. For each 

scan, unrewarded feeding was defined when a heifer had her head completely past the 

feed rail and over an empty feed bunk. Total daily unrewarded feeding time was 

calculated, for each day of the 14-d recording periods, by multiplying the number of 

scans by 10. 

Feeding competition, recorded as displacements from the feed bunk while 

feeding, was measured on d 23, 25 and 28 of each treatment period. A displacement was 

marked when a butt or a push from the actor (instigator) resulted in the complete 

withdrawal of the reactor's head from beneath the feed rail (DeVries et al., 2004). These 

observations were used to calculate the number of times each heifer was displaced from 

the feed bunk each day. 

Rumination behaviour was measured on d 16, 18, 23, and 25 during each 

treatment period. On these days rumination behaviour was recorded by live scan 

sampling of each pen, every minute for 60 min starting at 1600 h. From this data the 

average percentage of heifers ruminating, during this time period, within each pen was 

calculated. Based on the findings of DeVries et al. (2009), observing the percentage of 

heifers ruminating over 60 individual minutes should provide an accurate estimate of the 
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mean and allow for the detection of possible differences in rumination activity between 

treatments. 

Standing and lying behaviour were recorded during the last 7-d of each treatment 

period. Daily lying times of individual heifers were collected using electronic data 

loggers (HOBO Pendant G Data Logger, Onset Computer Corporation, Pocasset, MA). 

These devices were placed on the hind leg of each heifer using veterinary bandaging 

(Vetrap Bandaging Tape, 3M, St. Paul, MN) and measured the orientation of the leg at 1-

min intervals. This data was summarized to calculate the average daily standing and lying 

time (min/d), as well as the frequency of lying bouts (#/d). These data were used to 

determine inactive standing time (standing while not feeding) by calculating the 

difference between feeding time and standing time. 

2.2.5 Feed Sampling and Analysis 

Representative grab samples of the TMR, TMR-SM, wheat straw and orts (if any) 

were taken for DM and chemical analysis during the last 14 d (recording weeks) of each 

treatment period. Samples of the dietary components were also taken for DM and 

chemical analysis once during these recording weeks. Duplicate samples of forage 

components were taken, once a week during the last 14 d of each treatment period, for 

particle size separation. Grab samples of TMR, TMR-SM and wheat straw were also 

collected for particle size separation at the time of feed delivery (i.e., after feed mixing 

was finished) each day during the last 14 d of each treatment period. Orts (if any) 

samples were also collected, for DM and particle size separation, from each feed bunk at 
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the end of each recording day when the feed bunks were cleaned out. All samples were 

immediately frozen at -20°C until they were analyzed. 

Samples for particle size separation were thawed at a later date and separated 

using a 3-screen (19, 8, 1.18 mm) Penn State Particle Separator (PSPS; Kononoff et al., 

2003). This separated the samples into 4 fractions: long (>19mm), medium (<19, >8mm), 

short (<8,>1.18mm) and fine (<1.18mm) particles. After separation, DM of each 

separated fraction was determined by forced air drying at 55°C for 48 h. The physical 

effectiveness factor (pef) was determined as the DM proportion of particles retained by 

the top 2 sieves of the PSPS (Yang and Beauchemin, 2006a). The physically effective 

NDF (peNDF) was calculated by multiplying the NDF content of the feed by the pef. 

Samples taken for DM and chemical analysis were oven dried at 55°C for 48 h 

and then ground to pass through a 1mm screen (Wiley Mill, Arthur H. Thomas Co., 

Philadelphia, PA). These samples were then sent to Cumberland Valley Analytical 

Services Inc. (Maugansville, MD, USA) for analysis of DM (135°C; AOAC, 2000: 

method 930.15), ADF (AOAC, 2000: 973.18), NDF with heat-stable a - amylase and 

sodium sulfite (Van Soest et al., 1991) and CP (N x 6.25) (AOAC 2000: method 990.03; 

Leco FP-528 Nitrogen Analyzer, Leco, St. Joseph, MI). 

2.2.6 Calculations and Statistical Analysis 

Sorting was calculated as the actual DMI of each fraction of PSPS expressed as a 

percentage of the predicted DMI of that fraction (Leonardi and Armentano, 2003). The 

actual intake of each individual fraction was determined as the difference between the 
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DM amount of each fraction in the offered feed and that in the refused feed. The 

predicted intake for each individual fraction was determined by the DMI of the total 

ration multiplied by the DM percentage of that fraction in the offered ration. Values equal 

to 100% indicate no sorting, <100% indicate selective refusals (sorting against), and 

>100% indicate preferential consumption (sorting for). 

For analyses of treatment effects, the pen was considered the experimental unit. 

Data for intakes, growth (ADG), feed efficiency, feeding, lying/standing, competitive 

behaviour, and rumination were averaged for each pen by treatment period. Pen variance 

in ADG (ADGv) was calculated by averaging, per pen, the absolute difference between 

individual heifer ADG and pen mean ADG. Data for feed bunk attendance (percentage 

of heifers feeding) was summarized by hour for each pen for each treatment period. 

Preliminary screening of the data revealed that all dependent variables were 

normally distributed. To test for differences among treatments, all data were analyzed 

using MIXED procedure of SAS (2003). The model included the fixed effects of period, 

square, and treatment, the random effect of pen within square and the residual error. 

Interactions of the period and square with treatment were tested in the model and were 

not significant; therefore, these are not further reported. All values reported are least 

square means. The Tukey-Kramer method was used to adjust the probability differences 

between least square means. Significance was declared as P < 0.05 and trends were 

reported if 0.05 < P < 0.10. 

To test for the effect of treatment for diurnal feeding patterns, the data was 

analyzed using the MIXED procedure of SAS (2003) treating hour as a repeated measure. 

The model included the fixed effects of treatment, hour, square and the random effect of 
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pen within treatment. The covariance structure was autoregressive, according to the best-

fit Schwarz's Bayesian information criterion. All values were recorded as least square 

means. 

2.3 RESULTS 

2.3.1 Dietary Composition 

Nutrient composition of the TMR-L and TMR-SM treatment rations are reported 

in Table 2.2. Nutrient composition of the straw is presented in Table 2.3. Due to the 

addition of straw to the TMR ration, the TMR-SM treatment ration was lower in DM, CP, 

NFC, OM, TDN, NEG and NEM and higher in ADF and NDF. With the addition of straw, 

there was also an increase in the percentage of long particles and a decrease in percentage 

of medium, short and fine particles in the TMR-SM treatment ration compared to the 

TMR-L (Table 2.2). 

2.3.2 Behaviour 

Feeding time differed among all treatments, being lowest while heifers were on 

the TMR-L treatment and highest when on the TMR-SM treatment (Table 2.4). This 

difference in feed activity is seen in Figure 2.1, where there is a difference in the 

percentage of heifers present at the feed bunk over the course of the day (SE = 0.9, P < 

0.001). In the analysis of diurnal feeding activity a treatment by hour interaction (P < 

0.001) was detected. This interaction reflects the similar percentage of heifers across 
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treatments at the feed bunk during the 1.5 h period of feeding activity following feed 

delivery, with a greater percentage of heifers at the feed bunk for the straw treatments in 

the later hours of the day. Within that 1.5 h period, all of the TMR portion of the diet was. 

consumed on the TMR-L and the TMR-SC treatments (Figure 2.1 and 2. 2) in a similar 

amount of time (72.3 vs. 79.9 min/d). The amount of time spent feeding during the 1.5 h 

after feed delivery was longer on the TMR-SC compared to the TMR-L treatment (Table 

2.4), this was due to the fact that on the TMR-SC treatment, once the TMR was 

consumed, heifers started to immediately consume the straw provided as a choice (Figure 

2.2) and spent 123 min/d consuming the straw. Feeding time on the TMR-SM treatment 

was longest during that peak period (Table 2.4) and this feeding activity continued for 

several hours following that period (Figure 2.1). Unrewarded time at the feed bunk was 

greatest for the TMR-L treatment, with no differences in unrewarded time between the 2 

straw treatments (Table 2.4). 

The frequency of daily displacements differed between all treatments, being 

lowest for the TMR-L treatment and greatest for the TMR-SM treatment. Interestingly, 

during the period of peak feeding activity, the frequency of displacements did not differ 

between the TMR-L and TMR-SC treatments. The frequency of displacements was, 

however, greater during this time period on the TMR-SM treatment. There was no 

difference in daily lying time or frequency of lying bouts between treatments. The length 

of inactive standing time did, however, differ, between all treatments. Inactive standing 

was shortest for the TMR-SM treatment and longest for the TMR-L treatment. In the fifth 

hour following the daily delivery of feed there tended (P = 0.1) to be fewer heifers 

ruminating on the TMR-L treatment compared to the TMR-SM treatment. 
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There was no sorting for the TMR-L treatment as heifers consumed all of the 

feed, with no leftovers. With the TMR-SM treatment, heifers sorted against the long 

particles (97%; SE =0.6; P = 0.001), and sorted for medium (100.6%; SE=0.2; P= 0.002), 

short (101%; SE=0.2; /*=0.001) and fine (101%; SE=0.2; P0.001) . In the TMR-SC 

treatment, heifers consumed all of the TMR, however, they sorted the straw for the long 

particles (102%; SE=0.7; P=0.001), did not sort for or against the medium particles, and 

sorted against the short (93%; SE=1.8; P=0.006) and did not sort for or against the fine 

particles. 

2.3.4 Intake and Growth 

Given that the TMR was fed at a restricted level, DMI was lowest in the TMR-L 

treatment (Table 2.5). Within the straw treatments, DMI was greater for TMR-SM 

treatment compared to the TMR-SC treatment. Similar intake patterns were found for the 

intake of ADF and NDF. Intake of peNDF intake differed among treatments being lowest 

on the TMR-L treatment and greatest on TMR-SC treatment. Consumption of TDN was 

lowest on the TMR-L treatment but increased with the addition of straw to the ration. 

There was no difference in NEG between the TMR-L treatment and the 2 straw 

treatments, however TMR-SC treatment had higher levels then the TMR-SM treatment. 

NEM levels differed between the TMR-L, having the lowest level, and the TMR-SM 

treatment, having the highest. 

Heifer ADG tended to be lower for TMR-SM treatment compared to the TMR-SC 

and the TMR-L treatment (P=0.06, Table 2.5). There was, however, no difference in the 
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within pen variation in growth. Feed efficiency differed among treatment, being the most 

improved on the TMR-L treatment and poorest on the TMR-SM treatment. 

2.4 DISCUSSION 

Limit feeding replacement dairy heifers has been demonstrated to have 

nutritional, environmental and economical benefits. However, there are behavioural 

effects associated with this feeding strategy that pose a concern for these animals. This 

study was designed to determine whether the addition of a low-nutritive feedstuff (wheat 

straw) to a limit-fed ration is able to alleviate these behavioural concerns without 

significantly affecting growth and feed efficiency. The 3 treatments all consisted of the 

same base ration fed in a limited amount (which represented the TMR-L treatment). For 

the TMR-SC and TMR-SM treatments, 30% of dry matter intake or 1.8 kg DM/d/heifer 

of wheat straw was provided with the base ration. For the TMR-SM treatment the straw 

was mixed directly into base ration, changing the composition and particle size of the 

ration. The TMR-SM ration had a greater percentage of DM, ADF and NDF and a lesser 

percentage of CP, NFC and OM. The TMR-SM ration was still, however, formulated for 

a non-bred replacement Holstein heifer to maintain 0.9 kg/d of growth (NRC, 2001). The 

addition of straw to the base ration also changed the particle size distribution of the ration 

with more DM retained on the top screen, which were the long particles, and a decrease 

in DM on the medium, short and fine screens. 

As expected, there was 100% feed bunk attendance for the TMR-L treatment for 

just over an hour after the daily provision of fresh feed; all of the feed was consumed in a 

period of 72.9 min/d. This is similar to that reported by Hoffman et al. (2007) where 



heifers that were limit-fed at a rate of 80% of ad libitum consumed all of their feed in 72 

min/d. Interestingly, heifers on the TMR-SC treatment had similar consumption pattern 

and time of the base TMR as the TMR-L treatment. However, these heifers almost 

immediately switched to consuming straw once the base TMR was finished (Figure 2.2). 

Heifers on the TMR-SC treatment spent just over 2 h/d consuming the straw, resulting a 

total daily feeding time of just less than 3.5 h. Heifers on the TMR-SM treatment had the 

longest peak in feeding activity following feed delivery and total daily feeding time (4.8 

h/d). The feeding times, and distribution of that time, observed on the TMR-SC and 

TMR-SM treatment are thus more typical for ad libitum-fed replacement heifers, which 

typically have been reported to feed for 3-5 h a day, with that time spread throughout the 

day (Greter et al., 2008; DeVries and von Keyserlingk, 2009a). Therefore, in support of 

our hypothesis, the addition of straw to the limit-fed ration increased feeding time and the 

distribution of that time, thus allowing for a more natural feeding behaviour pattern for 

these heifers. 

There is evidence to suggest that satiety in cattle is not only linked to the amount 

of feed consumed, but also the duration of consumption of that feed. When cattle do not 

spend much time consuming (orally manipulating) their feed, there is potential for 

negative behavioural effects to develop. Lindstrom and Redbo (2000) looked at the 

importance of oral manipulation of feed in Swedish Red and White lactating dairy cows 

whether their rumen was full or not. Interestingly, these researchers discovered that even 

though the heifers were imposed with a physically full rumen, they would still manipulate 

their feed. They suggested that the act of manipulation of the feed contributes to the 

negative feedback loop to decrease the animals' motivation to feed. This is in accordance 
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with a model of motivation proposed by Hughes and Duncan (1988) in which appetitive 

elements of feeding exert first a positive and then a negative effect on feeding motivation. 

It can, therefore, be suggested that heifers that are limit-fed are metabolically satisfied, 

but not behaviourally satisfied (Lindstrom and Redbo, 2000). In our study, the results 

suggest that with the addition of straw the heifers had sufficient bulk and feeding time to 

decrease their feeding motivation, and were thus assumed to be satiated. Interestingly, 

heifers that were on the TMR-L treatment spent a greater amount of time at the feed bunk 

when there was no feed present (unrewarded time) compared to the 2 straw treatments. 

While on the TMR-L treatment heifers visited the empty feed bunk nearly 20 min/d more 

than on the TMR-SC and over 30 min/d more than on the TMR-SM treatment. This 

finding is similar to that of De Paula Vieira et al. (2008), who demonstrated that calves 

that were limit-fed doubled their amount of unrewarded visits to milk feeder compared to 

calves fed ad libitum. Those researchers concluded that frequent unrewarded visits can be 

used as an indication of hunger. 

As expected, DMI was greater for the 2 treatments with the provision of straw 

along with the limit-fed base TMR. Interestingly, despite consumption of a greater 

amount of nutrients on the TMR-SC treatment, ADG was similar between this treatment 

and the TMR-L treatment. Similar to this result, Hoffman et al. (2007) observed no 

difference in ADG when comparing an ad libitum-fed ration to more nutrient dense 

rations fed at 90 and 80% of ad libitum intake. Further, Zanton and Heinrichs (2007) 

compared the provision of a high forage ration to a low forage ration on the growth of 

pre-pubertal dairy heifers and found that ADG was not affected by either treatment, with 

heifers gaining approximately 0.8 kg/d. With the higher DMI and similar ADG, feed 
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efficiency of the TMR-SC treatment was decreased by 19% compared to the TMR-L 

treatment. This decrease in feed efficiency is slightly less than that reported by Hoffman 

et al. (2007), who demonstrated a 23.7% improvement in feed efficiency for heifers 

provided a limit-fed ration (at 90 % ad libitum) compared to those fed ad libitum. In the 

present study, feed efficiency was decreased by 37 % on the TMR-SM treatment 

compared to the TMR-L treatment. It is known that feeding rations with greater peNDF 

will reduce total tract digestibility (Yang and Beauchemin, 2006b) and thus reduce 

efficiency of feed use. 

To determine how the treatments affected rumen conditions, rumination 

behaviour was observed, using a 1-min scan, for one hour in the fifth hour after feed 

delivery. There was only a tendency for there to be fewer heifers ruminating on the TMR-

L compared to the TMR-SM treatment during that time period. The premise for these 

observations of rumination was based on the findings of DeVries et al. (2009), who found 

that suboptimal rumen function (i.e. an acidosis event) could be detected by observing the 

percentage of cattle within a group ruminating over at least 48 individual minutes during 

a period of time when rumination is expected (i.e. not during a period of feeding activity). 

Unfortunately, for the present study, the diurnal feeding pattern (Figure 2.1) of the heifers 

shows that some heifers on both straw treatments were still feeding at during this 

observation period. Given that heifers on the TMR-SC and TMR-SM treatments 

consumed over twice as much physically effective fiber across the day, it would be 

predicted that they would show increased rumination behaviour. Therefore, it is likely 

that more of a difference in rumination behaviour may have been detected if rumination 
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had been measured at a much later period in the day, such as the late night or early 

morning period when little feeding activity was occurring. 

It is interesting to note that the feed efficiency observed for the ad libitum ration 

fed in the Hoffman et al. (2007) study was 12.8 (kg DM/kg of gain); this is much higher 

than the 7.8 observed for the TMR-SC treatment and 9.9 observed for the TMR-SM 

treatment. This would suggest that even though providing straw decreased efficiency 

compared to the limit-fed TMR, its provision either alongside or mixed within a limit-fed 

TMR may improve feed efficiency over that which could be achieved with a traditional 

high-forage ad libitum-fed ration. Along with improvements in efficiency, there is also a 

possibility of reducing feed costs with such a feeding strategy. Utilizing local, current 

prices (in CAD $) for the feed components utilized in this study (OMAFRA, 2010), we 

calculated that the base limit-fed TMR would cost $ 1.17/ kg of gain per heifer. For the 

provision of straw alongside the TMR, as in the TMR-SC treatment, it would only 

increase the cost per kg of gain by $0.17. The cost of feeding such a ration, even with 

straw, would be less than the cost of $1.50/kg of gain calculated for a typical, high-forage 

heifer feeding program in Ontario, Canada (Rodenberg, 2000). 

Surprisingly, lying time was similar across all 3 treatments despite the fact that on 

the TMR-L treatment heifers were spending at least 2 h less time feeding per day. This 

translated into heifers spending more time inactively standing time when on the TMR-L 

treatment. This is similar to that reported by Hoffman et al (2007), who found that 

inactive standing time increased with increased feed restriction. Standing for long periods 

of time, while not eating, has been associated with the risk of lameness in dairy cattle 

(Greenough and Vermunt, 1991). This behaviour, along with the consumption of a highly 
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fermentable ration that may put the heifers at risk for sub-acute ruminal acidosis, a risk 

factor for lameness (Nocek, 1997), may thus increase the risk of lameness in limit-fed 

heifers. As we were unable to look at the long-term development of hoof pathologies in 

this study, it is recommended that future studies evaluate the long-term effect of such 

inactive standing time on the development of hoof pathologies in limit-fed heifers. 

Another surprising result was the observation that feed bunk competition (i.e. 

frequency of displacements) was lowest on the TMR-L treatment and highest for the 

TMR-SM treatment. During the period of peak feeding activity (1.5 h immediately after 

feed delivery) the frequency of displacements on the TMR-SM treatment was nearly 

double that of both the TMR-L and TMR-SC treatments. This suggests that on the TMR-

SM treatment, heifers were more motivated to compete for the TMR that was mixed with 

the straw. Interestingly, during that period of peak feeding activity when all the TMR was 

consumed in the TMR-L and TMR-SC treatments, there was similar frequency of 

displacements between those treatments. This is interesting since there was a different 

amount of feed bunk space for access to the TMR in these treatments. On the TMR-L 

treatment there was 0.68 m/heifer of feed bunk space, while there was only 0.34 m/heifer 

of TMR feed bunk space due to the straw in the other half of the feed bunk. The similar 

level of competition suggests that when the heifers were consuming the TMR portion of 

the ration, they were highly motivated to simply consume the feed, rather than engaging 

in competitive behaviour. It is likely that at lower levels of feed bunk space this 

competition would increase. Longenbach et al. (1999) suggested that increased 

competition resulting from feed bunk space being less than 0.31 m/heifer may have 

contributed to the increased variation in growth they observed in limit-fed heifers. Given 
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that there was sufficient space for all animals to feed simultaneously in our study, it is not 

surprising that we did not detect any difference in ADGv between treatments. Overall, 

based on these results, it can be suggested that feeding straw alongside a limit-fed TMR, 

as opposed to mixed in, may prevent high levels of competition by heifers for access to 

the TMR given there is adequate feed bunk space. 

2.5 CONCLUSIONS 

Limit feeding dairy heifers is beneficial from a nutritional standpoint as improves 

feed efficiency, decreases DMI and allows for ADG to be controlled. This feeding 

strategy does, however, reduce feeding time and increases inactive standing time and 

unrewarded feeding time. With the provision of straw alongside a limit-fed ration, heifers 

are able to increase their feeding time (to a similar amount of time observed for heifers 

fed ad libitum), decrease inactive standing, reduce unrewarded feeding time and maintain 

their ADG. The provision of straw did decrease feed efficiency, but not to the extent of 

that typically seen on a high-forage ad libitum-fed ration. Therefore, it can be concluded 

that limit feeding dairy replacement heifers is beneficial from a nutritional standpoint; 

however it is recommended to provide a low-nutritive feedstuff alongside a limit-fed 

ration so that heifers can satisfy their natural foraging behaviour, thus improving the 

overall welfare of these animals. 
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Table 2.1 Ingredient composition of the TMR (%, DM basis) fed to growing dairy 
heifers1 

Ingredient, % TMR 

Corn Silage 21 

Alfalfa/grass haylage 19 

High moisture corn 45 
•5 

Protein Supplement 15 

TMR used for all 3 treatment rations 
2Chemical composition of high moisture com (DM basis) was 8.1 ± 0.3% CP, 4.2 ± 0.6% 
ADF, and 12.4 ± 1.4% NDF 
3Supplied by Ritchie Feed & Seed Inc. (Ottawa, ON, Canada), containing (on as-is basis): 
30.3% soybean meal, 24.2% Tri-Pro Gold (Tri-County Protein Corp., Winchester, ON, 
Canada), 16.5% corn gluten meal, 11.0% canola meal, 5.9% ground limestone, 5.8% 
trace mineral/vitamin premix, 4.1% sodium bicarbonate, 2.2% cobaltized-iodized salt. 
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Table 2.2 Nutrient composition and particle size distribution of the TMR-L and TMR-
SM treatment rations1 fed to growing dairy heifers (mean ± SD; DM basis) 

Item TMR-L TMR-SM 
- ^ 

Chemical Composition 

DM, % 61.6 ±0.8 69.0 ±0.3 

CP, % 15.6 ±0.6 12.8 ±0.6 

ADF, % 19.5 ±0.6 31.9 ± 1.6 

NDF, % 28.6 ±0.5 42.8 ± 1.8 

NFC, % 3 45.1 ±0.5 33.1 ±1.1 

OM, % 91.8 ±0.4 90.2 ± 0.9 

Calculated Nutrients4 

TDN5 72.1 ±0.5 62.3 ± 0.7 

NEG, Mcal/kg 1.1 ±0.01 0.8 ± 0.02 

NEM, Mcal/kg 1.7 ±0.02 1.4 ±0.02 

Particle size %6 

Long 3.8 ± 1.6 27.4 ± 12.0 

Medium 46.6 ±4.0 31.5 ±6.2 

Short 38.0 ±3.5 31.7 ±7.4 

Fine 11.7 ± 1.8 8.2 ±2.4 

TMR - 21% corn silage, 19% alfalfa/grass silage, 45% high moisture corn and 15% 
protein supplement; TMR-SM = TMR and straw mixed within. 
2Values were obtained from chemical analysis of feed samples. OM = 100 - %ash. 
3NFC = 100 - (% NDF + % CP + % ether extract + % ash) 
Calculated according to NRC (2001) equations. 
5Total digestible nutrients (calculated from ingredients). 
6Particle size determined by Penn State Particle Separator which has a 19 mm screen 
(long), 8 mm screen (medium), 1.18 mm screen (short) and a pan (fine). 
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Table 2.3 Chemical composition and particle size distribution of the forages (mean ± SD; 
DM basis) 

Item Alfalfa/grass haylage Corn silage Straw 

Chemical Composition1 

DM, % 50.8 ±2.0 44.7 ± 1.6 90.3 ± 0.7 

CP, % 16.9 ±0.2 7.7 ± 0.4 6.7 ± 1.1 

ADF, % 46.8 ± 1.6 18.2 ± 1.0 55.7 ± 1.4 

NDF, % 54.5 ± 1.8 32.3 ± 1.9 74.3 ± 1.3 

NFC2, % 14.4 ±2.2 53.9 ±2.0 7.6 ±2.1 

OM, % 86.0 ±0.6 97.0 ±0.1 88.0 ± 1.6 

Particle Size,3 % 

Long 26.4 ±4.5 4.3 ± 1.1 69.7 ± 10.4 

Medium 43.0 ±3.8 55.7 ±3.4 19.0 ±5.3 

Short 24.2 ±2.0 33.7 ±2.2 9.9 ±6.0 

Fine 6.4 ± 2.2 6.3 ± 1.1 1.5 ± 1.1 

Values were obtained from chemical analysis of feed component samples. 
2NFC = 100 - (% NDF + % CP + % ether extract + % ash). 
3Particle size determined by Penn State Particle Separator which has a 19 mm screen 
(long), 8 mm screen (medium), 1.18 mm screen (short) and a pan (fine). 
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Table 2.4 Effect of treatment rations on behavioural measures of growing dairy heifers' 
Treatment 

Item TMR-L TMR-SC TMR-SM SE P-value 

Feeding time, min/d 72.9a 203.2" 285.2° 5.4 <0.001 

Peak feeding time3, min/d 72.3a 81.0b 86.6° 0.1 0.001 

Unrewarded feeding time min/d 38.0a 10.9b 1.7b 4.8 0.01 

Displacements, no./d 4.7a 18.2b 27.4° 1.8 0.001 

Peak displacements3, no./d 4.6 b oo 10.9a 1.2 0.04 

Lying time, min/d 807.1 825.1 823.0 0.08 0.1 

Lying bouts, no./d 10.5 10.4 10.3 0.3 0.7 

Inactive standing time, min/d 556.4a 409.9b 340. lc 6.4 <0.001 

Rumination, % of heifers 14.0* 17.5 21.9* 2.0 0.1 

a"c Values within rows without a common superscript differ (P < 0.05). 
* Values within row tended to differ (0.05 < P < 0.1). 
'Data for total and peak feeding time, unrewarded time at the feed bunk, and total and 
peak displacements are averaged over 14-d across each period treatment. Data for lying 
time, bouts and inactive standing time are averaged over the last 7 d across each period 
treatment. Data for rumination was averaged for d 16, 18, 23 and 25 across each period 
treatment 
TMR = 21% corn silage, 19% alfalfa/grass silage, 45% high moisture corn and 15% 

protein supplement; TMR-SC = TMR and straw offered on the side; TMR-SM = TMR 
and straw mixed within. 
3Peak feeding activity period = 1,5h period immediately following feed delivery. 
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Table 2.5 Effect of treatment rations on nutrient and energy intakes and growth of 
growing dairy heifers1 

Treatment 

Item TMR-L TMR-SC TMR-SM SE P-value 

Nutrient Intake 

DMI, kg/d 5.7A 7.3B 7.5° 0.01 <0.001 

ADF, kg/d 1.1S 2.1B 2.3C 0.02 <0.001 

NDF, kg/d 1.6A 2.9B 3.2° 0.01 <0.001 

peNDF,3 kg/d 0.8A 2.0B 1.9C 0.006 <0.001 

Energy Intake 

TDN,4 kg/d 4 . R 4.9B 4.7C 0.008 <0.001 

NEg, Mcal/d 6.2A'B 6.3B 6 . R 0.05 0.04 

NEM, Mcal/d 9.7A 10.1A'B 10.5B 0.1 0.02 

Growth 

ADG, kg/d 0.94 0.94 0.77* 0.04 0.04 

ADGv5, kg/d 0.2 0.3 0.3 0.03 0.3 

Feed Efficiency, (DMI/ADG) 6.3A 7.8B 9.9° 0.30 0.001 

Values within rows with different superscript letters are significantly different (P < 
0.05). 
*Value within row tended to differ from other values (0.05 < P <0.1). 
'DMI data are averaged over the last 14 d for each period treatment. Data for all other 
nutrients and energy intake are averaged over the last 7 d for each period treatment. Data 
for growth are averaged over the last 14 d of each period treatment. 
2TMR = 21% corn silage, 19% alfalfa/grass silage, 45% high moisture corn and 15% 
protein supplement; TMR-SC = TMR and straw offered on the side; TMR-SM = TMR 
and straw mixed within. 
3peNDF = measured as the NDF content of the treatment diets (DM basis) multiplied by 
the pef. 
4TDN = total digestible nutrients 
5ADGv= pen variance of average daily gain. ADGv was calculated by averaging, per pen, 
the absolute difference between individual heifer ADG and pen mean ADG. 
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Figure 2.1 Percentage of heifers present at the feed bunk over a 24-h period (percentage 
for each 10-min interval during the day) for 3 treatments: TMR in a limited amount 
(TMR-L), 2) TMR with straw (1.8 kg DM/d/heifer offered as a choice (TMR-SC) and 3) 
TMR with straw (1.8 kg DM/d/heifer as fed) mixed in (TMR-SM). Data were averaged 
across 14 d for 6 pens (4 heifers/pen) per treatment. 
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Time (h) 

Figure 2.2 Percentage of heifers at the feed bunk over a 24-h period (percentage of each 
10-min interval during the day) when consuming TMR and straw separately during the 
TMR-SC treatment. Data were averaged across 14 d for 6 pens (4 heifers/pen). 
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CHAPTER 3: GENERAL DISCUSSION 

3.1 Important Findings 

Costs associated with raising replacement dairy heifers represent 15-20% of total 

dairy farm production costs (Heinrichs, 1993). As heifers do not contribute to the income 

of the farm until they begin lactating, it is important for producers to minimize rearing 

costs without affecting health or future production. Replacement dairy heifers are 

typically fed a high-forage, low-energy diet to meet their maintenance and growth 

requirements. A feeding strategy known as limit feeding has recently been introduced for 

use with replacement dairy heifers. Research has shown that limit feeding may improve 

feed efficiency, decrease DMI and fecal output and maintain ADG (Hoffman et al., 2007; 

Moody et al., 2007; Lascano et al., 2009). However, negative behavioural effects that 

accompany limit feeding pose welfare concerns for these animals. This thesis research 

was conducted to better understand the behavioural effects associated with limit feeding 

dairy heifers and to determine whether these behavioural effects may be alleviated 

through the provision of wheat straw without compromising the improved feed efficiency 

and growth that can be achieved with limit feeding. The results are some of the first to 

recognize the negative behavioural effects of limit feeding and, more importantly, to 

demonstrate ways to reduce these behavioural effects. 

Limit feeding significantly decreased the feeding time of dairy heifers. In the 

present study, the heifers that were provided with only the limit-fed ration consumed all 

of their feed in one feeding interval, which lasted just over an hour, similar to results seen 



in a study by Hoffman et al. (2007). However, with the provision of straw alongside a 

limit-fed ration, heifers were able to increase their feeding time to a similar amount of 

time observed in heifers fed a high-forage ration ad libitum (Greter et al., 2008; DeVries 

and von Keyserlingk, 2009a). It has been thought that longer feeding times, and, thus, 

increased manipulation of the feed, contributes to the negative feedback loop required to 

decrease the animals' motivation to feed (Lindstrom and Redbo, 2000). In the present 

study, the provision of straw allowed for increased feeding time as well as sufficient bulk 

to decrease feeding motivation, and, as a result, the heifers could be assumed to be 

satiated. Further, because there was greater physically effective fibre with the addition of 

straw, there also tended to be an increase in rumination, which is important for 

maintenance of rumen health since a decrease in rumination time can reduce rumen pH, 

leading to acidosis (Nocek, 1997). It is known that increased inactive standing time may 

increase the incidence of hoof disease in cattle (Cook et al., 2004). However, the 

provision of straw decreased the amount of time heifers spent standing without eating. 

The heifers fed the limit-fed ration alone achieved the greatest feed efficiency. 

Unfortunately, the provision of straw did decrease feed efficiency. Lastly, a limit feeding 

strategy may be more economical, in terms of cost per kg of gain, as compared to feeding 

a high forage ad libitum ration in Ontario. 

3.2 Future Research 

This thesis research is the first to quantify the negative behavioural effects that 

result from, limit feeding replacement dairy heifers and to examine methods to alleviate 

these negative behaviours. Overall, there is a lack of research on the behavioural 



consequences of limit feeding and research to reduce these behavioural effects is virtually 

non-existent in dairy heifers. 

Research has shown that there is an increase in competition for feed in limit-fed 

heifers with reduced feeding space and this may cause a variation in growth (Longenbach 

et al., 1998). In the present study there was a similar level of competitive behaviour 

occurring in limit-fed heifers whether there was 0.34 m or 0.68 m of available feed bunk 

space per heifer. As a limit-fed ration is consumed in a short period of time, it would be 

interesting to study how competition at the feed bunk may change if feed bunk space is 

either limited or provided in excess. 

The percentage of heifers ruminating in each pen was measured in this thesis 

research and it was demonstrated that limit-fed heifers may be exhibiting reduced 

rumination behaviour. Reduced rumination may be an indication of a lack of physically 

effective fibre, and may lead to depressed rumen pH and the risk of sub-acute ruminal 

acidosis (SARA; Moody et al., 2007). In future studies, rumen pH should be measured in 

order to provide a better indication of whether or not limit-fed heifers are experiencing 

SARA. In the present study, rumination was measured using 1 hr live observations in the 

fifth hour after feeding. However, there was still a significant amount of heifers feeding 

at that time. Therefore, it would be interesting to measure the rumen pH continuously and 

for a greater period of time along with rumination collars (Schirmann et al., 2009) in an 

effort to further understand their association. Furthermore, it would be interesting to 

consider providing feed more frequently throughout the day, rather than just once per 

day. It is possible that consumption of smaller meals more frequently throughout the day 

would aid in keeping the rumen pH at a more consistent and healthy level (French and 
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Kennelly, 1990; Shabi et al., 1999). Furthermore, such a feeding schedule may help 

heifers to satisfy their motivation to feed as they will not consume the entire feed supply 

in one bout, allowing for a more natural diurnal feeding pattern. 

Increased standing time in cattle is known to increase the incidence of hoof 

disease and, thus, lameness (Cook et al., 2004). Further, there is a known relationship 

between ruminal acidosis and lameness in dairy cattle (Nocek, 1997). Since limit feeding 

of dairy heifers can create a scenario for increased standing without eating (as 

demonstrated in this thesis study) as well as an increase in ruminal acidosis (Moody et 

al., 2007), it is important that future research be conducted to look at the long-term 

effects of limit feeding on the development of lameness. 

Given that this was the first study to provide a low-nutritive feedstuff alongside a 

limit-fed ration it is difficult to conclude if straw is the best low nutritive feedstuff to use 

to alleviate the behavioural effects of limit feeding. Straw was utilized in this thesis 

research since it was easily accessible. However, there may be other feedstuffs that are 

more accessible, economical, and provide even lower nutritive value (which may help in 

targeting ADG). Some examples of other feedstuffs include oat hulls, which has been 

used in pigs, or cottonseed hulls, which both have a low digestibility and are high in NDF 

(Hsu et al., 1987). Further research is needed to determine if other such feedstuffs can 

successfully be used as bulk feed for limit-fed dairy heifers. 

3.3 Implications 

Based on these results, it is recommended that dairy producers provide some type 

of low nutritive, bulky feed (i.e. wheat straw) when using a limit-fed diet for replacement 



dairy heifers. The negative behavioural concerns, such as decreased feeding time, 

increased inactive standing and unrewarded feeding time that accompany limit feeding 

cannot be ignored as they pose a welfare concern for these animals. With the provision of 

a low-nutritive feedstuff, feeding time and rumination may be increased (allowing for a 

more natural feeding pattern) while inactive standing time may be decreased, allowing 

for ADG to be sufficiently targeted at a predetermined level. 
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